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Day 1 Session 2

*  Relationships between seismic acquisition, processing, and interpretation

»  Proven strategies in survey design
—  Wavelength
—  Resolution
—  Multi-Component
—  P-Wave vs. S-Wave & multi-component seismic
—  Amplitude preservation & migration
— Binning
—  Zero Phase vs. Phased Data
— 2D, 3D, and 4D time-lapse design
—  Wavelet Extraction and Inverse Modeling
. Design Considerations
—  Basement tectonic trends
»  Enhancing fracture trends
— Anisotropy
*  Wide azimuth
—  Stratigraphic morphology
e Multi-component
«  Seismic processing
— Binning and Phase
—  Velocities
—  Amplitudes preservation and migration
— PSTMand PSDM
—  Wavelet Extraction and Inverse Modeling
— Introduction to Attributes: wavelet & curvature & AVO & AVA

Reflection seismic prediction of subsurface properties
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Ranking a Study Area
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Asuokpu Marginal Field with 3-D
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Atala Marginal Field with 3-D
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Eremor Marginal Field with 3-D
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Ibigwe Marginal Field with 3-D
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Ogedeh Marginal Field with 3-D
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Umusati Marginal Field with 3-D
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Umutu Marginal Field with 3-D
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Uguo Marginal Field with 2-D
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Step 2. Map Locatlons and FLASH Values

(Faults thhology, Amplltudes Stratlgraphy, and Horlzons)
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3. Collect & Organize Public Data
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Top Akata Sediment Thickness Producing Trends
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Step 4. Put Data in Common Format

Locations Geologic Age Existing Oil Fields

Top Akata Sediment Thickness Producing Trends

3-D Seismic Interpretation - with an emphasis on carbonate

25 September 2011 terrainsCopyright © 2011 Walden 3-D, Inc.
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Step 5. Check Against Original Format
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Top Akata Sediment Thickness Producing Trends
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Step 6. Develop Ranking Algorithm

[1}

0

0
10

Cell Value = (Location *Age)+(Location*Oil Field)+(Location*Top Akata)+
(Location*Thicgggss)lf(Ltqcat_ign*I?rodLgcttion Trend)

25 September 2011 terrainsCopyright © 2011 Walden 3-D, Inc.
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Step 7. Integrate and Develop Strateg
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Acquisit
Rel

lon, Processing, & Interpretation

ated Since the Start of Explorat

Tolg!

The of

Table 1-1*

Acquisition

in

Processing Interpretation

1910
1914 Minitrops mechanical
seismograph.
1917 Fessenden patent on
seismic method
1920
1921 Seismic reflection work by
Geological Engineering
Company.

1925 Refraction for salt domes
and other high velocity
structures (Mexican
reefs):

—40-250 Ibs. dynamite
per shot

—1 shot each morning
when air calm

—Radio for
communication and/or
time break

1926 Refractions correlated for
dip studies.

Table 1-1 continued

1923 D and S Petty measured
2 events, 1 through &
1 around a salt dome.
1925 “Interpretation” by spying on
where other crews
working.

Acquisition

Processing Interpretation

1930
1931 Use of uphole phone.
Truck mounted drills.
1932

1933 Use of multiple geophones
per group.

1936 Rieber sonograph, first
reproducible recording.

1940 1942
1944 Large scale marine
surveying
1950 1950 Harry Maynes experiments
with CDP method.

1952 Analog magnetic recording
1953 First Vibroseis™ recording. 1953
Weight-drop recording

1951

* The shaded areas show how the time to develop an interpretation procedure lags behind new field acquisition technigues.

Automatic Gain Control.
Interchangable analog

fitters.
1939  Started using “closed loops™
to check misties.
Record sections. 1942  Spliced paper records.

1950s Human “computer” picked
records in field & hand
plotted cross-sectioning
56 MIT GAG Group

(Geophysical Analysis

Group). Beginning of

digital processing and

time series analysis.

