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ResX as a plugin to Petrel

D)
D

Window
Structural Modeling Property Modeling Well Engineering Simulation Charting
|== Resuits charting Fi 3D results analysis £ Streamlines (&) RFT/PLT mismatch o Convert _— — ¥ Ensemble analysis
=n (g z . X = =
PR & Metwork results My Show / hide wells_< E2 ‘Objective function Restart =] [ window ~
Field [ 3D Grid property Legacy Enrichyour l| Ersemble based Aggregate grid
Reports presct 3D results Multi-value probe propsrtics _modification iz Uncertainty and optimization Sector - woriciow simulation study properties EZ] Preprocess DsT
match and optimization Legacy apps Errich Resoptima
= H ResX is located un- N reqnte arid | section window 3 [MD] > i i D window 5 [&ny] 3¢ ;@wﬂkﬂm
HIB der the simulation ggreg | g QAQ R gl i =@~ 2 “ | e @ varmpes -
I tab results , Oil production cumulative > [ _old workdlows
R > [ [ResX]
i < = Integrateg Iflows Kobbe
2 > E-processing
= _ _ Housekeeping
Sepuistion _ " Varisbles_ResX
= N— N— N— Preprocess DST APG facies modeling
= YH: V-J Q./q . Petrophysics modeling
H = = =5 Contacts Kobbe
Ensemble based Aggregate Ensemble Window Preprocess == Water saturation Kobbe
simulation study grid results analysis - DST —— = Relative permeability
B8 ResX ensemble analysis window = Dynamic Regions
-— = Fautt transmissibility
I:I Map window . — Copy properties
Ensemble based — Create volume case
> simulation study - Run simulation
> Ensemble analysis - — sz Master Intial ensemble
> — Transfer_Prop
> . = Generate Cases
3 Windows % Master Generate Cases
> Generate Cases APG facies modelling
3 Generate Cases Petrophysics modelling
> Genearte Cases Run simulation
> Generate Cases Fault transmissibilty
> Generate Cases Contacts Kobbe
> B Mwerage maps for best medium sst w J Prediction
> B Average maps for worst medium sst ? | B> Cases Run si ion F
@ Diff map K5 best-worst L [E3 Master Generate Cases Prediction
Y Diff map KB best-worst w 7 |53 Run prediction cases subroutine
P> Diff map K7 best-worst 1 = [=] Post processing
> B Difference maps PORO P50 Initial 1 > Creating diff maps
| Difference maps G2FPem P50 Initial = Gienerate Facies from updated realizations
> B Difference maps KTotalFacies3 Probability of 1 Initial + Generate PorPem from updated realizations
> B Difference maps KTotalFacies3 Probability of 2 Initial # 1 Gienerate Kvkh from updated realizations
> B Difference maps KTotalFacies2 Probability of 2 Initial ] Generate Sw from updated realizations
~ Well trace KWI1_S | Run worldlow
= Polygons 1 . Run simulation & Fore
7 Wl e kP3 Historys | Forecast Frocition
~ Well trace KP2 |_TJ 7 [&5 Generste All props from updated realizations
~ Well trace KP10 [ > [ Copy of Eni wordlows
&g GOC_BC_all_segmerts 1 o [ Infill target locator
& ents E 4 [5] 1) Extract properties from prediction runs and org
ell trace Copy 1 Rename extracted grid results folders
~ Well trace KP10_DRL o ! ! ! ! ! ! ! i Organize prediction properties into the realiz:
ResX studies 2018 2020 2022 2024 20286 2028 2030 2032 « [E] 2)Creste Facies properties
(=1 ResX model uncertainties setups [543 Create Facies properties for final iteration
BB ResX obiective functions Date a [ 3) Estimate largest connected volumes for indicz
(=1 ResX localization setups |53 Estimate largest connected volumes for indic
= FesXintial ensembles — IX_1D_SS_WF_418 IX_1D_SS_WF_419 —— IX_1D_SS_WF_420 IX_11D_SS_WF_421 > B sub
- Well trace WELL1 —— IX_1D_SS_WF_422 —— IX_1D_SS_WF_423 —— IX_1D_SS_WF_a24 —— IX_1D_SS_WF_425 > B8] Housekesping
a [ 4) Attach properties to case
—— IX_1D_SS_WF_426 —— IX_1D_SS_WF_427 —— IX_1D_SS5_WF_428 —— IX_1D_SS_WF_429 [53 Attach properties to case
—— IX_1D_SS_WF_430 —— IX_1D_SS_WF_431 1X_1D_SS_WF_432 1X_1D_SS_WF_433 = [ 5) Aggregate Indicators Connected Volumes to =
—— IX_1D_SS_WF_a34 IX_1D_SS_WF_435 —— 1X_1D_SS_WF_438 More items £l m ] E
= Input [BA Models [ Templates - | [[[Z] Message log [ Workflows [f@ Cases |[Bs Results

