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Figure 9 – Variation in porosity in the Pretty Hill Formation, showing opportunities for superior porosity 

volume when compared with Katnook 3 (after Boult and Donley) 

7. Scopenergy expects to find and drill parts of the reservoir formation with relatively higher permeability than 
at Katnook.  The Katnook wells were located to intersect hydrocarbon accumulations, rather than 
for optimal reservoir properties.  These wells are not optimally located within the Penola Trough 
to intersect the predicted highest permeability sections of the formation within the Penola Trough.  
Scopenergy expects to locate relatively higher matrix permeability parts of the formation close to 
the bounding faults of the sub-basins.   
 
Scopenergy expects to find some areas where fractures and faults contribute substantially to 
permeability.  2D seismic interpretation has identified faults and fractures in the reservoir near 
the major bounding faults in the Tantanoola Trough.  It is expected that seismic analysis will 
contribute significantly to identifying faults and fractures that would contribute to optimal 
geothermal reservoir flow performance. 

8. Fracture permeability in the Tantanoola Trough is likely to contribute to well performance. Structural 
interpretation of the Tantanoola Trough using magnetic, gravity and seismic data by FrOG Tech 
suggests the presence of a number of north-west trending faults and fractures in the Pretty Hill 
Formation.  Analysis by Sigma1 Geomechanics indicates that these faults and fractures are 
oriented such that the stress field would enhance permeability along these structures.   

Modelling by the University of New South Wales indicates the effect of the predicted fracturing 
on fluid flow within the reservoir.  The study showed that at the highest predicted fracture 
intensity the pressure differential (i.e. pump pressure) required between a production well and a 
re-injection well spaced apart by 250 -300 m would be halved.  Scopenergy’s projections of well 
performance and power capacity do not assume any contribution from fracture permeability.  The 
UNSW study shows that fracture permeability is likely to contribute positively to well 
performance in the Tantanoola Trough.  Since Scopenergy's projections are based on pump 
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limited performance for the reasons noted above, fracture permeability provides a margin of 
safety rather than better well performance. 

9. Hydraulic fracturing can improve well skin factor. Hydraulic fracturing is a common oil industry well 
stimulation technique used to improve the connection of a well bore to the surrounding reservoir 
rocks.  It involves pumping water down the well bore at high pressure causing rock immediately 
around the well bore to fail, creating fractures extending away from the well bore.  These fractures 
reduce the effect of the concentration of flow paths as the fluid in the reservoir moves into the 
small volume around the well bore.  The effect is referred to as a reduction (improvement) in well 
skin factor.  Scopenergy intends to use hydraulic fracturing if necessary to reduce skin factor and 
individual well productivity.  Since Scopenergy's projections are based on pump limited 
performance for the reasons noted above, hydraulic fracturing provides an additional margin of 
safety rather than better well performance. 

10. Directional drilling provides an additional margin of safety.  The reservoir penetration (h in kh) of a 
vertical well is limited to the shortest dimension of horizontal or sub-horizontal sedimentary 
layers.  An increase in h can be achieved by deviating the well at an angle from vertical or by 
“steering” the well to follow the formation layer through high quality reservoir.  Directional 
drilling is more expensive than vertical drilling but has become increasingly common as 
directional drilling costs have declined.  Scopenergy expects that directional drilling will present 
an opportunity to increase kh of its wells.  Since Scopenergy's projections are based on pump 
limited performance for the reasons noted above, directional drilling provides an additional 
margin of safety rather than better well performance. 

11. Multilateral completions can reduce drilling cost per MW.  Multilateral completions allow more than 
one deviated or horizontal well bore to be run from the same vertical mother well bore.  This can 
greatly improve well performance by a significant increase in h through two or more deviated 
well sections intersecting the most productive reservoir sections.  The process is expensive, but is 
likely to be viable if a well delivers unexpectedly poor performance because the basic well cost is 
projected to be high.  Since Scopenergy's projections are based on pump limited performance for 
the reasons noted above, the multilateral completion technique provides a margin of safety rather 
than better well performance. 

