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Greetings and Congratulations 
on the PETROLEUM GROUPôS 30th Anniversary 

 

from Jim Brooks, Founder and First Chairman 
 
I had intended to be with the PETROLEUM GROUP at their 30th Anniversary Meeting 
in Bath to celebrate and maybe, remember the many successes achieved down these 
years. Unfortunately, due to recent hospitalisation, it is advised that travel is not an 
option at the moment. But these Greetings and Congratulations come with equal 
sincerity and a certain degree of pride and satisfaction. Congratulations to ALL who 
have been involved in the Group over these years. 
 
During the 1970s to 1980s petroleum geochemistry applications in exploration 
drastically changed from a post-mortem science to a widely accepted predictive 
exploration tool. There was much new and important data, methodologies, 
interpretations and applications. One of the important óprinciplesô, I learned from my 
University Professor was the important fact ñ... if itôs not been published, itôs not been 
doneò. As petroleum geochemistry developed and more geologists and chemists 
became involved, I approached two different societies [both in the Burlington House 
complex] with the idea of setting up a specialist group. I was keen to set up a 
discussion group and possible forum for publishing. This suggestion was turned down 
by one large society ï but the Geological Society took the risk and encouraged me to 
set-up the Petroleum Geochemistry Group in 1979. This was the forerunner of the 
Societyôs now very successful Petroleum Group that has been active since 1981. In 
those days, the Societyôs main groups and publications focussed on óhard rocksô and 
little was discussed or reported on petroleum-type studies. The Society was keen to 
support the suggestion. A number of Society Officers must be recognised as fully 
supportive and encouraging in the setting-up and integrating the Petroleum Group into 
The Societyôs life and programmes: Janet Watson, Charles Holland, Bernard Leake 
and Derek Blundell [all past-Presidents of the Society] ï none of them ópetroleum 
peopleô, but very supportive. 
 
In those early days, I had great support and help from a number of people, companies 
and organisations. It is important to mention and recognise just a few: John Brooks; 
Andy Morton [who became secretary of the Group]; Andy Fleet; Bob Stoneley; John 
Fuller and Ed Purdy. There was always encouragement from Sir Peter Kent [ex Chief 
Geologist with BP and a past President]. These, and a few others, were the founding 
committee of the Group ï but gradually the membership widened and major 
contributions were made by various others, particularly Richard Hardman and John 
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Parker. I like to think that all these guys as being ófathers and unclesô at the birth of the 
Petroleum Group.  
 
The first meeting of the Group took place at Burlington House in 1981: ñPetroleum 
Geochemistry and Basin Studiesò and the two day meeting was a full-house with 
academics and industry well represented. A great encouragement! There were a 
number of smaller gathering during the following year ï more specialist in nature. One 
being a meeting with Tom Gold on his well published theories of the óabiogenic origin 
of oil and gasô. The majority view was very much opposed to Goldôs theory and ideas! 
Away from Burlington House, the Group played an important role within the 1982 
British Isles Geological Congress held at the University of Glasgow. This lead to the 
Groupôs first publication: Petroleum Geochemistry and Exploration of Europe [Special 
Publication No 12; Ed J Brooks].  
 
As the membership and activities of the Group increased, it became leader in the 
organisation of the 3rd Conference on Petroleum Geology of NW Europe ï the first of 
the óBarbican Conferencesô ï in 1986. It was a somewhat unique meeting in that it 
brought together the most concentrated review of geological information and 
exploration findings at a time when exploration activities were low, due to the dramatic 
fall in the price of oil, and the industry was awaiting commercial direction and hope. 
This conference was an invaluable opportunity for petroleum geologists and other 
earth scientists to review, and take stock of the significant advances in NW Europe 
geology and to identify areas in which new ideas and future research would enable the 
effective exploration, development and exploitation of NW Europeôs hydrocarbon 
resources. Although the commercial view of petroleum exploration, at that time in late 
1986, was low, scientific activities, advances and successes were high. Over 1200 
delegates [from UK and 16 overseas countries] attended the meeting and there were 
100 presented papers and 120 posters.  The two volume Petroleum Geology of NW 
Europe [Eds J Brooks and K W Glennie] proceedings of the conference became a 
significant reference for the petroleum industry. The Petroleum Group had become 
truly international in its function and recognition. 
 
In the early 1980s, through contact with officials and friends at the American 
Association of Petroleum Geologists [AAPG], I was able to initiate the Society and 
AAPG coming together in a commercial arrangement to sell each otherôs publications. 
This has been a big success and saved UK petroleum geologists a few dollars! 
 
The 2011 Bath Meeting has the opportunity to celebrate 30 years of the Groupôs 
activates. The first meeting: Tectonic Events Responsible for Britainôs Oil and Gas 
Reserves was held in 1989 and was published by the Society as Special Publication 
No 55 [Eds R F P Hardman and J Brooks]. We dedicated the volume to Mr Norman 
Falcon FRS [Chief Geologist of BP from 1955 to 1965] for his pioneering exploration. 
He, together with Sir Peter Kent, was responsible for the Societyôs Memoir which 
heralded the start of serious exploration interest in the British Continental Shelf. 
Perhaps, the Bath Meeting 2011 will remember the many scientists ï petroleum 
geologists and others ï who have supported the Petroleum Group during the last 30 
years. The PETROLEUM GROUP has been and continues to be ñone of the Societyôs 
success storiesò. 
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Convening Committee 
 

Matthew Allen 

 

Matthew Allen currently works for Maersk Oil as the 
Central North Sea Greater Culzean Area Exploration co-
ordinator. He is a geologist by training, having completed 
his degree and PhD at the University of Wales, 
Aberystwyth. He spent an intervening year, gaining his 
MSc in Petroleum Geology at Aberdeen University. 
Previous employment includes both three years at ENI and 
eight years at Shell where he worked predominantly as a 
seismic interpreter on the various basins of the North Sea, 
Libya and Nigeria. In 2004/5 he was seconded to a global 

team in Shell which drove a return to Play Based Exploration - ñback to basicsò 
approach for the company. 
 
Matthew has sat on the Petroleum Group Committee in various capacities for the last 8 
years and is currently Communications Officer. 
 

 
Mike Bowman  
 
Mike Bowman Retired from BP in March 2011 and 
has since take up a part-time Chair in Development 
& Production Geology at the University of 
Manchester.  At his retirement he was BPôs 
Functional Head of Geoscience. He is a geologist 
by training.  Mike joined BP as a geologist after 
completing a PhD and lecturing at the University of 
Wales.   During almost 30 years with BP he has 

been involved in a wide range of roles and jobs from specialist geologist, technology 
management, exploration team leader to development and production geologist and 
manager in a variety of exploration, appraisal and development positions across E&P 
with postings to the United States and Aberdeen and periods working in Russia, 
Azerbaijan and Kazakhstan.  In 2004 he took a functional leadership role for the 
Appraisal of BPôs E&P Major Projects and also for the Geoscience Community in E&P.  
From 2008 until his recent retirement he was Vice President for Geoscience & 
Subsurface Description in BPôs Exploration & Technology Organisation, having 
accountability for Geoscience Technology and R&D as well as discipline health.   



Major Discoveries of the 21
st

 Century: Standing on the shoulders of giants... 

 

September 2011 #BATH2011 Page 7  

 
Graham Goffey 
 
Graham Goffey has an MSc in Petroleum 
Geology from Imperial College, London and MBA 
from Warwick Business School. He has 23 years 
experience in North Sea and international 
exploration and production. He worked initially for 
Conoco before spending 11 years with LASMO in 
the UK, Pakistan and finally as VP Exploration in 

Indonesia. He subsequently spent 5 years working exploration and production 
acquisitions with Paladin Resources, latterly as General Manager of Paladinôs 
international business unit. The last several years have been spent on exploration and 
production projects in East and West Africa and northern Iraq. He has recently joined 
PA Resources as Managing Director for the UK, Netherlands and Denmark.  Despite 
an increasingly managerial emphasis to his career, he maintains a high level of 
technical interest and has served as Chairman of the Petroleum Group of the 
Geological Society. 
 
