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What will we talk about?

Technology development — lessons learned

/ WORKFLOWS \

Data conditioning
(for improved interpretation / utilization)

Raw data Extraction

(to parametrize and update models)

Derived data
Models

Evaluation
(model confidence workflows)

Visualization

\(to communicate insights across domains)/

Integration, automation, auditability

Data and model confidence

Actionable insights

Actionable
:> insights

data TS
iku h

Model DMS

Wellbore DMS

pgthon‘

Bringing data and research solutions together in the cloud

Package
Index

Engine eco-system
O eclrun.exe
eclipse.exe
o ix.exe

INPUT SCRIPT ENGINE SCRIPT ENGINE OuTPUT

IX + IORSim in the cloud

Templated analysis*

*Data through courtesy of Equinor and former Volve license partners: https://www.equinor.com/content/dam/statoil/documents/what-we-do/Equinor-HRS-Terms-and-conditions-for-licence-to-data-Volve.pdf
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What are your objectives?

«| want to make better decisions faster»
«| want to become more efficient»

«| want to share my knowledge with others»

«| want to take part in the energy transition»
«| want to make use of all available data in my analysis»

«| want to include all relevant processes in my modeling»

«| want to develop new digital skills»
«| want to have fun while making an impact»

«| want to find the right solution to the right problem»
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SLB research focus in Norway during lifetime of the IOR Centre:
Improving and automating subsurface characterization workflows

-

|

Raw data
Derived data
Models

Y
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/ WORKFLOWS \

Data conditioning
(for improved interpretation / utilization)

Extraction
(to parametrize and update models)

Evaluation
(model confidence workflows)

Visualization

Qo communicate insights across domains)/
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New access patterns enabled by liberated data and engines

End users Consume Request features Qonsume & Fast track
innovate Customize
«NEW SWEET ot thon”
Applications SPOT» TIBC® Spotfire ?kad[a Jupyter f} Package
[ ]

Qo:Lr

DELFI Developer Portal
APls

Data manage
system and ¢

‘‘‘‘‘

common|visualization|gridstore_gridviz
:’ Jupyter common|visualization|gridstore_gridviz Last Checkpornt for 5 minutter siden (unsaved changes)

Trusted

MODIFIED_PORO downloaded from gridstore, id:

In [10]: plt.hist(mod_poro[np.logical_and(mod_poro < 1e+38, mod_poro > 0)])
st[10]: (array([ 3105., 4705., 6281., 5307., 6858., 6744., 10813., 10682.,

- r 1)
array([0.01385762, 0.85194215, 0,09002668, 9.1281112 , 0.16619573,
©.20428026, 0.24236479, 0.28044932, 0.31853384, 0,35661837,
o,

IX CASE.afi

() CODESAMPLES 4 CREATERECIPE  C FORCERELOAD  ACTIONS

INTT ) OTINIV B EAW & o W IX C
Raw N - h POROSITY.gSY  porosil
DATA Derived ECL_CASE.EGRID PORO.grdecl
IX CASE.INIT
Modeled ECL CASE.INIT ECL CASE.UNRST - IX_CASE y 3
I T
ECL CASE.h5 T Cl-CASE.SMSPEC - IX_CASE.S —
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Advantages of a cloud environment for research solutions

Before
Peer-to-peer setup and maintenance
Difficult to share and collaborate t

Now
Setup and maintenance once and for all (software-as-a-service)
Open and extensible

Easier to share examples and collaborate

Shared environment for both petro-technical experts and data scientists

) DELFI Schlumbergep
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Workshop focus

= Part I: Technology development — lessons learned
— Reservoir modeling and simulation / history matching
— Analysis of seismic data

= Part ll: Bringing data and research solutions together in the cloud
— Liberated data and engines (IORSim as the most recent example)
— Democratizing innovation through «innovation toolkit»
— Examples and demos

= Part lll: Way forward
— The digital journey of geoscientists and reservoir engineers
— Energy transition
— Closing remarks

» Please ask questions, share experience and give advise!

() DELFI Schiumberger
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Questions and comments?

—

° )

Next: Technology development — lessons learned
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Overview

= Methodology and workflow development Anlyss of enhanced

permeability using 4D

seismic data and locally

= Tests on real data (e.g. Ekofisk) efned sinulton models

J. Haukas!"", W. Athmer!, J. @. H. Bakke!, Q. D. Boersma'2, A Bounaim!, M.

. C ro S S _d O m a i n G & G a n d R E fo C u S Etchebes', P. f.::lsrlii;ﬂ‘.l‘i;s::nd‘.ﬁ. Moe?, C. Pacheco’ and E. Tolstukhin® 'FU Delft "I‘EE:EE:??EI

Wi

nway

Conocophillips  Schlumberger FdSearch

» Reservoir modeling and simulation /
history matching

Natural fracture prediction

A multiscale integration of seismic
data, image logs and numerical
modelling

= Analysis of seismic data

By: Quinten Boersma®, Wiebke Athmer?, Marie Etchebes?, Jarle
Haukds? and Giovanni Bertottit

1*: Delft University of Technology, 2*: Schlumberger Stavanger Research

(LIS sciimbergor EAGE

Journal of Structural Geology
Volume 141, December 2020, 104197

s

Natural fault and fracture network
characterization for the southern Ekofisk field: A
case study integrating seismic attribute analysis
with image log interpretation

Quinten Boersma * & B, Wiebke Athmer °, Martin Haege °, Marie Etchebes €, Jarle Haukés °, Giovanni Bertotti
Show more

+ Addto Mendeley o« Share 33 Cite
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Reservoir modeling and simulation / history matching

High resolution gridding (LGR)
Data-driven property modeling

Simulation tools
Extensibility (e.g. IORSim)

|Res.AVO  RayTrace |

[
P

1

4D data extraction
(e.g. time shift & time-strain)

Multiple realizations (permeability)

7
‘\,‘\

| o
W
7*);)\‘, :‘j:,{w:.:\.,

2o WO e
‘“ ::,w\ 2 #5\ w\ %\

Simulated changes (pressure, saturation)

Predicted 4D (time-strain)

>

Model vs data
Rank / accept / reject

Orchestration

Observed 4D (time-strain) in grid

Ref: Analysis of enhanced permeability using 4D seismic data and locally refined simulation models, J. Haukas, W. Athmer, J.@.H.
Bakke, Q.D. Boersma, A. Bounaim, M. Etchebes, P.G. Folstad, R.Moe, C. Pacheco and E. Tolstukhin. IOR Norway 2018.
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What are
actionable
insights?

