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Geoscience Australia

* (Geoscience Australia is Australia's
pre-eminent public sectorgeoscience
organisation.

* Nation's trusted advisor on the
geology and geography of Australia.

* We apply science and technologyto
describe and understand the Earth for
the benefit of Australia.

* Provide precompetitive data for use
by industry and government
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Exploring for the Future Programme and the Hydrogen Economy

« $124 5MProgramme
Australia’s Future Energy Resources:

A Projectwithin EFTFto understand energy
resource potential

* Gas,oil, and CO, geological storage potential
in underexplored basins

« Hydrogen storageand sources
« CO2-EORinresidual oil zones

* Basininventory

© Commonwealth of Australia
(Geoscience Australia) 2022
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Aims of Otway H2 Storage Study

« Use the. Naylor Field at the Otway o A [ — e

International TestCentre as a template for A N -

reservoirand geomechanical modelling of H2 e | ot

slore0e e
« Model the multicyclic injection of hydrogen g

into a depleted gas field and identify any flow

related or geomechanical risks

&

. Cond_uctextens_ive s_ensitivity analysis _ I

(cushion gas, diffusion, methanogenesis,

tem \\‘WARRNAMBOOL

perature etC) \N_ o CO2CW:ro}e‘c’tQ~.
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« Compare hydrogeninjection to modelruns ’

using CO2 and methane to identify any key iomeres

differences.
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Naylor Field

* Fault-bound anticline, with sealing
faults on 3 sides of the structure

* Gas field in productionuntil 2003

* Used bythe CO2CRC from 2007 as
a CO2 storage pilot project

* Hydrogeninjection and productionin
this study is conducted near crest of
anticline

* ECLIPSE modelsconstructed in
2006 by CO2CRC are the foundation
for the H2 modelling
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Initial Reservoir Simulations without Geomechanics

« Ensure modified grid performs close to reference grid

« Conduct sensitivity analysis for different parameters (cushion gas,
diffusivity, dissolution, methanogenesis)

Field, Pressure

8 15tH2 Injection 2 SHe-jeetion

* Reservoirvolumetric rate of 1500 &7 Methane production i —> ond H2 Ijection

.. . . N2 Cushi
m3/d for both injection and production & “Q‘
C . T 2
* 2injection productioncycles S Post production
1 month shut in between §e
. 2 1stH2 Production

* 40 days N2 cushion gas ®
3
: o . o

Date
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Importance of Cushion Gas

Vapor component mole fraction
(Component(Hz) YMF*) 1-Jan-2009

1.0000

) 0.8000 Base Case N2 injection
N, cushion gas ensures g
0.2000

efficientdelivery of H, gas 00000

Constrains H, to crest of
anticline

oy

&, .ll”ll
:'. by 20 0
Tl (]

I AL

Initial N, cushion gas is
used for later
geomechanical
simulations

Cell 14,23,85
(near wellbore)

Cell 37,35,85
(far field)
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H2 Storage vs CO2 (Injection)

X-section view (A-A) .
e N2 Cushion Gas

Perforation interval at A N2 mole fraction

the top of reservoir

N2 cushion gas initially
fills crest of structure

CO2 sinks to lower
reservoir levels and :
displaces N2 laterally Friisc. M2 ol nchon

H2 remains at crest of
structure

b

N2 mole fraction
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H2 Storage vs CO2 (Production)

June-2008 (end of 1% production cycle)

H2 case

* Little CO2 produced N2 mole fraction
relative to H2 and :
significant cushion gas is
extracted

e CO2remains in lower
portions of reservoir, which
is favourable for CO2
storage

N2 mole fraction

* H2is producedvery
efficiently, with most
cushion gas remaining in
reservoir.
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H2 Storage vs CO2 (Production)

« Subsurface behaviour of CO2 and H2 result in large differencesin gas recovery

* H2 recoveryimproves with successive cycles

Comparison of pressure and recovery of H2, CO2 and C1 injection-
production cases with N2 as cushion gas

