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DISCLAIMER 

 
The geosciences and engineering/technical issues, observations, and comments presented 

herein are mainly based on a review of the information presented in the 2006 SR-Can report 
and five additional core documents augmented by limited reviews of 16 other documents 
selected at our discretion within a given budget and schedule.  As follows, we have neither 
reviewed in detail all references listed in this document nor all available data sources 
supporting the 2006 SR-Can report [1].  Furthermore, we did not attempt to evaluate either 
candidate site for compliance with applicable statutes and regulations, or the KBS-3H 
disposal concept due to the fact that the databases used in the preliminary safety assessments 
conducted for KBS-3V repositories at the candidate repository sites at Forsmark and 
Laxemar were referred to in the 2006 SR-Can report as being both incomplete and 
incompatible.  In addition, some models were still being developed.  Answers to the issues, 
observations, and comments presented below in this report may thence be available in other 
portions of the partially reviewed documents or in documents we did not review. 
 

EXECUTIVE SUMMARY 
 
 
On September 29, 2008, the 

Municipality of Oskarshamn retained 
William E. Coons, Leif G. Eriksson, and 
Krishan K. Wahi to conduct an 
independent review of select portions of 
the Swedish Nuclear Fuel and Waste 
Management Company’s (SKB’s) 2006 
SR-Can report (TR-06-09) [1] within a 
given budget and schedule.  The SR-Can 
report summarizes information on the 
Forsmark, Laxemar, and Simpevarp sites, 
which were then considered by SKB for 
hosting the nation’s first deep geological 
disposal system (repository) for spent 
nuclear fuel (SNF).  However, only the 
safety assessments for KBS-3V 
repositories at the Forsmark and the 
Laxemar sites are described in the report. 
 

Based on our pre-existing familiarity 
with the Swedish SNF-repository program, 
augmented by a cursory review of SKB’s 
2006 SR-Can report [1] and a few related 
documents [2-4], we concluded that a 
thorough review of the SR-Can report and 
all supporting reports was not feasible 
within the available budget and time.  We 
therefore developed amore tractable scope 
of work (SOW) that focused the review on 

Den 29e september 2008 gav 
Oskarshamns kommun William E. Coons, 
Leif G. Eriksson och Krishan K. Wahi i 
uppdrag att utföra en oberoende 
expertutvärdering av vissa delar av Svensk 
Kärnbränslehantering AB:s (SKB:s) 2006 
SR-Can rapport (TR-06-09) [1] inom 
ramen för en given budget och tidplan.  
SR-Can rapporten summerar plats-
information från Forsmark, Laxemar, och 
Simpevarp, vilka hade varit föremål för 
detaljerade platsundersökningar av SKB 
beträffande deras lämplighet att hysa 
nationens första slutförvar för använt 
kärnbränsle.  Endast säkerhetsanalyserna 
för ett KBS-3V slutförvar vid Forsmark 
och Laxemar är redovisade i rapporten. 
 

Baserat på vår tidigare kännedom om 
det Svenska kärnavfallsprogrammet, 
kombinerat med en övergripande 
granskning av SKB:s 2006 SR-Can rapport 
[1] och några få relaterade rapporter [2-4], 
bedömde vi att det inte var möjligt att 
granska SR-Can rapporten med de många 
relaterade rapporterna inom den 
tillgängliga budgeten och tidplanen. Vi 
utvecklade därför ett mer utförbart 
granskningsprogram som fokuserade vår 
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the canister “near-field”, i.e., the canister 
itself, adjacent components of the 
engineered barrier system (EBS), the 
excavation damaged zone (EDZ) and the 
immediately surrounding portion of the 
rock mass (geosphere) at the Forsmark and 
Laxemar sites.  The main reason for 
selecting this focus was the fact that the 
embodied philosophy in both the KBS-3V 
and the KBS-3H disposal concept is that 
the primary barrier for providing waste 
isolation is the copper canister.  Indeed, in 
both concepts, the copper canister is 
designed and expected to provide near-
permanent encapsulation of the waste.  In 
addition, we would also report on any “far-
field” issue we deemed to be of 
significance to the pending safety 
assessments or site selection in the SR-Site 
report. 

 
One integral component of the SOW 

was that we would try to avoid repeating 
issues already identified by the Swedish 
Nuclear Power Inspectorate (SKI) and the 
Swedish Radiation Protection Authority 
(SSI), now combined in into the Swedish 
Radiation Safety Authority (SSM), in their 
2008 joint review report [3] on the 2006 
SR-Can report [1].  Another was to look at 
and comment upon the safety assessments 
presented in the 2006 SR-Can report [1] 
(and in a shorter version in Swedish 
published in 2007 [2]) in the context of the 
two similar repository safety/risk 
assessments conducted in the United States 
of America (USA or US).  A third was to 
try to express our observations and 
comments in terms readily understandable 
to people who may not have the requisite 
technical background. 

 
Following is a concise summary of our 

main observations and comments based on 
our review of the 2006 SR-Can report and 
various degrees of reviews of 21 related 
documents [1-22]: 

 

granskning på avfallskapslarnas “när-
område”, dvs., kopparkapslarna, deras 
omgivande ingenjörsbarriärer (EBS), den 
intilliggande konstruktionsinfluerade delen 
av berggrunden (EDZ) runt deponerings-
hålen och -tunnlarna och den omedelbart 
utanförliggande delen av det ostörda berget 
vid Forsmark och Laxemar.  Huvudan-
ledningen till denna fokusering var att 
såväl KBS-3V som KBS-3H modellen för-
litar sig i mycket hög grad på kopparns 
förmåga att isolera det inneslutna använda 
kärnbränslet.  I båda modellerna är 
kopparkapseln designad och förväntas att 
ge nästan total isolering av det inneslutna 
kärnbränslet.  Dessutom skulle vi också 
rapportera om vi fann något i fjärrområdet 
som vi bedömde vara betydelsefullt för de 
framtida säker-hetsanalyserna eller 
platsvalet i SR-Site rapporten. 

 
En grundsten i vår granskning var att vi 

skulle försöka att inte upprepa brister som 
redan hade identifierats av Statens 
Kärnkraftsinspektion (SKI) och Statens 
Strålskyddsinstitut (SSI), nu samman-
slagna i Strålsäkerhetsmyndigheten (SSM), 
i deras gemensamma gransknings-rapport 
från 2008 [3] av SR-Can rapporten från år 
2006 [1].  En annan grundsten var att 
granska och kommentera säkerhets-
analyserna i versionen  från 2006 av SR-
Can rapporten (och en kortare version på 
svenska publicerad 2007 [2]) i perspektivet 
av två liknande säkerhets/risk-analyser för 
slutförvar av långlivade radionukleider i 
Amerika (USA eller US).  En tredje var att 
försöka förmedla våra observationer och 
kommentarer så att de var lättförstådda 
även om man inte hade den erforderliga 
tekniska bakgrunden. 
 

En kortfattad beskrivning av våra 
viktigaste observationer och kommentarer 
baserade på vår granskning av 2006 SR-
Can rapporten och olika nivåer av 
detaljerade granskningar av 21 relaterade 
dokument [1-22] följer: 
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1. The methodology employed by the SKB 

in the two SR-Can reports is based on 
state-of-the-art safety/risk analyses 
methodologies and is well thought 
through. 
 

2. The preliminary safety/risk analyses 
presented in the two SR-Can reports 
constitute a solid/robust foundation for 
the continued development of more 
refined, site-specific, safety analyses 
based on the updated assumptions, 
additional data and refined models 
promised by SKB to be included in the 
pending SR-Site report.  Meeting the 
following prerequisites are deemed 
particularly important for achieving 
adequate quality of the safety analyses 
in the SR-Site report and for 
establishing a the basis for a credible/ 
defensible site-selection decision: 

 
a) The completeness, quality (data, 

models, and documentation), and 
timeliness of SKB:s response(s) to 
the issues raised by SKI1 and SSI1 
[3] (see also item 8 below); and 

b) The resolution prior to site 
selection of the additional issues 
identified by us in this letter report 
(see e.g., items 3, 5, and 6 below). 
 
If these prerequisites are met, we 

believe SKB will be able to 
demonstrate with a very high level of 
confidence that at least one candidate 
site will readily meet all applicable 
regulatory post-closure-performance/ 
safety requirements for a KBS-3V 
repository.  However, as stated by SKB 
in the two SR-Can reports, we agree 
that the information presented in the 
SR-Can reports is neither sufficiently 
detailed nor complete enough to allow 
a preliminary comparison or ranking 
of the two remaining sites. 

 
 

1. Metodiken som SKB har använt för de 
preliminära säkerhets/risk-analyserna i 
de två SR-Can rapporterna är baserad 
på senast tillgängliga internationella 
kunskap och är väl genomtänkt. 
 

2. De preliminära säkerhets/risk-
analyserna redovisade i de två SR-Can 
rapporterna utgör en solid/robust 
grund för fortsatt utveckling av mer 
detaljerade platsspecifika säkerhets-
analyser, baserade på de uppdaterade 
antaganden, ytterligare data och för-
finade modeller som förespeglats av 
SKB att bli fallet i SR-Site rapporten.  
Vi bedömer att följande förutsättningar 
är speciellt viktiga att uppfylla i SR-
Site rapporten för att uppnå erforderlig 
kvalitet i säkerhets-analyserna och för 
att etablera ett solitt underlag för ett 
godtagbart/försvarbart platsvalsbeslut: 

 
a) Att de frågor/brister som identi-

fierats av SKI och SSI [3] är 
besvarade av SKB i tillräcklig 
utsträckning och i tid (se nummer 8 
nedan); och 

b) Att övriga frågor/brister som 
påpekats av oss i denna rapport 
ocksa blir besvarade före platsvalet 
(se t.ex. nummer 3, 5, och 6 nedan). 

 
Om dessa förutsättningar är 

uppfyllda tror vi att sannolikheten 
kommer att vara mycket hög för att 
SKB kommer att kunna visa att minst 
en kvarvarande plats lätt uppfyller alla 
gällande säkerhetskrav för tids-
perioden efter förslutningen av ett 
KBS-3V sluförvar.  Emellertid, och 
som påpekats av SKB i de två SR-Can 
rapporterna, vi håller med SKB om att 
den tillgängliga informationen i SR-
Can rapporterna inte år tillräckligt 
detaljerad, eller komplett nog, för att 
ligga till grund för en preliminär 
jämförelse, eller rankning, av de två 
kvarvarande platserna. 
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3. Further to item 2, we are also 

compelled to caution about the SR-Can 
results being based on the KBS-3V 
disposal concept.  The KBS-3H 
disposal concept is based on a different 
repository design/layout that requires 
different databases, and different 
models (see also item 5 below).   

 
4. Our limited comparison of the Swedish 

safety analyses described in the SR-
Can reports with the related US safety 
analyses conducted for more than 20 
years for the two deep geological 
repositories for safe disposal of 1) SNF 
and other high-level radioactive waste 
(HLW), and 2) long-lived transuranic 
radioactive waste (TRUW), 
respectively, shows the following 
major differences: 

 
a) How they are constructed; and 
b) How the post-closure dose/risk to 

the members of the general public 
is calculated. 

 
With regards to a), the construct of 

the safety analyses in the USA are 
based on probabilistic/stochastic 
principles, whereas the construct of the 
Swedish safety analyses may be 
referred to in simple terms as being 
“selectively-deterministic with quasi-
probabilistic components”.  The 
Swedish safety analyses thus likely 
include a significantly higher number 
of deterministic-governed parameter 
ranges and scenarios than the US safety 
analyses, which, in turn, suggests that 
input assumptions and personal biases 
could have a more pronounced 
influence on the safety analysis results 
reported in the two SR-Can reports 
than would be expected if the US 
construct had been used.  However, 
depending on the experience, wisdom 
and judgment of the SR-Can risk 
assessors, the SR-Can predictions may 

3. Med hänvisning till nummer 2 vill vi 
också varna för att resultaten i SR-Can 
rapporterna bygger på KBS-3V 
konceptet.  KBS-3H konceptet är 
baserat på en annan design/layout, och 
behöver andra databaser och andra 
modeller (se också nummer 5 nedan). 

 
4. Vår begränsade jämförelse av de 

svenska säkerhetsanalyserna beskrivna 
i SR-Canrapporterna med de liknande 
säkerhetsanalyserna som har gjorts de 
senaste 20 åren för de två amerikanska 
slutförvaren för 1) använt kärnbränsle 
och annat högaktivt avfall, och 2) 
långlivat transuraniskt radioaktivt 
avfall (TRUW = langlivat mellanaktivt 
avfall) visar följande stora skillnader: 

 
a) Hur de är uppbyggda; samt 
b) Hur dosen/risken till allmänheten 

efter förslutning av slutförvaret är 
beräknad. 

 
Beträffande a), uppbyggnaden av 

säkerhetsanalyserna i USA är baserad 
på probabilistiska/stochastiska prin-
ciper, medan uppbyggnaden av de 
svenska säkerhetsanalyserna i för-
enklade ordalag kan beskrivas som 
”selektivt-deterministiska med quasi-
probabilistiska komponenter”.  De 
svenska säkerhetsanalyserna innehåller 
därför sannolikt ett avsevärt större antal 
deterministiska parametervärden och 
scenarier än de amerikanska säkerhets-
analyserna.  Detta förhållande leder oss 
i sin tur till slutsatsen att grund-
läggande antaganden och personliga 
synpunkter kan ha påverkat säker-
hetsanalysresultaten i SR-Can rapport-
erna i mycket högre grad än man kan 
förvänta sig om den amerikanska upp-
byggnaden hade använts.  Emellertid, 
beroende på SR-Can riskbedömarnas 
erfarenhet och omdöme, kan SR-Can 
resultaten vara antingen avsevärt mer 
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be either significantly more realistic or 
decidedly more skewed than a similar 
exercise conducted using a process 
fully committed to probabilistic results. 

 
With regards to b), the dose/risk 

calculations in the US are governed by 
two fundamentally different “site-
specific” regulations that also depart 
fundamentally from the related 
Swedish regulation.  However, these 
departures are caused by the unique 
compliance and performance criteria 
defined in the US regulations and/or in 
the related guidelines.  To avoid any 
confusion or misunderstanding, we 
would like to mention that the post-
closure radiation protection defined in 
the Swedish standard is at least as 
protective as that defined in any of the 
related US standards.  Indeed, to the 
best of our knowledge, the Swedish 
standard also meets or exceeds all 
applicable international radiation 
protection guidelines and safety 
standards recommendations.  We thus 
don’t see a radiation-protection issue 
associated with the maximum 
permissible dose/ risk level described 
in the SR-Can [1, 2] and the joint SKI 
and SSI reports [3].  We therefore 
decided to not engage in a detailed 
comparison of the different ways 
dose/risk are calculated in Sweden 
relative to the way they are calculated 
in the USA because it serves no 
apparent purpose at this time. 

 
5. Based on our experience from studying 

the advantages and disadvantages of 
emplacement of multiple SNF canisters 
in long horizontal boreholes in a 
candidate US repository in basalt, we 
would also like to take this opportunity 
to caution about making a site-
selection decision based on the KBS-3V 
disposal concept if the KBS-3H 
remains an alternative.  The KBS-3V 

realistiska eller avsevärt mer 
orealistiska än en liknande analys 
utförd  på grundval av en process som 
är baserad på probabilistiska resultat. 

 
 Beträffande b), dos/risk beräkning-
arna i USA är baserade på två 
fundamentalt olika “platsspecifika” 
myndighetsföreskrifter som också 
avviker fundamentalt från den svenska 
myndighetsföreskriften.  De senare av-
vikelserna beror emellertid uteslutande 
på de unika kriterierna i de amerikan-
ska föreskrifterna och/eller i tillhörande 
tolkningsförklaringar.  For att undvika 
missförstånd vill vi ta tillfället i akt att 
nämna att säkerhetsnivån (= skyddet) 
för allmänheten mot radioaktivitet efter 
förslutning av slutförvaret är minst lika 
hög i den svenska föreskriften som i de 
amerikanska föreskrifterna.  Enligt vår 
bedömning ger den svenska före-
skriften allmänheten minst lika mycket, 
om inte mer, skydd mot radioaktiv 
strålning efter förslutning av 
slutförvaret än alla kända internatio-
nella strålskyddsrekommendationer.  
Vi anser därför inte att den maximalt 
tillåtna dosen/risken beskriven i SR-
Can rapporten [1, 2] och i SKI:s och 
SSI:s gemensamma granskningsrapport 
[3] utgör en strålskyddsfråga.  
Följaktligen valde vi att inte gå in på en 
detaljerad jämförelse av skillnaderna 
mellan de amerikanska och svenska 
strålskydds-föreskrifterna då de är av 
mycket begränsat värde för närvarande. 
 

5. Baserat på vår erfarenhet från 
studerandet av fördelar och nackdelar 
med placering of flera kapslar med 
använt kärnbränsle i långa horisontella 
borrhål i ett slutförvar i bergarten 
basalt i USA vill vi ta tillfället i akt att 
varna för att göra platsvalet baserat på 
KBS-3V konceptet om KBS-3H 
konceptet förblir ett framtida 
alternativ.  KBS-3H och KBS-3V kon- 
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and KBS-3H disposal concepts are 
based on different repository designs/ 
layouts that likely require different 
flow/transport models and where the 
KBS-3H disposal concept likely 
requires a significantly higher level of 
detailed information on prevailing site 
conditions at and adjacent to the 
repository depth than the KBS-3V 
disposal concept.  Two particularly 
important in-situ parameters in the 
KBS-3H disposal concept are: 
 
a) The magnitude and orientation of 

in-situ stresses; and 
b) The strike and dip of 

discontinuities/fractures and their 
respective flow and chemical 
characteristics.  We would also like 
to take this opportunity to strongly 
advise against interpreting surface 
features down to the proposed 
repository depths due to the 
significant uncertainties involved. 

 
6. We consider the following five 

components of the safety analyses in 
the SR-Can reports [1, 2] to be 
particularly questionable and in need of 
additional evaluation and justification 
in the pending SR-Site report: 

 
a) The conceptual model(s) for 

climatic conditions during the 
880,000 years following the first 
120,000-year glacial cycle, which 
is modeled on the Weichselian 
glacial cycle, is essentially seven 
repetitions of the first glacial cycle.  
The fundamental premise behind 
this conceptual model is 
scientifically suspect.  Also, the 
large uncertainties embodied in the 
safety assessment covering the first 
glacial cycle, renders risk 
assessment beyond the first glacial 
cycle into a numerical exercise that 
lacks scientific substance. 

cepten bygger på drastiskt olika under-
jordslayouter/designer som sannolikt 
kräver olika flödes/transport modeller 
och där KBS-3H konceptet sannolikt 
kräver en avsevärt högre kunskapsnivå 
avseende bergmassans initialkaraktär 
och egenskaper på och intill 
slutförvarsdjupet än KBS-3V 
konceptet.  I KBS-3H konceptet är: 

 
a. Storleken och orienteringen av 

bergspänningarna; och 
b. Strykningsriktningar och stupning-

ar av slag/sprickor och deras 
respektive flödes- och kemiska 
egenskaper, 

 
två mycket viktiga initialparametrar.  
Vi vill också ta tillfället i akt att varna 
för att extrapolera ytliga mark/berg-
observationer ned till de föreslagna 
slutförvarsdjupen då det medför mycket 
stora osäkerheter. 

 
6. Vi bedömer att följande fem 

komponenter i säkerhetsanalyserna i 
SR-Can rapporterna [1, 2] i synnerhet 
saknar underlag och behöver ytterligare 
utvärdering och mer detaljerade 
förklaringar i SR-Site rapporten: 

 
a) Den konceptuella modellen(erna) för 

klimatförhållandena under de 880,000 
åren som följer den första 120,000 år 
långa glaciala perioden, vilken är 
modellerad baserad på den 
Weichselska istiden, är i stort sju 
upprepningar av den första glaciala 
perioden.  Den grundläggande 
förutsättningen för denna konceptuella 
modell är vetenskapligt ifrågasatt.  
Dessutom finns det redan stora 
osäkerheter i den första glaciala 
perioden som gör säkerhetsanalyser 
bortom den första glaciala perioden en 
numerisk övning som saknar 
vetenskaplig substans. 
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b)  The site-specific database on 

current rock stresses at depth at 
and adjacent to the considered 
depth of the repository Forsmark 
site and their limited coupling with 
other site-specific features, events, 
and processes (FEPs) in the safety 
analyses. 

c) The databases at both Forsmark 
and Laxemar on the amount and 
composition of the oxygen trapped 
in the EBS and the EDZ, and their 
subsequent use in the safety 
analyses.  We are particularly 
interested in better explanations on 
the potentially large amount of 
oxygen that may be trapped at the 
top (highest elevation) of the 
inclined deposition tunnels. 

d) The databases on potential/possible 
forms/types of copper corrosion 
under expected repository/site 
conditions and their respective 
evolution in the safety analyses. 

e) The databasse on serial production 
of the required copper canisters or 
an equivalently sophisticated state-
of-the-art manufacturing process, 
and the related ability of 
applicable non-destructive quality 
assurance/quality control 
(QA/QC) methods/techniques for 
detecting manufacturing flaws, 
including welding flaws. 

 
7. We would also like to submit for 

consideration that workers’ safety 
during the construction and operation 
periods be considered in the site-
selection process. 
 

8. We believe the safety analyses for both 
the Forsmark site and the Laxemar site 
are overly conservative in terms of 
projecting future surface-water 
conditions and the related inter-
connectedness of the vertical disconti- 

b) Den platsspecifika databasen avseende 
de nuvarande bergspänningarna på 
och intill slutförvarsdjupet i Forsmark 
och deras begränsade koppling med 
andra frågetecken i säkerhets-
analyserna. 

c) Databaserna både för Forsmark och 
Laxemar avseende mängden och 
kompositionen av syret som inneslutits 
i ingenjörsbarriärerna och i den 
konstruktionsstörda delen av 
berggrunden samt deras efterföljande 
användning i säkerhetsanalyserna.  Vi 
är i synnerhet angelägna om att få 
bättre svar på, och beskrivningar av, 
den potentiellt stora mängden syre som 
kan bli fångat/ inneslutet på toppen 
(högsta nivån) av de lutande 
deponeringstunnlarna. 

d) Databaserna på tänkbara/möjliga 
former/typer av kopparkorrosion 
under förväntade slutförvars/platsför-
hållanden och deras respektive 
utveckling i säkerhetsanalyserna. 

e) Databaserna på serieproduktion av de 
erforderliga kopparkapslarna eller en 
jämförbar/likvärdig, mycket ava-
ncerad, “state-of-the-art”, tillverk-
ningsprocess och den relaterade “non-
destructive” kvalitetsföräsakrings/ 
kvalitetskontrollmetoden/tekniken för 
identifiering av tillverkningsfel, 
inkluderande misslyckade svetsar. 

 
7. Vi skulle också vilja föreslå att 

arbetssäkerheten under byggnads- och 
operationsperioderna beaktas i 
platsvalsprocessen. 
 

8. Vi är av den uppfattningen att säker-
hetsanalyserna för Forsmark och 
Laxemar är onödigt konservativa 
beträffande framtida ytvattenför-
hållanden och de relaterade 
kopplingar-na med vertikala sprickor.  
Vi lägger därför fram för övervägande 
en granskning och nyvärdering av de 
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nuities.  We therefore submit for 
consideration a review/reevaluation of 
the aforementioned components of the 
safety analyses because less 
conservative assumptions than those 
currently used in support of the SR-
Can calculations may reduce, possibly 
eliminate, some current concerns about 
copper corrosion, buffer erosion, and 
surface-water infiltration. 

 
9. We believe SKB will need more than 

one year, and perhaps several years, to 
adequately address the many issues 
identified in 2008 by SKI and SSI [3], 
as well as some of the concerns 
expressed in this report.  A potential 
option to potentially shorten this time 
could be the concurrent development of 
the SR-Site report and a Performance 
Confirmation Plan (PCP) similar to that 
prepared for the candidate deep 
geological repository for SNF and 
HLW at the Yucca Mountain site in the 
USA [32].  For example, the SR-Site 
report could provide safety analyses 
based on the most current data and 
models, and the PCP could include 
detailed information on how and when 
the still missing data and other 
requested information would be 
obtained and available for scrutiny by 
the regulator and other affected and 
interested parties (stakeholders). 

 
In the USA, independent peer 

review and public expert judgement 
elicitation would be two other options 
to fill or strengthen assumptions and 
databases [24-26].  For example, seven 
independent peer reviews and one 
expert judgement elicitation supporting 
the compliance certification application 
(CCA) for the Waste Isolation Pilot 
Plant (WIPP) TRUW repository were 
critical to the authority’s 1998 approval 
of the CCA [27, 28]. 
 

ovannämnda komponenterna av säker-
hetsanalyserna då mer realistiska 
antaganden än vad som använts som 
stöd för SR-Can beräkningarna kan 
reducera, och möjligen eliminera, 
några av de nuvarande frågorna kring 
kopparkorrosion, bufferterosion, och 
ytvatteninfiltration. 
 

9. Vi är också av den uppfattningen att 
SKB kommer att behöva mer än 
ytterligare ett år, och kanske flera år, 
för att besvara de många frågor som 
SKI och SSI har identifierat [3], vilket 
även kan vara fallet med en del av de 
frågor vi har beskrivit i den här 
rapporten.  En möjlighet till att korta 
ner tiden kan uppnås genom att 
samtidigt utveckla Sr-Site rapporten 
och en “funktionsdemonstrationsplan” 
(PCP), liknande den man har gjort för 
det planerade slutförvaret för använt 
kärnbränsle och annat högaktivt avfall 
vid Yucca Mountain i USA.  T.ex. SR-
Site rapporten kunde innehålla 
säkerhetsanalyser baserade på senast 
tillgängliga data och modeller och 
PCPn kunde innehålla detaljerad infor-
mation om hur och när data och annan 
begärd information som fortfarande 
saknas skulle bli inhämtad och till-
gänglig för granskning av myn-
digheterna och andra intressegrupper. 

