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Industry Academic Relations

Motivation
— Mutually tap into the many ‘
points of light --- experts are ’

distributed among academia and
industry in our increasingly
specialized, virtual world

— Moore’s Law is alive and well, *
not just in transistor density but
in Insight Velocity ,

— Diverse, collaborative thinking is
critical to driving the most

creativ.e infhovations X

. — L@verage a diminishing, pool of
research funding to drive
innovation and competitiveness

— Work with the best and brightest
studentssas they hone their sk|IIs
. ahd gain experience

— History of proven success,
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Drilling Success Rates — Improving with Better Data /{\

* Field geology, subsurface well
log analysis and 2D seismic
data left tremendous
uncertainty in the analysis (“oil
is found in the minds of men” —
Wallace Pratt)

e Gradual acceptance of 3D
seismic in the middle 1980’s,
first in exploration then in
prOdUCt|On Increased SUCCesSS 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
rates, but this isalso a ' After Boutte, 2004
function qf dfilling in familiak
CENI

 As 3D data volumes grew, so
followed success rates.

* The next chglleng'es are
recoyery factor and booking
reserves

[] 3D seismic data
. Average boefwell

- EXploration drill
success

Drilling Success Rate

Cumulative million km3 of 3D seismic available
Average million boeiwell

per cent

1946- 1951- 1956 1961- 1966 1971- 1976 1981- 1986 1991- 1996 2001-
1951 1956 1961 1966 1971 1676 1981 1986 1991 1996 2001 2003
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The Energy Industry Focus has Changed

A

Exploration is not what it used to be

— Exploration discoveries are
contribute decreasing amounts to ‘
reserve additions with most major
activity in ultra deep water and

com plex gEOIOgy Total discovered resources to end of 2004

— Field extensions, overlooked oil,
deeper plays and advanced
recovery deliver reserves at low '
risk

— Unconventional ¥esources are
dominatipg the landscape onshore

® _#Chabtic commodity pricing has
driven the decision discussion to
focus on value. While technology
remains the platfqrm for growth,
the proof ppints have changed
alomg with the audience. P

Pre-1901n il

& Liquids

Oil and Gas Discovery Rate Peaked Decades Ago

# Discoveries

North Fleld/ \
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AN

Rapid Technology
Improvement
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* Unconventional Resources

— Qver 2 trillion barrels of oil in
place

— Over 800 billion believed
recoverable with today’s

technology — leaves 1.2 tho left = | ~
behind . T =

' ,
' > g m;z::g:b-’-'
— 827 TCF recoverable gas ' , Qﬁi
»

* Recoveries » ,
o Ty vy—
—_ TOday’ the%e reserves are Figure 2, America's Endowment of Solid and Liquid Fuels Resources
o & U.5. Solid an_d I:iquiq _Fuers Re sources i
« o rgcovered by drilling T T pevem sty o 1
tec h n O I Ogies . wed Petroleumn Reserves - 22 (EIA)
' B Imaging and reservoir
management methods are -
4 il Shale
coming ipto play rapidly by some o \ e |
& eompanies, more slowly by | '
L
others )
. Tar Sand - 54 {DOE)

——— Heavy Oil - 100 [NETL}

Units are In billlon bbl-oll-squivalant coal - : -
3/26/2012 » 10K ETUAR; oll - M BTLNDI *not Including energy I08se% In franaformation to lquid fusl




20 See Your Reservoir in HD™

=36

lical and Computing Challenge
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Seismic Data

Seismic data historically have been
and continue to be exceptionally
large volumes, but modern data
sets impart additional computing
challenges

— Subsalt imaging —'pre-stack
depth imaging including RTM ;!
wide azimuth and interferometry

g 0 3 Y
— Accurate microseismic analysis,
near real time .

— Increased frequency and
apertyre " . ‘
_ Denser sampling rates (.25ms) to
combat aliasing of microseismic
and shearwave data*

— Elastic inversiortto derive’
physicalrock properties

. (forrelation to Fluid flow modejs
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Dynamic Reservoir Characterization /ﬁ\

Data Integration and Modeling
— Rock properties
— Fluid properties ’
— Seismic attributes
— Kinematic analysis’
— Fracability .
— Stress orientations ,
— Fluid saturations *
— Stratigraphic v.arl'ation p. A8
* Outputs . *

¢ " OTotimized well spacing,

— Optimized well number t
— Drilling and stimulation programs * .

