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Foreword 
 
The Repository for Radioactive Operational Waste (SFR 1) is now the object of a new 
review by the Swedish Radiation Protection Authority (SSI) and the Swedish Nuclear 
Power Inspectorate (SKI). One of the stipulations for operating SFR 1 was that a new 
assessment of the long-term performance and environmental consequences of the 
repository should be conducted once every 10 years by the licensee, the Swedish 
Nuclear Fuel and Waste Management Co (SKB). During the time that SFR 1 has been 
in operation, experience has been gained of operating the facility and new knowledge of 
SFR 1’s long-term performance has been obtained. New regulations for nuclear 
facilities have been promulgated since SFR 1 was taken into operation (1988). SKB has 
submitted a new safety assessment to the regulatory authorities as part of the new safety 
report for SFR 1, “Repository for Radioactive Operating Waste (SFR 1), Final Safety 
Report 2001” (SSR 2001). 
 
A review committee comprising employees from SKI and SSI has conducted the review 
of SSR 2001. This review report has resulted in the committee’s evaluation of the safety 
of SFR 1 and is the basis of the regulatory authorities’ decision concerning any amend-
ments to the stipulations for the operation of SFR 1. The review committee, which is 
also responsible for the content of this report, comprised the following individuals:  
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Overall Evaluation 

The review committee has made the following overall evaluation of SKB’s “Repository 
for Radioactive Operating Waste (SFR 1), Final Safety Report 2001” (SSR 2001). 
 
Safety and Radiation Protection during the Operating Stage 

The review committee considers that SKB has presented an acceptable report of the 
facility’s operating and design status in SSR 2001. 
 
However, the review has found deficiencies in the follow up of the development of 
design basis norms since the facility was constructed as well as deficiencies in learning 
from operating experience. However, the overall evaluation is that the facility is being 
operated in an acceptable manner from the standpoint of safety. 
 
With respect to the long-term performance of the repository, it is a deficiency that 
SSR 2001 does not describe how compliance with the stipulated radiation protection 
requirements on optimisation and use of the best available technology (BAT) is 
achieved during operation. 
 
In the opinion of the review committee, issues relating to occupational radiation protec-
tion are being handled satisfactorily and the operational releases of radioactive 
substances are very small.  
 
Safety and Radiation Protection after Closure 

SKB’s long-term repository performance assessment contains essential updates and 
improvements compared with the previous safety assessments for SFR 1. The review 
committee particularly emphasises the high quality of the site-specific description 
prepared for the biosphere and biosphere evolution. Significant progress has also been 
made with respect to the basis for analyses of the inventory of radioactive substances 
and model descriptions for hydrogeology and near field transport. The safety assess-
ment has also been updated with a modern system description and database for FEPs 
(features, events and processes). 
 
The requirements made on a repository and on the content and presentation of a safety 
report have been stipulated in the form of new regulations since permission was granted 
for the operation of SFR 1. The regulations stipulate that the consequences of radio-
active releases are to be evaluated in relation to a risk criterion and that environmental 
impact must also be reported. In connection with the evaluation of SKB’s new safety 
assessment, the authorities identified certain deviations in relation to the requirements 
of the new regulations. 
 
A significant deviation is that SSR 2001 lacks a thorough analysis which shows the 
impact of identified uncertainties on calculated future consequences. There are also 
deficiencies in the documentation which make it difficult to reproduce or judge the 
suitability of certain models and data, e.g. for the near field and biosphere. Confidence 
in SKB’s risk assessment is also limited by the lack of clarity of the scenario 
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descriptions. Furthermore, SKB has not convincingly shown that the assessment can be 
limited to 10,000 years. 
 
In the opinion of the review committee, the radionuclide inventory that SKB refers to as 
conservative, and which has been used as an assumption in the calculations, is beyond 
the limits of the present licence. In the case of the realistic inventory, there is adequate 
agreement with the licensed inventory. It cannot be excluded that the inventory of 
certain long-lived and significant radionuclides may be underestimated compared with 
the inventory used in the safety assessment. 
 
On the whole, the review committee considers SKB’s calculation results to be reason-
able. However, deficient information concerning uncertainties in calculation results and 
risk estimates make it difficult to judge the compliance with SSI’s requirements on the 
protective capability of the repository. The situation is further complicated by the fact 
that the calculated overall risk is on the same level as SSI’s risk criterion. Therefore, the 
review committee considers that SKB’s safety report should be supplemented with 
respect to a number of points. An important point is that a more comprehensive sensi-
tivity and uncertainty analysis should be conducted in order to provide a better under-
standing of the safety margins that SKB refers to in its evaluation of the results. Further-
more, an improved estimate of the inventory of certain long-lived radionuclides is 
needed. 
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1 Introduction 

1.1 SFR 1 
In addition to electricity, Swedish nuclear power plants generate low and intermediate-
level operational waste and spent nuclear fuel. With the Swedish Nuclear Fuel and 
Waste Management Co (SKB) as the main responsible party, the industry has construc-
ted a repository at Forsmark Nuclear Power Plant, located about 160 kilometres north of 
Stockholm. The repository, called SFR 1 (repository for radioactive operational waste), 
was taken into limited operation in 1988 and in full operation four years later. Certain 
quantities of radioactive substances from industry, research institutions and health care 
is also deposited in the repository. 
 
The repository comprises two parts: an above-ground and an underground part. The above-
ground part is directly connected to the harbour at Forsmark nuclear power plant. In  
addition to office and equipment buildings, the above-ground part comprises a ventilation 
building for the underground part and a terminal building for the temporary storage of 
transport casks until they can be taken to the waste repository underground. Waste is 
mainly shipped to SFR 1 by the waste transport ship M/S Sigyn. Access to the under-
ground part is achieved via two 1 kilometre-long tunnels that open into the harbour facility. 
One tunnel is used to transport waste and the other is used to transport people. 
 
 

Figure 1.1  Schematic illustration of the underground part of the repository for low and 
intermediate-level operational waste (SFR 1) located outside Forsmark Nuclear Power 
Plant. 



 

  2

The repository site is located in the underground part and comprises two rock caverns for 
the disposal of concrete tanks (1BTF and 2BTF), a rock cavern for low-level waste (BLA), 
a rock cavern for intermediate-level waste (BMA) and a concrete silo (silo), as well as a 
tunnel system, see Figure 1.1. The underground part is about 60 metres below the seabed. 
 
From the start, SFR 1 was planned to hold a total of about 90,000 m3 of low and inter-
mediate-level waste, of which about 60,000 m3 in the current expansion phase. The waste 
that is deposited at SFR 1 mainly comprises ion-exchange resins from reactor coolant 
cleaning and pool water, as well as solid waste in the form of garbage, scrap, mechanical 
components from maintenance work etc. The most radioactive waste is deposited in the 
silo. 
 

1.2 Background to SKB’s Report  
In the light of the control programme for the facility that was underway during the 
operating period, operating experience and the continuous improvement of knowledge, 
the Swedish Nuclear Power Inspectorate (SKI) and the Swedish Radiation Protection 
Authority (SSI) considered, in connection with the fact that the operating licence for 
SFR 1 was issued, that the safety report should be successively improved. The operating 
licence therefore carried the stipulation that SKB, at least once every tenth year, should 
as long as the repository is not closed must submit an updated assessment for safety and 
radiation protection at the facility (SSI, 1988) and (SKI,1988). Corresponding require-
ments regarding periodic updates of the safety report are also stipulated in SKI’s 
requirements, SKIFS 1998:1 (SKI, 1998). In order to comply with these operating 
stipulations and requirements, in mid-2001, SKB submitted a safety assessment, with 
background reports, for SFR 1 (SKB, 2001).  
 

1.3 Purpose of the Review 
Since SFR 1 was licensed and taken into operation in 1980, some of the requirements 
have been developed, particularly through the updating of previous regulations and 
through the promulgation of new regulations which are relevant to SFR 1. In addition, 
requirements apply in the form of stipulations and limitations that SSI, SKI and the 
Government have previously promulgated for the activity. The review also includes an 
evaluation of how SKB has taken into consideration the experience from just over 10 
years of operation and the updated knowledge that has been acquired about SFR 1 and 
its long-term performance. 
 
Therefore, on the basis of the final safety report submitted by SKB, SSR 2001 (SKB 
2001), the purpose of this review is to judge the extent to which the repository complies 
with the licence stipulations (see Section 2.2 of this report) and regulations (see Section 
2.3 of this report). This review report is the basis for the authorities’ evaluation and any 
decisions concerning amendments to the stipulations for the operation of the facility. 
 
 
 



 

  3

1.4 Structure of the Review 
The review was conducted by employees of SKI and SSI (see list in Foreword). 
 
In order to obtain in-depth analyses within important areas for the long-term safety of 
SFR 1, such as hydrology, biosphere and radionuclide transport from the repository into 
the biosphere, the authorities have used Swedish and foreign expertise within the different 
scientific disciplines. These experts have stated their opinion on most of the background 
reports to SKB’s safety assessment. Table 1.1 presents the experts consulted by the 
authorities and their reporting. 
 
This report contains the overall evaluation by the review committee of safety and radiation 
protection at SFR 1, based on SKB’s report. 
 

1.5 Report Structure 
The overall evaluation by the review committee of SKB’s Final Safety Report 2001 for 
SFR 1 is provided at the beginning of this report. 
 
Chapter 2 describes the legal status and the regulations that apply to SFR 1 as well as 
the applicable regulations for the operation of the repository and for its long-term 
performance. Chapter 3 deals with issues concerning the design of SFR 1. Chapter 4 
describes how SKB has conducted the operation of SFR 1. Chapter 5 presents the 
review committee’s evaluation of the long-term performance and the resulting environ-
mental impact after the closure of SFR 1. The key issues from the review concerning 
the long-term safety of the repository are summarised in Chapter 6. 
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Table 1.1 Experts consulted by the authorities and their reports. 

Reference (report) Subject Authors 

Benbow et al, 2002 
 

pH buffering in backfill in 
SFR 1 

Benbow S. (Quintessa Ltd) 
Robinson P. C. (Quintessa Ltd) 
Savage D. (Quintessa Ltd) 

Chapman et al, 2002 Comments on SSR 2001 Chapman N. A. (Quintessa Ltd Associate 
Consultant) 
Maul P. R. (Quintessa Ltd) 
Robinson P. C. (Quintessa Ltd) 
Savage D. (Quintessa Ltd) 

Egan et al, 2001 FEP list and biosphere model Egan M. J. (Enviros QuantiSci) 
Maul P. R. (Quintessa Ltd) 
Watkins B. M. (Enviros QuantiSci) 
Venter A. (Enviros QuantiSci) 

Egan et al, 2003 Biosphere modelling Egan M. J. (Quintessa Ltd)  
Thorne M. C. (Quintessa Ltd)  
Little R. H. (Quintessa Ltd) 
Pasco R. F. (Quintessa Ltd) 

Ingemansson , 2001 Nuclide inventory in SFR 1 Ingemansson T. (ALARA Enginering AB) 
Klos et al, 2002 Review of SKB’s conceptual 

biosphere model and risk 
characterisation 

Klos R. (Galson Sciences Ltd ) 
Wilmot R. (Galson Sciences Ltd ) 

Lundgren et al, 2002 Carbon-14 from BWRs Lundgren K. (ALARA Engineering AB) 
Ingemansson T. (ALARA Enginering AB) 
Wikmark G. (Advanced Nuclear Technology) 

Maul et al 2002 Radionuclide calculations for 
SFR 1 

Maul P. R. (Quintessa Ltd) 
Robinson P. C. (Quintessa Ltd) 

Savage et al, 2000 Physical and chemical 
characteristics of the repository 

Savage D. (Quintessa Ltd) 
Stenhouse M. J. (Monitor Scientific, LLC) 
Benbow S. (Quintessa Ltd) 

Savage et al, 2001 Interaction between bentonite 
and hyperalkaline flows 

Savage D. (Quintessa Ltd) 
Noy D. (British Geological Survey) 
Mihara M. (Japan Nuclear Fuel Cycle 
Development Institute (JNC)) 

Shaw, 2002 Review of SKB’s dose 
calculation models 

Shaw G. (Imperial College of Science Technology 
and Medicine, England) 

Smith et al, 2002 Carbon-14 in the SFR 1 
inventory 

Smith G. (Enviros Quantisci) 
Merino J. (Enviros Quantisci) 
Kerrigan E. (Enviros QuantiSci) 

Stenhouse et al, 2001 Development of Process 
Influence Diagrams 

Stenhouse M. J. (Monitor Scientific, LLC) 
Miller W. M. (QuantiSci Ltd) 
Chapman N. A. (Quintessa Ltd Associate 
Consultant) 

Stenhouse, 2002 Comparison of SKB’s and 
SKI’s FEPs 

Stenhouse M. J. (Monitor Scientific, LLC) 

Stephansson et al 2003 Caving in SFR 1 rock cavern Stephansson O. (KTH) 
Jing L. (KTH) 

Sundqvist, 2001 Organic materials, metals and 
chemicals in SFR 1 

Sundqvist J. O. (IVL Svenska Miljöinstitutet AB) 

Tirén et al 2002 Alternative lineament maps and 
structural models for SFR 1 

Tirén S. A. (Geosigma AB) 
Sträng T. (Geosigma AB) 
Nilsson G. (Geosigma AB) 
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2 Background and Legal Situation 

2.1 Legislation 
In 1982, the Swedish Nuclear Fuel and Waste Management Co (SKB), submitted an 
application to operate a repository for low and intermediate-level radioactive waste 
(SFR 1). A preliminary safety report was attached to the application. The report was 
evaluated by SKI and SSI. Based on SKI’s opinion, in 1983, the Government granted 
SKB permission to conduct this activity under the Atomic Energy Act and 136 a § of 
the Building Act, based on a review opinion by SKI and SSI. In the same year, the 
Environmental Protection Licensing Board granted SKB a license and issued stipu-
lations to conduct the activity in accordance with the Environmental Protection Act. 
 
The laws that applied at the time of the licensing of SFR 1, the Atomic Energy Act, the 
Building Act, the Environmental Protection Act and the Radiation Protection Act from 
1958, have now been replaced by the current laws: the Act on Nuclear Activities 
(1984:3), the Environmental Code (1998:808) and the Radiation Protection Act 
(1988:220). These new laws apply in their entirety to SFR 1. 
 
The general obligations that a licensee has with respect to safety and radiation 
protection are stipulated in the Act on Nuclear Activities and the Radiation Protection 
Act. Based on the Ordinance (1984:14) on Nuclear Activities, SKI can stipulate 
conditions and regulations for safety. Correspondingly, SSI is authorised to stipulate the 
conditions and regulations for radiation protection. SKI and SSI judge compliance with 
the laws and terms or regulations that have been issued based on these acts. The 
operating conditions that the authorities have stipulated for the activity at SFR 1 are 
reported below. 
 
In 1998, the Environmental Code entered into force. In the Code, “detriment to the 
surroundings through radiation” is included in the concept of “environmentally 
hazardous activity”, which means that the activity conducted at SFR 1 must comply 
with the Environmental Code. The facilities to which the regulations of the Code apply 
are listed in the Ordinance (1998:899) on environmentally hazardous activity and health 
protection. A facility for storage or disposal of spent nuclear fuel, nuclear waste or other 
radioactive waste, under the Act on Nuclear Activities or Radiation Protection Act, is 
specified as an activity which must be licensed by the Environmental Court.  
 
The general rules of consideration that apply to environmentally hazardous activities are 
stipulated in Chapter 2 of the Environmental Code. In accordance with these rules, any-
one who conducts an activity shall apply the protective measures, observe the restric-
tions and adopt the precautions otherwise necessary in order to protect, prevent or 
counteract damage or detriment by the activity or measure to human health and the 
environment. With the same aim, the best available technique shall be used in connec-
tion with professional activities. These precautions shall be adopted as soon as there is 
reason to assume that an activity or measure can result in damage or detriment to human 
health or the environment. 
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The authorities’ injunctions can be directly based on these rules since they are legally 
binding. The rules of consideration apply in parallel with other legislation unless it is 
specifically stated that they should not be applied to the activity or measure in question. 
According to the Environmental Code, the County Administrative Board is the super-
visory authority for activities involving radioactive waste (known as “A activities”). 
 
The regulations promulgated by SKI and SSI apply in addition to the restrictions 
provided in the licence and stipulations. Since SFR 1 was licensed in 1983, certain old 
regulations have been revised. New regulations which can be applied to SFR 1 have 
also been promulgated. If the revised and/or new regulations require considerable work 
on the part of SKB, a reasonable period of grace should be granted so that SKB can 
adapt the activity accordingly. 
  

2.2 Licence Stipulations 
 
2.2.1 Background 
As was previously mentioned, in 1982, SKB applied for a license to construct and 
operate a repository for low and intermediate-level radioactive waste from the operation 
of Swedish nuclear power plants. In the review statement that SKI submitted to the 
Government for a decision under the Atomic Energy Act, a number of stipulations were 
proposed for the activity. The stipulations were established through the Government’s 
decision. One of these stipulations was that SKB, before SFR 1 was allowed to be taken 
into operation, should submit a safety report and operating procedures for approval.  
 
In autumn 1987, this report was submitted by SKB, along with an application to start up 
operations. In spring 1988, SKI and SSI – following licensing under the Act on Nuclear 
Activities and the Radiation Protection Act – gave permission for SFR 1 to be taken into 
operation with certain restrictions. In autumn 1989, SKB submitted a supplementary 
report concerning issues that the authorities had specified were to be dealt with. In 
connection with their review, the authorities observed that SKB’s supplement was not 
adequate. An in-depth safety report was submitted in autumn 1991. This report was re-
viewed by a joint SKI-SSI committee. In May 1992, the authorities extended the opera-
ting licence without the previous restrictions.  
 
In connection with the various licensing processes, the authorities have specified a 
number of stipulations. Thus, there are stipulations that are directly related to the 
government licence that was issued and stipulations that were established by the 
authorities in connection with subsequent reviews of safety reports for SFR 1. 
 
2.2.2 Government Licence 1983 with Stipulations 

The basic frameworks for the scope and content of the activity at SFR 1 are presented in 
two government decisions – in accordance with the Building Act and in accordance 
with the Atomic Energy Act. In both decisions, it is stated that licences are granted for a 
repository which is largely in agreement with SKB’s application. This means that the 
scope and content of the activity, as described in SKB’s application, will set the limit 
for the Government’s licence but may allow certain deviations that do not substantially 
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affect the type and quantity of deposited material or that would otherwise affect the 
consequences of the repository. 
 
The government decision of 1983, in accordance with the Building Act 136 a § (June 
22, 1983, dnr F1 1 999/82) concerns a licence to construct the facility (cf. “building 
permission”). In the decision, the Government granted SKB permission to construct an 
underground facility for the disposal of low and intermediate-level operational waste. 
 
The second government decision concerns a licence and stipulations for the nuclear 
activity and this licensing was conducted under the Atomic Energy Act (June 22, 1983, 
dnr 1034/83) which was applicable at that time. Through this decision, SKB received a 
licence to construct, own and operate a repository for low and intermediate-level waste 
which was largely in agreement with the application. Furthermore, the Government 
stated that the stipulations proposed by SKI would apply to the licence. Thus, the 
Government referred to the stipulations presented by SKI in its preparation of the case 
prior to the Government’s decision (SKI April 21, 1983, dnr A.1.1.361/82). The most 
important stipulations established by the Government and that are important for the 
review of SKB’s “Final Safety Report for SFR 1, 2001” (SKB, 2001) are presented 
below. 
 
Limitation of Waste Volume  
The government licence that was granted under 136 a § allowed the construction of a 
repository for a waste volume not exceeding 90,000 m3. According to the application, 
this fully constructed repository corresponded to three rock caverns for low and 
intermediate-level refuse, a concrete tank repository with 10-20 tunnels and a silo 
repository for intermediate-level waste with four silos. The licence granted under the 
Building Act was restricted to the parts of repositories that were constructed up to 
December 31, 1988, which corresponded to a total waste volume of 63,000 m3. For 
subsequent extension of the repository (within the framework of the licence under the 
Atomic Energy Act), new licensing by the Government would be required. However, 
this has not been necessary since the quantity of generated waste has been found to be 
significantly below the forecasts upon which the 1982 application was based. 
 
Restriction on the Use of SFR 1 
The licensing of SFR 1 in 1983 did not include a possible extension with new repository 
parts or the use of the facility for other purposes besides the disposal of the specified 
waste types1. An extension or change in the use of SFR 1 requires new licensing by the 
Government. This condition was also stipulated in the Government’s licence under 136 
a § of the Building Act. 
 
Restriction on Radioactivity to 1016 Bq 
SKI also stated that the licensing of SFR 1 “[also] comprises a total radioactive inven-
tory in the repository of about 1016 Bq including uncertainty margins and with the 
nuclide composition specified in the application, particularly with respect to long-lived 
                                                 
1 Low and intermediate-level waste is generated by nuclear power plants, CLAB (Interim Storage Facility 
for Spent Nuclear Fuel) and Studsvik. Radioactive waste is also generated by hospitals and research 
activities. 
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substances. In SKI’s opinion, an essential increase in the above-mentioned scope of the 
repository2 should require new licensing.” An interpretation of what this meant at the 
time that the decision was made and the degree of freedom that this formulation allows 
at present requires a more thorough investigation than that provided in Section 5.3 of 
this report. It is quite clear that an essential increase in the specified scope should 
require new licensing.  
 
Gas Generation in the Silo 
The consequences of gas generation are to be investigated by SKB before the detailed 
design of the silo is determined. This condition applies until the final design of the silo 
cover is reported prior to repository closure.  
 
Gas Generation in the Rock Caverns  
Through investigations, SKB must verify that gas transport in the rock caverns is ade-
quate from the standpoint of gas generation. This condition still applies, particularly 
with respect to the follow-up of the quantity of gas-forming substances in the repository 
and knowledge of these processes. 
 
Restriction on Bitumenized Waste 
Only limited quantities of bitumenized waste may be deposited. This question was the 
subject of special investigations in the 1980’s and in connection with licensing prior to 
start up in 1988 (SKI, 1988). The restriction currently applies to the quantities of 
bitumen that are specified per repository component in the SFR 1 safety report. (It 
should be pointed out that it is not the content of the bitumen itself which establishes the 
limit but the quantity of waste that is treated through casting in bitumen), 
 
2.2.3 Restricted Operating Licence Stipulations 
The central conditions stipulated by SSI and SKI in connection with the restricted 
licence for operation (1988) for SFR 1 and which are of importance for the review of 
SKB’s Final Safety Report for SFR 1, 2001 are reported below. In the case of the silo, 
the operating licence did not allow anything more than one trial operation with low-
level waste packages. This was primarily due to a lack of clarity concerning the de-
gradation of barriers and the generation and migration of gas in this part of the reposi-
tory (SKI, 1988) and (SSI, 1988). 
 
Operation of the Facility 
Operating procedures and technical specifications shall exist for the operation of the 
facility. 
 
Approval of the Waste 
Before a certain type of waste is deposited, permission and type approval shall be 
obtained from SSI and SKI. 
 
                                                 
2 Not only with respect to quantities of radioactivity. 
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New Consequence Analysis Every Ten Years 
A safety and environmental assessment is to be submitted to the authorities every ten 
years. 
 
Permission for Repository Closure  
Before the repository can be closed, a licence must be issued by the Government or 
authority designated by the Government. 
 
Waste Register 
In addition to nuclide composition, the waste register for the repository shall contain 
information about where in the repository each individual package has been placed in 
order to allow for the continuous monitoring of what is taken into the repository and 
how the waste has been allocated between the parts of the repository. 
 
Monitoring Programme 
The monitoring programme shall make it possible to follow the processes occurring in 
the underground part of SFR 1. 
 
2.2.4 Supplementary Licence Stipulations 
In November 1989, SKB submitted a supplementary report (SKB November 23, 1989, 
dnr 7.41 433/88) in accordance with the authorities’ stipulations from 1988. However, 
this report was considered to be inadequate by the authorities in June 1990 and 
supplementary information was requested on a number of points (SKI June 28, 1990, 
dnr 7.41 433/88; SSI June 29, 1990, dnr 833/ad/2250/89). The requirements on SKB’s 
reporting included the following: 

• improved analysis of the time for gas generation in the silo, 

• improved analysis of the time for land elevation, 

• improved scenario analysis, 

• analysis of crack formation and gas migration in the silo, 

• investigation of the impact of complexing agents, including products from cellulose 
degradation. 

 
A new, in-depth safety assessment was submitted by SKB in 1991. After their review, 
the authorities decided to grant a full operating licence (1992) for the whole of SFR 1 
(SKI May 20, 1992, dnr 7.41 433/88; SSI May 21, 1992, dnr 833/1326/91). However, 
this licence was associated with additional stipulations, of which the two most important 
are presented below. (A third stipulation concerned the quality control of the concrete 
grouting of the waste in the silo). 
  
Restriction on the Quantity of Organic Material and Research on Cellulose 
Measures to limit and monitor the quantity of organic material in all of the repository 
parts shall be implemented as long as reasonably achievable. Furthermore, SKB was to 
present a research programme with the aim of improving knowledge on the formation of 
complexing agents between radioactive substances and organic materials in the reposi-
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tory, especially degradation products from cellulose. A proposal for a programme of 
measures and research was submitted to the authorities in 1992. More stringent require-
ments were placed on the programme of measures by the authorities which specified the 
limit for permissible quantities of organic material per repository part. Furthermore, SKI 
and SSI required annual reporting on deposited and forecasted quantities of organic 
materials. The reporting also covers quantities and steel plate surfaces as well as other 
metallic materials that can result in gas generation through corrosion. Comments on the 
follow-up of this reporting are provided in Section 5.3 of this report.  
 
Measures to Retain Information about the Repository 
SKB was required to submit to SKI and SSI, no later than by May 31, 1993, a proposal 
for measures to retain information on the repository in a long-term perspective. In 
connection with this, SKB was also required to consult the National Archives, the 
County Administrative Board in Uppsala and National Land Survey of Sweden. See the 
comments on this issue in Section 4.4.6 of this report. 
  

2.3 Regulations  
Based on the authorisation granted to them by the ordinances to the Act on Nuclear 
Activities and the Radiation Protection Act, SKI and SSI have developed the require-
ments since SFR 1 was taken into operation. The requirements on long-term safety and 
radiation protection as well as the requirements on safety and radiation protection 
during facility operation have been developed. 
 
As was previously mentioned, the application of the requirements in regulations which 
were added after operating licences were already issued are, in some cases, special, 
compared with the requirements that applied to the “new” activity. The operator must be 
given a reasonable amount of time to adapt the activity to the new requirements. In 
addition, the application of the requirements in other cases may be unreasonable taking 
into account the fact that the siting and basic design of the facility cannot be changed. 
 
2.3.1 Radiation Protection during the Operation of a Nuclear Facility  
Generally accepted international recommendations exist for the radiation protection of 
personnel, primarily, those of the International Commission on Radiation Protection 
(ICRP, 1990). Within the European Community, there is a binding system of regula-
tions in the form of EC ordinances (1996) that directly apply to all member states as 
well as in the form of EC directives, the content of which must be implemented in 
national regulations. 
 
In addition to the general rules of prudence that exist in the Swedish Radiation Protec-
tion Act, special radiation protection requirements exist for the licensed, nuclear activit-
ies conducted at the SFR 1 repository. Rules for the radiation protection of personnel 
are also provided in the regulations of SSI’s SSI FS regulatory code. Some of these 
apply to all activities involving ionising radiation, while others are specific to activities 
involving ionising radiation at nuclear facilities. The regulations are presented in the 
box below. 
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SSI’s radiation protection regulations applying to nuclear activities: 
- Filing at Nuclear Plants, SSI FS 1997:1. 
- Categorisation of Workplaces and Workers at Work with Ionising Radiation, 

SSI FS 1998:3. 
- Dose Limits at Work with Ionising Radiation, SSI FS 1998:4. 
- Monitoring and Reporting of Individual Radiation Doses, SSI FS 1998:5. 
- Medical Examinations for Work Involving Ionising Radiation, SSI FS 1998:6. 
- Radiation Protection of Workers Exposed to Ionising Radiation at Nuclear 

Plants, SSI FS 2000:10. 
- Radiation Protection of Human Health and the Environment from the Releases 

of Radioactive Substances from Certain Nuclear Facilities, SSI FS 2000:12. 
- Handling of Radioactive Waste and Nuclear Waste at Nuclear Facilities, SSI 

FS 2001:1. 
 

 
 
2.3.2 Safety during the Operation of a Nuclear Facility 
SKI has requirements on safety-related work at nuclear facilities in operation. These 
requirements are provided in the Swedish Nuclear Power Inspectorate’s Regulations 
Concerning Safety in Certain Nuclear Facilities (SKI, 1998). An integrated analysis and 
assessment of safety for the facility shall be conducted (Chapter 4. 5 §), based on the 
experience of plant operation which has been achieved over the past 10 years. This 
analysis should cover the following areas:  

• Description of the facility’s design and condition. 
• Relevant safety assessments and how they are being applied in the safety work. 
• The facility’s guidelines for the maintenance of safety, management, activity 

planning, safety programme and organisation. 
• The efficiency of the activities (processes) that are of importance for safety, for 

example, operations, preventive maintenance, recurrent control, plant modification, 
quality assurance, safety review, training and competence follow-up, feedback of 
experience, research and development emergency preparedness. 

 
The reporting of the recurrent safety review shall also contain a summary of conclusions 
about safety at the facility and the measures that the safety review has resulted in. 
 
The general areas listed above must be specified for each facility in question. In the case 
of SFR 1, issues relating to the emplacement of waste packages should be explained, as 
well as how the results of the assessment of long-term safety have been implemented in 
the operational work. 
 
The waste generated at the nuclear facilities must comply with requirements, not only 
with respect to the safety of the production facility but also with respect to future hand-
ling, e.g. in SFR 1. These requirements are presented in the safety report for SFR 1. In 
order to ensure a mutual adaptation between waste producer and SFR 1, SKI has also 
decided that type descriptions for the different types of waste packages shall be included 
as part of the safety report for production facilities as well as repositories. 
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2.3.3 Radiation Protection Requirements for the Disposal of Nuclear Waste  
SSI’s requirements on repositories are formulated in “The Swedish Radiation Protection 
Institute’s Regulations on the Protection of Human Health and the Environment in 
connection with the Final Management of Spent Nuclear Fuel and Nuclear Waste” (SSI, 
1998 and SSI, 1999). The regulations entered into force on February 1, 1999. Not only 
do they cover the time after the closure of the repository (post-closure) but also other 
waste management stages that are to be performed prior to closure (handling, interim 
storage, transport). 
 
The requirements stipulated in SSI FS 1998:1 are briefly described below: 

Holistic Approach  
Human health and the environment shall be protected from detrimental effects of 
ionising radiation, during the time when the various stages of the final management of 
spent nuclear fuel or nuclear waste are being implemented as well as in the future. The 
impacts on human health and the environment outside Sweden’s borders may not be 
more severe than those accepted inside Sweden (3 §). 
 
Optimisation and Best Available Technique (BAT) 
Optimisation must be performed and the best available technique shall be taken into 
consideration in the final management of spent nuclear fuel and nuclear waste (4 §). 
Optimisation means keeping the radiation doses to humans as low as reasonably achiev-
able, economic and social factors taken into account. 
 
Protection of Human Health 
A repository for spent nuclear fuel or nuclear waste shall be designed so that the annual 
risk of harmful effects after closure does not exceed 10-6 for a representative individual 
in the group exposed to the greatest risk (5 §). 
 
Environmental Protection 
The final management of spent nuclear fuel and nuclear waste shall be implemented so 
that biodiversity and the sustainable use of biological resources are protected against the 
harmful effects of ionising radiation (6 §). 
 
Intrusion and Access 
A repository shall be primarily designed with respect to its protective capability. If 
measures are adopted to make access easier or to make intrusion difficult, the effects on 
the protective capability of the repository shall be reported (8 §). The consequences of 
intrusion into a repository shall be reported (9 §). 
 
Time Periods 
An assessment of a repository’s protective capability shall be reported: 

• For the first thousand years following closure, the assessment of the repository’s 
protective capability shall be based on quantitative analyses of the impact on human 
health and the environment (11 §). 
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• For the period after the first thousand years following repository closure, the assess-
ment of the repository’s protective capability shall be based on various possible 
sequences for the development of the repository’s properties, its environment and 
the biosphere (12 §). 

