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SSM perspective 

Background 
The Swedish Radiation Safety Authority (SSM) received an application 
for the expansion of SKB’s fi nal repository for low and intermediate level 
waste at Forsmark (SFR) on the 19 December 2014. SSM is tasked with 
the review of the application and will issue a statement to the govern-
ment who will decide on the matter. An important part of the applica-
tion is SKB’s assessment of the long-term safety of the repository, which 
is documented in the safety analysis named SR-PSU.

Present report compiles results from SSM’s external experts’ reviews of 
SR-PSU during the main review phase. The general objective of these 
reviews has been to give support to SSM’s assessment of the license 
application. More specifi cally, the instructions to the external experts 
have been to make an in depth assessment of the specifi c issues defi ned 
for the diff erent disciplines.

Project information
Contact person SSM: Georg Lindgren 

Contact persons and registration numbers for the diff erent expert review 
contributions are given in the report.
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This report concerns a study which has been conducted for the 
Swedish Radiation Safety Authority, SSM. The conclusions and view-
points presented in the report are those of the author/authors and 
do not necessarily coincide with those of the SSM.
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ܽ௪ = ௪,௥ݐ௥ܨ
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௏݂ = max௜,௝ ቆܳ௏,௜,௝ܳ௏,ଵ,௝ቇ
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௭,௘௙௙ܭ = ∑ℎ௜∑ ቀℎ௜ܭ௜ቁ
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Author: Joel Geier1) 
 1)Clearwater Hardrock Consulting, Corvallis, U.S.A. 
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௦௬௦௧௘௠ܥ  =  1∑ ௜ே௜ୀଵܥ1
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= ܥ ௩௔௨௟௧ܮ௩௔௨௟௧ܣ௕௔௖௞௙௜௟௟ܭ  − ௪௔௦௧௘ܮ

= ܥ ௩௔௨௟௧ܮ௥௢௖௞ܣ௥௢௖௞ܭ 
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௘௙௙ܭ = ௬ܭ௫ܭ  ቆcosଶ ௫ܭߠ + sinଶ ௬ܭߠ ቇ



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28

  
Authors: R. Metcalfe1), S. J. Benbow1), J. C. Wilson1), D. Savage2) 
 1)Quintessa Limited, Henley on Thames, UK 
 2)Savage Earth Associates, Bournemouth, UK 
  
 

 
Activity number: 3030014-1028 
Registration number: SSM2016-5185 
Contact person at SSM: Henrik Öberg 

3



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SSM 2017:28

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



SSM 2017:28



SSM 2017:28



SSM 2017:28

e th



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28

�
�

�



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28

૙࢚
࢞

࢚ > ૙࢚



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28

logߛ௜ = ି஺௭೔మ√ூଵା௔೔°஻√ூ + ܫܤ̇ ∀݅ ∈ ܵ with ݖ௜ ≠ ܣ0 ܤ ܤ̇ ܽ௜° °௜ܽܤ 10ିଵ଴

ݐ݀ܵ݀ = ൫݇ଵ(ܽுା)௡భ(ܵ)ܣ + ݇ଶ + ݇ଷ(ܽுା)௡య + ݇ସ൫ ஼݂ைమ൯௡ర ൯ ൬1 − ൰ܭܳ
ܵ ݐ ݇ଵ,ଶ,ଷ,ସ ଵ݊݊(ܵ)ܣ ݊ଷ ݊ସ ܳܽுశ ஼݂ைమܭ (ܵ)ܣ ௦௣ܹܣ݇ (ܵ)ܣ  = ܵ ܹ ௦௣ܣ 
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ݐ߲߲ (ܿߩߠ) = ∇ ⋅ ܿ∇௘ܦߩ) − .(ܿࢗߩ
ܿ ,ݔ)ߠ (ݕ (ߠ)ࢗ(ߠ)௘ܦߩ

