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∆𝒗

𝒗
= −𝑹𝜺𝒛𝒛

Baseline Monitor

*Hatchell and Bourne (2005); Roste et al. (2006)

Post-Stack R-Factor Model

▪ Vertical Rays

▪ Vertical Strain

▪ Isotropic 

Rays
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Post-Stack 4D Geomechanics



4*Herwanger et al. (2007)

Why Pre-Stack Domain?
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Baseline Monitor

*Izadian and MacBeth (2022)

Pre-Stack R-Factor Model

▪ Non-vertical Rays

▪ Lateral & Vertical Strain

▪ Anisotropic

▪ Two R-Factors

∆𝒗

𝒗
𝜽 = − 𝑹𝟏 − 𝑹𝟐 𝜺𝒛𝒛 − 𝑹𝟐𝜺𝒗𝒐𝒍 +

𝑹𝟏 − 𝑹𝟐 𝜺𝒛𝒛 − 𝜺𝒉 + 𝑹𝟏 − 𝑹𝟐 𝜺𝒗𝒐𝒍 𝒔𝒊𝒏
𝟐 𝜽 𝒄𝒐𝒔𝟐 𝜽 +

𝑹𝟏 − 𝑹𝟐 𝜺𝒛𝒛 − 𝜺𝒉 𝒔𝒊𝒏𝟒 𝜽

Rays
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Pre-Stack 4D Geomechanics
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▪ Compacting reservoir.

▪ Pressure from flow simulation.

▪ Vertical strain from geomechanical simulation.

millistrainpsi

123

ms

R = 6

Application to North Sea Data

ms
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▪ Seismic and pressure may differ.

▪ R-factor measurement is semi-quantitative. 
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Pre-Stack Time-Shifts

ms
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2

post-stack

1

post-stack

Post-Stack Time-Shift vs Pre-Stack Time-Shift
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▪ Massive increase in time-shift (2 ms) from 
near to far offsets.

▪ Post-stack time-shift is close to average.

▪ Post-stack time-shift is controlled by mid 
offsets.

▪ Massive drop in time-shift at far offsets 
(1.5 ms).

▪ Very non-linear behaviour.

▪ Post-stack time-shift is far from average.
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▪ Lab measurements can be orders of magnitude larger than field measurements.

▪ R2 is a fraction of R1.

*MacBeth and Bachkheti (2022)

Pre-Stack R-Factors
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1

2

Τ𝚫𝒗 𝒗

12

Anisotropic Τ∆𝒗 𝒗
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3 R-Factor Models

∆𝒗

𝒗
𝜽 = − 𝑹𝟏 − 𝑹𝟐 𝜺𝒛𝒛 − 𝑹𝟐𝜺𝒗𝒐𝒍 +

𝑹𝟏 − 𝑹𝟐 𝜺𝒛𝒛 − 𝜺𝒉 + 𝑹𝟏 − 𝑹𝟐 𝜺𝒗𝒐𝒍 𝒔𝒊𝒏
𝟐 𝜽 𝒄𝒐𝒔𝟐 𝜽 +

𝑹𝟏 − 𝑹𝟐 𝜺𝒛𝒛 − 𝜺𝒉 𝒔𝒊𝒏𝟒 𝜽

∆𝒗

𝒗
= − 𝑹𝟏 − 𝑹𝟐 𝜺𝒛𝒛 − 𝑹𝟐𝜺𝒗𝒐𝒍

∆𝒗

𝒗
= −𝑹𝜺𝒛𝒛

1) Post-Stack:

2) Pre-Stack, Isotropic:

3) Pre-Stack, Anisotropic:
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R1 R2 R

Post-Stack - - 6

Pre-Stack Isotropic 8 2 -

Pre-Stack Anisotropic 10.5 3.5 -

1 2

Pre-Stack R-Factor Measurement

▪ 𝑹𝟏 − 𝑹𝟐 ≈ 𝑹 ▪ R2 is a fraction of R1.
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Conclusions

▪ Time-lapse changes are indeed anisotropic.

▪ Lateral strain changes affect the 4D velocity changes.

▪ The proposed R-factor model captures the anisotropy in 4D changes.
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Thank You

www.etlp.hw.ac.uk
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