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19th April, 2012

The Directors,
Rockhopper Exploration PLC
Hilltop Park
Devizes Road
Salisbury
Wiltshire
SP3 4UF
Dear Sirs,
COMPETENT PERSON’S REPORT
ON CERTAIN PETROLEUM ASSETS IN THE FALKLAND ISLANDS
INTRODUCTION
In accordance with the instruction letter of Rockhopper Exploration Plc (“Rockhopper”,
“RKH” or “the Company”), dated 30th November, 2011 Gaffney, Cline & Associates Ltd
("GCA") has assessed the petroleum interests owned by RKH in the Falkland Islands,
South Atlantic (Figure 0.1). These assets include the Sea Lion Main Complex discovery,
further discoveries and exploration prospects. The Effective Date of the evaluation is
31st March, 2012. As agreed with the Company, the contents of this report are limited to
the acreage operated by it.
RKH is listed on the AIM Market of the London Stock Exchange. GCA understands that
RKH intends to publish this Competent Person’s Report (“CPR”), which has been
prepared by GCA at the request of the Company on conclusion of the appraisal
programme and conceptual development planning of the Sea Lion Main Complex oil field.
GCA accepts responsibility for the CPR insofar as it is based on data provided by RKH,
which GCA has relied on the accuracy and completeness thereof, and confirms that, to
the best of its knowledge and belief having taken all reasonable care to ensure that such
is the case, the information contained in the CPR is in accordance with the facts and
contains no omission likely to affect its import.
GCA served as independent evaluator in the conduct of the analyses described and in
the determination of the professional opinions expressed herein. GCA is an independent
energy consultancy specialising in petroleum asset evaluation and economic analysis. In
the preparation of this report, GCA has maintained, and continues to maintain, a strict
consultant-client relationship with RKH. The management and staff of GCA have been,
and continue to be, independent of RKH in the services they provide to the company
including the provision of the opinion expressed in this assessment. Furthermore, the
management and staff of GCA have no interest in any assets or share capital of RKH or
in the promotion of the company.

Registered in England, number 1122740, at the above address
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FIGURE 0.1
LOCATION MAP FOR ASSETS
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RKH has made available to GCA a data set of technical information including geological,
geophysical, petrophysical and engineering data, analyses and reports, together with
financial data and other information pertaining to the fiscal and contractual terms
applicable to the assets. In carrying out this assessment GCA has relied on the accuracy
and completeness of this information.
The Resources reported herein are in accordance with the definitions of the Society of
Petroleum Engineers/World Petroleum Council/American Association of Petroleum
Geologists/Society of Petroleum Evaluation Engineers (SPE/WPC/AAPG/SPEE)
Petroleum Resources Management System document (“SPE PRMS”), approved in
March 2007 (see Appendix I for an abbreviated version).
Reserves are those quantities of petroleum that are anticipated to be commercially
recoverable by application of development projects to known accumulations from a given
date forward under defined conditions. Reserves must further satisfy four criteria: they
must be discovered, recoverable, commercial and remaining (as of the evaluation date)
based on the development project(s) applied. Reserves are further categorized as
Proved (1P), Proved plus Probable (2P) and Proved plus Probable plus Possible (3P) in
accordance with the level of certainty associated with the estimates and may be
sub-classified based on project maturity and/or characterized by development and
production status. All categories of Reserve volumes quoted herein have been
determined within the context of an economic limit test (pre-tax and exclusive of
accumulated depreciation amounts) assessment prior to any Net Present Value analysis.
Contingent Resources are those quantities of petroleum estimated, as of a given date, to
be potentially recoverable from known accumulations, but the applied project(s) are not
yet considered mature enough for commercial development due to one or more
contingencies. Contingent Resources may include, for example, projects for which there
are currently no evident viable markets, or where commercial recovery is dependent on
technology under development, or where evaluation of the accumulation is insufficient to
clearly assess commerciality. Contingent Resources are further categorized as 1C, 2C
and 3C in accordance with the level of certainty associated with the estimates and may
be sub-classified based on project maturity and/or characterized by their economic status.
Contingent Resource volumes are presented as unrisked. The stated 'Chance of
Development', a percentage which pertains to the probability of achieving the status of a
Reserve has not been applied to the volumes presented.
Prospective Resources are those quantities of petroleum that are estimated, as of a given
date, to be potentially recoverable from undiscovered accumulations by application of
future development projects. Prospective Resources have both an associated chance of
discovery and a chance of development. Prospective Resources are further categorized
as Low, Best and High estimates in accordance with the level of certainty associated with
recoverable estimates assuming their discovery and development and may be subclassified based on project maturity.
Prospective Resources include Prospects and Leads. Prospects are features that have
been sufficiently well defined, on the basis of geological and geophysical data, to the
point that they are considered drillable. Leads, on the other hand, are not sufficiently well
defined to be drillable, and need further work and/or data. In general, Leads are
significantly more risky than Prospects and therefore are not suitable for explicit
quantification.

3

BCR/sf/EE026600
Rockhopper Exploration

Prospective Resource volumes are presented as unrisked. The stated 'Geological
Chance of Success' (“GCoS”), a percentage which pertains to the probability of achieving
the status of a Contingent Resource (where the Geological Chance of Success is unity)
has not been applied to the volumes presented. This dimension of risk assessment does
not incorporate the considerations of economic uncertainty and commerciality.
The reported hydrocarbon volumes are estimates, based on professional judgment and
are subject to future revisions, upward or downward, as a result of future operations or as
additional information becomes available.
Oil volumes appearing in this report have been quoted at stock tank conditions. Typically
these volumes have been referred to in million barrel increments (MMBbl). Natural gas
volumes have been quoted in billions of standard cubic feet (Bscf) and are volumes of
sales gas.
Standard conditions are defined as 14.73 psia and 60° Fahrenheit.
Appendix II is a glossary of oilfield terms, some or all of which may be used in this report.
It should be clearly understood that the NPV of future revenue potential of a petroleum
property, such as those discussed in this report, does not represent a GCA opinion as to
the market value of that property, nor any interest in it. In assessing a likely market value,
it may be necessary to take into account a number of additional factors including:
Resources risk (i.e. that Resources may not be realized within the anticipated timeframe
for their exploitation); perceptions of economic and sovereign risk: potential upside, other
benefits, encumbrances or charges that may pertain to a particular interest and the
competitive state of the market at the time. GCA has explicitly not taken such factors into
account in deriving the NPVs presented herein. However, the NPVs quoted herein have
been adjusted to account for a factor pertaining to an estimated “Chance of Development”
GCA has not undertaken a site visit of the assets since the fields are not yet developed.
GCA confirms that, to the best of its knowledge, there has been no material change of
circumstances than stated herein.
This assessment has been conducted within the context of GCA’s understanding of the
effects of petroleum legislation, taxation, and other regulations that currently apply to
these properties and GCA’s best professional judgement, subject to the generally
recognised uncertainties associated with the interpretation of geoscience and engineering
data.
This report has been prepared for Rockhopper under the scope of work and terms and
conditions agreed in the GCA proposal for services and should not be used for purposes
other than those for which it is intended. Any third party receiving a copy of this report is
similarly bound by the terms and conditions imposed on Rockhopper.
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EXECUTIVE SUMMARY
RKH’s exploration and development assets are located offshore to the north of the
Falkland Islands (the “Falklands”) in water depth ranging from 140 m to 500 m at
distances of up to approximately 250 km from the Falklands.
The Company’s Licences are summarised in Table 0.1.
TABLE 0.1
LICENCE SUMMARY
Quadrant

Licence

14

PL003

14/15

PL004a

14

Working
Interest
%
7.5

Operator

Area
2
km

Start Date of
Current Phase

Expiry of Current
Phase

st

1 May, 2013

st

1 May, 2013

st

1 May, 2013

st

1 May, 2013
th
18 November,
2012
st
1 May, 2013

Desire

536

1 May 2006

7.5

Desire

620

1 May 2006

PL004b

60.0

RKH

103

1 May 2006

14

PL004c

25.0

Desire

81

25/26

PL023 and 024

100.0

RKH

2,100

14/15

PL032 and 033

100.0

RKH

1,680

1 May 2006
th
18 November,
2007
st
1 May, 2005

st
st
st

st

Notes:
1.
2.

3.

This CPR is limited to the acreage operated by RKH.
st
PL032 and 033 are expected to move into Phase 2 on 1 May, 2013. Each will require an
exploration well to be drilled on a prospect that differs from the one drilled in Phase 1. A 50%
relinquishment is due at that time.
All other Licences are in Phase 2.

GCA classifies RKH’s assets as both Contingent and Prospective Resources as at the
effective date of the evaluation. GCA’s estimates of 1C, 2C and 3C Contingent Oil
Resources are summarised in Table 0.2. Company’s Contingent Gas Resources are
summarised in Table 0.3. In preparing these estimates GCA has used a probabilistic
methodology. In-place volumes have first been estimated using Monte Carlo techniques
and these volumes have subsequently been assessed on a probabilistic basis for
potentially recoverable quantities.
GCA’s Low, Best and High estimates of Gross Prospective Resources and Net Company
Prospective Resources for Prospects are shown in Tables 0.4 and 0.5. GCA’s Best
estimates of Gross Prospective Resources and Net Company Prospective Resources for
Leads are shown in Table 0.6. The same probabilistic methodology as for Contingent
Resources was used to derive in-place volumes and potentially recoverable quantities.
It is inappropriate to aggregate Prospective Resources without due consideration of the
different levels of risk associated with each Prospect/Lead and the potential
dependencies between them. Similarly, it is inappropriate to sum Reserves with
Contingent Resources and Prospective Resources or Contingent Resources with
Prospective Resources. Each Class of Resources is therefore reported separately.
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TABLE 0.2
SUMMARY OF GROSS AND NET UNRISKED
OIL CONTINGENT RESOURCES
AS AT 31ST MARCH, 2012
Licence
Number

Fan Name

Gross Contingent Resources
(MMBbl)
1C

2C

3C

Mean

Working
Interest
(%)

Net Contingent Resources
(MMBbl)
1C

2C

3C

Mean

SL10

PL032

53.9

84.0

120.4

86.0

100

53.9

84.0

120.4

86.0

SL10

PL04b

15.5

24.0

33.8

24.5

60

9.3

14.4

20.3

14.7

SL20

PL032

128.3

203.7

297.9

209.1

100

128.3

203.7

297.9

209.1

SL20
Sea Lion
Total

PL04b

5.3

8.7

13.0

8.9

60

3.2

5.2

7.8

5.4

203.0

320.5

465.0

328.5

-

194.7

307.4

446.3

315.1

Casper

PL032

12.9

19.3

26.8

19.6

100

12.9

19.3

26.8

19.6

Casper
Casper
South
Casper
South

PL04b

1.1

1.8

2.6

1.8

60

0.7

1.1

1.6

1.1

PL032

1.2

2.4

4.1

2.5

100

1.2

2.4

4.1

2.5

PL04b

23.1

36.6

53.2

37.6

60

13.9

21.9

31.9

22.5

B15 East

PL032

0.5

0.7

1.0

0.7

100

0.5

0.7

1.0

0.7

SL05

PL04b

2.8

4.6

7.0

4.8

60

1.7

2.8

4.2

2.9

244.6

385.9

559.8

395.6

225.4

355.6

515.9

364.5

Total

-

Notes:
1.
2.
3.

4.

The meaningful Contingent Resource volume reported here is the 2C, or ‘Best Estimate’ value.
No economic limit cut off is applied for Contingent Resources.
The volumes reported here are “Unrisked” in the sense that “Chance of Development” values have
not been arithmetically applied to the designated volumes within this assessment. “Chance of
Development” represents an indicative estimate of the probability that the Contingent Resource will
be developed, which would warrant the reclassification of that volume as a Reserve.
No Unit Operating Agreement is in place between Licencees.
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TABLE 0.3
SUMMARY OF GROSS AND NET UNRISKED
GAS CONTINGENT RESOURCES
AS AT 31ST MARCH, 2012
Fan
Name

Licence
Name

Gross Contingent Resources
(Bscf)
1C

2C

3C

Mean

Working
Interest
(%)

Net Contingent Resources (Bscf)
1C

2C

3C

Mean

Casper

PL032

64.9

80.0

97.4

80.7

100

64.9

80.0

97.4

80.7

Casper
Casper
South
Casper
South

PL04b

9.3

12.7

16.6

12.8

60

5.6

7.6

9.9

7.7

18.0

34.0

53.7

35.0

100

18.0

34.0

53.7

35.0

121.0

161.3

210.0

163.6

60

72.6

96.8

126.0

98.1

Beverley

PL04b

130.8

165.3

204.3

166.7

60

78.5

99.2

122.6

100.0

Johnson

PL032

44.0

375.0

884.0

380.0

100

44.0

375.0

884.0

380.0

388.0

828.4

1,466.0

838.8

-

283.6

692.6

1,293.7

701.5

PL032
PL04b

Total
Notes:
1.
2.
3.

4.

5.

The meaningful Contingent Resource volume reported here is the 2C, or ‘Best Estimate’ value.
No economic limit cut off is applied for Contingent Resources.
The volumes reported here are “Unrisked” in the sense that “Chance of Development” values have
not been arithmetically applied to the designated volumes within this assessment. “Chance of
Development” represents an indicative estimate of the probability that the Contingent Resource will
be developed, which would warrant the reclassification of that volume as a Reserve.
The volumes shown for Johnson represent those only on the Rockhopper acreage. The structure
extends to the west and northwest onto other acreage, whereby the 3C number applicable to the
whole structure increases to some 4,650 Bscf in-place (3,273 Bscf of 3C Contingent Resources).
No Unit Operating Agreement is in place between Licencees.
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TABLE 0.4
SUMMARY OF GROSS UNRISKED PROSPECTIVE RESOURCES (PROSPECTS)
AS AT 31ST MARCH, 2012

Fan Name

Gross Unrisked Prospective Resources

Block
Name

(MMBbl)
Low

Best

GCoS
(%)

(Bscf)

High

Mean

Low

Best

High

Mean

SL30

PL032

8.5

13.0

18.6

13.3

-

-

-

-

22

Casper South

PL032

3.8

6.2

9.1

6.3

9.9

14.0

18.2

14.1

16

Casper South

PL04c

5.3

8.1

11.3

8.2

5.6

7.8

10.1

7.9

16

Beverley West

PL04b

7.7

12.8

19.6

13.3

-

-

-

-

34

Beverley

PL04c

3.3

5.4

8.2

5.6

16.1

23.8

31.8

23.9

24

B15 West

PL032

George Central

PL032

6.6
10.2

10.0
29.3

14.1
83.1

10.2
40.8

0.2
-

0.3
-

0.4
-

0.3
-

53
10

George South A

PL032

14.8

34.3

79.2

42.5

-

-

-

-

12

George South B

PL032

26.8

51.8

94.2

57.0

-

-

-

-

12

George North

PL032

7.4

17.7

39.7

21.4

-

-

-

-

8

Berkeley

PL032

11.3

28.6

65.5

34.7

-

-

-

-

11

S2

PL032

14.1

50.5

151.9

71.3

-

-

-

-

22

-

-

-

25

PL032

16.1

30.9

54.3

33.7

-

Chatham East

PL032

10.1

47.7

94.5

49.8

-

-

-

-

21

Chatham South

PL032/04b

4.2

25.5

55.3

27.8

-

-

-

-

28

Chatham

Notes:
1. Prospects are features that have been sufficiently well defined, on the basis of geological and geophysical data,
to the point that they are considered viable drilling targets.
2. “Gross Unrisked Prospective Resources” are 100% of the volumes estimated to be recoverable from the field.
3. The GCoS reported here represents an indicative estimate of the probability that drilling this Prospect would
result in a discovery, which would warrant the re-classification of that volume as a Contingent Resource. The
GCoS value for Contingent Resource is, by definition, unity. These GCoS values have not been arithmetically
applied to the designated volumes within this assessment. Thus the volumes are “Unrisked”.
4. It is inappropriate to aggregate Prospective Resources without due consideration of the different levels of risk
associated with each Prospect/Lead and the potential dependencies between them. Similarly, it is
inappropriate to aggregate Prospective Resources with Reserves or Contingent Resources.
5. Very small volumes (<<1Bscf) of gas were calculated in the Beverley West prospect in the PL04a Licence and
very small volumes of oil (<<1MMBbl) were calculated in the Beverley East prospect in the PL04b licence.
These volumes have been omitted from this table.
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TABLE 0.5
SUMMARY OF NET COMPANY UNRISKED PROSPECTIVE RESOURCES
(PROSPECTS) AS AT 31ST MARCH, 2012

Fan Name

Block
Name

Working
Interest
(%)

Net Unrisked Prospective Resources
(MMBbl)

GCoS
(%)

(Bscf)

Low

Best

High

Mean

Low

Best

High

Mean

SL30

PL032

100

8.5

13.0

18.6

13.3

-

-

-

-

22

Casper South

PL032

100

3.8

6.2

9.1

6.3

9.9

14.0

18.2

14.1

16

Casper South

PL04c

25

1.3

2.0

2.8

2.1

1.4

2.0

2.5

2.0

16

Beverley West

PL04b

60

4.6

7.7

11.7

8.0

-

-

-

-

34

Beverley

PL04c

25

0.8

1.4

2.1

1.4

4.0

6.0

7.9

6.0

24

B15 West

PL032
PL032

6.6
10.2

10.0
29.3

14.1
83.1

10.2
40.8

0.2
-

0.3
-

0.4
-

0.3

George Central

100
100

53
10

George South A

PL032

100

14.8

34.3

79.2

42.5

-

-

-

-

12

George South B

PL032

100

26.8

51.8

94.2

57.0

-

-

-

-

12

George North

PL032

100

7.4

17.7

39.7

21.4

-

-

-

-

8

Berkeley

PL032

100

11.3

28.6

65.5

34.7

-

-

-

-

11

-

-

-

22

PL032

100

14.1

50.5

151.9

71.3

-

Chatham

PL032

100

16.1

30.9

54.3

33.7

-

-

-

-

25

Chatham East

PL032

100

10.1

47.7

94.5

49.8

-

-

-

-

21

Chatham South

PL032/04b

100

4.2

25.5

55.3

27.8

-

-

-

-

28

S2

Notes:
1.
2.

3.

4.

Prospects are features that have been sufficiently well defined, on the basis of geological and
geophysical data, to the point that they are considered viable drilling targets.
The GCoS reported here represents an indicative estimate of the probability that drilling this
Prospect would result in a discovery, which would warrant the re-classification of that volume as a
Contingent Resource. The GCoS value for Contingent Resource is, by definition, unity. These
GCoS values have not been arithmetically applied to the designated volumes within this
assessment. Thus the volumes are “Unrisked”.
It is inappropriate to aggregate Prospective Resources without due consideration of the different
levels of risk associated with each Prospect/Lead and the potential dependencies between them.
Similarly, it is inappropriate to aggregate Prospective Resources with Reserves or Contingent
Resources.
Very small volumes (<<1Bscf) of gas were calculated in the Beverley West prospect in the PL04a
Licence and very small volumes of oil (<<1MMBbl) were calculated in the Beverley East prospect in
the PL04b licence. These volumes have been omitted from this table.
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TABLE 0.6
SUMMARY OF UNRISKED PROSPECTIVE RESOURCES (LEADS)
AS AT 31ST MARCH 2012

Lead

Jason
Tyssen
Sedge
Fox
Stephens
Walker
Meredith
Louis

Reservoir

Late
Cretaceous
Late
Cretaceous
Late
Cretaceous
Late
Cretaceous
Late
Cretaceous
Early
Cretaceous
Early
Cretaceous
/Jurassic?
Early
Cretaceous

Gross Unrisked
Prospective
Resources – Leads
Best Estimate

Company
Working
Interest
(%)

Net Company
Unrisked
Prospective
Resources – Leads
Best Estimate
Oil/Cond
Gas
(MMBbl)
(Bscf)

GCoS
(%)

Oil/Cond
(MMBbl)

Gas
(Bscf)

245.4

-

100

245.4

-

5

65.4

-

100

65.4

-

5

65.7

-

100

65.7

-

5

172.2

-

100

172.2

-

5

67.5

-

100

67.5

-

5

27.0

-

100

27.0

-

5

9.0

-

100

9.0

-

5

12.6

-

100

12.6

-

5

Notes:
1.

2.

3.

Leads are features that are not sufficiently well defined to be drillable, and need further work and/or
data. In general, Leads are significantly more risky than Prospects and therefore volumetric
estimates for Leads are only indicative of relative size.
The GCoS reported here represents an indicative estimate of the probability that drilling this Lead
would result in a discovery, which would warrant the re-classification of that volume as a Contingent
Resource. The GCoS value for Contingent Resource is, by definition, unity. These GCoS values
have not been arithmetically applied to the designated volumes within this assessment. Thus the
volumes are “Unrisked”.
It is inappropriate to aggregate Prospective Resources without due consideration of the different
levels of risk associated with each Prospect/Lead and the potential dependencies between them.
Similarly, it is inappropriate to aggregate Prospective Resources with Reserves or Contingent
Resources.

The SL10 and SL 20 volumes stated in Table 0.2 above collectively represent the Sea
Lion discovery. GCA’s estimated future production forecasts at the 1C, 2C and 3C level
for Sea Lion are graphically represented in Figure 0.2 below. This production forecast
represents GCA’s view based on its interpretation of the information available at the time
of reporting. Additionally, nearby adjacent discoveries are expected to contribute to the
production from the area when they are developed through the same production facilities
as Sea Lion. GCA has demonstrated graphically the production from these at the 2C
level in Figure 0.3.
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FIGURE 0.2
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FIGURE 0.3
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GCA has undertaken an economic analysis of Sea Lion and its adjacent discoveries.
This has been carried out using GCA’s own future price scenario for Brent crude adjusted
for Sea Lion quality and based on GCA’s view that first oil will be achieved at the start of
2016. The results of this analysis are presented in Tables 0.7 and 0.8 below. In
presenting these NPVs, GCA has taken account of its opinion on the Chance of
Development that the projects will progress and warrant re-classification as Reserves. At
this time GCA considers that the factors requiring confirmation prior to such
re-classification relate to finalising the reservoir understanding and the expected reservoir
performance, confirmation of the development concept through FEED and ultimately
project sanction. However, GCA considers that most of these factors are well advanced
and believes that a 90% factor is applicable.
The status of the adjacent discoveries is a little behind Sea Lion itself, but GCA still
considers a 75% factor as applicable. These factors have been applied to the NPVs
presented below.
Risked post-tax NPV’s for RKH’s net working interests in the Sea Lion (implied through
apportioning the in-place hydrocarbon volumes to each Block to be 95.9%) and adjacent
discoveries (74.3%) are shown in Tables 0.7 and 0.8 respectively. Rockhopper’s implied
interest in the total Sea Lion and adjacent discoveries is 92.3%
TABLE 0.7
ROCKHOPPER NET WORKING INTEREST (95.9%)
RISKED POST TAX NET PRESENT VALUES
AS AT 31ST MARCH, 2012
SEA LION DEVELOPMENT
NPV (US$ MM) Discounted at:

Resource
Category

15.0%

ROR
(%)

7.5%

10.0%

1C

2,221.8

1,471.2

916.3

502.7

19.5%

2C

4,931.0

3,512.1

2,497.7

1,757.2

28.2%

3C

8,558.2

6,239.7

4,611.5

3,434.6

37.3%

12.5%

TABLE 0.8
ROCKHOPPER NET WORKING INTEREST (74.3%)
RISKED POST TAX NET PRESENT VALUES
AS AT 31ST MARCH, 2012
ADJACENT SEA LION DISCOVERIES
NPV (US$ MM) Discounted at:

Resource
Category

7.5%

10.0%

12.5%

2C

926.0

614.6

408.5

12

15.0%
268.3

ROR
(%)
27.9%
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DISCUSSION
1.

BACKGROUND

The Falkland Islands comprise some 340 islands situated in the South Atlantic
approximately 450 km to the East of South America. The largest islands, East Falkland
and West Falkland, comprise the bulk of the 12,000 km2 of land. The Capital, Stanley, is
on the Eastern side of East Falkland Island.
Rockhopper was established in February, 2004 and floated on AIM in August, 2005. It
holds a 100% interest in four offshore Production Licences: PL023, PL024, PL032 and
PL033 which cover approximately 3,800 km2. Rockhopper has a 7.5% working interest in
Licences PL003 and PL004, which are operated by Desire Petroleum. Through a farm-in
process in 2011, Rockhopper increased its interest in Sub-Licence PL004b to 60% and
assumed operatorship and to 25% in Sub-Licence PL004c (in which Desire remains as
operator). These licences have been granted by the Falkland Islands Government.
Licences PL023 and 024 are in water depths of less than 200m and are close to the north
coast of the Falklands. The Company has completed two separate 2D seismic surveys
and a 3D survey was completed in 2011, the results of which are currently being
incorporated in the analysis of the area. Four Controlled Source Electronic Mapping lines
(CESM) have been acquired and the Ernest prospect was drilled in 2010 without success.
Licences PL032 and 033 were previously licenced to Shell and are located some 200 to
250 km north of the Falklands in water depths of up to 500 m. Shell drilled two wells on
the Licences resulting in one gas discovery and one well with oil shows. RKH completed
a 3D seismic survey in 2006, which together with existing 2D seismic revealed different
play concepts and which resulted in the Sea Lion discovery well (14/10-2) being drilled in
2010. A further eight wells have subsequently been drilled to appraise the Sea Lion
discovery with the drilling campaign completing in early 2012. The reservoir is a series of
clean Cretaceous aged clastic fans sourced from nearby highs. These fans overlap one
another and the wells drilled have resulted in discovering hydrocarbons in other fans
which have been named Casper, Casper South and Beverley. A further 3D seismic
survey was acquired in 2011 and is currently being included in the understanding of the
area.
Static and dynamic modelling and conceptual development design and engineering
studies are in progress with the aim of developing the discoveries and achieving first oil in
2015. Additionally, the Company has a portfolio of exploration Prospects and Leads
across its acreage.
2.

