
 

South West Hub CO2 

Geosequestration Research 

Program 
2015 Summary ANLEC R&D Sponsored Research 

 

Dr Steve Whittaker – ANLEC Science Integration 

Dr Linda Stalker – Science Director National Geosequestration Laboratory  

January 2016 

CSIRO ENERGY 

 

 

  

ENERGY 



South West Hub CO2 Geosequestration Research Program  |  2 

  



South West Hub CO2 Geosequestration Research Program  |  3 

 

Acknowledgements 

The authors would like to acknowledge contributions to the South-West Hub Flagship project by the 

Western Australian Department of Mines and Petroleum (including the Geological Survey of Western 

Australia), the Western Australian Royalty for Regions Program and the Commonwealth Department of 

Resources, Energy and Tourism. The authors wish to also acknowledge financial assistance provided 

through Australian National Low Emissions Coal Research and Development (ANLEC R&D). ANLEC R&D is 

supported by Australian Coal Association Low Emissions Technology Limited and the Australian 

Government through the Clean Energy Initiative. 

 

  



South West Hub CO2 Geosequestration Research Program  |  4 

Contents 

Acknowledgements ......................................................................................................................... 3 

Contents 4 

Table of Figures 6 

Executive Summary 7 

South West Hub Geosequestration Site 9 

Project Context 9 

Research Background ...................................................................................................................... 9 

Recent Data Acquisition Activity at South West Hub ................................................................... 14 

South West Hub Research ............................................................................................................ 15 

Wells 16 

NGL Vibroseis 2D surveys ................................................................................................. 17 

NGL Nested 3D surveys ..................................................................................................... 18 

Advanced processing of 3D seismic data .......................................................................... 19 

Forward Stratigraphic Modelling ...................................................................................... 22 

Fluid-rock Interactions ...................................................................................................... 24 

Integrated Research Projects ........................................................................................................ 26 

Geological Integration ...................................................................................................... 26 

Geophysical Integration .................................................................................................... 27 

Modelling vertical connectivity ........................................................................................ 28 

Monitoring Feasibility ....................................................................................................... 29 

Passive Seismic.................................................................................................................. 29 

Next Phase Research ..................................................................................................................... 30 

Faults and Stress Regime .................................................................................................. 31 

Assessment of multi-barrier systems for CO2 containment in the Yalgorup Member .... 31 

Impact of heterogeneity and diagenesis on injectivity and containment ........................ 31 

Near-wellbore coupled processes resulting from CO2 injection into Lesueur Formation 31 

Mitigation Technologies for South West Hub .................................................................. 31 

Conclusions 32 

References 33 



South West Hub CO2 Geosequestration Research Program  |  5 

APPENDIX 1 35 

 

  



South West Hub CO2 Geosequestration Research Program  |  6 

Table of Figures 

Figure 1. Map of South West Hub study area. Areas of 3D seismic survey acquired during 2014 

and locations of three wells drilled in 2015, H2, H3 and H4, are shown...................................... 10 

Figure 2. Stratigraphic column of the Harvey area in the southern Perth Basin. (Modified from 

Crostella and Backhouse, 2000). ................................................................................................... 11 

Figure 3. Slickensides in Yalgorup sample from 1333m depth in Harvey-1 (Schrank and McCabe, 

2014). ............................................................................................................................................ 13 

Figure 4. Static geological model depicting juxtaposition patterns for assessing fault-seal 

potential (Langhi et al., 2013). ...................................................................................................... 14 

Figure 5. Evolution of project activities and research since drilling of Harvey-1. ........................ 15 

Figure 6. Generic scheme for the South West Hub showing options for monitoring wells that are 

suitable for conformance and containment monitoring as part of an overall risk management 

strategy. (Ricard et al., 2015). ....................................................................................................... 17 

Figure 7. 3D survey comparison: (A) Time slice through similarity section showing fault 

expression near Harvey 4. (B) Regional Commercial 3D Survey. (C) Nested 3D Survey (PSTM 

Cube) superimposed on (B). The location of the inline section is the grey line in (A). Newly 

identified faults are shown by the blue arrows. ........................................................................... 18 

Figure 8. Survey layout. A total of 21 receiver lines were set up so that every second line had 3-

component geophones active. ..................................................................................................... 19 

Figure 9. Commercial 3D Seismic survey at the South West Hub. Survey layout with sources in 

white and receivers in black. Note the patchy spatial distribution of data acquisition. (Pevzner 

et al., 2015). This image covers the 15km x 10km survey area. ................................................... 21 

Figure 10. Left: Phase shift post-stack migration; Right: Pre-stack time migration. Both images 

are from line XLINE5250. (Pevzner et al., 2015). .......................................................................... 22 

Figure 11. Sedsim depositional model of South West Hub region at Top Eneabba (182 Ma) at 

scale for dynamic reservoir modelling. Low total porosity is red and higher total porosity grades 

to blue. The model covers an area of 375 km2 (Griffiths et al., 2012). ........................................ 23 

Figure 12. Comparison of dynamic simulation results of CO2 plumes after 40 years using the 

Sedsim un-faulted depositional static model and Schlumberger static model inputs. (Griffiths et 

al., 2014). ....................................................................................................................................... 24 

Figure 13. Schematic of the workflow that each core plug is taken through in order to acquire a 

full suite of data from samples before and after the core flood process. (Saeedi et al., 2015). .. 25 

Figure 14. Preparing to deploy borehole geophone array in shallow well near Harvey-4 in the 

South West Hub project area (Lumley et al, 2015). ...................................................................... 30 

 

  



South West Hub CO2 Geosequestration Research Program  |  7 

Executive Summary 

While the 2015 COP 21 meeting in Paris highlighted the urgency for more research into mitigation 

methods for greenhouse gases, the South West Hub in Western Australia remains among a small 

global portfolio of active investigations into geological storage of CO2. The technology of injecting 

CO2 is mature from oil industry experience in enhanced oil production, but each CO2 storage site is 

geologically unique and must be investigated for its suitability and long-term security. The South 

West Hub is a greenfield investigation with little pre-existing subsurface data available to perform 

the required geological characterisation, and thus acquiring geoscience data for the site has been 

a concentrated effort during the past several years. 

WA DMP drilled Harvey-1 in 2012, conducted a major 3D seismic survey in 2014, and completed a 

stratigraphic well program with three wells (H2, H3 and H4) in 2015. In parallel with these data 

acquisition efforts, a portfolio of investigative studies has been progressing through 

Commonwealth, WA DMP, and ANLEC sponsorship that has significantly increased understanding 

around the storage characteristics at the South West Hub. Much of this research is being 

performed through the National Geosequestration Laboratory (NGL) in Perth, which includes 

infrastructure and equipment for a collaboration of scientists from CSIRO, Curtin University and 

the University of Western Australia. 

Research into the South West Hub project has focussed on acquiring and interpreting appropriate 

data to progressively refine the storage concept, and better understand and reduce uncertainties 

associated with the geological character of the storage site. The initial consideration for the South 

West Hub was to inject CO2 into Triassic sandstones in the southern Perth Basin at 2 to 3 km depth 

near a structural feature known as the Harvey Ridge. In this concept containment of the CO2 was 

mainly through residual trapping within these deposits. Research is now focussing on the 

recognition of potential for a multi-containment system being present in the Triassic Lesueur 

Formation that includes a lower Wonnerup Member and upper Yalgorup Member. Injection would 

be into sandstones of the Wonnerup in which residual trapping can occur, and the overlying 

Yalgorup, which comprises a succession of heterogeneous strata including a series of bands or 

pods of fine-grained and low permeability palaeosols which build up to a 200 m thickness beneath 

a sequence of interbedded clay-rich beds, potentially represents a series of strata that may 

impede upward migration of fluids. 

