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What to target?

Horizons

Hydrocarbon indicators

g
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Gas chimneys and Salt
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Faults

Stratigraphic elements

Facies

Geomorphology
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Seismic Horizon Interpretation

Exploration

* Understand the region

 (Generate prospects

* Detailed surfaces not always needed

« Key horizon interpretation
» Easy continuous reflections =2 Autotracker
« Complex or subtle reflections - Manual

equinor
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Production
« Understanding the field in detail
* Focus on reservoir
* Details needed
* Horizon interpretation
e Mainly manual but autotracker could be used
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Segmentation

Detection

g

2D 3D equinor %
FCN (Fully Convolutional Network) VolConvNet
e VNet
Unet
Deep Unet \//"‘\\//H\\
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ResNet (pretrained) Salt-detection network

CapsuleNet
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Best performing network so far (HorizonNet) equinor %;
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CLOUD

Pretrain network

on a selection of
» datasets and

horizons

Labelled
horizons from
many datasets

Merge
From new data Predict Postproc predictions
New dataset finetune the horizons horizons into one full
network cube
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Courtesy of CGG

|dentifying the correct training data

Challenges:

* Varying interpretation quality

« Varying seismic quality and texture

« Different key horizons in each dataset

« Different seismic texture within “same” layer

As a conseguence:

« Started out with synthetics
* |ncluded real data later

Open
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How to quantify results? equinor *:
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Avoiding misinterpretations Finding all elements
of horizon of the horizon
relevant elements
I |
. . Precision = Recall = ——
false negatives true negatives
° o . o o

true positives false positives

—1 - - — - -
recall " + precision precision - recall

F = = 2 . .
! 2 precision -+ recall

} Regarded as correct
selected elements "Lobelled tI’Uth" — |
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Experiment #1 equinor

« 3D CGG Survey from the Horda-platform - Size: 2700 km?

 Some xlines interpreted to finetune the pre-trained network

* Same lines used as input to autotracker for comparison

* Autotracker set conservative - run with 3 iterations,, , .. e R
* 12 key horizons interpreted
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Averaged over all xlines equinor %

A Seabed(4)
PlioceneUnc(17)
TopBalder(7)
TopShetiand(2)

A
A

F1l-score

TopSvarte(10)
BCU(11)

BaseDraupne(l4
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A seabed(a) 1 .
‘ locers equinor

| TopBalder(7)
| Topohetland(?)

A scuay

Fl-score

| BaseDraupne(14)
‘|A TopCallovian(15)| -
: opBren {

0.4

/ A BaseDrake(12)
L@ —TopTrassicle) 11

0.2

0.0
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Top Balder — HorizonNet vs Autotracker .

equinor %~

Autotracker

Labelled truth

Seismic (default)

200000.00
150000.00
100000.00

50000.00
0.00
-50000.00
-100000.00
-150000.00

-200000.00

HorizonNet

Courtesy of CGG
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Top Balder — HorizonNet vs Autotracker equinor %:

HorizonNet [ P e Autotracker

s SRR truncation ! , truncation

-800.00 -800.00
850.00 850.00

-800.00 - -900.00 . 7 ‘
-950.00 r CoF & 950,00

-1000.00

-1000.00

-1050.00

= --1050,00
-1100.00 1100.00
-1150.00 ~1150.00
-1200.00 -1200.00
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Base Kyrre — HorizonNet vs Autotracker equinor %

Autotracker

Seismic (default)

Labelled truth | i§8§§8%8°

-50000.00

-100000.00
-150000.00
-200000.00

HorizonNet

Courtesy of CGG




Base Kyrre — HorizonNet vs Autotracker equinor

HorizonNet Autotracker

700,00 gz Yol 700,00 <5 E, ’ Reql

= SR R truncation g R truncation
000.00 ’ 2 -900.00 S : : _

100000 . a8 1000,00

-1100.00 -“'- ! -110000

1200.00 - 1200.00

1300.00 i 1300.00

1400,00 3 140000

1500.00 S\ - 1500.00

-1600.00 | -1600.00

10000m

K7 4
“W



Top Callovian — HorizonNet vs Autotracker

Autotracker

Labelled truth

HorizonNet

Courtesy of CGG  open
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Top Callovian — HorizonNet vs Autotracker equinor %

HorizonNet Autotracker

-1200.00
-1300.00
~1400.00
-1500.00
=1600.00
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Experiment #1 - Conclusions

- HorizonNet never failed in the test (F1-score: 80-100%)
- Autotracker failed on Top Balder, Base Kyrre, Top Callovian (Fi-score: 20-50%)

- Autotracker struggled with right pick on Base Drake and Top Balder due to
polarity change - HorizonNet able to cope with this

To good to be true?