 
I USA skulle man också kunna 

utnyttja oberoende expertutvärderingar 
och “expert judgement elicitation” för 
att fylla, eller förstärka, antaganden och 
databaser. Exempelvis var sju 
oberoende expertutvärderingar och en 
“expert judgement elicitation” som 
stödde licensansökan for slutförvaret 
av TRUW vid Waste Isolation Pilot 
Plant (WIPP) platsen av kritisk 
betydelse för myndighetens beviljande 
av ansökan år 1998 [27, 28]. 
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Lastly, despite addressing only a 

portion of the safety-assessment-related 
information provided in the SR-Can 
reports [1, 2] and related documents [3-
22], and their focus on the KBS-3V 
disposal concept, the review results 
presented herein cover several important 
components common to both KBS-3 
disposal concepts and may thus serve as 
guidance on potential options to: 
 
a) Reduce the risk to current and future 

residents and environments in the 
vicinity of a deep geological repository 
for SNF in Sweden based on either of 
the two KBS-3 disposal concepts; and 

b) Contribute to the robustness of the 
safety analyses in the pending SR-Site 
report and its related credibility and 
acceptance among authorities and other 
interested and affected parties 
(stakeholders). 

Avslutningsvis, även om bara en del av 
den säkerhetsanalysrelaterade information-
en i SR-Can rapporterna [1, 2] och 
relaterade dokument är besvarad, och deras 
fokus ligger på KBS-3V konceptet, så 
täcker granskningsresultaten presenterade i 
denna rapport många viktiga komponenter 
som förekommer i båda KBS-3 koncepten 
och de kan därför tjäna som vägledning för 
att: 

 
a) Reducera risken for nuvarande och 

framtida innevånare och miljöer i 
närheten av ett slutförvar för använt 
kärnbränsle baserat på ett av de två 
KBS-3 koncepten; samt 

b) Bidra till ökad stabilitet i 
säkerhetsanalyserna  i den framtida SR-
Site rapporten och dess relaterade 
trovärdighet och acceptans bland 
myndigheter och andra intressegrupper
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FOREWORD 
 

The site-specific evaluation of the short-term (construction and operation periods) and 
long-term (post-closure period) risks that any given deep geological system (repository) for 
safe disposal of long-lived radioactive waste may impose on workers and members of the 
general public involves state-of-the-art geosciences and engineering concepts and their 
projected performance on unprecedented spatial and time scales that requires special 
knowledge.  Indeed, they are very difficult to fully visualize and comprehend even by 
professionals in the field.  A particularly challenging component of the safety analyses are 
their unavoidable inherent uncertainty.  Simply stated, all safety analyses attempt to bracket 
the following five groups of information and to express them in numerical values: 

 
1. Features events and processes (FEPs) we know we know. 
2. FEPs we think we know. 
3. FEPs we know we don’t know. 
4. FEPs we think we don’t know. 
5. FEPs we don’t know we don’t know. 

 
As illustrated by e.g., the frozen o-ring that caused the Challenger space-shuttle disaster 

73 seconds into the flight on January 28, 2003 and halted the US space program for 36 
months, FEPs in group 5 may cause irreparable damage that may force a project to be delayed 
or abandoned at a late and costly stage both in terms of money and lives.  A key objective of 
the related research is thus to move as many FEPs as possible into group 1 or close thereto.  
Unfortunately, all FEPs cannot be moved into group 1 or even out of group 5 due to the 
spatial and temporal scales being considered for a deep geological repository for long-lived 
radioactive waste, i.e., uncertainty is inherent in safety assessments.  Implicit in the 
aforementioned key objective is thus to minimize the uncertainty to an acceptable level, which 
typically is defined in a law and/or regulation.  It should be noted, however, that domestic 
definitions of acceptable uncertainty or dose/risk are not globally consistent.  Furthermore, 
safety assessments and, perhaps more so, the disciplines involved involve a terminology 
(jargon) specific to the subject matter that typically makes it even more difficult for members 
of the general public and other affected or interested parties to access and digest the available 
information.  The figure shown on the next page summarizes our perception of how the 
evaluation of a safety assessment for a deep geological repository for long-lived radioactive 
waste may be perceived by a layperson. 
 

What we also have found through the years is that two common public reactions to the 
aforementioned challenges are to either reject the message out of fear of the unknown or to 
trust the messenger.  We have thus tried to form our observations, comments, and conclusions 
in this report in a manner that don’t make them exclusive to professionals in the field. 

12 January 2009 Page 1 of 42 



FINAL REPORT 
 

Independent Technical Review of Portions of SKB’s 2006 SR-Can Report (TR-06-09) 
by William E. Coons, Leif G. Eriksson, and Krishan K. Wahi 

 

                                                

 
Pictorial depiction of the perceived maze of challenges embodied in the evaluation of a 

specific safety assessment for a deep geological repository of long-lived radioactive waste. 
 

We would also like to take this opportunity to convey at the outset our very favorable 
impression of the thoroughness, professional insight, and commitment to transparency 
demonstrated by Swedish Nuclear Power Inspectorate (SKI)1 and the Swedish Radiation 
Protection Authority (SSI)1 in their joint 2008 review report [3] of the 2006 SR-Can report 
and a large number of its supporting reports.  We are particularly impressed by SKI’s and 
SSI’s use of external experts/expertise to ensure that the information presented by the Swedish 
Nuclear Fuel and Waste Management Company (SKB) in the 2006 SR-Can report [1] met 
both applicable regulations and current international scientific, technological, and 
transparency praxis, including Best Available Technology (BAT)/”state-of’the-art” and 
quality control/quality assurance (QA/QC) standards.  Although it is beyond our present scope 
of work, we strongly encourage the Swedish Radiation Safety Authority (SSM)1 to maintain this 
approach for its review of the pending SR-Site report for the following two main reasons: 

 
1. SKI and SSI jointly identified a large number (several hundred) of issues in 2008 [3] 

requiring additional attention by SKB in the pending SR-Site report.  Many of these issues 
were based on input from external subject-matter experts. 

2. Public trust in SSM as well as confidence in the information being presented will be 
reinforced and remain at a very-high level by another demonstration that SSM continues 
the SKI and SSI “tradition” to seek independent external advice to ensure that a Swedish 
deep geological repository for spent nuclear fuel embodies both applicable regulations and 
current international scientific, technological, and transparency praxis, including BAT and 
QA/QC standards. 

 
1 On 1 July 2008, SKI and SSI were combined into the Swedish Radiation Safety Authority (SSM). 
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INTRODUCTION 

In October 2006, the Swedish Nuclear Fuel and Waste Management Company (SKB) 
published the SR-Can report [1].  It contains information on three domestic candidate deep 
geological disposal system (repository) sites for spent nuclear fuel (SNF); the Forsmark, the 
Laxemar, and the Simpevarp sites, and preliminary safety analyses for the Forsmark and the 
Laxemar sites.  The SR-Can report also includes descriptions of the methodology, models, 
and data used, and the results of the two safety assessments in the English language.  An 
abbreviated version in the Swedish language was published in April 2007 [2]. 

On September 29, 2008, the municipality of Oskarshamn retained Drs. William E. Coons 
and Krishan K. Wahi, and Mr. Leif G. Eriksson, a Registered Professional Geologist (P.G.), 
all residing in the United States of America (USA or US), to jointly review and comment 
upon the safety analyses and the related methodology, assumptions, databases, and models 
presented by SKB in the SR-Can report [1] plus four related reports proposed by us [2-5] and, 
time and budget permitting, a fifth supporting report [6], within a given budget and schedule.  
Resumes (CVs) for the three principal reviewers are provided as Exhibit A, an annotated 
summary of the proposed scope of work (SOW) is provided as Exhibit B, and comments on 
references [1, 2, and 6] are provided both in the main text and in Exhibits C and D.  A copy of 
Leif Eriksson’s presentation of our preliminary findings at a public meeting in Osjkarshamn 
on November 27, 2008 are provided in Exhibit E. 

This report concludes the SOW summarized in Exhibit B.  As described further below 
and in Exhibit B, our review focused on the waste canisters and the portion of the rock mass 
(geosphere) eventually hosting/containing them, i.e., their post-closure “near-field”.  This 
report identifies and comments on select near-field components of the safety analyses 
presented in the aforementioned two SR-Can reports [1, 2] that, in our opinion, need 
additional transparency and/or attention/research in the pending SR-Site report based on our 
review or partial review of another 20 SR-Can-related reports and documents [3-22].  It also 
lists other issues deemed to be of significant importance to the safety analyses and/or the site 
selection processes, and provides references to sources/documents where pertinent additional 
information is available [23-33].  Special attention was given to the reasonableness of the 
methodology used and assumptions made, and the completeness/quality of the databases used 
in the preliminary safety analyses for the two candidate sites at Forsmark and Laxemar for the 
initial approximately 120,000-year-long glacial cycle.  This report is organized in the 
following main sections presented in order: 

• DISCLAIMER 
• EXECUTIVE SUMMARY 
• TABLE OF CONTENTS 
• ACKNOWLEDGEMENT 
• FOREWORD 
• INTRODUCTION 
• LIST OF MAJOR ISSUES 
• BACKGROUND 
• DESCRIPTION AND DISCUSSION OF OBSERVATIONS 
• REFERENCES 
• EXHIBITS A-E. 
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The EXECUTIVE SUMMARY section, which is provided in both the English and 

Swedish languages, summarizes our main observations, findings, and comments.  Additional 
findings and comments are provided throughout the main text and in Exhibits C and D. 

 
 LIST OF MAJOR ISSUES section highlights issues deemed to be particularly important 

to the understanding of and confidence in the safety analyses presented in the SR-Can reports 
[1, 2] and, by inference, in the pending SR-Site report.  Additional information on several of 
these issues is available in the subsequent portions of the text and the Exhibits. 
 

The BACKGROUND section provides information on the methodology and data used by 
SKB for the safety analyses presented in the two SR-Can reports, our approach for reviewing 
them, and concise descriptions of core components of the safety analyses conducted in 
support of two deep geological repositories for safe disposal of long-lived radioactive waste in 
the USA.  Additional background information on important components of SKB’s 
fundamental cornerstones for the two safety analyses described in the two SR-Can reports is 
provided in Exhibits C and D.  Also, one of the tasks of the SOW (Exhibit B) was to attend 
and present our preliminary findings [23] at a public meeting in Oskarshamn on November 
27, 2008.  Leif Eriksson attended the aforementioned meeting and presented a summary of 
our preliminary findings.  A copy of his presentation is provided as Exhibit E in this report. 
 

The DESCRIPTION AND DISCUSSION OF OBSERVATIONS section contains concise 
descriptions and discussions of observations deemed to be of importance to the credibility and 
acceptability of the pending safety analyses and site selection justifications in the SR-Site 
report.  We chose to follow the chapter format of and also copied some text from the 2006 
SR-Can report in portions of this section to enhance the ease of connectivity/cross-walk 
between the 2006 SR Can report and our observations and comments.  Please note that some 
observations discussed in this section are also addressed in the LIST OF MAJOR ISSUES 
section.  Furthermore, additional information on some of the fundamental cornerstones for the 
two safety analyses in the SR-Can reports is provided in Exhibits C and D of this report. 
 

The REFERENCE section follows the main text.  It contains the full listing of the 22 
references reviewed fully or in part in support of the observations and comments presented in 
this report.  As already illustrated in the preceding text, the 22 references are indicated by 
numbers within brackets in the text [1-22].  The same system is used to indicate data sources/ 
references containing additional information on the bases/sources for some of our comments 
[23-33]. 

 
As also already illustrated in the preceding text, we highlighted key words, terms, and 

concepts in italics and/or bold text augmented in some instances by underlining in the text that 
we deemed to be particularly important. 

 
Please also note that portions of the subsequent text excerpted ad verbatim from the 

reviewed Swedish documents are generally in the Queen’s English, whereas text generated by 
the reviewers is in American English, e.g., characterised versus characterized, modelling 
versus modeling, analyses versus analyzes, behaviour versus behavior, respectively. 
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LIST OF MAJOR ISSUES 
 

We would like to preface the subsequent listing with a reminder that most of our 
comments in this report pertain to the post-closure period and focus on geosciences and 
engineering/technical aspects and components of (bases for and input to) the safety 
assessments presented for the Forsmark and Laxemar sites in the 2006 SR-Can report [1] in 
the context of the KBS-3V disposal concept.  However, many of our observations and 
comments also apply to the KBS-3H disposal concept.  The readers of this report should thus 
also be aware of the following “global” premises governing any long-term, post-closure, 
safety analysis involving the spatial and temporal scales evaluated in the SR-Can reports: 

 
1) The content of any safety analysis report represents a best attempt at a given point in 

time.  As more data become available, invariably, the results change too. 
2) The predicted results and consequences are only as good as the representativeness of 

the assumptions and data used to develop the conceptual and the related numerical 
analyses [e.g., 11, 12, 23-31], commonly referred to as “garbage in, garbage out”. 

3) Predicted results and consequences are typically “worse-than-reasonably assumable” 
results and consequences due to a common tendency/practice among principal 
investigators and scientists to make overly conservative assumptions and data 
selections that err on “the safe side” that, when integrated in the analysis, further 
increase the magnitude of “over-prediction/conservativeness” [e.g., 11, 12, 29-31]. 

4) It will be necessary to refine such analyses as additional data are obtained, knowledge 
is increased, and data acquisition and modeling techniques improve or if the disposal 
concept changes significantly. 

5) The only certainty in safety assessments is that they will include uncertainties [11, 24-
31].  The main related issues are: a) how large the uncertainty is and b) whether it is 
acceptable [12]. 

6) All the conservatism and intricacies in models and analyses may become meaningless 
if just one unduly favorable assumption has the potential to dominate the response in a 
manner that trumps all other performance.  Assuming that no canisters fail during the 
first 1,000 years (or longer) may be such an assumption. 

 
While our review covered premises 2-5, it focused on premise 2.  Other than pointing out 

a few questionable assumptions, we essentially deferred premise 5 to the authorities.  A 
summary of the major issues identified during the course of our review is provided below.  
Additional comments on some of these issues and concepts are also provided in the 
DESCRIPTION AND DISCUSSION OF OBSERVATIONS section and in EXHIBITS C-E. 

 
1. Databases of site characteristics.  We are concerned that some important databases may 

not be available in time to support the pending release of safety analyses SR-Site report, 
currently scheduled for the second half of 2009.  We are particularly concerned about the 
scarce information in the current databases on a) in-situ stresses, including predictions 
and impacts of future isostatic, hydrostatic, and thermal changes, b) other changes in rock 
mass/geosphere features, events, and processes (FEPs) affecting the containment and 
isolation of radionuclides, including its discontinuities, groundwater geochemistry, and c) 
quality assurance/quality control (QA/QC) of field data, assumptions, codes and models, 
and engineered barrier system (EBS) components [24-26]. 
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2. Chemical stability of copper metal under disturbed conditions.  The isolation strategy 

embodied in both KBS-3 disposal concepts is to achieve virtually permanent physical 
encapsulation of the waste within a 5-cm-thick copper canister with a stir-welded cap at 
one end.  At the heart of this strategy is the fact that copper metal is thermodynamically 
stable in some natural geologic environments that exist in granitic rock and, if the canister 
does not fail due to corrosion, the contents will remain isolated from the surrounding 
environment for at least one million years.  The chemical stability of copper in the 
repository environment is, therefore, one key issue that is central to successful/safe 
repository system performance.  We are of the opinion that while there has been a strong 
showing that copper metal will resist corrosion in undisturbed natural conditions, there 
has not yet been an adequate showing that copper metal will continue to perform as 
expected in disturbed repository conditions that include a radiation environment that are 
predicted to exist for an extended time period.  As discussed further in other sections of 
this report, we also question some of the related assumptions in the reference case such as 
the assumed absolute certainty that there will be no release of any radionuclides from the 
canister into the environment during the first 1,000 years after closure of the repository. 
 

3. Thermal model calculations.  One of the most important parameters affecting repository 
performance is temperature.  Elevated temperatures produced by radioactive decay of the 
waste can perturb groundwater flow regimes, change the composition (and therefore the 
properties) of migrating groundwater, alter the solubility of radionuclides, enhance the 
corrosion rates of metals components, alter the swelling capabilities and mineralogy of 
buffer and backfill materials, affect the stress field, and change the permeability of the 
host rock along with the mobility of dissolved waste, if it were to escape containment by 
the canister.  We are currently of the opinion that the effects of elevated temperature have 
not been adequately integrated throughout the conceptual model and its derivative 
calculations.  This is particularly the case for the evolution of stresses and temperature 
effects on fracture apertures, chemical reactions, and flow characteristics. 

 
4. Groundwater modeling.  Based on a review that focused on what appeared to be the 

most sensitive aspects of overall performance assessment issues, we chose two flow 
regimes for comments; 1) the near field/local flow assumptions, and 2) the far/regional 
flow fields.  As the infiltration rate at the higher surface elevations would tend to be lower 
than that at lower elevations and that direct runoff at higher slopes would tend to be 
greater, a separate (i.e., different from what was used at the upper boundary) surface 
runoff/infiltration model may result in a shallower circulation pattern.  As the deposition 
holes are located only 400-500 m below the ground surface, this difference in circulation 
could be quite sensitive to the model selected.  The fracture system geologic model is 
based on a small number of borings that appear to have been tested over a number of 
depth intervals.  Relatively short-term tests must have been performed to determine these 
properties.  The implications of this reality is that the test measures near-borehole, short-
term properties that are likely to over-estimate properties and cannot well address local, 
or regional fracture interaction/connectivity.  This potential for over estimation, 
particularly of equivalent hydraulic conductivity would tend to overestimate local or 
regional circulation and gross infiltration.  The groundwater mixing model employs two 
loosely coupled models, Phreeqe and Connectflow.  We observe that the SR-Can reports 
addressed the mixing of vertically descending rainwater with low ionic strength 
groundwaters that are characteristic of the natural environment.  The calculated result of a 
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dilution of groundwater is surprising and creates a concern that the model addresses the 
most benign case.  A more aggressive case that should be addressed is the mixing of 
seawater from an inundated surface with heated, chemically equilibrated, rock/ground-
water in the repository.  The more aggressive calculation might prove helpful for a more 
realistic upper bound condition for canister corrosion and buffer stability experiments. 

 
5. Corrosion modeling.  The modeling considerations of the corrosion behavior of the 

copper canister appear to have been limited to uniform corrosion and, even then, not 
subject to all the potentially unfavorable geochemistry of the groundwater.  Stress 
corrosion cracking, pitting corrosion, and preferential corrosion at weldments all need a 
more serious consideration in the SR-Site report given the near-total long-term reliance 
on the isolation capability of the copper sleeve. 
 

6. Mechanical properties.  Consideration of temperature dependence of mechanical 
properties of the host rock appears to be lacking.  Likewise, the temperature dependence 
of dynamic viscosity (when relating aperture to normal stress) seems to be missing. 

 
7. Bentonite backfill.  A more complete and consistent treatment of a) the placement of 

bentonite pellets in the deposition-hole annulus and b) the saturation timeline of the buffer 
and its subsequent contact with the canister and the rock wall need to be included in the 
SR-Site report. 

 
8. Ice-Sheet thickness.  The SR-Can reports allude to the strong likelihood that the 

glaciation scenario may double the ice sheet thickness.  However, implications of this very 
important change on the stress history experienced by the overburden are not addressed in 
the context of resultant spalling, aperture changes and transmissivity changes. 
 

9. The base case scenario for future climates.  The "simplified" base-case scenario used in 
the SR-Can reports for the million years after closure of the repository, i.e., the eight 
repetitions of the last northernmost (the Weichselian glacial cycle in northern Germany as 
opposed to e.g., the concurrent Würm glacial cycle in the Alps) of the four known 
different European glacial cycles during the Quaternary period, is difficult to justify based 
on the existing historical record.  For example, the areal extension of the ice sheet of the 
preceding European glacial cycle (Saale/Riss) was much greater than that of the 
Weichselian glacial cycle, which probably also means that the respective accumulation 
areas and ice thicknesses varied.  Furthermore, the current "human/carbon-driven", 
unprecedented and unfinished greenhouse period will affect future climates in an 
unknown manner that, in turn, may make the current historical climate record even less 
applicable to future climates. 

 
10. The abundant references to the KBS-3 disposal concept.  The safety analyses presented 

and discussed in the SR-Can reports are based on the KBS-3V disposal concept, whereas 
the text generally refers to the KBS-3 disposal concept, which includes the KBS-3V and 
KBS-3H disposal concepts.  However, the KBS-3V and KBS-3H disposal concepts differ 
fundamentally in terms of i.a., their respective repository layout/design, locations of waste 
packages (= heat sources and starting points for radionuclide migration), and related 
data and model needs.  We thus recommend the pending SR-Site report to more clearly 
state which disposal concept the safety assessments and the site selection are based on. 
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BACKGROUND 
 
Safety Analysis Methodology used by SKB in the 2006 and 2007 SR-Can Reports for the 
Forsmark and the Laxemar sites 

 
A ten-step methodology was developed by SKB for the conduct of the safety analyses 

presented in the two SR-Can reports for the Forsmark and Laxemar sites.  As schematically 
illustrated in Figure 1, some of the ten steps were carried out concurrently, whereas others 
were carried out in sequence.  The main inputs to the ten-step analyses are shown in Figure 2. 
 
 1.  FEP processing 

- Initial state 
- Internal processes 
- External factors

 
 
 
 
 2.a Description of EBS initial 

states 
- Reference 
- Deviations 

2.b Description of 
site initial states 
- Base mode 
- Alternatives 

2.c  Description of 
repository 
layouts with 
site adaptations 

 
 
 
 
 3. Description of external conditions 

- Climate 
- Future Human Actions 

4. Compilation of process reports 
with handling prescriptions, 
including models 

 
 
 
 

5. Definition of safety functions and 
safety function indicators 
- Define safety in terms of ”desirable” 
barrier conditions, functions, functions 
indicators and function indicator criteria 

6. Compilation of input data  
 
 
 
 
 

9. Analyses of selected scenarios 
– Isolation 
– Retardation 
– Radiological impact 

8. Selection of scenarios based on 
– Results of reference evolution 
– FEP analyses 
– Safety functions 

7. Definition and analyses of reference evolution 
– Isolation 
– Retardation 
– Radiological impact 

 
 
 
 
 
 
 
 
 
 
 

10. Conclusions 
– Compliance with regulatory requirements (not evaluated) 
– Feedback to design, R&D, site investigation 

 
 
 
 
Figure 1. Schematic illustration of the main 10 steps of the safety assessments described in 

the SR-Can reports [1, 2]. 
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• Reference design 
• Site description 
• R&D results 
• Results of earlier assessments 
• FEP databases 

 
 
 
 
 
 
 
Figure 2. Schematic illustration of the main inputs to the SR-Can safety assessments [1, 2]. 
 

This methodology and the related results were first made available in English to the 
authorities and other affected and interested parties (stakeholders), in the 2006 SR-Can report 
[1] for comments.  An abbreviated SR-Can report in Swedish followed in 2007 [2]. 
 
Our Review Approach and Focus 
 

As summarized in Exhibit B, this review was conducted to: 
 

• Ascertain whether important programmatic and safety issues had been identified and 
considered in the 2006 SR-Can report and/or by the authorities; 

• Ascertain whether the assumptions and conceptual and numerical models, parameters 
and parameter values used in the safety analyses, including FEPs and related 
scenarios, were reasonable and complete, relative to those used by other national 
nuclear waste management programs and international organizations, and 

• To modify the findings in our Preliminary Letter Report [23] in the Final Report based 
on feedback and observations received in conjunction with the November 27, 2008 
public meeting in Oskarshamn. 

 
However, we did not conduct a detailed review of or commented upon any algorithms, 

codes, models, or their respective “pedigree” or suitability or previous use to predict a given 
process or its linkage with other post-closure processes.  Nor did we attempt to establish 
whether the analyses described in the 2006 SR-Can report responded to or met the 
requirements and criteria/limits established by the authorities, respectively.  We did, however, 
comment in passing on a few select conceptual and numerical models, model elements, and 
linkages thereof found in the course of our review deemed to be of considerable importance to 
the characterization and subsequent ranking of the two current candidate sites.  In simple 
terms, our review focused on: 

 
• The portion of the disposal system surrounding the disposed waste, i.e., the EBS, the 

excavation damaged zone (EDZ), and the undisturbed geosphere immediately adjacent 
to the EDZ, which is referred to as the “near-field” in this letter report; 

• How well this portion of the disposal system was characterized, i.e., the completeness 
and quality of the databases used in the safety assessments; 

• How reasonable the related assumptions, boundary conditions, and the predicted 
results for the post-closure period were; and 

• To what extent the results presented in the 2006 SR-Can report [1] addressed the 
issues and mitigated the concerns identified in our 2001 report to the municipality of 
Oskarshamn [5]. 
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This focus was largely predicated on the following conditions and understandings: 
 
1. A limited budget together with limited time prevented a thorough review of all 

technical aspects described in the 2006 SR-Can and its numerous supporting reports. 
2. All safety analyses results are strongly influenced by the representativeness of: 

(a) the relevance and quality of the input data, including assumptions, conceptual 
models, and boundary conditions, and 
(b) the applicability/realism of the numerical algorithm(s), code(s), and model(s) used 
to predict a given feature, event, process, or scenario. 
A common expression used for this relationship is “garbage in, garbage out”. 

