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Discovery of Nash Dome by gravity,  1924

First exploration seismic surveys
along Gulf Coast 1920-1924along Gulf Coast, 1920-1924

First electrical well log, Pechelbronn, France, September 5, 1927



Declining production rates

Daqing oil field in China is one of the 
world’s largest land oil fields  producing 

大庆油田
world s largest land oil fields, producing 
about 1 million barrels per day.

Despite drilling 10,000 wells during
th  t t   il d ti  the past ten years, oil production 
has declined by 20%.

start of intensive drilling



Challenge #1:  We are just beginning to come to grips with the 
importance of heterogeneity in the earth and how it limits our ability to

The earth is heterogeneous on all scales.

importance of heterogeneity in the earth and how it limits our ability to 
explore for and exploit underground resources in a sustainable way.
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The earth is heterogeneous on all scales.

RESERVOIR SCALE
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100 μm PORE SCALE



The problem is not reserves…
IEA, Resources to Reserves, 2005

BP Statistical Review, 2008
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Fossil Fuels supply over 80% 
of today’s energy mixof today s energy mix

2007

500 QUADRILLION BTU

OIL

NATURAL GAS 
21%

World oil consumption
85 million barrels per day (MBd)

COAL

34%

26.5%

US oil statistics (2008)
20 MBd consumed

7 MBd produced
13 MBd imported (~transportation fuels)

BIOMASS
NUCLEAR

WIND / SOLAR / GEOTHERMAL
HYDRO

5.9%

2.2%

1%

Source:  BP Statistical Review, 2009, IEA Key Energy Statistics, 2009
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The problem with production rates

88 MBd

new production11 MBd77 MBd

replacing
lost production

new production 

33 MBd

11 MBd

lost production 
from mature fields

33 MBd

ProjectionsProjections
100 – 110 MBd

by 2030

2002 2010





SEAM is the first attempt to fully simulate a modern 3D 
seismic survey over a realistic geological model. 

coil shooting a 3D seismic wide-azimuth (WAZ) survey



The model is a deep Gulf Coast salt complex

40 km

35 km

15 km

The most detailed physical model ever developed for a large chunk of the earth.



Gulf Coast salt complex
VIEW FROM THE WEST
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The most detailed physical model ever developed for a large chunk of the earth.
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All major structural and stratigraphic horizons in the Gulf Coast are represented.

Pliocene-Pleistocene

Water

Upper Miocene

Middle Miocene

Cretaceous

Paleocene-Oligocene

Lower  Miocene

Mother Salt

Layer properties represented at the cm scale from well logs and averaged up.



turbidite fan

braided channel sand



West Channel Channels
Depositional Lobes

‘Terminal Fan’

East Channel

Transient Fans

MUD DIAPIR

2500 m2500 m

Dayo Adeogbas (2003)

Turbidite fans in real 3D seismic images



Braided channel sands in real 3D seismic images



SEAM Model
Gulf Coast salt dome complex

40km x 35km x 15km
Stratigraphy at cm scale from logsg p y g

100 GB to represent at 10m resolution
>>100 000 hrs of CPU time 

Staggered-grid acoustic and elastic FD codes
1 f120 TB of seismic data

salt body



3D Seismic Exploration Leases 

2003
2004
2005

2006
2007



Advanced Energy Consortium aims to manipulate fluid-solid 
interactions in reservoir rocks in-situ at the pore scale.

100 μm100 μm



Magnetic resonance in porous media
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Continuous MRI in an oil reservoir

N. Heaton et al., SPWLA 48th Annual Logging Symposium, 2007, Paper P.



Advanced Energy Consortium goals 100 μmgy g

(1) Create novel surfactants to release 
bound oil using surface-functionalization 
methods of nanotechnology

μ

methods of nanotechnology.

(2) Create “nanosensors” (tracers) that 
will move with the reservoir flow and keep 
a record (P,T) of their trip.

water

oil



geology horizontal drilling geophysical 
monitoring

geomechanics
(rock texture)

reservoir engineering 
(hydro-fracturing)





SEAM is sponsored by the Society of Exploration GeophysicistsSEAM is sponsored by the Society of Exploration Geophysicists
and funded by a consortium of oilfield service and oil companies, with 
support from the US Government through an initiative called RPSEA. 
Project leader is Michael Fehler, formerly of Los Alamos National Lab, 
currently at MITcurrently at MIT. 

Thanks to Richard Day of Conoco Phillips & Joe Stefani of Chevron for the 
screen shots of the model.

AEM (Advanced Energy Consortium) is an industry consortium
managed by the Bureau of Economic Geology and the Jackson School 
of Geosciences at the University of Texas at Austinof Geosciences at the University of Texas at Austin.



Resource issues will more and more require the solution of interlinked, 
interdisciplinary problems involving heterogeneity:p y p g g y

- oil & gas exploration

- carbon storage

- water management

- infrastructure management

Abundance of data (and much much more coming). 

Need much better interpretative physical and geological models, built 
around better understanding of fluid-solid interactions in the crust 
over a wide range of scales.



Extra Slides



2030

Demand for energy will grow 40+% by 2030 
with a shift to developing economies

500

QUADRILLION  BTU PER YEAR 
1 QUAD/year ~ 500,000 MBd
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with a shift to developing economies
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E&P Expenditures ($ billion)Oil Production (MBbl/d)
Oil Price $/bbl Projected Growth in 

Supply and Demand
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Challenges Supply & Cost

Source IEA, Resources to Reserves Report, 2005 5 Nov 2009
WTI 79.75
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Recovery, recovery, recovery

In the United States, there is a lot of oil left underground 
(more than 2x cumulative production)(more than 2x cumulative production)



Two types of oil left behind

Bypassed oil and Bound (residual) oil

mapping or remote sensing problem 
(macro physics)

flow in porous media problem 
(macro and nanophysics)( p y ) (macro and nanophysics)



There seems little doubt that the present period of unusual warmth will 
eventually give way to a time of colder climate, but there is no consensus 

t th it d idit f th t iti Th t f thi li tias to the magnitude or rapidity of the transition. The onset of this climatic 
decline could be several thousand years in the future, although there is a 
finite probability that a serious worldwide cooling could befall the earth 
within the next 100 yearswithin the next 100 years
—UNDERSTANDING CLIMATE CHANGE: A program for action, 
National Academy of Sciences, 1975




