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Geomodeling

[eomoaenmpoBaHue



Geomodeling

[eomogenmpoBaHue

It is well known that mathematical models based upon the principles of
determinism, probability or fuzziness and applied for forecasting the
reservoir performance, describe overwhelmingly the unstable processes
of oil displacement caused by unfavorable ratio between phases mobility
(i.e. when mobility of the displaced phase is lower than that of the

displacing phase).

N3BECTHO, YTO MaTemMaTU4YeCcKne Moaenun, NoCTPOeHHble Ha NpuUHUMNax
AETEPMUHM3MA, BEPOATHOCTU UM HEYETKOCTU U UCMONb3YEMbIE B LENAX
NPOrHO3MPOBAHUA MNOKa3aTenem pas3paboTKM 3anexen, OnucbiBaloT B
nogasnAawwem H6ONbWIMHCTBE  C/Iy4aeB  HEYCTOMYMBbLIE  MPOLLECChl
BbITeCHEHUA HedTU, obycnoBaeHHble HebGNAronpUATHbIM COOTHOLLEHUEM
noaBuxHocTe ¢as (T.e. Korga NoABUMKHOCTb BbiITeCHAEMOWN (pasbl HUXKe
NOABUXKHOCTM BblTeCHAOLWEN da3bl).

07.02.2017




Geomodeling

[eomogenmpoBaHue

Thereupon, even with perfect geologic model available (and by the
way we do not have it and will never have) a “precise” forecast (in
terms of its coincidence to actual production) could not be performed
due to the fact that the production forecast will depend on
distribution of phases existing in porous medium at a given time.

The higher is the difference between the actual and modeled phase
distribution the less “precise” forecast we will obtain.

N3 3TOro cneayetr, 4TO [Aarke NpPU  HaAANYUU  COBEpPLUEHHOM
reo/lorMyeckom mogenn (KOTOpPOM, KCTaTWU CKas3aTb, Y HaC HEeT U
HUKorga He ByaeT) «TOYHbIM» NPOrHO3 (B CMbIC/NIE ero COBMaAeHus ¢
peanbHoi [06blvuen) He MmoXKeT ObiTb BbIMNOAHEH, MOCKO/AbKY OT
pacnpedeneHna COCyWecTBylOWMUX B nopucton cpege a3 B
onpeaeneHHblt MOMEHT BPEeMeHW 3aBUCUT MPOrHO3 MoKa3aTenemn
pa3paboTKu.

Yem 6onblue pasnnume mexKay peanbHbiM M CMOAENNPOBAHHbIM
pacnpeaeneHnem gas, Tem MeHee «TOYHbIM» byaeT NPOorHos.



Geomodeling

[eomoaennposaHue

= The foregoing effect will further enhance under the impact of
accidental and therefore the unmodelable events (failure of the

measuring/monitoring system, changed properties of injected agent,
etc.).

= History matching could mitigate such divergence, however it is the
cost-intensive method.

" BbiweynomaHyTbih 3¢deKkT byaeT TONbKO YCUAMBATLCS OT BAUAHUA
C/Iy4aMHbIX N NOTOMY HEMOAENNPYEMbIX IBNEHUIN (OTKA3 3/IEMEHTOB
CUCTEMDI N3MepeHnin/MOHUTOPUHTA, N3MEHEeHNe CBOMCTB
HarHeTaemoro areHTa u T.m.).

* HacTpolikoit mogenn (History matching) MoXKHO ymeHblNTb Takoe
pacxoXKAeHue, XOTA 3TO U 3aTpaTHbIN cnocob.



Geomodeling

[eomoaennposaHue

= The question is: how often should we make such a history
matching in order to maintain the development performance
forecast within the limits of applicable accuracy and reliability?

" BO3HWKaeT BOMPOC: KaK 4YacTO HY)KHO OCYLLEeCTBASATb HACTPOMKY
MOZenn Ans Toro, ytobbl MPOrHo3 mnoKasaTesnen pas3paboTKu
OCTaBaJICA B paMKax NnpMemaemMoin TOYHOCTU U HAZLeXKHOCTH?



