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Facies sequence-based MPS reservoir facies modeling algorithm and its application
WANG Mingchuan, DUAN Taizhong

(Petroleum Exploitation and Production Research Institute , SINOPEC Beijing , 102206, China)

Abstract: The current multiple point geostatistical (MPS) modeling methods take the probability or geometric distance,
which is inferred from training image based on a certain dimension of data template, as the criterion for determining the
simulated value in the unknown area of the simulation grid. The relation between the criterion and geological meaning is
weak in geological modeling. In view of the shortcomings of geological connection in the previous MPS modeling methods ,
returning to the essence of geological modeling, considering the sedimentological significance and geological implication of
the similarity comparison between data events and training patterns during the facies modeling process, a facies sequence-
based MPS modeling method is proposed. The method takes the facies sequence with sedimentological significance as the
basic similarity comparison unit, creates a new variable data template suitable for facies sequence similarity comparison,
utilizes the semantic recognition technology, directly calculates the similarity between the known facies sequence in the
data event and the corresponding facies sequence in the training pattern, and then simulates the facies of unknown area in
the simulation grid, through which realizes MPS modeling of strongly heterogeneous reservoirs from the sedimentological
significance. The sedimentary facies simulation results of ideal models and the delta front reservoir in Tahe X area show
that the proposed method can effectively reproduce the geometric shape displayed in the training image and well reflect the
deposition and distribution of different facies in the reservoir, and greatly improve the accuracy of facies modeling. The
method effectively combines sedimentology with MPS, and puts forward a novel similarity comparison means and modeling
framework of MPS, which provides a new method for facies modeling of complex reservoirs.
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geostatistics (MPS), Tahe oilfield

Yz #5 B H#3:2022-05-30; 1&1T H #:2022-09-02.,

E—EEE N : TYJI1(1985—) , B, GIBFFEOL , 1f)2 AT 5 T AU (E A4 . E-mail: wangme. syky@sinopec. com,

ELTH MK A RBHIEE H AR I 4T H (41702359) 5 b [EN2E BE A 28 0 PE 6 3R H L35 (XDA14010204) 5 [F KB 8K L300
(2016ZX05033-003-002) .,



514

LGN, AE L FET AR I 2 s BTG 2 MR ik SO 239

SIAME: T, B 5 T AR A9 2 nd B 8 T 22 A D7 36 S FERE (D). A3 i 5 R A8 SO i, 2023, 44 (1) £ 238-246. DOI: 10. 11743/

0gg20230120.

WANG Mingchuan, DUAN Taizhong. Facies sequence-based MPS reservoir facies modeling algorithm and its application[J]. Oil & Gas Geology,

2023,44(1):238-246. DOI: 10. 11743/0gg20230120.

S22 U CRLAR AR AL =B T AR 2 AT
e By —Fof 25 TSRO AR B A RO A —
WAL ELOCHE A AR il OB AR 32 B AR A
SRS R M A AN B 3, e T A A 2 T
ST IR I A RS R, Ja A A ) g R R B
Pt B FLBREE 38 35 A FIRL A B A A5 AR A il
SRR PR A B, AT O I AT A BOR A B T
(LT

T GE B W ML SR GE T A AR T 0k, e AR 7R A
FL(SIS) , LA HRE [ Iy F AE P i 22 TR AH S A 718 22 pR KL
o TH S A R AR R P T A,
TEBRIE AN S LE B 5e 3 207 i T DL
SEGETER SO BARR e T ROBIEY (B T R Rk
il e 78 25 RRRIC, RT3 AR B s AR 3B I3~ 52 ) 3 B
W FET H AR A AR AR I Al S AR R RE S
B %A B 2 B0 s (8] o A MU, 75— 7 e B2 LT LA
Rl A 5~ A ) M B GR (ER B9 2 T LB TR
) A2 2R ik J2= ) A 2 18] 20 A U AR A 5 8 50, TRt
271 A B 23 [l A U b LA 20 28 i
AR AR, B TEOT I ZR IR R B0 2 ST 5E
TR R SRR 7 5, Tl I R IR R R
b~ S s ORI 52 2 J2= 1 A ) 2 1] A
MU T AR , £75 TGP S G T A A
JTIE LT HAR AR T IA B AL, O B 24
FRRH R ) — A R Ok 7 T 2 A TS
A BT L %07 1k A B T E A2 B [ N 41
H RV, X2 SO RS AT R PR
SN Z S RS O R R R S
AR ARSI T 10 PR A e 81 35 T M A AR RE T AR D)3
BRI BB o BT ARMUEE A9 2 A3t BT e T i 5 vk
P — 7 4 R A B AR Ry A, X b R 3 B
SRR 2 B AR ARARURE , T HCARBLE A9 4 0,
TG AR B Ay JLART B e 2 B E R
B AR Z AR AR S R et B R IR AR
FIHEREAS7E— s PRI TR 2 A M PR T2 AR A 1)
JRE X L A AT, L AR B R XoF L P o i J2 A A AR 27
HXHREAARE

