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Heini Reijonen NAWG-17 IBL-project: some recent results
IBL-project

- Started in 2018

« Ongoing, project Phase B just finished sampling
campaign at Tsukinuno, Japan

« Results of the Phase A reported in:

* Reijonen, H. & Alexander, W.R. 2022. Sealing deep site
investigation boreholes: Phase 3 International Bentonite
Longevity (IBL) project Report - Phase A. Jacobs Ref:
207314/R_05 Issue A. United Kingdom: RWM, 99 p. (in
press)

* Here, some recent results of further analyzing the

drill core 1 from Phase A are presented

* Follow the project at www.ibl-project.com

2/4/2024



http://www.ibl-project.com/
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Tsukinuno site and NA potential in IBL-project

Safety relevance Examples of FEPs of interest

1. Bentonite occurs at various Repository relevant depth
depths (0 — ca. 200m below ground  (hydrostatic and lithostatic
surface) pressures)

Figlaandc.

2. Area has shearing and faults Deformed bentonite
cutting bentonite bearing rocks

Figlb

Brittle host rock: fractures and
water conducting features

3. Hosted by sandy silt stone
Figlbandc

4. Some of the bentonite is dry Unsaturated bentonite
Figlb

5. Bentonite occurs as bands with Repository relevant size, scale
varying thicknesses (from few cmto  effects.

ca.7m)

Figlhb

Potential to study freshwater
bentonite interactions

6. Bentonite deposit outcrops at
the surface, including in nearby
riverbed

Figld
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Saturation, groundwater flow,
groundwater diffusion... a

Faulting, bentonite deformation,
host rock deformation, self-sealing,
self-healing

Yelow. Bentonte / Hard mudstone nterbed,
Red. Incined shaft, Cross cut

Advection/diffusion, water-rock
(clay) interaction C

Saturation 4

Clay — rock interaction. Clay based
buffer and backfill designs

Tsukinuno-gawa river

E Black mudstone

D Gray tuffaceous sandstone and pumice tuff
- Dark brown hard mudstone

- Brown hard shaie with bentonite
[] Light green sandy tuff

E Mining areas

Saturation, water-rock
(clay)interaction, cation exchange,
colloid formation, erosion...

Ar' - g

of the Tsuki b ite d it after

P

Appendix 5 Plan figure and cross
Kobayashi and Itoh (1992).

Source: Reijonen et al. 2022. International Bentonite Longevity project (IBL) — Overview. Poster at 8t International conference on clays in natural and engineered barriers for

radioactive waste confinement, 13-16 June 2022, Nancy, France.
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IBL-project Phase B goals and status

* Further development of bentonite sampling methods (done in April 2023)

« Assessment of bentonite durability

- Natural saturation state of bentonites (sampled in April 2023)

«  Bentonite faulting (sampled in April 2023)

 Potential bentonite erosion

« Bentonite cementation (Hokkaido University)

«  Microbial suppression in bentonites (sampled in April 2023) (Waterloo University)
* Production of engagement and communication materials

* Phase A report in press



New results on IBL-D1 drill core
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Site and IBL-D-1-2019

Site 1 Tunnel cross section (S)

#19 Drilling Samplin ‘

#20 Hand gampling il . & Vater sample
Water Sampling
Surface 300mSL
Site 107m
Overburden 193m

Bed #21

é

Bed #20 ey 419 6o
Beds #15 to #18 (#17 main gne)
Bed #994 #13

te3
#29 Drilling Sampling

#29 Hand Sampling Close up
Surface 330mSL P .
Site 107m & & F
Overburden 223m g & )
£ @ oy
{gf’ X
gy @8‘
& &

