Vol.30 No.1
Feb. 2006

FEEERFFRR(AARAFIR)
Journal of China University of Petroleum

2006 4 % 30 %
1M

XEHT :1673-5005(2006)01-0086-04

R Je o i R R B AR 5

R, T, W, &£ H, & %
(TRBHAF BHIRFR,LE FF 257061)

HE RERSYRNRSYREHAENRE, BB TREYRGHERB RSN AN RN Sk 3
TR B RRE A, HERBRSYNBEAAEARABEREANMBESHARER, AALERERAGYHIEREE
B IREKIRM B R RZBGERANEARA B RAYEANAENREHTH RN, #F—P R R KB R R
E R MB AR BESRA T RS WBRHMENR L, iR TR EYUART ATLBIE B HRR WA 0 3 X R HER
B3R & YEA A BRI AORIESE T %8 A 3 5 i B & MR R AT AT

KEIR - BAWIK,; BEREE; BERER; Bil; ¥R

FESES:TE 357.46 XERARIRE A

Techniques of enhanced oil recovery after polymer flooding

ZHAO Fu-lin, WANG Ye-fei, DAI Cai-li, REN Shang, JIAO Cui

(College of Petroleum Engineering in China University of Petroleum , Dongying 257061, China)

Abstract: According to the problems during and after polymer flooding, the techniques of enhanced oil recovery(EOR) after
polymer flooding including' the reuse technique of residual polymer in formation, the deep profile control technique and the
high efficiency oil displacement technique were put forward. The reuse technique of residual polymer in formation includes
the flocculating technique and the fixing technique, which uses the residual polymer to shutoff the high permeability forma-
tion, and the sweep efficiency of water flooding is enhanced. The deep profile control technique supplies profile control after
reuse of residual polymer and further increases the sweep efficiency of water flooding. The high efficiency oil displacement
technique supplies the inadequacy of mechanism of polymer flooding and the sweep efficiency lost by the volume of inaccessi-
ble pore of polymer. The pilot test results confirm that the techniques of EOR after polymer flooding are adaptable and fea-
sible.

Key words: polymer flooding; enhanced oil recovery; deep profile control; oil displacement; pilot test

BAYIERE— TR RN =R R, &
RATIZ B R U 8% ~ 15% , HEFELL T 0 & .
(DREVBERBEAAIER, BAREN RSB ER
(FHEFRBER); Q) RAEYIEHRE KK
FEFEHEIE =W &K E L TG ) REY
REZRBEREREY; OREYEMZEFF
TEARTT AFLBEARFR (2 5% ~30% ), B/N T RBEY
IR AR (5) REYIRATFAEMRIMK R mIK S
Fir= e BEhEE 1. AT RMRREY AR EYRIE
FIEEM S, EEREREYRG 3 TIRERWER
AR BIRAYREG HZRERESYHEF A .

7 H #1: 2005 - 08 - 09
BEETH:+E A TREHRA R 2003 55X BT H

R EHHEAMBRUE MR, XA R AA W
PR PR HF AR o
1 HMEABRSYRBRNARAR
- NERERERGYXIESUKRRRER,
BIE TR B R AW REHARME R AR
1.1 WEXBESUNEREAR

SRR — T R4 Y IR R T R

R, EEERYE B, HERE RS YR

b BRI, 5IR R EE, B, T 2
HHTER

fEE R RARRE (1933 ), B (BUK) , TR MAL IR, LA ST, TENSh AR,



$£30%5 $1H

RABBE, T REVBERBHRARERAFL - 87 -

1.1.1 Egheyti
AR EREN OB ST OREK CSEL
FEACEATURL, I T 3% EA SR A9 UT R A L RE
B [l 24k, SR LR 1.
F1 3% BB ARBEN B AT

TR ] VIR V/mL
¢ /min Mt o WK AENES
0 20.0 20.0 20.0 20.0
5 12.5 3.4 0.3 1.6
10 10.2 3.2 0.3 1.5
15 10.1 3.1 0.3 1.5
20 10.1 3.1 0.3 1.5

R 1 HE, Q11 B RE ) Bcdr ) B AL, X
HREEMREEN, HEMLPMAREN, BK
REAME(YG340-1) , REFRE AL EEM LB
(B 1), BT E LS L AE R BER

20
18

TR V/al
cws R =5

VUREIE) ¢/win

H1 PRk RRERE L
1.1.2 EEAEF G
R T B L RHEA TR AR, &R
BB BN R —8 BEFIEH T ZRHRRIER,
F E s KB AR FRE S B REAms L, U E
30 CHENMKE, SR IE 2. AR2ALES,
FasE Lo B B FE 3% ~5% A H.