Geomodeling

[eomogenmpoBaHue
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Is there another method to “fight” against (to cure) uncertainty?

It appeared that application of artificial intelligence systems (or,
saying more precisely, the high-tech completions and devices)
enables mitigation of uncertainty for forecasted performances
stemming from imperfection of own knowledge and applied
models.

CywectByeT /M ewe Kakon-nmbo cnocob «b6opbbbI» C
HeonpeaeeHHOCTbIO?

OKas3blBaeTcs, YTO WCMNO/b30BaHME CUCTEM  WCKYCCTBEHHOTO
WHTennekta (MAn, Kak OGosnee nNpPaBUAbHO WX HA3bIBaThb,
BbICOKOTEXHO/IOTMYHbIX KOMMOHOBOK W YCTPOMCTB) nNO3BOMAET
CHU3UTb BAUSIHWE HeONpeaeneHHOCTU Ha NPOrHo3Hble NoKa3aTeny,
obycnoBneHHOMN HEeCcoBepLUEHCTBOM HaLWKnX 3HaHUN 7
MCNONb3yEMbIX MoAeNen




Building a reservae

[MocTpoeHne reoormMyeckonm moaenm naacra

Types of geologic models
= Deterministic models

= Stochastic probabilistic models

= Stochastic fuzzy models

Tunbl reonoruyeckux moaenem
= JleTepMUHUPOBAHHbIE MOAENN

= (CroxacTunyeckue BEPOATHOCTHbIE MOAENN

= CroxacTnyeckue He4veTKkue moaenuv



Example of deterministic geologic model
[pnMep AeTEPMUHNPOBAHEOY TEONOrMYECcKon Moaenu
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Ref: A. XpyneHko, 2008
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ation in the oil rim

Ref: A. XpyneHko, 2008




Example of probabilistic (stochastic) model
[Tpmep cToxXxacTU4ecKom BEePOATHOCTHOM Moaenu

FloGrid 2007 1

Ref: A. XpyneHko, 2008 Permxy (MDARCY) (Grid2 (GM)

0.1 1.0 100.0 10000.0




Example of stoch

[MTpmep CTOXacTUYECKOM HEYETKON MOAENN

Model of heterogeneous reservoir built using the fuzzy clustering of geodata

Moaenb HeogHOPOAHOro KONIeKTopa, NOCTPOEHHAaA C MOMOLLbIO
HeyeTKOW KnacTepusauumn reogaHHbIX

Heterogeneous Shales Low permeability cells
reservoir (Cluster A) (Cluster B)

Cells with good permeability High permeability cells
(Cluster C) (Cluster D)
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Types of geolog

Tunbl reonorM4yeckmnx moaenemn

Deterministic models JetepMmnHUPOBaAHHbIE MOAEeNmn
Advantages Mpeumyuwiecrsa

= Simple building and application of = [lpocToTa nocTpoeHusa n paboTbl C
the model MOAEeNbto

= (Clear algorithms and predictable "  [loHATHbIE ANTOPUTMbI U
“behavior” npeackasyemoe «nosegeHue»

= Simple use for development " [lpocToTa NCNO/Ib30BAHMA NPU
performances forecasting NPOrHO3MPOBAHMM NOKa3aTeien

= Clear and understandable pa3paboTku

interpretation of the results = [lpocTadA U NOHATHAA
MHTEpNpeTauuna pesynbTaToB



Types of geolog

Tunbl reonorM4yeckmnx moaenemn

Deterministic models JetepMmnHUPOBaAHHbIE MOAEeNmn
Disadvantages Hepocratku

= Complexity (impossibility?) in =  CNnoXHOCTb (HEBO3MOXKHOCTb?)
accounting of model’s uncertainty yYyeTa HeonpeaeNeHHOCTU MOoAEeNU

= Forecast based upon the “precise” = [lpOrHO3 Ha OCHOBE «TOYHOM»
deterministic model is always AETEPMUHNPOBAHHON MOAENN
imprecise HUKOrA4a He ToYeH

