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LONG-TERM STABILITY OF CLAYS: WHY THIS MATTERS

» Issue for WMQ'’s: Can bentonite remain stable over geological time-scales? i.e. tens to
hundreds of thousands of years?

*  KIRUNA's clays demonstrate that:

Bentonite remains stable over geological time-scales (millions of years)
Repository-relevant properties of the smectites are maintained

Iron-ore (magnetite) and clay interaction is minimal (Fe-poor smectites)

No evidence for erosional/sedimentational behaviour under relevant conditions
In-situ bentonite at Kiruna preserves microbial life

» => Provides confidence in long-term stability of buffer material and hence properties —
which directly support repository safety and performance assessments
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REPOSITORY EVOLUTION OVER GEOLOGICAL TIME

Barrier performance must be maintained over >100,000 years.
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LKAB (SWEDEN'S NORTHERNMOST CITY):

- “ * Mining in Kiirunavaara since beginning of
: 20th century
» world's largest underground mine for iron

ore
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LKAB’ POINT OF VIEW / MINING COMPANY
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with felsic volcanic rocks

formed in a submarine
volcanic setting with
hydrothermal alterations
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CLAY ALTERATION

Hydrothermal origin

Smectite-rich deposits along alteration halos of the ore
bodies

Dioctahedral Fe-poor, Mg-montmorillonite (44-81 wt-
%).

- Kiruna clays compositionally comparable
to engineered repository bentonite
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Figure 3-3. X-ray diffraction pattern of ¢65fSc buik sample and identified minerais. Abbreviations:
s=smectite, m=mica/illite, c=calcite, cI=chlorite, p=plagioclase and q=quart:.



HOW OLD IS THE CLAY?

Clay stable for >66 million years under relevant conditions

Proterozoic: Origin and initial host rock deposition until (ca. 250-66 Ma) (Rb-Sr
age dating)
Mesozoic: alteration and formation of the smectite clay deposits (66-100 Ma)

02H and 6180 isotopes & low B content of the smectites = meteoric fluids led to clay-
formation (i.e. low ). Formation Temperatures confirmed by absence of stilbite and
significant illitic components in the smectites. The isotope compositions of the fluids that
formed the clays at Kiruna are similar to those forming the Mesozoic kaolins in Southern
Sweden (Gilg et al. 2013)

Post-Mesozoic: no further water circulation event recorded for the Kiruna clays

Clay system significantly older than repository timescales
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HYDRAULIC CONDUCTIVITY AS PERFORMANCE MEASURE
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HYDRAULIC CONDUCTIVITY AS PERFORMANCE MEASURE
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SWELLING PRESSURE OF KIRUNA CLAY
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SWELLING PRESSURE OF KIRUNA CLAY
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LIMITED LONG-TERM IRON-CLAY INTERACTION OBSERVED

* Mineral stability
» Kiruna clay appear stable since at least Mesozoic times (>66 Ma)

« Elemental composition of smectite shows low Fe content - little magnetite / clay
interaction at Kiruna even after long contact time

— Saturation, Eh/pH conditions at magnetite interface are unknown but chemical
environment may have inhibited magnetite dissolution and thus Fe-enrichment in fluids
(environment should be low pH, high Eh)
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STABILITY AGAINST EROSION N — —

Kiruna clays show limited \ﬂg Siope ‘

. . e
erosional potential

v_: expansion rate v_: sedimentation rate

200127
c65e3b o
BaraCade F. (13,7685 9) #
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* no expansion into artificial fractures

 No erosion / sedimentation
behaviour

* No colloid formation detected (Na-
smectite) (possibly due to CaCO; in
clays)

« Role of calcite within the clays
towards stability is unclear — but
may influence geochemistry of
fluids

Kiruna BaraCade (Wyoming)
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ACTIVE MICROBIAL PROCESSES CONFIRMED (Fe, NITRATE, SULFATE)

» Microbial presence identified in the clays

* DNA extraction confirms presence of life DNA isolation
in clay matrix and clean-up

Samples from
1200 m depth

‘ Decalcification
' and protein denaturation

Collection of
; DNA/RNA/protein
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KIRUNA NATURAL ANALOGUE - DEMONSTRATES THAT

* Long-term stability of Kiirunavaara natural smectites over geological time-scales (> 66 Ma)
» Preservation of key barrier (buffer) properties

» Limited interactions with iron ore (magnetite) or iron corrosion products (i.e. minimal clay
interactions)

» Key properties, such as hydraulic conductivity, swelling pressure behaviour, erodability,
etc. are comparable to other bentonites

» Microbes are present within the clay masses

« Strong confidence in long-term bentonite performance in repositories

* Natural analogue demonstrates long-term barrier robustness
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RELEVANCE FOR THE SAFETY CASE?

Bentonite buffer maintains its sealing capacity over the assessment time frame

» KINA project reinforces the barrier robustness claims — and confirms core
safety function of bentonite buffer material

* Confirms long-term barrier stability

» Confirms and supports assumptions on low permeability performance over
geological time-scales

* Provides evidence that iron-bentonite interaction is limited under repository-
relevant conditions, reducing uncertainty in near-field evolution

» Provides natural evidence that far exceed experimental time-scales
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