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[ Abstract] CO, flooding technology, recognized as a mature tertiary recovery method, is widely applied in complex small fault-block
oilfields with strong heterogeneity. However, severe gas channeling is commonly observed during CO, flooding. As a result, the
improvement in oil displacement efficiency remains low, typically below 10% . To address this, effective methods were explored to
enhance oil displacement efficiency. Foam profile control and plugging were utilized as key techniques to achieve this enhancement. In
the experiment, the JS oilfield was used as an example. The foam performance of the gas-soluble foaming plugging agent G-CF4 and the
water-soluble foaming plugging agent W-CF1 was compared. The plugging agent with better foam performance was selected. Its
plugging ability and oil displacement efficiency were tested. The results show that under target reservoir conditions, the optimal foaming
plugging agent is 0.25% G-CF4. Moreover, the greater the permeability difference within the core combination, the stronger the
plugging effect of G-CF4 in high-permeability cores. For a core combination with a permeability difference of 88 mD, the resistance
coefficient of high-permeability cores is 2. 5 times higher than that of a core combination with a permeability difference of 50 mD. In the
core combination with 88 mD permeability difference, G-CF4 can maintain the resistance coefficient of high permeability cores above
9. 2. The injection of 0.25% G-CF4 solution for 0.3 PV, followed by CO, flooding, improves oil displacement efficiency by 15%
compared to CO, flooding alone. This study provides laboratory evidence supporting the optimization of foaming plugging technology in
the JS oilfield.
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Table 1 Core properties

HLS FLBRE/ % BEH/mD
Js2 14.9 10
1396 17.1 60
J$33 25.13 98
Js6 14.6 13
JS65 18.1 122
Js1-2 18.12 122
Js2 14.9 10

1.1.2 SR

M H17 W B 2 oKk A5 0, B A Ak
22 662 mg/LiY CaCl, BUHs)Z K

AEEHEL 22 AR SR FH S 1) D 3 RN AR LA A R
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F RS Tl R A R K 1,189 5, b F i 45 )i
0.766 2 g/cm’ , HIJZE ST T 2. 41 mPa-s,
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SR TG PR (R HBE L R ) | 2 RE v T K AT
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TAEHIH E T CO, A7 AL B, Ab P 5 52355 WK
A, M W-CF1 AR A SR T G PE ) (- e R
FREN) | JEANREVA Tk /K it ai 571
1.2 LIRSS

JIT A IR TERE PE A SR AE YP-1 B S = R
TIRPEM 2 B o2 Y, %25 B 200 °C | it F&
25 MPa, RESEIUBIG A CO, 454 T By v A0 AL 3k
SLIGAN A 1Y B AR T I AR BE =5 100 em, HLAES em, JiE
HEEEH N 2 160 r/min B@%ﬁﬁ%%%ﬂhﬂbﬁ%
B E IR B B LR LI 5 B 45 em

TG 5 5 50 B B SR VE M S 56 2 A T 7 v i
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211 RIER CO, R Ak Yo

SR FH RS BE SRR A N TS T 419 0. 15% ¥R
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BT, B RHERTHEE 100 °C, H 0 H &R
s CO,SMRTEA YP-1, R T S135F)] 15 MPa,
FERGE R A G iR S, IR SR
R S TR U A R AR I O AT 0 2R e 1 DN e v
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Table 2 Foam performance of plugging agents in a

supercritical CO, environment

o BRI, BRI FCl/
=T
cm min (em+min)
W-CF1 42.7 93 2978
G-CF4 39.5 199 5 895
2.1.2 BEAMHENGREEN A

BCEWER 0. 5% 1) G-CF4 \W-CF1 K&l 4R
Waring Blender {2/ J5L 3 7E 0. 1 MPa T, 4 35 3 5
PRRAE 20,50 °C IR T BEFE 2 min B0 7 E, DU
i HC R U R 1R B L R 2 S I () 53153 FCL
SRR 3 PR,

x3 ARHEFEARRE THIERKERE
Table 3 Foam performance of different plugging agents at
various temperature