NORTH FALKLANDS BASIN - GEOLOGICAL SETTING

The North Falklands basin developed under an approximately east-west extensional
stress regime associated with opening of the South Atlantic. The generalised structural
configuration of the portion of the eastern margin containing the Sea Lion accumulation is
shown in Figure 2.1 and comprises several major tectonic elements.
a)

An en-echelon, downthrown to the west bounding fault array evolved through
eastward back-stepping of normal fault segments during progressive, southward
opening of the basin and contiguous propagation of the basin-margin fracture
zone. The exception is the fault element located to the south of the SL20 and
SL10 flexure, which is offset in a basinwards direction. It is possible that this
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b)

c)

geometry reflects the existence of a lateral transfer zone which cannot be defined
on seismic.
Relay zones link en-echelon faults and generally dip south-westwards of
westwards. These appear to be genetically associated with anticlinal flexures
superimposed on the upper slope of the basin. Axes are oriented approximately
east-west and flexures are vertically offset across radial fault systems which
accommodated extension across the structures.
An intrabasinal high (Figure 2.2) partially isolates a narrow sub-basin with a
southerly axial slope from the greater part of the asymmetrical North Falklands
graben to the west. The high appears to be offset by a northwest trending fault
system throwing to the southeast. A resultant saddle divides the high into
northern and southern segments, the former of which is partly bounded by northtrending extensional faults evidencing minor and localised inversion.

Figure 2.3 superimposes seismically-defined fan complexes on the generalised structural
configuration. With the notable exception of Casper, feeder systems are positioned within
the relay zones and, as exemplified by the SL10 and SL20 systems, are confined within
the hanging walls of radial faults. In contrast, the Casper feeder potentially formed a
downcurrent extension of canyon systems which dissected the shelf region located
between the main bounding faults and the basement pinch-out edge to the east. Given
this difference and the lack of an oil accumulation in 14/10-8, it is plausible that relay
zones acted as sediment bypass zones, whereas back-filling of shelf edge canyons
created up-dip migration pathways.
As defined by seismic, fans young from north to south, with this according with the
interpreted propagation of bounding-fault segments in that direction. However, this
simplistic model does not accord with a late-rift, or early post-rift setting for Sea Lion,
since the major fracture zones would have been defined during the initial phase of basin
extension. Accordingly, it is possible that the apparent syn-tectonic association of fans
and faults results from late, and progressive, reactivation under what may have been a
re-oriented stress regime, with this having resulted in localised compression and the
development of flexure zones. This does not preclude coeval growth on adjacent fans
during evolution of the basin, with the coexistence of decaying and juvenile fans being
particularly likely in the cases of the SL20 and SL10.
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FIGURE 2.1
BASIN CONFIGURATION AND CONTROLS ON SEDIMENTATION

Modified from Reservoir Associates International 2011
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FIGURE 2.2
EAST-TO-WEST SEISMIC LINE ILLUSTRATING THE MAJOR STRUCTURAL
CONFIGURATION OF THE EASTERN PART OF THE NORTH FALKLANDS BASIN IN
THE SEA LION AREA
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FIGURE 2.3
GENERALISED STRUCTURAL CONFIGURATION WITH FAN COMPLEXES
SUPERIMPOSED
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3.

EXPLORATION HISTORY

During 1977-1978 two speculative regional seismic surveys were shot by Western
Geophysical and GSI, comprising some 21,652 km of 2D data (Figure 3.1). In 1993 and
1994 Geco-Prakla and Spectrum acquired regional reconnaissance speculative seismic
data over the south and north of the Islands, respectively, with a combined total of
15,558 km (Figure 3.1). In 1995, Spectrum acquired infill speculative seismic data over
their original reconnaissance grid to the north of the Islands; this infill survey comprises
3,650 km of data. Spectrum acquired more infill data in 1997 over the now rescinded
Argentinean Special Co-operation Area. This data infilled the Geco-Prakla seismic grid
acquired in 1993 and was reprocessed by Spectrum in 2000.
FIGURE 3.1
SEISMIC DATA ACQUIRED DURING 1977-1978 AND 1993-1994

In 1996, 7 Production Licences (PL001 to PL007) were awarded (to 14 companies) in the
North Falkland Basin as a result of a competitive bidding round (Figure 3.2). The licences
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2

covered 48 blocks (some 12,800 km ). From 1999 there were several phases of
relinquishment and operator changes to original licence area in North Falkland Basin.
FIGURE 3.2
LOCATION OF ORIGINAL COMPETITIVE ROUND LICENCES ISSUED IN 1996

Six wells (Table 3.1) were drilled in the North Falkland Basin in 1998 with the following
results (Falkland Islands Department of Mineral Resources):
TABLE 3.1
NORTH FALKLAND BASIN 1998 DRILLING RESULTS
Well
14/9-1
14/13-1
14/5-1a
14/24-1
14/9-2
14/10-1

Result
Oil shows
Dry hole
Gas discovery
Oil shows
Oil shows
Oil recovered at surface

19

Company
Amerada Hess
Lasmo
Shell
Lundin
Amerada Hess
Shell
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A post-mortem analysis of all six wells revealed that they all targeted the same play
concept, i.e. Lower Cretaceous Aptian sandstone. The wells proved a working
hydrocarbon system, but the traps that were tested were under-charged and relied upon
vertical migration from a low velocity zone identified on seismic data.
In 2001, Lundin Oil acquired 1,250 km of seismic data over the unlicensed area
immediately north of Tranches A and B in the North Falkland Basin in lieu of a well in
Tranche F.
In November, 2004, two new licences covering 16 blocks in the southernmost part of the
North Falkland Basin were awarded to Rockhopper Exploration. In April, 2005, two new
licences covering six Blocks in the northern part of the North Falkland Basin were
awarded to Rockhopper Exploration. These six Blocks were previously licensed to Shell
and Agip.
In August, 2008, a new licence covering 2.25 blocks in the southern part of the North
Falkland Basin was awarded to Desire Petroleum in association with Arcadia Petroleum.
Rockhopper’s Sea Lion discovery well, 14/10-2, and the appraisal campaign that
followed, is documented in Section 4.1.
Rockhopper’s exploration studies revealed a new play concept built around high quality
3D seismic data which, when drilled, resulted in the Sea Lion discovery well, 14/10-2.
This exciting discovery and its impact on the potential future for the oil industry in the
Falklands is discussed further in the following sections of this report.
4.

SEA LION

4.1

History

Seismic Campaigns
Rockhopper has a large seismic dataset available, which comprises over 2,000 line km of
2D data and 2,500 km2 of 3D data (Figure 4.1).
Licences PL023/024 had more than 1,500 km of 2D seismic data and four CSEM lines
acquired in 2006. Over 850 km2 of 3D seismic data was acquired in 2006-2007 by CGG
in Licences PL032 and PL033. In 2008 more than 550 line km of 2D was acquired by
Wavefield over Licences PL023 and PL024.
3D seismic datasets from Desire (2004), Rockhopper (2007 and 2010/2011) provide
near-complete 3D coverage of the Sea Lion Main Complex. Rockhopper extended the
3D seismic through a campaign in 2010/2011 to address gaps between the 2004 and
2007 datasets.
Polarcus acquired approximately 443 km2 of 3D seismic data, to image the Sea Lion Main
Complex (Licences PL032 and PL033) in 2010 and 2011. The fast track processing was
available during the writing of this report.
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FIGURE 4.1
ROCKHOPPER SEISMIC COVERAGE
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During the same campaign in 2010/2011 Polarcus acquired a further 509 km2 of 3D data
over Ernest North and 314 km2 over Weddell in the PL024 Licence, which is currently
being processed (at time of writing). A further 388 km2 of 3D data was acquired in open
acreage to the North of Licences PL01, PL032 and PL033, in partnership with Argos.
The 2010/2011 seismic campaign comprised a total of 4,500 km2 3D data, which was
pre-traded between three companies (Figure 4.1).
The 2007 3D dataset was used for identifying the drilling location for the 14/10-2
discovery well and locations for the subsequent 14/10-3 through 14/10-7 appraisal wells.
The Fastrack seismic data were utilised to select drilling locations for wells 14/10-8 to
14/15-4. Final fully processed seismic volumes from the 2010/2011 campaign were
received at the end of January, 2012 will enable more extensive seismic modelling to be
carried out in due course.
The seismic data quality is generally very good, and although many of the Sea Lion type
prospects consist of sand lobes that are expected to be near the lower limits of seismic
resolution, amplitude mapping has been demonstrated to be useful for mapping
geometries of fan lobes and their associated feeder channels. Seismic amplitude maps
have been used help locate appraisal wells with some success. However, since the
seismic response is probably due to a combination of reservoir sand quality (i.e. porosity)
and thickness, and is further complicated because many of the sand are stacked, precise
calibration and understanding of seismic amplitude responses remains challenged. GCA
have not reviewed details of existing specialized seismic derivative products or ongoing
studies such as forward models, AVO, spectral decomposition or impedance inversion,
however these technologies have potential to improve the ability of the seismic to predict
reservoir geometry and properties. The seismic section (Figure 4.2) shows the data
quality and the detailed stratigraphic interpretation that is enabled.
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FIGURE 4.2
SEISMIC SECTION AND SIMPLIFIED GEOLOGICAL X-SECTION THROUGH SEA
LION AND OTHER DISCOVERIES

23

BCR/sf/EE026600
Rockhopper Exploration

The following is a summary of the Sea Lion discovery well and subsequent appraisal
campaign, spanning 2010 to 2011. Well locations and an approximate mapped extent of
each fan are shown in Figure 4.3.
•

14/10-2
Sea Lion discovery well, drilled in April, 2010. This well found oil in
the eastern flank of the SL10, SL20, B15, B45 and B60 fans.

•

14/10-3
Drilled 8 km north of the 14/10-2 discovery well, in January, 2011.
The well penetrated the SL30 fan with a reservoir section sealed from the main
hydrocarbon-bearing reservoir to the south. Approximately 52 m of core was
taken from the SL30 fan.

•

14/10-4
Drilled in February, 2011 to test a location to the east of the lowest
structural point of SL20 fan. The well penetrated the OWC within the SL20 fan
which is now recognised as a common contact for the Sea Lion, Casper, Casper
South, Beverley, B15 and SL05 fans across the area. Approximately 53 m of core
was taken from the SL20 and SL30 fans. This well also penetrated the southern
extremity of the SL30 fan.

•

14/10-5
Drilled in May 2011, ~1 km updip of the 14/10-2 discovery well to
appraise a predicted section of thick stacked SL10 and SL20 sands and provide
an optimal location for a DST. A DST stabilised flow rate of 5,508 bopd with a
maximum flow rate of 11,000 bopd through the separator was achieved. 70 m of
core was taken from the SL10 and SL20 fans.

•

14/10-6
A step-out well drilled in July, 2011, west of the structural saddle to
test the depositional model of extensive mass flow fans and hydrocarbon charge
to the west within the SL20 fan. The well also encountered the B15 fan, down dip
of the oil water contact. 30 m of core was taken from the SL20 fan.

•

14/10-7
Drilled in August, 2011 to test reservoir presence and quality at the
edge of the SL20 amplitude bright and to determine whether the reservoir edge
was delimited by amplitude or pinch out. Oil was encountered in the SL20 fan
down to 2,464.3 m TVDss, and no oil water contact was encountered. 27 m of
core was taken from the SL20 fan.

•

14/10-8
Exploration well, drilled October, 2011 to test additional
prospectivity in the newly mapped Casper and Kermit fans. Originally interpreted
to encounter thick, high quality, but wet SL10 section and later remapped as SL05
fan. The well was the first penetration of the Casper fan, albeit wet in this location.

•

14/10-9
Southern appraisal well, drilled in October, 2011 to test reservoir
continuity and presence of hydrocarbons on the western flank of the SL10 and
SL20 fans. The well encountered a gas oil contact at 2,402.7 mTVDss and an oil
column down to 2,409 mTVDss, no oil water contact was observed. This well was
side-tracked (14/10-9z) and core was taken from the Casper, SL10 and SL20
fans.

•

14/15-4
Step-out well, drilled in November, 2011 to test SL10 at its
southern mapped extension and to test presence of Beverley and Casper South
sands. The well encountered oil-bearing sands with a low N/G in SL10, a gas
column in Beverley, an oil and gas column in Casper South and oil in a relatively
distal section of the Casper fan. The Casper section was later remapped as part
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of the SL05 fan. Cores were cut in the Beverley, Casper South, SL05 and SL10
fans in the sidetrack well.
FIGURE 4.3
SEA LION AND OTHER DISCOVERY LOCATION MAP
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4.2

Geology

The generalised structural control on fan development is illustrated in the schematic block
diagram shown in Figure 4.4. The existence of a shallow water system on the basement
high is postulated from several lines of evidence, the more important of which are
summarised below:
a)

b)

c)

Irrespective of stratigraphy, sandstones are uniformly fine-grained and
moderately-well sorted, with this pointing towards recycling from a
texturally-mature co-existing sediment source.
Although fans accumulated in a deep, stratified lake with anoxic substrate,
sandstone frameworks include a significant component of peletal glauconite, the
formation of which requires special geochemical conditions. These are most
easily satisfied within a normally-oxygenated, shallow-water system in which
microbial degradation of organic matter, contained in faecal pellets, created redox
interfaces and promoted incomplete reduction of ferric iron.
In addition to the above, sandstones incorporate fragments of robust bivalve shells
and rare ooidally-coated grains. The first predicts the existence of a high-energy,
wave agitated environment and, similarly, the formation of ooidal grains suggests
wave activity. It is possible, therefore, that the lake margin was bordered by
shoreface complexes.
FIGURE 4.4

SCHEMATIC BLOCK DIAGRAM SHOWING THE RECONSTRUCTED GEOMETRY OF
THE SL30 RELAY ZONE, FLEXURE AND RADIAL FAULT ZONE AND CONTROLS
ON FAN DEVELOPMENT

Modified from Reservoir Associates International 2011
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The mechanism by which sediment was transferred to the shelf edge is speculative but
may have involved transport in subaqueous channels of reworking of shoreface
complexes during externally-forced falls in lake level. Irrespective of this uncertainty,
sands bypassing relay-flexure zones accumulated as slope and basin-floor fans which
ponded against and onlapped a proto-intrabasinal high. In the case of SL30 and to a
lesser extent, SL20 and SL10, fan geometries were strongly influenced by
southward-diversion of flows along the axial slope of the receiving sub-basin. Lateral
input is interpreted to predominate in both Casper and Beverley, with this apparently
reflecting their location relative to the saddle in the intrabasinal high and associated
northeast-trending fault system.
The fans are highly sand-prone and were probably constructed by intrusive density flows.
These were generally unconfined and deposition occurred from both turbidity currents
and mass flows (fluidised sediment-gravity flows). The deposits of the former are
epitomised by the sequence recovered in core from 14/10-5, located in the region of the
feeder system for the SL20 and SL10 fans. Wells 14/10-4 and 14/10-6 were respectively
drilled in locations some 2.25 km and 4.1 km down-fan from 14/10-5. As distinct from
14/10-5, the SL20 is partitioned into distinct and apparently correlative lobes in the latter
two well locations, with these being separated by interlobe facies in 14/10-4 but
interdigitating with lacustrine mudstones in the upper part of 14-10-6. This accords with a
more distal setting for 14/10-6, as does the gross reduction in thickness of the SL10 and
concomitant thinning of component lobes.
The turbidite complex in 14/10-5 translates into a sequence of turbidites and mass flows
in 14/10-4 and to a series which is largely dominated by mass flows in 14/10-6. This
progressive evolution of high-density turbidites to dilute turbidites is fairly typical from
analogues and is shown in Figure 4.5.
The SL20 in 14/10-7 comprises a 24 m thick series of uniform mass-flow deposits
overlying 4 m of outer-fan and lacustrine deposits, which were subject to extensive
deformation by soft-sediment processes and incorporate well-developed debrites. Given
a location some 2.5 km to the north-west of 14/10-5, its position relative to the overall
axial trend of the fan and the character of basal strata, the sequence appears to have
developed in response to a catastrophic avulsion of the fan.
The moderately high reservoir quality which characterises the majority of Sea Lion
reservoir facies reflects the preservation of an effective intergranular pore system, a
degree of enhancement resulting from interstratal grain-dissolution and relatively low
porosity-loss due to compaction effects. Exceptions are coarse-grained deposits, such as
those found in 14/10-5, where textural immaturity and clay-enrichment have promoted
compaction to the extent that microstylolitic contacts weld parts of sandstone frameworks.
In contrast, buoyancy and dewatering led to clay-enrichment of the upper parts of
mass-flows, as seen in 14/10-7, with a concomitant catalytic impact on compaction.
Cementation effects are locally more extreme adjacent to interbeds of mudstone and, in
consequence, tend to degrade the reservoir potential of sandstone interbeds in interlobe
and similar associations.
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FIGURE 4.5
FACIES RELATIONSHIPS IN SL20

4.3

Geophysics

4.3.1

Seismic Database
Rockhopper provided two SMT/Kingdom projects containing all the available 2D
and 3D seismic data. The Sea Lion project included all relevant wells along with
logs, time-depth functions and key formation top picks. The Exploration project
encompassed the entire seismic database and included all available well log data
and important geological picks, and polygonal outlines of the Prospects and Leads
that have been identified by Rockhopper.

4.3.2

Seismic Interpretation and Mapping
The quality of the 3D seismic data is good to excellent. Reflectors are well
imaged with good resolution of stratigraphy and faulting. Synthetic seismograms
had not been included, but all of the wells had high quality time-depth functions
from check shot surveys or VSPs, which provided reliable means for tying the well
formation tops to the relevant seismic reflection event. Seismic amplitude maps of
Sea Lion Fan and similar prospects provide an additional measure of confidence
for mapping the location and delineation of channel-fans systems (Figure 4.6).
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Rockhopper has depth converted the Sea Lion area using a 4-layer velocity model
down to the base of the SLMC package. Time-depth curves from the wells show
a simple velocity trend, after accounting for the water layer, and do not indicate
any significant anomalies of variation which might complicate depth conversion.
Based in this methodology, GCA considers that Rockhopper’s depth maps are
reliable. For Sea Lion look-alike prospects that are based on amplitude mapping,
less importance is placed on precise depth conversion, since the traps are
stratigraphic in nature and do not necessarily rely on structural closures. This is
also the case for mapping of stratigraphic leads as the pinch-out and/or fault
relationships would not be expected to change with depth conversion.
4.4

Petrophysics

Rockhopper has obtained comprehensive log data and core data from the wells drilled in
Blocks 14/10 and 14/15. It has performed an initial petrophysical analysis which
incorporates the open hole log data including Nuclear Magnetic Resonance (NMR) data
and the core analysis results available to date. GCA performed and independent
verification of Rockhopper’s preliminary petrophysical interpretation.
FIGURE 4.6
SEISMIC AMPLITUDE MAP
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4.4.1

Data Available
Rockhopper supplied data (Table 4.1) in digital LAS format for the 11 wells in the
Sea Lion area:
TABLE 4.1
SEA LION AREA WELL DATA

Well

Wireline
log data

14/10-2
14/10-3
14/10-4
14/10-5
14/10-6
14/10-7
14/10-8
14/10-9
14/10-9z

Y
Y
Y
Y
Y
Y
Y
Y
Y

14/15-4a
14/15-4z

Y
Y

NMR
log
data
Y
Y
Y
Y
Y
Y
Y

Formation
Pressure
data
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y

Y

Logged
Interval

Comment
Core

SL10 - B90
SL30 - B30
SL20 – SL30
SL10 - B15
SL20 – B15
SL20
Casper – Base SLMC
Casper - Kermit
Casper - Kermit

Y*

*Core analysis
in progress

Beverley –Base SLMC
Beverley –Base SLMC

Y*

*Core analysis
in progress

Y
Y
Y
Y
Y

In addition, Rockhopper supplied Routine Core Analysis (RCAL) and Special Core
Analysis (SCAL) reports, wireline formation pressure and sampling reports and an NMR
log evaluation report. Rockhopper also made available its internal petrophysical
evaluation reports and summaries
4.4.2

Petrophysical Evaluation
Volume of shale
The Sea Lion sequence is predominantly a series of clean quartz rich fan lobes
intercalated with shale horizons. The volume of shale curve derived from Gamma
Ray by Rockhopper was considered acceptable by GCA and was adopted in the
subsequent evaluation of net pay.
Porosity
Total Porosity (PHIT) was calculated from the density log using the standard total
porosity equation:

where
Total Porosity
Matrix Density
Bulk Density
Fluid Density
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Rockhopper calibrated the Density log to the overburden corrected core porosity
to obtain apparent matrix and fluid densities for PHIT determination in the oil and
water legs.
Porosity in the gas legs was evaluated from a combination of Density and Neutron
log responses. GCA observed that the PHIT calculated from Density is a good
match with core porosity (Figure 4.7) and the PHIT estimate from the NMR log
interpretation (Figure 4.8). All wells were drilled with a water-based mud system
which facilitates a consistent approach to porosity determination in wells where no
core was obtained.
FIGURE 4.7
TOTAL POROSITY CALCULATED FROM LOGS COMPARED TO CORE POROSITY,
SEA LION
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FIGURE 4.8
TOTAL POROSITY CALCULATED FROM LOGS COMPARED TO CORE POROSITY,
SEA LION

Porosity ranges for the oil and gas cases were estimated as:
Low = 19%;
Best = 23%;
High = 27%.
These values are based on the distribution of porosity in the sand units illustrated
in the histogram in Figure 4.9.
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FIGURE 4.9
POROSITY DISTRIBUTION FROM SEA LION WELL LOGS

Permeabilities measured from core are generally very good, ranging from 20 mD
to 500 mD for the cleanest sands Figure 4.10.
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FIGURE 4.10
CORE POROSITY AND PERMEABILITY PLOT, SEA LION

Saturation
Rockhopper applied three independent techniques to determine the water
saturation profiles in the wells: Resistivity log evaluation (Archie); Saturation as a
function of height and capillary pressure; and an estimate of Irreducible Water
Saturation (Swirr) from NMR log evaluation.
Water Saturation from Resistivity
The reservoir rocks in the Sea Lion sequence consist of clean, well sorted
sandstone with little clay content, hence the application of the Archie model for
water saturation evaluation is considered appropriate. The Archie equation is of
the form:
Where
=Water Saturation
= Archie constant assumed as 1.0
=Formation Water Resistivity
Total Porosity
= Cementation Exponent, measured as 1.82
=True Resistivity
= Saturation Exponent, measured as 1.76
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and , are quantified by
Although the other key Archie input parameters,
measurement form core, there is some uncertainty in terms of
. There is evidence
from wireline formation pressure tester samples to suggest that the water salinity is
variable through the sequence, with the water leg being considerably fresher than the
connate water in the oil leg. A best estimate for salinity in the oil leg is 13,900
ppmNaCl, based upon a dual packer wireline formation pressure tester sample at
the oil water contact (OWC). This sample station had flowed 650 litres of water
before sampling was initiated and GCA consider that it is unlikely to be contaminated
in Archie’s
by mud filtrate. GCA used this salinity measurement as a basis for
equation.
GCA also calculated water saturation from Archie’s equation with an estimate of
based upon the Static Spontaneous Potential log response (SSP). Both water
saturation methods were in agreement (Figure 4.8).

Water Saturation from Capillary Pressure Curves
Rockhopper measured Oil-Brine capillary pressures on three core plugs
(Figure 4.11). A saturation-height function was created by Rockhopper based on
these data. The function is of the form:

Where
=Water Saturation
= Height above Free Water Level (m)
= Permeability (mD)
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FIGURE 4.11
OIL-BRINE CAPILLARY PRESSURE CURVES, SEA LION

Although the Oil-Brine capillary pressure capillary pressure curves are based on
only three samples, nevertheless they are considered to be representative of the
general core population in terms of permeability distribution (18 mD, 90 mD,
220 mD).
NMR based Water Saturation
Rockhopper provided an estimate of Irreducible Water Saturation (Swirr) derived
from a study of the NMR logs. The NMR log data are considered to be of good
quality by an independent investigation by Corex and RPS energy.