%2 FRRBSEHBENMIHHE
BEAGE  WMEMMEEAREN T I TMB BRSNS

FRESE w/% KB pga/(mPass) KB e/ (mPass)
1 34.5 20.0
3 56.1 59.1
5 110.8 189.6
7 251.1 435.2
9 505.6 1250.0

H I ER 17057
1.1.3 E&MAZTHHA
A 2 ﬁﬁ%ﬂ“ﬁﬁﬁﬁ@h%&ﬁ%ﬂﬂ%ao =)
BERBEDENSEERSHE 3.2 pm® 1 0.8
pm?® MR, B EREENR 4. BREL TR OBA
HUFIK s QR FNH ; 7K IR Z 7= & K ik 3

98% ; DIE0.3V,(V, AFLEER) FHBEREN -

1750 mg L 'R EWIER:; ©KEA 0.5V, 51

AR FHLBARTRE R EER ; © F ik 7 & K
EE 98% s OHERBRBEMBASH (R 3).

EH2 NERBWMRABRR
£3 EEARBSRURRERBANTHIL

EATLBABUSH »  RUCREE AER/% AW T
0.05 23.5 1:16.3
0.10 37.2 1:21.3
0.15 42.7 1:24.8
0.20 41.2 1:19.4
0.25 40.1 1:17.9
0.30 26.1 1:9.81

HE AR 1000 6«1, AW MK 40 0o m 3, BRI 30

5Eom S, A A SRR | AR

M 3 RTLAE B, BAREEERIE A S, Rk
RIPERWHREBLIEA 0. 15V, BEMBA
P T o
1.1.4 EgEMNTHEeHEHER

FARRARBE ) R BOETEO REE R N 2 1 SR
Fl. BRAMNRBERE THABE T HORENSE
REHE, FETAFARRERENREYS 3%
EH A CHEEER. REVRERED
1 0,200,300,400,500 #1600 mg- L~ 'Bf , 5 A& S
ERAE R R 3.21,22.56,30.25,32. 85,36.62 i
39.28, AR, ZEN S REUERTENE
B2 A9BSR T KT EBERIA S 1EA
FEE AP B T B B3N, RS 4 15 1
KABREENAREEYRERET , HHEEM
WwRK., AHEBEREREYEMHAEAR S, ZE
BHEABINEATHERENKEERCHERS
.
1.2 WERBRESYHEEREAR

. BEBORE IR A YIRS )2 R Y

BR, BEREANRASWCHN, THBERERS
YIAcHEE Ok T LB IR EIE A .
1.2.1 BEEHeyksE

FEAS [R) A b 2 08 3 RS ) K 0 4k BE 1 AR 1

T MR R EER (3 4).



- 88 - ¥ EEBKFFR(AAHFR)

2006 % 2 A

®4 BEEARRE
HZRE SRR R

o gL ) A PR A E 3R
BRE ERA. AR
<80 S <1.5x10* 5% SLERAE FPEERRAS

80~85 1.5x10*~3.0%10* R s JBRBER R

1.2.2 BEAEFHHL ‘

B E SR th A ORI E . BT
EORBE, HEEA 0.3V, B4 YK A IR
FLRJEE 0.5V, REIRE A BMEERER, B
FHEBRET 24 b, BACHRRBE N R &
BORFRABE ) AT Xt o7 A4 1 5 7RI VB R B A B
B ER RALE T . IS T AR AL B e R A
H1.2% YGI07(BERRSE SRR S o
1.2.3 BEMNAFTHHKA

£ FH b R 2R 5 PR B A 8 i v I A
(YG107) HE#THHAL, SR W3R 5.

%5 EEAREREEHEREANTHIL

EATLBARER »  REEHME AE/%  BAT ML T
0.02 20.3 1:10.7
0.05 26.6 1:13.7
0.10 28.0 1:9.9
0.15 30.7 1:8.8
0.20 32.5 1:8.2
0.25 33.4 1:7.0
0.30 36.7 1:6.2

M 5 FTAE S, BAREEFIE AR, Rk
AR R, EHLUEA 0.05V, B Z R 6
ATFEH A BT

2 EEATEAR

EEYRENEBANBEAZERTHERBER
AYEAAERNERDARHZE. B TREY
W 2 S R AR SR M GRE AR T 80 C, 2 KF 1k
FERT 3x10* mg-L~Y), IFAGRBATIF 25 A
ERREERIN. IEHEAFRERGHE, FRHA
7] B B I8 A R BRI RI BE O o XS e & 280
B2 (B 4 B8 S 3T Tk ) R JE AFTARY IS S BER ) VR MG ) )
BRI TR SE(E B S

B3R MSMERX (ZERER 70 T,
WZKTACER 9467.4 mg- L"), FAMEER 5 3L
BEH (YG103) SCBEARST 4 F R E 4 9.5 X 108 /K
JEN 18.2% MY IR NI BERR (YGL00) 5718 31 i By 8
W BRI A B R R B . i 3 W LB BIAHE]

. JRRAS ) B P BE AR AR R RO BL T, IR 6

TE# i AT AR BA R (INBRBRS% TR

R % FLBR B SRR 22 ) A A IR A R i 6] 9 R R TS
77, AT B F IR OR R BE A st R A .