15t Cycle 2" Cycle

Total Total Total Total

c component | component | % injected Max component | component | % injected Max
omponent | COMP P ] reservoir mp P J reservoir
injected produced | component ressure G produced | component ressure
(kg-mole (kg-mole recovery pressu (kg-mole recovery pressu
(bar) 1076) (bar)
CO2 3.52 1.14 32% 2215 2281 3.26 1.93 59% 2119 219.2
C1 2.08 1.46 70% 2194 221.6 1.92 1.54 80% 211.2 2138
H2 1.78 1.23 69% 219.7 220.7 1.65 1.30 79% 2116 2128
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H2 Storage vs CO2 (Pressure differences)

Field, Gas injection rate Field, Gas production rate Field, Pressure
= 81 (] T 8
2 é ] N2 jnj / E é ] ; ﬂ//\/\/"
&0 njectjon s 3 =
£ l = B - 284
» Injectionand production "8~ 1~ g8 gg
rates for CO2 are £ Bg”] 5]
- w ©
highest due to greater it S'F
density change Jan 2007 Jan 2008 Jan 2009 Jan 2010 Jan 2011 Jan 2007 Jan 2008 Jan 2008 Jan 2010 Jan 2013an 2007 Jan 2008 Jan 2009 Jan 2010 Jan 2
Date Date Date
° F|e |d p ressures are the - Field, Reservoir volume injection rate gFi§eli:1, Reservoir volume production rate o INJ1, Bottom hole pressure
same forall 3 gases 2" T E" _°
: E Eg //\/\/,
« Bottom hole pressure for gé-“z 8 32
CO2 slightly larger due £ H S
. . Eg] g 8. A5
to greater viscosity 2 8 3 § :
5 % ]
g o % o o
® Jan 2007 Jan 2008 Jan 2009 Jan 2010 Jan 2011XJan 2007 Jan 2008 Jan 2009 Jan 2010 Jan 2013an 2007 Jan 2008 Jan 2009 Jan 2010 Jan 2
Date Date Date
C1 injection-production —— (€02 injection-production —— H2 injection-production
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Geomechanical model

* Dynamic moduli using sonic and density
logs

« Calibration of elastic properties using
rock mechanical testing

» Stress orientations from previous
mechanical studies

* Magnitude of maximum horizontal stress
determined by iterative matching of
synthetic borehole image to observed
borehole features
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Geomechanical Model Embedment

* Dynamic moduli using sonic and density
logs

« Calibration of elastic properties using
rock mechanical testing

bi
i
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Dynamic Geomechanical Model Runs

* Mostly run at standard injection and withdrawal rate
* More cycles than uncoupled reservoir modelling
« Other parameters varied: thermal properties, injectionrate, fault properties, gas type

CASE ID Fluid | Rate | # ECL VIS Fault
(m3d) | Cycles | thermal | thermal Prop Dynamic model: HTICY HTI CO2
Fluidt
HTI H2 H2 1500 10 HTI  13E6  FA75% e
HTI C1 Cl | 1500 10 HTI  13E6  FAT75% T R HTIH2500CY10 | | HTIH2500CY5
HTI CO2 co2 | 150 @ 10 HTI  13E6  FA75%
D i del:
HTIH2500CY10 H2 500 10 HTI | 13E6  FA75%  RelernceCase ! High Themnal Impact (4T vs Low Thermal ingact LTI LTI H2
HTIH2500CYS ~ H2 500 5  HTl 1366 FAT7S% L T
LTI H2 H2 1500 10 LTI 13E-6 FA 75% || Themalvs No Thermal rTI2 NoT
I N A =
5 - 75%
G hanics:
HTI H2 TH15 H2 1500 10 HTI 1566  FA75% | St s HTI H2 FA90
HTI H2 FA90 H2 1500 10 HTI | 13E6 = FA90%
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Temperature (°C)

