
surface or the modelled ODT. Tables 1 and 2
provide summaries of the input parameters applied
in the evaluation of the Lancaster GRV within and
outside of structural closure. For GRV outside of
structural closure, the input parameters are varied
to reflect geological uncertainty and the concept
that oil distribution will have increased irregularity

as a function of the connected fracture pathways,
relative proximity to any aquifer and the relative
position on the structure with flank locations antici-
pated to be associated with more extensive oil
columns (Table 2).

Once constructed the model was populated
with input parameter ranges and various volumetric

Fig. 18. The basic five steps used in evaluating the resource potential of the Lancaster Prospect. (a) Seismic-scale faults
mapped across the Lancaster structure. Faults planes are interpreted to be vertical. (b) A subset of the fault volume
extracted for modelling purposes. (c) The modelled GRV. The upper surface is defined by the top basement reflector
and the lower surface is defined by oil-down-to. (d) Portrays the GRV split into the two reservoir facies Pseudomatrix
and Fault Zones. (e) Reservoir properties are probabilistically populated within the model and, in this example,
porosity is presented within Fault Zones and Pseudomatrix.
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modelling estimates were run using a combination
of Monte Carlo and static-model-based realiza-
tions. Third-party volumetric evaluation, as part of
a formal competent persons report, estimate that
Lancaster has a contingent (1C-3C) resource range
of 62–456 MMboe. The next step towards further
de-risking of the Lancaster resource potential is to
undertake an appraisal drilling program.

Appraisal wells will be placed and designed so
that they can, in the case of success, be readily con-
verted to producing wells. Appraisal well drilling
will be targeted to reduce uncertainty on the
1C-2C volumes by further evaluating the ODT and
to drill to a sufficient depth that will allow for any
aquifer to be evaluated. In addition, appraisal dril-
ling will investigate the potential of achieving
improved productivity through a horizontal well.

The first horizontal well will be planned to evaluate
the 1C volume, specifically the productivity, frac-
ture network characteristics and potential for
perched water within structural closure. If both of
these wells prove to be successful it is anticipated
that Lancaster will be progressed to a first phase of
field development. This first phase will concentrate
on accessing the estimated 60 million barrels of
recoverable oil within structural closure and in the
recognition that excessive ‘high or aggressive’
flow rates will shorten the productive life for the
reservoir and result in a lower ultimate recovery.
An additional consideration for the successful
management of the Lancaster Discovery is that
reservoir performance will depend on the drive
mechanism. It is therefore critical to gain an under-
standing of the hydraulic fracture network and

Fig. 19. Example 3D model realization of the Lancaster basement structure portraying modelled faults, wells and top
basement surface in context to a shallow, intermediate and deep oil down to (ODT).

Table 1. Input parameters applied to resource
evaluation within structural closure

Low Best High

Contact range (m) 1333 1340 1380
Proportion PM (%) 64
Proportion FZ (%) 36
Porosity PM (%) 1 2 4
Porosity FZ (%) 3 7 10
SW PM (%) 5 10 20
SW FZ (%) 2 5 10
B0 (rb/stb) 1.2 1.2 1.2

B0, oil formation volume factor; PM, Pseudomatrix; FZ, Fault Zone;
rb, barrel(s) of oil at reservoir conditions; stb, stock tank barrel.

Table 2. Input parameters applied to resource
evaluation within GRV outside of structural closure

Low Best High

Contact Range Discovered (m) 1475 1597 1781
Contact Range Undiscovered (m) 1781 2000
Proportion PM (%) 64
Proportion FZ (%) 36
Porosity PM (%) 0.5 1 3
Porosity FZ (%) 2 5 8
SW PM (%) 30 50 70
SW FZ (%) 2 5 10
B0 (rb/stb) 1.2

PM, Pseudomatrix; FZ, Fault Zone.
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the drive mechanism ahead of a field development
plan. This will require:

(a) the ability to map drillable targets from the
available seismic data;

(b) acquisition of sufficient static and dynamic
data to effectively quantify the properties of
the fracture network; and

(c) acquisition of sufficient static and dynamic
data to quantify the properties of an aquifer
or gas cap.

