TpeHUHr NO NakeTy Nporpamm
MUFITS

AeHb 1

BeBepeHue; OCHOBHbIE NOHATUA;
3arpy3Ka maccMBoOB AaHHbIX



[Mporpamma

e BeBeaeHue (ypaBHeHUs puUAbTpaLMM, MOAYAN
YPaBHEHUM COCTOAHUSA);

e RUN-dann (nogrotoBKa BXOoAHbIX AaHHbIX);

e 3arpysKka maccmsoB/KyboB AaHHbIX, Haya/ibHble
YCNOBUA, OTYETHbIE MOMEHTbI BPEMEHMU;

e O®l, KanunnsapHoe AaB/eHUE, CHKMMAEMOCTb
nopoabl;

e HayanbHoe KanUANAPHO-TPaBUTALMOHHOE
paBHOBecHe.



BBeaneHue



[Topucrasa cpeaa

Mopobl

NMopopaa

Mopbl
(nnacToBbiif

$niona)

qlLyoLudoyy



B nopax HaxoauTcA

KomnoHeHTbl u ¢asbl

MnaacToBbii

dnonpg,
(nopwbi)

das3bl

HacblweHHOCTb
rasa

*Kuakoctb 2 HacbiweHHOCTb
Kuakoctun 1

HacbIweHHOCTb

Huakocts 1 "Kngkoctu 2

JeHb 1. BBegeHne; OCHOBHblE NOHATUSA;
3arpy3Kka MacCcMBOB AaHHbIX

KomnoHeHTbI
(cocras ¢as)

CI-|4’ CZHGI cozr Nz; Hzo

CI-|4l CZHGI COZ, Nz; HZO

CH,, C,H,, CO,, N,, H,0



MaTtemaTunyeckaa mogenb

ypaBHEHMFI MHOI'O(I)a3HbIX MHOTOKOMMOHEHTHbIX TeYeHUN I'IOpMCTOI\/Ji cpeae:

0| <& & :
= ¢Zpici(j)3i +div zpici(j)wi +W(j)|=0)» J=1....C -3aKOH coxpaHenms
ot i=1 i=1 MacCbl j-1
5 5 KOMMOHEHTBbI
7t qbZ,OieiSi +(1—¢)pcer |+div Z,Oi hiW; +W(j)|=0e) - 3aKkoH coxpaHeHus
i=1 =1 3Heprum
W; :—Ki(gradPi —pig) - 3akoH [apcu
Hi
Kei =kpi(s), B —B =P.i(s) - OTHOCUTeNbHble Ga3oBble NPOHULLAEMOCTH
5 c (O®M) 1 KpuBble KANUANAPHOTO AABNEHUA.
E si =1, Zci(j) =1 - 3aMblKatoLLMEe COOTHOLIEHMA
i—1 =1

+ YpaBHeHUA COCTOAHUA ANA }KUAKOCTU U NOPOADI

(PVT; EOS)

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
3arpy3sKa MaccMBOB AaHHbIX



3aKoH [apcn
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Cxema nposegeHus
pacyera

3agaua

Rech: e area / ,n//-‘/l// i
///

Hot spring or
steam vent

RUN-file
CeTKa;
[TopucToCTb "
NPOHULAEMOCTb;
Ha4anbHble n
[PAaHUYHbIE @
ycnosua; °
ooIT;

CKBaXWMHbI U TOM.
NCTOYHUKM;
Report time;
nT.A.

dann
noArotasaMBaet
CA B TEKCTOBOM

peaakTope

3anycKaeTcA
yepes MPI
nHtepdenc

Wat. Sat.

PRODUCER (BHP and Production rates)

— WEHP
| — WMPRE]
\ — WMPREZ

‘*° Cumynsartop

g &

5
Prosiuc Hon rabss |/ day

¥ B 2 2

02 04 06 08 a8
— | — .
0.1 0.9,

o

HeHb 1. BBeaeHne; OCHOBHble NOHAT

B ParaView

3arpy3Ka MacCcmMBoOB AaHHbIX



Cxema noTokKa

AAHHbIX

RUN-file

(E.g.. SAMPLE.RUN)

/E Problem description

Executable
(H32.EXE or HE4.EXE on Windows;
H32 EXM or H64.EXM on Mac)

Can be read by ParaView

X

Input File

Convergence reports,
Material balance reports,
Linear solver reports, etc.

LOG-file
{SAMPLE.LOG)

Output Files
Cannot be read by ParaView
N A
SAMPLE.MVS

SAMPLE.WELLwtu

SAMPLE.GRID .wtu

SAMPLE.0000.vtu

SAMPLE.O001.vtu

SAMPLE.0002.vtu

SAMPLE. pvd

NN N NN

Grid visualization data

SAMPLE WELL MVS

Weills visualization data

SAMPLE.GRID.SUM

Output from the GRID
section

SAMPLE.0000.5UM

Initial distributions
(for report time 0)

SAMPLE.0001.SUM

Qutput for report time 1

S P R T

SAMPLE.0002.5UM

T FPYrrry

B AadHHbIX
Visualization software

g g kg

Qutput for report time 2



EOS moaynu

(Moaynn ypaBHeHUMN COCTOAHUA)

Primary calculation
procedures;
Everything not related to fluid
properties calculation

