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Disclaimer and Declaration

The statements and opinions attributable to the author and/or RISC in this presentation are given in good faith and in the belief that
such statements are neither false nor misleading.

In preparing this presentation the author has considered and relied upon information in the public domain and received from
Geoscience Australia. This information has been considered in the light of RISC’s knowledge and experience of the energy industries
and, in some instances, our perspectives differ from some of our highly valued clients.

In some cases, the views and opinions of the author may differ from those held by others within RISC.

Our review was carried out our client’s purpose and may not have relevance in other contexts.

RISC has no pecuniary interest or professional fees receivable for the preparation of this presentation, or any other interest that could
reasonably be regarded as affecting our ability to give an unbiased view.

This presentation is the copyright of RISC and may not be reproduced, electronically or in hard copy, without the written permission of
RISC.



RISC Advisory - who we are
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RISC is an independent advisory firm, providing insightful and impartial advice to a broad range of clients in the energy industries. 
We provide a more comprehensive, reliable and respected opinion faster than anyone else in the industry, enabling our clients to make 
their business decisions with confidence.
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Our Services
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RISC provides independent, insightful and impartial advice to our clients across a range of services
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Australia – CO2 Storage Summary

Australia has ambitious Net Zero goals that require CCS

▪ Australia has legislated 2030 targets for emissions reductions, and a goal 
of Net Zero by 2050.

▪ However, it also has significant primary resource industries that are CO2-
intensive and ‘hard-to-abate’. 

▪ CCS is a solution available for reducing emissions from heavy industries 
such as iron and aluminium, steel, cement, fertiliser and chemical 
manufacturing, natural gas processing and ‘blue’ hydrogen production.

▪ Australia has 1 operating commercial-scale CCS project (Gorgon LNG) 
and several commercial-scale projects at various stages of development.

▪ Geoscience Australia’s ‘Exploring for the Future’ program provides 
precompetitive information to government, community and industry. 

▪ Geoscience Australia worked with RISC to assess the regional potential 
of carbon storage in the Western Eromanga and Pedirka Basins.
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Australian electricity transmission lines (Geoscience Australia)

Gorgon LNG

Moomba CCS



Eromanga and Pedirka Basins – CCS Potential? 

CCS storage sites are being studied as part of Australian government’s long-term net-zero plans
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CCS potential is being studied in several basins:

▪ Part of Australia’s commitment to transition to ‘net-zero’ 
emissions.

▪ Identifies storage resource areas of interest

▪ First step before progressing projects up the storage resource 
pyramid

Why the Eromanga / Pedirka Basin?

▪ A well-studied onshore basin that has produced oil and gas for 
over 60 years

▪ Regional and basin-scale shale and stratigraphic baffles between 
the formations 

▪ Limited large-scale faulting and moderate to low structural 
complexity

▪ Favourable reservoir properties (permeability, pressure, 
temperature, geology)

Assessment area 
~210,000 km2

UK Land area 
~240,000 km2



CCS Evaluation - Project Objectives

A Collaborative project between Geoscience Australia and RISC Advisory:

▪ Geoscience Australia has defined stratigraphy and pore volumes

▪ RISC Advisory evaluated storage efficiency factors and fluid properties

▪ Estimated Ultimate Storage (EUS) range established with guidance from 
the SPE-Storage Resource Management System (SPE-SRMS)

Project definition is nascent:

▪ Nearest CO2 source is the Cooper Basin JV, 300 – 500 km to the south-east

▪ Low population density - little infrastructure or economic development.

▪ Storage resources sit within the Theoretical Capacity at the base of the 
resource pyramid.
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After Ringrose P. (2023). Storage of Carbon Dioxide in Saline Aquifers. 
Society of Exploration Geophysicists

RISC provided engineering support to better define potential storage estimates



▪ Five prospective stratigraphic play intervals identified

▪ Stratigraphic play intervals identified

▪ Key risk elements mapped across basin for each play

– Injectivity

– Containment

– Storage effectiveness

– Structural complexity

▪ Combined common risk map shows best potential in central 
and eastern areas

Exploration Play Based Mapping

Play mapping used to define lowest risk areas for storage
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Risk Elements

Common Risk Map

Schematic illustrating process Combined common risk map for the five plays



▪ Total area before high-grading = 210,000 km2

▪ High-graded area (green shading on CRS map) = 119,000 km2

▪ Strategic areas avoided:

– National Parks and environmentally restricted areas

– Proximity to natural springs and outflows

– Proximity to active petroleum exploration and 
development blocks

▪ Two areas identified for focused assessment – Eastern 
(purple) and Western (blue) AOIs:

▪ East + West area = 63,000 km2

High Graded Areas of Interest

Two AOIs identified based on CRS mapping and regulatory restrictions

9Combined common risk segment for the five plays

Eastern 
AOI

Western 
AOI



▪ Structural and stratigraphic framework defined from 2D seismic and wells

▪ Static model constructed to capture

– Geological Facies – Sandstone/Siltstone/Shale/Coal distributed using well control data

– Effective Porosity – how much volume can we use for storage?

