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Edvard Grieg Field: Combining Deterministic
Scenario Modeling with the Power of Assisted

History Matching (incl 4D Matching)

Purpose: Improve predictability (e.g. to optimize timing for infill wells)

Presenters:
Solveig Szl (geologist)
Arnstein Kvilhaug (geophysicist)

FORCE seminar: Assisted History Matching
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Outline

Introduction

= Geology

= Reserves prediction challenges

= Status 2018: Need better predictability =» Implement assisted History Matching (?)

Two parallell, but integrated, workflows:
=  Deterministic = ‘Testlab’
= Assisted History Matching (ResX)

4D matching in ResX
Summary



Edvard Grieg | Intro

Utsira High, Basement map

PARTNERSHIP

Aker BP (OP), 65 %
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Main Facies Elements

» Qil field, 16/1-8 (2007)
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Edvard Grieg Half-graben | Basement map
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The Utsira High: Uplifted basement block
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Discovery Well
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Edvard Grieg | Half- graben fllled with sediments

Subsurface view: Looking East

The Utsira High: Uplifted basement block_with. se"dim“ents locally preserved in a half grabens

— Sandstone (Asgard Fm)
— Sandstone (Aeolian)
— Sandstone (Interdune, Fluvial)
Lacustrine shale
Conglomerate (Silty)
— Conglomerate (Sandy)
— Basement_Weathered § | o
— Basement_Tight/Fractured . ! g 5
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Edvard Grieg | Facies

Death Valley Analog

= Variations in A sitey _ | Graniti

basement:}

Geology - large
variations in well
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Edvard Grieg Half Graben

Facies Architecture vs Seismic Response
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Facies Configuration | Sand vs Conglo Controlling Flow

Cross sections

Seismic cross-sections '

Facies legend
[ Asgard
[ Aeolian
FAR
[ Lacustrine

LUl [ Sitty Conglomerate
& [ Sandy Conglomerate
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Model predictability 2018 model
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Water cut prediction

Thick lines: 2018 YE reporting
(Thin lines: 2017 prediction)
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4D seismic: Synthetic (2018) vs. Real data

Synthetic seismic based on changes in reservoir simulation model

2018 REF case model used as input
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4D seismic: Synthetic (2018) vs. Real data

Synthetic seismic based on changes in reservoir simulation model
2018 REF case model used as input

A B
T “ J‘_"«lff{-’,.n T xR *w ‘gl'l- o ,."r“"?-
f i d '.hieg',“‘#"; o I‘.‘!r

2018-2016
(a) Water
(b) Gas

S

2018-2016
(a) Water
(b) Reduced Gas
(c) Gas

Sideways Drive




& AkerBP

2019 model update = Improved, but not good!

Improved match, but lacking important concepts
4D matChing 2018 mofle|. Posterior STOIIP
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@ High case
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Outline

Two parallell, but integrated, workflows:
=  Deterministic = ‘Testlab’
= Assisted History Matching (ResX)

4D matching in ResX
Summary

13



Static/Dynamic Modelling Workflow

Concept Driven

Property
modelling

History
matching

4D guiding

Improved 4D match is key for capturing
the dynamic behavior. This is a pre-
requisite for initiating the ResX history
matching process

N Facies d
_ modelling
m;nario
modelling
“Testlab”
Structural Facies modellln'g: [
framework Key elements:
Sand - Conglomerate - Shale r

HM by
ResX

Assisted

Facies modelling:
Stochastic facies
distribution within the
main facies groups:
SAND, CONGLO,
BASEMENT

Prop. modelling: Add
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stochastic property. uncertainty to

ResX Posterior

modelling within » scalarsand | ResXInit «refe:nh:e case
each facies (poro, Sw/J-curves + . ensemble»
perm) RE parameters .
...................................................................... » | ResX Init 2 ResX Posterior 2
....................................................................... » | ResX Init3 ResX Posterior 3




Updated geological concept
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Improved understanding of Structure and Facies Configuration

I Zonation vs Facies Architecture ZOI‘I ation

Asgard

Upper Sand

Main Sand

Upper Finger

Index map|
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[ Asgard

FACIES MODEL - Main elements are seismically . 2. \
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[_] Sandy Conglomerate
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Concepts| What do we mean?