Temperature Effects LA L R R R R
\
-200 L
+ Greatestgeomechanical anomalies are w |\
driven by coldergases being introduced \
to a warm reservoir _
£ -800
- Differentgas densities with depthlead to 2 1000 -
differentthermal signatures for the E_mo ‘
differentgases -
. Injectionrqte fc_)rH2 _is lower, therefore oo : 0-2‘ CH,€ ™ ~H, il
more equilibration with host rock oo \
« CO2requires high injection rate to meet 2000 I - IE
1500 m3/d flux at depth, therefore lower 713 Mm3/d CO2jeconate =328 Ms/dClinfctonate ~+-246Msn3/d K2 necion e Bottmbole
T at depth
Injectant | Reservoir volumetric Surface injection Bottom-hole Bottom-hole
type injection rate (rm3/d) rate (sm3/d) pressure (bar) | temperature (°C)
H2 1500 246,000 207.0 476
C1 1500 328,000 207.8 35.5
co2 1500 713,000 2107 285
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End of 10" injection cycle

 Temperature change in

reservoiris greatestfor CO2
case

C1 high thermal impact case

» H2 injection produces a smaller
anomaly

* Thermal pulse propagates into
the Ove rlyl ng Cap ro C k Temperature at a lateral distance from the wellbore (at mid-perf)

N2 injaction Example of 1 complete

l H2 inj-prod e 82°C at final
REEnEnad ol

injection

TN—_—— =3

& Temperature [degC]
835 40 45 50 55 60 65 70 75 80 85 90 95

Jan 2009 Jan 2011 Jan2013  Jan2015 Jan 2017
Jan 2008 Jan 2010 Jan 2012 Jan 2014 Jan 2016 Jan 2018

Date I
© 3 — 1.6m laterally from wellbore 50m laterally from wellbore —— 71m laterally from wellbore —— 96m laterally from wellbore
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Reservoir Deformation § ===, e

» Little reservoir deformation E ; E
observed for H2 storage case t = - —-

* Negative deformationoccurs - - N
for CO2, even during - a2 =
pressurisation - ] =

«  For CO2thermal effects are o ——— - me—
strongerthan the pressure E E Ez e
effects [l = s
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Impacts of Thermal Contraction on Fracture Pressure

* Fracture pressures depend
on confining stress

Pressure

« Cooling in wellbore region
reduces confining stresses
and facilitates fracturing.

Flow

Time
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Thermally Induced Fracturing

« Thermal effects can depress fracture
pressures belowthe wellbore pressure

Effects are greatestfor CO2 models

Fracture pressures are also depressed
in transition zone and caprock

Reducing injection and productionrate
significantly reduces thermal effects by
allowing greater temperature
equilibration
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Fault Reactivation

« Thermal contraction and associated elastic relaxation results in plastic deformation along nearby
faults

+ Effects are much larger for CO2 than for H2

* Neither case reaches > 1% shear strain, which is empirically determined critical value

.....

< Tapormanec

Fault Plastic Shear
< (0-003%)

— 000013

Vi

Figure 6-9: Fault Plastic Shear Strain at the end of Simulation for HTI CO2 case
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Key Observations

Geomechanics

Model runs using CO2 reach slightly higher pressures near the wellbore than H2
and CH4, for same injection rate at reservoir level

H2 exhibits least thermal cooling at reservoir level due to lower surface injection
rates (highest formation volume factor)

Thermally induced reservoir deformation is small for H2 injection, relative to CO2
Thermal effects near well bore can reduce fracture pressures to critical levels
Fracture pressures also modified in cap rock

Reservoir deformation can also lead to plastic deformation on fault planes
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Key Observations

Reservoir Simulations

Presence of N2 cushion gas is important; constrains H2 to crest of anticline and
improves deliverability

Sensitivity models involving H2 dissolution, diffusivity and methanogensis make
insignificant difference

H2 and CH4 remain near crest of anticline, while CO2 sinks through N2 cushion
gas

H2 recovery rate from each injection-production cycle is approximately 70-80%

Up to 56% of the N2 cushion gas is produced by the 10t cycle
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