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Abstract: Foam plugging can improve steam profile and expand steam sweeping area, which is an effective measure to improve
the development effect of steam flooding. In view of the characteristics of steam flooding of N Oilfield in Bohai, such as complex
offshore environment, high operation and construction risk, and difficulty in plugging for horizontal wells with large spacing,
the research on foam plugging for steam flooding in offshore horizontal wells with large well spacing was carried out. The key
performance indexes of high temperature resistant foaming agent were evaluated through laboratory experiments. The RFA-1
foaming agent can withstand temperature up to 350 °C, and the resistance factor can reach 44 in high temperature environment,
which has good plugging and adjusting performance. The field tests verified the effectiveness of foam plugging to improve the
development effect of steam flooding. Foam plugging can effectively control water and improve steam profile. In application,
the water cut of the cross-flow well decreased significantly from 81.7% to 47.0%, and the oil was increased by about 800 t.
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R 10 700 YA T AR S I A8 R A R AR R I AR
24, h AA S E 4 MPa, BB ASHCE, BEE R
BRAERAE 3 K, HE R B R A R AR
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Tab.1 Titration analysis of effective substance after high
temperature treatment of RFA—1 foaming agent

EE/C THE K BROHSE, BRI
B/mL (mol-L™") Wi/ %

25 33.07 0.013 56 100.00
100 32.47 0.013 41 98.89
200 32.12 0.013 25 97.71
300 34.46 0.013 08 96.46
350 33.46 0.01293 95.35

1.2 R R RiAR IR E

K AR M BRI J7 75 E RFA -1 ifi 55
TR A AT 9 & 0 RE AT R AR P, B ke i
TRBFI

e, ELH N b A2 K SRS, TR
HiuJZ 7K 3 B AN [ ¥ 32 R AL 7 9 73 100 mL, 4
FEIEY, W A TRV T B AT AR 5 PR B R AR i
2Pl E R, 5% 8 000 r/min, $EFEET(H]
2 min; fieJi , BFEREAE AR A 500 mL £ fH,
FriC SR AT .

SR T A A A ) B TR R R AR il X
KHIVERERY R, 4 W R T R AL IR L ASTH
TR AT B & P R M TR R R PETE Y S5
S5 2 R, LA W, R A ERE R AT,
AR T AR RIATN) 4~5 £i5. BEE
AR RN, & i R FUR 2 i, 245k iy
e BRI 0.50% 7, ARSI IR iR vk B, & i
FUF A B I EEAR /N o AR o Ak 74 (AR
ISR AN 5, 350 °C ARJE, #3044 i A
BUSIR > 2% FiAi s AR BN A — e e,
350 °C &AL, IR W 15%~20%. &
T OT RS IR 1 & L BEAT FH SRR, B 20%
B, E AT 15%~30% , 494 AR b s e i
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Tab.2 Foaming performance and foam stability evaluation of RFA—1 foaming agent
25 °C &b 150 °C &1k 250 °C #%ik 350 °C ik 350 °C %1k 350 °C ik
Fabugiilh g il 0% il 0% il 0% Frilhi 0% il 10% Frili 20%
HE/% Rb{Ul N 557 FabOLE NI 5553 FIb{Ull N 557 ik /i Em ik
BmL  Hs MmL B BmL s MmL B MmL s MmL B
0.05 170 15 170 15 165 13 165 12 120 12 110 10
0.10 335 305 335 264 330 271 330 262 280 282 265 265
0.20 395 331 390 277 390 278 385 275 330 305 320 280
0.30 420 342 415 302 410 298 410 309 360 324 335 300
0.40 450 338 450 300 445 300 440 302 360 322 335 304
0.50 475 341 480 306 470 305 470 300 375 329 350 310
0.70 490 350 495 322 490 321 490 319 390 334 350 325
1.00 500 356 500 335 500 330 495 326 410 338 375 328
1.3 $HiE1ERE Thim, WIREE R B A 2%, {HIZ, 350 °C I, Tiif

