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CO2 flooding offshore
CO2 flooding is arguably an appealing option, because it not only meets 
the requirements of EOR, but at the same time offers a means of storing 
the gas in the reservoir. 
This is the option that Total’s EOR teams have selected in connection 
with a project being evaluated for the North Sea, which may be 
implemented around 2016. The aim is to replace the hydrocarbon gas 
produced by the field with CO2 in order to maintain pressure in the 
reservoir, which contains gas-condensate and has currently entered the 
phase of rapid decline. Pressure maintenance is necessary to prevent 
some of the condensates from settling in the reservoir, which would lead 
to a loss of recovery. Reinjecting the gas produced from the field was 
ruled out for economic reasons (methane being a marketable product), 
but the CO2 alternative is worth considering. Access to a potential source 
of CO2 is now possible thanks to the British government’s program to 
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promote CO2 capture technology. Technical studies undertaken in 2007 
and lasting one year analyzed the entire chain of surface operations 
involved in the process: transport to the platform (thermodynamic 
behavior in the pipeline); installations and procedures required to ensure 
the right pressure and temperature for downhole injections; dedicated 
facilities for separating and recycling the resulting additional volumes 
of CO2; and finally, storage in the reservoir.
In addition, Total’s specialists have been closely involved in studies 
on the thermodynamic behavior of the CO2, specifically concerning 
the CO2/oil equilibriums. This research will serve in the development of 
a future EOR pilot planned for 2020. The key challenge here is to predict 
the effects of CO2 injection on a huge chalky reservoir subject 
to a significant subsidence phenomenon. 

Looking Eastward 
Naturally, it is in the East, Middle and Far East that CO2 should provide 
the best leverage for improving recovery factors in the future, for it is 
these regions that harbor the largest volume of acid and sour gas 
resources (CO2 and H2S). One prerequisite for successful 
implementation is the presence of an economical source of CO2 near 
the candidate fields. Total’s EOR teams are already at work studying the 
feasibility of the offshore Abu Al Bukoosh field operated by the Group in 
Abu Dhabi (UAE). On the agenda are the qualification of the CO2/oil 
equilibrium and its integration into a dynamic reservoir model in order to 
assess the effectiveness of various CO2 injection strategies. This option, 
which would replace water flooding then hydrocarbon gas flooding, 
would serve as a demonstration within the framework of a mature field 
with a current water cut of about 90%. 

1-2-3. The Abu Al Bukoosh 
platform in Abu Dhabi.
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Pore network 
models  
Three fluids — water, oil and 
gas — can flow simultaneously 
through a reservoir. Our 
understanding of the complex 
flow mechanisms involved is 
still incomplete, so Total, in 
partnership with universities in 
Britain and the United States, 
is pursuing a highly innovative 
approach based on numerical 
simulation of pore networks 
to analyze phenomena on 
a microscopic scale. It uses 
an initial pore network model 
developed based on 
microtomographic images or 
grain size distribution data, 
coupled with simulation of 
three-phase flows. Currently 
limited by available 
computational power, this 
innovative approach should 
make significant headway with 
the next generation of 
processors.

Of the broad spectrum of options highlighted by its research, 
Total is focusing in particular on two main avenues. One is the 
thermal route, already applied extensively for extra-heavy oil 
production but to date only to a limited extent for conventional 
oils. The other is an option that has recently come to the fore, 
which consists of modifying the injection water salinity. Both 
areas are among the possible keys to enhanced recovery in 
carbonate reservoirs.

While chemical flooding and CO2 injection have emerged as the two likely 
pillars of an enhanced recovery strategy, these processes are far from being 
the only possible solutions. There is a long list of other options which 
include fire flooding, injection of softened water, microbial flooding, 
alternate or simultaneous water and gas flooding, nitrogen flooding and flue 
gas injection. Some of these technologies are well documented but have 
had limited application due to the high cost of the additional barrels 
produced. Others, discovered more recently, have yet to be qualified. Ruling 
out not a single one of these options, Total’s EOR research efforts are 
directed primarily at technologies suitable for carbonate reservoirs, which 
constitute the most challenging targets in terms of enhanced recovery.