I | — )
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Ensemble modelling concept e
eni

ResX consistently conditions reservoir models to both static and dynamic data

The ResX History Matching workflow includes updating of geological properties as well as dynamic

parameters on cell by cell level
Matching a full range of geological uncertainties, not just a base case

Taking into account the effect of the subsurface uncertainties and generates P10, P50 and P90

statistical results
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Ensemble-based reservoir modelling s,

‘ Reservoir modelling workflow

Relperm ‘ S Faults
Input |
Well logs
GEO|98|C§| concept Geological uncertainties included:
Seismic data e Structural
Core data e Facies

e Petrophysical properties

Dynamic uncertainties included:

¢ Relative permeability

e Fault transmissibility

¢ OWCand GOC

¢ Well completion skin / PI multiplier

N
= ResX e

Facies Petrophysics

Forecasting and infill planning

History matched models
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]
A E
s H
£ £
]
Cetzoie s 2o ErET Dt 2016
[
e
B nambeani = SEF PSSy
-]
z I
gs x
b4 b
&

eni norge



Structural uncertainty

TOP and BOTTOM maps are added a Gaussian random field

horizon/isochore = original + residual

-

RSO mom  WED AR |

s dmcc

gl s B

i i

|8 i

E FH =

| I. W

Simulated Input Map Original Input Map
Distribution Mean Std Min Max

SMeanRes Truncated Mormal 0 8] -15 15
55tdRes Truncated Mormal 3 2 0.5 a8
SMajorRes Truncated Mormal 2000 1000 1000 4000
SScalar Truncated Mormal 0.75 0.25 0.5 1
SAzimuthRes Truncated Mormal -50 20 -a0 -10
SMinorRes SMajor x Scalar

MEAN Residual accounts for the velocity model uncertainty
STD residual accounts for the mapping uncertainty

Distance from wells: 300 m

-
e -
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Facies uncertainty (1,2

4

eni

Step 1: Creating facies trend maps from the geological conceptual model

ND b WwN

R with 30 grid FH RG NoFAMN Feb 2017

Use: Specified grid

{(® Forloop Varable: S From: 1 To: 50
[F8] Mumeric expression SFac

[F8] Mumeric expression $Poro

S,

- &R

[7d

edimentological facies

fitter
fitter

15 Fluwial STEP2 U

= [INT(RAN{D.35000)
= [INT(RAN{D.35000)
= [INT(RAN(D.35000)
|G2_Bodies_FINAL [U]

hs_Fluvisl_STEFZ [U]

h 5and South segment

ks

Seq5_Fluvial_STEFPZ [U] Run only

Expression or file
Expression or file
Bun onl

1

=]

Facies modeling E= A

Ed
B

Facies modeling E= A

B Removes alluvial fan facies

El Property calculator [£] Use fil IF4]
E Property calculster [] Use fil If4]
El Property calculstor [] Uss fild' If4]
El Property [] Use filt - = ||
E Property calculator [[] Use fiter  Expression or file: RG_Total_Facies_7=ff{]
E Property calculator [] Use filter  Expression or file: RG_Total_Facies_7=(f{|
E Property calculator [[] Use filter  Expression or file: RG_Total_Facies_7=/{
Ef Property calculator [] Usefiter Bxpression orfie:  RG_Total_Facies_7=ff(
B Mew folder T Realizations_trend Name: RS Z
Copy  Arefersnce subject ariable C [global | = = ra|™

