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WE: A T HRRSW IR R ARG T R, Bt — TR 4l BEL T — A A3t 5 F i 2500 7 6930 5~
KAEEGIA B FRR M 2% 5T IEA AT A EEA 3G IR A L0 KA 46 R E TR B ORI R A 5T R
PEAEIEAT T RN, BFR A RE A I w15 R ELH 69 By A 500 ~ 1000 mg/L 2 -&~4 LH2500-+1000 ~ 2500
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KPR R s FPBEIR (W R0, o b2, A 880 it
99.8% , JAR L5 M 7 A% Al Ak T RN Wl 5 S R (2%
BER) T4l AR5 99% , 1L T R H iR A7 R
OS] Z RBEIR AN (BASR ), bl A RS R
99.5% , [ 25 5 A4k 2 R0 A BIR 23 7] 5 FO VB R K A 3
W15 7K, WA 5522 meg/L, B 7 e (B
fif mg/L) : Ca>" 36.11, Mg*>" 20.61, HCO; 2019.03 .
CO% 589.58, CI" 1032.45, K "+ Na " 1809.41, SO:
15.27 5 SE 96 F 24U R A0 BE D I S8 g e 45 N 1
O, RS R 4.5 cmx4.5 em=30 cm, ZKINEE E H 0.4
~4.5um’,

AR2000ex 5 55 26 it A8 A IR Rt RHz (kg )
A BRZF] ) 530-60 =y R 9 4% (38 B EMECO 2
] ) ; ISCO-260D = 4 & 1112 B8 & % ( 3£ [& TELE-
DYNE ISCO /A 7l ) s BHC-IT U 5 > il 25 4 1 2
(VLI ERA PR A ] ) o
12 EWHE
1.2.1  RAEcHEREm 2

FHIR A 0] 355 7K e ] 5 o R B2 R 6000 mg/L 11
RA YR, SR BOER 53R 1R B 21 S50 Pl 225K 1)
W RE 3 W AC IR CYIL AR (I 19 551)) | It PR 44
(ZZEEN)) 2 R A B E IMA R &Y
eSS e e o Eas KL /N I i SO 6 = i Y e €
TR JE 45°C B 2 4.51 s R E R R W) 1A B
I ARG 45CTHRAR N, 76— g I a] i B
FERGEL SR BRI
1.2.2 33paem 2

AL BRANT KR, R R R E T
HEIERB B R EA 2 PVACWILA B ] S EER
—gEEE (45°C et 10 d)—J5 22K 5K 10 PV, 14l 5
Z2/KIK 10 PV B RS E i BB R D B 5
N iES TR R IDENIUR, S R S e R S T Y |
BB R HIRRE TR 1 MR 27K 8K 10 PV B OS2

TITEFRA I T 280, B I & 4 mL/min,
123 2 CRH LR

SR AR S BEAR PRGN KB 1 PV—
REWIK0.57 PV—RE Y IKG/KIK 1 PV—IEHI 46
FHEEEERIK 0.1 PV—JR22/K 8K 2 PV, it I EEG 14 &
4:1000 mg/L B4 4)+2000 mg/L 32 B 7 +200 mg/L
PFIH+100 mg/L ZZ#ER+200 mg/L 3585
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2.1 BRAWRET MR

SRA W B R A) e 280 T 9 05 et 1 1 790 B
JBE 1 fig 1) s e DL 3R 1, S IRV B 2000 mg/L, 2% Bk
IV BE 100 mg/L , 9 5 77 Wk FE 200 mg/L, 3 58 71 vk
J&200 mg/L. B RE W BRI AR R ik
BHEE (3 dPZEBE ) BE N, OB G B £ ey, AR 1)
(BHEE AR FFAE 300 mPa-s LN YT RD 450 . AW
W R 200 mg/L B, 7R RASBE R 5 A Wik 35
1 1500 mg/L BHA R BB EH R K T 10 mPa-s, {I%
R R R 4, A 10 d; ik B2 500 mg/L
51000 mg/L BHA R BIHI 45 %5 B /N T 10 mPa- s, 1%
R 20 d A2 A . UL BEBCR & Wk EE
500~ 1000 mg/L .
2.2 TERFIMKEERT ABL 1 BE RSN