AR SO B DR 0 SCHY e, 25 1 H AT IT A2k

SRR S AR, B R AR A M e o sl AR B AR A )
IEREAGR BB, R I Sh 2 ML T vk ) LBt 0 5
I 2 P 284 AR A8 B0 AH P 37 O AEABARE B B T — o 14
BT 2 SRS A AR BTk

1 k)R

1.1 HEFBEUENEX

AT R UTRRAE A B A ) B 25 5L A b
SCHY R B A AR TR 10 P51, — M BRSO
¥ %1 3k 3275 , W SSABCBEDFG 5% 912325467, £
S-S QN <15 o7 N YE DR 5 a b 426 I ) 105 % Y )
TR AR E BUR R /INRT ) s S HTE A
AR 3 A DA R AH B R A3 AR A AT 1
B AT LR (A A AR AR 7 T 1) b ), R A
B AP AR R TR B B B R

PRI LA b T LR AR T, A 22 R0 22 5 R AR
RIS Sk FRR , WIORH AL A i SO AR 1) et b3 28 50
HE EEE b AR R IS 22 ) ) B B ok
JE o I AH P Z R R B, W] R R AT R A HE
B o Ol B R R H AR RV R A B, L
AL A B 22 ) 46 o FH 1) e /D P AR R ROk T i
FOVF Y G AR A 23 R 3 0 S 5 AR e, DR
X3 FPERAE, AT LILE— AP AR AR 5 55 A — A 7 A
[], DA T A5 2 AN AH P Z ] B RE S . il , AP “ACD”
SAFE“ABCD” BT 1E“ACD™ I “A” 5 C” Z a1 i+
£54B”, BN AT MR “ACD” 28 WA T “ABCD” 5 M1 T
“ABCD” 57 “ABC” , i ik M BR A0 7 “ABCD” 1) 5 5
— ANFLE, BUADE A R “ABCD” 7% J§ AR “ABC™ 5 #H
“ABBD” 5HJF“ABCD” i8I ¥ A0 T “ABBD” W) 55 — A
FAFB" B e C”, BRIV AH Y “ABBD” 28 18 AR T
“ABCD” . #5K B 0 07 ¥ 328 2 A M T Z i) i 22
S, AT SCHH Y B4R 0 Q, HH T 22 18] 678 4 bR 805l
T8 25 TAEBEAF X (Xef, x,,x,eX) , 3 FhifE nl 5
NA

OB :20%, — Tpc,ays

QMR (T,) 2,02, — T,y



240 £S5 KRR R

Fa4 B

QB (T,) :x,ax, — Tox,bx, o
Hp 4 a,beld,

1.2 HFBEUENTE

RS AR AR ARLRE (9 2 S, A e =2 (8] A B g ] LA ]
G IR B AT BT IFA A, = aa,a, ! F
Ay = Haagast B, T8GR 24 AT N4 v] R A,
L A,

A, = laaa,} — Tyla,)aa, — Tla,,a,)aa, —

T,(as)a2a4a5 H%aﬂmﬁ =A, (1)
K Ty (@) ayay Fos X F 05 5 A AT I BR 4 o, #2
Vi3 T(ay, a,) ara, Zom X FAF 8 Lasast PFPAT a, ATHR
BT A a B0 18 5 T (ay) asa,a, Fom 3T A5 8 L aya, | 0FT
BINTFAF atRAE

HARRLEE (BB T A Iy sUom o

d“(A,, A,) =Ty(a,) + T(a;,a,) + T\(a;) (2)
K d (A, A) R A A P45 5 AL (G
HEEE) , BN T, (a,) RIRMERTFF o, 7 YR
B mN; T (ay,a,) FRTFH a, BEWFLT a7 0
FRES, Tt A T, (as) RSN FAT a5 777 BB ES , TC
=,