Conclusions

The exploration concept that fractured Lewisian
basement has the potential to be a productive and
material play has been evaluated by two wells on
the Lancaster prospect. The exploration program
successfully tested the concept that basement
would be associated with preferentially permeable
seismic-scale fault zones and that oil columns
would extend outside of structural closure. The
well results also confirmed geochemical modelling
that indicated light oil would be present within the
basement reservoir. The strategy of spending time
in acquiring high-quality and wide-ranging data
and the investment in ensuring that company staff
have a visible offshore presence has paid off, result-
ing in a robust estimate of Lancaster’s resource
potential. Furthermore, the testing of a pre-drill con-
ceptual model has resulted in a refined geological
model from which future operations can be
planned with increased confidence. Correlation of
well data with seismic data indicates that seismi-
cally mapped faults can be identified from wireline
data and that such faults are associated with prefer-
ential reservoir properties. Comparison of subsur-
face data with outcrop analogues has proven
invaluable in developing conceptual and numerical
reservoir models. The observation that the basement
play may represent a material resource for the UK
is given further encouragement by Hurricane’s
second basement discovery, Whirlwind, which
was drilled back to back with the Lancaster side-
track in 2010. The Whirlwind discovery located
some 12km north of Lancaster has very similar
reservoir properties to Lancaster and is associated
with either volatile light oil or a gas condensate.
Contingent resource volumes for Whirlwind are of
a similar magnitude to Lancaster ranging from 98
to 373 million stock tank barrels (MMstb) of oil
and 236–1017 billion standard cubic feet (Bscf) of
gas for the volatile oil case and 91–301 MMstb oil
and 437–1308 Bscf of gas for the gas condensate
case. The current evaluation of two basement dis-
coveries, Lancaster and Whirlwind, and two base-
ment prospects, Lincoln and Typhoon, indicates
that basement has the potential to deliver on

Hurricane’s acreage 710 MMboe 2C contingent
resource estimate and 444 MMboe of un-risked
mean prospective resource. In considering such
estimates it is important to recognize that the two
prospects are associated with oil on structure as con-
firmed by previous operators’ exploration activities.

In evaluating the basement, Hurricane has
attempted new and experimental techniques and
has been rewarded by some valuable lessons and
insight into a reservoir that has the potential to be
a strategic resource for the UK. Lancaster would
not have been possible without the philosophy pro-
moted by DTI/DECC to the PESGB in January
2002 in which the clear message was that ‘we
want to get licenses in the hands of those who are
hungry and innovative’. It was this message that
encouraged Hurricane to explore the basement of
the Atlantic Margin and it is continued application
of this philosophy that will be required to take the
UK Basement Play to the next stage and progress
Lancaster to reserves and field development.

I would like to thank the reviewers of this manuscript
for their comments and suggestions which have helped
improve this paper and bring clarity to key issues.

References

Aguillera, R. 1995. Naturally Fractured Reservoirs. 2nd
edn. Pennwell Publishing Company, Tulsa, OK.

Aguillera, R. 1996. Hydrocarbon Production from
Naturally Fractured Granite. Technical Note 2. April
18, 1996. http://www.servipetrol.com/oldtech.htm

Aguilera, R. 1999. Recovery factors and reserves in
naturally fractured reservoirs. Journal of Canadian
Petroleum Technology, 38, 15–18.

Ameen, M. S. (ed.) 2003. Fracture and In-situ Stress
Characterization of Hydrocarbon Reservoirs. Geo-
logical Society, London, Special Publications, 209.

Areshev, E. G., Dong, T. L., San, N. T. & Schnip, O. A.
1992. Reservoirs in fractured basement on the conti-
nental shelf of Southern Vietnam. Journal of Pet-
roleum Geology, 15, 451–464.

Barton, C. A., Zoback, M. D. & Moos, D. 1995. Fluid
flow along potentially active faults in crystalline
rock. Geology, 23, 683–686.