Property calculstor [ Use fil

Property calculator [ Use filt
Property calculator [ Use fit

Seq5_Fluvial_STEF2_BK=Seq5_Fluvial_STEP2
Object_curvature_Sequb=if( Object_curvature_Sequ5<0, 0.Object_curvature_Sequb)

f{ Zones=1.52q5_Fluvial_STEP2 .RG_Total_Facies_7 }

BK=-RG_Total_Facies_7

[] Use File
[] Use File

If (Seq5_Fluvial_STEF2>5 And Seq5_Fluvial_STEP2<11, 5, Seq5_Fluvial_STEF: [[] Use File

PERM

o

[£] Use File

[C] Use File

ature_TOTAL } [] Use File
btal_Facies_7) [T Use File
btal_Facies_7 ) [] Use File

3 Facies based on
PORO and PERM

al L,

Running 50 realizations on original workflow
(including sedimentological facies, porosity and
permeability)

—

Aggregate the three facies types based on rock
quality index into probability maps for each
facies (poor, medium and good)

Prob poor trend

ob medium trend

Prob good trend
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Facies uncertainty (/2

Step 2: Three facies types distributed using an ADAPTIVE PLURI-GAUSSIAN TECHNIQUE

Prob Poor

Prob Medium

Prob Good

Gaussian Latent 1

T facie modeiing with KOBDE GO RESIZED/XOVBE SepROle ekl ]
Make model | Hints
B © Crectenew '
A @ Edt eastng; B KTotolFacies? pe
P e S
| Common |[Zons settngs ] [V ] Global seed: 3731 7 |
[Zones: | Same settings for b zones Topether = a8
[F_h_- _- No condrioning to tacses  The rons s modeisd n one sngls ooemban
(o) Vel [F5 gt Goussion. o

B Focees |E5 Gaussion | G Hints |

|=;; [ 2 tMedium sand [0 %]
I 3 Good sand [0 %]

l‘*’l W 7 Foor man nd [0%2]

4

(=]

Ll

Protabilty for selecied faces: (o] | cfa Prob_medsm (U] Ll

Select & truncation mag template:

O Tempiste which is useful for fiunvial depostonal
envionments and similar, whens the second facies
type is Moely to appear in the transiion zone
Between ihe remaining twa facies types

Facies Probability Maps

Probability for each facies

'
) 2

resulting from a weighted I

compromise between well logs
probabilities and geological
conceptual model

|4

Generate Gaussian (latent)
variables

Controls the spatial continuity

of the generated facies
realizations

Enables conditioning facies
realizations to dynamic data

Adaptive pluri-Gaussian
simulation

Ensemble based simulation
study

Generate facies realizations I

\ Latent (Gaussian) variables

honoring the conceptual model
and the logs, and adding the
Gaussian latent variables

are updated by ResX to
condition the generated
facies realizations to dynamic
data

Adaptive Pluri-Gaussian Technique Reference:

eni norge
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Petrophysical uncertainty

e Porosity and permeability as a random pick of the log values for each

facies plus truncated Gaussian multipliers

» Vertical permeability based on shale volume content or field analogues

plus by truncated Gaussian multipliers

o Water Saturation based on J-functions and risked by variability ranges

of the coefficients for each facies.

B8 with 20 grid {ff KOBBE_Sepi2016

PHIE modelling

Run |=p || [53 Variables_ResX
.* Scale upwell logs @ Poro_poor [U]
.* Scale upwell logs @ Poro_medium [U]
.* Scale up well logs '@ Poro_good [U]
E Property calculstor [] Usefiter  Expression orfile:
E Property calculstor [] Usefiter  Expression orfile:
E Property calculator [| Usefiter  Expression orfile:
ﬂ Petrophy=sical modeling @ Poro_poar [U]
ﬂ Petrophysical modeling @ Poro_medium [U]
ﬂ Petrophysical modeling @ Poro_good [U]

