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De nyskapade radioaktiva isotoperna i utbrant
karnbransle &r kemiskt lika de naturliga till vilka
biologin ar anpassad till

Dessa isotoper maste darfor
- hanteras isolerat fran biosfaren
- slutférvaras utanfor biosfaren och

- utanfor omrédet med rorligt grundvatten som star
i forbindelse med biosfaren

METODPROBLEM
Mangden avtar exponentiellt men &r inte 0 ens
efter 100 000 ar LOKALISERINGEN
INKAPSLINGEN
UTFORMNINGEN
METODPROBLEM Att gbra en prognos med

data frén 100 &r till 200 000 &r

jordskalvsfrekvens  observations

fonster
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METODPROBLEM
=

Att bedoma ett omrades
geologiska utveckling fran en yta
pa nagra kvadratkilometer

| det storre geografiska fonstret &r
halva ytan dessutom under vatten

Endast ca 35 km dster om Forsmark ligger en av Ostersjéns djupaste
omraden — en grabenstruktur i direkt forlangning av de stora rérelsezonerna




METODPROBLEM Gamla skjuvzoner blir
geologiskt ateranvanda
férkastningszon
/ efter erosion
jordyt Zal
Jordytan ST SN férkastningszon i
oS \\}f RS T fossil duktil skjuvzon
RIS SRS
Z f N L
jordskaly / )
i jordytan
| ca 20 km
duktil skjuvzon
METODPROBLEM Har ingenting har hant
pa 2 miljarder ar ?
:r"slieli:;:" 1 miljard 1&‘:“::‘32:\""
] ] 1 0 |
L] L] L L |
den kristallina m;r:‘ avsittning av intrusion
berggrunden

avsiitning av
sediment  av diabas ecimer '/
bildas /

/ den skandinaviska

bergkedjan bildas
200 000 ar
| -
100 miljoner
ar sedan

avsittning och erosion av sediment

10 miljoner  senaste
arsedan istiden

En ny bergskedjebildning pagar




METODPROBLEM slutsatser

Det gar inte att dra slutsatser om den geologiska
utvecklingen for 100 000 ar baserat pa observationer i
ett tidsfonster p& mindre an 100 ar

Det gar inte att forstd et strukturgeologiska
sammanhanget baserat pa ett geografiskt fonster pa
nagra kvadratkilometer

Eller dar halva naromradet &r otillgangligt under vatten

Gamla duktila skjuvzoner ateranvands och
Overpraglas av pagaende deformationer i den stela
delen av jordskorpan

Hanvisningar till miljarder ar gamla geologiska
handelser &r inte relevanta nar Forsmarksomradet ar
en del av en pagaende plattektonisk process

LOKALISERINGEN

o A | ¥

COB continent: y H i HESL ha break in slope
DM distslmargin P proximal margin
Redfield and Osmundsen. Geol Soc. Am.-Bull. 2013, Fig 24,

En ny plattgrans haller p& att formas vid
norska kusten — med aterverkningar
utmed Bottenhavs- och Bottenvikskusten




LOKALISERINGEN

markytan
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Figur 3.17. Tuvdrsnitt genom jordskorpan frin nordvist om

Lofoten till centrala Finland. Modellen ar baserad pd en kombi- KASAM, SOU
nation av refraktionsseismiska och gravimetriska data. I nordvdst 2004-67.

ses dvergdngen frdn den oceaniska skorpan till kontinentshelfen. Geologiska,

Jordskorpans méktighet dr storre under fiillkedjan och den blir som eodvnamiska och
stirst © Finland. Antalet jordskalv som férekommer i tre tydliga g y

bilten (avgrinsade med vertikala linjer) dr angiven med stora siff- geOfySIFKa_
ror i den ungefirliga positionen skalven har pd djupet. (Tyngd- undersokningsmeto
kraftsanomalin dr angiven i gn (= 0,1 mgal). De smd siffrorna der.

betecknar omriden med olika densitet).




