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The indicative project work programme for VIC/P57 is illustrated below. Alternatives are 
however being considered to accelerate the first oil date. 

(Source: Hibiscus Petroleum) 
 

3.2.3 Basis and justification of arriving at the Farm-In Investment 
 
The purchase consideration of AUD13,473,000 was arrived at on a willing-buyer, willing-seller 
basis after taking into consideration, amongst others, the internal investment parameters of 
Hibiscus Petroleum (whereby the internal rate of return of the project should be at least 20%) 
and the future prospects of VIC/P57. 
 
The project contribution of AUD13,527,000 was based on CHPL’s proportionate contribution 
of 50.1% of the initial investment amount of developing the West Seahorse prospect of 
AUD27.0 million. 
 
Our Board is of the view that the purchase consideration for the Proposed Farm-In is fair and 
reasonable for the following reasons: 
 
(i) the valuation of the VIC/P57 permit undertaken by Pareto Asia as summarized in 

Section 3.2.4 below; and 
 

(ii) the fairness opinion for the purchase consideration for the Proposed Farm-In issued 
by Pareto Asia as appended under Appendix VI of this Circular. 
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4.2.7  Political stability of country of location and geographical diversification 
 
VIC/P57 is located in the State of Victoria, Australia which is regarded as a politically stable 
region. Our Group’s existing assets via our investment in Lime are focused in the Middle East 
region and in Norway (subject to completion of the transfer of interests in the concessions).  
From a risk perspective, with assets in Australia, our Group will not be solely dependent on 
assets in a single or dual jurisdiction(s).  
 

4.2.8  Favourable consideration 
 
Pareto Asia is of the opinion that the purchase consideration of AUD13,473,000 is favourable 
to our Group from a financial point of view as described in Appendix VI of this Circular. Pareto 
Asia has valued CHPL’s 50.1% interest in VIC/P57 using 2 valuation methods, as mentioned 
in Section 3.2.4 of this Circular. 

 
 
5.  INDUSTRY OVERVIEW AND FUTURE PROSPECTS 
 

3D Oil is primarily involved in the exploration and development of upstream oil and gas 
assets.  As such, 3D Oil’s prospects are dependent on the prospects of the oil and gas 
industry.  The outlook and prospects of the oil and gas industry are as follows: 
 

5.1 Industry overview 
 

5.1.1 Demand 
 
In 2011, fossil fuels accounted for 87% of primary commercial energy supply, and will still 
make up 82% of the global total by 2035. Over most of the projected period, oil will remain the 
energy type with the largest share within the energy mix. 
 
Figure 2 shows world crude oil demand in 2010. It illustrates North America as the largest 
single consumer of oil, accounting for almost 26% of the total world oil demand whilst the 
Asia-Pacific countries collectively account for over 31% of demand. Australia accounts for 
approximately 1.1% of world demand (while only contributing approximately 0.7% of world oil 
supply).  
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 (Source: BP, Pareto Asia) 
 

Figure 2: World crude oil demand 2010 (%) 
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5.1.2 Usage overview 
 
Transportation constitutes the largest share (53% in 2010) of oil usage and its share has been 
growing over the years as there are few substitutes in this segment. It should also be noted 
that whilst the percentage market share of oil utilised by the transportation sector has been 
growing, the absolute volume of overall global demand has also been increasing. Thus the 
net increase of utilisation of oil by the transportation sector is even more pronounced. This is 
followed by industrial usage (32% in 2010) which has shown a relatively flatter trend over 
time. Following that are residential/commercial usage (9% in 2010) and power generation (6% 
in 2010), both of which are declining in terms of their total share of consumption. 
 

 
 (Source: Exxon, Pareto Asia) 
 
 Figure 3: World oil demand distribution 1980 – 2030e 
   

5.1.3 Demand outlook  
 
Over 2010-2030, IEA projects production to increase at an average rate of approximately 0.6 
mmbpd, while the EIA projects a growth rate of approximately 1.1 mmbpd over the same 
period.  

 

  
 (Source: IEA, EIA, OPEC, Exxon, BP, Pareto Securities AS) 
 
 Figure 4: World oil demand 1990 – 2030e (mmbpd) 
  

 
(Source: IEA, Pareto Securities AS)  
 
Figure 5: Oil demand (mmbpd) from OECD and non-OECD countries 
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In the short-term, demand from OECD countries is expected to be quite stable as most of the 
easy substitutions from oil have already been made between 2008 and 2009, and therefore it 
is more difficult to further reduce demand from current levels. Demand from non-OECD 
countries is expected to show increasing demand, fuelled mainly by Asian economies (Figure 
5). Overall, world oil demand should continue to climb as increased non-OECD transport and 
industrial demand more than offsets efficiency gains and substitution. 
 

 In terms of usage, the transport sector is expected to fuel the growth in global oil demand 
accounting for almost all of the increase between 2009 and 2035 according to the IEA. 
Demand for road transport fuels is set to continue to expand rapidly in China and other 
emerging non-OECD economies in line with rising incomes, which will boost car ownership 
and usage as well as freight, and expanded road networks. Currently, there are only 30 cars 
for every 1,000 people in China, compared with around 700 in the United States and almost 
500 in Europe. IEA projects the passenger light-duty vehicles in non OECD countries to 
quadruple over the projection period to about 850m, overtaking that of OECD countries soon 
after 2030. Moreover, with the growth of road transportation per capita, oil consumption will 
be highest in the most populous countries of China and India. As such, there will be a greater 
expansionary effect on overall fuel consumption. 

 

 
 (Source: IEA World Energy Outlook 2010, Pareto Securities AS)  
 
 Figure 6: Demand growth 2009 – 2035 by industry and region 

  
Overall oil consumption in China and India remains low, at 2.4 and 1.0 barrels per person per 
year, respectively, compared to EU and the United States of America, at 10.2 and 22.5 
barrels per person per year, respectively (2010). If China and India were to reach EU levels, 
world oil demand would increase by approximately 67% from the 2010 level. 
 
        (bbls/person/year) 

 
 (Source: IEA World Energy Outlook 2010, Pareto Securities AS)   

 
Figure 7: Oil consumption in 2010: India, China, EU and US (bbls per person per year) 
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 Although long term oil demand is predicted to grow, turbulence in the global economy may 
impact demand for oil and gas and consequently, place a downward pressure on prices in the 
short to medium term. 

 
According to the IEA, global primary energy demand will continue to grow by 51% through to 
2035. Demand growth is mainly driven by the populous countries of Asia, which are 
experiencing high economic growth. Over the last decade, China alone has accounted for 
about 40% of global oil demand growth. 
 

5.1.4  Supply 
 
 In 2010, world oil supply averaged 82.1 mmbbls a day, with over 41% produced by OPEC 

countries. Australia accounts for about 0.7% of world oil supply (and 1.1% of world-wide 
demand). Figure 8 below provides a breakdown of crude oil world supply by geographical 
region. 

 

 
 (Source: BP, Pareto Asia)  
 
 Figure 8: World crude oil supply 2010 (%)  
  

5.1.5 Supply trends 
 

Although current levels of oil and gas production is sufficient to meet existing global demand, 
spare production capacity is limited and the lead time to develop new supplies is long. The 
main global spare capacity is estimated to be within the member countries of the OPEC. 
However, there are major uncertainties surrounding the expected future levels of supply from 
each world region. According to IEA reports, OPEC spare production capacity has declined 
fairly steadily over the past decade, interrupted only by a temporary spike during the global 
financial crisis in 2008/09. The lack of spare production capacity adds to uncertainties about 
future supply, thereby having an inflationary impact on oil prices. 
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 (Source: IEA, BP, Pareto Securities AS)  
 
 Figure 9: OPEC spare capacity and oil prices 1970-year-to-date 2012 (%) 
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USD/bbl 

Replacing production with new discoveries is challenging and has a long lead-time. In 
addition, the rate at which new resources are discovered has increasingly fallen short of 
production since the 1980s. The implications of this are that adding newer production capacity 
become harder and more marginal and high cost resources have to be developed to meet 
demand. 
 