3. In both SKB-3 disposal concepts, which purportedly are the only disposal concepts to 
be considered in the pending SR-Site report to discriminate between sites, the near-
field environment 
(a) strongly influences the durability (containment and isolation capability) of the 
canisters; and 
(b) largely governs the evolution and, thereby, the ability of the EBS, the geosphere, 
and the biosphere to contain, isolate, retain, and retard the disposed radioactive waste. 
 

Although we focused on the KBS-3V disposal concept and the related information used in 
the SR-Can reports to predict the post-closure safety of the two candidate repository sites at 
Forsmark and Laxemar, respectively, several of our comments are global/generic in nature 
rather than KBS-3V or site-specific.  As follows, many of our comments on improvement 
would likely be more protective of current and future residents and environments in the 
vicinity of a deep geological repository in crystalline/granitoid rocks based on either of the 
two KBS-3 disposal concepts. 
 
Deep Geological Repository Programs in USA 
 

Following are concise descriptions of the two current deep geological repository programs 
for safe disposal of long-lived radioactive waste in the USA.  Both of these descriptions are 
governed by Rousseau’s statement, “no generalization is true, including this one”. 

 
There are one candidate and one operating deep geological repository in the USA for safe 

disposal of long-lived radioactive waste; the candidate Yucca Mountain (YM) for SNF and 
reprocessed high-level radioactive waste (HLW) repository in Nevada, and the operating 
Waste Isolation Pilot Plant (WIPP) transuranic radioactive waste (TRUW) repository in New 
Mexico, respectively.  Although they are governed by fundamentally different post-closure 
safety/performance analysis approaches, e.g., the YM safety analysis is based on a “top down” 
approach, whereas the WIPP safety analysis is based on a first-principle “bottom up” 
approach, they have several common denominators, one of which is that both have on-site 
underground research laboratories (URLs).  Another common denominator is that the 
parameters and parameter values used for FEPs in the safety assessments must embody a 
certain level of confidence.  A third fundamental commonality is that parameters are 
identified, bounded, and propagated in the analyses based on the parameter’s a) probability of 
occurrence and b) sensitivity to the outcome of the analysis.  Highly sensitive parameters are 
given the greatest attention with respect to bounding the uncertainty.  A third commonality is 
that both intentional human intrusion scenarios and scenarios with a probability of occurrence 
of less than one chance in 10,000 during 10,000 years (probability = 10-8) are excluded.  For 
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example, at WIPP approximately 1800 parameters were initially considered but the final 
safety analyses included only a few hundred.  A significant reason for this reduction, which 
also constitutes a major difference between the safety analysis conducted for the YM 
candidate repository, as well as the Swedish safety analyses, was that the calculated thermal 
output from the TRUW was low and the related maximum post-closure temperature increase 
in the host rock was less than 10 degrees centigrade (oC).  The main implication of the low 
thermal output at WIPP is that it simplified the safety analysis and, likely, reduced its 
uncertainty relative to those conducted for the YM candidate repository and the two candidate 
Swedish repositories. 

 
Another unique WIPP aspect is that the performance assessment for the repository at 

WIPP allocated no performance to the waste package (or canister); i.e., no credit was taken 
for the design life of the waste container.  In contrast, the YM post-closure performance/safety 
analyses assign considerable long-term isolation capability to the canister, which in effect 
depends upon the projected function of an expensive titanium-based (alloy 22) drip-shield in 
the deposition tunnels.  In other words, whereas WIPP relies 100 percent (%) upon the 
plasticity and low moisture content of the local geosphere for isolating disposed waste, the 
presently proposed YM repository disposal concept, similar to the fundamental function of the 
two KBS-3 disposal concepts that rely nearly 100% on the copper canister for physical 
isolation of radionuclides isolation, relies heavily upon the long-term isolation and 
containment characteristics of the EBS.  As discussed in references [29, 30], both approaches 
embody specific advantages and challenges. 

 
Lastly, and this is common to both US repositories, regulatory compliance is demonstrated 

by calculations based on a statistically defensible number of probabilistic-based scenarios that 
show that the mean quantity of radionuclides released at a regulatory defined compliance 
point, i.e., the boundary between the “controlled area” and the “accessible environment”, 
which actually differs between the two sites, is below specific numerical regulatory limits with 
a confidence level of at least 95%.  Three hundred scenarios have so far been considered 
adequate for the 95% statistical confidence in the mean values at both sites.  The logic and 
main elements of the methodology employed in the 1996-1998 safety analyses at WIPP are 
shown in Figure 3.  Samples of the predicted outcomes/results are shown in Figures 4 and 5. 
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Figure 3. Schematic illustration of the logic and main elements used at WIPP in the 600 

performance assessments/safety analyses supporting the 1996 license application. 
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Figure 4. Schematic illustration of the distribution for 100 Complimentary Cumulative 
Distribution Functions (CCDFs) for summed normalized release to the accessible
environment (compliance point) over 10,000 years (left) and the calculated mean
release at a set of given confidence levels (right) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Schematic illustration of the mean curves for releases of radionuclides to the 

accessible environment during the 10,000-year regulatory period that supported the 
successful 1998 licensing of WIPP.  Each of the three virtually overlapping mean 
CCA curves and the three mean PAVT represents 100 different scenarios. 
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As illustrated in Figures 4 and 5, the outcomes in terms of mean releases of radionuclides 

to the accessible environment shown to the right in Figure 4 for 100 scenarios/calculations as 
well as the outcomes for the 600 scenarios shown in Figure 5 are simplified (for ease of 
comparison) relative to the 100 “horse-tail” curves shown to the left in Figure 4. 
 
DESCRIPTION AND DISCUSSION OF OBSERVATIONS 
 

The ten-step SKB methodology illustrated in Figure 1 and related descriptions provided in 
the 2006 SR-Can report [1] is used below as the basic format for the subsequent description 
and discussion of the observations made by the reviewers on the SR-Can report.  Our 
observations are denoted with an O and our comments are denoted with a C. 
 
Step 1 - Identification of factors to consider (FEP processing) 
 
Description in SR-Can [1] 
 

“This step consists of identifying all the factors that need to be included in the analysis.  
Experience from earlier safety assessments and KBS-3 specific and international databases of 
relevant features, events and processes (FEPs) influencing long-term safety are utilised.  An 
SKB FEP database is developed where the great majority of FEPs are classified as being 
either initial state FEPs, internal processes or external FEPs.  Remaining FEPs are either 
related to assessment methodology in general or determined to be irrelevant for the KBS-3 
concept.  Based on the results of the FEP processing, an SR-Can FEP catalogue, containing 
FEPs to be handled in SR-Can, has been established.  This step of FEP processing is further 
described in Chapter 3 and fully documented in the SR-Can FEP report.” 
 
Observations and comments on Step 1 
 

Based on the information presented in Chapter 3 of the 2006 SR-Can report, we submit 
the following observations and comments for consideration: 
 
O1-1: We were not able to find the basis for the statement in Chapter 3 that determined certain 

FEPs or scenarios to be irrelevant for the KBS-3 concept. 
 
C1-1: We are, however, both confused and concerned about the repeated references to the 

KBS-3 disposal concept in the SR-Can report for the simple reasons that a) the KBS-
3V and KBS-3H disposal concepts differ distinctly in layout/design and b) thus require 
different input parameters and models but only the KBS-3V disposal concept was 
evaluated in the safety analyses in the SR-Can reports.  If this is still the case in the 
pending SR-Site report, only the evaluated disposal concept should be referred 
to/listed as a matter of clarity, credibility, and transparency. 

 
Although we have not performed detailed calculations of any sort, including those 

that would be required to evaluate all of the potential benefits or weaknesses of 
horizontal versus vertical emplacement schemes in rock masses that possess 
contrasting stress-fields, porosities and fracture patterns, based on similar evaluations 
conducted at the Basalt Waste Isolation Pilot Project (BWIPP), one of the two past 
candidate SNF repositories in the USA, it is our preliminary opinion that, in general, 
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we would expect that horizontal placement would lead to more efficient dissipation of 
the thermal pulse and shorten the thermal period during which canister corrosion 
would be most aggressive.  Similarly, it is our preliminary opinion that horizontal 
placement might lead to reinstatement of reducing conditions around the copper 
canister sooner than what would occur under a vertical emplacement scheme.  A more 
rapid return to rock-controlled oxygen fugacity might be encouraged by the horizontal 
orientation of the convection cell and its ability to drive flow of oxygenated fluids into 
the cooler and more porous repository workings, accompanied by inflow of chemically 
reduced, rock-equilibrated fluids.  Of course, there may be certain different advantages 
that the vertical scheme offers over the horizontal one.  It is therefore our suggestion 
that conceptual reasoning of this sort should be considered within the context of each 
candidate site’s thermal, geochemical and hydrologic characteristics, including a 
comparison of the changes to the in-situ stress field as a result of a different thermal 
stress field, before a commitment to a specific emplacement configuration is decided 
or site is selected. 

 
Step 2 - Description of the initial state 
 
Description in SR-Can [1] 
 

“The initial state of the system is described, based on the design specifications of the 
KBS-3 repository, a descriptive model of the repository site and a site-specific layout of the 
repository.  The initial state of the fuel and the engineered components is that immediately 
after deposition as described in the Initial state report.  The initial state of the geosphere and 
the biosphere is that of the natural system prior to excavation, as described in the site 
descriptive models of the Forsmark /SKB 2005c/ and Laxemar /SKB 2006b/ sites.  The 
repository layouts adapted to the sites are provided in underground design reports for each site 
/Brantberger et al. 2006/ and /Janson et al. 2006/.  See further Chapter 4.” 
 
Observations and comments on Step 2 
 

Of the references listed above, only Chapter 4 of the 2006 SR-Can report was reviewed in 
any detail.  We did, however, also review other chapters of the SR-Can report as well as 
several other documents for the purpose of substantiating subsequent comments, e.g., 
reference [6] (see also Exhibit C for additional comments on this reference).  Based on this 
review, we submit the following observations and comments for consideration: 

 
O2-1: The initial state is defined as equivalent to restoration of the natural state of the 

geosphere as it existed before disturbances caused by repository development and 
closure [1, p. 13].  It is assumed that this condition prevails immediately following 
repository closure. 

 
C2-1: Two natural conditions that prevail prior to repository development that may be 

important to disposal system performance are a) the local hydrologic flow (controlled 
by fracture orientations and aperture widths), and b) the prevailing oxidation potential.  
Repository construction will alter the local stress fields around the repository, 
potentially increasing local fracture density and/or causing an irreversible change in 
fracture apertures.  A significant volume of air could be trapped in existing and newly 
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created void space in and around the underground openings.  That air will raise the 
oxidation potential of the repository environment until it re-equilibrates with 
surrounding rock and oxygen-consuming repository materials.  Restoration of 
previously existing natural equilibriums could require very long time periods.  In fact, 
restoration of natural conditions may not occur during the million year period of 
performance.  We therefore submit the following questions/issues for consideration: 

 
a) Has consideration been given to employing some prudently conservative 

assumptions to account for these perturbations to the natural conditions as a result 
of repository development?  For example, it might be assumed that increased 
fracture apertures are permanently maintained and that increased oxygen potential 
in the repository is permanently raised by several orders of magnitude.  We believe 
the use of parameter uncertainty in the analyses would mitigate the concern 
regarding restoration of natural conditions. 

b) Have scenarios that potentially cause permanent changes in repository “baseline 
performance” been identified?  If so, do the related analyses propagate the 
influence of the altered baseline performance throughout calculations that 
incorporate those scenarios? 

 
O2-2: Initial conditions at Forsmark suggest that uranium concentrations in groundwater do 

not decrease significantly as a function of depth [1, e.g., p.109]. 
 

C2-2: Such decreases are commonly interpreted to be driven by more reducing conditions 
and decreasing concentrations of carbonate complexants.  Any mechanism that 
maintains a significant solubility for uranium (such as a potential for elevated pH), 
should be taken as an undesirable characteristic.  In this same vein, site 
characterristics favorable to low uranium solubility (such as neutral pH and absence 
of sulfate and carbonate complexants) and increased stability of copper metal (such as 
excess reducing capacity) do not appear adequately considered.  All granitic rocks are 
not created equal, nor does the fact that reducing conditions exist as the initial 
condition mean that the candidate site will readily re-establish those reducing 
conditions immediately following closure.  Air entrained in fractures and in 
groundwater surrounding the working repository will need to be consumed before 
reducing conditions are re-established.  This can take significant time, and may not 
ever happen if there is an insufficient buffering capacity in the reactive surfaces of the 
host rock, i.e., the exposed mass of reductant available to the oxygenated groundwater 
is insufficient. 

 
Restoration of reducing conditions requires that oxygen-containing groundwater 

must react with materials that consume the dissolved oxygen.  In water that is flowing 
through rock, oxygen consumption is commonly driven by reactions with iron-
containing minerals, such as magnetite.  Groundwater flow into the repository is 
controlled by fractures; therefore, oxygen consumption will be largely limited by the 
oxidation capacity of the minerals on the fracture surfaces.  Sites with greater 
abundances of iron-consuming minerals represent greater potential for copper canister 
survival and lower release rates for uranium (and transuranic materials) in the event of 
a canister failure.  We have not found any calculation in the SR-Can reports that 
considers the amount of oxygenated groundwater that will be produced as a result of 
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operations and closure practices.  Nor have we found an estimate of the time necessary 
to restore redox conditions where copper metal is stable.  Such calculations would 
seem to be an important consideration for site selection given that the waste isolation 
strategy of both KBS-3 disposal concepts relies very heavily on the permanent 
integrity of the copper canister. 

 
O2-3: It appears that the databases on thermal properties, retardation characteristics of the 

prevailing discontinuities, and in-situ stress conditions at both the Forsmark and 
Laxemar sites are inadequate for a) establishing the optimal locations and depths of 
the repositories, and b) conducting pre- and post-closure safety analyses supporting a 
credible site-selection decision.  Following are some of the main reasons for these 
conclusions accompanied by an outline of a potential path forward.  However, the 
potential path forward outlined below is not going to provide the additional 
information prior to the currently estimated late 2009 release of the SR-Site report. 

 
C2-3: Based on the structural and stress data provided in the 2006 SR-Can report for the 

Forsmark site, e.g., pages 100-106, it appears that stress fields with very-high major 
principal stresses,  i.e., well above lithostatic pressure/overburden, exist at the 
proposed 400-m depth of the candidate repository.  Indeed, Figure 4-23 [1, p. 106] 
suggests that in order to significantly reduce the major principal stress at the repository 
horizon, it may have to be moved up to a depth of about 300 m.  However, such a 
move would likely be associated with greater groundwater inflows to the repository 
and greater impacts of the glacial cycles based on the current reference case and 
related assumptions, codes, and models.  It may also compromise the 100-m stand-off 
distance from the major fracture zone shown at a depth of approximately 300 m in 
Figure 4-23. 

 
However, our overriding observation is that stress conditions at the Forsmark site 

need to be further established and evaluated for pre- and post-closure effects, with 
particular attention given to the integrated/combined effects of isostatic uplift, glacial 
down-pressure, and thermal evolution scenarios during the post-closure period.  In 
our opinion, the current databases and related modeling results are not sufficiently 
reliable to facilitate a credible decision on the waste-emplacement depth of the 
Forsmark repository.  This, in turn, could jeopardize the credibility of the site-selection 
process if conducted based solely on the reviewed information. 

 
In view of the currently-inferred multitude of problems experienced to date during 

attempts to measure the in-situ stresses at Forsmark, one may have to resort to 
constructing an underground test facility at the considered depth for the repository in 
order to: 

 
• Reduce current in-situ stress-magnitude-level uncertainties to reasonable levels; 

and 
• Confirm that existing and calculated future stress states are manageable and 

acceptable during the construction, operation and post-closure periods. 
 

Such an endeavor would be both time consuming and expensive but it would also 
provide the opportunity to validate or refine current assumptions and models, the 
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repository layout, and the size, shape, and orientation of the underground openings.  
For example, in 1974 and 1976, prior to the construction of the URL at the YM site, it 
was expected to be dry and require no appreciable structural support at the repository 
level.  After gaining the URL information, the EBS alone (see e.g., Figure 6) was 
estimated to cost approximately 19,000,000,000 US dollars. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Schematic illustration of a section of a waste emplacement tunnel at the proposed 

repository for SNF and HLW at the Yucca Mountain site in the USA. 
 
Step 3 - Description of external conditions 
 
Description in SR-Can [1] 
 

“Factors related to external conditions are handled in the three categories “climate related 
issues”, “large-scale geological processes and effects” and “future human actions”.  The 
handling of these factors is described in the Climate report, the Geosphere process report, 
and the FHA report, respectively.  See further Chapter 5.” 
 
Observations and comments on Step 3 
 

Of the references listed above, only Chapter 5 of the 2006 SR-Can report was reviewed.  
At this stage of the review, we have no observations or comment for this step. 
 
Step 4 - Description of processes 
 
Description in SR-Can [1] 
 

“The identification of relevant processes is based on earlier assessments and FEP 
screening.  All identified processes within the system boundary relevant to the long-term 
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evolution of the system are described in dedicated Process reports.  Short-term geosphere 
processes/alterations due to repository excavation are also described in these Process reports 
and are taken into account in the assessment.  For each process, its general characteristics, the 
time frame in which it is important, the other processes to which it is coupled and how the 
process is handled in the safety assessment are documented.  See further Chapter 6.” 

 
Observations and comments on Step 4 
 

We did not review any of the process reports referred to above.  As follows, we have no 
observations or comment for this step. 
 
Step 5 - Definition of safety functions, safety function indicators and safety function 
indicator criteria 
 
Description in SR-Can [1] 
 

“This step consists of an account of the safety functions of the system and of how they can 
be evaluated by means of a set of safety function indicators that are, in principle, measurable 
or calculable properties of the system.  Criteria for the safety function indicators are provided. 
The process reports are important references for this step.  A FEP chart is developed, showing 
how FEPs are related to the safety function indicators.  The execution and results of this step 
are described in Chapter 7.” 
 
Observations and comments on Step 5 
 

Based on the information presented in Chapter 7 of the 2006 SR-Can report, we submit 
the following observations and comments for consideration: 
 
O5-1: One of the stated objectives is to “Eliminate microbes” [1, p. 186].  A related claim is 

made that swelling pressures above 2 megapascals (MPa) prevent survival of 
microbes. 
 

C5-1: Microbes affecting redox conditions and transition metal mobility have been found to 
thrive at abyssal depths, i.e., greater pressures than 2 MPa, and at geyser temperatures, 
i.e., temperatures greater than 80oC.  With these natural analogs as indicators, we are 
highly skeptical that swelling pressure accompanying bentonite hydration will 
generally eliminate microbes imported into the repository in the buffer.  The 2 MPa 
swelling pressure may restrict entry of external microbes onto the face of the canister 
or into contact with fuel.  However, the introduction of microbes onto near-field 
materials, including the EBS components, should not be precluded by assumption.  
Bentonite materials are well known for their swelling capabilities that can create low 
hydraulic conductivities.  We know of no properties intrinsic to bentonite that in and 
of themselves would kill off microbes, and no such properties were attributed to 
bentonite, only swelling pressure.  Unless a property can be identified that is well-
documented to destroy a broad range of microbial colonies, we suggest that this safety 
function indicator be either reconsidered or better documented with supporting 
evidence. 
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Step 6 - Compilation of input data 
 
Description in SR-Can [1] 
 

“Data to be used in the quantification of repository evolution and in dose calculations are 
selected using a structured procedure.  The process of selection and the data values adopted 
are reported in a dedicated Data report.  Also, a template for discussion of input data 
uncertainties has been developed and applied.  See further Chapter 8.” 
 
Observations and comments on Step 6 
 

At this stage of the review, we have no observations or comment for this step. 
 
Step 7 - Definition and analysis of reference evolution 
 
Description in SR-Can [1] 
 

“A reference evolution, providing a description of a plausible evolution of the repository 
system, is defined and analysed.  The isolating potential of the system over time is analysed in 
a first step, yielding a description of the general system evolution and an evaluation of the 
safety function indicators.  If the evolution indicates breaching of isolation, the retarding 
potential of the repository and its environs is analysed and dose consequences are calculated 
for the long-term conditions identified in the first step.  Also some canister failure modes not 
resulting from the reference evolution are analysed in order to further elucidate the retarding 
properties of the system.  Each process is handled in accordance with the plans outlined in the 
process reports.  See further Chapter 9 for the analysis of the general evolution and the 
isolating potential and Chapter 10 for the analysis of the retarding potential.” 
 
Observations and comments on Step 7 
 

Based on the information presented in Chapters 9 and 10 of the 2006 SR-Can report [1], 
we submit the following observations and comments for consideration: 
 
O7-1: The 1-million-year post-closure performance period for the repository system is 

analysed by assuming eight essentially identical repetitions of the 120,000-year 
Weichselian glacial cycle. 

 
C7-1: Predictions attempting to describe the integrated evolution of the geosphere and the 

biosphere during 1 million years following the closure of a repository in numerical 
terms (quantitatively) embody a significant inherent level of assumptions and 
uncertainty.  Fundamentally, they have to be based on an integrated network of 
compatible and consistent natural analogues and assumptions attempting to describe 
(bracket) the evolution of unprecedented spatial and temporal scales in both 
phenomenological (e.g., conceptual models) and numerical (e.g., algorithms and 
codes) terms.  As follows, by definition, the resulting predictions are not exact, and the 
credibility and acceptability of both the assumptions, including boundary conditions, 
and the predictions to a large extent rest upon the reasonableness of the qualitative and 
quantitative assumptions made, the relevant qualifications of the individuals making 
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them, and the relevance/suitability/pedigree of the algorithms, codes, and models used.  
Notwithstanding that our review only assessed and commented upon the 
reasonableness of the following assumptions made in the SR-Can reports [1, 2], they 
reflect our level of confidence in the related predictions: 

 
a) Although we are concerned about how well the continuation of the current 

greenhouse period (Figure 7) can be predicted we are inclined to accept the 
temperate period and the initial Weichselian glacial cycle used in the SR-Can 
reports [1, 2] as two reasonable scenarios in Sweden for the first 120,000 years or 
so after the closure of the repository. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Climate Change [32, p. 8 (Copyrighted)]. 

 
b) However, based on the history of the Earth, as evidenced by the four known 

Europena glacial cycles during the Quaternary period, we are not convinced that it 
is reasonable to repeat any given glacial cycle another seven times to reach the 
one-million-year safety/risk-assessment “target”.  To the best of our knowledge, 
there is no factual, empirical, or historical information supporting the assumption 
of eight consecutive glacial (and interglacial) periods with identical duration and 
evolution.  On the contrary, available information shows beyond any reasonable 
doubt that all glacial periods experienced around the world to date differed with 
regards to duration, extension, and effects.  As follows, although we fundamentally 
question the meaningfulness in attempting to quantify and model FEPs for 
1,000,000 years, if this is to be done, we strongly encourage continued evaluation 
and refinement of potential FEPs and scenarios following the first glacial cycle 
because the consecutive occurrence of eight identical glacial cycles is not 
supported by existing global historical data. 
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c) Likewise, whereas it may be convenient from a modeling and modeler’s 

perspective to use essentially the same basic sets of algorithms and codes eight 
times, we also find it very difficult to envision even two consecutive identical 
greenhouse periods.  As illustrated in Figure 7, we are still in a rapidly escalating 
climate change and carbon dioxide increase mode.  Simply stated, no one even 
knows how the current greenhouse period will evolve in the future since it is 
largely influenced by human activities and far from over.  For example, the current 
greenhouse period is largely governed by past and current generations’ use of 
carbons and hydrocarbons, both of which are limited natural resources.  Whereas 
there are much more abundant coal resources than hydrocarbon resources left in 
the world at this time, they are also limited and our current knowledge about their 
“replenishment” history strongly suggests that they will not be replenished during 
any future interglacial periods to compensate for our past, current, and pending 
uses during this greenhouse period.  With regards to time alone, past 
“replenishments” of natural carbon and hydrocarbon resources required several-
hundred-million years.  In other words, future human consumption of these natural 
resources of importance to the greenhouse period is bound to change with time, 
including an increased reliance on more carbon-dioxide-generating energy sources. 

 
The following observations and comments address hydrogeological modeling: 

 
O7-2: The geochemical evolution of groundwater chemistry has been modeled by blending 

results of chemical mixtures with components representative of meteoric water, sea 
water, and reacted groundwaters representative of thermally driven water-rock 
chemical reactions.  The key assumption appears to be that recharge by meteoric water 
will always end up diluting the groundwaters that are richer in dissolved components, 
i.e., salinity.  The key parameters are identified as redox and salinity [1, p. 258].  The 
chemical reaction model that is used is Phreeqe and the hydrologic flow/infiltration 
model that is used is Connectflow. 

 
C7-2: The Connectflow model deals with groundwater infiltration (i.e., results are time 

dependent) and Phreeqe is a geochemical code that usually relies on equilibrium 
thermodynamics.  We could not verify precisely how the two codes are used together, 
although the 2006 SR-Can report states that the two codes are “loosely coupled.”  The 
results cited in reference [1] indicate that: 1) Infiltration of meteoric water always 
dilutes the salinity of the repository water; and 2) Reducing redox conditions will 
always prevail in the repository.  The related questions that arise are: 

 
a) Is it appropriate to use these two models; one that produces time dependent 

flow/mixing results, and another that assumes chemical equilibrium rather than 
time dependent kinetic results, in this manner?  It appears to us that the current 
modeling practice will always produce the most beneficial result for repository 
waters (diluted salinity and reducing conditions).  Is this approach appropriately 
conservative? 

b) Does Connectflow consider thermal buoyancy and volumetric expansion of 
groundwater due to heating in a multidimensional thermal field, or is it simply 
driven by hydraulic heads calculated at natural ambient temperatures? 
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O7-3: The groundwater chemistry section points out that sulfur components of reacted 

groundwater could include sulfate and sulfide. 
 