[eHb 1. BBegeHne; OCHOBHbIE MNOHATKUS;
3arpy3Kka MacCcMBOB AaHHbIX

Calculation thermophysical
properties of reservoir fluid

10



Mopaynun ypaBHeHMUN COCTOAHUA
naacrosoro paonaa

Ha3ssaHue mogyna KomnoHeHTb! /dasbl BO3MOXHble NpUNoXKeHUaA

BLACKOIL Boga/HedTb/ras YB mecTtopoxaeHus

[eoTepmanbHble
BINMIXT BuHapHasa cmecb; H,0/CO, NPUNOXKEHUA; NoA3eMHOoe
3axopoHeHune CO,

GASSTORE BoAa/ras/conb; feoTepm. Mpun.;
(B-Bepcus) [a3 = CH,, CO,, N,, H, noa3emHoe XpaHeHue
Conb = NaCl ra3a/3axopoHeHue CO,
O +
AR3 Kﬁggg:i:z/j)a% ( HecmewwunBarouimeca
SIMPLMOD BbITECHEHME B MOPUCTOMN
NOMOJIHUTENbHbIX coene
KOMMoHeHT/¢a3) P
" [
T2EOS1 BoAa/BoAsHOM nap €OTEPMAJIbHbIE

npnaoxXeHunA

UrAow sauxdIahMwdalLoEnaH



T#const

EOS moaynb T2EOS1 FeotepmansHbie

npuaoxKeHuA

BOAAHON
-

aaaaaaaaaaaaaaaaaaa

KomMnoHeHTbl

Knioyesble
c210Ba

das3bl

12



T#const

dunbrpauyma

EOS moaynb SIMPLMOD necmewmsaroux

Onuyus ADDPHASE " bnionpoe

3 F L I L] L I L] I L I L] I
T I
o I
S KomnoHeHTa 1 I KomnoHeHTa 2 KomnoHeHTa 3 I
=
3 I
2 I :
I
w I I
n I ADDPHASE ADDPHASE [
2 o PH1/ PH2 / U
3 l
2 :
| I
I
5 | |
e daza 2 daza 3 I
€ I
I

| | | | | | | | | | | |
HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA; 13

3arpy3Ka MaccmBoB AaHHbIX



T#const

EOS moaynb BINMIXT o

~ Mop3emHoe

= 3axopoHeHue CO2;
¢ KomnoHeHTa 1 KomnoHeHTa 2 YB

2 (co,) (H,0) MeCTOpPOXaeHuUs
S

Knioyesble
c210Ba

LN\

b

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
3arpy3Kka MacCcMBOB AaHHbIX

das3bl
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T=const

EOS moaynb BLACKOIL B meeToponaey

KomMnoHeHTbl

VAPOIL DISGAS

WATER OIL GAS

15

Knioyesble
c210Ba

das3bl




T#const
NMoasemHoe

EOS moaynb GASSTORE

3axopoHeHue CO,
COMb (NaCl) BOAA
DISGAS

SALT SALT WATER GAS

rA3

(CH,; CO,; Ny;...)

KomMnoHeHTbl

Knioyesble
c210Ba

Teéppan Ppasa Kupgkasa ¢pasa fasosan ¢asa

das3bl

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;

16
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RUN-¢aun
(wnun data-¢pann)



RUN-daun (npumep 1)

OtKpounte RUN-dain

(SCENARIO-B1.RUN)

[eHb 1. BBegeHne; OCHOBHbIE MNOHATKUS;

3arpy3Ka MaccMBOB AaHHbIX
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Knouesble ¢noBa

KntouyeBble cioBa — KomaHabl B RUN-dpanne cumynatopy. C nomoLulbto
K/IlOYEBbIX C/10B 3a4a€éT1ca ceTKa, PVT csowctBa ¢pnongos,
OTHOCUTE/IbHbIe Pa30Bble NPOHULAEMOCTHU U T.A.
Kntouesble €/10Ba A0NKHbI:

* HAYMHATbCA C NepPBOro CUMBOJ1A CTOKMU;

® COCTOATb TONIbKO U3 3ar/1aBHbIX CUMBOJI0OB;

* cOCTOATb He Bosiee yem 13 8 CMMBOOB. CuHTaKcuc Knlo4esbix

CNOB NpuBeAEH B
CnpaBoO4YHOM pyKOBOACTBE

NMpumepbl KAOYEBbIX C/10B (paspen Keywords)

HAKE
CART 20 1 > /
XYZBOUND
0 200 -5 2 1000 1050 /
ENDHAKE
PORO
100=0.25 /

[eHb 1. BBegeHune; OCHOBHblE NOHATUSA;
3arpy3Ka MmaccmMBOB AaHHbIX
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MHeMOHUKHU

MHeMOHUKK — abbpeBunaTypbl A1a PUINYECKUX, FTeONOTUYECKUX,
reOMeTPUUYECKUX, TOTUYECKUX NAPaAMETPOB .
MHEMOHMKM MCnonb3yoTca ANA

* 3arpy3KM COOTBETCTBYHOLLUX AaHHbIX;

* apndMeTUYECKMX onepaumin Hag Kybamu AaHHbIX;
* 33/1aHUA HaYa/IbHbIX W TPAHUYHbIX YC/TIOBUN;
* 33/1aHUA BbIXOAHbIX AAHHbIX.

NMpumepbl MHEMOHUK

PRES
TEMP
TEMPC
SWAT
PORO
PERMZ

lNapametp OnucaHue MHEMOHMK
[aBneHune AaHOo B CnpaBoYHOM
pyKoBoacTtBe (pasgen

Temnepatypa (K) Mnemonics)

TemnepaTypa (C)
HacbilLeHHOCTb BOAbI
[NopuctocTb

MpoHMLaeMocTb B BEPT. HaNp.