 
 (Source: IEA, Pareto Securities AS)  
 
 Figure 10: World oil(1) discoveries and production 1960 – 2011 
  
 
Notes: 
(1) Crude and natural-gas liquids (excludes tight oil and oil sands). 
(2) Lhs: left hand side; rhs: right hand side. 

 Saudi Arabian production has been at record high levels in recent months, yet production has 
not been able to keep pace with demand. Over the last decade, the Former Soviet Union 
(“FSU”) increased production by 5.5 mmbpd meeting about 60% of increased demand. 
However, FSU’s contribution to increased production over the coming decade is expected to 
be marginal and new production will need to come from deeper water developments, Iraq, 
shale oil and oil sands. In the longer term, vast global recoverable gas resource could 
potentially supply parts of future energy demand in the longer term, but will require significant 
infrastructure investments. 

 
5.1.6  Oil price predictions 
 
 Historical oil prices are shown in Figure 11. 
 

 

 
 (Source: BREE) 
  
 Figure 11: Historical oil prices (USD/bbl) 
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As explained in the previous sections, demand for oil is expected to grow while supply is 
expected to remain tight. Therefore oil prices are expected to remain high in the short-to-
medium term. IEA’s 2010 World Energy Outlook assumes upward sloping price curve 
reaching USD120 per barrel in 2025 and USD135 per barrel in 2035 (in real terms, 2009 
prices) according to their Current Policies Scenario15. As of 21 September 2012, being the 
date of the valuation report by Pareto Asia, the Brent Forward Curve indicates a long-term 
crude Brent of USD90.55 per barrel. 
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 (Source: Bloomberg, IEA, Wood Mackenzie, Pareto Asia)  
 
 Figure 12: Oil price predictions (Brent) 2012-25E 
  
Notes: 
(1) Analyst estimates represent the median of the future Brent price published by 38 analysts and 

have been obtained from Bloomberg. 
(2) Brent (ICE): ICE Brent Futures, a deliverable futures contract for Brent, traded on ICE 

(Intercontinental Exchange), and used as a benchmark of future oil price estimates. 
 
Wood Mackenzie's Brent oil price assumption is USD110.00/bbl in 2012, USD104.75/bbl in 
2013, USD100.00/bbl in 2014, USD90.20/bbl in 2015 and inflated at 2% per annum nominal 
thereafter. This is equivalent to a long term Brent oil price assumption of USD85.00 in 2012 
real terms from 2015 onwards. Wood Mackenzie has assumed that crude from the Bass Strait 
will trade at the Brent oil price.  

 
 (Source: Pareto Asia) 
 
5.2 Australian outlook 

 
5.2.1 Energy use in Australia 
 

Oil and natural gas account for 58% of primary energy consumed in Australia (Figure 13). Oil 
is used mainly for transport, while gas is used in power generation and by manufacturing 
industries. 

                                                           
15  Current Policies Scenario: The scenario, used by IEA while providing various projections in 

their World Energy Outlook 2010, that takes into consideration only those policies that had 
been formally adopted by mid-2010 and assumes no new policies or changes to most existing 
policies over the forecast period. 
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 (Source: BREE, Pareto Asia)  
 
 Figure 13: Share of primary energy consumption 2009-10 (%) 
  
By 2034–35, the share of natural gas in primary energy consumption is expected to grow from 
22% to 35%, with the consumption of oil remaining relatively steady (Figure 14). 

 
 
 
 
 

 
 
  
 
 
 
 (Source: BREE, Pareto Asia)  
 
 Figure 14: Forecast share of primary energy consumption 2034-35 (%) 

 
5.2.2 Australian oil and gas production 
 

Australia’s gas production remains strong, meeting growth in domestic and export demand 
however, Australia’s production of oil, condensate and liquefied petroleum gas (“LPG”) 
peaked in 2000 and has steadily declined since then (Figure 15). 
 

 
 Note: 

1. CSG: coal seam gas; LNG: liquefied natural gas 
 
(Source: APPEA) 

 
 Figure 15: Historical Australian oil and gas production (mmbbls, bcf) 
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BREE forecasts a slight rise in liquids production in the near term and will be followed by a 
downward trend over the next decade (Figure 16) and more imports will be needed to meet 
expected demand growth. 
 

 
 (Source: BREE) 
  
 Figure 16: Forecast liquids supply and demand (petajoule (PJ)) 
  

5.2.3 Sources of Australian production 
 

The majority of Australian liquids production is sourced from Commonwealth waters adjacent 
to Western Australia (Figure 17). Production from waters adjacent to Victoria accounts for the 
next highest share. Western Australia and Victoria remain the largest gas-producing states in 
Australia, while Queensland production, predominantly from coal seam gas, continues to 
increase its share. 

 

77% 14%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

WA 77% VIC 14% QLD 3% NT 2% SA 2% JPDA 2% TAS & NSW <1%

 
Note: 
(1) JPDA: Joint Petroleum Development Area; NT: Northern Territory; QLD: Queensland; 

SA: South Australia; TAS & NSW: Tasmania and New South Wales; VIC: Victoria; WA: 
Western Australia  
 

(Source: APPEA, Pareto Asia) 
 
 Figure 17: Source of oil and condensate production 2011 (%) 
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5.2.4 Estimated resources and reserves in Australia 

 
Australia’s estimated petroleum resources are given in the table below: 
 

Crude oil (GL) 201                 
Condensate (GL) 435                 
LPG (GL) 214                 
Conventional gas (Gm3) 4,448              
Coal seam gas (Gm3) 7,159                

 
Note: 
(1)  1 GL is equivalent to approximately 6.28 mmbbls; 1 Gm3 is equivalent to 

approximately 35.3 bcf 
 

 (Source: Australian Energy Market Operator 2011, OGRA* 2010) 
 
Note: 
* OGRA: Oil and Gas Resources of Australia – a report published by Department of Industry, 

Tourism and Resources of Australia 
 

Figure 18: Australia’s estimated petroleum resources and reserves for 2010 
 
Considering specifically the forecasted crude oil and condensate utilisation, these are 
anticipated to decline over time as shown in Figure 19, assuming no further exploration 
success. 
 

 
Note: 
(1) 1 GL is equivalent to approximately 6.28 mmbbls. 

 
 (Source: ACIL Tasman modelling) 
 
 Figure 19: Australian oil and condensate reserves scenarios 1990-2025 (GL) 
 
(Source: Pareto Asia) 
 

5.3 Exploration and development of oil and gas in Australia 
 
5.3.1 Australian exploration activity 
 

The number of exploration wells drilled in offshore waters has remained relatively steady 
since the mid-1980s, while the number of wells onshore has trended downwards over this 
period (Figure 20). 
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(no. of wells) 

 
 (Source: APPEA) 
 
 Figure 20: Exploration wells spudded – Australia (no. of wells) 
  
The level of exploration activity onshore (excluding coal seam gas) as measured by meters 
drilled is shown in Figure 21. Onshore activity has steadily declined, but rebounded in 2011 
as access to flooded inland areas improved. Offshore exploration activity has remained 
relatively steady over the last decade. 
 

(’000 metres) 

 
 (Source: APPEA)  
 
 Figure 21: Exploration drilling activity (000’s metres) 
  

5.3.2 Australian exploration expenditure 
 
 Historical offshore exploration expenditure is shown in Figure 22. It peaked in 2009 and has 

decreased. Onshore exploration expenditure continues to increase year on year (has 
increased more than fourfold since 2003). This growth is largely a result of an increase in 
exploration costs, and is not a reflection of increased in activity levels. 