Canchani, S. K., Zoback, M. D. & Barton, C. 2003.
A case study of hydrocarbon transport along active
faults and production-related stress changes in the
Monterey Formation, California. In: Ameen, M. S.
(ed.) Fracture and In-situ Stress Characterization of
Hydrocarbon Reservoirs. Geological Society, London,
Special Publications, 209, 17–26.

Cloos, H. 1922. Uber Ausbau und Anwendung der
granittek-tonischen methode. Preussischen Geolo-
gischen Landesan-stalt, 89, 1–18.

C&C RESERVOIRS 2005. Chapter five, Type 1 Fractured
Oil reservoirs in Fractured, Tight and Unconven-
tional Reservoirs. Published by C&C Reservoirs Inc.
http://ww3.ccreservoirs.com/unconventional_reser
voirs_outline.html

BASEMENT EXPLORATION WEST OF SHETLANDS 103

Technology on November 21, 2019
 at Massachusetts Institute ofhttp://sp.lyellcollection.org/Downloaded from 

http://www.servipetrol.com/oldtech.htm
http://ww3.ccreservoirs.com/unconventional_reservoirs_outline.html
http://ww3.ccreservoirs.com/unconventional_reservoirs_outline.html
http://ww3.ccreservoirs.com/unconventional_reservoirs_outline.html
http://sp.lyellcollection.org/


Cuong, T. X. & Warren, J. K. 2011. Bach Ho Field, a
fractured granitic basement reservoir, Cuu Long
Basin, Offshore SE Vietnam: A “Buried Hill” Play.
Journal of Petroleum Geology, 32, 129–156.

De Urreiztieta, M. et al. 2007. Formation testing strat-
egy based on quick-look data evaluation from a frac-
tured basement reservoir: A case study from Kahirir
Field Yemen. International Petroleum Conference
IPTC 11518, 4–6 December 2007, Dubai, U.A.E.

Dean, K., McLachlan, K. & Chambers, A. 1999.
Hydrocarbon migration history, West of Shetland:
integrated fluid inclusion and fission track studies.
In: Fleet, A. J. & Boldy, S. A. R. (eds) Petroleum
Geology of Northwest Europe. Proceedings of the 5th
Conference, Geological Society, London, 533–544.

Dimitriyevskiy, A. N., Kireyev, F. A., Bochko, R. A. &
Federova, T. A. 1993. Hydrothermal origin of oil and
gas reservoirs in basement rock of the South Vietnam
continental shelf. International Geology Review, 35,
621–630.

Eggleston, W. S. 1948. Summary of oil production
from fractured rocks reservoirs in California. AAPG
Bulletin, 32, 1352–1355.

Farrimond, P. 2007. Petroleum systems of southern
Quadrant 205, West of Shetlands, UK. Consultancy
report commissioned by Hurricane Exploration plc.

GEOSCIENCE 2007. Analogue studies in support of
basement fracture and flow characterization in
Block 205, West of Shetlands. Consultancy report com-
missioned by Gutmanis, J. C. (author) at Hurricane
Exploration plc.

Gutmanis, J. C. 2009. Basement reservoirs-a review of
their geological and production characteristics.
In: International Petroleum Technology Conference,
IPTC 13156, 7–9 December 2009, Doha, Qatar.

Gutmanis, J., Bachelor, J., Cotton, L. & Baker, J.
2012. Hydrocarbon production from fractured base-
ment formations. Available at http://www.geoscience.
co.uk/assets/file/Reservoirs%20in%20Fractured%20
Basement%20Ver%2010_JCG.pdf

Heffer, K. J. & Lean, J. C. 1993. Earth stress orienta-
tion – a control on, and guide to, flooding directional-
ity in a majority of reservoirs. In: Linville, B. (ed.)
Reservoir Characterization III. PennWell Books,
Tulsa.