5 Make facies conditioned property  Facies property: B KTotalFacies3

Use:  Specified grid -

Paoro_poor=Paro_poor*TruncMomal( 1, 0.05,0.85 ,1.15)
Poro_medium=Poro_medium™TruncMomal{ 1, 0.05,0.85 ,1.15)
Poro_good=Poro_good™TruncMomal( 1, 0.05,0.85 ,1.15)

Run only -
Run only -
Run only -

Output property: % PORO [U]

[ Use File
[T Use File
[7] Use File
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Dynamic uncertainty

Relative Permeability

= End point and Corey exponent
uncertainty for both water/oil and

gas/oil
Fault Transmissibility

= Transmissibility multipliers across

faults
OWC and GOC

Completion skin / Pl multiplier

e e b

PRSI —
83 o4

ot it et ety

eni norge



Aggregated properties — initial ensemble N

P10 Porosity P50 Porosity

P90 Porosity

RO (U]
Parosity - et

n o
| E=
b 20009

Probability of
shale

ilidedond
000,

Probability of
medium sand P10 Permeability P50 Permeability P90 Permeability

0000.0 —

0003.0 —

00%.0 —

000a.0

0.0

GHPerm U]
Parmaeabiliy 0]
000k.0

00020

oz.0

0000.0

Probability of
good sand
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Initial ensemble coverage/variability check

Pressure [bar]

Pressure [bar]
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Definition of the objective function

Selection of production data to

be part of the objective
KP1&.T
* Liquid production rate Kwi2e
* Bottom hole pressure K5
KPS T I
* GOR
KP&:T
¢ WCT KPS T I
KP4:T I
o . KP1:T I
Specification of the tolerance -
e 10 bar for pressure K2
* 10% for others e
KGN
KGI2
Ensemble analysis process <77 |
* Screening tool to analyze the —Eottorn hole pressure
B Gas injection rate
initial ensemble BN Liquid production rate

o 50 100 150 200 250 3200

Gas—oil ratio

Water cut Il Water injection rate

bar

KP6; T Bottom hole pressure -
o & | m[Qlw | = [ A

Simulated

®  Observed

o

200

190 g

120

170

160

150

140

130

120

110

01 Apr2016 01 May 2016 01 Jun 2006 01 Jul 2016 01 Aug 2016 01 Sep 2016 01 Oct 2016

01 Apr 2016 01 May 2016 01 Jun 2016 01 Jul 2016 01 Aug 2016 01 Sep 2016 01 Oct 2016
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Model uncertainties and localization