Lessons learned

Need better ways of capturing and sharing insights
= Focus on data and model confidence and auditability

= Need quicker turn-around: Gather data — interpret — extract — model — revisit

= Need to improve automation and portability across projects (’@ C’M

L. . . . \ *k

= Vision: *Automatically scan through all data, find interpretable &l/ éx”
features and relationships, update models and continuously {:\Q /f;&
discuss impact / gaps / possible improvements B\ JA R /A

Ref: Analysis of enhanced permeability using 4D seismic data and locally refined

* addressed in Part Il: Bringing data and research solutions together in the cloud simulation models, J. Haukas, W. Athmer, J.@.H. Bakke, Q.D. Boersma, A. Bounaim,
M. Etchebes, P.G. Folstad, R.Moe, C. Pacheco and E. Tolstukhin. IOR Norway 2018.
£ oeLr Schiumberger
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Automated extraction of key surfaces and faults

E __ = - Multi-scale seismic fault mapping

Exlrema

Edpe detection

Machine Learning

I > Development from manual interpretation to ML for faults _ J

() DELFI Schiumberger
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Brukernavn
Presentasjonsnotater
To pick up from what Jarle said about Automation and Digitalization – To pick up from what Jarle said about Automation and Digitalization – Over the past 10 -15 -15 years, Schlumberger’s former research department in Stavanger (to which we four belonged to) (to which we four belonged to) has developed several technologies to automatically extract geologic information from seismic data

For example, as illustrated here, , as illustrated here, for automated surface extraction we developed the we developed the Extrema technology and seismic DNA, or for for fault mapping we generated we generated workflows combining different seismic attributes to highlight faults at different scales at different scales that subsequently are extracted with other automated methods such as with other automated methods such as a point-cloud approach

For For the last couple of couple of years, , the focus shifted towards looking into shifted towards looking into machine learning algorithms to extract key information from information from seismic

Since faults Since faults and fracture play a significant role in reservoir fluid flow, we will focus here today on these features [ANIMATION]
 [ANIMATION]

For this, let’s For this, let’s first take a look at the development of fault mapping techniques before we discuss the importance of small-scale small-scale fractures for reservoir simulations


Seismic-scale faults

— 2500.00
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Australian Government
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Brukernavn
Presentasjonsnotater
This is a seismic section of the so-called Canning open-source 3D seismic data from offshore Australia, kindly provided by Geoscience Australia, which I will be using for most of the illustrations in this presentation.

The survey comprises about 5000 km2 area and comprises large-to medium scale tectonic faults highlighted here in the center [ANIMATION] [ANIMATION] by the blue box but also small-scale, polygonal faults. [ANIMATION] [ANIMATION]

The main faults are very clearly imaged until about 3.5 – 4 s TWT while at greater depth the fault continuity is less obvious


Large-scale faults
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Brukernavn
Presentasjonsnotater
How would a seismic interpreter tackle such data?



B
Large-scale faults — manual interpretation
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Brukernavn
Presentasjonsnotater
She or he would focus on the large- to medium-scale faults showing clear displacement and contrast on the seismic image and interpret separate fault sticks within the interval of interest.

At depth, the interpreter would likely extend the faults such that their geometry fits the conceptual understanding of the type of faults 



B
Large-scale faults — manual interpretation
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Brukernavn
Presentasjonsnotater
And she or he would do this over the entire seismic section....



Large-scale faults — manual interpretation

£ oeLr
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Interpretation on every n-th section
Focus on main faults
Time-consuming

Result dependent on interpretation
grid and user epxerience

Limited accuracy due to interpolation
across unmapped areas
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Brukernavn
Presentasjonsnotater
... over the entire seismic data set on every n-th inline, crossline or ideally random line perpendicular to the main fault orientation

In this regional study illustrated here the interpreter would focus on the main faults only while at prospect scale or when doing well placement studies also smaller discontinuities are relevant to be included in the geologic model.

The manual interpretation of faults is very time consuming and can easily take weeks to months depending on the survey size and fault network complexity

The result is very much dependent on the interpretation grid (like the granularity of the grid) and the experience of the interpreter, and the extracted fault planes have only a limited accuracy in respect to the seismic positioning of the faults due to interpolation across unmapped areas



B

Multi-scale faults — attribute-based mapping

Edge
detection

Edge
enhancement |

Background
adjustment

Edge
enhancement Il

Fault cube
generation

Ridge-
optimized fault
cube

Schlumberger
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Brukernavn
Presentasjonsnotater
A way to improve the accuracy of fault mapping, reduce the subjectivity of the interpreter and receive results in a faster manner is the use of seismic attributes.

We have developed a best practice workflow in which we combine different edge detection methods with edge enhancement attributes to map all faults in a 3D seismic data set in an automated manner.

[ANIMATION]

[ANIMATION]

The first and most important step comprises the selection of an edge detection attribute that clearly highlights seismic discontinuities. This can be for instance a dip-guided 3D sobel-based attribute such as amplitude contrast as indicated here. 

Subsequently, to enhance the detected edges, a 3D radon filter is applied followed by a Gaussian filter to suppress background noise.

A second edge enhancement steps sharpens the detected ridges and the resultant cube is eventually combined with the background-adjusted edge cube to produce a fault cube.