vy A Y 70 ) B g PR R 9 R A L e
BRSOV S ZE 7 A B R 22 S R R R 22 2 L, Bk
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B, o B PEAT T L RS LR R SR L Ik A R A
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44, RETG L 2R IREN L 5 AF .l 52 6~ 520 10
AP LI HY, A R V0] v S 10, S 5] ) BHL
TR, B 1.0% )5, &2 1150 A )
WP B il 2. e 9. L 11~ 25 16
FTLAE M, BB £ iR R0 BE A8, A2 v 0] B Y
TR B, Y AR AR R A 30% I B i 5
A BE 3 TR 22 10 LR, B AT I A 288 3l 3 9
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Tab.3 Evaluation of sealing performance of RFA -1 foaming agent

I  WHREEECC RRERIRIZ/% SR/ ASBERmMD  FIGIEE/MPa RUEIRZE/MPa B TR
1 50 1.0 0 2994 0.010 0.910 91
2 120 1.0 0 3018 0.009 0.800 89
3 240 1.0 0 3011 0.009 0.600 67
4 300 1.0 0 2984 0.010 0.580 58
5 350 1.0 0 3013 0.011 0.480 44
6 240 0.1 0 3057 0.010 0.055 6
7 240 0.3 0 3030 0.010 0.165 17
8 240 0.5 0 2992 0.009 0.495 55
9 240 1.0 0 2991 0.010 0.682 68
10 240 15 0 3079 0.010 0.737 74
11 240 1.0 5 3019 0.009 0.504 56
12 240 1.0 10 3037 0.010 0.405 41
13 240 1.0 20 3008 0.010 0.225 23
14 240 1.0 30 3028 0.011 0.108 10
15 240 1.0 50 3022 0.010 0.045 5
16 240 1.0 70 3016 0.010 0.018 2
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B 17 s IR B IR RIS ST A5 e S5
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Gio MRPGASIUP IR A BIEN , B T 2590k
PRSI AR SRR ESAL, Wik 4P il
JRA T PRI 6 HE 8 FH 510 At BEALIEAS 48 1,
PAESE I AR rP AR (A EE S
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Fig.1 Schematic diagram of 3D steam flooding simulation experiment with horizontal wells
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Tab. 4 Key parameters of steam flooding simulation experiment

R FHy AR /m FEE/m IR FHAKJE /m HZEE/m
VR K 0.100 100.0 100.0 10.00
BRI IS 0.003 0.5 0.5 0.05

AL 1:67 1:200 1:200 1:200

LT BRI/ % AR F IR AN % JEH AR/ (mPa-s) THBGIRE/ °C JR A Z R 1/ MPa
TR 33 68 650 51 5
P2 Rl 33 68 650 51 5

AL 1:1 1:1 1:1 1:1 1:1

ARIRIRBIIL SR 45 AN & 2 P, SE 5 A%
o TR AR S N 3 R . ZRIRIRZ AT, S
HEATZEVR AT L, SEB I AR e R U, MR )
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Fig. 2 Production performance of steam flooding
simulation experiment
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Fig.3 Temperature field of steam flooding simulation experiment
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Fig. 6 Production performance of Well B1 in N Oilfield

3 it

1) E NI LB, RFA -1 i = 26 e 3 571
HATHesm AT SR BE , 350 °C Bk Ja Tt S AT
BEARIETE 95% LU |, 350 °C /& imERES R FH R 7]
ik 44, BHEVERE R, RERSTH L AR IR TR R .

