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Optimization of injection manners and injection positions of
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Abstract: Large caves, water—eroded pores and cracks are the main reservoir spaces of fractured—vuggy carbonate reservoir
with complicated connectivity pattern and strong heterogeneity. CO, huff and puff and CO, displacement are effective pro-
ductive method, which can improve development effect by supplying formation energy and reducing oil viscosity through
dissolved CO; in oil. According to the field geological data,a 3D simulation physical model was designed and used in labo-
ratory experiment to simulate the typical fractured—vuggy reservoir units, and a series of laboratory experiments were car-
ried out to simulate CO, huff and puff and CO, displacement processes. The dynamics of production was analyzed. The stim-
ulation effect of CO, huff and puff in high and low position was researched and the recovery percentage in high or low posi-
tion with CO; huff and puff and CO, displacement was compared. On this basis, the mechanism of gas injection and oil dis-
placement in the fractured—vuggy reservoir was analyzed. Experimental results show that the EOR of CO, huff and puff in
high position is 16.09% higher than that in low position due to the interaction between bottom water and secondary gas cap
and the advantage of well location. Taking advantage of the different controlling areas of gas, the oil recovery of CO, huff
and puff in high and low position is 8.07% and 5.01% higher than that of CO, displacement, respectively. The effect of CO,
huff and puff is superior to that of CO, displacement.
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Fig.1 Diagrams of 3D fractured—vuggy model
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Fig.5 Changes of water cut, gas production rates, oil
production rates and pressure of
high—position wells in CO,
huff and puff process

Tt S IRE 5 K RE A 2, =R | = R
G2 Bl AR R ) G208 T R . AR PN SR
Akl /b, A TR AR TS /K AR B, B RAK 5
JIC KA, 4 TOR 1 A, b se ik AR R T RE &, ()
it ¥ 7K S T i 2 TR OK HE S AR T, TR
HCRFRAR, S T (B 5 g 2 m) . YRS
PREE TN BE B v TR /K BB R I, T K L T PR AT, B
IKEREAR I 58 o, 7 S R AL, R TR
MR, HEKE,
3.1.2 AR

5w CO A ki Fi A BT AN TR, /K 3R 45
J& AR B K R 3K 96.87% , A CO SRR,
KR TH S A REAR . TR =30, sk St i e
JEBHE , AR AR HIE Z b KR B TR, A
92.74% T [ 22 43.75% 5 77 H A X 5 5 L 158 156
ml/min, ZJ5 FFEZE 24 mL/min, b N30 77 1
SRARFRE /N BRI TR F7 DA 3.2 MPa THGH R [ 22 0.062
MPa([E6). MR IAER K TIR/KAER, 78 FRAEK
Yo AL TR 174 R R P K N o (R AZ A A BRI
WA EAR R B, AP —B G 2B R
AR 3 (4 S AR5 el =2 ) A it A T B R 1Y)
P 2 KXo ¥ 7 R T G A B AR &2, IR 2 R
TR BE &% 156 2 R I B AR SR K Y RE &, e &2k
e R K E

RFBAL I A 77 3 B v A7 A 5 e 3 5 AR A
(Rt AR, B K D B b Rk AR S T0RE |, AR K



$oadk: o X2 2 TR R BRIR R A e COL T AT X A1k -71-

100 - |

X

e L

2 70 W
<ﬁ 1 1 ]

—_— =
S v O
T 1

aRliiEr <
(mLemin")

W L O W
—

F 71/ MPa

O - W

0 30.7 61.4 92.1 12IZ.8 153.5
5 ]/ min
BEo RABALI CO.FMEFNAMHLL
Fig.6  Changes of water cut, gas production rates , oil
production rates and pressure of
low—position wells in CO,
huff and puff process

FTE A TR R T (6 ez [h]) i 3R
LEFERIR O A AR AT DU A o R AR . 2R
TiUBE I = T IC/K R B, Yl K A TR BRI, 75K
FEREAR 5 A RIS, T B ES AHE 5 7 I R T
= IR (6 BEA M) , L 2K .