12. CO2 may enhance permeability.  A number of studies have indicated the presence of carbon dioxide 
(CO2) gas in the sediments of the Basin.  There is some evidence from Ladbroke Grove 1 that CO2 
creates natural acidity in the water (by dissociation in water to form weak H2CO3 complexes), 
which enhances the porosity and matrix permeability.  Scopenergy believes that CO2 is likely to 
be encountered in some parts of the Tantanoola Trough and potentially also in the other sub-
basins.  Although this also represents a risk (see Section 1.5.3 above), conversely CO2 could 
contribute to well performance by increasing porosity and matrix permeability for the reasons 
noted here.  

1.5.5 Analogous sedimentary hosted fields 

The Limestone Coast Geothermal Project targets in the sedimentary Pretty Hill Formation rely on grain 
scale porosity and permeability to provide a water pathway, with fracture permeability providing 
potential upside in fluid flow rates.  Most oil and gas fields rely upon similar mechanisms for production.  
In the geothermal industry, however, such fields are rare.   

There are only three similar fields with significant installed power capacity.  All of these are in California; 
Salton Sea, Heber and East Mesa.  Of these, Salton Sea cannot be considered directly analogous because it 
has much higher temperatures (up to 360°C) and water salinity (up to 260,000 parts per million) than 
expected in the Otway Basin.  Therefore, Heber and East Mesa are the only two producing geothermal 
fields comparable to the Limestone Coast Geothermal Project.   

A review of the characteristics and production histories of Heber and East Mesa and the expected 
characteristics of the Limestone Coast Geothermal Project provides the following key points: 
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• all three Limestone Coast Geothermal Project sub-basins have a higher average resource temperature 
than either Heber or East Mesa;  

• although the estimated temperatures for the Tantanoola Trough and Rendlesham Trough are higher 
than at either Heber or East Mesa, they are projected to have thinner economic reservoirs; therefore, 
these two sub-basins have 2.6 to 2.9 MW Generating Potential per square kilometre compared to 6.8 to 
7.0 MW per square kilometre at Heber and East Mesa; and  

• the Rivoli Trough resource has the highest Generating Potential (9.9 MW) per square kilometre by 
virtue of its higher average temperature. 

The Heber field has supported a 50 MW flash-cycle generating plant for the last 20 years and an additional 
30 MW binary-cycle power capacity for the last 14 years.  Some wells at Heber are pumped; others are 
self-flowing.  The East Mesa field has been producing for the last 20 years with an average total generation 
level of about 70 MW using pumped wells and both flash and binary technologies, the average generation 
per well being similar to that at Heber.  It should be noted that both at Heber and East Mesa the wells 
were designed more than 20 years ago, when electrical submersible pumps were not available for 
geothermal wells.  These wells have been produced using line shaft pumps, which cannot be set deeper 
than 500 m while modern electric submersible pumps can be set more than twice as deep; given that the 
latter are readily available now, the wells at Heber and East Mesa could in theory deliver today at least 7 
MW each.  

GeothermEx has advised Scopenergy that, based on the two-decade long histories of 
commercial power generation from the Heber and East Mesa fields, and the known and 
inferred properties of the Pretty Hill Formation in the project area, it appears reasonable to 
expect that the Limestone Coast Geothermal Project will also support commercial power 
generation. 

1.5.6 Technical feasibility of the proposed 50 MW Stage 1 development 

GeothermEx has reviewed the technical feasibility of developing the initial 50 MW Stage 1 power 
generation project in one of the Limestone Coast Geothermal Project sub-basins.  The firm’s assessment is 
summarised below. 

