Finding
Petroleum

QOil & Gas Technology

Managing declining fields with geophysics

Seismic Permanent Reservoir Monitoring

Solutions, Challenges & Opportunities

27 Nov. 2012
Al-Khatib Habib




Permanent Reservoir Monitoring ?

»Permanent Seismic Reservoir Monitoring

»Equipment permanently installed

»Continuous monitoring

~Highest seismic repeatability — Active & Passive

»10-25 years of monitoring
»Closer long term interaction between contractors & clients

»Reservoir oriented
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Overview

» Challenges of Permanent Reservoir Monitoring

» Existing CGGVeritas PRM solutions — EKOFISK & Schoonebeek

» Conclusion - PRM opportunities
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O&G challenge: Optimized hydrocarbons Recovery

» Worldwide average recovery factor is 32%
. . Forecast gap between demand
»Enhanced Qil Recovery (EOR) is key and production of oil.

»>Maximized value of O&G assets 0 Millions of barrels per day

Required

80 |- . increasein

N . capacity
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» 4D seismic demonstrated benefits Estmatedincrezsein

= Decline of producing
fields (~5%/yr]

0 : : . :
2000 2005 2010 2015 2020

Source: Total

» PRM is designed for managing declining oil fields

»Highest seismic repeatability
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PRM challenge: Demonstrate value

»Are PRM solutions too expensive ?
»PRM solutions are more expensive than conventional solution

»PRM costs are loaded upfront

PRM Return on Investment
:E == Permanent Reservoir Monitoring
g == Conventional solution
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How to make a profitable movie ?

» Good scenario

» Initial investment
$237 000 000

» Famous actors

»Great film director AVATAR

LAMAR o

- Tell a story 2782275172 $
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http://www.imdb.com/media/rm843615744/tt0499549

How to make a profitable seismic movie ?

» Good scenario PRM Engineering & feasibility study

» finding the optimum repeatability RN
» 4D geophysical response & turnaround = &““‘%
| A

» Initial investment
»$100 000 000

»Knowledgeable actors
2 782 000 000%

~ 27,820Mbbl
~ 0,8% increase on EKOFISK

»Great film director - Integration

- Tell where the oil is going
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Overview

» Challenges of Permanent Reservoir Monitoring

» Existing CGGVeritas PRM solutions — EKOFISK & Schoonebeek

» Conclusion - PRM opportunities
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éiGVeritas solutio\n

) Sercel

* Land/SWOBC

Need Processing

3

& Reservoir / _

]
CGGVeritas field of expertise in PRM

: PRM installation

Beyond 4D imaging

Microseismic

Reservoir Studies

"\ Risk surveillance
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Offshore example of Ekofisk (CoP/PLO18)

~Ekofisk formation

. _7_:,.7-I'ig ht zone

Project location

S _Tor formation

A

e .. gasipressure
var

- - 2 U | - ~b;sir;::w‘d;/~ -_ : . | :
» Key reservoir information: e =

—— i

= Fractured chalk - High porosity (30-50%) but low permeability
= Elliptical anticline at 2900-3250m
= SOA ~ one-third of the field

= Subtle 4D amplitude changes - highly repeatable 4D seismic
12

Seismic Permanent Reservoir Monitoring - Solutions, challenges & opportunities QCGGVER"’\S«



I
Ekofisk: a CGGVeritas integrated solution

»An Optical passive solution : OPTOWAVE

First operating full scale fiber optic system

»A dedicated source

Flexible containerized source

»Advance 4D Processing:
PRM Processing Imaging

» 2,5 years full-field integrated experience on Ekofisk
4th survey acquired June-July 2012
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Ekofisk Results NRMS in 2800ms-3300ms window full stack

|~25.0°/o
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Ekofisk Results NRMS in 2800ms-3300ms window full stack

o
3
S

.5%

(SOA polygon excluded from stats)

4D North Sea Standard Streamer NRMS Values
~10% to 20%

L3/L4:
4.06%
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I S
Dip filtered stack, 4D difference - Raw

4D diff (scaled up by 2)
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Dip filtered stack, 4D difference - after time alignment