Processing the 2014 3D seismic data has provided more clarity around subsurface structures and 

fault locations and orientations. Core and log data from the three shallow wells is being examined 

to understand the stratigraphic correlation and regional continuity of the possible baffle units 

within the Yalgorup. Core-based work on pore-scale processes is progressing knowledge about 

impacts of CO2 injected into Wonnerup sandstones for long-term storage. Together the seismic 

and well data are being integrated toward more detailed static and dynamic models for 

simulations of trapping potential and long-term behaviour of injected CO2. Monitoring methods 

are being examined and field tested to establish environmental baselines and to ensure the ability 

to validate models and for public and regulatory assurance. The next phase of ANLEC research will 

continue to focus on reducing technical uncertainty at the South West Hub storage site. 

Addressing several outstanding questions about injectivity and containment at the site, however, 
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requires an additional well to be drilled deep into the Wonnerup, and in situ well tests be 

performed.  
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South West Hub Geosequestration Site 

Project Context  

With the 195 nation agreement to respond to climate change arising from the 2015 COP 21 

meeting in Paris, there has emerged increased urgency to deploy technologies soon that can 

address climate change. Carbon capture and geologic storage (CCS) of carbon dioxide is significant 

among the arsenal of technologies that can mitigate greenhouse gas emissions to atmosphere as it 

can be applied to a range of existing industrial activities. For example, CCS can be used to reduce 

atmospheric emissions from coal-fired power plants as a bridging technology while newer and 

cleaner power generation methods are developed. While geologic storage of carbon dioxide has 

been performed successfully for two decades at Sleipner in the North Sea, given the scale of the 

problem globally there still remain relatively few carbon storage projects in progress or even in 

consideration. The South West CO2 Geosequestration Hub (South West Hub) in Western Australia 

is one such project.    

While much of the technology around injection and storage of CO2 is mature, each site is 

geologically unique and must be investigated for its suitability for storage. Research is required to 

better understand the storage characteristics of a range of natural geological settings to help 

expedite broader deployment of this mitigation technology. The South West Hub is effectively a 

greenfield site in that little pre-existing subsurface data was available to perform the required 

geological characterisation. Consequently, a considerable effort has been expended during the 

past several years around acquiring geoscience data for the site including a major 3D seismic 

survey and a 3 well drilling program (Figure 1). Funding to support the data acquisition is mainly 

from the Commonwealth Government Flagship Program and the Western Australian Department 

of Mines and Petroleum (WA DMP). The Australian Low Emissions Coal Research and 

Development (ANLEC) have been supporting much of the necessary research to examine the data 

at the South West Hub since 2012. 

The National Geosequestration Laboratory (NGL), also funded through the Australian Federal 

Government Flagship program, includes infrastructure and equipment for a collaboration of 

scientists from CSIRO, Curtin University and the University of Western Australia to help advance 

this technology. Whereas there is an overarching industrial agenda to examine carbon storage 

potential at the South West Hub, the scientists and engineers associated with the NGL are working 

in parallel to research specific gaps in knowledge for the South West Hub and also for carbon 

storage more generally. The NGL also works with the Western Australia Department of Mines and 

Petroleum (WA DMP) and Geological Survey of Western Australia, and other researchers 

nationally and internationally in this research effort. A recent highlight had the NGL officially 

opened in July, 2015, by the Australian Minister for Industry and Science. 

Research Background 

In 2007 the WA DMP began considering options for geological storage sites near large CO2 

emission sources and two years later developed the concept for the South West Hub in the 

southern Perth Basin. The concept envisioned a subsurface storage site that could receive from 2.5 
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to 6 million tonnes per year (Mtpa) of CO2 from a variety of industrial sources in the region over a 

40 year period, and thereby preventing up to 240 Mt of CO2 being emitted to atmosphere. The 

area being considered spans about 150 km2 near the town of Harvey in southwest Western 

Australia. Prior to the investigation on storage potential there were very little subsurface data 

available for the region: wells drilled in the 1960s and 70s are present 20 to 100 km north of the 

study area, and a few regional 2D seismic lines of various vintages were available to provide a 

broad indication of the subsurface structure.  

 

Figure 1. Map of South West Hub study area. Areas of 3D seismic survey acquired during 2014 and locations of 

three wells drilled in 2015, H2, H3 and H4, are shown. 

The initial storage concept developed around injecting CO2 into Triassic sandstones in the 

southern Perth Basin at 2 to 3 km depth near a structural feature known as the Harvey Ridge.  The 

southern Perth Basin resulted mainly from tectonics associated with trans-tensional rifting related 

to the breakup of Gondwana and was known to contain mainly continental deposits of Permian to 

Cretaceous age. The concept also considered that containment of the injected CO2 would be 

predominantly reliant on residual trapping within the Triassic deposits to retain the CO2. Most 

subsequent activities of the South West Hub project have been focussed on acquiring and 
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interpreting appropriate data to refine the storage concept, and better understand and reduce 

uncertainties associated with the geological characteristics of the site.   

In 2011 the South West Hub was designated an Australian Flagship project, and in 2012 Harvey -1 

was drilled by the WA DMP in the southern Perth Basin as one of the first stages in examining the 

Harvey area as a potential site for long-term geological storage of CO2. Harvey-1, drilled to a depth 

of 2945 m, provided a rare window into this sedimentary succession. This well has been the source 

of data for a number of ANLEC research projects and has revealed considerable new 

understanding of the nature of strata in the prospective storage unit (Figure 2).  

 

 

Figure 2. Stratigraphic column of the Harvey area in the southern Perth Basin. (Modified from Crostella and 

Backhouse, 2000). 

In a comprehensive and multidisciplinary ANLEC report, Delle Piane et al. (2013) provided a 

detailed sedimentological analysis of core and petrophysical log data from Harvey-1, along with 
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experimental measurements of geomechanical parameters, elastic properties, and H2O-CO2 

relative permeability characteristics. The succession penetrated by Harvey-1 is clastic-dominated 

ranging from Early Triassic sandstones of the Sabina Formation at the well base, to near surface 

Quaternary deposits of the Guildford Formation. Sandstones of the Middle to Late-Triassic Lesueur 

Formation are of particular interest as these comprise the prospective storage unit, and are 

divided into the lower Wonnerup Member and upper Yalgorup Member (Figure 2). At Harvey-1 

the Lesueur Sandstones are more than 2.1 km thick and are interpreted to reflect primarily non-

marine fluvial depositional environments (Delle Piane et al., 2013). The Wonnerup is relatively 

uniform through a 1500 m thick package at Harvey-1 where its lithofacies are mainly high energy 

fluvial channel bars and channel fill indicative of migrating braided fluvial environments. 

Wonnerup mineralogy is mainly quartz sands with minor clays and feldspar, and porosity 

decreases with depth from about 26 % to less than 10 % near its base with a corresponding 

reduction in permeability from up to 4,000 mD to less than 10 mD.  The Wonnerup Member is the 

prospective injection unit and its thickness and petrophysical characteristics support that residual 

trapping of injected CO2 will contribute as a primary containment mechanism.  