(ߠ)௘ܦ = ଴ߠߠ ,௘଴ܦ
௘଴ܦ ଴ߠ

ݐ ݆ܸி଴ ி,௝௉ܸܥ ݐ
௉ܸ(ݐ) = ிܸ଴ ෍ ௏,௝௝ܯ(ݐ)ி,௝ܥ ௏,௝ܯ, ݆ ஺ݓிܣ ݐ

(ݐ)஺ݓ = ௣ܸ(ݐ)ܣி ி଴ݓ. ݐிݓ (ݐ)ிݓ = ி଴ݓ − .(ݐ)஺ݓ
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஺ܿெݕ஺ெ
ெభܨ = ௘ெଵܦߩ ஺ܿெ − ܿெభy୅୑ − .ெభݕ

ଵܯ ܿெభ ݕ ௘ெଵܦெభݕ ெభߠ ெభܨ
஺ெݕ

஺ݓ > 0

ிܨ = ௘ி෪ܦߩ ܿி − ஺ܿெy୊ − .஺ெݕ
ܿி y୊

௘ி෪ܦ y୊ ஺ெݕ

ிܨ − ெభܨ = 0.
஺ܿெܨி ெభy୊ܨ ெభݕ
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௘ி෪ܦ ௘ெଵܦ
௘ிܦ௘ி෪ܦ ௘஺ܦ

௘ி෪ܦ (ݐ) = ቆ1 − ௘ிܦ(ݐ)݂ + ௘஺ܦ(ݐ)݂ ቇିଵ,
(ݐ)݂ = .ி଴ݓ஺ݓ

௜ݔ߲݌߲ − ௜ݑ∇ߤ = 0,    for ݅ = ,ݔ ,ݕ .ݖ
݌ ݑ = ൫ݑ௫, ,௬ݑ ߤ௭൯ݑ
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ݔ ݕ߲/݌߲ ݖ߲/݌߲= = 0 ݔ߲݌߲ − ߤ ߲ଶݑ௫߲ݕଶ = 0.
ݕ ݕ

ݕݔ ݔ߲݌߲ = ܥ = ߤ ߲ଶݑ௫߲ݕଶ = 0,
ܥ ௜ܲ௡ܮ ௢ܲ௨௧݌ = ௜ܲ௡ + ,ݔܥ

ܥ = ௢ܲ௨௧ − ௜ܲ௡ܮ ,
,ݕ)௫ݑ (ݐ = ߤ2ܥ ൭ݕଶ − ቆݓி(ݐ)2 ቇଶ൱.

ܥ
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ܹ
ܳ = ܹ න ௫ݑ

௪ಷ/ଶ
ି௪ಷ/ଶ = ݕ݀  ܣ  ிଶ12ݓ ௜ܲ௡ − ௢ܲ௨௧ߤܮ .

ܣ = ௙ܳݓܹ ݇ݍ
ܳ = ݍܣ = ܣ− ߤ݃ߩ݇ ∇ℎ.

݇ = .ிଶ12ݓ

௘஺ܦ ௘ெ଴ܦ
௘஺ܦ = ௘ெ଴ܦߙ .

ߙ ≥ 10ିଷ ߙ =10ିସ
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௖௥௜௧ߠ ௖௥௜௧ߠ = 10ିଷ

10ିଷ0.51.89 × 10ିଷ3 × 10ିଵଶ ߙ0.11 ௘஺ܦ 10ିଷ2.5 × 10ିସ10ିଵ10ିଷ 3 × 10ିଷ1.5 × 10ିସ

2.5 × 10ିଶ

ߙ
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Variant 1 

ߙ ߙ = 10ିଵ0.1
Variant 2 

Variant 3 

Variant 4 

2.5 × 10ିଶ
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10ିଷ 1.89 × 10ିଷ10ିଵ 1.89 × 10ିଷ10ିଷ 2.5 × 10ିଶ10ିଵ 2.5 × 10ିଶ

