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Combining physics and machine learning
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WHAT DO I PRESENT TODAY?

 Equanostic has developed product that can help solve some of the challenges related to 

cased hole logging 

WHY?

 Interpretation of cased hole logging 

 Combining underlying physics with machine learning to extract more information within the data



Data to be interpreted
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Flexural attenuation Acoustic impedance VDL log and cement / formation bonding

Raw data Raw data Raw data



Data to be interpreted
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Final result 

Processing



We combine the knowledge from the industry with 
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Clustering of data to sort measurements based on characteristics of the signal such as:

• Shape, amplitude and evaluate more of the waveform

CorrelationDistance measuresEvaluate more of the waveform

Fluid behind Cement behind

Identify measurements 

that is similar and group
Plot as a petrophysical log
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Clustering of data
• Distance measures and phase

• Correlation



Apply the strength of modern computers
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Clustering of data:

 Not a quantitative method

 Needs underlying physics to 

identify each cluster

 A more sophisticated machine 

learning technique was applied to 

help evaluate each cluster

 Evaluate more data within the 

waveform
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Utilize new understanding in the physics to enhance separation
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Compute the velocity of the annulus:

 If annulus velocity overlaps the 

dispersive phase velocity of the 

flexural wave, a physical phenomenon 

happens that can be utilized

 Believe this was first documented by 

Benoit Froelich (SLB, 2008) and later 

applied by Zeroug et al. (SLB, 2015)

 Equanostic has developed a robust 

method to estimate the velocity
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Compute the velocity of the annulus:

 Distinct and consistent difference in 

signature 

Utilize new understanding in the physics to enhance separation
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Velocity annulus Bonding – free pipe



Develop algorithms to help the interpretation 
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Visual representation:

 Compute the shortest path for oil & 

gas to mitigate up to the surface

 Green color shows where oil & gas 

can move freely through fluid

 Red color indicates where it is 

forced, due to zonal isolation, to 

move through bonding
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0.0 m

2.0 m

9.5 m

Velocity annulus Bonding – free pipe

Channel

Isolated

fluid pocket

 Automatically calculates meter of 

bonding (indicated by number in 

white)

 Helps detect channels and isolated 

fluid pockets

9.5 m



Filling in gaps
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Identifying micro annulus:

 Apply decomposition to recreate 

the pulse(s)
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0.0 m

17.2 m

32.5 m

Bonding – including micro annulusBonding – free pipe Micro annulus
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Comparing with CBL
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 Want to cluster the waveforms in 

the VDL to extract information 

about bonding between cement 
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Comparing with CBL

© Equanostic Copyright Equanostic

1

0

Fr
e
e
 p

ip
e

B
o
nd

in
g
 

0.0 m

2.0 m

9.5 m

1

0

Fr
e
e
 p

ip
e

B
o
nd

in
g
 

M
ic

ro
 a

nn
u
lu

s

0.0 m

17.2 m

32.5 m

Cluster WF1CBL & bonding index

1
0
0
𝜇
𝑚
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 Want to cluster the waveforms in 

the VDL to extract information 

about bonding between cement 

and formation
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Comparing with CBL
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Clustering sonic data:

 Want to cluster the waveforms in 

the VDL to extract information 

about bonding between cement 

and formation

0 55

Compare CBL with Acoustic impedance:

 ‘High’ CBL and ‘High’ acoustic impedance
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Comparing with CBL
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Clustering sonic data:

 Want to cluster the waveforms in 

the VDL to extract information 

about bonding between cement 

and formation

0 55

8

6

4

2

0

M
R
a
y
ls

Acoustic impedance

H
ig

h
 A

I

H
ig

h
 A

I

W
a
te

r 
fi
lle

d

‘H
ig

h
’ 
C

B
L

1

0

Fr
e
e
 p

ip
e

B
o
nd

in
g
 

0 55

L
o
w

 C
B

L

Compare CBL with Acoustic impedance:

 ‘High’ CBL and ‘High’ acoustic impedance



Comparing with CBL
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 ‘High’ CBL and ‘High’ acoustic impedance



Product
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Equanostic aims to provide a high throughput, accurate, ‘open box’ solution for 

well processing and visualization

Processing on cased hole logging  based on high quality software 

Machine based interpretation delivered with human supervision 

Software as a service – we run and deliver report to customer. 

Self service web application with interactive analysis tool for inhouse experts



Product - logs
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Segmenting

29.3 m



Automated report generation
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Automatically generated reports containing:
• Petrophysical logs

• Summary of results

• Conclusion of annulus integrity 

• Segmentation of well

• Key results

All data within in table is automatically filled out, no human error

(numbers are synthetic)



Questions?
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Special thanks to Paal Ludvik Jørgensen and Arve Huse (Aker BP)

Thanks to Laurent Delabroy, Andreas Bauer & Tron Kristiansen (Aker BP), Ivar 

Blaauw (retired, CoP) and the Research Council of Norway



Web application

Start processing



Web application
Select logs: Start index

End index
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Estimated time window for clustering:

Select data to evaluate

Select segment to examine:

Start processing