 

Richard Hodgkinson 
 
Richard Hodgkinson is a Senior Explorationist with 
Bowleven Plc, based in Edinburgh.  He graduated 
from the University of Wales, Aberystwyth with a BSc 
Hons in 1998.  Following a PhD at the University of 
Birmingham on the structural geology of the Falkland 
Islands, he became a Post-doctoral Research 
Associate at the University of Edinburgh in 2002 
examining the Permo-Triassic evolution of the 
northern North Sea.  Richard joined Cairn Energy Plc 
in August of 2003 and was heavily involved with the 
companyôs oil exploration of Rajasthan in NW India.  In 

2006 Richard became an active member of the Geological Society of London 
Petroleum Group committee, holding the position of the group treasurer for 3 years 
until the end of his tenure in 2010. Leaving Cairn Energy in April 2007 for Bowleven, 
Richard has now switched his focus to West Africa, exploring in the Gabon Basin and 
on the flanks of the Cameroon Volcanic Line. 
 

 
Duncan Wade 
 

Duncan Wade is the Principal Geologist at JKX Oil & 
Gas in London focussing on the development of the 
JKX assets in Ukraine and Russia . During more than 
25 years of working in the industry, he has held a 
variety of technical and managerial positions covering 
exploration, production and business development for 
a variety of operating companies. Prior to joining JKX, 

Duncan was the Principal Geologist at ERC Equipoise where he was responsible for 
many integrated subsurface studies from basins across NW Europe and Africa. He is a 
Chartered Geologist and was committee member of the Petroleum Group of the 
Geological Society for 2008-2010. 
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PROGRAMME 
 

 

Sunday 25 September 

20.00 Icebreaker Reception 
Sponsored By:  

 

 

Monday 26 September 

8.30 Registration and Coffee 

9.30 Welcome and Introduction 

 Session One: Successes of the Majors - Giant Discoveries and Technology Enablers 

 Session Chairs: Mike Bowman & Matthew Allen 

9.45 Keynote Speaker: Mike Daly (BP) 
0Significant Discoveries of the 21st Century  

10.15 Denis Francois (Total) 
Block 17 ï Oil Fields Blooming in Angola 

10.45 Craig Beasley (Western Geco) 
The Role of Seismic Imaging in EP&D: A Little History and Glance into the Future 

11.15 Tea and Coffee Break 

11.45 Alessandro Gelmetti (Eni) 
Perla Discovery - A Supergiant Gas Field on the Fast Track 

12.15 David Moffat (Chevron) 
Deepwater Exploration of the Northern Carnavon Basin, Western Australia 

12.45 Lunch 

 Session Chairs: Graham Goffey & Richard Hodgkinson 

14.00 Brodie Thomson (ExxonMobil) 
Sands and Shales: The Journey from Background to Foreground 

14.30 Brad Prather (Shell) 
Revitalizing Gulf of Mexico Exploration: The Role of Integrative Technologies and Conceptual 
Thinking 

15.00 Sylvia Anjos (Petrobras) 
The Supergiant Lula Field: Pre-salt, Deep-water, Santos Basin, Brasil 

15.30 Mike Simmons (Neftex) 
The Regional Context of Exploration Success in the Middle East 

16.00 Tea and Coffee Break 

 Discussion Chairs: Jonathan Craig & Duncan Wade 

16.30  
ï 

 17.00 

Panel Discussion: 
Giant Discoveries and Technology Enablers ï Lessons Learned 

19.30 Conference Dinner at the Bath Pump Rooms 
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Tuesday 27 September 

8.30 1.1 Registration and Coffee 
 

8.50 Welcome 

 Session Two: New Oil and Gas in Old Basins 

 Session Chairs: Jonathan Craig & Duncan Wade 

9.00 Keynote Speaker: Malcolm Brown (BG) 
New Oil and Gas in Old Basins 

9.30 Edwige Zanella (Nexen) 
Moray Firth Revitalisation: Taking Stratigraphic Traps Beyond Buzzard 

10.00 Tim Chisholm (Apache) 
Apache: An Independent Unlocking Giant Potential of Egyptôs Western Desert with a 
Contrarian Exploration Approach 

10.30 Tea and Coffee Break  

11.00 Douglas Carsted (Sproule) 
Time, Tenacity, Technology and Transparency ï The Success of Canadian Heavy Oil and Oil 
Sands  

11.30 David Finlayson (IHS CERA Consulting) 
North American Shale Gas: The Giants Awaken 

12.00 Bob Allen (TNK) 
West Siberia 

12.30 Lunch 

 Session Three: Under the Radar Screen ð Wildcatting by Independents 
Sponsored By: 

 
 

 Session Chairs: Mike Bowman & Richard Hodgkinson 

13.45 Guido Paparoni (Kosmos) 
Jubilee Field: A Step Change for Ghana 

14.15 Sam Algar (Murphy) 
Deepwater Sabah - Big Oil from "Gas-prone" Source Rocks and Leaking Traps 

14.45 Stewart Burley (Cairn) 
Hidden Beneath Desert Sands: The Discovery of the Barmer Basin in Rajasthan and its Giant 
Oilfields 

15.15 Tea and Coffee Break 

 Discussion Chairs: Graham Goffey & Matthew Allen 

 15.45 
 

Panel Discussion: 
Critical Success Factors of the Independents Versus the Majors 

17.15 Wine Reception 
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Wednesday 28 September 

8.30 Registration and Coffee 

9.10 Welcome  

 Session Four: Looking to the Future ð Where and What Next? 
Sponsored By: 

 

 Session Chairs: Graham Goffey & Jonathan Craig 

9.15 Keynote Speaker: Bruce Levell (Shell) 
Remaining  Hydrocarbon Exploration Potential and the Technologies Needed to  Unlock It. 

9.45 Don Gautier (USGS) 
Volumes, Uncertainty and Costs of Undiscovered Arctic Petroleum 

10.15 Tom Fletcher (Anadarko) 
Success in a Frontier Basin ï Rovuma Delta Area 1 Northern Mozambique 

10.45 Ian Cloke (Tullow) 
The Uganda Exploration Success Story and its Implication for East Africa Tertiary Rift 
Exploration 

11.15 Tea and Coffee Break 

 Discussion Chairs: Mike Bowman & Richard Hodgkinson 

11.45 Panel Discussion:  
Looking to the Future ï Key Challenges & Opportunities Offered by ñStanding on the shoulders 
of giantsò 

13.00 Concluding Remarks 
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Monday 26

th
 September 

 
Session One: Successes of the Majors ï 
Giant Discoveries and Technology 
Enablers 



Major Discoveries of the 21
st

 Century: Standing on the shoulders of giants... 

 

September 2011 #BATH2011 Page 13  

Keynote Address: Significant Discoveries of the 21st Century 
 

Michael C. Daly 
Executive Vice President, Exploration, BP 

 

The turn of the 21st century coincided with a remarkable two years of giant discoveries 
(Figure 1). In the Caspian Sea Shah Deniz and Kashagan were discovered in 1999 
and 2000 respectively. In the same period, giant discoveries were made in the 
deepwater Gulf of Mexico (Thunderhorse and Atlantis) and Angola (Girassol, Kizomba 
and Plutonio). The success offshore in the Caspian was a direct result of the demise of 
the Soviet Union 10 years earlier. The deepwater discoveries resulted from the 
growing momentum into deepwater exploration and increasingly sophisticated seismic 
imaging of deepwater systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

     
Worldwide discoveries over the last 20 years.  Source IHS.   

 

 
The first decade of the 21st century saw over 300bnboe discovered and sustained 
industry exploration delivery at around 25bnbboe/pa. Volumes were dominated by the 
National Oil Companies, in particular Petrobras, Turkmengeologiva and the National 
Iranian Oil Company who all discovered exceptional fields greater than 5bnboe and 
cumulative volumes in excess of 20bnboe. During the period the four Supermajors 
discovered about 10bnboe each with discovery costs ranging from $1.83 to $2.93 bbl. 
 
Nine new plays or provinces were realised in the decade with a strong bias to oil over 
gas. Of these, all but one was in a deepwater environment. The Brazil Pre-Salt and 
Angolan Congo Fan dominate in terms of discovered volume. Of the others, the Gulf of 
Mexico Palaeogene and Ghana Cretaceous emerged as the key new plays for oil and 
East Indiaôs Plio-Pleistocene and Egyptôs Nile Delta Oligo-Miocene for gas. 
 