= Simplified sensitiveness analysis "  YNpouweHHbIN aHann3
unable to provide an actual YYBCTBUTE/IbHOCTU, HE AAIOLLNM
assessment of uncertainty in initial peasibHYI0 OLUEHKY HeornpeaeeH-
data HOCTU UCXOAHbIX AAHHbIX



Types of geologi

Tunbl reonorM4yeckmnx moaenemn

Probabilistic
(stochastic) models

Advantages

Simple building of geologic model

Simple accounting of uncertainties
in initial data

Translation of insufficient
knowledge into forecasting models

Opportunity for risk assessment in
course of decisions making

BepoATHOCTHbIE
(ctoxacTuueckue) mopenwm

NMpeunmyuiecrtsa

[pocToe nocTpoeHme
reo/IorM4yeckon moaenm

MpocToi yyeT HeonpeaeneHHOCTH
NCXOAHbIX AaHHbIX

TpaHC}'IFILI,VIFI HENO/IHOTbl 3HAHWUN B
mogenum nporHo3snpoBaHMA

BO3MOXHOCTb OLLEHKM PUCKA NpU
NPUHATUM PELLEHUI



Types of geolog

Tunbl reonorM4yeckmnx moaenemn

Probabilistic BepoATHOCTHbIE
(stochastic) models (ctoxacTtnueckue) mogenu
Disadvantages Hepocratku
= More sophisticated model building =  bonee CNOKHOE NOCTPOEHME U
and application paboTta c mogennto
= Complicated use of stochastic =  CNOXKHOCTb MCMO/Ib30BAHUA
model within the forecasting CTOXaCTMYECKOMN MOAEeNU B
models MOZenAax NPOrHo3MpoBaHUA
= |ncreasing number of estimation = POCT YMcC/ia pacyeTHbIX BApUaHTOB
options and multiple-valued M MHOTFO3HA4YHbIN MPOrHo3
forecast = HenpospayHble aAropPUTMbI U1
= Nontransparent algorithms and HEeOoXWAaHHOoe «noBeaeHmne»

unpredictable “behavior”



Types of geolog

Tunbl reonorM4yeckmnx moaenemn

Fuzzy
(stochastic) models

Advantages

Unavailable statistics do not impair
the model building

Simple accounting of uncertainties
in initial data

Translation of insufficient
knowledge into forecasting models

Opportunity for risk assessment in
course of decisions making

HeuéTtkue
(ctoxacTuueckue) mopenm

NMpeunmyuiectsa

OTCcyTCTBUE CTAaTUCTUKN He ABNSETCA
NpenAaTcTBUEM AN NOCTPOEHUA
Mmoaenu

MpocToi yueT HeonpeaeneHHOCTH
MCXOAHbIX AaHHbIX

TpaHC}'IFILI,VIFl HEMNO/IHOTbl 3HAaHUN B
mogenum nporHo3snpoBaHMA

BO3MOXHOCTb OLLEHKM pUCKa NpwU
NPUHATUN PeLLEHUN



Types of geolog

Tunbl reonorM4yeckmnx moaenemn

Fuzzy
(stochastic) models

Disadvantages

More sophisticated model building
and application

Unavailable fuzzy forecasting
models

Difficult perception of modeling
results

Nontransparent algorithms and
unpredictable “behavior”

HeuéTtkue
(ctoxacTuueckue) mopenm

Hepoctatku

bonee cnoxkHoe nocTtpoeHune um
paboTa c moaenbto

OTCyTCTBME HEYETKMUX MOAENEN
NPOrHo3MpoBaHUA

TpyaHoe BoCnpuATHE pe3yanbTaToB
MOJEeNUPOBaHUA

CnoxKHble anropmntmol n
HEOXWOaHHOEe «NnoBeaeHme»



Uncertainty in reservc

and stochastic model

CrtoxacTnyeckoe mopgennposaHne N HeonpeaeneHHoOCTb moaenu

Ref.: A. Khrulenko, 2011




Problems with geologit
and development fore

[Mpobaembl yTOYHEHUA reoMoaeNen U MPOTrHO3NPOBaHUA pa3paboTKu

N
History  MicTopus Forecast MporHos
< >< —>
Measurements N3mepeHuna,
with errors  copepralwme ownbKn