 
(USD million) 

 
 
 

 
 
 
 
 
 
 

  
 (Source: ABS) 
 
 Figure 22: Australian petroleum exploration expenditure (USD million) 

 
(Source: Pareto Asia)
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5.4  Prospects of the Gippsland Basin 
 

The Gippsland Basin, roughly 46,000 km2 in size, is located largely offshore southeast 
Victoria. It had been the mainstay of Australia’s hydrocarbon production for nearly thirty years 
from the late 1960s with initial resource estimates for more than 4 billion bbls of oil and 
condensate reserves and 9.8 tcf of sales gas reserves. Today it accounts for the second 
highest oil production in Australia, only after the Carnarvon Basin offshore western Australia, 
which took the lead in the 1990s. The Gippsland Basin has produced approximately two thirds 
of Australia’s cumulative oil production and one third of its gas production to date. At its peak 
in 1985, the oil production of 487,000 bbls/day accounted for approximately 90% of the total 
Australian crude oil output. However, production is declining and it is now a mature basin. By 
the end of June 1998; more than 86% and 49% of oil and gas respectively, had been 
produced in the developed fields. Nonetheless, there are many fields with substantial oil and 
gas reserves yet to be developed. Being a historical mainstay of oil production in Australia, oil 
infrastructure and export facilities are well-developed in the region.  
 

 
(Source: Government of Victoria, Australia)  

 
Figure 23: Gippsland Basin Overview and Location of VIC/P57  
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5.4.1  Production and Reserves 
 
 The production of crude oil and condensate from the Gippsland Basin has been in gradual 

decline since the mid-1980s, while gas and LPG have remained broadly constant (Figure 24). 
    

   (mbbls/day)                         (mmcf/day) 

 
(Source: Wood Mackenzie) 
 
Figure 24: Gippsland annual hydrocarbon production (Liquids in mbbls/day, gas in mmcf/day) 

   
In order to arrest the declining oil production rates from the older, more mature fields, an 
extensive series of infill drilling programmes were initiated in November 1991. The 
programmes utilised long reach, horizontal well technology combined with detailed 3D 
seismic surveys to accelerate production and capture additional reserves in up-dip, bypassed 
or unswept zones. Secondary development schemes and work-over operations in the major 
producing fields are being used to extract larger quantities of oil. This has also added 
reserves in line with production and held the reserves base constant (Figure 25). 
 

(GL, Gm3) 

 
 Notes: 

(1) O+C: oil and condensate. 
(2) 1 GL is equivalent to approximately 6.28 mmbbls; 1 Gm3 is equivalent to 

approximately 35.3 bcf 
 
 (Source: Government of Victoria, Australia)  
 
 Figure 25: Gippsland remaining reserves development (GL, Gm3) 
  
(Source: Pareto Asia) 
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well would be through a re-entry of West Seahorse-3. This would be followed by a second well at West 
Seahorse NE, again targeting the more prospective N-reservoirs. However, if the second well at West 
Seahorse NE is unsuccessful, the well will be side-tracked to the West Seahorse Main in order to produce 
resources in addition to the first well there.  
 
The processed oil from the MOPU will be piped to a truck loading facility onshore. The facility is assumed 
to be a converted jack-up drilling rig which will have the processing equipment necessary to separate oil, 
water and gas and can be leased with low upfront capital costs. The water would be discharged into the 
ocean while the gas would be used as fuel and for gas lift, and the remainder will be flared. The oil would 
be piped to shore through an approximately 14km long 4-inch flexible carbon steel pipe. This smaller 
pipe size is appropriate because the well fluids are processed offshore. Onshore, a pipeline will be 
required to transport the oil to a newbuild storage and truck loading facility at Dutson Downs, 
(schematically shown in the following figure). This newbuild storage and truck loading facility will be 
owned by the joint venture holding VIC/P57 and the associated costs have been accounted for in the 
capex used for the valuation conducted by Pareto Asia.  
 

 
 Source: RISC 
 
It must be noted that while the majority of the field lies within VIC/P57, a small percentage lies within 
the neighbouring license VIC/L18, which is held by Esso Australia (“Esso”) (50% and operator) and BHP 
(50%) (shown in the figure below). According to RISC’s Technical Evaluation, a potential development 
solution, given that a joint operation and pooling arrangement can be established between the licensees 
of VIC/P57 and VIC/L18, could be to develop West Seahorse as a subsea tieback to the nearby Seahorse 
field, thereby significantly reducing the development capex and thus decreasing project risk. However, 
to date, discussions with Esso (operator of VIC/L18) are still on-going regarding this potential joint 
development of the West Seahorse field. While there is a risk that the development may suffer delays or 
other negative impacts due to potential negotiations between the two licenses, RISC has assumed no 
joint development by operators of VIC/P57 and VIC/L18, and therefore 100% recovery for the entire 
West Seahorse field to the VIC/P57 license. Therefore, Pareto Asia has, for the purpose of its valuation, 
also assumed no joint development by the operators of VIC/P57 and VIC/L18, and assumed a 100% 
recovery for the entire West Seahorse field to the VIC/P57 license through a MOPU based development 
solution, described in detail above. 
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well would be through a re-entry of West Seahorse-3. This would be followed by a second well at West 
Seahorse NE, again targeting the more prospective N-reservoirs. However, if the second well at West 
Seahorse NE is unsuccessful, the well will be side-tracked to the West Seahorse Main in order to produce 
resources in addition to the first well there.  
 
The processed oil from the MOPU will be piped to a truck loading facility onshore. The facility is assumed 
to be a converted jack-up drilling rig which will have the processing equipment necessary to separate oil, 
water and gas and can be leased with low upfront capital costs. The water would be discharged into the 
ocean while the gas would be used as fuel and for gas lift, and the remainder will be flared. The oil would 
be piped to shore through an approximately 14km long 4-inch flexible carbon steel pipe. This smaller 
pipe size is appropriate because the well fluids are processed offshore. Onshore, a pipeline will be 
required to transport the oil to a newbuild storage and truck loading facility at Dutson Downs, 
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It must also be noted that the current target of the development from both West Seahorse Main and 
West Seahorse NE are the N-reservoirs, which have been tested and are estimated to allow higher 
recoverability of hydrocarbons than the Gurnard-reservoir due to certain geological factors being 
better-suited to allow extraction of hydrocarbons. The Gurnard-reservoirs in both the West Seahorse 
Main and West Seahorse NE are the shallowest reservoirs, but productivity from the Gurnard-reservoir is 
uncertain as it has not been tested and it is estimated to have lower recoverability of hydrocarbons due 
to certain geological factors being less suitable as compared to the N-reservoirs. It may be possible to 
complete the wells with a dual string so as to produce from the Gurnard-reservoir as well but the 
decision on this has not yet been made. 
 
 
As also shown in the Valuation Report, the following is a representation of a work programme received 
from Hibiscus. The preliminary field development plan, as summarised above, is expected to be 
submitted by end 2012 and the offshore Production License is expected to be approved by May 2013. 
The final field development plan is expected by September 2013. Onshore Regulatory Approvals 
however, are more extensive and hence, the onshore pipeline license is expected to be obtained in 
January 2014. Based on this schedule being achieved, FID is expected to be taken by end of January 
2014. Award of all major contracts would follow in first quarter of 2014 and installation of the major 
components would occur during the fourth quarter of 2014 and first quarter of 2015. The two-month 
drilling program is expected to be completed by the first quarter of 2015, allowing first oil from the field 
by end of the first quarter of 2015. The following is a work programme obtained from Hibiscus: 
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9. Key considerations and risks 

In assessing the level of risking applicable to VIC/P57 and to determine its FMV, we have considered 
various factors such as the nature of the E&P industry and the inherent risks, as well as how the market 
currently values Oil & Gas (“O&G”) assets. 
 
Below is a non-exhaustive list of risk factors that could impact the future prospects of VIC/P57: 
 

3DO and CHPL have a limited operating history as a company  

3DO and CHPL each has a limited operating history upon which to base their future expected 
performance with regards to the operations of VIC/P57. There can be no assurance that their 
performance will be successful.  