During the decade, BP participated in several of these new provinces and plays with a 
number of major discoveries. Our underlying exploration philosophy is a deep 
commitment to geoscience at the regional and prospect scale and access to all 
available data taken to its technical limit. In particular, three technologies standout as 
having enabled us to target promising leads early in the competitive game of access 
and follow through to successful discovery. Case studies from major deepwater 
discoveries in Egypt and the Gulf of Mexico will be used to demonstrate how the role of 
fluid flow prediction, an understanding of deep water depositional systems and new 
seismic imaging and processing techniques have been key to these discoveries. 
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Large areas of both the Egyptian Nile Delta and the Gulf of Mexico deepwater are 
overlain by evaporite sections, albeit of very different geometries and composition. In 
the Gulf of Mexico, large, allocthonous salt bodies hide potential prospects from 
conventionally acquired 3D seismic. Wide azimuth towed streamer (WATS) seismic 
acquisition was developed to address this issue and has transformed imaging around 
and below large salt canopies. This was key to the recognition and discovery of the 
giant Tiber field in 2009. On a similar theme, multi azimuth (MAZ) seismic enabled the 
imaging of the complex slope turbidite channel systems below the highly rugose 
Messinian salt of the West Nile Delta. This óclear sightô opened the new Oligo-Miocene 
play through the discovery of the giant Raven field in 2004. 
 
In both areas, the improved seismic image gave great confidence in the sub-salt image 
of the prospect to be tested. It the case of Tiber, it also ensured a drill location that 
enabled an inclusion free run through 4000 feet of salt and a clean sub-salt exit.  
 
The seismic quality and regional geological context in both areas led to the recognition 
of distinctive deepwater depositional systems. Raven is a series of overlapping slope 
turbidite channels, today laid across a major regional culmination. The reservoir 
component of these channels, and their lateral sealing properties, became crucial risks 
to success. In contrast, Tiber is a large basin floor fan complex of overlapping lobes, 
where reservoir deliverability and structural closure are key. The clear image of a 
subtle closure under salt and the distinction of a clear submarine fan architecture lead 
to the discovery of this great oil field.  
 
Crucial to success in both the GOM and Egypt has been an improved understanding of 
hydrocarbon migration. The philosophy of mapping permeability architecture, with a 
focus on the first carrier bed above a source rock has been key to the relative risking of 
charge focus in both fields. The bottom up geological understanding resulting from this 
thinking clearly pointed to Tiber being a location of hydrocarbon focus from the lower 
Cretaceous sands. The subsequent journey of the molecule is a result of the effective 
stress of available seals and retention potential of large structures.   
 
As we look forward the directions discussed here will continue to reduce risk in our 
exploration portfolio and open new possibilities. In particular the sealing mechanism of 
stratigraphic traps has gained new focus. Equally an understanding of permeability and 
effective stress will continue to drive our understanding of fluid flow from source rocks 
to reservoirs. All this is dependant on an ever improving and more sophisticated higher 
frequency seismic image in the exploration phase. 
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NOTES 
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Block 17 ï Oil Fields Blooming in Angola 
 

Denis Francois  
New Ventures VP Exploration Africa 

Total SA - 2 place Jean Millier - 92078 Paris La Défense ï France 
 

Since 1985, Total Exploration team was looking at the Angolan deep offshore as an 
analog of the Brazilian side where well-known major discoveries have been made in 
the Tertiary and Upper Cretaceous in the deep offshore of Campos basin. Based on 
the experience accumulated from the successful exploration and development of Pinda 
sandstones and carbonates (Albian) in the shallow water Block 3 and the availability of 
the first Deep Offshore 2D campaign in Angola, the block 17 was selected in 1990 as 
one of the most interesting deep offshore block of the Lower Congo basin. From 
regional burial map it was assumed this block was ideally located for source rock 
generation from post salt layers (Cretaceous to Tertiary). The tertiary sands, largely 
ponded in this thickest part of the submarine Zaire delta fan, were considered as an 
important objective but, by analogy with Block 3, the main target was assumed to be 
the Pinda and some Albian rafts were identified within the block 17.  
 
 The PSC was signed in 1993 and focus on tertiary plays was enhanced by several 
regional studies and seismic reprocessing. A first well, Margarida, was drilled in 1995. 
It was a duster but the HC shows demonstrated the efficiency of the Petroleum system 
and the Tertiary reservoirs and seals were recognized as excellent.  
 
In 1996 a first 3D seismic was shot and the Girassol well, drilled by 1400 m water 
depth, hit thick oil bearing Oligocene sand fairways sealed by lower Miocene shale. A 
second well confirmed in 1997 the extension of the discovery. In July 1998 the 
decision to develop Girassol was taken and finally the field went on stream in 
December 2001, e.g. 5.5 years only after discovery ! It was the first subsea production 
system and FPSO by such water depth. The development was supported by high 
quality seismic allowing precise reservoir layering. Several innovative technologies 
were applied such as interference tests, 4D monitoring, insulated riser towers, etc. 
Considering the challenging environment, it is important also to point that this project 
went on with no fatality and excellent HSE records, not to speak of the sustainable 
development program such as training, technology transfer and the building of new 
Angolan construction facilities.  
 
From 1998 to 2010 several other major discoveries were made on Block 17 and are or 
will be soon on stream through the gathering production facilities of Dalia, Rosa, 
Pazflor and Clov. Many challenges were successfully addressed like high viscosity oil, 
complex reservoirs, water injection monitoring and high tech deep offshore production 
systems.  
 
Today block 17 is operated by Total (40%) with Statoil (23.3%), Exxon (20%) and BP 
(16.7%) as partners while Sonangol is the owner of the block.  
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The Rôle of Seismic Imaging in EP&D:  A Little History and Glance into the 
Future 

 
Dr. Craig J. Beasley 

Chief Geophysicist and Schlumberger Fellow, WesternGeco 

 
Introduction 
It is a daunting task to attempt to discuss such a broad topic as the importance of 
seismic imaging in exploration, development and production ï throughout history, no 
less ï in such a limited time and space as afforded by this abstract and the associated 
talk.  Moreover, other authors have explored the subject in quite some detail.  Yet, I 
find the restrictions of a short exposition result in a different, and perhaps more 
enlightening approach, particularly as regards the look into the future.  In this talk, I will 
examine the broad trends in seismic imaging that explain how we have arrived at the 
astounding seismic images achieved today.  Moreover, we will find that a convergence 
of technologies ï acquisition, imaging and earth modeling ï where the demands of 
each discipline are pushing development of the others ï is beginning to occur and 
provides the best glimpse of the future for the seismic method. 
 
In the Beginningé 
It is clear that imaging ï taken in the broadest sense of placing seismic reflections in 
their proper spatial locations ï was fundamental to the newly developed seismic 
methods of the 1920s.  The founders of the seismic method were all aware of the work 
done in the First World War using the sound of artillery to estimate locations of the 
guns which could be very useful or very troublesome, depending on which side of the 
guns one sat.  In any case, early sketches indicate methods related to Huygens 
principle were used to locate the position of reflectors.  Such techniques, along with 
other mechanical methods proliferated and were refined, culminating in the familiar 
landmark paper of Hagedoorn in 1954.  Indeed, Bleistein has written that ñHagedoorn 
showed us how to do migration and inversion but it took us 20 years and more é to 
catch on.ò  Various mechanical and analog devices continued to be developed ï 
mostly in secret ï but the seeds of the digital revolution were already sewn. 
 
The Digital Revolution and the Wave Equation 
It is a natural consequence of the digital revolution that geophysicists would begin to 
code the methods they currently used and then explore how to use the new 
computational power to improve them.  Thus diffraction stacking replaced mechanical 
methods (eventually) but, more important, within a short period of time, geometrical 
approaches to imaging were replaced by methods based on the wave equations (in it 
various forms and approximations).  Again, much work was done in secret so I make 
no claim to completeness, however names such as Claerbout, Sherwood, French, 
Schneider, Stolt, Gazdag, etc., can certainly be credited with significant published 
advances in migration.  One could argue, in fact, that they did too much ï they had all 
the fun.  The fundamentals laid down in this particularly prolific period have proven to 
be so strong that we had to wait 20 years and more (again) for computing power and, 
more importantly the data, to catch up with the theory. 
 