Analog Vibroseis™
correlation.

ued on next page

25 September 2011

Table 1-1 continued.

3
Acquisition Processing Interpretation
z
1954  Gulf, Shell and V. Reynolds &
removed NMO & statics g
shift and recorded seismic =
dat -
1956 Central Data Processing L1 Yeriable dorshy
Analog mag tape filtering,
mixing (stacking), and
record sections.
1990 1960s  Interpretation centralized &
moved out of field.
1961 Analog deconvolution and
velocity filtering.
1963 Digital data recording
1965 Airgun seismic sources.
1967 Depth controllers on marine
streamers
1968 Maturing of digital seismic
processing packages.
1969 Shear wave crews.
Introduction of VSP.
48-96 channel DFS-Iil
standard recording
system.
1970 1970 2D migration for spatial
reorientation.
Tabe 11 continued
Acquisition Processing Interpretation
1972 Shell, Mobil, and Russians,
Bright Spot or direct
hydrocarbon indicators.
1973 Anstey, batch display of
color sections based on
complex trace analysis.
1974 Sam Allen showed sign-bit
recording useable.
1975 Chevron, Exxon, and
Conoco seismic
stratigraphy seminar,
1976 Gulf and GSI 3D 1976 3D migration for true
seismic survey using “focusing” of seismic
telemetry systems. events
1977 Gus Manufacturing 1977 Lindseth—seismic log

introduced real-time inversion.

Demux system. Reconstructing reflectivity
equation for acoustic
impedence.

1979 Interactive processing 1979 Geosource Geostar
parameter selection. data base manage-
ment system
1980 1980  Digicon, SSC, Litton VAX
processing systems.
1981  Interactive computer

* The shaded areas show how the time to develop an interpretation procedure lags behind new field acquisition techniques.

graphics for seismic =
interpretation.

table continued on next page
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New High Frequency Sensors
Survey Design

B print  BhPrint FAEmail  [X] Close Window

/

February 15, 2010 03:00 Ak Eastern Daylight Time
Shell and HP to Develop Ultrahigh-resolution Seismic Sensing Solution
A Leap Forward in Qil and Gas Exploration

LOMDOM--[BUSINESS WIRE}-At International Petroleurn WWeek 2010, HP (MY SE:HPQ) and Shell today announced a collaboration to develop a wireless
sensing system to acquire extremely high-resolution seismic data on land.

The oil and gas industry requires high-quality seismic data to accurately assess exploration prospects for
comrmercial viability and to effectively monitor producing resereoirs. By delivering a much higher channel count and a i
broader sensar frequency range than are currently available, the new system promises to vastly improve the guality  £@ dIS¢oVer energy resources

“These advances in technology

of seismic data. could transform the ability to
pinpoint abundant new oil and
HF and Shell will use their complementary knowledge and experience to produce a groundbreaking solution to gas reserves”

sense, collect and store geophysical data. The system is designed to integrate seamlessly with Shell's
high-performance computing and seismic imaging environment and to be deployed safely and mare cost-effectively
than current systems.

"We think this will represent a leap forward in seismic data quality that will provide Shell with a competitive advantage in exploring difficult oil and gas
reservoirs, such as sub-salt plays in the Middle East or unconventional gas in Morth America," said Gerald Schotman, executive vice president,
Innovation/Research and Development, Shell. "As a result of this exciting collabaration, we expect to fully realize the potential of Shell's processing and
irmaging technology on land.”

The new system reflacts tl dth of HP's partfalio. It will be delivered by HP Enterprise Serices and includes a recent breakthraugh in high-perfarmance
sensing technology from HP Labsi - the company's central research arm - and the company's Imaging and Printing Group. Additionally, the system uses
HF ProCurve networking p along with HP storage, computation and software products.

"These advances in technology to discover energy resources could transform the ability to pinpoint abundant new oil and gas reserves " said Joe Eazor,
seniar vice president and general manager, HF Enterprise Services. "HF is uniguely positioned to offer Shell a complete sensor system that delivers
innovation to address key technical seismic challenges.”

