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¢2024EAGE® S EEREEIERISection:

¢ Short Course: Exploration of Subsurface Natural Geologic Hydrogen and
Simulation for its Enhanced Production

¢ Natural Hydrogen Potential Assessment & Modeling;

*8 BXE

¢ Hydrogen Exploration, Storage & Usage;
*6RXE

¢ Understanding the ’‘Micro’ Scale for Hydrogen Storage.
AR E
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Analogues and differences between
natural H, and petroleum systems

Hydrogen System Petroleumn System

Jackson et ol. 2024, Geoenergy

Fig. 1. Hydrogen system v. petroleum
system. A comparison of fluid systems
highlighting differences in the nature and
location of the source with respect to the
host sediments, SR, petroleum source
rock; P, protolith.

Main differences of H, system:
- Requires water inflow to react with rocks

- Needs less time to be generated
E - But needs better traps/leaks faster

- More readily consumed by subsurface piosphere, especially methanogens
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H, generation
and
consumption
in nature

GENERATION

éﬁﬁg Bacterla
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sxpentinization |  CH,

Radidys
R |
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rich fluids

H,-
in the cru& and upper mantle

KEACT1IV]I

Truche and Borerking 2019, £35 Web Conf
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Focus on the

main geologic H,

formation
mechanisms

Lige

EAGE

2 Serpentinization b Radiol.\'sw
& oRidation of iron ores D).
RS o . ue

H+110: m) ,0° e
3Fe0¢li,0--l’e,0, M, nmo 1,046

Cc
Rock Fracturing Mlgml Degassing

Q H,S%III,OOSO,H "I

I
S0, (et 2Fe0 s
2(=Si)+ 2H,0 — 2(=SiOH) + N, | =80, ., Fe,0y _‘m‘m"

Wong et ol 2023, Energies

Also magnetite oxidation splits water:

E‘CI - Fr,O.) + ’[’O L3 3(1‘ - F(‘)O‘} + },g
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H, from serpentinization: water-mineral reactions

Peridotites, Ophiolites - average 10% Fe-olivine,
but all ferrous (Fe?*), unless serpentinized

T
A ¥y i

1 G < R, (il T Sy
S —— g ¥ e

PN ST EERIERS.

5 o BT, FESKREERESE

Holm et ol. 20185, Astroblology

Ortagyrarsrds e o XY
Generalized reactions of water Example serpentinization of olivine (0.2 fayalite - Fe)

with ferrous iron In subsurface:
3(Fe?) sy + 4120 — F&y0y ) + 6H* + Hyor 15(Mg; sFe02)Si0s +20.5H,0 — 7.5Mg;S1,05(OH),
+4.5Mg(OH), + Fe;04 + H,

3(Fe™) ) + Hi0 — FeyOyay + Ho

2(Fe®*), o, +2H* — 2(Fe™) o) + Haor
( )mm (eparoun) ( )(rwl-J Serpentine

2Fe0 ) + H:0 — Fer0yuat) + Hiogueans) Brucite Magnetite

Boreham et ol 2021, AAPEA
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H, from serpentinization — impact of temperature

100
. ' Table 4
" E‘siim-u-d tiuwg l.vqnimi for S0 (fum) and 99% (fgyy) serpenti-
: -+ F $8:79 ym { & Fyte) mﬁ:ﬁmlm:: presence of excess HyO (data Trom
% =+~ Forsterite, 37-62 ym (Wegner & Emst) Temperuture (*C) P PR
s 4 1 =i~ Olivine, 38-50 pm (Malvoisin et al) 20 40,000 270,000
3 3 =0~ Qlivine, 53-212 pm (this study) 50 13,000 86,000
$ & Olivine, 3853 pm (this study) . gt g
Y O Ofivine, 30-56 pm (Lafay et al) 20 20 1600
o © Olivine, 55-150 pm (Lafay et al) faid bl 600
2 © Olivine, 25-125 pm ' Data shown are for pure forsteriti®olivine with 50 mm grain
i © ot al) diameters and a pressure of 50 MPa.
¢ Olivine (Andreani et al)
0.001 + 3 r
100 200 300 400 . s ! "
Temperature (*C) Conversion of olivine to fibrous serpentine and magnetite

MeCollum et ol. 2016, GCA
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H, from oxidation of iron ores

- BIFs have high iron content up to 30-40 wt. % but are
partially already oxidized during sedimentation.
- Magnetite reacts with water from 50 °C to form H,

2(0: "“FC;;O‘;) + H,0 & 3('7—F6203) + H,

\

1013 Magnetite
(also by-product of
Serpentinization)

maghemite

EAGE

Banded iron Formation (BIF), Australia

Rainwater

i +0,
Oxic Waler = y-Fe,0, (Eq. 6)

...............