Grid properties | Scalars I

Drag a field here io group by that field

Specify the history matching variables

Transfer property Mame Passthrough |~ Minimum Maodmurn | Unit Transform Comment
. wli Gzussianlatent GaussianLatentl &= -3 299939 Linear
an d b O Un da rl eS wli GaussianLatent?| GaussianLatent2 = 3 ] Linear
K5 Perm_good Ferm_good = 0 196826 mD Logarithmic
. .. K5 Perm_medium | Perm_medium = 0 192686 mD Logarithmic
= facies probability (=515 Perm poor | P poor = 0]  30219(mD | Logastmnic
|=» | ® Poro_good Foro_good = 0 0404307 m3fm3 Linear
. o & Poro_medium Poro_medium = 0 03209357 m3fm3 Linear
= porosity & permeability T i 5 NS
@M Prob_good Prob_good = o 1 Probability
@M, Prob_medium Prob_medium = o 1 Probability
" Shale VO/ume g @ Prob_poor Prob_poor = o 1 Probability
a W.yWsh_good sh_good =1 1.71866e-05 50 % Linear
] fault transmlSSlbI/Ity | =0 | Vo Vish_medium Vsh_medium = 1.5783e-05 90 % Linear
a Wy Wsh_poor Vsh_poor = 6.43546e-05 100 =% Linear
= relative permeability
- II t . /t . l, Gnd properties | Scalars |
well connection multipliers e - .
Identifier Property Type GaussianLatent1 GaussianLatent2 Perm_good Perm_ms « Radius 2000 m
KP16:T  Liquid production rate Production dats r=2000m r=2000 m 2 r=2000 m 2 r=2000 r
KP1T  Liquid production rate Production data r=2000 m i =2000 m i r=2000 m r=2000r [ Near perforations only
KP4:T Liquid production rate Production data r=2000 m a r=2000 m a r=2000 m a r=2000r Dbelie=s
KP5.T Liguid production rate Production data r=2000 m a r=2000 m a r=2000 m a r=2000r Blolmpact
KP&.T Liguid production rate Production data r=2000 m a r=2000 m a r=2000 m a r=2000r o o [propethy
. . KPS T Liguid production rate Producton data r=2000 m a r=2000 m a r=2000 m a r=2000 r =
ConStraIn the area Of Inf/uence KP16:T  Gas-oil ratia Production dats r=2000 m 2§ r=2000 m r=2000 m r=2000 r Filter property
KP1.T Gas-oil ratio Production data r=2000 m = r=2000 m = r=2000 m =i r=2000r i Zones @_
H KP4T  Gas-oil ratio Production dats r=2000 m 2§ r=2000 m 2 r=2000 m 2 r=2000r {5 0: Kobbe 9
" radl us around the Wel/s KPET  Gas-oil ratio Production data r=2000 m 2 r=2000 m 2 r=2000 m 2 r=2000 ¢ "7 1: Kobbe 8
KPET Gas-oil ratio Production data r=2000 m = r=2000 m = r=2000 m 2 r=2000r [C] 1] 2:Kobbe7
L zones KPaT Gas-oil ratio Preduction data r=2000 m a r=2000 m a r=2000 m a r=2000r = - 3 Kobbe 6
KGI1 Botiom hole pressure Production data r=2000 m = =2000 m = r=2000 m = r=2000r [] L[ 4: Kobbe5
. KGI2 Bottom hole pressure Pdeuc:‘ifUn data r=2000 m = r=2000 m = r=2000 m =4 r=2000 ¢ [ BB 5: Kobbe 4
Segmen ts KP16:T  Bottom hole pressure Production data r=2000m < r=2000 m < r=2000 m < r=2000 r 51 B 6 Kobbe 3
KP1.T Bottom hole pressure Producton data r=2000 m S r=2000 m S r=2000 m S r=2000 r ) =
KP4, T Bottomn hole pressure Production data r=2000 m = r=2000 m = r=2000 m = r=2000r ~ B J:E 7: Keobbe 2
< m ] » [C] 1| 8: Kobbe 1
[« sppty | [« oKk | [ Cancal |
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Data assimilation for history matching

rﬁ Ensemble based simulation study T |! g. .P
Inital ensemble D | Diefine cbjective function Diefine model uncertainties G | Define localizaton ssetup | History matching Forecasting | @ Settings & Hints |

Study name: RG_HM_82_ 2Z212201&

Input-
Ensemble: [ init_62_21122016 =
Objective function: [E Objective function MoFan Grid - ]
Model uncertainties:
Localization: [t?‘ Localization_noKRELinSouth_NoFAMN_gnd - ]
Generate cases workdlow: @ E—; Master Generate Cases

Study options:
lterations (count / resume from):

Data inflatton scheme:

Data inflation coefficients:

Max simulation time:

Load results:

Store model grid properties:

Cancel study on variable collapse:

EE

4 > | @ 1

sz

134, 87.47.1.7

tn
L4

70 3 minutes

=

[] Grid properties (Simulation)
[] Production data
] RFT/PLT

[E Model uncertainties NaoFan grid - ] .

SRR

o OFf ) Al iterations @) Final iteration only

3

[ Runtest |[  Run |

[« Apply | [« OK | [X Cancel |

————— . = = T A
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HISTORY MATCHING AND FORECASTING RESULTS
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Initial ensemble - BHP

©
o
N
T
O

KP16; T

i d -
e e — e ]

e e — —

Jul 2016

1 T I
Apr 2016

00¢ 05l 00k 0§ 0
[feq] ainssaly

-
i . i
Jan 2017

. T .
Oct 2016

KP1;T

. T .
Jul 2016

. !
Apr 2016

00¢ 05l 00k 0§
[feq] ainssaly

L]

Date

Date

KPS5.T

00¢

KP4, T

00¢

05l

05l

00k
[1eq] ainssald

00k
[Ieq] ainssald

05

05

T T T T T T T T T
Jul 2016 Oct 2016 Jan 2017

. !
Apr 2016

L]