A AN R I A AR E AOACE B4 A, 5 A, 1)
ADURE S5 T AR AR, B 2 M (A, A,) = 3,

—MEEOL T, 22 m B e T2 AR A% A kA
B AR KB R T A5 R A A I AR
BE(BRES ) IR (1) 2R (2) X 2% . RIS AP
X=1{X,i<m!MY=1{Y,j<nl, R EHTH%AH
HYAL 5 AN [l A B AR, DA 2 AH R AT i A& 484
PR HE 1 5 1, XA e B AR AT 3SR AR A LR
JUA S -

OHX, =Y, d"(X,, V) =d"(X.,, V,,) ;

@Y X, = VI, MR XA P AT 2 e L sl B
BRAE @RS B (X, V) = (X, Y. + 1,5k d" (X,
Y)=d(X, ,,Y)+1,8d(X,Y)=d(X,Y_,)+1;

@M m=08n=00f,d"(X, Y) =i,

FH O, 5 0 AF Y AR AR RE T 58 5 25 A AR A R
1 B Bl AR 7 72

(X, .Y ). X, =Y,

7 J

d'(x,v)=
(x.%) min{d"(X,_,Y,),d"( X, Y, )} + 1L.X, # ¥,

(3)
e, o FAAREL FR P IIIE R

PIMI P X = {CADBBDB! F1 A J§* Y={ CBCACCDA |
G, AN SEAH A AT AR AEA TR, MR i R K
W), AT LAAS a0 B R S R R (B D), e Ay B
A, BRI PIASAE P AR - (X, Y) = 6,

IRAHF AR TR, S TR RS R
JECRH P v 25 A B A RN A 45 E R AR, 7 22 0 L T 4
TR R AR S PR T 2, A 75 A A Y
BCE M BENRE ., UMHT A, = {aaa! T
A, = {aagast BB B D) BEAE, AT A, 5 A
G A IERENE , 2 T, =T,=1,T,=2, 848
2 (2) AT LA AR A, FA, AR LR A -

d(A,A) =T, +T+T,=1+2+1=4 (4)

= U ELMAE, 4 a=1,a,=a,=2,a,=3,F 4
A LA A BT A, DA, BRI R -

d"(A,, A) = (a,) + (as,a,) + (a;)) =1 +4+3=8 (5)

v [ B 25 SEHRAE AR YA, 54 A A EE FIAH 119
B 5 F R A — 3, IRART Dt AR 20 A, A
Aﬁ"]*ﬁﬂj\gﬂﬂ

d“(A,, A) =Ty(a,) + Tas,a,) + T(a;) =2+6+4=12

(6)

HR i L3 23t , 5 R B 2% FERH () AR R4 AR A A
A DAHE S A5 2 T — e i A e AR AL T 20 4
L) oy .

d(X.Y,)=

J

(7)
i, b ASRER, R T TR
PAH Y X={ACB| FIAH ¥ Y={ABCD| MBI, 255
JEAH A AR AT, MR8 AH P AH AL S 2 R R
fif vk, T LIAS BN AN BE B RE R (E] 2) , ooty

B 7 6 5 5 5 5 6 6 6
D 6 5 4 4 4 5 5 5 6
B 5 4 3 3 4 4 5 5 6
B 4 3 2 3 3 4 4 5 5
D 3 2 2 2 3 3 4 4 5
A 2 1 1 2 2 3 4 5 6
C 1 0 1 2 3 4 5 6 7
X 0 1 2 3 4 5 6 7 8
AT Y C B c A C C D A

BT AR TR

Fig. 1  Similarity calculation matrix



EoR TG A LT AT A 22 05 TGS T AR A ik K H R 241
A ds /IR, B A S AH R B AR LA X,
d(X,Y)=minl{b+c+d, 2b+d, 2¢c+d} (8)