REYHE R g AR AR
T VR FE 20 BE 0 4 S50 PR AR A O 4 5
A {8 B K R0 PR RO A R B R 2

186 114 72 65
0.4 p
20 35 gg %0 )
X 20 T
g 11%
g 180\
200
3 360 220 09 18
0.2 240, [J
260
289
300 \
320
340
360
40 w0~ ' 380
0.1
0.3 0.6 0.9 12
w (Y6103) X 10
BE3 TEihEEXEREE R
BOERE (h)SEE
x 6 B E XA E R &R E R R R A A R A B
SRIRESE] 2 /4 BB AR R B
3 0.40% YG100+0.90% YG103
5 0.30% YGI100+0.72% YGI103
7 0.25% YG100+0.75% YG103
10 0.20% YG100+0.80% YG103
15 0.12% YG100+0.60% YG103

3 EREHBA

TR0 R B A R A 3 R AR R A B R
FUCRE H . XIEAR B8 BE T E S 42 m et
BEKVRARE YWY A R, X E T =k
AR S AT AR LR, 350 R & 9 38 T 46t
REFRER B B R B
T AR B B B T R R EE MR A (SO AR
TRIREEHABCR . RSB bR R
BB Sy B W 2E S R T PR FMA R 5 R B B T

TTFEERE. B 4K 70 CHARRES RS

FRIREE N KPS 53EE F R R EE MR Ninol
AR SRS [ B K S A . i 4 331
A MR A 77 R 0. 50 % Ninolo XA 5 IS R
WA RTEIK SR 3.99%X10™* mN-m ™!, LB IKAE
FKAME (107> mN-m ™)K 1 MEERK, EWGE K
EH/E,



#3045 14

RAGE,F  REWEERBHRKERAAR - 89 -

0. 0012600 0. 0000508 0. 0022400 0. 0104000

0.60 \ -
ms)? 0.(!)668002
0.50 [ ¥4 ° [ ¢
0. 0004790.8> 0. 0020000 e
[
A QQQQQ\
s
)

S-510 "0—

0. 0205000
AN

—

2 0018900 0. 003100 0. 0042800 0.

X 0'49.@0.005' * \3

5 \ \
Qo

8

g onf L& 0 200 0.0g30300

0.208

0 0.10 0.20 0.30 0.40 0.50
w (KPS)X 102

M4 KPSNinol HFR 5715 Bl
REE (mN-m ) BEE
BAYITEAE R B Ak 5 R Y 3 A
¥ ERERE R S, B TFUEMAERZE
NER/ERBREB K, TR ESYNEESSIER
V£ 55 T 5% Bt 8] B ZE K TAS 2 B M BRI R SR o

4 wHRAR

20034 12 AZE 2004 £ 6 A, FERS M HELE S
FIRUH I LB ERHEEAT TR Y EA ARG 5
R, A TR,

PR A 5 ikBRF A 30-N507 FHH 32-507
H. XFORBHFAERZRER 70 C, TRES
9 12.0 MPa, 7E 2001 4E 11 B F 2004 4E 6 A | E
B EARSYMHMSTFHREAE 1.6X107 L L, T
SRR R 25% ~30% , BREVERFERKE RN
1850~2000 mg-L ™', REHAMHMBEARFER . O
RiE0 kRS YEARANBRLLE 7,

R H ERGYEF RGOSR T ERINE
HAKEARET 1.5~2.0 MPa; 3+ 0 ERERI 285 F
SR MRER T AN ERSIENEET 1.0
~1.5 MPa; 7K 3| T8 J2 P AL 2 8] 78 5 5 X Bz
R BREWMATRIFA 3 O, P 1 ORI
HhZR WA S,

7 REFOEFILEREINEREWEFARMER

. SHE  SALEE mAEH HER BEUEE pATH EAR Q. HFE Q,t
R AR Hy/m B Dy/m  p/MPa Q,/m’ HEAR Q/n’ B Q/t FEd BEA  YGI07 YG340-1
30-N507  Ngs2,5¢ 1262.0~1292.0 21.0 7.0 237 14.3076x10° 379 482 1929 5.8 58
30507  Ng5*~5 1276.0~1295.2 15.2 7.7 260 14.7958x10° 373 334 3009 4.0 90
45
) HERI AR :
g w
L o3 '

B q/t
S = N W

EHF AR

. ]

