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NEW SOFTWARE SOLUTION FOR ESTIMATING 

PERMEABILITY THROUGH NMR-MICP DATA 

INTEGRATION

P.V. Mesquita, R. B. V. Azeredo, E. H. Rios, 
A. Souza, B. A. C. Silva, B. M. Faria.

1 “NMR-MICP Integration & Permeability”

OUTLINE
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� BACKGROUND THEORY
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MICP IN FORMATION EVALUATION
• Laboratory Experiment to obtain the

Cappilary Pressure curve from rock 
samples, by gradually injecting Mercury.

• The Cappilary Pressure curve can be
converted to a “pore throat size” 

distribution (�� =  �� ��	

��

). 

• Can be used to estimate permeability and
several other types of petrophysical data.

• 
���� = ��������
�

• Can’t be used downhole.

• Destroys the sample.
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www.perminc.com

NMR IN FORMATION EVALUATION

Provides a single measurement (“T2 distribution”), that can be used to estimate

(mineralogy-independent) Porosity (�), pore size distribution (PSD), irreducible water

saturation (SWI) and Permeability (k) of formations.

http://accutech.metadot.com/index.pl?r=1 
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www.spe.org/jpt/article/10327-technology-update-24
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NMR PETROPHYSICS

From “NMR Logging - Principles ans Applications“
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NMR-MICP INTEGRATION
MARSCHALL, D.et al: Method for correlating NMR relaxometry and mercury 
injection data. SCA Conference, 9511, p. 1-12, 1995.

• Found a simple way to correlate the PTD from MICP with the
pseudo-PSD from NMR.

• �� = ;������
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NMR-MICP INTEGRATION
RIOS, E.H.; et al. NMR permeability estimators under different relaxation time 
selections: a laboratory study of cretaceous diagenetic chalks. SPWLA, 55th 
Annual Logging Symposium, 2014

• Different metrics to obtain the representative value from
T2 and Rt distributions.

• 
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• Sized-Scaled estimators –
Simple match between MICP 
(PTD) and NMR (PDS). 

• >?8���  =  3@ABC
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PERMEABILITY ESTIMATION IMPROVED
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NMR-MICP 

estimations

Classical

estimations
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MOTIVATION

9

1H =  ���

1 = ��� �
� ����

�

1���� =  ���(�����)�

13�2 =  ���(�I,���������)�

13�2 =  �′��(�����)�


�����	 =  (KKL
M�L)� (�

N  )�


4FG =  =�� >?8��������
�

�� =  ∑ log 1�	� Q −  log 1S�	� log 1��	 Q − log 1S��	  2QTI

∑ log 1�	�Q − log 1S�	�
�2QTI ∑ log 1��	 Q −  log 1S��	

�2QTI

�
        &        �V�WX =  �YZ[\]^ 1

_ ` \]^ 1�	�Q −  \]^ 1��	 Q
�

2

QTI
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Different a,b,c:
- Constant
- Constrained
- Unconstrained

>?8���  =  �����
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Dataset  with “50” samples, each with Dataset  with “50” samples, each with Dataset  with “50” samples, each with Dataset  with “50” samples, each with T2 and Rt distribution with 256 points eachT2 and Rt distribution with 256 points eachT2 and Rt distribution with 256 points eachT2 and Rt distribution with 256 points each

NMIP’s GOALS
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1. Handle big datasets RCA and SCAL data or log.

2. Automate calculations of all required parameters  (means, 
cutoffs and ρ values) from NMR and MICP distributions.

3. Enable fast evaluation of these permeability estimators.

4. Facilitate the interpretation of results and comparison with 
the others models.
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1 – ROCK SAMPLE MANAGEMENT

2 - AUTOMATION
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NMIP imports all input data from Excel spreadsheets:
NMR T2 distributions
MICP Rt distributions
Routine Core Analysis (porosity, absolute permeability, etc...)
Any other petrophysical input.

NMIP automatically tries to calculate:
All Pythagorian means (harmonic, geometric or “logarithmic”, arithmetic).

Saturations cutoffs from 5% to 95%,  with a 5% step

sHg matches with all possible combinations

NMR-MICP direct matching (Cross-Correlation)

Create arbitrary cutoffs from NMR or MICP data.

Run Custom Python Scripts.

Possibility to edit the NMR-MICP match.
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3 – PERMEABILITY ESTIMATION
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4 - RESULTS
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� Positive feedback from pilot users.

� It never ends!!

� Project is open for ideas and suggestions.

� UFFLAR will register it as a free software.

CONCLUSION
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�UFFLAR – UFF

�SCHLUMBERGER

�Sponsored by Shell, registered as “Aplicação de 
técnicas avançadas de Ressonância Magnética 
Nuclear (RMN) assistidas por ferramentas 
computacionais na avaliação petrofísica de rochas 
carbonáticas” (ANP 18999-3) under the ANP
R&D levy as “Compromisso de Investimentos com 
Pesquisa e Desenvolvimento”
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Thank you!

Email: pedroviannamesquita@gmail.com