Example

[Tpnmep
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***  Modeling and optimization of high-tech wells operation
(proactive control strategy)

% MopgenuposaHue n onTMmm3aLma paboTbl BbICOKOTEXHONOMMYHbIX
CKBaXWH (MpoakmusHaa cmpameaus ynpasneHus)



Task set up

[locTaHOBKa 3a4a4m

¥_adis

Fluids

Gas zone
Qil zone
Water 2zohe

Undifferentiated zohe

10,65 mIn m3

YV VYV

25,1 min m3

| l
Oil viscosity (BaskocTb HedTH): p,=0,55 cp;
Water viscosity (BaskocTtb Boapl): W~ 0,3 cp;

Bubblepoint pressure (JasneHue HaCbIU.Il,eHVIﬂ): P..=245 bar;

satT

Solution GOR (la3ocopepaHue HedTn): R.=100 m3/m3

330 bar

352.5 bar

- -2600

- -2800

|--3000

- -3200

- -3400

- -3600




Uncertainty in re

HeonpeaeneHHOCTb KONIEKTOPCKMX CBOMCTB
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Well data:

Total number of producer wells: 3

Aggregate length in terms of wellbore :
4500-5000 m.

Aggregate length of perforated intervals:
~1000 m.

Minimum wellhead pressure: 40 bar

Fluid recovery: not more than 1650 m3/daily

XapaKTepUCTUKU CKBaXKUH:

Obuee yncno AobbIBaOLLMX CKBAXKUH: 3

CymmapHaAa npoTAXKeHHOCTb no cteony: 4500-
5000 m.

CymmapHana AnMHa MHTepBasioB nepdpopauunm:
~1000 m.

MunHMManbHoe ycTbeBoe aasneHue: 40 bap

OT60op **naxkoctn: He 6onee 1650 m3/cyT



Options for wells ¢

Bapl/laHTbI 3dKdH4YNBAHNA CKBAXKUNH

Higivaativnahuoketibation a2 0 Well tubing
B6spHDESHAMONBEHE ! HKT
3aKaH4YMBaHue '
Casing string
ObcapHas
KO/NIOHHa
Inflow control
devices
YcTponcTea
KOHTPO/IA NPUTOKa | '
\ | ‘\
Packer , : ; Perforated
Makep : intervals
NUHTepBansbl
) ¢ nepdopauunm
)'d




Evaluation of ec

OueHKa 3SKOHOMMYECKOro apPeKTa

Eff =3 (Q7~Q)-a,p-AE,

t>0

Where (raoe):

Q - oil production during the time step (n06bi4a HepTK 3a BpemMeHHOW war);
p — oil price (ueHa HedTKn): 50 $S/bbl

* . . . .
AEo — Eo — EO - difference in value of high-tech (*) and conventional well
completion (pa3sHuLa CTOMMOCTM BbICOKOTEXHONOTMYHOTO
(*) 1 06bluHOrO 3aKaHYMBAHMA CKBaXMHbI): ~2.0 min. $

o, = (l+ i)_t - Discount factor (KoadpPpuUNEHT ANCKOHTUPOBAHMSA),
i — discount rate (cTaBka AuCKOHTA): 12%



Forecasting resu

Pe3ynbTaTbl NpOrHo3npoBaHua, reomoagens Nel
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Forecasting resul

Pe3ynbTaTbl NPOrHo3mnpoBaHua, reomoaesib No2

Hakornennast mo0eraa HeTr, MITH.
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Forecasting resul

Pe3ynbTaTbl NPOrHo3nposaHuna, reomoaens Ne3

Hakomiennas mo0braa HeTH,
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Forecasting resu

Pe3ynbTaTbl NpOrHo3npoBaHua, reomoaens Ne4d
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Forecasting resul

Pe3ynbTaTbl NPOrHo3mnposaHua, reomoaensb Ne5
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Final result