The overlying Yalgorup Member is almost 700 m thick at Harvey-1, but reflects a much lower 

energy depositional environment than the Wonnerup and has a much more heterogeneous 

lithology.  Lithofacies interpreted for the Yalgorup include moderate energy bar-forms and also 

extensive floodplain palaeosols including an approximately 200 m thick, stacked-palaeosol 

package at its base immediately overlying the Wonnerup. The palaeosol lithofacies is of particular 

interest as core samples commonly exhibit very low permeability (generally less than 1mD; Delle 

Piane et al., 2013); indicating potential to impede vertical movement of fluids and serve as baffles 

or barriers to assist containment. Schrank and McCabe (2014) indicated these types of deposits 

typically form when an area is relatively starved of sediment influx, and can extend over thousands 

to tens of thousands of km2. Palaeosols from the Yalgorup sequence also locally exhibit 

slickensides (a polished rock surface with striations; Figure 3) and deformed strata, both of which 

can result from either faulting or during early depositional processes such as pedogenesis (i.e. soil 

evolution or formation). If these features resulted from faulting (tectonism) this could produce 

focussed fluid migration pathways, whereas a pedogenic process would likely impact hydraulic 

conductivity only locally.  A targeted ANLEC study by Schrank and McCabe (2014) investigated the 

Yalgorup sequence specifically to determine the origin of these features, and determined using 

multiple criteria that a tectonic origin for the slickensides and deformed strata in the Yalgorup is 

extremely unlikely. In addition to palaeosols, the Yalgorup Member contains a number of thinner 

fine-grained, clay-rich beds that also have potential to retard vertical migration of fluids. These 

beds, together with the palaeosols, enhance the Yalgorup containment potential, although still 

outstanding are questions around the lateral extent and vertical connectivity of the stacked 

palaeosol beds and their regional capability to impede vertical fluid movement. 
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Figure 3. Slickensides in Yalgorup sample from 1333m depth in Harvey-1 (Schrank and McCabe, 2014). 

In addition to drilling Harvey-1 as part of the first tranche of data acquisition for the South West 

Hub, 2D seismic lines were acquired in the region during 2011. In reviewing the available seismic 

data Langhi et al (2013) noted numerous multi-scale faults of 10s of m to 10s of km being present 

in the South West Hub characterisation region. The Perth Basin structural architecture is 

dominated by listric, extensional, north to northwest trending faults formed during breakup of 

Gondwana that have influenced the distribution of sediments and compartmentalization of the 

Perth Basin into a series of sub-basins. Langhi et al (2013) performed a first order appraisal of the 

fault-seal potential using Shale Gouge Ratios as a predictive indicator of fault-fluid transmissivity 

and three across-fault CO2 migration scenarios. The scenarios include: between juxtaposed 

Wonnerup strata; between Wonnerup and juxtaposed porous intervals in the Yalgorup; and 

between the Wonnerup and the Eneabba Formation that occurs stratigraphically above the 

Yalgorup (Figure 4). They determined the likelihood of lateral migration across faults within the 

Wonnerup is highest in the southern part of the study; between the Wonnerup and Yalgorup can 

be high locally mainly in the south; and between the Wonnerup and Eneabba Formation unlikely 

and only possible localised around a fault identified as F10. 

Langhi et al. (2013) further examined the relationship between interpreted faults and the existing 

stress field at the South West Hub to identify whether pore pressure changes induced by CO2 

injection would be sufficient to cause fault reactivation. Most faults in the South West Hub area 

are oriented perpendicular to the principle horizontal stress direction of around 105°, and as a 

result have a low slip tendency. Faults oriented more oblique to the principle stress direction have 

a slightly higher slip tendency, but overall they determined faults in the region have a low risk of 

fault failure. However, Langhi et al. (2013) indicated more information is needed about sub-

seismic fault distribution, fault orientation and the regional stress field. 

Zhang et al. (2015) developed a geomechanical model based on the data generated from Harvey-1 

related projects. They modelled the 3D geomechanical stability of faults and host rocks during a 

simulation exercise using a hypothetical water injection test for the SW Hub site. A 3D finite 

difference code, FLAC3D (Fast Lagrangian Analysis of Continua; Cundall and Board, 1988; Itasca, 

2005) was used, which is capable of simulating the interactions between deformation and fluid 

flow in porous media. The geomechanical and hydrological properties used in the models were 

based on the ANLEC studies on Harvey-1 described above. They performed a series of models that 

assessed 5 scenarios using injection rates of 1 – 5 Mtpa over 20 years and determined injection at 
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this scale would not induce fault reactivation or breach the Yalgorup or Eneabba strata. They did 

find that injection may result in surface uplifts of 0.4 to 1.8 cm within an area of about 2.5 km 

around the hypothetical injection sites. 

 

 

Figure 4. Static geological model depicting juxtaposition patterns for assessing fault-seal potential (Langhi et al., 

2013). 

Recent Data Acquisition Activity at South West Hub 

The principal technical uncertainties around the subsurface of all storage sites, including the South 

West Hub, revolve around the categories of injectivity, capacity and containment. Addressing 

these issues, particularly in greenfield sites, often requires acquiring additional data about the 

geology of the region that usually involves seismic data and drilling of wells, both of which are 

expensive and require extensive planning. During 2014 the WA DMP initiated a significant data 

acquisition program for the South West Hub that included conducting a large 3D seismic survey 

and performing a 3 well drilling program that concluded in mid-2015. These data acquisition 

programs were predicated around reducing uncertainty of subsurface characteristics for long-term 

storage of CO2. 

From February to April 2014 the WA DMP conducted a 3D seismic survey (DMPWA 2013 Harvey-

Waroona 3D) that was roughly 115 km2. It was regarded by the contractor as one of the more 

complex onshore seismic surveys performed in recent times in Australia. The region included 125 

landholders and a comprehensive 18 month community engagement program was conducted 

prior to and during the survey (Burke et al., 2014). The data from this survey now serve as a 

foundation for much of the ongoing analyses and research into characterising the storage site at 

the South West Hub. 



South West Hub CO2 Geosequestration Research Program  |  15 

A stratigraphic well drilling program by WA DMP began late 2014 and was completed mid-2015 

with the drilling of three wells: H2, H3 and H4 (locations shown in Figure 1). Extensive planning by 

WA DMP around the drilling program considered the location, number, depth, and potential use 

of the prospective wells in this greenfield area. The wells were drilled using mineral and water rigs 

to reduce costs that allowed for more wells, but reduced the depth and some information that 

could be obtained by using petroleum rigs. The use of these types of rigs is of interest to other 

storage sites particularly in regions where a mature petroleum industry does not exist. The 

mineral rigs did allow for extensive coring to be obtained from the three wells: 1,142 m from H2; 

966 m from H3; and 30 m from H4. The wells were logged for petrophysics, and core samples were 

selected by WA DMP for routine and special core analyses. The wells are completed in a range of 

different ways, depending on perceived future use and potential regulatory needs of each well as 

the will be available for continued use by the project as potential test or monitoring wells.  The 

well completion schematics for H2, H3 and H4 are presented in Appendix 1. 

South West Hub Research 

Figure 5 illustrates the progressive and evolving research program being undertaken and 

supported extensively by ANLEC and WA DMP, with wells and seismic data forming the foundation 

for most of the ongoing research at the South West Hub. The aim of the research is to understand 

fundamental process associated with geological storage of carbon broadly and specific to the 

South West Hub situation; but more critically it is to reduce uncertainty about the storage 

characteristics of the South West Hub to ultimately help determine its technical viability as a 

commercial site. Research naturally progresses as new data and results are produced and novel 

methods and techniques are tested. 