The Quest for the Perfect Algorithm 
Despite the brilliance of these early pioneers of wave equation migrations, or perhaps 
because of it, the industry found itself in a maddening situation.  We enjoyed a variety 
of choices for imaging. However, each carried some sort of asterisk:  an algorithm 
could be fast and have high dip accuracy, but could not handle velocity variation.  Or, it 
could handle velocity, but not have good dip accuracy and so on.  So, much effort went 
into improving algorithms to enhance their abilities in imaging steep dips, handling 
velocity variations and reducing computational demands.  Finite-difference algorithms 
were amped up to handle steeper dips, frequency-domain algorithms were extended to 
handle velocity variations and Kirchhoff methods were improved in performance and 
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amplitude and phase accuracy.  However, as far as I know, consensus was never 
reached during this period concerning the preferred method.  In a sense, one could 
argue that it didnôt matter much because the CMP stack was not preserving the steep 
dip information needed to make a difference in the migration.  Even, for 3D data, it was 
shown that unless steep dips were preserved, one could get away with a 2 by 2D 
migration instead of a full 3D migration.  So, it is now clear that migration development 
was waiting for something else:  prestack imaging. 
 
 
Prestack Imaging:  the second imaging revolution 
The lag in development of prestack imaging was not for lack of understanding ï the 
theory was developed very early ï but for lack of computational power.  It required 
orders of magnitude more processing power and so, while the search for the perfect 
migration ensued, at almost the same time, there was a search for an economical 
approach to prestack imaging but ,initially,  without as much success.  Breakthroughs 
came due to authors such as Hale, Dergowski, and Rocca and these efforts quickly 
resulted in commercial prestack imaging algorithms such as Dip Moveout (DMO).  
Suddenly a broad range of dips could be imaged accurately and economically in 
stacked data and were available for migration.  Only then did the power of steep-dip, 
full 3D migration emerge.  Consider the stir created by comparisons such as shown 
below in figures from our 1989 paper ñIn quest of the flankò where the same steep-dip 
migration is applied to a conventional stack (left) and a DMO stack (right). 
 

 
Confident in the value of prestack imaging, the industry turned to focus on depth 
migration, first post stack and then, with the advent of lower cost computing platforms 
based on commodity processors, prestack 3D depth migration became widely 
available only in the last 8 to 10 years.  While this was viewed as perhaps the ultimate 
point in imaging some 30 years ago, by the time we got there, we realized it is actually 
only the beginning. 
 
Accurate wave propagation, acquisition and earth models and beyond 
The direction of imaging development in the last decade and the future are not so easy 
to characterize, perhaps because we are still so close.  But certain trends are clear.  
The first is the rapid movement to ever-more realistic wave propagation. Treatments 
for various types of anisotropy, elasticity and absorption are all under current 
development with extensions such as including fluid effects under discussion.  In 
general, these efforts are attempting to use more accurate representations of the true 
earth.  But in so doing, it became apparent that the seismic acquisition itself must be 
re-examined in light of the needs of new algorithms.  Wide and full azimuth 3D surveys 
are now common and, although first conceived for the illumination issues around salt 
formation, will probably evolve into a necessary element of more exotic wave 
propagators.  More importantly, for every new aspect of wave propagation, one must 
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determine the parameters for that property from the seismic data itself aided by, of 
course, other subsurface information such as well logs and production data.  Currently, 
Full Waveform Inversion (FWI) seems likely to become a workhorse for this activity 
and yet it has its known limitations as well so we might expect further evolution. 
 
So, what will the future likely bring?  Like the weather, the best predictor for the future 
is the present.  We will see more accurate representations of wave propagation in the 
earth.  Fractures, fluid effects and amplitudes will likely be fully solved for a wide 
variety of important geological regimes.  Going beyond the fairly obvious, it is likely that 
compressive sensing technologies will become key in understanding the acquisition 
needs for these new methods and for providing the acquisition and computation 
reasonable costs.  It seems likely that we will solve the multiple problem not by 
removing the multiples, but by taking advantage of the extra information they carry to 
aid in imaging and earth model estimation ï for both land and marine data.  Similarly, 
land data will likely use other ñnoiseò that we currently try to remove as signal and, 
moreover, sampling requirements for land data will become better understood in this 
context.  Finally, it seems possible that there will be a unification of the separate 
inversions we currently do into a single joint inversion that will automatically migrate, 
find the correct velocity and earth model ï perhaps with just a bit of user intervention. 
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Perla Discovery ï A Supergiant Gas Field on the Fast Track 
 

Bianco T.A.
1
, Gelmetti A.

2
, Marini J.

2
, Quagliaroli F.

2
, Spadafora E.

2 

  

1
eni Venezuela B.V. 

2
eni S.p.A. E&P Division 

 

The Perla gas field is located in the eastern part of Gulf of Venezuela, 30 km west of 
the Paraguanà Peninsula, in water depths of about 60 m (Fig.1). It was discovered in 
late 2009 by the operator Cardón IV, in which Eni and Repsol each hold a 50% share. 
 
In the pre-bid round evaluation a prominent regional high, about 100 sq. km. in area, 
was identified in the western part of the block, based on the interpretation of the 
existing 2D seismic grid. The external seismic geometries, thick and almost reflection-
free sequence, combined with outcrop data and comparisons with regional analogues, 
all indicated the possible presence of an isolated carbonate platform. In addition, the 
crest of the structure was characterized by a seismic dim spot that was interpreted as 
a promising DHI. At the time, GOIP estimates ranged from 2 to 6 Tcfg. 
 

Following the awarding 
of the Cardón IV Block 
licence, 700 sq. km. of 
3D seismic data were 
acquired over the 
regional high. This 
showed an overall 
bank developed above 
a fault dissected, 4-
way dip basement high 
and corroborated the 
original depositional 
model, adding details 
on the internal and 
external geometries of 

the prognosed carbonate platform. The thickness of the bank appeared to decrease 
from the crest toward the flanks of the structure and, although the trap exhibited strong 
structural control, an important stratigraphic component in the trap geometry was also 
recognized at this stage. The dim amplitude response was confirmed and related to a 
higher porosity/hydrocarbon bearing sequence. The estimated pre-drill GOIP 
probabilistic range was from 2.2 to 8.1 Tcfg.     
 
The first exploration well, Perla-1X, was located in the thickest part of the target 
sequence within the dim area. It was spudded in 2Q 2009 and successfully penetrated 
about 240 m of reservoir section, consisting predominantly of grainstone/packstone 
limestones, deposited on a basement high. The dominant biological components of the 
bank are branching red algae, rhodoliths and large foraminifera. 
 
Rapid and efficient integration of all the geological and reservoir data gathered during 
the drilling of the discovery well, coupled with an advanced analysis of the 3D seismic 
data, enabled the field appraisal programme to be defined quickly. Seismic attributes 
were computed (i.e. AI inversion, AVO gradient, continuity, curvature etc.) to assist the 
interpretation of the reservoir sequence. The AI inversion results were calibrated with 
the well data to generate a 3D Seismic Porosity Cube, which was then fed into the 
static reservoir simulation workflow (PHIE, SW and K distributions).to generate a field 
static model. 
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On the basis of G&G studies and reservoir modelling results, three appraisal wells 
were drilled in less than one year. The proven hydrocarbon column was extended to 
more than 350m, with horizontal and vertical hydraulic continuity within the reservoir 
established and an overall OHIP estimated in excess of 16 Tcfg or 2.9 BBOE. The 
reservoir section was continuously cored and a full set of wireline logs were recorded 
in the appraisal wells in order to refine the geological model after each well and 
continuously enhance the understanding of depositional and diagenetic controls 
(cementation vs dissolution) on reservoir facies, quality and  distribution. DSTs were 
performed in all the wells proving the extremely high production performance (up to 70 
MMscf/d) of this world-class carbonate reservoir and confirming the super-giant nature 
of Perla Field. 
 
The success and rapidity of the appraisal campaign fully confirmed the quality and 
robustness of the multidisciplinary and integrated approach used to evaluate the 
discovery. A production well (Perla-5x-hor) was completed in April 2011 as the first 
well in a development drilling campaign that will continue into 2012. The field 
development plan consists of a central, four legged platform in the Perla 1X location, 
with three satellites (tripods) positioned in key locations. Each platform will have six 
drilling slots with a capacity to accommodate up to 24 development wells drilled as 
slanted/sub-horizontal holes to improve gas deliverability. A 30ò multiphase pipeline 
will take the produced hydrocarbons to an onshore gas treatment plant. All products 
(gas and condensate) will be delivered to the existing mainland pipeline network. The 
first gas is forecast for Q4 2013, just four years after the discovery. 
 

. 
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Deepwater Exploration of the Northern Carnarvon Basin, Western Australia. 
 