LOKALISERINGEN

fiygmagnetisk karta magnetiskt indikerada
nordéstra Uppland strre skjuvziner

C) torvaringsomradet

Alandsdjupets
grabenstruktur

LOKALISERINGEN W

FORSMARKLINSEN 10x2.5km (ca12km2)

markytan dr sénkt med minst 15 m éver en strécka av 2.5 km
den sénkta volymen &r ca 0.2 km3

AN
\ ——  storsta sdnkningen —— \ —
= huvudzonen
N sénkt [ omréade
foliation
tvérférkastning RES
isrorelse

N




LOKALISERINGEN slutsatser

lagret for hdgaktivt avfall avses bli placerat
i ett potentiellt plattektoniskt aktivt omrade

med misstankt recent deformation
Uppmarksamhet har riktats mot forhallandet vid flera tillfallen:

flygmagnetiska matningar i Forsmarksomradet (SGU rapport)
1st order shear zones (SKB rapport 1994)

KASAM rapport 2004

Ny Teknik - diskussion 2011

och papekas nu ater i yttrandet till miljddomstolen

INKAPLINGEN
— isotoper

i T r-F
IFe

berggrund — — - -} ——--—§F—F
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? / stralning A
/l_ lera
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aktiveras av joniserande stralning

samt
utsatts for tektoniskt stress




INKAPLINGEN

< =

uppvarmt omrade

isotoper

IFe

joniserande JCU
stralning |

—
—— —

——— —

bergspanningar ﬁ

elektriskt - kemiskt system
som
aktiveras av joniserande stralning
och
hog temperatur
samt
utsatts for tektoniskt stress

INKAPLINGEN
<L - EM falt
uppvarmt omrade
yisotoper
[Fe
joniserande JCu
stralning B
lera

bergspanningar G elektriskt - kemiskt system
///_ aktiveras av joniserande stralning
hég temperatur
~EM falt utsatts for tektoniskt stress

och
inducerande EM falt




INKAPLINGEN slutsatser

Joniserande stralning och férhojd temperatur paskyndar
kemiska processer

Elektriskt ledande material och i dem inducerade
elektromagnetiska falt orsakar elektriska strémmar som
paverkar jontransporter

Kapslarna och dess omgivning ar en del av en aktiv
korrosionsmiljé

UTFORMNINGEN

riskspridning

riskkoncentration
markytan
: [ markytan
|/ \ . @
3 km djup nedre grans for biosfaren
djup 0.5 km

nedre grans for rorligt
5km grundvatten

Rikskkoncentration bade ver

Riskspridning 6ver lang tid kort och lang tid
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FORSMARK
NV fﬁwariwgslinsen ca 35 km

ALANDSDJUPET
| ca 50 km | SO

/

.

AN

storre spricksystem/

\ [/
/ efterskalv \
/ N

<4
/ seismisk vag
+
jordskalv epicenterdjup
%} ca 20 km
Sektion parallell med skjuvzonen
forvaringslinsen transgression

—>

kompression

-"/

seismisk vag

p——

1 - en kompressionslins deformeras
genom Overskjutning / revers
forkastning

< 2\
T

/ stérre spricksystem refrakterad vag

2 - den seismiska vagen refrakteras
vid kontakten med material med
annan seismisk vaghastighet

sarskilt vid fria ytor eller starkt
avvikande strukturer

11



UTFORMNINGEN slutsatser

Forsvagningen av berggrunden genom
utsprangning ger upphov till en seismisk
diskontinuitet och refrakterade vagor som
kan interferera pa ett destruktivt satt

Vid kompression &r den forsvagade ytan i
férvaringslinsen en brottanvisning for
Overskjutning

Extremt riskabelt material koncentreras i
biosfaren och i omradet for rorligt
grundvatten / hydrosfaren

Tillsammans med andra karntekniska
anlaggningar &r det en riskkoncentration

Materialet i inkapslingen och plutonium i
avfallet ar begéarliga resurser

Forsok till atertagande

for att utvinna koppar och

for att framstalla kéarnvapen ar reella risker,
liksom oavsiktligt framtida intrang

SUMMERAT YRKANDEN
Politiskt bekvama beslut att _ _
lokalisera avfallslagret till befintliga At lagret inte placeras i
karntekniska anlaggningar. Formarksomradet
For manga osannolika Att metoden att
forutsattningar, anvanda kopparkapslar

inte godkanns

metodproblem och allvarliga fel, )
Att utformningen som

en koncentrerat lager

for att KBS metoden kan anses vara avvisas
sdker sdsom det havdas.