Additional ridge-optimization thins all faults to a uniform sampling and by setting a transparancy threshold, the final fault cube can be overlaid onto the seismic and be studied 

As you can see the deterministic, attribute-based workflow did not only very well map the main faults in the center of the image but also smaller faults in the overburden and in parts fault extensions at depth





— attribute-based mapping
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Brukernavn
Presentasjonsnotater
And this topview shows how well the faults are mapped in 3D with well-defined lateral extensions

In summary, we found that the combination of tailor-made seismic attributes allows the mapping of multi-scale faults in an automated fashion

The accuracy of the mapped and subsequently extracted faults is at sample resolution, determined by the seismic condition

In general, such approach is much faster than manual interpretation, but the attribute computation time can present a bottleneck




Seismic-scale faults — ML approach

« Machine learning (ML) is a subdivision of artificial intelligence (Al) in which
algorithms such as neural networks (NN) are designed to learn from data

« ML training is typically performed on

— labeled images derived from a subset of the same seismic data with corresponding
fault interpretations

— seismic and interpretation of other surveys
— synthetic seismic and labels

« Synthetic training data has the advantages over interpretations on real
data that no seismic data is needed, labelling is sample-accurate, no
expert interpreter is needed, and the volume of training data is only
hardware-limited

D pecri Schiumberger
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Brukernavn
Presentasjonsnotater
Another approach that can further overcome limitations in manual interpretation and of deterministic workflows is Machine Learning

Machine learning (ML) is a subdivision of artificial intelligence (AI) in which algorithms such as neural networks (NN) are designed to learn from data

ML training is typically performed on
- labeled images derived from a subset of the same seismic data with corresponding fault interpretations
- seismic and interpretation of other surveys  
synthetic seismic and labels

I will show now results from using synthetic training data

Synthetic training data has the advantages over interpretations on real data that no seismic data is needed, labelling is sample-accurate, no expert interpreter is needed, and the volume of training data is only hardware-limited
Machine learning (ML) is a subdivision of artificial intelligence (AI) in which algorithms such as neural networks (NN) are designed to learn from data

ML training is typically performed on
labeled images derived from a subset of the same seismic data with corresponding fault interpretations
seismic and interpretation of other surveys  
synthetic seismic and labels
I will show now results from using synthetic training data
Synthetic training data has the advantages over interpretations on real data that no seismic data is needed, labelling is sample-accurate, no expert interpreter is needed, and the volume of training data is only hardware-limited


3D CNN trained by synthetic data

6000 of 128x128x128 cubes

0 £ “w %0 100 an o 10
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Selsmlc examples cover a wide rangelof S/N ratio and resolutlon
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¢ Regional amplitude
variations
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¢ Coherent noise

Schlumhergep


Brukernavn
Presentasjonsnotater
In our case, we trained a 3D CNN with 6000 synthetic seismic cubes containing multi-scale fault signatures and a wide range of Signal-to-noise ratio




Seismic-scale faults
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Brukernavn
Presentasjonsnotater
Applying the 3D CNN on the 3D Canning seismic data...



ML fault prediction
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Brukernavn
Presentasjonsnotater
Fault prediction after post-processin that brings each fault to a uniform sample thickness

And you can see how well the faults are mapped also at depth




Comparison of ML faults with deterministic result

Determlnlstlc workflow
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Brukernavn
Presentasjonsnotater
The large-scale faults are very well mapped just like in the deterministic approach

Less noise picked up due to the choice of synthetic training data



B

Metric

3D manual interpretation 3D synthetic ML prediction

Ly

SARAJAERVI et al. (2020): Robust Evaluation of Fault Prediction Results: Machine Learning Using Synthetic Seismic. First EAGE Digitalization Conference &
Exhibition, Online.
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Brukernavn
Presentasjonsnotater
To be able to verify the results obtained from automated methods, a quality metric such as the robust Jaccard Metric can be applied as shown here on a different data set. 

In this case the manual interpretations are considered as ground truth and baseline in which faults are labeled with binary values (e.g. 1 for voxel positions where faults exist, 0 elsewhere)
 
The ML prediction with a threshold is compared against them by computing the robust Jaccard index as running average of intersections over the running average of unions.

High correlation regions are green towards yellow and lower correlation regions are red

The figure shows some areas with low values of correlation

These errors are related to parallel or sub-parallel faults that are present in the ML result, but not in the manual interpretation that is based solely on that 2D intersection. 


Fault extraction

£l

1 -
PR
|

- // .

ML

BOUNAIM et al. (2013): Large Fault Extraction Using Point Cloud Approach to a Seismic Enhanced
Discontinuity Cube. 75" EAGE Conference & Exhibition incorporating SPE EUROPEC 2013, London.
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Fault strike (0-360°) &'
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Brukernavn
Presentasjonsnotater
Faults of interest can be subsequently extracted, for example based on a connectivity anaylsis with a point cloud approach

Each fault can then be populated with properties such as the fault dip or fault strike for further use in geologic analyses, for example to invesitgate the paleo-stress field and potential hydrocarbon leakage pathways along previously or currently open faults

The fault network can also be used to predict fractures, for examples by using them in numerical forward simulations of deformations

Such numerical methods, however, require extensive knowledge of the geological and teconic history of the setting to make adequate predictions

Instead, seismic attributes and potentially in the future ML methods can be applied to map fractures from seismic. 

I have one recent example from the Ekofisk field where we have applied our Best practice fault identification workflow in combination with vector attributes to produce a multi-scale fault and fracture cube that was compared with borehole image log interpretations around some wells of interest






Fracture characterization: new seismic attribute

References:

Haege, M., Maxwell, S., Sonneland, L. & M. Norton (2014), New 3-D seismic vector
attribute explains hydraulic fracture behavior, The American Oil & Gas Reporter, 86-91,
March.

Bounaim, A., Etchebes, M., Jarle, H., Borgos, H., Fotland, B. H. & L. Sonneland (2019),
Vector attributes: A family of advanced seismic attributes to assist in geological
interpretation, SEG International Exposition and Annual Meeting, SEG-2019-3214107 .
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Fracture characterization: rock fabric

a) small scale discontinuity attribute mapped ontop UE  b) small scale discontinuity attribute mapped on top LE

| i 5 ' i P 0 p—] ' 5 ‘ 3 I L L L | I & L I i i i I i i i |
! - d

y-location
y-location

Normalized small scale discontinuity attribute

S I xl-loclaticlm S T _ l . o JLrlocati;:ml l -
0.0 2.5km <¢> 0.0 2.5km ¢>
I —— I e —

Boersma, Q., Athmer, W., Haege, M., Etchebes, M., Haukas, J. & G. Bertotti (2020), Natural fault and
fracture network characterization for the southern Ekofisk field: A case study integrating seismic attribute
analysis with image log interpretation, Journal of Structural Geology, 141 (104197).
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Fracture characterization: rock fabric

y-location
1

%-location
0.0 2.5km
e —

a) Seismic discontinuities mapped on top Upper Ekofisk FM b) Seismic discontinuities mapped on top Lower Ekofisk FM
Il | i » 1 . b ‘ | . . i ' N . ' . ' . 1 . . . .