A I AR AL I A R, R CO
T A BT SRR SR AE AT E AR BAE T, R
R I3 ) it B, K B e T I A SR
R, (Al TIHAI AR, & ARFAL AR h
FEWE A 22 5 o A2 R/K XS TP Bh A 48 B B 1
TR R MR N 26.21% , 38 K TR 10.12%
PRI
32 CO.REMR

TR S G AR R AR 7K BR 45 oIS AT 5% B8 K 1) 3R
AT SR T N A i i PR COLBRE X
P A5 B S S I M COL & it 5 IR R R 1 5 L
XoF fe MRS COL R %

FEAIK TR, BT AEROL S A P R AL 2 1]
FEAE—E W) 22 SURTE Rl iz B i B [l g
g Sy ey R B N 1 M N 2 e )
TN TIT % B 1 SRl LA B0 AR
BEIE R D AR R BRI, R
I AR G/ 2 S /D SRS A7 VR HDRE iy 3K
FIJE, IR EOR R . BEA A AR, Ak
2 B 3 AT R, B R AR R Ok
BRI ORI 22 | 12 B BRI L AR RE E AN

FIRKAERE , & R EKE

X AR AL S ARFR AL COL IR A= 7 sl ith
2 (BT, B 8) AT L H , SZ BRI R RZ L, w5 v
I COIRAE I LRI Sl 18 F4 I ] B AR AR A I
K, B DIAE SO i A2 A U B AR B fiE
FG Ml A AR A VR T s SR A I S AR RO
TEIMFEC 32 B I BEHEHT 5T 22 B9 i, DT 22 2 ] 5
it A FH 3R 5 T AT B O 2 A 28 TR ) A
X2 A BT ORI Il

100 ) )
o\o 1 1
M: S0 JEC K 9K 7K 5K CO, 4K
% 1 1
< 0 :I :| 1 1 1 )
op
Jrﬁ.]fg 1 1
ME g |
.L[’:_] 1 1
LE \ :
0 L L L /
o~ 6 |
eR=R AN |
g 1 |
.EE':] 2 | 1 I
HE |
~ Il Il 1 1 1 )
0 61 122 183 244 305 366 427
i 18]/ min

B7 SEMLFF COME LB L
Fig.7 Changes of water cut, gas production rates, oil
production rates of high—position wells
in CO; displacement process

100 ;
1
Jig 7K B K I | COLK
1
1 : ]

HIKE, %
wn
S
T

—
S o

FERIEE/
(mLe*min™)
T

il %/
—_N WO

(mLemin")

0 79 158
I} 8]/ min
B8 (RAEBLH COIRE LB &
Fig.8 Changes of water cut, gas production rates , oil
production rates of low—position wells
in CO, displacement process

33 CO.EFMERBURITLE

R AL COL AR I 15 CO, B SR W 43 31
26.21% 1 18.14% , IR A7 - 2 4331 4 10.12% Fl
5.11%. RS2 CO, 7 kAR FH R 24 T
ERALHE, R Y 16.09% . A  CO SR
R HE CO, BRER R MR 15 8.07% , AR FHBAH: CO. 7 it
SRR HE COL IR R IR 5 5.01%, 7] WX A1 4k



72+ moR H R

5OR MK

20174F3 H

JEE 7K B 2 11 U B FR £ 5 I, COL Ay R ZAL T
CO R R o 3k PR R AR X T B i Rk F, 47
i R PR AT T TR AR RERE SR A T
AT ER A PR 1 R R A TR AR

4 5

) L) RS fE 65 A58 DL S TR 4 5] PR T 4
BT PG R AT TR FITEA DT
IHIFRECR . X T A RK I ZET B, CO. Ay
] BN AT, A S8 i K R E , 3
PRBL. AN, K5 YA ST Z ) B AT B IRl
S I R AR R S , AR e T AT 2 i R
PRI, HAG T m i At CO M BCR 2L T 151K
T o A TRAR DL, S8R B IR o e o
L COL A7 I RCRZAL T CO T RCR . At id 72
PSR o A ST P P, ol A 3 v o8 7 3R A i
WEE AR AR e, AT S AR T RO . A L
BT IR I R R 5y A A R AR
AR

SE

[U] 5t i, TR, 2T, A0 e S ] ZR o 7 R IR 2 R
WCR B K 2R () ]3P S5 R 0%, 2015, 22(5) : 64-68.
Hou Jirui, Zhang Li, Li Haibo, et al.Influencing factors on EOR
nitrogen flooding in fractured—vuggy carbonate reservoir[ J ].Petro-
leum Geology and Recovery Efficiency,2015,22(5) : 64-68.

(2] ZRICI, BASCHE, ST 28 , A5 BET I B AR IR L R4 43
PERRSE L) ] A SEB i, 2015, 37(5) : 599-605.

Rong Yuanshuai, Hu Wenge, Pu Wangfen, et al.Separation of frac-
tures and cavities in carbonate reservoirs in the Tahe Oil Field[]].
Petroleum Geology & Experiment,2015,37(5) :599-605.

(3] BRRE, SN, ST , S5 S BB R ER M U A R AUR

M P2 L ] 3 =5 5 R %, 2017, 24(1) : 6974,
Zhao Fenglan, Qu Ming, Wu Jieheng, et al.Influencing factors of
the effect of nitrogen gas drive in fractured—vuggy carbonate reser-
voir [J].Petroleum Geology and Recovery Efficiency, 2017, 24
(1):69-74.

