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Large—scale physical simulation experimental
study on thick carbonate reservoirs
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Abstract: Aiming at a thick carbonate reservoir(BU )in the Middle East Missan Oilfield, based on similarity theory, the arti-
ficial carbonate sample is used to simulate target reservoir, an large—scale physical model with size of 80 cmX80 cmx10.7
cm that is similar to the typical unit of target reservoir is built to study the water flooding performance, water flooding
modes, and the development effect of different well patterns. Results show that the water flooding performance of thick car-
bonate reservoirs are mainly affected by the longitudinal heterogeneity and gravity, and are characterized by double peaks
or single peaks. The water flooding mode is summarized as follows : the injected water moves longitudinally to the high—per-
meability layer near the water injection well and flow forward along the high—permeability layer. Away from the injection
well , the top injected water moves downward under the effect of gravity, then moves along the lower high—permeability layer
and breakthroughs to the bottom of the production well to form a secondary bottom water. Finally, the secondary bottom wa-
ter moves upward, causing the production well to be completely watered. Based on above mode, the remaining oil mainly
distributes in the upper layers far from the water injection well ; correspondingly , the horizontal well infill well pattern shows

a higher control over the reserves of the upper layer than other well patterns , hence it can lead to the higher recovery and de-
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Fig.4 Schematic of large—scale physical experiment for thick carbonate reservoirs



B2k H4M XAt JR SR R IR R

YFH R 722 R4 B U S 6 A 57 121~

T AKUHTIT B IR A I T 19 52 A
XFHESEE  For, X R 2 Rh IR s A v ) A5
PEAT B TE M BB P1IE &K A K 80% ., DR
PESE BRI BLG ,  Hr JE 2 i R R Tl K
GRALHE A A X LR A o A, A 3 5 B
KR

3 FgRai RS

3.1 EaHMEKFLZKIRAERKEER
B P AR A R (8] 5a) B, A2 PE ) )
PFE (PN P3) B F= i 3 B v T A 9 (P2) , (H 3 0L

KBS (B AT 55 D 7K 300 7 i o 3 v e e
FFE 7= 0 R WK T IR . b R KR A
Tl 2k (P sh) al i, AT i I DK s &7k
M b, BRSSO (F KRR T 60%)
FK BT RB ARG AR S K (B KR
NT20%) T K ARG 3 AT SRS &K
TR A A A R KRR T A
o BRI E S & KFL RN (E 5¢) 1]
W, 20 Tk R Ry 2.87% A% £ 7K R %y
10.5%, 1 & K WIR MR N 22.6% , fie 2 R WCR Ny
43.9% . I LA 50% (1) 1T R fits 5 7 o K R
3R T AR B | 2 R 25 5 K T

80 100 100F
~ 4P 801 80
= 60
3 — A IEP2 3 3
E —— = EP3 = 6of o = 6ok
40 B if#})l N
H < 40k — &7 JFp2 2 40k
= 4o 77 3EP3 o
20 20 20F
1 1 1 1 1 J 1 1 1 J 1 1 1 1 J
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50
i 8] (h) 5 8] (h) K H R E (%)
a— B 7 g T b—I I F KR c— IR MRS EKE K R

B EuiHFMNEFTIER

Fig.5 Production index of basic well pattern

AIK Gy 15 5 18 15 2 S W P B

R 8 B AR A 7 gk e T L 6) - T
(7)) B A AR KA P AR 4ok 344
PE B O PR (0~ 10 h) , BT T4h0a F SR IE
NBERTEIBE, NZBBRZN2ERNE
M) , (A5 4 A K AR 3 9 K S DX IS VR 4 9 1) DA 2R
JEHRZE R E] LI BB R ARG U E T B8
JZmATZESE, W, TR A 4 2185 R
Xt g e, PR I ARE IR SR B A A ] 6 JIT 73 118 LU TR 7K K
FRAE . @477 i (10 ~ 20 h) , Bl 25 i 7K 1 4% 1) B
FHE T A 1 T K DX, R R B N, R R
TH 7K A2 B 110 52 W] 320 7 14 K, 35 A7 7 T[] iy 2 F
f 7 A K AEE 7 VR R 32 ) R s, 5 SO
R IR ERAE e A5 o0y BABR K IR AE , T A K IF LR U
B AR MR RSE, IR IEAE S 4 )2 R B It
IS B IR AR IK . A =R (30 ~ 55 h) , 55 I3 1R
TS 4Rk m Nia® , U5 5 28K
TR  ARFE T A 7 v B B AR IS K, BB K
IRAFAF 115 35 R 2 (] 22 52 5 WL 1 )23 ) 28 M 5 A8 o
AT T IR AR A 1] T, A% 45 )2 A K HE I
AR 3 RS BKTE ARG AR 2 )2 B 1 EBOK .