¢ 0.0 2.5km ¢
—

2.00

—_—
~J
i

1.50

1.25
1.00
0.65
0.50 -

discontinuity attribute

elsmic

0.25
0.00

S

N *-location N

Boersma, Q., Athmer, W., Haege, M., Etchebes, M., Haukas, J. & G. Bertotti (2020), Natural fault and
fracture network characterization for the southern Ekofisk field: A case study integrating seismic attribute
analysis with image log interpretation, Journal of Structural Geology, 141 (104197).
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Fracture characterization: validation of rock fabric attribute

P10 caloulated Seismic Average seismic
Well B Well C o | | o | 'EE2
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Boersma, Q., Athmer, W., Haege, M., Etchebes, M., Haukas, J. & G. Bertotti (2020), Natural fault and
fracture network characterization for the southern Ekofisk field: A case study integrating seismic attribute
analysis with image log interpretation, Journal of Structural Geology, 141 (104197).
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low to generate insights?

Seismic discontinuity and 4D timeshift
(seismic hardening) surrounding Well B

Softening

Hardening

1.00

0875

075

0.625

0.50

0375

0.25

FO.125

0.0

= 0.01

= 0.00

- -0.01

-0.02

-0.03

-0.04

-> Integrate with other observations

Rock fabric and seismic 4D time shift:

Seismic discontinuity attribute

- negative time shift (seismic hardening)

- increase of water saturation, rock compaction,
pressure depletion, channelized fluid flow

Boersma, Q., Athmer, W., Haege, M., Etchebes, M., Haukas, J.
& G. Bertotti (2020), Natural fault and fracture network
characterization for the southern Ekofisk field: A case study
integrating seismic attribute analysis with image log
interpretation, Journal of Structural Geology, 141 (104197).

Observed time shift (s)
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4D seismic analysis

4D seismic analysis means we analyze two or more repeated 3D seismic surveys to extract
useful insights and changes that have occured during the time lapse for better decision making:

Two approaches have been developed:
1. Directly use the results from 3D seismic interpretation: Faults, Horizons...etc
= Signal consistent and seismic resolution preserved
= Multi-scale geological structures
= |nterval-based 4D attributes
2. Non-rigid matching: well established 4D algorithm, Python version
= Flexibility and less parametrization required
= Constrained and validated by signal consistent time lapse extracted horizons

3. lllustration through Olympus benchmark case study

() DELFI Schlumbergep
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4D seismic analysis — Olympus case study

The Olympus field is a synthetic reservoir model prepared as
an optimization exercise for field development optimization,

with complex geological reservoir characteristics F

4D data extraction
(e.g. time shift & time-strain)

Top and base reservoir h P55
EEEIE _

Schlumberger-Private

Zone of 4D changes
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4D seismic analysis — Technical aspects

= The reservoir engineer can adopt a dynamic approach to evaluate/calculate
the 4D attributes for the area of interest

= 4D time shift / time strain can be estimated using horizon-based approach:

using directly the extracted and quality-checked horizons from baseline and
monitor

= The elevation difference is calculated to quantify the vertical-shift and how much
two similar horizons have shifted their position (elevation) from one time-lapse to
another

» |tis possible then to use horizon-based time-shift range to constrain the
parametrization of non-rigid matching algorithm and convergence

* Interval-based 4D attributes for detailed analysis of thin / multiple reservoirs

D oeLFl Schiumbergep
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NRM3D python version — Validation and interaction

= Generate 4D synthetic seismic and recover time-shift, 4D amplitude
= |Lessons learned: convergence rate, optimal parametrization, 4D change expected?

Constant/smoothed vertical shift NRM matched seismic and 4D amplitude difference Retrieved time shift
e e & [posares Tare(Re 2 Baseline: Olympus Time Izipse ) Mz?tf:hefl N Diﬁer“eer;::‘:a“I\fqaetched -
disp3d_test[2,50:100,150:200,30:50] = 2 ' ‘.*} N Y B
. AWy
: 4\
' .
— l - l |=~r==~.=...- M = M ii‘:m-- |: l ~ I e l
£) peLri Schiumbergep
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Brukernavn
Presentasjonsnotater

Use Olympus dataset to test and validate NRM3D in Python
Start from baseline Olympus-2016
Generate a synthetic vertical displacement
Constant vertical shift and no lateral displacement
Generate a vertically shifted synthetic time-lapse Olympus:
tl_olympus = bl_olympus + vertical_shift
Run NRM3D to estimate the vertical shift 
Compare the estimated vertical shift to the analytical / true one
Investigate how much lateral shift results from NRM3D



NRM3D python version — Benefits and insights

« NRM3D is well-established algorithm
« Python version allows more flexibility, interaction, iterative process when needed

« Before: Generate 4D attributes/cubes and map on surfaces — limited interactive
changes allowed — have to manipulate different windows

 Now: Generate 4D attributes with optimized parametrization, constrained with
‘explicit time shift from horizon-based approach’, and extend to ‘run on the fly’
within focus area, e.g., along wells

* Integration of different data to filter zones with combined strong 4D changes
and well activity, structures...which previously required different workflows

D oeLFl Schiumbergep
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NRM3D in Python - tested and validated:
Use Olympus dataset to test and validate NRM3D in Python
Workflow:
- Start from baseline Olympus-2016
- Generate a synthetic vertical displacement: Constant vertical shift and no lateral displacement
- Generate a vertically shifted synthetic time-lapse Olympys:
tl_olympus = bl_olympus + vertical_shift
- Run NRM3D to estimate the vertical shift 
- Compare the estimated vertical shift to the analytical / true one
- Investigate how much lateral shift results from NRM3D



low to build an automatic workflow for 4D uncertainty
evaluation?