The assessment relies on the relevant characteristics of the Basin geothermal resources and the expected 
characteristics of the wells to be drilled, and on the empirical experience gained over more than two 
decades of generation at the Heber and East Mesa fields.  In addition, GeothermEx has drawn on its 30 
years of experience, including with the Heber and East Mesa fields and 12 other producing geothermal 
fields in the United States of America that have less than a 200°C resource temperature.  It should be 
noted that these 14 fields are the only ones in the world where significant power is generated from a 
resource cooler than 200°C.   

GeothermEx advises that commercial geothermal development generally requires the following technical 
conditions to be satisfied:  

• The temperature of the target reservoir should be adequate for commercial power generation.  

• The depth to the reservoir should allow commercial drilling.  

• The geothermal resource should be large enough to ensure generation for the typical 30-year 
amortisation period of a power plant.  

• The wells should be able to produce at a commercially acceptable capacity.  This implies that the 
number of wells (i.e. drilling costs) will be contained and that the area required for development will 
also be contained so that the cost of the gathering and injection systems, pipelines, and infrastructure 
does not become unacceptably high.  

• Well capacity should not degrade so rapidly as to require an economically unacceptable rate of make-
up well drilling over the project life.  
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GeothermEx advises that the first three of these conditions are likely to be satisfied for a 50 MW 
development in the Limestone Coast Geothermal Project area.  Most of the analogous fields routinely 
produce power from reservoirs cooler than the minimum expected reservoir temperature of 170°C of the 
Limestone Coast Geothermal Project.  The depth to the reservoir is readily achievable with current drilling 
technology and the Generating Potential is estimated to be sufficient for a typical 30 year project. 

The fourth of these conditions has been assessed by GeothermEx, which calculated the power capacity of 
a well similar to Katnook 3 to be about 7 MW, while that of a well similar to Katnook-2 to be about 10 
MW, for an average 180°C resource.  GeothermEx advises that these levels of well power capacity are 
likely to be commercial.  3D seismic analysis of the Pretty Hill Formation at Katnook suggests that 
Scopenergy will be able to use the technique to optimally locate the best reservoir for geothermal energy 
production in its target areas.  Scopenergy believes that 10 MW per well may be a better estimate for the 
average power capacity of a geothermal extraction well sited on the basis of 3D seismic in the Limestone 
Coast Geothermal Project sub-basins. 

With a well capacity of 10 MW, a 50 MW project would need five production wells.  The experience at 
Heber and East Mesa indicates up to five injection wells may also be needed. In addition, a stand-by 
production well may be required to avoid generation shortfall should a well be temporarily shut down for 
repair.  Assuming an average production well spacing of about 0.22 km2, as is the case at both Heber and 
East Mesa, 6 production wells (including the stand-by well) and associated gathering lines cover a surface 
area of about 1.3 km2.  Production well spacing is chosen to minimise the cost of fluid gathering lines 
while keeping interference effects between wells acceptably low.  For an average 7 MW per well, a 50 MW 
plant and associated gathering lines will require a surface area of 1.8 km2.   

GeothermEx has indicated that for either the 7 MW or 10MW average well output, the above estimated 
surface area required is small.  It is important to note that the surface area required for well pads and 
gathering lines is substantially less than the area of reservoir accessed by those wells below ground.  For 
example, in the Tantanoola and Rendelsham troughs GeothermEx has assessed that a reservoir area (i.e. 
the area of heat drainage to the production wells) of approximately 18 km2 will be required for a 50MW 
plant. 

Optimisation of the production and injection flow will control the decline in well capacity over time. If 
“in-field” injection (that is, injection wells interspersed among the production wells) is practised, reservoir 
pressure and therefore well production rates are maintained but cooling of the production wells becomes 
a risk.  If peripheral injection is practised, where injection wells are located at the edges of the reservoir, 
the cooling risk is reduced but pressure maintenance is harder to achieve.  This optimisation process, 
which GeothermEx advised has consisted of arriving at a judicious combination of in-field and peripheral 
injection at Heber and East Mesa, requires empirical as well as theoretical analysis.   