Steam flooding in carbonate reservoirs
Total’s achievements in thermal production methods during the 1980s rank 
among the industry’s most outstanding examples. Of the four pilot 
programs operated between 1977 and 1988 (Lacq Supérieur and Saint-
Jean-de-Marvejols in France, Poso Creek in California and Émeraude in the 
Republic of Congo), two were world premieres and to date remain the only 
such projects ever carried out in fractured carbonate structures — with the 
additional challenge of an offshore context for Émeraude. The first steam 
drive project took place from 1977 through the end of the 1980s on the Lacq 
Supérieur reservoir, a highly heterogeneous structure consisting of porous 
calcareous rock with low permeability alternating with dolomites of low 
porosity but high permeability through the fracture network. Initially 
undertaken with a single pilot and extended two successive times to reach a 
total of four injection wells (one of which horizontal) and twenty producing 
wells, this program showed the method to be effective in this type of 
environment, achieving an overall incremental production estimated at 
110,000 m3 by 1987. Moreover, the program revealed a significant secondary 
phenomenon: the ionic dissolution of the carbonate under the action of the 
steam, resulting in significant production of CO2 inside the reservoir. This 
CO2 further contributed to additional recovery.
The same phenomenon was observed on the steam flooding pilot 
implemented from 1985 through 1988 on Émeraude, a field offshore Congo 
that was very difficult to produce. This extremely bold project deployed over 
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three reservoir horizons required drilling from a tilt rig to drive the deviated 
wells (two five-spot wells for steam drive injections in two reservoir horizons 
and one cyclic steam injection or “Huff & Puff” well in the third horizon). The 
reservoirs are buried at a mere 200 m under the sea floor. The results were 
mediocre on two horizons, but very encouraging on the third. Oil production 
was increased from an initial 20 m3/d to 100 m3/d with cumulative production 
of 491,000 barrels over three years. The recovery factor is estimated at 50%, 
an impressive feat on a field where it had been stagnating at a mere 3%. 
A new pilot is being investigated for an African oil field in order to assess 
the technological, economic and environmental performance of various 
thermal production options, including downhole steam generation. 

Plain old water 
Water flooding may actually prove to be a promising solution for boosting 
recovery factors in carbonate reservoirs. Despite the industry’s longstanding 
use of this method, some recent discoveries have shed significant new light 
on the process mechanisms. In the course of research on the Ekofisk field 
(Norway), it became apparent that the saline composition of the injection 
water had a significant incidence on the recovery factor. Laboratory samples 
have indicated that recovery can range from 10 to 50% depending on the 
type of ions contained in the water (calcium, sulfate, magnesium, etc.). In 
sandstone reservoirs, the key parameter is the total salt concentration of 
the injection water — specifically, the lower the better. Incremental recovery 
varies from 2 to 30% depending on the salt concentrations, with an average 
of 10% in unfractured rock. This important topic is the focus of research by 
Total’s petrophysics experts, in collaboration with several American, French 
and Norwegian universities. Studies aim to gain an understanding of the 
fundamental mechanisms at play in order to move to the pilot stage as 
quickly as possible. 
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Present in more than one hundred thirty countries, Total is 
one of the most dynamic players in the global oil and gas 
industry, with a number of truly major technological and 
economic achievements to its credit.

A major global actor
In addition to its prominent positions in oil and gas exploration and 
production, gas and power, renewable energies, trading and 
transmission, and refining and marketing, Total is a key player in the 
Chemicals sector. In 2008, the Group produced a total of 2.34 million 
barrels of oil equivalent per day (Mboe/d). 
Its future growth is underpinned by proved and probable reserves of 
20 billion barrels of oil equivalent and a portfolio of assets spanning 
the key oil and gas provinces of the globe. Leader of the European 
refining and marketing segment, Total holds interests in twenty-six 
refineries and is operator on thirteen of them. The Group’s retail 
network comprises approximately 16,500 service stations, mainly in 
Europe and Africa. 
In the Chemicals sector, Total is one of the world’s foremost 
integrated manufacturers, with leading positions in each of its main 
markets in Europe: Petrochemicals, Fertilizers and Specialty 
Chemicals.

Exploration & Production founded 
on operational excellence
Total can boast of being one of the most dynamic and successful 
players in the global oil industry. Sustaining its momentum through 
an active exploration program and state-of-the-art research 
capabilities and expertise, the Group operates in a variety of 
geographical and technical contexts and pursues the strategic 
objective of extracting maximum value from hydrocarbon resources 
sustainably, with full regard for human safety and environmental 
protection.

The E&P  
in figures – 2008
Workforce: 15,583 employees*  
(31 december 2008)

Investments:   
€10 billion

Oil and gas production:  
2.34 Mboe/d

Proved and probable reserves: 
20 Bboe

Operations in more than  
40 countries

A leading oil and gas 
producer in Africa

A major hydrocarbon 
producer in the Middle East

Partner in 9 operating gas 
liquefaction plants.

*Consolidated subsidaries.
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While seeking to optimize ultimate conventional resources and 
extend the life of mature fields, the Group is also a leading exponent 
of the innovative technologies required to secure access to future 
resources. The many large-scale projects to the Group’s credit have 
amply demonstrated its capacity to master the technological and 
economic challenges of producing large fields in frontier domains, 
including high-pressure/high-temperature fields, extra-heavy oils, 
production in the deep and ultra-deep offshore, multiphase 
transport of effluents, and more. nnn

Projects for a sustained growth
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2008-2009 development
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