000 «MHTEX-CepBuc» LLC INTECH-Service

000 «JIUT-TpacT» LLC LIT-Trust
lNMporpammHbIn Komnnekc « CPEPA» SPHERE software package
Moaynu PemacwrtabupoBaHue n MKT Modules Rescaling and MKT
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PemacwtabupoBaHue

Rescaling

OcobeHHoOCTH pemacluTabnpoBaHus Features of rescaling in SPHERE
B K « COEPA»: software:

Vertical and lateral
Uniform and structure-preserving reservoir
Tensor (for strongly curved meshes)

* BepTukanbHoe 1 natepansHoe
« PaBHOMepHOE 1 coxpaHsitoLLee CTPYKTYpY KonnekTopa
« TeH30pHOEe (AN CUNBbHO NCKPUBMEHHbIX CETOK)

[eonornyeckas CoxpaHsioLee PaBHomepHoe
Mozenb CTPYKTYpY PemacwtabuposaHue
(498 cnoes) (50 cnoes.) (50 cnoeB)

L0, 210K
LA, =l
L0, 210K
y
- -,
"\“- -.‘ S\ S .
Y i
g "

v A

Geological | - Preserving - Uniform

model structure rescaling
(498 layers) (50 layers) (50 layers)



NO3NUUNOHHbIE
epmmnyeckan
(0)

MO/

*Black oil

*KomnosunumoH
*N3oTepmuyeckas
*Heunsotepmuyeckan

*C oguHapHoi
NMOPUCTOCTbIO

*C BOMHOWN MOPUCTOCTbIO

Co3zpaHune 3D ceTkn n
pemacwTabnpoBaHue

3apaHue CBOMCTB NaacTa U
NnnacToBbIX GOMA0B

3D meshing and rescaling

Setting the properties of the
formation and formation fluids

3agaHne ODI, KaNUANAPHbBIX CU U

OCTaTO4HbIX HaCbIU.LEHHOCTEVI

1000
' |

o 297 107
| R=097

T
Kso = 100.08¢01K%

0.0 5. 10.0 15.0 20.0

Specn‘ylnlg RPP, capiIIary%rces and

residual saturations

e S Composite models,
CoMNection and analysis of thermal option .
nitial information P -
ABTOMaTU3MPOBaHHasA s b NPk =
HACTPOUKa Ha UCTOPULO o i ) i s
pa3paboTku , /
= - O = i AL
—o—[106. Hedyn-pacuet o [le6uT no HeyTu-paceT he = 2
| prmmen g E A , ; :
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Y L, i .
5‘“’ ””” ’ézo
af - UHTepaKkT
I bl ynpasnaeH MogpenuposaHue
T T e e e pacyeTom CKBaXMH
™ Sl [T | (Bkntouas NMM)

Automated tuning for

development history

joom
01000
B
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0 010203040506070808 1
o pecane
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Interactive calculation

control

_ Well modeling
(including ?eologlcal and
technical measures)

= - T
Ten =
T
e
BaHue

Sector Modeling

3afiaHne HaYaNbHbIX 1
rPaHUYHbIX YCIOBUM

[ = e

Setting initial and boundary 3
conditions



M'mapognHamunyeckuun cumynatop COEPA.MKT

Hydrodynamic simulator SPHERE.MKT

Poccuuckoe INO ans Russian software for modeling
MoAeriMpoBaHUA TEXHONOMrMmn upstream technologies
anctpuma
MopgennpoBaHme 60MnbLUMX U CIIOXHbIX 3a4au: Modeling large and complex tasks:
* [lapannenbHble BbIMUCIIEHUSA — CKOPOCTb * Parallel computing — speed
« CoBpemMeHHast MaTeMaTuka — TOYHOCTb *  Modern mathematics — precision
+ KomnosuunoHHoe moaenmpoBaHne — TOYHOCTb «  Compositional modeling — precision
* [InacT-noBepxHOCTb — ONTUMM3ALNA * Reservoir-surface — optimization
MKT 6a3oBou koHdurypaumm siBnsieTcs MKT basic configuration is an import-substituting product of
MMMOPTO3aMeLLLaoLLMM NPOAYKTOM 3apyBexXHbIX foreign simulators Eclipse (Schlumberger), MORE (Roxar)

cumynatopoB Eclipse (Schlumberger), MORE (Roxar)