– Permeability

▪ 9,450 km3 prospective net pore volume available for storage in good quality, sandstone reservoir and saline water, of which 
4,750 km3  in eastern and western AOIs. 

Pore Volume

Pore volume computed from basin-scale static model
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Basin-wide Lithology Well Stratigraphy
and correlations

Geological Facies Model Property Model

𝐂𝐎𝟐 𝐒𝐭𝐨𝐫𝐚𝐠𝐞 𝐌𝐚𝐬𝐬 =  𝐏𝐨𝐫𝐞 𝐕𝐨𝐥𝐮𝐦𝐞 𝐱 𝐄𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲 𝐅𝐚𝐜𝐭𝐨𝐫 ×  𝐂𝐎𝟐 𝐃𝐞𝐧𝐬𝐢𝐭𝐲



CO2 Storage Evaluation

Constraints on storage efficiency in an open saline aquifer were evaluated

▪ The basins were considered an open aquifer for this 
project with high reservoir permeability and good lateral 
connectivity

– Storage area and volume are not confined by a 
discrete structure

▪ Vertical and lateral migration will be slowed by low 
permeability shales and lower quality reservoir

▪ Microscopic pore-scale physics impacts the range of 
storage volumes
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Ringrose P. (2023). Storage of Carbon Dioxide in Saline Aquifers. Society of Exploration Geophysicists

𝐂𝐎𝟐 𝐒𝐭𝐨𝐫𝐚𝐠𝐞 𝐌𝐚𝐬𝐬 =  𝐏𝐨𝐫𝐞 𝐕𝐨𝐥𝐮𝐦𝐞 𝐱 𝐄𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲 𝐅𝐚𝐜𝐭𝐨𝐫 ×  𝐂𝐎𝟐 𝐃𝐞𝐧𝐬𝐢𝐭𝐲

𝐌𝐮𝐥𝐭𝐢𝐩𝐥𝐞 𝐦𝐞𝐜𝐡𝐚𝐧𝐢𝐬𝐦𝐬 𝐢𝐧𝐯𝐨𝐥𝐯𝐞𝐝 𝐢𝐧 𝐭𝐡𝐞 𝐬𝐭𝐨𝐫𝐚𝐠𝐞 𝐨𝐟 𝐂𝐎𝟐



Trapping Mechanisms for Saline Aquifers

The short-medium term mechanisms were estimated
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Mechanisms 

▪ No structural or stratigraphic traps, only the slight formation dip

▪ Significant residual CO2 trapping

▪ Significant CO2-brine solubility

▪ Mineral trapping not considered (very long-term)



Storage Efficiency Factor (EF)

Storage Efficiency factor included areal, vertical and microscopic components
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Ea – Areal Efficiency

▪ Assumed an ellipse of injected 
CO2  to account for lateral 
geological heterogeneity in 
each formation

▪ Range: 50-70%

Ev – Vertical Efficiency

▪ High vertical permeability → lower Ev

▪ Test models to relate kv/kh to Ev

▪ Accounts for flow barriers/baffles

▪ Range: 5-30%

Ed – Microscopic Storage Efficiency

▪ Residual gas saturation (25% of PV)

▪ CO2 brine solubility (7% of PV)

▪ Range: 20-45%
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CO2 Density and Fluid Parameters

Fluid density and fluid properties estimated with industry-standard correlations, calibrated to lab data

▪ Fluid model for CO2 density, related to depth:

– Increases with increasing reservoir pressure

– Decreases with increasing reservoir temperature

▪ Storage reservoirs are ideal when CO2 can be stored in a ‘dense phase’.

– For the Western Eromanga project area,  reservoirs deeper than ~700m

14

Density vs Pressure at various Temperatures



CO2 Density and Fluid Parameters

Fluid density and fluid properties estimated with industry-standard correlations, calibrated to lab data

▪ Fluid model for CO2 density:

– Increases with increasing reservoir pressure 

– Decreases with increasing reservoir temperature

▪ Storage reservoirs are ideal when CO2 can be stored in a ‘dense phase’.
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Density vs Pressure at various Temperatures



CO2 Density and Fluid Parameters

Fluid density and fluid properties estimated with industry-standard correlations, calibrated to lab data

▪ Fluid model for CO2 density:

– Increases with increasing reservoir pressure 

– Decreases with increasing reservoir temperature

▪ Storage reservoirs are ideal when CO2 can be stored in a ‘dense phase’.