Well probe — focus area
Flexible parametrization in NRM3D Python version allows for:

= Detection of small and local 4D changes — suitable for
analysis around a well or wells, and for focus area with a
given scenario to be verified

= |dentification of localized zones with strong 4D changes —
also trace-based analysis

=

= Integration of multiple 2D, 3D and 4D data for more oo - -

reservoir analytics o

disp3d-wvert-il-xI

= Automatic iterative process to evaluate 4D uncertainty ] ——
within a zone — which 4D effect is real? Input to reservoir ol -
simulation

Automatic extraction of trace with strongest time shift
and eventually lateral shift

DEERENEA
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Summary

= Cross-domain G&G and RE focus Anclysis of enhanced

permeability using 4D

seismic data and locally

» Insights — confidence / uncertainty efned simulaton model

J. Haukas!"", W. Athmer!, J. @. H. Bakke!, Q. D. Boersma'2, A. Bounaim!, M.

= Sensitivity studies — turnaround time T R oo o

Wi

Conocophillips  Schlumberger FdSearch

= |ntegration — automation — auditability

A

Journal of Structural Geology
Volume 141, December 2020, 104197
Natural fracture prediction

ltiscale | ) £ setsmi Natural fault and fracture network
A mu tiscale integration of seismic characterization for the southern Ekofisk field: A
data, image logs and numerical

modelling case study integrating seismic attribute analysis
with image log interpretation

= Published papers

By: Quinten Boersma®, Wiebke Athmer?, Marie Etchebes?, Jarle
Haukds? and Giovanni Bertotti® Quinten Boersma & &, Wiebke Athmer ®, Martin Haege °, Marie Etchebes , Jarle Haukés ®, Giovanni Bertotti

= Material in IOR Centre archive

1*: Delft University of Technology, 2*: Schlumberger Stavanger Research Show more v

BT scmberger EAGE

+ Addto Mendeley o« Share 33 Cite

* Focus gradually shifted towards the digital journey of geoscientists and reservoir
engineers

DoceLr Schiumbergep
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Questions and comments?

P—

° )

Next: Bringing data and solutions together in the cloud
10 min break?

0 oeLri Schlumberger
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Cool... But how can | access these research solutions?

BEFORE AND NOW NOW AND IN THE FUTURE

x | @ ()fauk prediction | ) x | © Ifault-predictio- X | £ I-fault-predictio. X | @ (1) IORSim [Jupytern X | £ run-iorsimix-h8m9/ - X | ) EESyDashboard % | T olympus workspace/ % | + o - g

Ocean for Petrel
Prototype plug-ins

Executable code (e.g. IORSIm)

Install on your computer
Dongle license or similar

Keep track of data yourself
(import files, edit decks)

Software-as-a-service (subscription) — engines and data eco-system

() DELFI Schiumberger
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Important concepts

Data and models are

accessible in the cloud

: through APls
= Liberated data (security: user access token)

= Data eco-system
= OSDU = Open Subsurface Data Universe

= Liberated engines

= Engine eco-system
All engines (simulators, ML algorithms, etc.)
are accessible in the cloud through APls

(security: user access token)

¢
J DELFI

Schlumberger-Private
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Collaborative multi-user environment

A
v

Liberated data

w |y
- -
<
<4
-

Raw data, derived data, models
Insights

[\ [
VA

®
1 Sy L
Ay
L
£) peLri

Liberated engines
Simulators, workflow steps

[
\

Schlumberger-Private
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Innovation toolkit helps democratize innovation

= Application which offers both no code (buttons
and drag-drop) and low code (scripts)

= Qut-of-the-box machine learning

= Customizable python environment allowing
developers to bring python modules and non-
developer to put together workflows

— Gather and load data o, thon”

' i Ju/;;;;r f ; Fackies _data
— Run engines (e.g. simulators) ~— iku
— Analyse data and results

Python libraries (customized virtual environment)
— Visualize

1 import numpy as np
2 import matplotlib.pyplot as plt

= Composable workflows

4 from dataiku import insights

- Templates / examples / IOW Code / no Code E from olympus_com.delfi import data_management as dm

7 from olympus _com.delfi import data_ structures as ds
8 from olympus_com.delfi import ecl utils as eu
9 from olympus com.visualize import matplotlib utils as mu

D oeLFl Schiumberger
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Dataiku — 3rd party data science app hosted in DELF]I

) DELFI Portal x | @ Data Science x @ (1)I0R workshop x {0 (1) IORSim_results | Jupyter notel X | @ (1) Notebooks x \ @ (1) 4D seismic workflows | Jupyt= X \ + o

c Q @ ai-slb.pdd.datascience.cloud.slb-ds.com/projects/IORSIM/

B oa & @= 8 2
5 Apper (@ SLB Workplace @ Tellus Magic

IOR workshop

Summary Activity Metrics ‘?) ACTIONS ~

|OR Workshop @ WATCH v 1 STAR 0 TIMELINE

YESTERDAY

o a You edited jupyter notebook
[# REModel DMS
master

TUESDAY, 21 SEPTEMBER
® n Progress

n You edited jupyter notebook
[# RE Model DMS

Flow Lab Dashboards  Wiki Tasks

a You created jupyter notebook

[% REModel DMS
S0 0 % 5 @ 0 &0 0

NOTEBOOKS DASHBOARDS ARTICLES

TUESDAY, 14 SEPTEMBER

n You edited metadata on project
AN
&0 o0

A 10Rworkshop
MODELS ANALYSES

0 You created insight
+ IMPORT YOUR FIRST DATASET [B Poro_perm

£ oeLr
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Flexibility versus user experience

User

= Python skills — full flexibility, but user threshold | Experience
* Traditional consumer — apps, knowledge boards
= Middle ground? Simple scripts, templates, customization

= Aim: democratize innovation, improve efficiency and cross-domain collaboration

* Find the right balance between manual work / analysis (user driven) and
automatic workflows / QC (developer or system driven)

