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I am very grateful for the opportunity 
to write a short piece on what has 
been achieved in petroleum geoscience 
in the last 10 years and what we might 
expect in the next 10 years. My per-
spective is narrow, so I am not claiming 
to be comprehensive.

In the 1990s some sections of the 
exploration and production (E&P) 
industry had the feeling that geo-
sciences, and exploration geophysics 
in particular, had become commodi-
tized. I think this has now changed.  
The industry has achieved great things 
in the last 10 years largely through 
science, engineering, technological 
development, and careful attention 
to detail. An outstanding success has 
been the ability to image deep sub-salt 
structures in the Gulf of Mexico and 
identify major new reservoirs. This 
has been the intended result of the 
integration of many different technical 
developments leading to wide-azimuth 
and multi-azimuth surveys and com-
mensurate data processing, including 
free surface multiple removal and a 
variety of depth imaging techniques. 
I think the success is truly remarkable 
and has occurred because the whole 
E&P industry was on the same page: 
there was agreement about what the 
problems were (and are) and there was 
money to be made in solving those 
problems. Ten years ago free surface 
multiple elimination was a major prob-
lem; now it has basically been solved. 
It works.

The Gulf of Mexico technology can 
be applied elsewhere. The problem of 
imaging below basalt in offshore areas, 
including west of the British Isles, is 
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now becoming slightly less of a prob-
lem. Clearer sub-basalt images are now 
being obtained in 2D surveys by care-
ful design of acquisition parameters, 
with emphasis on low frequencies, 
elimination of noise at every stage, 
and very careful velocity analysis. The 
images are not good enough yet, but I 
expect them to be significantly better 
with 3D multi-azimuth acquisition and 
careful depth migration. And then, per-
haps, we may have new hydrocarbon 
provinces.

Three other developments in 
the last decade seem to me to be of 
importance: the development of wider 
seismic bandwidth offshore, especially 
by removing the sea-surface reflection; 
the introduction of marine controlled 
source electromagnetic (CSEM) explo-
ration for determination of resistivity, 
and the use of gravity gradiometry 
to survey new areas and add density 
information to seismic data. I think we 
will see each of these becoming more 
important in the next decade.

Marine CSEM was introduced in 
the last decade and has been applied 
successfully to de-risk deep water wells. 
It needs to be taken to shallow water 
(less than 300 m deep) where most 
of offshore drilling occurs. However, 
CSEM is in its infancy and it needs to 
establish more credibility. This requires 
science, technology, and standard tests, 
similar to what has been done in the 
seismic industry. The 1980s Marmousi 
experiment – a line of modelled marine 
acoustic data over a complicated 2D 
structure – tested the seismic industry’s 
capability of recovering the sub-surface 
velocity structure. It forced everyone 

offering a seismic data processing serv-
ice to get up to speed with the best. 
Since then there have been several 
new tests, each one more difficult than 
the previous one, and the industry 
has progressed, resulting in much bet-
ter sub-surface imaging, including the 
spectacular successes in the Gulf of 
Mexico. CSEM needs to be driven 
in a similar way to gain credibility 
for its potential to reveal subsurface 
resistivity variations. It also needs to 
reduce its cost. In 2010 simultaneous 
marine towed-streamer seismic and 
EM data acquisition was performed in 
the North Sea. This mode of acquisi-
tion will dramatically reduce the cost 
of EM data. I expect towed streamer 
EM to become fully established over 
the next 10 years.

Most of the world’s oil reserves 
are on land. The tantalizing promise 
of shear waves has never been fully 
realized. There is no routine method 
for processing converted-wave data: 
the processing of multi-component 
data is usually a research project 
with no guaranteed date for a final 
product. My guess is that the seismic 
industry will get a long way towards 
solving this problem in the next  
10 years through full elastic wave 
propagation and reverse time migration. 
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next 10 years. One of the consequences 
of this is that geoscientists will have 
to change their workflows. Software is 
already being developed to enable the 
integration of these different data types. 

Relating the geophysical param-
eters to petrophysical parameters such 
as hydrocarbon saturation, porosity, and 
permeability, is essential for reservoir 
characterization – that is, to determine 
the value of the fluids in the reservoir. A 
lot can be done with analysis of cores and 

Transient CSEM also works on land and 
can provide subsurface resistivities to 
complement the seismic data.

We can look forward to the prospect 
of obtaining seismic parameters, resistiv-
ity, and density for each point in the 
subsurface. Determination of subsurface 
models that fit all these data is becoming 
urgent. Once again we will need tests 
to ensure that the answers we get are 
obtained through the rigorous application 
of science. I expect this to happen in the 

well logs, but there is no rigorous theory 
to relate petrophysical and geophysical 
parameters for large volumes of rock. 
This is becoming a pressing problem. I 
hope that we will see it solved in the next 
10 years, but I am not confident it will 
happen. There are people who are both 
interested and capable of contributing to 
its solution, but it is very difficult to get 
funding for research like this: although 
inexpensive, it is high risk and therefore 
not guaranteed to deliver the desired 
results. 

Finally, since we are probably con-
tributing to climate change, the oil indus-
try will clearly become more involved 
in putting carbon dioxide back into 
reservoirs, particularly offshore, and I 
therefore expect geophysical monitor-
ing of CO2 sequestration to become an 
important business, with stochastic inver-
sion of the geophysical and well data as 
an integrated part of the process. 

There is a lot to look forward to. 
This is a great time to be in geophysical 
exploration. 

WesternGeco wide-azimuth operation in the Gulf of Mexico.
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