Giant Discoveries in the Deep Offshore of the Gulf
of Guinea (GoG): 1987-1997 and Beyond*
Andre Coajou1 and Enzo Insalaco2
Search and Discovery Article #30611 (2019)**
Posted December 16, 2019
*Adapted from oral presentation given at 2018 International Conference and Exhibition, Cape Town, South Africa, November 4-7, 2018
**Datapages © 2019. Serial rights given by author. For all other rights contact author directly. DOI:10.1306/30611Coajou2019
1

STYX Energy, Boulogne-Billancourt, France (andre.coajou@orange.fr)
Total S.A., Paris, France

2

Abstract
Past and present deep-water exploration of West Africa offer an exceptionally successful and high-impact experience of combined geoscience
and technical skills. The sudden downfall of oil prices of 1986 induced a slowdown of deep offshore exploration and development in the GOM,
less significant however in Brazil whose domestic production was considered of vital interest for the country. Notwithstanding this
discouraging context, Angola in 1989, followed by Nigeria in 1990, decided to open up deep offshore acreage. These offers were mainly for
major international companies who had the technical expertise and economic strength to be potential candidates. In addition to Shell, Elf,
Mobil, Eni, Gulf, Texaco and Total who were already present in West Africa, other companies like Exxon, BP and Amoco joined the party.
Among the difficult decision-making conditions were some uncertainties about the contractual terms and scarce available seismic coverage in
Nigeria, a loose 5km x 10km 2D grid in Angola, no 3D data at all and poor results of past exploration. 18 wells had been drilled in water depths
exceeding 150m, (mostly in Albian reservoirs) with only one discovery, Nkossa drilled by Elf in Congo (1983) put on stream in 1996. Potential
plays had to be defined and models could be Gulf of Mexico for Nigeria and Brazil for Angola. In summary the endeavor looked like a risky
business. The first licenses were granted in 1992 and 1993, with DHI-driven discoveries made in 1994: Bengo in Angola and in 1995: Bonga in
Nigeria, both made by Shell, while Elf made a strike (Moho) on a former permit in Congo. In 1996 Elf drilled Girasol on Block 17 of Angola,
setting the stage for a spectacular and fast sequence of many other discoveries in tertiary turbidites, while Exxon on Bloc 15, Chevron on Block
14 and Amoco on Block 18 were also successful. More discoveries were made during the 1987-1997 period in Nigeria: Ehra by Exxon,
Agabami by Texaco, Usan-Ukot by Elf. The momentum was well established and despite new oil price bumps, but intensive use of 3D seismic,
exploration successes continued later (like Akpo by Total) and were extended to other countries of West Africa like Ghana (Jubilee) and
Equatorial Guinea (Ceiba), with a notable growing role of independent explorers (Triton, Anadarko, Tullow, Kosmos). Up to now at least 17
giant fields have been fond and total reserves could be around 18 Gboe, with more to come.
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Presenter's notes: To present 30 years of Exploration in the GOG within 20 minutes looks quite challenging. This talk will not be a purely technical presentation as you can expect in an
AAPG conference, but rather a mix of geosciences, technology, and economy, in a « frontier » domain . I will try to explain why and how decisions were taken by Elf (now Total) and
major companies during the 1987-1997 period and what happened later. As I am an old man many of the slides will be vintage slides…
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General Situation in the late 1980s
• Need for companies and especially majors to find significant new
resources – assessing the potential in the Deep Offshore
• Some Deep Offshore discoveries and developments existed but mainly in
the GOM and Brazil
• Drastic oil price fall from 1980s raised questions about their profitability
• Official opening of some blocks in West Africa:

• Angola (1989) and Nigeria (1990)
• Other countries already open but with little activity - Congo, Equatorial Guinea.
• In 1990, only one of the 18 deep offshore wells (greater than 150m water depth)
was a discovery – Nkossa discovery, Congo (Elf, 1983)

GOM Discoveries
• Deep Offshore Exploration
is a continuum
• Progressivly reaching
deeper waters
• Improved technology:
riser, TLP, DHI…

BRAZIL Campos Basin (from Petrobras)

Brazil needs oil
Large exploration program and strong R&D
Albacora (1984) 1,5 Gbbl