VIC/P57's valuation, potential revenues and profits may fluctuate with changes in oil and gas prices 

The global market for oil and gas has experienced, and may continue to experience, volatility in the 
future. Oil and gas prices tend to fluctuate based on a variety of factors, which may include, inter alia, 
amongst others: 

 economic and political conditions in Australia and in other petroleum producing regions; 
 ability and decisions taken by the members of OPEC and other petroleum producing nations to set 

and maintain production levels and prices; 
 changes in domestic and foreign government regulations, policies and initiatives; 
 changes in weather conditions; 
 the price and availability of alternative fuels;  
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3. G E O L O G I C A L  S E T T I N G  A N D  K E Y  A S S E T S  
The Gippsland Basin is a Cretaceous and Cenozoic depocentre which covers an area of 41,000 km2 (Figure 
3-1). It has been one of Australia’s most prolific petroleum provinces with initial reserves for the developed 
fields estimated at more than 4 billion barrels of oil and condensate and 9.8 trillion cubic feet of sales gas. 
The basin is now in a mature stage, with oil production peaking in 1985 at about 500kbpd, which was 90% 
of the total Australian crude oil output that year. 

 
Figure 3-1   Gippsland Basin 

The basin comprises a Central Deep basin, which opens out to the east, and flanking North and South 
Strzelecki Terraces. These are in turn bordered by North and South Platforms. Block VIC/P57 lies towards 
the northern boundary of the Central Deep. Initial rifting in the Early Cretaceous was accompanied by up to 
3000m of volcanogenic and marine sediments of the Strzelecki Group as shown in Figure 3-2 (summary 
drawn from Geoscience Australia, 2012). 

Renewed extension in the Turonian-Campanian established the Central Deep basin as the main 
depocentre, with coarse-grained alluvial and fluvio-lacustrine sediments of the lower Latrobe Group.  The 
lowest units are the Emperor and Golden Beach Sub-groups.  Minor marine incursions occurred from the 
Santonian, with significant diachronous formations as marine influence moved progressively onshore 
(Figure 3-2). Post-rift subsidence was reflected in general by alternating marine and non-marine fluvio-
deltiac/alluvial deposition in the Late Cretaceous-Palaeogene of the Upper Latrobe Group.  Lithologies 
include sands, shales and coals. The uppermost Latrobe Group sediments are the glauconitic Gurnard 
Formation, which reflects a more material marine setting. The Top Latrobe surface represents a major 
erosional period, which was followed by the Oligocene to Miocene Seaspray Group. The Lakes Entrance 
Formation, the lowest of the Seaspray units, provides regional seal to Latrobe Group hydrocarbon 
accumulations. 

Subsequent events comprise canyon-cut and fill in the Eocene, and marine carbonate deposition 
commencing in the Early Oligocene; Middle Miocene compression formed a series of NE- to ENE-trending 
anticlines which host many of the basin’s oil and gas accumulations. 
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Figure 3-2   Gippsland Basin stratigraphy and petroleum system elements (Geoscience Australia, 2012) 

The main reservoirs in the Gippsland Basin are a range of sand facies - the ‘Coarse Clastics’ - within the 
Upper Latrobe Group: braided and meandering fluvial, deltaic, nearshore and slope fan sandstones. While 
the Gurnard generally acts as a seal, it can also be of reservoir quality. Traps are structural and structural –
stratigraphic, and occur notably at Top Latrobe and within intra-formational seals as Intra-Latrobe 
accumulations. 

The hydrocarbons are largely sourced from non-marine facies of the upper Latrobe Group, but marine 
sources are also present. Crude oils are generally very light and paraffinic, ranging from 40 to 60 API (Dept 
Nat Resources & Environment 19981). Some heavier oils discovered at shallow depths range from 14.6 to 
25.6 degrees API and are thought to have been biologically degraded. The condensates range from 48 to 63 
degrees API. The natural gases vary in condensate and carbon dioxide content. 

Block VIC P/57 lies in the northwest of the Gippsland Basin, as shown in Figure 3-3. The key assets are the 
West Seahorse Field, discovered in 1981 and two exploration prospects Sea Lion and Felix, and these are 
the subject of this evaluation. 

                                                           
1 Dept of Natural Resources & Environment (Malek, R. & Mehin, K.) 1998 Oil and Gas Resources of Victoria 
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4. W E S T  S E A H O R S E :  F I E L D  D E S C R I P T I O N  
4.1. INTRODUCTION 

West Seahorse is a small and shallow relief structure which was discovered in 1981 by West Seahorse-1, 
and subsequently appraised by West Seahorse-2, West Seahorse-3 and Wardie-1 (Figure 4-1). The field is 
covered by the 3D seismic 'Northern Fields Survey', reprocessed as a Pre-Stack Depth Migration (PSDM) by 
Esso. The field is divided into main and NE pools, separated by a structural spill point at the tip-out of two 
faults. While the majority of the field lies within VIC/P57, a small percentage lies within VIC/LI8, which is 
held by Esso Australia (50% and operator) and BHP (50%). 

 
Figure 4-1   3DO West Seahorse depth map at top N1 reservoir 

The main reservoirs in the West Seahorse field are Intra-Latrobe Group sands and a correlation of these is 
shown in Figure 4-2.  Three units contain moveable oil: N1 Upper (N1u), N1 and N2.6.  The N1u and N1 
sands form a contiguous unit with a common hydrocarbon column.  The deeper N2.6 sand lies some 50-
60m below the base of the N1 sand.  Oil is also present in the shallower Gurnard Formation, the uppermost 
unit of the Latrobe Group, but this unit was not tested. 
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Figure 4-2   Well correlation in West Seahorse area (GCA) 

4.2. SEISMIC INTERPRETATION 

RISC has access to a Kingdom project, which contained the 3D seismic data, well logs and formation tops 
for all relevant wells and 3DO's interpretation. 

3DO have interpreted three events at reservoir level - Top of Latrobe (TOL), N1 and N2.6 to map the top 
Gurnard, top N1 and top N2.6 respectively. The top N1 upper (N1u), was not mapped as it cannot be 
resolved on the seismic data. The seismic data is of high quality and the synthetic seismograms confirm the 
correlations made by 3DO as shown in Figure 4-3. 

 
Figure 4-3   Synthetic Seismogram at West Seahorse-1 (after GCA) 
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A seismic line through West Seahorse-1 is shown in Figure 4-4. The interpreted events are from 3DO, and 
demonstrate the quality of the interpretation.  However, RISC has re-interpreted the fault marking the NE 
limit of the field. The OWCs for the N1 and N2.6 reservoirs are also shown, which helps demonstrate the 
subtle nature of the structure. 

 
Figure 4-4   Seismic line 1522 through WSH-1 

Both 3DO and GCA map a fault dependent structural saddle between West Seahorse Main and NE 
structures at TOL and N1 events as shown in Figure 4-5. RISC support this interpretation, and also note 
evidence of faulting at deeper levels - below the N2.6 event. RISC then also consider it possible that the 
N2.6 event is also faulted (giving a separation between the main and NE structures) as it would be more 
structurally reasonable, but just not resolved by the seismic data. 

 
Figure 4-5   Arbitrary seismic line through West Seahorse saddle 

Given the subtle nature of the structure, seismic pick and depth conversion uncertainty play an important 
role in determining the gross rock volume (GRV).  3DO used a simple regression based on well velocities for 
their depth conversion, which they have tied to wells. RISC supports this approach and has used the 3DO 
maps for the base case volumetrics. To understand the uncertainty in the depth maps, RISC have cross 
plotted the TWT pick with the pseudo average velocity derived from well formation tops (Figure 4-6).  
These plots show that there is a good relationship between the TWT pick and a pseudo average velocity 
that could be used for depth conversion. RISC has derived a simple V0, K equation as a best fit the well data 
and have used this to provide an independent depth conversion. From inspection of the plots, the 
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uncertainty in the pseudo average velocity is in the order of +/- 50m/s or 2%. The exception is the N2.6 in 
West Seahorse-2, where there is a discrepancy of almost 100 m/s or 4%. Given the general consistency of 
the pseudo average velocities, RISC considers that a change in phase of the seismic wavelet is the likely 
cause; there is no apparent miss pick of the seismic horizon at this location. With this is mind, RISC 
considers a point uncertainty of +/- 4% which translates to +/- 6m. 