David Moffat 
General Manager Exploration 

Chevron Australia 
 

The Northern Carnarvon Basin is Australiaôs most prolific hydrocarbon-producing 
region. Chevron has a huge gas resources base in the Northern Carnarvon Basin 
which it is working to monetize with large-scale development under way at the Gorgon 
and Wheatstone LNG projects. The Gorgon LNG project represents the largest 
resource development project in Australia, with first LNG production planned for 2014. 
The project incorporates a 15 Mtpa LNG plant on Barrow Island and a large-scale 
carbon dioxide sequestration facility. 
 
Australia is currently the worldôs 4th largest LNG exporter and exports are forecast to 
significantly expand over the next two decades. Growing demand for LNG has 
stimulated exploration in the deepwater parts on the Northern Carnarvon Basin mainly 
along the Rankin Platform trend and on the Exmouth Plateau. 
 
The Northern Carnarvon Basin is a late Palaeozoic to Cenozoic basins that lies along 
the north-western shelf margin of Australia. The offshore part of the basin, covering 
over 500,000 km2, comprises a number of large depocentres including the Exmouth, 
Barrow, Dampier and Beagle sub-basins, and the extensive Exmouth Plateau in the 
outboard. The Exmouth and Beagle Sub-basins and Exmouth Plateau extend into 
deepwater areas up to 3,500 m deep. The sedimentary fill is up to 15 km thick and 
dominated by deltaic to marine siliciclastics of Triassic, Jurassic and Lower Cretaceous 
age. 
 
The main petroleum system in the deepwater Northern Carnarvon Basin, which 
includes many of the recent giant and supergiant gas accumulations, are sourced 
mainly from Triassic fluvial-deltaic, coal and carbonaceous claystones of the Mungaroo 
Formation. Hydrocarbon generation, migration and entrapment in the deepwater 
Northern Carnarvon Basin have been strongly controlled by syn-rift tectonics and 
deposition, and influenced by post-rift fault reactivation and broad inversion. 
 
From the late 1970s to present, a series of multi-Tcf discoveries have been made in 
the Northern Carnarvon Basin with one of the largest discovery, the supergiant Gorgon 
Field, discovered in 1979. Exploration has focussed in the deepwater parts of the basin 
along the Rankin Platform and on the Exmouth Plateau in recent years, mostly 
targeting Triassic fault block and intra-Triassic plays. Other successful exploration 
plays on the deepwater Exmouth Plateau include the Oxfordian shallow-marine 
sandstone play (IoïJansz Gas Field), and the giant gas accumulation in Lower 
Cretaceous Barrow Group basin-floor fans discovered at the Scarborough Field. Other 
recent large gas discoveries over the Rankin Platform and inboard areas of the 
Exmouth Plateau have been made at Wheatstone, Pluto, Xena, Achilles, Satyr, 
Sappho, Clio and Acme. In the outer Exmouth Plateau recent deepwater Triassic 
discoveries include: Yellowglen, Kentish Knock and Brederode. 
 
3D seismic, PSDM, AVO technology and detailed regional analytical work have 
contributed to an improvement in the success rate of recent exploration activities for 
Chevron despite the increasing level of exploration maturity for the basin. 
 
Chevronôs focussed exploration strategy aims to build new legacy positions in key 
areas where it holds substantial competitive advantages such as in the Northern 
Carnarvon Basin. Exploration activity in the deepwater basin is currently focused 
where risk mitigation through application of new technology, superior decision making 
processes and portfolio strength can sustain continuing exploration success. 
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Sands and Shales: The Journey from Background to Foreground 
 

Brodie Thomson 
ExxonMobil Upstream Research Company, Houston TX 

 

To illustrate what we have learnt and how we have applied technology to add value in 
reservoir description and reservoir characterization, this talk will focus on siliciclastic 
reservoirs and how our emphasis, understandings and approaches have changed. In 
the past, conceptual reservoir models have been developed by an empirical process of 
description and observation and could be argued to lack scientific rigour. Changing to 
a more quantitative, physics based approach is required to address the many 
challenges we face in the future. 
 
Traditionally ExxonMobil's (and the industryôs) main focus has been on reservoir / sand 
prediction and treating shales as the "background". In the last 10 years this perception 
has changed, requiring a greater emphasis on improved shale prediction and making 
shales the "foreground". This development has led to new approaches and drives the 
need for new capabilities  
 

Over the past 20 years our siliciclastic depositional models have been dominated by 
large discoveries and developments in the Tertiary sub-Saharan basins of West Africa.  
These economic stimuli have spawned continually evolving and more sophisticated 
models for deepwater reservoir systems. More recent data types, including permanent 
down-hole monitoring, interference testing and 4D seismic, have further strengthened 
the representation of reservoir characteristics in these models. In the past, the 
standard deepwater depositional model contained a simple Axis / Off Axis / Margin 
EOD elements with 5-6 litho-facies associations in varying proportion by EOD. This 
model was driven by 3D seismic amplitude mapping, well data and outcrop analogues 
and focused on predicting sand distribution. Over time this model became seen as 
being too simplistic and not capturing the key reservoir elements controlling flow. As 
the assets moved from discovery to development and production, the role of shales 
became clearer and more significant. Today ,our understanding of the role and 
importance of thin shales in these systems is quite different from those of 10 years 
ago. Effective representation of these thin shales in our reservoir models remains 
challenging.  
 

With the developments in large oil sand resources, there is renewed interest in 
improving our predictive models in the shallow water fluvial environments. Oil sands 
are typically reservoired in high net to gross fluvial and fluvio-estuarine systems with 
complex geometries which display rapid lateral variability.  Predicting sand in these 
systems is not the key business challenge; predicting shale and fines distributions is 
much more important. Similar to the deepwater case, existing depositional models 
have focused on the process of sand disposition and have under-emphasized the 
shales.  
 

The ultimate expression of shales becoming ñforegroundò is in the shale gas and tight 
oil plays. In these systems there is widespread recognition of ñsweet spots, but 
typically these are only located through high density drilling and the predictability these 
plays has been variable. Application of basin scale, regional and local sequence 
stratigraphic principles help to constrain the controls on producibility and to identify 
sweet spots.. 
 

Forward process-based models, combined with modern analogues have been key to 
physics based-insights on depositional processes and their expression in the 
subsurface.  ExxonMobilôs approach strongly emphasizes need to integrate data from 
modern analogues, ancient outcrop data, forward process based models and 
subsurface data. The key evolutionary change is the move to a more quantitative 
approach driven by improved understanding of the physics and less reliance on 
conceptual models. 
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Revitalization of the GoM: The Role Integrative Technologies and Conceptual 
Thinking 

 
Bradford Prather, C. Scott Camron, Klaus Leischner, David Schewitz, Mark Shuster 

Shell 
 

The Gulf of Mexico continues to delivery notable discoveries even after decades of 
exploration. These recent discoveries span the age range typical for the Gulf of Mexico 
deepwater ï Paleogene to Miocene. The list of significant new finds is long including 
Tiber, Cardamom, Hadrian, Vito, South Deimos and West Boreas. And with the 
discovery of oil at the Appomattox prospect we see hints of an additional promising 
new play for Jurassic aeolian sandstone reservoirs emerging. None of these recent 
discoveries were easy to find.  
 
The continued discoveries in the greater Mars area including Vito, South Deimos, West 
Boreas and the Cardamom discovery suggest the conventional Cenozoic turbidite play 
in the GoM still has running room, including prospects enabled by drilling technology 
that makes long-reach and complex sub-salt wells possible. Application of this drilling 
technology enables near-field exploration and in the case of Cardamom adds reserves 
approaching those of the initial Auger discovery surprisingly late in a mature play.  
 
The Appomattox and Vicksburg discoveries represent a shift for exploration in the 
deepwater of the Gulf of Mexico resulting from the integration of decades of knowledge 
into a new conceptual model, newer technologies and seismic to prove the existence 
of the Jurassic petroleum system well known from the US Gulf Coast into >2000m 
water depth. As these types of Jurassic aeolian reservoirs are very different from 
conventional Cenozoic turbidites targeted in the deepwater GoM since the late-1980ôs, 
this paradigm shift requires open-mindedness and the ability for an organization to 
learn. It is much the same challenge confronting following up on the earlier Paleogene 
discoveries like Great White, Stones, and others. 
 