 
2.3.4 Safety Requirements for Nuclear Waste Disposal 
In August 1998, SKI established Regulations Concerning Safety in Certain Nuclear 
Facilities (SKI, 1998) and these entered into force on July 1, 1999. These regulations 
also apply to the construction, operation and closure of the repository. However, they 
focus on safety during operation and, therefore, need to be supplemented taking into 
account regulations concerning long-term safety after closure. The supplementary 
regulations on disposal, adapted to SKIFS 1998:1 are provided in The Swedish Nuclear 
Power Inspectorate’s Regulations Concerning Safety in the Disposal of Nuclear 
Material and Nuclear Waste (SKI, 2002), which entered into force on April 1, 2002. 
 
In brief, the requirements in the regulations are as follows: 

Requirements on Barriers, Design and Construction  
Safety shall be maintained through a system of passive barriers. Barriers comprise 
engineered barriers and a natural barrier (the rock). Each such physical barrier, such as a 
concrete wall can, in turn, have one or more functions in the repository (2 §). 
 
The requirements made with respect to the design and construction are that the barrier 
system should be able to withstand such features, events and processes that can affect 
performance (5 §). 
 
A single deficiency in one of the barrier functions may not tangibly degrade repository 
safety (7 §). 
 
Temporal Aspects 
A safety assessment shall comprise as long a time as barrier functions are required, but 
at least ten thousand years (10 §). 
 
Best Available Technique, Intrusion and Retrieval 
The regulations also contain provisions which agree with SSI’s requirements that the 
repository should be designed and constructed taking into account the best available 
technique as well as the requirement regarding reporting of impact from any measures 
that are implemented to facilitate monitoring and retrieval or to make access to the 
repository difficult (8 §). 
 
Safety Assessment 
The regulations include certain requirements on the documentation of the safety assess- 
ment and, particularly, on the safety assessment containing the following information 
(Appendix 1): 

• An account of how one or several methods have been used to describe the passive 
system of barriers in the repository, its performance and evolution over time. The 
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method or methods shall contribute to providing a clear view of the features, events 
and processes that can affect the performance of the barriers and the links between 
these features, events and processes. 

• An account of how one or several methods have been used to identify and describe 
relevant scenarios for sequences of events and conditions that can affect the future 
evolution of the repository. 

• The scenarios shall include a main scenario that takes into account the most 
probable changes in the repository and its environment. 

• An account of how uncertainties in the description of the functions, scenarios, calcu-
lation models and calculation parameters used in the description as well as vari-
ations in barrier properties have been handled in the safety assessment, including the 
reporting of a sensitivity analysis which shows how the uncertainties affect the 
description of barrier performance and the analysis of consequences to human health 
and the environment. 

• An account of the evolution in the biosphere, geosphere and repository for selected 
scenarios. 

• An account of the environmental impact of the repository for selected scenarios, 
taking into account defects in engineered barriers and other identified uncertainties. 

 

2.4 Application of Regulations and Criteria for the Judgement of 
Compliance 

As was already mentioned in the introduction to this report, the aim of this review of 
SSR 2001 for SFR 1 is to provide a basis for judging compliance with the requirements 
on safety and radiation protection for SFR 1. This evaluation concerns the conditions 
during operation of the repository and during the period following closure (post-
closure). In the former case, the judgement can be based on events that have occurred 
and on any deficiencies that have been identified. In the latter case, the judgement must 
be made on the basis of calculations of repository performance in different scenarios. 
Tangible and intangible requirements are involved in both cases. Tangible requirements 
concern the actual properties of the facility and facility operation. Intangible require-
ments concern the documentation of safety and radiation protection, such as the content 
of a safety report. In principle, requirements on safety and radiation protection could be 
met without adequate documentation of compliance. However, the regulatory require-
ments place special demands on the actual content of safety reports since it is the 
licensee’s responsibility to demonstrate compliance with the requirements. The 
authorities may not assume responsibility by accepting an inadequate documentation of 
safety. This applies, even if it were possible for the authorities to supplement the 
information, models and calculations with their own work during the review.  
This review is the first review of an operating repository. Therefore, a number of legal 
issues may arise, the consideration of which is beyond the scope of the review itself. 
Instead, this condition should be made in connection with the decisions to be made by 
the authorities, on the basis of the review findings. Examples of such issues include: 

• The extent to which the assumptions specified in the original application for 
permission to construct a facility can be changed within the framework of the 
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original government licence. One example of this is the inventory of radioactive 
substances in total and per repository part. This particular issue is of central 
importance for the continued operation of the repository and is therefore dealt with 
separately in Section 5.3. However, stipulations made by the authorities in connec-
tion with the licensing to operate the facility can always be reviewed by the 
authorities themselves. 

• The application of the new regulations for radiation protection and safety must be 
reviewed. It is the decided opinion of the authorities that new regulations must also 
be applied to older facilities as far as is reasonable and possible. Even if the regula-
tions have been added after the facility has been taken into operation, they are valid 
as long as special exceptions are not made for SFR 1. 

• The measures that can be requested if certain requirements are not met must also be 
reviewed as well as the period of grace that will be granted to the licensee to adopt 
these measures. 
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3 Design of SFR 1 

3.1 Description of the Facility  
 
3.1.1 General Description 
The account below is a summary of the description of the facility’s design and 
performance as presented by SKB in Section 2.2.2 of SSR 2001 for SFR 1. 
 
Design 
SFR 1 is designed to receive and dispose of radioactive operational waste from Swedish 
nuclear power plants, CLAB and Studsvik. The different repository parts are designed 
to take into account the properties of the different types of waste that are intended to be 
deposited in the facility. 
 
The silo is the most qualified part of the repository and will contain most of the activity 
that is emplaced in SFR 1. The silo comprises a cylindrical rock cavern where a free-
standing, concrete cylinder has been constructed with a storage volume of about 18,500 
m3. Between the silo wall and the rock, there is a bentonite backfill which is on average 
1.2 metres thick. The silo rests on a 1.5 metre-thick layer of sand/bentonite. The 
concrete cylinder is 53 metres high, 27.5 metres in diameter and divided into vertical 
shafts to enable the orderly emplacement of waste packages which are successively cast 
in place with grout. The handling of waste packages and the grouting with concrete is 
completely remote-controlled. 
 
The rock cavern for intermediate-level waste (BMA) is 160 metres long, 19.5 metres 
wide and 16.5 metres high. The storage area is divided by concrete walls into 13 large 
and two small compartments with a total storage volume of about 13,500 m3. As these 
compartments are filled, they are covered with precast concrete elements that are 
covered with a cast in place layer of concrete. The intention is to backfill the space 
between the concrete walls and the rock with sand. This can also be done in the space 
between the concrete layer and the rock ceiling. Waste package handling is remote-
controlled using overhead cranes.  
 
The concrete tank storage compartments (1BTF and 2BTF) comprise open rock caverns 
that are 160 metres in length, 14.8 metres wide, 9.5 metres high and which have a total 
storage volume per repository part of about 8,000 m3. The rock caverns have concrete 
floors and the intention is to backfill the space between the concrete tanks and rock with 
concrete, with the exception of the drainage layer next to the rock. The waste packages 
are handled with a steel-shielded forklift truck. The space above the waste packages can 
be backfilled prior to closure. 
 
The rock cavern for low-level waste (BLA) is 160 metres long, 15 metres wide and 12.5 
metres high and has a storage volume of 11,500 m3. The rock cavern has a concrete 
floor and the waste packages are handled with a steel-shielded forklift truck. No 
grouting with concrete has been planned, although, in principle, it is possible to backfill 
the space between the waste packages and the rock. 
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3.1.2 Radiation Protection in the Facility 
In this section, comments on Section 2.2.4 of SSR 2001 are provided. 
 
SKB’s Report 
Since no open radiation sources are handled in SFR 1 and all radioactive waste is condi-
tioned, it is external irradiation (irradiation from radiation sources outside the body) 
which results in occupational exposure. Contamination of transport casks and waste 
packages has never occurred to the extent that a dose contribution from airborne activity 
has been measured.  
 
On the other hand, the natural radionuclide, radon-222, is present in the rock facility. In 
connection with the repository design, the ventilation was adapted to the regulations of 
the Swedish Work Environment Authority (formerly the Swedish Board of Occupa-
tional Safety and Health) concerning radon concentrations in rock facilities. SKB per-
formed air flow calculations in the final safety report that was prepared in connection 
with start-up. The design basis for the ventilation system was not the radon concen-
tration but rather the possibility of venting diesel exhaust, flue and fire gases. SSI 
measured radon concentrations in the range of 30 – 290 Bq/m3, which corresponds to 
the levels that can be found in housing. From the standpoint of radiation protection, the 
daughters of radon concentrations that are of interest are only a maximum of 50 % of 
this value. 
 
Radioactive releases can occur in some accident scenarios that have been studied (e.g. 
in connection with fire in stored waste or with the dropping of or mechanical damage to 
waste casks). However, the doses that could result in the accident scenarios studied can 
be handled, from the standpoint of health physics, within the existing system. Prepara-
tions have been made to avoid the spreading of contamination and to ensure that the 
necessary ventilation occurs (SStr, 2002). This includes the specification of areas where 
protective shoe covering must be worn and the use of protective overalls, the moni-
toring of entry into and exit from the area concerned, the use of general and detailed 
monitors and the scanning of equipment, vehicles, tools etc. in the contaminated area. 
The repository part concerned is isolated in terms of ventilation to prevent radioactivity 
from spreading to other parts of the facility. 
 
In other respects, the classification of areas follows the general radiation protection 
instructions at Forsmark Nuclear Power Plant (FStr, 2001) and are reported for SFR 1 in 
the form of specific radiation protection instructions (SStr, 2002). When work is con-
ducted in areas with existing (or a potential for) high dose rates, electronic dosimeters 
with alarms are used in addition to thermoluminescent dosimeters (TLD).  
 
Evaluation of the Review Committee 
In the opinion of the review committee, SFR 1 is designed in such a way that all occu-
pational exposure, during normal operation, maintenance and repair as well as in 
connection with predictable incidents and accidents is lower or on a par with the values 
that are considered to be acceptable planning values for the operation of nuclear 
facilities. 



 

  19

In connection with the previous review (Bergman et al, 1988), SSI considered that the 
radiation protection dimensions and radiological environment were designed in such a 
way that no objections were warranted. The choice of remote-controlled waste handling 
in the silo and BMA as well as the handling of waste in BTF and BLA by truck was 
considered to be an advantageous way of resolving the handling issue from the stand-
point of radiation protection. Conservative assumptions have been used when designing 
the shielding and protection devices. 
 
During the review that is now being conducted, nothing new has emerged to cause SSI 
to revise its previous viewpoints concerning health physics – especially taking into 
account the low dose and the satisfactory operating experience achieved. 
 

3.2 Design Basis 
Comments on Sections 2.2.3 and 2.3 of SSR 2001 are provided in this section. SKB’s 
reporting states the assumptions used and basic position regarding matters of principle 
upon which the design of the facility was based.  
 
SKB’s Report 
The rock cavern was planned and designed to take into account occupational safety 
during the operating phase and it was dimensioned to provide a good bearing capacity 
and stability. Where judged necessary, the rock was reinforced with bolts and grouted 
with concrete. 
 
In addition to requirements for the operating phase, supplementary requirements were 
made with respect to the planning and design of the facility in view of the storage phase. 
Special quality requirements with relevant monitoring have been applied to rock engi-
neering work and the concrete structures that have a functional requirement in the 
repository barrier system involving good long term properties. 
 
The handling system is generally designed so that manual handling is not necessary in 
areas with limited accessibility, so that mishaps can be handled in a controlled manner 
and so that the safety of a technical function does not have to depend on an interruption-
free electrical power supply. 
 
The ventilation system can be used to isolate the repository part during mishaps which 
have resulted in airborne activity and to remove flue gases in connection with fire. 
 
Electrical power supply is obtained from Forsmark’s Nuclear Power Plant and is divi-
ded into two supply routes. Electricity for central control, monitoring, emergency 
lighting, alarm and communication systems is supplied by a battery-backed network. 
 
Rock drainage water accumulates in two pools. The upper pool, which is located on the 
main repository level, overflows into the lower pool at the bottom of the silo. Conse-
quently, a flood on the main repository level is not considered possible in practice. 
Fire prevention has been designed taking into account Swedish Building Norm 80 
(SBN, 1980) and the Swedish Board of Occupational Safety and Health’s instructions 
for rock facilities (ABS, 1974). The technical protection functions are an essential part 
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of the fire prevention system and comprise water supply, spraying, fire detection and 
fire ventilation. 
 
Evaluation of the Review Committee 
In the opinion of the review committee, the basic requirements and principles used for 
the dimensions and design of the facility are reasonable, both with respect to rock engi-
neering and concrete work as well as supply and service functions.  
 
The development of analysis methods and improved understanding of the rock as well 
as methods and materials for rock reinforcement and rock construction have progressed 
since SFR 1 was constructed. The review committee considers that the report should 
have included an evaluation in comparison with current standards. 
 
In the opinion of the review committee, an evaluation of the special quality require-
ments (see Section 2.3.5 of SSR 2001) which applied to rock engineering and concrete 
work with respect to good long-term properties should have been presented. 
 

3.3 Measures for Closure 
SKB’s Report 
SKB describes in “terms of principle” planned measures for the closure of the different 
rock caverns (page 4.1-2 in SSR 2001). Certain measures are implemented during the 
operating period, such as grouting of the waste packages in the silo. In the case of BTF, 
SKB plans to grout the waste packages in connection with closure. In the case of BMA, 
the question of closure has not yet been definitely decided. Otherwise, the essential 
measures for closure are the backfilling of the emplacement cavities (in addition to 
BLA) and the grouting of concrete plugs. SKB believes that the final planning for the 
plugs can only be conducted when the entire scope of SFR 1 is known. 
 
Evaluation of the Review Committee 
The review committee views the fact that SKB’s report fails to answer essential 
questions concerning the measures for closure as a deficiency. As a result of this, it is 
difficult to analyse the long-term performance and all of the trade-offs between different 
requirements with respect to the long-term performance cannot be fully made. One 
example is the need for measures to close the BLA, which is specifically emphasised in 
order to prevent the breaking up of the rock between BLA and BMA (Section 5.5.7 in 
SSR 2001), while elsewhere in the report, it is stated that no measures for closure are 
considered necessary for this repository part. Another example is the question of grout-
ing in BMA where Pettersson and Elert (2001) consider that grouting should not be 
conducted in BMA since adequate space is necessary to allow for the swelling of the 
bitumen. However, from the description in SSR 2001, it can be interpreted that SKB has 
not adopted a position on this issue. A third example is the case of the degraded plugs 
which it is not considered meaningful to analyse bearing in mind the fact that the design 
has not been decided. Furthermore, the choice of material for the backfill (sand or 
gravel) and plugs (concrete, with or without bentonite sealing) has not been specified. 
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The review committee understands that it must be possible to modify a plan for closure 
measures depending on the detailed design of an extension of SFR 1. On the other hand, 
the future extension is no reason to avoid adopting a position with respect to a detailed 
plan for the closure of existing repository parts. It should be possible to base the closure 
of future parts on the relatively detailed plans to extend SFR 1 (see Section 3.4 of this 
report). In the opinion of the review committee, the measures should be further investi-
gated and described with a greater degree of detail. With respect to at least one closure 
alternative, it must be possible to meet all relevant requirements. These measures have 
an essential impact on how the entire facility intends to function after closure (see Chap-
ter 6 under the heading of “Measures for Closure” in this report).  
 

3.4 Future Extension 
Comments on Section 2.4 of SSR 2001, which is a description of the future extension of 
SFR 1 and other repositories, are presented in this section.  
 
SKB’s Report 
SKB reports that the basis for the design of the facility comprised an expected waste 
production up to and including the year 2010, and corresponding to a volume of about 
90,000 m3. However, uncertainties in the forecasts resulted in the fact that it was 
decided to extend the facility in two stages. The first stage (stage 1) was designed for a 
need of 63,000 m3 of waste. The actual quantity of waste produced is significantly less 
than the original forecasts. Consequently, no need for the extension of the facility for 
routinely generated waste is expected to exist.  
 
SKB describes possible alternatives for an extension of SFR 1 (stage 2), as well as the 
planned storage areas, SFR 2, SFR 3 and SFL 3-5. These extensions (apart from 
SFL 3-5) are described in the preliminary safety report upon which the original appli-
cation was based. According to SKB, SFR 2 has been replaced by SFL 5. 
 
SFR 1, Stage 2 

In the storage areas that are included in stage 1, up to the year 2000, only 27,500 m3 of 
the waste has been deposited, compared with the originally forecasted 52,000 m3 of 
waste. In SKB’s opinion, the existing SFR 1 repository will be sufficient for future 
operational waste, even if the operating lifetime of the nuclear power plants is extended 
to 40 years. However, an additional rock cavern or two may be necessary in order to 
store large and bulky components. 
 
SFR 3 

SFR 3 is intended for low and intermediate-level dismantling waste from nuclear power 
plants. SKB estimates the total waste volume at 170,000 m3. The aim is to co-site this 
repository with SFR 1.  
 
SFL 3-5 

The intention is to use SFL 3-5 to store core components and other long-lived waste. 
The total volume needed is estimated at between 10,000 m3 and 20,000 m3. According 
to the long-term plans, the facility is to be taken into operation in 2045. The siting of the  
facility has not yet been determined. 
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Evaluation of the Review Committee 
In the opinion of the review committee, before submitting an application to construct 
SFR 3, SKB should document how it has taken into account the experience gained from 
the construction and operation of SFR 1 and how this experience has affected the 
following aspects of SFR 3:  

• Research and development. 

• Project planning and design. 

• Building phase. 

• Operating phase. 

• Plan for closure. 

• Long-term safety reporting. 
 
It is also important that it should be demonstrated that relevant comments from the 
review committee’s evaluation of SSR 2001 and previous safety assessments are being 
taken into account. 
 
Since the plan is to co-site SFR 3 with SFR 1 (they will share the same access tunnel), 
they should be considered as parts of the same repository. The opinion of the review 
committee is that the compliance of SFR 3 cannot be judged separately. SFR 1 and SFR 
3 will therefore be judged as a unit. For example, SSI’s risk limitation targets will apply 
to both repositories as a unit, not separately, in the same way that an extension of SFR 1 
would be judged. 
 
The co-siting of SFR 1 and SFR 3 also means that all forms of mutual influence bet-
ween the repository parts must be taken into consideration (hydrological, chemical, 
mechanical). In practice, this should mean a joint safety report and a joint safety 
assessment for both repositories. 
 
Prior to an application to construct additional rock caverns in SFR 1, an assessment of 
the influence between existing and additional repository parts as well as documentation 
of experience feedback from existing SFR 1 are required. The appearance of another 
silo during phase 2 of SFR 1 on the attached drawings is a point requiring clarification. 
However, the review committee assumes that it is the text which applies in this case and 
that the extension of the silo is no longer under consideration. 
 
Probably the last facility that will be in operation in the Swedish system for the handling 
of nuclear waste is SFL 3-5. If this facility is co-sited with SFR 1, a decision must still 
be made regarding whether or not it is to be considered a separate unit. In the opinion of 
the review committee, it depends on whether it is possible to show that, for SFL 3-5 (at 
a considerably greater depth), there would be an essentially different group of poten-
tially exposed individuals, either in terms of geographical location or time. The review 
committee considers that SKB, in accordance with earlier RD&D programmes, should 
conduct sufficient research and development work, even if the siting and building phase 
is postponed. In particular, the design and safety concept for SFL 3-5 should be investi-
gated (SKI and SSI, 2001), so that an adequate basis can be obtained for SKB’s next 
planned safety assessment of these repositories in 2010. 
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4 Operation of SFR 1 

The evaluation of the review committee, which is presented in this chapter, must be 
considered in the light of the possibility that the description provided in an SSR does 
not necessarily include an As-operated Safety Analysis Report (ASAR3). 
  

4.1 Organisation 
In this section, comments are provided on Section 3.1 of SSR 2001, where SKB 
describes the allocation of responsibilities between SKB and Forsmarks Kraftgrupp AB 
(FKA) and the operational organisation of the repository. 
 
SKB’s Report  
As the licensee, SKB has the overall responsibility for SFR 1. Forsmarks Kraftgrupp 
(FKA) conducts the operation of the facility within the framework of FKA’s and SKB’s 
quality system. The waste producer is responsible for ensuring that the requirements of 
the type description for the waste are meet. SKB is responsible for ensuring that de-
posited waste from the waste producers complies with the requirements made from the 
perspective of long-term safety. FKA verifies a few waste parameters prior to the waste 
disposal.  
 
The structure of the operational organisation is similar to that of the rest of FKA, with 
an operations manager who is responsible for the facility and for ensuring compliance 
with the authority’s regulations and internal regulations. Operations are divided into 
three units: operation, administration and maintenance. 
 
Evaluation of the Review Committee 
The description of the operational organisation is well presented. However, the fact that 
SKB was regularly present at the facility is not included in the description. No syste-
matic description is provided of the experience gained by SKB (FKA) since the start up 
of SFR 1. This is a deficiency in relation to the requirements of SKI’s regulations (SKI, 
1998). 
 

4.2 Operation of SFR 1 
Comments on Section 3.2 of SSR 2001 for SFR 1 are provided in this section, which 
deals with safety in connection with handling activities at the facility. 
 
SKB’s Report 
One condition for the safe handling and disposal of waste at the facility is that operation 
should be conducted in accordance with expected and analysed functions. The Technic-
al Specifications (STF) provide the framework for a safe handling of radioactive waste. 
The STF consists among other things of general restrictions, with related stipulations, as 
well as intervals for recurrent testing.  
                                                 
3 Reactor licensees are required to review safety periodically and submit As-operated Safety Analysis 
Reports (ASARs).  
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The operating handbook is an aid for compliance with the STF and provides operational 
support for SFR 1’s activities. SKB describes among other things the structure of the 
organisation on the basis of the operating agreement between FKA and SKB. 
 
The shipment of waste to SFR 1 is managed by a shipment programme which is estab-
lished for a period of one year at a time. The programme takes into account waste pro-
duction and waste stored at the nuclear power plants and Studsvik. The logistics are also 
dependent on the approval of type descriptions for new waste before shipment. The 
waste data are handled in a database called TRIUMF where information on shipments 
and the properties of waste packages are registered. Waste data are controlled by SKB 
prior to waste shipment to SFR 1. Different types of waste and transport casks are 
described in a transport handbook.  
 
Evaluation of the Review Committee 
The Technical Specifications (STF) support the operation of all nuclear facilities. The 
operating personnel have considerable experience of compliance with STF since the 
personnel have previously worked with STF-related issues at other sites in FKA. The 
operation of SFR 1 follows the procedures that are applied in the rest of FKA and that 
the authorities continuously monitor in their supervisory work. An overall evaluation 
has not been presented of the experience gained from applying STF to SFR 1. 
 
In its evaluation of the operating handbook, the review committee identified some errors 
with respect to references to the waste database (reference to older databases are made 
in Chapter 3 of the operating handbook) and with respect to procedures for the imple-
mentation of plant modifications (no information about this topic is provided in Chapter 
5 of the operating handbook). 
 
The TRIUMF waste database is used to direct waste deposits in SFR 1. Therefore, in the 
opinion of the review committee, the waste database should be included in STF so that, 
for example, discrepancies in database handling occur in the same way as other discre-
pancies in SFR 1’s activities. 
 

4.3 Quality Assurance and Control 
In this section, comments are presented on Section 3.3 and Chapters 9-13 of SSR 2001 
for SFR 1 with respect to quality assurance and control as well as type descriptions. 
 
SKB’s Report 
FKA’s quality assurance programme applies to the activity at SFR 1. The purpose of the 
quality assurance programme for radioactive operational waste is to be able to deter-
mine whether the waste, after manufacturing, is in a form that is suitable from the per-
spective of handling, shipment, emplacement and disposal. Furthermore, the properties 
of the waste must ensure that occupational exposure in connection with waste handling 
is minimised. 
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Evaluation of the Review Committee 
The section does not clearly specify the relationship that should exist between the 
quality systems at SKB and each waste producer. The account does not clearly state 
how SKB is taking the link between the different quality systems into account in the 
formulation of type descriptions. 
  

4.4 Follow-up during the Operational Phase 
 
4.4.1 Control Programme for Operational Period 
In this section, comments are provided on Section 3.4.1 of SSR 2001 for SFR 1. 
 
SKB’s Report 
During the operating phase, a control programme will be conducted in the underground 
part of the repository in order to provide a basis for decisions regarding closure 
measures and for the periodic safety assessments that must be conducted every 10 years. 
The control programme includes measurements and sampling for rock inspection, 
groundwater chemistry, groundwater pressure and settlement and pressure in the 
bentonite backfill surrounding the Silo. The result is reported annually on the last date 
of March to SKI. Since the facility was started up, stable results have been obtained 
from the control programme, for example, groundwater leaking into the repository has 
stabilised at a level of 24-28 m3/h. SKB also points out that, in parallel with site-specific 
controls, relevant and valuable experience from SKB’s other activities, such as the 
research, development and demonstration (RD&D) programme is also being taken into 
account. According to SKB, this information is a further basis for judgement of 
compliance of SFR 1. 
 
Evaluation of the Review Committee 
The authorities are following the annual reports of the control programme and can 
acknowledge that the results have so far shown stable values. Observed changes lie 
within the expected development for an open, dry pumped repository. With respect to 
certain minor points, the control programme has been adjusted over the years, mainly 
due to the fact that measurement points have been removed or that certain measure-
ments did not yield the expected data which could be of importance for the analysis of 
SFR 1’s performance or for a good understanding of the site characteristics. 
 
In the opinion of the review committee, the report in SSR 2001 should have better 
described the importance that data from the control programme have had on the safety 
assessment and assessment of the repository’s long term safety. Furthermore, the 
committee also considers that SKB should evaluate whether the existing control 
programme is adequate and sufficient from the standpoint of the experience in the 
updated safety assessment.  
 
4.4.2 Incident and Consequence Analysis 
In this section, comments are presented on Section 3.4.2 of SSR 2001 for SFR 1. 
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SKB’s Report 
In connection with the construction of SFR 1, rock caverns, storage areas, transport 
routes, ventilation systems etc. have been designed so that the consequences at of 
different incidents and accidents can be handled. A new safety report for SFR 1, 
concerning risks in connection with disruptions, was recently prepared (Gustafsson et 
al, 2000). However, with respect to radiation protection, the analysis is based on the 
assumptions, calculations and analyses that were conducted in previous studies 
(Bjälvenlid, 1987; Appelgren, 1987). 
 
The events that are most interesting to analyse from a safety and radiation protection 
standpoint are different incidents occurring in connection with shipments or emplace-
ment of waste packages with high dose rates as well as fires in transport vehicles and/or 
waste. With the aim of mitigating or counteracting the consequences of incidents, safety 
assessments have been conducted for the technical and administrative areas.  
 
Since SFR 1 was taken into operation, several modifications have been made in the fire 
detection system. All of the fire alarm systems have been replaced by alarm systems 
that are modern and adapted to the facility (BS-100 systems). 
 
Evaluation of the Review Committee 
In the view of the review committee, the safety report together with the update of the 
incident analysis (Gustafsson, et al, 2000) does not add any decisive new information, 
compared with previous analyses. Nothing has come to light in the evaluation to require 
upgrades of reported scenarios, installed systems, training or planned measures to 
prevent incidents and accidents or counteract the radiation protection consequences 
when accidents occur. 
 
4.4.3 Analysis of Events 
In this section, comments are provided on Section 3.4.3 of SSR 2001 for SFR 1. 
 
SKB’s Report 
On average, 2 to 3 Category 2 events, in accordance with SKI’s classification (SKI, 
1998), have occurred per year during the operating lifetime of the facility. Most of the 
events are due to the handling of the waste at waste suppliers and are not due to errors 
occurring in the facility. SKB reports different types of events that have occurred at 
SFR 1 and the measures that have been introduced to prevent them from recurring. One 
of the more significant deviations is the discovery that certain heat detectors have never 
been connected since the start of SFR 1. Following the discovery, FKA has conducted a 
total review of all safety systems at the facility (still in progress to some extent). 
 
Evaluation of the Review Committee 
The analysis of deviations that have occurred during operation and that are related to 
deviations in the Technical Specifications are reported as LERs, namely Category 2 
events on the basis of the requirements in SKI’s regulations (SKI, 1998). In the view of 
the review committee, it is satisfactory, even if obvious, that FKA, following the event 
concerning the heat detectors which were not connected, has started work on reviewing 
all of the systems which are of importance for safety in SFR 1. 
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Furthermore, during the period, an event occurred which could affect long-term safety, 
namely, a deviation from an approved type description (F.17). In the view of the review 
committee, this event should have been reported in SSR 2001. However, the review 
committee is aware that the issue was not fully investigated when the safety report for 
SFR 1 was prepared. 
 
4.4.4 Major Rebuilding or Operational Modifications since Start-up  
In this section, comments are provided on Section 3.4.4 of SSR 2001. 
 
SKB’s Report 
The air coming into the underground part of the facility is currently dried by cooling in 
order to avoid corrosion damage of the installed equipment, since such damage was 
discovered a short time after start-up. All of the fire alarms have been replaced. 
 
The new waste database (TRIUMF) directs the control and validation of waste data to 
SFR 1. Each individual deposited package can be identified with respect to origin as 
well as exact position in the repository. SKB uses the database to control waste data 
from suppliers. 
 
Evaluation of the Review Committee 
After a number of years of operation, extensive corrosion damage was detected in the 
facility components due to a high air moisture content. Through technical measures, it 
has been possible to limit the relative moisture content to 60 %. In the view of the 
review committee, a deficiency is that there is no analysis of whether or not this is 
adequate since corrosion can also included waste deposited in SFR 1. 
 
A new waste database, TRIUMF, for handling and registering waste for SFR 1, has 
been installed. The system makes it possible to check that the waste complies with the 
requirements regarding waste data prior to shipment from the waste producer to SFR 1. 
The database contains waste data for each individual package. However, this is not 
specified in SKB’s report. On the other hand, the report specifies the location in the 
repository of each package. The purpose of the system is to prevent shipment permits 
(issued by SKB) from being granted for type-approved waste that has not been verified 
for disposal. There is no reporting of any deviations or abnormal events relating to the 
database. 
 
There is no report of experience gained through the handling of the waste database. 
Furthermore, a description of how the system is built up and how it is taken into account 
in the Technical Specifications or similar procedures. According to information previ-
ously submitted, the waste database belongs to SKB. No information has between 
provided on whether the system is covered by SKB’s or FKA’s quality system. 
 
4.4.5 Occupational Exposure 

In this section, comments are provided on Section 3.4.5 of SSR 2001 for SFR 1. 
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SKB’s Report 
The dose contribution to personnel since start-up in 1988 is a total of about 25 mmanSv, 
which means an average dose of about 2 mmanSv per year. The largest exposure in a 
single year (1999) was 5.7 mmanSv. The activities that resulted in most of the exposure 
are the backfilling and topfilling of ash drums, moulds and, on one specific occasion, 
the backfilling of deposited steam separators. The dose contribution during the years 
that backfilling was not conducted is about 1 mmanSv. The contribution for the back-
filling of ash drums has decreased as greater experience has been gained. SKB states 
that it continuously conducts work to introduce dose-reduced measures for non-routine 
work. 
 
Evaluation of the Review Committee 
The activities at nuclear facilities are to be conducted so that all doses are limited for as 
long as reasonably achievable for economic and societal factors, according to 4§ of 
(SSI, 2000a). With respect to SFR 1, a repository for radioactive operational waste from 
nuclear power plants and other facilities, the dose cannot be optimised in an isolated 
manner and without taking into consideration the waste producer’s handling activities. 
Different types of interim storage facilities exist at Swedish nuclear power plants (rock 
caverns, waste halls etc.) and the work on making the waste packages ready for disposal 
in SFR 1 is also conducted at the plants. The doses that are obtained at SFR 1 must be 
viewed in relation to the radiation doses obtained at the power plants. Furthermore, 
different alternatives must be assessed (manufacturing waste packages, interim storage 
at the plants, different strategies for shipment and disposal) and health physics issues 
must be balanced against safety and economic issues, societal values and decisions. 
 