 
Figure 4-6   TWT picks vs pseudo average velocity 

4.3. WELL RESULTS 

The discovery well West Seahorse-1 was drilled in 1981 on an asymmetric anticline mapped on 2D seismic 
data, with closures interpreted at Top Latrobe, Intra Latrobe and Top Strzelecki levels. It reached TD within 
the Golden Beach Sub-Group, and encountered oil in the Eocene Latrobe Group. The N1 layer was tested 
(DST 1) and produced at a mean rate of 1,775 bopd of 48 degree API light crude on a half inch choke from 
the interval 1411-1416m MD.  Oil was also sampled with RFT from the deeper N2.6 layer. Core data gave a 
maximum porosity of about 29%; DST results suggested formation permeability in the range 118 to 175mD. 
In the following year, West Seahorse-2 was drilled as an appraisal well; 1100m down flank to the east, but 
the key reservoirs were water-bearing and poorer quality. 

West Seahorse-3 was drilled in 2008 by 3D Oil as a deviated well, 160m to the southeast of West Seahorse-
1. The location was defined on 3D seismic data. Rotary sidewall cores were collected. The well terminated 
in the Upper Latrobe Group. Oil is present in the N1 layer, and sampled, but no drill stem tests were carried 
out. Analysis suggests a slight biodegradation. The deeper reservoirs were encountered low to prognosis, 
reportedly due to the intersection of a subtle fault, and were water-bearing.  The well was suspended. 

Wardie-1 was also drilled in 2008, from the same top hole location as West Seahorse-3, on a small separate 
culmination west of West Seahorse.  Oil was not forecast to be present in the N1 sand; deeper levels were 
targets but were encountered low to prognosis and were water-bearing. Oil is present in the glauconitic 
Gurnard Formation, and in a sand above the main oil-bearing N1 sand in West Seahorse-1.  With the 
structure being smaller than pre-drill estimates, the well was plugged and abandoned. 

The Seahorse Field lies about 4 km to the east. This was discovered with Seahorse-1, drilled in 1978 on a 
fault-bounded anticline. Oil was encountered in five zones in the Latrobe Group, three being significant. 
Seahorse-1 is reported to have tested 2040 bopd of 53 degree API, with a gas-oil ratio of 200 scf/bbl 
(considered to be mildly biodegraded). Porosity in the discovery well averages 24%, and water saturation 
reported as 33%.  Seahorse has been on production since 1990/1991. 

4.4. PETROPHYSICS AND RESERVOIR PROPERTIES  

RISC reviewed the petrophysical analysis conducted by GCA and undertook a quicklook independent 
interpretation of West Seahorse-1 and West Seahorse-3.  The analysis aimed at the uppermost part of the 
reservoir i.e. reservoir expected within the structure. This was just down to the FWL in WSH-1, and taking 
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to determine a water saturation.  However, from the information available, RISC has not been able to 
understand fully GCA’s approach, nor therefore to confirm their analysis. 

We consider that a significant transition zone is unlikely to be present, given the good reservoir quality, as 
shown by the steep tail-off of saturations in West Seahorse-3  in the clean sand of the N1 unit (Figure 4-7), 
which also shows clearly the coal intervals within this section.  It is possible that a zone of mixed fresh and 
saline formation water is present towards the base of the hydrocarbon column, but there are no direct 
ways to quantify this.  We have used a typical brine water salinity of 0.15 ohm-m at 68C°, or about 20,500 
ppm NaCl equivalent. We consider that data quality and type are insufficient to determine water saturation 
in the West Seahorse-1 well. 

No material hydrocarbons are present in West Seahorse-3 within the N2.6, and the well appears to be at 
the edge of the accumulation at this level. We note however from the digital data available, the SP log 
response at this level appears different to that illustrated by GCA, and seems to indicate different water 
salinities within the same sand, possibly indicating movement of water and hydrocarbon. 

For the Gurnard, the water saturation may be 65% or higher (in the total porosity domain), although 
remains very uncertain.  Total porosity includes clay bound water so the calculated porosity and water 
saturations are higher than usual and higher than the effective porosity and effective water saturations 
which exclude clay bound water. We calculate a hydrocarbon column to base reservoir, in West Seahorse-
3, but note that no tests were undertaken. 

West Seahorse-2 lies outside the field limits.  No hydrocarbon saturations are determined. No 
hydrocarbons are determined for the P1 reservoir, which is therefore excluded from any resource. 

The petrophysical summary plots of our evaluation are shown in Figure 4-7 to Figure 4-11. 

 
Figure 4-7   West Seahorse-3  petrophysical analysis of N1u and N1 reservoirs  (RISC) 
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Figure 4-8   West Seahorse-2  petrophysical analysis of N1u and N1 reservoirs  (RISC) 

 

 
Figure 4-9   West Seahorse-3  petrophysical analysis  of N2.6 reservoir (RISC) 
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Figure 4-8   West Seahorse-2  petrophysical analysis of N1u and N1 reservoirs  (RISC) 

 

 
Figure 4-9   West Seahorse-3  petrophysical analysis  of N2.6 reservoir (RISC) 
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Figure 4-10   West Seahorse-1  petrophysical analysis  of Gurnard to N1 reservoirs (RISC) 

 

 
Figure 4-11   West Seahorse-3 Gurnard Formation (RISC) 
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4.5. FLUID CONTACTS 

Fluid contacts in the West Seahorse (WSH) field are defined by logs and MDT measurements and are 
relatively well defined.  RISC has utilised the contact ranges given in (Table 4-2) for estimating the OOIP for 
the main field and the N2.6 of the NE segment. 

 Reservoir Shallow Best Deep 

N1u 1407.4 1408.4 1409.5 

N1 1407.4 1408.4 1409.5 

N2.6 1497.5 1498.0 1498.5 
Table 4-2   West Seahorse fluid contacts m TVDss 

The best estimate for the N1 sand is from the apparent OWC drilled in WSH-3; and is shown on logs at 
1408.4 metres TVDss (Figure 4-7). Figure 4-12 shows the available pressure data over the field. The oil 
gradient corresponds to a downhole oil density of 0.7 g/cc, which is as expected for oil with a stock tank 
API gravity of circa 48 degrees (or 0.78 g/cc).  The water gradient corresponds to a density of 1.01 g/cc with 
the water gradient being consistent with an aquifer that is continuous from near sea level.  This is in line 
with the local geographic conditions and noted aquifer behaviour elsewhere in the Gippsland Basin. 

 
Figure 4-12   West Seahorse MDT and RFT data 

The FWL for the N1 sand is interpreted at 1409.5 from MDT data in WSH-3 and RISC has taken this for the 
deep estimate for the OWC. The shallow estimate was derived from the depth of an RFT oil sample at 
1407.4 m TVD SS in WSH-1. 

Oil has not been sampled from the N1u sand and there is no MDT/RFT data at this interval either. 
However, the sands are in close vertical proximity to each other and RISC believes it is reasonable to 
assume the same contacts for the N1u as for the N1. 

There is no evidence of an OWC in the N2.6 sand from the MDT in WSH-3. GCA has previously suggested a 
range of OWC for the N2.6 from logs run in WSH-1 as shown in Figure 4-13. RISC notes that these contacts 
are (effectively) at or below the top of the sand in WSH-3 (the top of the N2.6 in WSH-3 is at 1498 m TVD 
SS). RISC also notes that the water pressures in the N2.6 are consistent with the water pressures in the N1 
sand, indicating a common aquifer system. Logs from WSH-3 indicate oil at low saturations in the N2.6 
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sand (Figure 4-13).  The observed pressure depletion in the N1 sand and reported production from the 
N2.6 sand at Seahorse suggest that the N2.6 sand has been swept by the aquifer (in production time) and 
this would account for the low saturations and that the deeper contacts are now invalid due to aquifer 
movement since WSH-1 was drilled.  Accordingly RISC is using a single OWC for the N2.6 sand at 1498.0 m 
TVD SS with a +/- 0.5 metre spread to allow for depth measurement errors. 