4D diff (scaled up by 2)

= 3.00
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Capitalization on experience

80 ——3——Operations comparison LoFS01-02-03-04

Shooting

m Shooting period (Day)

Days

70 -
60 -
50 + 45
40 ~
30
20
10 ~
0 -

B Actual shooting (Day) Tu rnarou I‘Id iS key

LoFS01 LoF502 LoFS03

® Instrument down time (days)

LoFS04

Days

Integrated team with 2,5
year’s intensive experience
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150

135

120

105

Delivery of raw migrated volume in number of
days after last shot

Processing

M Expected turnaround

m Actual tumaround

LoF52 LoF53 LoF54
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Onshore example of Schoonebeek (Shell/NAM)

Project location

» Schoonebeek new field development:

Y : ST s
Insh Sea Blackpool© BradfordoolLeeds ' o
e 1 Stade
ubl :; » N 5 o Manchester SChoonebeek Bremerhaveno “ oHamburg
¢ .
2 v of ; L'verPOOI Leeuwarden © o0 ngen o
; ° Bremen
ow. —_
lﬁ] mel%gh: 2 Q Hangover Potsdamo
Coventry Nederla i O/ i
Den HaagO (Netherlands) Bielefeld  Braunschweig oMagdeburg
, Bristol L°“g°" Esgen
i Antwerpen ipzi
—~ ol Southampton Gento % - Sl D eu ts c h ' an d g
Exeter Qe ; . OKéln (Germany) ocH
o Lile Belgique o
L;|J’lymoulho T S : B egl gqi é Frankfurt e r
orquay. 5,’,’9’"", (Belgium) am gllaln
annel
Létzebuerg
Le Havre (Luxembourg) Namberg Plzen
Guernsey Con 2 Reims S
Jersey o i 2 Karisruhe
o
Morlaix Saint-Dizier NagcY Strasbourg o Pa
o : 0 Stuttgart: | gsburg
Bresto Troyes 'Freiburgim o ° Ried
Quimper: Rer(!)nes Le l\gans 72 Breiggau i o ln‘nkrle’:
Lorient ":j’::Base'i' Munchenl 3
OVannes An
: 9ers  Tours Dijon PO
ambgazsurg o o S h i
Nantes Scu i‘lsv:ez
100 km Poiti < %
l 100 miles ] oty France Lausanneo.. 3 At 4
2 Rog:helle Bourg-en-Bresse © //O, ‘!('W,"’

44 productions wells 25 injectors wells

Expected recovery 100 to 120 million bbl (out of 300, 40% extra recovery)
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A Continuous Land Seismic Monitoring
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Seismovie layout

» Seismovie on Schoonebeek
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3D Continuous Seismic Monitoring: Movie
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Where is the steam going ?
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3D View of steam chamber ?
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Overview

» Challenges of Permanent Reservoir Monitoring

» Existing CGGVeritas PRM solutions — EKOFISK & Schoonebeek

» Conclusion - PRM opportunities
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PRM new opportunities - Field of experiment

»New challenges:

»Carry high sensor resolution benefits to the reservoir & overburden
characterization

»Reduce turnaround & price with integration
~Master sensor/source coupling with the underground
»Enhance source repeatability

»4D Data/knowledge Management

» New Opportunities: Extend the usage of PRM
= Go Beyond 4D imaging

= Geomechanical effect on field

= Noise & fracture monitoring
= Seismic While Drilling

= Link with downhole monitoring solutions
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Conclusion PRM - a new age for our industry ?

» Feasibility & integration are critical to leverage PRM value

» Complete on-off shore offering are helping the industry to enhance
PRM solutions - Fields of experiment

» We showed two integrated industrials successful solutions
Multi-disciplinary coordination together with client is key

Synergies between the two does exist

» New R&D opportunities — PRM isn’t delivering it full potential
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Thanks for your attention

SPECIa I tha n kS for their support & for granting us the right to present today to

Shell/NAM
&
PLO18 Lisence Partners

ConocoPhillips Skandinavia AS, Total E&P Norge AS, ENI
Norge AS, Statoil Petroleum AS and Petoro AS
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