R/ KR MR FCl/

bin

)

C R/ em min (em+min)

20 17 150 1913
G-CF4

50 24.96 31.5 590

20 16.6 170 2117
W-CF1

50 13.75 21 217

MRS 20 CTHE 50 °C, G-CF4 Iy ik 3
W ]/ 118.5 min, W-CF1 9 9K 2 5 81 i 18] 5
/5149 min, G-CF4 JUTK IR B HEREI 7. 96 em,
W-CF1 IR 1 K m FE /) 2. 85 em, G-CF4 (i
TPEREIL T W-CFL,
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# G-CF4 FIUK P2 857 W-CF1 4% 200 mL,
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Fig. 1 Half-life foam height of different plugging agents at

different pressures
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Fig. 2 Foam drainage half-life of different plugging agents at

different pressures
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Fig. 3 FCI of different plugging agents at different pressures
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Fig. 4 Half-life foam height of different plugging agents at

various concentrations
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Fig. 5 Foam drainage half-life of different plugging agents at

various concentrations
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Fig. 6 FCI of different plugging agents at various concentrations
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IS BB G-CF4 1 FCT AR Tk i Pk &t
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JS33 .JS6 .JS65 43 HI4H4A A 10 ~60 mD 60 ~ 100 mD
110 ~120 mD 3 Fhg 227041, A=k 4 oy
NS AR A 7 FR

PL0.5 mL/min B97E A F A DHATEASR
RN G-CF4, I 2 AR YA O G-CF4 1)
WA a5 anE 8 ikl 9 FiR,

MBIBE R IEIE 38 ~50 mD JLHEN, BB ER
UM R 0 A Re e 7E 76. 69% ~77. 74% AKX
BB R A O W B A BURR E AE 23.31% ~
21.87% , BEEBBEFRFZEWN, HEAESGBES
O FRB i3 0 Z (8] B 40 BiE L AR 7 82 2, 70 it
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Table 4 Core combination table

E=R N A BB R/ mD 2%/ mD

JS2 10

50
JS96 60
JS33 98

38
JS96 60
JS6 13

109
JS65 122

EERA LR
il 2

FRRH LIRS TR

K7 EEGA R S

Fig. 7 Flowchart of plugging agent absorption experiment
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Fig. 8 The impact of permeability difference on plugging agent

absorption in high and low permeability cores
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Fig. 9 The impact of permeability gradient on split ratio in

high and low permeability cores
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gERANE 10 A 11 s,

TE G-CF4 [ AR B fifidE B FEAEH 0 PV
PFHZE 0.3 PV, 7E 10 ~60 mD F LA A T, EB s
DBH N R 0. 73 3272 3.2 KB A O 25
{XAE0.72 ~ 1. 17 Ju BN 55 78 10 ~ 100 mD #5.0
HET, mB A O ZEH 0.8 #2742 11.9 1%
BA D RZBUNAE 0. 67 ~ 1.2 JEEINIE S, 7R
A 0.3 PV 1Y G-CF4 i}, 7E 2% 254 88 mD 5041
A, EBIERE LI REUZ 2R 50 mD
DA E BB R A OIS RZE003. 745, B a8

x5 HLHEER

Table 5 Core combination table

A E BER/mD 2%/ mD
JS2 10
50
JS96 60
JS33 98
88
JS2 10
45— ——
aof b /N —
35hot < h
L é \.
3004 4 a
Fosl |
L A —e—10mD
?52.0— A »— 60 mD
Lspol )
1_0_\W_./4\4/"_\
0.5F ! !
ol L . .
1.0 1.5 2.0 25 3.0
HEANE/PV