GCA observed that all three approaches agreed and indicated that, in general, the
water saturation is at irreducible above the short transition zones. This is
consistent with observations that dry oil has flowed when tested i.e. Drill Stem
Tests (DSTs) and wireline formation pressure tester fluid sample acquisition.
From a review of the water saturation distribution derived from the above methods
and also from the relationship of Swirr to porosity (Figure 4.12), GCA estimates
the following ranges for oil saturation:
Low = 65%;
Best = 72.5%;
High = 80%.
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GCA estimates the following ranges for gas saturation based upon a review of log
derived water saturations in the gas legs.
Low = 80%;
Best = 82.55;
High = 85%.
FIGURE 4.12
PLOT OF IRREDUCIBLE WATER SATURATION (SWIRR) VS POROSITY, SEA LION
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Fluid Contacts
Rockhopper has acquired a large amount of formation pressure test data with the
wireline formation pressure tester tool in most wells. With the exception of 14/106, the data are of good quality. GCA established general gradients for gas, oil and
water. From the intercept of these gradients, GCA estimated a Gas-Oil Contact
(GOC) at 2,402.2 m TVDSS and a Free Water Level (FWL) at 2,477.3 m TVDSS.
An Oil Water Contact (OWC) was estimated at 2,476 m TVDSS after taking
capillary pressure entry height into consideration. This is consistent with the
resistivity log profile observed in 14/10-4, where GCA has also tentatively
identified an OWC at 2476m TVDSS.
A regional pressure plot is illustrated in Figure 4.13.
FIGURE 4.13
MDT FORMATION PRESSURE TESTER DATA, SEA LION WELLS
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4.5

Reservoir Engineering

As part of its exploration/appraisal programme of Sea Lion and other discoveries,
Rockhopper has carried out two drillstem tests, collected multiple reservoir fluid samples
that have undergone laboratory analyses, and cut core upon which conventional and
special core analysis laboratory experiments have been carried out. These data have
been analysed by Rockhopper and incorporated into its plan for development.
Rockhopper has formulated a conceptual development plan for the SL10 and SL20 oil
accumulations. Rockhopper has constructed static and dynamic digital models of the
reservoirs and used these to test different depletion plan scenarios as a basis for field
development planning. The depletion plan incorporated by Rockhopper into the
numerical simulation model nominally comprises the drilling of a total of 34 wells: 21 are
production wells, 7 are water injection wells and the remaining 6 wells serve a dual
purpose in that they are initially brought on stream as production wells, but are later
converted to water injection wells as they water out. The depletion plan for these
reservoirs is still under evaluation by Rockhopper and refinements are likely to be made
in the future.
GCA has reviewed the data and analyses presented by Rockhopper, and has used these
as appropriate to estimate ranges of uncertainty in recovery factors and production
forecasts associated with the depletion plan presented by Rockhopper.
4.5.1

Drillstem Tests
Drillstem tests were performed in wells 14/10-2 and 14/10-5. During the drilling of
the discovery Well 14/10-2, the rig was not set up to deal with the low pour-point
waxy crude. A limited test was carried out in which zones SL10 and SL20 were
perforated. It was not possible to flow the well through the test separator,
because of the risk of wax deposition in the surface lines, and flow was routed
directly to the burner. During the main flow period, the well flowed for
approximately 18 hours at a stabilised rate of 1,800 bopd.
A complete conventional drillstem test was carried out in the appraisal well 14/105 using electro-submersible pumps (ESPs) and vacuum-insulated tubing. The
SL10 and SL20 intervals, which are contiguous in well 14/10-05, were perforated.
During the main flow period of approximately 48 hours, the well flowed at
approximately 5,500 bopd.
During the final flow period, a peak rate of
approximately 9,600 bopd was achieved with the ESP operating at maximum
capacity. This drillstem test demonstrated the ability of the formation to flow at
high rates when assisted by artificial lift. Pressure transient analysis showed the
formation permeability of SL10 and SL20 intersected by well 14/10-5 to be in the
range of 200 to 300 mD.
The area accessed by the drillstem test of well 14/10-5 in the SL10/SL20
reservoirs is interpreted to extend to a radius of between 350 and 670 m from the
wellbore. A minimum distance of 500 m from each existing wellbore that has
intersected oil (but not necessarily tested) has therefore been assumed to define
areas to underpin high confidence estimates of STOIIP. No tests have been
carried out in gas intervals and consequently the assumption has been made that
a well intersecting a gas bearing interval is representative of a high confidence
radius extending to 1,000 m from the well.
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4.5.2

Fluid Properties
Rockhopper has collected an extensive set of fluid samples during the appraisal
programme, including surface and bottom-hole samples collected during testing
and bottom-hole samples collected on wireline. GCA has reviewed laboratory
reports for samples collected in SL10/SL20 intervals in wells 14/10-2, 14/10-5 and
14/10-4 in the east and in 14/10-6 in the west. The oil has a gravity of
approximately 28˚API and low gas-oil ratio ranging from under 300 scf/Bbl in the
east to 450 scf/Bbl in the west. The viscosity at the reservoir pressure of
3,500 psia and temperature of 180˚F is relatively high, between 6 and 7 cP.
Samples in the east appear to be undersaturated at reservoir conditions, with
reported saturation pressures between 1,900 and 2,500 psia. However, towards
the west, samples from well 14/10-6 suggest that the saturation pressure of the oil
is much higher at reservoir conditions, between 3,000 and 3,250 psia.
The current understanding of the SL10/SL20 reservoir sands is that the oil
columns intersected in wells 14/10-2, 14/10-5, 14/10-4, 14/10-7, 14/10-9Z and
14/15-4Z form a continuous accumulation. The apparent contradiction between
the model of a continuous oil accumulation and different fluid properties has not
been explained fully.

4.5.3

Recovery Factors
The depletion plan proposed by Rockhopper is to maintain voidage from the
onset. Rockhopper plans to inject water at elevated temperature to avoid potential
problems associated with wax deposition in the reservoir.
The Sea Lion SL10 and SL20 units are good quality sandstone reservoirs with
relatively high porosity and permeability and high net-to-gross ratio. Based on the
understanding of the field from the current dataset, a waterflood with full voidage
replacement appears to be the most appropriate depletion plan. Provision to
inject heated water to avoid wax deposition in the reservoir appears necessary.
The effectiveness of a waterflood and the recovery efficiency that might be
achieved with this depletion plan are affected by several factors, some of which
are fairly unique to Sea Lion. In particular, the areal shape of the accumulation
which is controlled by a structurally low area that partially separates the western
part from eastern part and which dips below the oil-water contact and is therefore
water bearing at the SL10 and SL20 reservoir levels poses an unusual challenge
to implementing an effective waterflood. Due to the stratigraphic pinchout of the
sands around the periphery of the reservoir, the potential locations for injection
wells are largely restricted to a relatively small area in the structurally low part of
the field. This limits the choices for injector-producer pairing and, in GCA’s view,
results in a fairly large uncertainty in the areal sweep efficiency.
The oil viscosity is relatively high (6 to 7 cP) at reservoir conditions, resulting in an
unfavourable end-point mobility ratio with water, estimated to be greater than 3.
The shock front mobility ratio appears close to 1, which indicates fairly favourable
conditions. However, the combination of low viscosity oil and the geographical
limitations imposed on the optimisation of water injection locations means that it
may be difficult to provide adequate pressure support to the production wells,
particularly those that are located on the far side of other production wells from the
injection wells.
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GCA has used the simulation model developed by Rockhopper to carry out a
limited number of sensitivity analyses to quantify the uncertainty in recovery
factors. Sensitivity analyses have included adjustments to relative permeability
curves, vertical to horizontal permeability ratio and voidage replacement ratio.
GCA has also compared reservoir and depletion plan characteristics with
information from reservoirs with similar viscosity under waterflood to estimate a
range of uncertainty in recovery factors. In making these estimates of recovery
factors, GCA has assumed that the operator of the field will ensure that the
injection of heated water is managed in a way that will cause no adverse effect
from wax deposition in the reservoir.
With the currently available information and understanding of the field, GCA
considers that a recovery factor range of 20%, to 40% is appropriate, with a most
likely estimate of 30%. These recovery factors have been incorporated into the
probabilistic estimation of STOIIP and ultimate recovery using Monte Carlo
simulation. A symmetric triangular probability distribution function was used for
recovery factor in which 20% and 40% were assigned probabilities of 90% and
10% respectively. No dependencies were imposed in the Monte Carlo simulation.
This approach and distribution function was also used to estimate ultimate
recovery from the other oil discoveries that are currently not included in the field
development plan (Casper and Casper South, B15 and SL05).
No plan is currently in place for development of the gas discoveries. For
estimating ultimate recovery of the gas accumulations, recovery factors of 60%,
70% and 80% were incorporated into the Monte Carlo simulation as a symmetrical
triangular probability distribution with 60% and 80% assigned probabilities of 90%
and 10% respectively.
4.5.4

Production Forecasts
The development drilling programme incorporated by Rockhopper into the
numerical simulation model shows approximately half the production wells
pre-drilled with the remaining being drilled within 2 to 3 years after start-up. A
plateau rate of approximately 70 Mbopd for the 2C case can be expected for the
first three years of full production. Water breakthrough is expected to occur fairly
early in field life and oil production is expected to decline as watercut develops.
This is reflected in the results of the numerical simulation work undertaken by
Rockhopper. Forecasts from the numerical simulation model show the oil rate
declining over time following a hyperbolic type decline trend with a hyperbolic
exponent of approximately 0.6, a value that would be expected from a high
viscosity oil field under waterflood and which is consistent with a long tail in
production.
GCA has developed production forecasts for the 1C, 2C and 3C cases by
assuming plateau rates of 60 Mbopd, 70 Mbopd and 85 Mbopd respectively,
followed by declining oil production rates estimated by applying a range of
fractional watercut type curves which were in turn derived from the sensitivity
analysis of the simulation model undertaken by GCA. In all forecasts, facility oil
and water production limitations and water injection limitations were respected.
The production forecasts are illustrated in Figure 0.2.
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4.6

Oil-In-Place

As discussed in Section 4.3, amplitudes cannot be used to directly infer reservoir
presence or quality. GCA has not used seismic amplitude response as a direct indicator
of reservoir quality or distribution.
The low case areas for the SL10 and SL20 basin floor fan systems are defined by
continuous halos around the wells located in each fan system (Figures 4.14 & 4.15). The
halos were drawn 500 m around the well locations as estimated from well test results, as
discussed in Section 4.5. Gross rock volume was calculated within these polygons and
between the seismically derived top and base reservoir surfaces above the OWC. The
regional oil water contact of 2,476 mTVDss was used for the low, best and high
volumetric cases. The log and pressure data to support this is discussed in Section 4.4.
The best case areas are defined using the mapped pinchout of each fan (Figures 4.14
and 4.15). Gross rock volume was calculated within the mapped pinchout area using the
seismically derived top and base depth surfaces. The mapped isochores are shown in
Figures 4.16 and 4.17.
The high case areas are defined using the mapped pinchout of each fan (Figures 4.14
and 4.15). An 18% increase was applied to the isochore of each fan, which represents in
GCA’s opinion a realistic estimate of uncertainty in the picking of the top seismic events.
Gross rock volume was calculated within the mapped pinchout area using the new
isochore for each fan.
Net to gross maps were generated from well control and some guidance from isochore
and amplitude maps and the assumption that proximal parts of the fan will tend to have a
lower net to gross (Figures 4.18 and 4.19).
The SL10 reservoir was penetrated by the 14/10-2 and 14/10-5 wells on its eastern flank
and by the 14/10-9 / 9z and 14/15-4a / 4z well on its western flank. All of these wells
penetrate an oil column, but an oil water contact was not encountered within the SL10 fan
(Figure 4.14).
The SL20 reservoir was penetrated by the 14/10-2, 14/10-4, 14/10-5 and 14/10-7 wells on
its eastern flank and by the 14/10-6 and 14/10-9 / 9z well on its western flank. All of the
wells that penetrated the reservoir encountered an oil column, and an oil water contact
was encountered in the 14/10-4 well (Figure 4.15).
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FIGURE 4.14
MINIMUM AMPLITUDE MAP WITH DEPTH CONTOURS
SL10 FAN
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FIGURE 4.15
MINIMUM AMPLITUDE MAP WITH DEPTH CONTOURS
SL20 FAN
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FIGURE 4.16
ISOCHORE MAP
SL10 FAN
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FIGURE 4.17
ISOCHORE MAP
SL20 FAN
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FIGURE 4.18
NTG MAP
SL10 FAN
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FIGURE 4.19
NTG MAP
SL20 FAN
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Porosity and oil saturation uncertainty ranges were derived following detailed
petrophysical analyses of all wells located within the study area (Section 4.4), and the
same ranges was applied for all of the basin floor fans. Formation volume factors were
determined during analysis of reservoir engineering data (Section 4.5).
A Monte Carlo analysis of the in-place volumes of the SL10 and SL20 fans was
performed. Input ranges are shown in Table 4.2 and results are shown in Table 4.3.
Table 4.4 shows a comparison of the Contingent in-place volumes derived
deterministically for the best case and the in-place volumes derived probabilistically for
the mean, for the SL10 and SL20 fans.
TABLE 4.2
SUMMARY OF VOLUMETRIC INPUT PARAMETERS
SL10 AND SL20 FANS
Parameter
Porosity %
Oil Saturation %
Bo (rb/stb) West
Bo (rb/stb) East

Low

Best

High

19
65
1.280
1.210

23
72.5
1.240
1.170

27
80
1.200
1.130

Shape
Factor
Normal
Normal
Triangular
Triangular

TABLE 4.3
SUMMARY OF CONTINGENT OIL IN PLACE VOLUMES
SL10 AND SL20 FANS
Gross STOIIP (MMBbl)

SLMC by Lobe (Oil)
1C

2C

3C

Mean

SL10_W_PL04b

54.8

80.0

110.3

81.5

SL10_W_PL032

62.5

85.4

112.8

86.6

SL10_E_PL032

120.1

194.7

281.4

198.8

237.4

360.0

504.5

366.9

SL20_W_PL04b

SL10 Total

13.3

29.5

46.2

29.8

SL20_W_PL032

236.9

450.6

708.8

465.2

SL20_E_PL032

161.9

226.3

303.8

230.6

412.2

706.4

1,058.8

725.6

649.6

1,066.5

1,563.3

1,092.5

SL20 Total
Total
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TABLE 4.4
SUMMARY OF CONTINGENT OIL IN PLACE VOLUMES
DETERMINISTIC VS PROBABILISTIC
SL10 AND SL20 FANS

SLMC Fan

4.7

STOIIP (MMBbl)
Deterministic
Probabilistic
Best
Mean
Gross
Gross

SL10

416.3

366.9

SL20

886.2

725.6

Total

1,302.5

1,092.5

Contingent Resources

Table 4.5 summarises GCA’s estimation of gross and net Sea Lion discovery oil
Contingent Resources.
TABLE 4.5
SUMMARY OF GROSS AND NET OIL SEA LION
CONTINGENT RESOURCE VOLUMES
AS AT 31st MARCH, 2012

Fan Name
SL10
SL10
SL20
SL20
Sea Lion
Total

Licence
Name
PL032
PL04b
PL032
PL04b

Gross Contingent
Resources (MMBbl)
1C
53.9
15.5
128.3
5.3

2C
84.0
24.0
203.7
8.7

3C
120.4
33.8
297.9
13.0

Mean
86.0
24.5
209.1
8.9

203.0

320.5

465.0

328.5

Working
Interest
(%)

Net Contingent Resources
(MMBbl)

100
60
100
60

1C
53.9
9.3
128.3
3.2

2C
84.0
14.4
203.7
5.2

3C
120.4
20.3
297.9
7.8

Mean
86.0
14.7
209.1
5.4

-

194.7

307.4

446.3

315.1

Notes:
1.
2.
3.

The meaningful Contingent Resource volume reported here is the 2C, or ‘Best Estimate’ value.
No economic limit cut off is applied for Contingent Resources.
The volumes reported here are “Unrisked” in the sense that “Chance of Development” values have
not been arithmetically applied to the designated volumes within this assessment. “Chance of
Development” represents an indicative estimate of the probability that the Contingent Resource will
be developed, which would warrant the reclassification of that volume as a Reserve.

4.8

Prospective Resources

Prospective Resources are also associated with aspects of the fans in the Sea Lion.
These are detailed further in Section 7 of this report.
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5.

FIELD DEVELOPMENT, COST AND SCHEDULE

5.1

Overview

The Sea Lion discovery is located some 200 km north of the Falklands Islands in a region
with no history of oil and gas development and limited supporting infrastructure. The
development of the field will be challenging in terms of its location, environment, logistics
and its reservoir fluid characteristics. The Field Development Plan (FDP) provided by
Rockhopper appears to mitigate many of these foreseen challenges. The FDP is based
on the use of proven Floating Production Storage and Offloading (FPSO) and Subsea
technology, (Figure 5.1) as used extensively and successfully in similar and substantially
greater water depths offshore UK, Angola and Brazil. The development also utilises
downhole hydraulic pumps as proven on the Captain development in the North Sea. The
supply logistics have been proven during the extensive exploration and appraisal
programme.
In addition to the resources of its own project team, Rockhopper has engaged the
services of industry recognised specialists in the evaluation of the reservoir,
establishment of reservoir fluid properties, and the definition of the FDP. The FDP is
comprehensive in its technical detail, although some final design issues will only be
resolved during Front End Engineering design (FEED), planned for 2012. GCA believes
that first oil should be achievable by the start of 2016, although Rockhopper believes that
it can be by July, 2015
FIGURE 5.1
DEVELOPMENT CONCEPT OVERVIEW

Legend:
Oil Production+ Return Power Fluid
Water Injection
Gas Injection
Water (Power Fluid)
Umbilical
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The development could be expected to face several major issues, namely:
•
•
•
•
•

Remote location;
Harsh environment;
Limited logistics and development support infrastructure;
Waxy crude oil with high pour point; and,
Higher than expected Development and Operations Costs.

The impact and of these issues on the development, and their mitigation is summarised
below.
5.1.1

Remote Location
Due to the location of the discovery, the development will need to be supported
and supplied from a considerable distance. Rockhopper has demonstrated that
this is feasible during the extensive exploration and appraisal programme, through
a combination of the limited infrastructure established on the Falklands, and long
range support by air and sea from Europe. During the development phase, there
will be opportunities to simplify the long range support through use of established
services and contractors in the Gulf of Mexico, typically Houston. The FPSO
concept, with suitable storage capacity, mitigates the extended distances to
deliver oil to the markets, and provided a largely self-reliant operating platform,
with only limited requirement for replenishment of food, potable water and
production consumables and spares.

5.1.2

Harsh Environment
Rockhopper has evaluated in some detail the prevailing sea and weather
conditions. Somewhat surprisingly to the general thought, the actual environment
at the Sea Lion discovery is assessed to be less harsh than the Central and
Northern North Sea, and significantly more benign than the UK West of Shetland
areas, where significant oil and gas development has taken place. The North
Falklands Basin lies in the shadow of South America, which offers protection from
the prevailing westerly weather.
By the standards of many deep-water
installations the water depth at Sea Lion is not excessive at approximately 450 m.
There is considerable proven experience in design and operation of similar
offshore facilities at these conditions.
The use of a relatively standard specification FPSO with weather-vaning capability
and subsea well completions appears to be technically viable and operable.

5.1.3

Logistics and Infrastructure
The Falklands region does not have a well established oil and gas infrastructure
region. The distance of Sea Lion from the Falkland Islands is, however, well
within the range and capacity of conventional helicopters and supply boats, and
the supply base, airport and port facilities established on the islands, combined
with vessel and air charters to the UK have proven to be adequate to support the
extensive exploration effort in 2009, and 2010. The key challenge is in the supply
route to the appropriate bases on the Islands. Rockhopper will need to confirm
shipping, logistics, vendor support, and installation and support vessel
requirements for project development/installation and operations support to
ensure adequate reliability and avoid delays. It will also be necessary for the
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operator to establish a comprehensive critical spares inventory prior to operations
to mitigate against downtime should replacements be needed from European
suppliers. Overall the logistics issue will be challenging but is not insurmountable.
5.1.4

Reservoir Fluid Characteristics
An unusual feature and significant challenge to the development of Sea Lion is the
high wax content of the oil (22% weight) combined with a high wax appearance
temperature (WAT). The oil has the potential for wax deposition and viscous flow
behaviour if allowed to cool, requiring particular attention to flow assurance and
temperature maintenance. At flowing wellhead temperatures, the oil is expected
to remain above the WAT, and wax deposition will be limited. As the oil flows from
the wells to the FPSO, the cooling effect of the seabed will lower the temperature
to the point that wax precipitation in the flowlines could become a problem. The
FDP includes several measures to mitigate or eliminate this issue, including
thermal insulation of flowlines, use of heated water injection water and heated
water for power fluid for the hydraulic pumps, and a means of displacing the oil in
the flowlines with diesel in the event of a total facility shutdown. This means that
under normal operations the oil temperature is maintained above WAT, and in the
event of a prolonged shut down the oil is not allowed to cool below the wax pour
point in the flowlines.
The oil storage tanks are also heated as will be the shuttle tankers used for oil
export. Preliminary flow assurance work was done based upon wax analysis from
a ‘dead’ oil sample. Recent results from a live sample appear to reduce the risk
from this issue as the wax has a significantly lower pour point, but a higher wax
appearance temperature. This revision to the oil characteristics will reduce the
risk of blockages during a production interruption and extend the time allowed to
deal with a shutdown, but may require further attention to insulation of the
flowlines, or possibly the injection of additional wax dispersal chemicals down the
well or at the wellhead, and possibly modifications to oil storage tanks in the
FPSO and in shuttle tankers.

5.1.5

Capital and Operating Costs, Development Schedule
Rockhopper has prepared cost estimates for the development with input from the
various contractors and advisors engaged on the FDP, adjusted by Rockhopper to
reflect the location and logistics impact.
Whilst options remain to lease the FPSO vessel and effectively transfer cost to
OPEX, for the purposed of this assessment GCA has assumed that the costs are
capitalised, and the cost of the vessel is included in CAPEX.
GCA has evaluated the Sea Lion CAPEX and OPEX estimates provided by
Rockhopper and has developed independent estimates for the development, and
can confirm that the overall estimates are in line with current industry cost levels.
The estimated CAPEX estimate has also been benchmarked against actual
capital costs for similar, recent development projects in West Africa.
The Capital Cost estimate (Rockhopper) for the purchased vessel case is
summarised in Table 5.1.
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TABLE 5.1
CAPITAL COST SUMMARY (PURCHASED NEW-BUILD CASE)

Component
Drilling
FPSO Vessel
Topsides Facilities
Subsea Facilities
Flowlines
Mobilisation
Project Management,
Insurance, Owners Costs
Contingency
Total CAPEX

Capital
Cost
US$ MM
2,369
294
522
320
481
100
246
493
4,825

Comment
34 wells in total
Market driven, subject to variation

(on Facilities and Subsea costs)

Overall, costs for a development in a remote region, without existing infrastructure,
would be higher than for an established oil and gas province, in the following
areas:
•
•
•
•
•

Increased redundancy in design;
Increased freight costs for equipment and materials;
Increased transport costs for sub-assemblies, pipe and tubulars;
Increased mobilisation costs for offshore installation vessels; and,
Increase installation durations, in particular for subsea components, where
the installation spread will need to be on station for the full campaign, even
though some vessels will only be required part of the time.