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
3arpy3sKa MaccMBOB AaHHbIX
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KommeHtapuu B RUN-dpaunne

(« ()2 ¢« («

CTpOKU-KOMMeEHTapumn HaymHatotes c: == ‘I, cTpouHbIX BYKB.

Ezxamples of commented out lines

1| GRID o i g i o G i o g e e R

3l-- this is a comment line
1|! this is a comment line too
5 this is another comment line

- | MAKE L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
g| —— cartesian These are comment
ol —- grid nx ny nz lines

10 CART i0 10 1 /

12 | X<YZBOUND
ia]! xmin ¥max ymin ymax 2zZmin Zmax Also a comment line
14 100 200 100 200 O 10 /

12 | ENDMAKE PRIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
3arpy3sKa MaccMBOB AaHHbIX
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[ToBTOpAOWMECA 3HAYEHUA

MoBTOpAtOWMECS 3HAYEHMA MOXKHO KPATKO 3anncaTb UCNoab3ya cumeon “*,
dopmyna: <4mcao NoBTOPEHUN>*<3HayeHmne>.

Example of repeated counts

BOX
-- imin-imax jmin-jmax kmin-kmax
1 4 1 3 1 1/

[+ (=] Ll

5] —— This keyword

7| PORD

8 0.25 0.25 0.26 0.25

0 0.26 0.25 0.25 0.25
10 0.15 0.15 0.15 0.15 /

12| -— 1s equivalent to any of the following keywords

11| PORD

15 4%(0.25
16 4x0.25
17 4%0.15 /

1o | PORO
g 8+0.25 4%0 15 /

22 | PORO
23 T#0.25 0.25 2%0.15 2#0.15 /




3Ha4YeHuA No YMONYAHUIO

EcTb ABe BO3MOHOCTM 3a4aHUA 3HAYEHUM NO YMOYAHUIO: C NTOMOLWbIO cumBona “* naun
il 4O, Y L

Cc nomolLbto cumsona ‘/’.
Example of defaulted parameters

BOX
-- imin-ima¥x jmin-jmax kmin-kmax
1 65 1 6 1 2/

[ -] [ =] -

5| —— keywords

o| -— The keyword

1 | BOX
2| -- imin-imax jmin-jmax kmin-kmax
3 2% 3 1% 2/

s|-— 1s equivalent to
7| BOX
#|-— imin-imax jmin-jmax kmin-kmax

9 1 5 3 6 2 2 f

| -— because the parameters imin,imax, jmax,kmax are not altered




Cucrembl egUHNL U3MepeHUn

B MUFITS ecTb Tpu cuctemol eanHu,

N3MEPEHUA: OnucaHue
e DEFUNITS (onuma no ymonyaHuio); eAuHnL,
 METRIC (meTpuyeckan cuctema); U3MepeHusa AaHo
e FIELD (aHrnunickaa cuctema mep). B CnpaBOYHOM

pyKoBoAcTBe
(paspen Units)

Mpumep ncnonb3yembiX eaUHUL, USMePEeHUin

DEFUINITS METRIC FIELD

lasneHune PSIA
PacctosaHue M M FT
MnoTHOCTL KG/M3 KG/M3 LBM/CF

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
3arpy3Ka MaccmMBOB AaHHbIX
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NMpumep 1



[TlocTaHOBKa 3a4a4n

BepxHAaAa rpaHuMua
Ha rnybuHe 1000 m

o

HauanbHble ycnoBua:
Yucraa soaa npu

Cetka: 10*10*5 pAasneHumn 100 6ap
MopuctocTtb: 0.25

MpoHunyaemoctb (X,Y): 100 m[,
MpoHuyaemoctb (Z): 30 mA,

10 MX
Heobxognmo paccumtaThb
3BOIIOLUMIO AaBNEHMUA B

Bce rpaHuubl pacyéTHOM 061aCTN HEMPOHULLAEMDbIE. TeueHuun 100 gHel.

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;

26
3arpysKa MaccnBoB AaHHbIX



T=const

EOS moaynb BLACKOIL B meeToponaey

KomMnoHeHTbl

WATER

KnouyesBble
cnoBa

das3bl

VAPOIL DISGAS

OIL GAS

[eHb 1. BBeneHne; OCHOBHble NOHATUSA;
3arpy3Kka MacCcMBOB AaHHbIX
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RUN-daun (npumep 1)

OtKpounte RUN-dain

(SCENARIO-B1.RUN)

[eHb 1. BBegeHne; OCHOBHbIE MNOHATKUS;

3arpy3Ka MaccMBOB AaHHbIX
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Uepapxu

A ANPEKTOPUMN

SIMULATIONS

/ Executables
BIN

—

/ Large include files
INCLUDE

/ FARRRRD
SCENARIO1

1% simulation

2" gimulation (e.qg.,
— 2 with other options or

>

—> boundary conditions)
/I 2™ problem
SCENARIOZ

// 1% simulation
B 1

2 simulation (e.g.,
> 2 with other options or
boundary conditions)

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
3arpy3Kka MacCcMBOB AaHHbIX
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KomaHpa ana 3anycka pacyerta

B anpektopum SIMULATIONS/SCENARIO-B1/0/ BbinonHute

Mac:
mpirun-n1 ./../../BIN/H64.EXM SCENARIO-B1.RUN > SCENARIO-B1.LOG

Linux:
mpirun—-n1 ./../../BIN/H64.EXL SCENARIO-B1.RUN > SCENARIO-B1.LOG

Windows:
“.mpiexec.exe” —-n 1 ../../BIN/H64.EXE SCENARIO-B1.RUN > SCENARIO-B1.LOG