#19 Hand Sampling
Surface 360mSL
Site 95m
Overburden 265m

~ e =

Top contact




Heini Reijonen NAWG-17 IBL-project: some recent results 2/4/2024 7

Methods

X-ray tomography W Analysis of CEC and W

Quantitative XRD XRF
exchangeable cations

Hyperspectral
measurements

. eBefore opening the
Perspex tubes
*GTK, Finland
eReported in Phase
A

. ePowdering of the
samples

eLabtium, Finland

*Reported in Phase
A

& J

. J . J _ J

-

. eFrom powders

eX-ray mineral
services UK

. eFrom powders

eX-ray mineral
services UK

.~ eFrom compressed
powder buttons
*VSWIR and FTIR
*\Wavelenght ranges
covered 400 —
14000
*GTK

Combined results in this presentation
Software used The Spectral Geologist and l0oGAS

- J

B e
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Mineralogy — bulk gXRD
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Geochemical characteristics — major elements + LOI
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Cation exchange capacity and exchangeable cations
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Within one 40 cm bentonite we see significant variation in the composition of
exchangeable cations = show case of bentonite internal variation

Some of the variation can be explained by cation exchange processes (the
upper contact
Ca, Na, contribute the most to overall CEC
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Cation exchange capacity and exchangeable cations

« CEC follows smectite contents (also Na
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Interim results

« Still to address which features are depositional, and which later alteration

« Current hypothesis: exchange for Mg over Na and K (and Ca except bentonite [) close to top contact = cation
exchange process

« Oxidation event at the top contact
* Hydrogen increase at the contact (Grim & Gtiven, 1978)
 Jarosite formation; hydroxylated oxidation product of sulfides (Deer et al., 1992)

« However, pyrite remains (increasing content towards the top contact) indicating original deposition in acidic
conditions

e Pyrite rich layer occurs also in the middle of bentonite = no indications of oxidation
- The reactions are limited to contact zone
- Based on limited GW analysis in Phase A, the current groundwater does not explain these reactions = likely ancient

« Full analysis of the data (including also trace elements) is still ongoing and will be reported in Phase B (some further

analysis yet to come, such as NDS)
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Hyperspectral results (FTIR) — automated XRD validated
mineralogy

« FTIR active minerals such as
IBL_FTIR_D1: Dataset Overview (MinCol=1% uTSAT 7.08, Mineral Subset)

Qz, Pl, Kfeld, smectite are
detected after validation of
data with XRD

But these are relative to s -_

% Rel. Weight

« TSA gives relative weight %.

Orthoclase Albite
Probable TSA Mineral
IBL_FTIR_D1: Spatial Summary (Bin=0.03 MinBin=0% MaxBin=100% uTSAT 7.08, Mineral Subset) Group

minerals detectable, not

quantitative

« Carbonates not detected =

in agreement with XRD

Bin % Rel. Weight

Depth (m) (2)
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Hyperspectral results (VSWIR) - automated XRD validate
mineralogy

VSWIR active minerals such as IBL_I_HALO_d1: Dataset Overview (MinCol=1% uTSA+7.05, Mineral Subset)
Smectite and white micas
(muscovite- illite series) can be
detected, but the TSA is not

very useful

% Rel. Weight

WHITE-MICA SMECTITE

TSA gives relative weight %. But bt

IBL_II_HALO_d1: Spatial Summary (Bin=3 MinBin=5% uTSA+ 7.05, Mineral Subset) Group

these are relative to minerals

detectable, not quantitative

Bin % Rel. Weight

The spectral features give more

information (next slides)

Index

Carbonates not detected =2 in

agreement with XRD
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Scalars used to examine spectral features

FTIR

« 4470D Quartz

4500D Jarosite

«  4500W Jarosite

* 5330D Quartz

«  6500P stretch CO3
«  8625D Quartz

* 9660P feldspar

Norm Refl (Stacked)
p—a

IBL_FTIR_D1, samples1to 13 (Aux colour: Minl uTSAT)

Aux
Quartz

Orthoclase

000001 Montmorillonite

NULL
000002

868619

000012

T - 1 - 1 1
4000 8000 12000
Wavelength in nm

15

SWIR (sheet silicates mainly)

