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SUBSURFACE GAS
STORAGE AT ASPER
The Australian School of Petroleum and Energy
Resources (ASPER) is a world-class centre for
petroleum education, training and research,
and has a long history of Carbon Capture,
Utilisation and Storage (CCUS) research, with
strong capabilities in laboratory investigations
and mathematical modelling of multiple phase
and reactive flow in porous media, as well as the
geological characterisation of storage reservoirs.
ASPER has recently established a Subsurface
Gas Storage group to consolidate petroleum
engineering and geoscience capability and
to apply this expertise to address research
challenges related to energy security (e.g.
identifying methane supplies and improving
cost competitiveness), reducing emissions
(e.g. CCUS) and future fuels (e.g. blue
hydrogen). This flyer provides an overview
of these capabilities, our research facilities,
as well as a brief summary of current gas
storage related research activities conducted
at our school.

Our Facilities:

Our Capabilities:

• Core Flood Laboratory

• Analogue studies for subsurface gas storage

• Formation Damage Test Laboratory

• Chemical gas-water-rock interaction
(laboratory studies, petrological
investigations)

• Mercury Injection Capillary Pressure
(MICP) Laboratory
• Optical contact angle measurements
• Pore-scale flow visualisation system
• Rock Properties Laboratory (HePorosimeter, Gas and Liquid Permeability,
Wettability tests)
• World-class, high performance computing
facilities (Phoenix)
• Adelaide Microscopy (with access to
Electron Micro-probe, Micro-CT,
Scanning Electron Microscopy etc.)

• Drilling Engineering (salt caverns
and cavities)
• Geomechanics of subsurface gas storage
• Formation damage and fines migration
(laboratory studies and
mathematical modelling)
• Multiscale mathematical modelling (fluid
flow in porous media)
• Reactive transport modelling
• Storage site assessment and selection
• Well completion and repurposing
• Well injectivity and integrity

Rock properties lab
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MICP lab

Core flood lab
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ASPER’S
VISION FOR A
WHOLE SYSTEM
APPROACH
TO THE
SUBSURFACE
GAS STORAGE
VALUE CHAIN

CAPABILITIES
Geosciences
Geophysics
Geomechanics
Engineering
Data Analytics
Regulation Policy
Economics
Outreach

CHALLENGES

METHANE

CARBON DIOXIDE

HYDROGEN

Energy
Security
(CH4)

Emissions
Reduction
(CO2)

Future
Fuels (H2)

FOUNDATIONAL PILLARS

ASPER is providing research capabilities that support
research across the three foundational pillars of
(South) Australia’s Energy Future and Transition. A
detailed overview of our current research activities into
subsurface gas storage is provided below.

OPPORTUNITIES
Increased
decarbonisation
of energy
Increased gas
and energy
storage security
Increased cost
efficeincy in
energy generation
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Screening, Characterisation and
Modelling of Gas Storage Systems
Contact: Mark Bunch

Where are the best geological sites for the
temporary storage or disposal of gases like
hydrogen or CO2? Our best analogues are
those discovered natural gas fields that have
trapped and held their resources for 10s of
millions of years, or maybe longer. What
is it about these systems that made them
so effective? They developed conducive
properties and geometries in the right place
and at the right time(s). They therefore
provide the perfect starting point for
defining idealised gas storage ‘play concepts’
that can be developed and adapted to suit
current and future applications of gas
storage and disposal. Geological storage
systems will operate at volumetric scales
that facilitate affordable energy resource
transition. A new wave of energy resource
exploration will hunt for natural systems
that fit the new gas storage concepts. Our
team at the ASPER can screen for candidate
field sites and can undertake detailed
characterisation and modelling of the sites
that are most prospective.

Seal Capacity Determination for
Subsurface Gas Storage

• Quantifying fault reactivation likelihoods
during gas injection and extraction
• Reservoir-to-basin-scale geomechanical
numerical modelling
• Quantifying impacts of magmatism on
petroleum systems and contaminants
(CO2, mercury)

Well Injectivity during CO2 Storage
Contacts: Pavel Bedrikovetski and Abbas Zeinijahromi

This project aims laboratory- and modellingbased prediction of well index during CO2
injection into depleted/waterflooded gas/oil
fields and aquifers.
The laboratory corefloods and mathematical
modelling accounts for permeability damage
due to fines migration induced by changing
pH, chemical reactions and high injection
rates, drying up the well bore yielding its
compaction and permeability loses, large
clusters of residual water remaining in well
vicinity during CO2 injection, precipitation
of insoluble salts due to incompatibility of
waters, precipitation of asphaltenes, swelling
of residual oil that creates an additional
hydraulic resistance for CO₂ injection. A
reliable laboratory- and geology- based
prediction yields recommends on how to
stimulate the well and prevent, mitigate and
remove the injectivity damage.