NTorosble pe3ynbTaThl

Baseline model HTC Discounted | Incremental cum Increment
Geomodel ba3oBbi BapMaHT BT3 effect production ORF '
Mogenb JVNCKOHT. Mpupoct NbUooCT
naacrta Q,, min ORF Q,, min ORF sddeKT, MAH. | Hakona. Ao6bIuM PAp .
Sm3 KWH, % Sm? KVH, % $ mln Sm3 KVH, %
#1 17,21 48,20 17,59 49,27 107 0,38 1,075
#2 17,79 49,11 18,30 50,54 154,07 0,52 1,431
#3 17,03 47,12 17,93 49,63 133,63 0,91 2,515
#4 16,34 45,09 18,13 50,05 367,46 1,80 4,958
#5 17,67 49,00 18,12 50,22 147,23 0,45 1,256
In the average
17,20 47,70 18,02 49,94 181,88 0,81 2,247
B cpegHem
4,0% 0,9%

Application of high-tech assemblies has resulted in mitigated uncertainty impact on
reservoir characterization

Mcnonb3oBaHMe BbICOKOTEXHONOTMYHbIX KOMMOHOBOK MO3BO/INIO CHU3UTb BANAHNE
HeonpeaeneHHoOCTn B ONMMCaHNMU MEeCTOPOXKAEHUA




Example — economic efficienc

High-tech wells and reactive ct
[Mpumep — 3aBUCUMOCTb SKOHOMUYECKOTO 3PPEKTa OT NPUMEHEHMUA
BbICOKOTEXHO/IOTMYHbIX CKBAXXWH U PEAaKTUBHOW CTPATErnmM OT LUeHbl HAa HEPTb

0,35

Payback threshold for HTAs

. i‘/ amounting to USD 2 min.

| Mopor okynaemoctn gna BTK
CTOMMOCTbIO B 2 MITH. $

0,25

0,2

0,15

0,1

[1n0THOCTE (DYHKIIH BEPOCTHOCTH, JIOJTH €.

0,05

IIpupoct YA, MaH non

——30S$/bbl  ——35$/bbl ——40S$/bbl ——45S$/bbl —— 50 $/bbl

——555/bbl  —— 60 $/bbl —— 65 $/bbl 70 $/bbl  —— 75 $/bbl

Ref.: Report on operations carried out under the BP’s grant (A. Zolotukhin, A. Khrulenko, A. Valeev, A. Musorina).

Gubkin University, 2011.
Ref.: OTyeT no pabote, BbiNomnHeHHoN no rpaHTy bl (aBTopbl: A. 30M0TYXMH
PI'Y HedbTn 1 raza umenn N.M. lN'ybkuHa, 2011.



Example — economic efficienc

High-tech wells and reactive ct
[Mpumep — 3aBUCUMOCTb SKOHOMUYECKOTO 3PPEKTa OT NPUMEHEHMUA
BbICOKOTEXHO/IOTMYHbIX CKBAXXWH U PEAaKTUBHOW CTPATErnmM OT LUeHbl HAa HEPTb

Probabilities of achieving incremental NPV with various oil prices
(reactive strategy)

L2 T T T T T T T Payback threshold for HTAs [

| amounting to USD 1.5 min.
|, —
1
Mopor okynaemocTtu gna BTK
cTonMmocTbio B 1.5 MnH. $
0,8
0,6 |
0,4 |
0,2 |
o LLLLLLLILL LoD

-3-2-10 1 2 3 45 6 7 8 9 101112 1314151617 18 19 20 21 22

—30S/bbl ——405/bbl ——505/bbl ——605/bbl ——705/bbl

Ref.: Report on operations carried out under the BP’s grant (A. Zolotukhin, A. Khrulenko, A. Valeev, A. Musorina).

Gubkin University, 2011.
Ref.: OTyeT no pabote, BbiNomnHeHHoN no rpaHTy bl (aBTopbl: A. 30M0TYXMH
PI'Y HedbTn 1 raza umenn N.M. lN'ybkuHa, 2011.



