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3D physical simulation of gel combined CO, huff-n-puff in a
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Abstract: For Huabei Oilfield, starch gel is selected to carry out formulate optimization and perform-
ance evaluation in laboratory, and then 3D water channeling model was used to carry out indoor physi-
cal model experiment of gel/CO, composite huff and puff, and the method of improving oil recovery
through gel/CO; composite huff and puff is proposed. The results show that the optimized starch gel
has an excellent injectivity, and a rigid gel classified as I can formed within the strong channels using a

small dose of gel. The resistance factor is only 4.36, and the residual resistance factor can reach

Y FSEHA: 2023-03-23,

ESTH: ERAKRE#IE BT H (5271046,

EF R MR 1990—), B, By A, 4, i, E-mail: hachongdad0@126. com

Bl AR : HhZZIN, B, SOCHG %, MKE MR /CO, BA G = 4E BRI T, & M K224 (E 2R
), 2023, 35(5); 67-75.



+ 68 - FMKFFIR (ARAFR) % 35 &

604. 70. 3D experimental results show that the oil recovery of gel combined CO, huff-n-puff can be en-
hanced by 11.36%, and the water cut can be dropped to 4%—18%. After the plugging of strong
channels by starch gel, the oil remained at near-wellbore area can be extracted by CO,, and the oil re-
mained at deep formation can be displaced by edge water. With the combined of CO, extraction and
edge-water driving, the oil recovery can be significantly enhanced in the strong channeling oil reser-
VOoir.
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Fig.1 3D physical model used for gel combined CO, huff-n-puff experiments
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Table 2 Physical parameters of 3D physical models

Gz LRTTHR FLBAR/mL FLBREE/ % HOREBER/pm? KEEEBER/pm®  FRSImE/ %

1 4l CO, Frit 1 054 26. 14 59. 14
0.5 8
2 BER/CO. BAFM 1047 25. 94 58.76
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K O BOEERAEE 65 °C, A7 Py i@ BRG] o 15 MPa, #17K3F: Py L 0. 5 mL/min
AR IEAK, 2 Py S KGR E] 98 O K IR ZE s @ M Py AR S 1) i A BEIR A 5
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20 MPa B {5 (1, SRH Py I5 O I 24 hRFTOFA I Pow [RIE PL KTV . i P HEEK
HEYPGLH] 98 NI EE R — R E At @ EEPEO~Q, MR 4 E Gk, S firid
FURIEZE, Pl R PRSP E A ERICE: © fEsl CO, Armx S
WK SR L IR IRD . FEE B BEA CO, HE Py HEJi55] 20 MPa, 31T 4 ffent, 5L
Frod Bl sy, Wi, ARG, RS CO, BrmRIeR ., 9 2 S A RGO T .
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Table 3  Gelation status of starch gel with different formulation

FEAR G5 - AOREHFE] /D R R
w(a /% o(AM M) /% B /% w(GIEFHD /% w(REFD /%
1 0. 05 0.010 60 G %
2 0. 05 0. 020 36 G %
3 4 4 0. 05 0. 025 0.01 32 G%
4 0. 10 0.020 28 H 2%
5 0.15 0. 020 22 14

(d) FEA 4 Ce) FEA S
2 AREFEREHREREROEBES

Fig.2 Gelation status of starch gel with different formulation



<72 - FMRFER (BRAF R % 3

P

MBI 56 B B A BESR TSI ot 7 JOW RS R R o X BUAE AR 1~3. 7SI o 20 B
0. 05 Y0 s T JE B A5 HEAE - ELBE R () I A 2 e A B8 (BT 2 Ca) ~ TR 200 o 5 30 o o 43 B
s n] fe dE AR N SR G B R —E TR B IO AR B BB . (ERE AR 24 S IR o
SrECH 0. 05000, HEERA N G R AFIRAE RS BERE . H2e Ik B i S B n 22 0. 10061, TEZ MY
ER T 5G>T 2 HRE O BERR B RIERER . Bz A B R ik AR R ROE A (]
2 (), HEREER H RBULEARSEERE . Y3 B /- B = 0. 15000, BERSREHE—BHIK
S BRI AR A (B2 (o)), HEREN THNIHERK

RLMESTRELM, A5 65 CHAFT . 5 SEERMUR AT H R AT LA 37. 95 mPa « s, AR
RABEAM T HEAM T 2. SRR HFRE R 1K 174 267 mPa « s, (ARFHEHIIN T4 500 £
B AT HAR K SR T T AR E B EEBR R IEAh . 5 S BEIE 22 h ARV RIJRAT & B Bt T
R, PG, BE T IEMBEIRIIBC TR 4% o WERY, 400 AMUEAfK, 0. 1520328, 0. 0207651 &5
0. 01 % FRE A

2.2 BRERENREE R

FITEIBIEHR N 8 (1 — e LD IR A M
PO 2 (K BB, S IR A Vi 56 0F T 3D t2p — WAl °
WEIEVRZ HOBELS R Ry W 3 7R Ry RASHEIKC R Y
VR BT BE L B B Sy LMD, IR R ® sl
VR APEREARAF ™, p ] 3 AT, B R AR = 6t 4
f) Re B2 T A (08 00 52 2 M 98, — 7 T sk
TEREICIR Z A O WK BON ) 9 e R B W€ L
10 20 30 40 50 60 70 80
J A Z T AR B s A T T R A B R FEA /L