Marlim (1982) 5Gbbl

Mainly in Oligocene turbidites
with DHI on 2D seismic

Economic environment: OIL Price Trend 1940‐2018
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Presenter’s notes: The oil price is one of the most sensitive parameters of the oil Industry. We can understand that the Industry, comfortable with the 1980 levels for deep exploration, got more
than nervous when the oil price declined to a 14$ low in 1986 without being able to predict what could happen in the next decade. It even went further down with a 13$ low in 1998 (Crisis)
after a small increase in 1996. Some high-level executives thought that Deep offshore production would never be economic. (To give an idea of the panic observed in the USA, the E & P.
manpower declined within 4 years from 650.000 to 400.000) and some companies had decided not to be in the deep offshore Texaco, Arco, Anadarko. There was a decline in deep offshore
exploration from 1989 to 1995. (The good news in the GOM were that the reservoirs were better and thicker than expected and savings could be made thanks to improved and cheaper
technology (Howard Shell E & P President talk during the 1993 New Orleans AAPG ACE))

Economic environment: Need to decrease the Capex/Opex
Subsea System Cost reduction Norway

Multidisciplinary teams

R&D JV
From BP/ Statoil

ANGOLA (1987 -1997)
 Decision of opening the deep offshore in 1989 but delineation
of the blocks only in 1991
 Contractual terms: PSC; bonus and work commitments

ANGOLA (1987 ‐1997)
Context: Brazilian Model (from Petrobras 1988)

Presenter’s notes: Brazil on the other side of the South Atlantic Ocean was considered a good analog for Angola. The main discoveries, as seen in this Marlim slide are in the
Oligocene turbidites but oil was also found in the Miocene, mostly on stratigraphic traps and even in the underlying Albian (Pinda equivalent)

ANGOLA (1987 ‐ 1997)
Context: Seismic data – Integration of speculative survey
Regional synthesis performed in headquarters
1990‐1991
14
15
16
17
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Block 20
Presenter's notes: Being active for more than 10 years Elf had a good regional knowledg, was a succesful operator on block 3 (One billion barrels found) and partner in Cabinda. We bought a
regional spec. survey shot in 1984 and extra lines shot in 1988 like this one running from Block 3 to block 17. The only calibration wells were on the platform with fields in the Pinda (Albian)
formation and no discovery in the tertiary.
It was with these data that a regional synthesis was performed in 1990-1991 in Paris.

ANGOLA (1987‐ 1997)
Line GWA 88 1079
Block 4

Block 17

No well calibration

Block 3
Platform

Presenter's notes: This line was a « deal maker » for the management. Comparing the size of the eastern structures (Block 3) which could contains about 200 millions barrels, it was easy to
explain that the western structures could be huge and we were allowed to work on the deep offshore project. Unfortunately the Sembo 1 well drilled in 1991 in the external part of the
platform was dry (bad reservoirs) increasing the risk of the Pinda play which was furthermore very deep. It became evident we had to rely on the Oligocene turbiditic Brazilian mode! which
nevertheless was still a risky model. Calibration of these turbidites was not easy on a wide 2D seismic grid… Oligocence reservoirs were eventually shallower than expected. We were also
hoping some DHI supported deltaic plays (Block 16)

ANGOLA (1987 ‐1997)
Context: Importance of Regional Studies (1990‐1991)
Regional structural map
Salt Gravity
driven structures

Tertiary isopach map
Tertiary Depocenter
had a strong influence
on maturity of SR

Presenter’s notes: This is part of our synthetic study. A regional map with a tertiary depocenter which has a strong influence on the maturation and the gas risk. For this reason, we decided
not to apply for block 15 which eventually, operated by Exxon, proved to be a very good block.

ANGOLA (1987 ‐1997)
Context: Licences & Key Discoveries as of 1/01/1997
1995 Chevron
Block 14
1994 Exxon
Block 15
1993 Shell
Block 16
1993 Elf
Block 17
1996 Amoco
Block 18

Bengo
1994
Girassol
April 1996
Dalia
1997

1996 Mobil
Block 20
Presenter's notes: One can see the licence situation in 1997 after the blocks were granted from 1993 (Elf and Shell) to 1996. (Block 20 is in the Cuanza basin and NOT in the Lower Congo
basin) All the operators are major companies and have formed JV’s with others Ex: Shell with Exxon and Elf, Exxon with ENI, Chevron with Total, Amoco with BP and Elf with Exxon, BP
Statoil Norsk Hydro and Fina.
The first discovery was Bengo by Shell in 1994 based on a DHI but eventually was not economic. It was followed by the Girassol discovery by Elf (1996), then Dalia in 1997. It can be noted
that the reserves of these 2 discoveries are more important than those discovered in block 3 (about one billion barrels) Kuito on blocK14 in 1997 too

NIGERIA (1987 -1997)
 Progressive opening
 Contractual terms not very well defined (PSC versus concession, ringfenceing). But bonus and work commitments.
 Very few data in the deep offshore