The total exposure to the personnel and exposure to individuals was small during the 
operation of SFR 1. No intake of radioactive substances or serious incidents have 
occurred during the time that the activities were conducted. In the light of the low dose 
contribution, the review committee has no objection to the fact that no analysis has been 
presented of additional measures that would reasonable from the standpoint of health 
physics. 
 
4.4.6 Importance of Information Retention 

Measures concerning information retention were discussed in connection to previous 
reviews (SKI and SSI, 1994). The issue was followed up by SSI after the review was con-
ducted and SSI has repeatedly requested that strategies should be formulated and imple-
mented to retain information about the repository (SSI, 1992; SSI, 1994). In the report 
prepared by SKB (SKB, 1993), SKB states that the basic aim of such a strategy is to retain 
information about: 

• geographical location, 
• chemical and physical properties, 
• repository design, concerning physical layout and barriers, 
• background data for safety reports and safety assessments. 

 
The strategy is developed in the report and reported in 8 points relating to among other 
things quality issues, co-operation with archive authorities and proposed measures in 
connection with repository closure. SSI has also supervised SKB’s different facilities, 
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including SFR 1, with respect to SSI’s regulations on archiving at nuclear facilities 
(SSI, 1997). After having pointed out certain deficiencies in archiving, SSI’s assessment 
is that SKB, in all essential matters, has corrected the deficiencies that were observed in 
connection with the inspections (SSI, 2000b). 
 
The periodic safety report for SFR 1, SSR 2001, does not contain a description of 
SKB’s strategy for the retention of information. Although the regulation of information 
retention is beyond the scope of the safety report for SFR 1, the review committee con-
siders that it would have been valuable if SKB had described the measures that were 
actually adopted. 
 

4.5 Waste Disposal 
 
4.5.1 Background 
Already from the beginning, it was assumed that the waste in SFR 1 would be disposed 
of in accordance with three main principles: 

• Waste with the highest activity (and the highest content of long-lived nuclides) 
would be deposited in the Silo, which has the most robust barriers. 

• The deposit area would be selected so as to minimise any negative impact from the 
waste on the barriers. 

• The disposal site would also be selected taking into account the possibility of 
handling the waste in a secure manner from the standpoint of radiation protection 
and safety, such as ensuring compliance with the dose constraints for different 
repository parts. 

 
However, for various reasons, the original principles have not been fully realised: 

• In certain cases, these principles have been found to be incompatible. For example, 
it is unsuitable to deposit certain waste with a high nuclide content in the Silo 
repository for chemical reasons. The fact that such a situation has arisen has 
historical reasons – namely that the waste packages were manufactured long before 
the requirements for disposal were known.  

• The activity content of the waste has so far been found to be considerably below the 
forecasted level that was presented in the application. This has meant that it has 
been possible to deposit a larger share of the waste from the reactors’ coolant 
cleaning systems in BMA. 

• Disposal in BMA was allowed for a number of years before the Silo was taken into 
regular operation.  

 
Based on the waste forecast for SFR 1 that SKB provided for SSR 2001, information is 
provided for an updated analysis of the use of the facility. The data, which covers just 
over ten years of operation, are assessed to be more comprehensive than before. 
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4.5.2 Application of Optimisation and the Best Available Technique – BAT 
Since the licensing of the operation of SFR 1, SSI has promulgated new regulations 
(SSI, 1998) which apply to SFR 1. According to the regulations, the nuclear waste shall 
be managed in an optimised manner, taking into account the best available technique 
(BAT). The requirement on optimisation and BAT means that the radiation doses are to 
be limited as far as reasonably achievable and the most efficient measures must be taken 
into account to limit the release of radioactive substances. This does not only cover the 
basic design of the repository, it also pertains to measures relating to the operation of 
the facility. For radioactive releases during operation, (SSI, 2000c) applies. 
 
Evaluation of the Review Committee 
In the opinion of the review committee, SSR 2001 should have specified the way in 
which SKB ensures that operations-related measures are optimised with respect to the 
long-term performance of the repository, as is described in the safety report. This 
applies to the preparation of type descriptions, the allocation of waste to different 
repository parts, the disposal process and gradual closure. One example is the appli-
cation of BAT for the disposal of waste packages in 1BTF. 
 
In the light of the change in the original principles for the distribution of waste between 
different repository parts as discussed above, and the conclusions from this review, the 
review committee considers that there is reason to conduct a review of the distribution 
of different waste packages between different repository parts, particularly bearing in 
mind the fact that the most robust repository part (the Silo) is only expected to be 60 % 
filled by the year 2030. This review is particularly urgent since the estimated future 
dose consequences are on a par with SSI’s radiation protection criterion and the content 
of certain long-lived radionuclides can be underestimated for certain types of waste. 
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5 Long-term Performance of SFR 1 

In this chapter, the review is presented of Chapter 4 (The State of the Repository at 
Closure) and 5 (Analysis of Long-term Performance) of SKB’s SSR 2001 for SFR 1. 
 
The review committee has selected a different reporting structure from SKB’s partly for 
practical reasons and partly due to the fact that the review committee has a view of the 
structure of these parts of a safety report which does not completely agree with SKB’s. 
This is shown in the table below: 
 
 
Section of SKB’s SSR 2001 Section of this Report 
4.1 Backfill method and barrier function 3.3 Measures for closure 

5.6.7  Mutual influence between repository sections
4.2 Waste 5.3 Nuclide inventory and waste 

4.3 Description of the geosphere and 
 biosphere 

5.6.1 Hydrogeology 
5.6.2 Structural geology and rock mechanics 
5.6.3 Water chemistry 
5.7  Initial state and evolution of biosphere 

5.1 Safety goals and acceptance criteria 5.1 SKB’s interpretation of the regulatory 
 requirements 

5.2 Review of previously reported state of 
 knowledge 

5.1 SKB’s interpretation of the regulatory 
 requirements 

5.3 Methodology for assessment of long-
 term safety of SFR 

5.2 Methodology for safety assessment 
5.5.1  Methodology for scenario selection 

5.4.1 Model description 
5.4.2 Description of the repository and its  
  surroundings (system description) 

5.4  System description 

5.4.3 Base Scenario 
5.4.4 Scenario – Initial defects/discrepancies 
5.4.5 Climate-related scenarios 
5.4.6 Tectonic events 
5.4.7 Intrusion scenario 
5.4.8 Other scenarios 

5.5  Scenario selection 

5.4.9 Completeness of system description  
  and scenarios 

5.4.3 Completeness of the system description 

5.5 Evolution of the repository and its 
 surroundings 

5.6  Initial state and evolution of repository and 
 geosphere 
5.7  Initial state and evolution of biosphere 

5.6 Description of the calculation cases 
5.7 Calculations 

5.8  Consequence calculations 
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5.1 SKB’s Interpretation of the Regulatory Requirements 
In this section, comments are provided on Sections 5.1 and 5.2 of SSR 2001 (SKB’s 
Final Safety Report 2001 for SFR 1). 
 
SKB’s Report  
The interpretation that SKB has made of SKI’s and SSI’s regulations is provided in 
Section 5.1 of SSR 2001. In addition, extracts from previous regulatory reviews are 
reported in Section 5.2 of SSR 2001. SKB deals with about ten issues that have 
remained since the authorities’ latest review of the in-depth safety assessment of SFR 1 
(SKI and SSI, 1994). These questions have then been used by SKB to prioritise work on 
SSR 2001 for an in-depth assessment of the following areas: 

• A completely new scenario and system analysis. 

• A new inventory and waste characterisation. 

• A new analysis of barrier degradation, especially of concrete. 

• A new review of gas formation and its consequences. 

• A new hydrological analysis. 

• A new improved biosphere analysis. 

• More accurate transport calculations. 
 
Evaluation of the Review Committee 
In the view of the review committee, SKB has interpreted the relevant regulations 
concerning the handling of nuclear waste and promulgated by SSI (SSI, 1998) –
compare Chapter 2 of this review report – largely in a correct and fair manner. SKI’s 
regulations regarding safety in connection with disposal (SKI, 2002) were undergoing 
review by external bodies (July 2000) when the work on the safety report was conduc-
ted and the main contents have been known to SKB since 1997. Therefore, in the 
opinion of the review committee, SKB could also have given an account of the content 
of the draft regulations, especially in view of the fact that SKB itself considers that it 
has compared the results of the analysis with the intentions of SKI’s review edition of 
the regulations. 
 
In the opinion of the review committee, the review of previous analyses and regulatory 
reviews that SKB presents is valuable. However, at the same time, the committee 
wishes to caution SKB against using such previous analyses as a justification for limit-
ing the scope of the current safety assessment. Each assessment must be conducted 
independently and re-evaluate currently available knowledge. The conditions for 
scenario evaluation, selection of calculation cases and other calculation assumptions 
may very well be so different from one analysis to another that certain results from the 
consequence analysis are no longer supported in the same way as before and are there-
fore not valid. References to studies and assessments that have been previously conduc-
ted can be used to support the current assessment, but only to the extent that conditions 
have remained unchanged. 



 

  33

One example of an inadequately supported reference to previous analyses is that the 
case concerning blocked gas generation during the inland period have neither been 
analysed nor evaluated in any other way (see also Section 5.6.5 of this report). In 
addition, in the case in question, reference was made to the regulatory review, which is 
incorrect as a matter of principle, if SKB has not formed its own opinion or cannot refer 
to other sources. Support for a certain evaluation can be obtained from one’s own 
research or the research of others, but never solely from research or reviews conducted 
by the regulatory authorities. This could be interpreted as though the authorities have 
assumed some of SKB’s responsibility and this would be a breach of Swedish 
legislation.  
 

5.2 Methodology for Safety Assessment 
This section presents the review committee’s comments on SKB’s description of safety 
assessment methodology in Section 5.3 of SSR 2001. Comments on how this 
methodology has been applied in the current safety assessment with respect to System 
Description and Scenario Selection are presented in Sections 5.4 and 5.5, respectively, 
of this report. 
 
SKB’s Report 
According to SKB, the safety assessment for SFR 1 is mainly based on the methodology 
reported in the safety assessment for the repository for spent nuclear fuel, SR 97 (SKB, 
1999). 
 
According to SKB, the safety assessment comprises the following parts: system 
description and choice of scenarios, description of initial state, analysis of chosen 
scenarios and overall assessment of results. 
 
The starting point for the assessment is a system description which describes the 
processes and relationships between different processes which need to be taken into 
account in the safety assessment as well as a description of the state of the repository at 
closure. The system description for SFR 1 is reported in the form of interaction matrices 
for the repository, rock and biosphere. The completeness of the interaction matrices has 
been checked against the OECD/NEA’s international FEP (features, events, processes) 
database. SKB has also assessed the importance of different FEPs for the assessment of 
repository performance, using its own personnel and consultants. 
  
The evolution of the repository is described by selecting a number of scenario-initiating 
events and conditions, known as external FEPs, namely external events or conditions 
that can initiate possible events or scenarios. A starting point for SKB’s identification of 
scenario-initiating events for SSR 2001 is the NEA’s international FEP database. On the 
basis of this database and experience from previously conducted safety assessments for 
SFR 1, SKB has selected scenario-initiating events to be analysed (see also Section 
5.5.5 of this report).  
 
The description of the initial state is largely based on existing knowledge of the reposi-
tory, for example, materials and dimensions of the designed repository parts. However, 
certain characteristics, such as for the rock, have been estimated on the basis of the 
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limited data available from the site investigation and other measurements. Furthermore, 
assumptions concerning future waste quantities are based on forecasts. 
 
The evolution of the repository and the leakage and transport of radionuclides in the 
repository, rock and biosphere are then analysed for the selected scenarios. In order to 
provide an overview of the calculation models and analyses, SKB has prepared infor-
mation flow diagrams. These diagrams illustrate the flows between different analyses 
and calculation models. The diagrams also make it possible to check how different 
processes and interactions are handled in the quantitative analysis. The data chosen for 
the radionuclide transport calculations are presented in a separate data report (SKB, 
2001).  
 
SKB states that uncertainties in the data are to be discussed and, if possible, quantified. 
However, if the uncertainties are significant, data can be selected so that the conse-
quences are conservatively estimated. Correspondingly, assumptions are made or 
models used so that the consequences of unfavourable processes are overestimated if the 
understanding of a certain process is deficient. 
 
Under the headings Handling of Uncertainties (Section 5.3.5 of SSR 2001), SKB also 
discusses Assessment of Risk. The transport calculations for the different scenarios are 
based on an assessment of the aggregate risk. The analyses are mainly deterministic, 
with the exception of the calculations of radionuclide turnover in the biosphere and the 
dose calculations, which are probabilistic. The total risk is estimated by adding together 
the risks for the different calculation cases in the different scenarios. 
 
Evaluation of the Review Committee 
SKB’s description of the safety assessment methodology largely agrees with the 
requirements of SKI’s regulations. However, there is a lack of agreement between the 
description of methodology and structure for the safety assessment in Section 5.3 and 
the application in practice in the subsequent sections of SSR 2001. This particularly 
applies to the description of the treatment of uncertainties. The review of SSR 2001, 
shows that SKB lacks a well-thought out method for analysing uncertainties (see 
Section 5.9 of this report). 
 

5.3 Nuclide Inventory and Waste 
In this section, comments are provided on Section 4.2 of SSR 2001 for SFR 1. 
 
SFR 1 is the repository for waste generated from the operation of Swedish nuclear 
power plants as well as for certain waste from Studsvik’s facilities. The waste mainly 
comprises filters from coolant cleaning systems (in the form of ion-exchange resins) as 
well as refuse and scrap metal arising from operations. The inventory of gamma-
emitting radionuclides in the waste is determined through measurements at the plants 
where the waste is also treated and packaged. Certain radioactive waste originating from 
hospitals, research and industry is also deposited in SFR 1. This waste is treated and 
packaged at Studsvik’s facilities prior to shipment to SFR 1. Since the content of, for 
example, metals and the chemical composition of the waste can be important for the 
long-term performance of the repository, this is also reported. 
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5.3.1 Quantities of Materials in SFR 1 

SKB’s Report 
SKB presents a forecast of future quantities of waste, conditioning materials and 
containers that are expected to be taken to the different repository parts. The quantities 
of materials are categorised into iron/steel, aluminium, cellulose, other organic and 
inorganic waste, ion-exchange resins, graphite, evaporation concentrate, sludge, 
bitumen, cement and concrete. However, all of these categories are not represented in 
all parts of the repository. SKB also presents an estimate of the number of different 
types of waste packages. Together with the dimensions of the types of packages, SKB 
has used this information to calculate the total waste volume. 
 
The largest quantities comprise cement and concrete in all repository parts, apart from 
BLA (20,000 tonnes in the Silo). The quantities of iron/steel are on the order of 
thousands of tonnes for all repository parts, as is the case for bitumen in BMA and the 
Silo. The dominant waste material in the Silo and BMA is ion-exchange resins which 
represent thousands of tonnes. Other waste materials are on the order of hundreds of 
thousands of tonnes. The most common material in BLA is other organic waste (plastic, 
rubber, cable), while ash and ion-exchange resin powder represent the largest quantities 
in BTF. 
 
The quantity of cellulose and metals deposited is of importance for long-term safety. 
The degradation of cellulose in alkaline environments sometimes results in isosaccha-
rinic acid (ISA). ISA is a complexing agent which can increase the transport of radio-
nuclides from the repository. In the case of metals (iron/steel and aluminium), the total 
available surface area for corrosion is also specified. The surface area must be known in 
order to calculate gas generation in connection with anaerobic corrosion of metals. 
 
The quantities of cement and concrete are important for safety. For example, they are 
relevant for the calculation of the capacity for chemical pH buffering reactions. The 
quantities of ion-exchange resins in bitumen are of importance for calculating expansion 
due to the expected swelling after disposal. 
 
Evaluation of the Review Committee 
In the view of the review committee, the quantities specified by SKB for different types 
of material in the waste, such as cellulose, iron and steel as well as conditioning 
material and containers are reasonable. The uncertainties are probably limited with 
respect to conditioning material and total waste quantities while the uncertainties in 
specified quantities for different types of materials may be more significant. In order to 
present a clearer picture of these issues, it would have been desirable for SSR 2001 to 
have included a discussion of how the data were obtained.  
 
The review committee considers that it is a deficiency that no error estimates are 
reported for the quantities of different materials in different parts of the repository. The 
uncertainties in the reported data should, in any case, result in a discussion of possible 
error sources and their orders of magnitude. Furthermore, the accuracy of the specified 
quantities and volumes appears to be too high, which is misleading since it gives the 
impression that the estimates are much more exact than is actually the case. 
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With the help of a consultant (Sundqvist, 2001), SKI has evaluated SKB’s annual 
reports and forecasts of waste estimates for SFR 1 which are a basis for SSR 2001. This 
review shows that SKB’s report is not completely clear and traceable and that the 
normal package calculations, in particular, are difficult to follow. This is partly due to 
fact that deviations occur and to the fact that the normal compositions have 
subsequently been modified by SKB.  
 
SKI’s consultant, Sundqvist, further comes to the conclusion that there are particularly 
large uncertainties with respect to the content of cellulose and metals for the X.23 and 
X.12 waste types4, containing refuse and scrap metal (Sundqvist, 2001). Sundqvist 
therefore proposes that a more individual assessment should be made with respect to the 
main inventory of materials for each unit, instead of only relying on the composition of 
the current normal packages. This information has to a certain extent already been 
obtained but is not used for calculations. The X.23 waste type is particularly important 
since it can be expected to contain significant quantities of cellulose which can affect 
the hydrochemical conditions in BMA.  
 
In the opinion of the review committee, the inventory of metals is not only of interest 
from the standpoint of gas generation but also for the assessment of the redox buffer 
conditions during the corrosion of iron/steel. Therefore, it would have been of interest if 
SKB had reported some form of estimate of the distribution of thicknesses for metal 
parts in SFR 1. Although an average thickness of 5-10 mm can be estimated on the basis 
of the information in SKB’s report, the distribution measure is also of considerable 
importance for the estimate of redox buffering (see Section 5.6.3 of this report). 
 
5.3.2 Methodology for Determining Key Nuclides in the Waste  

SKB’s Report 
SKB has estimated the future inventory of radionuclides in SFR 1 on the basis of the 
inventory of the three key nuclides, cobalt-60, cesium-137 and plutonium-239 in a 
representative package for each waste type. The reference inventory of the key nuclides, 
cobalt-60 and cesium-137, is based on the measurements of gamma emitters which have 
been conducted on waste packages that have so far been produced. With respect to the 
key nuclide, plutonium-239, in the waste, SKB’s starting point is the measurements that 
are regularly conducted of the concentration of plutonium-239/240 in water in different 
reactor systems and at CLAB. All of the dissolved plutonium in the systems is assumed 
to adhere to the waste that is deposited in SFR 1 and, on the basis of the measured 
concentration and the integrated flow through the cleaning filter, the total quantity of 
plutonium-239/240 in the waste can be calculated. SSR 2001 assumes that plutonium-
239/240 will distribute itself in different packages in proportion to the distribution of 
cobalt-60 in the waste. 
 
                                                 
4 The designation X.23 means that the waste is intermediate-level waste and comprises refuse and scrap. 
The waste is packaged in moulds with a side of 1.2 m which are deposited in the BMA part of the 
repository. X.12 means that the waste is low-level waste and comprises refuse and scrap. The waste is 
placed in a container which is deposited in the BLA part of the repository.  
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Evaluation of the Review Committee 
The inventory of the gamma-emitting key nuclides (cobalt-60 and cesium-137) are well 
documented through the measurements that are routinely conducted on all of the waste 
that is produced. Therefore, in the view of the review committee, there is a good basis 
for ascribing a reference inventory to both of these radionuclides with respect to waste 
that has already been generated by nuclear power plants. This is also a good basis for 
estimates of the radionuclide inventory in future waste on condition that the operating 
conditions of the reactors are not disturbed by, for example, a larger number of fuel 
failures. 
 
In the opinion of the review committee, the methodology that has been applied to 
determine plutonium-239/240 provides a reasonable estimate of the total quantity of 
waste originating from nuclear power plants that is assumed to be deposited in SFR 1, 
see also Section 5.3.5 (Inventory of Significant Radionuclides) of this report. The 
methodology of distributing plutonium-239/240 proportionally to the occurrence of 
cobalt-60 means that the majority of transuranic elements in the waste are expected to 
be found in the reactor coolant cleaning resins, which the committee considers to be a 
reasonable assumption. However, measurements conducted at Studsvik (Studsvik, 
1999) indicate that the quantity of transuranic elements in the low-level refuse and scrap 
waste deposited in the BLA part of the repository may have been underestimated. In the 
light of this, the committee considers that there is cause for SKB to revise its 
methodology. 
 
5.3.3 Correlation Factors  

SKB’s Report 
The inventory of other radionuclides than the three key nuclides in the different waste 
categories has been estimated on the basis of correlation factors. SKB has used the 
correlation factors developed as a basis for the safety assessment for SFL 3-5 (Lindgren 
et al, 1998). 
 
Evaluation of the Review Committee 
In the view of the review committee, the set of correlation factors compiled by Lindgren 
et al (1998) is also a sound basis for estimating the inventory of SFR 1. The correlation 
factors developed in Lindgren et al (1998) are based on both measurements and 
calculations. In several cases, measurements show considerably large spreads. In the 
case of fission products and other activation products besides transuranic elements, 
SKB has, in several cases, opted to use a median value. The review committee questions 
the justification for this choice since the data presented show a significant spread in 
several cases. Bearing in mind the importance that the choice of correlation factor has 
on the estimate of the inventory and the result of the safety assessment, the review 
committee considers that SKB should have devoted more attention to this issue in order 
to ensure that the significance of these uncertainties is reflected in the presented 
estimates and results. In this context, the review committee would like to, for example, 
call attention to the evaluation of measured correlation factors conducted by Thierfeldt 
and Deckert (1995) that was conducted on behalf of the regulatory authorities and SKB. 
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In the case of certain radionuclides, SKB bases the choice of correlation factor on 
theoretical calculations, in spite of the fact that measurements indicate that a higher 
value would be a more cautious choice. One such example is the occurrence of iodine-
129. In spite of the fact that measurements show that the concentrations can be two to 
three orders of magnitude higher, SKB assumes that the calculated conditions for the 
fuel will also apply to the operational waste. SKB bases this judgement on the fact that 
cesium and iodine have similar fuel leaching characteristics and similar transport 
properties in reactor environments. The review committee considers that in view of the 
significant deviations observed by Lindgren et al (1998), SKB should have conducted a 
more detailed analysis. Thiersfeldt and Deckert (1995) have also come to this 
conclusion and consider that PWRs in particular need reactor-specific correlation 
factors. 
 
The review committee does not see any feedback from existing and previous safety 
assessments with respect to additional initiatives to evaluate the inventory of the most 
important radionuclides. This particularly refers to the occurrence of carbon-14 and 
nickel-59 in the waste. Furthermore, the estimate of carbon-14 should have been 
supplemented by an estimate based on reactor physics data. 
 
The issue concerning waste from Studsvik’s activities is more complex compared with 
the waste from nuclear power plants. The waste from Studsvik is not homogeneous in 
terms of composition or inventory and is generated as a result of more diversified 
activities, through the treatment of external waste from hospitals, industry and waste 
from Studsvik’s existing and previous research activities. This means that the methodo-
logy of using correlation factors developed for nuclear power plant waste is not 
necessarily suitable. Bearing in mind the fact that the allotted radioactive inventory of 
waste from Studsvik is limited, the methodology may still provide an initial starting 
point for developing an inventory. A specific problem in this context is how the 
occurrence of plutonium in Studsvik waste is determined. This problem is addressed in 
Section 5.3.5 (Inventory of Significant Radionuclides) of this report.  
 
5.3.4 Total Activity and Activity Distribution between Repository Parts 

SKB’s Report 
For each category of waste, SKB has multiplied the reference inventory in a package 
with the forecasted number of packages for the waste type up to the year 2030. Derived 
in this way, the inventory of SFR 1 will be about 1015 Bq, which SKB calls the realistic 
inventory. In the inventory report (Riggare and Johansson, 2001), SKB has calculated 
the conservative inventory by multiplying the realistic inventory by a factor for each 
repository part so that a total of 1016 Bq is deposited. According to SKB, this corre-
sponds to the radioactive inventory that SFR 1 is designed for and is within the scope of 
SFR 1’s licence. 
 
Evaluation of the Review Committee 
The review of the inventories must be carried out not only on the basis of their function 
as the boundary condition for the consequence analyses conducted but also on the basis 
of allowability in respect of limits specified in licences and licence stipulations. These 
reviews may have to be conducted separately. 
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It is obvious that the inventory upon which the consequence analysis is based does not 
have to be a realistic estimate of the actual inventory. On the contrary, a certain degree 
of conservatism in the estimates means that the calculated dose consequences will also 
be overestimated. The review committee evaluates the degree of conservatism in SKB’s 
estimates in subsequent sections. 
 
However, SKB states that the conservative inventory at the same time corresponds to 
the inventory for which SFR 1 is designed and licensed since the total activity amounts 
to 1016 Bq. The review committee does not share SKB’s view of the basis for this line 
of reasoning and, thereby, for the allowability of the conservative inventory. Even if the 
specified total activity is one of the design basis conditions for SFR 1, the review 
committee considers that it is obvious that it is not sufficient to simply state that the 
total activity will be within this limit. In addition to the total activity in the repository 
parts, the distribution between short and long-lived radioactivity must be taken into 
account in accordance with the conditions stipulated in the decision made by the 
Government in accordance with the Atomic Energy Act (June 22, 1983, Dnr 1034/83) 
and (SKI April 21, 1983, Dnr A.1.11 361/82). This view has previously been shared by 
SKB (SKB, 1998). 
 
In the opinion of the review committee, it may be acceptable and justified to allow a 
certain redistribution of the source term between different types of radionuclides, for as 
long as the remaining radiotoxicity in each repository part remains within the original 
specification taking into account the properties of different radionuclides. Such a 
redistribution must take into account how the repository will be utilised as a whole. The 
optimum utilisation of the repository is discussed in Section 4.5 of this report. 
 
Several factors determine the radiological importance of different types of radionuclides 
in SFR 1. The different half-lives of the radionuclides and their varying radiotoxicity 
are of obvious importance. In addition to this, the varying radionuclide mobility in the 
repository environment and rock will be of major importance for long-term radiation 
protection. The mobility is dependent on the design of the different repository parts and, 
in addition, can be affected by chemical substances in the waste etc. Radionuclide 
distribution in SFR 1 and even the distribution between the different repository parts 
must be considered in the light of these factors. 
 
In connection with the review of SSR 2001, the review committee compiled and 
compared the licensed inventory with those presented in (Riggare and Johansson, 2001) 
and upon which SSR 2001 is based. The most significant radionuclides have been 
divided into the four following categories: 

1. short-lived radionuclides (which mainly decay during the time that the repository is 
below the sea), 

2. long-lived (t½ > 31 years) radionuclides with a relatively high mobility in the 
repository environment, 

3. long-lived (t½ > 31 years) radionuclides with a relatively low mobility in the 
repository environment, 

4. long-lived (t½ > 31 years) transuranic elements. 



 

  40

For each category, the total radiotoxicity is calculated by standardising the different 
radionuclide inventories by EC’s dose conversion factors for oral ingestion (EC, 1996). 
The categorisation of the most important radionuclides was, with one exception, 
relatively unambiguous and is shown in Figure 6.3.15. The exception is technetium-99 
for which the mobility can be expected to be highly dependent on the redox potential, 
partly due to the supply of dissolved oxygen in the repository environment. In Figure 
6.3.1, the assumption is that technetium-99 belongs to category 3, which the review 
committee considers to be reasonable if the redox conditions are assumed to apply in 
the future. The comparison shows that the realistic inventory forecast presented by SKB 
is in reasonable agreement with the inventory upon which the licence application for all 
categories of radionuclides and for all repository parts was made. However, the same 
conclusion cannot be drawn for SKB’s conservative inventory. For categories 2, 3 and 
4, i.e. long-lived activity, the inventory that is within the scope of the government 
licence is exceeded by up to one order of magnitude. 
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Figure 6.3.1  The light bars in the diagram illustrate the ratio between the realistic 
(SKB, 2001) and the licensed inventory (SKB, 1987) and the dark bars the ratio 
between the conservative and the licensed inventory for the different repository parts 
and for different groups of radionuclides. The inventories are for forecasts up to the 
year 2030. The following radionuclides are included in the different groups: 
Short-lived radionuclides: tritium, iron-55, cobalt-60, strontium-90, ruthenium-106, 
cesium-134 and cesium-137. 
Long-lived mobile radionuclides: carbon-14 (organic), niobium-94 and iodine-129. 
Long-lived sorbing radionuclides: carbon-14 (inorganic), nickel-59, nickel-63, 
technetium-99 and cesium-135. 
Long-lived transuranic elements: plutonium-238, plutonium-239, plutonium-240 and 
americum-241. 
                                                 
5 The radionuclides that were not included in the inventory at the time of the licensing but which were 
included in the inventory in SSR 2001 have been removed from the comparison. This is not expected to 
affect the results of the comparison. 
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In view of this, the committee believes that it may be necessary for the authorities to 
follow up the stipulations that apply and possible establish supplementary licence 
stipulations for the repository. 
 
5.3.5 Inventory of Significant Radionuclides 
 
Evaluation of the Review Committee 
 
Cobalt-60 and cesium-137 

Cobalt-60 is a relatively short-lived (t½ = 5 years) activation product that is formed 
when inactive cobalt is irradiated with neutrons (activated) in the vicinity of the reactor 
core. Since the occurrence of cobalt-60 is of considerable importance for the radiation 
levels in the facilities, the content of inactive cobalt is low in the design materials that 
exist in the vicinity of the core. Efforts have also been made to reduce the occurrence of 
cobalt that is dissolved in the reactor coolant.  
 
Cesium-137 is a fission product that is formed during nuclear fission in the reactor. The 
half-life is 30 years. The content of cesium-137 in the coolant, and thereby in the waste, 
is highly dependent on the extent of fuel failures. Cobalt-60 and cesium-137 initially 
dominate the activity inventory of SSR 1. Through the gamma radiation that is emitted 
during decay, it is easy to determine the inventory of these radionuclides in the waste 
and to determine the inventory for all of the generated waste. Since the radionuclides 
represent the two main production mechanisms of radioactivity in nuclear power plants, 
SKB has used them as key nuclides when calculating other radionuclides through 
correlation factors. 
 
SSI has on many occasions conducted control measurements of waste packages at the 
different nuclear facilities with the aim of checking the measurements carried out and 
the methodology applied (Karlberg and Sandin, 1992; Lund et al, 1993; Westerlind et 
al, 1995; Wiebert, 1997 and Wiebert and Nordén, 1998). SSI’s control measurements 
have identified certain deficiencies which it has subsequently been possible to correct. 
SSI’s overall evaluation based on these inspections is that the measurements conducted 
provide fully acceptable results. SSI’s consultant Ingemansson (2001) has also conduc-
ted a follow-up of the quantities of waste deposited in SFR 1 up to 1998. This review 
shows that there is good agreement with the inventory of cobalt-60 and cesium-137 
which is registered in SKB’s database. 
 
Plutonium-239 and Other Transuranic Elements 

Plutonium and other transuranic elements are primarily formed in nuclear fuel through 
neutron capture. The content of the substances in the operational waste is mainly deter-
mined by the occurrence of fuel failures with the release of fissile material. 
 
The content of transuranic elements in the waste is determined through the analyses of 
the concentration in reactor coolant that are regularly conducted at nuclear power plants. 
The total quantity can be calculated based on these measurements and on the 
assumption that the removal is complete in the coolant cleaning filters. 
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SSI has by inspections examined the methodology used by the nuclear power plants to 
determine the content of transuranic elements in reactor coolant (SSI, 1999). Based on 
the application of an alternative methodology to determine the quantity of transuranic 
elements in the waste from nuclear power plants, the evaluation of SSI’s consultant 
Ingemansson (2001) is that the method applied has an acceptable level of accuracy. 
 