 

 

Figure 5. Evolution of project activities and research since drilling of Harvey-1. 
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Wells 

In advance and concurrent with the WA DMP well drilling program, an ANLEC sponsored study by 

Ricard et al (2015) provided reviews of well-based data acquisition methods, well designs for in 

situ tests, and well-based monitoring methods at CO2 storage sites. Wells are expensive and 

complex engineering undertakings, and their design including size, geometry and material, greatly 

impacts the type of data that can be collected and techniques for monitoring that can be 

performed at site. There is no ‘one size-fits-all’ monitoring well but more an ensemble of solutions 

best suited to well and monitoring objectives, site characteristics, and cost. 

The South West Hub being a greenfield site with limited well penetration has considerable 

uncertainty regarding the injection and containment characteristics of the storage complex. 

Because wells are needed as fundamental sources of information to characterise the site, it is 

prudent that some wells be designed suitable for conversion into monitoring wells for pilot or 

commercial operation. For the South West Hub the following aspects are highlighted for well-

based monitoring:  

• Containment: The Yalgorup exhibits containment characteristics, but there is limited 

information about the regional extent of palaeosols and shaly interbeds and their trapping 

potential.  Thus monitoring the zone above the storage reservoir will be important to 

detect any vertical migration of CO2 and confirm security of the shallow subsurface. 

Above-zone monitoring wells are recommended, at locations that will be informed 

through iterative quantitative risk assessments. 

• Capacity: The degree of compartmentalisation of the Wonnerup is currently uncertain 

which presents a risk of increasing pressure when injecting several million tonnes of CO2 

per year. It is recommended that at least one well is completed in the injection interval for 

monitoring reservoir pressure and, if necessary, to act as a pressure management well.  

• Injectivity: Injection characteristics of the Wonnerup are influenced by permeability, 

diagenesis, CO2-mineral behaviour, and impacts of CO2 injection in the Wonnerup are 

being investigated by current research. The number of injection wells needed to inject the 

required rate of CO2 will be determined through detailed dynamic simulations. It is 

recommended to consider redundancy for injection operations, and a multi-purpose well 

design for conversion from monitoring to injection or water production would be 

advantageous.  

Based on these considerations a generic multi-well, multi-use, and multi-completion monitoring 

scheme was proposed by Ricard et al (2015). Figure 6 depicts this scheme that comprises five 

types of monitoring options for different purpose wells: the first monitoring scenario involves 

monitoring in the injector wells; M1 is a dedicated monitoring well with completion in the 

reservoir and in the zone above the storage unit; M2 is dedicated to above-zone monitoring only; 

M3 includes monitoring aspects around fault behaviour within the reservoir; and M4 targets 

detecting leakage through faults above-zone. While the proposed monitoring scheme is highly 

generic it provides a basis for considering the types of well completions that will be required and 

for developing a more detailed scheme once the well locations and injection parameters have 

been determined.  
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Figure 6. Generic scheme for the South West Hub showing options for monitoring wells that are suitable for 

conformance and containment monitoring as part of an overall risk management strategy. (Ricard et al., 2015). 

NGL Vibroseis 2D surveys 

The 2014 DMPWA 3D survey was complicated by environmental sensitivities in the area and 

accessibility as large seismic vibrating trucks require space to operate and may need fences and 

gates to be removed so they can manoeuvre. Prior to the large 3D survey being conducted, 

Urosevic et al (2014) in an ANLEC project led by Curtin University tested the resolution and 

penetrating power of more manoeuvrable mini-Vibroseis trucks (UNIVIB). They performed a 7.7 

km 2D seismic survey over a previous seismic line (11GA-LL2) in the South West Hub area to 

evaluate the performance and determine best operating characteristics of the UNIVIB for the 

region. The UNIVIB trucks were able to generate exceptionally broad in range band sweeps (over 

5.5 octaves) without stressing their hardware capabilities. The high quality, broadband signal 

generated by the UNIVIBs was combined with the use of single receivers separated by 12.5 m to 

demonstrate that a relatively lightweight, low-impact seismic survey can be used to acquire high 

quality geophysical information. Shallow structures, less than 1000 m, were imaged with high 

precision and resolution; such resolution of the shallow sequence was not possible with 2011 data 

as the survey parameters were adjusted to map the deeper, prospective CO2 reservoir. The results 

of the new 2D survey demonstrate that high resolution surveys are very useful for imaging the top 

1000 m of sediments. The test survey further showed that long duration, broadband sweeps were 

superior to conventional short sweeps, and may be used to send high frequencies to significant 

depths for better resolving power. These observations suggested that the UNIVIB trucks would be 

useful to address gaps in the existing large scale 3D design; which led to another ANLEC program 

around performing a 3D seismic survey nested within the DMPWA 3D survey using the UNIVIB 

trucks to determine shallow features in targeted areas. 
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NGL Nested 3D surveys 

The Nested 3D Seismic Survey project was planned by Urosevic et al. (2015) of Curtin University to 

complement the large scale DMPWA 3D seismic survey completed in 2014. The DMPWA 3D survey 

was designed to characterise the deep primary storage unit (i.e. Wonnerup Member of the 

Lesueur Formation) and main structural features in the area. In doing so, detail for shallower, 

overlying strata were less well-imaged. The high-resolution seismic acquisition capabilities of the 

NGL UNIVIB trucks were proposed to better define the shallower intervals overlying the storage 

unit, and also to resolve shallow structural features to help identify any potential risks to 

containment (Figure 7).  

 

Figure 7. 3D survey comparison: (A) Time slice through similarity section showing fault expression near Harvey 4. (B) 

Regional Commercial 3D Survey. (C) Nested 3D Survey (PSTM Cube) superimposed on (B). The location of the inline 

section is the grey line in (A). Newly identified faults are shown by the blue arrows. 

The small-scale 3D survey was performed in December 2014 using the NGL INOVA UNIVIBs near 

the location of the Harvey-4 well, and was nested within the region of the larger 3D. The nested 

survey used more than 2300 geophones (both single and 3-component) and was deployed in an 

array along 21 receiver lines (Figure 8). An 8 person crew performed the survey that took 11 days 

from mobilisation to demobilisation that included 5 active days of data acquisition. Almost 1600 

seismic source points were acquired during the survey.  
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Figure 8. Survey layout. A total of 21 receiver lines were set up so that every second line had 3-component 

geophones active. 

Curtin University processed the seismic data using in-house workflows and performed full 3D pre-

stack time migration to produce high quality images that could resolve features not identified in 

the commercially processed 3D data (Figure 7). Faults with minor throw not observed in the larger 

survey could be mapped and some interpreted to propagate to the near-surface which is an 

important observation when performing a quantitative risk analysis of the site. Mapping of larger 

fault throw and orientation also appears to have been enhanced by the nested survey data. 

Further, the survey highlighted complex fault geometry in some instances, and the survey suggests 

that Harvey-4 may have intersected a fault plane. Current ANLEC studies are evaluating this 

observation as this could provide an invaluable opportunity for in situ testing of fault hydraulic 

properties.  

The study results suggest that Nested 3D surveys are likely valuable to any project where 

subsurface data must be optimised such as for carbon geosequestration sites. For the South West 

Hub project, this work has led to a much improved understanding of aspects of the structural 

geology and local faulting. Additional nested 3D surveys are being considered for other locations, 

such as near H3, as part of the South West Hub characterisation effort. Commercial scale 3D data, 

nested 3D data, and other information such as petrophysical well log data, VSPs (vertical seismic 

profiles), and core analyses all provide complementary information that leads to reduced 

uncertainty around subsurface characteristics. Additional information about the broader 

distribution of rock properties and structures will further reduce uncertainties, and will help 

interpret well tests performed to understand reservoir performance.  