In analogous fields producing from less than 200°C in the United States of America, the rate of cooling has 
varied from 0.5°C to 1.0°C per year. In a few of the above mentioned fields, faster cooling for limited 
periods has been observed due to injection water breakthrough at the production wells, but the cooling 
problem has been resolved in these fields by re-completion or relocation of the offending injectors. 
Therefore, with an optimized production/injection strategy the cooling rate would be expected to range 
from 0.5°C to 1.0°C per year.   

GeothermEx considered a scenario of an initial 10 MW capacity per well with 0.5°C cooling per year.  The 
firm concluded that six production wells (including the stand-by well) would be able to supply a 50 MW 
plant for 30 years, and therefore, no make-up wells would need to be drilled.  

If a more conservative scenario is considered where average well capacity is 7 MW and the cooling rate is 
1°C per year, the project can be supplied by 8 production wells (including the stand-by well) for up to 
about year 13, when a make-up well would be required.  The project would need a second make-up well 
in year 23.  Even for this scenario, the estimated well requirement over the project life is relatively low 
compared to most of the other geothermal fields producing from less than 200°C.  
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GeothermEx’ assessment is based on comparison of the Limestone Coast Geothermal Project 
with analogous fields and concludes that a 50 MW initial development is likely to be 
technically feasible.  

GeothermEx has advised Scopenergy that if its proposed 50 MW Stage 1 development is 
successful, then it seems technically likely that Scopenergy would then be able to develop a 
substantially larger generating capacity than 50 MW.  The Company considers that expansion 
to 250 MW in the medium term is a realistic goal. 

1.6 Proposed Generation Plant 

1.6.1 Introduction 

The hot water from the geothermal reservoirs within Scopenergy’s lease holdings will be brought to the 
surface through production wells as much as 4.5 kilometres deep.  At these depths, the hot water is highly 
pressurised, preventing it from turning to steam.   

Scopenergy plans to construct an Organic Rankine Cycle (ORC) binary cycle power generation plant.  In 
an ORC plant the geothermal water does not drive the turbine directly.  Instead, an ORC power plant uses 
a secondary working fluid, normally butane or pentane, to drive the turbine.  Both these are organic 
substances that are liquid at normal temperature and pressure, but which are readily vaporised.   

In an ORC power plant, the geothermal water is passed through a heat exchanger, where some of the heat 
it contains is transferred into the working fluid.  The cooled water is then pumped or allowed to flow back 
underground through re-injection wells.  The working fluid vaporises when heated by the water, and 
expands across and spins a turbine.  The turbine drives a generator which produces electricity.  On exit 
from the turbine, the vapour is then recondensed to a liquid by air cooling and reused by pumping it back 
into the heat exchanger in a closed loop system. 

The geothermal water is produced and injected in a closed cycle.  As such, there are no emissions into the 
air and no requirement for additional water to maintain flow rates to the power plant. 

 
Figure 10 – ORC Binary geothermal power generating plant 

 



Page | 30  

 

Stage 1 in the delivery of this plan will involve the construction and commissioning of a 50MW (net 
saleable output) commercial geothermal power station. 

1.6.2 Projected cost performance 

GHD’s estimates for Stage 1 plant operating costs, plus Scopenergy’s estimates for the cost of replacement 
wells and workovers are equivalent to approximately $7.50/MWh.  This estimate is for direct operating 
costs only, and does not include capital service, insurance or corporate overheads.  Scopenergy believes 
that its direct operating costs will benefit from single phase geothermal fluid flow (no steam) through the 
production and re-injection system, comparatively lower temperature and relatively benign water quality 
when compared with most geothermal plants operating in a more active volcanic environment.   

Based on the study completed by GHD, and the temperature and production flow rate estimates 
described above, Scopenergy estimates that the levelised cost (full cost per MW including capital service 
and insurance) of its Stage 1 power generation can potentially be comparable to new combined cycled gas 
fired electricity generation.  The cost of power generation from the Stage 1 development depends on 
numerous factors that cannot be predicted reliably at this stage, including particularly: 

• reservoir temperature; 
• average well production and re-injection rates; 
• completed cost per well; and 
• power station construction costs. 