This strategic relationship with Shell is a cormerstone in HP's blueprint for an information ecosystem that empowers people to make better, faster decisions
to improve safety, security and environmental sustainability while transforming business economics. Sensing solutions are positioned to provide a new level
of awareness through a network of sensors, data storage, and analysis tools that monitor the environment, assets, and health and safety.

Additional information about the sensing systerm from HP and Shell is available in an online press kit at www.hp. comdgofsensingsolutions.

3-D Seismic Interpretation - with an emphasis on carbonate
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Alligator Bayou
3-D Survey Design
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Outline of Possible 40 sg.mi. 3-D
3-D Survey DeS|gn
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Alligator Bayou
Alternate 2-D Survey Design

3-D Seismic Interpretation - with an emphasis on carbonate
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Two Recent Survey Des
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Design Considerations

— Wavelength

— Resolution

— Multi-Component

— P-Wave vs. S-Wave & multi-component seismic
— Amplitude preservation & migration

— Binning

— Zero Phase vs. Phased Data

— 2D, 3D, and 4D time-lapse design

— Wavelet Extraction and Inverse Modeling



Reservoir Delineation and Characterization,

ACQUISITION ACTUAL PROGRAM
MODELLING

LI
S

Yellow > 37 Fold

| ]
Omie 1 Green > 16 - 36 Fold
( SP 2090130) ( SP 2090102) Blgg =15 Fold
D ceedauany ) J. Douglas Uffen in Application of 3-D
AMPLITUDE | Bl (sP20%0102) Seismic Data to Exploration and
(4B T Production, pages 184-187, data from
80 1R B FREQUENCY Home Oil Company and Swan Nills Unit
S U tuy 200 2 (e} ~ partners, Alberta, Canada.
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Reservoir Delineation and Characterization,
Swan Hills, Alberta
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o Surtece Location | | | sovosioay Production, pages 184-
— Horizontal Wells | i e : 187’ data from Home
- = s s Oil Company and Swan

Nills Unit partners,
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ALBERTA

SASKATCHEWAN

R EDMONTON
JOFFRE FIELD
“ .

CALGARY

BRITISH COLUMBIA

Compressional Wave Crossline 32

Leduc Reef

26 September 2001

Joffre Field Leduc Reef,

Alberta, Canada

Devonian Stratigraphy
Southeast Northwest
Wabamun

Wabamun

Fast (S1) Shear Wave Crossline 41 g, . [l R
Calmur\ Blueridge
Winterburn ——

Group (D2) Shelf Nisku

East >

Basin Shale

Ramp

Woodbend

3 Ireton
Group (D3) Leduc

Upper Devonian

Cooking Lake = Duvernay

Beaverhill Lake AL ¥ Waterways
Group Swan Hills

John F. Arestad, et. al., in
Application of 3-D
Seismic Data to
Exploration and
Production, pages 174-
176, data from CSM
RCP, Alberta, Canada.

< Nisku
< Mid Irtn|

Leduc Reef
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A Seismic Processing Workflow

DATA MERGE, PRE PROCESSING AND PSTM

. Survey Merge

. Data input and reformatting

J Trace edit

. Geometry definition and verification

. Gain recovery/spherical divergence

. OBC Summation (in case of Geophone and Hydrophone input)
. Deconvolution

. Spectral whitening and balance

J Refraction static corrections (OBC)

. 3D binning to 25m x 20m

. Interactive first velocity analysis

. 3-D normal moveout (NMO) corrections
. Mute

. Brute stack

. Intermediate stack

. 2nd interactive velocity analysis

. 3-D surface consistent residual static
. Prestack Noise Reduction

. Multiple Attenuation in CDP domain

. Branch to PSTM & PSDM

. Final Stack

. 3-D finite difference migration, FK or Omega X One pass post stack migration
. Final band-pass filter