() DELFI Schiumbergep

Schlumberger-Private



Work patterns

+ Eimulatoa Resultsi

Derived data /
orkflow
model
—
orkflow L] Insights

Models, data, results and insights accessible to all (data eco-system) — enabler for collaboration and automation

Data / model +

N
w@w

K
K

£ DELE
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Cloud flexibility |: Liberated engines, e.g. IX+|IORSIm

/INPUT SCRIPT

ENGINE SCRIPT ENGINE OUTPUT \

Add IORSIm Add IORSIim
requirements: requirements:
IX deck I IX+IORSIim
EGRID, INIT, FVF->1/FVF IORSIm results
UNRST, RFT, Inj. comp.
FVF, FLOWS Geochemistry
\Cloud data Cloud engine Cloud data /
) peELFI

Schlumberger-Private schlumhﬂ"gep



Orchestration: Dataiku + Jupyter notebook + Python library

€ DELF Portal x © (1) Administration

) Data Science x

& c 0O @ eesy.evt.csp.slb.com/ui/dashboard/argo/workflows/eesy-olympus-evt-88qws/run-iorsimix-4dj62?tab=workflow&nodeld=run-iorsimix-4dj62-2931132685

Workflows eesy-olympus-evi-88qws run-iorsimix-4dj62

© RESUBMIT W DELETE LOGS =< SHARE

Yv 1 @ Q@ & 3t [1 Search

run-jorsimix-
4dj62

prepare-deck

run-ix.

run-iorsim

print files

£ oeLr

© (1) I0RSim | Jupyter notebaok X () run-iorsimix-4dj62 / cesy-olym

Schlumberger-Private

D) (1) Refresh token | Jupyter notel. X

SUMMARY

NAME

POD NAME

HOST NODE NAME

PHASE

START TIME

END TIME

DURATION

PROGRESS

MEMOIZATION

RESOURCES

run-iorsimix-4dj62[2].run-iorsim

Pod

run-iorsimix-4dj62-2931132685

. olympus_workspace/ x| + o - ®
@ % =8 2

WORKFLOW DETAILS
m a = &
CONTAINERS INPUTS/QUTPUTS X

gke-eesy-evt-cpu32-2021-06-22-aeefcbh39-wj14

® Succeeded

4m ago

1m ago

2m

n

NIA

8m*(1 cpu),3m*(100Mi memory) @

B GET HELP

Schlumbergep



Cloud flexibility Il: Data management system (DMS)

= Domain data and models stored in the cloud TP revest
{ H'|_|'Pr'E'!|.'ll'.'ﬁ"|$-E

= Data ingestion = upload bulk and metadata Client Server

» Metadata searchable via http request (API call)
» Bulk data retrieved through http request (API call)

Q)
Sounds more complex
than it really is...

= OSDU = Open Subsurface Data Universe
= DMS standardization

0 peLF Schlumberger
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RE Model DMS

Reservoir Engineering - Simulations V1 Alpha (Internal)

The Reservoir Engineering APls provide a consistent set HTTP en
as the Simulations API, or use POST request for complex queries
envelopes for the data and links.

Branch 1 Branch 2 .
Simulation
1 .
Input files Output files
.PRT
() DELFI

Schlumberger-Private

Concept: All types of simulation models

carefully organized in a hierarchy:
Collection — unique ID
Simulation — unique 1D
File (input and output) — unique ID

Benefit: Repeat same workflow on multiple

simulation cases (e.g. run IORSIim on all
available 1X models)

Accessible through APIs
Same APls used by commercial ensemble
workflow and prototype workflows shown here

Schlumbergep



Example: RE Model DMS - simulation models and results

) DELFI Portal x \ 0 Data Science x \ @ (1) Notebooks X @ (1)IORSim_results |J. X olympus_workspace/T. X | & Wellhistory -Jupyter | X | & Wellmap-JupyterNc X | & Wellintersection-Jur X | & Horizon map - Jupyte: X \ + [~ - P

& C O & aislb.pdd.datascience.cloud.slb-ds.com/projects/IORSIM/notebooks/jupyter/IORSIm_results/ @ % |8 2

10R workshop Notebooks

|ORSIim_results {} CODESAMPLES  + CREATERECIPE  C FORCERELOAD | ACTIONS
: Jupyter IORSIM_results Last Checkpoint 16 hours ago (autosaved)

File Edit View Insert Cell Kernel Widgets Help Not Trusted Python in ai-exec (env olympus_re) O

+ = A B A ¥ MRun B C W Makdown v

Simulation results stored in the cloud - enables automated analysis

Python libraries (customized virtual environment)

In [45]: import numpy as np

import matplotlib.pyplot as plt

[FYRNTRY

from dataiku import insights

[N

from olympus_com.delfi import data management as dm
from olympus_com.delfi impert data_structures as ds
from olympus_com.delfi import ecl _utils as eu

from olympus_com.visualize import matplotlib_utils as mu

[N RN

Cloud storage of simulation models: Collections - collection ID
In [2]: 1 collections = dm.list_simulation_collections(users=["jhaukaas'],name_tags=["demo"])

In [3]: 1 collections

out[3]: {'jhaukaas@slb.com:Volve demo data': 'si://@1f87anex75blvpowxqbirikz7’,
‘jhaukaas@slb.com:demo data': 'si://@1fdc4bi3dla2z6c96vnge2lkx’,
' jhaukaas@s1b. com:olympus-rock-physics-demo’: "si://@lehmhkcp2083ham2g7j6eergn’,
' jhaukaas@slb. com:olympus-geoscience-demo-datalabs': 'si://@lehmatdnedzebnwdcnwch2nlp’}

In [4]: 1 collection_id = "@1f4cabl3dla2z6c96vnge21kx” -

() oeLri Schiumberger
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Other DMS data

= Seismic
= Surfaces / horizons
= Wellbore

(covered in demo later)

() DELFI

Schlumberger-Private

Schlumbergep



Claim: liberation of data and engines is

QueStiOnS SO far? a key enabler for integration,

automation, new solutions (e.g. Al / ML)
and improved efficiency

Data eco-
system???
IX-IORSIim
automated???
—
-
Engine eco-
system? . I
__-.__'

Next: Analyse data and simulation results

Schlumbergep

f
) DELFI

Schlumberger-Private



Templated analysis

[ ]
Data / model + w — “

«Remind me of the

= Enabler: Raw data, derived data and
models available in data eco-system

FEPR «Can we take a look at well history for this
g Opportunltleg. | the quality of the field...»
— Check / QC simulation model seismic interpretation?»