 
Figure 4-13   Log panel showing N2.6 OWC as interpreted by GCA (after figure 1.24 by GCA) 

4.6. PVT 

With similar pressure regimes and depths of the reservoirs RISC think it is reasonable to utilise a single set 
of PVT properties for the N1u, N1 and N2.6 sands (Table 4-3). Samples and analyses are mainly confined to 
the N1 sand. 

 
Table 4-3   West Seahorse Oil FVF and GOR 

Formation volume factors were measured in lab analyses except for the FVF corresponding to a solution 
GOR of 180 scf/stb.  This was estimated from a correlation which had been tuned to the other laboratory 
measured Bo values. The FVF has a relatively small range and corresponds to a variation in the OOIP of 
~3.5%. 

Oil in West Seahorse is a light crude with an API gravity of circa 48 degrees API.  In situ oil viscosities are in 
the range of 0.5 – 0.6 cP.   Gippsland Basin oils generally have only minor flow assurance issues and these 
are typically confined to waxing in the crude due to low seabed temperatures when wells or pipelines are 
shut in for extended periods.  Pipelines are typically insulated and this overcomes most waxing issues. 

The main PVT issues in West Seahorse are associated with the possible presence of H2S and the GOR of the 
oil. 

H2S 

H2S was measured at 200 ppm during testing of the N1 sand at WSH-1 and at 300 ppm during testing of the 
same sand at Seahorse 1, but its presence remains unclear. H2S was not measured in the laboratory on any 
samples from DSTs/MDTs or production samples from Seahorse 1 during some 20 years of production 
(advice from 3DO).  The non-measurement in the laboratory could be put down to adsorption of the H2S 
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Formation Volume Factor rb/stb 1.18 1.16 1.14
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Figure 5-1   Top N1u Depth map with resource areas/field limits 

 

 
Figure 5-2   Top N1 depth map and resource areas/field limits 
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Figure 5-3   Top N2.6 Depth map and resource areas/field limits 

Gurnard Formation 

Hydrocarbons are present in the Gurnard Formation in West Seahorse-1, West Seahorse-3 and Wardie-1.  
However, oil is unproven in West Seahorse as no samples or tests have been performed. Oil was sampled 
but not tested in Wardie-1. In the main field, we have defined a P10 areal limit to the Gurnard at the base 
of the column in Wardie-1, at 1400m TVDss (Table 4-2, Figure 5-4).  The West Seahorse-2 well lies within 
this area, although close to the margin. Possible hydrocarbons seen in this well are consistent with our 
approach. Our P90 limit for the main field is the base of the hydrocarbon column in West Seahorse-1 and -
3, at 1386.2m TVDss. 

The separate NE segment is treated as a prospective resource.  Given that the P10 level defined for the 
main field fully encompasses the NE structure, this is used as the P10 limit for the NE structure. The P90 
area is defined as a small crestal area at 1380m TVDss, given that degree of fill is not known. 

Reservoir Distribution P90, m TVDss P50/ML, m TVDss P10, m TVDss 

Gurnard, main field log normal 1386.2 not specifically 
defined 

1400 

Gurnard, NE 
segment 

log normal 1380 not specifically 
defined 

1400 

Table 5-3   West Seahorse Gurnard fluid contacts 
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Figure 5-4   Top Gurnard Depth map with resource areas/field limits 

Both the main West Seahorse field and the NE exploration segment are cut by the south eastern VIC/P57 
permit boundary. We have calculated both total and on-block resource volumes; a summary of gross rock 
volumes is given in Table 5-4. 

Reservoir Case Total On-block 

Main field, 
km2-m 

NE segment,  
km2-m 

Main field,  
km2-m 

NE segment, 
km2-m 

Gurnard P90 4.57 0.31 3.95 0.02 

P50 10.1 1.35 8.42 0.255 

P10 22.8 6.24 17.9 3.25 

N1u P90 4.70 0.18 4.01 0.14 

P50 5.33 0.39 4.51 0.30 

P10 6.00 0.72 5.03 0.52 

N1 P90 1.93 0.04 1.86 0.03 

P50 2.60 0.08 2.49 0.06 

P10  3.40 0.14 3.23 0.10 

N2.6 P90 2.10 0.84 2.10 0.77 

P50 2.65 1.21 2.65 1.11 

P10  3.23 1.61 3.23 1.48 
Table 5-4   West Seahorse gross rock volumes 
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Both the main West Seahorse field and the NE exploration segment are cut by the south eastern VIC/P57 
permit boundary. We have calculated both total and on-block resource volumes; a summary of gross rock 
volumes is given in Table 5-4. 

Reservoir Case Total On-block 

Main field, 
km2-m 

NE segment,  
km2-m 

Main field,  
km2-m 

NE segment, 
km2-m 

Gurnard P90 4.57 0.31 3.95 0.02 

P50 10.1 1.35 8.42 0.255 

P10 22.8 6.24 17.9 3.25 

N1u P90 4.70 0.18 4.01 0.14 

P50 5.33 0.39 4.51 0.30 

P10 6.00 0.72 5.03 0.52 

N1 P90 1.93 0.04 1.86 0.03 

P50 2.60 0.08 2.49 0.06 

P10  3.40 0.14 3.23 0.10 

N2.6 P90 2.10 0.84 2.10 0.77 

P50 2.65 1.21 2.65 1.11 

P10  3.23 1.61 3.23 1.48 
Table 5-4   West Seahorse gross rock volumes 
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6. W E S T  S E A H O R S E  R E S O U R C E  A R E A S  A N D  C L A S S I F I C A T I O N  
6.1. INTRODUCTION 

RISC classifies the hydrocarbon volumes within the main area of the West Seahorse Field and the main 
reservoirs (N1u, N1 and N2.6) as contingent resources, while the Gurnard will remain a prospective 
resource until tested. The north-eastern segment of the West Seahorse structure is considered to be near 
field exploration and thus is also classified as a prospective resource (Figure 6-1). Additional prospective 
resources are present in the Sea Lion and Felix prospects. The contingent resources in West Seahorse can 
be booked as reserves once a development plan is approved by the permit owners and a production 
licence is granted by the government. 

The West Seahorse structure is limited to the north by a WNW-ESE down-to-the-north fold and fault trend.  
The drilled structure is nevertheless essentially a four way dip closure.  The closure to the northeast has a 
different nature, against a down-to-the south throw, in opposition to the fault to the west. Continuity of 
faulting is therefore not likely.  However, the structural distinction of this ‘NE segment’ is such that we 
consider this undrilled area to be classified as near-field exploration.  This position is strongly supported by 
the free water level for N1u/N1 at 1408.4 being essentially coincident with the spill into the NE area, rather 
than being full-to-spill.  This suggests that the bounding fault to the NE segment may even be the reason 
for West Seahorse to be limited as it is; in other words that this fault is a breach point for the structure. 
This is not the case for the N2.6 sand, for which the free water level appears to be deeper than the spill 
point between the main field and the NE segment, but the structural differences remain (Section 4.2), and 
we have maintained the overall exploration status of this area.  The Gurnard is less well understood, 
although the base of the apparent (unsampled) oil column in West Seahorse-1 and -3 is once again close to 
the spill point between the main and NE areas.  The considerable uncertainties confirm that this NE area 
should be treated as exploration.  

 

 
Figure 6-1   West Seahorse field structure showing contingent and prospective resource areas 
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Figure 8-1   Ambient Permeability - Porosity Cross plot from core data 

A review of N2.6 mobilities from MDT data in WSH-3 shows a single point with a mobility of 3834 mD/cP 
and two others around 2000 – 2200 mD/cP.  A mobility of 3834 mD/cP corresponds to a permeability of 
1900 – 2300 mD assuming mud filtrate viscosities of 0.5 – 0.6 cP. 