For plutonium-239/240 and americum-241 in waste from Studsvik’s activities, the 
previous concentrations have been correlated to the content of cesium-137 in the waste 
(Andersson, 1991). This correlation was based on actual waste measurements. The 
inventory report did not use these correlations and, furthermore, the alternative 
methodology is not described. At the request of the authorities, SKB has submitted a 
description of the methodology used (letter from SKB, January 31, 2002, SSI Dnr. 
6222/3019/01). This description shows that SKB has quite simply postulated that the 
activity concentration in the waste from Studsvik will exactly match the allocated 
inventory for the Studsvik waste. The review committee considers that this methodo-
logy is unacceptable, and considers that SKB should have based the calculated 
inventory on actual measurements instead of hypothetical assumptions. The report 
(Riggare and Johansson, 2001) shows that SKB’s methodology leads to the estimated 
occurrence of transuranic elements in certain waste categories being one to two orders 
of magnitude lower than if the measured correlation factors had been applied instead. 
 
Carbon-14 (General) 

Carbon-14 is a long-lived radionuclide (t½ = 5 700 years) that is formed through nuclear 
reactions with naturally occurring oxygen in reactor coolant. Carbon-14 is also pro-
duced through nuclear reactions with nitrogen impurities in the coolant. With nitrogen 
impurities of about 40 ppm in the coolant, both of these production rates will be equal. 
The total quantity formed is on the order of magnitude of 5×1011 Bq per GWyear of 
generated electricity (EPRI, 1995). It has previously been assumed that the largest part 
of the carbon-14 produced is vented to the atmosphere during operation via the ventil-
ation system. SKB has based the forecasted inventory on estimates that 1 % of the 
carbon-14 produced is captured by the reactor coolant cleaning system (Thegerström 
and Hård, 1981). 
 
From the perspective of disposal, the chemical form of the carbon-14 produced is of 
considerable importance for the waste properties. Measurements of airborne releases 
show that there is a considerable difference between BWRs and PWRs. While about  
5 % of carbon-14 in releases is in organic form at BWRs, the corresponding figure for 
PWRs can be as high as 80 – 90 % (Stenström et al, 1995; EPRI, 1995). In SSR 2001, 
SKB assumes that 10 % of the carbon-14 that is deposited in SFR 1 will be in organic 
form. On the basis of this assumption, SKB considers that it has taken into account the 
larger quantity of organic carbon-14 in SFR 1 that will originate from PWRs.  
 
Carbon-14 (PWR Waste) 

US studies conducted during the first half of 1990 have shown that the content of 
organic carbon-14 in the PWR waste can be greater than previously assumed (EPRI, 
1995). In a study previously conducted on behalf of SSI, Torstenfelt and Olsen (1996) 
draw the conclusion, based on the US studies, that a significant portion of the carbon-14 
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produced by PWRs will be captured by the coolant cleaning resins. In the opinion of the 
review committee, this, together with the fact that a very high fraction occurs in organic 
form could lead to a greater inventory of organic carbon-14 from PWRs than that 
assumed by SKB in SSR 2001. If the US results are applicable to Swedish facilities, this 
means that the realistic inventory of organic carbon-14 in SFR 1 is underestimated by 
between one to two orders of magnitude and the conservative inventory by about up to 
one order of magnitude6. Therefore, the review committee does not share SKB’s conclu-
sion that it is probable that the inventory of organic carbon-14 is overestimated. 
 
SKB is well aware of the US results. In Appendix F of the reference inventory report for 
the repository for other long-lived waste, SFL 3-5 (Lindgren et al, 1998), SKB bases a 
discussion on the carbon-14 concentrations and the chemical composition of different 
types of waste from the nuclear power industry on the US measurements. For the ion-
exchange resins from coolant cleaning systems at nuclear power plants, SKB states that 
the occurrence of carbon-14 may be several orders of magnitude higher in the PWR 
waste, compared with BWR waste. A corresponding discussion is lacking in this safety 
report – an absence that is noticeable since the actual waste is being deposited in SFR 1. 
The review committee considers that it is justifiable for SKB to take into account or at 
least comment on the previous assessments of organic carbon-14 in PWR waste. In the 
light of these considerations, the credibility of SKB’s handling of this issue in SSR 2001 
is questionable. 
 
Carbon-14 (BWR Waste) 

The situation for coolant cleaning resins from BWRs is different. SSI’s consultants, 
Lundgren et al (2002) estimate that a few per cent of the carbon-14 produced will be 
captured by the coolant cleaning resins (system 331). Only a small share of this carbon-
14 is assumed to be in organic form. These estimates agree with the assumptions upon 
which SKB’s estimate of the carbon-14 inventory are based.  
 
There is greater uncertainty concerning the quantity of carbon-14 in the condensate 
cleaning resins (system 332). A large fraction of the carbon-14 in the form of carbon 
dioxide formed in the reactors will follow the steam flow to the condenser. According to 
SSI’s consultants, Lundgren et al (2001), a certain fraction of this carbon dioxide may 
be dissolved in the water phase and can then be expected to be captured by the 
condensate cleaning resins.7 The remainder, and as far as can be assessed, the dominant 
fraction of the carbon dioxide, will be taken to the offgas system after removal by the 
ejector in the condenser. As far as the review committee knows, the quantity of carbon 
dioxide that is captured by the condensate cleaning resins has not been determined for 
Swedish BWRs. Based on analyses of Finnish BWRs, SKB’s consultants, Hesböl et al 
(1990) report estimates that indicate that significant quantities of carbon-14 can be 
found in these ion-exchange resins and that these, in actual fact, can dominate the 
quantities in the reactor coolant resins (system 331) from BWRs. Corresponding studies 
                                                 
6 Based on the information that 7.1010 Bq of organic carbon-14, according to EPRI (1995), is deposited 
annually in SFR 1 from R2, R3 and R4 per GWyear of generated electricity and the assumption that these 
facilities will be operated for 40 years. 
7 An addition of about 5 % of produced carbon-14 in the form of carbon dioxide in the condensate at 
Barsebäck and OKG corresponds to SKB’s conservative inventory for BTF. (Based on a rate of 
production of carbon-14 of 23 kBq/MWhth (Lundgren et al 2002)). 
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may have to be conducted for Swedish plants. SSI’s consultants, Smith et al (2002) 
reach the same conclusion and recommend that reactor-specific mass balance studies of 
produced carbon-14 should be conducted for all Swedish reactors (BWRs and PWRs). 
 
Condensate cleaning resins from the BWRs at Barsebäck and OKG are mainly 
deposited in BTF, while corresponding waste from Forsmark is mainly deposited in 
BMA. Certain quantities of condensate cleaning resins have also been deposited in 
BLA. In the view of the review committee, the occurrence and importance of possibly 
higher concentrations, primarily of inorganic carbon-14, in these repository parts, has 
not been determined. 
 
Nickel-59 and Nickel-63 

Nickel occurs in nuclear power plants as an alloy in different types of materials. For 
example, in stainless steel, about 8 % of nickel occurs which, through neutron irra-
diation, can be activated and converted into the radioactive isotopes, nickel-59  
(t½ = 75 000 years) and nickel-63 (t½ = 100 years). Both of these radionuclides emit low 
energetic radiation during decay in the form of electron radiation etc. 
  
In its estimate, SKB has not treated PWRs differently from BWRs. According to SSI’s 
consultant, Ingemansson (2001), this must be done for two reasons: the content of 
cobalt-60 is lower in PWR coolant and the content of nickel in PWR coolant is higher 
than that of BWRs (primarily due the fact that the steam generator tubes are manu-
factured of the nickel-based alloy Inconel). Both of these factors lead to the inventory of 
radioactive nickel being underestimated if the correlation factors are based on measure-
ments of BWR coolant. The data supporting the choice of correlation factor also show 
that the uncertainties are relatively significant (Lindgren et al, 1998). 
 
According to SSI’s consultant, Ingemansson (2001), the occurrence of radioactive 
nickel in SFR 1 largely originates from PWRs. According to this study, which is based 
on reactor coolant measurements at Ringhals, the quantity of radioactive nickel from 
PWRs alone can be comparable to the conservative source term that SKB has applied. 
 
In view of the dominant role that the source term of nickel-59, in particular, and also 
nickel-63 play in long-term radiation protection, the review committee’s opinion is that 
it is unsatisfactory that significant uncertainties still exist. 
 
5.3.6 Overall Evaluation of the Review Committee 
In the report by Riggare and Johansson (2001), SKB has described how the inventory 
for SFR 1 was obtained. SKB has largely based its work on data and experience from 
waste that has already been generated at the nuclear facilities. The issues that the review 
committee has evaluated are as follows: 

• The methodology used to calculate the inventory. 

• The allowability of the inventory that SKB has derived in relation to the inventory 
that was used as a basis for the licence application.  

• The confidence in the derived inventory. 
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SKB’s Methodology 
To a very large extent, SKB has based the inventory on correlations between three key 
nuclides (cobalt-60, cesium-137 and plutonium-239) and other nuclides. In the view of 
the review committee, the data that SKB has obtained is a good basis for forecasting the 
inventory in SFR 1. Furthermore, SKB has largely applied the available information in 
an acceptable manner. However, the review committee has the following criticism to 
make: 

• The following objections can be made to SKB’s method of selecting the correlation 
factors on the basis of the data: 
- In view of the fact that the measurements of correlations presented show 

significant spreads in several cases, SKB should have paid greater attention to 
the choice of correlation factors to ensure that the significance of the 
uncertainties are reflected in the choices made. 

- In other cases, SKB has based the choice of correlation factor on a calculated 
value in spite of the fact that measurements indicate that a higher value is, if not 
a more reasonable, then at least a more conservative choice. 

• SKB’s method whereby the inventory of transuranic elements in the Studsvik waste 
is based on a hypothetical assumption concerning the total deposited waste instead 
of being based on measured correlation factors in generated waste is not acceptable. 
Also in the future, the quantity of transuranic elements in Studsvik’s waste needs to 
be limited by specifically regulating the concentration of cesium-137. 

• SKB’s method of consistently applying the same correlation factors, for waste 
originating both from BWRs and PWRs is questionable. In the case of certain 
important radionuclides, essential differences may exist, which SKB has pointed out 
in other contexts. This primarily applies to the inventories of carbon-14, nickel-59, 
nickel-63 and iodine-129 in the waste. 

 
Allowable Inventory in SFR 1 
SKB states that the conservative inventory upon which the analysis is based 
corresponds to the inventory for which SFR 1 is designed and licensed. SKB justifies 
this standpoint by stating that the inventory corresponds to the total activity upon which 
the operating licence was based. 
 
The review committee does not share SKB’s basis for this reasoning and considers that 
the government licence and stipulations do not give SKB the freedom to, for example, 
replace a reduced quantity of deposited short-lived radionuclides by an equally large 
quantity of long-lived radionuclides. It is obvious that the nuclide-specific inventory 
specified at the time of licensing is an upper boundary for the allowable radiotoxicity 
for the different repository parts. At the same time, the review committee considers that 
it is reasonable to allow a certain re-distribution within these limits, taking into account 
the radiotoxicity of the different radionuclides, their half-lives and their mobility in the 
repository environment. 
 
From its review of the inventory upon which SKB has based the consequence analysis, 
the conservative inventory, the review committee has found that the content of long-
lived radionuclides has increased in general, compared with the inventory upon which 
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the licence application was based. In the case of the inventory that SKB refers to as 
realistic, there is a better agreement with the licensed inventory. However, a certain 
reservation must be made for the importance of technetium-99, bearing in mind the 
long-term geochemical development of the repository, see Section 5.6.3 of this report. 
 
In summary, the evaluation of the review committee is that the inventory that SKB 
refers to as realistic is essentially within the scope of the original licence for SFR 1. The 
inventory that SKB refers to as conservative is not within the scope of the government 
licence for SFR 1. Issues relating to compliance with the applicable licence conditions 
may have to be followed up within the framework of the continued regulatory and 
supervisory process. 
 
Confidence in the Derived in Inventory 
The review committee has found that the inventory of gamma-emitting key nuclides, 
cobalt-60 and cesium-137, is well documented through the measurements that are 
routinely conducted on all the waste that is generated. The same conclusion applies to 
the total occurrence of plutonium which is regularly determined through measurements 
of reactor coolant and fuel pool water at nuclear power plants. The review committee 
considers that the basis for assessing the occurrence of these radionuclides is good with 
respect to waste that has already been generated by nuclear power plants and with 
respect to future waste forecasts, with a reservation for the impact that future fuel 
failures can have. For most of the radionuclides, the current inventory is estimated to be 
less than SKB’s realistic inventory, which is a forecast for the inventory in 2030. 
 
As can be seen from the review of the review committee, the inventory of certain 
important activation products is associated with uncertainties. This particularly applies 
to the occurrence of carbon-14 and the radioactive nickel isotopes, especially nickel-59. 
Unsatisfactory uncertainties appear to also exist in the case of the inventory of the 
fission product iodine-129. Furthermore, it may be necessary to further study the 
distribution of transuranic elements in the different repository parts. 
 
In view of the review that has been conducted, the review committee believes that it 
cannot be excluded that the actual inventory of these radionuclides may be on a par with 
or even exceed the inventory that SKB refers to as conservative. Bearing in mind the 
fact that these radionuclides dominate both the long-term source term and the calculated 
future doses from the repository, an improved estimate of the inventory must be 
conducted, at least partially based on reactor-specific measurements. This estimate is 
necessary in order to determine whether the inventory in SFR 1 is within the scope of 
the current licence. 
 

5.4 System Description 
In this section, comments are presented on sections 5.4.1, 5.4.2 and 5.4.9 of SSR 2001 
for SFR 1 with respect to the completeness and the tools used for the system 
description. 
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5.4.1 Interaction Matrices 

SKB’s Report 
The system description is based on the use of interaction matrices, where the diagonal 
elements contain important variables, while other elements contain the dependencies 
that exist between variables (processes). The choice of variable is based on thermal, 
hydrogeological, hydrogeochemical and mechanical states, as well as on the physical 
form of the repository parts. To obtain matrices of a manageable size, the variables are 
used as headings for several parameters. The system description is also divided into 3 
different sub-systems: repository, geosphere and biosphere. Each sub-matrix contains 
the exchange between these sub-systems as boundary elements. Considerable attention 
has been paid to the interface between the sub-systems to ensure that no direct depen-
dencies between states in different sub-systems have been overlooked. 
 
Only direct interactions between two variables are identified; indirect influences are 
obtained by following dependency chains in the matrix. Since a variable can contain 
several parameters, diagonal elements can also contain internal interactions. These are 
documented in the same way as the interactions in the elements outside the diagonal. 
 
An assessment of the importance of the interactions is then made on the basis of 
selected scenarios. In the graphics, the importance is represented by using colour 
coding. The assessments have largely been made by experts from the project group for 
the safety assessment of SFR 1, supplemented by additional expertise within certain 
areas. No “independent” experts were consulted. 
 
Evaluation of the Review Committee 
A fundamental aim of a safety assessment is to provide a description of the system and 
its evolution. The use of lists of features, events and processes (FEPs) for this purpose is 
an internationally accepted method (NEA, 2001). 
 
There are several different methods of organising and describing FEPs and their 
interaction in order to produce a system description. In different analyses, SKB has used 
reverse fault trees (in-depth safety assessment for SFR 1; SKB, 1991), interaction 
matrices (final safety report for SFR 1; SKB, 2001a) and THMC diagrams (SR 97; 
SKB, 1999). SKI has developed process influence diagrams, PID (safety assessment 
project, SITE-94; Chapman et al, 1995). What all of these methods have in common is 
the systematic approach whereby, with well-documented use of expert judgements and 
well-defined rules and criteria, decisions are made to include or exclude FEPs, FEPs are 
quantified and their interactions specified. 
 
The review committee sees no decisive advantages or disadvantages of a particular 
choice of method. They are all complex to use and understand, which is a point that the 
authorities made earlier in connection with the review of SR 97 (SKI and SSI, 2001). 
Therefore, it is important that method development should continue, particularly to 
ensure that the system description is designed so that it facilitates the safety assessment 
review. 
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An advantage of using the matrix as a method to describe the system is that an overview 
can be obtained. However, at the same time, it limits the degree of detail that can be 
obtained, namely the number of parameters and interactions that can be presented, since 
in practice, the matrix cannot be of an infinite size. One consequence of this is that the 
parameters, diagonal elements , are not singular but contain processes and interactions. 
It is important that this limitation should be handled correctly and in a transparent 
manner. This is an aspect of SKB’s work that can be improved in future. 
 
It is essential that the interface between the three matrices should be handled in a cred-
ible manner. Since the mid-eighties, the interface between the geosphere and biosphere 
and how it should be treated has been a focus of attention. It is positive that SKB, in the 
three matrices that are used to describe the disposal concept, has now included the 
transition between the geosphere and biosphere.  
 
One step in the system description is justifying why certain identified interactions / 
processes do not have to be included in the final analysis and therefore do not need to be 
taken into account in the models. Such justifications are documented in Appendix E in 
(SKB, 2001b). In most of the cases, it is fairly obvious why a certain interaction/process 
is not relevant (green colour coding in the matrix), while, in some cases, it can be less 
obvious. The criteria are general and the justifications are largely qualitative. One 
example of an interaction which is not taken into account is “decomposer-food supply-
humans” 4.8 b in the biosphere matrix see report (SKB, 2001b). The justification is that 
the supply of possible foodstuffs, such as mushrooms, is not limited for the human 
population. This is certainly true. However, not including this in the interaction also 
means that an important exposure pathway to man can be overlooked. For other types of 
food supply interactions, such as mussels and oysters, 5.8 b (SKB, 2001b), it is also 
stated that these are not limited but these are included with the justification that they are 
important exposure pathways to man. 
 
Another issue is how the time-dependency of processes/interactions have been included 
in the system description. It is not adequately clear how SKB has taken into 
consideration which processes are relevant during different time periods, namely how 
the dynamics in the system are to be described.  
 
On the whole, the major challenge lies in performing the system description in the 
systematic manner prescribed by the methodology. Therefore, documentation is a key 
issue. This applies regardless of the method chosen for the system description. In the 
opinion of the review committee, the published documentation of the system description 
is at a reasonably detailed level. However, the underlying databases with the documen-
tation of expert judgements should be more accessible and should not only be available 
in SKB’s computer system. 
 
5.4.2 Information Flow Diagrams 

SKB’s Report 
The system description in the form of interaction matrices cannot be directly used for 
quantitative analyses. The way in which the essential processes and interactions in the 
interaction matrices will be taken into account in the quantitative analysis is shown with 
the help of the information diagrams. The diagrams also define the principal flows of 
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data in the analysis and are therefore an important basis for obtaining input data for 
various sub-analyses. 
 
The construction of information flow diagrams is an iterative process. First, models, 
analyses and analysis chains are identified on the basis of expert judgement regarding 
what should and can be quantitatively analysed. These preliminary information flow 
diagrams have then been reconciled against the content of the interaction matrices. This 
check has sometimes resulted in a further development of the choice of models. In other 
cases, the influence of the processes has been neglected. 
 
Evaluation of the Review Committee 
The preparation of the interaction matrices is a structured way of identifying and 
describing the processes to be analysed. The step from this description of the system to 
the analyses and models that are used must be made in just as structured a manner. In 
SSR 2001 for SFR 1, SKB has used information flow diagrams to show how the 
calculations and analyses are organised. 
 
The review committee considers that information flow diagrams are a tool that can both 
be used to present how the analysis is organised and to present a systematic review of 
how the different variables and interactions have been dealt with. SKB has constructed 
diagrams on a general level as well as on a more detailed level (repository, geosphere, 
biosphere), which is naturally satisfactory from the presentation standpoint. 
 
The interaction matrix, defined through parameters and interactions/processes, is the 
conceptual model upon which the numerical models used in the safety assessment are 
based. It must be clear how the information in the matrix has been used to obtain the 
numerical models. It must be possible to follow the development from the abstraction of 
reality in a conceptual model (a matrix in this case) to the conversion into numerical 
models. In the opinion of the review committee, there are deficiencies in the derivation 
of the numerical models from the system description and there are gaps between all of 
the information and knowledge that is presented in the matrix and the details in the 
numerical models. The final point has been particularly emphasised by the authorities’ 
consultants, Klos and Wilmot (2002) in their review of biosphere modelling in SKB’s 
SSR 2001 for SFR 1 (see, for example, Section 5.8.1 of this report). 
 
Since there is no one-to-one relationship between the system description and the models 
used and the analysis, it is particularly important to document the systematic analysis of 
how the content of the interaction matrices have been dealt with. SKB has described this 
in Chapter 5 of the scenario report (SKB, 2001b). However, there is no formal reconci-
liation between the interaction matrices and the models. The review committee con-
siders that the extent to which the analysis is systematic is not sufficiently clear and, 
therefore, the committee cannot judge whether the methodology has been fully applied. 
A table or database would be a suitable supplement in order to clarify the method used. 
 
The information flow between different analyses and models usually involves some 
form of interpretation and judgement which must be conducted in a systematic and 
traceable manner. The information flow diagrams could be a tool for this, however, the 
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review committee cannot directly discern from SKB’s scenario report how these 
interpretations and judgements were made. 
 
5.4.3 Completeness of the System Description 

SKB’s Report 
The systematic and documented work on developing interaction matrices with 
participants from different areas of expertise is in itself a methodology that focuses on 
completeness. The completeness of the system description is also evident in the result of 
the comparison with OECD/NEA’s FEP database. The comparison with NEA’s 
database and previous safety assessments has resulted in a wide range of possible 
scenario-initiated events and states which should adequately cover the evolution of 
SFR 1. 
 
Evaluation of the Review Committee 
The review committee agrees with SKB in that the methodology which, based on 
documented expert judgements, involves going in stages from FEP lists via interaction 
matrices and information flow diagrams to analyses provides the necessary conditions 
for completeness in the analysis. In order to achieve this, the methodology must actually 
be fully applied. As shown above (in Sections 5.4.1 and 5.4.2 of this report), the review 
committee considers that there are deficiencies in the application of the methodology to 
the system description. 
 
NEA’s international FEP database comprises a jointly developed (by a working group 
in NEA) list of FEPs and FEP lists from different national projects. The joint list is used 
to navigate through the total quantity of FEPs from all of the individual projects. The 
reconciliation against OECD/NEA’s international FEP database (version 1.0) is 
described in (SKB, 2001b) and has been conducted in line with the intentions of the 
database. However, it must be remembered that NEA’s database is made up of data 
from Sweden (SKB and SKI) which involves a certain risk that a comparison will be a 
comparison with one’s own data (a form of circular evidence). From SKB’s reporting, it 
is not possible to determine the extent to which this has affected the conclusions of the 
comparison. 
 
The authorities commissioned a comparison (Stenhouse, 2002) of processes/interactions 
in SKB’s matrix and those identified by SKI/SSI for the near field and geosphere 
(Stenhouse et al, 2001) as well as the biosphere (Egan et al, 2001). Difficulties that were 
highlighted in the comparison were the different approaches used to identify FEPs and 
different degrees of detail, particularly for the biosphere. However, the result does not 
indicate any noteworthy differences. 
 
The documentation is partly in the form of databases, which is reasonable bearing in 
mind the quantities of the different types of lists generated in the step-by-step sorting 
and assessment process. However, the review committee’s opinion is that these 
databases must be made more accessible. This would enable a more in-depth review to 
be conducted, for example, of the details of the expert judgements or of the FEPs from 
the OECD/NEA database that have been eliminated. 
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5.5 Scenario Selection 
In Section 5.5.1, comments are presented on SKB’s methodology for defining scenarios, 
Section 5.3 of SSR 2001 for SFR 1. In the next section, comments are presented on 
SKB’s selection of scenarios and how they are handled in the subsequent analysis, 
Sections 5.4 and 5.6 of SSR 2001. 
 
5.5.1 Methodology for Scenario Selection 

SKB’s Report 
Scenarios are different possible combinations of internal and external phenomena that 
can influence the performance of a repository. Much of the development in this area 
over the past 10-15 years has focused on being able to identify such phenomena in the 
form of features, events and processes (FEPs) that can be included in scenario descrip-
tions. Systematic methods and FEP databases have been developed for this purpose. 
 
SKB’s basis for identifying scenario-initiating events (SKB, 2001), known as external 
FEPs, for SSR 2001, is NEA’s international FEP database. On the basis of this and 
experience from previously conducted safety assessments for SFR 1, SKB has chosen 
which scenario initiating events are to be analysed. SKB states that the criteria for this 
selection process are external FEPs which are relevant for the case in question, the 
waste containers used as well as the geology and the geographical location of the reposi-
tory. Finally, SKB states that external FEPs only need to be relevant for the time period 
of 10,000 years covered by the safety assessment of SFR 1. 
 
SKB has conducted an extensive review of external FEPs and also discusses how these 
have been taken into account in previous safety assessments, not only for SFR 1, but 
also in the safety assessments for the repository for spent nuclear fuel, SFL 2, and for 
other long-lived waste, SFL 3-5. On the basis of this review, SKB has formulated a 
number of scenarios. The selection is based on expert judgements and on the result of 
previous analyses. 
 
The starting point for the analysis of SFR 1’s long-term performance is a scenario 
which is based on the assumption that the repository has expected properties at closure 
and that no other external FEPs influence the repository apart from the land uplift. 
Besides this base scenario, in a number of additional scenarios, SKB has analysed the 
importance of different internal and external events, such as climate changes, initial 
defects and human activities. A definition is provided for each scenario. If possible, an 
attempt is made to estimate the probability of the scenario and a discussion of how the 
scenario should be analysed in SSR 2001 is presented. According to SKB, these 
scenarios cover the most relevant repository evolution. The scenarios are mainly 
presented under the following headings corresponding to different groups of scenarios: 

• Base scenario. 

• Initial defects/discrepancies. 

• Climate changes. 

• Human action. 
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Evaluation of the Review Committee 
The review committee has found that SKB’s review of NEA’s FEP database is both 
thorough and well documented. SKB has identified the most important scenario-
initiating events. However, the review committee questions the fact that SKB has 
assumed a time limit for external FEPs and, thereby, a time limit for the safety 
assessment of only 10,000 years. The regulations provide no basis for such a limitation 
– according to SKI’s regulations (SKI, 2002), the shortest time for the safety assessment 
is 10,000 years. Furthermore, the calculations that SKB presents do not indicate reduced 
releases from the repository parts (apart from BLA) at this time (see also Section 5.8.8 
and Chapter 6 of this report). It is SKB’s responsibility to show whether the safety 
assessment can be limited in time. This can be done in several ways and the basic 
argument that is needed for this central issue is largely missing from SKB’s report. 
 
In previous regulatory reviews, the authorities have requested a more systematic 
approach to the selection of scenarios. For example, the criteria upon which scenario 
selection is based, with respect to the overall assessment of risk, should be specified. 
The review committee considers that the methodology presented in SSR 2001 for the 
selection and formulation of scenarios is a step in the right direction from the deficient 
methodology that was applied in SR 97. For example, in SSR 2001, SKB has tried to 
discuss and judge the probability of each scenario. The review committee supports this 
approach since it is necessary to judge the extent of compliance with SSI’s risk 
criterion. However, SKB’s argumentation for the selected scenario probabilities needs 
to be clarified, see Section 5.9 of this report. 
 
Even if the methodology presented in SSR 2001 for the selection and formulation of 
scenarios is a distinct improvement, certain deficiencies remain. The justification of the 
step from the identification of the most important scenario-initiating events to the 
selection and formulation of scenarios is still deficient. SKB needs to, for example, 
present a line of reasoning that more clearly explains the extent to which the selection of 
scenarios and calculation cases is complete. 
 
One problem associated with SKB’s account is that the description of scenarios is not 
consistent and structured in the same way within Chapter 5 of SSR 2001, or in compar-
ison with the background report (SKB, 2001). For example, the background report deals 
with seismic events under the heading of Climate Changes while Tectonic Events is a 
separate heading in SSR 2001. Other Scenarios is also defined in different ways in the 
background report and in the safety report. SKB also provides a subsequent 
simplification in the list of scenarios and their designations, which makes it difficult to 
judge whether the original set of scenarios is actually covered by the selected 
calculation cases. 
 
Another important issue that is dealt with in the most recent regulatory review (SKI and 
SSI, 1994) is how various unfavourable FEPs are combined and dealt with in separate 
scenarios (such as initial defects, climate changes, alternative biospheres etc.). It is still 
difficult to see whether SKB has included all important combinations, since certain 
uncertainties have been separated from the base scenario and treated as low-probability 
extreme scenarios. There is also a lack of clarity in SKB’s reporting on how scenarios 
are systematically utilised for the analysis of uncertainties, for example, to generate 
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sufficient calculation cases based on a sensitivity analysis. In these respects, SKB would 
gain from paying heed to the requirements and recommendations in SKI’s regulations 
on safety in connection with disposal (SKI, 2002) and the accompanying general 
recommendations. 
 
For each scenario, an expert group has judged the importance of different FEPs and 
influences. These judgements have been documented in a special database held by SKB, 
although this is internal working material (see pp 5.4-3 of SSR 2001 and the response to 
question 6 in a letter from SKB, SKI February 4, 2002, Dnr 7.49 011030). It is doubtful 
whether this procedure meets reasonable requirements regarding traceability. 
 
5.5.2 Base Scenario 

SKB’s Report 
SKB’s starting point for the safety assessment is called the base scenario. According to 
the scenario report (SKB, 2001), the base scenario is based on the assumption that the 
repository will perform as intended, that today’s climate is unchanged, that land uplift 
occurs and that wells can occur in the vicinity of the repository. Processes that lead to 
an expected deterioration in the repository’s safety performance must also be taken into 
account in this scenario. In Section 5.4.3 of SSR 2001, the original definition of the 
scenario is maintained. 
In the consequence analysis, the base scenario includes calculations that, for a number 
of alternative biospheres, show the effect of intact barriers, gas generation and for the 
case where barriers degrade after 1,000 years. 
 
Evaluation of the Review Committee 
The review committee has no objection to make to SKB’s description of repository 
evolution. On the other hand, the importance of the major simplifications made in the 
evaluation of the base scenario is inadequately explained. The base scenario only 
analyses cases where it is assumed that there will be a certain degradation of the barriers 
after 1,000 years – and after this, there will be no additional degradation of barrier 
performance. Furthermore, conservative assumptions are largely used for the evolution 
of the near field and radionuclide release as well as for the geosphere’s importance for 
radionuclide retardation. 
 
In the opinion of the review committee, the analysis of a base or main scenario should 
as realistically as possible describe the gradual evolution of the repository so that it can 
be a starting point for alternative evolution pathways/scenarios and so that an under-
standing of the processes determining repository evolution can be demonstrated. Within 
the framework of such a base scenario, the impact of uncertainties, such as climate 
evolution, barrier degradation and alternative biosphere recipients etc. should also be 
analysed. This use of a main scenario is described in SKI’s regulations and general 
recommendations (SKI, 2002). In many respects, SKB has made a good attempt along 
these lines in Sections 5.5 and 5.6, even if the analysis has not yet been conducted in an 
adequately systematic manner, e.g. with respect to the analysis of uncertainties. The 
separation of the repository evolution and the justification of calculation cases in 
different sections of SSR 2001 has resulted in deficiencies in traceability and 
transparency. 
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Certain processes, for which it is unreasonable to include a realistic description, must 
instead utilise conservative assumptions. However, the review committee considers that 
this alternative should be limited and, when required, be supplemented by an analysis 
that demonstrates conservatism. 
 
The treatment of gas generation can be taken as an example of the importance of a more 
systematic approach. A main scenario could include cases that describe the impact of 
gas evolution as conducted by SKB in SSR 2001. However, a further discussion is 
lacking of why gas-driven radionuclide transport cannot occur at later stages, with wells 
as recipients, or why gas-driven transport is not analysed in combination with other 
uncertainties (degraded barriers, high flows, accumulation in sediments, occurrence of 
complexing agents etc.). 
 
5.5.3 Initial Defects 

SKB’s Report  
This group of scenarios is used by SKB to describe the possible effects of undetected 
defects in the barriers (cracks in concrete, leaking boreholes) and the occurrence of 
“forgotten” chemicals with unfavourable properties. 
 
Evaluation of the Review Committee 
It is difficult for the review committee to see why initial defects of this type would 
occur. Therefore, the committee shares SKB’s opinion that knowledge of the repository 
state should be high. However, an in-depth discussion of the occurrence of the defects 
analysed by SKB under this heading is lacking. 
 