OTe4yeCcTBEHHbIU r<MAPOAUHAMUYECKUU CUMYIIATOP

Domestic hydrodynamic simulator

UcxoaHble paHHbIe:
MmapoanHammnyeckas mopernb

*Black oil (oByx-, TpexdasHble Te4eHus)
*KomMno3unuymoHHas

*C OBOWHOWN NPOHMLIAEMOCTbIO

*C OBOMHON MNOPUCTOCTLIO

UHCcTpyMeHT 0OpaboTku
uHcpopmaumm - Cumynartop

v' VHTepakTuBHas BU3yanu3auuns
v' AHanus pesynstaToB

KoMno3uumnoHHbIN moaynb

Initial data:
Hydrodynamic model

*Black oil (two-, three-phase flows)
*Compositional

*Double permeable

*Double porosity

Information Processing Tool -
Simulator

oTe4yecTBeHHOro rmgpoanHamMmmyeckoro

cumMmynaTopa no3BonsieT MoaenmpoBaTtb
npoLeccbl MHOrogasHom
MHOIOKOMIMOHEHTHOW ounsTpaLmnm
yrneBo4opoaoB 1 BOAbI.

v Interactive visualization
v" Analysis of results

The compositional module of the
domestic hydrodynamic simulator makes
it possible to simulate the processes of
multiphase multicomponent filtration of
hydrocarbons and water.



KoMno3numoHHoe MogesrnunpoBaHue

Compositional modeling

MatemaTuyeckoe mopenumpoBaHue
MHOFOKOMMOHEHTHbLIX CUCTEM

C UCNONb30OBaHUEM ypPpaBHEHUN COCTOAHUA
Ha rugpoaMHammuyeckom cumynsatope MKT

[No3BonseT mogennpoBaTb NPoLECChl
MHOro¢pasHoOM MHOrOKOMMNOHEHTHOM PUNbLTPaunm
€CTeCTBEHHbIX YrneBo4opoaoB 1 BOAbI

Mathematical modeling of
multicomponent systems using equations
of state on the MKT hydrodynamic
simulator

It allows you to simulate the processes of
multiphase multicomponent filtration of
natural hydrocarbons and water



KomMmno3numoHHbin moaynb cumynsatopa MKT

MKT Simulator Composition Module

KoMno3numoHHbIN MoAynb TecTupoBarcs The composition module has been tested
Ha psae CTaHAAPTHbIX KOMMO3ULUMOHHbIX on a number of standard SPE
TectoB SPE (SPE3 n SPE5) un Ha composition tests (SPE3 and SPE5) and
HEeCKOJIbKMX MoAensX peanbHbIX on several real field models:
MEeCTOpPOXAEHUMN:

Ukhta (SeverNIPlgaz,
branch "VNIIGAZ")
West-Tarkosalinskoe
(TyumenNIllgiprogaz)
Tengiz (Kazakhstan)

Yxta («CeBepHUIMArasy,
dunuan «BHUUTA3»)
3anagHo-TapkocanuHckoe
(«TromeHHUUrunporasy)
TeHrns (KasaxcrtaH)

[poBoamMnock cpaBHEHWE C pesynsratamm WY _ - -
:CLIe'IFOB Ha 33 P 6ErKHOM pe3y. 3anagHo- West- Tarkosalinskoye A comparison was made with

pac Py cuMynsTope TapkocanuHckoe gascondensate field the results of calculations on the