2) ENBAUSLIR R, 2R IR R, HAZE
TR K- AR st e 56 AR B, T I S i) 3 i
B, RIS, Ve R B LA — 223K, 8
RIS, ATHE— 204 B R ICE 4.21% , ALK
REASAT SORAE R PR, Bl 28 TR IR T RS



% 3 JERRIE

5 i LR RAKC KM ABRARR L A 185

3) B tiOR R, IR BRI TR RE RS AT AL

PR, ol I YR T, i R R, B O A KR
B SRR, M 81.7% e fkRE & 47.0%, B BeyE il 2y
800 t, LA = EE 1.4, (H 2 ERIE A RN R,

=
G}

HE— PRI R R A A SR

$7% Lk

(1]

SFORBL, FREEA. Wi FH AR A SR A AR %
JEJr 1. Pl Fahe, 2013, 25(4) 1 26-30, 35.
GUO Taixian, SU Yanchun. Current status and technical
development direction in heavy oil reservoir development
in Bohai oilfields[J]. China Offshore Oil and Gas, 2013,
25(4): 26-30, 35.

Rt o R TR U RS S B (], o i
IR, 2020, 32(2) : 1-13. doi: 10.11935/j.issn.1673-
1506.2020.02.001

XIE Yuhong. Practices and thoughts of CNOOC off-
shore oil and gas exploration[J]. China Offshore Oil
and Gas, 2020, 32(2): 1-13. doi: 10.11935/j.issn.1673-
1506.2020.02.001

TEF, B, w8, % i AR AR I A
BUARS EEE[T]. Elﬂl/&t{flh, 2023, 35(5): 100—106.
doi: 10.11935/j.issn.1673-1506.2023.05.010

SU Yanchun, ZHENG Wei, YANG Renfeng, et al. Cur-
rent status and prospect of thermal recovery processes
for offshore heavy oilfields[J]. China Offshore Oil and
Gas, 2023, 35(5): 100-106. doi: 10.11935/j.issn.1673-150
6.2023.05.010

AT SN, Y, 45U BRI HKCE R 2 A
AU SE D], AR AL, 2023, 10(2): 7679,
100. doi: 10.19901/j.fcgyq.2023.02.10

HUANG Qin, CAI Hui, SANG Dan, et al. Study on devel-
opment law of horizontal well multiple cyclic steam stim-
ulation for offshore heavy oilfields[J]. Unconventional
Oil & Gas, 2023, 10(2): 76-79. doi: 10.19901/j.fcgyq.-
2023.02.10

LT, INGE K, SRR, A T BRIl I A2 Tk
T VRIS R ) BT, Wbl U, 2023, 30(4) -
545-551. doi: 10.6056/dkyqt202304003

LI Xiaoyu, SUN Xiaofei, CAI Jiaming, et al. Physical
simulation study on oil flooding characteristics of su-
percritical multiple-thermal fluids in offshore heavy oil
reservoirs[J]. Fault-Block Oil and Gas Field, 2023, 30(4):
545-551. doi: 10.6056/dkyqt202304003

JEGEIE, SR, FhAK . i AR 2 e B AR A i T
W5 LB ). B, 2011, 23(3)
185—188. doi: 10.3969/j.issn.1673-1506.2011.03.010
TANG Xiaoxu, MA Yue, SUN Yongtao. Research and
field test of complex thermal fluid huff and puff tech-
nology for offshore viscous oil recovery[J]. China Off-
shore Oil and Gas, 2011, 23(3): 185-188. doi: 10.3969/j.
issn.1673-1506.2011.03.010

(7]

[13]

SUN Yongtao, ZHAO Lichang, LIN Tao, et al. Case study:
Thermal enhance Bohai offshore heavy oil recovery by co-
stimulation of steam and gases[C]. SPE 165410-MS, 2013.
doi: 10.2118/165410-MS

A, W, R, B A A
AKF IR ORI ORI A S
T F#, 2019, 33(5): 60—64. doi: 10.3969/j.issn.1673-
8217.2019.05.014

LI Hao, PAN Guangming, NIE Lingling, et al. Main con-
trolling factors of thermal gas channeling under horizontal
well network of A Oilfield in Bohai Bay Basin[J]. Petro-
leum Geology and Engineering, 2019, 33(5): 60—64. doi:
10.3969/j.issn.1673-8217.2019.05.014