In the view of the review committee, these scenarios should be primarily treated as 
uncertainties with respect to the quality of the repository construction and as uncertain-
ties in the knowledge of unfavourable processes (barrier degradation, impact of com-
plexing agents). Furthermore, this type of scenario can be used as design basis cases, for 
example, in the form of “what if” calculations in order to determine requirements to be 
made regarding construction and control methods as well as regarding waste acceptance 
criteria. Since these sorting criteria are not used, the application of this group of 
scenarios is not clear. 
 
Furthermore, in the opinion of the review committee, the influence of complexing 
agents is obscured under this heading in SSR 2001. The occurrence in SFR 1 of organic 
material which has unfavourable properties is a fact and not something that can be 
considered an initial defect or discrepancy. The discrepancy lies in the lack of adequate 
knowledge of how these phenomena are to be treated and assessed. To sum up, the 
review committee questions the view that the only significant uncertainty is whether or 
not considerably large quantities of cellulose can occur in SFR 1 (compared with the 
forecast). Therefore, in the opinion of the committee, the uncertainties, apart from the 
case of “forgotten chemicals”, should be treated in greater detail in the base scenario. 
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5.5.4 Climate Changes  

SKB’s Report 
SKB refers to the SR 97 safety assessment where a possible future climate change in 
Sweden is presented. According to SKB, the best estimate that can be made for the 
Forsmark area is that today’s climate will prevail for the next 5,000 years (the assump-
tion used in the base scenario). There is no reason to study cases where the Forsmark 
area is covered by ice, since this will not occur over the next 20,000 years, according to 
SKB. 
 
The location of today’s shoreline may vary. First, land uplift will occur (the sea level 
will fall) and then, after a very long time, the land level will fall (the sea level will rise) 
when the land is pressed down by the continental ice sheet. In SKB’s opinion, a perma-
frost will not have time to develop although it cannot be completely excluded after 
5,000 years.  
 
SKB also points out that human actions can affect the future climate and environment. 
In particular, there is a need to study the impact of acid rain and global warming (green-
house effect). 
 
SKB describes the reasoning for the cases that it considers of value to analyse and 
describes how this has been taken into account in SSR 2001. SKB has selected two 
processes “changed sea level – shoreline displacement” as well as “permafrost” which is 
discussed in greater detail. According to SKB, the first is completely included in the 
base scenario and the second is partially included. However, SKB considers that it may 
be warranted to assess the impact on concrete structures and bentonite barriers of deep, 
continuous permafrost and the subsequent period when the permafrost has melted. 
 
Evaluation of the Review Committee 
In the opinion of the review committee, SKB has realised that predictions concerning 
future climate changes are associated with uncertainties. Therefore, it is a deficiency 
that SKB does not attempt to illustrate the uncertainties in its assumptions regarding the 
future climate evolution. In the view of the committee, an in-depth analysis of climate 
evolution alternatives which are not limited in time to 10,000 years is necessary. A 
discussion and evaluation of possible recipients should be included in this analysis and 
not, as in the permafrost scenario in SSR 2001, a postulation that today’s biosphere will 
continue to prevail. Through the considerable dilution that results from releases to the 
Baltic Sea, it is difficult to assess the importance of this scenario. In fact, the 
combination of permafrost and recipients on land (e.g. lake) should be a more probable 
case than that described by SKB. 
 
SKB presents qualitative reasoning regarding the impact of the greenhouse effect on 
SFR 1 over a longer time-scale, including the impact on the speed of shoreline displace-
ment. SKB summarises by stating that the cases that have been described and that can 
occur are included in the analyses in the base scenario. In the opinion of the review 
committee, this is a reasonable approach, based on the assumptions that are presented. 
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5.5.5 Tectonic Events  

SKB’s Report 
SKB considers that small, non glaciation-related earthquakes cannot be completely 
excluded for the next 10,000 – 20,000 years. However, relatively large earthquakes are 
needed to obtain significant rock movements. SKB refers to La Pointe (1997) who has 
shown that an M 7.5 earthquake could, at most, result in a displacement on the order of 
0.1 m in a KBS-3 deposition hole at a depth of about 500 metres. SKB’s conclusion is 
that the analysis exaggerates the consequences and is not directly applicable to SFR 1 
which has another geometry and depth and where there is one fracture zone that passes 
through most of the rock vaults. Furthermore, SKB considers that the consequences of a 
tectonic scenario can be assessed on the basis of the consequences of the scenario with 
initial defects in concrete structures in the rock vaults. 
 
Evaluation of the Review Committee 
The review committee agrees with SKB that La Pointe’s calculations with a 0.1 m 
displacement in a KBS-3 deposition hole is not applicable to SFR 1. The review 
committee thus believes that it is not possible to make a statement about the conse-
quences for SFR 1 based on La Pointe, but that it is highly probable that the impact of 
an earthquake will be greater at a depth of 50 m compared with a depth of 500 m. In 
other contexts, SKB has maintained that the impact of an earthquake on a repository 
(and facilities located on the surface) is greater the shallower the location of the reposi-
tory or facility. Furthermore, in the event of repeated earthquakes, it cannot be excluded 
that movements (>0.1 m) can occur along existing fracture zones which would entail 
negative consequences for the rock vaults that are intersected by fracture zones (see 
Section 5.6.2 of this report). 
 
Earthquakes that cause rock movements along existing fracture zones may have a 
greater impact on the rock vaults than cracking in the concrete surrounding the waste 
containers. Movements in the rock can, for example, cause new/expanded transport 
pathways for radionuclides than assumed in SKB’s model. 
 
In view of the current level of knowledge and the possibility of additional zones inter-
secting rock vaults, the possibility of small repeated earthquakes having an impact on 
the rock vaults cannot be completely excluded. Therefore, the review committee con-
siders that it would have been justified to conduct some form of sensitivity analysis to 
explain how such tectonic events could affect the performance of SFR 1. 
 
For the review committee, it is not obvious that consequences of a tectonic scenario will 
be included in the scenario with initial defects with penetrating cracks in concrete struc-
tures in the rock vaults. An initial impact is not necessarily the most conservative case, 
which should cause SKB to study the importance of the time for, for example, 
earthquakes and rock movements. 
 
5.5.6 Human Action 

SKB’s Report 
In the scenario report (SKB, 2001), SKB takes up the issue of wells drilled directly into 
repository parts and the excavation of the repository. SKB states that, in the former 
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case, a more detailed analysis is necessary, but that the probability of unintentional 
intrusion through excavation is so low that an analysis is not warranted. 
 
The well scenario is treated in the calculations as two cases, by assuming that the water 
from the well is consumed and through the calculation of the long-term impact of the 
throughflow increasing due to the borehole. 
 
Evaluation of the Review Committee 
The review committee has no objection to make to SKB’s reasoning concerning the 
consequences of unintentional human intrusion through the drilling of a well through 
SFR 1. The probability of unintentional future intrusion into the repository is also 
related to the issue of information retention for long periods of time. The question of 
information retention is discussed in Section 4.4.6 of this report.  
 
The scenario report rejects a number of scenarios relating to human intrusion, with 
reference to the work that was conducted in connection with SKB’s latest safety assess-
ment for a spent fuel repository, SR 97. However, the review committee is dubious as to 
whether the conclusions drawn by SKB in this study can be applied to a repository that 
is much closer to the ground surface than a repository located at a depth of 500 m. 
 

5.6 Initial State and Evolution of Repository and Geosphere 
 
5.6.1 Hydrogeology 
In this section, comments are presented on Sections 4.3.1 and 5.5.1 of SSR 2001 for 
SFR 1 with respect to topography and also structural geological and hydrogeological 
properties. 
 
SKB’s Report 
SKB has conducted a hydrogeological modelling study to calculate the future ground-
water flow in SFR 1 and the surrounding rock. The purpose was to calculate hydro-
logical input data for the safety assessment , such as the flow through the repository 
parts, advective transport times for the water moving from repository to ground surface, 
the length of the transport pathways through the geosphere and the discharge areas. 
 
SKB has calculated the groundwater flow using a regional model (which covers 85 km2) 
and a local model (about 2 km2), where the regional model provided boundary condi-
tions for the local model. The models are based on a three-dimensional description of 
rock permeability and larger fracture zones, known as a continuum model. SKB has also 
used a detailed model to describe the flow through the different repository parts and a 
semi-local model has been used for certain specific calculations. The impact of land 
uplift was illustrated by calculating the flow and transport times for different times in 
the local model. Density effects from saline groundwater were not analysed, with 
reference to the fact that a previous study has shown that these effects are of less 
importance (Stigsson et al, 1999).  
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Compared with previous safety assessments, the new calculations result in considerably 
lower flow rates – up to 100 times lower (see comparison table 10.12, on page 101 in 
(Holmén and Stigsson, 2001). The model is largely deterministic which means that, in 
itself, it does not explain uncertainties in input data. However, certain uncertainty 
analyses have been conducted concerning the importance of the fracture zones for the 
location of the discharge area and how the transport pathways are affected by sedimen-
tation. 
 
Evaluation of the Review Committee 
The review committee finds that SKB’s modelling of the groundwater flow has improv-
ed compared to previous studies. The most essential differences are that the models now 
have significantly more detailed description of the flow through the repository parts and 
that land uplift has been taken into account. However, the review committee has 
identified number of deficiencies in SKB’s hydrogeological modelling which affect the 
credibility of the calculation results and comments on these findings are provided 
below. 
 
On a more overall level, the review committee considers that it is good that SKB 
includes both regional and local aspects of the groundwater flow in its modelling. 
Bearing in mind the fact that SFR 1 is a repository that is relatively close to the surface 
and that the migration and redistribution of radionuclides in the environment close to 
the ground is, therefore, an important part of the consequence analysis, the review 
committee considers that SKB should have explained in more detail the hydrological 
conditions in the interface between the geosphere and biosphere. 
 
Handling of Heterogeneity (Regional and Local Scale) 

In SKB’s model, the fractured rock is represented as a continuum. This means certain 
limitations with respect to the representation of heterogeneity in comparison with 
discrete fracture models, for example. Since a discussion or evaluation of these limi-
tations is lacking, it is not possible to judge their importance for the calculated flow 
distribution between the different repository parts or predictions of transport pathways 
and discharge areas. 
 
The review committee has found that both the rock mass and fracture zones are assumed 
to have homogeneous properties in the local model, in spite of the fact that a significant 
heterogeneity has been found in these units. Results from hydrological borehole tests 
(Carlsson et al, 1986; Appendix A) have, for example, shown that the hydraulic conduc-
tivity of the rock mass can locally exceed the value used by SKB by a factor of thou-
sand. Borehole tests have also shown that the local permeability (transmissivity) in the 
fracture zones can vary by up to three orders of magnitude (Carlsson et al, 1986; Section 
6.4). Data from hydraulic crosshole tests (interference tests) also indicate that there is 
significant heterogeneity. 
 
In the case of the regional model, SKB states that the heterogeneity of the rock mass on 
this scale is not particularly important. SKB explains this by stating that the properties 
defined in the local model tend to even out changes in flow conditions caused by 
different properties in the regional model. In the opinion of the review committee, this 
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line of reasoning is not adequately explained and this could partly be a result of SKB 
not having correctly taken the heterogeneity into account. 
 
Another source of uncertainty is the interpretation of geological structures upon which 
the hydrogeological modelling is based. As shown in Section 6.2 of this report, there are 
certain indications that there may be additional fracture zones in the repository area. The 
review committee considers that the position of the fracture zones in combination with 
the topography is important for the transport pathways of the radionuclides and the 
discharge areas. Furthermore, the review committee has found that SKB has not taken 
into consideration previous interpretations of existing data which show that the permea-
bility is significantly lower in the deeper parts of the rock than in the upper part 
(Carlsson et al, 1986; Axelsson and Hansen, 1997; SKB, 1999).  
 
Calibration 

SKB’s model was almost completely calibrated with respect to a single hydrological 
situation (prior to closure) which is very unlike the situation for which the calculations 
must be performed (both with respect to direction and size of the hydraulic gradient). 
Prior to closure, there is a radial flow into the open tunnels, while the flow after closure 
will be through rather than inside the repository. Therefore, the hydraulic conductivities 
that represent the situation before and after closure do not have to be the same. A 
possible occurrence of additional fracture zones could affect transport paths and 
discharge areas. SKB’s present analysis shows that the Silo and the rock vaults have 
different discharge areas due to the position of the fracture zones (see Figure 5.8 in SSR 
2001). In the opinion of the review committee, this is a factor that further justifies SKB 
investigating an interval of tunnel flows in its analysis.  
 
Previous investigations (Olsson, 1992; Olsson and Winberg, 1996; Jarsjö et al, 2001) 
have shown that tunnel inflows are strongly affected by the fact that the fractures closest 
to the tunnel walls are filled with air and thereby block the inflow of groundwater. The 
fractures also have a tendency to close up near to the tunnel wall since the water 
pressure decreases. In the view of the review committee, these effects were not ade-
quately represented when SKB’s model was calibrated. Furthermore, in the opinion of 
the review committee, SKB has not taken into consideration the fact that a significant 
portion of the water flowing into the tunnels is removed with the exhaust ventilation in 
the tunnels. The combined effect of these phenomena is probably that the estimated 
water permeability in the rock mass has been underestimated and, thereby, also the 
calculated future water flows through the repository tunnels. 
 
With respect to the calibration procedure, SKB itself states that there is no unique 
solution since only four data points (total inflow to different repository parts) have been 
used to determine 10 model parameters. In spite of this, SKB states that the calibrated 
parameter values are good estimates of the actual values. The review committee 
questions this assessment and considers it a deficiency that SKB has not made a 
systematic attempt to identify and evaluate the consequences of alternative parameter 
combinations for fracture zones and rock mass in the calibration. Furthermore, in the 
view of the review committee, SKB could improve the calibration by utilising existing 
pressure/water level data, the time-dependent inflows to the tunnels, and/or the 48 
inference tests that have been conducted in the fracture zones in the area. The inference 
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tests are not affected by the disturbances that can occur in a drained tunnel and can 
thereby give a better approximation of the uncertainties in the estimated conductivity 
values (Chapman et al, 2002). 
 
Taking into account the uncertainties identified in SKB’s calibration, the review 
committee does not agree with SKB’s statement that it has “minimised the uncertainties 
in the conceptual model by using calibration and sensitivity analyses when the formal 
models were established”. Instead, the review committee finds that the limited uncer-
tainty analyses are a deficiency in SKB’s groundwater flow calculations. 
 
Choice of Data  

In the view of the review committee, there are major deficiencies in SKB’s justification 
of the choice of permeability data, including the choice of hydraulic conductivity values 
for barriers, backfill and repository parts, see Table 9.2-9.6 in Holmén and Stigsson 
(2001). The review committee also considers that a justification is lacking of SKB’s 
choice of hydraulic conductivity values for the fractured BMA section and the collapsed 
Silo barriers as it is for the effective porosity values assumed for fracture zones and rock 
mass. The deficient justifications make it difficult for the review committee to judge the 
credibility of the chosen parameter values. 
 
Overall Evaluation 

The review committee is positive to the fact that the groundwater flows through the 
repository parts have been described with a more detailed model and that the topo-
graphy and land uplift have been taken into consideration. However, the review 
committee has identified a number of deficiencies concerning calibration, representation 
of heterogeneity and selection of material data. Furthermore, the authorities would like 
to see a model that describes the hydrological processes occurring in the surface part of 
the geosphere and biosphere. These processes that are particularly relevant for SFR 1, 
can be expected to have a major impact on radionuclide transport in the environment.  
 
Because of the deficiencies that have been identified, the review committee does not 
consider that SKB has convincingly shown that the uncertainties in the calculated flows 
through the repository parts and also the flow distribution between and inside the 
repository parts are small. In the view of the review committee, SKB’s conclusions 
concerning transport pathways and the location of the discharge area are also uncertain 
with respect to the simplified representation of the heterogeneity of the rock. Independ-
ent calculations conducted by the authorities’ consultants (Maul and Robinson, 2002), 
show that the groundwater flow through the repository can have major significance for 
the consequence analyses and dose calculations. In the opinion of the review committee, 
this underlines the need for conducting more thorough uncertainty and sensitivity 
analyses. 
 
5.6.2 Structural Geology and Rock Mechanics 
In this section, comments are presented on Section 4.3.1, Topography and Properties 
Related to Structural Geology and Hydrogeology as well as on Section 5.5.2 Rock-
mechanical Evolution of SSR 2001 for SFR 1. 
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SKB’s Report 
The structural geological interpretation means that four local sub-vertical zones (3,6,8 
and 9) have been identified in the near field. Furthermore, two regional zones occur near 
to the facility (sub-horizontal H2 and the sub-vertical Singö zone). Zone 6 is considered 
to cross all four repository tunnels (1BTF, 2BTF, BLA and BMA) at an angle and 
relatively centrally, while zone H2 is sub-horizontally oriented beneath the facility. 
 
Under the heading “Rock Mechanics”, SKB states that it normally counts on a lifetime 
of 100-120 years for the type of reinforcement elements that have been used in the 
construction of SFR 1. The entire load-bearing capacity is expected to stop within 200-
250 years so that rock may start to loosen from the walls and ceilings. In SKB’s 
opinion, the loosening zone (after the load-bearing capacity is lost) is expected to extend 
to a depth of about 2 m for BTF and BMA, and about 5 m in the case of BLA (no back-
fill). The loosening is expected to last 50-150 years before stable conditions occur 
again. 
 
According to SKB’s consultant (Golder Grundteknik, 2000), BMA should be filled up 
to avoid a loosening zone of 10 m and to avoid the risk of a local connection occurring 
between BLA and BMA. Furthermore, in the view of Golder Grundteknik, in order to 
minimise the size of the loosening zone, all void in the repository parts in the loading 
and offloading areas between the concrete plugs should be backfilled with sand. 
 
Evaluation of the Review Committee 
In the view of the review committee, SKB’s structural geological interpretation is 
reasonable, on the whole. However, the possible occurrence of additional zones cannot 
be excluded. For example, SKI’s consultants, Tirén et al (2002) have identified addi-
tional zones (besides the zones in SKB’s models) in the near field. Tirén calls them 
zones NW-2 and GI-1 and GI-2, where zone NW-2 crosses all of the vaults at relative 
right angles close to the northern end points for the rock vaults compared with SKB’s 
zone 6. The GI-1 and GI-2 zones are parallel, sub-horizontal zones located below as 
well as above the rock vaults and the Silo. The location of the GI-1 zone corresponds 
roughly to the location of zone H2 in SKB’s model. It cannot be excluded that the GI-2 
zone, which crosses the ramp, can be a possible transport pathway for gas and released 
radionuclides. In Tirén’s view, the H2 zone in SKB’s model probably also has both 
another dip and orientation, which can affect the flow situation. 
 
In the review committee’s view, it would have been justifiable to conduct a new evalu-
ation and assessment of the geological structural model in connection with the prepara-
tion of SSR 2001, taking into account the development of interpretation methods which 
has occurred over the past 10 years, such as 3D modelling tools. Furthermore, in the 
opinion of the review committee, it would have been reasonable to analyse the impor-
tance of one or several alternative structural models taking into account the uncertainties 
in the extent and dipping of different fracture zones that have been discussed above. It 
cannot be excluded that a changed hydrological flow situation, described by an alter-
native structural model, can affect the result of the consequence analysis. Furthermore, 
it has not been established whether the consequences of rock movements along zone 6, 
which cross the rock vaults, are covered by the calculation case of degraded engineered 
barriers. 
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In the opinion of the review committee, the issue of the loosening rock is one of several 
reasons why the importance of sealing measures may not be underestimated. With the 
UDEC code, SKI’s consultants, Stephansson and Jing (2003) have modelled the size of 
the rock cave-in above BMA (intersected by a fracture zone) through three different 
rough estimates. The loosening in the three different cases varied between 8.5 and 35 m. 
The authors note that the worst combination of rock stress and water pressure can result 
in a loosening of the rock from BMA up to the bottom of the Baltic Sea. However, the 
extent of the rock fallout can be drastically reduced by topfilling BMA. For BLA, the 
situation is more difficult to assess, since an equally effective topfilling is probably not 
possible since void will be created after the degradation of containers etc. To sum up, it 
is essential that the rock fallout can either be minimised through technical measures or 
that the consequences of the rock fallout can be shown to be limited. 
 
5.6.3 Water Chemistry  
In this section, comments are provided on Sections 4.3.2 and 5.5.3 of SSR 2001 for SFR 
1 as well as in the background report by Höglund (2001). The detailed analysis of the 
importance of hydrochemical conditions for the durability of the engineered barriers is 
treated in Section 5.6.4 and the importance of radionuclide transport in Section 5.8. 
 
The hydrochemical conditions are affected by the evolution of the natural groundwater 
system at SFR 1 and by the chemical processes in the waste and construction material in 
the repository. The water chemistry is of importance, primarily for the radionuclide 
transport from the waste in SFR 1 to the surrounding environment as well as for the 
long-term physical durability of the engineered barriers. 
 
SKB’s Report 
In its analysis of the hydrochemical conditions, SKB has taken into consideration 
measurements of the groundwater composition at SFR 1, cement pore water from fresh 
and leached-out cement and pore water in sand/bentonite mixtures. 
 
The composition of the groundwater at SFR 1 is measured in accordance with a control 
programme that includes routine measurements in boreholes once a year as well as more 
extensive sampling and analysis once every fifth year. It has been found that the 
changes that occur as a function of time have so far been very small and this is 
considered to be due to the fact that water penetrating into the facility is gradually 
replaced by water from the Baltic Sea. The data have been subjected to a principal 
component analysis which provides certain indications of the origin of the water and its 
evolution. 
 
Experimental data from studies of the reaction between cement and groundwater have 
been supplemented by a relatively detailed model study of chemical reactions in ageing 
cement (Höglund, 2001). The evolution of mineral conversion, porosity, pH etc. is 
studied for the three cases that comprise the reaction between salt water and 1) a cement 
barrier without cracks 2) a cement barrier with cracks and 3) a cement barrier and a 
sand/bentonite backfill. 
 
Based on the material above, SKB provides a qualitative description of the expected 
evolution for particularly important chemical variables such as redox, pH, cations, 
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anions, complexing agents and colloids. A low redox potential is expected to develop at 
resaturation and then to prevail. The pH decreases in the part of the cement that is most 
closely in contact with the surrounding groundwater but not at a greater depth than 4-6 
dm of the cement for 10,000 years and never at a lower value than pH 10. The main 
components of the cement pore water come partly from salt water and from the leaching 
out of cement and waste material. The depletion of certain components in cement and a 
change in surrounding groundwater from saline to fresh water will gradually change the 
concentrations of the main components of the cement pore water. 
 
Complexing agents are considered to have a certain significance for sorption inside 
certain waste packages, but are not expected to have any importance for SFR 1 as a 
whole. Colloids are not expected to occur except in negligible concentrations since the 
relatively high ion strength of the groundwater (which is determined by the concen-
trations of bivalent alkaline earth metals such as Ca and Mg) destabilises the colloids. 
 
Evaluation of the Review Committee 
In the view of the review committee, SKB’s programme for sampling, analysis and 
interpretation of the groundwater chemistry at SFR 1 is suitable and adequate for the 
needs of the safety assessment. The assessments of the groundwater chemistry inside 
the waste and engineered barriers are reasonable and consistent with results from the 
authorities’ own investigations (Savage et al, 2000). The initially available quantities of 
cement and metals in the repository will most probably buffer the most important 
groundwater chemical variables, pH and Eh, so that favourable conditions for the 
retardation of most nuclides occur. 
 
In the opinion of the review committee, it is a deficiency that SKB did not analyse and 
discuss the continuance and expected duration of the redox buffering for time-scales up 
to and beyond 10,000 years. Reducing conditions inside the repository must be 
considered to be an important component in the basic safety concept for SFR 1, since 
sorption data are selected so that they represent reducing conditions (for example, 
technetium(IV) has been chosen instead of technetium(VII)). It should have been 
possible to obtain the time-scale for redox buffering from an analysis of the reducing 
capacity for iron and steel, based on corrosion rates, the quantities of iron/steel as well 
as the thick-ness of the metal items (see Section 5.3.1 of this report). 
 
In the view of the review committee, SKI’s analysis of pH buffering in cement and 
concrete is of good quality and the conclusions agree with the authorities’ own analyses 
(Savage et al, 2000). On the other hand, the analysis of the future pH conditions in the 
backfill material (bentonite, gravel, sand) has been deficient.  
 
The review committee considers that SKB’s description and analysis of the influence of 
colloids is cursory. However, this does not affect the assessment of the results of the 
consequence calculations since geosphere retardation is not included. Model studies that 
the authorities have commissioned show that, under certain conditions, colloids can 
have an influence on geosphere transport of sorbing nuclides such as plutonium (Klos et 
al, 2002). These results must be taken into account in the contexts where SKB intends to 
include geosphere retardation. 
 



 

  64

5.6.4 Degradation of Engineered Barriers 
In this section, comments are provided on Section 5.5.4 of SSR 2001 for SFR 1, as well 
as selected parts of SKB’s technical background report (Höglund, 2001). 
 
A gradual degradation of the engineered barriers’ safety performance is most probable 
in a longer time perspective. Physical and chemical degradation of cement and concrete 
(cracking, porosity changes) leads to a higher permeability for gas and water. This 
partly affects the transport of radionuclides via diffusion and advection, as well as the 
transport of components in the groundwater which can further react with different 
construction materials. It is also possible that chemical conversions of cement will result 
in gradual changes in the sorption properties of the materials. 
 
Concrete Barriers 
SKB’s Report 
As a basis for its evaluation of the evolution of the engineered barriers, SKB has 
conducted coupled chemical transport calculations which primarily focus on minera-
logical conversions in a cement barrier. Three cases have been studied in detail: 1) a 
case with diffusion of reactants through a cement barrier with a constant groundwater 
chemistry as a boundary condition, 2) a case with advection through a cracked cement 
barrier and 3) a case with diffusion through a cement barrier and a sand/ bentonite 
mixture with a constant groundwater chemistry as a boundary conditions. The results 
show expected changes such as portlandite leaching, formation of Friedels salt, 
carbonisation, conversion of CSH phases as well as ettringite formation. Porosity 
changes are moderate and the greatest increase is about a factor of 2 compared with the 
original values (about 10 %). 
 
However, certain chemical processes have not been investigated in the above study 
since, for example, the share of reactive components that can be released from waste 
material is not included. Examples of such components are sulphate from ion-exchange 
resins, carbon dioxide from the decomposition of organic material and chloride, 
sulphate and carbonate from evaporation concentrate. In SAFE, SKB excludes the 
possibility of a reaction with sulphate from ion-exchange resins damaging the surround-
ing construction concrete, but states that the carbonisation (from the decomposition of 
organic material) as well as effects of salt (from evaporation concentrate) can result in 
the cracking that would justify the degraded barriers calculation case. 
 
Furthermore, SKB describes degradation caused by the formation of corrosion products 
round reinforcement iron, but considers also in this case, that the process should be of 
negligible importance. SKB’s conclusion is that cracking cannot be excluded primarily 
due to the impact of physical degradation from, e.g. the swelling of bitumen, the 
build-up of internal gas pressure, carbonisation and settling. 
 
Evaluation of the Review Committee 
In the opinion of the review committee, SKB’s underlying investigation (Höglund, 
2001) is of a high scientific quality and, on a general level, formulated in a relevant 
manner. However, it does not deal with all of the mechanisms for the degradation of 
cement and thereby does not on its own provide an adequate basis for drawing all the 
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necessary conclusions regarding the specific evolution of SFR 1. The safety assessment 
must include an analysis and evaluation of all of the reasonably probable mechanisms 
for barrier degradation. In the review, this provides a basis for evaluating the selected 
calculation cases for consequence analysis including the case of the degraded barriers. 
In addition, a general goal of each safety assessment should be to obtain information 
that is as complete as possible about all of the processes that can degrade the reposi-
tory’s protective functions. From this perspective, the treatment of certain processes, or 
in certain cases, the justification for excluding processes is unclear or inadequately 
documented. 
 
The importance of studying the impact of the pore water composition as well as 
examining how this can change over time has been pointed out in a previous study 
conducted on behalf of SKI (Savage et al, 2000). In the review of SKB’s preliminary 
safety assessment of the repository for other long-lived waste (SKI and SSI, 2001), the 
need for SKB to more comprehensively describe the interaction between cement 
barriers and groundwater of varying composition was also pointed out. In SSR 2001, no 
analysis is presented of the impact of fresh groundwater which corresponds to the 
relevant conditions for the inland phase. 
 
With respect to the Silo and the rock vaults in SFR 1, the review committee considers 
that a sensitivity analysis is necessary to investigate the importance of the hydraulic 
properties of the concrete. This is supported by SKI’s consultant (Chapman et al, 2002) 
who has identified some of the deficiencies that occurred during the review of SKB’s 
preliminary safety assessment of SFL 3-5 (SKI and SSI, 2001) and which should also be 
applicable to SFR 1. Chapman et al (2002) consider that experience of reinforced 
concrete shows that the material can demonstrate severe cracking a short time after 
contact with water and can thus lead to a very high hydraulic conductivity, reducing the 
contrast between the permeability of the concrete structure, backfill and rock. In the 
case of the Silo, there is a smaller risk that significant flows will be induced since two 
engineered barriers (bentonite and concrete) must be degraded at the same time. 
However, with the available data in SSR 2001, this cannot be excluded (see also the 
section on bentonite, below). 
 
The interaction between cement and components in the waste material has been 
highlighted in connection with previous regulatory reviews of SFR. In the light of this, 
the review committee considers that SKB should have more clearly supported its 
conclusions concerning the possible importance of different processes. Some form of 
rough estimate would probably have facilitated the assessment, for example, total 
budgets for different reactants and estimates of possible mineral conversion and 
maximum porosity changes. 
 
The analysis of the physical processes that can lead to cracking has not been adequately 
developed. For example, SKB does not present any detailed studies of the occurrence, 
characteristic size and probable distributions of cracks and has only analysed the 
consequences by assuming a change in the conductivity in certain parts of the barriers. 
In the view of the review committee, a review of different mechanisms that can cause 
cracking would have been warranted. Furthermore, a discussion is lacking of the 
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assumed non-linear character of concrete degradation which is caused by possible 
strong links between physical and chemical conversion processes.  
 
Waste Packages and Waste Matrices 
SKB’s Report 
In SKB’s view, concrete moulds and cement matrices are not expected to be exposed to 
leaching during the period up to 10,000 years. The corrosion of reinforcement iron and 
subsequent volume increases can cause small cracks in the concrete. However, these are 
not expected to be of importance for the properties of the concrete moulds as a barrier to 
radionuclides. A certain amount of cracking in cement matrices as a result of the 
corrosion of metals in the waste cannot be excluded. The build-up of internal gas 
pressure can result in cracking while the risk of cracking due to carbonisation (via 
carbon dioxide from the decomposition of organic material) or ettringite formation (via 
sulphate from the decomposition of ion-exchange resins) is considered to be small. 
 
It is mainly ion-exchange resins and evaporate concentrate that are conditioned in 
bitumen. Several processes can affect the properties of the bitumen matrix. However, 
neither radiolysis, biological decomposition, ageing in air or water uptake are 
considered to be important for the analysis of SFR 1. However, it cannot be excluded 
that water uptake can occur relatively quickly in certain waste types and cause swelling 
of the bitumen matrix which then cracks. Swelling could also result in the cracking of 
surrounding barriers. However, in the case of BMA, SKB considers that there is an 
adequate void outside the waste packages on condition that no backfilling is conducted. 
In the case of the Silo, the volume increase is expected to be slow and the required 
expansion area is available. 
 
The steel containers are normally watertight at the time of disposal. However, corrosion 
will make them permeable to water and gas. The steel containers are therefore not 
expected to function as a barrier to penetrating water or radionuclide releases. A conser-
vative assumption is made whereby fission products from steel corrosion are not a 
sorption barrier. 
 
Evaluation of the Review Committee 
The review committee’s evaluation of SKB’s analysis of waste matrices and packages 
agrees in many respects with the comments already presented regarding concrete 
barriers. For example, it is a deficiency that quantitative rough estimates are not 
provided as a basis of excluding the large number of possible chemical conversion 
processes. 
 