Advanced processing of 3D seismic data 

Seismic data is one of the few sources of regional information about subsurface geologic 

structures and the distribution of rock properties in the subsurface. Advanced data processing 
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methods are needed to extract rock property information out of seismic signals and also for 

refined structural characterisation. ANLEC initiated a project mid-2014 led by Curtin University to 

examine additional processing methods that could be applied to the DMPWA 3D seismic survey to 

improve the image quality of the survey.  

The DMPWA 3D survey was impacted by restricted land access resulting from landholder access 

issues, land use issues, presence of wetlands or reserves that did not have sufficient vegetation 

clearance (Figure 9). While the planning of the survey anticipated gaps from these access issues 

and adjusted acquisition parameters to help accommodate the gaps, the resulting patchy data 

distribution of the survey affected the image quality of the survey particularly for shallow strata. 

The DMPWA survey data underwent conventional processing and interpretation of the results 

were successfully used in the development of a geological model by consultants for WA DMP. The 

patchy distribution of the survey, however, made the data processing challenging and so ANLEC 

sponsored work by an NGL team on novel approaches to improve the quality of the output data. 

Pevzner et al (2015) implemented a multi-stage workflow to apply a variety of processing 

techniques to improve fault imaging and storage reservoir definition.   

The data was first processed for dip move-out correction (DMO). The DMO stack is needed to 

implement 3D diffraction imaging to improve fault characterisation. Steered Kirchhoff imaging was 

then used to improve the signal-to-noise ratio of the migrated image. 

Kirchhoff migration was used to produce a 3D pre-stack time migration (PSTM) volume to improve 

the velocity model. The resulting PSTM volume is being extensively utilised by other research on 

the geological models for the South West Hub.  This process also prepares the data for 

regularisation and depth imaging (Figure 10).  

The PSTM was followed by 3D pre-stack depth migration (PSDM) to accurately position seismic 

energy reflected from the boundaries within the subsurface using newer processing methods to 

improve interpretation of steeply dipping surfaces, in particular fault planes. Different algorithms, 

Kirchhoff and reverse-time migration (RTM), were applied to determine the best technique to 

improve the image quality. 

The seismic volumes resulting from the advanced processing has enabled an update to the initial 

interpretation of the structural architecture of the region that is also benefiting from new 

information from the H2, H3, and H4 wells. Additionally, the advanced seismic processing has 

provided new insight into fault seal assessment for CO2 storage and on the geomechanical 

behaviour of the region during injection. This information has helped to reduce uncertainty 

around subsurface fault geometry and reservoir distribution, in turn, improving our evaluation of 

subsurface risks. The risks are as follows; lateral and vertical migration potential, juxtaposition of 

units based on fault geometry, fault reactivation potential, and potential presence of sub-seismic 

features affecting the Yalgorup and Wonnerup Members of the Lesueur Formation.  
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Figure 9. Commercial 3D Seismic survey at the South West Hub. Survey layout with sources in white and receivers in 

black. Note the patchy spatial distribution of data acquisition. (Pevzner et al., 2015). This image covers the 15km x 

10km survey area. 
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Figure 10. Left: Phase shift post-stack migration; Right: Pre-stack time migration. Both images are from line 

XLINE5250. (Pevzner et al., 2015). 

Forward Stratigraphic Modelling 

Geological models, or geo-cellular volumes, are standard industry methods and tools used to 

predict and model the three-dimensional characteristics of a reservoir. Static geological models 

usually contain details about the interpreted regional depositional environments (for example 

braided fluvial systems) from core analyses and well data. Additionally, parameters such as 

porosity and permeability are distributed throughout the model according to the spatial variability 

typically associated with that environment or from inversion of seismic information. An alternative 

method, forward stratigraphic modelling, numerically constrains depositional processes such as 

erosion, transport, deposition, and compaction to predict lateral and vertical variations in 

reservoir and seal properties and lithofacies distribution (Figure 11). An advantage is that forward 

numerical models may be constructed using a limited amount of data, useful for greenfield sites, 

and the resulting models may also reduce depositional uncertainty for the same amount of input 

data required by more conventional static methods. 
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Figure 11. Sedsim depositional model of South West Hub region at Top Eneabba (182 Ma) at scale for dynamic 

reservoir modelling. Low total porosity is red and higher total porosity grades to blue. The model covers an area of 

375 km2 (Griffiths et al., 2012). 

Because of the initial limited well and seismic data in the South West Hub area, ANLEC identified 

the need to study the utility of forward stratigraphic modelling and sponsored a two phase project 

to:  

1) construct a static, cellular geological model for the area using Sedsim stratigraphic forward 

modelling software (Griffiths et al., 2012); and  

2) use this model as the basis for dynamic flow simulation and contrast the results with those 

obtained using a conventionally derived static model (Griffiths and Cinar, 2014). 

 Phase 1 used Sedsim to create a stratigraphic forward model from 250 Ma to 182 Ma (Triassic to 

Lower Jurassic), from the base Wonnerup equivalent to top Eneabba equivalent, that predicted 

the distribution of grainsize and primary porosity (and permeability via a transfer function) of 

sediments below seismic resolution around the Harvey-1 well (Figure 11). Phase 2 used this model 

as basis to perform a flow simulation of CO2 into the Wonnerup sandstones using a nested 500 m 

grid and dynamic model area of 25 x 15 km. The simulation of CO2 injection used Eclipse 300 

software and the results were compared to a previous simulation performed by Schlumberger 

based on a static model constructed using well data and geostatistical distribution of reservoir 

properties. Using un-faulted models, both methods predict CO2 plumes to develop and remain 

around the injection wells for the long term; the main difference being that the plume predicted 

using Sedsim input spreads more than the conventional model (Figure 12). A Sedsim model was 

also generated to include faults model, however there were software difficulties translating this 

model into Eclipse that prevented further faulted model comparisons. This was the first time such 

a comparison of dynamic simulation of geological models generated by these different methods 

has been performed and has provided insights into dynamic models for CO2 sequestration. 
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Figure 12. Comparison of dynamic simulation results of CO2 plumes after 40 years using the Sedsim un-faulted 

depositional static model and Schlumberger static model inputs. (Griffiths et al., 2014). 

Fluid-rock Interactions 

Where static and dynamic modelling are usually performed to provide understanding of large-

scale processes, experimental methods are needed to understand finer-scale phenomenon and 

constrain and define the parameters used by the modellers for their simulations. 

Core floods are experiments designed to study how CO2 injected into sandstones will impact the 

reservoir and better understand the behaviour of the storage unit during injection. The pores of 

the Wonnerup Member, like all sandstones in the subsurface, naturally contain formation water 

and when injected CO2 contacts the water carbonic acid will form. Although carbonic acid is a 

weak acid, it will interact with different minerals in the reservoir, and understanding whether 

minerals will dissolve or precipitate is important information for predicting long-term reservoir 

behaviour during injection. Changes in pH resulting from CO2 dissolution can also alter clay 

minerals and result in mobilisation of fine particles within the reservoir potentially plugging pores 

or causing formation damage.  

Previous ANLEC core flooding studies (Evans et al 2014) were not conclusive on whether 

experimentally observed changes in permeability resulted from migration of fine material, or from 
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mineral precipitation or dissolution. Therefore, a subsequent ANLEC project (Saeedi et al 2015) 

was developed to more specifically test whether changes in permeability result from: 

• Fines migration in which clay platelets or other minute mineral particles are mobilised and 

block access to pores reducing permeability, or 

• Mineral precipitation or dissolution; minerals may dissolve or grow in pores changing their 

geometry or blocking them partially or completely. 