1.3 ZhiSEEER

BRI 0 22 55 b T B8 1 2 AR 1) — A
HEHE, s FUN R — [ B AR M RIRCR
22 ROBE B YR BONZ A5 5 22 1 b ST G0 1 2 AR P gl R
FH 2T A TGS B — [ B AR, i 2 R
R AR , AR A R LA 2 i S R B 4 o A
FRAE , JC i R R R 28 (16 3) o nid o Al
Mz 3 % 3, 2R FH B — [ 1 B A, ] 3a 1 3¢ H e LA
B KACH F BT AT 5080805, Bt R 22 RO B A
&1 3b 1 3d Ha xfE LA AR BT A 28580 i HL 28
By v I H 3 2% R B AN T S 0 A% 1 A 2o £ i
Uiy , B b BUEIR R S I RE I A 2

BEXT AR B IR A AN AL, 5 5 A e X L ) 5 22
BT — Bl 1 o] AR 2% A B A A A5k 9k
A5 BT AR T B S BRI AR . ilan, 35 2 3h A R
PR A48 R A% R 5 % 5, 580N 4, 76 da R kA 148
T LIS 2 & 4b PR 5 S50 . 2R B A%k

B b b e 212¢ ;’:i;d/ 2btdl
C c c b+c b b+d

A a 0 b c+b b+c+d

X 0 a b c d

M|y A B C D

2 HIEAUE B AL TSR
Fig. 2 Similarity calculation matrix considering weight
(Eha,b,e,d 53 MHICEA,B,C,DNLERGE,
A FEARRCE FERAEALE )

b

1

K3 AR S R R e
Fig. 3 Ability to integrate conditional data with different data templates
a,c. J30 o B — EE BRI S A MR 5 b, d. 2300 22 RO
WG AP, Herb b oy 2 B ASAR L d S 1 B AR

/]
=
s

B4 ShasBolati e T 0 e
Fig. 4 Working principle of variable data template
a. FELH% s b, BRI 0, d. 3 x 3 ISR

PEAEAR 4 22 A G T AL i v, B 1 R N
IR CANIE T B ) M6 s B (i 3) , sh AR DL fi
INEIRGE 3 x 3T R (K 4e) , LB B F5 1 mHCE
SRR M A S KBNS x 5, 383N A RS
DA i A9 2 B AR A I R IR rh 24 P R R
U T R —E R, R BTN 2 (F 25 T 4%
PEREONZ) 3 x 3 8 R R HI AT Is B B0 19 26 A
MRCEDR (8 4d) , ShAS BB B 8h4i /0 3 x 3 11
BT AR AR, I LA BE B e U1 2k B b g A
FIREE

a b

.

[ d

/i1

2 FIRARLL LR

ETMF M2 ARG A Rk, B8 T
AR FRARLRE B DU 38 S, AL BE T B8 I 47 2 i)
FEAIRS L, IR FH 45 4 )0 FEARISE 2 19 ) 200 d A
B, SEBL T MBS S R A, S T — R AT
Z R G SR . 07 S B 2 RS
@B NEM L, BA 34 FZE MR 6 ORI R
U i DI AL 0 A T 2= B AR AU A, J0 G it g 44>
S YRR R s QR 5 A 42 51 AR RURE X LE AR
BB B, RERE & LA [RIASU ) 25 1F 5
AAZ A, B R AN ) RUBE A 3 55 R 5 LA 2 1] 42
BB AR e 2l 25 R 8 A S 50 3 55 U1 kT B g A
LLRE G B M o SCR TR BE XS Fead R v, S T
— P AE R ARLEE XS LT 05, S TR 5 2



242 £S5 KRR R

Fa4 B

JREET A A B o

ST R P B9 22 s MU BSR4 MR R e B
BT ik, FEASAUL R A T2 30 13 A AR ASE UL I A 5 £
AR o X B ST AR A B AR
APRIT O AJEER RN ZR IR, JF o0 O 2
AEALL IS H 4 B T A 5 @ 2 B AR AR 26 F
SN O CREHUEL IR AR ; DR TP IR QB 8K
PEAAEIEAR 55 A 5 s B TN AR | B A
A ) 248 FECHE 07 5 DR JH A2 BR @R BB A5 A i 7y
YIZRPR i XL AN ZR 1K @ HREUE S0 531
2 P RL B ARARLIE , I FH Sme A AL A 11 2l 2R 0] 2 A Ak Y
50 X K5 0 R A Ak R AT TR AL s DI SR B 2D
BR@F)L R © B 2 FEPLEAR b ITA R B DL AR
U, RO S B