B Windows ya06H0 ncnonbsoBartb

Bat-caiin (cm. H64.BAT)

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;

30
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Pesynbratbl B ParaView

Il ParaView 4.3.1 64-bit

Filters Tools Catalyst Macros Help

File Edit View Sources

— = PX -
rr:,ﬁ ;y 5] ? [ <a i > > Pl L‘«fﬁ Time: 100 & =lofg
C @ @ Pres (B2R) - [suface with Edges = |° B8] B & 2§ L o xf &
Pipeline Browser Properties

O Layout #1 X +

Pipeline Browser

=
g;'» \;T

82 X | & 30 @

RenderViewl [IJ[E]O)(x]

9.959e+01 90.8
| |




OCHOBHbI€e 3/1eMeHTbl/NpUuémbli
3a4aHuUA BXOAHbIX/BbIXOAHbIX
AAHHbIX



3agaHue BbIXOAHDbIX AAHHbIX

MapameTpsbl, coxpaHaemble B panne SCENARIO-B1.GRID.SUM, 3aaatoTtcs

Kntodesbim cnosom RPTGRID
RPTGRID syntazx

-— 1in GRID section

YnpaxHeHue: CoxpaHute

= [ #=] [ =] -

RPTGRID
mnemonicl mnemonicZ2 mnemonic3d ... / KOOPAUHATbl AYEEK
8 mnemenic# — 1s the mmnemonic of a property saved in the file *.GRID.SUM.
g If one of the mnemonics is ASCII then the formatted file
10 is saved.

NapameTpsbl, coxpaHaemble B pannax SCENARIO-B1.####.SUM, 3agatoTcaA

Knrodesbim ciosom RPTSUM
RPTSUM syntazx

-— in INIT or SCHEDULE section
YnpaxkHeHue: CoxpaHuTe

[ (] [ =] -

RPTSUM NIOTHOCTb U BA3KOCTb BOAbI
mnemonicl mnemonic2 mnemonic3d ... /
8 mnemonic# — is the mnemonic of a property saved in the files #.0000.5UM,
9 *.0001.8 eﬁg?qﬁgﬂégme;EEEOBJQe?E%H?;mthE mnemonics is ASCII -
10 then the Tormagted. f118 df32NE%mix




J1eKapToBble CeTKn

Yncno Aayeek BAOb KaXKAOM U3 OCEN KOOPAUHAT 3aaatoTca Katovesbim cnosom MAKE

MAKE-ENDMAKE syniaz

YnpaxkHeHue: lNepecuntaiite
Mpumep 1 ucnonb3ya ceTky

-- in GRID section

HAXE 15*8*5 aueex.
gridtype ni nj nk /

-- other keywords

ENDMAKE

gridtype = CART - Cartesian Grid
= RADIAL - Radial Grid
= CORNER - Corner-Point grid

ni - number of grid blocks along i-indexation axis
nj - number of grid blocks along j-indexation axis
nk - number of grid blocks along k-indexation axis

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
3arpy3Kka MacCcMBOB AaHHbIX
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J1eKapToBble CeTKn

[paHMLUbI pac4yéTHOM 0bnacTm 3agatotca KntoveBbim cnosom XYZBOUND

ynpa)XHeHue: Pacnonoxxure

XYZBOUND syntazx

-— within MAKE/ENDMAKE brackets. BEPXHIOIO rpaHuULUy
pacyéTtHoi obnactn Ha

XYZBOUND

¥min ¥xmax ymin ymax Zmin Zmax Xincr yincr zincr / "IVGMHe 1500 METpPOos, a

HUXKHIOK Ha rybuHe 1520
MeTpOoB.

xmin/xmax - the domain boundaries along axis ¥ (xmin<xmax)
ymin/ymax - the domain boundaries along axis y (ymin<ymax)
zmin/zmax - the domain boundaries along axis z (zmin<zmax)

Xxmin Xmax X

zmin

PacyéTtHaa obnactb

Zmax

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
7 3arpy3Kka MacCcMBOB AaHHbIX
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J1eKapToBble CeTKn

Pa3smepbl AveeK BAOb OCeM 3aaat0Tca KatoveBbimn cnosamu DXV, DYV, DZV

DXV syntazx . 7
1|—— within MAKE-ENDMAKE brackets ana)KHeHMe. I e bzl
2 Mpumep 1, ucnonbsya
3| DXV cneaylowme TONLWMUHDbI NN1acTOB:
|

dx(1) dx(2) dx(3) ... dx(nx) /

Im,3mM,2M,1Mm,4Mm

dx(#) - grid blocks extensions along axis X.
9 nx - number of grid block along axis X. nx is the 2nd argument of the
10 keyword MAKE.