— Check / QC seismic and well data

— Extract and map features into simulation grid

R dates / rtaint Vs «Can we compare the
un updates / uncertainty analysis previous interpretation

— Automate, e.g. across multiple realizations and «Can we check that with the updated one, in
across different fields the well-cell the exact same view?»

connections match

. . . . . th dated well
= Objective: produce actionable insights bralectorieats

«Can we take a look at

the relperm curves used

= Pictures that everybody can relate to! in those two models?»

) DELFI Schlumbergep
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Example 1: Well history, well locations

COMPDAT, k =0

1le6
startup of I-F-5 ~ ST10010
: : — P-F-5
: : 6.4795
g — P-F-1C
P-F-15D
. __IF1B 6.4790
P-F-11B
4 P-F-lijC 6.4785
P-F-12
2 - I-F-4 6.4780
P-F-14
0 - : : I-F-5
: H 6.4775
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 434000 434500 435000 435500 436000 436500 437000

Data through courtesy of Equinor and former Volve license partners: https://www.equinor.com/content/dam/statoil/documents/what-we-do/Equinor-HRS-Terms-and-conditions-for-licence-to-data-Volve.pdf

() DELFI Schiumberger
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https://www.equinor.com/content/dam/statoil/documents/what-we-do/Equinor-HRS-Terms-and-conditions-for-licence-to-data-Volve.pdf

Example 1: Well history, well locations

COMPDAT, k =0

le6
startup of INJ-2 6.1810
: PROD-#-M
PROD-B-M
6.1805
PROD-10
PROD-p
6.1800
PROD-6
PROD-}
6.1795
INJ-4
INJ-3
INJ-2 6.1790
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 521500 522000 522500 523000 523500 524000 524500

) oeLr Schlumberger
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Example 2: Seismic data, horizons, wells

—2800

—2850

—2900

—2950

—3000

—3050

—3100

-3150

1 1 1 1
433000 434000 435000 436000 437000

Data through courtesy of Equinor and former Volve license partners: https://www.equinor.com/content/dam/statoil/documents/what-we-do/Equinor-HRS-Terms-and-conditions-for-licence-to-data-Volve.pdf

Schlumbergep
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https://www.equinor.com/content/dam/statoil/documents/what-we-do/Equinor-HRS-Terms-and-conditions-for-licence-to-data-Volve.pdf

Example 2: Seismic data, horizons, wells

—1980 =

—2000 =

—2020

—2040

—2060

—2080

—-2100 =

2120 - 6.182 H
T T T T T T
522600 522800 523000 523200 523400 523600

6.181 =

6.180 =

6.179 =

6.178

I I I I I
518000 520000 522000 524000 526000 528000

Schlumbergep
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Demo / Jupyter notebooks

_:' Jupyter Well history Lss: Crecipoint 3 nours 3go (suosaved) a

Logeut
Fle  Edi  Vew Insen  Call  Kemel Wiges  Help | oiympus_venv O
B+ BB 4 &||bRn B C B

~ Jupyter Well intersection Lsst checicon: ¢ nours 3gs. (sutsssves) A
Fila  Edt  View Inssn  Call  Kemel  Wiogss  Hap Tusied | | olympus_venv ©
Templated analysis: Well history / well startup

B #|[s[@[B|[ 4]+ rrRn[E][C|W |yraun  v|[3
In [1]:| 1 from olympus_con.workfl

s import tenplated_snalysls as te

seisnic store access is not available: No nedule named "sol

upyter Well map st chestgoir 4 hows sge @ Templated analysis: Well interse[™ -
~ jupyter Horizon map Last Checkpoint 3 hours ago (autosaved) a Lo
Volve ™o o @ O wopr: [ T et
R e Fle  Edt Vew lnsen  Cal  kems  Widges  Hap K # | cympus veny O
e et vt s . P < h i SeiSRc store sccest ie nt svailable: No module na
] [ECLEL E LY - W] G B[ ][5 [ @ 0]+ %[ FRn W] C|» |com ~|[=
Processing grid ...
Grid setup completed. Volve
Case loaded.
Sisulation case nells: 11 items. R .
Mell_trajectories: 16 items Templated analysis: We T L8 [P0 [Re CTLSRG VAT YR Templated analysis: Horizon maps
Seismic cubes: 5 items
o : Pracessing grid ...
Horizons: 28 items. 5
1 from olympus_con.workFlous inpor Shii Mt coipletia 1 610 [ [ A oo e i Rt Ao et P o T
1 [well = wells(a] Z |impart matplotlih.pyplat as ple Stuulation case wells: 11 items. e N TR YRS
- § P it g setsaic store access 15 not available: No module named 'Sdg
1| startup = ta.ue1)_ctartup(cacs,well Worizons: 23 items.
2 |print(FStart-up of {well}: {starti Volve -
Start-up of T-F-5: 2068-88-21 20:08:02 Volve In [16]:| 1 | Wprep = case.get_inlt prop(“PORD") Jupyter 4D seismic workflows Last checkpoint: for 11 minutter sicen  (autosaved)
2 prop = None In (2]:| 1 %run ./Load_Velve_data.ipynt ~
. _ In [2):]| 1 %eun ./load Volve data.ipynb Tt
In (5):| 1 selected names = 1ist(events.keys Processing grid ... )
= 2 )Em:m‘ —dpl'*‘:‘ E,->Ld‘luv”u_€ f,m,-) . . In [17]:| 1 ta.plot_well_intersection("P-F-1C",well_traject] c,-;:iw_u: 5unvl=t=n File Edit View Insert Cell Kemnel Widgets Help Not Trusted Python in ai-exec (env olympus_re) O
3| Eiected futes = 115t cvents.valoes()) Fracessing grid ... . Cose 1oudea.
’ rid setup completer Smilation case wells: 11 items
4 selected_dates .append(startup) Cate ot v i i +|/sc|@m B[+ ¥ MR B C B Cose v | =
Sinulation case wells: 11 items.
. . ° e e e e
n 6] a.uell_history(case, nells, prod_string="WOPR", selecte Nell_trajectories: 18 itens _ ; 7 ;
I L) B L e s mu.k_section_plot(ax,case,projected_actnum*0,"GRID",(8,1),8,8,0, "binary’,alpha-0.5, facecolor-None,display_colorbar-False)
Hordzens: 28 Qtens. .- In (2]:| 1 ta.plet_horizen(herizens(@),horizen_data,wells,well_tra:
startup of -F5  ST10010 plt.subplot(1,2,2)
: : In (3]:] 1 Wiim,ylie = ta.plat_conpdat_well x i mu.regular_grid plot(base x,base y,base_amp_diff,cmap=petrel cmap(),vmin=-1,vmax=1)
H I ta.plot_well_trajectories(wells,d e o = A 7 B 3 = = o 5 S
! e mu.k_section_plot(ax,case,-amp_diff,"GRID",(-0.01,8.01),0,0,8,petrel cmap(),alpha=1,facecolor=None,display_colorbar=False)
: 4 plt.gea().set_ylinylin) ma
"7 : H sirizn Taszsanen, carsro: oasisies o PLLLitIsGoynthett chest anire)
£ 2 Pl 736756287, 519666) - insights.save_figure("Synthetic_seismic”)
o e
i sams
+ PF-15C
: sar o
—f i sarso
24 i S —
——— sams
o
T T
2007 2008 Joos 2010 2011 e ¥ ¥
300 a0
camms
sse0m0 a0 as000 e ase0m0 aze300 o