:: 95 l -

§ 90 e

« 85

2004-1 2004-2 2004-3 2004-4 2004-5 2004-6
wl
B 5 30-N507 F3F 5 H 31-XN506 [9F it B &%
‘ \SLQ

5 & i R

(DREYRERERERLAR-TEA T
KRMHERBBEAR , ERBREBEEALETEA

Q) REYRERBREREROHMERERE
YEA AR EEEHB AR SR mB AR LR
(T4#% 101 ®)



£30% #1H

WA=, % TiNi B RITILE SRR & oh BATH AR - 101 -

FAYRTEE , 2 R AT e Oy B R O SR T AR T A
TEKE , NS EARTIRE KRR B L TiNi
Bamdnd B R RE R , MR i X SRR 1K
B ARV R RR R sh ikt BE A B
MEEFEN,

3% i

(1) Sk TiNi A& i wapifT A 320 E &
W B 8B, 24V AR T T ER AR AR R T SR VR B I, Ti-
Ni G4t SR PEBER R A AR A , o o o7 il 28 Bk A
B, MHERER TS REHEEIFRIEEZR, B
O 2 A 3 T B A AR AR T [ B3 AR B AE , AR B R
FESE N, BEIE A, TiNi & & B KEMB A
0 Tl e V) 4 4 ]

(2) M48:40 TiNi A& K NS KT RH 3
BT R AR BR R B R , FE f 2 RN TR
I R ARARAE , BE R BB K i R I B B o

S E 3k :

[1] SHIDA Y, SUGIMOTO Y. Water jet erosion behavior
of Ti-Ni binary alloys[J]. Wear, 1991,146:219-228.

[2] CHENGF T, SHI P, MAN H C. Cavitation erosion re-
sistance of heat-treated NiTi[J]. Materials Science and
Engineering, 2003,339A:312-317.

[3] WUSK, LINHC, YEH C H. A comparison of the

cavitation ‘erosion resistance of TiNi alloy, SUS304 stain-

(L% 89 )

(3) A FE G F) B AN 42 R SR R B TR S S
RE VIR E 7R R R BR8N LA - )2
BRI ER ASOR IR BT SRt
E5 % N

(4) 30/ 5% 8 2R W A AR X T SRk FH AL
HERL AT

SE M-

[1] SR, EARM, 237, % BREYREH—SREFRIK
RE PR HFRE[]]. AR, 1997,18(4) :49-53.
GUO Shang-ping, TIAN Gen-lin, WANG Fang, et al.

less steel and Ni-based self-fluxing alloy [J]. Wear,
2000,244:85-93.

[4] LAGOUDAS D C, RAVI-Chandar K, SARH K, et al.
Dynamic loading of polycrystalline shape memory alloy
rods[J]. Mechanics of Materials, 2003,35:689-716.

[5] LINHC, WU SK and CHANG Y C. Damping charac-
teristics of Ti50 Ni49. 5 Fe0. 5 and Ti50 Ni40 CulQ
_ternary shape-memory alloys[J]. Metallurgical and Mate-
rials Transactions, 1995,26A:851-858.

[6] NIWY, CHENG Y T and GRUMMON D S. Recovery
of microindents in a nickel-titanium shape-memory alloy:
“self-healing” effect[J]. Applied Physics Letters, 2002,
80A:3310-3312. .

[71 NIW Y, CHENG Y T and GRUMMON D S. Micro-
scopic superelastic behavior of a nickel-titanium alloy un-
der complex loading conditions[J]. Applied Physics Let-
ters, 2003,82:2811-2813.

[8] LIUR, LIDY. Indentation behavior of pseudoelastic
TiNi alloy[J]. Scripta Materialia, 1999,41:691-696.

[9] NIW'Y, CHENG Y T, GRUMMON D S. Microscopic
shape memory and superelastic effects under complex
loading conditions[ J]. Surface and Coatings Technology,
2004,177-178:512-517.

[10] QIANL M, XIAO XD, SUNQP, et al. Anomalous
relationship between hardness and wear properties of a
superelastic nickel-titanium alloy[J]. Applied Physics
Letters, 2004,84:1076-1079.

(%8 hi#)

The problem of quaternary oil recovery succeeding a poly-
mer flooding[ ] ]. Acta Petrolei Sinica, 1997,18(4):49-
53.

(2] Z=EEH, SRR, X—IT. XRBEFTK PIRES
RBFE[I]. AMKREER . BRBHENE, 1997,21(2):
39-42.

LI Yi-kun, ZHAO Fu-lin, LIU Yi-jiang. Decision tech-
« nique for pressure index on profile opmrol in an entire
tract[]]. Journal of the University of Petroleum, China
(Edition of Natural Science),1997,21(2):39-42.
(3] ®X4EB% EOR [ M]. AE . AWk Rk, 2001:
¥ 123126
(B EEF)