3 PRARRAY I

3.1 HERERGNR

SR FH 0T 0 9T 38 U R A ) T AR R I 2 RS
(E5), PIA% B A 200 x 1 x 45, A% B IT K /NN
10 m X 10 mx 10 m, 7E I &k BI& H BEHLEG & 5 1 I
HIALE, I 5 IR AR . B BRI AR
KFE, F M2, — MO0, 78 Hb 5T 8 A5
FH A, AN 7] 0 AR FAS [ 9 45 4 0 e A5 ] 45 1 22
B, R A g — M P A TR B, AN o AR 4 ) A
AAIE] AR AR A ACE AR A . 55 H ERT Ak 4 22 5 b 5T
G512 A AR Snesim X FE IR, Snesim 77 5 119 %1
PERA KNI 10 x 1 x 3, 2 ROBERIAS 8k 3. Ik
S5 R |, Snesim J7 1k R BV T BR 08 F BRI
PG T s ke i) b S5 5, L HE BB e ) 880 0 A1, A
S Ml 7 5 I s W 1B {F S A4 (181 5b) 5 55 Snesim
JTIEAH L, 3 T T 19 22 A b B e 122 5 R AE 4R
PR AU EE AR &8y i B et AR 47
PRIV 25 MG Je s TR ARRRAE (] 5¢) -

3.2 Z=HEMERGINR

YRR DA —ANTA] T DR A b AR R I
FEHZ (E 6a,b) , FA%HLA R 69 x 69 x 39, (A% HLIT K
/NA10m x 10 m x 10 mo ZEYNZREUE T g 7 1Y
AL, T IR AR . BUR BRI IR  iE Ty
T, 5 s 8003 IR 3 4 FEAT GRS, . SRS

K5 el gh R R SRS
Fig. 5 2D training image and simulation results

a. YIRS 5 b. Snesim BEIALE SR 5 oo AR deAsiabl gt 1

AR R ] A AN EE IR A B R A 1 A
AHIR] AN [ AH A A A 7]

YSRGS R R X TR IR TX, 2
AN 2 | SRR IR RO B o 2% 1F s B0k 4 B 1
BERLHOR (K 6, £) B s BN 3 I A B8R 4
(B 6c,d) o FEMIRITFE & B, S5 s B0k 4 1 iy
2 0 BB B b S W R 25 EUR i b T {5 8, 4k
SN AT 5 A SRR A FE T IR B i, (H )
23 MR B AL LB 4 o 7E Core 15, 2.8 Hz CPU Al
16 G RAM [T HE ST, S 8k 3,4 1S I, A
A3 5104 180,230 F1300 s, LA A& 5 % 3 1354
IR 1] S B850, B 1A A5 R B IR R 40 301
27.8 %H130.4 % i HAEBLLLHTH] , 55 2 A Hiokk
Z B R AR R 5 T 2 (0 SR MR S A R 233
BT



514

LGN, AE L FET AR I 2 s BTG 2 MR ik SO 243

' b I

. d

e ' f |
L200m, - i -3%@

Ko —4EIlZrER S HN4S
Fig. 6 3D training images and simulation results
a,b. SPHNINZRER = eI S HPIRIA 5 o, d. 235000 3 26 RIS,
U SRR 5 e . S350 4 SR BN AE R = 2R S MR

4 NS

BT X DX, T 0 LA 77 3t 7 ) e DX 0 e g e o
SRR R R, — B =8 R =AU E S WA A
A IRV DX =8 R A2 8 TR BT 2
P 5087 1 A T

4.1 J%E%

T DI S T A T M AR DR 3R S AT 5 1) 2
fift b, £ 5 N TR BORMRLE O BB, X 52 M T AR
(9 34> 42 N R —— Rl e s a] R Bt i A AR Wiz
PEATORTE , A A R A AR

FERTFE DR DL T 2 DA 2 AR AR L A A L, LA
DRSO 16 T, 25 H AR DUB U A U, XTHF
FE DX R TURUAR K T HEA T RUEREAD o i X 2 i LR

A2 SR T U T, B E A SR AR
I-5 EABIREATX L, LA BN S8, 15 3 S et
FEX DU Y B = 4D URUE TR (1 7) A1 D tF
FEIX Z G MU GE 22 AR AN ZR PR