C7-3: Sulfur compounds are agents for aggressive corrosion of copper, e.g., sulfate corrodes 

copper under low pH, oxidizing conditions and sulfide corrodes copper under 
reducing conditions.  Of the two sulfur components, sulfide is usually considered the 
greater threat to copper canister longevity.  The discussion then notes that sulfide is 
only present under hydrothermal conditions (which under classic definitions of 
“hydrothermal” will not exist in the repository) and that microbial reactions with 
sulfate are required to produce sulfide.  These statements and conclusions may be true 
in an academic context, but they also are somewhat incomplete and potentially 
misleading.  Most sulfides observed in surface-temperature groundwaters are the 
products of microbial reduction of other dissolved sulfur species such as sulfate.  
However, ester sulfates are readily converted to sulfide at ambient temperatures 
without mediation by microbes.  Since ester formation requires the presence of 
inorganic carbon and oxygen, sites with elevated inorganic carbon concentrations (i.e., 
high carbonate groundwaters, carbonate secondary minerals) will pose a greater risk 
than those without such features. Furthermore, there are also sulfur species other than 
“sulfide” that commonly are present in groundwaters.  One of them is hydrosulfide 
(HS), which occurs in waters at 25oC at pHs in the range of 9 to 13.  Another is 
aqueous hydrogen sulfide (H2S), which occurs in the same reducing waters over pHs 
in the range of 4 to 9.  The significance is that both H2S and HS are significantly more 
corrosive to copper metal than pure (e.g., distilled) water. 

 
O7-4: Near-field groundwaters will reach temperatures of 90oC. 
 
C7-4: This temperature is usually considered to be below the thermal threshold for 

hydrothermal conditions.  However, it has been reported that non-microbial mediated 
sulfide may be produced from sulfate at temperatures in such near-hydrothermal 
groundwaters at temperatures exceeding 80oC.  This mechanism would appear to 
expand concerns that might attach to marine incursions because sea water is 
commonly rich in sulfate, and if the timing of the incursion was optimal, then the 
fracture infiltration model that introduces rain water as a dilutant to repository level 
groundwaters would instead predict high sulfate groundwaters within the repository. 

 
O7-5: The geochemical calculations appear to limit dissolved sulfur species by assuming that 

the only source for sulfur available to the repository waters is from dissolution of 
pyrite that could be entrained in the backfill and the buffer. 

 
C7-5: As noted above, marine waters might provide additional sulfur.  In addition, we found 

no discussion of the presence of pyrite or gypsum as either primary or secondary 
minerals contained within any of the host rocks at the candidate sites.  If any sulfur 
species are present in the local geology, consideration should be given to including 
those contributions to any mass balance calculations that evaluate the potential for 
copper corrosion by sulfur-containing components. 

 
The following comments address thermal modeling: 
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O7-6: Thermal modeling around the canister shows a disagreement between temperatures 
calculated for the outer edge of the canister and the inner edge of the buffer, e.g., 
Figure 9-18 [1, p. 233]. 

 
C7-6: Assuming that the buffer will swell and fill the annulus in the deposition hole(s), there 

should not be a void space and, in reality, these temperatures must be the same.  The 
differing temperature results suggest that the assumptions, algorithms, and models 
used to calculate the peak temperatures for the involved EBS components are not in 
agreement with each other.  The discordant results suggest that the calculated thermal 
history of the repository might need some checking and perhaps some refinements.  
Alternatively, the apparent discrepancy should be explained along with a discussion 
about why the calculated disagreement does not decrease confidence in the thermal 
model.  For example, did the thermal modeling around the canister consider 
temperature-dependent thermal properties?  In some rocks, the thermal conductivity is 
a strong function of temperature.  An implication for the mechanical response is that 
thermal stresses (and stress gradients) may be lower if the conductivity is higher. 

 
8. Selection of scenarios 
 
Description in SR-Can [1] 
 

“A set of scenarios for the assessment is selected.  A comprehensive main scenario is 
defined in accordance with SKI’s2 regulations SKIFS 2002:1.  The main scenario is closely 
related to the reference evolution analysed in step 7.  The selection of additional scenarios is 
focused on the safety functions of the repository and the safety function indicators defined in 
step 4 form an important basis for the selection.  For each safety function, an assessment is 
made as to whether any reasonable situation where it is not maintained can be identified.  If 
this is the case, the corresponding scenario is included in the risk evaluation for the repository 
with the overall risk determined by summation over such scenarios.  The set of selected 
scenarios also includes e.g. scenarios explicitly mentioned in applicable regulations, such as 
human intrusion scenarios, and scenarios and variants to explore the roles of various 
components in the repository.  See further Chapter 11 for the scenario selection methodology 
and the application of the selection method.” 
 
Observations and comments on Step 8 
 

At this stage of the review, we have no observation or comment for this step. 
 
Step 9 - Analysis of selected scenarios 
 
Description in SR-Can [1] 
 

“The main scenario is analysed essentially by referring to the reference evolution in step 7.  
An important result is a calculated risk contribution from the main scenario.  The additional 
scenarios are analysed by focusing on the factors potentially leading to situations in which the 

 
2 On 1 July 2008, SKI and the Swedish Radiation Protection Authority (SSI) were combined 
into the Swedish Radiation Safety Authority (SSM). 
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safety function in question is not maintained.  In most cases, these analyses are carried out by 
comparison with the evolution for the main scenario, meaning that they only encompass 
aspects of repository evolution for which the scenario in question differs from the main 
scenario.  For these scenarios, as for the main scenario, a risk contribution is estimated.  See 
further Chapter 12.” 
 
Observations and comments on Step 9 
 
O9-1: One of the selected scenarios related to buffer erosion is the removal of buffer material 

due to colloid formation induced by low ionic strength glacial melt waters [1, p. 20]. 
 
C9-1: In this scenario, low-ionic-strength water flows into the bentonite.  Where the 

bentonite is confined, it swells, pore pressures for included water increase, and the 
hydraulic conductivity of the bentonite mass decreases.  In areas where the bentonite is 
not well-confined, the swelling causes a decrease in bentonite density and makes the 
compacted bentonite more susceptible to erosion.  The erosion potentially leads to 
piping in areas of higher water pressure and increases the probability of buffer failure. 

 
A similar effect can be produced by high salinity waters.  One mechanism used to 

describe the swelling of bentonite clays on contact with water is osmotic pressure.  
Layered clay structures like those possessed by sodium montmorillonite (the main 
constituent of bentonite) contain interstitial water molecules coordinated by alkali 
metals.  Low-ionic-strength water flows into the structure, causing the structure to 
swell.  As noted above, when the bentonite is confined, the swelling causes a decrease 
in hydraulic conductivity.  The driving force is chemical potential, and, in this 
instance, it is more well-known as an osmotic pressure.  Osmotic pressures are created 
when concentrated solutions and dilute solutions are separated by a membrane.  The 
dilute solution wants to flow into the concentrated solution and establish a single 
equilibrium solution.  Within a bentonite buffer, a concentrated solution is created by 
the alkali metals that exist in coordination with water molecules in the interstitial clay 
layers. 

One explanation of the swelling phenomenon is that the water-alkali clay structure 
approximates a high ionic strength solution within the clay mineral.  The chemical 
potential difference between the strong solution inside the clay and the more dilute 
solutions outside the clay causes the weaker external solutions to flow into the clay to 
produce a more dilute internal environment.  The reverse situation has also been 
observed.  If the solutions outside the clay mineral are more concentrated, then the 
water in the interstitial layer of the clay will flow out of the mineral and into the 
concentrated solution.  This flow causes the clay mineral structure to collapse and 
increases the porosity and hydraulic conductivity of the clay mass.  This phenomenon 
has been observed both in nature and in failure analyses of levees around mine tailings 
ponds constructed from bentonite-rich soil.  Thus, scenarios involving inundations by 
saline waters (infiltrating seawaters, or repository groundwaters that achieve high ionic 
strength by thermally driven reactions with repository materials) should be considered 
companion scenarios to the low ionic strength scenario.  We have not found where 
such scenarios have been considered in the SR-Can report. 
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O9-2: One of the selected scenarios related to canister corrosion considers that oxygen is 

trapped near the canister during repository closure.  It calculates that the trapped 
oxygen is consumed by water-rock reactions within a matter of months.  We have 
several comments related to this observation/scenario. 
 

C9-2a: Oxygen will be trapped in fractures within the rock.  Reduction of the oxidation 
potential of the water entrained in the fracture will depend on both the oxygen buffer 
pair (e.g., hematite:magnetite) and on the molecular quantities of entrained oxygen and 
buffer material.  For example, the hematite:magnetite reaction may reduce the 
equilibrium redox potential for the groundwater into the region where metallic copper 
is stable.  However, if there is insufficient magnetite available to react, then the 
equilibrium will never be established or maintained, and the relevance of corrosion 
rates under reducing conditions will be highly questionable.  We would like to know if 
estimates have been made and are available for: 

 
1. The mineral surface area available for oxygen consumption; and 
2. The molecular volume of air that could be trapped in the deposition holes, the 

deposition tunnels and the EDZ when the repository is closed. 
 
Until these uncertainties are addressed, questions will remain about the canister 

corrosion rate studies.  Given the high degree of reliance placed on copper canister 
permanence to achieve acceptable repository performance, without a scientific 
demonstration that the chosen host rock contains sufficient reducing capacity to limit 
copper corrosion, preference should be given to a host rock that contains the greater 
amount of ferrous containing minerals, such as magnetite. 

 
C9-2b: Copper canister performance has been evaluated using uniform corrosion as the 

mechanism by which corrosion will occur.  The following two additional mechanisms 
for localized corrosion seem plausible to us. 

 
1. Stress Corrosion Cracking (SCC) has been dismissed as unlikely due to the 

absence of oxidants and other chemical agents that promote SCC.  However, 
radiolysis of water by gamma emitters in the SNF has the potential to create both 
hydrogen peroxide and oxygen in the environment adjacent to the canister.  While 
the life expectancy of these chemicals may be short, the oxidants might have the 
potential to initiate SCC, which would then be self-propagating.  An analogue of 
potential relevance is that copper cooling coils in nuclear reactors have 
experienced SCC.  Furthermore, ammonia and copper amines are known to induce 
intergranular SCC in copper materials.  Amines could be produced by wastes 
imported into the repository during the operations period or by the degradation of 
packing materials, insulation etc., that might accompany construction.  We have 
not seen evaluations for the quantities that might be attributable to such activities 
and their potential for amine production.  Without such analyses, perhaps it might 
be prudent to re-examine SCC in greater detail. 

2. We have not seen the potential for pitting corrosion addressed to any appreciable 
extent in the SR-Can report.  Pitting corrosion is one of the more common 
mechanisms for failure of copper piping and is a process familiar to many 
homeowners.  Characteristics that might induce pitting corrosion include elevated 
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sulfate, chloride, silica, and alumina concentrations in the groundwater and the 
attachment of microbial colonies to the copper canister (although copper is known 
for its bacteriostatic/bacteriocidal qualities, it is reported that certain microbial 
colonies can induce pitting).  Low ratios of organic carbon to inorganic carbon 
and pHs above 9, which are reasonable within the repository [1, p. 272], are 
potential initiators of pitting that might occur near grouted boreholes.  The 
thickness of the canister wall may be a sufficient basis for dismissing the pitting 
mechanism but it appears to us that the potential for pitting (spot) corrosion has 
been dismissed without adequate justification/basis. 

 
In summation, localized corrosion at weldments is a more likely cause of failure 

than uniform corrosion.  Pitting corrosion and stress corrosion cracking also need to be 
considered.  Once a preferential site of corrosion occurs, it becomes the weak link. 

 
Step 10 - Conclusions 
 
Description in SR-Can [1] 
 

“This step includes integration of the results from the various scenario analyses, 
development of conclusions regarding safety in relation to regulatory criteria and feedback 
concerning design, continued site investigations and SKB’s RD&D programme.  See further 
Chapter 13.” 
 
Observations and comments on Step 10 
 

Based on the information reviewed, we submit the following observations and comments 
for consideration: 
 
O10-1: Conclusions of satisfactory repository system performance in the 2006 SR-Can report 

depend primarily on: 
• The ability of the copper canister to resist corrosion; and 
• The ability of the bentonite buffer/backfill to assure a low hydraulic flow 

environment in the deposition holes, the deposition tunnels and other drifts and 
shafts. 

 
C10-1: In our opinion, there is substantial reason to believe that both of these key performance 

objectives will be met; however, the integration of scenarios could be both more 
complete and more strongly tied together. 

 
O10-2: E.g., Figure 9-18 in Chapter 9 [1] shows different temperatures at EBS component 

boundaries even though they are presumed to be in contact with each other. 
 
C10-2: The disagreement in temperatures calculated at EBS component boundaries suggests 

that the thermal analyses in the waste package environment are inconsistent.  
Temperature is a key driver for rock-water interaction processes and the composition 
of reacted groundwater is a key factor when predicting the life of the canister and the 
ability of the buffer to perform as intended.  The uncertainty in predicted temperature 
does not seem to have been propagated throughout the EBS performance analysis. 
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O10-3: We note that the process used for modeling groundwater composition appears to be 

insufficient.  At present, the model predicts significant dilution of deeper groundwater 
compositions due to infiltration of rain or other surface water.  The diluted 
composition is produced by rapid infiltration of near surface waters driven by fracture 
dilation and water-table draw-downs that are produced by repository excavation. 

 
C10-3: It appears to us that the mixing model is based on a mechanical mixing process using 

gravity flow to derive the proportions for various groundwater compositions (meteoric, 
marine and rock-equilibrated).  It also appears to us that this mixing model would have 
a very high degree of uncertainty and that different pathways may well produce very 
different compositions.  This inference seems borne out by: 
 
• The comparatively poor agreement in calcium concentrations at a depth of 400 m 

for observed and calculated water compositions [1, e.g., Figure 9-39]; and 
• The apparent variability in the natural groundwaters at Forsmark. 

 
The modeling process seems biased toward a result that produces more benign 

groundwater compositions than reasonably could occur.  For example, the model does 
not seem to consider a groundwater composition resulting from infiltration of sea 
water flooding over the surface that mixes in a range of proportions with heated (i.e., 
90oC) rock-equilibrated water. 

 
O10-4: “Radionuclide transport and dose calculations are carried out for four canister failure 

modes.  Two of these, namely, failure modes due to corrosion and due to shear 
movements, were identified in the reference evolution.  Two additional failure modes 
are analysed to further illustrate retardation, the secondary safety function of the 
repository. 

 
A comprehensive set of calculation cases are carried out to analyze retardation and 

to elucidate the impact of a number of uncertain factors identified in the reference 
evolution.  In the biosphere, radionuclide transport and dose consequences are 
estimated using a novel approach based on site-specific biosphere data and taking the 
temporal development of the landscape into account. 

 
The results imply that the canister failures potentially resulting from the reference 

evolution yield consequences that are well below the regulatory risk limit”. [1, p. 20] 
 

C10-4: We did not find any new information in the reviewed documents that alleviated the 
concern we expressed in our 2001 report about early canister failures [5].  We did, 
however, find the following statement in the 2006 SR-Can report that further 
corroborates our observation in the 2001 report: 

 
“The mass production of the canister parts, i.e. the insert, copper tube, lid, 
and bottom, may very well be done by different companies applying different 
methods that all fulfill the set requirements.” 

 
We therefore maintain that, based on: a) The manufacturing practices and plans 

described for the waste canisters in the reviewed reports and documents; and b) The 

12 January 2009 Page 27 of 42 



FINAL REPORT 
 

Independent Technical Review of Portions of SKB’s 2006 SR-Can Report (TR-06-09) 
by William E. Coons, Leif G. Eriksson, and Krishan K. Wahi 

 
historical record for the manufacturing of sophisticated high-precision components or 
products, the described copper canisters are, indeed, state-of-the-art products, as is 
the NDA equipment, and we thus believe that it is not reasonable to expect or to 
assume a perfect manufacturing process for the described waste canisters. 

 
We also share Dr. Pereira’s concerns [14] about: 

 
a) The limited information available on the quality of the welded area and the 

adjacent portion of the canister; and 
b) The ability of currently available test methods to verify the required quality of and 

contents of a) the welds and b) the portion of the copper canister located adjacent 
to the weld. 
 
The competing requirements of cost, quality and schedule must be reconciled and 

prioritized to assure the desired (perhaps, required) performance of canisters. 
 

O10-5: Another recently availed source causing concerns is the research results reported in 
2007 by Szakalos, Hultquist, and Wikmark on anaerobic corrosion of copper [20]. 

 
C10-5: Based on our review of this journal article and subsequent communications with Dr. 

Szakalos, it appears that additional multi-year research conducted by an independent 
third party under strictly controlled conditions and using “site-specific” groundwater 
would be required in order to either corroborate or credibly refute these results. 
 

As follows, we still [5] do not find the postulated 1,000-year perfect performance 
of all waste canisters concept a reasonably credible reference-evolution scenario.  In 
general terms, engineered structures, indeed any manufactured product, can and should 
be expected to have flaws that could remain undetected by current Best Available 
Technology (BAT) non-destructive assay/test (NDA) techniques.  As follows, we 
consider it far more likely/realistic and, thus, more credible to assume some early 
canister failures and then demonstrate compliance with regulations than to preclude 
failure for at least 1,000 years due to assumptions of perfect material and structural 
behavior.  For example, in our 2001 report [5, e.g., pp. 53-54], we suggested based on 
our statistical analyses that, on average, there would be one failed canister per every 
200 canisters for a total of 23 failed canisters randomly spaced in the repository. 

 
In light of the total number of canisters projected in the SR-Can report being at 

least 50% greater (6,000–7,200) than the number we used (4,000) in our three-
standard-deviation-based (~0.1%) failure ratio in 2001, even the 2001 number of 23 
initially failed canisters may be too low for use in the SR-Site report.  However, 
notwithstanding us using a three-standard-deviation-based failure-ratio approach, we 
fundamentally believe that any credible statement on the potential failure rate of the 
canisters has to be substantiated by a detailed database on conducted QA tests and 
the detection capability of the test equipment/instrument used.  As suggested in 2008 
by SKI and SSI [3], this database should include information on the probability of 
detection (POD) of a flaw with the related confidence level(s), if applicable, for each 
QA test equipment/instrument used or considered.  Preferable, it should also include 
“failure” data from a similarly complicated manufacturing process.  We would also 
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like to see a bounding calculation for initial failures of a well-justified (empirical) 
number of canisters. 

 
The remainder of our observations is provided below in the form of comments on the 

findings and conclusions made by SKB in the 2006 SR-Can report [1] followed by additional 
observations and comments on specific topics.  Each SKB finding and/or conclusion is 
bulletized (•) and highlighted in bold italic font.  It is followed by our related comment(s) 
that, in some cases, also has been provided in some form in other places in the report.  Again, 
terms and concept deemed to be important have been emphasized by letters in bold text, in 
italics, and/or underlining. 
 
• No canister is assessed to fail during the initial temperate period, expected to last 

several thousand years. 
 

We are unable to support this statement.  As suggested above and in our 2001 report 
[5], based on the sophistication of the state-of-the-art manufacturing process involved and 
the less than 100% capability of existing NDA equipment/techniques to identify canister 
and weld defects, we find it very difficult to envision that no canister will fail during the 
1,000-year temperate period.  On the contrary, we believe that several canisters may fail 
and that additional research and development (R&D) of both the manufacturing and 
QA/QC processes and full-scale demonstrations and verifications are required to 
establish a reasonably credible failure rate. 

 
• A repository at Forsmark is assessed to comply with the regulatory risk criterion. 

 
We did not assess whether any of the candidate repositories complied with applicable 

statutory and regulatory requirements but we are concerned that some of the data, models, 
and assumptions involved in the safety assessments presented in the two SR-Can reports 
[1, 2] may not be reasonable and new data, refined models, and different assumptions 
may change these preliminary results in the pending SR-Site report.  We are particularly 
concerned about the current state of in-situ stress at the proposed repository depth at the 
Forsmark site, the quality of the related database, and how the stresses at repository 
depth will evolve due to projected and anticipated increases in hydrostatic and lithologic 
pressures, and thermally-induced stresses.  Simply stated, high stress conditions, 
typically, impose constraints and requirements affecting the cost and timeline for the 
construction, operation, and decommissioning of a deep geological repository as well as 
the long-term post-closure behavior of the repository system, that, in turn, govern the 
potential impacts on future generations and environments. 

 
Also, SKB’s above preliminary finding appears to pertain to the safety assessments 

conducted for a KBS-3V repository [1, e.g., Figures 4-1, p. 78, 4-2, p. 79, and 4-4, p. 82].  In 
light of the expected high-in situ stresses at proposed repository depth at the Forsmark site 
and the potential for SKB giving additional considerations to the KBS-3H disposal 
concept, following are some observations pertaining to horizontal emplacement of 
multiple SNF canisters in long horizontal boreholes in a high in-situ-stress environment. 

 
Based on analyses of the short- and long-term structural stability of long horizontal 

deposition holes in very-high compressive strength crystalline rocks (basalt) and high-in-
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situ stresses conducted whilst supporting the BWIP project, we would like to mention that 
high in-situ-stresses, typically, impose both pre- and post-closure constraints and 
requirements affecting: 
 
a) The cost and timeline for the construction, operation, and decommissioning of a deep 

geological repository; and  
b) The long-term post-closure behavior of the repository system, which, in turn, govern 

the potential impacts on future generations and environments. 
 

The simple rule of thumb is, the stronger the rock, the more violent the rock failure.  
We are thus compelled to caution about not overextending the applicability of the results 
derived by the preliminary safety analyses in the two SR-Can reports to the KBS-3H 
disposal concept.  Specifically, based upon the directions and magnitude of the highest in-
situ stresses, the KBS-3H disposal concept will pose special/unique additional design and 
safety analysis considerations, including compromises in terms of the layout of the 
repository.  For example, the longitudinal axes of the disposal tunnels may not be located 
in the most favorable direction relative to the major principal stresses in order to optimize 
the stability of the horizontal disposition holes and the size and shape of the larger 
underground openings may also need to be modified.  However, notwithstanding the 
short- and long-term importance of prevailing in-situ stresses, they are only one of many 
repository system components (or conditions) that need to be considered in a holistic 
performance/safety analysis of a deep geological repository system for SNF. 

 
Two other major concerns that apply to both the Forsmark and the Laxemar sites are: 

1) How; and 2) How fast oxygen entrapped in the components of the EBS and in the 
surrounding EDZ will be consumed or otherwise prevented from reaching the copper 
canisters.  For example, a reasonable database on, and discussion of, the reactive surface 
areas available for reaction of oxygen-consuming minerals such as magnetite appear to 
be lacking at both Laxemar and at Forsmark.  Absent such databases and discussions, we 
are not convinced that the current analyses adequately support the hypothesis that no 
oxygen will reach the canisters during the temperate period. 

 
In contrast, we believe refinement of surface water models and related conceptual and 

numerical models for fracture flows will reduce both current uncertainties and currently 
projected doses. 
 

• A repository at Laxemar is preliminarily assessed to comply with the regulatory risk 
criterion – but more representative data is required. 

 
Please see comments made above on SKB’s compliance statement for the Forsmark 

site and footnotes 4 and 5 in Exhibit D.  The aforementioned comments and footnotes also 
provide insight into the type of data we consider particularly important. 

 
• Freezing of an intact buffer is assessed as ruled out – even for very pessimistically 

chosen climate conditions. 
 
  We agree with this finding for the proposed repository depths. 
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• Oxygen penetration is preliminarily assessed as ruled out – even for very pessimistically 

chosen conditions. 
 

As mentioned above in connection with the compliance statement for Forsmark, we 
remain [5] concerned about how the oxygen introduced into the near-field during the 
construction, operation, and closing of the deposition tunnels and deposition holes will be 
consumed or neutralized.  In our assessment, the information provided in the SR-Can 
reports is not adequate to rule out this issue.  As follows, we disagree with this finding. 

 
• The risk contribution from earthquakes is assessed as small. 
 

We agree with this finding.  However, isostatically-, glacially-, and thermally-induced 
stresses might cause micro- and macro-seismic events that affect the shape and/or the 
structural stability of underground openings.  We therefore suggest these potential near-
field processes and events be given additional attention in the pending SR-Site report. 

 
• Loss of buffer may occur from exposure to glacial melt waters but the extent is 

uncertain – further studies are required. 
 

Although we find it very difficult to envision any reasonable physical non-algorithm-
driven process and/or event, or combinations thereof, resulting in (surficial) melt water 
reaching any of the proposed repository depths, we agree with SKB that additional 
analyses would be of value but they should focus on the means, mechanisms and 
probability of melt-water incursion and the related fracture flow analyses.  As mentioned 
elsewhere in this report, we believe the current surface-water model to be overly 
conservative. 

 
• Substantial loss of buffer may lead to canister failures in very long time perspectives. 

 
In our opinion, loss of buffer material alone will not lead to canister failure.  Other 

processes and events are also required for this to happen.  For example, the composition of 
the groundwater contacting the canisters may be more important to the rate of corrosion 
and an earthquake or “spalling” event is more likely to result in an abrupt canister failure.  
As follows, we agree with this finding to the extent that buffer loss may contribute to 
canister failure. 