SEHRF CY TL Ve B XA 4 0 B P 2 M el 1
T P e ) 5 WL 3R 2 SR G WUk BE 500 mg/L,
ZEBE MR E 100 mg/L, 1415 7k BE 200 mg/L, 3 5%
FIHe B 200 mg/L . £ A Wk BEAR R IGO0 T, Bifi
AT A BE SR AR R AR FE AR AR
{FL R B 0 B 1 A, AT B SR I 4 Jo . S Bk
413000 mg/L B, HAT AR R KT 10 mPa-s, IRE6 B
SRR 10 d5 A2 B R A4 4 FH e 2 2l 500 mg/L I
PR R ATE RS o R I 326 A2 156 351 vk & R 1000 ~
2500 mg/L,

R REWIRESHRAIIA R AT AL B I RE #2010

ARSI ) A EE (mPa-s)

Ak
/(mg-1") 0d 3d 5d 10d 15d 20d 30d 40d 60d
200 105 3.1 3.5 38 36 32 32 35 35
500 272 8.9 8.7 468 176.2 2352 289.8 1859.2 2263.5
1000 75.6 9.8 107 732 206.8 296.8 11345 22175 3859.6
1500 140.4 352 50.6 295.4 1670.8 4601.1 5548.6 6859.8 8120.6
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2 BRI ERHEA AT AT A AR M A T

LI AR R B ] R EE/ (mPacs )
W/ (mg-L™) 0d 3d 5d 10d 154 20 d 30d 404 60 d
500 253 8.3 8.4 32 32 32 3.1 32 32
1000 26.2 8.6 8.5 16.8 247 135.6 215 1527.8 2059.2
2000 275 8.9 8.7 46.9 176.2 2352 289.8 1859.6 2263.6
2500 274 9.5 17.5 69.7 287.9 470.9 1134.7 2173 2564.1
3000 26.8 345 79.7 2042 928.3 14952 1856.5 2844.6 2851.4

2.3 TR BE X B AR B Y 22 1

] TR e XA A) 1 266 T 4 R A 1 R
e VERE Y 52 e DL 36 3, 3R 5 W vk B2 500 mg/L, 22 HK
Ve B 2000 mg/L , 2 BE 5 Wk FE 100 mg/L, 3 5 511
W 200 mg/L . Fifi 5 3 715 550 v B A 3, A R Y
W6 6 FE A . 89 70V B 0 mg/L i, (R R )
WA B A FR LR R IF HowD a6 26 B KT 10
mPa-s; P75 ¥ 800 mg/L B, 1K R W) 16 55
/NTF 10 mPa-s, (HIEH IR E H A 150 mPa-s /2
A, )8 T 59 EE RS o PR I 3k B 49 5 ik B2 A 200 ~
500 mg/L .
2.4 GBI FE X Ry B 14 BE Y SN

2% V5% 50 VA R M AR R X T s o P AR I

PRI 50 B P E A 52 ) L3 4, A W 500 mg/
L, 22 BEF 46 & 2000 mg/L , 15 719 & 200 mg/L , 1%
S R E 200 mg/L. B 28555 FH 1, A4 R AIK
B0 B 2 R J 0020 A R 2 ALK 5 2R
FUHE A 50 mg/L s, 44 2 IR A B2 JE AR 10 d5 2%
HE IV BE 200 mg/L B, K 38 AR R B2 R 91 40 d,
{HIZ 60 d I} 1Y RS 2 B2 Ah 350 mPa- s, 2 BET [A]
e PR B BRI R 100~ 150 mg/L.
2.5 HEIRFIIR BT A B 1 BE B B2 0

Hit 5 7R 2 SR T R M e R X I ) i 288 R T s
iz )81 33 ) B M A BB 1) 2 ) DL 3R 5, A VR T 500
mg/L , 32 Bk 7 ¥ BF 2000 mg/L, 2% 5E 51 ¢ BE 100 mg/
L, P75 70 B2 200 mg/L. B 25 140 30 vik J32 g 4