(4] MO, FEREZ, JH &, 45 4 BB TR 6 4 il JC ) A% 43 A1 A5
F—— LIRS H S £ OB ()] B BT, 2014, 28 (2)
369-378.

Liu Zhou, Kang Zhihong, Zhou Lei, et al.Distribution model of re-
maining oil of fractured—vuggy carbonate reservoir in 6-7 area,
Tahe Oilfield[ J ].Geoscience,2014,28(2) :369-378.

(5] kA B Bt 85 gyl P R Bl e ok 1R o B3 IR 83l =00 RR E
L) AT RS TF 42,2001, 28(5) : 17-22.

Zhang Ximing.The characteristics of Lower Ordovician fissure—

vug carbonate oil and gas pools in Tahe oil field, Xinjiang[] |.Pe-

troleum Exploration and Development,2001,28(5) : 17-22.

(6] LT, BR24He , BT .CORE S0 H J) AR fk bk [ ). A ih
MRS IF% ,2010,37(2) :211-215.

Shen Pingping, Chen Xinglong, Qin Jishun.Pressure characteris-
tics in CO, flooding experiments [ ] ].Petroleum Exploration and
Development,2010,37(2) :211-215.

(7] 304, iRIAE, R SCHE.COL A I B ARIE 3 T F T 82 m]

FAHERRFE L) LR PA T M55 9T %, 2001,20(6) :51-53.
Wu Wenyou, Zhang Lihua, Chen Wenbin.Feasibility of improving
the development efficiency of low permeable oil field using CO,
huff and puff [J].Petroleum Geology & Oilfield Development in
Daqing,2001,20(6) :51-53.

(8] BRIRIC, 3K, Z T3 Hp.COFF MR T 28 RBF 5T ]
AMEHE ,2006,16(4) : 19-21.

Zhang Huaiwen , Zhang Cuilin, Duo Likun.Research of oil produc-
tion technology of CO, huff and puff[J].Xinjiang Petroleum Sci-
ence & Technology,2006,16(4):19-21.

(91 SREL, A4 HE BB {1l 11 08 B 2 B ot i B 5k B T R A X
HLT)AHE S 4k, 2014, (23) :70.

Guo Chen, Gu Rong.Geological characteristics and development
countermeasures of heavy oil reservoir in Ordovician in Tahe oil
field[J ].Technology and Enterprise, 2014, (23) : 70.

[10] 2 B BRI Hh A S B0 s TR s e (D] & .
B IR (R AR, 2007.

Lii Aimin.Study of reservoir engineering methods for fractured—
vuggy carbonate reservoirs [ D ].Qingdao: China University of Pe-
troleum ( East China),2007.

(L] ST 25 PV, 24—, 26 335 1T 4 ] 70 A i ot B — S A e
YRICHATSE L) ] AR R, 2016, 23(4) : 123-126.

Pu Wanfen, Sun Boshuai, Li Yibo, et al.CO, flooding experiment
of super—heavy oil reservoir in Tahe Oilfield [ J].Special Oil &
Gas Reservoirs,2016,23(4) :123-126.

[12] Ealifg, 4206, 09300, 45, BTSRRI el <+ — S AR A
WSS 1] R P S T %, 2015,34 (6) : 110-113.
Wang Jianhai, Li Di, Zeng Wenguang, et al.Pilot test of N, & CO,
huff and puff in Tahe fractured— vuggy reservoirs [ J |.Petroleum
Geology & Oilfield Development in Daqing, 2015, 34 (6) : 110-
113.

[13] X85 F.COx 7 1 6 7R AR S 325 il A0 X 36 [0 ). 4k ol ik
1996,3(2) :46-43.

Liu Bingguan.CO, stimulation test in low permeability reservoir
[J].Special Oil & Gas Reservoirs, 1996,3(2) : 46-48.

(14 ] v BT 43 ok BT Al 2 B S 4 o SRR ag A 1)K

Pl 59 % ,2015,34(2) :62-68.

Liu Zhongchun.Analyses of the remained oil and EOR methods

for Tahe paleokarst reservoirs [ J].Petroleum Geology & Oilfield

Development in Daqing,2015,34(2) :62-68.

ARTL, RCHLHE, 5K A, 45 TR BUBRR Eh A IS E AT R

SR ] A RIS HR, 2014, 35(6) :944-949.

Kang Zhijiang, Zhao Yanyan, Zhang Yun, et al. Numerical simula-

[15]

tion technology and its application to fractured—vuggy carbonate

reservoirs| J .0il & Gas Geology,2014,35(6) :944-949.

i 2w



