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* Time-Lapse (4D) seismic

* 4D Seismic History Matching (4D SHM)

* The value of 4D SHM

 Harding & Gryphon case study

e 4D Assisted Seismic History Matching (4D ASHM)
e Future directions

* Conclusions
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Practical Applications of Time-Lapse
Seismic., Johnston, D.H., 2013. 6



How Does 4D Work? Gas Sweep...
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4D Detectability

4D Chance of Success D
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e 4D Detectability
Lower effort — Rock & fluid properties

O

— Depletion process
— Resolution

* 4D Repeatability
— Acquisition geometry
Higher effort — Processing
® — Overburden complexity

Medium

— Signal-to-noise

4D REpeatabi“ty Johnston, D.H., 2013.
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Reservoir Monitoring with 4D Seismic

* Production data
— temporally dense
— spatially sparse

e 4D seismic data

Water
Injector

— spatially extensive
— temporally sparse

* Complementary
Base reservoir surface




Principle of 4D Seismic History Matching D
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4D seismic history matching using information from
the flooded zone, Jin, L., et al., 2012. 10



4D Seismic History Matching Workflow D
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The Value of 4D SHM D
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Production & Seismic History
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Massive sand

Geology

Injected Injectite wing
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Geological and Simulation Models

Geobodies_0202_2017_56
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Initial Models

Geological Model - Facies
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Initial Model 4D Seismic

Real 4D Seismic Difference
Morrone HardingS  Harding C Harding N Gryphon Maclure
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Acoustic Impedance : -
False response poor shape P Inter-field connectivity
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Redistribution of Sand Injectites
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Updated Model 4D Seismic

Initial Model 4D Seismic Difference
Morrone HardingS  Harding C Harding N Gryphon Maclure
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Fine-Scale Models

Geological Model - Facies

Morrone Harding S Harding C Harding N Gryphon Maclure
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Fine-Scale Model 4D Seismic D

Real 4D Seismic Difference
Morrone HardingS  Harding C Harding N Gryphon Maclure
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Oil production (STB/d)

Liquid Flowrate [STB/d]

Production History Match
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Average Pressure (psia)

Pressure History Match
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e Observations
Coarse-scale model
Fine-scale model
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Seismic History Matching Summary

Model Geological History | 4D Seismic
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4D Seismic
Attribute Map
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* Quantitative
e Automatic
* |ntelligent
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Quantitative 4D Analysis

Real 4D Seismic Attribute Map Model 4D Seismic Attribute Map
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4D ASHM — Harding South Results D
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4D ASHM — Harding South Results D
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Future Directions for SHM

 Quantitative
e Automatic
*|ntelligent
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*Frequent repeats
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* Cost effective




Summary and Conclusions

e Seismic History Matching (SHM) uses 4D seismic data
for improved reservoir models

* |t describes the dynamic behaviour of the reservoir
and the underlying geology

* |t is an evolving technology that integrates all aspects
of reservoir description
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