= Deterministic inputs controlling flow
= Examples:
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Seismic controls: Structure, Bedding dip, Facies
4D matching

Water Cut and Tracer Match (perm streaks)
Aquifer study (size, connection, energy)

2018 - 2016 2020 - 2016
Y /\ I o - Vi \

Seismic
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Control: Sand vs
e "

Bottom hole pressure [bar]
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Improved Reservoir understanding => Improved History Match

2018-2016 R 2020-2018

2 ‘creeping water’ vs. ‘massive water

2019: Lack of key concepts!
still . ) 7 &
pc(,OIr A{D =>» Bottom drive dominates :
match e
@#8 Improved Reservoir
2020: understanding (concept) g Ref 20
Improved =>Sideways sweep E
4D match - Delayed water breakthrough %

breakthrough’

| 4D Seismic

4D 2020-2018

‘Testlab’ PURPOSE
* Dynamic behaviour
* 4D match

- Q) ". -
ha 258 Large solid polygon

X,
. o 2020 - 2016 4D outline

L
i

Deterministic
model challenges:
« STOIIP




@ AkerBP
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Two parallell, but integrated, workflows:

= Assisted History Matching (ResX)
4D matching in ResX
Summary
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Assisted history matching by ResX

2 AkerBP
ResX Init Stochastic Realizations
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ResX Init - Concept 1

NG and poro
mean values and J- h d
Facies fractions and : f Perm for each Correlation factor cgr\{e §5+ T:F\’/‘?/En
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ResX Init | 2-facies Modeling Workflow

Trend map for Facies 1

» Simple / Pragmatic .
* Flexible :
 Logic can be re-used

4 [ Facies&PropertyModeliing
&0 WF1: Conglomearte

[ ——

4 =) WF2: Sand
& 20215and Facies ResX >

ﬁ) 2021 Sand Properties ResX
53 SUB: Variable SandFacies
[5G SUB: Variables SandProperties
53 WF3: Basement_Facies and Props_ResX

Syntax (Petrel property calculator):

Trend property ($trend)

IF($GL > InvCumNormal(0, 1, $trend), Facies1 , Facies2)

@ AkerBP

OUTPUT: 2-facies property

||||||||
FFFFFF

Gaussian Latent
$GL =>N~(0,1)
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ResX Init | Top Reservoir Uncertainty

= (1) Framework envelope:

= (2) Vary top reservoir surface for each run  ==--_

= (3) Define ACTNUM=0 above topres
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Outline

4D matching in ResX (Arnstein)
Summary
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ResX 4D Match | ResX Modelling Workflow

Dynamic modelling / Dynamic modelling /
Intersect Intersect

Realization 1
Realization 2

Realization 1
Realization 2

Initial Update Update
Data Data
geo/res- SIM2SEIS P cimilation ] geo/res- SIM2SEIS ¥ iilation ] geo/res- cooee
models models models
‘ ~ ~ ~ ‘ > ~ ~
Realization N Local _ Serial Realization N Local _ Serial
Cluster - parallel Cluster - parallel

ynthetic seismic derived attributes

= SIM2SEIS <30 min
= ResX: 100 x 30 min = 50 hours

Reservoir properties

Seismic properties

A
[ I' simulation to synthetic
seismic modelling
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ResX 4D Match | ResX Modelling Workflow

Dynamic modelling / Dynamic modelling /
Intersect Intersect

Realization 1
Realization 2

Realization 1
Realization 2

Initial Update Update
Data Data
geo/res- SIM2PEM =i ilation [ geo/res- SIM2PEM = . ilation geo/res- cooee
models models models
‘ ~ ~ ~ ‘ > ~ ~
Realization N Local _ Serial Realization N Local _ Serial
Cluster - parallel Cluster - parallel