FI10  SEEFITE 10 ~60 mD #h04A i3 A P RE
Fig. 10 Plugging performance of plugging agent in 10 ~60 mD

core combinations
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Fig. 11 Plugging performance of plugging agent in 10 ~ 100 mD

core combinations

FTEARR S OH G RS SO0 LR A B 1
B

1E CO, BRBE H Bt . th TR BB G-CF4 BE
ANAE T /KW E T CO,, £ CO, IR w W, CO, ekt
G-CF4 7 NG D HEBAL AL BRI 1] & A=
GiAEH , TE SN —AFLBR A 55— 038 1
o A S I EE Y 5K R B TR AE FLBR T &
AR, WA 253, 78 CO, WRE w130,
BB RLZE R 50 mD FAOHAT, mBBERE
DR REAR T |, FE BB RN 22N 88 mD MU
DA, BBBER A O R 1.7, 7
CO, MW Ja Bt HE JI s A T B, (L fLaE p A £
BRI FLIE, X AR
GHEBERAOKIEE & RIFEERE S, Co,
URERBE 76 10 ~100 mD A O HA T, BB BERE
BB BREG AT T 9.2, 78 10 ~60 mD A0 4H
G RBBRALNE N ABGA R T 2.6, &
DHATBERPLEME,G-CF4 TG E BB
RAO M B R AT,

2.2.3  FHEH AT CO,IRIK iy L F 04 % a7 -

TEJF A 126 B 77 (100 °C 15 MPa) T, [ 5K
B A FE IS1-2 HR At AR, R J5 HEAT 9l B K g 7 AR 4
HUZZ0E, FH CO, DKM 2= T8I it H R 2, BB
Bof 9 Fe 22 FNER T 280K S5 240, >R 0.5 mL/min (1)
TR ] S A AR ] B BEZE RS (0. 1,
0.2.0.3.0.4 PV) ydtail, 4keE A CO, HE T
T AR K AR RN R 22 8 S R fE R A
i, AR U BN S0 I i R ) AR U A S
JEZEBEER T 2 MPa/cem AJ 2 1 S0 5245 S 4
#6 iR,

B S B25 B AT AN O, BRI, BXIH AL %
J71.43% , ffiH G-CF4 B 7)), S H0B N ~F 4
KALEIEZEA 15 CO, %% 1) ME A BR A% 1 10 A 4%
T LGB AT IR | & A TR SR A AE A, CO, 3K B 3K
MR ZE/DHTET7.86%

IRIHRCRRE G-CF4 1 A BEZESE N34 n , 24 v
ABFERT 0.3 PV i, RN ORI RN, 45 58
Y A, M A B EFAE 0.4 PV B, A

®6 HEFNEARENRETHIKME
Table 6 Oil displacement efficiency of plugging agent under

different injection slug sizes

ARRIBEFET B IKINSCR/ %

0.1PV 0.2PV 0.3PV 0.4PV

FEEFE CO, MMIKIMEH/% 79.29 82.86 86.43  87.86
HE IR CO, WIME R

7.86  11.43  15.00 16.43

TR %
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HEFKG CO, LMD ™, FEEA KR
AT B AE A R AE A D AR AR R )N
R RE TSR RIFROR . G5 IN T, A RAEBZER
1A 0.3 PV, B CO, BRAGIRIMRCR LT 15%

3 Fig

(1) G-CF4 JIR i et | ik . | i 8l B¢ CO, P
fiefl T W-CF1, 7E 100 °C, 15 MPa F 0.25% iy
G-CF4 iR YR RE fe A

(2)BBERY A 38 ~50 mD JLF A, B8 #
TEEB 5 A O AURB 5B A O Z 8 A 40 e Aa e 7
3.29 ~3.55, {E50 ~109 mD {LFE N, A OHEHE
(LN =b v T eI E SN0 LN ¥ N (187 57
BB A BN 4R AT 3. 55 B
ik % 288. 62,

G A OHE T, BIBERHEWSE, G-CF4 #£
FB BRSO E R L, COo, BN B, 7E
10 ~100 mD AL A T, mBERA O T R
HAE T 9.2;7F 10 ~60 mD #H0AA T, B BB R
IR REIR AR T 2.6, RS RIEANFSOHSE
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