 
• A prolonged period of warm climate (increased greenhouse effect) before the next 

glacial period is assessed as primarily beneficial for repository safety. 
 

We agree in general with this finding. 
 
• Crucial to avoid deposition positions intersected by large or highly water conductive 

fractures – further studies are required. 
 

We agree in general with this finding.  However, these are conditions that neither can 
be fully established by means of surface-based investigative methods or techniques, nor be 
considered in isolation.  These conditions will not be established in detail until the 
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construction phase is underway.  A flexible design, i.e., freedom in the orientation and 
location of deposition tunnels and holes [30, 31] based on information gained during 
construction, is a practical, time- and cost-saving, measure to mitigate the potentially 
adverse impact of unexpected discontinuities. 

 
• The heat from the canister may fracture the rock in the deposition hole wall, which may 

enhance the in- and outward transport of dissolved substances – further studies are 
required. 

 
We agree with this finding.  As discussed above for Forsmark, we find it particularly 

relevant to rocks with one or more very high principal in-situ stresses, particularly when 
the state of stress is anisotropic. 

 
• The importance of the backfilled deposition tunnels as a transport path for 

radionuclides is limited. 
 

Compared to other potential pathways for radionuclide migration, we agree with this 
finding as stated by SKB.  We are, however, seriously concerned about the limited 
database on the potentially adverse effects on corrosion rates due to the oxygen entrapped 
in the void spaces of the components of the EBS in the deposition tunnels and within the 
EDZ. 

 
• The importance of the EDZ in the rock around the deposition tunnels as a transport 

path for radionuclides is limited. 
The radionuclide migration in the EDZ may be limited based on the assumptions and 

models used in the 2006 SR-Can report.  However, based on analyses conducted at other 
repository sites, the EDZ is generally the primary construction-induced potential 
pathway/conduit for groundwater movement and, by implication, radionuclide migration 
in a saturated environment.  We would thus like to see a better, i.e., quantitative, definition 
of the term “limited” in the SR-Site report. 

 
• Compliance for the initial glacial cycle 
 

For the initial glacial cycle, the following two risk contributions were identified by 
SKB [1, p. 24]: “That from earthquakes and that from canister failures due to corrosion 
if the buffer has been eroded by glacial melt waters.” 

 
We are concerned that the assumptions supporting the second of the above two 

findings may be overly optimistic or not have incorporated potential uncertainties.  For 
example, whereas we (for reasons described elsewhere in this report) don’t believe that 
glacial melt waters may reach the buffer in the deposition holes, we believe that, for a 
variety of reason also discussed elsewhere in this report, early canister failures are an 
integral part of a reasonably-likely post-closure scenario. 
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• Repository performance for the time beyond the initial glacial cycle 
 

We agree with representatives of SSM [e.g., 7] that numerical exercises involving 
very-long time periods and a large number of phantasmagoric (our choice of word) FEPs 
and scenarios serve a limited purpose.  In particular, we are unable to envision/support 
eight identical 120,000-year glacial cycles occurring during the 1 million year 
performance period.  Whereas we believe the Weichselian period to be a reasonable 
assumption/scenario for the first 120,000-year glacial cycle, based on available data, we 
find the likelihood (probability) for its repetition even once to be very low.  Indeed, the 
last seven glacial cycles used to derive the preliminary safety analyses results in the SR-
Can reports are very difficult to substantiate and would, thus, be susceptible to successful 
legal challenges under US law.  We thus suggest that SKB works closely with SSM and 
affected parties/stakeholders to refine the scenario(s) for the approximately 880,000-year-
long period that follows the first glacial cycle in the SR-Site report. 

 
• A first evaluation of effects on the environment from release of radionuclides has been 

made.  Most radionuclide releases fall below screening limits, meaning that no 
additional analyses are required.  A few nuclides in the most pessimistic calculation 
cases exceed the screening limits at the end of the assessment period, requiring more 
detailed assessments. 

 
 We have not conducted a quantitative review of the release calculations; therefore, we 
have no comment on this conclusion by SKB. 

 
• Two alternative safety indicators have been used as a complement to the risk indicator; 

release constraints issued by the Finnish regulator STUK and contents of naturally 
occurring radionuclides in the environment at the repository sites. 

 
 While we have not reviewed the logic used, release constraints issued by Finnish 
regulators may be entirely appropriate.  However, even if that is true, it is our opinion that 
a more fundamental criterion would be preferable.  We believe that if predicted releases, 
after accounting for the uncertainty of the calculation, lie within the range of documented 
natural phenomena, then remaining exposure risks, if any, would be capable of being 
addressed by existing technology to an extent that is sufficient to preserve public safety.  
Therefore, we would support a safety indicator based on natural occurrences.  We do not 
necessarily believe that it needs to be the natural occurrence at the candidate site. 

 
• A first account is made of the aspects of Best Available Technique, BAT, that can be 

addressed based on the results of the safety assessment.  It is fair to assume that 
techniques and models will improve on a continuous basis and periodic re-evaluation 
(i.e., performance assessment) of dominant events and processes is warranted. 

 
 It is our experience that pursuing BAT leads to increasingly stringent safety analyses 
that are accompanied by increasing costs without the benefit of a direct relationship to 
increased public safety.  If the BAT concept is to be invoked, we suggest that there needs 
to be a showing that there is a quantifiable increase in safety that is attributable to the 
proposed new technology, and further, that this showing should be accompanied by a 
cost:benefit analysis.  To be meaningful, such an analysis would need to be supported by 
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advances made in toxicology/epidemiology research directed at determining health-based 
threshold values for chronic low dose exposures.  We are also surprised that the term 
“Available” in BAT is used in the context of “möjliga” rather than “tillgängliga”. 

 
• A number of bounding cases, assuming fictitious complete loss of one or several barrier 

functions have been analyzed.  The results indicate that the calculated doses are below 
the natural background radiation also for very severe losses of safety functions.  For 
example, an initial total loss of the canister and buffer in all deposition holes yields, for 
a repository at the Forsmark site, doses that are comparable to those caused by the 
background radiation.  The bounding analyses demonstrate the multi-barrier character 
of the KBS-3 system. 

 
Although we did not review the dose calculations, we noted that “an initial total loss 

of the canister and buffer in all deposition holes yields, for a repository at the Forsmark 
site, doses that are comparable to those caused by the background radiation” is 100 
times higher than the current effective dose limit set by the regulator for the longer of the 
first 100,000 years or the first glacial cycle. 

 
• A set of design-basis cases have been derived.  These are to be used as one of several 

inputs to substantiate the design basis for the repository which includes the 
establishment of requirements on barrier properties. 
 
 We have not conducted a detailed review of release calculations and their underlying 
assumptions; therefore, we have no comment or input on this issue at this time. 

 
• Detailed feedback is provided to canister design and fabrication, to repository design, to 

further site investigations and site modelling, to SKB’s RD&D programme and to the 
next safety assessment, SR-Site. 
 Our review of the 2006 SR-Can report and, in particular, its supporting reports is more 
cursory than that conducted by SKI and SSI [3], and it has produced more general 
observations and comments than would be generated by a more detailed review conducted 
over a longer period of time.  However, we have independently developed comments in 
this letter report embodying insights brought from earlier reviews of e.g., the KBS-1 and 
KBS-3 reports, and our international repository experience, that, though different from 
observations expressed by other reviewers, are for the most part, consistent with the tenor 
of their comments. 
 

Supplementary Observations and Comments 
 

The following supplementary observations and comments pertaining to the groundwater 
and corrosion modeling issues addressed in the LIST OF MAJOR ISSUES section above.  
The modeling-related comments are followed by a concise description of our major additional 
observations and comments. 
 
Thermal Modeling 
 

We noticed that thermal model results appear to have predicted different temperatures for 
the external surface of the canister and the inner surface of the buffer [1, e.g., Figure 9-18, p. 
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233].  It is our understanding that these two EBS components are in contact with each other 
and, therefore, they should be at the same temperature.  We are therefore somewhat concerned 
that the apparent discrepancy in calculated temperatures may indicate a faulty model or faulty 
model integration.  Notwithstanding that we may have misunderstood the figures that plot 
temperature as a function of distance, or we may not have an adequate understanding of the 
applicable EBS configuration, without additional information, we view the aforementioned 
disagreement in calculated temperatures as a potential error. 
 
Groundwater Modeling 
 

Provided below are observations and comments on 2 of the 3 regimes of flow; the near 
field/ local flow assumptions, and the far/regional flow fields.  We did not attempt to look at 
the canister/block near field of flow that would be dominated by canister performance 
interactions.  The review focused on what appeared to be the most sensitive aspects of overall 
performance assessment issues. 

 
• The model selection(s) and general use of these models, while important, is not a critical 

concern, as methods and methodologies are sufficiently adequate to provide reasonable 
preliminary estimates of performance. 

 
• With respect to the regional flow performance assessment, the methodology, well 

summarized in reference [21] and utilized in reference [16], the regional flow upper 
boundary uses the Fourier/frequency transform of the topography to drive the regional 
flow model.  However, as the infiltration rate at the higher elevations would tend to be 
lower than that at lower elevations and that direct runoff at higher slopes would tend to be 
greater, a separate surface runoff/infiltration model may result in a shallower circulation 
pattern as the effects of these high elevations would be offset by lower, or lack of, 
infiltration, and an attendant thicker less vertically permeable overlying unsaturated 
system would result in a thicker equivalent permeability zone as the vertical 
transformation is proportional to the inverse of the square root of the actual permeability.  
As the deposition holes are located only 400-500 m below the ground surface, this 
difference in circulation could be quite sensitive. 

 
• The fracture system geologic model is based on a small number of borings that appeared to 

have been tested over a number of intervals.  The geologic model suggests both local and 
regional flows that are dominated by vertical fractures.  This is no doubt the case.  
However, the hydrologic properties must be estimated over the intervals from this small 
number of borings.  Practically, relatively short-term tests must have been performed to 
determine these properties.  The implications of this reality are that the test measures near-
borehole, short-term, properties that may well over-estimate properties and cannot well 
address local, or regional fracture interaction/connectivity.  This potential for over 
estimation, particularly of equivalent hydraulic conductivity, would tend to overestimate 
local or regional circulation and gross infiltration.  No reliable estimate on connectivity 
could be made from these tests.  Reference [6] acknowledges these difficulties and makes 
an effort to bound them with model calibration in its 8000 BC to 2020 AD period but the 
assumption discussed in the second bullet above is directly a part of this effort. 
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• The relatively rapid results noted in the repository are the result of estimated, deep 

ground-water circulation through a relatively shallow repository, sited in saturated ground 
waters.  This circulation is the result of estimated, closely spaced vertical fractures, 
estimated at 28 m to about 140 m that are sufficiently permeable, non-retarding, and 
interconnected to allow for reasonably rapid nuclide migration.  The second and third 
bullets above suggest that the local and regional hydrologic properties may overestimate 
these characteristics to an uncertain degree. 

 
• The groundwater mixing model employs two loosely coupled models, Phreeqe and 

Connectflow.  Phreeqe is a geochemical code that is most commonly used to calculate 
equilibrium phases and phase compositions of coexisting minerals and groundwater.  
Connectflow is a hydrologic mixing model that uses flow rates to calculate the 
composition of mixtures produced by solutions of different composition converging on the 
same location (e.g., rainwater descending into rock-equilibrated groundwater that is 
flowing laterally).  We observed that the 2006 SR-Can report addressed the mixing of 
vertically descending rainwater with low ionic strength groundwaters that are 
characteristic of the natural environment.  The calculated result was a dilution of the 
natural groundwater by the rainwater.  This result surprised us because the natural 
groundwater presumably was formed by descending rainwater.  However, of greater 
concern is that the model appears to address the most benign case while not addressing a 
plausible, more aggressive case.  The more aggressive case is the mixing of seawater from 
an inundated surface, with heated, chemically equilibrated (rock-water) groundwater in 
the repository.  A result of the more aggressive calculation might prove helpful for 
canister corrosion and buffer stability experiments.  The calculated result could be 
calibrated/confirmed by equilibrium experiments using a Dickson autoclave. 

 
Corrosion Modeling 

 
• It is our opinion that corrosion of copper by more aggressive, high ionic strength waters 

produced by seawater incursions or thermally driven rock-water interactions should be 
investigated.  To be conservative, these investigations should include more oxidized 
waters than what would be in equilibrium with the host rock. 
 

• As noted above, the reducing capacity of the rock may or may not be sufficient to create 
sufficiently anoxic conditions.  But even if the waters of the far field are reduced, the 
potential for radiolysis of water near the canister should be addressed, if it hasn’t already.  
Radiolysis of water is induced by gamma radiation emitted through the waste package.  It 
has the potential to produce both hydrogen peroxide and oxygen within the water that 
immediately surrounds the waste package.  If potential radiolytic products have been 
factored into corrosion studies, or if formation of radiolytic products has been dismissed, 
then the results of those investigations should be more prominent in the SR-Site report.  In 
addition to effects on corrosion induced by chemical parameters, residual stresses in the 
copper canister could enhance corrosion rates.  Any form of welding - whether by 
application of elevated temperature or pressure - induces differential stresses across the 
welded zone, and can induce both pitting corrosion and stress corrosion cracking.  These 
residual stresses, even after annealing, can remain high surface energy locations that are 
more subject to corrosion than “unstressed” areas of the canister.  These considerations 
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argue against the permanent retention of a general (i.e., uniform) corrosion mechanism as 
the only corrosion mechanism operating in the repository. 

 
• In addition to the residual stress from welding, the proximate coexistence of two different 

metals (cast iron and copper) creates the potential for galvanic enhancement of corrosion 
if sufficient moisture accumulates inside the waste package and hydraulically connects the 
iron sleeve with the copper canister.  While this potential will not be realized until and 
unless a canister fails, the potential acceleration of a massive failure of a canister by 
galvanic corrosion should be factored into release calculations, if there are any canisters 
that are assumed to possess a fabrication defect and be subject to premature failure, which 
we think there should be based on the current state-of-the-art of available production and 
NDA testing techniques and methods.  For example, neither the POD of a welding or 
material defect by current and considered test methods/techniques nor the related 
confidence level, if applicable, was found in the 2006 SR-Can report. 

 
Main Observations and Comments on the Methodology and Other Components of the 
SKB Safety Analyses Relative to the Related Safety Analyses Conducted in the USA 
 

We conducted a limited comparison of the safety analyses methodologies used for the two 
current deep geological disposal programs for safe disposal of long-lived radioactive waste in 
the USA (summarized in the BACKGROUND section) and the safety analysis methodology 
described in the SR-Can reports [1, 2].  Following are our main related observation and 
conclusions: 

 
1. The safety analyses approaches (methodologies) employed during the past 30 years for 

the two US repositories for long-lived radioactive waste differ from the safety analysis 
methodology described in the SR-Can reports in terms of:  

 
a) How they are constructed, and 
b) How the dose to humans is calculated. 
 

As a result, safety analyses based on the selective, quasi-probabilistic, methodology 
described in the SR-Can reports likely include a significantly higher number of 
deterministic-governed parameter ranges and scenarios than the probabilistic-based US 
approaches.  This, in turn, suggests that assumptions, chosen boundary conditions, and 
personal biases may have a much greater impact on the results derived by means of the 
safety analysis approach described in the SR-Can reports than that available within the 
more prescriptive US analyses. 

 
Observations Made by Leif Eriksson in Conjunction with the November 27, 2008, Public 
Meeting in Oskarshamn. 
 

Following are three of Leif Eriksson’s major observations, or rather impressions, from the 
November 27, 2008, meeting in Oskarshamn, followed by related comments: 
 
1. The SKB indicated that only the full documentation for the safety assessment pertaining to 

the site selected by SKB for the SNF repository would be included in the SR-Site report. 
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2. Virtually none of SKB’s assumptions, boundary conditions, conceptual or numerical 

models used to derive the safety assessment results presented in the SR-Can reports had 
been subjected to independent peer review or a public expert judgement elicitation 
process [29-31] and it did not appear that this approach would change for the SR-Site 
report. 

3. The present SSM representatives seemed satisfied with the safety assessment methodology 
outlined by SKB in the 2006 SR-Can report. 

Regarding observation 1, clearly, transparency would be severely compromised if less 
than full documentation of all information forming the basis for the selection of the final site 
was available to the authorities and affected and interested parties.  It could also adversely 
affect public trust in the applicant/SKB.  For example, based on the wording in the SR-Can 
reports, it appears that SKB is trying to convey the notion that the KBS-3V and KBS-3H 
disposal concepts are interchangeable in terms of the data required for credible safety 
assessments and that the preliminary safety assessments presented in the SR-Can reports also 
apply to the KBS-3H disposal concept.  We don’t share these notions because, in our opinion, 
a safety assessment based on the KBS-3H disposal concept requires much more detailed 
information on initial discontinuities, their chemical and flow characteristics, and stresses 
at and around the proposed repository elevation/depths than does the KBS-3V disposal 
concept.  As reiterated in 46 in Exhibit D, based on more than 60 years of joint field 
experience, we strongly caution against over-extrapolating surface information on 
discontinuities and other rock mass properties towards depth beyond a few tens of meters at 
the very most because we have yet to find a site where geological surface features and other 
rock mass properties were readily traceable or translatable to depths on the order of 100 m. 
 

Regarding observation 2, based on experiences gained in connection with the 1998 
certification of the WIPP site and the preparation of the 2008 submittal of the construction 
license application for the YM site in USA, independent peer reviews and expert judgement 
elicitation on key issues were fundamental to the regulator’s, i.e., the U.S. Environmental 
Protection Agency’s (USEPA’s), acceptance and approval of the applications and, in 
particular, of a) data lacking the required QA/QC documentation or b) research requiring long 
lead times to develop results [24-26, 30, 31].  In our opinion, additional research on: 

 
a) Anaerobic corrosion with site-specific boundary conditions, including representative 

groundwater, and  
b) The state of stress at the proposed repository depth at Forsmark,  

 
are examples on two major current Swedish issues that could benefit from independent peer 
review and/or expert judgement elicitation pending the availability or lack  of actual data. 

 
Regarding observation 3, it does not appear to us that the simplified (selectively-

deterministic, quasi-probabilistic) reference-case safety assessment methodology presented in 
the SR-Can reports satisfies the related requirement for multiple scenarios described by SSI in 
the applicable regulation.  However, as suggested by Leif Eriksson during the November 27, 
2008, meeting, the final call on this observation rests initially with SSM.  So does also the 
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resolution of the numerous areas and issues identified by SKI and SSI in their joint review of 
the SR-Can report [3] to require additional attention by SKB before or in the SR-Site report. 

 
Following the November 27, 2008 public meeting, our concluding and overriding 

observations, some of which coincide with public statements by SKB, SKI, and SSI, are as 
follows: 

 
• The methodology employed by SKB is based on state-of-the-art safety analyses 

methodologies and well thought through.  However, as stated by both SKB [1, 2] and SKI 
and SSI [3], the information presented in the SR-Can reports, is not sufficiently detailed 
nor complete to allow a preliminary comparison or ranking of the two candidate sites.  For 
example, the safety analyses of the Forsmark and Laxemar sites are not based on all 
available data and models are still being developed.  Five specific near-field issues 
deemed by us to be particularly significant to future safety assessments and the pending 
site selection are: 
 

1. The amount of oxygen trapped in the deposition tunnels and deposition holes at 
closure and its timely consumption, e.g., [5, pp. 28-36]. 

2. The potential for additional canister corrosion processes, e.g., [20]. 
3. The number of initially damaged canisters, e.g., [5, 14]. 
4. The in situ rock stresses at the proposed depth of the repository at the Forsmark 

site. 
5. The selected disposal concept, i.e., KBS-3V or KBS-3H. 

 
Absent this information, we would not be able to conduct a credible safety assessment 

or a defensible evaluation and ranking of the two candidate sites.  In other words, as also 
stated by SKB, SKI2 and SSI2, the preliminary safety assessments conducted by SKB thus 
far are not yet adequate for selecting a site for repository development or deriving final 
design requirements for the EBS to incorporate into that repository system.  For example, 
the preliminary safety analyses for the Laxemar site  in the SR-Can reports are not based 
on all available data and the state of stress at and adjacent to repository depth at the 
Forsmark site is not adequately established. 

 
• The comments provided in this document and in the joint SKI and SSI report [3] provide 

guidance on areas and issues deemed to require additional attention by SKB and that need 
to be addressed before or in the SR-Site report to facilitate a credible selection of the 
nation’s first deep geological repository site for safe disposal of SNF.  We believe that 
SKB will need more than one year to address all the issues identified by SKI and SSI [3] 
as well as some of the issues and concerns expressed by us.  Although we subscribe to 
the principle that safety is more important than time and money, an option to potentially 
shorten this time could be the joint development of the SR-Site report and a Performance 
Compliance Plan (PCP) similar to the one prepared for the YM site [33].  The SR-Site 
report could provide safety analyses based on the most current data and models, and the 
PCP could include detailed information on how, e.g., additional site characterization, 
R&D, literature review, expert judgment elicitation, and/or peer review, and when the still 
missing data, models and other information would be obtained and available for scrutiny 
by the regulator and other affected and interested parties (stakeholders).  The PCP would 
also contain a detailed description on which, why, and how these parameters would be 
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monitored during the construction, operation, decommissioning/closure, and post-closure 
phases.  Implicit in this statement is that we firmly believe that parameters of significance 
to the safe design, construction, operation, decommissioning, and post-closure 
performance of the repository should continue to be monitored, re-evaluated, and revised, 
as required, throughout the pre-closure period and some time thereafter, as should the 
related parameters, conceptual and numerical models, and, of course, the results of the 
post-closure safety assessments. 
 

As indicated frequently above (and in Exhibit E), peer review of and public expert 
judgement elicitation [24-28] on questionable data, models, or issues requiring very-long 
lead time to resolve, such as “site-specific” copper corrosion research and oxygen 
“consumption” may provide other options to advance the repository development program 
without having all the requisite site data at hand.  FEPs with limited or conjectural 
databases, such as future climates, are also suitable for this type of assurance/credibility 
enhancements. 
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PROFESSIONAL SUMMARY 
 
Dr. Coons has a Ph.D. in chemistry and more than twenty five years of experience as an 
expert in the characterization and management of radioactive and chemically hazardous 
substances.  In the area of radioactive materials, Dr. Coons has investigated and evaluated 
candidate sites, developed designs for waste isolation system components, coordinated, 
reviewed and participated in complex system performance assessments, and contributed to 
licensing documents.  He is an internationally recognized expert in the design and 
performance of engineered barriers and in repository site selection and has contributed as an 
expert peer reviewer in support of the Finnish mid-level radioactive waste disposal system 
design, the Swedish commercial radioactive waste disposal program (KBS-2 and KBS-3), the 
OECD/NEA’s Performance Assessment Advisory Group (PAAG), and the DOE’s Waste 
Isolation Pilot Plant for disposal of defense transuranic waste (WIPP).  In addition, Dr. Coons 
has represented the United States as a Technical Expert to the OECD/NEA’s Stripa Project on 
high level radioactive waste disposal and has testified before the U.S. House of 
Representatives Committee on Energy and the Environment as an expert on high level nuclear 
waste package design. 
 
In the area of hazardous waste management, Dr. Coons’ career is marked by his skill in 
integrating the principles of geology, chemistry, hydrology, and engineering to illuminate and 
resolve environmental issues within the context of relevant regulations and business or legal 
objectives.  He has addressed site investigation and cleanup issues for a wide range of 
contaminants including carcinogenic solvents, PCBs, PCP, dioxins, metals, and radioactive-
mixed (RMW) wastes.  Dr. Coons’ technical expertise in environmental matters has been 
widely recognized.  He has, been selected as a Scholar in Residence for environmental matters 
by the Western Governors Association, and he has been qualified in state and federal courts as 
a testifying expert on environmental investigations, cleanups and chemical forensics.  Dr. 
Coons has planned and led environmental permitting and reporting activities, as well as the 
implementation of site characterization and cleanup activities as mandated under NEPA, 
CERCLA, RCRA and TSCA, and provided expert technical advice to attorneys and 
executives that were dealing with environmental matters.  His projects have ranged in size 
from tens of thousands of dollars to tens of millions of dollars. 
 
EXPERIENCE HISTORY 
 
Vice President for Environmental and Litigation Support Services, Time Solutions Corp., 
2007 - Present 
Responsible for the successful completion, management, and technical quality of all 
environmental and litigation support projects.  Participated on two peer review panels for 
WIPP: Peer review manager for an evaluation of remotely handled TRU waste packaging; 
Peer review chairman for revision of two performance assessment submodels for WIPP 
recertification.  Currently under contract for a forensic investigation of a solvent-contaminated 
property owned by a school district in a residential area of Minneapolis, and investigation, 
evaluation and oversight of a multimillion dollar cleanup of a petroleum refinery on the 
National Priorities List of Superfund.  Led a forensic investigation of digital information that 
provided evidence of fraud, embezzlement and criminal internet activity by a ring of 
employees at a security firm. 
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President, Coons-Allen Associates, 1992-2007 
Assisted a wide range of confidential clients engaged in operational permitting, cleanup, 
litigation, and risk management of properties and processes that threaten or cause 
contamination of soils and water by commercial solvents, asbestos, metals, and PCBs.  
Assisted attorneys at Leonard, Street and Deinard (Minneapolis), Mayer, Brown, Rowe and 
Maw (Chicago), Baker Botts (Austin), Fasken Martineau DuMoulin (Toronto), and Keleher & 
McLeod (Albuquerque) with environmental matters ranging from environmental forensics to 
cleanup plans and cleanups.  Client industries served during this time period include 
brownfields development by the city of St. Paul, as well as privately owned dry cleaning, 
chemical storage and distribution, food production, transportation, metal fabrication, dye 
casting and electronics firms. 
 