SIM2SEIS <30 min
= ResX: 100 x 30 min = 50 hours

= SIM2PEM ~ 3 min per realization

Computed from

= seismic inversion
i 201820161 (3 5p pCube+)
.. 2020-2018

Data
assimilation [

> AAI/AI Az [%m] S AAI/Al Yavp At
Model derived attributes -Relative Al change thickness map [%m]

<§ Real Idata»



ResX 4D Match | Input data e

/4D water in 2018 I
i gl :
‘ s A . : 1;,!-"‘.: ",

2018-2016

‘Computed from seismic ifversion T
(3.5D PCube+)

| ]

1: Observed data

4D water in 2020

TAAI/AI Y%avp At

2: Data filter

3: Localization

d

Restricted to
2045m TVDSS

2020-2018

i ":i' - '

B i — i X
e CEIITE from seismic inversion

(3.5D PCubes)
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ResX 4D Match | Combining production and 4D data W, S—

Initial observations after conditioning to 2018-2016 and 2020-2018 seismic differences

4D water in 2020
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ResX 4D Match | Conditioned to production data only (2018-2016)
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ResX 4D Match | Conditioned to production + 4D data (2018-2016)

(3.5D PCube+)
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ResX 4D Match | Conditioned to production data only (2020-2018)

-residuals “coverage

SAAI/Al oo At ST
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ResX 4D Match | Conditioned to production + 4D data (2020-2018)

YAAI/Al Az

YAAI/AI %vp At
[%m]

from ;
3.5D PCube+)

SAAI/AI Az
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Outline

Summary
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Ensemble of Ensembles

ResX Posterior,
Concept 1

P — ResX Init,
‘ concept
1 1 P
ResX Init,
CONCEPT ‘ concept
2 2

Increased
Uncertainty
span
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Edvard Grieg UA 2021 | Overview

Production data conditioning:

100 ‘BaseCase’, 100 ‘LC’, 100 ‘HC’
Production & 4D data conditioning:

50 ‘BaseCase’, 50 ‘LowCase’

RESULTS:

= Concept driven: Large correlation between chosen
concept & Recovery

= Very good history match for all wells

= Water cut: field & well
= conditioning to 4D seismic improves match

= STOIIP > RefCase STOIIP

Reservoir modelling

Uncertainty

In all measurements

@ AkerBP
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POSTERIOR | NO 4D

. POSTERIOR | 4D
ResX Analysis | example S

HCPV adjustments => 1 reason for matc

A (Posterior - Prior)
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Has the predictability improved?

. Forecast
Field compared
st with actual
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History Matched Ensemble | usage

Predictability ; Infill wells planning
=>» Plateau length?
=» Best timing for infill wells and tie-ins?

1 26401
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E+06
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Well rates (oil)

Oil Rate
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16 000

Qil production rate [sm3/d]
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Summary

Assisted History Match on top of deterministic concepts has lead to higher confidence in the reamining reserves
estimate (EUR, plateau length)

Deterministic RefCase Assisted HM ;
Ensemble of Ensemble’
- BTE model - Based on one concept

Pros * (Dynamic) reservoir * Improved HM all wells ¢« Maintain consistency to established
understanding « Ensemble of history reservoir understanding (concepts)
 Communication matched models (not * |Increased uncertainty span
only 1 model)  Improved predictability

* Pragmatic!

e Re-use ‘Petrel Infrastructure’ between
concepts (e.g. updated structure)

Cons Uncertainty assessment ¢ Narrow uncertainty Weighting between ensembles?

« HM challenging span  Cost (simulation time)

38



Thank you for your attention!

- and thanks to the Edvard Grieg subsurface team for great teamwork;
Magne Dgsland

Jamie Good Quin ?

Knut Richard Straith AkerBP

Camilla Akcora
Svein Erik Foyn
Abel Onana Ndingwan

Kristian Eide-Engdahl
Geir Magnus Saeternes
Henrik Lundin

Odd Kolbjgrnsen And thanks to:

Jon Andre Haugen .

Sanaz Javid Partners, OMV and WintershallDea
Gael Chaupin :

e And to Resoptima for a lot of support
Odd Aasheim www.akerbp.com

Arnstein Kvilhaug
Solveig Seel
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