2.5 × 10ିସ 5 × 10ିସ9.05 × 10ିସ 8.1 × 10ିସ1.965 × 10ିଷ 1.31 × 10ିଷ3.68 × 10ିଷ 2.12 × 10ିଷ6.46 × 10ିଷ 3.44 × 10ିଷ1.097 × 10ିଶ 5.58 × 10ିଷ1.828 × 10ିଶ 9.03 × 10ିଷ3.01 × 10ିଶ 1.46 × 10ିଶ4.92 × 10ିଶ 2.37 × 10ିଶ8.03 × 10ିଶ 3.84 × 10ିଶ

஼ܰ ஺ܰܰெ ஼ܰ(2 ஺ܰ + ܰெ) ஼ܰ = 110 ஺ܰ = 46ܰெ = 35



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28

10ସ



SSM 2017:28

࢚ = ૞૙

࢚ = ૚૙૝ߠ/(ݐ)ߠ଴) ݐ = 10ସ



SSM 2017:28

૙ࣂ/(࢚)ࣂ ࢚ = ૚૙૝



SSM 2017:28

࢚ =૚, ૚૙, ૞૙, ૚૙૙, ૛૙૙, ૞૙૙, ૚૙૙૙

࢚ = ૙, ૚, ૚૙, ૚૙૛, ૚૙૜, ૚૙૝ 



SSM 2017:28

2.5 × 10ିସ



SSM 2017:28

࢚ = ૚૙૝

Variant 1 



SSM 2017:28

૙ࣂ/(࢚)ࣂ ࢚ = ૚૙૝

࢚ = ૙, ૚, ૚૙, ૚૙૛, ૚૙૜, ૚૙૝



SSM 2017:28

࢚ = ૙, ૚, ૚૙, ૚૙૛, ૚૙૜, ૚૙૝



SSM 2017:28

࢚ = ૚૙૝

Variant 2 



SSM 2017:28

૙ࣂ/(࢚)ࣂ ࢚ = ૚૙૝

࢚ = ૙, ૚, ૚૙, ૚૙૛, ૚૙૜, ૚૙૝



SSM 2017:28

࢚ = ૙, ૚, ૚૙, ૚૙૛, ૚૙૜, ૚૙૝

࢚ = ૚૙૝



SSM 2017:28

Variant 3 



SSM 2017:28

૙ࣂ/(࢚)ࣂ ࢚ = ૚૙૝

࢚ = ૙, ૚, ૚૙, ૚૙૛, ૚૙૜, ૚૙૝



SSM 2017:28

࢚ = ૙, ૚, ૚૙, ૚૙૛, ૚૙૜, ૚૙૝



SSM 2017:28

࢚ = ૚૙૝



SSM 2017:28

Variant 4 



SSM 2017:28

૙ࣂ/(࢚)ࣂ ࢚ = ૚૙૝

࢚ = ૙, ૚, ૚૙, ૚૙૛, ૚૙૜, ૚૙૝



SSM 2017:28

࢚ = ૙, ૚, ૚૙, ૚૙૛, ૚૙૜, ૚૙૝



SSM 2017:28

࢚ = ૚૙૝

Variant 5 



SSM 2017:28

૙ࣂ/(࢚)ࣂ ࢚ = ૚૙૝



SSM 2017:28

࢚ = ૙, ૚, ૚૙, ૚૙૛, ૚૙૜, ૚૙૝

࢚ = ૙, ૚, ૚૙, ૚૙૛, ૚૙૜, ૚૙૝



SSM 2017:28

࢚ = ૚૙૝



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28

 

 



SSM 2017:28



SSM 2017:28

 

 



SSM 2017:28



SSM 2017:28



SSM 2017:28

 