President and Chief Consultant, RE/SPEC Inc. 1988-1992 
Introduced strategic planning and business management systems to a small engineering 
consulting company.  Drove growth from less than 30 employees to more than 150, cashed 
out the original investors, and converted the company to an Employee-Owned firm. 
• 1990-1991:  Served a one year term as "scholar in residence" to the Western Governors' 

Association (WGA) when the annual topic of concern was environmental protection.  
Prepared a document summarizing emerging waste management technologies and 
conceived and assisted the WGA to negotiate a Memorandum of Understanding among 
the Western States, EPA, DOE, DOD and DOI for joint development, testing and access 
to innovative environmental technologies. 

 
IT Corporation, 1983- 1988 
Positions of increasing responsibility, starting as Group Manager, transitioning to Corporate 
Director for Government Business Development, and General Manager of Albuquerque 
Operations. 
• 1986:  Designed the characterization plan and alternative strategies for cleaning up 

contamination associated with Agent Orange stored on Johnston Atoll. 
• 1985-1992:  Performed as United States' technical representative to: 1) the OECD/NEA's 

Stripa Project for investigating containment of radioactive and hazardous wastes using 
concrete and clay-based barriers; and 2) the OECD/NEA's Performance Assessment 
Advisory Group for integrating geochemistry and hydrology and predicting with 
mathematics, the release and transport of radioactive and hazardous metals within ground 
water. 

 
Senior Consultant, D’Appolonia Consulting Engineers, 1980-1984 
• 1984: Assisted the nuclear waste industry of Sweden as an international expert peer 

reviewer of KBS-3 (a national waste isolation program conducted in Sweden); Dr. Coons' 
comments contributed to several significant modifications in the Swedish designs. 

• 1983: Participated in planning, permitting, trial burns for dioxin and other hazardous 
chemicals and deployment of EPA' s transportable incinerator. 

• 1982-83: Delisted a commercially operated chemical storage facility from the concerns of 
the National Superfund.  Engaged in a voluntary investigation and cleanup of soil and 
groundwater contaminated with a complex mixture of organics. 

• 1982: Presented an invited paper to the American Society of Civil Engineers on the 
subject of geochemical considerations for hazardous waste facility design.  The paper 
called attention to the common misapplication of concrete and swelling clay barriers to 
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environments containing non-polar organic wastes and/or extreme pH's.  EPA 
subsequently modified design requirements for clay liners. 

• 1981: Testified before the U.S. House of Representatives Subcommittee on Energy and 
the Environment as an expert on the design and selection of construction materials for 
engineered barriers intended to protect the environment from hazardous releases (1981).  
As a result of his testimony, Congress authorized over $10M for the testing of alternative 
metal container materials and budgeted a total of $50M for this purpose. 
 

Senior Geochemist, Rockwell Hanford Operations, 1978-80 
Managed a multimillion dollar annual budget while coordinating the technical activities of 12 
PhD scientists engaged in the environmental management of hazardous chemicals and high 
level nuclear waste.  Designed, purchased equipment and initiated operation of the 2101M 
materials testing facility at the Hanford Reservation. The 2101M facility was a state-of-the-art 
materials characterization laboratory that included rock, mineral, soil, and groundwater testing 
equipment, as well as instruments for chemical analyses (scanning transmission electron 
microscope, inductively coupled plasma emission spectrometer, high and low resolution 
GC/MS, ion chromatographs, atomic adsorption photoemission spectrometers etc.) 
 
Research Faculty, University of Chicago, 1977-1978 
Research focus was on the interaction of high temperature fluids and transition elements with 
rock forming minerals and it included both thermodynamic and empirical analyses. 
 
Government Contractor Experience - Dr. Coons has supported the federal government as the 
U.S.A.’s lead technical representative on several international committees (OECD/NEA, 
IAEA), and by conceiving and directing the completion of several "first of a kind" efforts, 
including: submitting to the USEPA several RCRA Part B applications for radioactive mixed 
waste facilities, participating in the permitting and operation of the EPA's transportable 
incinerator for dioxin remediation, developing and demonstrating technologies for 
encapsulating and thermally desorbing recalcitrant wastes, and assisting the permitting and 
licensing of nuclear waste facilities (commercial high level, weapons-related transuranic and 
commercially produced low-level wastes).  In these activities, Dr. Coons has assisted clients 
to acquire EPA and State environmental permits, and has then participated in implementing 
the planned activities. 
 
Department of Energy facilities that Dr. Coons has supported include: Hanford Reservation, 
Waste Isolation Pilot Plant and facilities operated as federal national laboratories (Los 
Alamos, Sandia, Idaho, and Oak Ridge facilities).  Department of Defense facilities that Dr. 
Coons has supported include McClelland AFB (Sacramento, CA), Luke AFB (Phoenix, AZ), 
Kirtland AFB (Albuquerque, NM), the Martin-Marietta Plant (Denver, CO) Robbins AFB 
(Marietta, GA), and the Johnston Atoll (Johnston Island, the Pacific).  The last two facilities 
had dioxin remediation concerns. 
 
Commercial Facility Experience - Commercial facilities that Dr. Coons has supported 
include those owned or operated by Canadian Pacific Railway, Intel, Van Waters-Rogers, 
Monsanto, Hammermill Paper, Chevron Oil, Homestake Mining, Phelps-Dodge Mining 
Company, United Nuclear Corp, Kennecott Copper, and the Navajo Refinery.  Smaller 
facilities that have received support from Dr. Coons include chemical storage and distribution 
facilities, mines and mineral processing facilities, foundries, die cast plants, wire producers, 
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dry cleaners, printers, municipal and commercial landfills and petroleum storage facilities.  
The largest investigation and cleanup program that Dr. Coons has been associated with 
entailed more than $15M in investigative costs and more than $60M for remediation. 
 
Litigation Support Experience- Dr. Coons has supported environmental attorneys engaged in 
risk management of contaminated (and potentially contaminated) properties, evaluation of 
environmental risks associated with brownfields developments, pursuit and defense of 
environmental insurance claims, tort litigations and RCRA/CERCLA/ and state regulatory 
permitting and enforcement actions.  He has supported both the complainant and defendant 
sides and has provided technical support from initial case development to drafting of 
complaints and responses, through interrogatories, fact discovery, depositions, and trial/ 
mediation.  He has been qualified as an expert and submitted expert opinions or affidavits in 
state and federal courts in Illinois, Minnesota and New Mexico.  He has contributed both as an 
expert witness and as an expert consultant, and has been deposed on several occasions. 
 
Contaminants Investigated, Modeled and Cleaned Up - Contaminants with which Dr. Coons 
has dealt include high and low level radioactive wastes, chlorinated and non-chlorinated 
solvents (PCE, TCE, TCA, DCE, and vinyl chloride), dioxins, PCB’s, RCRA metals 
(including copper, mercury, lead, arsenic, chromium, and selenium), asbestos, and petroleum.  
He has developed and implemented  investigation programs of soil and water contamination 
that have supported remedial technology selection and cleanup design, as well as identifying 
the causation and timing of environmental releases.  He has managed, implemented, and 
provided technical oversight of large and small site remediations.  He is accustomed to 
developing risk-based soil and water cleanup targets for identifying practical cleanup 
technologies, and developing probabilistic cleanup cost estimates that aid settlement of costly 
insurance/legal claims.   
 
Management Experience - Dr. Coons has managed hundreds of complex environmental 
projects and has served as section manager, general manager, president, and chief executive 
officer for large and small environmental management firms.   In addition to project 
management, as part of a litigation team Dr. Coons has successfully coordinated the activities 
and guided the integration of expert reports prepared by as many as ten expert scientists and 
engineers.  Dr. Coons has remained technically active throughout his career and has been 
nominated (1997) as a candidate for an NAS panel of experts in the area of radioactive waste 
degradation and mobility, served as a senior geochemistry consultant to DOE in support of the 
Waste Isolation Pilot Plant (WIPP; 1995-1997; 2007), and assisted Sandia scientists to 
evaluate the corrosion of steels, degradation of cementitious materials and transport of 
dissolved and entrained gases and waste materials in natural environments of New Mexico 
(1995-1997).  Dr. Coons was formerly active in the Hazardous Waste Action Coalition 
(HWAC) where he supported HWAC's Professional Standards and Practices Committee. 
 
EDUCATION 
 
Ph.D., Geochemistry, Arizona State University, Tempe, Arizona, 1978 
M.S., Earth Sciences, Western Michigan University, Kalamazoo, Michigan, 1973 
B.S., Geology, St. Lawrence University, Canton, New York, 1971 
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PROFESSIONAL AFFILIATIONS 
 
• New York Academy of Sciences 
• American Chemical Society 
• Geochemical Society 
• International Society of Environmental Forensics 
• Association of Commerce and Industry (New Mexico) 
 
PUBLICATIONS 
 
Dr. Coons is the author of over thirty professional reports and publications. 

 
Selected Publications 
 
Thompson, T. W., Coons, W. E., Krumhansl, J. L., and Hansen, F. D., 1996.  Inadvertent 
Intrusion Borehole Permeability.  Presentation and paper at the British Geological Survey 
Meeting: Conference on Containment of Hazardous Substances in the Geosphere, 
Nottingham, England under the title of "Service Life of Concrete-filled Boreholes Near the 
WIPP Facility, Carlsbad New Mexico, USA"   
 
Coons, W. E., M. Onofrei, M. N. Gray, and S. R. Alcorn, 1992.  High-Performance 
Cement-Based Grouts For Use In A Nuclear Waste Disposal Facility, AECL-10511, 
Whiteshell Laboratories, Pinawa, Manitoba. 
 
Alcorn, S. R., W. E. Coons, T. L. Christian-Frear, and M. G. Wallace, 1991.  Theoretical 
Investigations of Grout Seal Longevity:  I.  Geochemical Modeling of Grout-Groundwater 
Interactions - Flow and Diffusion Models, Stripa Project Technical Report, SKB, Stockholm, 
Sweden. 
 
Alcorn, S. R., W. E. Coons, T. L. Christian-Frear, and M. G. Wallace, 1991.  Theoretical 
Investigations of Grout Seal Longevity:  II.  Geochemical Modeling of Grout-Groundwater-
Rock Interactions at the Seal-Rock Interface, Stripa Project Technical Report, SKB, 
Stockholm, Sweden. 
 
Alcorn, S. R., W. E. Coons, T. L. Christian-Frear, and M. G. Wallace, 1991.  Theoretical 
Investigations of Grout Seal Longevity:  III.  Final Report, Stripa Project Technical Report, 
SKB, Stockholm, Sweden (in preparation). 
 
Wagner, R. A., C. H. George, and W. E. Coons, 1991.  Federal/State Collaboration Study 
on Innovative Waste Management Technologies, prepared by RE/SPEC Inc., Rapid City, SD, 
RSI-0390, for Western Governors' Association, Denver, CO, June. 
 
Alcorn, S. R., W. E. Coons, and M. A. Gardiner, 1989.  "Estimated Longevity of Portland 
Cement Grout Using Chemical Modeling Techniques" Materials Research Society 
Symposium Proceedings (The Scientific Basis for Nuclear Waste Management), Boston, MA. 
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Coons, W. E. and S. R. Alcorn, 1989.  "Estimated Longevity of Performance of Portland 
Cement Grout Seal Materials," Joint NEA/CEC Workshop, Braunschweig, Federal Republic 
of Germany, May 22-25. 
 
Coons, W. E., A. Bergstrom, P. F. Gnirk, M. Gray, B. Knecht, R. Pusch, J. Steadman, B. 
Stillborg, M. Tokonami, and M. Vaajasaari, 1987.  State-of-the-Art Report on Potentially 
Useful Materials for Sealing Nuclear Waste Repositories, SKB Technical Report 87-12, 
Swedish Nuclear Fuel and Waste Management Company, Stockholm, pp. 164. 
 
Colton, I. D. and W. E. Coons, 1986.  Engineering Scale Test Plan for Immobilizing Mixed 
Hazardous and Radioactive Waste in Grout, IT Corporation Report prepared for 
Westinghouse Hanford Company. 
 
Coons, W. E., D. Meyer, R. L. Olsen, and J. K. Register, 1984.  "The Geochemistry of the 
Castile Brines:  Implications for Their Origins and Impact on the WIPP Site," Materials 
Research Society. 
 
Coons, W. E., D. Meyer, and D. Shaw, 1983.  An Engineering Scale Test Plan For Waste 
Packages Designed for Use in Basalt Repositories, D'Appolonia Report prepared for 
Rockwell Hanford Operations. 
 
Kelsall, P. C., Coons, W. E., Case J. B., Meyer, D. and Nelson, J. W., 1983.  Schematic 
Design for Penetration Seals for a Repository in Basalt.  D'Appolonia Report received by 
Battelle Memorial Institute for the United States Department of Energy. 
 
Coons, W. E., D. Meyer, and D. Lankard, 1982.  Evaluation of Polymer Concretes for 
Application to Repository Sealing.  D'Appolonia Report received by Battelle Memorial 
Institute for the United States Department of Energy. 
 
Kelsall, P. C., W. E. Coons, J. B. Case, and D. Meyer, 1982.  Schematic Designs for 
Penetration Seals for a Repository in Bedded Salt, ONWI-105, prepared by D'Appolonia and 
received by Battelle Memorial Institute for the United States Department of Energy. 
 
Coons, W. E., 1982.  "Geochemical Interactions Between Hazardous Waste and Traditional 
Containment Facility Liners," invited paper by American Society of Civil Engineers. 
 
Coons, W. E., J. R. Holloway, and A. Navrotsky, 1982.  "Hydrothermal Interactions of 
Simulated Nuclear Waste Forms and Basalt," Transactions of American Society of 
Mechanical Engineers, Vol. 1. 
 
Patera, E. S. and W. E. Coons, 1981.  Graphite Mixtures as Potential Buffers for an 
Engineered Waste Package Located in Basalt, RHO-BWI-SA96, prepared by Rockwell 
Hanford Operations, Richland, Washington, for the United States Department of Energy. 
 
Wood, M. I. and W. E. Coons, 1981.  Umtanum Basalt as a Potential Backfill Component in 
a Repository Located Within the Columbia River Basalt, RHO-BWI-SA59, prepared by 
Rockwell Hanford Operations, Richland, Washington, for the United States Department of 
Energy. 
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Coons, W. E., 1980.  Reactions of Spent Fuel and Reprocessing Waste Forms With Water in 
the Presence of Basalt, RHO-BWI-SA160, prepared by Rockwell Hanford Operations, 
Richland, Washington, for the United States Department of Energy. 
 
Coons, W. E., 1980.  Physicochemical Conditions in a Nuclear Waste Repository Situated in 
Columbia River Basalt, RHO-BWI-A76, prepared by Rockwell Hanford Operations, 
Richland, Washington, for the United States Department of Energy (also as an invited paper 
in Proceedings of the Symposium:  Scientific Basis for Nuclear Waste Management, 
November 16-21, 1980, Materials Research Society). 
 
Coons, W. E., E. L. Moore, and M. J. Smith, 1980.  Engineered Barriers-Augmented 
Geologic Disposal for the Safe Isolation of Nuclear Waste in Basalt, RHO-BWI-SA60, 
prepared by Rockwell Hanford Operations, Richland, Washington, presented as an invited 
paper at the 1980 Annual Meeting of the American Chemical Society. 
 
Coons, W. E., E. L. Moore, and M. J. Smith, 1980.  The Functions of an Engineered 
Barrier System for a Nuclear Waste Repository in Basalt, RHO-BWI-LD-23, prepared by 
Rockwell Hanford Operations, Richland, Washington, for the United States Department of 
Energy. 
 
Komarneni, S., B. E. Scheetz, G. J. McCarthy, and W. E. Coons, 1980.  Hydrothermal 
Interactions of Cesium and Strontium Phases From Spent Unreprocessed Fuel With Basalt 
Phases and Basalt, RHO-BWI-C-16, prepared by Rockwell Hanford Operations, Richland, 
Washington, for the United States Department of Energy. 
 
Smith, M. J., G. J. Anttonen, G. S. Barney, W. E. Coons, et. al., 1980.  Engineered Barrier 
Development for a Nuclear Waste Repository Located in Basalt-An Integration of Current 
Knowledge, RHO-BWI-ST-7, prepared by Rockwell Hanford Operations, Richland, 
Washington, for the United States Department of Energy. 
 
Coons, W. E. and J. R. Holloway, 1979.  "Cobaltous Oxide as a Chemical Analogue for 
Ferrous Iron in Experimental Petrology; An Alternative Solution of the Iron Loss Problem," 
American Mineral, Vol. 64, pp. 1097-1106. 
 
Coons, W. E., J. R. Holloway, and A. Navrotsky, 1976.  "Cobalt as an Analogue for Ferrous 
Iron in Experimental Petrology," Abstract for Proceedings of 1975 Fall Meeting of the 
American Geophysical Union, EOS, Vol. 56, No. 12, p. 1074. 
 
Coons, W. E., J. R. Holloway, and A. Navrotsky, 1976.  "Co2+ as a Chemical Analogue for 
Fe2+ in High Temperature Experiments in Basaltic Synthetic Cobalt Minerals," Abstract with 
Proceedings, Second Annual Meeting of MSA-Friends of Mineralogy, Vol. 2. 
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EXPERIENCE SUMMARY 
 
Mr. Eriksson has more than 48 years of broad-ranging management, consultant, and 
contractor experiences in the United States of America (USA) and abroad.  His experiences 
include management, technical supervision, and coordination of, and expert earth-sciences 
and geo-engineering contributions to large, multi-disciplinary programs, organizations 
(mainly government), and groups.  During the past 30 years, Mr. Eriksson has resided in the 
USA and served as a manager, principal scientist and/or technical expert on the following six 
very-large, challenging, and intensely scrutinized siting and underground-facility-
development projects: 
 
1. The Strategic Petroleum Reserve (SPR) Program (1978 to 1979). 
2. The National Waste Terminal Storage (NWTS)/Office of Civilian Radioactive Waste 

Management (OCRWM) programs (1978 to 1991). 
3. The Deep-Based Intercontinental Ballistic Missile (M-X DB) Program (1981 to 1986). 
4. The Super Conducting Super Collider (SSC) Program (1984 to 1986). 
5. The National Transuranic (TRU) and the Waste Isolation Pilot Plant (WIPP) (1993 to 

2003) programs. 
6. The licensing of two enhanced near-surface low-level radioactive waste (LLW) landfills 

and one enhanced near-surface byproduct material landfill in Texas (2004-2008). 
 
He has also extensive international experience and recognition, including organizing and 
conducting independent reviews of the Swedish radioactive waste management program.  The 
aforementioned professional experience is particularly well suited to add value to: 
 

• Strategic planning and execution, including legal and regulatory compliance; 
• Program and project management; 
• Siting of a broad range of underground facilities and infrastructures; 
• Public interactions; 
• Peer reviews and expert judgment elicitations; and 
• International collaborations. 

 
SELECT EDUCATION AND TRAINING 
 
M.A. & Sc. (equivalent), Geology, The Stockholm University, Sweden, 1975 
B.Sc. (equivalent), Civil Engineering, Stockholm Technical High School, Sweden, 1960 
 
EMPLOYMENT HISTORY AND POSITIONS 
 
Independent Consultant – Nuclear Waste Disposition, Winter Park, Florida. USA, 

September 2008 to present. 
Waste Control Specialists LLC (WCS), Dallas, Texas, USA, Director, Planning, Analyses, 

and Special Projects, 2004 to September 2008. 
GRAM, Inc., Albuquerque, New Mexico, USA, Vice President, 1999 to 2003. 
COMPA Industries, Inc., Albuquerque, New Mexico, USA, Vice President, 1997 to 1999. 
Advanced Sciences, Inc. (ASI), Carlsbad, New Mexico, USA, 1993 to 1997. 
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AB Ingenjörsgeologi (Engineering Geology) (ABI), Alpharetta, Georgia, 1991 to 1993, 

Berkeley, California, USA, 1980 to 1981, Richland, Washington, USA, 1979 to 1980, 
Washington, D.C., USA, 1978 to 1979, Stockholm, Sweden, 1978, and London, U. K., 
1978, President. 

The International Atomic Energy Agency, Vienna, Austria, Nuclear Engineer Level P5, 
1991, and Consultant, 1992 to 1993. 

The National Research Council’s Board on Radioactive Waste Management (BRWM), 
Washington, D.C., USA, Senior Staff Officer, 1991 to 1992. 

Golder Associates Inc., Richland, Washington, USA and Atlanta, Georgia, USA, Associate, 
Principal Radioactive Waste Management Geoscientist and Geoengineer, 1987 to 1991. 

Shannon & Wilson, Inc., Seattle, Washington, USA, Senior Associate, Manager of Nuclear 
Waste Services, 1986 to 1987. 

The Earth Technology Corporation, Long Beach, California, USA, Senior Geological 
Engineer and then Managing Senior Geological Engineer, 1981 to 1986. 

Hagconsult AB, Stockholm, Sweden, 1965 to 1974, London, United Kingdom, 1974 to 1976, 
and Stockholm, Sweden, Project Manager and Lead Geological Engineer, 1976 to 1978. 

The Essinge Bridges Consortium, Stockholm, Sweden, Foreman and Surveyor, 1963 to 
1965. 

The Stockholm City Municipal Services Department, Stockholm, Sweden, Foreman and 
Surveyor, 1960 to 1963 (interrupted by military service 1962 and 1963). 

 
SELECT PROFESSIONAL AFFILIATIONS/CERTIFICATIONS 
 
Registered Professional Geologist No. 437 in North Carolina, 1987 to present. 
Registered Independent Expert (EX2002B014595) in the European Communities’ 6th and 7th 

Research Framework Program Databases, 2002 to present. 
Member, Program Advisory Committee (PAC) for the Annual Waste Management Symposia 

(WMS), 1993 to present. 
• Co-chair for Track 2 (transuranic/high-alpha radioactive waste [TRUW], spent nuclear 

fuel [SNF], and high-level radioactive waste [HLW]), 2001 to present. 
• Recipient of the 2005 PAC Award. 
• Elected PAC Representative on the WMS Program and Policy Committee, 2007 to 

2009. 
Technical Reviewer and Session Organizer for the International HLW Management 

Conferences, 1997 to present. 
Secretariat Member, The 1st International Workshop on the Uses of Backfill in Nuclear Waste 

Repositories, 1998. 
Substitute Member, OECD/NEA's Core Group on Site Evaluation and Design of Experiments 

(SEDE) for Radioactive Waste Repositories, 1990 to 1991. 
Steering Committee Member, the National Academies’ Colloquium on QA Aspects of 

Geotechnical Practices for Underground Radioactive Waste Repositories, 1988. 
 
SELECT RADIOACTIVE WASTE MANAGEMENT EXPERIENCE 
 
September 2008 – January 2009 – retained by the Municipality of Oskarshamn, Sweden, to 
conduct an independent review and provide comments upon the preliminary safety assessment 
and related site-specific data bases and models presented by the Swedish Nuclear Fuel and 
Waste Management Company (SKB) in the 2006 SR-Can report (SKB TR-06-09) for the two 
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remaining candidate sites for the nation’s first deep geological repository for SNF at Forsmark 
and Laxemar  A total of 22 Swedish reports and documents were reviewed.  A preliminary 
report was submitted on November 1, 2008 and the preliminary findings were presented at a 
public meeting in Oskarshamn on November 27, 2008.  The final report was submitted in 
January 2009. 
 
Between 2004 and September 2008 - prepared and monitored the annually updated WCS 
Strategic Plans that outlined the mission, vision, and goals for WCS in five-year increments.  
Major activities included the amendment of existing and seeking new authorizations that 
would increase the range of services provided by WCS and the improvement of site 
operations both in terms of safety and profitability.  Also served as the Principal Corporate 
Earth Sciences Reviewer on the WCS Independent Review Group for the 2004 license 
application seeking authorization to safely dispose of Texas Compact and Federal 
Government generated LLW at the WCS’ Andrews County site, Texas, in stages.  The final 
draft license for safe disposal of: (a) 963,040 cubic yards (yd3)/736,320 cubic meters (m3) of 
the statutory-permissible 6,000,000 yd3/4,587,600 m3 of LLW and mixed LLW (MLLW) 
generated by the federal government; and (b) 86,394 yd3/65,419 m3 of LLW generated within 
the member states of the Texas Compact was issued in August 2008.  The license for safe 
disposal of up to 1,169,000 yd3/893,817 m3 of byproduct material was issued in May 2008.  
Served in October 2005 as the United States’ expert member at the International Atomic 
Energy Agency’s (IAEA’s) Technical Meeting on “Disposal Approaches for Long Lived Low 
and Intermediate Level Radioactive Waste” in Vienna, Austria. 
 
Between 1999 and 2003 - Supported the continued success of the CBFO mission, i.e., safe 
transportation, management, and deep geological disposal of long-lived TRUW, by 
monitoring and reporting on other radioactive waste management programs and organizations, 
recommending strategic partnerships and research collaborations to CBFO, and promoting the 
international understanding of and interest in the CBFO mission.  Served as the scientific lead 
person for CBFO between 2001 and 2003 on the Cluster Repository Project (CROP), which 
summarized the status and experiences gained in the area of deep geological disposal of long-
lived radioactive waste (= TRUW, long-lived intermediate level radioactive waste {L-ILW}, 
SNF, and HLW) in nine countries.  CROP was sponsored by the International Commission of 
European Communities and was managed by SKB.  (Was subsequently retained by SKB to 
support the completion of the CROP report in 2004.) 
 