Contacts: John Kaldi and Ulrike Schacht

The evaluation of the sealing capacity of cap
rocks is an important aspect in petroleum
exploration. As a result, Mercury Injection
Capillary Pressure (MICP) analysis has
been used extensively for at least 50 years
to determine the effectiveness of top seals in
relation to hydrocarbon column
height retention.
Seal evaluation has also become an
important part of planning subsurface gas
(e.g. CO2 and H2) storage operations, as it
allows the determination of what volume of
gas a potential seal can retain. The primary
technique to assess the retention capacity
of potential subsurface gas storage sites is
MICP analysis, alongside with the pore-pore
level characterisation of fine grained (porous)
material by Scanning Electron Microscopy
(SEM), Electron Microprobe (EMP) and
X-Ray Diffraction (XRD).

S3 – Stress, Structure and Seismic
Contacts: Khalid Amrouch and Simon Holford

Our researchers integrate expertise in
petroleum geomechanics, tectonics and
neotectonics, structural geology, basin
evolution and dynamics, and seismic
interpretation, to particularly focus on:

Site Selection for CO2 Storage in
Depleted Oil and Gas Reservoirs
Contact: Abbas Zeinijahromi

The essence of this project is comparative
study for CO₂ injection in available gas
and oil fields, and aquifers. The laboratory
corefloods along with SEM, XRD-EDX and
chemical analysis data are used as the initial
information for the analytical modelling.
Despite the main criteria is optimal
CO₂ storage, the field project includes
incremental production of oil and gas during
conversion of the oil/gas field into CO₂
storage and estimates of incremental oil and
gas recovery. The analytical formulae for 1D
horizontal and vertical displacement as well
as for the buoyant transport will be applied
for various field geometries. The analytical
modelling accounts for specific forms of
relative permeability and capillary pressure
and their hysteresis along with interface
mass exchange between CO₂, oil, water, and
rocks, chemical reactions, and the reservoir
heterogeneity and geometry.

• Quantifying present day stress (orientation
and magnitude)
• Quantifying fracture patterns and fault
zone permeability
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Multi-Objective Optimisation of
CO2 Storage Problems assisted by
Reduced-Order Multi-Physics Models

Modelling and Simulation of Coupled
Wellbore-Reservoir Systems for
Underground Hydrogen Storage

Contact: Mohammad Sayyafzadeh

Contact: Alireza Salmachi

To reduce the computational intensity of
multi-objective optimization problems in
CO₂ storage, high fidelity surrogate models
are needed.

Our school’s expertise in well completion,
fluid flow modelling and reservoir simulation
allows us to perform feasibility studies for
underground hydrogen storage in natural gas
storage sites and/or depleted gas reservoirs.
Feasibility studies can be performed on a
small to mega storage project scale, with
particular focus on:

Because of the nonlinearity of the governing
subsurface flow mathematical models,
training a purely data-driven model can
be inefficient (if not impossible). Hence, a
reduced-order model must be developed
and used.

Reservoir Engineering Designs for the
Geological Storage of Hydrogen
Contact: Pavel Bedrikovetski

Our school has the capabilities to perform
laboratory and mathematical modelling
studies for the injection and production
of H₂ in aquifers and depleted oil and gas
fields. The mathematical semi-analytical
models account for two-phase flow, chemical
reactions of fluids with rocks, buoyant
behaviour of stored gases, micro- and macroheterogeneity, and formation damage. Our
laboratory facilities offer a wide spectrum
of core flood, formation-damage, and
two-phase testing set-ups. These laboratory
studies focus on supplying our mathematical
models with reliable data on reaction and ion
exchange coefficients, and varying relative
and absolute permeability.
Our mathematical models aim to predict
reservoir behaviour during H₂ storage
operations, knowledge that will allow
engineers to optimise parameters during gas
injection and production.