(=

Xxmin Xmax X
) >
zmin dz(1)
dz(2)
dz(nz)
Zmax
AaHHaA rpaHuya
dx(1
VZ A1) dx(2) - dx(3) dx(nx) \ nepeonpegensaerca

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
3arpyska MaccMBOB AAHHbIX K/1.CA10BOM D)?Q/



3a

rpy3Ka maccuBoB

10
11
12
13
14

/mﬁynﬁam
-— in GRID section

1
) MHeMOoHMKa 3arpyr*kaemoro maccmsa (Hanpumep, PERMX, PERMY, PRES)
1 valuel value2 wvalue3 ... value(nbox) /
8 value(#) - value assigned to the corresponding grid block in the input box.
9 The grid blocks are ordered with i index cycling fastest,
followed by j and k indexes.
nbox - number of grid blocks in the current input box.
nbox=(imax-imin+1) *(jmax-jmin+1)* (kmax-kmin+1), where
imin, imax, jmin ,jmax, kmin, kmax are defined by the keyword
BOX.
Mpumep ana cetkmn 4*1*3:
A
3Ha4y.9 | 3Hay. 10 | 3Hay. 11l | 3Hau. 12
= 3ameuaHue:
x 3Hay. 5 3Hay. 6 3Hau. 7 3Hay. 8 NHpekci — ocb X
E;E 3 1 3 5 3 3 3 4 NHpeKkcj — ocb Y
Ha\u. Ha\u. Ha\u. Ha\u.
= d d a a NHpeKkc k— ocb Z

>

HdeHb 1. BBep,eHMmlél;%gH%ngue NOHATUSA;
3arpy3Kka MacCcMBOB AaHHbIX
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3arpy3ska maccuBoB

Mpumep ana cetkmn 4*1*3:
A

3Hay. 9 3Hay. 10 | 3Hay. 11 | 3Hauy. 12

3ameyaHue:
3Hay. 5 3Hay. 6 3Hay. 7 3Hay. 8 UHaekci — ocb X

NHpeKkcj — ocb Y
NHpekc k— ocb Z

NHAeKc j

3Hau. 1 3Hau. 2 3Hauy. 3 3Hauy. 4

UHAaeKc i >

Hanbonee 6bICTPO NOBTOPAETCS MHAEKC i, 3aTeM j U Hanbonee meaNeHHO
nosTopAaeTca nHAekKc k

Ynpa)XHeHue: YBenuubTe B ABa pa3a NPOHMNLLAEeMOCTb B

nnacrax 3 n 4 n nepecuntante Mpumep 1

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
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3arpy3ska maccuBoB

Mpumep ana cetkmn 4*1*3:
A

3Hay. 9 3Hay. 10 | 3Hay. 11 | 3Hauy. 12

3ameyaHue:
3Hay. 5 3Hay. 6 3Hay. 7 3Hay. 8 UHaekci — ocb X

NHpeKkcj — ocb Y
NHpekc k— ocb Z

NHAeKc j

3Hau. 1 3Hau. 2 3Hauy. 3 3Hauy. 4

UHAaeKc i >

Hanbonee 6bICTPO NOBTOPAETCS MHAEKC i, 3aTeM j U Hanbonee meaNeHHO
nosTopAaeTca nHAekKc k

YnpaxkHeHue: MNpwu j=1,...,5 3apauTte HauanbHoe gasneHune 100 6ap, a npwm j=6,...,10

3apaunTe HavyanbHoe aasneHue 105 6ap n nepecuntamnte Mpumep 1.

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
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Knouesoe cnoso BOX

BOX syntazx
-— 1in all sections except RUNSPEC and POST

[ ] [ 8] -

BOX
imin imax Jjmin jmax kmin kmax /

T [

8 imin/imax - the boundaries of the input box along i-indexation axis.

0 By default imin=1 and imax=ni, where ni is the Znd argument
10 of the keyword MAKE.

i1 jmin/jmax - the boundaries of the input box along j-indexation axis.

12 By default jmin=1 and jmax=nj, where nj is the 3rd argument
13 of the keyword MAKE.

14 kmin/kmax - the boundaries of the input box along k-indexation axis.

15 By default kmin=1 and kmax=nk, where nk is the 4th argument
16 of the keyword MAKE.

C nomolbto KntoveBoro caiosa BOX morKHO BbiaennTb obnactb Konnektopa (ob6nactb
BBOAaA) A1A 3arpy3KM maccuBoB. B BbigesieHHOM 061acTU MacCUBbI 3arpyKatoTcs
nob6a104HO, Kak ecnum bbl 3Ta 06n1acTb Hbina Bcen pacyéTHoM obnacTbio.

KntoueBoe cnoso ENDBOX no3sonsaet cbpocutb «0bnactb BBOAA» B COCTOAHME,
COOTBETCTBYIOLLLEE BCEN pacYETHOM obnacTu .

B Ha4yane Hoeoli cekyuu «0bnacme esoda» cbpacvisaemcs.



Knouesoe cnoso BOX

Hanpumep, Knto4yesoe CNoBO

BOX
311 2* 23/

BblAenAeT ceaytoLyto o6nacTb 414 3arpy3knM MaccMBoB

NHOeKC |
4
O 1|12 |3|4|5|6|7]|8]029
o 10 (11 |12 (13|14 | 15|16 |17 | 18
I
=
v

Hanbonee 6bicTpo NnoBTOPSAETCA MHAEKC i, 3aTEM j U Hanbonee meaneHHO
noBTOpAeTcAa nHaekc k



Knouesoe cnoso BOX

Mpumep ana cetkmn 4*1*3:
A

3Hay. 9 3Hay. 10 | 3Hay. 11 | 3Hauy. 12

3ameyaHue:
3Hay. 5 3Hay. 6 3Hay. 7 3Hay. 8 UHaekci — ocb X

NHpeKkcj — ocb Y
NHpekc k— ocb Z

NHAeKc j

3Hau. 1 3Hau. 2 3Hauy. 3 3Hauy. 4

UHAaeKc i >

Hanbonee 6bICTPO NOBTOPAETCS MHAEKC i, 3aTeM j U Hanbonee meaNeHHO
nosTopAaeTca nHAekKc k

YnpaxxHeHue: Mpwm j=1,...,5 3apauTte HauanbHoe gasneHune 100 6ap, a npwm j=6,...,10
3agaunTe HavyanbHoe aasneHue 105 6ap n nepecuutante Mpumep 1. Ucnonb3yure

Knawouyesoe cnoso BOX.