With respect to bitumen swelling, the review committee’s view coincides with that of 
Chapman et al (2002), that there is a lack of clarity in the treatment of its importance in 
SSR 2001. SKB’s own analysis, conducted by Pettersson and Elert (2001) shows that 
the theoretical maximum swelling could cause local cracking inside the Silo. However, 
this is not emphasised in the calculation case for the consequence analysis. Furthermore, 
Pettersson and Elert (2001) point out that backfilling should not be conducted in BMA 
since an adequate void is required for bitumen swelling. If this is considered to be the 
case, the description of the repository state at closure should clarify that backfilling will 
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not be conducted. It is difficult to assess the impact of swelling since only theoretical 
values are utilised and no results from representative samples are presented. 
 
Bentonite 
SKB’s Report 
SKB bases its conclusions on bentonite conversion on calculations carried out by 
Höglund (2001) which show that the bentonite will take up calcium and magnesium 
from the groundwater (via ion exchange) and potassium and calcium from the concrete. 
Ettringite precipitation can occur closest to the concrete while calcite and brucite 
precipitation can occur in contact with the groundwater. Increased hydraulic conduc-
tivity due to the conversion of bentonite through the degraded engineered barriers 
calculation case is taken into account in the calculations of radionuclide transport in 
bentonite and sand/bentonite barriers. However, in connection with the radionuclide 
transport calculations, it is assumed that the bentonite layer will prevent the ground-
water flow and that only a vertical flow through the Silo is possible. The values for 
diffusion coefficients and Kd values used for unaffected barriers are assumed to be 
representative for the entire time period. 
 
In the calculations performed in Höglund (2001), the possible impact of high pH that 
concrete can have on bentonite is not taken into account. The reason for this according 
to SKB is that there are major uncertainties concerning the impact of a high pH on 
bentonite.  
 
Evaluation of the Review Committee 
The review committee considers that SKB’s SSR 2001 should have contained a 
description of bentonite resaturation and the expected development of a resultant 
swelling pressure. 
 
With respect to the conversion of bentonite in contact with cement, SKB suggests, 
based on experimental studies (Karnland, 1997), that the conversion will primarily 
include ion-exchange processes and that the conversion of montmorillonite will be 
limited. However, modelling conducted by Savage et al (2001) shows that a significant 
conversion of montmorillonite can occur with, in certain cases, a complete conversion 
of primary bentonite within a thickness of 60 cm during a period of 1,000 years. All of 
the possible implications of a more extensive conversion of bentonite must be reported 
if they cannot be excluded. In a background report to SSR 2001 (SKB, 2001b), SKB 
more clearly takes into account the possibility of a more extensive bentonite conversion 
but only presents the positive consequences, namely that the conversion products have 
good sorption properties and that they fill the previous area of the converted bentonite. 
However, what is not taken up is the justification for the complete exclusion of hori-
zontal flows even for a practically converted bentonite buffer without bentonite’s self-
sealing properties. It is not obvious that homogeneous properties for the converted 
bentonite can be assumed after the significant chemical changes. 
 
To sum up, the review committee considers that the uncertainties surrounding bentonite 
conversion have probably been underestimated in SSR 2001 and that SKB’s 
assumptions concerning the long-term barrier properties are not adequately justified. 
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Backfill 
SKB’s Report 
SKB’s description focuses on the chemical conversion of gravel caused by alkaline 
hydroxides and portlandite leaching out of the concrete in different repository parts. 
These can react with the backfilled gravel outside the concrete barriers. Primary silicate 
minerals such as quartz and feltspar are dissolved and secondary calcium silicate 
hydrate (CSH) phases precipitate at the same time that hydroxide ions are consumed. 
This changes the properties of the surfaces and their porosity. Adopting a conservative 
approach, SKB has not included the changes in the consequence analysis since the 
retardation of radionuclides is probably improved rather than degraded due to the 
formation of sorbing minerals. 
 
Evaluation of the Review Committee 
The review committee shares SKB’s view that chemical changes in the gravel backfill, 
such as the formation of CSH phases, will more likely increase than reduce the sorption 
capacity of the material. Therefore, it is probably conservative to neglect this change. It 
is more important to understand the impact of alkaline concrete pore water on the long-
term pH evolution in the gravel backfill, since this affects the sorption intensity of the 
radionuclides. A recently conducted study (Benbow et al, 2002) shows that SKB’s 
studies of the buffering capacity of alkaline concrete pore water (that SKB reported in 
connection with the analysis of the repository for other long-lived waste and which is 
referred to on page 5.5-25 of SSR 2001), overestimates the capacity of the gravel to 
neutralise. This is due to the fact that SKB’s stochiometric model for the formation of 
CSH phases overestimates the consumption of hydroxide ions and due to the fact that 
the availability of reactive surfaces on the ballast is probably limited by precipitation. 
 
5.6.5 Gas Generation and Transport 
In this section, comments are presented on Section 5.5.5 of SSR 2001 for SFR 1 and on 
SKB’s background report written by Moreno et al (2001). 
 
SKB’s Report 
SKB briefly deals with the subject of gas generation and gas transport in connection 
with the review of the previous state of knowledge in Section 5.2 and scenario selection 
in Section 5.4. However, the most complete description is provided in Section 5.5.5 
(Gas Generation and Transport). 
 
To start off with, SKB mentions that considerable quantities of gas can be potentially 
formed in a repository for low and intermediate-level waste and that this gas can cause 
barriers to crack and an increased outflow of radionuclides. Gas is formed through three 
mechanisms. Hydrogen gas is produced from the corrosion of primarily iron and 
aluminium. Microbial degradation of organic substances, primarily cellulose, can 
produce carbon dioxide, hydrogen gas and methane. The radiolysis of organic 
substances can also result in hydrogen gas and hydrocarbons. Corrosion is the dominant 
process for gas formation, while radiolysis provides an almost negligible contribution. 
The initial quantities formed per year through corrosion (of steel) are specified by SKB 
as being between 170 and 1,000 Nm3 per repository part. Microbial gas generation is 
primarily of importance for BMA (240 Nm3/year) and BLA (1,000 Nm3/year). 
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A certain overpressure is necessary to initiate gas transport through the barriers. In the 
case of intact concrete the overpressure is 1-2 MPa while, already at 0.1 mm, cracks in 
the concrete are reduced to 1-2 kPa. In the case of gas transport out of the Silo, it is 
stated that an overpressure of 15 kPa s necessary, but in SKB’s calculations, 50 kPa is 
used. (A considerably lower overpressure at the actual flow is subsequently necessary to 
maintain the gas flow).  
 
If the gas is not led away, pressure builds up inside the barriers which can cause the gas 
to be released into the surroundings. (The consequences of gas formation are described 
in greater detail in 5.8.8 of this report). 
 
The gas formation rate is largely directly related to the corrosion rate. The duration of 
gas formation depends both on the initial quantities of degradable (corrodible) materials 
and on the corrosion rate etc. However, the consequences of gas formation at a late 
stage, for example with wells as a recipient after more than 1,000 years, seem to have 
been written off by SKB already in Section 5.2.2 with a reference to the authorities’ 
review report from 1999 where it is stated that “… there is no longer any reason to ana-
lyse this type of scenario separately” (see pp. 7-2 of SKI and SSI’s review reports (SKI 
and SSI, 1994)). This is the only place in SSR 2001 where the question of gas formation 
during the inland period is discussed. 
 
Evaluation of the Review Committee 
Gas generation in SFR 1 and its possible consequences are an old issue which is 
difficult to assess since the same gases can be formed by different mechanisms and 
since different quantities of gas can be formed in different repository parts and with 
different magnitudes of consequences.  
 
The review committee agrees with SKB that corrosion is the dominant gas formation 
mechanism. There are significant uncertainties associated with gas formation. However, 
they can be handled since the greater the gas formation rate, the greater the share of 
possible consequences when the Baltic is the recipient with low doses as a result. 
Conversely, it is very probable that low gas formation rates also result in a limitation of 
the dose consequences that can occur after a long time. However, SKB could have made 
it easier for the reader of the safety report by specifying the size of the gas flows that are 
being discussed. Thus a gas formation rate of 1,000 Nm3/years at repository depth 
corresponds to a flow of about 5 ml of gas per second. 
 
The review committee shares the view of Chapman et al (2002) as well as Maul and 
Robinson (2002) that a discussion of gas pressure damage and a better link to barrier 
degradation is lacking in SKB’s analysis. A better description of the initial phase with 
resaturation is also desirable. 
 
The central question is when gas formation can result in an increased outflow of 
radionuclides. In all cases, it must be assumed that gas transport is insufficient or that it 
is blocked – from the beginning or eventually. If gas formation only starts at a late 
stage, with the inland as the recipient, the consequences are much greater than if gas 
formation were to occur fully from the start. The result can be the same if gas transport 
is first open and then blocked at a later stage. Therefore, it is noteworthy that SKB does 
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not treat these cases, even if it is to only to justify why they do not have to be analysed. 
SKB only refers to the authorities’ review report from 1992 (SKI and SSI, 1994). In the 
opinion of the authorities, such a procedure is incorrect and not compatible with the 
purpose of the safety assessment nor with the allocation of responsibility between the 
regulatory authorities and the industry. (Furthermore, SKB’s dismissal of the issue is 
based on an overinterpretation of the authorities’ statement which only referred to their 
own analysis at the time in question. See also section 5.1 of this report). 
 
SKB’s account and calculation of gas transport is, in other respects, adequate in terms 
of application. 
 
5.6.6 Micro-organisms 
In this section, comments are presented on Sections 5.5.6 of SSR 2001 for SFR 1 as 
well as on the background SKB report compiled by Pedersen (2001). 
 
Microbial processes which are determined by the supply and availability of energy 
sources, nutrients necessary for microbial life and the removal of degradation products 
can have a major impact on a number of chemical processes that are of importance for 
the long-term safety of SFR 1. 
 
SKB’s Report  
Since SFR 1 contains large quantities of organic material, the conditions exist for 
extensive degradation aided by microbial processes. In SSR 2001 for SFR 1, SKB states 
different possible safety-related effects of this type of processes: 

• the formation of organic complexing agents that affect radionuclide transport, 

• radionuclide sorption directly on microbes that are mobile in the groundwater, 

• corrosion of metals via microbial sulphate reduction, 

• gas formation, 

• changes in flowpaths in connection with the formation of biofilms. 
 
However, in all cases, SKB judges that these effects are negligible in comparison with 
possible non-microbial chemical processes. Therefore, in no case is it considered 
necessary to take into account microbial processes, for example, in connection with the 
calculation of doses and risk assessment. The reason is mainly the relatively 
unfavourable chemical environment for microbes in SFR 1 and the low groundwater 
flow in SFR 1 which limits the possibility for the necessary transport of nutrients, 
substrates etc. 
 
Evaluation of the Review Committee 
In the opinion of the review committee, SKB has prepared a good description of the 
conditions for microbial processes (Pedersen, 2001). However, since this work is 
entirely qualitative in nature, it is not adequate on its own to support SKB’s overall 
conclusion that microbial processes largely lack significance for safety. In the opinion 
of the review committee, as a complement to the above-mentioned qualitative analysis, 
a quantitative evaluation of the importance of microbial processes should have been 
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conducted and this view is supported by the authorities’ consultant, West, Appendix A5 
of Chapman et al (2002). This should be done to support SKB’s overall conclusion in 
the safety assessment. Such an analysis could, for example, have contained calculated 
inventories for substrate and nutrients in SFR 1 as well as an analysis of the limitations 
that material transport entails for microbial growth. West points out that relevant 
experience from the analysis of similar problems in Canada, Switzerland and England 
could have been utilised. 
 
5.6.7 Mutual Influence between Repository Sections 
In this section, comments are presented on Sections 4.1 and 5.5.7 of SSR 2001 for 
SFR 1. 
 
SKB’s Report 
SKB considers that no mutual mechanical influence is expected between the repository 
sections, apart from possibly between BLA and BMA. A simple analysis shows that it 
cannot be completely excluded that rock fallout in the future could cause a loosening of 
the rock between BLA and BMA (cf. Section 5.6.2 of this report). However, by adopt-
ing suitable measures in connection with the closure of BLA, the zone containing 
loosened rock can be limited. 
 
SKB states that rock cave-in zone which, within 500 years, extends more than 3-4 m 
can only be expected in the zones of weakness (zone 6, where it crosses BMA) that 
cross the facility. Also, with conservative assumptions (no backfill in the upper part of 
the repository), SKB believes that no more than about half of the rock cover will be 
affected by loosening (about 30 m). 
 
Evaluation of the Review Committee 
The review committee would like SKB to present an account of suitable measures in 
connection with the closure of BLA to limit the loosening and of the consequences this 
could have on the groundwater flow. 
 
Furthermore, the committee considers that, as long as SKB is not planning to backfill 
BLA, it is necessary for SKB to conduct a detailed study of the possible effects of rock 
fallout and of the possible negative consequences this could have. 
 
5.6.8 Complexing Agents 
In this section, comments are provided on Sections 5.5.3 of SSR 2001 for SFR 1. 
 
Certain organic substances can reduce their sorption capabilities through chemical 
reactions with metal ions. This complexing is a particular feature of substances that can 
bind to metal ions with several bonds per molecule, in a process known as chelation. 
Strong chelating agents are present in small quantities already from the start in nuclear 
waste, in the form of substances used for decontamination (such as EDTA and citric 
acid), but they can also be formed through chemical or microbial degradation of organic 
material that is included in the waste or as additives to concrete. 
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SKB’s Report 
The complexing agents that have so far been found to have the greatest potential to 
impact negatively on sorption of certain radionuclides are isosaccharinic acid (ISA), a 
degradation product of cellulose. Since about 1990, when this possible impact was first 
observed, many experimental studies have been conducted on ISA, primarily in 
Switzerland and Great Britain as well as Sweden. One of the stipulations for permission 
to operate SFR 1 in connection with the authorities’ decision for a full operating licence 
in 1992 was that SKB would focus on research in this area. In SSR 2001, SKB has 
explained the issue of the impact of ISO by including in the Initial defects/discrepancies 
scenario group, calculation cases where the sorption is reduced by a factor of 100 for 
tetravalent and pentavalent metal ions (such as Pu, Nb), and a factor of 10 for certain 
bivalent and trivalent metal ions (Ni, Am). SKB applies this effect to all of the 
engineered barriers in SFR 1, apart from BLA (where sorption is not counted). The 
effect of complexing agents in the calculation cases described by SKB is a maximum of 
about one order of magnitude (degraded BMA barriers) for releases to wells and, for 
corresponding cases for reasonable biosphere evolution, about a factor of 2-3. 
 
Evaluation of the Review Committee 
The knowledge which has accumulated concerning the impact of complexing agents in 
the repository over the past 10 years has been primarily obtained from experimental 
studies. Few if any good theoretical studies have been conducted and the situation 
regarding modelling of these phenomena for repository safety assessments is even 
worse. This latter deficiency can be seen in the hesitant attempts in SKB’s report to 
interpret, in different ways, data which are often conflicting so that they can be used to 
assess the possible effects of complexing agents. Important assumptions must be made 
regarding the formation rates of the elements and about the property of the solid phases 
to sorb and thereby keep down the free concentrations of ISA in a repository environ-
ment. The uncertainties concerning the sorption of ISA and about the impact of this 
phenomenon in the short and long term are particularly significant. 
 
With respect to this and other remaining issues concerning the impact of complexing 
agents in SFR 1, the review committee has strong support for its conclusion from its 
consultants (Chapman et al, 2002; Savage et al, 2000). However, in the opinion of the 
review committee, the reduction of Kd for certain metal ions specified by SKB appears 
to be reasonably conservative taking into account the from all appearances exaggerated 
assumptions regarding the occurrence of cellulose in SFR 1. However, the uncertainties 
are highly significant with respect to ISA formation, degradation and behaviour in the 
repository. This is primarily of importance for the assessment of cases with more 
realistic quantities of cellulose. The review committee also questions why trivalent 
metal ions have been equated with bivalent ions. For example, the Kd for americium 
should have been reduced by the same factor, 100, as the Kd for plutonium. This is also 
supported by SKB’s background report (SKB, 2001a). Supplementary work in this area 
is necessary as is further research. In the case of the other complexing agents, from all 
appearances, the possible consequences are covered by the uncertainties that exist 
concerning the occurrence and impact of ISA, although SKB’s analysis also needs to be 
clarified in this respect. 
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5.7 Initial State and Evolution of Biosphere 
In this section, comments are primarily presented on Sections 4.3.3 and 5.5.8 of SSR 
2001 for SFR 1. Other aspects of several of the issues that are dealt with in this section 
are examined in Section 5.8 of this report. 
 
5.7.1 Present-day Biosphere Conditions 

Description of Biosphere 
SKB’s Report 
The description of the biosphere in the repository area is based on several new studies 
of the near surface ecosystems as well as on previous studies from the construction of 
Forsmark nuclear power plant and the knowledge from the bio testing lake. A summary 
report (Kautsky, 2001), describes the marine environment around the repository, models 
for the turnover of material, water turnover as well as the land uplift process and 
sedimentation environment. 
 
Evaluation of the Review Committee 
The review committee considers that SKB’s description of the biosphere is considerably 
improved compared with the description in the previous safety assessment of SFR 1. 
This is also a good basis for describing biosphere evolution and future biosphere 
conditions. 
 
Delimitation of the Model Area 
SKB’s Report 
SKB has defined a (local) model area within which the major consequences of possible 
leakage from SFR 1 are expected. The area has been delimited based on an analysis of 
bottom topography and future runoff areas. The model area is about 11.5 km2 and is 
used for the modelling of sedimentation and accumulation of radionuclides, water 
turnover, dose calculations and turnover of organic material (transport of carbon-14). 
Estimates of future land vegetation are also conducted within this area. 
 
Evaluation of the Review Committee 
It is reasonable to delimit an area where the largest consequences of a possible leakage 
from SFR 1 are expected. However, in the view of the review committee, neither SSR 
2001 (Chapter 4) nor the background reports (Kautsky, 2001; Brydsten, 1999) give an 
adequately clear description of how the delimitation of the model area was conducted. 
For example, it is not completely clear how runoff areas and the prediction of the 
discharge area have been used in the delimitation. 
 
The selection of the model area is of central importance since it is the basis of the 
consequence calculations. In the opinion of the review committee, this choice is not 
adequately justified and a deeper analysis is lacking of how the delimitation of the 
model area affects the total consequence situation. The assumption that the largest 
consequences actually occur in the discharge area, the model area, has not been 
sufficiently justified with supporting calculations. 
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Turnover of Organic Material 
SKB’s Report 
SKB states that the turnover of organic material gives a measure of how certain radio-
nuclides can spread and turn over in the biosphere. SKB has calculated this turnover for 
the initial Baltic Sea period. The calculations have been conducted using a mechanical 
ecosystem model. The model includes sediment-feeding fauna and flora which are 
examples of components that can be left out or underestimated in the compartment 
models that are usually used. 
  
Evaluation of the Review Committee 
In the view of the review committee, SKB’s work on describing the turnover of organic 
material (represented by organic carbon) in the environment is interesting. The results 
show how organic material is fixed in the sediment or transported from the model area 
etc. This information can be of considerable importance in the modelling of the trans-
port and uptake of carbon-14 in biota. One present limitation is that the modelling work 
only includes the coastal area during the initial Baltic Sea period, namely, the present-
day situation and in 2,000 years’ time. See also Section 5.8.1 of this report.  
 
Well Density – Evolution 
SKB’s Report 
SKB states that one of the best parameters for describing the occurrence of wells in 
coastal areas is the height above the sea. This is also an indicator of the length of time 
that has passed after the shoreline has passed a site and until a well can be drilled at the 
site. SKB assumes that future well-drilling in the repository area will occur at sites of a 
similar distance to the coast and height above sea level as present-day wells. SKB 
estimates that a maximum of 0.5 new wells/km2 will be drilled in the repository area 
after the first 1,000 years and that a maximum of 0.9 new wells/km2 will be drilled in 
the repository after the first 1,800 years. After 2,000 years, the well density will 
decrease and will be less than 0.5 wells/km2. 
 
In the case of the intrusion scenario with a well drilled right down into one of the 
repository parts, the time-limit of 1,000 years after closure is specified as the earliest 
time when a well can be drilled. The justification is that parts of the repository site will 
no longer be beneath the sea at that time. 
 
Evaluation of the Review Committee 
According to the Geological Survey of Sweden’s (SGU) well archive, the area surro-
unding SFR has relatively few drilled wells at present, compared with the coastal areas 
to the south and north. SKB’s estimate of future wells in the area around SFR 1 is based 
on the present-day situation as specified in the well archive. The review committee 
considers this to be a good basis for the estimate, but also considers that SKB’s choice 
of future well density is not necessarily a realistic choice. In a future when Forsmark’s 
nuclear power plant has been dismantled and the site restored, the number of drilled 
wells may successively increase. It cannot be excluded that this may result in the same 
well density as that to the south and north of SFR 1, namely a maximum of almost 2 
wells/km2. 
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5.7.2 Processes Contributing to Biosphere Evolution 

Climate Change 
SKB’s Report  
The future climate change is based on SKB’s previous safety assessment, SR 97. Short-
term climate changes are difficult to predict. However, according to SKB, a major part of 
the expected climate changes, such as the greenhouse effect, will be encompassed in the 
interannual variation in the climate that exists today, in the same way that the climate 
changes over the past thousand years are largely encompassed in the interannual variation. 
Even if climate evolution is uncertain, SKB considers that the best estimate that can be 
made is that the climate that exists today will continue to exist for the next 5,000 years at 
least. Subsequently, the climate will become slowly colder, glaciation will start, but is not 
expected to reach the Forsmark area before the next 20,000 years. It is not considered 
probable that a permafrost will occur, although this cannot be excluded after 5,000 years. 
Climate effects that occur as a result of human action, such as acid rain and global 
warming can also affect the future climate and environment. 
 
Evaluation of the Review Committee 
There are considerable uncertainties in the climate evolution over the next thousands of 
years. An important assumption in SKB’s treatment of climate changes is that future 
climate changes will be encompassed in present-day interannual climate variations. In 
the opinion of the review committee, this type of assumption must be supported by, for 
example, an analysis that clearly accounts for this line of reasoning, for the data upon 
which the assumptions are based and for the conclusions that are drawn. The account 
should also include the impact of human action that would make it probable that these 
changes are actually encompassed in the interannual variations. Furthermore, in the 
opinion of the review committee, it is a deficiency that SKB has not performed a more 
quantitative analysis and model calculations of the importance of the climate changes 
for the evolution of different ecosystems/biotopes and the possible consequences of the 
transport of radioactive substances. This is also the opinion of the authorities’ consult-
ant, Shaw (2002) who states that an important omission from the model calculations is 
that future climate conditions are not taken into account, particularly for the period of 
1,000 to 10,000 years. Shaw does not exclude the possibility that climate changes have 
been taken indirectly into account in the development of various biotopes.  
 
In the alternative climate scenario, permafrost, it is assumed that the entire repository 
will be a frozen system until 10,000 years after closure. No transport of radionuclides is 
expected to occur until after this time-period. In order to have a comparative value in 
the form of radiation dose, it is assumed that radioactive substances will be released to a 
recipient which is representative of present-day biosphere conditions, namely the Baltic 
Sea. In the view of the review committee, this does not adequately explain the 
importance of future climate changes. 
 
Land Uplift/Shoreline Displacement 
SKB’s Report 
SKB states that land uplift (shoreline displacement) and the processes that it initiates, 
such as lake formation and outgrowing, are among the most important future changes 
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that are expected to occur in the biosphere at the repository. Land uplift at SFR 1 is a 
calculated mean for the areas around Gävle and Stockholm. Through field investiga-
tions, SKB has confirmed that the mean value is a valid approximation.  
 
Evaluation of the Review Committee 
SKB has conducted an extensive analysis of land uplift and how it affects sea and land 
proportions, lake formation and the transition to forestland. SKB describes how water 
turnover, sedimentation and flora and fauna are changed. The review committee 
considers this work to be of a high quality. However, in the opinion of the review 
committee, SKB has not attempted to quantify, to an adequate extent, all of the 
uncertainties that can affect the calculation of future land uplift and subsequent 
shoreline displacement. This particularly applies to how climate changes can affect the 
location of the shoreline which, in turn, is decisive for discharge to the biosphere.  
 
5.7.3 Biosphere Evolution for Different Scenarios 

SKB’s Report 
In SKB’s base scenario for the biosphere, the climate is the same as at present, land 
uplift continues as forecasted and ecosystems are the same as at present, but the relative 
importance and extent of these are changed. According to SKB, the base scenario 
covers, within natural variations, the essential deviations that are possible, for example, 
as a result of the greenhouse effect, changes in sea level and acid rain. The Öregrunds-
grepen, an inland lake and agricultural land are studied in the base scenario. Further-
more, the following alternatives are studied: well (including a well down to the 
repository), mire and permafrost. 
 
Evaluation of the Review Committee 
SSR 2001 for SFR 1, including background reports, provides an extensive description 
of how the biosphere is expected to change over the next 10,000 years. The description 
is simplified in the form of scenarios. SKB’s base scenario, which is said to correspond 
to a reasonable biosphere evolution, covers the ecosystems, with the exception of the 
forest ecosystem, that can be expected during the time-period of the modelling. In the 
opinion of the review committee, the exclusion of the forest ecosystem is an essential 
deficiency in SKB’s treatment of the biosphere. 
 
The transition between different ecosystems is a continuous process which means that 
several ecosystems, and thereby, dispersion pathways to man, can occur simultaneously. 
It is difficult to judge the importance of this without a closer analysis. The transition 
between ecosystems (sea, lake and agricultural land) should therefore have been 
analysed and modelled in greater detail. The abrupt transition between sea, lake and 
agricultural land in SKB’s analyses may mean that important processes in biosphere 
evolution have been overlooked. One example, given by the authorities’ consultant, 
Shaw (2002), is the role of the sediment in the transition between a lake and agricultural 
land. 
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5.8 Consequence Calculations 
In this section, comments are presented on SKB’s consequence analyses, which are 
described in Sections 5.6 and 5.7 of SSR 2001 for SFR 1. More detailed accounts are 
provided in SKB’s background reports for SSR 2001, see Lindgren et al (2001) for 
calculations, Karlsson et al (2001) for biosphere models and (SKB, 2001) for the 
selection of data for the calculations. 
 
5.8.1 Models for Consequence Analysis 

SKB’s Report 
In order to calculate radionuclide transport in the near field, the NUCFLOW compart-
ment model is used. This model takes into consideration advection, diffusion, sorption 
and radioactive decay. Discretisation of each of the repository parts (Silo, BMA, 1BTF, 
2BTF, BLA) has been chosen so that waste and engineered barriers, such as gravel, 
concrete, porous concrete, sand etc., are represented with a reasonable resolution. 
The FARF31 model (Normal and Kjellbert, 1990) is used to calculate radionuclide 
transport in the far field. The model calculates the transport of a fictitious particle along 
a one dimensional flow path. In addition to advection and dispersion, the model 
includes matrix diffusion, sorption and chain decay. The far field calculations in SSR 
2001 are of limited importance since these results are not utilised in the final 
consequence analysis. 
 
In order to calculate the distribution and turnover of radionuclides in the biosphere as 
well as for dose calculations, compartment models are used in the ACTIVI/PRISM code 
package. The biosphere calculations were conducted probabilistically (1,000 realisa-
tions). Arithmetic mean values are specified in the results. 
 
Evaluation of the Review Committee 
In the opinion of the review committee, the models for consequence calculations have 
improved, compared with previous SFR 1 safety assessments. The increased dissolution 
and improved representation of the barrier system allows for a more realistic and a 
probable evaluation of different safety functions, compared with previous safety 
assessments. 
 
In the opinion of the review committee, the documentation and justification of the 
selected conceptual, mathematical and numerical models are inadequate. No real 
reference is made to NUCFLOW documentation. On the other hand, references are 
given for the previous NUCTRAN code (Romero et al, 1999). In the view of the review 
committee, there should be a user manual for NUCFLOW which should contain a 
description of how the NUCTRAN code has been modified and adapted to SFR 1. 
Furthermore, the review committee would like to see a verification and validation 
document which demonstrates that the code has been evaluated and verified to an 
acceptable extent, for example, through comparisons with other available calculation 
tools. It is essential that a reviewer, using available documentation, should be able to 
form an opinion of whether the conceptual model represents a reasonable simplification 
of the system, whether the mathematical equations represent the selected conceptu-
alisation as well as whether the numerical model provides stable and thorough solutions 
to the mathematical equations. From a general perspective, the account should include a 
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systematic identification and analysis of uncertainties related to the selection of 
conceptual, mathematical and numerical models. 
 
At a late stage in the review, the review committee was given access to the documenta-
tion of the NUCTRAN code which was not referred to in the safety assessment. At this 
time, the review committee cannot assess these documents. However, the review 
committee will provide detailed comments at a later stage. In any case, these documents 
do not refer to how the code has been applied to SFR 1, and therefore, this part of the 
documentation is clearly missing. 
 
SKB’s biosphere calculations are based on models for different ecosystems. In the 
opinion of the review committee, the relevant ecosystems, apart from the forest 
ecosystem, are represented in SKB’s analysis. Some of the compartment models used 
have participated in international validation studies, while others, particularly the 
simplified Baltic Sea model, have not been compared with other models that describe 
radionuclide transport in the Baltic Sea. The review committee is well aware that it is 
not possible to validate biosphere models for the long time-periods studied in SSR 
2001. However, in the short term perspective, it should be possible to test the models 
for the radionuclides that exist in nature, since the ecosystems that are being studied 
already exist at present. 
 
In the view of the review committees, an overall description (some form of flow 
diagram) of how the different compartment models are used to represent the 
development of the biosphere and how output data from a model are used as input data 
in subsequent model would facilitate an understanding of the models’ applications. This 
point is also made by Shaw (2002). Furthermore, the review committee also considers 
that it is not described in adequate detail how the conceptual description in the 
biosphere matrix (system description) has been utilised to develop the calculation 
models. 
 
SKB has used a mechanistic model for the transport and turnover of organic material 
and for carbon-14. In general, mechanistic model descriptions of ecosystems can have 
several advantages over the compartment models that are traditionally used by SKB. 
However, the detailed information that is necessary for mechanistic models is often 
missing. It is also questionable whether the use is justified of these more complex 
models for the very long time-periods that are being modelled (Shaw, 2002). Taking 
into account the present level of mechanistic model development, the review committee 
considers that it is reasonable to use compartment models for the time being, although 
mechanistic models may become more important once they have been further 
developed. 
 
5.8.2 Repository Modelling  

SKB’s Report 
SKB postulates that radionuclides are distributed among the repository parts in 
accordance with an estimate based on experience from the operation of SFR 1, where 
the remaining reactors will be operated for 40 years and where the total inventory will 
be 1016 Bq (Riggare and Johansson, 2001), which was assumed for the licensing of 
SFR 1. In the consequence calculations, it is assumed that all of the radionuclides are 
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evenly distributed within each waste category, dissolved and immediately available for 
transport from the waste material and waste packages from their respective locations at 
repository closure. Steel containers are expected to have lost their integrity from the 
outset and are therefore not expected to influence radionuclide transport. For the waste 
matrices, the only exception is bitumenised waste, from which the radionuclides are 
released at an even rate over a period of 100 years. 
 
The near field model describes the transport of radionuclides via diffusion and advec-
tion and has a capacity to handle chain decay. Outflow via advection is calculated with 
flows obtained from a detailed hydrogeological model (Holmén and Stigsson, 2001). 
The expected gradual change in the hydrogeological situation at SFR 1 is represented 
discretely with changes in flow rate and direction on three occasions (1,000, 2,000 and 
3,000 years after closure). Sorption is assumed to be the only significant mechanism for 
radionuclide retardation. For a repository with comparatively low concentrations of 
radionuclides in a relatively large pore volume, such as SFR 1, any dissolution limi-
tations are of minor importance and these are therefore not taken into account in SSR 
2001. 
 
The NUCFLOW code can handle time-dependent transport and several parallel 
transport pathways for nuclides. The implementation of the code has been conducted so 
that waste types, different barriers and separate parts of the repository are represented 
by at least one cell and, in some cases, upwards of ten individual cells (cement stabi-
lised waste, bitumen stabilised waste, sand, gravel, porous concrete, concrete walls etc.). 
The total number of cells varies from only 7 for BLA to about 50-200 for the other 
repository parts. The main difference between BLA and other repository parts is due to 
the fact that the previous repository type has a simpler system of engineered barriers 
that is not given significant safety functions. For BLA, a highly simplified model is 
used which assumes that no concentration differences occur within this rock vault 
(mixed tank model). 
 