a—ItJ [ 95 h

b—I (A 2510 h

c—f [A] 920 h

d—1If 7] 2430 h

|

e—I [ 940 h

£ 3] 950 h
B KA EE (%)
20 25 30 35 40 45 50 55 60 65 70 7

e ——
Eo ERiFMII—P2FHFEHINESKBMEZTL

Fig.6  Saturation field variation characteristics of [1-P2
well section in basic well pattern

w



-122- Mmoo o 5 R oIk & 20204F7 H

SN

a—I (A 2410 h

b—Iif [f] 2420 h

KL BE (%)

20 25 30 35 40 45 50 55 60 65 70 75
PR ER 72 B4 43 00 R S —5 )2 5 K MR BE 43 AT
7 EiFMNFESKEMERENL

Fig.7 Plane saturation field variation characteristics of basic well pattern

c—Hf 8] 430 h

d—1Ii} [A] 2940 h

e—Iif [A] 450 h

32 bIRIE R U I B A R At e A R JRE )2 B R R ORI A% i 2 A B S 22,
E Ny AT K I DX, it S oA se oy, JE . BB B2 A6 i s e B TE 0, A 32 4
AR s PRI B SE T A 7 O O, o e R . L, R ST SRR I



276 H4H

X A5 TR 2 BT A T 2 L) A UL S B 5

<123

b I R S e N e A Y = W
TIERICR . oAb, IR 6 38 7] L& R, KA 72 W4 B
BRIV T T RK , (F A 0 1 1 4 A A v I
WA W I 30 JEE A E B B , S A R ik 32 B
KBEHREES , H N HREE S 2B 35 R/ 2R KT
.

FET LR AT, B JE 2l R 25 R 8 114 7K Y A5
KXBLENT OB B — o A= R, i X, 1
ATKI EZEIK B ) R R e 22 K IRERAE R 2 0] 2
75 0 25 5 3 B LU IR B R AIE (18] 8a) « BT B
o Bt K AT SR B K X, R A
/N A KR ) 3 SRS 1) R 2 A s
B, 5 BLIEE R 7K BIR SRR AIE B A Shy B R 7K BK 5 AIE
(KI8b) . ®MEL—., W& FHmEmBEZEHINTE
A KBS BN A 77 IE IF O, T Bk AR IR K (1A
8c)o WHEIU, WAJE/K I EFEHE, Az p= I 58 28k
K (& 8d) o
32 AEHMFEKFIFEZRITEE

X L 3 Ff - I A8 5 2SR (8] 9a) T T - At
R R (43.9%) B EF MK T HEFInE £
(47.3%) FKF- I N2 75 22 (52.9%) . A Bl I
DRI T 2% 7 T T 53 A A T8 T K DX A A 7
DI, Ph i) A T )= /N2 3 s T Bl %

RN TR DRI )RR B, AT LA 8 3 G 9l R WA
o (A I I, ZKF o 2 R e B ey
FE I H M i ELF & 3R A B T B
I

XF EE 3 7 i B (&1 9b) & B SRl 7 42
W T 0 I 7 VR B S RGN X R WAy S b
A S K HL = WRE  mT LAE I b 7T A RN
HETE R O ARG BB 33 0] A K 3 T R R E
8 PRAIE = 90 2 B S T S KO I
T AR R Z R TR R 25 T & P R in g 3,
PR B v TR T 2 245 DL . AR, HR
T I 0 Jr 28 HAT 8 e 0 77 Ve B, SO
391 UL K Bt i) TR (I 9 ), 5 KR b T R TR,
TR SR AT I 5 T R MR B B v 1R K
R U I S L 2 il 1% T 4% v B 22 A e A 3
S)53 A AR EAE A S 40 A o X TR AR5 4
A TR I B KT B A% 2 R S Ak
R, DT SR 5T 22 110 0 i, 3 B IE T MAASE 2 T3
T R T R A T T SR