Henriksen, H. & Brathen, A. 2006. Effects of fracture
lineaments and in-situ rock stresses on groundwater
flow in hard rock: a case study from Sunnfjord,
Western Norway. Hydrogeology, 14, 444–461.

Holdsworth, B., McCaffrey, K., Jones, R. & Imber, J.
2007. Outcrop Data as an Analogue to HEX Lewisian
Basement Acreage: Characterisation of Lewisian
Fracturing in Scotland & the Møre-Trøndelag Fault
Zone in Norway. Consultancy report commissioned
by Hurricane Exploration plc.

Hubbert, M. K. & Willis, D. G. 1955. Important frac-
tured reservoirs in the United States. Proceedings of
4th World Petroleum Conference, Rome, Section
A-1, 57–81.

Jolly, R. J. H. & Cosgrove, J. W. 2003. Geological evi-
dence of patterns of fluid flow through fracture net-
works: examination using random realizations and
connectivity analysis. In: Ameen, M. S. (ed.) Fracture
and In-situ Stress Characterization of Hydrocarbon

Reservoirs. Geological Society, London, Special Pub-
lication, 209, 177–187.

Landnes, K. K. 1959. Petroleum Geology. 2nd edn. John
Wiley and Sons, Inc, New York.

Landnes, K. K., Amoruso, J. J., Charlesworth, L. J.,
Heany, F. & Lesperancep, J. 1960. Petroleum
resources in basement rocks. AAPG Bulletin, 44,
1682–1691.

Li, B., Guttormsen, J., Hoi, T. V. & Duc, N. V. 2004.
Characterizing Permeability for the Fractured Base-
ment Reservoirs. SPE 88478, SPD Ltd, Aberbeen.

Nelson, R. A. 2001. Geologic Analysis of Naturally
Fractured Reservoirs. Gulf Professional Publishing
USA.

Ngoc, S. L., Jamiolahmady, M., Questiaux, J. M. &
Sohrabi, M. 2007. SPE 107141. An integrated
geology and reservoir engineering approach for model-
ling and history matching of a Vietnamese fractured
granite basement reservoir. In: EUROPEC/EAGE
Conference and Exhibition, London, UK, 11–14
June 2007.

Nooraini, M. B., Tan, J. H. P., Hasmatali, D., Ming,
L. K. & Heisig, G. 2009. Promising results from
first deployments of rotary steerable technology in
Vietnam basement granite. Conference paper from
Asia Pacific Oil and Gas Conference & Exhibition,
4–6 August, Jakarta, Indonesia. Published by Soci-
ety of Petroleum Engineers, SPE-122690-MS.

P’an, C. H. 1982. Petroleum in basement rocks. AAPG
Bulletin, 66, 1597–1643.

Parnell, J., Carey, P. F., Green, P. & Duncan, W.
1999. Hydrocarbon migration history, West of Shet-
land: integrated fluid inclusion and fission track
studies. In: Fleet, A. J. & Boldy, S. A. R. (eds) Pet-
roleum Geology of Northwest Europe. Proceedings of
the 5th Conference, Geological Society, London,
613–625.

Petford, N. & McCaffrey, K. (eds) 2003. Hydrocarbons
in Crystalline Rocks. Geological Society, London,
Special Publications, 214.

Pyrak-Nolte, L. J., Myer, L. R., Cook, N. G. W. &
Witherspoon, P. A. 1987. Hydraulic and mechanical
properties of natural fractures in low permeability
rock. Proceedings International Society for Rock
Mechanics, 6th International Congress on Rock Mech-
anics. A.A. Balkema, Rotterdam, Montreal, 225–231.

Reiss, L. H. 1980. The Reservoir Engineering Aspects
of Fractured Formations. Gulf Publishing, Houston,
Texas.

Rogers, S. 2003. Critical stress-related permeability in
fractured rock. In: Ameen, M. S. (ed.) Fracture and
In situ Stress Characterization of Hydrocarbon Reser-
voirs. Geological Society, London, Special Publi-
cations, 209, 7–16.