2001 - Retained by the Municipality of Oskarshamn, Sweden to conduct an independent 
review and comment on the process, procedure, results, and decision-making basis supporting 
recommendations made by SKB, the Swedish Radiation Protection Institute (SSI), the 
Swedish Nuclear Power Inspectorate (SKI), and the Swedish National Council for Nuclear 
Waste (KASAM) on the detailed site characterization of candidate area/site in the 
Municipality of Oskarshamn and one in the Municipality of Östhammar. 
 
Between 1997 and 1999 – Program Manager for a CAO (now CBFO) Special Studies and 
Analysis contract.  Services provided included management and technical expertise in support 
of the CAO's successful planning, implementation, and sustenance of its mission.  Related 
contributions ranged from issue identification and mitigation, including serving as the 
facilitator for issue resolutions between the CAO/Sandia National Laboratories (SNL) and the 
New Mexico Environmental Evaluation Group (1997-1998) to domestic and international 
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outreach, relations, and collaborations, including domestic and international presentations on 
the CAO mission (see list of publications).  Served on and supported the planning, organizing, 
facilitating, and documenting of the CAO’s Transuranic Waste (TRUW) Characterization 
Task Force (1997-1998), the First United States-Mexico Border Region Hazardous Waste 
Forum (1998), and the First International Workshop on the Uses of Backfill in Nuclear Waste 
Repositories (1998).  Consultant to SNL's Nuclear Waste Management Center (1997-1999 
and 2001) on international radioactive waste management and disposal collaborations. 
 
Between 1993 and 1997 - Deputy Project Manager (1995 to 1997) and Manager of 
Regulatory Compliance, Research, and International Programs for the CAO Technical 
Assistance Contractor (CTAC) (1993 to 1997).  Managed annual budgets of up to 18 million 
US dollars ($18 M) and supervised more than 90 on-site and off-site CTAC employees, 
including eight contractors and several nationally and internationally recognized consultants 
during the preparation and justification of the 1995 WIPP Resource Conservation and 
Recovery Act (RCRA) Part B Permit and the 1996 WIPP Compliance Certification 
Application (CCA).  Also managed four tasks involving 20+ employees and annual budgets 
on the order of $3-5 M.  Three tasks involved compliance with applicable radioactive (Task 
5), hazardous (Task 6), and environmental safety and health (Task 7) regulations.  The 
remaining task (Task 8) involved overseeing and advising on the CAO's research program 
(116 activities and annual budgets in excess of $26 M) and included the in-house development 
of a salt adaptation of the Repository Integration Program (RIP) (predecessor to GoldSim).  
Organized and administered six independent peer reviews and one expert elicitation in support 
of the WIPP CCA. 
 
Between 1992 and 1993 - Consultant to the IAEA and reviewed six top-level IAEA Safety 
Series No. 111 Radioactive Waste Safety Series Standards (RADWASS) documents - A 
Series of International Consensus Documents on the Safe Management and Disposal of 
Radioactive Waste - following serving as a Nuclear Engineer Level P-5 with the Division of 
Nuclear Fuel Cycle and Waste Management of the Waste Management Section of the IAEA 
(1992).  Served as the designated IAEA point of contact with the government of Ukraine for 
the International Competition on the Long-Term Isolation and Environmental Restoration of 
Unit 4 at the Chernobyl Nuclear Power Plant Site and advised the Organizing Committee on 
the streamlining of the proposal process, the development of a clear, concise request for 
proposal, the adequacy and relevance of available scientific and engineering data, the 
preparation of scientific and technical support documents for the solicitation process, the 
identification and coordination of international experts for the evaluation panel, the 
identification of candidate international bidders, and activities promoting the solicitation. 
 
Between 1991 and 1992 - Senior BRWM Staff Officer responsible for the planning, 
organizing, and integrating of study panels.  Managed the start up of the Separations 
Technology and Transmutation Systems (STATS) study sponsored by the DOE, including the 
January 1992 International STATS Symposium attended by 200 invited domestic and 
international STATS experts and decision makers. 
 
Between 1989 and 1990 - Principal Investigator for an Independent Site Suitability 
Assessment of the Yucca Mountain candidate SNF and defense-high-level radioactive waste 
(HLW) repository site based on fully integrated stochastic models in support of the OCRWM 
Program.  Identified, reviewed, and synthesized applicable laws, regulations, and DOE 

12 January 2009 ExhA Page 14 of 29 
 



FINAL REPORT 
 

Independent Technical Review of Portions of SKB’s 2006 SR-Can Report (TR-06-09) 
by William E. Coons, Leif G. Eriksson, and Krishan K. Wahi 

 
documents into the draft site-suitability determination criteria that governed the total system 
performance assessment conducted by means of the RIP model, now the GoldSim model. 
 
Between 1987 and 1988 - Managed Golder Associates Inc.'s Richland (Washington) Branch 
Office and served as Deputy Project Manager for the $18.2 M, 60-task Basalt Waste Isolation 
Project (BWIP) Geotechnical Support Services contract.  This contract supported the viability 
assessment of a deep geological repository for safe disposal of SNF and HLW in the basalts 
below the Hanford Reservation for Westinghouse Hanford Company.  Served as the Task 
Manager for nine tasks, including the development of 5 years integrated logic networks for 
7,000+ BWIP activities and the review and revision of 400+ quality assurance (QA) and 
Project Management procedures that involved 20+ employees, 3 large contractors, and task 
budgets in excess of $5 M. 
 
Between 1981 and 1986 - Project Manager, Lead Geological Engineer, and/or Principal 
Reviewer for environmental impact assessments, site characterization, and state-of-the-art 
technology and methodology applications in support of: nuclear power plant siting; deep 
geological SNF and HLW disposal systems in the contiguous USA and in Sweden (reviewed 
the KBS-3 report, the 1984 5-year Research and Development Program (Fud) Plan/Report, 
and conducted an independent comparison of regulatory and technical topics and issues in the 
SKB and the OCRWM programs); national and regional screenings for an SSC facility in the 
contiguous USA; national, regional, and area screenings for an M-X DB facility; energy 
storage projects/programs in the USA and abroad, and remediation of contaminated sites. 
 
Between 1980 and 1981 - Acting Staff Scientist III at Lawrence Berkeley National 
Laboratory, University of California, Berkeley, California, in support of six U.S. Nuclear 
Regulatory Commission (NRC) tasks and the international underground hard rock research 
laboratory at Stripa in Sweden.  Responsibilities included the development of siting guidelines 
for and the conceptual design of a deep underground SNF/HLW repository test facility in 
basalt, and a related suitability assessment of several existing underground facilities in 
igneous/crystalline rocks. 
 
Between 1979 and 1980 - Consultant to Rockwell Hanford Operations (RHO), Richland, 
Washington and as the Acting Senior Resident RHO Engineer during the construction, 
operation, and testing of the Near-Surface Test Facility (NSTF) in Gable Mountain on the 
Hanford Reservation.  The NSTF was developed to qualify basalt as a potential host rock for a 
deep geological SNF/HLW-disposal repository. 
 
Between 1978 and 1979 - Consultant to Dames & Moore, London, United Kingdom (1978) 
and Washington, District of Columbia (1978 to 1979) serving as a Senior Engineer and 
Member of the Advanced Technology Group.  Was the Lead Reviewer of the engineered 
barriers system described in the Swedish KBS-1 Report for the Swedish Ministry of Industry. 
 
Between 1960 and 1978 – Supervised large construction projects and related research 
activities, including roads, free-suspending bridges, ground stabilization, tie back anchors, 
shotcrete applications, underground tunnels and openings in Europe before specializing in site 
selection, site characterization and conceptual designs for underground hydrocarbon storages 
in e.g., Hong King, Italy, Farao Island, Scotland, the Shetlands, and Sweden. 
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QUALIFICATIONS SUMMARY 
 
Dr. Wahi is an engineering consultant with more than 33 years of professional experience 
including project management, nuclear waste repository assessments, rock mechanics, 
stability of underground openings, numerical modeling and analyses of static and dynamic 
systems, material modeling, thermomechanics, and coupled effects.  As owner and President 
of both GRAM, Inc. and RHYM, LLC, he has managed up to 100 employees as well as 
numerous projects.  On behalf of GRAM, Inc., he has received several business-related 
awards and recognitions over the last fifteen years. 
 
EDUCATION 
Ph.D., Mechanical Engineering, University of Washington, 1974 
M.S., Mechanical Engineering, University of Washington, 1971 
B.S., Mechanical Engineering, University of Washington, 1969 
 
PROFESSIONAL AFFILIATIONS (current or past) 
American Society of Mechanical Engineers  
International Society of Rock Mechanics  
SIGMA XI, Scientific Research Society  
Waste Management Education Research Consortium (WERC) Advisory Board  

PROFESSIONAL EXPERIENCE 

Management and Technical 
President and owner of GRAM, Inc. (since 1986) and RHYM, LLC (since 2003).  He has 
managed several contracts requiring R&D and technical support to Sandia National 
Laboratories, U.S. Department of Energy (DOE), U.S. Environmental Protection Agency, 
other agencies and several private clients.  Projects in the past fifteen years relevant to waste 
management in which Dr. Wahi has participated include: 
 
• Review/audit of AMR reports for the Yucca Mountain Project  (via Lead Lab) as a 

Technical Specialist in the areas of dike/drift interactions, igneous processes, and multi-
scale thermo-hydrological modeling  

• Review of Phase 3 cycle of SAR Sections 2.3.4 and 2.3.11 for the Yucca Mountain Project 
(via Lead Lab) 

• Independent peer review of the DOE Waste Isolation Pilot Plant (WIPP) Engineered 
Alternatives Cost/Benefit Study; 

• Technical review of documents related to performance assessment for the Yucca 
Mountain high-level nuclear waste repository licensing 

• Technical evaluation of the Large-Scale Seals Testing (LSST) Program for the WIPP 
Project; and 

• Participation on a panel to identify, evaluate and document tests as potential contingencies 
for the DOE WIPP Test Phase Plan. 

 
Other projects during the last twenty years include planning for Sealing Code (computer 
models) development and analysis of seal design requirements for the Yucca Mountain 
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Project (for a high-level waste repository in Nevada), analysis of Environmental Safety and 
Health (ES&H) requirements in various DOE Orders, review of geotechnical engineering and 
repository design portions of the draft and final (before 1987) Site Characterization Plan 
(SCP) for the Yucca Mountain Site, preparation of a topical report on the Exploratory Shaft 
Facility at Yucca Mountain,  assistance in Performance Assessment Methodology related 
tasks, assistance in development of SCP Review guidelines for the Nuclear Regulatory 
Commission (NRC), performance of calculations of mechanical response of the shaft and liner 
systems at a hypothetical basalt repository site. 
 
Assisted in the preparation and review of NRC “Staff Technical Positions” on several 
technical issues.  On another NRC project, evaluated uncertainty and sensitivity techniques 
and developed a modeling strategy approach for the NRC in the context of high-level waste 
repositories.  He was involved in a project at Sandia National Laboratories/New Mexico 
(SNL/NM) providing technical assistance on the geotechnical and thermal aspects of the 
Greater Confinement Disposal (GCD) concept at Nevada Test Site (NTS).  Dr. Wahi has 
visited numerous underground mines and surface mining facilities in the course of his 23-year 
association with the NRC and the DOE projects.  These include several potash mines and a 
nickel mine in Canada, gold mines in North Dakota and India, the WIPP facility, and the near-
surface test facility at Basalt Waste Isolation Project (BWIP). 
 
Dr. Wahi was the principal investigator on a technical assistance contract to SNL/NM from 
December 1982 to January 1986.  Prior to this, he supervised and participated in various 
projects related to thermomechanical and structural response of geophysical systems.  Projects 
include the following:  
 
• provided technical assistance and expertise in thermomechanics and rock mechanics to 

SNL/NM and the NRC: 
• as part of a Waste Isolation Pilot Plant (WIPP) Benchmark study, performed structural 

response calculations of two hypothetical drift configurations for nuclear waste storage 
demonstrations.  Material non-linearities (salt creep) and sliding interfaces were modeled 
for heated and isothermal configurations; 

• assisted in the development of numerical models to simulate the dynamic fracture and the 
resultant permeability enhancement of adjacent rock with applications to in-situ retorting 
of oil shale; and 

• served on an SNL/NM panel of experts to assess the technical basis of a proposed NRC 
Rule (10 CFR 60) expected to govern the disposal of high-level waste.  He provided 
technical support and expertise in areas of near-field thermal response, temperature-
dependent leaching of the waste forms, population-related siting requirements, and 
Transuranic (TRU) waste. 

 
Dr. Wahi served as the principal investigator or co-investigator on a number of scientific and 
engineering research projects.  Projects included the following: 
 
• in a project funded by the Office of Nuclear Waste Isolation (ONWI), numerically 

analyzed the stability of underground tunnels that are subjected to earthquake loadings; 
• assessed a proposed horizontal emplacement scheme for the disposal of high-level waste 

in a hypothetical repository in granite (ONWI-funded); 

12 January 2009 ExhA Page 24 of 29 
 



FINAL REPORT 
 

Independent Technical Review of Portions of SKB’s 2006 SR-Can Report (TR-06-09) 
by William E. Coons, Leif G. Eriksson, and Krishan K. Wahi 

 
• performed a predictive calculation in which a heater experiment, called TV3, was modeled 

(the experiment was carried out at a salt mine in Asse, West Germany); 
• was part of a team that developed a series of explicit finite- difference computer codes, 

called STEALTH, for the Electric Power Research Institute (EPRI); 
• performed numerical simulations of a multi-pass welding process of steel  pipe; 
• performed two-dimensional simulations of the Project Salt Vault experiment, which was a 

feasibility demonstration for underground disposal of nuclear waste; and 
• participated in a benchmark program to predict the thermomechanical response of a 

single-level hypothetical repository in bedded salt (ONWI-funded). 
 
As a Senior Physicist at Physics International, Dr. Wahi’s experience included the following: 
 
• participated in cratering and ground motion calculations, where he developed appropriate 

material models and applied mesh rezoning techniques in the execution of these 
calculations; 

• supervised and participated in the applications of a two-dimensional explicit finite- 
difference code (PISCES) to perform reactor safety and projectile impact calculations and 
analyses; 

• performed calculations that modeled a hypothetical core disruptive accident in a nuclear 
reactor; 

• numerically simulated the impact of a fuel sphere assembly on a rigid surface; and 
• predicted the penetration of a high-velocity projectile into a soil mass. 
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The listing of issues, observations, and comments summarized in this letter report with 

Exhibits are based on the annotated proposed scope of work (SOW) and schedule outlined 
below in Exhibit B: 
 
1. The review would focus on safety-assessment-related issues governed by near-field 

features, events, and processes (FEPs) deemed to require additional attention by SKB in 
the pending SR-Site report.  For the purpose of this letter report, the term “near-field” 
refers to the portion of the rock mass (geosphere) hosting and being affected by the 
disposed waste.  It includes the waste canister and extends a few meters outside the 
excavation damaged zone (EDZ). 

2. The review would be based on four selected documents [1-4].  Particular attention was to 
be given to issues not identified in references [3] and [4], to minimize repetitions of issues 
identified in these two references, and to express our observations, and, to the extent 
possible, try to express our findings in terms understandable to lay people.  Reference [3] 
summarizes a joint review of the SR-Can report conducted by the then Swedish Nuclear 
Power Inspectorate (SKI) and the Swedish Radiation Protection Authority (SSI).  We 
would also a) highlight major similarities and differences with the safety assessments 
conducted in the US for the Yucca Mountain and Waste Isolation Pilot Plant (WIPP) deep 
geological repositories for long-lived radioactive waste, and b) revisit our 2001 report to 
the municipality of Oskarshamn [5] to assess whether the safety-analysis-related issues 
defined therein had been addressed satisfactorily in the 2006 SR-Can report.  Time and 
budget permitting, in addition to the aforementioned five “core” documents, we would 
also try to review reference [6], which we did (se e.g., Exhibit C).  As illustrated in the 
REFERENCE section, we also reviewed several additional documents in whole or in part 
to support our list of issues, observations and comments [7-22].  In general, the additional 
documents were not subjected to the same detailed level of scrutiny as the six “core” 
documents mentioned/listed above. 

3. A preliminary listing of near-field topics, concepts, and issues deemed to require 
additional attention in the pending SR-Site report would be provided to a designated point 
of contact within the Municipality of Oskarshamn by November 1, 2008.  The proposed 
main emphasis would be on issues not addressed in references [3] or [4].  Notwithstanding 
the proposed focus on near-field FEPs, we would also list other issues identified in the 
course of our review that were deemed to be of significant importance to the outcome of 
the safety assessments and/or the site selection process.  For example, we would also try 
to, but could not commit to, review reference [6] because one or more of these site-
specific rock characteristics/parameters could decide the outcome of the site selection 
process, e.g., be a major discriminating factor or cause the site to fail a 
criterion/requirement. 

4. We would prepare a PowerPoint presentation for a public meeting, tentatively, to be held 
in Oskarshamn on November 27, 2008. 

5. Leif Eriksson would attend the November 27 meeting to present our preliminary findings. 
6. We would submit a letter report in the English language to a designated point of contact 

within the Municipality of Oskarshamn by December 19, 2008.  It would list topics, 
concepts, and issues in the 2006 SR-Can report [1] that in our opinion needed additional 
attention in the pending SKB-Site report.  It would also include a concise summary in the 
Swedish language and be our final deliverable under this contract.  At our request, the 
delivery date for the final report was subsequently extended until January 13, 2009.
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EXHIBIT C 
 

ADDITIONAL COMMENTS ON THE “T-H-M COUPLINGS IN ROCK” REPORT 
(SKB-R-06-88) 
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This Exhibit C summarizes our main comments on reference [6].  Some of these 

comments are also included in the main text of this report. 
 
1. The issues of mechanically, thermally, and thermo-mechanically induced changes to the 

hydrologic conditions in the near- and far-field of the repository are addressed.  In effect, 
stress changes due to such loadings are presumed to affect fracture apertures resulting in 
higher or lower transmissivities of the presumed groundwater flow and transport paths.  
Mechanical loadings may be due to excavation and/or glaciation.  Thermal loadings in the 
modeling exercises are the result of heat generation due to radioactive decaying of the 
SNF. 
 

2. Fully three-dimensional modeling is warranted due to the highly anisotropic nature of the 
initial state of stress.  Indeed, much of the work presented in this report is based on three-
dimensional (3-D) calculations with computational tools and techniques that are reputable 
and accepted in the professional community. 

 
3. Empirical relationships have been used to relate (directly or indirectly) the aperture to 

normal stress, and transmissivity to aperture and/or normal stress.  Generally speaking, 
consistent assumptions have been made so the responses are not prejudiced.  However, the 
results showing a comparatively adverse mechanical response for the Laxemar site are 
attributable (in large part) to the unfavorable orientation of the longitudinal axis of the 
deposition tunnels relative to the maximum principal stress.  In other words, optimally 
designed tunnels at any of the two candidate sites would produce thermomechanical 
responses that are very similar at a given depth of waste emplacement.  Of course, there 
are differences between the in-situ stress states and the compressive strength properties 
that may lead to more spalling at one of the sites. 

 
4. The report needs to better explain whether in these models bentonite and backfill have 

been used to fill the gap/annulus between the waste canister and the inner surface of the 
emplacement hole.  Yet, the spalling response is strongly related to the degree of contact 
between the canister and bentonite pellets and between the bentonite and the borehole 
wall/surface. 
 

5. The thermal and mechanical properties in Table 4-3 (p. 30) seem to be at ambient 
temperature and under dry conditions.  This needs to be verified.  Also, the temperature 
dependence of these properties as well as the dynamic viscosity as a function of 
temperature of the water appear to have been ignored in transmissivity calculations and 
related interpretation of results. 

 
6. In Section 3.1, the use of the term “axial permeability” is unclear.  Does it refer to a 

dimension parallel to the tunnel axis or to the vertical direction in the context of canister 
length? 

 
7. On p. 33 under the heading “Glacial cycle” it is stated that “… the reference ice model 

now considered in the safety assessment implies that the ice-load should be approximately 
twice as high.”  Does this mean that the incremental stress (in each principal stress 
component) at a given horizon due to glaciation would also double?  If so, what would be 
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the magnitude of predicted increases in transmissivity compared to the results presented in 
this report? 

 
8. It is not clear why the transmissivity response along fracture #6 (Figure 5-3) is so different 

from fractures #4 and #5 (Figures 5-1 and 5-2, respectively). 
 

9. Prior to Section 7, the convention is that the y-axis represents the vertical direction while 
x-axis and z-axis are in the horizontal plane; x-axis is parallel to the tunnel and z-axis 
perpendicular to the tunnel.  In Section 7, it is the z-axis that represents the vertical 
direction causing unnecessary confusion in interpreting subsequent discussion of results. 

 
10. A very general question is: what are the horizons of the aquifers above the repository?  All 

the predictions of increases in fracture permeability may be meaningless if the fracture 
doesn’t continue from repository depth to the surface. 

 
11. A philosophical question: if permeability changes in the near-field domain are small 

(except near the disposal holes), what does it matter with regard to radionuclide transport 
that there may be large increases in permeability close to the surface?  In other words, is 
this a proper performance measure? 
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This Exhibit D provides a highly condensed summary of key components and concepts 

presented in the two SR-Can reports.  Please note that the excerpts from the SR-Can reports 
provided below may not be ad verbatim due to the fact that some of them were translated from 
Swedish to English by one of the reviewers.  A few comments are also included, of which we 
consider footnotes 4 and 5 particularly important.  We have also highlighted portions of the 
text deemed to be particularly important by means of bold, italics and/or underlined text, and 
in some instances combinations thereof. 
 
OBJECTIVE, PURPOSES, AND INTENT OF THE SR-CAN REPORTS 
 
Objective 
 

The objective of the SR-Can reports is to investigate whether the KBS-3 method for deep 
geological disposal of SNF has the potential of fulfilling regulatory safety criteria, given the 
host rock conditions at the two candidate sites in so far as they can be specified after the initial 
site investigation phase.  The initial state is defined as the state at the time of deposition for 
the EBS and the natural, undisturbed state at the time of beginning of excavation of the 
repository for the geosphere and the biosphere. 
 
Purposes 
 

Following are the stated main purposes of the safety assessments presented in the 2006 
SR-Can report [1]: 
 
1. To make a first assessment of the safety of potential KBS-3 repositories at Forsmark and 

Laxemar to dispose of canisters as specified in the application for the encapsulation plant. 
2. To provide feedback to design development, to SKB’s R&D program to further site 

investigations and to future safety assessment projects. 
3. To foster a dialogue with the authorities that oversaw SKB’s activities at that time, i.e., the 

Swedish Nuclear Power Inspectorate (SKI) and the Swedish Radiation Protection 
Authority (SSI) regarding interpretation of applicable regulations, as a preparation for the 
SR-Site project. 

 
Intent 
 

The stated intention of the SR-Can reports is to investigate the safety of the KBS-3 
disposal system as it is specified at this stage, and to give feedback for further developments 
to that specification.  It also states that “The SR-Can analyzes are not intended to fully 
establish the suitability of the studied sites or to establish the final technical system for 
disposal, this will be done in the pending SR-Site report,” currently scheduled for 2009. 
 
WASTE SOURCES, WASTE VOLUME AND DISPOSAL CONCEPT 
 
Waste Sources 
 

Radioactive waste from nuclear power plants (NPPs) in Sweden is managed by SKB.  
Based on an assumed reactor operational time of 40 years, approximately 9,300 tons of SNF 
are forecasted to arise from the Swedish nuclear energy program, corresponding to 
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approximately 4,500 canisters in the repository.  To allow for uncertainties in the future 
Swedish nuclear power program, the SR-Can assessment is based on a repository with 6,000 
canisters, corresponding to around 12,000 ton of fuel. 
 

Several types of fuel are to be disposed in the repository.  For the option with 40 years of 
reactor operation, the quantity of boiling water reactor (BWR) fuel is estimated at 7,200 tons 
and the quantity of pressurized water reactor (PWR) fuel at 2,300 tons.3  The fuel burn-up rate 
may vary from 15 up to 60 MWd/kgU thermal output.  In addition, 23 tons of mixed-oxide 
(MOX) fuel and 20 tons of fuel from the reactor in Ågesta need to be disposed.  The MOX 
fuel has an average burnup rate of 31 MWd/kg heavy metals (HM) and higher plutonium (Pu) 
content than UOX fuel due to its relatively low burnup rate (about 2.7%).  The Ågesta fuel is 
heavy water reactor (HWR) fuel.  At present there are 222 such fuel elements stored in the 
central interim storage facility (Clab).  The majority of those (about 70%) contain natural 
uranium; the remainder are enriched to 1.35% (one element contains 2.2% U-235).  The 
burnup rates range from 0 to 10 MWd/kgU.  However, the canisters in SR-Can are assumed to 
have an initial uniform thermal output of 1,700 W.  The inventory of radionuclides is 
calculated from the assumption of a BWR fuel with a burn-up rate of 38 MWd/kgU. 
 