4 58

JEJZBRIR 8 K A A < A K IR IX

4 [ 4 \ o 4 \ o 4 \ I
| | \ I ] [ I Y R I
t t \ t \ 1 \
T N T - T — T Al =
\ \ N
a BB — b B —HB= d—Fr B
kX E Slkmcsim 0 4# 0k

B8 BEREMRBEREAHEAEEN

Fig.8 Water flooding mode of thick carbonate reservoirs
60 700 100
- 600
50 = 80
< 500F
s 2 S ol
ot Z 400 vl
¥ 301 = 5
= . ® 300 < 4ok — LAl I
B o0l — Al M = et — HIFmE M
— B g 200 — ERirM —— KT S 8
10 — KF IR I Look — BRI 208
— K S M
1 1 1 1 1 J 1 1 1 1 1 J 1 1 1 1 1 J
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
i 18] (h) i 18] (h) i 1] (h)
a—R I A b Vi B c—F K

B9 AEIERHMFXIERITEL

Fig.9 Comparison of development index of different well patterns



“124- WO o 5Ok ko % 20204F7 1
WUE A KIS U YN 0] 18 2 B 5185 2 AR T 1) 7y 28 ; cal modeling method based on sedimentary facies coupled rock
‘ZEE 7J(ﬁﬁg%jf§ E% H‘E 7J(;:F X iﬂji}a Iz %I-S rﬁj E‘ﬁ % iﬂ: E/‘J 7J( *H type for porous carbonate reservoirs [ J . Petroleum Geology & Ex-
v =% I = N B 2 Y 2 periment,2018,40(2) :253-259.

SRR, ) PREREE W PEEBRER a0 AR A

HESIETIFIRIC I A A B YA K ) S DAL SR I 1R Mishrit 20455103, 47310

EAGIE, S BAh K H5TF%,2016,43(3):367-377.

JEL JZ R TR Eh T ﬁ%u%mﬂ il . Y\ a7 E S WANG Jun, GUO Rui, ZHAO Limin, et al.Geological features of
ﬁ&’jE;“ EI/(J %ﬁ [][EJ H‘SE% ;:F;EL%{“%E , qZﬁ]‘J: H‘EE ﬁ%ﬁ grain bank reservoirs and the main controlling factors: A case
v e ; n N e il otk b B study on Cretaceous Mishrif Formation, Halfaya Oilfield,lraq[]].

Eﬂg I% {£7J(j:'_.f/] l%iﬂ/‘k ’ #j\j jJ[I I%{H?jﬁzﬂ:k )‘i}: ' :EE ™ Petroleum Exploration and Development,2016,43(3):367-377.

R LRy 1At 2 O B (5] XUALT, B rboe, X0, 45 A< s DX I RE i AR 3 BT RR IR 4 fk
3FIR TR AR L7 T IF e I 1 J2 95 5B —— DL 5 W3l o 355 Mishrif 41

ANASCRT AR W 458 v R MR iy EL T DL R [ F 24,2019, 40(6) :677-691.

JH ﬁ%ﬁ&ﬁ% JER j’ﬁﬁﬂ(i{i#j}ﬂ A AE N JE E ik LIU Hangyu, TIAN Zhongyuan, LIU Bo, et al. Classification and

@ﬁﬁzim ﬁﬁﬁ#lx—xj 5 prediction of giant thick strongly heterogeneous carbonate reser-

