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KTL = Nuclear Activities Act,  MB = Environmental Code
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SKB’s site selection stratSKB’s site selection strat
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The site that offers the bestThe site that offers the best 
prospects for achieving long-
term safety in practice will beterm safety in practice will be 
selected

If no decisive difference is found. If no decisive difference is found 
between the sites in terms of 
their prospects for achieving p p g
long-term safety, we select the 
site that is judged to be the most 
favourable for accomplishing the 
final repository project from other 
aspectsaspects



Our sitesOur sites

Comprehensive investigatiop g
and evaluated at both sites

LLaxemar

ons have been completedp

F kForsmark



Safety assessments (1/2Safety assessments (1/2

• Long-term safety is evaluated 

• SKB has made a series of safe

E l d i t t il t• Early and important milestone:

– Basis for application for ope

• The most recent assessment, 

– Main purpose to give the reg
opportunity to review the saf
and to make a preliminary e

it i F k drepository in Forsmark and 

– Based on site data from initi
LaxemarLaxemar

))

by means of safety assessments

ety assessments

KBS 3 t i 1983: KBS-3 report in 1983

erational permit for F3 and O3

SR-Can, was published in 2006

gulatory authorities an 
fety assessment methodology, 

evaluation of the safety of a 
LLaxemar

ial investigations in Forsmark and 

Safety assessments (2/2Safety assessments (2/2

• SR-Can was reviewed by SKI a
international expert panels

• Main message in review reporta essage e e epo
methodology is largely accepta
regulations”

• We therefore have a developed
term safetyy

– The method has now been u

• SR Can demonstrated clear dif• SR-Can demonstrated clear dif

– But it was unclear how repre
especially for Laxemarespecially for Laxemar

))

and SSI, supported by three 

t: “Safety assessment Sa e y assess e
able and complies with 

d method for evaluating long-

used to compare the sites

fferences in Forsmark’s favourfferences in Forsmark s favour

esentative the initial data were, 



Comparative analysis Comparative analysis 
h i ih i icharacteristicscharacteristics

• Objectives
– Present analyses of primary importanc

safety.
– Assess whether conclusions on differe

drawn or not based on this set of analy
– Assess potential differences in suitabil

sites.

• Limitation in scope
– Not a formal assessment whether a fin

regulations Such an assessment will bregulations. Such an assessment will b

• Size
– 100-120 pages 

• Status
– First, internal, version produced in Jun

This version is internal to SKB and will– This version is internal to SKB and will
– Final version will be produced in coord

published in connection to SKB’s subm

of safety related site of safety related site 

ce for site suitability with respect to long term 

ences in suitability between the sites can be 
yses.
ity with respect to long term safety for the two 

nal repository at the investigated sites fulfils 
be made in SR-site for the selected site onlybe made in SR site, for the selected site only. 

ne 2009, as a basis for the site select
l NOT be publishedl NOT be published.

dination with SR-Site and will be externally 
mittal of license applications in 2010..

Comparative analysisComparative analysisp yp y
site characteristicssite characteristics
• 1  Introduction

• 2  Achieving the initial g
state

• 3  Sensitivity to climate y
evolution

• 4  Changes in fracturing -g g
Thermally induced spalling

• 5  Hydrogeology and y g gy
transport conditions

• 6  Chemical conditions and 6 C e ca co d o s a d
their evolution

s of safety related s of safety related yy

• 7 Earthquakes

• 8  Mineral resources

• 9  Retardation

10 Th bi h• 10 The biosphere

• 11 Expected results of risk 
l l ticalculation

• 12 Confidence in the site 
d i ti d ldescriptive models

• 13 Conclusions



SafetySafety--related site related site 
characteristics characteristics 
The repository is adapted to the r
conditions

Point of departure for safety evaluatPoint of departure for safety evaluat

•Respect distance to deformation zo

•Thermal conductivity•Thermal conductivity

•Long fractures

After adaptation there is little or n
difference for the following factor

•Earthquakes

•Biosphere conditions

•Site understanding

rock 

tiontion

ones

no 
rs

Safety-related site char
Groundwater flow

• Far fewer water-
conducting 
fractures at 

it d threpository depth 
in Forsmark

• Lower ground-
water flows in 
Forsmark onForsmark – on 
average about 
100 times lower100 times lower

racteristics



Safety-related site char
G d t flGroundwater flow
• Far fewer water-conducting fractureg