Rockhopper appears to have addressed each of the above adequately in its
estimate. Additionally, the cost estimate takes into account the impact of the
wellstream characteristics, as summarised above.
Rockhopper has also identified potential cost reduction opportunities, for example
through use of Gulf of Mexico suppliers and contractors for the Subsea and
Pipeline components rather that UK/European contractors considered in the
original estimate. This potential reduction has not been fully evaluated and is not
reflected in the above estimate summary.
A recent revision to the WAT temperature of the crude will require further
evaluation, with potential for cost increases, which may offset any potential
reduction in this area. For example, additional insulation, or pipe-in-pipe
technology may be required to maintain the temperature of the well fluids above
the revised WAT. It will also be necessary to maintain the oil above WAT in
storage in the FPSO, and in the shuttle tankers. This is approaching the
maximum normal operating temperature for tanker storage, and some additional
expenditures may be required to mitigate this.
The use of an FPSO reduces the potential for regionally driven cost growth, as it
will be built entirely in an experienced yard, probably in China or Singapore, and
so will be isolated from the potential cost growth associated with an immature
region.
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Oil and Gas investments remain however a risk, with a long history of cost
overruns on major projects, and the potential for this should not be discounted.
The project is relatively straightforward in its design, and is very similar to previous
developments in Angola, so is well within industry knowledge and experience. It is
unlikely however that the estimated costs will be underrun and it should be
expected, in GCA’s opinion, that the contingency will be expended.
The annual operating costs estimated by Rockhopper are reasonable, including as
it does for high cost drilling rig intervention for well or HSP repair. The costs
comprise US$39 MM per year for onshore OPEX, US$92 MM per year for
offshore OPEX, and a provision for well intervention every 3 years at a cost of
US$120 MM, equating to US$40 MM per year from year 3 of production. This
gives a total annual OPEX of US$171 MM from year 3. The estimate is based on
the Rockhopper experience during exploration and appraisal phase with input
from specialist advisors and consultants.
Rockhopper has estimated an annual lease cost for the FPSO as an alternative to
the capital investment assumed in the above estimate. The overall estimate is
US$325,000 per day over the life of the field. The potential to lease the vessel
could improve the economics of the project if suitable terms could be agreed with
a vendor.
An estimate of US$1,148 MM has been proposed for abandonment costs. This
appears to be significantly overstated compared to international costs norms.
GCA considers a more appropriate abandonment provision would be in the order
of US$600 MM.
The Project Development Schedule, based on FID and regulatory approvals by
Q1 2013 appears to be achievable. This requires that reservoir modelling and
concept definition (FEED), and critically for the preparation, bidding and award of
Engineering, Procurement and Construction packages for the FPSO, Subsea
Facilities and Flowlines are completed in 2012 so that EPC awards can be made
in Q2 2013. This will require a degree of parallel working, where FEED is
commenced prior to completion of reservoir analysis and preparation of EPC
tender packages and Regulatory submissions are commenced prior to FEED
completion. This is feasible but challenging.
This then allows some 24 months for completion of the Sea Lion FPSO and
topsides, prior to delivery to the field in mid 2015. This provides adequate time for
the installation of the subsea equipment prior to vessel installation, and allows for
drilling of 12 of the development wells, with the remainder drilled after vessel
installation. The overall schedule of 30 months from FID to first oil is believed by
Rockhopper to be achievable but provides little float for any unforeseen delays. In
GCA’s view this is somewhat aggressive and GCA considers that a first oil date of
1st January, 2016 is more realistic. GCA has based its production and cost
forecasts (and NPV calculations) on a 1st January, 2016 first oil date.
5.1.6 Development of Adjacent Discoveries
The FPSO concept provides the opportunity to tie back additional discoveries in
the region at incremental costs, as the facility has oil, water and gas processing
capacity, provided that this is considered fully at the design stage. The FPSO
would additionally need provision for additional risers for these tie-back
developments.
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The Casper and Casper and South discoveries are located some 8 to 10 km to the
south of the planned FPSO location, and can be connected to the FPSO using an
additional production centre/production manifold to those planned for the Sea Lion
development the same subsea concept as used for Sea Lion production. It has
been estimated by Rockhopper that 6 additional wells either as producers and/or
injectors would be required for these additional developments. Given that these
are already confirmed as discoveries, it is assumed that they are developed at the
same time as the main Sea Lion development, and so do not incur additional
mobilisation costs. It is assumed that an additional gas disposal well is not
required, as the peak gas rate is unlikely to exceed the capacity of the well
included in the base Sea Lion development.
On this basis, the incremental costs for the incremental production are
summarised in Table 5.2.
TABLE 5.2
INCREMENTAL COSTS FOR TIE-BACK OF
CASPER AND CASPER SOUTH DISCOVERIES

Component
Drilling
Subsea Facilities
Flowlines
Project Management, Insurance,
Owners Costs
Contingency
Total CAPEX

Capital
Cost
US$ MM
460
100
120
60

Comment
6 wells in total

(Incremental for Tie-Back
Development)

60
800

Incremental OPEX would be limited to the maintenance and workover of the
additional flowlines, subsea equipment and wells, and would be in the order of
US$20 MM per year.
The incremental abandonment provision would be in the order of US$120 MM.
5.2

Technical Assessment

The facilities concept proposed by Rockhopper for the Sea Lion Development appears to
be sound and achievable. The concept proposes production from subsea wells with
Hydraulic Submersible Pumps (HSP’s) for artificial lift, with flow-line and riser systems
tied-back to a Floating Processing, Storage and Offloading facility (FPSO). The wells and
subsea systems comprise five drill centres for a total of 21 producing wells (maximum
108,000 bopd), 7 vertical water injection wells (maximum 135,000 bwpd), 6 wells will
initially be producers before converting to water injectors and one vertical gas disposal
well (maximum 28 MMscfd). Shuttle Tankers are used for the export of crude oil product
with a packet size of 1 MMBbl. The field is designed for a producing life of 40 years.
Project studies indicate 90.65% oil production availability. This is a provisional project
figure pending further analysis in FEED, but is a reasonable estimate for operations of
this type in this area, considering the particular downtime and challenges associated with
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wax management, and is realistic review of well/HSP downtime. All rotating machinery is
spared including and a spare FPSO swivel is to be included.
The configuration of the proposed development is summarised below.
5.2.1

FPSO and Marine
The FPSO is a conventional Tanker moored directly to the seabed with hawsers
attached to a central Turret. The FPSO freely rotates and “weathervanes” around
the Turret according to the least line of resistance to wind and waves. In this way,
and together with the proven sea-keeping characteristics of the vessel, a stable
platform for the process plant and equipment is provided, even in the extremes of
weather.
The FPSO concept offers a standalone self- supporting arrangement in this region
of the world where there is little supporting oil and gas infrastructure, and
distances to shore based facilities are considerable. A large deck space is
available for the processing facilities with spare area for future modifications.
FPSO and subsea concepts of this type are relatively straightforward and quick to
remove and abandon in a safe and environmentally secure manner at the end of
field life.
Use of an FPSO in this depth of water (approximately 450 m) will avoid the need
for permanent and heavy fixed steel or other concrete structures. Alternatives for
floating structures considered by Rockhopper, include Caisson, TLP and
Semi-Submersible and have been rejected in favour of the current FPSO
alternate.
The Shuttle Tankers proposed are standard proven Suezmax type with 1 MMBbl
oil parcels typically loaded in 24 hours. The crude product will be required to be
heated and stored at temperatures above the pour point of the oil of 65oC to avoid
wax precipitation in the tanks.
Use of Shuttle Tankers will avoid the need to install a long insulated subsea
trunk-line to a distant shore based terminal. It will also avoid the uncertainties of
flow management in long pipeline systems and onshore storage facilities.
The product oil is a high value low sulphur (0.22%) and medium gravity (29°API)
crude oil.
The design maximum conditions for the wells and trees at a pressure of 345 Bars
(5,000 psig) and temperature of around 100oC, are modest and consistent with a
proven range of manufacture. Wellhead flowing temperature is nominally 75oC.

5.2.2 Process Facilities
The preliminary process simulation basis, Process Flow Diagram’s (PFD’s) and
Equipment Lists for the FPSO Topsides facility have been reviewed in outline.
The average well fluid composition used for the preliminary process simulations
based on “dead” crude analysis is summarised in Table 5.3.
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TABLE 5.3
CRUDE ANALYSIS
Components (Dry Basis)
Inerts
HC Gas (C1-C2)
NGL Condensates (C3-C6)
Aromatics (Benzene to
o-Xylene)
HC Liquid (C7-C22)
Paraffin Wax (C23-C200)
Total

Mol %
1.3
39.2
8.9
0.5
18.7
31.4
100.0

The reservoir gases contain 1 to 2 Mol% carbon dioxide which will be moderately
corrosive to carbon steel at the operating temperature of the process facilities. No
hydrogen sulphide is reported but the equipment and materials are specified for
sour (NACE) service as a precaution.
The overall processing concept is conventional, with only the extensive water
treatment and heating being unusual (Figure 5.2).
FIGURE 5.2
PROCESS CONFIGURATION
Produced Water
0/74.2/84.9/86.5 kbpd
2019/2022/2023/2024 Year
HSP Water
108/140.1/136.5/126 kbpd
2019/2022/2023/2024 Year

Total Water In
108/214.4/221.4/213.4 kbpd
2019/2022/2023/2024 Year

Total Gross Liquid In
216/280.3/273/253.8 kbpd
2019/2022/2023/2024 Year

Oil
108/65.9/51.6/40.8 kbpd
2019/2022/2023/2024 Year

Drill
Centres

Gas
32.4/19.8/15.5/12.1 MMscfd
2019/2022/2023/2024 Year

FPSO

Water Injection
120.6/135/135/135 kbpd
2019/2022/2023/2024 Year

Water
Gas
Oil

Total Water Out
228.6/275.1/271.5/261.9 kbpd
2019/2022/2023/2024 Year

HSP Water
108/140.1/136.5/126.9 kbpd
2019/2022/2023/2024 year
Seawater
120.6/60.7/50.1/48.5 kbpd
2019/2022/2023/2024 Year

Key design throughput and product specifications for the facilities are:
•
•
•
•

Peak oil production rate 108,000 bopd + 10% margin;
Peak water injection rate 135,000 bwpd + 10% margin;
Peak associated gas production 32.4 MMscfd + 10%;
Product oil vapour pressure not exceeding 0.9 bara at 55oC;
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•
•

Product oil 0.5% BS&W; and
Product gas water dew-point 10 C at 175 bara.

No salt specification is specified, but it is not expected to be unusual or difficult to
meet in any way.
A conventional process scheme is proposed with two (50%) Oil Stabilisation
trains, three (50%) LP/MP Flash Gas Compression trains, and three (50%) HP
Gas Compression trains. The oil separation and treatment system is consistent
with the requirements for the vapour pressure specification of the product crude
oil. Crude oil will be stored in the FPSO Storage Tanks pending offloading in
Shuttle Tankers for export. Wax deposition in the processing facility and in the
FPSO and Shuttle Tanker Storage tanks will be avoided by maintaining the
temperature above WAT. Use of chemical wax inhibitors and anti-agglomerates
are available as back-up. The 0.5% BS&W specification for water in the oil
product may prove moderately demanding in practice and experimental testing
with the manufacturer of the dehydration unit is recommended.
Large energy requirements will be required to re-heat the recovered arrival fluids
and the make-up sea-water for HSP drive and water injection. A heating medium
system is provided for this purpose. For this the Generator Waste Heat Recovery
Units (WHRU) will provide the base load heat requirements of the facilities up to
25/30 MW. This will be further supplemented by process heaters currently
specified for up to 40 MW heat duty. Provisional estimates for overall field energy
requirements and heat balance indicate there will be a surplus of fuel gas for an
initial period during which time the surplus gas will be recovered and re-injected
into the gas reservoir for use later. After this initial period the associated gas will
be supplemented by reverse flow of the injected fuel gas from the reservoir via the
gas injection well.
Conventional gas recovery, compression and treatment systems will collect the
associated gas from all parts of the oil separation process to provide gas for
process fuel with surplus going to re-injection in the formation at 175 bars. No
flaring of gas will normally take place.
The gas condensates produced from cooling and compressing the associated gas
will be recovered and passed back into the oil process.
The combined mixture of formation and power water will be recovered from the
well-stream fluids in the oil separation process. Conventional processes to
separate and treat the produced water include a Hydrocyclone and a Flotation
unit. The water is then reheated and returned as power water to the HSP
Turbines at 300 Bars, with the surplus passing to the water injection system at
150 Bars, without further heating. No produced water will pass directly overboard.
Raw sea water will be pumped from the sea and passed through conventional
filtration and chemical dosing systems prior to removal of dissolved air
(de-aeration) and removal of potentially scaling sulphate ions (de-sulphation). The
water will be heated up to nominally 80oC to make-up the requirements for HSP
Turbine power water.
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5.2.3 Wells and Drilling
The proposed wells will be conventional, deviated/horizontal subsea wells, drilled
and completed from a semi-submersible drill rig. Each individual well is limited to
a maximum of 5,000 m including a 1,000 to 2,000 m horizontal section.
Rockhopper reports that the drilling of the wells has proven to be relatively simple,
with drilling durations within prognosis. There has been very little downtime
compared to similar operations in the North Sea, and no downtime due to
Logistics constraints.
Subsea well intervention, for example to withdraw and replace an HSP will be
carried out using a Drilling Rig on a typical 3 to 4 year campaign cycle, although
the potential to use a Diving Support Vessel for this type of operation is under
consideration. Spare capacity is built into the system to maintain production levels
should it be necessary to shut-down and isolate a well system in the intervening
period.
5.2.4 Subsea Architecture
A straightforward and conventional approach is taken to the design of the subsea
systems. The wells and flow-lines are connected to the FPSO processing facility
using a fully pressure and temperature rated system. In this way high integrity
pressure protection is achieved without the need for complex instrumented
over- pressure safety systems required mounted and to be maintained on the sea
bed.
Heat conservation will be achieved by use of externally insulated, or pipe in pipe
flowlines and risers. Trenching or burial of the flow lines will improve insulation
efficiency, and will moreover reduce tendencies for lateral or upheaval buckling,
and other adverse effects from seabed currents.
Studies indicate that up to 10,600 bopd well fluids may be produced with a high
(90% +) water cut without exceeding the power water pump design pressure
limitations. The preliminary transient simulation studies show that stable flowing
conditions are achieved at flow rates of 15,000 bpd (and higher) through a single
flow line (10”), but unstable slug flow in the riser base could occur the flow rate is
reduced to 10,000 barrels of liquids per day, although this is unlikely in normal
operations. The impact of the returning power fluid water will negate the potential
for slugging. Standard design flow in stable operation is 30,000 bpd from each
subsea centre.
The subsea flow lines and risers will be insulated to conventional standards of
heat loss for subsea systems of this type. These studies show that this will meet
the requirements of the project and achieve better than a minimum 48 hour notouch time between the system being shut down and cooling to 20°C.
When systems are required to be shutdown longer than the no-touch time the
production fluid in the well tubing and production flow lines will be displaced to
prevent gelling. Based on current data for gel strength it is prudent to assume that
injection of pour point depressant chemicals will be required in the well systems,
and during long shutdowns periods displacement of the produced fluids will be
required in the wellbore. When using hot water as the displacement fluid the
proposed configuration will enable several wells and a single flow line system to
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be displaced in around one hour. Consideration has included the use of pigs to
assist removal of the remaining oil in the system.
In addition to the use of hot seawater, the option to use diesel and other non-waxy
hydrocarbon stored on the FPSO has been considered but rejected in favour of
treated sea water.
Studies show that it will take around 4 to 5 hours to warm up a single flow line and
well system to 45oC when using up to 30,000 bpd of hot power sea water. This
leads to the assertion that a normal ‘warm restart’ operation may be undertaken
within 12 hours with no further downtime. In general, the transient simulations
show that both displacement and warm-up operations are achievable in
reasonable timescales.
The riser design concept proposed for the FPSO is a multiple, flexible
configuration with separate production, water injection, power fluid and umbilical
risers per drilling/subsea centre, and a separate gas riser. Key considerations in
riser design include the relative movement and accelerations of the FPSO vessel
(heave, pitch, and roll) and the mechanical forces on the system. Similar
considerations will apply to the loading flow lines for the Shuttle Tankers, though
flexible hose loading to a shuttle tanker in tandem is assumed.
5.3

Development Uncertainties

5.3.1 Reservoir Fluids
Independent tests have been carried out by a well-known specialist Company in
this field (Oilfield Chemical Technology Ltd, Aberdeen) on a single large sample of
dead crude oil. This included analysis of the crude oil, the determination of wax
appearance temperature (WAT) and wax deposition, pour point temperature
(PPT), potential gelling and pipeline restart conditions.
Two samples of reservoir fluid were analysed:
•

•

Sample 1 is stabilised (“dead”) oil with the associated gas removed at the test
separator. The appearance of wax in this sample occurred when cooled to a
temperature of 62oC (WAT). Further reduction in temperature caused more
wax to appear and at a temperature of around 28oC the mobility of the fluid
was sufficiently compromised, known as the “pour point”. On further
reduction in temperature the fluid became more solid and jelly like with high
pressure needed for flow until flow ceased at around 20oC, known as the “gel”
point. For this sample it is postulated that a small proportion of wax may have
been “lost” during the sampling process.
Sample 2 is “live” oil containing dissolved gas taken from the reservoir. For
this sample the appearance of wax occurred when cooled to a temperature 70
to 72.5oC. Pour Point was between 28 and 36oC for gas free oil (standard
method) and between 14 and 17oC for “live” crude (static cool method),
depending on pressure and gas content. The “gel” point was found to be
between 10 and 15oC with a lower pressure for flow needed than the “dead”
crude sample 1. It is believed that this sample is more representative of the
Sea Lion reservoir fluid.

The volume of wax actually deposited on cooler internal surfaces was shown to
inversely correspond to the flowing turbulence (shear force). A higher turbulence
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will cause less wax to adhere to the surface and more to remain suspended in
solution.
Investigations into emulsion tendency, viscosity and the use of de-emulsifiers
were also undertaken. Moderately stable emulsion formation occurs at up to 60%
water cut at normal operating temperatures but rapid separation of water is shown
when standard de-emulsifier chemicals are added. Continuous injection of
de-emulsifier chemical is likely to be required particularly at the process
separation stage.
A small amount of asphaltene precipitation was observed in the crude during
testing at reservoir temperature near to the bubble point. Further analysis may be
required to decide if this would require mitigation dependent upon field operating
conditions.
Generally the test results reported for both “live” and “dead” crudes are considered
consistent with expectations for such high wax high resin well-fluids.
At earlier stages in the Project, other laboratories including ITS, Expro and Oil
Plus provided test reports.
5.3.2 Flow Assurance
Preliminary flow assurance studies have been carried out using standard industry
software. These simulations include normal steady state operation over a range
of multi-phase flow rates and also transient operations like shutdown, warm and
cold restart, and ramp-up. Final studies for this will be completed during FEED
and detailed design when detailed topography and pipeline routings are known.
The requirement for subsea pigging is uncertain at this stage and will be assessed
as part of these studies.
The current design concept for wax management is based on maintaining the flow
lines and subsea systems above the “dead” oil WAT of 62oC and preliminary
studies show this to be both a technically feasible and a realistic concept. Further
evaluation will be required to confirm that a similar philosophy will be adequate for
the increased WAT of 72oC. This may require increased insulation on the
flowlines and increase in temperature of the power fluid, an increase in chemical
injection at the well or a combination of these to mitigate the impact of this
change.
The current development concept also provides for the displacement of oil from
parts of the system to prevent gel formation below temperature of around 25oC.
The latest data for “live” crude shows the onset of gelling and the flow re-start
conditions to be less onerous at temperature below 20oC. Allowance has also
been made in the topsides design to include for a range of chemicals to enhance
flow assurance, corrosion and scaling tendencies
The preliminary transient simulation studies confirm that arrival temperature can
reasonably be maintained above a target of 65oC when flowing at 15,000 bpd
produced fluids (equivalent to 50% turndown). Flows will normally be maintained
above this level in each flow line.
For single wells flowing above approximately 2,500/3,500 bpd the oil is shown to
remain above 65oC in the well tubing below the installed HSP. Normal flows will,
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therefore, need to be maintained above this level to avoid waxing in the well,
depending on water cut. In operation, it is likely that well flowrates (oil plus water
plus power water will remain at peak rates throughout the life of the field, so this is
unlikely to have any impact.
By maintaining the temperature above 25oC in this way to manage the wax and
gel issues means that, in general, hydrate formation is not a risk in normal
operating circumstances. However, hydrates may form at temperatures below this
depending on the pressure.
New data received for “live” crude oil exhibits a higher WAT of 72oC, which
correspondingly increases the risks for depositions of wax. To date the
preliminary studies have not been updated and these will need to address one or
several of the following potential variations:
•
•
•
•
•
•
•

Increased heat losses/insulation requirements;
Increased sea water heating above 80oC (HSP drive and injection water);
Increased heating/fuel gas requirements;
Reduced flexibility/flow turndown in the wells and flow lines;
Increased product storage temperature above 72oC in ships/shuttle tanks;
Need for continuous use of wax inhibiting chemicals; and
Other, which may include considerations for partial deposition/removal of wax
offshore.

Whilst it is clear that the “live” oil wax appearance will be a more demanding
design case for the avoidance of wax deposition, it is unlikely that major changes
will be required to the current proposals for the overall development concept.
However, until the new studies are completed this will remain a project risk.
5.3.3 Hydraulic Submersible Pumps (HSP)
The current concept is based on the use of HSP to lift the oil/ water from the
reservoir, and proposes the use of hot water as the hydraulic power fluid to the
HSP Turbine. The hot water is discharged into the wellstream and returned to the
FPSO mixed with the pumped reservoir fluids, to further assist in temperature
maintenance. This is a unique feature in the management of wax, where the heat
capacity of the reservoir fluids is increased by the hot water which significantly
slows the rate of cooling. As a result, it then becomes a more practicable
proposition to thermally insulate the subsea flow-lines to maintain temperatures
above wax appearance temperature throughout the subsea system and avoid
deposition, both during normal operation and during limited periods of shutdown.
Recovery and re-use of the hot power water in this way considerably reduces the
use of resources, energy and fuel gas at the facility. The hot water will also be
used if required, for heating, flushing and displacing the subsea system where
wax may have formed, or which may require pre-heating prior to well start-up.
Whilst HSP’s have been used in some subsea applications, such as the Captain
Field in the UK, there is no experience of precisely the same environment, with
such waxy crude and hot water power fluid, as prevailing at Sea Lion, although
studies have been carried out by the manufacturer. The use of down-hole pumps
will provide a greater control of flow and pressure of the reservoir fluids both
improving operating flexibility and increasing hydrocarbon recovery. HSP’s do not
suffer from the adverse effects of high temperature or other failures often
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associated with electrical (ESP) type submersible pumps. For example, the use of
complex variable speed electric motors and control systems, and high voltage
electric cabling is avoided. HSP’s are straightforward in design, are robust and
generally have a good track-record. Experience on the Captain Field indicates
10 years for mean time between failures. Other concepts for artificial lift including
gas lift and jet pumps as well as ESP’s have been considered by Rockhopper and
rejected in favour of the simplicity of HSP’s.
In principle there is no reason to doubt that the use of HSP’s with hot water in this
waxy service will prove to be successful in operation. This is a particularly clever
application for the use of an HSP in this service. However, this is unproven in
service at this stage, and actual performance will remain an uncertainty until trials
are completed.
5.3.4 Water Compatibility and Scale
During the operation of the development, a combination of produced formation
water and seawater will be used for water injection and as power fluid.
The formation waters found at Sea Lion range in composition from low to medium
brackish types. They are not strong brines or at sea water levels of salinity, but do
contain some small proportion of potentially scaling sulphates and other
components. The temperature of the produced water is nominally at reservoir
temperature of 89oC.
The raw sea water will be de-sulphated and de-oxygenated before being mixed
with treated formation water, heated to 80oC and pumped to the HSP turbine as
power fluid, or to water injection. No laboratory examinations have yet been
completed on the hot seawater to test for depositions and scaling potential in the
sea water system. Neither have there been tests for the mutual compatibility of
the various mixtures of produced water when mixed with the hot seawater in the
production system. Whilst it may reasonably be expected that no major
depositions or incompatibilities will exist, it will remain an uncertainty until detailed
laboratory testing is carried out.
5.4

Safety and Environmental

The project will be executed and operated in accordance with the appropriate Falkland
Island Legislation, which itself will probably be based on regulations pertaining to the UK
Oil and Gas industry. There are no features of the proposed FDP which would appear to
be non-compliant with the expected regulatory framework for development.
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6.