Mprumep — 3aBUCUMOCTb IKOHOMUYECKOTO 3pdeKTa OT NPUMEHEHUA

BbICOKOTEXHOJ/IOTNMYHbIX CKBaKUH U I'IpOaI-(TI/IBHOl\;I cTpaternn ot UueHbl Ha HEd)Tb

Probabilities of achieving incremental NPV with various oil prices
(proactive strategy)

1,0

0,8

0,4

0,2

le—
|
|
|
06 | |
|
|
|
|

Payback threshold for HTAs
amounting to USD 4 min.

Mopor okynaemoctn ana BTK
CTOMMOCTbIO B 4 MITH. $

01 2 3 456 7 8 9101112131415161718192021222324252627 2829

—30S/bbl ——405/bbl ——505/bbl ——605/bbl ——705/bbl

Ref.: Report on operations carried out under the BP’s grant (A. Zolotukhin, A. Khrulenko, A. Valeev, A. Musorina).

Gubkin University, 2011.

Ref.: OTyeT no pabote, BbiNomnHeHHoN no rpaHTy bl (aBTopbl: A. 30M0TYXMH

PI'Y HedbTn 1 raza umenn N.M. lN'ybkuHa, 2011.




Example — comparative effici

control strategies vs oil price:

CpaBHUTENbHAA 3PPEKTUBHOCTb PEAKTUBHOM U NPOAKTUBHOW CTPATErMNM

Compared efficiency of reactive and proactive field
development control strategies
1.2

Payback threshold of USD 1.5 min.

Payback threshold of USD 4 min.

0.8

0.6

0.4

0.2

-3-2-101 2 3 45 6 7 8 91011121314151617 1819 2021 22

30 $/bbl 40$/bbl 50$/bbl 60 $/bbl 70 $/bbl
— — =308/bbl - - - - 40$/bbl - - = = 505/bbl = - - = 60$/bbl = = = = 70$/bbl



General conclu

HeKoTopble BbiBOAbI

» Uncertainty in description of formations and processes therein represent the
objective reality and one of the problems (incurable deceases) of exploration
and production

» Unstable nature of events occurring in productive formations does not allow
getting rid of uncertainty impact even using the powerful modern methods,
such as Kalman filter, ensemble filter, etc.

» HeonpepneneHHOCTb B ONMCAaHUM NAACTOB U NPOUCXOAALLUX B HAUX NPOLLeccax —
06BbEKTUBHAA PeanbHOCTb M OAHA U3 Npobnem (Hensneuynmbix 6onesHen)
pa3BeaKu 1 pa3paboTKu

» HeycToumMBbI XapaKTep NPOUCXOAALLMX B MPOAYKTUBHbIX NI1ACTaxX ABNEHUMN He
no3sonaeT n3baBUTbCA OT BAUSAHUA HEONPEAE/IEHHOCTU AaXKe 33 CYET
MCNONb30BaHMA TAKUX MOLLHbIX COBPEMEHHbIX METOA0B, KaK GunbTp KanmaHa,
KaCKaaHbIX GUAbTP M NPOM.




General conclus

HeKoTopble BbiBOAbI

» Application of high-tech systems with the elements of artificial intelligence
enable mitigation of the uncertainty impact on field description and forecast
quality improvement

» Uncertainty, being the “hostile” element, could become an ally subject to
proper treatment therewith...

» WMcnonb3oBaHMe BbICOKOTEXHONOTMYHbBIX CUCTEM C 3NEMEHTAMMU
MCKYCCTBEHHOTO UHTENNIEKTA NMO3BONAET CHU3UTb B/IMAHUE HEONPEOLENEHHOCTU
B OMMNCaHUN MECTOPOXKAEHNA U NMOBLICNTb KAYECTBO NMNPOIrHO3a

» HeonpeaeneHHOCTb, XOTA N «BPaAXKAEOHbIN» 3INEMEHT, HO NPU NPaABUIbHOM
0bpalLeHNM c HEeto MOXKET ObITb COHO3HUKOM...



Thank you!

Crnnacubo 3a sHumaHue!

Prof. Anatoly Zolotukhin
E-mail: anatoly.zolotukhin@gmail.com
Zolotukhin.ipng.ru