Evaluation of the Review Committee 
In the opinion of the review committee, SKB has mainly selected a flexible framework 
for radionuclide transport calculations (compartment models), which is well adapted to 
handling the special conditions surrounding the analysis of SFR 1. However, the 
justifications for the detailed design of the calculation models for each repository part 
could be clarified. The review committee also considers that there are processes and 
phenomena that can both accelerate and delay the releases which have not been 
included in models and which have not been discussed in greater detail in SSR 2001 
(see below). These should have been clarified through a fairly limited development of 
existing models. 
 
The calculations in SSR 2001 assume that the radionuclides will be homogeneously 
distributed for each waste type (Silo, BMA and BTF) or for each repository part (BLA). 
In comparison with previous safety assessments, this is an improved and more realistic 
representation. However, the model does not take into account variations for individual 
waste packages. The most disadvantage case is probably significant cracking in direct 
connection to the waste packages with the highest radionuclide inventory. This could 
result in high flows in an area where the radionuclide concentration is above the 
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average. Results from a previously published safety assessment show that a heteroge-
neous radionuclide distribution and cracking are of importance for near field releases for 
non-sorbing nuclides (Norris et al, 1997). The review committee considers that it is 
difficult to exclude a significant impact on the calculation results with the available 
material. Calculations performed with the help of information from SFR 1’s database 
could have provided a basis for judging whether the phenomenon needed to be taken 
into account. 
 
The release of radionuclides from waste matrices can be an essential step in the trans-
port of radionuclides from the different repository parts. In SSR 2001, this is handled in 
a very simplified manner by assuming that radionuclides are released instantaneously 
inside the cement-based packages and are evenly distributed over a 100-year period 
inside the bitumen-based packages. The review committee understands the need to 
simplify this part of the analysis. However, the committee considers that justifications 
and possible consequences of simplifications should have been discussed. It is not 
obvious that rapid release is synonymous with conservatism. In the case of the 
bitumenised waste, an analysis of the impact from possible distribution of the release 
rate is lacking, even if 100 years appears to be a reasonably conservative mean value. 
For bitumenised waste with higher concentrations of ion-exchange resins (>40 % in 
BMA), the leaching time could be considerably shorter than 100 years. In the case of 
the cement-based waste, no sensitivity analyses and studies of mechanisms and possible 
rate-limiting processes are presented. This would provide a certain basis for judging the 
extent to which the simplification presented in SSR 2001 is realistic and its impact on 
the dose calculations. 
 
One of the most characteristic features of the SFR 1 analysis, which distinguishes it 
from safety assessments for spent fuel repositories, is the significant and relatively fast 
change in the hydrological conditions at repository depth which is caused by land uplift. 
SKB takes this into account in calculations for radionuclide transport by updating the 
groundwater flows in terms of magnitude and direction on three discrete occasions. In 
the view of the review committee, this provides an improved description, compared 
with previous safety assessments for SFR 1. However, the committee notes that the long 
intervals between the updates are a possible source of error. 
 
Finally, in the opinion of the review committee, it was difficult to assess the uncertain-
ties in the specific application of the NUCFLOW code, for example, the way in which 
the discretisation (number of cells for the different repository parts) affects the calcu-
lation results. 
 
5.8.3 Geosphere Modelling  

SKB’s Report 
SKB has formulated calculation cases in order to show the impact of the limited geo-
sphere retardation which can be expected during the transport of radionuclides from the 
repository through about 50 m of rock to the biosphere. The calculations were conduc-
ted with the FARF31 code. The hydrogeological calculations provide the mean 
residence times in the geosphere (see Section 5.5.1 of SSR 2001), which are then used 
in FARF31. The residence times have been found to be between a few decades and a 
few centuries depending on which part of the repository it is about and the time at 
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which the residence times were evaluated. Other data required to quantify geosphere 
retardation have mainly been obtained from SKB’s previous safety assessment, SR 97. 
 
Evaluation of the Review Committee 
The review committee considers it to be valuable that SKB in SSR 2001 has evaluated 
geosphere retardation. The geosphere is an important component in the whole system 
linking the repository with the biosphere. The geosphere can contribute with additional 
safety functions, but could also act as a secondary source which temporarily increases 
radionuclide transport. However, SKB’s analysis provides quite a limited understanding 
of these perspectives since it contains considerable deficiencies and difficulties. 
 
In the opinion of the review committee, SKB’s analysis does not adequately justify the 
conclusion utilised in the consequence calculations, namely that, for all cases, it is 
conservative to overlook the geosphere. The evaluation of geosphere retardation is not 
comparable with the essentially more detailed analyses of the repository and biosphere. 
The calculations have been simplified to a significantly greater extent, for example, only 
one set of transport parameters has been used for all repository parts, in spite of the fact 
that these have been found to be significantly different from each other. Although the 
time dependency of the system has been studied, it has not been implemented into the 
radionuclide transport calculations. SKB’s account also indicates a number of non-
conservative parameter choices, such as regarding anion exclusion and the nuclide 
penetration depth. In the opinion of the review committee, SKB’s reference to the case 
without geosphere retardation in its justification of parameter choices is inadequate. 
Although this probably has little significance for dose and risk calculations, the fact that 
the doses for certain nuclides have been shown to be higher when the geosphere is 
included (BLA with a reasonable biosphere evolution) should be a justification to 
include a more comprehensive analysis of geosphere performance. 
 
The analysis of the geosphere is complicated by the fact that conditions in groundwater 
that is relatively near to the surface can deviate considerably from the stable conditions 
at great depths. At small depths, other processes occur which can change the conditions 
by accumulating radionuclides or accelerating transport. Groundwater near to the 
surface is a much more dynamic system, from the hydrological perspective, than deep 
groundwater. From the geochemical perspective, differences between surface and deep 
groundwater must be taken into account (for example, the occurrence of humus and 
fulvic acids, oxidising conditions, colloids). There is probably a limit above which a 
transport model that is adapted for conditions at great depths can no longer be 
considered to be reasonable. In the case of SFR 1, at a depth of only 50 m, the part of 
the model domain that is located above this level can be significant. The review 
committee understands that all of these issues cannot be investigated within the 
framework of SSR 2001, but emphasises the general need for research within the area 
and the development of models that can take the above influences into account. The 
question can be raised as to whether or not FARF31 is a suitable model for a repository 
such as SFR 1 which is located relatively near to the surface.  
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5.8.4 Modelling Radionuclide Turnover in the Biosphere 

SKB’s Report 
SKB has used compartment models to calculate the transport and turnover of radio-
nuclides in the Baltic Sea, coastal areas, lakes, agricultural land, mire and wells. The 
model that is used depends in principle on the ecosystem which is considered to 
dominate as a result of land uplift. 
 
Evaluation of the Review Committee 
The models used are mainly of a conventional and well-tested type used for calculating 
radionuclide transport and turnover in the biosphere and, in this respect, do not contri-
bute anything essentially new. Some of the models or other versions of these models 
have participated in international validation exercises with good results. Even if the 
review committee largely views radionuclide modelling in the biosphere positively, 
these are examples of issues that need to be clarified as described below. 
 
The coastal model comprises three sub-models of different geographical scales – the 
model area (a few km2), Grepen (hundreds of km2) and the Baltic Sea (thousands of 
km2). The radionuclides from the repository are directly taken to the water phase in the 
calculation model for the model area and can then be transported to Grepen and out into 
the Baltic Sea. A certain sedimentation of radionuclides in the water phase is assumed 
to occur. The review committee considers that the modelling should also include the 
possibility that radionuclides can enter the biosphere through sediment in order to, 
thereby, take into consideration the accumulation of radionuclides in the sediment that 
this can lead to. Such an accumulation could mean that additional radioactive sub-
stances could become available at a later stage in the arable soil in the agricultural 
model. In turn, this could result in greater consequences than the present calculations 
show.  
 
The model of the Baltic Sea, as a part of the coastal model, has been further simplified 
and is represented by only four compartments for water, suspended material and upper 
and lower sediment. This means that radionuclides that reach the Baltic Sea very 
quickly can disappear from the model area through instantaneous remixing and dilution. 
Whether or not this simplification is justified should have been analysed, for example, 
through comparison calculations with more complex and tested compartment models 
for the Baltic Sea. 
 
5.8.5 Methods for Calculating Doses to Man and Environmental Impact 
At present, no recognised regulations exist to judge environmental protection nor does 
any accepted method exist to calculate radiation doses and impacts on other organisms 
besides man. Extensive international work is in progress. For example, SKB participates 
in the SSI-co-ordinated EC Project, FASSET. Furthermore, a group, with SSI particip-
ants, works within the International Commission on Radiological Protection (ICRP) on 
drafting regulations. 
 
SKB’s Report 
Doses to mankind have been calculated in the traditional manner. The mechanistic 
ecosystem model has been used to calculate the radiation doses to biota for the present-
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day coastal area and for the dominant radionuclide, carbon-14. SKB reaches the conclu-
sion that a possible additional contribution of radionuclides from a leakage from SFR 1 
can hardly have an impact on individual organisms in the area, and even less, on 
populations. 
 
Evaluation of the Review Committee 
The description of the method for calculating doses to man is sufficiently detailed. 
 
The state of knowledge about the impact of ionising radiation on the environment is 
deficient. This is particularly so for low radiation doses over a long period of time. This 
means that there must be several uncertainties in SKB’s description of and conclusions 
regarding the environmental impact. The limits that SKB refers to are also difficult to 
assess on the basis of present-day knowledge. At present, there is no international 
consensus regarding limits for other organisms besides man. 
 
The radiation dose calculations for biota that are reported in the safety report are based 
on a mechanistic ecosystem model and only apply to carbon-14. The results are limited 
since the model has only been developed for a coastal ecosystem (and the present-day 
biosphere). SKB states that confidence in the modelling work that has been conducted 
to calculate the environmental impact needs to be improved and this will be a priority in 
the continued research programme. The limited work that SKB presents in the safety 
report can be accepted bearing in mind the international work that is underway to 
develop an assessment system. 
 
5.8.6 Calculation Cases 

SKB’s Report 
Based on the expected evolution of the repository, rock and biosphere, SKB has defined 
a base scenario. The uncertainties are explained by analysing different calculation cases 
for the base scenario in combination with a conservative choice of values for the para-
meters that are included in the calculations. The calculation cases for the variations of 
the base scenario include cases where the barriers are degraded in a certain manner after 
1,000 years, the impact of the far field as well as the impact of gas that can press radio-
nuclides out of concrete structures. The influence of the far field generally reduces the 
doses compared with the main case, whereas the degraded barriers increase the doses. 
Gas formation results in an increased outflow of certain nuclides although this is only 
during the initial time-period when the sea is still the recipient. For the biosphere, the 
base scenario contains what SKB calls “reasonable biosphere evolution”, namely, the 
radionuclides enter the biosphere in Öregrundsgrepen (up to 3,000 years after closure), a 
lake (3,000 to 6,000 years after closure) and agricultural land (6,000 to 10,000 years 
after closure). Wells, mires/peat and the present-day biosphere are analysed as 
alternative biospheres. 
 
In addition to the base scenario, a number of other scenarios are reported which, with 
the help of the selected calculation cases, illustrate remaining uncertainties concerning 
the importance of an initial crack in the concrete structure, defect plugs, chemicals that 
can cause radionuclides to complex and the combination of chemicals and an initial 
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crack. Permafrost and intrusion in the from of a well drilled through the different 
repository parts are each treated in a separate scenario. 
  
Evaluation of the Review Committee  
General 

In the opinion of the review committee, the selection of calculation cases in SSR 2001 
provides a better overview of the expected repository evolution, in comparison with 
previous safety assessments. The overview has been improved due to the integration of 
the previously separate cases for the saltwater and inland period. In SSR 2001, SKB has 
also, to a certain extent, analysed the consequences of combinations of unfavourable 
sequences (defects in the barrier system and complexing agents), which the authority 
had previously requested (SKI and SSI, 1994). 
 
However, the review committee has difficulty in understanding the justification for the 
detailed design of the calculation cases, since the discussion and link to underlying 
analyses are often short and fairly vague. Examples include the justification of the 
design of the calculation case for degraded barriers and climate (see below). 
 
Handling of Parameter Uncertainties 

Calculation cases within the base scenario that take into account the most probable 
changes in the repository and surroundings, should illustrate the significance of 
parameter uncertainties, according to the general recommendations for SKI’s regu-
lations (SKI, 2002). SKB has mainly limited the account of the significance of 
uncertainties through qualitative reasoning, assumed conservative parameter choices 
and a discussion of results from a few calculation cases. In the opinion of the review 
committee, SKB should have conducted more extensive sensitivity and uncertainty 
analyses in order to identify, in a clearer manner, the most critical processes and 
parameters that are included in the SSR 2001 study (see Section 5.8.8 of this report). 
This would probably have provided a better basis for assessing the extent to which the 
final dose and risk estimates are reasonable than only using a number of selected 
calculation cases combined with reasoning. 
 
Base Scenario – Intact Barriers 

In SKB’s main case in the base scenario, it is assumed that the engineered barriers will 
have a constant support and sorpotion properties throughout the entire period under 
consideration of 10,000 years. Transport and sorption parameters are based on condi-
tions that are assumed to exist after resaturation. The review committee considers that 
these assumptions correspond to one reference case, rather than a realistic description of 
the repository evolution. 
 
Base Scenario – Degraded Barriers 

The review committee considers that the calculation case with degraded engineered 
barriers is more realistic and relevant for the assessment of long-term safety than a case 
with intact barriers and constant properties. SKB should therefore have included an 
account of this case that is at least as detailed as for the case with intact barriers. 
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In the view of the review committee, the detailed assumptions of the degraded 
engineered barriers are inadequately justified and appear to be partially arbitrary. For 
example, this is the case for SKB’s assumption that cracking only partially degraded the 
concrete structures in BMA (the section closest to fracture zone 6). The review 
committee also considers that it would have been reasonable to include radionuclide 
transport calculations for 1BTF and 2BTF. A general degradation is assumed for the 
Silo. However, the choice of modified hydraulic conductivities would need better justi-
fication. This choice leads to the essential conclusion that a horizontal groundwater flow 
can be completely excluded. The extent to which different assumptions of the evolution 
of hydraulic conductivity are reasonable is difficult to judge and this is due to the fact 
that there is no direct coupling to an analysis of possible degradation mechanisms. 
 
Furthermore, in the view of the review committee, the case of the degraded barriers 
should have been developed in order to explain the effects of a continuous degradation 
in order to achieve a better description of the repository’s expected evolution and the 
conservatism of the assumptions. Such an analysis would probably also have provided a 
better basis for assessing whether the chosen time-period for the safety assessment is 
adequate. 
 
Base Scenario – Influence of Gas 

In the opinion of the review committee, the analysis of gas-related processes is thorough 
and of a high quality (Moreno, 2001). The calculation cases connected to gas show that 
the impact can be significant but since they coincide with the Baltic Sea phase, the dose 
consequences are small. Therefore, the review committee would like to see a clearer 
argument presented for why a delayed influence of gas can be excluded (see Section 
5.6.5 of this report).  
 
Other Scenarios – Initial Crack 

The calculations for the scenario with the initial crack in the concrete structure explains 
the safety importance of the engineered barriers and supplements the case of the degrad-
ed barriers after 1,000 years. However, for the review committee, it is not obvious that 
the initial crack scenario is covered by the degraded barriers of the base scenario. 
Firstly, extent to which initially degraded barriers can lead to increased accumulation in 
sediment during the coastal and lake periods has not yet been estab-lished since the 
groundwater flow through the bottom sediment has been neglected. Secondly, SKB has 
not described the gradual degradation of the initial damage that should lead to greater 
damage than that assumed in the base scenario after 1,000 years. 
 
Other Scenarios – Defect Plugs 

SKB has not yet performed radionuclide transport calculations for the case of the defect 
plugs that it has identified on the grounds that details concerning the design of the plugs 
have not yet been determined. However, the flow calculations show that the flows could 
increase by a factor of 2-3 with assumed increases of a corresponding size in non-
sorbing radionuclide releases. The review committee has found this to be an important 
calculation case since SKB’s limited analysis shows that the plugs fulfil a safety 
function for the rock vaults. The case is an example of why there should be a well-
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thought out closure alternative. This alternative does not have to be finalised, but should 
be sufficiently detailed to allow for a complete analysis. 
 
Other Scenarios – Chemicals with Intact and Degraded Barriers 

With respect to the analysis of the influence of complexing agents, the review 
committee considers that it is most relevant to study the combined case of the degraded 
barriers since adequate arguments have not been presented for the long-term durability 
of the barriers (see above). The influence of complexing agents is that an increased 
share of the total dose is caused by nuclides that the repository normally retains effec-
tively (for example, technetium-99 and plutonium-239 and 240). In the view of the 
review committee, SKB’s formulation of this case seems to be improbable (for 
example, compared with the case of the degraded barriers), especially the assumption 
involving the large quantities of cellulose. However, the review committee would like 
to remind that there are significant uncertainties associated with the long-term proper-
ties of isosaccharinic acid (ISA) in the repository environment (see Section 5.6.8 of this 
report). Therefore, it is difficult to exclude a significant influence of complexing agents. 
The calculation case provides a certain insight into the importance of certain Kd values. 
 
Other Scenarios – Climate and Permafrost 

In the opinion of the review committee, SKB’s analyses of uncertainties in climate 
evolution and the possible occurrence of permafrost at repository depth is far too 
limited. In SSR 2001, SKB states that formation of continuous permafrost is highly 
improbable for the period up to 10,000 years after closure. This conclusion should be 
used as a pretext to increase the time-scale of the analysis rather than to tone down the 
importance of permafrost. SKB’s argument of only comparing the releases for the 
permafrost scenario with those that occur during the initial Baltic Sea period must be 
considered to be unclear. In the view of the review committee, SKB should have 
justified the recipient conditions that can be expected in connection with the permafrost 
and evaluated the dose consequences for these recipients. Furthermore, the review 
committee shares the view of Chapman et al (2002) that the very brief justification of 
why partial permafrost does not affect the groundwater flow is unsatisfactory. 
 
Other Scenarios - Intrusion 

In the opinion of the review committee, it is reasonable that SKB has based its 
probability analysis on data from an actual well density, since a prediction of the future 
use of groundwater in the area is highly speculative. The case is of interest from two 
perspectives: direct consequences in connection with intrusion and remaining damage to 
the repository barriers. The first perspective, which yields the highest doses according 
to SKB’s calculations (up to 30 mSv per year), must be considered to be a residual 
scenario, in accordance with the general recommendations for SKI’s regulations (SKI, 
2002). It is probably impossible to design a repository that can eliminate this risk. 
However, in the case of SFR 1, the probability is no lower than it is highly reasonable to 
assume that that type of exposure can occur during the time-period covered by the 
analysis (10,000 years). SKB’s analysis does not take into account the fact that it is a 
question of undiluted water from one of the repository areas with a reduced water 
quality. This probably reduces the probability of an individual or small community 
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taking all its drinking water consumption from this source. The question of water 
quality therefore needs to be taken into greater consideration. 
 
With respect to the impact on the protective capability of the repository, SKB states that 
the flow through the repository can increase by a factor of 3-7 in connection with 
intrusion through drilling. However, in SKB’s opinion, the case is not important due to 
the low probability of occurrence. The case is only very briefly mentioned in SSR 2001. 
However, it is described in the calculations of the flow in the repository parts (Holmén 
and Stigsson, 2001). SKB’s reasoning that the case is not important due to the low 
probability assumes that damage to the repository from intrusion does not affect the 
protective capability during a long period of time. Unless this can be shown, the review 
committee considers that it is warranted to present a more detailed analysis and 
description of this perspective on the drilled well case (see also Section 5.9 of this 
report). In addition, a description of the protective capability of the repository after 
intrusion is a requirement in accordance with SSI’s regulations (SSI, 1998). 
 
Biosphere – Exposure Pathways 

It is positive that SKB has based its analysis on a changing biosphere. However, the 
review committee considers that SKB, in certain respects has applied the result of this 
analysis in too simplified a manner, since only one ecosystem (coastal water, lake, 
agriculture) is taken into account for each time-period. This means that possible 
exposure pathways via other ecosystems existing at the same time have not been taken 
into consideration. This particularly applies during the transition phases between 
different time-periods. 
 
As an illustrative example, it can be mentioned that the lake that is formed in the model 
area during the period of 2,900 to 5,000 years after closure and which is used as an 
exposure pathway only comprises 10 % of the total model area. It cannot be excluded 
that other parts of the model area have accumulated or accumulate radionuclides and 
that humans use several biotopes at the same time, such as lakes and forests. In prin-
ciple, it is possible for a drinking water well to exist at the same time in the area that can 
give a dose/risk contribution. Furthermore, the authorities’ consultants, Klos and 
Wilmot (2002) maintain that parallel exposure pathways, via different ecosystems, can 
give dose contributions during the transition phases. The importance of parallel 
exposure pathways has not been analysed. 
 
SKB has not calculated the consequences for exposure pathways via the forest eco-
system, even though it can be expected to dominate during the land period. This would 
facilitate additional exposure pathways to man due to an earlier accumulation of 
radionuclides, such as via game, berries, mushrooms and via the utilisation of biofuel 
for energy which has not been taken into consideration in the present analysis. It has not 
been convincingly shown that agricultural land is always overestimated and that this 
results in the largest consequences. 
 
SKB’s reports show that there will probably not be large land areas available for 
agriculture. In spite of this, SKB has represented the future terrestrial system with an 
agricultural case. According to SKB, the largest consequences during the land period (> 
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5,000 years after closure) will be to humans cultivating crops on the former seabed. 
However, this claim has not been verified by an in-depth analysis. 
 
SKB’s calculations assume that the largest consequences always occur in the discharge 
areas as a result of the fact that the highest inflow of radionuclides is expected to occur 
there. This condition needs to be better justified, for example, in order to exclude 
remaining effects of previous releases resulting in other exposure pathways or that 
radionuclides transported out of the model area may be important for the total conse-
quence situation. The authorities’ consultants, Klos and Wilmot (2002) also state that 
the assumption that the largest consequences will occur in the discharge area needs to be 
supported by calculations. 
 
Collective Dose Calculations 

According to SSI’s regulations (SSI, 1998), collective doses must be calculated for the 
leakage of radioactive substances that can be expected for 1,000 years after repository 
closure. The collective dose must be calculated as the aggregate over 10,000 years of 
the annual collective dose. 
 
A collective dose calculation was performed by SKB in connection with the application 
for an operating licence for SFR 1. This calculation was based on the SSI requirements 
that applied at that time. In its review report on SFR 1 (Bergman et al, 1988), SSI 
judged the collective dose from SFR 1 to be small in comparison with that caused by 
other parts of the nuclear fuel cycle, which was in agreement with SSI’s requirements. 
 
SSR 2001 does not include an account of the collective dose. In the opinion of the 
review committee, collective dose calculations are a tool for judging the importance of 
different repository system designs. However, it can also be applied to determine 
whether an existing facility is being operated in an optimal manner, for example, with 
respect to the repository part chosen for the emplacement of waste packages. This issue 
is also discussed in Section 4.5. 
 
5.8.7 Data Selection 

SKB’s Report 
The overall strategy for SKB’s selection of data states that data selection shall be 
justified, be consistent as well as be based on the analysis of repository evolution and 
the initial state. In addition, uncertainties are to be discussed and, if possible, quantified. 
For each scenario, the radionuclide transport calculations shall be based on a case with 
“reasonable” data. However, SKB considers that simplifications that overestimate the 
radionuclide flow must be permitted. A particularly important part of the data selection 
for SSR 2001 is the justification of selected flow rates and Kd values for different 
repository parts and different barriers (SKB, 2001). SKB’s report also includes the 
maximum solubilities for different radionuclides. However, it appears that SKB 
considers these to be unimportant for the consequence analysis. 
 
To calculate radionuclide transport in the near field (namely through the repository 
tunnels), data are required in the form of the size and direction of the groundwater flow 
through different repository tunnels, as well as the groundwater flow (Darcy rate) in the 
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surrounding rock. These data are obtained from SKB’s detailed hydrogeological model 
(Holmén and Stigsson, 2001). In order to perform calculations for radionuclide transport 
through the geosphere, data are required in the form of advective transport times 
(breakthrough times). 
 
SKB states that the utilisation of porosity values used to obtain advective transport 
times are abnormally high for crystalline bedrock. However, this is less important since 
the transport of sorbing radionuclides does not affect by the porosity. 
 
Evaluation of the Review Committee 
In the opinion of the review committee, SKB’s basis for choosing data for consequence 
calculations shows certain deficiencies with respect to traceability and documentation. 
While SSR 2001 is certainly an improvement compared with previous safety assess-
ments for SFR 1, the review committee nevertheless considers that there are examples 
where reasonable requirements in the quality assessment area cannot be considered to 
be fulfilled. The review committee also shares the opinion of the regulatory review of 
SR 97 (SKB, 1999), that procedures for data selection are not adequately defined. For 
example, in certain cases, justifications and detailed descrip-tions are lacking of how 
data for consequence calculations have been obtained. In the cases where data selection 
is based on expert judgement (informal rather than formalised), a documentation of 
procedures would have been required. Since SKB has not utilised sensitivity analyses 
and parameter intervals to explain the critical selection of data, this means that the 
requirement for a rigorous system for documenting and justifying the choice of data will 
have increased importance. 
 
In spite of the fact that the documentation of expert judgement is an essential stage, the 
review committee considers that actual measurements should be prioritised where 
possible. In this case, examples of deficiencies can be found, especially for the justifi-
cation of transport parameters for the repository and its surroundings. Certain parameter 
values have been established through assumptions and reasoning (diffusivities for 
backfill concrete, data for sand-bentonite mixtures), in spite of the fact that experimental 
data could have been used. In other cases, documented justifications are lacking as are 
underlying analyses for the selected values (conductivities for tunnel material, fracture 
zones and repository parts as well as porosity values; see Section 5.6.1 of this report). 
 
The choice of Kd values is an example of an area where both expert judgements and 
traceability for experimental data are important. In SSR 2001, the selection was based 
on external compilations for cement (Bradbury and Van Loon, 1998); Bradbury and 
Sarrot, 1995) and for databases from other safety assessments (Lindgren et al, 1998; 
SKB, 1999). In the opinion of the review committee, SKB’s database for SFR 1 proba-
bly comprises reasonably conservative values. Nevertheless, the review committee finds 
that the data and justification make it difficult to judge quality and applicability. It must 
be considered a deficiency that the selection is not primarily based on the specific 
conditions for SFR 1. In the view of the review committee, uncertainties related to pH, 
redox, speciation, salinity and measurement accuracy should have been discussed for 
each of the most critical radionuclides in the context of SFR 1. SKB should also have 
analysed (via sensitivity analyses) and discussed the special condition that a “low” 
estimate of the Kd value is not by definition conservative in the case of SFR 1. Due to 
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the system’s time-dependent exposure pathways and the risk of accumulation effects, 
the degree of conservatism in the choice of Kd values cannot be identified without 
further ado. This should have been illustrated through calculations upon which the 
justification of the Kd values for different nuclides should be based. 
 
Certain aspects of the selection of Kd values are based to a great extent on judgements 
which have a weak link to actual data, for example, the selection of Kd values in the 
presence of complexing agents and the use of chemical analogies. The review 
committee considers that these aspects of SKB’s databases are inadequately docu-
mented. Some form of documented and formalised expert judgements would have made 
it easier to review this choice of data. Another alternative for making a database more 
justifiable, which is taken from SKB’s own programme, is the documented review and 
updating of SKB’s sorption database for bentonite in SR 97 (Ochs, 1997). 
 
In the opinion of the review committee, SKB should have been more thorough in 
specifying the interval for important groundwater parameters (pH, Eh, ion strength) and 
other conditions that the selected Kd values represent. Due to the redox-sensitive 
sorption of technetium-99, the review committee would, in particular, like to see an 
analysis that shows that reducing conditions are also maintained at time-scales of up to 
and beyond 10,000 years. The selection of Kd values in SSR 2001 is rendered difficult 
by the fact that the Kd values must be able to represent long-term mineralogical 
conversions, since SSR 2001, unlike previous safety assessments, is based on constant 
values. 
 
SSR 2001 has no detailed analysis of the reasonable chemical evolution in different 
repository parts and different engineered barriers have been used as a basis for showing 
that Kd values are suitable. The conditions can probably deviate significantly from those 
that selected Kd values can represent (for example, in the case of bentonite and crushed 
rock). With the available material as a starting point, it is not obvious that SKB’s 
general assumption regarding conservatism is always fulfilled. It is well known that pH 
and Eh have a considerable impact on sorption. The use of the concept of constant Kd 
values actually assumes a system that does not have major temporal or spatial variations 
for chemical phenomena. If the Kd values are used for such cases, in spite of everything, 
what is required, particularly for scientific credibility, is a verification that the chemical 
phenomena are to a reasonable extent consistent with the conditions prevailing when the 
sorption data were obtained. Particular attention must be paid to Kd values for nuclides 
with complex redox chemistry and sorbing nuclides that can occur as anions. 
 
The biosphere calculations were performed probabilistically. Consequently, input data 
is provided in the form of best value, minimum and maximum values and type of 
distribution. Probabilistic calculations allow uncertainties and variations to be observed. 
However, knowledge of the actual distribution for a parameter is often lacking due to 
the lack of data. In such cases, SKB has used triangular or log-triangular distributions. 
The review committee considers this to be a good approach to treating uncertainties and 
variations in data with probabilistic calculations. 
 
SKB states that the selected parameter intervals for the biosphere calculations cover a 
large part of the expected climate changes. A discussion is also presented of how 
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various types of climate evolution can affect the biosphere conditions for the next 
10,000 years. However, in the opinion of the review committee, SSR 2001 does not 
describe how the consequence calculations cover the climate changes that are discussed. 
As was mentioned elsewhere, this is partly due to the fact that SKB has not reported the 
results of the probabilistic calculations for the biosphere. 
 
To summarise, the review committee considers that SKB should have justified the 
selection of data for consequence analyses in a better manner. One important example 
for SFR 1 is the significance of the initial dilution during the Baltic Sea phase which 
means that it is not obvious that a parameter choice in a certain direction is conser-
vative. Although SKB describes this in detail in SSR 2001, the line of reasoning does 
not appear to have been taken into account in the actual selection of data and models. 
Examples are: 1) the selection of Kd values, 2) the selection of release rates from waste 
packages, 3) groundwater flow rates, 4) the role of the geosphere as a sink or source for 
radionuclides. 
 
5.8.8 Presentation of the Calculation Results 

SKB’s Report  
SKB reports the dose consequences separately for releases from the different repository 
parts (Silo, BMA, 1BTF, 2BTF, BLA) for the different scenarios and for different 
calculation cases within the scenarios (which illustrate different biospheres). Further-
more, the total release from the near field is reported as Bq/year and the releases from 
the far field are reported as supplementary information.  
 
Radionuclide releases from the near field (Bq/year) increases sharply after the 
resaturation of the repository and, for all cases, it is greatest a short time afterwards. The 
releases subsequently decrease due to leaching and decay. However, the radiation doses 
are practically negligible during the initial period of 2,000 years when the Baltic Sea is 
still the recipient. The doses increase considerably since other exposure pathways 
become possible after this time. For this reason, the doses from the case involving a 
continuation of the present-day biosphere are always very low. The increase after the 
Baltic Sea period is due to reduced dilution since a lake becomes the main recipient. In 
certain cases, a further increase is obtained since the lake disappears and exposure 
instead occurs via the use of agricultural land. The highest doses are generally obtained 
from the use of a well in the vicinity of the repository. 
 
The calculations show that carbon-14 is highly dominant in the great majority of cases, 
both with respect to maximum doses and maximum flows. The organic fraction that 
does not sorb generally gives the greatest contribution, although inorganic carbon-14 
can also provide a significant contribution. However, essentially different results are 
obtained for BLA and the calculation cases with complexing chemicals since 
technetium-99 and plutonium isotopes most often give the greatest dose contributions. 
For the case with releases to a mire, selenium-79 dominates . Other nuclides that often 
result in significant contributions to the total dose are nickel-59, iodine-129, 
molybdenum-93 and cesium-135. 
 