OTHER DISCOVERIES

6.1

Adjacent Discoveries to Sea Lion

Following the recent (2010/2011) drilling campaign, a number of discoveries were made
in addition to the Sea Lion Fan complex (SL10, SL20 and SL30), which include Casper,
Casper South, Beverley, SL05 and B15 (Section 4 and Figure 4.1).
The methodology for establishing gross and net rock volume ranges for these discoveries
followed a similar methodology as the SL10 & SL20 fans of Sea Lion, with the exception
that net to gross maps were not prepared due to limited well control, and is discussed in
detail by discovery.
Following detailed analysis (Section 4.4) it was decided to apply the same gas oil and oil
water contacts (2,402.2 mTVDss and 2,476 mTVDss, respectively) to each discovery for
calculation of gross rock volume.
Porosity, oil & gas saturation, formation volume factor and gas expansion factor ranges
were derived, as discussed in Sections 4.4 and 4.5, and applied universally to all
discoveries with the exception of Johnson (Tables 6.1 and 6.2).
A Monte Carlo analysis of the in-place volumes of oil and gas was performed, the results
of which are shown in Tables 6.3 and 6.4 respectively. The associated Contingent
Resources are stated in a summary form in Tables 6.5 and 6.6 respectively.
TABLE 6.1
SUMMARY OF VOLUMETRIC INPUT PARAMETERS
OIL
Parameter
Porosity %
Oil Saturation %
Bo (rb/stb) West
Bo (rb/stb) East

Low

Best

High

19
65
1.280
1.210

23
72.5
1.240
1.170

27
80
1.200
1.130

Shape
Factor
Normal
Normal
Triangular
Triangular

TABLE 6.2
SUMMARY OF VOLUMETRIC INPUT PARAMETERS
GAS
Parameter
Porosity %
Gas Saturation %
GEF

Low

Best

High

19
80
200

23
82.5
217

27
85
235

65

Shape
Factor
Normal
Normal
Triangular
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TABLE 6.3
SUMMARY OF CONTINGENT OIL IN PLACE VOLUMES
ADJACENT DISCOVERIES
Fan Name

Gross STOIIP (MMBbl)

Licence
1C

Casper

PL032

Casper

PL04b

Total Casper

2C

47.0

3C

64.2

84.3

Mean
65.1

3.2

6.2

9.0

6.2

50.2

70.4

93.3

71.3

Casper South

PL032

1.4

7.4

16.6

8.4

Casper South

PL04b

74.8

119.9

183.4

125.7

Total Casper South

76.2

127.3

200.0

134.1

B15 East

PL032

1.7

2.4

3.3

2.5

SL05

PL04b

7.7

15.0

25.7

15.9

TABLE 6.4
SUMMARY OF CONTINGENT GAS IN PLACE VOLUMES
ADJACENT DISCOVERIES
Fan Name

Gross STOIIP (Bscf)

Licence
1C

Casper

PL032

Casper

PL04b

Total Casper

84.2

2C
114.7

3C

Mean

146.9

115.3

9.6

18.7

26.4

18.4

93.8

133.4

173.3

133.7

Casper South

PL032

7.8

43.6

97.5

48.9

Casper South

PL04b

138.3

222.2

337.8

230.3

146.1

265.8

435.3

279.2

163.3

237.3

314.6

238.2

Total Casper South
Beverley

PL04b
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TABLE 6.5
SUMMARY OF GROSS AND NET OIL ADJACENT DISCOVERIES
CONTINGENT RESOURCE VOLUMES
AS AT 31st MARCH, 2012
Licence
Name

Fan Name
Casper
Casper
Casper South
Casper South
B15 East
SL05
Total

PL032
PL04b
PL032
PL04b
PL032
PL04b

Gross Contingent
Resources (MMBbl)
1C
12.9
1.1
1.2
23.1
0.5
2.8
41.6

2C
19.3
1.8
2.4
36.6
0.7
4.6
65.4

3C
26.8
2.6
4.1
53.2
1.0
7.0
94.7

Mean
19.6
1.8
2.5
37.6
0.7
4.8
67.0

Working
Interest
(%)
100
60
100
60
100
60

Net Contingent Resources
(MMBbl)
1C
12.9
0.7
1.2
13.9
0.5
1.7
30.9

2C
19.3
1.1
2.4
21.9
0.7
2.8
48.2

3C
26.8
1.6
4.1
31.9
1.0
4.2
69.6

Mean
19.6
1.1
2.5
22.5
0.7
2.9
49.3

Notes:
1.
2.
3.

The meaningful Contingent Resource volume reported here is the 2C, or ‘Best Estimate’ value.
No economic limit cut off is applied for Contingent Resources.
The volumes reported here are “Unrisked” in the sense that “Chance of Development” values have
not been arithmetically applied to the designated volumes within this assessment. “Chance of
Development” represents an indicative estimate of the probability that the Contingent Resource will
be developed, which would warrant the reclassification of that volume as a Reserve.

TABLE 6.6
SUMMARY OF GROSS AND NET GAS ADJACENT DISCOVERIES
CONTINGENT RESOURCE VOLUMES
AS AT 31st MARCH, 2012
Fan
Name

Licence
Name

Gross Contingent Resources
(Bscf)
1C

2C

3C

Mean

Working
Interest
(%)

Net Contingent Resources (Bscf)
1C

2C

3C

Mean

Casper

PL032

64.9

80.0

97.4

80.7

100

64.9

80.0

97.4

80.7

Casper
Casper
South
Casper
South

PL04b

9.3

12.7

16.6

12.8

60

5.6

7.6

9.9

7.7

18.0

34.0

53.7

35.0

100

18.0

34.0

53.7

35.0

121.0

161.3

210.0

163.6

60

72.6

96.8

126.0

98.1

Beverley

PL04b

130.8

165.3

204.3

166.7

60

78.5

99.2

122.6

100.0

344.0

453.3

582.0

458.8

-

239.6

317.6

409.6

321.5

Total

PL032
PL04b

Notes:
1.
2.
3.

The meaningful Contingent Resource volume reported here is the 2C, or ‘Best Estimate’ value.
No economic limit cut off is applied for Contingent Resources.
The volumes reported here are “Unrisked” in the sense that “Chance of Development” values have
not been arithmetically applied to the designated volumes within this assessment. “Chance of
Development” represents an indicative estimate of the probability that the Contingent Resource will
be developed, which would warrant the reclassification of that volume as a Reserve.
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6.1.1 Casper
In the western flank of the Casper fan the 14/10-9 and 14/10-9z wells penetrated a
gas and oil column. Therefore, the western flank is considered as a discovery and
is discussed below. The 14/10-8 well penetrated the Casper fan on its eastern
flank and encountered water.
The low case area is defined as a circle with a 1,000 m radius, as discussed in
Section 4.5, around the 14/10-9 & 14/10-9z (sidetrack) wells that penetrated the
Casper fan (Figure 6.1). Gross rock volume was calculated within the circle using
the top and base depth surfaces and the established gas and oil water contacts.
FIGURE 6.1
MINIMUM AMPLITUDE MAP WITH DEPTH CONTOURS
CASPER FAN
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The best case area is defined using the mapped pinchout of the Casper fan
(Figure 6.1). Gross rock volume was calculated within the mapped pinchout area
using the seismically derived top and base depth surfaces. The mapped isochore
is shown in Figure 6.2.
FIGURE 6.2
ISOCHORE MAP
CASPER FAN
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The high case area is defined using the mapped pinchout of the Casper fan
(Figure 6.1). An 18% increase was applied to the isochore of the Casper fan,
which represents a realistic estimate of uncertainty in the picking of the top
seismic event. Gross rock volume was calculated within the mapped pinchout
area using the new isochore.
Net rock volume was calculated by applying a range of net to gross values derived
from analysis of the wells that penetrated the reservoir. For the Casper fan the
net to gross range was applied by block. Within the PL032 block the net to gross
range was derived from the 14/10-9/9z and 14/10-8 wells, and 60, 72 and 93%
was applied to the low, best and high cases, respectively. In the PL04b block a
net to gross range of 40, 55 and 70% was applied to the low, best and high cases,
respectively. This takes into account that the Casper fan that lies within block
PL04b is more distal from the sediment source and therefore assumed to have a
lower net to gross.
Oil and Gas in place volumes are shown in Tables 6.7 and 6.8, and Table 6.9
provides Contingent Resources.
TABLE 6.7
SUMMARY OF CONTINGENT OIL IN PLACE VOLUMES
CASPER FAN
Gross STOIIP (MMBbl)

Casper (Oil)
1C

2C

3C

Mean

Casper_W_PL04b

3.2

6.2

9.0

6.2

Casper_W_PL032

47.0

64.2

84.3

65.1

Total

50.1

70.5

93.4

71.3

TABLE 6.8
SUMMARY OF CONTINGENT GAS IN PLACE VOLUMES
CASPER FAN
Gross GIIP (BSCF)

Casper (Gas)
1C

2C

3C

Mean

Casper_W_PL04b

9.6

18.7

26.4

18.4

Casper_W_PL032

84.2

114.7

146.9

115.3

Total

93.8

133.4

173.3

133.7
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TABLE 6.9
CASPER FAN OIL AND GAS CONTINGENT RESOURCES
Gross Contingent
Resources (MMBbl)

Casper (Oil)

3C

Mean

Working
Interest
(%)

Net Contingent Resources
(MMBbl)

1C

2C

Casper_W_PL04b

1.1

1.8

2.6

1.8

60

0.7

1.1

1.6

1.1

Casper_W_PL032

12.9

19.3

26.8

19.6

100

12.9

19.3

26.8

19.6

Total

14.0

21.1

29.4

21.4

13.5

20.4

28.4

20.7

Gross Contingent
Resources (BSCF)

Casper (Gas)

Working
Interest
(%)

1C

2C

3C

Mean

Net Contingent Resources
(BSCF)

1C

2C

3C

Mean

Casper_W_PL04b

1C

2C

3C

Mean

9.3

12.7

16.6

12.8

60

5.6

7.6

9.9

7.7

Casper_W_PL032

64.9

80.0

97.4

80.7

100

64.9

80.0

97.4

80.7

Total

74.2

92.8

114.0

93.5

70.5

87.7

107.4

88.4

Notes:
1.

2.

3.

“Gross Contingent Resources” are 100% of the volumes estimated to be recoverable from the field
without any economic cut-off being applied. Net Contingent Resources are the Company’s net
working interest.
The volumes reported here are “Unrisked” in the sense that “Chance of Development” values have
not been arithmetically applied to the designated volumes within this assessment. “Chance of
Development” represents an indicative estimate of the probability that the Contingent Resource will
be developed, which would warrant the re-classification of that volume as a Reserve.
The primary Contingent Resource volume reported here is the 2C, or ‘Best Estimate’, value.

6.1.2. Casper South
In the western flank of the Casper South fan the 14/15-4a and 14/15-4z wells
have penetrated a gas and oil column. Therefore, the western flank is considered
as a discovery and is discussed below. No wells have penetrated the Casper
South fan to the east of the saddle, and this area is, therefore, considered as
prospective volumes for oil and gas.
The low case area is defined as a circle with a 1,000 m radius (section 4.5.1)
around the 14/15-4a & 14/15-4z (sidetrack) wells that penetrated the Casper
South fan (Figure 6.3). Gross rock volume was calculated within the circle using
the seismically derived top and base depth surfaces and the established gas and
oil water contacts.
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FIGURE 6.3
MINIMUM AMPLITUDE MAP WITH DEPTH CONTOURS
CASPER SOUTH FAN

The best case area (orange polygon in Figure 6.3) is defined as a polygon that
falls between the 1,000 m radius around the well and the seismically derived
mapped pinchout. The mapped pinchout was not used as a best case for Casper
South as the Casper South reservoir event is difficult to resolve on the seismic
volume. Gross rock volume was calculated within the best case polygon area
using the seismically derived top and base depth surfaces and the established
gas and oil water contacts. The mapped isochore is shown in Figure 6.4.
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FIGURE 6.4
ISOCHORE MAP
CASPER SOUTH FAN

The high case area is defined using the mapped pinchout of the Casper South fan
(Figure 6.3). Gross rock volume was calculated within the mapped pinchout area
using the seismically derived top and base depth surfaces and the established
gas and oil water contacts.
Oil and Gas in place volumes are shown in Tables 6.6 and 6.7, and Contingent
Resources are shown in Table 6.8.

73

BCR/sf/EE026600
Rockhopper Exploration

TABLE 6.10
SUMMARY OF CONTINGENT OIL IN PLACE VOLUMES
CASPER SOUTH FAN
Gross STOIIP (MMBbl)

Casper South (Oil)

2C

3C

Mean

CSouth_W_PL04b

74.8

1C

119.9

183.4

125.7

CSouth_W_PL032

1.4

7.4

16.6

8.4

76.2

127.2

200.0

134.1

Total

TABLE 6.11
SUMMARY OF CONTINGENT GAS IN PLACE VOLUMES
CASPER SOUTH FAN
Gross GIIP (BSCF)

Casper South
(Gas)
1C

2C

3C

Mean

CSouth_W_PL04b

138.3

222.2

337.8

230.3

CSouth_W_PL032

7.8

43.6

97.5

48.9

146.1

265.8

435.3

279.2

Total
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TABLE 6.12
CASPER SOUTH FAN CONTINGENT RESOURCES
Casper South
(Oil)

Gross Contingent Resources
(MMBbl)

Net Contingent Resources
(MMBbl)

1C

2C

3C

1C

2C

3C

CSouth_W_PL04b

23.1

36.6

53.2

37.6

60

13.9

21.9

31.9

22.5

CSouth_W_PL032

1.2

2.4

4.1

2.5

100

1.2

2.4

4.1

2.5

24.3

39.0

57.3

40.1

15.1

24.3

36.1

25.1

Total

Casper South
(Gas)

Mean

Working
Interest
(%)

Gross Contingent Resources
(BSCF)
1C

2C

3C

Mean

CSouth_W_PL04b

121.0

161.3

210.0

163.6

CSouth_W_PL032

18.0

34.0

53.7

35.0

139.0

195.3

263.7

198.6

Total

Working
Interest
(%)

Mean

Net Contingent Resources
(BSCF)
1C

2C

3C

Mean

60

72.6

96.8

126.0

98.1

100

18.0

34.0

53.7

35.0

90.6

130.8

179.7

133.2

Notes:
1.

2.

3.

“Gross Contingent Resources” are 100% of the volumes estimated to be recoverable from the field
without any economic cut-off being applied. Net Contingent Resources are the Company’s net
working interest.
The volumes reported here are “Unrisked” in the sense that “Chance of Development” values have
not been arithmetically applied to the designated volumes within this assessment. “Chance of
Development” represents an indicative estimate of the probability that the Contingent Resource will
be developed, which would warrant the re-classification of that volume as a Reserve.
The primary Contingent Resource volume reported here is the 2C, or ‘Best Estimate’, value.

6.1.3. Beverley
In the western flank of the Beverley fan, the 14/15-4a and 14/15-4z (sidetrack)
wells penetrated a gas column. Therefore, gas is considered as a discovery and
is discussed below. Potential for oil in the western flank is considered as
Prospective volumes given evidence for pressure communication with SLMC. Oil
and gas Prospective volumes could similarly be expected in the eastern flank of
the Beverley fan.
The low case area is defined as a circle with a 1,000 m radius, as discussed in
Section 4.5, around the 14/15-4a & 14/15-4z (sidetrack) wells that penetrated the
Beverley fan (Figure 6.5). Gross rock volume was calculated within the circle
using the top and base depth surfaces and the established gas oil contact.
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FIGURE 6.5
MINIMUM AMPLITUDE MAP WITH DEPTH CONTOURS
BEVERLEY FAN

The best case area is defined using the mapped pinchout of the Beverley fan
(Figure 6.5). Gross rock volume was calculated within the mapped pinchout area
using the seismically derived top and base depth surfaces. The mapped isochore
is shown in Figure 6.6.
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FIGURE 6.6
ISOCHORE MAP
BEVERLEY FAN

The high case area is defined using the mapped pinchout of the Beverley fan
(Figure 6.5). An 18% increase was applied to the isochore of the Beverley fan,
which represents a realistic estimate of uncertainty in the picking of the top
seismic event. Gross rock volume was calculated within the mapped pinchout
area using the new isochore.
Net rock volume was calculated by applying a range of net to gross values derived
from analysis of the wells that penetrated the fan. The 14/15-4a/4z wells are the
only penetration of the Beverley fan and the net to gross is around 92%. A range
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of 65, 75 and 92% was used to represent the low, best and high cases,
respectively.
Gas in place volumes are shown in Table 6.13 and Contingent Resources in
Table 6.14.
TABLE 6.13
SUMMARY OF CONTINGENT GAS IN PLACE VOLUMES
BEVERLEY FAN
Gross GIIP (BSCF)

Beverley (Gas)
1C

2C

3C

Mean

Beverley_W_PL04b

163.3

237.3

314.6

238.2

Total

163.3

237.3

314.6

238.2

TABLE 6.14
BEVERLEY FAN CONTINGENT RESOURCES

Beverley (Gas)
Beverley_W_PL04b

Gross Contingent Resources
(BSCF)
1C

2C

3C

Mean

130.8

165.3

204.3

166.7

Working
Interest
(%)
60

Net Contingent Resources
(BSCF)
1C

2C

78.5

99.2

3C

Mean

122.6

100.0

Notes:
1.

2.

3.

“Gross Contingent Resources” are 100% of the volumes estimated to be recoverable from the field
without any economic cut-off being applied. Net Contingent Resources are the Company’s net
working interest.
The volumes reported here are “Unrisked” in the sense that “Chance of Development” values have
not been arithmetically applied to the designated volumes within this assessment. “Chance of
Development” represents an indicative estimate of the probability that the Contingent Resource will
be developed, which would warrant the re-classification of that volume as a Reserve.
The primary Contingent Resource volume reported here is the 2C, or ‘Best Estimate’, value.

6.1.4. SL05
In the western flank of the SL05 fan the 14/15-4a and 14/15-4z wells penetrated
an oil column. Therefore, the western flank is considered as a discovery and is
discussed below. The 14/10-8 well penetrated the SL05 fan on its eastern flank
and encountered water.
The low case area is defined as an area around the 14/15-4a & 14/15-4z wells
that penetrated the SL05 fan (Figure 6.7), down to the 2,450 mTVDss structural
closing contour. Gross rock volume was calculated within the defined area using
the top and base depth surfaces. The regional oil water contact of 2,476 mTVDss
was applied as the lower contact (contact not effective in the low case as areal
extent is limited to 2,450 mTVDss contour).
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The best case area is defined using the mapped pinchout of the SL05 fan (Figure
6.7). Gross rock volume was calculated within the mapped pinchout area using
the seismically derived top and base depth surfaces. The mapped isochore is
shown in Figure 6.8.
The high case area is defined using the mapped pinchout of the SL05 fan
(Figure 6.7). An 18% increase was applied to the isochore of the SL05 fan, which
represents a realistic estimate of uncertainty in the picking of the top seismic
event. Gross rock volume was calculated within the mapped pinchout area using
the new isochore.
Net rock volume was calculated by applying a range of net to gross values derived
from analysis of the wells that penetrated the fan. The net to gross range is
derived from the 14/15-4a/4z and 14/10-8 wells, and a range of 12, 30 and 60%
was applied to the low, best and high cases, respectively.
Oil in place volumes are shown in Table 6.15 and Contingent Resources in
Table 6.16.
TABLE 6.15
SUMMARY OF CONTINGENT OIL IN PLACE VOLUMES
SL05 FAN
Gross STOIIP (MMBbl)

SL05 (Oil)
1C

2C

3C

Mean

SL05_W_PL04b

7.7

15.0

25.7

15.9

Total

7.7

15.0

25.7

15.9

TABLE 6.16
SL05 FAN CONTINGENT RESOURCES

SL05 (Oil)

Gross Contingent Resources
(MMBbl)
1C

SL05_W_PL04b

2.8

2C
4.6

3C

Mean

7.0

4.8

Working
Interest
(%)
60

Net Contingent Resources
(MMBbl)
1C
1.7

2C
2.8

3C
4.2

Mean
2.9

Notes:
1.

2.

3.

“Gross Contingent Resources” are 100% of the volumes estimated to be recoverable from the field
without any economic cut-off being applied. Net Contingent Resources are the Company’s net
working interest.
The volumes reported here are “Unrisked” in the sense that “Chance of Development” values have
not been arithmetically applied to the designated volumes within this assessment. “Chance of
Development” represents an indicative estimate of the probability that the Contingent Resource will
be developed, which would warrant the re-classification of that volume as a Reserve.
The primary Contingent Resource volume reported here is the 2C, or ‘Best Estimate’, value.
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FIGURE 6.7
MINIMUM AMPLITUDE MAP WITH DEPTH CONTOURS
SL05 FAN
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FIGURE 6.8
ISOCHORE MAP
SL05 FAN
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6.1.5. B15
The eastern flank of the B15 fan was penetrated by the 14/10-5 and 14/10-2 wells.
Both wells encountered an oil column, therefore the eastern flank is considered as
a discovery and is discussed below. The western flank is considered as
prospective volumes for oil and gas and is discussed further in Section 6.4.
The low case area is defined using the mapped pinchout of the B15 reservoir
around the 14/10-5 and 14/10-2 wells that penetrated the B15 reservoir
(Figure 6.9). Gross rock volume was calculated within the mapped pinchout area
using the seismically derived top and base depth surfaces. The mapped isochore
is shown in Figure 6.10.
The best case area is defined in the same way as the low case area, given the
limited areal extent as shown in Figure 6.9.
The high case area is defined using the mapped pinchout of the B15 fan
(Figure 6.9). An 18% increase was applied to the isochore of the B15 fan, which
represents a realistic estimate of uncertainty in the picking of the top seismic
event. Gross rock volume was calculated within the mapped pinchout area using
the new isochore.
Net rock volume was calculated by applying a range of net to gross values derived
from analysis of the wells that penetrated the fan. The net to gross range is
derived from the 14/10-5 and 14/10-2 wells and a range of 40, 62 and 85% was
applied to the low, best and high cases, respectively.
Oil in place volumes are shown in Table 6.17 and Contingent Resources in
Table 6.18.
TABLE 6.17
SUMMARY OF CONTINGENT OIL IN PLACE VOLUMES
B15 FAN
Gross STOIIP (MMBbl)

B15 (Oil)

2C

3C

Mean

B15_E_PL032

1C
1.7

2.4

3.3

2.5

Total

1.7

2.4

3.3

2.5
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TABLE 6.18
B15 FAN CONTINGENT RESOURCES

B15 (Oil)
B15_E_PL032

Gross Contingent Resources
(MMBbl)
1C
2C
3C
Mean
0.5
0.7
1.0
0.7

Working
Interest
(%)
100

Net Contingent Resources
(MMBbl)
1C
2C
3C
Mean
0.5
0.7
1.0
0.7

Notes:
1.

2.

3.

“Gross Contingent Resources” are 100% of the volumes estimated to be recoverable from the field
without any economic cut-off being applied. Net Contingent Resources are the Company’s net
working interest.
The volumes reported here are “Unrisked” in the sense that “Chance of Development” values have
not been arithmetically applied to the designated volumes within this assessment. “Chance of
Development” represents an indicative estimate of the probability that the Contingent Resource will
be developed, which would warrant the re-classification of that volume as a Reserve.
The primary Contingent Resource volume reported here is the 2C, or ‘Best Estimate’, value.

FIGURE 6.9
MINIMUM AMPLITUDE MAP WITH DEPTH CONTOURS
B15 FAN
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FIGURE 6.10
ISOCHORE MAP
B15 FAN

84

BCR/sf/EE026600
Rockhopper Exploration

6.2.

Johnson

6.2.1

Johnson Structure and the Shell 14/5-1a Exploration Well
The 14/5-1a well was drilled by Shell in 1998 to test a large structural closure
corresponding to the top of a major deltaic unit of Lower Cretaceous age. The
well encountered this objective at about 1,750 m depth and for the next 1,800 m,
drilled through a thick Lower Cretaceous, delta and pro-delta section of shales,
claystones, siltstones and sandstones containing oil and gas shows, and
hydrocarbon fluorescence. Shell reported that an excellent quality, but immature
lacustrine source rock of about 500 m in thickness was penetrated starting around
2,000 m. From about 2,800 m to TD (4,500 m) the well drilled primarily claystones
with the occasional thin, poor quality sandstone with numerous gas shows
occurring mainly in the claystone intervals. GCA calculates between 32 m and
49 m of net gas pay over this interval, with an average porosity of less than 7%,
and a maximum porosity of 10%. GCA calculates the average Sw over this
interval at 57% (Figure 6.11). Shell’s analysis of the section suggested that shale
encased coal lenses penetrated by the well had some dry gas potential, as no
good quality source rock was encountered. The well was not tested, and Shell
abandoned it, attributing the failure at the primary reservoir target due to lack of
hydrocarbon charge.
FIGURE 6.11
WELL 14/5-1a CPI PLOT WITH DISTRIBUTION OF NET PAY
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GCA understands that the Falkland Islands Government has informed
Rockhopper that, as well 14/5-1 is a discovery, any future drilling on the Johnson
feature would be treated as part of an appraisal campaign. GCA has based its
independent volumetric estimates on its own petrophysical analysis and on the
seismic interpretation and maps provided by Rockhopper. For the purposes of
presenting Contingent Resource estimates, GCA has accepted that the well is
considered a discovery in respect of the deeper geological section containing gas
shows and potentially covering a gross area of up to 375 km2.
The feature named “Johnson” by Rockhopper represents the mappable limit of a
seismic reflector roughly coincident at the 14/5-1a with the top of the zone
(c. 3,500 m) within which significant gas shows were encountered. Because a
structural closure cannot be mapped at this level, GCA has invoked a “slab”
morphology in which up to a maximum of approximately 50 m of net reservoir may
be present over the entire outlined Johnson area (Figure 6.12). In this model,
hydrocarbons are trapped to the north and the west by a stratigraphic pinch-out of
the reservoir (Figure 6.13), to the east and south by structural dip and vertically by
shales. As shown on the map, the edge of the stratigraphic pinch-out does not
occur within Rockhopper’s Licence PL032, but is assumed in PL01 to the west,
and open acreage to the north. Sand provenance is taken to be from the north
and high seismic amplitudes are interpreted to identify the reservoir sand
depositional fairway(s) (Figure 6.14).
FIGURE 6.12
JOHNSON STRUCTURE MAP

Legend:
1C Polygon
2C Polygon
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FIGURE 6.13
SEISMIC LINE ACROSS JOHNSON FEATURE

FIGURE 6.14
SAND FAIRWAY MAP: JOHNSON RESERVOIR

87

BCR/sf/EE026600
Rockhopper Exploration

Table 6.19 provides GCA’s in-place estimates for the Johnson structure within
PL032 and for the whole structure and Table 6.20 provides the Contingent
Resources for PL032 (100% Rockhopper).
GCA’s probabilistic P10 Gross GIIP for the entire Johnson area is about
4,650 Bscf (3,273 Bscf Contingent Resources). About 27% of the total Johnson
Area lies in Rockhopper’s PL032 Licence.
TABLE 6.19
SUMMARY OF CONTINGENT GAS IN PLACE VOLUMES
JOHNSON
Gross STOIIP (Bscf)

Johnson
Johnson_PL032
Other Blocks

1C
64.0

2C
538.0

3C
1,254.0

0.0

0.0

3,396.0

TABLE 6.20
PL032 JOHNSON CONTINGENT RESOURCES

Johnson

Gross Contingent Resources
(Bscf)
1C

Johnston_PL032

44.0

2C

3C

Mean

375.0

884.0

380.0

Working
Interest
(%)
100

Net Contingent Resources
(Bscf)
1C
44.0

2C

3C

Mean

375.0

884.0

380.0

Notes:
1.

