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The KBS method for disposal of spent fuel

* In the KBS(-3) method from 1983
the spent nuclear fuel canisters (5
m high) are to be deposited in
holes in the floor of tunnels about
500 m underground in granite
bedrock.
« The long-term safety case relies on
two artificial engineered barriers —
a copper canister and a bentonite
clay buffer to protect the copper —  Copper canister
to isolate the spent fuel for
hundreds of thousands of years.
There is clay also in the tunnels.  Spent
 Whether copper is a good choice
for a canister material was debated .
in the 1980s and the issue -
surfaced again in 2007 and until

today. mkg
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The KBS(-3) method
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Developed
1975-1983
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Further
development of
KBS method
1983-2011

(and onwards...)

MKG has
existed since

2005
L1INS
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License application and review (1)

e An extended consultation process during 2002-2010 with MKG joining in
2005.

e The nuclear waste company SKB submitted a license application for a
spent fuel repository system using the KBS method at the Forsmark NPP
on March 16, 2011.

e The application was reviewed by the regulator, the Swedish Radiation
Safety Authority (SSM) according to the Nuclear Activities Act and the
Environmental Court according to the Environmental Code. The final
decision on a license has to finally be taken by the government.

* |nitial review for completeness of the application was completed in 2015.
During 2016 and 2017 the application was reviewed on issues. Many
Issues were covered.

e During the review the issue of problems with the copper canister were
raised by some actors including researchers at the Royal Institute of
Technology (KTH) in Stockholm and MKG. The copper corrosion
controversy goes back to 1980s and became very lively from 2007 with
the publication of new studies.
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application 2011

Miljéorganisationernas g

Johan Swahn , M KG karnavfallsgranskning



e
R
|-

T R

- —— s =

e e ot e
s by - 4

Jp Noturssintoreniogen. 11 _k

o

~
S -

R ]

T AN

Secdain Sai s

110 20 M Ta
R o
-
T s o
e mKkg
B g - Sp—
B e et ke b ok Pop— sean
et —— e v b = wohwhgm—
N e e ee ERpep—— T
S 50
S 4 A gen & W
Sty e e 4
et e e . -t R e |
e - ——— e i Ldal |
-~
S Y——— Rt =y o
- —— e 4
e -t —— 000 e
e e e b e ey - gl e ) e —
e o e g — - -
Lo 1100 ———
St = Semepeed MR e
(PRI — g b 4
My - - —
e t— | o
WA i b
b o G =0 cuived b g Fvmgnmn -0 e vl b ——— A i — ) bt
[PONP— » PRp— ! st Samiies rvg——
an B g 0 b mh e = b vy — —
Mwdrn et - | [ PR TP S P ——
P —p— i e s e s &
gt o e § e e e i e 04— -
—— 3 D e I
Wry— Gt . ——— v e e LR ——— i ——— - N ——
—t p—— T —— B e - o
n-—l.—— Ta biprmaage cm b gene < d buaire i .
ey gy MEN . Pt byt e, g - oh— v p—
N g D Bl e T
. s g LOT L mbom o wy sn g | o w0 St b gl
o end -
e T I
Dt e 4 D e
———y

Tam o s | W w—

' e - - —. - g
A N

e R e —
B e
i e
R B s Ll T

R e N
———— 1YY ——
Ca—— .-

e g
- —
e

Johan Swahn, MKG

2012-2017

+ another
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License application and review (2)

e In the autumn of 2017, the main meeting of the Environmental Court was
held. The regulator SSM told the court that some issues, i.e., the copper
corrosion issue, could be dealt with after a government decision. The
court questioned this in the meeting. According to both the
Environmental Act and the Nuclear Activities Act the repository had to be
shown safe before a government decision.

e At the court were also eminent scientists from the Royal Institute of
Technology (KTH) in Stockholm that strongly questioned the SKB
position on copper corrosion.

e During the court proceedings leaks to media showed that the regulator
SSM had big internal problems (an SSM corrosion expert was against a
yes decision and SSM scenarios showed regulatory limits would be
exceeded).
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Main meeting of the
Environmental Court
Sept-Oct 2017
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MKG och Naturskyddsforeningen vid huvudférhandlingen. Fran vinster: Magdalena Romanov,

