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PROJECT INTRODUCTION

= HENRI - HYDROGEN ENERGY RESERVOIR
= HENRY CAVENDISH

An English natural philosopher, chemists and scientists
Noted for discovery of Hydrogen
(1731-1810)
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European Union AND IlESII.IEIICE]
NextGenerationEU PLAN
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PROJECT INTRODUCTION

Definition of methodology for
reservoir assessment

@

ldentification of suitable structure
for storing of H, in Slovakia

Based on R&D phase definition
the max suitable H, storing
concentration
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Pilot technology for confirmation
the research at real condition
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R&D phase

FID phase

Research of H, influence on porous reservoir H, storage and distribution

11/2022 - 3/2026

H, Storage in maximum permissible concentration in porous reservoir

2026-2029
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PROJECT HENRI

WP1.1 Screening of potential sites

for storage of H: in Slovakia

R A methodology for assessing geological structures in terms of their suitability for conversion to UHS will be developed
(will include evaluation criteria on the basis.of which the structures will . Tectonic map of Slovak Republic

R depleted gas/oil deposits

R aquifers
R Evaluating potential salt formations
R Data gathering: '
R ...depth, temperature, pressure, porosity, permeability, cap i P ssosoran R (—
rock presence/ thickness/ integrity, mineralization of ; r : —3 Saa) e
formation water, salinity, CO2 and carbonate content, etc.; — — £ ; '
assessment of environmental and societal impacts e ' -
— Hoketal (2013)  //

R Data source: Geofond — National Archive of original
geological reports, NAFTA Archive, maps, articles

WP1.1 Goal:
HENRI structures (UHS) in Slovakia on.the basis.of the latest knowledge about this

technology, our o

q 02.10.2023
Jesenna konferencia SPNZ 2023



PROJECT HENRI / RESERVOIR ROCK TESTING

Investigation

« Scope:

— Laboratory Investigations: Alteration of reservoir rock

Reservoir Pressure | Temperature | Salinity
[bar] [°C] [mg/l]

80 40 19 000
160 90 16 000
200 60 24 000

— different H, concentration (50% of H,, 100% H,, 25% of H,, 10% H,)

* Investigations:
— Permeability measurements (water and gas)
— Petrographical characterization (Thin section analysis)

— Storage experiments in specific pressure vessel
» Total for 12 months (Sampling after 6 and 12 months)

. HENRI

HYDROGEN ENERGY RESERVOIR
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- Scope:

- Demonstration of stability of the concrete to hydrogen

- Long-term storage tests of concrete cores

» same conditions and hydrogen shares as WP 1.2 - Geochemical
Investigation

- Evaluation of concrete stability before and after storage.

- Investigations:

- Permeability measurements (Gas)

HENRI

N
— Storage experiments in pressure vessel ol
- Microscopic investigations, X-ray diffraction, Energy-dispersive X-ray

spectroscopy (EDX)

1Y UZ.1U.ZUZS
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Our scheduled work in HENRI:

Sample preparation from preserved core pieces

Documentation of the work including white light photography 9 H EN Ri
CT-scanning for the documentation of the specimen’s integrity .D HYDROGEN ENERGY RESERVOIR
Saturation under simulated in situ stresses

Determination of the effective diffusion coefficient

Determination of the brine permeability

Determination of the threshold pressure using hydrogen, methane
and mixtures hereof

» Estimation of losses through
H2-diffusion

Very good sealing is
extremely important

Measurment of the gas
diffusion in brine

Measurment of the gas
diffusion in the rock sample

Numerical modelling with
the help of COMSOL®
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PROJECT HENRI / MICROBIAL REACTION

= Acquisition of representative formation water samples for laboratory analyses
= A laboratory program has been set up to:

1a) Identify bacteria present in the reservoir water (salinity: 15 — 25 g/I)

1b)  Qualitative and quantitative molecular-biological analyses of microbial population
(Metagenome and gPCR-analyses)

2) Enrichment of hydrogen-consuming microorganisms T
© # 5H, =3 H,S + 4H,0 o=

3) Characterization of bacterial activity simulated by H, (ambient pressure tests)

methanogenesis
B CH,

€O, + 4H, & CH, + 2H,0

acetogenesis
CH,COOH

Analyses program: Microscopy, microbial community analysis, H, consumption,
chemical composition of the gaseous and liquid phases (anions, organic acids),
etc.

2C0, + 4H, = CH,CO0H + 2H,0

iron reduction
B N |
3Fel, 0, + H, = 2Fe 0, + H,0
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Hydrogen Diffusivity
Dissolution-Mineralization
Injection Rate and Volume

(Thermal Simulation)
Cooling or Heat Generation
During Injection

§ B 2 8 3 ¢ 8 8§ 8 3

% HYDROGEN ENERGY RESERVOIR
H,C0, + CaMg(CO,), = Ca(HCO,), +
Mg(HCO,),
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PROJECT HENRI / MODELING

Reservoir Simulation Approach in Commercial Software @‘._Hmai

ST 1: Compositional Model
(PVT Modeling)

.

Reservoir Model
Setup
g ™
| II I
J

ST 4: Feasible Operation

Scenario & Prediction

~

ST 2: Coupling

Methanogenesis

Acetogenesis

Iron- Reduction

Sulfate- Reduction

Bacterial Growth- Decay

Bio- Reactive Transport

pH Dependency

Salinity Depndency

Mineral-Solid/
Adeous Reactions:
Mineralisation-
Dissolution

sy Sensitivity Analysis For )

O timization
- H-
Design dstance between wells Dipiming injection rate Optimize M2, CO2 fraction

=, = ,,.

= . o
. = .

= o

Injection Rate
Injection Volume
Production Rate

Mixed Gas Co

Hydrodynamic

Well Selection
WEII Pattern
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Contact:

THANK YOU FOR YOUR
ATTENTION

Roman Zavada

= Head of Innovation Unit
= roman.zavada@nafta.sk
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