• Operating period

– Water saturation of buffer and baWater saturation of buffer and ba

• Closed repository – temperate perio

– “Equivalent flow” around deposit– Equivalent flow  around deposit
lower in Forsmark

– “Transport resistance” (F factor) p ( )
Forsmark

• Closed repository – glacial periodp y g p

– The groundwater flows can temp
the difference between the sites 

– The favourable composition (sali
affected in Forsmark

racteristics

es in Forsmark

ackfill takes long time in Forsmarkackfill takes long time in Forsmark

od

tion hole on average 100 timestion hole on average 100 times 

on average 10 times higher in g g

porarily increase considerably, but 
persists

inity) of the groundwater is less 

Safety-related site charSafety-related site char
Groundwater chemistry

• Groundwater salinity (Na, Ca) affe

– More favourable for Forsmark u– More favourable for Forsmark u
even under glacial conditions

• Possible infiltration of oxygen-contPossible infiltration of oxygen-cont
conditions – affects the durability o

– More favourable in Forsmark du

• Sulphide – affects the durability of

– Small differences between the sSmall differences between the s

racteristicsracteristics
y

ects the durability of the buffer

up to the next glaciation and maybeup to the next glaciation and maybe 

taining groundwater under glacialtaining groundwater under glacial 
of the canister

ue to lower groundwater flowsg

f the canister

sitessites



Safety-related site charSafety-related site char
Rock mechanical condi

• Risk of thermal spalling

– Higher rock stresses in Forsm– Higher rock stresses in Forsm
increase the risk of thermal sp
deposition holes, i.e. fracturing
the heat is transmitted from th
canister to the rock

Causes deterioration in barrie– Causes deterioration in barrie
properties near the hole, but th
groundwater flow in Forsmarkg
than compensates for this 
disadvantage

racteristicsracteristics
itions

markmark 
palling in 
g when 

he 

rr 
he low 

k more 

Safety-related site chary
Climatic conditions

• Warmer climate does not affect the di
the sites

• Permafrost reaches deeper in Forsma
thermal conductivity of the rock

J d d t t d– Judged not to damage 
buffer or backfill

L i d ith i h t• Longer period with ice sheet 
or under water in Forsmark

racteristics

fferences between 

ark due to the higher 



Safety-related site chary
Safety evaluation

f f• We have made a forecast of the
assessment based on the result
input data since SR Caninput data since SR-Can

– The safety assessment will be
applicationapplication

• Two scenarios contributed to the

– Canister failure due to earthqu

– Canister failure due to acceler
th b ff h b d dthe buffer has been eroded aw

• Today buffer erosion – and there
sulphide corrosion scenario – is 
handled in the same way as in S

racteristics

f f outcome of the safety 
s of SR-Can and updates in 

e presented as part of the 

e calculated risk in SR-Can:

uake

rated sulphide corrosion after 
way

eby the risk-dominating 
judged to remain and is 

SR-Can

Risk curves from SR-CRisk curves from SR-CCanCan



Safety-related site charSafety-related site char
Expected results of risk

• Earthquakes

– No essential differences be– No essential differences be

– The risk is judged to be equ
in SR-Can

• Erosion/corrosion scenario

– The risk that dilute groundwThe risk that dilute groundw
the buffer is lower in Forsm

– If the buffer erodes, a few c
Forsmark after a very long t
be damaged in Laxemar du

• Much better prospects for ach
in Forsmark

racteristicsracteristics
k calculations

tween the sitestween the sites

ual to or lower than calculated 

water during glaciation will damagewater during glaciation will damage 
ark

canisters could be damaged in 
time. Many more canisters could 

ue to the higher flows

ieving a safe final repository 



Design Premises – baseDesign Premises base
• Provide requirements from a long term 

safety aspectsafety aspect
– to form the basis for the development of

reference design of the repository

– to justify that design

• Design premises typically concern
– specification on what mechanical loads 

barriers must withstand

– restrictions on the composition of barrie
materials or acceptance criteria for the 
various underground excavations

• The justification for these design premi• The justification for these design premi
is derived from SKB’s most recent safe
assessment SR-Can (SKB 2006a) 

l t d b f dditi lcomplemented by a few additional 
analyses.

ed on input from PAed on input from PA

f the 

the 

r 

sesses 
ety 

Design Premises – UndDesign Premises Und

• Respect distances to largeRespect distances to large 
deformation zones

D iti h l t• Deposition hole acceptance c
(fractures, inflow, geometry)

• Thermal conditions (T<100 C)