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
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Knouesoe cnoso BOX

NHApeKc j

10

mA

50

10 mA

30

mA,

NHpeKc i

YnpakHeHue:
3apaute
cnepyioulee
pacnpeaeneHue
NPOHULLAEMOCTU

BAONb OCU Z U
nepecyntamre
Mpumep 1.




Csouncraa nopoabl

Tennodunsnyeckme cBOMCTBa Nopoabl 3aaatotca BHYTpM ckobok ROCK-ENDROCK.
B HemnsoTepmMmnyecknx pacyétax NNOTHOCTb M TENNIOEMKOCTb NOPOAbI 3a4at0TCA

Knrodesbim cniosom ROCKDH:
—— within ROCK-ENDROCKE brackets

ROCKDH syntax

1
3| ROCKDH
1 dens heatcap /

8 dens - rock density
9 heatcap - rock heat capacity

B n3otepmmyeckmnx pac4étax onopHoe AassieHne U CKUMAEMOCTb NOPOAbl 3a4at0TCA
Knodesbim ciosom ROCKECL:

ROCKECL syntax
-— within ROCK-ENDROCK brackets

ROCKECL
pref compr /

[= I <] [~ -

oo
"o
H
®
2

- the reference pressure;
0 compr - the rock compressibility.




Csouncraa nopoabl

3apaiTe cxkMumaemocTb nopoabl 7e-5 6ap npu 105 6ap u nepecuuntaiite

Mpumep 1.

B nsotepmmyeckmnx pacyétax onopHoe AassieHne U CKUMAEMOCTb NOPOAbl 3a4at0TCA
Knrodesbim ciosom ROCKECL:

ROCKECL syntax
-— within ROCK-ENDROCK brackets

ROCKECL
pref compr /

iy <] [~ -

oo =T =] o

pref - the reference pressure;
compr - the rock compressibility.

=]

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
3arpy3Kka MacCcMBOB AaHHbIX



Tennodusnuyeckmne csouctaa paonaa

Tennodpusmyeckne CBOMCTBA NAACTOBLIX }KUAKOCTEN M ra30B 3a4at0TCA BHYTPU
ckobok EOS-ENDEOS.
MapameTpbl BOAbI MOXHO 3a4aTb Katoyesbim cioBamn DENSITY n PVTW.

DENSITY syntaz

1| =-—- within EOS-ENDEOS brackets

1| DENSITY
4 denoil denwat dengas /

8 denoil - oil density at stock-tank conditions;
9 denwat - water density at stock-tank conditions;

10 dengas - gas density at stock-tank conditions.

JlaHHOe K/toyeBoe C/I0OBO MOXKHO MCNOJ1b30BaTb ToNbKO ¢ moaynem BLACKOIL
(cm. CnpaBo4YHOE pyKOBOACTBO)

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
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Tennodusnuyeckmne csouctaa paonaa

Tennodpusmyeckne CBOMCTBA NAACTOBLIX }KUAKOCTEN M ra30B 3a4at0TCA BHYTPU
ckobok EOS-ENDEOS.
MapameTpbl BOAbI MOXHO 3a4aTb Katoyesbim cioBamn DENSITY n PVTW.

PVIW syntaz
-- within EOS-ENDEOS brackets
PVTW
pref bw comprw mw viscmw /
pref - reference presssure;
bw - water formation volume factor at the reference pressure;
comprw — water compressibility at the reference pressure;
mw - water viscosity at the reference pressure;
viscmw - water ’viscosibility’ at the reference pressure.

JlaHHOe K/toyeBoe C/I0OBO MOXKHO MCNOJ1b30BaTb ToNbKO ¢ moaynem BLACKOIL
(cm. CnpaBo4YHOE pyKOBOACTBO)

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
3arpy3Ka MaccmMBOB AaHHbIX
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Cucrembl KOOpAUHAT



MonoyeHue ocen

Cuctembl KOOpAUHAT o ymonao

y X
7 GRID
Y
MAP ~ X
Y X
Y
Cucrtema kKoopaunHat GRID
B RUN-danne cetka ctpountca
B AAHHOM cucteme
Cuctema koopanHat MAP. KoopAuHat (Hanpumep,
B ParaView moaenb XYZBOUND)
n3obparkaetcs B 4aHHOM
cucteme
O >
Z X

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
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[1Byxda3Hble TeyeHUSn
HedTb-BOAA



T=const

EOS moaynb BLACKOIL B meeToponaey

KomMnoHeHTbl

VAPOIL DISGAS

WATER OIL GAS

KnouyesBble
cnoBa

das3bl

JeHb 1. BBegeHne; OCHOBHblE NOHATUSA;
3arpy3Kka MacCcMBOB AaHHbIX
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Kpusbie O®PI n KanuanapHoe
paB/eHue

Kpusble OPIT n KanuanapHoro AasaeHuA 3aaaroTca B cKobkax SAT-ENDSAT.
Hanpumep, oHM moryT 6bITb 3a4aHbl C MOMOLLbIO KtoyeBoro ciosa SATTAB.