4.2 BEEEERRITLE

WF5E XK 7 750 m, 55 4 700 m, f#)2)EE 350 m, H
HIA 32 R I (K 8a) o MRIEHFIT X H-1Y 40 A1 FIAL 1
JEATRFAE  AEALL A% RIS A 155 % 94 x 40 = 582 800,
I 4% LI K /N K 50. 00 m % 50. 00 m X 1.25 mo %
ARSI T 2 S R Ge 2 A R, e X E R
YIZh G TR E A A A 738 Y A 3, ()N 25 R
F14) PO 6 RIS 5 AL ) 45 11 R A TLASE A i), 5080 A5 ARy
ETTE S0 s 5 R 3 4

MR EG  We i TR P s X A B —
FPITRL, KRBT AR R 3 AR « i 5% X JEC 0 A 2R L
I b, E B LB K LA s A W T, 4
X FEE R B K N4 HIGE 5 J5 B f it —2 It o
% X VY HB R RS AR L, AN[F SRS
PEIT X X = A PN DR A 4D 45 SR o (181 8) , TR
A AU AN AN A - b S e 1 1) b A U8 T L 800 1
YA H E T 2R ST R B OB . AR TR 4%
PF R ZE R TR, 4 55 s ARSI A 3 2% 1 it
BIGF o 4 F A s AL OB AR A | 5 e 5 A T AR
HH 23 A 75 5 ds i (B 9) R Tl AR 9 A B 5 0
JT R W 2 A AR W A (110) .

5 45

1) AR T 62 A UTRELEE | LUAH AR B A
Ry 22 1 KB TG0 T R )RR B 4k e A AR K
TN 3h 25 B30 v, I 25 PR A% v DS e 5 8580 = 4

a b “ o
4§

” 44

\ N _

¢

Xom PR - L. I:lmuﬂﬂ

K7 DURUESRR
Fig. 7 Sedimentary forward model
a. OBV =ZER] s b. DUBURMPIR A

Bz



244

A 5K AR R R

Fa4 B

aW32

aW28
&« W23
6 EWI10
£
N
e
\Q{VO]

D a

W03 W06

W13 W21 W25 W30

500 m

Fig. 9 Comparison of sedimentary facies between simulation results and well data in the Tahe X area

Wwo1
@

FHAL -7J<J:67\ifriiﬂiﬁ -7)<T§7\¥‘ﬁi‘2ﬂiﬁ

FESE

B8 B X DX = AP TRRU A R A A5 R

Fig. 8 Simulation results of delta sedimentary reservoir in the Tahe X area

a. JO AR b, e, 5350 AR S EC 3R 4 I B IS ) URRURH FE D1 BT 5 d s e, 235002 PR A 3 0 4 0 9 3 1 U577 16 0 REURE 6 1 B0

£ 2 PF R 4 I BUBARBL AR 1

w159 W93
| IGEIE | BT R wieml IS (RS
3610
3600
620
3610
3630
36201
B 640-]
3630

K b3 i

KT A3 i T E

P9 BT X DA TORURXS bE

a. WIS I3 25 s LEZE 2R 5 b, W19 JF 4 S PRI L4 2R



1 NI A5 BT R 0 2 M T G T AR R Ok B HR 245
lAz,a 1o} P ot€
1.0 0.8 0.8
% 0.8 g £
%% 0. = =
o6t 4 4
k><04 04t B 04t
' — R sl — A — A
02 —— BT : — 5 0.2 — I
0 . . : : : 0 . : ‘ : 0 : ‘ : :
0 25 50 75 100 125 0 30 60 90 120 0 25 50 75 100
¥iif J E/m i1 ) BE /m it ) BE /m

10 BEIAr X XU RURH AR Y 5 A8 22 pR IO L

Fig. 10 Comparison of variogram between simulation results and well data in the Tahe X area

a. KN E

AL R, R 22 s M SR G A A g ik =0
PR T AL S b, 312 1 1 S5 T AP A 22 a5
JREGEHF AR BRI i
2) BRI W, 1 i AR e A ARLEE XS L A3
SRR, He T A0 1 2 S RGeS AT vk
REAS AR AF HAS ULt A A DAL RIS ) A AL A
DURRIE UL ST Y1 5 PR P A ey, SR AR SO %