Christine Anvegard, Rebecca Nordenstam, Johan Swahn, Josia Hort.
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Natur

Dokumentet avslojar: Sa allvarliga ar
riskerna

Strilsdkerhetsmyndigheten pastdr att de risker med slutforvaret som avsldjats dr
irrelevanta. Men ett nytt dokument visar att sd inte dr fallet. | det skriver
myndighetsspecialisten med ansvar fér granskningen av slutférvarets Lingsiktiga sikerhet
om “kritiska osakerheter och kunskapsluckor kring kapseins grundlaggande funktion™.

SVERIGES NATUR GRANSXAR SLUTFORVARET,

De osdkerheter vad galler slutfonvaret av kirnbrdnsle som Sveriges Natur Uidigare har rapporienat om nmns
nu i ytterligare ett dokument frin Striksdikerhetsmyndigheten, SSM, som tidningen har tagit del av, Risken for
kapselbrott som beskrivs | en artikel frdn 13 oktober dr Inte alls ryckt ur sitt sammanhang eller irrelevant
sdsom myndigheten f0rsokt 13 alknanheten att tro via medier, bland annat i en intervju i Sveriges Natur 18
oktober: "Det du tar upp | artidarna 3¢ inte relevant e beddmningen v gjort”, siger di gransikningsgruppens
chef Ansi Gerhardsson

Dokumentet som tidningen nu fite tligdng till visar act risicen for kapselbrott inom ndgot hundratal dr ar 3
avpdrande att det borde ha hindrat ett godkdnnande utan yiterligare utredning. Det skriver myndighetens
spedcialist med ansvar 10r granskningen av slutforvarets lngsiktiga shierhet Bjdrn Dverstorp i en inlaga
daterad 13 juni 2016, Skrivelsen 3r en del av det samrdd med olicr experter som giordes en innan det
slutgiitiga yttrandet ldmnades in till Mark. och miljddomstolen.

“BOr begara kompletterande underlag”

D wwe S et g e el G0t ament g - rh e e s QA Sdatavs

Johan Swahn, MKG
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License application and review (3)

e On January 23, 2018 the Environmental Court made its recommendation
to the government. The court recommended that the government say no
to the application, primarily because the uncertainties regarding the
long-term safety of the planned repository due to possible copper
canister problems. These issues should have been resolved before a
Government decision.

e On the same date the regulator SSM told the government that it could
say yes, as some issues, i.e., possible problems with the long-term
integrity of the copper cannister be dealt with later, after a government
decision. The regulator also believes that the repository has the
conditions be safe even if the copper canister does not work exactly as
postulated as there are other barriers (clay buffer/rock with clay in
tunnels). This is important for the understanding of what happens later.

e The court decision took many Swedes by surprise and can be seen as

an important victory for science and for those who have raised this
Issue.

Miljéorganisationernas
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The problems with copper

» The scientific hypothesis that anoxic
(oxygen-free) water does not corrode
copper in a repository, where there is no
oxygen after closure, is very likely false.

« Researchers at the Royal Institute of
Technology (KTH) published new results
in 2007 and onwards

* There is a ongoing scientific paradigm
shift to the fact that water can directly
corrode copper even when there is no
oxygen.

« Copper in a KBS-repository may corrode
at much faster rates than acceptable
(<1 000 years until release of
radioactivity).

* Results from the Swiss FEBEX

Source: FEBEX-DP Metal Corrosion and Iron-Bentonite

Interaction Studies, P. Wersin & F. Kober (eds.), I

Arbeitsbericht NAB 16-16, Nagra, October 2017. Can be expe nme nt S h Ows h eavy CO p pe r

found on MKG’s web site: http://www.mkg.se/omfattande- 1

syrgasfri-korrosion-i-det-schweiziska-febex-forsoket corrosion. I I I g
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http://www.mkg.se/omfattande-syrgasfri-korrosion-i-det-schweiziska-febex-forsoket

The government review of copper corrosion
iIssues

» After the 2018 decision of the court the government review started and
the nuclear waste company SKB made a submission of complementary
information on copper corrosion in April 2019.