voirs in the Middle East area: a case study of Mid-Cretaceous
o Mishrif Formation in the W oilfield of Iraq[J].Acta Petrolei Sini-
Gt ¢a,2019,40(6) :677-691.
K——HFB %%, mD; (6] XM, JH 3¢, B, 45 O Hh T Mishrif 28 fiff 56 )28 5 i vk
KK, K—xy.z F BB, mD; 225t EE W R AL A MRS T %, 2019,46(2) : 302-
L— RS R ms A
. FEEEAE ms ZHAO Limin,ZHOU Wen,ZHONG Yuan, et al.Control factors of
. N reservoir oil=bearing difference of Cretaceous Mishrif Formation
¢ ——REUTT R H] b
T in the H oilfield, Iraq [J]. Petroleum Exploration and Develop-
%o ys BBy TR om; ment,2019,46(2) :302-311.
woysa A PIFHEA AR, m; (7] 200 0 R 2 1 S R 503 K7 ).
Ap——HERFEZE , MPa; 2#4}%,2013,34(1): 115-121.
Ay—IKIMEE 2%, Pa/m; LI Yang.The theory and method for development of carbonate frac-
Moot 2 I 2 KB, mPass; ture—cavity reservoirs in Tahe oilfield [J]. Acta Petrolei Sinica,
—— ML TR 2013,34(1): 115-121.
o ALBE %1 81 AL, XL AE0M Bt 45 ST P9 4 I 2
S—— AR ALBARE | %. AERY RN ST ] AT R 55T %, 2018,45(6) : 1 035-1 042.
WANG Jing, LIU Huiqging, ZHANG Jing, et al. Experiments on the
P, influences of well pattern on water flooding characteristics of dis-
solution vug—cave reservoir[ J ]. Petroleum Exploration and Devel-

(1] 3 SURE 22 BR/NRI, 8 G STk S T RE Mishrif 2 MB,' B opment, 2018,45(6):1 035-1 042.

T T 6 5 2 i BRI (0], G i S 6 b S L 2016, 38(3) - (9] JHmy 3t 5, 2, A5 . A BRI — 2k T AL A RIS K B ik
360-365. A EREERFFEL) ] A7 k24041, 2018,3(4) :422-433.
ZHANG Yikai, KANG An, MIN Xiaogang, et al. Characteristics QU Ming, HOU Jirui, LI Jun, et al. Research into characteristics
and genesis of carbonate reservoirs in the Mishrif MB,' member of the oil-water interface during bottom water flooding in a frac-
in the Missan oil fields, Iraq [J]. Petroleum Geology & Experi- tured—vuggy reservoir by a 3-D visual model[J]. Petroleum Sci-
ment,2016,38(3) :360-365. ence Bulletin,2018,3(4) :422-433.

[2] X3 s, x| A M, 28 KB, 4 o 2 R la £h 2 i e 7 2 20 T Rl [10] Hscme, X H H,RPEAE 45 AR 7 24 MvE LA sy 34
Sy ——LAr PR MF A 93], P 22 A7 RS2 4l AR BHUSERAETELT]. S THT SR Y%, 2017, 24(3) - 78-84
k7,2019,34(2):104-111. ZHENG Wenkuan, LIU Yuetian, LIU Zehua, et al.Physical simu-
LIU Yisheng, LIU Yuetian, LI Changyong, et al. Division of flow lation experimental study on low—permeability buried-hill frac-
units in thick carbonate reservoirs : taking MF reservoir in Middle tured heavy oil reservoir[J].Petroleum Geology and Recovery Ef-
East as an example[ ] ].Journal of Xi” an Shiyou University : Natu- ficiency,2017,24(3):78-84.
ral Science Edition,2019,34(2):104-111. [11] Mok, A5 dni . S T U R Eh 5 i A VA i AR R E R AR

(3] Ty, Bk, kT 08, 25 SURRAAR A A A W T LR MRS ] i H S R, 2019,26(6) : 107-114.

BUBRFR L A BB T7 Bk [0 ] A il S 3 H BT, 2018,40(2)
253-259.
WANG Mingchuan, DUAN Taizhong, DU Xiujuan, et al.Geologi-

YANG Jingbin, HOU Jirui.Experimental study on enhanced oil re-
covery by nitrogen injection in fracture—cave carbonate reservoir

[J]. Petroleum Geology and Recovery Efficiency, 2019, 26 (6) :



W21t A X B 5 R 2 B R 8 T L) RS AD) S 3 F 5 125+
107-114. leum Exploration and Development,2019,46(6):1 159-1 168.

[12]

[13]

[14

[

[15

—

PHIGERHE Il 24 B K ST & BCRBFFEL) ] ARl e, 2019,
26(2):152-156.

YANG Xiaoyan. Waterflood development effect study of heteroge-
neous reservoir [JJ.Special 0il & Gas Reservoirs, 2019,26(2) :
152-156.

Kz WA, A5 RN K SR R RO K e K % 45
Hr[ 3] Wil <, 2018,25(6) : 766-770.