2.

3.
4.

“Gross Contingent Resources” are 100% of the volumes estimated to be recoverable from the field
without any economic cut-off being applied. Net Contingent Resources are the Company’s net
working interest.
The volumes reported here are “Unrisked” in the sense that “Chance of Development” values have
not been arithmetically applied to the designated volumes within this assessment. “Chance of
Development” represents an indicative estimate of the probability that the Contingent Resource will
be developed, which would warrant the re-classification of that volume as a Reserve.
The primary Contingent Resource volume reported here is the 2C, or ‘Best Estimate’, value.
The Johnston feature extends to the west and north. The 1C and 2C volumes are contained within
PL032, but the in-place 3C for the whole structure is some 4,650 Tscf. The 3C quoted in the Table
above relates only to PL032. The 3C Contingent Resource for the Other Licences amounts to 2,389
Bscf.

6.2.2 Potential Development
Rockhopper has a higher opinion of Johnson than GCA can justify as a result of
its review. GCA understands that Rockhopper has estimated in-place volumes of
between 3 Tscf and 30 Tscf of gas. This has been prepared on a deterministic
basis involving higher reservoir parameters than GCA can assign based on data
from 14/5-1a and also with a much thicker net pay section. GCA understands that
Rockhopper has considered that the upside case includes the whole structure as
having a 80 m thick net pay. In GCA’s view this is not the case at the well and
while, the model predicts better reservoir parameters and thus net pay as one
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moves north and north west from the Shell well, the geological section also thins
in the same direction.
Based on its analysis Rockhopper has undertaken conceptual development
screening studies. These include thoughts of either Floating LNG or onshore
LNG. These scoping studies by OAG Ventures suggest that just over 4 Tscf
would be required for one 3.2 MMTPA plant. This would mean that in excess of
GCA’s upside case would need to be found in order to make a development
viable.
While GCA has assigned Contingent Resources to Johnson, it must be
recognised that any project based on this is embryonic and that at appraisal wells
will first be needed to assess whether the proposed geological model has
foundation. GCA considers that a factor for the Chance of Development and thus
maturing these volumes to Reserves can only be in the order of 5 to 10%.
7.

PROSPECTIVE RESOURCES

The parameters for establishing gross and net rock volumes for the Prospective
Resources follows a similar methodology as was used for the other discoveries discussed
in Section 6; each prospect is discussed in detail below.
Following detailed petrophysical work (Section 4.4) it was decided to apply the same gas
oil and oil water contacts (2,402.2 mTVDss and 2,476 mTVDss respectively) to each
prospect, on both flanks when calculating in-place volumes.
Porosity, oil & gas saturation, formation volume factor and gas expansion factor ranges
were derived, as discussed in Sections 4.4 and 4.5, and applied universally to all
prospective volumes in Sections 7.1 to 7.4 (Tables 7.1 and 7.2), not other Prospective
volumes discussed in Section 7.5.
Monte Carlo analysis was used to carry out a probabilistic analysis of the Prospective inplace volumes of oil and gas. The results of this analysis are detailed as each Prospect
is discussed below. In-place volumes are presented after each Prospect is discussed for
those associated with the Sea Lion adjacent discoveries.
Resources classed as Prospective have been assigned a Geological Chance of Success
(GCoS) using GCA’s internal system. This system is based on an assessment of the
quality and quantity of data in assessing four parameters; reservoir, source, seal and trap.
GCoS for each of the prospective volumes discussed in this section can be found in the
respective fan’s in place volumes table.
TABLE 7.1
SUMMARY OF VOLUMETRIC INPUT PARAMETERS
OIL
Parameter

Low

Best

High

Porosity %
Oil Saturation %
Bo (rb/stb) West
Bo (rb/stb) East

19
65
1.280
1.210

23
72.5
1.240
1.170

27
80
1.200
1.130

89

Shape
Factor
Normal
Normal
Triangular
Triangular
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TABLE 7.2
SUMMARY OF VOLUMETRIC INPUT PARAMETERS
GAS
Parameter
Porosity %
Gas Saturation %
GEF

Low
19
80
200

Best
23
82.5
217

High
27
85
235

Shape Factor
Normal
Normal
Triangular

A summary of the Prospective Resources is given in Tables 7.3 and 7.4. These
Prospective Resources are stated on an unrisked basis and the GCoS has not been
applied.
TABLE 7.3
SUMMARY OF GROSS OIL AND GAS UNRISKED
PROSPECTIVE RESOURCE VOLUMES
Fan Name

Block
Name

Low

Gross Unrisked Prospective Resources
(MMBbl)
(Bscf)
Best
High
Mean
Low Best High

SL30

PL032

8.5

13.0

Casper South

PL032

3.8

Casper South

PL04c

5.3

Beverley West

PL04b

Beverley

Mean

GCoS
(%)

18.6

13.3

-

-

-

-

22

6.2

9.1

6.3

9.9

14.0

18.2

14.1

16

8.1

11.3

8.2

5.6

7.8

10.1

7.9

16

7.7

12.8

19.6

13.3

-

-

-

-

34

PL04c

3.3

5.4

8.2

5.6

16.1

23.8

31.8

23.9

24

B15 West

PL032

George Central

PL032

6.6
10.2

10.0
29.3

14.1
83.1

10.2
40.8

0.2
-

0.3
-

0.4
-

0.3
-

53
10

George South A

PL032

14.8

34.3

79.2

42.5

-

-

-

-

12

George South B

PL032

26.8

51.8

94.2

57.0

-

-

-

-

12

George North

PL032

7.4

17.7

39.7

21.4

-

-

-

-

8

Berkeley

PL032

11.3

28.6

65.5

34.7

-

-

-

-

11

S2

PL032

14.1

50.5

151.9

71.3

-

-

-

-

22

-

-

-

25

PL032

16.1

30.9

54.3

33.7

-

Chatham East

Pl032

10.1

47.7

94.5

49.8

-

-

-

-

21

Chatham South

PL032

4.2

25.5

55.3

27.8

-

-

-

-

28

Chatham

Notes:
1. Prospects are features that have been sufficiently well defined, on the basis of geological and geophysical data,
to the point that they are considered viable drilling targets.
2. “Gross Unrisked Prospective Resources” are 100% of the volumes estimated to be recoverable from the field.
3. The GCoS reported here represents an indicative estimate of the probability that drilling this Prospect would
result in a discovery, which would warrant the re-classification of that volume as a Contingent Resource. The
GCoS value for Contingent Resource is, by definition, unity. These GCoS values have not been arithmetically
applied to the designated volumes within this assessment. Thus the volumes are “Unrisked”.
4. It is inappropriate to aggregate Prospective Resources without due consideration of the different levels of risk
associated with each Prospect/Lead and the potential dependencies between them. Similarly, it is
inappropriate to aggregate Prospective Resources with Reserves or Contingent Resources.
5. Very small volumes (<<1Bscf) of gas were calculated in the Beverley West prospect in the PL04a Licence and
very small volumes of oil (<<1MMBbl) were calculated in the Beverley East prospect in the PL04b licence.
These volumes have been omitted from this table.
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TABLE 7.4
SUMMARY OF NET OIL AND GAS UNRISKED
PROSPECTIVE RESOURCE VOLUMES

Fan Name

Block
Name

Working
Interest
(%)

Net Unrisked Prospective Resources
(MMBbl)
Low

Best

High

GCoS
(%)

(Bscf)
Mean

Low

Best

High

Mean

SL30

PL032

100

8.5

13.0

18.6

13.3

-

-

-

-

22

Casper South

PL032

100

3.8

6.2

9.1

6.3

9.9

14.0

18.2

14.1

16

Casper South

PL04c

25

1.3

2.0

2.8

2.1

1.4

2.0

2.5

2.0

16

Beverley West

PL04b

60

4.6

7.7

11.7

8.0

-

-

-

-

34

Beverley

PL04c

25

0.8

1.4

2.1

1.4

4.0

6.0

7.9

6.0

24

B15 West

PL032

George Central

PL032

100
100

6.6
10.2

10.0
29.3

14.1
83.1

10.2
40.8

0.2
-

0.3
-

0.4
-

0.3
-

53
10

George South A

PL032

100

14.8

34.3

79.2

42.5

-

-

-

-

12

George South B

PL032

100

26.8

51.8

94.2

57.0

-

-

-

-

12

George North

PL032

100

7.4

17.7

39.7

21.4

-

-

-

-

8

Berkeley

PL032

100

11.3

28.6

65.5

34.7

-

-

-

-

11

-

-

-

22

PL032

100

14.1

50.5

151.9

71.3

-

Chatham

PL032

100

16.1

30.9

54.3

33.7

-

-

-

-

25

Chatham East

Pl032

100

10.1

47.7

94.5

49.8

-

-

-

-

21

Chatham South

PL032

100

4.2

25.5

55.3

27.8

-

-

-

-

28

S2

Notes:
1.
2.

3.

4.

Prospects are features that have been sufficiently well defined, on the basis of geological and
geophysical data, to the point that they are considered viable drilling targets.
The GCoS reported here represents an indicative estimate of the probability that drilling this
Prospect would result in a discovery, which would warrant the re-classification of that volume as a
Contingent Resource. The GCoS value for Contingent Resource is, by definition, unity. These
GCoS values have not been arithmetically applied to the designated volumes within this
assessment. Thus the volumes are “Unrisked”.
It is inappropriate to aggregate Prospective Resources without due consideration of the different
levels of risk associated with each Prospect/Lead and the potential dependencies between them.
Similarly, it is inappropriate to aggregate Prospective Resources with Reserves or Contingent
Resources.
Very small volumes (<<1Bscf) of gas were calculated in the Beverley West prospect in the PL04a
Licence and very small volumes of oil (<<1MMBbl) were calculated in the Beverley East prospect in
the PL04b licence. These volumes have been omitted from this table.
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7.1.

SL30

The SL30 trap relies on the major east-west fault sealing the southern portion of the SL30
prospect from the northern portion (Figure 7.1). The northern portion was penetrated by
the 14/10-3 well. Testing of the 14/10-3 well indicated that it may have been located on a
migration pathway at the SL30 interval. Pressure data analysed in the 14/10-3 well
suggests that the well is on a different pressure gradient to the other wells that penetrate
the SLMC; therefore the major E-W fault may be sealing the SL30 trap to the south.
FIGURE 7.1
NORTH-SOUTH ARBITRARY SEISMIC LINE THROUGH SL30 PROSPECT SHOWING
POSITION AND NATURE OF MAJOR EAST-WEST FAULT

92

BCR/sf/EE026600
Rockhopper Exploration

The low case area is defined using a low case polygon, which is drawn around the
brightest amplitudes to the south of the major east-west fault, shown in Figure 7.2. Gross
rock volume was calculated within the polygon using the top and base depth surfaces.
The regional oil water contact of 2,476 mTVDss was applied as the lower contact.
FIGURE 7.2
MINIMUM AMPLITUDE MAP WITH DEPTH CONTOURS
SL30 FAN
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The best case area is defined using the mapped pinchout of the SL30 fan, south of the
fault (Figure 7.2). Gross rock volume was calculated within the mapped pinchout area
using the seismically derived top and base depth surfaces. The mapped isochore is
shown in Figure 7.3.
FIGURE 7.3
ISOCHORE MAP
SL30 FAN

The high case area is defined using the mapped pinchout of the SL30 fan (Figure 7.2).
An 18% increase was applied to the isochore of the SL30 fan, which represents a realistic
estimate of uncertainty in the picking of the top seismic event. Gross rock volume was
calculated within the mapped pinchout area using the new isochore.
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A net to gross map was generated from the 14/10-3 and 14/10-4 wells and some
guidance from isochore and amplitude maps and the assumption that distal parts of the
fan will tend to have a lower net to gross (Figure 7.4).
FIGURE 7.4
NTG MAP
SL30 FAN
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Oil in place volumes are shown in Table 7.5.
TABLE 7.5
SUMMARY OF PROSPECTIVE OIL AND GAS IN PLACE VOLUMES
SL30 FAN
Gross Unrisked
SL30
SL30_PL032

7.2.

STOIIP (MMBbl)

GCoS
(%)

GIIP (BSCF)

Low

Best

High

Mean

Low

Best

High

Mean

28.1

43.6

62.1

44.5

-

-

-

-

22

Casper South

In the western flank of the Casper South fan the 14/15-4a and 14/15-4z wells have
penetrated a gas and an oil column. Therefore, the western flank is considered as a
discovery and is discussed in Section 6.1.2. No wells have penetrated the Casper South
fan to the east of the saddle, which is, therefore, considered prospective as gas and oil is
expected.
The low case area is defined using a low case polygon, which is drawn around the
brightest amplitudes to the east of the saddle (Figure 7.5). Gross rock volume was
calculated within the polygon using the top and base depth surfaces and the established
gas and oil water contacts.
The best case area is defined using the mapped pinchout of the Casper South fan, to the
East of the saddle (Figure 7.5). Gross rock volume was calculated within the mapped
pinchout area using the seismically derived top and base depth surfaces. The mapped
isochore is shown in Figure 7.6.
The high case area is defined using the mapped pinchout of the Casper South fan, to the
east of the saddle (Figure 7.5). An 18% increase was applied to the isochore of the
Casper South fan, which represents a realistic estimate of the uncertainty in the picking of
the top seismic event. Gross rock volume was calculated within the mapped pinchout
area using the new isochore.
Net rock volume was calculated by applying a range of net to gross values derived from
analysis of the wells that penetrated the fan. 14/15-4a/4z wells are the only penetration
of the Casper South fan and the net to gross is around 80%. A range of 60, 70 and 80%
was used to represent the low, best and high cases respectively.
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FIGURE 7.5
MINIMUM AMPLITUDE MAP WITH DEPTH CONTOURS
CASPER SOUTH FAN
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.
FIGURE 7.6
ISOCHORE MAP
CASPER SOUTH FAN
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Oil and Gas in place volumes are shown in Table 7.6.
TABLE 7.6
SUMMARY OF PROSPECTIVE OIL AND GAS IN PLACE VOLUMES
CASPER SOUTH FAN
Gross Unrisked
STOIIP
(MMBbl)

Casper South

GIIP
(BSCF)

Low

Best

High

Mean

CSouth_E_PL04c

20.2

27.1

35.2

27.4

CSouth_E_PL032

10.2

21.3

31.5

Total

30.4

48.3

66.7

7.3.

GCoS
(%)

Low

Best

High

Mean

5.9

11.5

16.4

11.3

16

21.1

9.9

20.8

29.7

20.3

16

48.5

15.8

32.2

46.1

31.6

Beverley

In the western flank of the Beverley fan the 14/15-4a and 14/15-4z (sidetrack) wells
penetrated a gas column, but did not encounter oil phase hydrocarbons. Therefore, gas
is considered in Section 6.1. Oil in the western flank is considered prospective as it is not
encountered in any of the wells that penetrated the Beverley fan and is discussed below.
Oil and gas phase hydrocarbons could be expected in the eastern flank of the Beverley
fan and are also discussed below.
In the west and east flanks of the trap no low case was defined as an input to the
volumetric estimates. An output was derived probabilistically from the Monte-Carlo
analysis.
The best case areas for both the east and west flanks is defined using the mapped
pinchout of the Beverley fan (Figure 7.7). Gross rock volume was calculated within the
mapped pinchout area using the seismically derived top and base depth surfaces and the
established gas and oil water contacts. The mapped isochore is shown in Figure 7.8.
The high case area for both the east and west flanks is defined using the mapped
pinchout of the Beverley fan (Figure 7.7). An 18% increase was applied to the isochore
of the Beverley fan, which represents a realistic estimate of the uncertainty in the picking
of the top seismic event. Gross rock volume was calculated within the mapped pinchout
area using the new isochore.
Net rock volume was calculated by applying a range of net to gross values derived from
analysis of the wells that penetrated the fan. 14/15-4a/4z wells are the only penetration
of the Beverley fan and the net to gross is around 92%. A range of 60, 70 and 80% was
used to represent the low, best and high cases respectively.
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FIGURE 7.7
MINIMUM AMPLITUDE MAP WITH DEPTH CONTOURS
BEVERLEY FAN
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FIGURE 7.8
ISOCHORE MAP
BEVERLEY FAN
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Oil and Gas in place volumes are shown in Table 7.7.
TABLE 7.7
SUMMARY OF PROSPECTIVE OIL AND GAS IN PLACE VOLUMES
BEVERLEY FAN
Gross Unrisked
STOIIP
(MMBbl)

Beverley

GIIP
(BSCF)

Beverley_W_PL04b

Low
19.4

Best
44.8

High
68.7

Beverley_E_PL04b

0.0

0.2

0.4

Beverley_E_PL04c

8.3

18.8

Beverley_E_PL04a

0.0
27.7

Total

7.4.

Mean
44.5

GCoS
(%)

Low
-

Best
-

High
-

Mean
-

34

0.2

0.0

0.0

0.0

0.0

24

29.3

18.9

15.3

34.9

52.5

34.6

24

0.0

0.0

0.0

0.0

0.1

0.1

0.1

24

63.7

98.3

63.6

15.4

34.9

52.6

34.7

B15

The eastern flank of the B15 fan was penetrated by the 14/10-5 and 14/10-2 wells, which
encountered an oil column, therefore the eastern flank is considered a discovery and
discussed in Section 6.1.5. The western flank is considered as prospective as no wells
have penetrated the B15 fan to the west of the saddle, above the regional oil water
contact (the 14/10-6 well penetrated the reservoir just below the regional oil water
contact).
The low case area is defined using a low case polygon, which is drawn around the
brightest amplitudes to the west of the saddle (Figure 7.9). Gross rock volume was
calculated within the polygon using the top and base depth surfaces and the established
gas oil and oil water contacts.
The best case area is defined using the mapped pinchout of the B15 fan (Figure 7.10).
Gross rock volume was calculated within the mapped pinchout area using the seismically
derived top and base depth surfaces. The mapped isochore is shown in Figure 7.10.
The high case area is defined using the mapped pinchout of the B15 fan (Figure 7.9). An
18% increase was applied to the isochore of the B15 fan, which represents a realistic
estimate of the uncertainty in the picking of the top seismic event. Gross rock volume
was calculated within the mapped pinchout area using the new isochore.
Net rock volume was calculated by applying a range of net to gross values derived from
analysis of the wells that penetrated the fan. The 14/10-6, 14/10-2 and 14/10-5 wells
penetrate the fan. A range of 60, 72 and 85% was used to represent the low, best and
high cases, respectively
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FIGURE 7.9
MINIMUM AMPLITUDE MAP WITH DEPTH CONTOURS
B15 FAN

103

BCR/sf/EE026600
Rockhopper Exploration

FIGURE 7.10
ISOCHORE MAP
B15 FAN

.
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Oil and Gas in place volumes are shown in Table 7.8.
TABLE 7.8
SUMMARY OF PROSPECTIVE OIL AND GAS IN PLACE VOLUMES
B15 FAN
Gross Unrisked
STOIIP
(MMBbl)

B15

B15_W_PL032

7.5

GIIP
(BSCF)

GCoS
(%)

Low

Best

High

Mean

Low

Best

High

Mean

24.0

33.4

44.5

34.0

0.2

0.4

0.8

0.4

53

Other Prospective Resources

Rockhopper has identified and mapped several oil prospects that are interpreted to be
geologically similar to the Sea Lion accumulation (Figure 7.11). High quality 3D seismic
data have enabled delineation of depositional patterns and potential trap geometries
indicative of one or more Early Cretaceous lacustrine channel/fan systems located within
or near the hydrocarbon source kitchen, and roughly contemporaneous with the Sea Lion
depositional fan system. These prospects are primarily stratigraphic traps, and although
work remains to more precisely calibrate the seismic data to reservoir sand properties,
confidence has been gained from the drilling results based on seismic predictions at Sea
Lion. The main risks to these prospects are potential lack of seal and reservoir quality
sand presence. A secondary risk is access to hydrocarbon charge for the prospect
locations that are further from the source rock kitchen.
Rockhopper’s seismic interpretation and prospect mapping have been reviewed by GCA
and considered reasonable, and consequently have been used as the basis for an
independent estimate of resource potential and GCoS for each prospect. It should be
noted that the 2011 3D data have yet to be fully integrated into the geological and
geophysical understanding of the Prospects. This work is on-going and can be expected
to improve the knowledge of the Prospects and potentially improve the current risking
attached to each.
Rockhopper has also identified several seismic features which are classified as “Leads”,
in that more technical work must be completed, and a better understanding developed
before Leads could be considered viable drilling targets under PRMS guidelines and
classified as Prospects. The Leads carry less GCoS, which could probably be mitigated
only by drilling similar features somewhere within the same basin. The Leads are
mapped within the Cretaceous section.
Rockhopper’s interpretation and mapping of the Leads have been reviewed by GCA and
have been used as the basis for an independent estimate of their resource potential and
GCoS for each Lead.
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FIGURE 7.11
PROSPECT LOCATION MAP
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7.5.1

Berkeley
The Berkeley Prospect is an exception to the Sea Lion play concept, and is
located near an edge of a Late Cretaceous delta prograding sequence, which was
intersected by the 14/5-1a well drilled by Shell in 1998 (Figure 7.12). The well is
reported to have encountered reservoir quality sands (porosity c. >25%) near the
mapped horizon level. The seismic signature of the delta progradation is almost a
textbook example, as are the location and lithology of the sandy interval seen at
the well location. While Rockhopper has mapped what is potentially a continuous
seismic reflection event, it may represent a chronostratigraphic boundary, rather
than a consistent lithostratigraphic boundary, suggesting that reservoir sand
prediction could be difficult, and reservoir quality sand deposition may be locally
isolated. Rockhopper seems to have done little work reviewing delta analogs to
help mitigate reservoir risk, and classify Berkeley as a structurally closed feature
within which they hope to find reservoir sands. The maximum mapped closure is
only about 20-25 m, and depth conversion and/or picking error could easily
eliminate or reduce this. Adequate thicknesses of sealing shales vertically and
laterally are required to form a trap, which could be problematical in the shallow
water environment where the rocks were deposited. Migration of oil from the
distant source rock kitchen is also required, and is considered to be a risk. Shell
reports oil ‘globules’ and fluorescence in the sidewall core samples, but concluded
that the high potential source shales encountered in the well were immature.
GCA estimates the GCoS of this Prospect to be about 11%, and the P90, P50 and
P10 STOIIP as 42, 98 and 210 MMBbl respectively.