Open
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Experiment #2

« 3D CGG Survey Ireland Offshore of approx. size 3300 km?
 Afew lines used to train pretrdined network

 Same lines input to autotracker for comparison

« Autotracker set conservative - run with 2 iterations
 8key horizons interpreted

19 |
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Picked Horizons

XLine 41966

XLine 37406 ine 41966
22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369 22369
33784 34184 36584 37782 38582 39382 39782 40182 41782 42182

31784 32184 32584 32984 33384 34584 34984 35384 35784 36184 36984 37384 38182 40582 40982 41382 42582 42982 43382 43782 44182
-2000
3000} ———— s e e emecne R T - =
4 (Maastrichtian)
-4000
-5000
-6000

SABdasement)

Horizon 3 C—1
Horizon 4
Horizon 5 €
Horizon 6
Horizon 7 21
Horizon 8 T

Courtesy of CGG
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Horizon 6 - BCU

The HorizonNet picks BCU much
better than Autotracker, especially
in southern part where the seismic
expression changes

HorizonNet

=

Selsmic (detaut)|

I

-3000.00

] 12500m
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Horizon 6 - BCU equinor

Improved predictions + edit + infill
interpretation ~1/2hr work
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Horizon 6 - BCU equinor %:

Grid based on HorizonNet + small editing + infill interpretation Grid based on manual interpretation

[ 25000m | | 25000m
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Horizon 8 - Basement equinor %

N \n‘mEZ;AEU Composite line 1 Inline 21
[ 22819 22659 22499 22339 22179 22019 21859 21699 21539 21379 21220 21060 20900 20740 20580 20420
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1. This is awesomel

2. This is tricky!

3. This is crap!

4.1 am crap!

5. This might be OK

6. This is awesomel

Timeline for Creative Process in a Project

Ref. TED-talk Adam Grant
“The surprising habits of original thinkers”

Open


https://www.youtube.com/watch?v=fxbCHn6gE3U
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Questions we have answered? equinor %

* Trained DL networks are able to perform quality seismic
horizon interpretation
 The CNN HorizonNet based on U-Net, shows the best results

* This DL network performs better than automatic interpretation

when horizons become subtle, discontinuous or contains a polarity

shift

Open
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HorizonNet Deep Learning Interpretation equinor %

Easy Subtle > Difficult

Autotracker HorizonNet

Autotracker often fails
Manual work time consuming

Open
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Future work... equinor %:

* Verify network in new geographical
areas with different geology

* Verify it works on 2D as well as on 3D

* Search for better or improved network
models

* Improve the networks efficiency, speed
and quality

* Design optimal workflow and integrate
with existing interpretation tools and
workflow

Open
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The Levels of Autonomous Vehicles equinor

Autonomous Vehicles “Tipping Point”
Transition from human drivers to vehicles driving

Our

Near to
World

Distant
Future

MODERN PARTIAL FULL AUTONOMY | FULL AUTONOMY
EENARN ONLY VEHICLE BODERNPEUS AUTONOMY (+ HUMAN) (NO HUMAN)
At least 2 functions Vehicles perform all safety-
The driver (human) controls mﬁs‘& ke (ike cruise it B critical driving functions and )
sverythng: steering, brakes,  some (ike braking) canbe & ane-contering) bullhe - puyrior the siuation as with Omeor 0208y CONIBONS -, stoering wheel or controls
i done automaticaly by the car  @VSr Must be ready f0 ! previous levels mf:,"m”z'm_mg- -

The Society of Automotive Engineers' levels which was adopted by the National Highway Traffic Safety Administration

Open
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The Levels of Seismic Interpretation

Autonomous Interpretation «tipping point»
Transition from human dominated interpretation to machine dominated
interpretation

Our Ll AN ik : : | Near to
World gL = . Distant
Today i B

o I | - F t
i uture
- o P
/4 \ >
Dy
VDER PARTIA . DNQC DNOR
A ) DDEF - =~
wlanl= A ™) . [ ] [ ] . 43
The interpreter (human) The interpreter uses automated The interpreter uses amplitude  The interpreter uses auto-  High quality auto-tracking and Al seismic data is machine-
interprets everything tracking to some degree. and multi-attribute horizon  tracking and auto-interpretation auto-interpretation for all interpreted with high quality.
Typically where seismic tracking for horizon for all relevant horizons. The relevant horizons. The Important anomalies and
reflectivity has a clear and interpretation. Automated system automatically generates automated interpretation possible prospects are
consistent pattern. Infill and horizon interpretation used  multi-attributes for use. The system also identifies proposed for further analysis to
manual interpretation needed. for all key horizons but still interpreters primary task is to anomalies and areas of the interpreter.

QC’ed. correct mistakes. interest. Interpreters primary
task is to select.
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