IBL_IIl_HALO_d1, samples 1to 13 (Aux colour: Grpl sTSAS)

« 2200D
« 2200W 00000L T E-MICA
%5,
. 2250D k2
8
wn
« 2250W =
o |/
o =
. 2350D = |
g
- ISM (H20)
 ISM (ARvsD) R BES

600 1200 1800 2400
Wavelength in nm

More details on scalars, see Laukamp et al. 2021
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Hyperspectral results - Trends along the drill core

Some FTIR range indexes
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Some SWIR range indexes
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Hyperspectral results — examples of scalar vs XRD mineral ¢

Some FTIR range indexes

Quartz_wt% : 5330D

Quartz_wt% : 8625D

0.35 ° 0.12 ® 0
0.11
0.30 0.10
0.09
0.25
° 0.08
a a
Q 020 5 007
3 g 0.06
0.15 0.05
0.04
0.10 0.03
0.02
0.05 -
0.01

10 15 20 25 30 35 40 45 50 55 60 65 70
Quartz_wt%

10 15 20 25 30 35 40 45 50 55 60 65 70
Quartz_wt%

Jarosite_wt% : 4500W3pfit

5,000 ° ®
4,900 0.125 {®
:‘_3- 4,800 ::)a 0.100 !
g 4.700 S 007518
Q2 ' 2 ® °
4,600 0.050
°
a0, 0.025 . °
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7

Jarosite_wt%

Jarosite_wt% : 4500D3pfit
[J

Jarosite_wt%

2200D

Smectite_wt% : ISM(H20)_Doublier2010

ISM(H20)_Duoublier2010

0.25

0.20

0.18

0.10

0.08

0.70

0.65

0.60

0.55

0.50

045

0.40

0.35

2/4/2024 17

Some SWIR range indexes
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Potential of hyperspectral analysis

- More detailed statistical analysis is needed to fully examine the proxies for mineral abundance
- Some scalars are promising, especially for smectite content and quartz / potentially feldspars

- The samples do not contain much carbonate and only little sulphate minerals = in general these would

be detectable with the methods used

- The benefit lies in the ease and speed of the analysis = further studies to be done on direct

measurements (now powders were used as compressed buttons)

- Comparison to other bentonites would be useful, similar analyses being conducted on some Cypriot

bentonites

- In areas less vegetated, remote sensing can be utilized
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Getting more out of tomography

Can be seen in tomo:
- Pyrite + plagioclase + Qz concentration in the middle of the sample
- Layered structure, increase in plagioclase, pyrite and jarosite

Can’t be seen in tomo (at this resolution):
- Gradual decrease of Qz and increase of Sm close
to bottom contact
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Top contact details

1. Primary layering
2. Precipitates at the top contact

3. Fracturing (faulting), precipitates in
shale and bentonite fractures
(youngest)

- Two oxidation events? Primary
layering + precipitation in fractures?

With additional thin or thick section
work or micro XRF full mineralogical
mapping is possible

Densities of different minerals: Qz 2.65 g/cm?® Plag 2.61 - 2.76 g/cm? Kfs 2.5g/cm? Jar 3.09 g/cm® Py 5 g/cm3 Mnt 2.35 g/cm?
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Conclusions

« Mineralogical results aid in the interpretation of XCT

« The variation seen in composition of this very narrow bentonite showcase the importance of detailed
investigations needed to assess the relevance of the analogy of natural bentonites to repository bentonites in

respect to homogeneity and overall mineralogy of the material being studied

« Definition of the analogue type (e.q. in this case effects of oxidation events on bentonite)

* Hyperspectral analysis
« can be useful in following e.g. smectite content in bentonites, but it needs careful case by case calibration

« As a field measurement for NA studies, the use is limited, but for deposit scale studies t is promising (e.g.
for QA purposes)
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