MR, HIE AR ME; 55— 7 iE, A TR ER B3 —fEpERRRERR R RN R
BERIA R B TaliZh ik, 5 THEFLMELEWA =472 Fig3 Resistance factor of different gel systems in 1D
AUl HAEE AR ORSEA DAL A sandpack models

H, EW E RN Re BEE A LM N, WiE

T TIEM BRI R ai 7 4evE, ([ H B WA EATERE, MiEAERT 72 mL B, R BFHHE
WALH 11,075 HFE A E/NTFET 48 mL B, HAE/KEEE T A Re /N F 10,
Eﬁ*ﬁ@fﬂiﬁiﬂi}ﬁ, Eéiﬂ(gﬁ 981 mL Hrj‘a Z: 660 o ;Kﬁfﬁ
[ A B 2 T T8 B B AR 2R W 5% 4% B T 2280 R | = ?ﬁfﬁ % o
I 4 7. Rug SRS BRI TR R A 20005 B 2R 1 B oor
J1, HAEBOK, BERCIA R A BHERE Sl i § 620
Pl 4 TR, TR BEICAR R A Ry BEAE U2 (58 0 2 | o ,

: ) - & 600 & Ry=27.020InV,,+692 480
SEIECR I, — 5, B SRR R EA = g0 R=0.676
ARG, R A X KA 1 E B B S RE )t S80r o
%—ﬁﬁ9 %,I‘B‘E/\E:/J\a:%ﬂ: 24 1’1’1L Hrj_a RRFF@% 560 1 1 1 1 1 1 1 )
. R N = 0 10 20 30 40 50 60 70 80
AR A 8, M dE A s 24 mL HAR/mL

it SRARBD R BAIEIRAL S . 24 mL BHUERMIBERR  m4 —SEDERBRRRKEROERENRY
KRR Ry BISEY{E R 604. 70, UEHIIZTE M BEICIAZR  Figd Residual resistance factor of different gel systems
e/ 2545 BIVRT 6 17 92 K B 1l 3 R 1 sy o B2 in 1D sandpack models



% 5 # HREIA, S BARE HREI/CO, A Bnk = 4 M 32 L HL .73 .

B T HS CO, ArmuX RN = $OREZ 5, SER e EGRICR B H Y

2.3 BK/CO, EEFMBURKERE KW EHIE

WE S fizR s SR = 43R 3 BY BARIR B F R4l CO, Frmk Mk /CO, & &t =4ty
MRS, SCIRZE L 4, P erERRY E PR AKIRER , YRR E] 98 Vo, Kk BT AR
3 918~4 000 mL. Hrr, 4li CO, FrtS250H /K BRRYR N 33.90% . B ALK R IR Ny
31.88% ., fE4li CO, FHSLIA . SEX IR CO, TR E N 1 255 mL ARG F) . 7655 1~4
B CO, M SRUCEA 1. 28 %, 1.19%, 0.99% F1 0. 98% , i Fik/K e @B s m, JKu
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Fig.5 Production dynamics of pure CO, huff-n-puff and gel combined CO, huff-n-puff
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F4 400, FEHMER/CO, EAFMZHMIBRIUIIER
Table 4 3D physical experiments of pure CO, huff-n-puff and gel combined CO, huff-n-puff

- BT CO, AR P, SRR/ BAE AR/
Y SEBRBY B HFHFIR )
H#/mlL (M4 /mL mL % KR/ % min
HIKIRE 211. 38 33. 90 4 000
1 1279 7.99 1.28 92. 85 546
2 1262 7.39 1.19 92. 37 484
1 4li CO, Fit:
3 1236 6. 20 0. 99 91. 67 484
4 1244 6.09 0.98 91.23 484
A 5021 239. 05 38. 34 5998
KSR 196. 15 31. 88 3918
1 1262 23.95 3. 89 4.41 1053
¥R/ CO, 2 1239 22.24 3. 61 5.79 927
5
gHEH 3 1205 13.13 2.13 17.58 695
4 1234 10. 63 1.73 7.37 548
At 20 4 940 266. 10 43.24 7 141

3 & it

1) CO, BARMNTR BRI 3 4% o VR, 4% AM LR, 0.15% 5B, 0.02%5]
R 0. 01 YRR, 65 °C &M T %M R BURHTBEE Y 37. 95 mPa » 5. WURIHE Y 22 b RS B
FERS A 174 267 mPa « s, WIRM T SRAIPEBER .

2) VEMVBEICTR R HIVE A B IES AE AT, MR R AT B IV ARERE. 24 mL Y AN
LI B 4. 365 (ESAE R T 700 ST . HARARBEL ) R HRE35 604. 70, 40K R BT /NI
R LB

8) SIS s AT, BEIR/CO, B A TR RO, Rl CO, R
2.56 fff. HAFHTTAMEHAK. ERAFEAMIETIY, Kok RIS 1% ~18%. A%
W24l CO, Fiutny 1. 61 %,

D 585 CO, FAIHG, BER/CO, Bt W sos I 22 BRI, CO, 1l FE A
S, BRERE ORISR A ;A 7L R SRR RS A FE7E 150 kPa Ao 7. EUTMIKA )
P T SO (R A M B IR AT IS, CO, K 1 KU M P U FE B 5 T 00 1%
ik,
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