Laboratory-Based Investigations of
Hydrogen Storage in Saline Aquifers
and Depleted Gas Reservoirs
Contacts: Sara Borazjani and Ulrike Schacht

• Wellbore completion design
• Geochemical and biological reactions
modelling and simulation
• Hydrogen loss due to solubility and cap
rock leakage
• Hydrogen injection and production
optimization
• Geomechanical modelling and analysis
• Coupled wellbore-reservoir simulation for
underground hydrogen storage

Multi-Scale Modelling of Geochemical
and Bio-Reactive Transport in
Sedimentary Rocks for Underground
Hydrogen Storage
Contact: Mohammad Sayyafzadeh

The aim of this project is to develop
multiscale reactive transport models that
in particular consider the physiochemical
property of hydrogen, hysteresis and its
geochemical and microbiological interaction
with rock and existing reservoir fluids.
Such a model together with robust
optimization algorithms will be used to:
• assist with selecting and preparing
prospective sites and managing storage
systems that often involve frequent
injection/withdrawal cycles
• while considering integrity and geological
and phenomenological uncertainty.

The essence of this project is to conduct
laboratory-based and multi-variant
mathematical modelling studies in order
assess the suitability of various geological
sites for hydrogen storage.
This proposed project thus aims to:
• Conduct geochemical batch as well core
flood experiments in order to investigate
hydrogen-water- rock interaction processes
and hydrogen flow in porous media,
• Use experimentally derived data to inform
reactive transport models and reservoir
simulation studies,
• And lastly, to conduct a multivariate
comparative study of various geological
sites for hydrogen storage
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Contact Details for all Project Leads
Dr Ulrike Schacht
Subsurface Gas Storage Workgroup Leader

Email: ulrike.schacht@adelaide.edu.au
Phone: 08 8313 8032
https://researchers.adelaide.edu.au/profile/ulrike.schacht

Dr Khalid Amrouch

A/Prof Simon Holford

Email: khalid.amrouch@adelaide.edu.au

Email: simon.holford@adelaide.edu.au

Phone: 08 8313 4310

Phone: 08 8313 8035

https://researchers.adelaide.edu.au/profile/khalid.amrouch

https://researchers.adelaide.edu.au/profile/simon.holford

Prof Pavel Bedrikovetski

Prof Emer John Kaldi

Email: pavel.bedrikovetski@adelaide.edu.au

Email: john.kaldi@adelaide.edu.au

Phone: 08 8313 3082

Phone: 08 8313 4291

https://researchers.adelaide.edu.au/profile/pavel.bedrikovetski

https://researchers.adelaide.edu.au/profile/john.kaldi

Dr Sara Borazjani

Dr Alireza Salmachi

Email: sara.boraszjani@adelaide.edu.au

Email: alireza.salmachi@adelaide.edu.au

Phone: 08 8313 3080

Phone: 08 8313 3502

https://researchers.adelaide.edu.au/profile/sara.borazjani

https://researchers.adelaide.edu.au/profile/alireza.salmachi

Dr Mark Bunch

Dr Mohammad Sayyafzadeh

Email: mark.bunch@adelaide.edu.au

Email: mohammad.sayyafzadeh@adelaide.edu.au

Phone: 08 8313 4292

Phone: 08 8313 8023

https://researchers.adelaide.edu.au/profile/mark.bunch

https://researchers.adelaide.edu.au/profile/mohammad.
sayyafzadeh

A/Prof Manoucher Haghighi
Email: manoucher.haghighi@adelaide.edu.au
Phone: 08 8313 4296
https://researchers.adelaide.edu.au/profile/manouchehr.
haghighi
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Dr Abbas Zeinijahromi
Email: abbas.zeinijahromi@adelaide.edu.au
Phone: 08 8313 8041
https://researchers.adelaide.edu.au/profile/abbas.zeinijahromi
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KAURNA ACKNOWLEDGEMENT
We acknowledge and pay our respects to the Kaurna
people, the original custodians of the Adelaide Plains
and the land on which the University of Adelaide’s
campuses at North Terrace, Waite, and Roseworthy
are built. We acknowledge the deep feelings of
attachment and relationship of the Kaurna people
to country and we respect and value their past,
present and ongoing connection to the land and
cultural beliefs. The University continues to develop
respectful and reciprocal relationships with all
Indigenous peoples in Australia, and with other
Indigenous peoples throughout the world.

FOR FURTHER ENQUIRIES
The University of Adelaide SA 5005 Australia
ENQUIRIES future.ask.adelaide.edu.au
TELEPHONE +61 8 8313 7335
FREE-CALL 1800 061 459
adelaide.edu.au
facebook.com/uniofadelaide
twitter.com/uniofadelaide
snapchat.com/add/uniofadelaide
instagram.com/uniofadelaide
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DISCLAIMER

The information in this publication is current
as at the date of printing and is subject to change. You can
find updated information on our website at adelaide.edu.au
or contact us on 1800 061 459. The University of Adelaide
assumes no responsibility for the accuracy of information
provided by third parties.

