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Experimental investigations into hydrogen
displacement and trapping

Undertaken a suite of experiments to evaluate
hydrogen flow, displacement and trapping.

5mm ¢ X-Ray 5mm ¢ X-Ray Hydroger? multiphase
hydrogen flow cell hydrogen flow cell flow micromodel

W

» Xray CT imaging, using in house and
Diamond facilities (5mm diameter and
47mm long cores).

> Glass Micromodels & Visual cells

> Core ﬂ OOd | ng Multiphase high P/T 38mm 1m long, 38m ¢ Hydrogen high P/T
. ¢ Hydrogen flow cell Hy_d_r_ogen' flow cell visual cell
»Hassler cell (38mm diameter core and N\ [Flow Cell

~70cm long) for in-situ storage
conditions

»Bespoke 1m long core flow cell (38mm
diameter cores and 10mm long)
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Hydrogen pulse flow through dry rock
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Hydrogen flow through brine saturated porous rock

* Visualisation of hydrogen

entering a brine saturated
rock.

 Undertaken at Diamond
Light Source

> Clashach sandstone.

»5 ul/min hydrogen flow
rate

»5 MPa injection pressure
» 10 MPa confining pressure

eike. thaysen@ed ac.uk
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Hydrogen behaves as a hon-wetting fluid

Clashach sandstone after injection of 10 PV of brine
(0.5 M Caesium Chloride) followed by 10 PV Hydrogen > Hydrogen (black) fills the centre of the pores

eike.thaysen@ed.ac.uk  » Residual brine (dark grey) remains in corners,
pore throats and as thin films around grains
(paler greys)

v hydrogen behaves as a non-wetting phase in
our experiments:

» A non-wetting gas does not readily
adhere to or spread across the rock
surface it encounters.

» Non-wetting gases have low interfacial
tension with liquids, making them highly
mobile in porous media.

» The non-wetting nature of the gas helps
reduce residual trapping.

» Behaves in a similar manner to methane
and other gases so existing software will

https://doi.ore/10.1016/j.ijhydene.2022.10.153 not need adapted.
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nfluence of multiple cycles of drainage and =
imbibition on residual trapping

» Cyclic hydrogen injection into 5mm diameter Clashach sandstone cores at 5 MPa and 80 pl/min

» Demonstrated negligible differences in hydrogen saturation and hydrogen connectivity after primary drainage
and imbibition as compared to after secondary drainage and imbibition.

v Suggests that the initial trapping losses will not get worse in subsequent cycles.

Primary Drainage  Secondary Imbibition Secondary Drainage Tertiary Imbibition
(H: displaces H:0) (H.0 displaces H:) (H: displaces H.0)  (H:0 displaces H:)
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eike.thaysen@ed.ac.uk https://doi.org/10.1016/j.ijhydene.2022.10.153
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Cyclic Flow — residual trapping

saeid.ataei@ed.ac.uk

.. , Whitton Fell Sandstone Clashach Sandstone
» 3injection and production cycles of hydrogen and water . ok
09 09 Eﬁ ; E :
undertaken on 38mm diameter core samples. T
i i i 18 1 f[w]
. . . g~ o | S T
» We see a change in hydrogen saturation from the first to s ; ! - Zus {; ' |
) ] é 0s @1 Drop in H saturation :%o.s [:G
second cycles, but in subsequent cycles hydrogen saturation .. then steady
©
remains steady. =" o'z Smaller drop in H
02 ’ saturation then steady ——sw
v Confirms trapping losses will not get worse in subsequent | * J o e
injection/production cycles. pore volume injected PorevolbrnE Thicied

» There are differences in the initial trapping saturations

between different rock types indicating a dependency of the

residual trapping on rock type/pore network

v’ Site selection based on optimal pore network to

minimise the initial loss to residual trapping.
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Thank you
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