Several decades of research and development (R&D) has led SKB to focus on two KBS-3 
repository concepts for the safe disposal of the nation’s SNF.  One concept, referred to as 
KBS-3V, is based on disposal of one canister in a dedicated vertical emplacement/deposition 
hole extending below the invert of the deposition tunnels.  The other concept, referred to as 
KBS-3H, is based on a series of 40-m-long “horizontal” boreholes between two adjacent 
deposition tunnels, each borehole containing several canisters.  In both concepts, each copper 
canister with a cast iron insert containing the SNF is surrounded by bentonite clay and 
deposited at a depth of approximately 500 m below the ground surface in saturated, granitic 
rock.  Only the KBS-3V concept is analyzed in the SR-Can reports. 
 

In order to avoid detrimental impacts from potential future earthquakes, the design applies 
a respect distance of 100 m for deformation zones with traces longer than 3 km.  For zones 
with traces shorter than 3 km, a margin for construction, less than 100 m, is applied. 
 

As mentioned above, we consider the waste canister a key, possibly the key, component to 
the long-term ability of a repository based on the KBS-3 repository concept to contain and 
isolate the disposed waste. … The canister consists of an inner container, the insert of cast 
iron, and an outer shell of copper.  The cast iron insert provides mechanical stability and the 
copper shell protects against corrosion in the repository environment.  The copper shell is 50-
millimeter (mm) thick and the cylindrical canister has a length of approximately 4.8 m and a 
diameter of 1.05 m.  The copper shell is supposed to be made of pure oxygen-free copper.  
The insert is cast from spheroidal graphite cast iron and has channels where the fuel 
assemblies are placed.  The uncertainties in material composition are small for the canister 
materials. 
 

The insert is presently available in two versions: one for 12 BWR assemblies and one for 
4 PWR assemblies.  A canister holds about two tons of SNF. Canisters with BWR and PWR 

 
3 The sum of these amounts differs by 200 tons from that given in the preceding paragraph. 
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assemblies weigh 25 and 27 tons, respectively.  The decay heat in the SNF disposed in one 
canister is limited to 1,700 W, to fulfill temperature requirements for the bentonite buffer. 
 

Four possible methods for fabrication of the copper tube have been tested by SKB: roll 
forming of copper plate to tube halves which are welded together, seamless tubes formed by 
extrusion, pierce and draw processing, and forging.  All these methods produce a copper 
cylinder that must be machined internally and externally as well as on the end surfaces to get 
the desired dimensions.  The reference canister is foreseen to be fabricated with a seamless 
tube.  Lids and bottoms of copper are machined to the desired dimensions from hot forged 
blanks.  The mass production of the canister parts, i.e. the insert, copper tube, lid, and 
bottom, may very well be done by different companies applying different methods that all 
fulfill the set requirements.  Welding of the lid and bottom of the copper canister is done by 
friction-stir welding (FSW) in the reference case.  Radiographic and ultrasonic techniques for 
non-destructive testing/assaying (NDA) of the canisters and welds are being developed. 
 

The SNF will be placed in the canister in the encapsulation plant.  The insert will be 
closed with a lid, which is fastened with a bolt.  The lid of the copper shell is then attached by 
welding, and the integrity of the weld is verified by NDA. 
 
Current Status of Repository Siting and Site Descriptions 
 

SKB is in the final stages of evaluating two candidate repository sites; one at Forsmark in 
the municipality of Östhammar and one at Laxemar in the municipality of Oskarshamn.  The 
site selection is currently scheduled to occur in late 2009.  Site Descriptive Models (SDMs) 
have been developed for both sites and are provided in the SR-Can reports [1, 2].  (Select and 
occasionally modified portions of these SDMs are provided below.) 
 
Forsmark 
 

The bedrock in the Forsmark region has been affected by both ductile and brittle 
deformation.  Today’s landscape is strongly influenced by the ongoing vertical shore level 
uplift of approximately 6 millimeters (mm) per year.  The dominant rock type in this rock 
domain is medium-grained granite to granodiorite (approximately 75% of the domain 
volume).  Subordinate rock types are fine- to medium-grained metagranodiorite or 
metatonalite, amphibolite, pegmatitic granite or pegmatite, and fine- to medium-grained 
granite.  The dominant rock type and the subordinate rock types, except for amphibolite, have 
high quartz content, ranging between approximately 20 to 50%. 
 

The ductile deformation has resulted in large-scale ductile high-strain zones. Tectonic 
lenses, in which the bedrock is much less affected by ductile deformation, are enclosed in 
between the ductile high-strain zones.  The candidate area for an SNF repository is situated 
within the north-westernmost part of one of these tectonic lenses.  This particular lens, which 
developed more than 1,850 million years ago and is approximately 25 km long and up to 4 km 
wide, extends along the Uppland coast from north-west of the Forsmark NPP south-eastwards 
to Öregrund.  The candidate repository area is approximately 6 km long and 2 km wide.  The 
north-western part of the candidate area has been selected as the target area for a potential 
repository.  Characterization of the bedrock in the target area is undertaken by both surface-
based investigations and by investigations in boreholes. 
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The bedrock inside the lens is relatively homogeneous, and is dominated by a metagranite 

with high content of quartz, whereas the lithology and deformation is more complex outside 
the lens.  Due to its rather high quartz content, the bedrock has high thermal conductivity and 
high mechanical strength compared to typical igneous rocks elsewhere in Sweden.  
Measurements at the cm-scale show values in the range of 3.4 to 4 W/(m·K) for the dominant 
rock type, whereas some subordinate rock types yield significantly lower values. 
 

Measurements of the mechanical strength of intact rock sampled from the depth interval 
of between 400 and 550 m in boreholes in the candidate area of the dominant rock type 
(granite to granodiorite) show relatively high uniaxial compressive strength (UCS).  The mean 
value for all borehole samples in the target area (north-western part of the candidate area) is 
above 220 megapascals (MPa).  Comparing the average value for different depth intervals 
with the overall average value for this rock domain (RFM029) indicates a decrease of the 
UCS for intact rock by about 10% at depths below 500 m.  This depth coincides with the depth 
where micro-cracking due to stress relief is expected. 
 

Three major sets of deformation zones with distinctive orientations have been recognized.  
In addition to vertical and steeply dipping zones, there are also gently south-east- and south-
dipping zones.  These gently dipping zones are more frequent in the south-eastern part of the 
candidate volume and have higher hydraulic transmissivity than vertical and steeply dipping 
deformation zones at the site.  They seem to play an important role in determining the 
properties of the Forsmark site, such as the distribution of stress, fracturing and the 
transmissivity distribution of the fractures.  The frequency of open and partly open fractures is 
very low below approximately 300 m depth compared to what is observed in the upper part of 
the bedrock in the north-western part of the candidate volume, which is the target volume for 
a potential repository at the site.  In addition, the rock stresses are high compared to typical 
values of the Swedish bedrock, with a potential correlation to the low fracture frequency in 
this part of the bedrock.  The more fractured upper part of the bedrock overlying the target 
volume is highly transmissive in the horizontal plane and in good hydraulic contact over long 
distances, whereas at depth the rock appears to have very low permeability with few 
transmissive fractures.  Meteoric water is present in the uppermost approximately 200 m of 
the bedrock.  At depths between 200 and 800 m, the salinity remains fairly constant (5,000–
6,000 mg/L) and the water composition indicates remnants of Littorina Sea water.  At depths 
between 800 and 1,000 m, the salinity increases to higher values. 
 

The state of stress in rock domain RFM029 has been estimated based on overcoring and 
hydro-fracturing results obtained in boreholes KFM01A, KFM01B, KFM02A and KFM04A 
and from old overcoring measurements in a borehole drilled during the construction of the 
Forsmark NPP (borehole DBT-1).  The results show that the maximum horizontal stress 
trends NW-SE, sub-parallel to the plate-ridge push and to the regional deformation zones at 
the candidate site, and that the magnitude is significantly higher, at least at some 200–500 m 
depth, than at other hard/igneous-rock sites in Scandinavia.  The geomechanical and stress 
data also show that the upper crust, down to about 100–200 m depth, exhibits a more varying 
stress state characterized by local changes in stress magnitudes and orientations of principal 
stresses.  It should also be noted that all stress data collected so far in the candidate area are 
from the rock below the gently dipping deformation zone ZFMNE00A2.  More stress data, 
especially above deformation zone ZFMNE00A2, are needed before a high confidence stress 
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model could be established.  Such data are being acquired as part of the complete site 
investigation program and will be available in time for evaluation in the SR-Site report. 
 

A substantial amount of geologic data, both at the surface (mapping and geophysics) and 
from depth in the form of information from cored (5,600 m at six sites) and percussion (2,850 
m at 19 sites) boreholes, underpins version 1.2 of the rock domain model.  Cored borehole 
data confirm that the character of the bedrock to a depth approximately 1,000 m inside the 
candidate area is similar to that observed at the surface.  Hence, the surface geology is the key 
to the geology at depths down to at least 1,000 m in the candidate area at Forsmark.4

 
“A type D1 design, reported in /Brantberger et al. 2006/ has been developed focusing on 

the “target area” of the Forsmark candidate area, see Figure 4-50.  The selection of the target 
area is justified in the Forsmark Site Investigation Pogramme for further investigations of 
geosphere and biosphere /SKB 2005d/.  The design considers a repository for 6,000 canisters, 
based on current estimates of the final amount of spent fuel being produced in Sweden, 
including a margin of 1,500 canisters in case the final amount of spent nuclear fuel should 
exceed current estimates. Layouts are presented both for the −400 m and −500 m levels – the 
former is the reference option, as explained by /Brantberger et al. 2006/.”[1, page 140] 
 
Laxemar 
 

The topography at the Laxemar site is relatively flat.  The whole area is located below the 
highest shoreline associated with the last deglaciation.  There is still vertical shore-level uplift 
of approximately 1 mm per year. 
 

The northern and central parts of the area is dominated by Ävrö granite, whereas in the 
southern part of the area there are rock domains consisting mainly of quartz monzodiorite and 
diorite to gabbro forming an arc-shaped body dipping to the north with the concave side to the 
north.  No potential for metallic and industrial mineral deposits has been recognised within the 
area.  Many of the rock types of the Laxemar subarea have low and spatially varying quartz 
contents.  This results in relatively low and varying thermal conductivity, compared to typical 
values of Swedish bedrock.  The mean uniaxial compressive strength is comparatively low in 
most of the rock types and it also shows a quite large spread.  However, these results are 
based on data from a few samples and are possibly biased by their proximity to a large 
deformation zone. 
 

The principal orientations of deformation zones are north-south and east-west.  It is judged 
that most of the local major, steeply dipping zones have been identified at the surface and that 
gently dipping regional zones do not exist within the local model domain.  There remain, 
however, uncertainties as to the details.  There is a high variability in the fracturing and the 
fracture network description is uncertain.  Both measurement data and stress modelling results 
suggest that the Laxemar subarea can be divided into two different stress domains (I and II), 
where Stress Domain II has lower stress.  The limited data available for the Laxemar 1.2 SDM 
at the time of the data freeze for this report suggested that the rock volume could be divided 
                                                 
4 We remain strongly opposed to this statement [5, e.g., p. 46] because, based on our more than 60 
years of combined field experiences, we have yet to find a site where the surface-rock conditions 
are representative even at depths on the order of 100 m below the ground surface. 
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into hydraulic domains with different and depth-dependent hydraulic properties.  New data 
available after the data freeze strongly support these previous indications that there is a depth 
dependence of hydraulic conductivity and that the rock domains in southern Laxemar have 
lower hydraulic conductivities than those in northern Laxemar. 
 

The complex groundwater evolution and patterns at the Laxemar subarea are a result both 
of the past evolution of groundwater flow and modifications of the groundwater composition 
caused by microbial processes and water/rock interactions.  In the Laxemar subarea, fresh 
(meteoric) water is found down to 800 m depths, whereas the interface is much shallower at 
the Simpevarp subarea, which is closer to the sea.  Brackish water is found at intermediate 
depths (500–950 m) and deeper (900–1,200 m) the water becomes saline (6,000–20,000 mg/L 
Cl, 25–30 g/L TDS).  Highly saline water (> 20,000 mg/L Cl, max TDS ~ 70 g/L) has only 
been found in one borehole at depths larger than 1,200 m. 
 

“A type D1 design, reported in /Janson et al. 2006/ has also been developed for the 
Laxemar subarea, see Figure 4-34.  As for Forsmark, the design considers a repository for 
4,500 canisters, based on current estimates of the final amount of spent fuel being produced in 
Sweden, but also assesses the space needed for an additional 1,500 canisters in case the final 
amount of spent nuclear fuel should exceed current estimates.  Layouts are presented both for 
the –500 m and –600 m levels, the former is the reference option.  SKB decided not to 
develop a layout for the –400 m level, although there was nothing in the data suggesting this 
would not be possible.” [1, p. 143] 
 

Although the Laxemar 1.2 SDM is based on a significant amount of data, only a few of 
these are representative of the potential repository volume(s).  This is especially evident for 
the fracture, thermal and hydraulic data.  Data acquired after the data freeze as well as data 
that will be acquired in the future will allow a more elaborate set of analyses as for Forsmark 
to be performed also for Laxemar.  At this time, it has been decided within the SR-Can team 
to only carry out a limited set of analyses of the Laxemar site. 
 
Safety Assessment 
 

The main purpose of a safety assessment of a final repository for SNF is to investigate 
whether the repository can be considered radiologically safe over time.  In principle, this is 
established by comparing estimated releases of repository-derived radionuclides and 
associated radiation doses with regulatory criteria.  For a KBS-3 repository system, the 
primary safety function is to completely isolate the spent nuclear fuel within the copper/iron 
canisters over the entire assessment period.  Should a canister be damaged, the secondary 
safety function is to ensure that any releases from the canister are retarded and dispersed 
sufficiently to ensure that the resultant radionuclide concentrations are reduced to levels that 
do not cause unacceptable consequences.  The two issues of isolation and retardation are, 
therefore, principal considerations throughout the assessment.  An important purpose of 
the safety assessment is to demonstrate near-complete isolation of the wastes under a wide 
range of circumstances and for a very long time. 
 

To support the pending site selection, SKB has developed a safety assessment approach, 
which was applied in 2006 on then available data from the two candidate repository sites.  A 
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reference evolution of KBS-3 repositories5 at the Forsmark and Laxemar sites over the entire 
one million year assessment period was studied to gain an understanding of the overall 
evolution of the system as a basis for scenario selection and scenario analyses.  The aim was 
to describe a reasonable evolution of each of the site-specific repository systems over time. 
 

The following two variants of the reference evolution were analysed: 
 
1. A base variant where the external conditions during the first 120,000 year glacial cycle 

were assumed to be similar to those experienced during the last European glacial 
cycle, the Weichselian.  Thereafter, seven repetitions of that cycle were assumed to 
cover the entire one million year assessment period. 

2. A greenhouse variant in which the future climate and, hence, external conditions were 
assumed to be substantially influenced by anthropogenic greenhouse gas emissions. 

 
The analysis was carried out in four time frames and in each frame the following safety 

functions were evaluated: 1) Isolation; and 2) Retardation. 
 

Based on the understanding of the properties of the components and the long-term 
evolution of the system, a number of subordinate safety functions to isolation and retardation 
were identified. 
 
Main Safety/Performance Criteria and Terms 
 

SSI’s general guidance state the following: “The individual risk should be calculated as 
an annual average on the basis of an estimate of the lifetime risk for all relevant 
exposure pathways for every individual.”  SSI’s quantitative acceptance criterion states that 
“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.” 
 

The principal acceptance criterion thus requires 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”.  “Harmful effects” refer to cancer and hereditary effects.  The conversion 
between effective dose and risk is to be carried out using the International Commission on 
Radiological Protection’s (ICRP’s) probability coefficient for cancer and hereditary effects of 
0.073 per Sievert (Sv).  An annual risk limit of 10−6 thus corresponds to an effective dose 
limit of about 1.4·10−5 Sv/yr. 

 
The timeframe for the assessment is one million years after repository closure, in 

accordance with regulatory requirements.  The above risk limit is applicable as a quantitative 
regulatory limit during approximately the first one hundred thousand years, and thereafter as 
a basis for discussing the protective capability of the repository, according to SSI. 

 
A reference evolution of KBS-3 repositories at the Forsmark and Laxemar sites over the 

entire one million year assessment period is studied to gain an understanding of the overall 

 
5 As far as we have been able to determine, the safety analyses described in the SR-Can reports [1, 2] 
are based on the KBS-3V disposal concept [1, e.g., Figures 4-1, p. 78, 4-2, p. 79, and 4-4, p. 82]. 
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evolution of the system as a basis for scenario selection and scenario analyses.  The aim is to 
describe a reasonable evolution of the repository system over time. 
 

The SR-Can safety analysis is carried out in the following four time frames: 
 
1. The excavation/operation phase. 
2. The initial temperate period, which is expected to last several thousand years. 
3.  The first glacial cycle, which is based on the Weichselian glacial cycle, assumed to 

last 120,000 years, and to begin with a 50,000-year-long temperate greenhouse variant.  
In the greenhouse variant, it is assumed that a temperate climate prevails for 50,000 
years before the relatively mild onset of the base variant of the next glacial cycle, as 
opposed to a few thousand years of initial temperate conditions without an increased 
greenhouse effect.  Throughout the report it is implicitly understood that the 
greenhouse variant describes a situation with an increased greenhouse effect. 

4. The time after the first glacial cycle up to one million years, which assumes another 
seven repetitions of the 120,000 year Weichselian glacial cycle. 

 
According to the SR-Can report, the repository system, broadly defined as the 

deposited spent nuclear fuel, the engineered barriers surrounding it, the host rock and 
the biosphere in the proximity of the repository, will evolve over time.  Future states of 
the system will depend on: 
 

• The initial state of the system; 
• A number of radiation-related, thermal, hydraulic, mechanical, chemical and 

biological processes acting internally in the repository system over time; and 
• External influences acting on the system. 

 
The following definitions were used in the SR-Can report: 

 
• A safety function is a role through which a repository component contributes to safety. 
• A safety function indicator is a measurable or calculable property of a repository 

component that indicates the extent to which a safety function is fulfilled. 
• A safety function indicator criterion is a quantitative limit such that if the safety 

function indicator to which it relates fulfills the criterion, the corresponding safety 
function is maintained. 

 
Safety functions aid in the evaluation of safety, but the fulfillment of all safety function 

indicator criteria is neither necessary nor sufficient to argue safety.  The different safety 
function indicator criteria are furthermore determined with varying margins to acceptable 
performance. 
 

Safety functions are related to, but not the same as, design criteria.  Whereas the latter 
relate to the initial state of the repository and primarily to its engineered components, the 
former should be fulfilled throughout the assessment period and relate, in addition to the 
engineered components, to the natural system. 
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EXHIBIT E 
 

SLIDES SHOWN BY LEIF ERIKSSON AT THE NOVEMBER 27, 2008 PUBLIC 
MEETING IN OSKARSHAMN 
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OBEROENDE GRANSKNING AV 
VALDA DELAR AV  

SR-CAN RAPPORTEN

Utförd av:
William Coons, Leif Eriksson och Krishan Wahi 

på uppdrag av Oskarshamns kommun 

Delrapportering den 27 november 2008

 

Huvudpunkter i presentationen

1. Kort beskrivning av granskarnas bakgrund.

2. Kort beskrivning av den utförda 
granskningen.

3. Exempel på tio ämnesområden i SR-Can vi 
bedömer behöver förstärkas eller förklaras 
ytterligare i SR-Site.

4. Två närmiljöfrågor.
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Översiktlig bakgrundsbeskrivning
Leif G Eriksson

Fil. Kand. , Geologi, 1975 
Gymnasieingenjör, Väg och Vattenbyggnad, 1960

1960-1978: Stationerad mestadels i Sverige (England 1974-
1976).  Ansvarig för bergrum och tunnlar hos Hagconsult 
AB 1965-1978.  Designade och ledde platsundersökningar 
för underjordsanläggningar i Sverige och utomlands.

1978-2008: Stationerad mestadels i USA (Wien 1991-1992).  
Aktivt inblandad i de amerikanska programmen för:

1. Högaktivt avfall 1978-1991.
2. Mellanaktivt (transuraniskt) avfall 1993-2003.
3. Lågaktivt avfall 2004-2008.

 

Översiktlig bakgrundsbeskrivning
William E Coons

Fil. Dr., Geokemi, 1978
Fil. Lic., Geovetenskap, 1973
Fil. Kand., Geologi, 1971

Dr. Coons har bidragit med geovetenskaplig och
geokemisk expertis i de amerikanska och inter-
nationella djuplagerprogrammen för radioaktivt
avfall i mer än 30 år.  Han har medverkat i plats-
studier för tre djuplager för använt kärnbränsle i
USA.  Dr. Coons har huvudansvaret för våra
geokemi- och ingenjörsbarriärkommentarer.

 

12 January 2009  ExhE Page 3 of 8 



FINAL REPORT 
 

Independent Technical Review of Portions of SKB’s 2006 SR-Can Report (TR-06-09) 
by William E. Coons, Leif G. Eriksson, and Krishan K. Wahi 

 

Översiktlig bakgrundsbeskrivning
Krishan K. Wahi

Fil. Dr., Maskinteknik, 1974 
Fil. Lic., Maskinteknik, 1971
Fil. Kand., Maskinteknik, 1969

Dr. Wahi har 33 års yrkeslivserfarenhet som bl.a. 
omfattar säkerhetsanalyser av kärnkraftverks-
komponenter och tre djuplager för använt
kärnbränsle i USA.  Han har huvudansvaret för
våra bergmekanik-, termodynamik-, matematik-
och modellrelaterade kommentarer.

 

Tidigare svenska samarbeten

Dr. Coons och Leif Eriksson (1985)

Oberoende granskare av KBS-3 och Fud-84 
rapporterna för Nämnden för Aktivt Kärnbränsle
(NAK)

Dr. Coons, Leif Eriksson och Dr. Wahi (2001)

Oberoende granskare av SKB:s beslutsprocess
och underliggande dokumentation för val av
platser för detaljerade undersökningar för
Oskarshamns kommun
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Granskningsuppläggning
Vi begränsade vår granskning till:

1. De två SR-Can rapporterna, myndigheternas (SKI/SSI) 
relaterade granskningsrapport, Kärnavfallsrådets 
yttrande över SKB:s 2007 Fud rapport och SKB:s T-H-M 
rapport.  Vi följde även upp en del frågor i 16 andra 
rapporter och artiklar. 

2. Närmiljön kring kopparkapslarna.
3. Tiden efter förslutningen av avfallslagret. 
Om vi fann någonting annat som vi bedömde behövde 
ytterligare underlag eller förklaring noterade vi detta i vår 
preliminära rapport till Oskarshamns kommun, inklusive 
obesvarade frågor i vår 2001 rapport.
Vi försökte inte bedöma om säkerhetsanalyserna följde 
myndigheternas föreskrifter.

 

Närmiljöobservationer
Vi bedömer att funktionen av kopparkapseln är nyckeln till 
långtidsäkerheten i KBS-3V och KBS-3H koncepten och att
följande närmiljöfrågor behöver utredas/förklaras ytterligare
för att skapa ett robust underlag för, och ett brett förtroende
för, säkerhetsanalyserna och platsvalet i SR-Site:

1. Tillverkningsprocessen och kvalitén av kapslarna både
före och efter kapseldeponering.

2. Kopparkorrosionsfenomen i förväntade miljöer, inklusive
vätska/vätskebildning i kapseln, lokal (hål) korrosion, 
vagabonderande/galvaniska strömmar, spännings-
korrosion, och korrosion under både syrefattiga och
syrefria (t.ex. Peter Szakalos m.fl.) förhållanden.

3. Avsaknaden av kapselbrott de första tusen åren.
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Övriga observationer
Vi bedömer att följande närmiljöfrågor också behöver
utredas eller förklaras ytterligare i SR-Site:

4. Processer och tiden för återmättnaden av
berggrunden, återfyllningen, och bufferten närmast
kopparkapslarna, inklusive deponeringstunnlarna
och den störda bergzonen.

5. Kvalitén på och spårbarheten och kvalitets-
kontrollen av antaganden, data och modeller som
påverkar utvecklingen och händelseförloppen i
närmiljön.

6. Kopplingen av alla modeller som påverkar
utvecklingen och händelseförloppen i närmiljön.

 

Övriga observationer
7. Bergspänningarna på djupet i Forsmark och 

Laxemar har få tillförlitliga platsdata och behöver 
också kopplas med andra förväntade händelse-
förlopp, såsom tryck och temperatur variationer. 

8. Sannolikheten för en upprepning av den 120,000 
år långa glaciala cykeln för Weichselistiden är låg.

9. Åtta upprepningar av Weichselistiden i referens-
modellen för den 1 million år långa normative 
perioden i SR-Can saknar historiskt underlag.

10.Den nuvarande växthusvariantperioden är den 
första av sitt slag.  Den är långt ifrån avslutad och 
har inte nått ett stadium där man med rimlig 
säkerhet  kan bedöma dess framtid eller avslut. 
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Nuvarande växthusvariantmodell

ä

 

Närmiljöfråga 1

Kommer SR-Site att inkludera nya data, 
modeller och/eller statistiska bedömningar av 
sannolikheten för tidiga kapselbrott på grund 
av t.ex.:

a. Tillverkningsdefekter? 
b. Korrosion?
c. Bergrörelser/förskjutningar orsakade av 

olika kombinationer/kopplingar av berg-
spännings-, grundvattentryck- och 
temperaturvariationer?
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Närmiljöfråga 2

Har SKB för avsikt att utföra ytterligare 
forskning eller på annat sätt förbättra 
databaser och modeller för den viktiga 
återmättnaden av berggrunden och 
ingenjörsbarriärerna runt kopparkapslarna.

T.ex. genom “expert judgement elicitation” 
eller “peer review”?

 

Tack för uppmärksamheten.
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