The core flooding project uses a new workflow that has been developed to capture as much 

information possible both before and after the core flooding process to evaluate and quantify 

changes that have occurred within samples from Harvey-1 (Figure 13). This workflow includes non-

destructive petrophysical and mineralogical analyses using a medical CT scanner before flooding a 

subsection of a core plug, and then collecting the flood effluent as a time series. The sub-plug goes 

through repeated cycles of non-destructive analyses and collection and chemical analyses of core 

flood effluent. The resulting data can indicate whether changes in the core are caused by reactive 

transport chemical effects, changes in mineralogy, or changes in the pore geometry that could 

impact on the permeability of the sample. This study is addressing uncertainties around the 

impact of fluid-rock interaction and will provide increased confidence around predicting reservoir 

behaviour during injection. 

 

 

Figure 13. Schematic of the workflow that each core plug is taken through in order to acquire a full suite of data 

from samples before and after the core flood process. (Saeedi et al., 2015). 

All samples currently analysed by this study have shown a decrease in permeability after core 

flooding (Table 1), and petrophysical parameters observed through changes in bulk density, x-ray 

CT images, and electrical properties (Archie Exponents) have been altered during the core flooding 

experiments. Importantly, it was observed that different methods used to measure porosity gave 
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different results (i.e., water saturation versus gas saturation) suggesting that fines were mobilised 

during the measurement and possibly impeded water access to pores. 

The geochemical and mineralogical data suggest no significant change occurs in the shape or size 

of framework grains (mainly quartz and K-feldspar) during the CO2 core flood. Slight dissolution of 

kaolinite and calcite may occur with grain size decreasing for kaolinite and increasing for calcite. 

The initial incursion of the acidic brine into the plug has greatest apparent impact on chemistry, 

but is rapidly buffered. The ongoing work into the reactive transport mechanisms will help to 

understand the chemical and mineralogical impact of CO2 injection in the Wonnerup sandstone. 

Additional samples are currently being processed through the same workflow from wells H3 and 

H4.  

Table 1. Summary of results on porosity and permeability for all plugs before and after flooding. 

Plug # NMR 
Porosity 

from 
amplitude  

(%) 

NMR 
porosity 
from T2 

distribution  
(%) 

Porosity 
from 
mass 

evaluation  
(%) 

T2lm 
(ms) 

NMR 
permeability 
Coates (mD) 

NMR 
permeability 

SDR (mD) 

 Gas 
porosity  

(%) 

Gas 
permeability 

(mD) 

 Best C 
for NMR 
Coates 

Best C 
for NMR 

SDR 

Before flooding 

1 15.8 15.7 14.8 54 36 72  15.0 41  10 12 

2 16.3 16.2 15.5 60 52 99  15.5 79  9 11 

3 13.2 13.1 12.7 99 33 116  12.9 95  8 11 

4 13.7 13.6 12.9 94 36 123  13.1 95  8 11 

After flooding 

1 14.7 15.1 14.2 66 26 92  14.2 23  10 14 

2A 16.6 17.1 15.3 42 31 61  16.6 37  10 11 

2B 16.4 17.1 15.3 13 35 77  16.5 59  9 11 

3 12.6 12.6 11.9 93 24 87  12.1 74  8 10 

4A 13.9 14.4 12.7 54 19 50  13.0 66  7 9 

4B 13.7 14.4 12.4 55 17 51  13.0 58  7 10 

 

Integrated Research Projects 

Much of the preceding research has been involved with characterising the South West Hub site 

using legacy information, data from Harvey-1, and 2D seismic surveys. Additionally, the research 

helps to inform aspects around the 2014-15 data acquisition program by WA DMP including the 

large 3D seismic and drilling the three shallow stratigraphic wells H2, H3 and H4. The need to 

interrogate and interpret the abundant newly acquired data has led to the design of several large 

integrated science investigations. 

Geological Integration 

A Geological integration program (ANLEC 7-01551-0240) led by CSIRO is building on the 

foundation work by Delle Piane et al. (2013) to update the geological understanding of the 

depositional environments of the Lesueur Formation and the lithological characteristics of the 

storage complex including controls over petrophysical parameter distribution. Some of the larger 

ambiguities being addressed by this study include investigating the diagenetic history of the 

Lesueur Formation. In doing so, we are able to determine and predict the extent that diagenetic 
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processes may have impacted injectivity and storage potential of the site, and better constrain 

storage capacity estimations. This workflow involves understanding the current and past nature of 

formation fluids and other basin-derived fluids that may have been in contact with the reservoir, 

which may help identify whether compartmentalization was present and if faults acted as conduits 

or barriers to fluid movement.  

The new wells have provided critical new information to help define containment potential of 

strata of Yalgorup Member and overlying Eneabba Formation. There is still considerable work 

needed to understand the extent and barrier potential of the palaeosols and other shaly units in 

the Yalgorup Member that will require improving stratigraphic correlation among the wells 

including Harvey-1, facies analyses, integration with seismic data, and depositional modelling. 

The new core material will also enable this research to more thoroughly examine the 

geomechanical properties of the storage complex. It will attempt to develop an experimental 

protocol aimed at improving the determination of breakthrough pressure for supercritical CO2 in 

clay-rich rocks – as currently there is no standardized methodology for this type of measurement. 

These analyses will be enabled by accessing new analytical equipment through the NGL. The 

investigation overall will be conducted through four integrated modules: 

1. Diagenesis, fluid inclusion, and fault analysis that will involve petrography, microstructure, 

mineralogy and diagenetic analyses of core plug samples using optical and scanning 

electron microscopy, and fluid inclusion study using microthermometry and Raman 

spectroscopy. 

2. Petrophysical core plug characterisation comprising a variety of non-destructive routine 

(RCAL) and special core analysis (SCAL) for use in subsequent modules and other research. 

3. Geomechanical-acoustic core plug characterisation to improve the interpretation of 

seismic data for property distribution in geological models. 

4. A feasibility study to develop an experimental protocol to measure the supercritical CO2 

breakthrough pressure in clay-rich strata. 

Geophysical Integration 

The integration of geophysical data with borehole data is the focus of another large integrated 

program (7-0115-0241) led by Curtin University that will follow on from the advanced processing 

work by Pevzner et al. (2015). In the study area there is uncertainty around velocity control of 

seismic data and little information on the spatial variation of reservoir properties. The DMPWA 3D 

survey has led to developing robust structural maps and fault picks over the lower Wonnerup, but 

definition of features within the shallower strata that may provide indication of containment or 

migration potential, are less well-defined. This integrated geophysical research program targets 

filling information gaps, and helps constrain property distribution in geological and reservoir 

models. The integration and gap analysis is achieved by utilising all available 3D surface seismic 

data, VSP data from Harvey-1, H2, H3 and H4, well log data, as well as the results of core analyses 

from the geological integration program described above. 
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The workflow will include integration of the various datasets mainly using CSIRO’s Delivery 

software engine, along with other Quantitative Interpretation inversion and analysis methods to 

provide estimates of reservoir properties and their uncertainties for key stratigraphic units.  

The seismic data will be reprocessed to preserve amplitudes by using attenuation estimates from 

analysing VSP data; the processing velocities will be obtained through integrated analyses of 

surface seismic and VSP data. For regions where amplitude inversion is not feasible or is too 

uncertain, reservoir properties such as net-to-gross (NTG) and porosities will be estimated using 

velocity/porosity correlations derived from well logs.  

In addition, the feasibility of constraining seismic inversion results by incorporating 

electromagnetic data will be investigated by acquiring a Magneto-Telluric geophysical survey in 

the Harvey area. As a result, the program will expect to derive porosity cubes for reservoir models 

constrained by all available geophysical information, core and log analysis, as well as improved 

understanding of regional stress field. 