HENE TR XX = A TR AR 2 A AL . %5 TR BT
ST AU AH S R e b B e 1 = A N O AR R E A8 O AR A

IE, 380 T 2 S bR e T2 AR RS B, B A= 062
HASRL T —FlEr A9 S vk

3) B IR L G 2 s M T e 2 A
fof 1) L BEHOURE BE S AR 3R, 3 IR A P AR LS 1)
XiF U AIEASAOL 0 A AR P A B, X A2 2% T A A
B, W AE W 5 T — 2 AT 9 . D2 28 RV | il
T I MR S R £ R A 1 T A i b AR AL
EBHE LA TURUR e, A5 S TEINAS £ b o R 114 1 o

L QST AH T, FEAR SCOT IR REZR T, 3l 2 44l

@BzﬁJ ST R TR SO R I T HR IR sh 1 £ 4
Mo SR T2 AR T

R FEE T HBRETFEAAR KR EE
o AR AR R S ) B Sk B AR

& % x #

(1] BORM, BOUAF, BB, 4. I 0e b BT @ i vk 5
FIM] dest: E»{mmmﬁm, 2019.
DUAN Taizhong, WANG Guangfu, LIAN Peiqing, et al. Method
and application of quantitative geological modeling for oil and gas
reservoirs[ M]. Beijing: Petroleum Industry Press, 2019.

[2] PYRCZ M J, DEUTSCH C V. Geostatistical reservoir modeling
[M]. 2nd ed. Oxford: Oxford University Press, 2014.

(3] ZMAn. fEERAESEAIM]. dtat: ATk AR, 2010.

3. K AR IE

se. T 1301

WU Shenghe. Reservoir characterization & modeling [M].

Beijing: Petroleum Industry Press, 2010.

[4] EmN, @, BOE, 5. @ AMIACMIT RO B fifH

WIrEl ). Al 2020, 42(2): 296-301.
WANG Mingchuan, SHANG Xiaofei, DUAN Taizhong, et al.
Reserves evaluation for new investment projects in overseas oil and
gas field development [J]. Petroleum Geology and Experiment,
2020, 42(2): 296-301.

[51 EmJ, Bk, HRE. 2R RdSiRIt RS
REFILY]. A HBER2AAR, 2017, 19(3) : 557-566.
WANG Mingchuan, DUAN Taizhong, JI Bingyu. Research

progress and application of multipoint statistics geological modeling

technology [J]. 19 (3) :

557-566.

[6] DE ALMEIDA ] A.

Journal of Palaeogeography, 2017,

Stochastic ~ simulation  methods ~ for
characterization of lithoclasses in carbonate reservoirs ] ]. Earth-
Science Reviews, 2010, 101(3/4): 250-270.

(7] R, 2300, ZAsbigeite—Rhg SR ].
IR, 2005, 7(1): 137-144.

WU Shenghe, LI Wenke. Multiple-point geostatistics: Theory,
application and perspective [J].
2005, 7(1): 137-144.

[8] JHHut, skEB R, K, Z R ST

] AR, 2011, 13(2); 245-252.

YIN Yanshu, ZHANG Changmin, LI Jiuyong, et al. Progress and

Journal of Palaeogeography,

I 5

prospect of multiple-point  geostatistics [J].  Journal of
Palaeogeography, 2011, 13(2): 245-252.
[9] HU L Y, CHUGUNOVA T. Multiple-point geostatistics for
modeling subsurface heterogeneity: A comprehensive review [J].
Water Resources Research, 2008, 44(11): 1-14
[10] ZHOU Fengde, SHIELDS D, TYSON S, et al. Comparison of
sequential indicator simulation, object modelling and multiple-
point statistics in reproducing channel geometries and continuity in
2D with two different spaced conditional datasets [J]. Journal of
Petroleum Science and Engineering, 2018, 166: 718-730.
[11] STREBELLE S B, JOURNEL A G.

Reservoir modeling using

multiple-point statistics [ C 1//SPE Annual Technical Conference



246 AT IR NN %44 %5
and Exhibition, New Orleans, 2001. Piscataway, NJ: SPE, township, Lvliang City, Shanxi[J]. Acta Petrolei Sinica, 2021,
2001: SPE-71324-MS. 42(2): 198-216.