RISC has been advised of simulated history matches to the Seahorse field carried out on behalf of another 
operator.  3DO state that this history match provides support for a high end permeability estimate in the 
N2.6 sand of 3000 mD.  RISC does not agree with this view for the following reasons: 

 There is no bottom hole pressure in the simulation match; 
 No gas lift rates were available; 
 The simulation match relies on flow correlations to estimate WHFP and BHP which are inherently 

uncertain without data correlation points; 
 Maximum flow rate from the Seahorse field is circa 8000 bfpd. 

Previous work by RISC reviewing flow correlations suggests that errors in the range of +/- 20% can be 
expected for a number of publically available correlations. (Beggs and Brill (1973), Payne et al (1979), 
Griffith et al (1973)).  We note that the simulation work used a different correlation (Hagerdon and Brown) 
but we would expect a similar error range. 

RISCs opinion is that while 3000 mD may have provided a history match to the Seahorse field the history 
match is (effectively) unconstrained and that using a permeability of 3000mD for the High (or P10) case is 
overly optimistic and does not agree with other data. 

RISC acknowledges that simulation of West Seahorse shows an initial fluid (oil) rate of 20,000 bfpd is 
achievable from 2 wells with an N2.6 permeability of 2000 mD.  This is higher than RISCs P10 initial rate of 
15,000 bfpd.  In RISCs opinion the 15,000 bfpd initial rate is appropriate for a valuation scenario given 
uncertainties in: 
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 Actual reservoir permeability at both new drill locations; 
 Distribution of permeability throughout the reservoir; 
 Well completion practices; 
 Bottom hole flowing pressures; 
 Actual flow rates from the Seahorse field. 

RISC suggests that given all of these uncertainties an initial flow rate of 20,000 bfpd represents an outcome 
that is significantly less probable than appropriate for a P10 case. 

In RISC’s view, the data indicate that 2000 mD is a better value for the high estimate of (average) 
permeability in the N2.6 which is a reduction to 2/3 of the 3DO value.  We have reduced the low and best 
estimates by the same ratio. 

RISC also notes that GCA has suggested changes to the N1u and N1 permeability estimates used by 3DO 
and RISC concurs with these changes.  It is important to note that the best estimate of permeability for the 
N1 sand is now in agreement with the recent re-interpretation of the DST over this sand in WSH-1. 

The initial inflow of the proposed WSH-3 ST1 well has been simulated by 3DO/GCA. RISC has reduced these 
initial rates in line with the KH reduction estimated by RISC. The resulting initial rates are shown in Table 
8-2. 

Well Inflow Performance 

Initial Oil Rate (bopd) Low Best  High 

GCA Report 8200 9600 10200 

RISC Revision 6000 7100 7500 

Note: Initial Oil rate = Initial Fluid rate  

Table 8-2   Inflow Performance for proposed ST of WSH-3 

8.3. PRODUCTION FORECAST METHODOLOGY 

RISC has reviewed various production forecasts prepared by 3DO for internal purposes and from a previous 
review by GCA, which were derived from a simulation model of the West Seahorse field. RISC has not had 
access to this model but notes that the forecasts are characteristic of a thin column oil field being produced 
with a strong water drive; notably a rapid decline in oil rate with a corresponding increase in water rate 
and near constant total fluid rates. RISC has used these simulated forecasts to create type curves of oil 
production rate versus cumulative oil (as a fraction of OOIP) as shown in Figure 8-2. 
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The simulated oil recovery factors (55% to 70%) are high by generally accepted world standards but are 
normal for the Gippsland Basin.  The high recovery factors are due to the favourable light oil properties, 
good reservoir quality and effective aquifer sweep of the small structure, although significant water is 
produced and the late-life oil rates are correspondingly low. 

The type curves can be compared to oil rate verses cumulative oil plots derived from GCA (Figure 8-3).  The 
main difference is that RISC has a smaller separation of the mid and high type curves compared to the GCA 
2C and 3C rate-cumulative oil curves.  This difference occurs because RISC has used a lower OOIP to 
generate the high type curve than GCA used to generate their 3C curve. RISC reduced the OOIP by the 
volume of oil in the NE area of the N1u reservoir (circa 2.3 MMstb on GCA mapping) as we were advised by 
3DO that this oil volume was not being drained.  This fitted with our observation that if the OOIP 
nominated by GCA was used to generate the high type curve, it yielded: 

 A lower percentage recovery than the mid type curve (over an equivalent time period); 
 A similar recovery (71% vs 69%) to the mid type curve when run to abandonment. 

 
Figure 8-3   Oil Rate vs Cumulative Oil Plot as per GCA Forecast 

8.4. DEVELOPMENT SCENARIOS 

Once the type curves were generated they were used to generate production forecasts for West Seahorse 
Main, for the following development cases. 
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1 Subsea well (s) with gas lift and flow of all fluids to shore to a new build processing plant 

2a Dry trees with gas lift on a MOPU with oil/water separation and oil/gas sent to shore to existing processing plant 

2b Dry trees with ESPs on a MOPU with oil /water separation and oil/gas sent to shore to existing processing plant 

3a Dry trees with gas lift on a MOPU with oil/water separation and an FSO with oil export by shuttle tanker; gas flared or 
used for fuel 

3b Dry trees with ESPs on a MOPU with oil/water separation and an FSO with oil export by shuttle tanker; gas flared or 
used for fuel 

Note: Cases 2a - 3b assume water disposed of overboard after treatment 
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scope of work excluded detailed flow performance modelling of the wells and gathering systems but we 
have allowed for the additional initial rate that could be expected in the MOPU case by reducing the 
downtime.  Initial rates and their impact on recovery are discussed in section 8.7. 

RISC has applied a nominal 1000 bfpd (barrels of fluid per day) increase in initial oil rate for the ESP 
completed cases. 

 

 
Figure 8-4   West Seahorse Main Production Forecast for single gas lifted well flowing to shore 
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Figure 8-5   West Seahorse Main Production Forecast for single gas lifted well on a MOPU 

 
Figure 8-6   West Seahorse Main Production Forecast for single ESP well on a MOPU 
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Figure 8-7   West Seahorse forecast - Two wells in Main pool 

 

 
Figure 8-8   West Seahorse forecast - Two wells; 1 in main pool, 1 in NE pool 
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8.6. GAS LIFTED WELLS VS ESP WELLS 

RISC has reviewed low and mid cases forecasts provided by 3D Oil that compare gas lifted and ESP 
completed wells (Figure 8-10).  The forecasts are for two concurrent wells and assume production to a 
MOPU or similar rather than subsea completions – they are labeled as having a FWHP of 150 psi. The 
forecasts assume the same total fluid rates and have very similar rate profiles. There is zero downtime in 
these forecasts. 

These cases show negligible difference in ultimate recoveries between the two well completion strategies, 
although initial oil rates for the ESP completed wells are circa. 900 bopd higher than for the gas lifted wells 
in the low case. 

 
Figure 8-10   Comparison of Oil Rates for 3DO Low Case - Gas Lift vs ESP (after 3D Oil) 

These forecasts do not provide enough discrimination to justify ESPs over gas lifted wells or vice versa.  
RISC expects ESP completed wells to have higher downtime than gas lifted wells but the final decision also 
requires an understanding of capital and operating cost differences. 

8.7. INITIAL OIL RATE AND POTENTIAL IMPACT ON VALUATION 

Initial oil rates can often have a significant impact on value due to acceleration of income. As initial oil rates 
can be affected by different development options and reservoir characteristics, it is important to 
understand the impact of these on West Seahorse. 

The MOPU development requires a lower WHP than a subsea completion (~150 vs 400psi) and this can 
cause a higher initial production rate. GCA and 3DO both carry higher permeabilities than RISC, which again 
can cause higher initial production rates. 

However, RISC believes that for West Seahorse, initial oil rates are less important than oil production in the 
first 1-2 years, as the production decline rate is so rapid. 