The maximum doses for the base scenario are below 0.01 mSv/year for all cases apart 
from the case involving releases to well for which the maximum doses can be just over 
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an order of magnitude higher. With respect to other scenarios, the case involving 
chemicals and degraded barriers stands out and can result in doses of up to 1 mSv/year. 
However, the highest dose of all is obtained if a well is drilled directly into the 
repository parts. Doses of up to 10 mSv/year (30 mSv for BLA) are possible if all 
consumed drinking water for a household comes from such a well. 
 
Radiation doses to biota have been calculated for the present-day biosphere, namely the 
coastal area, and for the maximum annual release of carbon-14 from the Silo. The doses 
are in the range of 4×10-13 – 3×10-6 Gy/year. The uptake pathway via bottom flora yields 
the highest doses. The radiation doses are higher 2,000 years after closure since the total 
area and water volume of the area decreases. Calculations have not been performed for 
other ecosystems, since the ecosystem model that is used has only been developed for 
coastal ecosystems. 
 
Evaluation of the Review Committee 
The review committee finds that the doses that are reported do not in any decisive 
manner deviate from those calculated in the previous safety assessment (SKB, 1993). 
This result has been obtained in spite of the fact that there are many differences in 
underlying data and conceptual models and in spite of the fact that the consequence and 
hydro models, in particular, have been considerably developed. In the case of both 
safety assessments, the maximum doses from a well downstream from the repository is 
on the order of up to 0.5 mSv/year. However, in SSR 2001, the doses for the use of 
intrusion wells have been raised by about one order of magnitude. 
 
Based on SKB’s calculation results and the analyses and data selection that the 
authorities have commissioned (Maul and Robinson, 2002; Savage et al, 2000), the 
review committee is of the opinion that the reported doses have probably not been 
essentially underestimated. However, it is quite possible that SKB, to a certain extent, 
and especially in the case of certain calculation cases, has underestimated the doses. 
One prominent example is that the inventory of carbon-14 in SFR 1 and the fraction of 
organic carbon-14, may be underestimated (see Section 5.3 of this report). 
 
In SSR 2001, SKB has not explicitly described a safety concept comprising different 
safety functions. However, the review committee can, for example, by studying SKB’s 
calculation results, indirectly derive parts of the safety concept that form the basis of 
SSR 2001. Dilution in the Baltic Sea is an important protective function for radio-
nuclides that are released at an early stage, for example, as a result of gas generation. In 
the case of long-lived and sorbing nuclides, sorption on concrete and cement is the most 
critical safety function. Furthermore, during the inland period, the possibility of 
demonstrating a limited groundwater flow through the repository areas is a significant 
function. 
 
SKB’s calculations show that the doses are dominated by nuclides without retention 
capabilities and for which the repository can be said to have a limited protective 
capability, primarily carbon-14 up to 6,000 years after closure. Since the Baltic Sea 
period initially results in considerable dilution of these nuclides, the paradoxical 
conclusion could be drawn that a repository that is of a less adequate design will mean 
lower doses. Therefore, in the opinion of the review committee, consequence calcula-
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tions and analysis of safety functions for the non-sorbing and sorbing nuclides should be 
examined separately as a step in demonstrating the safety concept of the repository. This 
would allow the repository’s main safety functions of sorbing nuclides to emerge more 
clearly. 
 
In the view of the review committee, SKB’s justification for using 10,000 years as the 
time-limit is unclear. The annual total dose from SFR 1 for the main case of the base 
scenario with intact barriers and a reasonable biosphere evolution shows a constant, or 
possibly, slight downward trend from about 7,000 years (Figure 5-45 of SSR 2001). On 
the other hand, there is an increasing trend for dose contributions, particularly from the 
Silo and BMA, as well as from BTF, from about 7,000 years and as far forward in time 
for which doses are reported. In the case of degraded barriers in the base scenario, a 
similar dose trend can be observed after 7,000 years, but at a higher dose (about 2 times 
higher for BMA and 3 times higher for the Silo). For BLA, the inflow of sorbing 
nuclides to the biosphere still increases at 7,000 years. This applies to, for example, 
technetium-99, plutonium-240 (Figure 5-37 of SSR 2001). On the whole, it is difficult, 
on the basis of this, to determine the size of the total dose after just over 10,000 years 
and for this reason, choosing 10,000 years as a time-limit for the dose calculations is not 
explicitly justifiable. SKB refers (p. 5.8-5 and Figure 5-39 of SSR 2001) to the fact that 
the total release curve slopes downward for the base scenario with the present-day 
biosphere (dilution in the Baltic Sea), although the assessment of a relevant time-period 
should have been made for the individual scenarios. 
 
The calculated dose consequences of gas generation are insignificant since gas is only 
assumed to be released during the Baltic Sea period (see Section 5.6.5 of this report). 
Furthermore, the presentation of the gas calculations in the safety report is unclear since 
it focuses on showing the major increases in leakage that occur for a few nuclides with 
little or no retardation, such as tritium. In the opinion of the review committee, SKB 
should have described the effects of this process in a more detailed manner bearing in 
mind the fact that SKB itself states that gas transport may have a major impact on the 
outflow of radionuclides from the repository. 
 
Biosphere calculations have been conducted probabilistically. One criticism is that the 
potentially valuable information in the distribution measures (uncertainty intervals for 
the calculated doses) is not reported and only arithmetic mean values are presented. 
Because of this, neither the results of the probabilistic calculations nor their importance 
in the analysis can be evaluated. Furthermore, it is not possible to see how these results 
should be regarded in the light of deterministic calculations performed for the near field 
and geosphere.  
 
On behalf of the authorities, Egan et al (2003) have used the AMBER code to verify the 
ecosystem models described in Karlsson et al (2001). It was not possible to fully verify 
the SKB models. The methodology for determining radionuclide concentrations in the 
soil and sediment were not adequately documented. The consultants’ results indicate 
that there may be errors in certain figures (for example, a factor of 100 for high total 
activity in the biosphere in Figure 10-12) in the SKB report. 
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For the first time, SKB reports radiation doses to biota. The review committee considers 
this to be positive. However, the results are limited to the coastal ecosystem and to 
carbon-14. SKB also discusses possible radiation doses to biota in a future lake eco-
system. This indicates considerably higher (perhaps as much as 10,000 times higher) 
radiation doses to the biota in this ecosystem than in the coastal ecosystem. 
 
The review committee does not have information about environmental concentrations. 
Such data are normally obtained for the compartments that are a part of the radiation 
dose calculations. Data about such concentrations can also give a certain indication of 
potential radiation doses to biota. However, the report, which specifically describes 
radiation dose calculations to biota (Kumblad, 2001), provides concentration data from 
carbon-14. 
 

5.9 Risk Characterisation and SKB’s Conclusions 
In this section, comments are presented on SKB’s concluding discussion on the calcula-
tion results and risk estimate (Section 5.8 of SSR 2001) as well as SKB’s overall 
conclusions (Section 5.9 of SSR 2001). 
 
SKB’s Report 
The basis for SKB’s estimate of the total annual risk is an assumption of a probability of 
1 for the base scenario which means that the risk contribution is obtained by multiplying 
the calculated dose with the probability of radiation effects in accordance with the Inter-
national Radiological Protection Commission’s recommendations. The risk contribution 
from other scenarios is added to the total risk if it results in a higher consequence (dose) 
than the base scenario. 
 
In the discussion, SKB goes through the risk contributions from the different calculation 
cases in the base scenario. The maximum estimated risk for the base scenario is 4×10-6 

per year, which is obtained for a well placed in the repository discharge area. SKB 
states that this risk contribution is at an acceptable level if the limited population that 
can use the well is taken into account. 
 
In its discussion of the risk contributions from different scenarios, SKB states the 
following:  

• Initial defects only provide a marginal risk contribution during the Baltic Sea period 
(1,000 the first years). 

• Leaking plugs result in increased flow (2-3 times) through the rock vaults. More 
accurate calculations or dose consequences are not considered to be meaningful 
before the design of the plugs has been decided. 

• Chemicals/ stray material result in, at most, double the total dose, compared with 
the base scenario. However, the assumed low probability of this scenario still means 
that the risk contribution will be comparable with the risk contribution of the base 
scenario.  

• Permafrost is not expected to result in a significant dose contribution since the 
estimated releases are lower than the releases that are expected for the initial Baltic 
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Sea period. SKB does not present any analysis of potential dose consequences as a 
result of releases to another recipient besides the Baltic Sea. 

• Intrusion - well results in high doses, up to 30 mSv/year. However, due to the 
estimated low probability of well intrusion, the maximum risk contribution is 5×10-6 
per year, which is comparable to the risk contribution from the base scenario. The 
impact on long-term performance is also specified as limited in relation to the low 
probability of the scenario. 

 
SKB presents a line of reasoning concerning the credibility of the calculation results and 
the conservative assumptions that are built into the analyses and makes the assessment 
that the total risk will only in exceptional cases and during a shorter period exceed SSI’s 
risk criterion of 10-6 per year. In the case of the base scenario with a realistic biosphere 
evolution, the risk maximum will occur at 3,000 years after closure and will be domi-
nated by the mobile radionuclide, carbon-14. For the chemicals – degraded barriers 
scenario, a dose contribution from technetium-99 and nickel-99 must be added. For the 
well case, plutonium from BLA gives a significant dose contribution. 
 
The environmental impact on the ecosystems that can be expected from the repository is 
not considered to affect individual organisms in the area, and populations are affected to 
an even lesser degree. SKB’s overall conclusion from the safety assessment is that the 
possible dose and potential risk from SFR 1 is lower than the authorities’ design basis 
objectives and SSI’s regulations. 
 
Evaluation of the Review Committee 
 
Presentation and Risk Methodology 

SKB’s overall risk estimate (Section 5.8 of SSR 2001) contains a significantly more 
detailed discussion on the risk contributions from the different calculation cases and 
scenarios, compared to what was presented in for example SR 97 (SKB, 1999). For each 
calculation case, the calculated maximum radiation dose and an estimated probability 
are reported. This is a necessary condition in order to calculate a total risk that can be 
compared with SSI’s risk criterion. The review committee is positive to the fact that 
SKB in SSR 2001 describes how the calculated doses are distributed in time and space. 
Furthermore, the review committee has no objection to make to the principles used by 
SKB when aggregating the risk contributions from different scenarios. 
 
However, in the opinion of the review committee, considerable work is required if the 
presentation of SKB’s risk estimate is to attain an acceptable level in terms of logical 
structure, integration and traceability. The main criticism of the review committee 
concerns the lack of clarity in scenario formulations, the arbitrary choice of probabilities 
for “other scenarios” and the unsystematic discussion of uncertainties in the assessment 
of the calculation results. Detailed comments are provided below. 
 
Scenarios and Scenario Probabilities 

In the view of the review committee, it is satisfactory that SKB uses a base scenario that 
describes the probable repository evolution as the starting point of its risk assessment 
and that this scenario is given a high probability. This has been done in accordance with 
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the requirements stipulated in the authorities’ regulations. The review committee 
considers that SKB’s base scenario contains the most important processes that can 
affect repository evolution and the environment with certain exceptions concerning gas 
generation, barrier degradation and ecosystem succession. 
 
However, the review committee questions the manner in which significant uncertainties 
are treated in the base scenario, such as complexing agents in the repository and climate 
evolution. Although SKB has treated these issues in the other scenarios, it has formu-
lated them as extreme cases with an assumed low probability, which means that they do 
not provide any significant risk contribution in relation to the base scenario. For 
example, it is highly uncertain if the only essential uncertainty relating to complexing 
agents is the quantity of organic material, which is the assumption made in SKB’s 
model. Furthermore, SKB replaces a realistic description of uncertainties in the climate 
evolution in the base scenario (such as the initial period of the colder climate) by an 
unrealistic permafrost scenario which is combined with the present-day biosphere, 
namely dilution in the Baltic Sea. This type of scenario which is studied independently 
of probability (residual scenarios or “what if” scenarios) can be important from the 
perspective of gaining a greater understanding. However, it does not mean that the 
requirements on reporting the treatment of uncertainties in the base scenario can be 
mitigated. The effects of scenarios can be adequately illustrated through residual 
scenarios or extreme scenarios although, with these types of scenario, the uncertainties 
do not carry any weight in the overall risk assessment. In the opinion of the review 
committee, these problems could have been avoided if SKB had in advance defined the 
requirements that should be made on scenario selection in order to obtain an adequate 
basis for an integrated, overall risk assessment. 
 
The most critical exposure pathway is probably uptake via drinking water from a well. 
SKB presents a line of reasoning concerning the annual probability of a well drawing 
water from the most contaminated plume in the discharge area and states that the 
probability is 10 %. It is conservatively assumed that the group will consume the 
available radionuclides. Furthermore, with the support of the comments to SSI’s 
regulations (SSI, 1999), SKB states that it is reasonable to compare the calculated risk 
with a risk value that is a factor of 10 times higher than that specified in SSI’s 
regulations. SKB’s argument is that the few individuals that might use the well should 
probably be considered to be the most exposed individuals, rather than to be 
representative individual from a larger exposed population. 
 
In the view of the review committee, this line of reasoning is not compatible with the 
intentions in the comments on the regulations. According to the comments, SKB can 
use the higher risk value for the purpose of comparing it with the risk to an individual 
who incurs the highest risk of all. In the opinion of the review committee, SKB should 
consider that the probability of well exposure in this case should be considerably higher 
than the case with the larger group. The review committee would like to state here that 
work is in progress on clarifying these aspects of the authorities’ requirements regarding 
the reporting of the protective capability of a repository. 
 
SKB states that the impact on the repository’s protective capability after direct intrusion 
will be limited with respect to the low probability of the scenario. This line of reasoning 
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assumes that the damage to the repository from intrusion will not affect the protective 
capability for a long period of time. In cases where this cannot be shown, the accumula-
ted probability for intrusion should be taken into account. 
 
Assessment of Uncertainties in the Risk Assessment 

In the opinion of the review committee, SKB’s calculations partly give a clear 
illustration of which parameters, events and processes are most critical for the risk 
assessment. These include the inventory of certain radionuclides (mainly carbon-14, 
nickel-59 and plutonium), the groundwater flow in the repository as well as the 
recipient conditions in the biosphere. Nevertheless, in the opinion of the review 
committee, it is difficult to make an overall evaluation of the safety margins in SKB’s 
risk assessment. This is largely due to the fact that SKB’s account of results presents a 
deficient picture of the uncertainties associated with the results. Unlike SKB’s previous 
safety assessment for the spent nuclear fuel repository, SR 97, which had partially 
probabilistic features, the calculations in SSR 2001 are almost completely deterministic 
and only contain very limited sensitivity and uncertainty analyses. 
 
The calculation cases are based on a mixture of what is considered to be realistic and 
conservative assumptions. The qualitative reasoning, for example, concerning the 
conservatism of selected calculation cases which are presented as arguments for a high 
confidence in the results should, in the view of the review committee, be supplemented 
by quantitative assessments of uncertainties. This can be done by more systematic 
uncertainty and sensitivity analyses or by increasing the probabilistic element of the 
analyses. Chapter 6 of this review report provides examples of issues that have caused 
the review committee to question the conservatism of certain of SKB’s assumptions. 
 
Environmental Impact 

To assess the environmental impact as a result of ionising radiation, SKB performs 
comparisons between estimated radiation doses to biota and a number of internationally 
discussed limits. It is observed that the calculated doses to biota in the coastal eco-
system are far below these limits. However, SKB’s estimates for the lake ecosystem 
indicate doses that are significantly closer to the limits. The review committee considers 
that comparisons with different proposals for limit values should be conducted with 
considerable caution, since established limit values for the long-term exposure of biota 
at low radiation doses are completely lacking. Therefore, it is considered to be too early 
to draw conclusions, with any certainty, regarding how the leakage from SFR 1 can 
affect organisms in the area. 
 
Conclusions for Long-term Performance 

In the opinion of the review committee, SKB’s description in SSR 2001 does not 
provide an adequate basis for stating, without reservation, that SFR 1 complies with 
SSI’s risk criterion. In the view of the review committee, SKB’s results from the 
analyses of dose and risk are reasonable, namely that SFR 1, with reasonable assump-
tions regarding repository evolution and exposure pathways, can result in doses of 
around 1 mSv per year which, taking probabilities into account, corresponds to an 
annual risk of 10-6 – 10-5. This evaluation is also supported by the consult calculations 
(Maul and Robinson, 2002) that have been conducted on behalf of the authorities. 
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However, the review committee considers that the deficiencies that have been identified 
with respect to justifications of conservative assumptions and a lack of a thorough 
evaluation of uncertainties makes it difficult to judge the safety margins in SKB’s 
results. The fact that the calculated total risk is on a par with, or just above, SSI’s risk 
criterion of 10-6 per year, means that there is practically no scope for any 
underestimation of risk. 



 

  99

6 Key Issues from the Review 

In this chapter, a selection of critical issues that have emerged from the review 
committee’s review of SSR 2001 are discussed (SKB’s Final Safety Report 2001 for 
SFR 1) and these are based on the more detailed comments presented in previous 
chapters. The purpose of this chapter is to compile a list of areas where the review 
committee considers that SKB’s report specifically lacks clarity or is deficient. The 
selected comments are important for the assessment of the repository’s long-term 
protective capability, SKB’s safety assessment methodology or the way in which the 
safety assessment is presented. 
 
Safety Concept 

In the view of the review committee, SKB’s account of the safety concept in SSR 2001 
is far too unclear. Certain principles for safety performance can be derived by following 
SKB’s argumentation in SSR 2001. However, they are not described in a coherent way. 
The review committee’s interpretation of important parts of SKB’s safety concept is as 
follows: 

• The chemical barrier functions are a decisive factor for the protective capability of 
the repository. This means, for example, that it is decisive that the favourable 
chemical conditions for the sorption of radionuclides in the repository, such as a 
high pH and low redox potential, is maintained throughout the time-period. 

• The siting of the repository below the Baltic Sea means that there is a very low 
probability of intrusion during the time when most of the radionuclide decay occurs. 

• Dilution in the Baltic Sea is an important safety or protective function; the highest 
calculated radionuclide outflows from SFR 1 after resaturation (for example, as a 
result of gas formation), result in small doses precisely because of considerable 
dilution in the Baltic Sea. 

• Low groundwater flows are an important safety function; although groundwater 
flows through the repository will increase as a result of land uplift and a possible 
degradation of barriers, these must remain within reasonably predictable limits in 
order not to render SKB’s models for radionuclide release and transport from the 
repository invalid. Low groundwater flow is probably also a prerequisite for the 
validity of SKB’s assumption that the repository’s physical integrity is not critical to 
repository performance. 

 
The authorities and an international group of experts have previously indicated the need 
for establishing a coherent safety strategy when preparing a safety assessment 
(SKI, 2000a; SSI, 2000 and SKI, 2000b). By safety concept or safety strategy is meant a 
description of the principles that can provide the strongest arguments for the attainment 
of long-term safety and radiation protection. In the view of the review committee, a 
clear account of important safety functions is valuable in order to understand the 
reasons why certain analyses have been prioritised in the safety assessment and in order 
to be able to assess whether the requirements regarding the design of the barrier system 
presented in SKI’s regulations (SKI, 2002) are met. 
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The view of the safety concept may well change as a result of development work or new 
research findings. However, each safety assessment builds directly or indirectly on such 
premises.  
 
An interesting observation in this context is that the safety strategy for SFR 1 appears to 
have changed considerably since the construction licence was granted in 1983. At that 
time, safety was exclusively based on the physical containment of the waste in BMA 
and the Silo. The reason that sorption was not included in the first concept was due to 
the awareness that organic substances and complexing agents would make it difficult to 
take this process into account. This was changed already in 1987 when sorption was 
added as a chemical barrier. In the most recent assessments, the emphasis has increas-
ingly been placed on this chemical barrier function, especially as interest focuses on 
longer periods than 1,000 years. 
 
Measures for Closure 

Important issues concerning the design and location of plugs, backfilling of waste 
packages in BMA, the type of backfill for the different repository parts and measures 
for BLA are not clearly formulated or are left unanswered in SSR 2001. It has therefore 
not been possible to satisfactorily explain the safety-related importance of these closure 
measures. In the opinion of the review committee, this is an unnecessary limitation of 
the safety assessment which could have been avoided by preparing a plan for all closure 
measures. The review committee understands that such a plan may have to be adjusted 
in the future, if the existing repository is expanded or if another repository should be 
constructed at the site.  
 
Radionuclide Inventory 

From its review of the nuclide inventory upon which SKB has based its consequence 
analysis, namely the conservative inventory, the review committee has found that the 
inventory of long-lived nuclides has increased, in general, compared with the inventory 
of upon which the licence application was based. In the view of the review committee, 
this inventory does not comply with the present licence and therefore, the committee 
does not support SKB’s argument regarding the allowability of this inventory. On the 
other hand, the realistic inventory shows an acceptable agreement with the licensed 
inventory. 
 
With respect to the inventory of certain significant activation products, the uncertainties 
are unsatisfactorily large. This primarily applies to the inventory of carbon-14 and 
nickel-59. In the view of the review committee, it cannot be excluded that the inventory 
that SKB refers to as conservative actually underestimates the inventory of these 
radionuclides in the repository. Significant uncertainties are expected to exist also for 
the inventory of the fission product iodine-129. Taking into account the fact that these 
radionuclides dominate the long-term source term and the calculated future radiation 
doses, an improved estimate of the inventory must be made, probably based on reactor-
specific measurements. 
 
According to the forecast presented in SSR 2001, the most robust repository part, the 
Silo, will only be just over 60 % full in 2030. In the light of the fact that the calculated 
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future dose consequences are on a par with SSI’s dose criterion and the fact that the 
content of certain long-lived radionuclides may be underestimated in certain types of 
waste, in the review committee’s opinion, it has not been established that the reposi-
tory’s protective capability has been optimally utilised. In the opinion of the review 
committee, a critical examination of the distribution of different waste packages and the 
allocation of the waste to the different repository parts is necessary. 
 
Hydrogeological Modelling and Groundwater Flows 

Taking into account the considerable importance of the groundwater flow for 
engineered barrier degradation and radionuclide transport from SFR 1, it is vital that the 
flow data used are adequately supported. However, the review committee has identified 
several weaknesses in SKB’s hydrogeological modelling work, including the represen-
tation of heterogeneity, calibration and justification of material data for different reposi-
tory parts. It is also a deficiency that a thorough uncertainty analysis is lacking. In the 
light of this, the review committee does not consider that SKB has convincingly 
justified the groundwater flows that have been used in the consequence analysis for SSR 
2001. 
 
Selection of Sorption Data - Kd values 

There are weaknesses in the data for the selection of Kd values with respect to sorption 
in the near field (cement, gravel and bentonite). The review committee would like to see 
a more detailed discussion of uncertainties and realism of chosen data, which for 
example includes how sorption of important nuclides are affected by factors such as pH, 
redox, speciation, ion strength, measurement uncertainty, conversion of sorbants. In the 
opinion of the review committee, a sensitivity analysis should also have been conducted 
for the Kd values of the near field, especially to illustrate the effects during the initial 
Baltic Sea period. For the Kd values in the biosphere models, a sensitivity analysis has 
been presented (Karlsson et al, 2001), however, not for other parts of the system. 
 
SKB should have been more thorough in specifying the interval for particularly 
important groundwater parameters (pH, Eh, ion strength) which can reasonably be 
expected for different parts of SFR 1. These intervals are required in order to judge the 
suitability of the selected Kd values. The review committee believes that it is possible 
that future conditions in SFR 1 may deviate from those represented by the Kd values. 
Based on the available material, it is obvious that SKB’s general assumption of 
conservatism is not always fulfilled. 
 
In the view of the review committee, the knowledge of the impact of complexing agents 
on sorption such as isosaccharinate is not adequately well developed. Above all, a 
credible theoretical understanding of the control mechanisms and a link of these to 
models that can be used in the safety assessment are required. The progress made during 
the past 10 years to some extent supports the view that the impact would be manageable 
for most nuclides. However, the uncertainties are highly significant and further research 
is necessary. 
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Analysis of Barrier Evolution 
SKB’s study of concrete degradation which connects chemical processes with diffusion, 
which is used as a basis for assessing the degradation of the engineered barriers 
(concrete and bentonite) has merit. However, the study does not provide adequate data 
for the analysis of SFR 1, partly because certain possible physical degradation 
mechanisms are not included (thermal expansion, gas pressure, rock movements and 
bitumen expansion). In the opinion of the review committee, SKB should have, in a 
better manner, explained these mechanisms and the unavoidable links between chemical 
and physical degradation processes.  
 
It is difficult to see the connection between the analysis of concrete degradation and the 
calculation case for degraded barriers. For example, it is not obvious why, in this case, 
there is only a penetrating crack in a specific concrete compartment of BTF and BMA, 
at the same time that other parts of these concrete structures are assumed to remain 
intact. 
 
The review committee would like to see a credible analysis as the basis for excluding 
horizontal flow through the silo as well as a description of the resaturation process for 
the bentonite barrier. Furthermore, there is no coherent description of the resaturation 
process for SFR 1 in the main report. 
 
Biosphere Analyses 

In SSR 2001, SKB’s description of how the biosphere evolves over the next 10,000 
years as a result of the ongoing land uplift has merit. The description is well justified in 
view of the considerable importance of the biosphere, especially for a repository that is 
relatively near the surface such as SFR 1. However, certain deficiencies and simpli-
fications exist which affect the credibility of the dose and risk calculations. 
 
SKB presents a highly simplified modelling of radionuclide transport and turnover in 
the transition between the geosphere (the rock) and the soil and sediment layers and the 
surface water that is included in the ecosystem models. In the view of the authorities, 
SKB has not demonstrated that completely overlooking the impact of processes in these 
parts of the interface between the geosphere and biosphere is a conservative choice. 
This applies, for example, to the inflow of contaminated groundwater from the 
repository to the sea and lake sediment and subsequent redistribution and accumulation 
processes. In the opinion of the review committee, the system description and the 
models used in SSR 2001 do not adequately explain the transition between the 
geosphere and the biosphere. 
 
SKB states that the most significant consequences can be expected in the discharge area 
from the repository, and therefore this has been defined as a model area. In the view of 
the review committee, while this in itself may be a reasonable assumption, it would like 
to emphasise that this should be better justified with respect to the fact that a very 
substantial portion of radionuclides leave the model area in the surface or groundwater, 
depending on the ecosystem and it is not clear what effects these radionuclides can have 
on man and the environment in the near surroundings (or further away). 
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The abrupt transitions between different ecosystems in SSR 2001 mean that potentially 
important processes and their possible consequences as parallel exposure pathways may 
be overlooked, for example, in connection with lake sediment being used as agricultural 
land. It is also a significant deficiency that the expected dominant ecosystem, the forest, 
is not included in the analysis at all. In the opinion of the review committee, SKB has 
not shown that agricultural land is always the most conservative terrestrial ecosystem. 
 
Scenario Selection 

Even if SKB’s methodology for the selection and formulation of scenarios is an 
advancement compared with the methodology used in SR 97 (SKB, 1999), the review 
committee has identified a number of deficiencies in relation to the requirements 
stipulated in regulatory documents and comments made in connection with the 
regulatory review of SKB’s previous safety reports for SFR 1. The most important 
comments are summarised here: 

• The step from the selection of scenario-initiating events to the formulation of 
scenarios is inadequately described, which makes the completeness of the scenario 
choice difficult to judge. 

• The base scenario does not have a case that takes into account the expected 
evolution of the repository in accordance with the requirements of the regulations. A 
case should be included that describes the gradual evolution of the repository, partly 
as a starting point for evolution alternatives and partly to demonstrate an 
understanding of the processes that determine repository evolution. 

• In previous reviews (SKI and SSI, 1994), the authorities requested a better 
evaluation of different combinations of unfavourable features, events and processes 
(FEPs). There are still deficiencies in this area, since SKB has not explicitly 
evaluated the importance of the uncertainties surrounding the future climate 
evolution and complexing agents in the base scenario. The more or less extreme 
scenarios (permafrost and forgotten chemicals) with low probability are valuable, 
but they do not fill the same function. 

 
Selection of Time-period for the Safety Assessment 

It is not reasonable to, a priori, limit the time for the selection of the scenario-initiating 
events to 10,000 years. The fact that SKB subsequently, on the basis of the scenario 
analyses, draws the conclusion that 10,000 years is an adequate time-period for the 
safety assessment may be a direct consequence of this limitation. 
 
The calculated doses at 10,000 years after closure are about an order of magnitude 
lower than those that are calculated for the inland lake period. However, the trend in the 
calculations presented by SKB in SSR 2001 indicate successively increasing dose 
consequences (except for BLA) at the time 10,000 years after closure. In the light of the 
fact that the radionuclides that dominate the long-term environmental consequences 
have half-lives on the order of thousands to tens of thousands of years, SKB’s 
justification for selecting the time-period is inadequate. Furthermore, SKB’s selection 
of the time-period is not consistent with the regulations. 
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Model Selection 
The review committee would like to see a more systematic and traceable description of 
how calculation models are derived, together with a discussion of the importance of the 
simplifications made in relation to the more complete system description in the inter-
action matrices. SKB’s information flow diagrams provide a good overview of how the 
analyses of the long-term performance of the repository have been organised. However, 
SKB’s description does not provide a satisfactory account of how the intermediate 
interpretation was done and of how data were transferred between the different models 
in the calculation chain. 
 
Risk and Uncertainty Analysis 

The review committee considers SKB’s principles for aggregating the risk contributions 
from different scenarios to be acceptable. It is also positive that the calculated doses are 
reported as a function of time and space. 
 
SSR 2001 lacks a thorough sensitivity and uncertainty analysis. Yet, SKB states that the 
confidence in the risk assessment is good, referring to their statement that many para-
meters and calculation cases have been chosen in a conservative manner in order to 
overestimate the calculated consequences. The review committee does not share SKB’s 
high level of confidence in the overall risk assessment. In the view of the review 
committee, there is a need for a more systematic evaluation of uncertainties associated 
with calculated radiation doses and estimated scenario probabilities and their impor-
tance in the discussion of the risk contributions from different calculation cases and 
scenarios. 
 
In this review, the review committee has presented examples of inadequately justified 
parameter choices, for example, the inventory of dose-dominating radionuclides, flow 
data and Kd values. The fact that the repository is expected to undergo a complex, time-
dependent evolution with the successive degradation of the engineered barriers, land 
uplift and changed recipients also makes it difficult to know, in advance, what are 
conservative parameter choices. The review committee also considers that SKB should 
in advance specify the criteria that must be made regarding the choice and formulation 
of scenarios in order to obtain a good basis for an overall risk evaluation. 
 
Documentation and Quality Assurance 

The review committee considers that SSR 2001 is based on a suitable structure of 
background reports which, at different levels, support the main document (for example, 
the data report, the calculation report, the FEP database). However, in the opinion of the 
review committee, there are deficiencies in the documentation and in the quality 
assurance. Some examples are:  

• parts of the expected documentation of calculation models for the near field and the 
biosphere are missing, 

• probabilistic calculations for the biosphere are not reported, 

• the reproduction of the biosphere calculations has not been possible, based on 
published material (Egan et al, 2003), 
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• the choice of parameters for consequence calculations are partially unclear (for 
example, the choice of Kd values and certain transport parameters for engineered 
barriers), 

• some information is only available as internal SKB material (SKB’s judgement of 
the FEP database). 

 
On the whole, the review committee finds that there are deficiencies in traceability, 
transparency and reproducibility. 
 
The review committee is of the opinion that SKB, to a larger extent, should document 
procedures for formulating the critical stages of the consequence analysis, such as data 
selection, conceptual models and calculation cases. The use and documentation of 
expert judgements is essential to reinforce parts of a safety assessment for which 
technical arguments must be supplemented by judgements based on experience. 
 
The review committee also considers that SKB should consider how the requirement 
regarding an independent safety review, in accordance with SKIFS 1998:1 (SKI, 1998) 
is to be satisfied within the safety assessment for long-term safety. 
 
Feedback into Further R&D 

The safety report for SFR 1 does not include any feedback into further research and 
development work. Even if this is not a regulatory requirement, in the view of the 
review committee, SKB should describe the experience gained from each completed 
safety assessment, such as important knowledge gaps or uncertainties. This will provide 
the necessary basis for prioritising further research and development work and, thereby, 
for constantly increasing the level of knowledge and improving future safety reports. 
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