It is our experience that integrative technologies combined with new geologic concepts 
have led to theses significant oil and gas discoveries. Basin models are the primary 
platform for such integration, as they require basin-scale depth grids, structural 
(palinspastic) reconstructions, petrophysical, geological, 3D realizations of sand 
distribution, and geochemical data. Shell's in-house basin modeling software is used to 
model these variables, including uncertainties. The basin model is used to generate 
regional maturity maps, pressure-, vertical effective stress- and temperature volumes. 
The hydrocarbon generation and expulsion module based on a multi-component 
reaction scheme, allows models of bulk fluid properties.  In addition, the modeled 
temperature and vertical effective stress histories combined with diagenetic modeling 
is used to predict sandstone reservoir quality. 
 
At the very foundation of exploring for Cenozoic targets in the Gulf of Mexico is the 
ability to image under salt. This increasing complexity in exploration and maturation 
targets has led to the creation and use of multiple subsalt velocity updating strategies 
dependent on the geologic setting including scanning and quantitative updating 
(subsalt tomography). These techniques can be combined where advantageous to 
refine a basin model and use as a starting point for scanning. Workflows evolving as 
acquisition technology advances include the use of Wide Azimuth Seismic (WAZ), 
Ocean Bottom Sensor (OBS) and coiled geometry acquisition. Model updating 
techniques however becomes more complicated as these data dense seismic volumes 
must be split into numerous azimuth sector ranges to preserve azimuth dependence of 
velocities. 
 
Unfortunately even the high-quality imaging of the sub-salt the seismic volumes have 
frequencies no higher than about 15-20 Hz and cannot resolve areas of ñwhite spaceò 
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where the image remains questionable.  Adequately accounting for sub-seismic detail 
therefore requires conceptual geological models. For structural mapping this means 
knowing how to fill-in the white space with kinematically reasonable extensions of 
known geology in poorly imaged areas. For reservoir prediction filling in the white 
space requires conceptual frameworks calibrated from global analogues imaged with 
seismic containing frequencies greater than 40 -50 Hz that link slope depositional 
processes with reservoir distribution. 
 
Revitalization and continued success in the GoM requires exploration organizations 
with tenacity, technology and people to confront subsurface, regulatory, and 
commercial challenges to make things happen. We find that the keys to success 
include seismic imaging below salt, deployment of integrative technologies and sound 
conceptual thinking combined with the technology to drill very challenging wells. 
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The Super Giant Lula field: Pre-salt Santos Basin, Brazil 
 

Mario Carminatti
1
, Francisco Nepomuceno Filho

2
, Sylvia C. Anjos

1 

1
PETROBRAS E&P-Exploration 

2
PETROBRAS E&P- London Office, UK 

 

The Lula Field, discovered in 2006 after drilling the wildcat Tupi well in ultra deep 
waters of Santos Basin, is the first supergiant oilfield in Brazil (Figure 1). The objective 
of this talk is to provide a view of Petrobras historical exploratory effort that led to this 
supergiant discovery, as well as the main challenges related to production and logistics 
of this ultra deep-water field in pre-salt carbonate rocks laid from 5000 to 6000 m 
depth.  
 
This exploratory success represents the result of Petrobras continuous investment in 
Exploration since its creation in 1954, characterized by breaking established 
paradigms in frontiers areas. In the 1960ôs, after finding the first giant field onshore of 
Sergipe-Alagoas Basin (Carmópolis field), the exploratory efforts moved to shallow 
waters in the same basin, leading to the discovery of Guaricema field in turbidite 
reservoirs.  In the middle/late 1970ôs important discoveries in turbidite reservoirs were 
made in Campos Basin, and these siliciclastic reservoirs became the main exploratory 
targets in the Brazilian continental margin which definitely put Petrobras in the offshore 
realm. In the mid 1980ôs Petrobras advanced into deeper waters and Marlim, the first 
deep-water giant field, was discovered. In the 1990ôs, the production from the giant 
fields in turbidite reservoirs consolidated Petrobras as a deep water Company. The 
development of technologies integrating oil and reservoir characterization, drilling 
systems, artificial lifting and fluid flow was carried out to overcome the challenge of 
producing mainly heavy oil from porous turbidites which awarded Petrobras, in only ten 
years, two OTC deep-water production  prizes (Figure 2). In 2006, Petrobras reached 
the early dream of self-sufficiency, with national production matching Brazilós demand 
of petroleum. 
 
With the objective of assessing Brazilôs oil potential and guarantying a sustainable 
production, exploration activities moved outside Campos Basin. The southern Santos 
Basin exploration efforts focused on the São Paulo Plateau, a prominent regional 
topographic feature in water depths ranging from 2000 to 3000 m and under more than 
2000 m of salt layer. 
Research and more than seven years of concentrated studies, new seismic 
acquisition, new geodynamic and geotectonic concepts of rifting models, led Petrobras 
to the tremendous exploratory success with a series of discoveries in the Aptian Pre-
salt carbonates, among them the supergiant LULA field. Santos Basin became a 
world-class petroleum province and a paradigm was broken, pointing to the great 
potential of carbonate rocks in the deep/ultra deep waters in the Brazilian Continental 
Margin. The pre-salt targets comprise a thick carbonate section in depths ranging from 
5,000 to 6,500 meters (Figure 3). Some of the challenges are related to logistics, 
human resources and material supply. Technological challenges include mainly 
reservoir and well technology all being intensively investigated by R&D teams in Brazil 
and abroad. These challenges are being faced by Petrobras, which put together an 
ambitious strategic and operational plan, PLANSAL, integrating all disciplinary areas to 
optimize production in a fast track way (Figure 4). 
 
So far 14 wells have been drilled in LULA field. The carbonate reservoir contains 28 º 
API crude, with high gas oil ratio (GOR) and also with some CO2 contaminants. Good 
productivities were demonstrated in the well tests which led to a pilot system design 
with 5 producer wells. The production from the pilot system was initiated in late 2010 
and the production today comes from one producer well with 28,000 barrels a day and 
one million cubic meter of gas a day which is being re injected in the reservoir. In the 
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NW area an extended well test is being performed, also pointing to the good 
productivity of the reservoir.  

 

Figure 1 ï Location Map of Santos Basin. In detail, Lula Field and  

other discoveries 

Figure 2 ï Petrobras Deep-Water drilling records. In 1992 and 2001  

Petrobras was the OTC prize winner. 
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Figure 3 ï Seismic section illustrative of the first two wells in the Lula Field 
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The Regional Context of Exploration Success in the Middle East 
 

Mike Simmons & Roger Davies 
Neftex Petroleum Consultants Ltd 

 

The very large gas discoveries made in the last few years in offshore Israel, coupled 
with ongoing exploration success in the Iraqi and Iranian Zagros means that the Middle 
East retains an evergreen interest for explorationists. Major volumes of Permian ï 
Triassic reservoired gas continues to be discovered in offshore Saudi Arabia and Iran 
as the extent of the ñKhuffò play continues to be revised. Furthermore, exciting 
opportunities for the near future exist with exploration acreage opening up in Iraq, the 
whole of the eastern Mediterranean coming under scrutiny and renewed exploration 
taking place around the established production centres as national and international 
companies seek novel plays, either deeper in the stratigraphy (as recently exploited in 
Khuzestan) or through stratigraphic trapping. The potential for unconventional shale 
gas and shale oil resources also exists given the prevalence of world class source 
rocks.   
 
However, all of this exploration activity and success sits in a regional context. For 
example, the Oligo-Miocene plays of the eastern Mediterranean require insight into the 
provenance of the major sand systems and the controls on their distribution, along with 
understanding the distribution of biogenic and thermogenic hydrocarbon sources, a 
significant control on the maturity of which is the nature of the crust that underlies the 
basin. The successful exploration in the Jurassic to Miocene of Kurdistan follows 
trends which are predictable from regional geology and requires the linkage of 
sequence stratigraphy to mechanical stratigraphy in order to understand the 
distribution of fractured controlled poroperm. Regional maturity patterns need to be 
understood in Kurdistan too as phase prediction is critical to commercial success. 
 