• Allowed materials (e g only lo• Allowed materials (e.g. only lo
concrete)

• …

erground excavationerground excavation

it iriteria 

)

ow pHow pH 



Technology for executiTechnology for executi
Flexibility Flexibility –– spacespace
Forsmark

Room for 6,000 canisters if the loss 
of canister positions is less than 23%of canister positions is less than 23%

Expansion options: 
1) thermal optimization
2) repository in two levels 
3) expand towards southeast

LaxemarLaxemar

Room for 6,000 canisters if the loss 
is less than 25%

Expansion options:
1) thermal optimization 
2) repository in two levels2) repository in two levels 
3) expand towards west and so

ionion

rate 
%%

rate 

outh

Technology for executiTechnology for executi
Loss of deposition posiLoss of deposition posiLoss of deposition posiLoss of deposition posi
Forsmark

• Water not a problem

• Uncertainties in rock stressesUncertainties in rock stresses
– Can cause spalling in 

deposition holes
– Loss of less than 500 

positions

Uncertainties concerning• Uncertainties concerning 
frequency of long fractures
– Could at worst entail a loss 

rate of 10-25%
– Reasonable to assume that 

the actual loss rate will bethe actual loss rate will be 
much lower

ionion
itionsitionsitions   itions   

Laxemar

• High frequency of water-
conducting fractures

E t i ti d– Extensive grouting need
– Loss of at least 3,000 

positionspos o s

• Rock stresses not a problem

• Uncertainties concerning• Uncertainties concerning 
frequency of long fractures
– Could at worst entail a loss 

rate of 10-25%
– Reasonable to assume that 

the actual loss rate will bethe actual loss rate will be 
much lower



Technology for executioTechnology for executioTechnology for executioTechnology for executio
EfficiencyEfficiency
• Forsmark entails a much lower risk 

compared with Laxemar

• Higher thermal conductivity in Forsm
repository is needed

• Rock construction in Laxemar is im

• Laxemar requires extensive develoq
and backfilling technique

• In Forsmark there may be a need foy
tunnels, but this is not deemed to e

• Forsmark offers lower costs and mo
and execution

onononon

of loss of deposition positions 

mark means a 30% smaller 

paired by large water inflows

opment of grouting methodology p g g gy

or additional rock support in pp
ntail any appreciable difficulties

ore robust premises for planning p p g



Summary – Safety andSummary Safety and 

• The rock in Forsmark providep
a long-term safe repository an
projectp j
– The rock is homogeneous an

fractures at repository depth

– High thermal conductivity per

• Execution in Forsmark is mor• Execution in Forsmark is mor
– Less need for grouting, simpl

Smaller repository lower co– Smaller repository – lower co

– High rock stresses judged to 

Hi h bilit i– High permeability in near-sur

– Sensitive natural environmen

executionexecution

es much better conditions for 
nd facilitates execution of the 

nd has few water-conducting 

rmits a compact repository

re robust manageable risksre robust – manageable risks
er backfilling

ostsosts

be manageable

f k ( 100 )rface rock (<100 m)

nt requires adaption



Summary – Could the aSummary Could the a

• Continued research on bentonite e
too pessimistic in our assessment 

– The difference between the site
radiological risk may be lower o

• Possibilities for improved prospects

– Development of grouting method

Si ifi tl i d it– Significantly increased repositor

• Requires more investigatio

L d d• Larger underground area n

• Higher technical risks

assessment change?assessment change?

erosion may show that we have been 
of long-term safety

s may be greatly reduced and the 
n both sites

s for Laxemar

d and backfilling technique

d th ( 700 ) b try depth (>700 m), but

ons 

d d d t hi h t tneeded due to higher temperature

Role of PA - conclusionRole of PA - conclusion
• Key role of detailed safety functions

Risk curves themselves not appropriate– Risk curves themselves not appropriate
Function’s is a useful means of breaking

• Feasiblity in Design and Construction ay g
related to PA
– , i.e. the main issue is how to meet desi

demandsdemands

• Envirnomental and sociatal factors imp

Remarks on MAA• Remarks on MAA
– Concept of multiple siting factors releva

– But, most siting factors dependent on eag p

– importance more on/off than gradual. 

– Using MAA points for decision making m

nsns

e for site selection but assessment of Safetye for site selection – but assessment of Safety 
g down the long term safety issues

also essential siting factors – strongly g g y

gn premises based on long term safety 

portant – but could not be decisive 

nt

ach other

may be misleading
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