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U CO.,-experiments at the rock laboratory
scale since 2011
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¥ CO,LPIE (CO, long -term periodic injection experiment)

Experiment on long -term caprock integrity
Aim

AThe sealing efficiency of the clay shale matrix is key for long-term safety of the caprock (several
ka)

A Assessment of influence of CO,-saturated fluids on the integrity of geological barriers under
realistic in-situ conditions

A Robust characterization of the test volume and high temporal and spatial resolution monitoring
with novel systems

Concept

A Periodic CO,-injection over a longer term (4+ years)

A Combined investigations on different scales (in-situ and lab analysis), combined with numerical
modeling

A Development of Modular Multisensor Monitoring System (MMMS)

A High resolution temporal and spatial monitoring of CO,-migration
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U Overview of experiment boreholes (planned)

Mont Terri Project

Phase 1

| Monitoring boreholes i (MMMS) in BCL-3 and BCL-4, and active sensitivity testing.

January to March 2024

6m

Phase 2
Drilling of the monitoring boreholes BCL-5 to BCL-8 and
comprehensive rock mass characlerization.

P & e

Pretests in short Phase 3

boreholes Drilling of CO, 4, , injection and extraction boreholes BCL-9
: and BCL-10. Hydraulic characterization to be determined.
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U Chemical analysis of water samples by
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@ Overview of ex
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A Exchange of BCL-10 MPS
(monitoring borehole) was
necessary

A Identical system using new
packer series was built and
tested thoroughly on a longer
term at realistic pressures

A In June 2025 the new system
was installed
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¥ Geological characterization 1 subfacies . N

Mont Terri Project

SANDY

20 cm

Thin section stained with potassium ferricyanide/alizarin observed with
transmitted light petrographic microscope
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¥ Geological characterization 1 subfacies - >

Mont Terri Project

CARBONATE
THIN LAYERS

20 cm

Thin section stained with potassi
transmitted light petrographic microscope
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¥ Geological characterization 1 subfacies

Mont Terri Project

CARBONATE
NODULES

20 cm

Thin section stained with potassium ferricyanide/alizarin observed with
transmitted light petrographic microscope
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¥ Geological characterization 1 faults N

Mont Terri Project
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¥ Results: Geological characterization

BCL-9
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U Lab investigations on rock cores of CL = e
Mont Terri Project
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Thin section 1. cores for autoclaves, and T
Type analysis/petrophysical Diffusion experiment 2. cores weld ininto gas anal gs Squeezing samples organic geochemistry geochem experiments THMC, fricitonal properties | stiffness, micromech. strength
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Analysis on-site

Conditioning

Analysis off-site

105AC

at 105AC

TS: wrap in celophan foil,
petrophys: put piece of 50 g
into oven

at

1x vacuum-sealed plastic
bag + oxigen indicator + 1x
vacuum-sealed aluminum
bag

in autoclaves, gas tight
aluminum bag, vacumize

wrap twice into
aluminum foil and
vacumize

1x vacuum-sealed
plastic bag + oxigen
indicator + 1x vacuum-
sealed aluminum bag

1x vacuum-sealed plas
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thin section preparation,
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U Development of MMMS with

ERT cable tree (lII) Seism. receiver

Fiber-optic (FO)
sensor cables (II)

M/ poGREn fpr Pae g . Tubes for resin injection
pressure monitoring (VII) el / pressurised air (V)

b

Electrode (

Seismic sender \ _,\

. e

' - -

g wa

Centralisation (1V) s % y -

\ PT1000 (V1) S Seismic sensor

; . : - cables (VI)
FO loop integrated in MMMS- V
module to hydr. Packer adaptor Pre-amplifier inside tubing

A Sensors: electrodes for ERT, acoustic transmitters and receivers for active and passive recordings, fibre-
optical strain/T, point T, pore pressure, orientation (used during installation)

A Annular gap filled with resin with low viscosity, long polymerization and low T, const. volume, elastic
properties close to OPA

A Other topics: system stiffness, tightness, redundance, long-term chemical stability, coupling to rock,
flexibility with modules, installation with drill rig A many pretests were carried out!




@ Installation of MMMS in BCL -5 _ e

Mont Terri Project

31/01/2024 08:59:10
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Mean: 3168.94 m/s
5td: 313.26 mfs
Max: 4121.59 m/s
Min: 2705.15m/s

- 4000

= 3800

= 3600 ¥

3400

rect ray velocity [m/

]

3200

3000

2800

Easting (2579 km +x m)

Northing (1247 km +y m)

A Array of 12 pairs of seismic transmitter and seismic
receivers with preamplifiers is available with high

overlap in injection areas
A High signal to noise ratios A good coupling!

A Direct ray velocities orthogonal to boreholes
are

Preliminary results: Seismic monitoring @ CL
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147

- faster than more parallel to boreholes A
anisotropy!

A Time series during baseline show increasing
velocities with time and decreasing amplitudes

A Velocity variation and waveform coherence point to
temporal variations

ETH:-urich

Swiss Seismological Service, D-ERDWY
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U Preliminary results: Fiber optic sensing @ CL

Mont Terri Project

( Hybrid FO cable ) Monitoring of background (baseline)
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A Some long -term signal clearly visible  (e.g. at top

A Hybrid cable installed in all boreholes of BCL-6)

A Simultaneous monitoring of DTS, DSS, DAS : :
A Further down sampling can also reduce noise level

A Three tubes (two tight buffer, one loose) (here 180 minutes), spatial resolution at 0.5 m

A Strategy for CO,LPIE: use loose tube for temperature
correction of strain recorded on tight tube
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@ Preliminary results: 3 -D ERT @ CL SN
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A Excellent data quality , isobodies with low specific resistance (<9 Ym) can B
be identified, showing meter -scale heterogeneity in the experimental —
volume

A Influence of boreholes on the experimental volume is clearly visible
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Mont Terri Project
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¥ CO,LPIE i on-site activities e
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