100 m
H

H; fluxes

o e
Anoxic Water - i
\ i e
oy - g
"‘"H e | Fe'*/Fe,,

Low
Geymond et al. 2023, Front, Earth Secl.
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Geologic H, via water radiolysis

- I RSNEI KR DR :

Magiaicn
' Resction Rate conatant (10" mol™! am? 4~

Main radioactive elements: 238, i ot 059 2,0 = My 0 200 058
22T, 40K PR~ s GoNeRp M b — .
Gamma, alpha and beta radiation .- | &i/ \up m:-:. - :: Igﬂgﬁgh 'IEE%@;E

contributes to H, generation, .\.! / \w oo 00 w0 200
creates cascade of reaction, only /o ;" m Y s M0t i e 10 2% - A e
partially ending up as H,. B T i o3 s prlﬁﬂ‘Ei Elv_b?: E:

In rocks this radiation has very i 200
short range 10s nm ie prodadilon 1 m'?&?é'r'h"f otér barrier Db6¢ 1GYE priife for 1000 year-oldJuel after

Higher pH promoles H yield ot/ sowomldspntnucioriud S — R RiIR LB A E RS RYIESR

o

Yields increase in smaller pore _° U e O Do ks <

size decreases <100 nm 'g P, b [Rsste] | ; ﬁ b, L FIF=ZE4IE,
In general lower rate and yield . o ¥ ;-u § u

than serpentinization i ; Em‘ h m

5' foe L LA 0 8-a
y 1] () ) ‘ Dhtaac hhuinw | 0 1] 1000
pore {nm) Distasce from laterface (um)
ttos/Awww mided com/2073-4441/3/1/235/htm
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H, and Helium

* H; and Helium can be in
some scenarios co-genetic

* Water radiolysis origin of H,
where the radiation’s alfa

particle is He?*

* InrockrichinU, Th, K, e.g.,
granites, U-ores, etc.

H, associated with He
from X radioactivity in sylvite, KCI

aols
oo )
00144
o sylvite
.. 0012+ .
= 00104

02 04 06 08 1 12 14 16

H(%)
Parnell and Blomey, 2017, Minerals

o o o
" Ratio H,/He depends on - -
porosity and K, Th, U ratio, ™ N §
typical for radiolysis ~ 20-  §™ §ic
30. More K => ratio up o -
o - - m
2030 ) ; v
W w ° 1 4 . [ ]
Radicetiment envichment facior

C 108 -
EAGE

Porosity %
Karolyte el al. 2022, Chemical Geology

12

H, assoclated
| withHe& CH, '

SHIREFRERR TEEER

S5RRBEEFEIRR
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Exploration
steps for
natural H,
system

* Natural H, system recognition

* Source rocks
*» Fe¥-rich rocks (peridotites, ophiolites, BIFs) - magnetometry, gravimetry
* Radioactive rocks {granites, U-ores) — radiometry
* High geothermal gradients plus water circulations (hydrothermal zones)

* Conduits delivering water to the “kitchen”
* Faults, formation dips aligned with hydraulic head - seismic

* Migration pathways from kitchen to reservoirs
* Faults, water beds, vertically permeable rocks - seismic

* Reservoir traps and their timing (critical time) - seismic
 Structural with conventional seals (shales)
* Crystalline seals, igneous or evaporitic, salt layers (sills, dikes, diapirs)
+ Compromised seals (faults, fractures)

* Natural seeps — expressions of active system leakage - land surveys
* Drilling wells

* Drilling
*  Drill bits to handle sedimentary and crystalline rocks - geothermal bits
* Mud choice - H, low-density, low-Pressure gas, or water-dissolved - pressure tests

* Well logging methods and data certainty - petrophysics, cuttings, mud gas
 Sampling and testing promising intervals — H, phase studies
* Commercial H,?

* Flow rate, total volume, purity (often mixed with CH,, CO,, N,, He, ...)
* Distance to market

WPI-Seminar
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Natural H, systems —
general concepts

B e i

water supply and overlying host sediments
of cratonic basin. (1) Zone of
scrpentinization reaction and hydrogen
generation; (2) Advection and solution
flow of hydrogen; (3) Sealing and trapping
of gas-phase hydrogen (modified from
Hutchinson ef al. 2024). Blue arows:
groundwater; gold arrows: hydrogen.

i
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Drilling wells for H,

€

hallenges:
Large variability of rock hardness (sedimentary and
crystalline) — drilling performance, drill bits

« Lack of specific response to petrophysics to H, versus CH,

accumulations

 Likely mud thief zones (risk of total losses — no mud gas

data) — fractures zones, faults, karst

* Low pressure regimes, even sub-hydrostatic (risk of total

losses — no mud gas data)

* Risk of H, flow pathways blockage by drilling fluid

invasion

* H, as water-dissolved phase — low H, concentration
* Detection of H, while drilling (mud gas) doesn’t

guarantee sustained flow

s If H, is in adsorbed phase, wells might require

dewatering first (like CBM wells)

Drilling rig mud system schematics

WPI-Seminar
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RS RIEEH2ERIKE:
e [ | @ JEIRFR RIS AR (S

o Mud deggs(sertechniqules : ; N B I AR o iit) .
compared (conventional vs test 1] Main He |Main CO2 |Main Clraw
. e BREBRHBERIE, H2NEER
" . : .
S fEifeIR;
® H2[SEE,

Degassing strategy as key to H, quantification

e H, retained in mud (!) despite low
solubility (Main)

e H, degassing rate ~ CH, allows
quantification of reservoir-
representative H, concentration

| FRE: ekt SSE

32
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