7.5.2

George Prospects
Rockhopper has mapped four prospects (Figure 7.13) at/near the so-called 3D1
seismic pick which lies several hundred meters below the Base Sea Lion Main
Complex (SLMC) seismic marker (Figure 7.14). This part of the section was
intersected by the Shell 14/5-1a, however reservoir quality sands were not
encountered at the prospect level. Rockhopper assigns prospectivity based on
seismic amplitude maps, which clearly indicate channel and fan depositional
geometries. As the George Prospects are stratigraphic, they rely on the channel
features to contain adequate thicknesses of reservoir quality sands and the
presence of sealing shales laterally. GCA observes that un-calibrated (to well
control) seismic amplitudes do not necessarily validate reservoir quality sand
presence or thickness and identify this as a key geological risk common to all
George Prospects. GCA agrees with Rockhopper that seal failure and overall trap
definition are also primary technical risks to prospectivity.
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FIGURE 7.12
BERKELEY MAP AND SEISMIC LINES
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FIGURE 7.13
GEORGE PROSPECTS LOCATION MAP

FIGURE 7.14
SEISMIC LINE GEORGE NORTH PROSPECT
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Rockhopper’s interpretation and mapping of the George North prospect (Figures 7.14 &
7.15) have been reviewed by GCA and used as the basis for an independent estimation
of Prospective Resources and GCoS. GCA notes that the amplitudes within the delimited
George North Prospect are above ‘background’ level and fall roughly, and almost
exclusively in the central two-thirds of the amplitude range. The location of George North
Prospect requires longer distance oil migration from the known source kitchen, and hence
the existence of a more efficient carrier system than do the other George prospects,
adding some technical risk to the prospect. GCA estimates the GCoS at 8%, and the
P90, P50 and P10 STOIIP as 28, 60 and 127 MMBbl respectively.
FIGURE 7.15
GEORGE NORTH PROSPECT MAP

P10 closure defined
by white polygon =
35.9 km2

P50 closures
defined in orange =
3.2 + 8.9 km2 =
12.1 km2
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Rockhopper’s interpretation and mapping of the George Central prospects
(Figures 7.16, 7.17 and 7.18) have been reviewed by GCA and used as the basis
for an independent estimation of prospective resources and GCoS. New mapping
by Rockhopper has only slightly changed the prospective area outline, but this
outline now includes seismic amplitudes that are in the central two thirds of the
range, with the highest amplitudes mapped in the adjacent PL01 block.
Prospectivity does not depend on structural closure. GCA estimates the GCoS at
10% and the P90, P50 and P10 STOIIP as 37, 101 and 267 MMBbl respectively
within the Rockhopper block.
FIGURE 7.16
GEORGE CENTRAL PROSPECT AMPLITUDE MAP

P10 closure defined
by purple polygon =
25.4 km2

P50 closure defined
in orange = 6.2 km2
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FIGURE 7.17
GEORGE CENTRAL SEISMIC TWO-WAY TIME STRUCTURE MAP
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FIGURE 7.18
SEISMIC LINE: GEORGE CENTRAL

Rockhopper’s interpretation and mapping of the George South A Prospect
(Figures 7.19, 7.20 and 7.21) have been reviewed by GCA and used as the basis
for an independent estimation of Prospective Resources and GCoS. This
Prospect represents the southernmost extent of the channel part of the George
Channel-fan System. As with the George Central Prospect, mapping by
Rockhopper has changed the prospective area outline somewhat, and this outline
now includes seismic amplitudes that are similarly in the central two thirds of the
amplitude range, with again the highest amplitudes mapped in the adjacent PL01
Licence with the channel western extension. GCA estimates the GCoS at 12%
and the P90, P50 and P10 STOIIP as 56, 120 and 259 MMBbl respectively within
the Rockhopper block.
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FIGURE 7.19
SEISMIC AMPLITUDE MAP: GEORGE SOUTH A PROSPECT

P10 closure defined
by green polygon =
43.4 km2

P50 closure defined
in orange = 11.1
km2
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FIGURE 7.20
SEISMIC TWO-WAY TIME STRUCTURE MAP: GEORGE SOUTH A PROSPECT

FIGURE 7.21
SEISMIC LINE: GEORGE SOUTH A PROSPECT
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Rockhopper’s interpretation and mapping of the George South B prospect
(Figures 7.22, 7.23 and 7.24) have been reviewed by GCA and used as the basis
for an independent estimation of Prospective Resources and GCoS. This
Prospect represents the southern fan part of the George Channel-Fan System,
and has the highest probability of being charged in the same manner as the Sea
Lion fan.
Seismic amplitude mapping by Rockhopper has changed the
prospective area outline somewhat, and includes amplitudes that are in the upper
2/3 of the range. George South B may have slightly reduced exploration risk if the
mapped SW-NE faults provide traps for thin reservoir sands. GCA estimates the
GCoS at 12% and the P90, P50 and P10 STOIIP as 106, 177 and 292 MMBbl
respectively.
FIGURE 7.22
SEISMIC AMPLITUDE MAP: GEORGE SOUTH B PROSPECT

P10 closure defined
by green polygon =
31.1 km2

P50 closure defined
in orange = 16.1
km2
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FIGURE 7.23
SEISMIC TWO-WAY TIME STRUCTURE MAP: GEORGE SOUTH B PROSPECT
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FIGURE 7.24
SEISMIC LINE: GEORGE SOUTH B PROSPECT

7.5.3

Chatham Prospects
The Chatham Prospects comprises a large channel fan complex defined by
seismic amplitudes at a consistent seismic horizon to the north and west of the
similarly aged, Sea Lion Main Complex. The Chatham reservoir system
comprises several feeder canyons all of which are believed to be sourced from the
basin margins to the north. These feeder canyons amalgamate and form a larger
fan directly to the west of the SLMC.
The Chatham Prospects have been subdivided into Chatham, Chatham East and
Chatham South, which represent different parts of the channel fan complex that
would require to be tested by separate wells. These subdivisions have been
described independently below and include individual STOIIP calculations.
The Chatham reservoir complex was penetrated at the 14/10-1 well, where a
relatively thin 10 metre interval of fine to medium grained, well sorted sands were
intersected with hydrocarbon shows. This well was drilled on a small structural
high which may account for the minimal sand deposition. Thicker sand
sequences within the Chatham system may be expected to occur where
deposition is in fault controlled, structural lows or at changes in the canyon slope.
The Chatham Prospects (Figure 7.25) are seismically tied to a thin (10 m gross)
sand penetrated by the 14/10-1 well and correlated by Rockhopper to the sub
SLMC pay sand (~5 m) seen in the 14/15-4a well. This section just underlies the
stratigraphic package containing the Sea Lion accumulation. 3D seismic data
seem to image an Early Cretaceous channel-fan system at the level that
corresponds to the sands intersected at the above mentioned wells (Figure 7.26)
and two of Rockhopper’s Chatham Prospects are delineated using seismic
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amplitude mapping. The reservoir thicknesses seen in the wells are below
seismic resolution, and Rockhopper has not calibrated or modelled, as far as GCA
is aware, the seismic response to varying sand thickness and/or sand quality
(porosity). It is GCA’s view that seismic prediction, even in a qualitative sense, of
sand isochore and/or quality carries some uncertainty, but within the outlined
Prospect areas, seismic amplitude variability is expected to indicate lithological
variability. The “Chatham” sand at the 14/10-1 penetrated about 10 m of oil
saturation (Figure 7.27), and a thinner pay interval (GCA analysis: 1-2 m net) was
intersected at the 14/5-1a well. Rockhopper has assumed a 20 m net pay
thickness for calculating rock volumes for all Chatham Prospects.
FIGURE 7.25
CHATHAM PROSPECTS LOCATION MAP
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FIGURE 7.26
SEISMIC AMPLITUDE MAP: CHATHAM PROSPECTS AREA
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FIGURE 7.27
ROCKHOPPER INTERPRETATION OF CHATHAM SAND AT 14/10-1 WELL

Rockhopper’s interpretation and mapping of the Chatham Prospect (Figures 7.28
and 7.29) have been reviewed by GCA and used as the basis for an independent
estimation of Prospective Resources and GCoS. Rockhopper has mapped two
components to the Chatham Prospect. For GCA’s probabilistic modelling, the two
features were summed to generate an estimate of potential maximum rock
volume. The western feature was penetrated by the Shell 14/10-1 well within the
seismic amplitude prospective area delineated by Rockhopper, which has reanalysed the well logs to provide a more optimistic interpretation than Shell. From
Rockhopper’s CPI log, porosity is between 5-15% with an average of around 7%.
Although higher seismic amplitudes are mapped within the channel feature to the
north, the amplitudes have not been calibrated to the well and, in GCA’s view,
cannot be considered as reliably indicative of sand presence, sand quality or sand
thickness, especially in light of the results of the 14/10-1 well. The prospects
require updip sealing faults and/or reservoir pinchout to provide the trap. Primary
geological risks of the Chatham Prospect are seal and reservoir sand quality.
GCA estimates the GCoS at 25% and the P90, P50 and P10 STOIIP as 64, 105
and 169 MMBbl respectively for the Chatham prospect.
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FIGURE 7.28
CHATHAM PROSPECT AMPLITUDE AND DEPTH STRUCTURE MAPS

FIGURE 7.29
SEISMIC LINE ACROSS CHATHAM PROSPECTS
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Rockhopper’s interpretation and mapping of the Chatham East upper and lower
Prospects (Figures 7.30, 7.31 and 7.32) have been reviewed by GCA and used as
the basis for an independent estimation of Prospective Resources and GCoS.
This prospect consists of two vertically stacked channel-like features. The seismic
amplitudes within the features are less consistently anomalous than those
observed at the Chatham Prospect area, however a similar sized area has been
delineated. GCA views the Chatham East Prospects as having slightly higher
reservoir risk than Chatham, but with comparable risk for other elements. GCA
estimates the GCoS at 21% and the P90, P50 and P10 STOIIP as 38, 168, and
297 MMBbl respectively for the Chatham East Prospect.
FIGURE 7.30
CHATHAM EAST UPPER PROSPECT AMPLITUDE AND STRUCTURE MAPS
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FIGURE 7.31
CHATHAM EAST LOWER PROSPECT AMPLITUDE AND DEPTH STRUCTURE

FIGURE 7.32
SEISMIC LINE ACROSS CHATHAM EAST PROSPECT
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Rockhopper’s interpretation and mapping of the Chatham South Prospect
(Figures 7.33, 7.34 and 7.35) have been reviewed by GCA and used as the basis
for an independent estimation of prospective resources and GCoS. Rockhopper
interprets this Prospect as the fan portion of the Chatham channel-fan system.
Seismic amplitude mapping shows a fan shaped geometry with a considerably
reduced percentage of high amplitudes compared to the channel portions.
Rockhopper’s 14/5-4a well intersected 5 m of gross sand containing about 2 m of
net pay, and reservoir improvement is believed to exist in the NW direction of the
channels. Several SW-NE trending faults have been mapped which could
potentially provide an updip trapping mechanism. The primary risk to the
Prospect is considered to be the reservoir quality with the secondary risk being
the sealing capacity of these faults and the existence of lateral stratigraphic seals.
GCA estimates the GCoS at 28% and the P90, P50 and P10 STOIIP as 16, 91
and 177 MMBbl respectively for the Chatham South Prospect.
FIGURE 7.33
SEISMIC AMPLITUDE AND DEPTH STRUCTURE MAPS: CHATHAM SOUTH
PROSPECT – UPPER SEISMIC PICK CHANNEL FEATURE
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FIGURE 7.34
SEISMIC AMPLITUDE AND DEPTH STRUCTURE MAPS: CHATHAM SOUTH
PROSPECT – LOWER SEISMIC PICK FAN FEATURE

FIGURE 7.35
SEISMIC LINE ACROSS CHATHAM SOUTH PROSPECT
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7.5.4

S2 Prospect
The S2 Prospect is a seismic amplitude defined Early Cretaceous fan extending
north and beneath the Sea Lion fan system (Figures 7.36 and 7.37). It seems to
have been deposited from a more northerly source entry point, and pre-dates the
Sea Lion system. The reservoir sand has been named “B30” by Rockhopper and
was encountered in its 14/10-3 well, which penetrated about 20 m of reservoir
quality, water saturated sand. The Prospect is mostly updip of the well location
and is delineated by what Rockhopper describes as a “strong amplitude cutoff”,
but which, upon inspection of the amplitude scale, is seen to include the upper two
thirds of the amplitude range with only very small areas exhibiting the highest
amplitudes. Rockhopper is relying on the clearly visible fan geometry as its
primary prospect indicator, and has delineated a potential large area as
prospective.
Seismic amplitudes remain uncalibrated, and the reservoir
significance uncertain.
The viability of the Prospect depends on updip
stratigraphic trapping of the sand body. Rockhopper’s interpretation and mapping
of the S2 Prospect have been reviewed by GCA and used as the basis for an
independent estimation of Prospective Resources and GCoS. GCA assesses the
GCoS at 22% and the Best Estimate Prospective Resources at 23 MMBbl for the
S2 Prospect.
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FIGURE 7.36
SEISMIC AMPLITUDE MAP: S2 PROSPECT
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FIGURE 7.37
SEISMIC LINES ACROSS S2 PROSPECT

7.6

Leads

Rockhopper has identified three potential trap configurations within Licences PL032 and
PL033 that are classified as exploration Leads: Early Cretaceous downthrown (hanging
wall) fault play (3 Leads; Walker, Meredith and Louis), Early Cretaceous stratigraphic
pinch-out play pre Sea Lion fans in age (2 Leads; Fox and Stephens) and Late
Cretaceous stratigraphic pinch-outs post Sea Lion fans in age (3 Leads; Jason Tyssen
and Sedge). All of these trap types are located along the eastern edge of the basin,
adjacent to the main basement bounding fault system. The hanging wall leads are
localized due to the faulted trapping geometry, whereas the stratigraphic pinch-out leads
are elongated in the N-S direction and apparently wedge out directly against basement.
GCA views these Leads as having low Geological Chance of Success owing to difficulty
of access to hydrocarbon charge, and the high probability of seal and/or reservoir failure.
Only one of each type will be illustrated in this section, but Rockhopper’s interpretation
and mapping for all of the Leads have been reviewed by GCA and used as the basis for
an independent estimation and tabulation of Prospective Resources and GCoS.
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7.6.1 Walker
The Walker Lead postulates that a Lower Cretaceous reservoir is fault sealed on
the hanging wall of a major eastern boundary fault (Figure 7.38). Primary risks
are failure of hydrocarbon charging and reservoir sand presence. Trap definition
has also been identified as weak because the entire extent of the trap is not
enclosed within the 3D seismic area.
FIGURE 7.38
SEISMIC LINES AND MAP: WALKER LOWER CRETACEOUS HANGING WALL
FAULT BLOCK LEAD

7.6.2

Fox
The Fox lead is an Early Cretaceous pinch-out that is located on the eastern flank
of the basin, and wedges out against the adjacent basement high (Figure 7.39).
Fox is the largest of the pinch-out plays, all of which rely on long distance, and
tortuous migration of hydrocarbons from the Sea Lion source kitchen.
Hydrocarbon charge is considered the highest risk element, as the burial depths
are too shallow for a mature source rock to have developed locally. The presence
of reservoir quality sands is probably more likely than thick sealing overburden
sealing shales. A lateral seal against the basement is also required, and
considered problematical.
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FIGURE 7.39
SEISMIC LINES AND MAP: FOX EARLY CRETACEOUS PINCH-OUT LEAD
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7.6.3

Jason
The Jason Lead is a pinch-out of the Early Cretaceous deltaic sands and pro-delta
foreset units which wedge out against the adjacent basement high on the eastern
flank of the basin (Figure 7.40). Jason is located about 5 km from the Sea Lion
Oil Field and is directly updip of the feeder canyons that provide the sediment
fairways for the Sea Lion and Casper fan systems. The potential reservoir sands
at Jason are within the same deltaic units that have been intersected at all of the
well locations in block PLO32, although these sands are likely to be thinner at the
Jason location and GCA is not aware of any encouraging oil shows in the
prospective section in adjacent wells. Lateral stratigraphic seal, basement contact
seal, and hydrocarbon charge are considered the primary risks for the Jason
Lead.
FIGURE 7.40

SEISMIC LINES AND MAP: JASON EARLY CRETACEOUS PINCH-OUT LEAD
JASON
Pinchout of Early Cretaceous
delta onto inverted high

Jason

IL 4280
4280 Jason
IL
Jason

JASON

Jason

Top Berkeley Structure

XL 2680
2680 Jason
XL
Jason

GCA’s Prospective Resources of the Leads at the Best Estimate level are given
below in Table 7.9.

132

BCR/sf/EE026600
Rockhopper Exploration

TABLE 7.9
SUMMARY OF UNRISKED PROSPECTIVE RESOURCES (LEADS)
AS AT 31ST MARCH 2012

Lead

Jason
Tyssen
Sedge
Fox
Stephens
Walker
Meredith
Louis

Reservoir

Late
Cretaceous
Late
Cretaceous
Late
Cretaceous
Late
Cretaceous
Late
Cretaceous
Early
Cretaceous
Early
Cretaceous
/Jurassic?
Early
Cretaceous

Gross Unrisked
Prospective
Resources – Leads
Best Estimate

Company
Working
Interest
(%)

Net Company
Unrisked
Prospective
Resources – Leads
Best Estimate
Oil/Cond
Gas
(MMBbl)
(Bscf)

GCoS
(%)

Oil/Cond
(MMBbl)

Gas
(Bscf)

245.4

-

100

245.4

-

5

65.4

-

100

65.4

-

5

65.7

-

100

65.7

-

5

172.2

-

100

172.2

-

5

67.5

-

100

67.5

-

5

27.0

-

100

27.0

-

5

9.0

-

100

9.0

-

5

12.6

-

100

12.6

-

5

Notes:
1.

2.

3.

7.7

Leads are features that are not sufficiently well defined to be drillable, and need further work and/or
data. In general, Leads are significantly more risky than Prospects and therefore volumetric
estimates for Leads are only indicative of relative size.
The GCoS reported here represents an indicative estimate of the probability that drilling this Lead
would result in a discovery, which would warrant the re-classification of that volume as a Contingent
Resource. The GCoS value for Contingent Resource is, by definition, unity. These GCoS values
have not been arithmetically applied to the designated volumes within this assessment. Thus the
volumes are “Unrisked”.
It is inappropriate to aggregate Prospective Resources without due consideration of the different
levels of risk associated with each Prospect/Lead and the potential dependencies between them.
Similarly, it is inappropriate to aggregate Prospective Resources with Reserves or Contingent
Resources.

Licence PL023 and 024

No new interpretations or analyses of the Leads and Prospects identified within Licences
PL023 and PL024 in the previous CPR issued in April, 2009 have been carried out by
Rockhopper pending interpretation of the 3D seismic acquired in 2011. As such, GCA
has not undertaken any analysis of these Licences for the purposes of this CPR, as
agreed with Rockhopper.
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8.

ECONOMIC EVALUATION

GCA has conducted an economic (NPV) evaluation of RKH’s interests in the Sea Lion
and other discoveries located the concessions offshore the Falkland Islands.
The NPVs have been estimated at nominal discount rates of 7.5%, 10%, 12.5% and 15%,
these being discount rates considered to be typical of those used in the petroleum
industry for the appraisal of assets such as RKH’s concessions in the Falklands. The
value of physical assets, i.e. plant and equipment, has not been attributed separately as
their value has been implicitly included in the assessment of NPV as part of the petroleum
property rights relating to the project. No adjustments have been made for cash
balances, inventories, indebtedness or other balance sheet effects.
GCA's assessment is based upon its understanding of the fiscal and contractual terms
governing these assets and the various economic and commercial assumptions
described herein. The NPVs of estimated after-tax cash flows (as at 31st March, 2012)
attributable to a net economic interest in the Licences have been derived using the pricing
and inflation assumptions described herein.
It should be clearly noted that the NPVs of future revenue potential of a petroleum
property, such as those discussed in this report, do not represent an opinion as to the
market value of that property, nor any interest in it. In assessing a likely market value, it
would be necessary to take into account a number of additional factors including:
resource size risk (i.e. that estimated recoverable volumes may not be realised within the
anticipated timeframe for their exploitation); perceptions of economic and sovereign risk;
potential upside; other benefits, encumbrances or charges that may pertain to a particular
interest; and the competitive state of the market at the time. GCA has explicitly not taken
such factors into account in deriving the reference NPVs presented herein.
8.1

Fiscal Terms

Income from oil and gas operations in the Falklands is subject to very favourable fiscal
terms that include royalty payments of 9% and corporation tax at 26%.
8.2

Price and Inflation Assumptions

In performing this assessment, GCA has used its internal Brent oil pricing scenario for
2Q2012 as shown in Table 8.1 below as a basis for pricing the liquids product streams.
TABLE 8.1
GCA 2Q2012 BRENT PRICE SCENARIO
Year
2012
2013
2014
2015
2016
2017+

Price
(US$/Bbl)
120.25
113.61
105.93
100.46
100.85
Escalated at 2% p.a.
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Oil for the Sea Lion field is assumed to be priced at discount to Brent of US$3/Bbl to
reflect differences in quality and location. Capital and operating costs are escalated at
2% per annum from 2013.
8.3

Results of Economic Evaluation

The results of the NPV analysis based on the gross field, unrisked for the Chance of
Development were as follows (Tables 8.2 and 8.3):
TABLE 8.2
GROSS FIELD
UNRISKED POST TAX NET PRESENT VALUES
AS AT 31ST MARCH, 2012
SEA LION DEVELOPMENT
NPV (US$ MM) Discounted at:

Resource
Category

7.5%

10.0%

1C

2,571.5

1,702.8

1,060.6

581.9

19.5%

2C

5,707.2

4,065.0

2,890.9

2,033.7

28.2%

3C

9,905.4

7,221.9

5,337.4

3,975.2

37.3%

12.5%

15.0%

ROR

TABLE 8.3
GROSS FIELD
UNRISKED POST TAX NET PRESENT VALUES
AS AT 31ST MARCH 2012
ADJACENT SEA LION DISCOVERIES
NPV (US$ MM) Discounted at:

Resource
Category

7.5%

10.0%

2C

1,350.4

896.2

12.5%
595.7

15.0%
391.2

ROR
27.9%

Post-tax NPV’s for RKH’s net working interests in the Sea Lion (implied through
apportioning the in-place hydrocarbon volumes to each Block to be 96%) and adjacent
discoveries (74.3%) are shown in Tables 8.4 and 8.5 respectively. Risk factors of 90%
and 75% were applied to the Sea Lion and its adjacent discoveries respectively to take
account of the probability of these resources progressing to a successful development as
anticipated in this assessment (Tables 8.5 and 8.6).
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TABLE 8.4
ROCKHOPPER NET WORKING INTEREST
UNRISKED POST TAX NET PRESENT VALUES
AS AT 31ST MARCH, 2012
SEA LION DEVELOPMENT
NPV (US$ MM) Discounted at:

Resource
Category

7.5%

10.0%

12.5%

1C

2,468.7

1,634.7

1,018.2

558.6

19.5%

2C

5,478.9

3,902.4

2,775.3

1,952.4

28.2%

3C

9,509.1

6,933.0

5,123.9

3,816.2

37.3%

15.0%

ROR

TABLE 8.5
ROCKHOPPER NET WORKING INTEREST
UNRISKED POST TAX NET PRESENT VALUES
AS AT 31ST MARCH, 2012
ADJACENT SEA LION DISCOVERIES
NPV (US$ MM) Discounted at:

Resource
Category

7.5%

10.0%

12.5%

15.0%

2C

1,246.4

827.2

549.8

361.1

ROR
27.9%

TABLE 8.6
ROCKHOPPER NET WORKING INTEREST
RISKED POST TAX NET PRESENT VALUES
AS AT 31ST MARCH, 2012
SEA LION DEVELOPMENT
NPV (US$ MM) Discounted at:

Resource
Category

7.5%

10.0%

1C

2,221.8

1,471.2

916.3

502.7

19.5%

2C

4,931.0

3,512.1

2,497.7

1,757.2

28.2%

3C

8,558.2

6,239.7

4,611.5

3,434.6

37.3%

12.5%
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TABLE 8.7
ROCKHOPPER NET WORKING INTEREST
RISKED POST TAX NET PRESENT VALUES
AS AT 31ST MARCH, 2012
ADJACENT SEA LION DISCOVERIES

8.4

NPV (US$ MM) Discounted at:

Resource
Category

7.5%

10.0%

12.5%

2C

926.0

614.6

408.5

ROR

15.0%

27.9%

268.3

Sensitivity Analysis

The sensitivity of project economics of the central (2C) Sea Lion development case to oil
price (+/- U.S.$10/Bbl), Capex (+/- 20%) and Opex (+/- 20%) was examined and the
results of this analysis are shown in Table 8.8 and Figure 8.1 below. These results
indicate that the project is more sensitive to oil price and capital cost assumptions and
least to operating costs assumptions and remain economically robust under cases
considered.
TABLE 8.8
ROCKHOPPER NET WORKING INTEREST
RISKED POST TAX SENSITIVITY ANALYSIS
AS AT 31ST MARCH, 2012
SEA LION DEVELOPMENT
Sensitivity

NPV (US$ MM) Discounted at:
10.0%

12.5%

4,931.0

3,512.1

2,497.7

-

4,209.9

-

-

2,814.4

-

Capex: - 20%

-

4,040.6

-

Capex: + 20%

-

2,983.7

-

Opex: - 20%

-

3,686.8

-

Opex: + 20%

-

3,337.5

-

Base Case
Oil Price:
+ US$10/Bbl
Oil Price:
- US$10/Bbl

7.5%
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FIGURE 8.1
ROCKHOPPER NET WORKING INTEREST
RISKED POST TAX SENSITIVITY ANALYSIS
AS AT 31ST MARCH, 2012

Base Case = 3,512

Discount Rate +/-2.5%

2,498

Oil Price -/+ U.S.$10/Bbl

4,931

4,210

2,814

Capex +/-20%

2,984

Opex +/-20%

1,000

9.

4,041

3,337

2,000

3,687

3,000
4,000
Risked NPV (U.S.$ MM)

5,000

6,000

QUALIFICATIONS

GCA is an independent international energy advisory group of 48 years’ standing, whose
expertise includes petroleum reservoir evaluation and economic analysis.
The report is based on information compiled by professional staff members who are full
time employees of GCA.
Staff who participate in the compilation of this report include Mr. B. Rhodes, Mr. R. Irwin,
Mr. J. Griffith, and Mr. M. Wood, Mr. M.A.R. Romero, Mrs. N. Goodall,
Mr. W.D. Blenkinsop and Dr. S. Hattingh.
Mr. Rhodes holds a B.Sc. (Hons) Geology, is a member of the Energy Institute, the
Petroleum Exploration Society of Great Britain, the Society of Petroleum Engineers and
the European Association of Geoscientists and Engineers, and has more than 37 years
industry experience. Mr. Irwin holds a B.Sc. (Hons) Petroleum Geology, is a member of
SPWLA and has 21 years experience. Mr. Griffith holds a B.A. Economics and has over
30 years experience.
Mr. Wood has a Higher National Certificate Mechanical
Engineering, is a member of the Society of Petroleum Engineers, and has over 30 years
experience. Mr. M.A.R. Romero holds a M.S. Applied Geophysics and has over 40 years
experience. Mrs. N. Goodall holds an M.S.c. Basin Evolution & Dynamics, is a member
of the Geological Society of London and Petroleum Exploration Society of Great Britain,
she has 20 years experience. Mr. W.D. Blenkinsop holds a B.Sc. (Honours) Chemical
Engineering, is a Fellow of the Institution of Chemical Engineers and is a Chartered
Engineer, Chartered Scientist, he has 43 years experience. Dr. S. Hattingh holds a PhD
in Applied Mathematics, is a member of the Society of Petroleum Engineers; member of
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Society of Petroleum Evaluation Engineers; a Chartered Scientist; and a Fellow of the
Energy Institute, he has 25 years experience.
10.