Table 8-7 shows the initial production rates and cumulative oil production for three cases; RISC high case (2 
concurrent wells, MOPU and 5% downtime), GCA mid case (zero downtime) and 3DO mid case (no down 
time). The biggest contrast in initial rates a 15% between the 3DO and RISC cases, but there is effectively 
no difference in cumulative production after one year once the downtime assumptions have been 
equalised. 
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Figure 9-1   Subsea to shore development option 

The cost of this development option is summarised in Table 9-1. 

 Cost US$ MM 

Well costs 20.6 

Subsea completion and control costs 14 

Subsea Pipelines, umbilical and shore crossing costs 39.3 

Onshore Pipeline cost 16.1 

Dutson Downs Crude Stabilisation plant 30.0 

Abandonment 10.8 

Total CAPEX 130.8 

Annual Fixed OPEX 7.0 

Variable OPEX $5/bbl 
Table 9-1   Subsea Tieback development costs 

The annual fixed Opex is summarised in Table 9-2. 

 Cost US$ MM/p.a. 

Well operating costs  2.0 

Subsea completion and control operating costs 0.5 (3% of Capex) 

Subsea Pipeline operating costs 0.3 (1% of Capex) 

Onshore Pipeline operating cost 0.2 (1% of Capex) 

Dutson Downs Crude Stabilisation plant operating costs 3.0 (10% of Capex) 

G&A operating costs 1.0 

Total OPEX 7.0 
Table 9-2   Fixed OPEX breakdown 
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9.3.2. Phased two well  development with dif ferent  development concepts  

All scenarios assume a well targeting the 'N' reservoirs in West Seahorse Main, followed a year later by a 
well targeting the 'N' reservoirs in West Seahorse NE, and assume mid case OIP. 

9.3.2.1. Subsea Development  

For the subsea development option, the West Seahorse Main development and costs are as in section 
9.3.1. A second well in West Seahorse NE adds capital costs of approximately $24 million ($22mm drilling 
and $2mm subsea infrastructure) and operating costs of $1 million p.a. 

The option of processing of the oil at Longford Crude plant by Esso was also evaluated, with an assumed 
screening processing tariff of US$15/bbl. This does not appear to be an attractive option as the additional 
Opex of the processing tariff reduces the value of the project relative to investing in a new processing 
plant. This option is also considered to carry considerable uncertainty as to the commercial arrangements 
Esso would demand. 

9.3.2.2. MOPU Development  

This option assumes the two wells are drilled from a MOPU and processed oil piped to a truck loading 
facility onshore. The facility is assumed to be a converted jackup drilling rig which has the processing 
equipment to separate oil, water and gas and can be leased for US$85,000/day with low upfront capital 
costs. The water would be discharged into the ocean while the gas would be used for fuel and the lift gas 
flared. The oil would be piped to shore through a 14km * 4" flexible carbon steel pipe. This smaller pipe 
size is appropriate because the well fluids are processed offshore. Onshore, a pipeline will be required to 
transport the oil to a storage and truck loading facility at Dutson Downs. This concept is shown 
schematically in Figure 9-2. 

 

 
Figure 9-2   MOPU to shore development option 

A summary of development costs for this option are shown in Table 9-3. 
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10. E X P L O R A T I O N  
10.1. INTRODUCTION 

3DO carry two exploration prospects within VIC /P57; Sea Lion and Felix, as shown on the location map in 
Figure 10-1 and on the regional seismic line in Figure 10-2.  Both prospects are located on the southern 
boundary of the Rosedale Fault and on trend with the oil discoveries of West Seahorse, Seahorse, Wirrah, 
West Moonfish and Moonfish.  

 
 

Figure 10-1   Location of exploration prospects in VIC/P57 

Figure 
10-2   Regional seismic line over exploration prospects 

Sea Lion targets the Upper Latrobe group reservoirs, similar to the West Seahorse as show in Figure 10-3. 
These reservoirs are not in closure at Felix, which targets deeper reservoirs within the Latrobe Group. 
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Figure 10-3   Stratigraphic column (after ESSO) 

10.2. SEA LION 

3D Oil view the Sea Lion prospect to have stacked potential, with reservoirs of N. asperus age; Gurnard, N1, 
N2.2, N2.3, N2.6 and P1.  Sea Lion located along strike for the West Seahorse discovery which encountered 
oil in the Gurnard, N1 and N2.6 reservoirs. A structural correlation between West Seahorse and Sea Lion is 
shown in Figure 10-4. 

 
Figure 10-4   Structural correlation of West Seahorse to Sea Lion 

Sea Lion is a robust structure at all levels, as shown in Figure 10-5. The Top Of Latrobe (TOL), marks the top 
of the Gurnard Formation. The seismic data defines the events quite clearly and we can be confident that a 
structure is present, although there will be some uncertainty in its extent. 
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Figure 10-5   Sea Lion structural mapping 

The Gurnard section is a transgressive unit which was deposited across the greater VIC/P57 area. In 
basinward positions such as West Seahorse, the unit is present as a glauconitic greensand, while in 
proximal positions (towards the west) it is a sand prone shoreface sand facies as seen in Wasabi-1, 
Amberjack-1 & Snook-1. The glauconite reduces effective porosity, which is the reason why oil saturations 
at West Seahorse are low. 3DOil have interpreted the sand prone facies to be present over Sea Lion based 
on seismic stratigraphy and regional paleogeography, which is supported by well data. RISC supports this 
overall model.  The other sands of the N. asperus are generally well developed and can be expected to be 
present in Sea Lion. The exception is the Upper N1 reservoir, which has a low net to gross at West 
Seahorse, due to the presence of coals. 

The main risks for Sea Lion are associated with seal and degree of fill.  Effective seal can be expected for 
the Gurnard, N1 and N2.6 reservoirs, but not for the N2.2, N2.3 and P1, based on the oil legs seen in the 
West Seahorse field. The N2.6 reservoir at West Seahorse was not full to spill, either due to limited charge 
or flushing of the reservoir, and this could occur at Sea Lion. RISC has therefore assessed the Sea Lion 
prospect at three levels - the Gurnard, N1 and N2.6. 

RISC have assessed exploration risk using a standardised approach which takes into account a level of 
confidence based on data availability and is calibrated by many  global exploration assessments with the 
results given in Table 10-1.  This methodology is based on the work by Otis and Schneiderman in 1997 
which still underpins many of the current exploration risk assessment methodologies. The risks are slightly 
different between the Gurnard and N1/N2.6 reservoirs. The Gurnard has a higher reservoir risk; associated 
with the validity of the depositional model, but it carries less seal risk; as it is overlain by a regional 
transgression with deposition the Lakes Entrance Formation. The degree of fill uncertainty is carried within 
the volumetric calculations. 
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Figure 10-6   Structural correlation from Wirrah to Moonfish 

3DO demonstrated that the majority of the resource is at the 'sub-volcanics' level, and RISC has only 
assessed this.  Figure 10-7 shows 3DO's mapping of Felix at sub-volcanics level, which shows it as a low 
relief structure with an areal closure of some 4.5km2. With such a subtle structure there will be a high 
degree of uncertainty, but it would be unlikely to extend past the high side contour shown. While there has 
been production from the sub-volcanics reservoir in the nearby Moonfish Field, the recently drilled wells of 
North Wirrah-1 and West Moonfish have encountered substantial relic oil columns (30m and 17m 
respectively) in addition to live oil, and this demonstrates the potential for flushing of the reservoir. Gas 
has also been encountered in nearby fields, so there is a phase risk. 

 
Figure 10-7   3DOIl Felix Sub-volcanic level mapping 

RISC have independently carried out volumetric estimates, but based on information supplied by 3DO, and 
these are summarised in Table 10-4. RISC is considerably more conservative than 3DO for two reasons: 

 RISCs GRV estimates are approximately 25% of that carried by 3DO; 
 RISC has assumed a range of fill factors. This is due to the large residual columns seen in the recent 

wells; 
 RISC also notes that the prospect may extend into VIC/L18. 
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