. T . . T .
Oct 2016 Jan 2017

. T .
Jul 2016

. !
Apr 2016

L]

Date

Date

eni norge



After history match - BHP %

KP1;T
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Initial ensemble - GOR
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After history match - GOR

Gas To Liquid Ratio [sm3/sm3]
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Forecasting set-up e

" _ i . . 1
¥% Ensemble based simulation study =_ - |i|

Initial ensemble [j | Diefine objective function Define model uncertainties [j | Diefine localizaton setup | History matching Forecasting | & Settings & Hints |
Forecast name: RG_INFILL_RMP&_RMWI7_INCREASED_EBHP
Input-
Study: [g:_;‘ RG_HM_62_22122016 = ]
Cases: [] Initial ensemble - Grid properties | Scalars |
- lteration 4 [ —
= RG_1343 [@] Transfer property | J Mame -
Sg—::w il GaussianlLatentl| GaussianlLatent1
e i_1345
il GaussianlLatent?| GaussianlLatent?
RG_1347 = il KooKh_good Korkh_good
BG 1349 il KvKh_medium Kowkh_medium
RG_1350 | = | willl Kikh_paor Kukh_poor
RG 1352 5 Perm_good Perm_good
RG 1353 | a 5 Perm_medium Perm_medium
RG_1354 5 Permi_poar Perm_poor
RG_1355 & Poro_good Poro_good
HG_‘|35T I Poro_medium Poro_medium
' RG_1358 & Poro_poor Poro_poor i
HG_‘ISED @ Prob_good Prob_good
: @My Prob_medium Prob_medium W
22—1352 a @y Prob_poor Prob_poor
_1363
RG_1364 |
RG_1355
7] RG_1366 -
. workdflow: [5i3 Master Generate Cases Prediction '
f Max simulation time: 600 2 minutes |_J
[
' |
|
' |
| « Apply | [« OK | [X Cancel |
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Ensemble forecast ‘ii%
eni

i Cumulativ_e Qil ‘

\
\

viar.16 26.Mov.18 22 . Aug.21 18.May.24 12.Feb.27 08.MNowv.29

P10 P50 [23=T0] Deterministic
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IDENTIFICATION OF INFILL TARGETS
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Approach

Analyze the ensemble of models to identify robust infill targets

= |dentify connected volumes combining:
= High probability of good perm sand
= High probability of high in-place volumes
= High probability of small pressure depletion

Evaluate the different development scenarios

Production forecast ) ) _ _
Field Oil production cumulative

Development
Scenario A

¢ : :
History Forecast

Good perm
0.5

High FIPOIL
0.7

Low delta P
0.4
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Infill planning workflow e

History matching and robust infill drilling

Robust infill planning workflow
Create indicators

Low delta pressure Low RF gas Low RF oil

Run «continue as is» predictions

= - = = = = Create connected volume per indicator
= E :E _:_ E Good sand Low RF gas
= |— = = L t
= _a,r,g?,s, - SecondLargest
: = - Third Largest = )

Connected volume Connected volume

== Estimate probabilities

‘IIIHIiIIIIH.

AR
:'i'l\'u_lw'uiii
T

Probability of largest Probability of second
connected volume of largest connected

R e s x low recovery factor gas volume of low delta
w! :

LT

PR ]

Run well optimizer

Create target indicator

Create infill target

Create connected volume Created target indicator property by specifying
threshold values and combinations of properties
Target indicator —_ e
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Connected volumes - Reservoir 2
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Conclusion and way forward

PROS

Close cooperation between the geologist
and the engineer

Less constrained geological concept more
adaptable to the observed dynamic data

The workflows are easily updated with the
historical data

A better understanding of the residual
uncertainty after history matching

Infill targets can be identified based on the
prediction from the entire history matched
ensemble

emnl

CONS

* The workflows create large models
occupying a lot of disk space, and a lot of
computing power is needed

* Analysis of the data is time consuming
* Software/computing infrastructure issues

Way forward
* Apply ResX for production optimisation
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