BASIS OF OPINION

This assessment has been conducted within the context of GCA’s understanding of the
effects of petroleum legislation, taxation, and other regulations that currently apply to
these properties and GCA’s best professional judgement, subject to the generally
recognised uncertainties associated with the interpretation of geoscience and engineering
data.
GCA is not in a position to attest to property title or rights, conditions of these rights
including environmental and abandonment obligations, and any necessary licences and
consents including planning permission, financial interest relationships or encumbrances
thereon for any part of the appraised properties.
It should be understood that any determination of Hydrocarbon volumes and
corresponding NPVs, particularly involving petroleum may be subject to significant
variations over short periods of time as new information becomes available and
perceptions change. GCA does not guarantee the correctness or accuracy of any
interpretation made by it and does not warrant that the opinions contained herein will be
any form of guarantee of the outcome.
Yours sincerely
GAFFNEY CLINE & ASSOCIATES

Brian Rhodes
Global Director – Corporate Advisory Services
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APPENDIX I
ABBREVIATED FORM OF SPE-PRMS
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Society of Petroleum Engineers, World Petroleum Council, American Association of
Petroleum Geologists and Society of Petroleum Evaluation Engineers
Petroleum Resources Management System
1

Definitions and Guidelines ( )

March 2007
Preamble
Petroleum resources are the estimated quantities of hydrocarbons naturally occurring on or within the Earth’s
crust. Resource assessments estimate total quantities in known and yet-to-be-discovered accumulations;
resources evaluations are focused on those quantities that can potentially be recovered and marketed by
commercial projects. A petroleum resources management system provides a consistent approach to
estimating petroleum quantities, evaluating development projects, and presenting results within a
comprehensive classification framework.
International efforts to standardize the definition of petroleum resources and how they are estimated began in
the 1930s. Early guidance focused on Proved Reserves. Building on work initiated by the Society of
Petroleum Evaluation Engineers (SPEE), SPE published definitions for all Reserves categories in 1987. In the
same year, the World Petroleum Council (WPC, then known as the World Petroleum Congress), working
independently, published Reserves definitions that were strikingly similar. In 1997, the two organizations
jointly released a single set of definitions for Reserves that could be used worldwide. In 2000, the American
Association of Petroleum Geologists (AAPG), SPE and WPC jointly developed a classification system for all
petroleum resources. This was followed by additional supporting documents: supplemental application
evaluation guidelines (2001) and a glossary of terms utilized in Resources definitions (2005). SPE also
published standards for estimating and auditing reserves information (revised 2007).
These definitions and the related classification system are now in common use internationally within the
petroleum industry. They provide a measure of comparability and reduce the subjective nature of resources
estimation. However, the technologies employed in petroleum exploration, development, production and
processing continue to evolve and improve. The SPE Oil and Gas Reserves Committee works closely with
other organizations to maintain the definitions and issues periodic revisions to keep current with evolving
technologies and changing commercial opportunities.
The SPE PRMS document consolidates, builds on, and replaces guidance previously contained in the 1997
Petroleum Reserves Definitions, the 2000 Petroleum Resources Classification and Definitions publications,
and the 2001 “Guidelines for the Evaluation of Petroleum Reserves and Resources”; the latter document
remains a valuable source of more detailed background information.,
These definitions and guidelines are designed to provide a common reference for the international petroleum
industry, including national reporting and regulatory disclosure agencies, and to support petroleum project
and portfolio management requirements. They are intended to improve clarity in global communications
regarding petroleum resources. It is expected that SPE PRMS will be supplemented with industry education
programs and application guides addressing their implementation in a wide spectrum of technical and/or
commercial settings.
It is understood that these definitions and guidelines allow flexibility for users and agencies to tailor
application for their particular needs; however, any modifications to the guidance contained herein should be
clearly identified. The definitions and guidelines contained in this document must not be construed as
modifying the interpretation or application of any existing regulatory reporting requirements.
The full text of the SPE PRMS Definitions and Guidelines can be viewed at:
www.spe.org/specma/binary/files/6859916Petroleum_Resources_Management_System_2007.pdf

1

These Definitions and Guidelines are extracted from the Society of Petroleum Engineers / World Petroleum Council /
American Association of Petroleum Geologists / Society of Petroleum Evaluation Engineers (SPE/WPC/AAPG/SPEE)
Petroleum Resources Management System document (“SPE PRMS”), approved in March 2007.
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RESERVES
Reserves are those quantities of petroleum anticipated to be commercially recoverable by application of
development projects to known accumulations from a given date forward under defined conditions.
Reserves must satisfy four criteria: they must be discovered, recoverable, commercial, and remaining based on the
development project(s) applied. Reserves are further subdivided in accordance with the level of certainty
associated with the estimates and may be sub-classified based on project maturity and/or characterized by their
development and production status. To be included in the Reserves class, a project must be sufficiently defined to
establish its commercial viability. There must be a reasonable expectation that all required internal and external
approvals will be forthcoming, and there is evidence of firm intention to proceed with development within a
reasonable time frame. A reasonable time frame for the initiation of development depends on the specific
circumstances and varies according to the scope of the project. While 5 years is recommended as a benchmark, a
longer time frame could be applied where, for example, development of economic projects are deferred at the
option of the producer for, among other things, market-related reasons, or to meet contractual or strategic
objectives. In all cases, the justification for classification as Reserves should be clearly documented. To be
included in the Reserves class, there must be a high confidence in the commercial producibility of the reservoir as
supported by actual production or formation tests. In certain cases, Reserves may be assigned on the basis of well
logs and/or core analysis that indicate that the subject reservoir is hydrocarbon-bearing and is analogous to
reservoirs in the same area that are producing or have demonstrated the ability to produce on formation tests.
On Production
The development project is currently producing and selling petroleum to market.
The key criterion is that the project is receiving income from sales, rather than the approved development
project necessarily being complete. This is the point at which the project “chance of commerciality” can be
said to be 100%. The project “decision gate” is the decision to initiate commercial production from the project.
Approved for Development
A discovered accumulation where project activities are ongoing to justify commercial development in the
foreseeable future.
At this point, it must be certain that the development project is going ahead. The project must not be subject
to any contingencies such as outstanding regulatory approvals or sales contracts. Forecast capital
expenditures should be included in the reporting entity’s current or following year’s approved buRKHt. The
project “decision gate” is the decision to start investing capital in the construction of production facilities
and/or drilling development wells.
Justified for Development
Implementation of the development project is justified on the basis of reasonable forecast commercial
conditions at the time of reporting, and there are reasonable expectations that all necessary
approvals/contracts will be obtained.
In order to move to this level of project maturity, and hence have reserves associated with it, the development
project must be commercially viable at the time of reporting, based on the reporting entity’s assumptions of
future prices, costs, etc. (“forecast case”) and the specific circumstances of the project. Evidence of a firm
intention to proceed with development within a reasonable time frame will be sufficient to demonstrate
commerciality. There should be a development plan in sufficient detail to support the assessment of
commerciality and a reasonable expectation that any regulatory approvals or sales contracts required prior to
project implementation will be forthcoming. Other than such approvals/contracts, there should be no known
contingencies that could preclude the development from proceeding within a reasonable timeframe (see
Reserves class). The project “decision gate” is the decision by the reporting entity and its partners, if any, that
the project has reached a level of technical and commercial maturity sufficient to justify proceeding with
development at that point in time.
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Proved Reserves
Proved Reserves are those quantities of petroleum, which by analysis of geoscience and engineering
data, can be estimated with reasonable certainty to be commercially recoverable, from a given date
forward, from known reservoirs and under defined economic conditions, operating methods, and
government regulations.
If deterministic methods are used, the term reasonable certainty is intended to express a high degree of
confidence that the quantities will be recovered. If probabilistic methods are used, there should be at least
a 90% probability that the quantities actually recovered will equal or exceed the estimate. The area of the
reservoir considered as Proved includes:
(1)

the area delineated by drilling and defined by fluid contacts, if any, and

(2)

adjacent undrilled portions of the reservoir that can reasonably be juRKHd as continuous with it
and commercially productive on the basis of available geoscience and engineering data.

In the absence of data on fluid contacts, Proved quantities in a reservoir are limited by the lowest known
hydrocarbon (LKH) as seen in a well penetration unless otherwise indicated by definitive geoscience,
engineering, or performance data. Such definitive information may include pressure gradient analysis and
seismic indicators. Seismic data alone may not be sufficient to define fluid contacts for Proved reserves
(see “2001 Supplemental Guidelines,” Chapter 8). Reserves in undeveloped locations may be classified as
Proved provided that the locations are in undrilled areas of the reservoir that can be juRKHd with
reasonable certainty to be commercially productive. Interpretations of available geoscience and
engineering data indicate with reasonable certainty that the objective formation is laterally continuous with
drilled Proved locations. For Proved Reserves, the recovery efficiency applied to these reservoirs should
be defined based on a range of possibilities supported by analogs and sound engineering judgment
considering the characteristics of the Proved area and the applied development program.
Probable Reserves
Probable Reserves are those additional Reserves which analysis of geoscience and engineering data
indicate are less likely to be recovered than Proved Reserves but more certain to be recovered than
Possible Reserves.
It is equally likely that actual remaining quantities recovered will be greater than or less than the sum of the
estimated Proved plus Probable Reserves (2P). In this context, when probabilistic methods are used, there
should be at least a 50% probability that the actual quantities recovered will equal or exceed the 2P
estimate. Probable Reserves may be assigned to areas of a reservoir adjacent to Proved where data
control or interpretations of available data are less certain. The interpreted reservoir continuity may not
meet the reasonable certainty criteria. Probable estimates also include incremental recoveries associated
with project recovery efficiencies beyond that assumed for Proved.

Possible Reserves
Possible Reserves are those additional reserves which analysis of geoscience and engineering data
indicate are less likely to be recoverable than Probable Reserves
The total quantities ultimately recovered from the project have a low probability to exceed the sum of
Proved plus Probable plus Possible (3P), which is equivalent to the high estimate scenario. When
probabilistic methods are used, there should be at least a 10% probability that the actual quantities
recovered will equal or exceed the 3P estimate. Possible Reserves may be assigned to areas of a
reservoir adjacent to Probable where data control and interpretations of available data are progressively
less certain. Frequently, this may be in areas where geoscience and engineering data are unable to clearly
define the area and vertical reservoir limits of commercial production from the reservoir by a defined
project. Possible estimates also include incremental quantities associated with project recovery
efficiencies beyond that assumed for Probable.
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Probable and Possible Reserves
(See above for separate criteria for Probable Reserves and Possible Reserves.)
The 2P and 3P estimates may be based on reasonable alternative technical and commercial
interpretations within the reservoir and/or subject project that are clearly documented, including
comparisons to results in successful similar projects. In conventional accumulations, Probable and/or
Possible Reserves may be assigned where geoscience and engineering data identify directly adjacent
portions of a reservoir within the same accumulation that may be separated from Proved areas by minor
faulting or other geological discontinuities and have not been penetrated by a wellbore but are interpreted
to be in communication with the known (Proved) reservoir. Probable or Possible Reserves may be
assigned to areas that are structurally higher than the Proved area. Possible (and in some cases,
Probable) Reserves may be assigned to areas that are structurally lower than the adjacent Proved or 2P
area. Caution should be exercised in assigning Reserves to adjacent reservoirs isolated by major,
potentially sealing, faults until this reservoir is penetrated and evaluated as commercially productive.
Justification for assigning Reserves in such cases should be clearly documented. Reserves should not be
assigned to areas that are clearly separated from a known accumulation by non-productive reservoir (i.e.,
absence of reservoir, structurally low reservoir, or negative test results); such areas may contain
Prospective Resources. In conventional accumulations, where drilling has defined a highest known oil
(HKO) elevation and there exists the potential for an associated gas cap, Proved oil Reserves should only
be assigned in the structurally higher portions of the reservoir if there is reasonable certainty that such
portions are initially above bubble point pressure based on documented engineering analyses. Reservoir
portions that do not meet this certainty may be assigned as Probable and Possible oil and/or gas based on
reservoir fluid properties and pressure gradient interpretations.
Developed Reserves
Developed Reserves are expected quantities to be recovered from existing wells and facilities.
Reserves are considered developed only after the necessary equipment has been installed, or
when the costs to do so are relatively minor compared to the cost of a well. Where required
facilities become unavailable, it may be necessary to reclassify Developed Reserves as
Undeveloped. Developed Reserves may be further sub-classified as Producing or NonProducing.
Developed Producing Reserves
Developed Producing Reserves are expected to be recovered from completion
intervals that are open and producing at the time of the estimate.
Improved recovery reserves are considered producing only after the improved
recovery project is in operation.
Developed Non-Producing Reserves
Developed Non-Producing Reserves include shut-in and behind-pipe Reserves
Shut-in Reserves are expected to be recovered from:
(1)

completion intervals which are open at the time of the estimate but which
have not yet started producing,

(2)

wells which were shut-in for market conditions or pipeline connections, or

(3)

wells not capable of production for mechanical reasons.

Behind-pipe Reserves are expected to be recovered from zones in existing wells
which will require additional completion work or future re-completion prior to start of
production. In all cases, production can be initiated or restored with relatively low
expenditure compared to the cost of drilling a new well.
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Undeveloped Reserves
Undeveloped Reserves are quantities expected to be recovered through future investments:
(1)

from new wells on undrilled acreage in known accumulations,

(2)

from deepening existing wells to a different (but known) reservoir,

(3)

from infill wells that will increase recovery, or

(4)

where a relatively large expenditure (e.g. when compared to the cost of drilling a new
well) is required to
(a)

recomplete an existing well or

(b)

install production or transportation facilities for primary or improved recovery
projects.

CONTINGENT RESOURCES
Those quantities of petroleum estimated, as of a given date, to be potentially recoverable from known
accumulations by application of development projects, but which are not currently considered to be
commercially recoverable due to one or more contingencies.
Contingent Resources may include, for example, projects for which there are currently no viable markets, or
where commercial recovery is dependent on technology under development, or where evaluation of the
accumulation is insufficient to clearly assess commerciality. Contingent Resources are further categorized in
accordance with the level of certainty associated with the estimates and may be sub-classified based on
project maturity and/or characterized by their economic status.
Development Pending
A discovered accumulation where project activities are ongoing to justify commercial development in the
foreseeable future.
The project is seen to have reasonable potential for eventual commercial development, to the extent that
further data acquisition (e.g. drilling, seismic data) and/or evaluations are currently ongoing with a view to
confirming that the project is commercially viable and providing the basis for selection of an appropriate
development plan. The critical contingencies have been identified and are reasonably expected to be
resolved within a reasonable time frame. Note that disappointing appraisal/evaluation results could lead
to a re-classification of the project to “On Hold” or “Not Viable” status. The project “decision gate” is the
decision to undertake further data acquisition and/or studies designed to move the project to a level of
technical and commercial maturity at which a decision can be made to proceed with development and
production.
Development Unclarified or on Hold
A discovered accumulation where project activities are on hold and/or where justification as a commercial
development may be subject to significant delay.
The project is seen to have potential for eventual commercial development, but further
appraisal/evaluation activities are on hold pending the removal of significant contingencies external to the
project, or substantial further appraisal/evaluation activities are required to clarify the potential for eventual
commercial development. Development may be subject to a significant time delay. Note that a change in
circumstances, such that there is no longer a reasonable expectation that a critical contingency can be
removed in the foreseeable future, for example, could lead to a reclassification of the project to “Not
Viable” status. The project “decision gate” is the decision to either proceed with additional evaluation
designed to clarify the potential for eventual commercial development or to temporarily suspend or delay
further activities pending resolution of external contingencies.
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Development Not Viable
A discovered accumulation for which there are no current plans to develop or to acquire additional data at
the time due to limited production potential.
The project is not seen to have potential for eventual commercial development at the time of reporting, but
the theoretically recoverable quantities are recorded so that the potential opportunity will be recognized in
the event of a major change in technology or commercial conditions. The project “decision gate” is the
decision not to undertake any further data acquisition or studies on the project for the foreseeable future.
PROSPECTIVE RESOURCES
Those quantities of petroleum which are estimated, as of a given date, to be potentially recoverable from
undiscovered accumulations.
Potential accumulations are evaluated according to their chance of discovery and, assuming a discovery, the
estimated quantities that would be recoverable under defined development projects. It is recognized that the
development programs will be of significantly less detail and depend more heavily on analog developments in the
earlier phases of exploration.
Prospect
A project associated with a potential accumulation that is sufficiently well defined to represent a viable
drilling target.
Project activities are focused on assessing the chance of discovery and, assuming discovery, the range of
potential recoverable quantities under a commercial development program.
Lead
A project associated with a potential accumulation that is currently poorly defined and requires more data
acquisition and/or evaluation in order to be classified as a prospect.
Project activities are focused on acquiring additional data and/or undertaking further evaluation designed
to confirm whether or not the lead can be matured into a prospect. Such evaluation includes the
assessment of the chance of discovery and, assuming discovery, the range of potential recovery under
feasible development scenarios.
Play
A project associated with a prospective trend of potential prospects, but which requires more data
acquisition and/or evaluation in order to define specific leads or prospects.
Project activities are focused on acquiring additional data and/or undertaking further evaluation designed
to define specific leads or prospects for more detailed analysis of their chance of discovery and, assuming
discovery, the range of potential recovery under hypothetical development scenarios.
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RESOURCES CLASSIFICATION

PROJECT MATURITY
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APPENDIX II
Glossary
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GLOSSARY
List of Standard Oil Industry Terms and Abbreviations
ABEX
ACQ
o
API
AAPG
AVO
A$
B
Bbl
/Bbl
BBbl
BHA
BHC
Bscf or Bscf
Bscfd or Bscfd
Bm3
bcpd
BHP
blpd
bpd
boe
boepd
BOP
bopd
bwpd
BS&W
BTU
bwpd
CBM
CO2
CAPEX
CCGT
cm
CMM
CNG
Cp
CSG
CT
DCQ
Deg C
Deg F
DHI
DST
DWT
E&A
E&P
EBIT
EBITDA
EI
EIA
EMV
EOR
EUR
FDP
FEED
FPSO
FSO
ft
Fx
g
g/cc
gal
gal/d
G&A

Abandonment Expenditure
Annual Contract Quantity
Degrees API (American Petroleum Institute)
American Association of Petroleum Geologists
Amplitude versus Offset
Australian Dollars
Billion (109)
Barrels
per barrel
Billion Barrels
Bottom Hole Assembly
Bottom Hole Compensated
Billion standard cubic feet
Billion standard cubic feet per day
Billion cubic metres
Barrels of condensate per day
Bottom Hole Pressure
Barrels of liquid per day
Barrels per day
Barrels of oil equivalent @ xxx mcf/Bbl
Barrels of oil equivalent per day @ xxx mcf/Bbl
Blow Out Preventer
Barrels oil per day
Barrels of water per day
Bottom sediment and water
British Thermal Units
Barrels water per day
Coal Bed Methane
Carbon Dioxide
Capital Expenditure
Combined Cycle Gas Turbine
centimetres
Coal Mine Methane
Compressed Natural Gas
Centipoise (a measure of viscosity)
Coal Seam Gas
Corporation Tax
Daily Contract Quantity
Degrees Celsius
Degrees Fahrenheit
Direct Hydrocarbon Indicator
Drill Stem Test
Dead-weight ton
Exploration & Appraisal
Exploration and Production
Earnings before Interest and Tax
Earnings before interest, tax, depreciation and amortisation
Entitlement Interest
Environmental Impact Assessment
Expected Monetary Value
Enhanced Oil Recovery
Estimated Ultimate Recovery
Field Development Plan
Front End Engineering and Design
Floating Production, Storage and Offloading
Floating Storage and Offloading
Foot/feet
Foreign Exchange Rate
gram
grams per cubic centimetre
gallon
gallons per day
General and Administrative costs
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GBP
GDT
GIIP
Gj
GOR
GTL
GWC
HDT
HSE
HSFO
HUT
H2S
IOR
IPP
IRR
J
k
KB
KJ
kl
km
km2
kPa
KW
KWh
LKG
LKH
LKO
LNG
LoF
LPG
LTI
LWD
m
M
m3
Mcf or Mscf
MCM
MMcf or MMscf
m3d
mD
MD
MDT
Mean
Median
MFT
mg/l
MJ
Mm3
Mm3d
MM
MMBbl
MMBTU
Mode
Mscfd
MMscfd
MW
MWD
MWh
mya
NGL
N2
NPV
OBM
OCM
ODT

Pounds Sterling
Gas Down to
Gas initially in place
Gigajoules (one billion Joules)
Gas Oil Ratio
Gas to Liquids
Gas water contact
Hydrocarbons Down to
Health, Safety and Environment
High Sulphur Fuel Oil
Hydrocarbons up to
Hydrogen Sulphide
Improved Oil Recovery
Independent Power Producer
Internal Rate of Return
Joule (Metric measurement of energy) I kilojoule = 0.9478 BTU)
Permeability
Kelly Bushing
Kilojoules (one Thousand Joules)
Kilolitres
Kilometres
Square kilometres
Thousands of Pascals (measurement of pressure)
Kilowatt
Kilowatt hour
Lowest Known Gas
Lowest Known Hydrocarbons
Lowest Known Oil
Liquefied Natural Gas
Life of Field
Liquefied Petroleum Gas
Lost Time Injury
Logging while drilling
Metres
Thousand
Cubic metres
Thousand standard cubic feet
Management Committee Meeting
Million standard cubic feet
Cubic metres per day
Measure of Permeability in millidarcies
Measured Depth
Modular Dynamic Tester
Arithmetic average of a set of numbers
Middle value in a set of values
Multi Formation Tester
milligrames per litre
Megajoules (One Million Joules)
Thousand Cubic metres
Thousand Cubic metres per day
Million
Millions of barrels
Millions of British Thermal Units
Value that exists most frequently in a set of values = most likely
Thousand standard cubic feet per day
Million standard cubic feet per day
Megawatt
Measuring While Drilling
Megawatt hour
Million years ago
Natural Gas Liquids
Nitrogen
Net Present Value
Oil Based Mud
Operating Committee Meeting
Oil down to

BCR/sf/EE026600
Rockhopper Exploration

OPEX
OWC
p.a.
Pa
P&A
PDP
PI
PJ
PSDM
psi
psia
psig
PUD
PVT
P10
P50
P90
Rf
RFT
RT
Rw
SCAL
cf or scf
cfd or scfd
scf/ton
SL
so
SPE
SPEE
ss
stb
STOIIP
sw
T
TD
Te
THP
TJ
Tscf or Tcf
TCM
TOC
TOP
Tpd
TVD
TVDss
USGS
U.S.$
VSP
WC
WI
WPC
WTI
wt%
1H05
2Q06
2D
3D
4D
1P
2P
3P
%

Operating Expenditure
Oil Water Contact
Per annum
Pascals (metric measurement of pressure)
Plugged and Abandoned
Proved Developed Producing
Productivity Index
Petajoules (1015 Joules)
Post Stack Depth Migration
Pounds per square inch
Pounds per square inch absolute
Pounds per square inch gauge
Proved Undeveloped
Pressure volume temperature
10% Probability
50% Probability
90% Probability
Recovery factor
Repeat Formation Tester
Rotary Table
Resistivity of water
Special core analysis
Standard Cubic Feet
Standard Cubic Feet per day
Standard cubic foot per ton
Straight line (for depreciation)
Oil Saturation
Society of Petroleum Engineers
Society of Petroleum Evaluation Engineers
Subsea
Stock tank barrel
Stock tank oil initially in place
Water Saturation
Tonnes
Total Depth
Tonnes equivalent
Tubing Head Pressure
Terajoules (1012 Joules)
Trillion standard cubic feet
Technical Committee Meeting
Total Organic Carbon
Take or Pay
Tonnes per day
True Vertical Depth
True Vertical Depth Subsea
United States Geological Survey
United States Dollar
Vertical Seismic Profiling
Water Cut
Working Interest
World Petroleum Council
West Texas Intermediate
Weight percent
First half (6 months) of 2005 (example of date)
Second quarter (3 months) of 2006 (example of date)
Two dimensional
Three dimensional
Four dimensional
Proved Reserves
Proved plus Probable Reserves
Proved plus Probable plus Possible Reserves
Percentage