SATTAE syntaz

-— within SAT-ENDSAT brackets

[ #=] [ ] -

SATTAB

sliql krliql krgasi pcapl /
: sliq2 krliq2 krgas2 pcap2 /
6| 8liq3 krlig3 krgas3 pcap3 /

o da

12 glig# - ligquid phase saturation

13 krliq# - liquid phase relative permeability
14 krgas# - gas phase relative permeability

15 pcap# - capillary pressure




Kpusbie OPI (npumep)

SATTAB
-- sligq krliq krgas
0.0 0.0 1.0/
0.2 0.008 0.64 / 2
0.4 0.064 0.36 / 5
0.6 0.216 0.16 / =
0.8 0.512 0.04 / 2
1.0 1.0 6.0 / 2
! =
&
3
kr,wat(swat) = Swat

2
kr,oil(swat):(]-_swat) 0 02 04 06 08 1

Water saturation



CeTtka: 10¥10*5
Mopucroctb: 0.25
n p M Me p 2 MpoHuuaemocts (X,Y): 100 mA
MpoHuuaemoctb (Z): 30 mA BepxHAs rpaHnua
~Ha rnybumHe 1000 m

&

PRES=100 6ap
SWAT=0.2

PRES=100 6ap
SWAT=1

1OMX

Bce rpaHunubl pac4ETHOM 061aCTU HENPOHULLAEMDbIE.

Heobxoanmo paccuntatb
3BO/IIOLUMIO AaBNEHUA B
TeyeHun 100 gHen.

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
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Mpumep 2 (RUN-dann)

OtKpounte RUN-dain

(SCENARIO-B2.RUN)

[eHb 1. BBegeHne; OCHOBHbIE MNOHATKUS;
3arpy3Kka MacCcMBOB AaHHbIX
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Mpumep 2 (pe3ynbrar)

Bl ParaView 4.3.1 64-bit . - L hd i (]

Eile Edit View Sources Filters Tools Catalyst Macros Help

& B % o 2 <l b D> BB Tmeloo 20 Eofz1

I i R 7 it Xt fx g g 2% e
@ = a0 @‘ @ soL v‘ |surface with Edges  ~| 34 & - S R S-S it f sl \BET {f C
Fipeline Browser Properties O Layout #1 X +
Fipeline Browser & x|| & 30 @K T e RenderViewl (IT)[E)3](x]

T
builtin:
L

[Moka3aHo
pacnpeaeneHue
HaCbIWEHHOCTHU

HePpTU

SOIL
8.000e-01

0.000e+00




ynpa*XHeHue

YnpaxkHeHue: MNepecuutante npumep 2 ¢ B 3 pa3 6onee HU3KoM

BA3KOCTbIO HePTMU.

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
3arpy3Kka MacCcMBOB AaHHbIX
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Kpusbie O®PMN B ParaView

Kpusble OPIT moryT 6biTb 3arpyKeHbl B ParaView ¢ NOMOLLbIO KAHOYEBOro C/10Ba
RPTSATTA . laHHO€e cnoBO NO3BOAAET COXPaHUTb pann B popmaTte CSV ¢
noapobHbiMmn Tabanuamm OPM.

RPTSATTA syntazx

-- in PROPS section

RPTSATTA
satnum filename n sSmin smax /

[ [ -] [ =] -

£ satnum — SATNUM region ID for which the output is requested;

0 filename - the file name in which saturation functions are saved. This
10 file should have extension .csv;

11 n number of output points in the interval [smin,smax];

12 smin-smax - the boundaries of the output interval.

YnpaxHeHue: NocTpoiite rpadpuKmn KpuBbIX

O®PI1 B ParaView.

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
3arpy3Kka MacCcMBOB AaHHbIX
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Kpusbie OPI (ynparkHeHue)

Ynpa)HeHue: 3agante n
t
cheaywouwme Swat — Swat,min "
kr,wat —

OTHOCUTE/IbHbIE
daszoBble
NPOHUNLLAEMOCTH

_ Noil
Sw,min=0-2 k . 1- Swat — Soil,min
roil —

1- Swat,min T Swat,min

So min=0-05

n,=2.5 1- Swat,min — Soil,min

n,=1.5.

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
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Kpusbie OPI (ynparkHeHue)

OTBerT:

SATTAB
0.2 0.0
0.4 0.0367
0.6 0.2077
0.8 0.5724
0.95 1.0

/

1.0 /
0.6279 /
0.3187 /
0.0894 /
0.0 /

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
3arpy3Kka MacCcMBOB AaHHbIX

Kputnueckue
HaCbILWEHHOCTH

BCEerga AO0/KHbl
6bITb 3a4aHbI
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KanunnapHoe aasneHue

10 ymon4aHUIO PACYET KanNnUANAPHOIo AaB/IeHUA BbIKAtOYEH. PacYéTt BKAoYaeTcsa C
nomouwbto Kntoyesoro cnosa CAPPRES B cekunn RUNSPEC .

YnpaxkHeHue: MNepecuuTtaiite Mpumep 2,

YYnTbiBaAa KannunaaapHoe AassieHue.

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
3arpy3Kka MacCcMBOB AaHHbIX
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OTyeTHble nepuoabli

PasmepHOCTb BpemeHU - AeHb.