The next decade will see a renewed phase of exploration in the Middle East as 
anticipated high oil prices and the opening up of new exploration acreage (for example 
in Iraq) bring international players back to the region. It is our analysis that there are 
some major untested plays in the region ï for example stratigraphic trapping in 
progradational lowstand plays in the early Cretaceous of central Iraq. We anticipate 
that the Middle East will remain a centre for exploration investment requiring regional 
perspectives, especially sequence stratigraphic-based prediction, in order to locate the 
remaining substantial resources of the region. 
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Keynote Address: New Oil and Gas in Old Basins 
 

Malcolm Brown 
Senior Vice President, Exploration and Technology, BG Group,  

 

As we are now in the 3rd century of the oil and gas business, the need to find ñNew Oil 
and Gas in Old Basinsò becomes ever pressing. As an industry this is something that is 
essentially the norm, we have a history of being inquisitive, re-interpreting existing data 
and then building new ideas upon this ï very much in the mode of ñstanding on the 
shoulders of giantsò. 
 
There is a natural order, possibly unique to our industry, where there is space for the 
majors, independents and small companies to pursue oil and gas at different scales.  
This ranges from ultra deepwater or HPHT, through niche plays or geographies, to 
small companies chasing either small reserves or high risk concepts to then farm out.  
Often, the niches remain separate, with little overlap between the large and small 
players in individual plays.  At times, things are turned on their head, when smaller 
companies come up with such success that the majors then re-enter an old basin to 
chase the new play, such as seen recently in US shale gas.   
 
Apart from a rise in commodity price, the exploration and development of new oil and 
gas from old basins is driven by one of two drivers ï it is either technology or the 
market, or both.  The first can be divided into:- 
 
(i) Improvements in subsurface understanding ï imaging increasingly more subtle 

traps, proving the existing play can still work at deeper depths, or developing 
alternative plays, either shallower or deeper.  These are primarily driven by 
better seismic data, a reinterpretation of existing subsurface data from previous 
wells, the application of an analogue from elsewhere, or all three.  This may 
lead to the discovery of new fields or recognition of additional reserves in 
existing fields.   

(ii) Improvements in drilling technology ï these include drilling deeper, in 
increasingly higher temperatures or pressures, extended reach drilling, that 
makes smaller pools accessible from a platform, or testing the deeper water 
parts of a basin. 

(iii) Improvements in development and completion technologies ï Continuous 
improvements in technology and more groundbreaking óintelligent well 
completionsô have led to the ability to produce volumes that were not previously 
economic.  In many cases these extend field life considerably, alternatively, 
they may be game changing in developing new plays, such as the 
improvements in horizontal drilling and fraccing that has led to the shale gas 
revolution in the US. 
 

In market terms, finding new oil in old basins has few issues.  New gas in old oil 
basins, however, may need a market solution:  This can be divided into:- 
 
(i) New linkages to markets:  These can be created when there is the realisation 

that volumes that may exist could create an alternative market, so the cost to 
develop transportation linkages is justified. A topical example is the case of 
Coal Seam Gas reserves in Queensland, Australia, where the proved volumes 
have led to a number of Liquefied Natural Gas (LNG) projects to export to 
higher priced international markets.    

(ii) Bringing a new market to the resource, for example the development of Gas to 
Liquids (GTL) plants close to existing large gas resources, e.g. Qatar.  This 
leads to the creation of a new income stream from a premium fuel.       

 
Examples of these will be reviewed in the presentation and by the Session speakers.  
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Moray Firth Revitalisation: Taking Stratigraphic Traps Beyond Buzzard 
 

Edwige Zanella 
Nexen Inc 

 
The Buzzard field is the largest discovery in the U.K. North Sea since the 1990ôs. It is 
located approximately 70 km from the U.K. coastline in the Moray Firth, the central part 
of the North Sea rift basin and in 317 feet of water. The Buzzard field was discovered 
in 2001 and came on stream in early 2007. It has an estimated Stock Tank Original Oil 
In Place (STOIIP) of approximately 1.2 Billion barrels, with a recoverable resource 
estimate of over 700 Million barrels. The Buzzard field had produced in excess of a 
quarter of a billion barrels of oil by late 2010 via a multi-jacket fixed platform. With a 
yearly average production of 183,000 barrels per day in 2010, Buzzard was the key to 
Nexen becoming the second largest oil producer in the U.K. North Sea 
 
The Buzzard field is a stratigraphic trap resulting from the up-dip pinch-out of the 
Upper Jurassic reservoir sand. The Early Volgian Buzzard sandstones are marine 
turbidites encased in the organic rich marine Kimmeridge Clay Formation, which act as 
both source rock and seal. The main lesson learnt from the Buzzard field discovery 
was that exploration in the mature Moray Firth basin required the combination of a 
strong geological model, a robust seismic interpretation, which did not rely on any 
seismic attribute indicators and the integration of all available data.  
 
Following the discovery of Buzzard, Nexen concentrated on understanding the 
exploration potential of stratigraphic traps in the Moray Firth, targeting turbiditic 
reservoirs of the Upper Jurassic and Lower Cretaceous deposited within hemipelagic 
shales. Detailed biostratigraphic analysis, regional depositional models and 3D seismic 
mapping of five distinct Upper Jurassic and Lower Cretaceous turbidite sand 
sequences in the basin resulted in the identification of the Golden Eagle prospect, 20 
km north of the Buzzard field. Recognizing that the integration of old wells, where no 
sand was present, was as important as wells which penetrated the sand fairways, was 
key to the definition of the trap and the seal of the prospect.  
 
The Golden Eagle discovery well was drilled in December 2006 to a depth of 
approximately 7,500 feet, and encountered 150 feet of net pay in the Late Volgian 
Burns sandstone. The well proved the integrity of the stratigraphic trapping 
mechanism, which resulted from the Burns sand pinch-out. Having validated the Burns 
sand depositional model, the new well data and seismic calibration points were 
integrated to chase the potential for additional pinch-out stratigraphic traps along the 
same Burns sand fairway margin. As a result, the Pink prospect was drilled in 2008, 
around 7 km south of the Golden Eagle discovery and 57 feet of net oil pay in a high 
quality Burns reservoir were encountered. The discovery well was followed up with a 
sidetrack delineation well that encountered 134 feet of net pay in the same reservoir. 
The accumulation is now known as the Peregrine discovery 
 
The Peregrine sidetrack well also penetrated thin oil bearing Lower Cretaceous Punt 
sandstone. It was the first time in this part of the North Sea that the Punt sandstone 
was found hydrocarbon bearing. This data was significant and the turning point to 
developing a new exploration play in the area. The Peregrine sidetrack well penetrated 
a small 4-way dip closure at the Punt sandstone level, however, integrating the Punt 
sand depositional model with 3D seismic interpretation, the stratigraphic trap potential 
of the Punt sandstone was recognised in the Hobby prospect located few kilometres 
from the Golden Eagle discovery. Within 6 months of identifying a new play the Hobby 
prospect was drilled in January 2009. The well encountered 37 degrees API oil and 
was tested at a constrained rate of 5,550 bbls/d with a 56/64 inch choke. The Golden 
Eagle and Hobby discoveries were proven to be two independent stratigraphic pinch-
out traps. During 2009, a comprehensive appraisal of all 3 discoveries was 
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successfully pursued, which included drilling nine appraisal wells, two drill-stem tests 
and one injection test. The Golden Eagle, Hobby and Peregrine discoveries are now 
known as the Golden Eagle Area Development. With a resource base of about 150 
million barrels, Golden Eagle is the largest oil discovery in the North Sea since 
Buzzard. In April 2011 Nexen approved plans to proceed with the Golden Eagle 
development project, which will be a two-platform development heading towards 
overall sanction mid 2011 and with anticipated first production in late 2014. 
 
Before Buzzard was discovered most of the exploration wells in the Moray Firth tested 
well defined structural traps. Even though prospects with stratigraphic trap components 
had been recognized by oil companies in the area, they were considered too high risk. 
Before the exploration well was drilled the Buzzard prospect was given a chance of 
success of 12%, with the trap integrity estimated as the key risk factor. Since Buzzard 
and subsequent Golden Eagle discoveries, Nexen built on this knowledge to apply 
appropriate risk models to stratigraphic prospects. Identifying that the risk of 
stratigraphic traps is not inherently greater than more conventional structural traps has 
been a step change in risking and differentiating exploration and appraisal 
opportunities in this mature basin. The rigorous and consistent risking and resource 
assessment of both structural and stratigraphic traps has allowed Nexen to realise 
stratigraphic upside potential to stranded discoveries, where only the structural 
component of the trap was previously considered. The Rochelle discovery was drilled 
in 2000 and encountered gas condensate over oil in the Lower Cretaceous Kopervik 
turbiditic sandstone. The interpretation at the time was of a small structural closure and 
although stratigraphic component was postulated, the seismic data were not 
sufficiently compelling to support this. New long offset 3D seismic data shot over the 
area, combined with regional play fairway mapping showed the potential for 
stratigraphic trapping mechanism and resource upside of the discovery.  Rochelle was 
successfully appraised in late 2008 by an updip well, which encountered 77 feet of net 
pay and was drill stem tested with an average restricted flow rate of 41mmcf/d of gas 
and 2,300 bbls/d of oil condensate from a 72/64-inch choke. The appraisal well had 
proven the stratigraphic trapping mechanism of the accumulation with the up-dip pinch-
out of the Kopervik sands. Further appraisal along the Kopvervik play fairway proved 
additional resources in the West Rochelle area in late 2010. The eastern and western 
parts of Rochelle are now known as the Greater Rochelle area with about 150 BCF of 
aggregated recoverable gas. In February 2011 the United Kingdom Department of 
Energy and Climate Change (DECC) approved the development of East Rochelle, as 
phase one of the Greater Rochelle area development. 
 