. Post-Stack signal enhancement

J Prestack Time Migration (PSTM) flow

. Velocity analysis of prestack migrated target lines
. PSTM

. AVO stacks

. Residual Velocity analysis

. Final Phase Adjustment and Well Tie

. Final Stack



Seismic Processing: PSTM
Texas Gulf Coast On-Shore
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Processing: PSTM over Interval Velocity

Texas Gulf Coast On-Shore
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Seismic Processing: NMO Gathers
- Texas Gulf Coast On-Shore
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Seismic Processing: NMO Gathers colored
Texas Gulf Coast On-Shore
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Seismic Processing: Near Angle Stack
Texas Gulf Coast On-Shore
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Seismic Processing: Mid Angle Stack

Texas Gulf Coast On-Shore
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Seismic Processing: Far Angle Stack
Texas Gulf Coast On-Shore
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Velocities Key: Valhall Field, North Sea
200 ms Sag on 1 Billion Barrel Field

- Two initial discoveries

= on time highs.

- Depth high later found |
between these wells |

¢ under shallow gas.

= 200 ms Time Sag .A

3-D Seismic Interpretation - with an emphasis on carbonate .
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Valhall Field, North Sea
200 ms Sag on 1 Billion Barrel Field

Two initial discoveries
on time highs.

Depth high later found
between these wells |
under shallow gas.
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Valhall Field, North Sea

200 ms Sag on 1 Billion Barrel Field

et e i =

. Two initial discoveries

- on time highs.

- Depth high later found |
between these wells |

. under shallow gas.

1.0
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Velocity Study

South Louisiana

3-D Seismic Interpretation - with an emphasis on carbonate
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Fault Shadow Workflow
Seismic Processing

Import Time Estimate Layer
Horizons & Velocities
Faults (Dix or Wells)

Convert
Horizons

to Depth

M. Schuman, M. Dunn, H.
R. Nelson, Jr., & R.L.
Coons, Poster for PEMEX,
Fault Shadows and AVO,
10-11 Oct 2005.

Build
Velocity Volume

3D Prestack
Depth Migration
(sparse in-lines)

Pick Residual
Moveout in
Depth Gathers

Refine Layer
Velocity &
Thickness

SNOILVY3ll G- v

Final
Velocity Volume

3D Prestack
Depth Migration
Full-Volume

Calibrate Depth
Volume to Tie
Wells




Fault Shadow False Structures
Seismic Processing
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Fault Shadow Velocity Overlay
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PSTM (lefty PSDM (right)
Seismic Processing
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Fault Propagation Distortions
Seismic Processing

Fault Propagation Distortions
are non-linear and
can not be removed

Check Shots in Fault Gouge
have shown
50% drop in velocity




2-D and 3-D Fault Distortions
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60 Fold 2D Fars vs. Nears Fault Distortions

Seismic Processing
6-12 Degree Angle Stack
From 2-D Survey
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2-D Fars vs. 3-D Fars Fault Distortions
Seismic Processing i
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Ray Trace vs. Wave Equation Models

Seismic Processing
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Processed Gathers and Fault Distortions
Seismic Processing
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Pre-Program Questionnaire

» What is the role of seismic acquisition in integrated seismic interpretation?

— What is the impact of basement tectonics on seismic acquisition design?
» Fracture trends?
» Anisotropy?

— What impact does stratigraphic morphology have on seismic acquisition design?
— What are the advantages of 2-D, 3-D, and 4-D seismic acquisition?

— What is the advantage of wide azimuth acquisition?

— What is the advantage of multi-component acquisition?

— Are there special considerations for seismic acquisition across carbonates?

« What is the role of seismic processing in integrated seismic interpretation?
— How do seismic velocities impact seismic processing?
— What are the benefits of pre-stack time migration (PSTM)?
— What are the benefits of pre-stack depth migration (PSDM)?
— How does seismic processing impact interpretation?

— Why does a seismic interpreter need to understand the implications of seismic
processing assumptions?