NIGERIA (1987 ‐1997)
Context: Eastern Deep Offshore prospects as of 1989

Presenter's notes: Preliminary talks were initiated between NNPC and Elf Nigeria as early as 1989 and an initial technical evaluation carried out with our regional knowledge from our
offshore blocks and available data . Elf had been in Nigeria since 1962. A zone of interest deltaic sands and turbidites, was proposed on the original OPL’s defined by Nigeria, one of them
OPL 470 extending in Equatorial Guinea . (With one of this prospect becoming later the Zafiro field)
To convince the management to go in the deep offshore we took the GOM as an analog, even if there is salt in the Missisipi delta . But shales behave moreless as salt mechanically. A rough
comparison showed that the Niger delta in the producing area had more reserves by km2 than the GOM and developments were about 20 years ahead there. So there were good reasons to
hope that the Niger delta could be prospective as well.

NIGERIA (1987 ‐1997)
Niger Delta ‐ Structural Picture in 1990

DEEP OFFSHORE
BLOCKS
217 218 219 220 221 222 223

Presenter's notes: On october 1989 Nigeria offered 125 blocks for sale and submissions were due 3 month later…Among them there were 8 deep offshore blocks 7 of them in the South, So
we had to refine our proposals. Later the western blocks were offered too.

NIGERIA (1987 ‐1997)
Niger Delta – Few hard data and sparse seismic grids
1990

1993

10 km

OPL 222
Presenter’s notes: The seismic grid was rather loose there as evidenced by this picture on OPL 222, and of poor quality for our Technical evaluation of 1989, with no well drilled in the
proposed area. The main plays were deltaic sands with DHI’s and turbidites. Of course, our knowledge improved when a spec survey was acquired in 1991 on the Western and Southern
blocks. We confirmed then our application for OLP 222 and 223 and we felt more comfortable to apply and get a participation on OPL 212 and 219 granted to Shell.

NIGERIA (1987 ‐1997)
Discoveries and Licenses situation as of 1/01/1997
1993 Agip OPL 316
1993 Exxon OPL 209
1993 Agip OPL 211
1993 Shell OPL 212

BONGA
1996

1993 Elf OPL 222 & 223
1993 Mobil OPL 221

1993 BP OPL 213

1993 Conoco OPL 220

1993 BP OPL 217 & 218

1993 Shell OPL 219

Presenter's notes: Situation in 1997. Like in Angola most of the permits were granted to major companies as operators which had to build J.V’s. The light purple blocks were granted to
local companies which later had to bring majors as operator. Like Famfa on block 216 with Texaco becoming operator. The first discovery was made by Shell with Bonga in January 1996
but was put on stream only in 2005

AND BEYOND
1998-2018

Gulf of Guinea: 1998-2018

Harvesting of world class discoveries and exploration of other thematics
 Development and harvesting on prolific licenses mainly in Angola and Nigeria
 Follow-up exploration and success in other basins

− Congo (Moho), Equatorial Guinea (Zafiro, Ceiba.) Ghana (Jubilee…), Ivory Coast (Baobab) etc.

 New players have significant success
− Tullow, Kosmos, Anadarko etc. VANCO…

 New Ideas and Plays Concepts

− Presalt in Cuenza, salt tongues…
− More complex geology and importance of stratigraphic traps

 Extending further into deeper, and deeper, water
− Block 32, Block 48, OPL 246…

To date about 40 (?) Gboe have been discovered in the deep offshore of GOG.
80% of which are in Angola and Nigeria which are now considered world class
Super Basins

NIGERIA|Discoveries 1990-2018 and producing fields WATER DEPTH > 500 M
Ehra
(981 MMboe)
Disc. 1999
Bosi
(2,3 Gboe)
Disc.1996

Nigeria
OML 133

Bonga North
(609 MMboe)
Disc.2004
OML 118

Bonga
(1,4 Gboe)
Disc.1996

50 km

Bonga SW
(912 MMboe)
Disc.2001

OML 132

Nnwa-Doro
(1,1 Gbo)
Disc.1999

Usan
(694 MMboe)
Disc.2002

OML 127

Discoveries size

> 500 MMboe
100 - 500 MMboe
< 100 MMboe
Block up to date

Source: IHS – September 2018

Agbami
(1,6 Gbo)
Disc.2000
(Giant discoveries labelled only)
* Logo indicates the company that made a discovery

OML 128

OML 129/135

OML 130

Owowo West
(767 MMboe)
Disc.2012

OML 139

Production Status
OML 138

Akpo
(900 MMboe)
Disc.2000

Egina
(633 MMboe)
Disc.2003

Producing
Developing
Awaiting Dev. Appproval
Discovery
Abandoned/Temp.shut down

ANGOLA | Discoveries 1990-2018 and producing fields
Angola
(Cabinda)