PRSI, 2N, FhERY, A5, I bl K I 2R
WIS e TR P T Lk, 2023, 35(1)
107—-114. doi: 10.11935/j.issn.1673-1506.2023.01.011
XU Wenjiang, CUI Gang, SUN Yubao, et al. Research
and pilot test of horizontal well steam flooding technology
in offshore oilfield[J]. China Offshore Oil and Gas, 2023,
35(1): 107-114. doi: 10.11935/j.issn.1673-1506.2023.01.-
011

PAN Guangming, LUO Xianbo, ZHANG Lei, et al. The
first steam flooding design and application for thin heavy
oil reservoir in Bohai Bay by horizontal well[C]. IPTC
22735-MS, 2023. doi: 10.2523/IPTC-22735-MS

XU, wRR, FHL, & R Bl 2R IR S 4R
15 B i SR M I ST). P R A TR AR iR (A SRR

2#hR) , 2023, 45(3) : 98—108. doi: 10.11885/j.issn.1674-
5086.2021.05.19.02

LIU Jiali, HUANG Siyuan, JIANG Qi, et al. A study on
improving heavy oil recovery by solvent assisted steam
flooding in late stage[J]. Journal of Southwest Petroleum
University (Science & Technology Edition), 2023, 45(3):
98-108. doi: 10.11885/j.issn.1674-5086.2021.05.19.02
RAEM, XU, P e, 55 B A R R B 2%
P TT AL AL S B BE TE L], R A Il U, 2016, 23(5)
126—129. doi: 10.3969/j.issn.1006-6535.2016.05.03 1
WU Zhengbin, LIU Huiqing, PANG Zhanxi, et al. Vi-
sualization experiment of nitrogen foam assisted steam-
flooding in heavy-oil reservoir[J]. Special Oil and Gas
Reservoirs, 2016, 23(5): 126-129. doi: 10.3969/j.issn.-
1006-6535.2016.05.031

AP, TR, A7 24, 45, T2 A B R A
J5 B R IR S B B FEI]. PH g A0 T R 2722 4l (H AR B2
W), 2021, 43(3): 146—154. doi: 10.11885/;.issn.1674-
5086.2020.03.24.02

ZHAO Qinghui, ZHANG Hong, YANG Xingchao, et al.
An experimental study on steam flooding after huff and
puffin deep super heavy oil reservoir[J]. Journal of South-
west Petroleum University (Science & Technology Edi-
tion), 2021, 43(3): 146-154. doi: 10.11885/;.issn.1674-
5086.2020.03.24.02

FHELIH, W, BEHE RS, 25, AU AR PR TR
KK I A B —— L LF 3l R R 20 A 45110
A S TR, 2017, 31(5) : 122124,

HAN Hongxu, HAO Aigang, JI Yanmin, et al. Application



186

0 i B K F IR (A RFAFR)

2025 F

[15]

[19]

of nitrogen-foam profile control and plugging technology
in horizontal well thermal recovery[J]. Petroleum Geology
and Engineering, 2017, 31(5): 122-124.

KREML, sRIA, JEigte, . AR IR R g
ZEVRIERNCR ], Il H A%, 2022, 39(1) : 8286, 92.
doi: 10.19346/j.cnki.1000-4092.2022.01.015

ZHENG Jiazhen, ZHANG Guicai, PEI Haihua, et al.
Three-phase foam profile control and flooding system
to improve steam flooding oil recovery[J]. Oilfield Che-
mistry, 2022, 39(1): 82-86, 92. doi: 10.19346/j.cnki.1000-
4092.2022.01.015

BET, EFE, KA. FAMERMIK IR 7 55
RORI). B 88 A0 M 5T, 2021, 42(1) : 120-126. doi:
10.7657/XJPG20210117

GONG Yuning, WANG Yuhao, ZHU Zhouyuan. Field
application of steam foam flooding in foreign oilfields[J].
Xinjiang Petroleum Geology, 2021, 42(1): 120-126. doi:
10.7657/XJPG20210117