The limits of stratigraphic traps in turbiditic reservoir sand commonly have a subtle 
expression and a poor definition of the reservoir pinch-out on seismic. Understanding 
the limits of the trap is key to estimating recoverable resources and development 
scenarios. Appraisal programs need to be designed to address these uncertainties. 
The Polecat discovery, located 40 km east of Buzzard field, was proven to be a 
stratigraphic trap by an appraisal well drilled by Nexen in late 2010. Further appraisal 
is planned in 2011 to determine the extent of the accumulation. 
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Apache: An Independent Unlocking Giant Potential of Egyptôs Western Desert 
with a Contrarian Exploration Approach 

 
Tim Chisholm 

Apache 
 

Apache entered Egypt in 1994 during a time when a number of major companies had 
been unsuccessful in growing a material E&P business.  Through a combination of 
acquisitions, adding acreage, and aggressive exploration and development drilling 
Apache has successfully unlocked resources of 1.1 billion barrels oil equivelant.  
Seventeen years after entering Egypt, gross produciton has grown from 5,000 boepd 
to over 360,000 boepd with Apache supplying nearly 15% of Egyptôs daily petroleum 
needs. 
A number of majors and independents alike went out into the Western Desert elephant 
hunting only to leave disappointed after not landing the big beast.  Meanwhile, 
Apacheôs success in Egypt was the result of a systematic and determined approach 
over many years ultimately becoming the ñBasin Masterò.  Early on the company had 
to overcome drilling 19 out of 21 dry exploration wells from 1997-2001, but over time 
the problem was solved by 3D seismic acquisition focussed on deep er imaging.  
Today, Apache has 
over 11 million 
acres of leasehold 
and has acquired 
over 40,000 km2 of 
state-of-the-art 3D 
seismic; an area the 
size of Holland. 
Apacheôs 
exploration program 
has delivered over 
120 new field 
wildcat discoveries 
at a success rate 
exceeding fifty 
percent.   
In 2001, Apache 
became operator in 
nearly all its 
producing assets 
and acreage, paving the way for an aggressive drilling program as well as the 
application of modern completion and production techniques. Apache was the first 
operator to utilize hydraulic fracturing and waterflood operations in the Western Desert 
and today nearly one-third of Apacheôs current oil production is from waterflood 
operations.  
This dedicated approach of working aggressively in the Western Desertôs prolific 
petroleum system continues.  New plays are being pursued in deeper and older 
reservoirs such as the Paleozoic as well as younger, shallower Cretaceous 
unconventional fractured carbonate oil plays. With an unmatched inventory of 
undeveloped acreage and 3-D seismic, Apache is well positioned to continue 
impressive growth into the next decade and unlock the next hidden giant. 
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Time, Tenacity, Technology and Transparency ï 
The Success of Canadian Heavy Oil and Oil Sands Development 

 
Douglas Carsted CD, P.Geol. 

Vice-President Geoscience Sproule International Limited 
 

Canada and, in particular, the province of Alberta, has been blessed geologically with 
the third largest oil reserves in the world, after Saudi Arabia and Venezuela. The 
challenge in Canada is that approximately 97 percent of these reserves are contained 
in oil sands and heavy oil deposits but, with an estimated 177 billion barrels (ERCB 
ST98-2010) of producible bitumen and heavy oil under current economics and 
commercial technologies, everyone wants a piece of the pie. 
 
Just the three main oil sands deposits at Peace River, Athabasca and Cold Lake 
(Figure 1) encompass an area of just over 54,000 square miles (140,000 square km). 
To put this into perspective, this resource covers an area roughly seven percent larger 
than England. Of this vast area, only 1,836 square miles (4,755 square km) north of 
the town of Fort McMurray are considered to be surface mineable, with the remaining 
area only developable by in situ methods. Two in situ production methods are now in 
established in the oil sands: Cyclic Steam Stimulation (CSS), also known as ñhuff and 
puffò, and Steam Assisted Gravity Drainage (SAGD). The latest experimental 
production method is the Toe-to-Heel Air Injection (THAI) recovery process that has 
yet to be proven on a large scale project. 
 
The heavy oil deposits which extend to the south and west of the oil sands pose a 
different set of challenges that revolve around conventional production techniques. 
Production using Cold Heavy Oil Production with Sand (CHOPS) has proven to be the 
key to the exploitation of these viscous oils through vertical wells. In addition, these 
deposits are amenable to enhanced recovery methods such as waterflooding and 
polymer flooding. 
 
The history of Canadian oil sands development is a long one and one that has had 
visionaries, both in government and private industry, who saw the potential of this vast 
resource. 
 
The first historical record of the oil sands by Europeans was in 1779 when Peter Pond, 
an explorer for the North West Company, noted that, along the banks of the Athabasca 
River, ñsprings of bitumen flow along the groundò. Ten years later, Alexander 
Mackenzie, a Scotsman by birth, examined the bitumen springs to determine if there 
was a way of mining them for profit. Forty some years later, in 1820, Dr. John 
Richardson, another Scotsman and a member of the Franklin expedition, made the 
first geological description of the bitumen beds along the Athabasca River. In 1882, Dr. 
Robert Bell, the new director of the Geological Survey of Canada, tried to quantify the 
potential of these ñasphaltic sandsò by shipping barrels of oil sands back to Ottawa to 
be analyzed by Christian Hoffman, the survey chemist who, in 1883, succeeded in 
separating the bitumen from the sand using hot water. The process was refined by 
Sidney Ells and Dr. Karl Clark of the Alberta Research Council and the University of 
Alberta Tar Sands department, who developed and patented the hot water extraction 
technique in 1929, leading to the commercialization of the oil sands. 
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In the early 1920ôs, open pit mining was the first attempt at commercial production from 
the Athabasca deposit. In 1949, a small scale extraction plant was operated near 
Bitumount, north of Fort McMurray, and proved that the bitumen could be separated 
from the sand. It was not until 1967, however, that Great Canadian Oil Sands, now 
Suncor, succeeded in commercial oil extraction from the oil sands.  
 
While some parts of the industry focused on accessing the minable portion of the oil 
sands, others were exploring the deeper portions of those deposits. Taking advantage 
of Albertaôs open access policy for well data, such as cores and well logs, 
explorationists had a wealth of data at their disposal to map the resource.  With over 
80 percent of the oil sands buried too deeply to be accessed by surface mining, other 
scientists set out to determine how these resources could be extracted.  
 
Dr. Roger Butler, a graduate of Londonôs Imperial Collage, worked on the idea of 
gravity drainage in 1969 while at Imperial Oil. At the same time, Imperial discovered a 
large heavy oil deposit in the Clearwater Formation at Cold Lake, Alberta. The concept 
was tested in 1980 at a pilot in Cold Lake, however, the vertical steam injectors were 
not effective. In 1982, Dr. Butler left Imperial Oil and proceeded to test his SAGD 
theory at the Alberta Oil Sands Technology and Research Authorityôs (AOSTRA) 
Underground Test Facility in the Athabasca Oil Sands in 1985. EnCana was the first 
operator to test the SAGD process at its Foster Creek in 1996, attaining commercial 
production in 2001. 
 
Two hundred and thirty two years after discovery, our geological knowledge of these 
deposits is still being refined with a wealth of well data, obtained at quarter mile (400 
meter) well spacing, and 3D seismic data. Advances in computer modeling software 
allow geologists to visualize the vast amounts of data in 3D space as time and 
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