1

WATER DEPTH > 300 M

Orca
(540 MMboe)
Disc.2014

2

Hungo
(Kizomba A)
(788 MMboe)
Disc.1998

Lontra
(517 MMboe)
Disc.2013

Block
Block 20
20

Cameia
(425 MMboe)
Disc.2012

Block 15

Kissanje
(Kizomba B)
(675 MMboe)
Disc.1997

Angola
Block
Block
3232

Kaombo
50 km
Discoveries size

> 500 MMboe
100 - 500 MMboe
< 100 MMboe
Block up to date
(Giant discoveries labelled only)

Block 17
Block 17

Girassol
(1,2 Gbo)
Disc.1996

Production Status

Producing

Katambi
(995 MMboe)
Disc.2015

Block
Block 24*
24*

Developing

Dalia Complex
(1,3 Gbo)
Disc.1997

Awaiting Dev. Appproval
Discovery
Abandoned/Temp.shut down

50 km
(* : Block 24 relinquished by BP in June 2017, currently an open area)

Source: IHS – September 2018

* Logo indicates the company that made a discovery

ANGOLA Block 17 Discoveries: A bouquet of flowers!

Presenter's notes: A bouquet of Flowers on block 17 in Angola with a success ratio of 88% (15 discoveries only 2 dry wells). More than 5 Gbbll reserves. More than half (2.8 billions
bbl of it has already been produced in Oligocene and Miocene turbidites. Two of these developments have got an OTC award..
Coming back to Girassol the FID was in july 1998 and the first oil in Décember 2001 and the Capex (4$/bbl money of the day)

ANGOLA Block 17 – GIRASSOL & DALIA
Upper Miocene Seal ?
Miocene Reservoir ?
Lower Miocene Seal

Girassol

Dalia
Oligocene Reservoirs

5 km
Courtesy of Total

Presenter’s notes: New 3D seismic gave a clearer picture of the reservoir’s presence like in Girassol (semi-stratigraphic in the Oligocene and purely stratigraphic in the
Miocene of Dalia) but heavy oil on some of these shallow Miocene reservoirs. These reservoirs could not be seen on the 2D spec survey with a 5km X 10km grid.

Gulf of Guinea: 1998-2018

Enablers for continued commercial exploration success

 Intensive use of 3D seismic with new acquisition and processing technologies
− Software, DHI, AVO, Wide Azimuth….
− Well calibrated Petro-elastic models for seismic interpretation and modelling

 Better knowledge of reservoirs

− New depositional models, better understanding of reservoir architectures at all depositional scales
− Good reservoir calibration for petrophysical models

 Cheaper and improved development technology
− ROV…
− Diphasic flow systems…

 Contractual renegotiation with countries and contractors to address recent low oil price
environment (2015)

Continued commercial exploration success despite volatile oil price driven by imaging
technology, subsurface understanding, lowering of development CAPEX and associated new
development breakthroughs and improved contractual terms

Enablers for continued commercial exploration success
Sedimentological Understanding

Presenter’s notes: This is a turbidite model for Miocene in Angola Congo basin from block 3 to Block 32 passing through block 17 with deltaic sands, simple turbidites systems and
reservoirs below salt overhangs making difficult to clearly image them with seismic. Nevertheless, thanks to Wide azimuth seismic acquisition, PSD Migration the rate of success on this
block 32 has been very high on small targets 14 sur 16. Kaombo cluster field was put on stream last July after renegotiation of the contractual term and Capex down from 19 to 16$/bbl.

Enablers for continued commercial exploration success
Seismic Technology – Impact of new acquisition technology

Presenter’s notes: Wide azimuth acquisition was one of the tools which significantly improved the illumination below the salt. This acquisition is of course more expensive than a
normal 3D but necessary.

CONCLUSIONS
 In frontier exploration need to be robust but remember uncertainties and risks are high
− We often had good and bad surprises……. you need also a bit of LUCK!
− Need to diversify the risks and limit exposed capital - spread risk across different countries, basins,
blocks and have strong partnerships

 You need an Explorer Mind-set: calculated risk-taking, vision success case, break
paradigms and dogmas with Imagination and innovation
 Negotiation of appropriate terms for frontier positions key to accepting high risks

« HARD WORK, SMART WORK, and…an ART »
(John MASTERS)
« EXPLORATION is a BUSINESS »
(Marlan DOWNEY)

Thanks to all our partners, host countries and all former
colleagues who were part of this great adventure …..

BACK TO THE

FUTURE!