KRR, 07, W B PR A TR R R
FU A B 5 5 R AL T R 98 3, 2020, 15(9)
1038—1043. doi: 10.3969/j.is5n.2095-2783.2020.09.011
ZHU Xuejuan, YU Fang, HU Wei. Research and app-
lication of high temperature selective pluggingagentin
heavy oil reservoir[J]. China Sciencepaper, 2020, 15(9):
1038-1043. doi: 10.3969/j.issn.2095-2783.2020.09.011
AR SRBIES, S SOME, AL B AR il ol e AL o A
A IR R A LA KU T E 601 DXy ][],
W P U, 2022, 29(4) @ 556-560. doi: 10.6056/d-
kyqt202204020

MENG Lin, ZHANG Suobing, QI Yibin, et al. Develop-
ment of compound chemical flooding system for high cal-
cium and magnesium heavy oil reservoir: Taking Pai 601
Sector of Chunfeng Oilfield as an example[J]. Fault-Block
Oil & Gas Field, 2022, 29(4): 556-560. doi: 10.6056/d-
kyqt202204020

LR, T e, #hiEK, . RIRTEZS B BT A3
WL SN AFAEDTFEI]. VU A7 24 (A SRR AR
2022, 44(4) : 111-120. doi: 10.11885/j.issn.1674-5086.-
2020.05.05.02

JI Youjun, WANG Lilong, HAN Haishui, et al. Study on
microscopic flow characteristics of foam in porpus me-
dia[J]. Journal of Southwest Petroleum University (Sci-
ence & Technology Edition), 2022, 44(4): 111-120. doi:
10.11885/j.issn.1674-5086.2020.05.05.02

MR, RHOF, oK &, 5. B BT S i Rk 5
S LI FE L], VU R Al R e 4 (A R D
2023,45(5) : 164—172. doi: 10.11885/j.issn.1674-5086.-
2021.05.26.02

SUN Lin, WU Yanping, ZHANG Yongchang, et al. Effect
of repeated-shear on properties of oil-containing foam[J].
Journal of Southwest Petroleum University (Science & Te-
chnology Edition), 2023, 45(5): 164—172. doi: 10.11885/j.
issn.1674-5086.2021.05.26.02

[21]

[22]

PANG Zhanxi, LIU Huiqing, ZHU Ling. A laboratory
study of enhancing heavy oil recovery with steam floo-
ding by adding nitrogen foams[J]. Journal of Petroleum
Science and Engineering, 2015, 128: 184-193. doi: 10.-
1016/j.petrol.2015.02.020

TIAN Yapeng, JU Binshan, LU Guangzhong, et al. The
comprehensive model for solvent assisted steam flooding
in thin heavy oil reservoirs considering asphaltene depo-
sition[J]. Journal of Petroleum Science and Engineering,
2020, 185: 106676. doi: 10.1016/j.petrol.2019.106676

fEZ '

EBRNE, 1971 4E4, B, DK, M
JIrE TN, S TR, E2M
Fi9h I kR $E R I
TR AR S S0 B, E-mail:

tangxx(@cnooc.com.cn

E R, 1990 4R, 53, UK, B
BN, TR, P, RS
ity AR AR O B AR W 9T S B
E-mail: sygc156@163.com

FBRZ, 1989 4FA:, 5), DU, IR
LN, S TREN, [, FEM
FHFMPRARCEARBI T 5 LB
E-mail: hanxiaodongupc@126.com

SEERE, 1988 44, Lo, DU, it
BN, SR TR, A+, R
BRI HCR | ALK | I # AR
A4 R R WO AR B AR 5T 5 52
. E-mail: 335316299@qq.com

£ &, 1997 94, B, DK, Wik
KU, ARG, i1, E8 N
B I PR A S AR 5T 5 SR

E-mail: renlei5@cnooc.com.cn

it - A
B ARMAL : http ://zk swpuxb.com