Modelling vertical connectivity 

The integrated Geology and Geophysical Programs are targeting methods to reduce uncertainty 

around the spatial distribution of rock units and their properties to help predict storage and 

reservoir performance. Dynamic simulation based around this information provides another 

means to test storage concepts of the South West Hub site. A recently initiated ANLEC R&D project 

(7-0115-0242) led by CSIRO is designed to simulate residual trapping and vertical sweep efficiency 

within the Lesueur Formation using novel simulation methods to examine the influence internal 

barriers may have on CO2 migration. The simulation work will also provide information around 

options for configuring well-tests to enable in situ well measurements of parameters useful for 

validation of models of injected CO2 movement. 

The current concept of containment within the Lesueur Formation relies largely on a multi-barrier 

trapping system in the almost 1500 m thick Wonnerup Member reservoir interval and the almost 

700 m thick overlying Yalgorup Member. Components of the system include:  

• Low-permeability intraformational seals or baffles, 

• Residual (capillary) trapping, and 

• Dissolution of CO2 in formation water. 

Modelling the vertical and horizontal migration of CO2 injected into the lower Wonnerup Member 

can assess the effectiveness of these trapping mechanisms. It is expected that CO2 will move 

laterally outward from the injection well predominantly through Darcy-type viscous flow that can 

be modelled using conventional reservoir simulators. Away from the injector CO2 migration may 

become increasingly vertical and dominated by gravity and capillary forces; this migration 

behaviour can be more correctly modelled using an invasion percolation code (when the Capillary 

Number (viscosity x flow velocity / interfacial tension) is less than 0.0001).   

Initially the spatial distribution of Capillary Numbers through the Lesueur Formation will be 

determined by using existing South West Hub models to identify reservoir regions appropriate for 

applying invasion percolation modelling. Comparison of results from both Darcy-flow and invasion 
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percolation modelling approaches, and testing of different injection scenarios, will then provide an 

indication around sweep efficiency and residual trapping effectiveness in the Lesueur Formation.  

Monitoring Feasibility 

Whereas modelling injected CO2 behaviour does provide a basis for predicting the extent of a CO2 

plume in the storage unit, the ability to actually detect and monitor injected CO2 is required for 

model verification and public and regulatory confidence of predictions of storage efficiency and 

long-term containment. An ANLEC project (7-0314-0232) regarding the feasibility of monitoring 

injected CO2 at the South West Hub led by CSIRO will establish which monitoring techniques are 

suitable for the geological nature of the site, and for mapping injected CO2 for the duration and 

volumes expected in the injection project. Considerations for the monitoring techniques are that 

they are cost effective and non-invasive, i.e. monitoring from the ground surface or through wells 

above the primary container.  

Annetts et al. (2012) provided an initial assessment of non-seismic geophysical technologies for 

monitoring CO2 at the South West Hub based on conceptual models and legacy geophysical and 

well data. The subsequent data acquisition by WA DMP and interpretations through various ANLEC 

studies have since reduced uncertainity about fundamentals of the South West Hub geological 

framework. The current project will use an update of the South West Hub geological model based 

on the new 3D seismic and well data to perform simulations of various injection scenarios to 

predict the thickness and lateral extent of resulting CO2 plumes and their evolution with time. 

Using these parameters the project will assess the ability of various surface geophysical and well-

based monitoring techniques to detect and visualise the CO2 plume. It will also produce feasibility 

studies for seismic, gravimetry, magnetotelluric, electromagnetic, and Interferometric Synthetic 

Aperture Radar (InSAR) monitoring methods. An updated geomechanical model will be integrated 

in the program to examine the potential for ground surface uplift to be mappable by InSAR.  

Passive Seismic 

In addition to the above geophysical monitoring techniques, Lumley et al. (2015) conducted a 

study on the feasibility and design for passive seismic monitoring at the South West Hub site. 

Passive seismic is a promising method for monitoring CO2 storage projects as it has potential to 

monitor the injected pressure front, the CO2 plume and any potential CO2 migration or fault 

displacement activity. Passive seismic may also be helpful to estimate the in-situ stress conditions 

in the subsurface to help constrain geomechanical model-based predictions of fault and caprock 

behaviour, and determine potential for induced seismicity.   

In order to identify the optimal passive seismic array design Lumley et al. (2015) conducted a small 

field test by deploying a 50m borehole array in a purpose-drilled shallow well near the H4 wellsite 

(Figure 14). They measured passive seismic activity for 75 days and determined that the signal to 

noise characteristics markedly improved below a lithological boundary at about 30 m depth 

between shallow unconsolidated sands and deeper, harder sandstones. Lumley et al. (2015) 

observed that small amounts of low frequency (<15 Hz) ambient seismic noise impacted the 

sandstones which indicates that the characteristics for passive seismic monitoring at South West 

Hub are favourable even given its complex geological environment.  
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Figure 14. Preparing to deploy borehole geophone array in shallow well near Harvey-4 in the South West Hub 

project area (Lumley et al, 2015). 

A second phase to the passive seismic work led by the University of Western Australia (7-0215-

0244) has commenced to deploy 6 to 8 passive seismic monitoring stations around the perimeter 

of the South West Hub project area to detect natural seismic activity from within and up to 10 to 

50 km around the study area. The data collected will be useful for establishing baseline values for 

natural seismic activity and future monitoring. 

Next Phase Research 

Reducing technical uncertainty and a better understanding of geological storage processes are 

important objectives of the ANLEC sponsored research associated with the South West Hub. It is 

important to: 

a) identify and rank the subsurface risks at the South West Hub, and  

b) develop a suggested program of work to address uncertainty about the storage site.  

Areas of technical uncertainty and topics for future research were articulated during an ANLEC 

workshop conducted in October 2015. The integrated programs and other current ANLEC projects 

are addressing aspects of these topics, but additional focus on these research areas will drive 

much of the next phase of work at the South West Hub to help reduce areas of technical 

uncertainty. The following are some of the risks addressed in October and through these, a new 

set of EOIs were prepared and articulated by ANLEC for the next phase of research at the South 

West Hub. 
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Faults and Stress Regime  

Preferential flow through existing faults and fractures is an identified containment risk at the 

South West Hub which is in an area that comprises a number of faults. While the general nature 

and orientation of the faults is known, additional work will be performed to refine knowledge gaps 

to further reduce uncertainty around this risk. Improved knowledge of regional stress fields is 

essential, and these data may require in situ well tests be performed. 

Assessment of multi-barrier systems for CO2 containment in the Yalgorup Member 

The Yalgorup remains poorly characterised in terms of regional continuity of strata and has still 

undefined trapping potential. The potential for vertical flow of buoyant CO2 through the Yalgorup 

matrix remains a significant uncertainty. The current integrated geology program and residual 

trapping modelling study will address this uncertainty, but additional work also including in situ 

flow tests are required. 

Impact of heterogeneity and diagenesis on injectivity and containment  

The Wonnerup Member has undefined residual trapping potential, limited information on 

geological facies distribution or the potential impact of porosity occluding diagenesis from post-

deposition fluid-rock interaction. Vertical flow of buoyant CO2 through the Wonnerup matrix is 

one of the most significant technical uncertainties in the project. The integrated geophysical 

program will help with assessment of reservoir quality, but a deeper well is needed to determine 

the regional character of the Wonnerup as only Harvey-1 penetrates the Wonnerup to depth. 

