Squeezing image information
for reservoir understanding

Using images as an advantage to infer properties
from core to the entire reservoir
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Introduction

Core data

e Frequently, cores provide the only possible real contact with the reservoir
environment. Nevertheless, in most cases only limited data is obtained from
cores. This contrasts with the huge indirect information obtained from

geophysical methods as well logs and seismic.

e Although cores studies are relevant, is not always easy to propagate them
to uncored wells or even the entire oil field. This new set of tools allows to
extrapolate core derived valuable data and interpretations to the entire

reservoir.



CVT obtaining quantitative data from images

Computer Vision Techniques
—

Core depth matching

IMAGE BASED
new set of logs

Intensity

Color bands
Morphologic features
(borders, blocks, etc)

Net. to gross in Fluorescence analysis
heterolithic deposits (definition of fluid contacts)
Rock types

Facies prediction (Machine learning)

Software learns from I
these logs to see this result
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Typical images available from reservoir

Core images Well images

Usually core images are used only by
sedimentologists to perform objective
descriptions.

Obtaining rational or non-interpretive data
from images has been underestimated.

Although core data in general are partial
and localized, BHI well images become
more common, and are often the bridge to
extrapolate core interpretations to the rest
of the well.

Daylight uv Tomography BHI
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How to extract and analyze data?

Some problems

The use of new technologies such as computer vision
added to machine learning allows to take image analysis to
a higher level.

Many attempts have been made in the sense of classifying
facies from BHI with generally unsatisfactory results.

The supervised classification of BHI images will always be
subject to the bias of the interpreter.
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How to solve these problems?

The unsupervised classification of BHI images must be guided from core data.
It is necessary to generate a set of logs derived from the images.

A robust workflow is essential to arrive at a reliable result, and it must be
sufficiently lax to adapt data and problems to each case.
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Rethinking the use of images

Traditional approach: CVT Approach:

Multiple images are obtained from
reservoir.

Image data provided is considered
“hard” since they are provided by
Sensors.

In most cases, images confirm
qualitative aspects of well
segments.

Since image data is highly reliable,
CVT extract quantitative logs
from pixels

New generated logs can be
integrated seamlessly with existing
quantitative data.

Core image data can be extended
to the reservaoir.

The set of CVT logs contributes to
the inference of rock
characteristics such as rock type
and facies.
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Workflow

e




Methodology



Methodology: Input data

.pdf files
Image files

(png, jpg, tiff, etc)
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printed ’ ‘ Jlas files



Methodology: Core Images

Get images Extract CVT Select
‘ from cores logs from all lithological
and available wireline logs Infer core
EXtraCt CV reservoir pictures Match core present in the CVT logs Classify
I f " (BHI, (CVT- depth using reservoir from cores e Label and
ogsirom a ~mography, intensity, (Spontaneous to the infer facies
g X day "t CVT-borders, CViioas potential, reservoir EccRiVES
aval Ia b Ie image, CVT-tomo, gamma ray, (CVT-tomo)
fluorescence etc.) Sonic, factor,
p Ictu res image, etc.) etc.)

(CVT-intensity,

YT -dorders, —
CVT-tomo, etc.)

CVT SOFTWARE GCS

CVT- CVT-DL daylight CVT-fluo
tomography images fluorescence
images



Methodology: BHI images

Four types of logs are obtained
from BHI images

CVT-intensity - INTENSITY
CVT-horizontal borders }

CVT-vertical borders MORPHOLOGICAL
CVT-blocks

PWN=

mmmmm

CVT SOFTWARE GCS

Extract CVT
logs from all
available
pictures

(CVT-intensity,
CVT-borders,
CVT-tomo, etc.)




Methodology: Core Depth Matching

CVT is a useful tool to achieve
a “perfect” matching among:

"= Core

= BHI

"= Tomography Match

= Plugs core depth

using CVT
" Logs logs




Methodology: CVT evaluation
CVT’s vs NPHI/RHOB and conventional analysis



Methodology: Inferring CVT-log from core to reservoir

Extending CVT-tomo to an Entire Well mesmm) CVT-Predicted-tomo

Collect

Tomography
pictures

l CVT tomography

Collection of Regression Infer model

logs —) Fit model —)

(core interval)

Infer CVT-TOMO for

the rest of the well

I Defined by expert

Select
representative
logs (PEF, GR)

Extract CVT
Get images logs from all i
from cores available o e Infer core
and reservoir pictures Match core CVT logs Classify Label and
(BHI, (CVT- depth using s from cores to common ey e
light image‘,’ay U i CVT logs the reservoir rock type
fluorescence CVT-borders, a ra (CVT-tomo)

SCH e
image, etc.) CVT-tomo,
etc.)




Methodology: Inferring CVT-log from core to reservoir

Example CVT Tomography Predicted
CVT
CVT and CVT Predicted

4 CVT UBI .
GR Supervised
‘ Pef ‘ method based on
DT CVT Tomography

Infer core
CVT logs
from cores

to the

reservoir
(CVT-tomo)




Methodology: Classifying Litho type (or rock type)

Extract Select
CVT logs lithological

Litho type el
Unsupervised classification of litho types
classes

Input files
(.1as)

Train a
classifier

Classify
common

rock types
Relevant logs as e

e Training

Input files Relevant Prediction

(fas) 08° Prediction




Methodology: Litho type

Novel litho type
evaluation form CVT S mh o BT i
results

4 classes Classify

common

unsupervised rock types

Features used:
e CVT-tomo-pred
e RHOB
e NPHI



Methodology: Predicting Facies

Facies for model

Annotation
S

files

(.1as)
Relevant logs

(features)

Input Relevant
files (.las) logs

Train a
classifier.

Score: 80% for trainin
and 20 % for testing

Training

Prediction

Get Extract Select

e CVT logs lithological
m; P
from cores froT ::I w:;el:w Infer core
and avarabie Match 9s CVT logs .
pictures present in Classify Label and
reservoir (CVT- core depth the from c:res TG infer
(BHI q n using CVT . to the p
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o

Evaluate

training Label and
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Prediction



Methodology: Predicting Facies

Label and
infer

facies

Facies example

20



Methodology: Predicting Facies

Cored well example
Labela d
fac es facies

Y
Learn form these logs to see this resul =



Results
Some examples

—_—

L5 Cored
well

Uncored
well

—
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Results

Some examples

_
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well

Uncored
well

—
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Results
Some examples
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Results
Some examples
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well

Uncored
well
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Results
Electrofacies vs RHOB/NPHI
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Conclusions
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Conclusions

A systematic and quantitative methodology was presented

Proposed steps were:
o Extract quantitative CVT logs from all available pictures.
Match core depth using CVT logs.
Select wireline logs present in the reservoir.
Infer core CVT logs from cores to the reservoir.
Classify common rock characteristics such as litho type and facies.

O O O O

Results in cored and uncored wells were presented.

Huge positive impact is possible appling this Workflow to oil and gas reservoirs.



Conclusions

Workflow

e
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Other applications of CVT

Sandstone net to gross in hetherolothic reservoirs

Original Input for
images algorithm
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Other applications of CVT

Fluorescence (oil impregnation) O-W and G-O contacts
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CVT obtaining quantitative data from images

Computer Vision Techniques
—

Core depth matching

IMAGE BASED
new set of logs

Intensity

Color bands
Morphologic features
(borders, blocks, etc)

Net. to gross in Fluorescence analysis
heterolithic deposits (definition of fluid contacts)
Rock types

Facies prediction (Machine learning)

Software learns from I
these logs to see this result
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