« Comments of other parties were provided to the government in the
autumn of 2019.

e SSM:s conviction that the repository has the conditions to be safe was
“strengthened” by the new SKB information.

e The Swedish Council for Nuclear Waste said that there may be problems
with the copper, and with the cast iron insert, that may show that the
concept does not work.

« MKG, the Swedish Society for Nature Conservation (and now the
Swedish Friends of the Earth that have joined MKG) made a strong
statement saying copper should not be used as a canister material.

e The researchers at KTH persevered in their criticism, joined by the SSM
corrosion expert that was opposed to SSM saying yes.

Miljéorganisationernas
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An unexpected development in 2019: New
experimental packages from the LOT project
retrieved with 20 years of copper corrosion (1)

« The LOT project has been ongoing at 400 m depth at the Aspd Hard
Rock Laboratory since about the year 2000.

* |n total there are seven experimental packages with copper and clay in a
very good simulation of real repository conditions.

e Three 1-year packages were retrieved early, but when SKB retrieved one
5-year package in 2006, an unexpected amount of copper corrosion had
occurred.

 MKG has for long demanded that the next package be retrieved and
analysed.

Miljéorganisationernas
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The LOT project at the Aspo
hard rock laboratory
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An unexpected development in 2019: New
experimental packages from the LOT project
retrieved with 20 years of copper corrosion (2)

e In the autumn of 2019 SKB secretly retrieved two now 20-year-old
experimental packages. This was disclosed by SKB, likely as a mistake,
at a meeting organized by the regulator SSM in the beginning of October.

 MKG worked to get SKB to disclose all relevant corrosion results as soon
as possible, and that SSM checks the results. This has happened. SKB
published copper corrosion results in October 2020 and SSM is has
carried out a quality assurance project.

e MKG has stated that the results that SKB has published are not scientific.

Miljéorganisationernas

16 Johan Swahn ) MKG karnavfallsgranskning



The LOT A3
and S2
packages
results (SKB
TR-20-14)

tunnel
Im —
[ -
1 Image of corrosion on the copper bottom plate at
b e \ _ o _80° C in contact with sand (no detailed results were
o it | in the report, nor of the hottest part of the copper
: conct:ie”:d/'\:; é/ g!‘:k - 2 tUbe) Temousatare dat buton
Hi s
e u = 32 3TE —
= - :
E E 2% 3T Kopparkuponger . ' = e |§
: | o
20 £, 1TP, 1RH, WF ] I
i= I:

14 STE, TP, IWF, IRH

| L L 1
 NEEE TR AU TN

L Varmaste ytan — -
pja kopparroret e
7 08 STE, ITP, IRH . Radial distinas Suss heater, s
05 Co, Cs tracer
02 2T T S A A3_12_3002x4f o
4 L = e Image of pitting corrosion on the copper

tube in the middle of the tube (no detailed Miljsorganisationernas
Johan Swallis W&H hottest part of tube) kéimnavfallsgranskning

l
1




An unexpected development in 2019: New
experimental packages from the LOT project
retrieved with 20 years of copper corrosion (3)

« MKG is of the understanding that if SKB had published the detailed
copper corrosion of the hottest part of the central copper tubes and of the
bottom plate, it would be clear that copper would not work as a canister
material.

 In the end neither SSM nor the government took this into account.

Miljéorganisationernas
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Approaching a government decision (2021) (1)

e During 2021 the discussion about nuclear power and nuclear waste
management has become increasingly politicized and during the autumn
radioactive waste repository issues had risen to the very top of the political
agenda. The government has since 2018 been a Social Democrat and
Green Party minority coalition with a Green minister of the environment
reluctant to approve any repository.

* |In the autumn of 2021 the copper corrosion discussion became more
intense. The Swedish Society for Nature Conservation, the Swedish
Friends of the Earth and MKG told the government that the LOT
experiment could be used to provide vital information necessary before a
decision.

e The Swedish Council for Nuclear Waste stated that more research is
needed to understand how the copper canister behaves in a repository
environment.