Near-wellbore coupled processes resulting from CO2 injection into Lesueur Formation 

The storage complex of the South West Hub comprises the clastic Wonnerup and Yalgorup 

members of the Lesueur Formation, but impacts of long-term injection of CO2 into these units are 

uncertain. Among the impacts are CO2-water-rock interactions, temperature effects, fines 

migration, salt precipitation, bottom hole pressure build-up, and potential fault and fracture 

reactivation. A number of current studies are addressing these uncertainties, but additional data 

from in situ well tests to help constrain regional stress fields are needed. 

Mitigation Technologies for South West Hub 

There is a lack of knowledge around methods to maximize residual trapping (or migration assisted 

trapping) and mitigate the effects of buoyancy and vertical migration, and potentially leakage.  

How can risks can be mitigated by effective and early monitoring strategies? 

While previous and current ANLEC research projects have addressed a range of uncertainties 

about storage of CO2 at the South West Hub and have significantly increased understanding about 

the site, there remains significant data and knowledge gaps to be filled to reduce risk to a level 

suitable for commercial decisions to be made confidently. It is clear through the examination of 

these uncertainties, however, that to address data requirements and perform necessary tests to 

reduce uncertainty sufficiently to reach a defendable technical decision about the storage viability 
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of the South West Hub, another deep well penetrating most of the Wonnerup succession is 

required. 

Conclusions  

Since the drilling of Harvey-1 in 2012, a portfolio of investigative studies by WA DMP and ANLEC 

researchers have significantly increased understanding around the storage characteristics at the 

South West Hub. The storage concept has evolved from primary reliance on residual trapping to 

recognition of potential for a multi-containment system being present within the Lesueur 

Formation. New 3D seismic data has provided more clarity around subsurface structures and fault 

locations and orientations. Core and log data from three shallow wells is being examined to 

understand stratigraphic correlation and regional continuity of potential baffles within the 

Yalgorup. Core-based work on pore-scale processes is progressing knowledge about impacts of 

CO2 injected into Wonnerup sandstones for long-term storage. Together the seismic and well data 

are being integrated toward more detailed static and dynamic models for simulations of trapping 

potential and long-term behaviour of injected CO2. Monitoring methods are being examined and 

field tested to establish environmental baselines and to ensure the ability to validate models and 

for public and regulatory assurance. The next phase of ANLEC research will continue to focus 

toward progressively reducing uncertainty at the South West Hub storage site. To address several 

outstanding questions needed for a comprehensive characterisation program, an additional well 

drilled deep into the Wonnerup is required and in situ well tests must be performed. 

 

  



South West Hub CO2 Geosequestration Research Program  |  33 

References 

Annetts, D., J. Hauser, J. Gunning, B. Gurevich, A. Bona, R. Pevzner, B. Harris, M. Urosevic and M. 

Al Ajami, (2012), A deployment strategy for effective geophysical remote sensing of CO2 

sequestration. CSIRO Report Number EP125197, 182p. 

Burke, M., Van Gent, D., Stalker, L. (2014). Creating Community Links for Carbon Capture and 

Storage. Energy Procedia 63, 7053-7060. 

Crostella, A., Backhouse, J. (2000). Geology and petroleum exploration of the central and southern 

Perth Basin, Western Australia. Western Australia Geological Survey, Report 57, 85 pp. 

Cundall, P.A., Board, M., (1988). A microcomputer program for modelling large-strain plasticity 

problems. In: Swoboda, G. (Ed.), Proceedings of the Sixth International Conference on Numerical 

methods in Geomechanics: Numerical Methods in Geomechanics 6, 2101–2108. 

Delle Piane, C., Olierook, H., Timms, N., Saeedi, A., Esteban, L., Rezaee, R., Mikhaltsevitch, V., 

Iglauer, S., and Lebedev, M., 2013. Facies-based rock properties distribution along the Harvey 1 

stratigraphic well. CSIRO Report Number EP133710. 

DMPWA 2013 Harvey-Waroona 3D. (http://www.dmp.wa.gov.au/3D-Seismic-Survey-1427.aspx 

accessed 21/04/2016). 

Evans, B., Rezaee, R., Rasouli, V., Lebedev, M., Saeedi. A., Liu, K., and Iglauer, S., 2014, Predicting 

CO2 injectivity properties for application at CCS sites. ANLEC Report 3-1110-0122, 157p. 

Griffiths, C., Seyedmehdi, Z., Salles, T., and Dyt, C., 2012, Stratigraphic forward modelling for South 

West Collie Hub: Phase One – Static Model. Report for ANLEC R&D Targeted Project 129. CSIRO 

Open File Report Number EP13068. 

Griffiths, C. and Cinar, Y., 2014, Stratigraphic forward modelling comparison with Eclipse for SW 

Hub: Phase Two – Dynamic Model. Report for ANLEC R&D Targeted Project 129. CISRO Open File 

Report Number EP14967. 

Itasca, 2005. FLAC3D Fast Lagrangian Analysis of Continua in 3 Dimensions, User Manual, Version 

3.1. Itasca Consulting Group, Inc., Minneapolis. 

Langhi, L., Ciftci, B., Strand, J. 2013. Fault seal first-order analysis – SW Hub: Structural analysis for 

CO2 containment risk for the SW Hub, Western Australia. Report for ANLEC R&D Targeted Project 

7-1111-0201. CSIRO Open File Report Number EP13879. 

Lumley, D., King, A., Pevzner, R. (et al.), 2015, Feasibility and Design for Passive Seismic Monitoring 

at the SW Hub CO2 Geosequestration Site. ANLEC Project 7-0212-0203 – Final Report, 233p. 

Pevzner, R., Langhi, L., Shragge, J., Ziramov, S., Strand, J., Potter, T., Tertyshnikov, K., Bona, A., 

Urosevic, M., 2015, Advanced Processing and Analysis of South West Hub 3D Seismic Data. ANLEC 

R&D Project 7-0314-0231, 137p. 

Ricard, L., Michael, K., Whittaker S., Harris, B., Hossain, M., Kepic, A., Pevzner, R., Hortle, A., 

Stalker, L. and Freifeld, B., 2015, Desktop design study on South West Hub wells. CSIRO Report 

EP156034; ANLEC Project 7-1012-0214, 134p. 



South West Hub CO2 Geosequestration Research Program  |  34 

Saeedi A., Delle Piane C., Esteban L., Noble R., and Stalker L., 2015, Understanding Fluid Rock 

Interactions and their Impact on Rock Properties as a Result of CO2 Injection in the SW Hub. ANLEC 

R&D Project 7-0314-0233. Report – Milestone 2, 86p. 

Schrank, C. and McCabe, P. 2014, Section 2: Slickensides in Harvey-1 core, South West Hub: 

tectonic or pedogenic structures? In, ANLEC QUT report “The nature of Yalgorup mudstone 

deformation and slickensides” and “Stratigraphic correlation north from Harvey-1”, 114p. 

Urosevic, M., Ziramov, S., Pevzner, R. and Kepic, A., 2014, Harvey 2D test seismic survey – issues 

and optimisations. Final Report, ANLEC R&D Project 7-1213-0223, 18p. 

Zhang, Y., Langhi, L., Schaubs, P., Delle Piane, C., Dewhurst, D., Stalker, L. and Michael, K., 2015, 

Geomechanical stability of CO2 containment at the South West Hub Western Australia: a coupled 

geomechanical – fluid flow modelling approach. International Journal of Greenhouse Gas Control, 

37, p 12-23.  

 



South West Hub CO2 Geosequestration Research Program  |  35 

APPENDIX 1 

Reproduced from WA DMP 
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