– For the Western Eromanga project area,  reservoirs deeper than ~700m
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Density vs Pressure at various Temperatures

▪ Correlations for pure CO2 applied for the pressure and temperature

▪ CO2 isothermal compressibility, super-compressibility (z), expansion factor, and 
viscosity generated using industry standard correlations:



𝐂𝐎𝟐 𝐒𝐭𝐨𝐫𝐚𝐠𝐞 𝐌𝐚𝐬𝐬 =  𝐏𝐕 ×  𝐄𝐅 ×  𝐂𝐎𝟐 𝐃𝐞𝐧𝐬𝐢𝐭𝐲

= × ×

EUS and Uncertainty

Uncertainty was modelled in a Monte Carlo simulation, supported by Deterministic low, mid and high cases
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EUS Distribution
Porosity

(Geological model)

Ea, Ed, Ev
(Engineering)

CO2 Density
(PVT Model)

After Ringrose P. (2023). Storage of Carbon Dioxide in Saline Aquifers. 
Society of Exploration Geophysicists



Conceptual Project Development Parameters

A 50 Mt project would require 3 - 4 CO2 injection wells. Base assumption is an infinite acting aquifer.

Development Project Concept

▪ Injection of 2.5 Mt of CO2 per year for 20 years

– This is 50 Mt or 950 Bscf of CO2.

▪ Injection into all five formations equally with 3-4 CO2 injection wells. 

▪ Project area is circa 30-50 km2

▪ Well-connected aquifer: constant reservoir pressure throughout the project life.

▪ Downside: 3 cases of water injection depending on infinite acting, semi-closed, and full closed aquifers 
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Conceptual Project: Water Wells Required?

RISC investigated the impact of aquifer assumptions on reservoir pressures. Water offtake may be required 
to manage pressures during long-term injection projects.

Open aquifer

▪ All injection pressure is displaced. No pressure change. 
No water production needed.

Semi-closed aquifer

▪ A 50 MT project will not case average reservoir pressure 
to exceed lithostatic pressure

– However, pressures at the well may be higher. 
Careful injection management would be required.

Closed aquifer

▪ A 50 MT project WILL exceed lithostatic pressure without 
pressure management.
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Conceptual Project: Water Wells Required?

RISC investigated the impact of aquifer assumptions on reservoir pressures. Water offtake may be required 
to manage pressures during long-term injection projects.

Closed aquifer

▪ A 50 MT project WILL exceed lithostatic pressure without pressure 
management.

We reviewed 2 pressure management options with water producers

▪ 100% voidage balance. Circa 15,000 tonnes/day, 8 water wells

▪ Managed safe pressure rise with a 20% safety margin to lithostatic 
pressure. Circa 10,000 tonnes/day, 5 water wells
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Development Scenario
Reservoir Pressure 
at end of project

Total Extracted 
Water

Closed Aquifer
Full voidage balance

No Change 754 MMSTB

Closed Aquifer
Managed to lithostatic 
pressure w/ safety margin

Increase 1640 psi 415 MMSTB



SRMS EUS Volumes

The volume estimates fall outside the SRMS, without Project Definition or Resource Entitlement

Project Definition:

▪ A conceptual project has indicative scale and feasibility.

– Range of injection rates and water offtake

▪ Source of CO2? Economics?

Storage Entitlements:

▪ No storage licenses issued in this basin yet

▪ Government regulation and cooperation is still an evolving story

Classification

▪ After licences awarded.
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SRMS Storage Resource Matrix



Conclusions

▪ Geoscience Australia and RISC Advisory demonstrated the 
potential storage volumes in the western Pedirka-Eromanga 
basin.

▪ These areas can support multiple industrial-scale storage 
projects, with pressure management if needed.

▪ Updated workflow: maps and volumes can now be updated 
quickly as new geological data are collected to infill 
knowledge gaps.

▪ Geoscience Australia published their report, now available 
for public download.

▪ Results will be used to inform activities of industry (including 
operators and emitters), communities, and the state 
governments of Northern Territory, South Australia and 
Queensland.

22
https://d28rz98at9flks.cloudfront.net/149622/149622_00_0.PDF

https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.search#/metadata/149622 

https://d28rz98at9flks.cloudfront.net/149622/149622_00_0.PDF
https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.search#/metadata/149622
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Backup slides for Q&A



Wide range in Geothermal Gradients
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Geothermal gradients range 3 - 5.9 degC per 100m, leading to uncertainties in CO2 properties (eg density)



Vertical Heterogeneities Impact Areal Component
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Vertical Storage Efficiency is increased if the aquifer consists of stacked layers (with little connectivity), or 
with permeability variation (higher permeability in the deeper layers)

Schematic cross-section of CO2 injection in a 
thick aquifer with good vertical connectivity

Schematic cross-section of CO2 injection in a 
heterogeneous with limited vertical connectivity



Simulations relating Kv/kh to Ev
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We built a simple correlation between the vertical:horizontal permeability ratio, and the vertical component 
of storage efficiency



Density-Convection Mechanism
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This mechanism is not a simple process and requires numerical modelling to account for brine density, 
vertical and horizontal permeabilities, etc. It presents an upside to the estimated Ev

Images from ‘Modeling Pathways and Stages of CO2 Storage’, E. Holzbecher



Conceptual Project Connected to Aquifer
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RISC investigated the impact of 3 cases of connectivity to the regional aquifer. Constrained areas require 
water injection wells to (a) maintain original pressure or (b) keep to safe pressure increases.
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