*Data through courtesy of Equinor and former Volve license partners: https://www.equinor.com/content/dam/statoil/documents/what-we-do/Equinor-HRS-Terms-and-conditions-for-licence-to-data-Volve.pdf
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https://www.equinor.com/content/dam/statoil/documents/what-we-do/Equinor-HRS-Terms-and-conditions-for-licence-to-data-Volve.pdf

Collaboration

* Visualization templates easy to make,
similar ideas developed by e.g. Equinor
(webviz)

» Liberated data and engines are key,
otherwise finding data and setting up
the system will be inefficient

= Key issues
— «Cool pictures — so what?» - need actionable insights!
— Find the right solution to the right problem

— Contributions from non-developers — democratizing
innovation

— User experience — new ways of working?

(
J DELFI

Schlumberger-Private

Liberated data
Raw data, derived data, models

Liberated engines
Simulators, workflow steps

Schlumbergep



Questions and comments?

—

° )

Next: Summary and way forward

0 oeLri Schlumberger
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What are your objectives?

«| want to make better decisions faster»
«| want to become more efficient»
«| want to share my knowledge with others»

«| want to take part in the energy transition»
«| want to make use of all available data in my analysis»
«| want to include all relevant processes in my modeling»

«| want to develop new digital skills»
«| want to have fun while making an impact»
«| want to find the right solution to the right problem»

£ oeLr

Schlumberger-Private
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Way forward: digital journey of geoscientists and reservoir engineers

t

= Alot of new concepts that may seem overwhelming
— Liberated data, data management system, OSDU

— Liberated engines, cloud compute
— APlIs

= Alot of new opportunities for a broad range of users
— Traditional applications enriched
— New apps (no-code solutions) — consumer’s view
— Innovation democratized through low-code options
— Maximum flexibility and automation through full-code experience

= What makes you more efficient / happy?

() DELFI Schiumberger
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Will new digital tools and systems change the way we work?

* Bring research solutions faster to market?
* Find the right solution to the right problem?

= |Less frustration?

= More frustration?

SURVEY

= |ntegration, Automation, Auditability

2 ~ L

= Combine domain knowledge and data science «Focus on what you want, not

what you don'’t want!»

= Education / upskilling

D oeLri Schiumherger
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Future applications: Energy transition

Deployment of integrated and complementary low-carbon energy solutions

CQ, capture from power
generation and industry

Renewable energy mix

I

1
4

S CC: utilization and ﬂnr.ye;f’

-

j___.c

-
a
I

Hydrogen and
energy storage

Geotharmal

() DELFI

Depth (km) ©

—

2
Source: P. S. Ringrose, 2018

Schlumberger-Private
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Future applications: Energy transition — Knowledge transfer

The outcome from the IOR Centre collaboration has direct impact on the Energy Transition

Processes

CO2 monitoring is just one example in the development and demonstration of many potential
technologies involved in CCS as a part of the emerging low-carbon energy mix

d Technology-wise:

[ Quantitative and quvalitative geological interpretation for
potential CO2 storage site appraisal and characterization

————

—

surveillance tool

\/

() DELFI

A

—_—

The role of time lapse technology as reservoir monitoring and

- KQuantitative integration of 4D seismic with reservoir simulation

)

Automated extraction of key surfaces and faults

Schlumberger-Private

-

Schlumbergep



Future applications: Energy transition — Learning by Doing

0 CCUS is expected to be a large component of the future that
can make hydrocarbons clean energy

O Subsurface engineering and geoscience understanding of
CO2 EOR and sequestration are key areas of research

O Itis expected that technological developments will play a
large role in determining both the energy mix of the future
and optimal CCUS implementation programs

“L earning by doing" reduced

O New cost-efficient monitoring technologies are necessary SUMEMRCRSEING EORi StCamm—=—.

T.P. Wright (1936) found that the cost of making
airplanes declined with increasing experience

Q “Learning by doing and using” / "learning rate" can contribute
to reducing the costs towards energy transition and meeting
net zero targets

|
J DELFI

Schlumbergep
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Closing remarks

= Quite a journey — and the journey continues

= New petrosenter call 2021

= Cloud platform for research solutions?

= Openness and collaboration; Innovation Factori

= Make sure to serve both petro-technical experts and data scientists!

graziesvouam .
egan
mEI'CICr[;;CH Xap ﬂ H0HES

tEFII‘n._-l kasih
graclast k y nbrlgadu
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