Brist p& alternativ forsatter
domstolen i ett slags ultimatum.
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Herbert Henkel

Uppsala University 1¢ Statsgeofysiker Geological
Survey of Sweden

Nordkalottproject geophysical maps

Mathematics

Chemisti
Y EGS European Geotraverse

Geodesy integrated modelling of the
. . Fennoscandian lithosphere

Gravity and magnetic

measurements

Invers levelling of geodetic nets Senior Lecturer Royal Institute

of Technology
) . Remote sensing and digital image
Arhus University analysis
Mineralogy Geothermal energy resources
Petrography
Tektonics Guest researcher Univ. of the
Witwatersrand

Applied geophysics
pp geophy: Integrerad modellering av Vredefort
Petrofyics och Morokweng strukturen

Geoelectrical
measurements Docent Stockholm Universitet

3-d modelling av magnetic- Historic and general geology
and gravity anomalies

Important research results

Relation between oxidation and
magnetic susceptibility in fracture zones

Systematic interpretation of
aeromagnetic data for mapping of
fracture zones

Geologic model a.o. of the Vredefort
structure

Extent of impact induced brecciation in
crater structures

Integrated geophysical model of the
crust along the Blue Road Geotraverse

Mapping of geothermal energy
resourses in Bangladesh

The created radioactive isotopes in used nuclear
fuel are chemically identical to natural ones that
biology has adapted to

These isotopes therefore must be
isolated from the biosphere
be finally deposited outside the biosphere and

outside the region with mobile ground water that is
in contact weith the biosphere

T

he amount reduces exponentially but does not
become 0 even after 100 000

METHODOLOGICAL
PROBLEMS

LOCALISATION

INCAPSULATION

DESIGN
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METHODOLOGICAL PROBLEMS To make a prognosis for 100 000
years based on data from a 100

year period
Earth quake frequency  observation
window
L ,ll II|:!|| ||,| I.l.ll..l.‘.lnl l.l..l.li ?
- 100 000 years *"[% + 100 000 Yyears
10 years
deformation Jorskalvsfrekvens
0.1mm/ year 1/100 years
years result
10 1 mm
100 1cm 1
1000 1dm 10
10000 im 100
100000 10m 1000

METHODOLOGICAL PROBLEMS
=

Determining the geological
evolutuion in an area based on an
| observation area of a few square
km

In the larger geographical window
in addition half of the area is below
water
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One of the deepest areas of the Baltic Sea is located only about 35 km east of

Forsmark — a graben strukture in direct extension of the large displacement
zones

METHODOLOGICAL Old shear zones are re-
PROBLEMS

used geologically

fault zone
// after erosion
-y
surface il f‘\'|ﬂ IS fault zone in
oS \\} Pr-ose -, fossil ductile shear zone
' 3
. ’,1|-~- PRIESI
i [T
earth quakes
‘ surface
—ca20km
earth quakes

ductile shear zone
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METHODOLOGICAL PROBLEMS Has nothing happened
the last 2 billion years ?

2 billion -
years ago L billion 100 million

years ago years ago
] 0 |

" : : sedimentation  intrusion of . "
the crystalline intrusion of " sedimentation
dolerites

bedrock forms dolerites —

/
//

/ den skandinaviska

/ bergkedjan bildas
200 000 4r

| now

100 million
years ago sedimentation and erosion 10 million - last ice
years ago age

A new orogenesis is ongoing

METHODOLOGICAL PROBLEMS conclusions

It is not possible to make conclusions about the
geological evolution 100 000 years ashead based on
observations in a time window of less than 100 years

It is not possible to evaluate the the structural
geological context based on a geographic window of a
few square km

Or where half of the near environment is unaccessible
under water

Old ductile shear zones are re-used for ongoing
deformation in the brittle opart of the crust

Reference to billion year old gellogical events is not
relevant when the Forsark area is part of an ongoing
plate tectonic process.
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LOCALISATION

COB continent: y H i HESL b break in slope

DM distslmargin P proximal margin
Redfield and Osmundsen. Geol Soc. Am.-Bull. 2013, Fig 24,

A new plate boundary is forming along the
Norwegian coast — with reactions along
the coast of the Bothnian Bay and -Sea

LOCALISATION

ground surface

N reverse fault

1

Parvie fault

Earth quakes

the Norrland coast
Bothnian sea

2 \ normal fault

Norrland coast

Earth quakes

part of the Singé zone

=

the Forsmark lens

the Aland trough

3
Aland trough

shear zone

~a

subsided area
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Bothnian Sea

Norwegian Sea
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BLUE ROAD TRAVERSE gravity model

Figur 3.17. Tuvdrsnitt genom jordskorpan frin nordvist om

Lj‘rzterz wll centrala Fz'nlfnd. Modellen dr baserad pd en kombi- KASAM, SOU
nation av refraktionsseismiska och gravimetriska data. I nordvdst 2004-67.

ses Gvergdngen fran den oceaniska skorpan till kontinentshelfen. Geologiska,
Jordskorpans maiktighet dr storre under fjillkedjan och den blir som ;

stirst © Finland. Antalet jordskalv som férekommer i tre tydliga geodyr.lamlska och
bélten (avgrinsade med vertikala linjer) dr angiven med stora siff- geOfySIFKa_

ror i den ungefirliga positionen skalven har pd djupet. (Tyngd- understkningsmeto
kraftsanomalin dr angiven i gn (= 0,1 mgal). De smd siffrorna der.

betecknar omriden med olika densitet).

