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NMR MOTION EFFECT
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https://en.wikipedia.org/wiki/Spin_echo
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• Outflow effect
– w/o refocusing pulse

• Inflow effect
– w/o tipping pulse

• Dephasing effect
– cummulative effect of imperfect refocusing

– relative motion hydrogen atom / NMR tool

– similar to the NMR diffusion effect

– ~𝑅𝑂𝑃 ∗ (𝐺 ∗ 𝑇𝐸)2
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Lateral Vibration

Torsional Vibration

Axial Vibration
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Amplitude of the echo is ~ contributing volume
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The “dephasing effect” is further reducing the echo amplitude





𝑓 𝑡 = 1 − 𝐴𝑒𝑥𝑝 1 − 𝑒
−
𝑡
𝑇𝑒𝑥𝑝 − 𝐴𝑐𝑜𝑠 1 − cos 2𝜋

𝑡

𝑇𝑐𝑜𝑠

• 𝐴𝑒𝑥𝑝 ~ lateral motion distance

• 𝐴𝑐𝑜𝑠 affects < 5% of porosity 

• 𝑇𝑐𝑜𝑠 ≈ 1/RPM

• 𝑇𝑒𝑥𝑝 ≈ 0.35∙𝑇𝑐𝑜𝑠



T2 = 2 seconds T2 = 0.2 seconds





NMR MOTION CORRECTION
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• Linear inversion

• 𝑏1, … , 𝑏𝑖 , … , 𝑏𝑝 echoes of the echo train

• 𝑐1, … , 𝑐𝑖 , … , 𝑐𝑞 echoes of the trainlet

• 𝑦1, … , 𝑦𝑗 , … , 𝑦𝑚 are m partial porosities

• 𝜎 is the ratio of the regular measurement 
error of the echo train and the regular 
measurement error of the trainlet

• 𝑘𝑖𝑗 = 1 − 𝑒
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𝑏𝑖 = 𝑓 𝑖𝑇𝐸, 𝐴𝑒𝑥𝑝, 𝑇𝑒𝑥𝑝, 𝐴𝑐𝑜𝑠, 𝑇𝑐𝑜𝑠  
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• Non-linear inversion

• The global inversion

• 𝐴𝑒𝑥𝑝, 𝑇𝑒𝑥𝑝, 𝐴𝑐𝑜𝑠, 𝑇𝑐𝑜𝑠, 𝑟𝐵𝑉𝐼, 𝑟𝐵𝑉𝑀
• Non-linear system  Levenberg–Marquardt optimization algorithm 

• The level-by-level inversion
• Provides the partial porosities, 𝜙𝑖, of the T2 distribution



DATA EXAMPLES









• Lateral motion of NMR tool  lateral-motion flow effect

• Lateral-motion flow effect: 

– Barely change the NMR total porosity

– Might change the T2 distribution

– Can be described by a four-parametric function

• Motion parameters are extracted from NMR data

• Extraction by expanded joint inversion (EJI)

• EJI improves the T2 distribution

– Bound & movable fluids 

– Permeability

– Saturation

– Oil viscosity