Eclipse 300, koTopoe nokasano xopoLuee ra30KOHAEHCATHOEe foreign simulator Eclipse 300,

cooTeBeTcTBMe MECTOpOXAeHne which showed good agreement
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Composite hydrodynamic simulator

ConocraeneHune pe3ynLTaToB pac4eToB B Comparison of calculation results in
KOMMO3MLMOHHBLIX cumynaTtopax MKT-C u E300 compositional simulators MKT-S and E300

HakonneHHas nob6bivya HedTH HakonneHHas Aoo6bivya XXuakocTu

HakonneHHaa poobbiva rasa

e, Cumulative oil production —usmE=s=" Cumulative gas production Araammses Cumulative fluid production
000050 248 8050030 _E
7000020 —i 1[4—3—5 [— _; //
BLOND0 —f 1E+8 —E SR _;
5000040 —E 1648 —f e _;
= E A0E00N0 —
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= 3 1000020 —
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DaTE DaTE
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I 3akauka rasa ... 3aka4Kka BOAb v e mere RESETVOIN Pressure
FOIR v=. DATE (SFES BOAS) Gas Injection aum e s eeons . \Nater injection ——r—
2050 —— —— — — — 300 ] 2809
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200 — — I | — I I —
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DATE DATE
Tect SPES. PacxoxaeHune pesynstaTtoB Mo HAaKOMSIEHHbIM SPES5 test. The discrepancy between the results for the
nokasatensam MKT-C n E300 He npesBbiwaet 0,5 % accumulated indicators MKT-S and E300 does not exceed 0.5%



KOMNO3MUMOHHbLIN rMAPOANHAMNYECKNA CUMYNSITOP

Composite hydrodynamic simulator

ConocrtaBneHve pe3ynbLTaToB pacyeToB B Comparison of calculation results in compositional
KOMMO3uunoHHbIX cumynatopax MKT-C n E300 simulators MKT-S and E300

» TpexdasHaa mogenb: Xxuakas v rasosas YB asbl n Boaa

» 5 TbIC. aKTUBHbIX A4eek

» B HavanbHOM COCTOSIHUM OTCYTCTBYET HepTAHAA OTOPOYKa,
MECTOPOXAEHNE UMEET ra3oBYHO LUAMKy

» Akeudpep Kaptepa-Tpencu )
» CKkBaxuHbl: 14 O6bLIBAKOLLMX CKBAXXMH C KOHTPOMEM MO rasy ,
» OOHOYpPOBHEBLIV cenapaTop ,
» MHorokomMnoHeHTHast mogenb: 13 KOMNOHEHT )
» Hanunuyue petporpagHon KoHAeHcaumm

» Three-phase model: liquid and gas HC phases and water

» 5 thousand active cells

» Inthe initial state, there is no oil rim, the field has a gas cap
» Aquifer Carter-Tracy

Wells: 14 production wells with gas control

Single level separator

Multi-component model: 13 components

The presence of retrograde condensation

[a30KOHAEHCATHOE MECTOPOXAEHME AvHamuka nnacToBoro AaBneHus
y 300 ; 3 i 0,14
KomnoHeHTa KoHueHTpauma | Component Concentration a l & o N ; 012
© 250 g O
N2 0.01449 NC5 0.00077 © f e ?
GS) 200 - 0,1 \°
I )
co2 0.00799 C6 0.00224 o — N \ 008 g.
[} ’
H2S 0.00099 FG1 0.00461 g 150 I
- 0,06 T
o 0 o
Cc1 0.89719 FG2 0.00299 8 100 +— MKT 2
o - 0,04 £
= ’
Cc2 0.04319 FG3 0.00177 ® E300 ©
e 20 o - 0,02
C3 0.01539 FG4 0.00128 °
0 0
NC4 e Gas condensate field  E— .M 2011 2013 2015 2017 2019 2021

Reservoir pressure dynamics
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Innovative solutions:

Digital field

Integration modeling

Complex measuring technologies
Parallel computing

Modern mathematical algorithms
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