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28

ௗܭ = ܥܵ



SSM 2017:28

•

•



SSM 2017:28



SSM 2017:28

௖݂௛௘௠ = ௗ(௖௔௟௖)଴ܭௗ(௖௔௟௖)ܭ
ௗ(௖௔௟௖)ܭ ௗ(௖௔௟௖)଴ܭ



SSM 2017:28

•

−
−
−

•

•

•



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28

‐



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28

  
Author: G. Sällfors1) 
 1) GeoForce AB, Billdal 
  
  
 

 
Activity number: 3030014-1023 
Registration number: SSM2016-4324 
Contact person at SSM: Jinsong Liu 

4



SSM 2017:28



SSM 2017:28

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28

  
Authors: M. Apted and R. Arthur1) 
 1)INTERA Incorporated, Austin, Texas, U.S.A. 
  
  
 

 
Activity number: 3030014-1024 
Registration number: SSM2016-4325 
Contact person at SSM: Jinsong Liu 

5



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28

 
 
 
 

 

 

 
 

 
 

 
 
 
 

3.5.
 

 

 

 
 
 
 



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28



SSM 2017:28

 
Figure 3-1 Overview of Barriers, including Bentonite-bearing Components, in SFR Planned 

Expansion. 
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Figure 3-2 Schematic structure of dry montmorillonite (left) and hydrated montmorillonite (right). 
Expanded interlayer-space contains both charge-compensating cations and water 
molecules. (from Figure 5-5, Karnland et al, 2006). 
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Figure 3-3 Framework structure of montmorillonite clay with initial Fe(III) ions in octahedral sites. 

Under reducing conditions, as argued for in SKB (2014-TR-2014-04) for the SFR, the 
Fe(III) ions can be reduced to Fe(II), leading to possible destabilization of the clay. 
(from SKB. 2006b. Buffer and backfill process report for the safety assessment SR-
Can. SKB TR-06-18, Swedish Nuclear Fuel and Waste Management Co., Stockholm, 
Sweden).  
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Figure 6-1. Outline of the parameter space for the possible formation of a disperse sol of Wyoming
type montmorillonite in equilibrium with an external Ca/Na-chloride solution. The lower 

curve (X=0.9) represents a Ca fraction ≥ 0.9 in the clay, the upper curve represents an 
ionic strength ≥ 25 mM (which is the CCC for Wyoming-type montmorillonite in NaCl 
solution (Birgersson et al. 2010, 2011). [Caption is the direct quote for Figure 7-2 in 
SKB (2014d)]. 
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Strålsäkerhetsmyndigheten
Swedish Radiation Safety Authority 

SE-171 16  Stockholm Tel: +46 8 799 40 00 E-mail: registrator@ssm.se 
Solna strandväg 96 Fax: +46 8 799 40 10  Web: stralsakerhetsmyndigheten.se

2017:28 The Swedish Radiation Safety Authority has a 
comprehensive responsibility to ensure that 
society is safe from the effects of radiation. 
The Authority works to achieve radiation safety 
in a number of areas: nuclear power, medical 
care as well as commercial products and 
services. The Authority also works to achieve 
protection from natural radiation and to 
increase the level of radiation safety 
internationally. 

The Swedish Radiation Safety Authority works 
proactively and preventively to protect people 
and the environment from the harmful effects 
of radiation, now and in the future. The Authority 
issues regulations and supervises compliance, 
while also supporting research, providing 
training and information, and issuing advice. 
Often, activities involving radiation require 
licences issued by the Authority. The Swedish 
Radiation Safety Authority maintains emergency 
preparedness around the clock with the aim of 
limiting the aftermath of radiation accidents 
and the unintentional spreading of radioactive  
substances. The Authority participates in 
international co-operation in order to promote 
radiation safety and fi nances projects aiming 
to raise the level of radiation safety in certain 
Eastern European countries.

The Authority reports to the Ministry of the 
Environment and has around 300 employees 
with competencies in the fi elds of engineering, 
natural and behavioural sciences, law, economics 
and communications. We have received quality, 
environmental and working environment 
certifi cation.
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