— Coordinate with facilities and

oy . .
» résource capacities
L

— Balance with capital spending
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Intelligent Oilfields — Fusion of Static and Dynamic Data

* Data ‘
— Reservoir properties ’
— Reservoir dynamics | 4 W
— Geology :
— Geophysics |
— Petrophysics . '
— Facilities . .
* Networks and Communications
— Real time sens.or'nets >. i

— Advanced gomputing
&1 & Ubiquftous visualization
— Collaborative systems *

— Remote access .
e Information, skill gnd knowledge
rich 2
" '
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Research Challenges
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Effect of Oil Price on Oil and Gas Research

Inflation Adjusted
Monthly CRUDE OIL PRICES

(1946-Present) In December 2011 Dollars

© www.inflationData.com
Updated 1/19/2012

June 2008 Monthly Average
Dec. 1979 Monthly Average Oll Price $130.28 R
Peak $111.81in e in December 2011 Dollars [
December 2011 Dollars

Intraday Prices peaked much
higher

$40
inflation Adjusted OIll Price

Nominal Oil Price -

g

Closure of many Source of Data

Of Pnces- www 0ga comvSpecalicnudec]_Hist em

corporate research labs CPIU Infation mdax.  www.bis g
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Shift in Research and Development Centers

Upstream R&D Investments (2004 Dollars)

1,400

| ' /“ Long View R&D
1,200 '

1,000 : Service Companies**

800 - \ e
_ Short View R&D

600
E&P Firms*

@
%)
=
2
2

400
200

0
1977 1982 1987 1992 1997

¢ Upstrean®R&D investments over time
«[Lawson, 2006, reference 4].
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The Declining Innovation in Majors

Supermajor Patents Applications

m BF / Amoco I Chevron / Texaco
1 ExxonMaobil 1 Shell u
e (- 0mMbined

Base Patents/Applications

Combined Base

J1i ]

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

CRA International, Qil & Gas Journal article “ntenk@nipin highech world of oil”, CRakewell
orsley. SourBerwentWPl, global patent search. Patents related to obtainingesifirg top four

Figure VA.4. Supermajor patent applications by year.
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Effects of Energy Industry Uncertainties on Student Population /Q\

BS Degrees per Million Population
Smaller Engineering Disciplines Historical Geoscience Degrees

—s—Environment Management
Mining/Geo —a—Materials

—s—Petroleum —s—Nuclear

BS Degrees per Million Population

1970-71 1980-81 1990-91 2000-01 2010-11

Academic Year

Average Age of SPE Members

5T
11997 W19 (11999 M2000 [ 2001 () 2002 MM 2003 B 2004

The impending —
looming — Great
Crew Change

0w 51049 S0 54
Age range
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COMSUMER PRODUCTS
(US Average)

MEDICIME
(Merck Average)

ADSL
(Broadband Telecom)

E&P INDUSTRY
(15 Tech Cases)

EXPAMDABLE TUBULARS
(Shell Technology)
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IDEA to PROTOTYPE

PROTOTYPE to FIELD TEST

FIELD TEST to COMMERCIAL
COMMERCIAL to 50% PENETREATION

Figwre IVF.1. Time to market in years for various industries
(Courtesy of Shell, originally prepared by McKinsey)
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High Impact Developments Under Way — Part 1

H =— = @
'S SRR L
4] ;| i Be 3]
< =
E . |
s e O\ s e
E \v‘: K
QO v " v 'Yy ¥
S a s
o \ ¢
L ) :
ExplorationTechnologies by 2010 (Table 3.1)

M

H

Likelihood of Success
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@ High-density Seiaric
. Subsalt Imaging

@ rast csem

) CSEM Stucture

S HPHT Drilling
& HPHT Meas
S Coiled Tubing
& Global Proc.
& Extensional Sys
% Ubktrareach Wells
255 Quant Seismic
) Multi-dimens.
N Greater Auto.
) Basin ModeVGP
N CSEM MT

@, New DH Meas
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Potential Impact

High Impact Developments Under Way — Part 2

=

@ shalow Water CSEM
Onshore CSEM

@ Uiahigh Density Seismic
.‘ Wave Theory
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= Deep CSEM
== .
= Deep Imaging
£ seigmic Search
P—% S

£ Robotic Drilling

ExplorationTechnologies by 2020, 2030 (Table 3.2)

A5 "
o New Insitu Sensors

@ Earth Systems —Unconv.
%25 Integrated Earth Systems
@4 Confractional Systems

L M H
Likelihood of Success
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.

|dentify appropriate new and '
valuable research dlrectlons
.and apply sufflclent resources
to accelerate acceptance

3/26/2012 - ¢



D
Working Together — New CRADA .

’
’

‘ CSRC mmputatmna] science res-earch center
. -
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