[MpoaoIKNTENbHOCTb OTYETHLIX Nepmnoaos 3agaétca B cekumm SCHEDULE ¢
nomMoLLbIo KatoueBoro cnosa TSTEP. B KOHUe KaXA4oro oT4ETHOro nepmoaa
COXPAHAKTCA NPOMEXKYTOUYHbIe pe3y/bTaTbl pacyéTta. Ecnm cumynatop umtaet 8 RUN-
danne kntoyesoe cioBo TSTEP, To OH Npoao/IKaeT pacyET BO BPEMEHM, COXPaHAA B

3adHHbl€é MOMEHTbI BpEMEHU NPOMEKYTOUYHbIE pe3yabTaTbl.
TSTEP syntazx

-— in SCHEDULE section

TSTEP
tstepl tstepl2 tstep3 ... /

= (=] [ 8] -

8 Tstep# - steps between report times (in days). Every tstep# initiates the
9 program to advance the simulation to time->time+tstep#. After
10 every time->time+tstep# a new * . #### . 5UM file is saved.

YnpaxHeHue: Paccuutaite NMpumep 2, COXpaHAA NPOMEXKYTOUHbIE

pe3ynbTaTtbl B MOMeHTbI Bpemenu 10, 50, 75, 150, 250, 500 gHeM.

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
3arpy3Kka MacCcMBOB AaHHbIX
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OTyeTHble nepunoabl

[y

TIME syntazx
—— in SCHEDULE section

TIME
timel time2 time3 ... /

time# - report times (in days). Every time# initiates the

program to advance the simulation to this time and save a new
* #### .SUM file.

YnpaxHeHue: Paccuutante NMpumep 2, cOXpaHAA NPOMEIKYTOUHbIE
pe3yabraTtbl B MOMeHTbl BpemeHu 10, 50, 75, 150, 250, 500 aHen u
ncnonb3ya Kaodvesoe cnoso TIME.

YnpaxHeHue: Paccuutante NMpumep 2, COXpaHAA NPOMEIKYTOUHbIE
pe3yabratbl B MOMeHTbl BpemeHnu 10, 50, 75, 150, 250, 500 aHen u
OAHOBpPEMEHHO Ucnoab3ya Kntouesble cnosa TSTEP u TIME.

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
3arpy3Kka MacCcMBOB AaHHbIX
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HavyanbHoe KanuanapHo-
rpaBUTaLMOHHOE paBHOBecue



Boao-HepTAHON KOHTAKT

HMATEDHHCEWA NMacT

YiNeBoAopodsl B
NopoRe-KONMNEmops

S — _‘_-—-_'_‘_'_‘_._._'__,_.-F'""-

JeHb 1. BBegeHne; OCHOBHblE NOHATUSA;
3arpy3Kka MacCcMBOB AaHHbIX

o
L 1000m Bopo-
& HedTAHHOIA
KOHTaKT
(BHK)
| 3000 m
L 4000 m
65



10

11

12

13

Knouesoe cnoso EQUIL

fnybuHa, Ha KoTopoWn Nasnenue | | TnybuHa BHK rny6una MHK

N3BECTHO AaBJ/1IEeHUE

datum depth;

pressure at the datum depth;

water-oil contact depth;

capillary pressure at water-oil contact;
gas—oll contact depth;

capillary pressure at gas-oll contact.

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
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Mpumep 3

Hy»HO paccumTaTb Ha4yanbHOe
KanuniapHO-rpasmUTaLMoHHoe
paBHoBecue, ecnmn BHK Haxogutca
Ha rnybune 2310 meTpoB, a
AaBneHune HafaHHon rybuHe
pag_He-“"2'§O 6ap.

Heobxoanmo 3arpy3nTb B CUMYNATOP
MoZeNlb peasbHOro Konnektopa (dann c gaHHbIMU
0 Konnektope npunaraetca (DEEP.GRDECL))




Mpumep 3 (RUN-dpann)

OtKpounte RUN-dain

(SCENARIO-B3.RUN)

[eHb 1. BBegeHne; OCHOBHbIE MNOHATKUS;
3arpy3Kka MacCcMBOB AaHHbIX

68



Mpumep 3 (pesynbrar)

I ParaView 4.3.1 64-bit =

File Edit View Sources Filters Tools Catalyst Macros Help

e B@ » ? & KA PR Tme 0 [Ffof3
@..; 2 2 Se|®soL - [suface withEdges - | © [3] BE 2 24 I fo b #2L » .‘\

Lii? oS
Pipeline Browser Properties x O Layout #2 X i
Pipeline Browser 8 x| § 2 RenderViewl (I](H]0)(x
B buitin:
® SCENARIO-B3.pvd

@ W outlineCorners1

HACbILWEHHOCTHU
HepTU

0.0006+00

(|Z].2 , 0.6  8/000

|| \IIH‘HIH




Mpumep 3 (ynpakHeHusA)

YnpaxxHeHue: Paccuntainte Mpumep 3,
A) YMeHbLIUB KanuanapHoe aasneHue B 10 pas;
B) OTKNOUMB KanuanAapHoe gaBaeHue.

YnpaxKHeHue: 3againte Ha rybuHe 2275 meTpoB ra3o-HepTAHHOM
KOHTaKT (THK)

HeHb 1. BBeaeHue; OCHOBHblE NOHATUSA;
3arpy3Kka MacCcMBOB AaHHbIX
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3aBTpa

ApudmeTnueckme onepauum

* Onepayunun c maccusammu PORO = 0.2

PERMZ = 0.1*PERMX
e PermoHbil PRES = 8.5+0.01*DEPTH
* [paHUYHbIE YyCNhOBUA P = const

* ToyeyHble NCTOYHUNKMN
e CeKkuuma POST

ToueuHbin
A ObpaboTKa pe3ynbraToB MCTOUYHUKMU

J‘\/\\

Pacxop,

>

Bper-l [eHb 1. BeegeHune; OCHOBHbIE NOHATUSA;
3arpy3Ka MaccMBOB JaHHbIX
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