Miljéorganisationernas
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Approaching a government decision (2021) (2)

* In the November-December there was political turmoil in the budget
process for 2022 with the final result being that the Green Party left the
government.

 The new Social Democrat minister of the environment then promised a
decision on the spent fuel repository on January 27, 2022.

Miljéorganisationernas
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The government decision

e On January 27, 2022, the government took the decision to approve the
repository. The decision relied almost exclusively on statements from SSM
that the repository has the conditions to be safe as there are multiple

barriers that assures robustness.

e On April 27 the Swedish Society for Nature Conservation, the Swedish
Friends of the Earth, Nature and Youth Sweden, the Uppsala County
chapter and the Osthammar local chapter of the Swedish Society for
Nature Conservation and MKG jointly requested a judicial review of the
Swedish government's decision to the Swedish Supreme Administrative
Court (39 pages + 40 appendixes) — see the MKG web site.

e The appeal strongly questions that SSM:s evaluation that the whole
system is more important than the copper canister is in accordance with
the Environmental Code. The copper canister is a very weak point, but the
clay buffer and the rock/clay in tunnels are not shown to be absolutely
tight.

e The appeal also raises method, siting and Natura 2000 issues.

Miljéorganisationernas
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Into the future

e If the appeal to the Swedish Supreme Administrative Court is unsuccessful
(likely?) the next step is the return to the land and environment court for a
final license decision with conditions according to the Environmental Code.
This may take several years with appeals, but the court is bound by the
government decision.

e Construction start in 5 years? Operation in 15 years?

* Will the environmental NGOs have resources/interest to take part? SSM
has cut MKG’s funding for 2022 to a level below the funds in 2005 and

given the money to a pro-nuclear group.

« SSM has a central role in the continued step-wise decision-making
according to the Nuclear Activities Act, as well as in future research that
will be carried out (review of SKB's R&D programme every 3 years).

e Will the copper issues prevail despite the position of SSM? A state-of-the-
art steel is actually much better than copper as a canister material.

 International developments? Will deep boreholes/rolling stewardship
prevail in the end?

Miljéorganisationernas
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More information, follow the developments...
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Valkommen till MKG
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Miljéorganisationernas karnavfallsgranskning, MKG, bevakar och granskar
karnkraftsindustrins arbete med ett planerat slutférvar for anvant
karnbransle i Forsmark. Ett slutférvar som méaste vara miljomassigt sakert i
hundratusentals &r.

MKG deltar i prévningen om ett slutférvar for anvant kéarnbrénsle.
Foreningen férordar inte en viss slutforvarsmetod men vill att det basta
beslutsunderlaget infor kommande beslut tas fram. MKG anser att det ar
viktigt att alternativa metoder och platser som kan vara miljomaéssigt battre
utreds ytterligare.

MKG &r ett samarbete mellan Faltbiologerna, Naturskyddsféreningen Kalmar
lan, Naturskyddsféreningen Uppsala 1&n, Oss - Opinionsgruppen for saker
slutférvaring i Osthammar och Naturskyddsféreningen. Féreningen
finansieras i huvudsak med medel ur Kérnavfallsfonden.

Aktuellt frdn MKG

MKG till SSM: Fortsatt motstridiga resultat fran
SKB om kopparkorrosion

Publicerad den 25 mars 2015 i kategorin Aktuellt Nyheter

www.mkg.se/en

Laés om aktuella hdndelser, f6lj myndighetens och
domstolens arbete, ladda ner handlingar m.m.

LAS MER

Miljororelsen gor
slutférvaringen sékrare
Bestdll eller ladda ner broschyren
om miljdrérelsens roll i
provningsprocessen
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Nyheter

1 april 2015 | SSM skickar ut férfrgan om
kompletteringsbehov fér SFR 2-ansdkan

1 april 2015 | MKG ger SSM férslag pd ett tydligare
karnavfallsprogram

30 mars 2015 | SKB har kompletterat ansékan om
Clink till mark- och miljddomstolen

26 mars 2015 | SSM héll seminarium om den nationella

Johan Swahn, MKG
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Johan Swahn, johan.swahn@mkg.se, +46 70 4673731

The Swedish NGO Office for
Nuclear Waste Review
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