Scopenergy’s business plan is firstly to confirm and then to commercialise the geothermal generating 
potential of its extensive lease holdings in South Australia.   A substantial amount of work has already 
been undertaken to progress the commercialisation of the Limestone Coast Geothermal Project.
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GLOSSARY OF TECHNICAL TERMS 

anomaly/anomalies A significant deviation from a normal, average or median value or level 

basement That part of the earth’s crust that is covered by sedimentary basins and is 
defined by a particular rock series or as an economic base. 

Cretaceous The geologic period between 144 and 65 million years ago 

fracture, fault A naturally occurring or artificially induced break in rock.  A fracture that has 
experienced movement of one side of the fracture against the other is called a 
fault. 

fracture 
permeability 

A measure of the capacity of naturally occurring fractures to allow movement 
of a fluid through a fractured rock mass. 

geothermal Heat from or within the Earth. 

geothermal gradient The rate of change of temperature with depth in the crust (below the surface of 
the earth. 

gravity survey A passive geophysical technique that measures variations in the intensity of 
the earths gravity field to allow for interpretation of the geology and structure 
of the area over which the survey has been acquired 

heat flow The amount of thermal energy passing through a unit of area per unit of time 
(commonly expressed as mW/m2 in a geothermal context)   

isotherm (notional) surface of constant temperature 

magnetic survey A passive geophysical technique that measures the magnitude of and/or 
variations in the intensity of the earths magnetic field to allow for 
interpretation of the geology and structure of the area over which the survey 
has been acquired 

matrix permeability A measure of the capacity of the rock matrix to allow movement of a fluid 
through it 

metamorphism The process whereby rocks are recrystallised while remaining in the solid state 
(without melting) due to heat and pressure 

mudstone A layered sedimentary rock composed of mineral fragments finer than 1/256 
mm in diameter 

MW Abbreviation for Mega-Watt, a unit of measure of power output 

MWh Abbreviation for Mega-Watt hour, the energy expended during the output of 1 
Mega-Watt for 1 hour 

permeability A measure of the capacity of porous and naturally fractured rock to allow 
movement of a fluid through it, normally measured in milli-Darcy (mD).  The 
permeability is a function of the size and shape of pores in a rock as well as the 
extent of connections between pore spaces with or without the aid of fractures 

permeable Allowing the passage of fluid (gas or water) 

porous The quality of a rock mass which describes its non-solid content, usually 
between rock particles 

reservoir In this Prospectus, the term “reservoir” refers specifically to a geothermal 
reservoir, which is a volume of hot and porous rock containing water 

sandstone A layered sedimentary rock composed predominantly of rock particles that 
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range in diameter from 1/16 mm to 2 mm in diameter 

sedimentary Describes rock formed of sediment, especially clastic rocks such as 
conglomerate, sandstone, and shale. formed of fragments of other rock 
transported from their sources and deposited in water; rocks formed by 
precipitation from solution or from secretions of organisms, such as most 
limestone. 

seismic survey An normally active geophysical technique whereby an energy source (usually 
explosion or vibration from large piece of equipment) is directed into the 
ground and the micro-vibrations received from the rock units within the 
ground are measure and analysed to determine the geology and structure of 
the area over which the survey has been acquired.  Passive seismic surveys are 
known as tomographic surveys. 

siltstone A fine-grained, layered sedimentary rock composed primarily of mineral 
fragments between 1/256 mm and 1/16 mm in diameter 

stratigraphy The study, definition, and description of major and minor natural divisions of 
layered sedimentary and volcanic rocks. 

stress field (In relation to the earth's crust) the arrangement of geologically induced 
pressure within the crust as a result of overburden pressure or tectonic (earth 
movement) stress 

topography The contour of the land surface and arrangement of the land surface, including 
its elevation and the position of its natural and man-made features 

 