LOCALISATION

Aeromagnetic map

large shear zones

around Forsmark )
> disposal site ——
REGIONAL TECTONIC
STRUCTURES AROUND The Aland trough
FORSMARK
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LOCALISATION \ DISPOSAL AREA /
R

THE FORSMARK LENS

10x2.5km (ca12km?2)
the ground surface is lowered at least 15 m over a distance of 2.5 km

the submerge volume is appr 0.2 km?

X
\ — Largest down slip — \ -
= i .

submerged area

main zone

X

foliation

oblique fault

AN

glacial transport

LOCALISATION conclusions

The site for disposal of highly radioactive waste is suggested
to be located in a potentially plate tectonic active region

with suspected recent deformation

Attention to this situation has repeatedly been documented:
Aeromagnetic measurements, Geological Survey of Sweden report
1st order shear zones (SKB report 1994)
KASAM report 2004

Ny Teknik - discussion 2011

and is now repeated in the utterance to the environmental court
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INCAPSULATION

isotopes

|Fe
bedrock ¢

ionising Cu

; radiation L
P

rock stresses G

electric - chemical system
activated by ionising radiation

subject to tectonic stress

INCAPSULATION
heated area
- isotopes
IFe
bedrock ————+—t
ionising Cu
radiation | __ -
clay
Y S— S

rock stresses G

electric - chemical system

activated by ionising radiation

and elevated temperature

subject to tectonic stress
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INCAPSULATION

< - EM fields

heated area

p isotopes

IFe

ionising
radiation

I
——

clay

rock stresses G
//, electric - chemical system

activated by ionising radiation
I —— and elevated temperature

~EM fields

subject to tectonic stress

and electromagnetic fields

INCAPSULATION conclusions

lonasing radiation and increased temperature accelerate
chemical processes

Electrically conductive materioals and induced

electromagnetic fields cause electric currents that affect
the transport of ions

The incapsulation and its surrounding is part of an active
corrosive environment
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DESIGN

risk reduktion ) .
risk concentration

ground surface

= ground surface

/\ . ¥

3 km depth Lower limit of biosphere
djup 0.5 km
Lower limit of t
5 km ground water flow

risk concentration over both

risk reduction over long time short and long time
FORSMARK Aland Trough
NV deposition lens ca35km | ca 50 km | SO

\ /

large fracture systems Y / sectc;ndari
earth quakes

s J

seismic wave

5

+
Earth quake epicentre depth

# ca 20 km

Note: vertical scale
2 x horizontal scale
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Section parallel to shear zone

deposition lens transgression

N
T

e

compression

/’/—’f

seismic wave / large fracture systems refracted wave
1 — a compressional shear lens is 2 — the seismic wave is refracted at
deformed by thrusting / reverse the contact with material having
faults different wave velocities

especially at free surfaces or
strongly contrasting structure

DESIGN conclusions Weakening of the bedrock by excavation

results in a seismic discontinuity where
refracted seismic waves can interact in a
destructive way.

Under compression the weakened area in
the deposition lens is a potential slip
surface for thrusting.

Extremely risky material is concentrated in
the biosphere and in an area with mobile
ground water.

Together with other nuclear installations it
represents a risk concentration.

The material in the incapsulation and
plutonium in the waste are demanded
resources.

Attempts for reclaiming to extract copper
and plutonium to produce nuclear arms are
real risks as well as un-intended future
intrusions.
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IN SUMMARY

By political convinient decisions, the
waste disposal site has been located
to existing nuclear installations

There are too many unlikely
conditions,

methodological problens and serious
errors,

for the KBS method to be considered
safe as is claimed

The lack of alternatives puts the
environmental court in an ultimative
situation

PLEA

That the waste disposal
site not is located in the
Forsmark area

That the incapsulation is
not accepted

That the design as a
concentrated storage
facility is dismissed
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