[12] ARPAT G B, CAERS J. Conditional simulation with patterns[J]. [22] HONARKHAH M, CAERS J. Stochastic simulation of patterns
Mathematical Geology, 2007, 39(2): 177-203. using distance-based pattern modeling [J]. Mathematical

[13] ZHANG Tuanfeng, SWITZER P, JOURNEL A. Filter-based Geosciences, 2010, 42(5): 487-517.
classification of training image patterns for spatial simulation [J]. [23] MARIETHOZ G, RENARD P. Reconstruction of incomplete data
Mathematical Geology, 2006, 38(1): 63-80. sets or images using direct sampling[J]. Mathematical Geosciences,

[14] HONARKHAH M, CAERS J. Direct pattern-based simulation of 2010, 42(3): 245-268.
non-stationary  geostatistical  models [J].  Mathematical [24] WS, Z2/4e ) Mgk, 45 . SRR A R 2 09 22 05 b
Geosciences, 2012, 44(6) : 651-672. Gt ALY ). Ak, 2016, 37(11): 1403-1409.

[15] MARIETHOZ G, RENARD P, STRAUBHAAR J. The direct YU Siyu, LI Shaohua, HE Youbin, et al. Multiple-point
sampling method to perform multiple-point geostatistical simulations geostatistics algorithm based on pattern scale-down cluster [J].
[J]. Water Resources Research, 2010, 46(11): W11536. Acta Petrolei Sinica, 2016, 37(11): 1403-1409.

[16] CHEN Qiyu, LIU Gang, MA Xiaogang, et al. 3D stochastic [(25] EMgJI, Bk, BT 1R8O0 fk i B 1) 22 o b BT 450 11 AR AR S
modeling framework for Quaternary sediments using multiple-point 1] AR, 2018, 39(8): 916-923.
statistics: A case study in Minjiang Estuary area, southeast China WANG Mingchuan, DUAN Taizhong. Multipoint geostatistical
[J]. Computers & Geosciences, 2020, 136: 104404. facies modeling algorithm based on pattern vector distance [J].

[17] VAN DER GRIJP Y, MINNITT R, ROSE D. Modelling a Acta Petrolei Sinica, 2018, 39(8): 916-923.
complex gold deposit with multiple-point statistics [J]. Ore [26] 3CAS, REEA, EIERAR, 45 BT REF RN Z ST g T
Geology Reviews, 2021, 139(Part A): 104427. AL LT] R REEIR (HARFHED , 2014, 45(4) : 1261-

[18] SHARIFZADEH LARI M, STRAUBHAAR J, RENARD P. 1268.

Efficiency of template matching methods for multiple-point FENG Wenjie, WU Shenghe, YIN Senlin, et al. A vector
statistics simulations [J]. Applied Computing and Geosciences, information based multiple-point geostatistic method [J]. Journal
2021, 11: 100064. of Central South University (Science and Technology) , 2014, 45

[19] MOHAMMADI H, HOSSEINI ST, ASGHARI O, et al. A direct (4): 1261-1268.
sampling multiple point statistical approach for multivariate [27] DUAN Taizhong, GRIFFITHS C M, JOHNSEN S O. High-
imputation of unequally sampled compositional variables and frequency sequence stratigraphy using syntactic methods and
categorical data [J]. Computers & Geosciences, 2021, 156: clustering applied to the Upper Limestone Coal Group (Pendleian,
104911. E1) of the Kincardine Basin, United Kingdom[J]. Mathematical

[20] ZUO Chen, PAN Zhibin, YIN Zhen, et al. A nearest neighbor Geology, 2001, 33(7): 825-844.
multiple-point statistics method for fast geological modeling [J]. [28] DUAN Taizhong. Similarity measure of sedimentary successions
Computers & Geosciences, 2022, 167: 105208. and its application in inverse stratigraphic modeling [J].

[21] ENZRMR, @m0, HI5K0], 5. BT IR ANURHR #1088k 2 8 Petroleum Science, 2017, 14(3) : 484-492.

WG — L SRk S AT ReIT]. A
2F4, 2021, 42(2): 198-216.

YIN Senlin, GAO Yang, HU Zhangming, et al. Multiple-point
geostatistical simulation of outcrop based on UAV oblique

photographic data: A case study of Shihezi Formation in Pingtou

[29]

ABDOLLAHIFARD M J, FAEZ K. Fast direct sampling for
multiple-point stochastic simulation [J]. Arabian Journal of
Geosciences, 2014, 7(5): 1927-1939.

A

(%% % )