GUAN Yun, CAO Renyi, XU Feng, et al. Effect and influencing
factors on water flooding development of thick reservoir[J].Fault—
Block Oil and Gas Field,2018,25(6) : 766-770.

REEE, Bk, RSO, 45 . =2 R RUBE B B e 2L T iy A
MR G PG, S A5 L0 ] i SO 59T %, 2019,9(6)
16-23.

XIONG Yu,ZHONG Hao, ZHOU Wensheng, et al. Water driving
physical simulation test of remaining oil based on 3D large—scale
heterogeneous reservoir model [ ] ]. Reservoir Evaluation and De-
velopment,2019,9(6) : 16-23.

Wit 2 sk, IYIE IR, 45 BE T Hb BT ) 2 1 b B TR — AL Bl
ELER RURRAR Eh 5 R IR —— LS BUR S & L et g 2%
BRIV X e (L. p Al R, 2018, 23(2) :27-36.
YANG Haijun, ZHANG Hui, YIN Guoqing, et al.Geomechanics—

based geology—engineering integration boosting high—efficiency
exploration of fractured—vuggy carbonate reservoirs—a case study
on West Yueman block, northern Tarim Basin [J]. China Petro-
leum Exploration,2018,23(2) :27-36.

XM R REME R R BRER IO A B AR RIS BT [T ]. A
HiBT S TR, 2019,33(4) :47-49,53.

LIU Renjing. Development technology strategy of large reef-shoal
carbonate oil reservoir [ J]. Petroleum Geology and Engineering,
2019,33(4):47-49,53.

SR, R, AU, 4 BT DT HC K K B B IR e
SRR K 52 B —— e A< e R S 9 1T 28 R KAk 1
L] A R 5FF % ,2019,46(6) : 1 159-1 168.

PENG Yingfeng, LI Yigiang, ZHU Guangya, et al. Mechanisms
and experimental research of ion—matched waterflooding to en-
hance oil recovery in carbonate reservoirs: A case of Cretaceous

limestone reservoirs in Halfaya Oilfield, Middle East[J]. Petro-

[18]

[19]

[20]

[21]

[22]

[23]

[24]

PR REFT , 23 B, 25 KSR TG IUI T A2 Rk B b =R
Wete = TO5 1 [ ] R BRATM B 5 FF %, 2019, 38(5) : 34-40.
YUAN Qingfeng, ZHU Lili, LU Huimin, et al. Development char-
acteristics and main tackled EOR research direction for the water-
flooded oilfield at the late stage [ ] ].Petroleum Geology & Oilfield
Development in Daqing,2019,38(5) : 34—40.

LIU Yuetian, DING Zupeng, AO Kun, et al. Manufacturing method
of large—scale fractured porous media for experimental reservoir
simulation [J}.Society of Petroleum Engineers Journal, 2013, 18
(6):1081-1091.

DING Zupeng, LIU Yuetian, ZHANG Yong.A quantitative 3D ex-
perimental simulation method of water flooding in fractured reser-
voirs [ J]. Petroleum Science and Technology, 2012, 30 (12) :
1250-1261.

XU A% 1) S R K P R R R 5 vk (T ). A iR
5% ,2008,35(5) :619-624.

LIU Yuetian. Methodology for horizontal well pattern design in
anisotropic oil reservoirs [ J ]. Petroleum Exploration and Develop-
ment,2008,35(5):619-624.

KNG, X H T, e , 45 98 LM 0K SIS AT B i e 5
L] B 5 2R3, 2015, 22(4) : 103-108.

LIU Jian, LIU Yuetian, NIE Bin, et al. Method of well spacing ad-
justment for stereo horizontal well pattern in buried hill reservoirs
[J].Petroleum Geology and Recovery Efficiency, 2015, 22 (4) :
103-108.

TG ST IR IR A 1) S P bR I R B () ). s
HuT,2003,24(6) :559-561.

LI Chuanliang, LI Lianmin. Well spacing design for anisotropic
reservoirs [ J ]. Xinjiang Petroleum Geology, 2003, 24 (6) : 559—
561.

UG, I S5, 45 R AR R Py I T e R
CN203257369U[P].2013-10-30.

LIU Jian, LIU Yuetian, ZHAO Yiqiang, et al.Internally installed
physical model:

device in reservoir

plugging
CN203257369U[ P].2013-10-30.

wellbore

Wi WA



