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SysMoG™ a generic probe concept for the analysis of dissolved
gases: the result of more than 20 years of fundamental and applied
research until the discovery of H, in the Lorraine basin (France)

a synthetic summary of the main key stages in the development of the
SysMoG™ probe

» from 2002 until today.....!
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006 Context: Underground laboratory of Meuse/Haute-Marne (ANDRA) - France
'L continuous and in-situ monitoring of CO, and CH, in the clay formation of Callovo-Oxfordian at -490 m

Main Galleries of the Bure Laboratory in 2022 (ANDRA)
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Location in the gallery of
the SysMoG™ probe

DPLACRO 180106/ H
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006 Context: Underground laboratory of Meuse/Haute-Marne (ANDRA) - France
continuous and in-situ monitoring of CO, and CH, in the clay formation of Callovo-Oxfordian at -490 m
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= - Red: Calculation * First prototype of probe
L * First uses of FT-IR and Raman
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Combined advection/diffusion modelling
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0 Context: Carbon Capture and Storage of CO, / The Lacq pilot - France
10\' Surface monitoring of CO, storage sites: Flow assessment and source tracing on surface compartments:
geosphere/biosphere/atmosphere

e o & =

NATURAL GAS CO, CAPTURE CO, TRANSPORT INJECTION
PRODUCTION 27 km AND STORAGE Rousse Site

-

TotalEnergies

10
Rousse reservoir

LACQ ROUSSE
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@ Global view of the SysMoG™ device CO, concentration in the soil vs. water table
@ 3 ~ T I I T T T T I I 5%
| ®—'®-| i ___ . _  CO,variation in borehole
pump CaF, -
window
e [ | e fy
A

1%

ero
N
sampling cells @
sail '

—| atmosphere

‘ circulation gas system

‘ FT-IR spectrometer

Water table variation in aquifer

|
Duration: 18 months

* First remote measurements
* First application of fiber Raman sensor
* CO, in soil is governed by water table variations

#hnatsummit2023
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0 Context: Hydrogen monitoring in aquifer environment
01 Experimental site of INERIS (Cattenoy, France) _
’L Risks and Opportunities of geological STORAGE of Hydrogen in salt cavities in France and Europe
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Optimization the SysMoG™ device for dissolved gas monitoring

SysMoG™ probe for aquifer monitoring
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0 Context: Hydrogen monitoring in aquifer environment
101 Experimental site of INERIS (Cattenoy, France)

Risks and Opportunities of geological STORAGE of Hydrogen in salt cavities in France and Europe

0,181 [ ] Injection of dissolved H, Measured dissolved H,
016{ | |/ . & .o
r e 3 Modeling data: 2D diffusion-advection model with an
Q 0,14 .o . injection angle (TRAC software (Gutierrez et al., 2012;
£ l0,12] X Klinka et al., 2012; Gutierrez et al., 2013).
IS /'x
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o First survey of aquifer
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,02 L ’ 2 o . . . . . .
0,02 me/ RY, v R s » Kinetic of H, dispersion in aquifer
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Time (min)
Modeling of the kinetic transfer of hydrogen in an aquifer

Kinetic of detection less
than 1 min
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x Context: Multi-parameter monitoring in drilling via optical fiber
01 Experimental site of SOLEXPERTS (Vandceuvre-lés-Nancy, France)
Multi-sensors calibration in an experimental well

Surface module N -
FT-IR, micro-GC, air-head Raman, —q—

HEMT, MDG sensors

Om

20m-[___

A Optimization of Raman, IR and Gas
Chromatography metrologies, tests
of optochemical sensors
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since 2021....

Miniaturization of SysMoG™

Working in high pressure conditions

Dissolved gas monitoring including H,

Quick gas exploration system based on SysMoG™ probe.......

#hnatsummit2023
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T ST ESPLANADE HOTEL FREMANTLE, PERTH, AUSTRALIA
a Context: Methane monitoring in deep aquifer FD
oﬂ & Site of FDE (Folschviller, France) - Regalor project )
CBM exploitation of the Lorraine coal gas

SysMoG™ probe for deep
aquifer on-line monitoring

#hnatsummit2023
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H, (mg/L)
0 20 40 60 80 100 120

Perforations borehole Fols1A

T T

-100

-300

-500

Lower Triassic
Buntsandstein

Permian -700

3 < -900
é ;3 * High pressure probe (depth 1500m)
S & * Miniaturization (OD 54 mm)
2 3 :
5 -1100 e * Continuous measurement
* Increase of dissolved H, with depth
o 2 H, resource estimate around 250 Mt
-1300

Dissolved H, profile in borehole Fols1A
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Context: Gas sampling in deep aquifer
Different sites of FDE (France)
He, H, exploration

—

1 Borehole gas probe (Patent submitted)
2 Down hole pressureftemperature sensor
3 Samplers 75 ml

4 Rochester cable

2 ) 3 8 . g 3
T S EEEEEEEEE.

SysMoG™ GH,ASBUSTERS
#hnatsummit2023
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Q’ﬁ * Optimization sampling time
1 * Mobile GH,ASBUSTER unit
* Measurement by well production

Sampling
—_— /Run downhole Samplers
at surface™ "

Date

Gas sampling at 1250 m depth

#hnatsummit2023
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& Context: Fast gas monitoring
Q’L Gas storage or production

Volcanology — seismic survey — Lake & sea

1 Borehole gas probe (Patent submitted)
2 Down hole gas sensor

3 Signal cable

4 |OT Logger with data transfer

ShallowMoG™ probe

#hnatsummit2023
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L

5000 ppm

4500 ppm
4000 ppm
3500 ppm
3000 ppm
H, Injection

2500 ppm

2000 ppm

1500 ppm

H, Injection

1000 ppm

16:50 17:00 1710 17:20 17:30 17:40 17:50 18:00 1810 18:20 18:30 18:40

On-line measurement in Solexperts test borehole with H, pulse injections
* On-line measurements

* CO,, CH,, H,, NH;
* |OT data access
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Thanks for your attention

For more information and discussion, we look forward to seeing
you at our booth n°11
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