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A Review on nuclear magnetic resonance logging: fundamental theory and measurements
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Abstract: Nuclear magnetic resonance (NMR) logging has been considered one of the most complicated nevertheless,
one of the most powerful logging methods for the characterization on of both rocks and natural fluids in formation. NMR
measures magnetized signals (polarization and relaxation) between the properties of hydrogen nucleus called magnetic
moment and applied magnetic fields. The measured data set contains two important petrophysical properties such as
density of hydrogen in the fluids inside the pore space and the distinct decay rate for fluid type. Therefore, after the
proper data processing, key petrophysical information, not only the quantities and properties of fluids but also supplies
of rock characterization in a porous medium, could be archived. Thus, based on this information, several ongoing
researches are being developed in estimating aspects of reservoir productivity information, permeability and wettability
since it is the key to having correct interpretation. This study goes through the basic theory of NMR at first, and then
reviews NMR logging tools as well as their technical characteristics. This paper also briefly discusses the basic knowledge

of NMR simulation algorithm by using Random walk.
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Fig. 1. Interaction between Hydrogen protons and applied magnetic
fields (a) In the presence of an external magnetic field By, spins are
processing about B, aligned parallel or antiparallel. (b) The
population of protons in the lower energy state is usually higher
than the higher energy state. The summation of magnetic moments
between the numbers of spins aligned parallel and anti-parallel,
called net magnetic moment (M), is co-linear with the applied B,.
(c) After applying 90° oscillating magnetic field B, at the Lamor
frequency, the magnetization will tip to the xy-plane.
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Fig. 2. Free induced decay called FID, series of spin echoes and echo train using CPMG sequence consisted of consists of one 90°RF B,
pulse followed by a series of 180° RF B pulses. The amplitude of series of spin echoes are decreasing, called 75 relaxation, owing to molecular

interaction.
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Fig. 3. A porosity model of virgin zone. Pore fluids divide into 2
categories by 7, cut off value, one is movable fluid consisting of
hydrocarbons and movable water and the other is immovable fluid
including clay bound water and capillary bound water. Movable
fluid also could be classified by the different properties (77, 7, and
D) of fluid types (Coates et al., 1999).
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Fig. 4. Depth of investigation and vertical resolution in NMR
logging tool. (a) A cross-sectional view depicts the decrease in By
strength with distance from the tool. (b) A vertical resolution of
the NMR logging tool is decreased by the logging speed, cycle
time, duration of wait time, and average signal to noise ratio (Cotes
et al., 1999).
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Table 1. A comparison of MR scanner and MRIL (from the websites of Schlumberger and Halliburton).

Tool Name MR-scanner (Schlumberger) MRIL (Halliburton)

Logging type Skid type A centralized in the bore hole
DOI 1.25 ~ 4.0 in 14 ~ 16 in

Vertical resolution 7.5 ~ 18 in 5t

Logging speeds 600 ft/min (3,600 ft/hr, Max.)
Measurements
Total and effective porosities
Bulk volume irreducible water Oil viscosity
Pore size analysis
Permeabilities (Timur Coates)

Remark
of the antenna

So & Sw for identification and quantification of pay zones

Avoiding the interference of conductive muds on the operation

24 ft/min (Max.)

Measures total fluid-filled porosity
Determine permeability, fluid types and net hydrocarbon
feet, fluid contacts and changes in oil viscosity

Unaffected by hole rugosity
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Fig. 5. Sensitive volume scheme of NMR logging tools (a) Halliburton’s MRIL Prime with nine sensitive volume cylinders (b) Schlumberger’s

MR Scanner with five sensitive volume cylinders (Xiao et al., 2009).
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