San, N. T., Giao, N., Dong, T. L. & Son, H. P. 1997.
Pre-Tertiary basement: the new objective for oil and
gas exploration in the continental shelf of South
Vietnam. Proceedings of the Petroleum System of SE
Asia and Australasia Conference, May 1997.

Slightam, C. 2012. Characterizing seismic-scale faults
pre- and post-drilling; Lewisian Basement, West
of Shetlands, UK. In: Spence, G. H., Redfern, J.,
Aguilera, R., Bevan, T. G., Cosgrove, J. W.,
Couples, G. D. & Daniel, J. M. (eds) Advances in

R. TRICE104

Technology on November 21, 2019
 at Massachusetts Institute ofhttp://sp.lyellcollection.org/Downloaded from 

http://www.geoscience.co.uk/assets/file/Reservoirs%20in%20Fractured%20Basement%20Ver%2010_JCG.pdf
http://www.geoscience.co.uk/assets/file/Reservoirs%20in%20Fractured%20Basement%20Ver%2010_JCG.pdf
http://www.geoscience.co.uk/assets/file/Reservoirs%20in%20Fractured%20Basement%20Ver%2010_JCG.pdf
http://www.geoscience.co.uk/assets/file/Reservoirs%20in%20Fractured%20Basement%20Ver%2010_JCG.pdf
http://sp.lyellcollection.org/


the Study of Fractured Reservoirs. Geological Society,
Special Publications, 374. First published online
September 11, 2012, http://dx.doi.org/10.1144/
SP374.6

SPD 2007. Basement Drilling Optimization Review
West of Shetland. Consultancy Report Commissioned
by Hurricane Exploration Plc.

Tran, D. L., Tran, H. V. et al. 2006. Basement Fractured
Reservoir of Bach Ho oil field – a Case Study. The
Basement Reservoir. HCM Science and Technics
Publishing House, Ho Chi Mihn.

Tuan, P. A., Martyntsiv, O. F. & Dong, T. L.
1995. Heterogeneity of fractured granite: effects on
petrophysical properties of water saturation of pre-
served cores. Society of Core Analysts Conference
Paper Number 9525. http://www.scaweb.org/assets/
papers/1995_papers/1-SCA1995-25.pdf.

Tsang, Y. W. & Tsang, C. F. 1989. Flow channelling in
a single fracture as a two dimensional strongly het-
erogeneous permeable medium. Water Resources
Research 25, 2076–2080.

Wu, S., Sun, S., Trice, R. & Guzman, J. 2005. Appli-
cation of geological analogs in the exploration work-
flow: drawing on decades of knowledge to identify
the critical elements of a play or trap. Presented at
the AAPPG Calgary Meeting, June 19–22, 2005.
http://www.searchanddiscovery.com/abstracts/html/
2005/annual/abstracts/wu.htm

Younes, A. I., Engelder, T. & Bosworth, W. 1998.
Fracture distribution in faulted basement blocks: Gulf
of Suez, Egypt. In: Coward, M. P., Daltaban, T. S.
& Johnson, H. (eds) Structural Geology in Reservoir
Characterization. Geological Society, Special Publi-
cations, 127, 167–190.

BASEMENT EXPLORATION WEST OF SHETLANDS 105

Technology on November 21, 2019
 at Massachusetts Institute ofhttp://sp.lyellcollection.org/Downloaded from 

http://dx.doi.org/10.1144/SP374.6
http://dx.doi.org/10.1144/SP374.6
http://dx.doi.org/10.1144/SP374.6
http://www.scaweb.org/assets/papers/1995_papers/1-SCA1995-25.pdf
http://www.scaweb.org/assets/papers/1995_papers/1-SCA1995-25.pdf
http://www.searchanddiscovery.com/abstracts/html/2005/annual/abstracts/wu.htm
http://www.searchanddiscovery.com/abstracts/html/2005/annual/abstracts/wu.htm
http://www.searchanddiscovery.com/abstracts/html/2005/annual/abstracts/wu.htm
http://sp.lyellcollection.org/