R3 TR EXHRADIA R AT AL B R 1 RE R

e B R AN R BB R B2/ (mPa-s)
(mg-L7) 0d 3d 5d 10d 15d 20d 30d 40d 60d
0 274 389 487 116.8 276.5 3352 489.8 1830.1 2290.6
200 27.1 8.9 8.7 46.8 176.2 235.2 289.8 1859.5 22633
500 26.5 79 75 348 125.8 217.9 267.5 1708.4 2245.7
800 26.8 6.9 55 248 85.8 117.9 167.5 144.5 142.3
R4 BEFKEIHMRAEEE TR R A B0
SREER S/ S ANTRNE B R B EE/ (mPa-s)
(mg-17") 0d 3d 5d 10d 15d 20 d 30d 40d 60 d
50 273 9.7 19.8 2935 660.8 1175.8 22432 2253.6 2248.2
100 27.1 8.9 8.7 86.9 176.2 2352 289.8 1859.4 2263.5
150 26.5 9.3 9.9 267 36.9 75.8 292.6 1060.7 2043 .4
200 25.9 8.8 8.8 8.7 16.8 25.8 92.6 160.7 350.3
RS HEIRFIK B XHE A GA R R0 B AR B M BE B2 M
e I R FIE ] 61/ (mPa-s)
/(mg-L7") 0d 3d 5d 10d 15d 20d 30d 40d 60 d
0 283 8.9 15.7 247 121.5 127.8 220.4 873.9 908.5
100 276 8.9 9.3 285 146.8 165.2 267.5 1190.2 1758.4
200 272 8.9 8.7 46.8 176.2 235.2 289.8 1859.4 2263.6
300 275 9.8 12.7 1435 2323 404.6 849.6 2689.7 311522
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T B ARG B2 SR A, R R EE RS A > 1 i)
e B2 R 0 mg/L IF, 1A R (A2 B2 A 30155 31 30 d LA
e fHJR AR FR A BB RS BE /N T 1000 mPa - s 5 X 1 5
FIH B2 TR 5 300 mg/L B, 142 22 14 U2 B B AR TR 3]
3115 mPa-s, {HJ&HAREE B A /T 20 do PRt
HUHE a8 7 100 ~200 mg/L.
2.6 ERMTH LEERE

) B4 [l V5 7K B AR ) a2 1 Ak a5 A
o RN S AR (AT KL A TR vk R AR A3 o Dy
10000 ~ 50000 mg/L , Be il A R L BE A 7K, FHBC
U B A TR) B Ak B 7K TE T AP ) 4 266 B2 PT 428 6 i A4
Fo WAGEE XA 4 25 EE AT 2 BE AR R (500 mg/L
B4 W+2000 mg/L A2 BE 71 +200 mg/L i 15 71+ 100
mg/L ZZ 571 +200 mg/L 3 58 71 ) B 14 8 1Y 52 10 U,
K1, 48 fLEETE 10000 ~ 50000 mg/L I, fifi 5 5™
A RE B 38, ARG FE S 3 O R A W] AR A W) i
TR0 B T U I A R XA AT G AE R R R T 2
Ko 5 BB 46 25 B2 eI A RS B, i SR )
LRRE BRI )15 FH 1R 10000~ 20000 mg/L.

3000 m—=—=706000 mg/L

—8—20000 mg/L
—&—30000 mg/L
—e— 40000 mg/L
—*— 50000 mg/L
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2.7 KRB pHEIEREE

300 1o E 1) e B AR ) s 2 3 AT P eI IR R L
TN —5E 1 (A T 43 500 10% 10 S B AL B, 18
FRERWY pHAB 239K 7~ 11, pH XMW 1A %k
AT R A 2R I P RE B S R LI 2 24 pH{E
11, IR AR 20 B T B AR R AN BRI 5 XY pHAE
R 7 RN 10 B 1A R B AR BEAE R, (HR IR Fh B A 3D
KR4k, BA 5 d7cAh s > pHIBAE 8 ~ 9 Z[Hli , 4
ZWGEEEE/NT 10 mPa-s HLAKEL B R 51345 30 d
oA, R B A 3 2500 mPa-s DA E . RIIZIR &R

{14 pH {ECE 7 [ N 8 ~ 9.

3500

3000
—~ 2500
wv
2000
1500
1000
500

FhE/(mPa-

00 20 40 :O 80 100 120
My al/d
&2 pHAERHIAHI 46 B B T 58 0
SR R IR RE BRI R
2.8 HEERITEOEEMERE
I 05 285 B P 42 R R 3R X AN R B 3 2 25 0
P BEFERCR N 6 Frw , Horpr, 145 25 I BE (4
%4 :1000 mg/L B4 LH2500+2500 mg/L 325k 5]
CYJL+200 mg/L #7122 +150 mg/L MV & B2 £M+200
mg/L ZRBEMR AN, 35 45 I FHEBE R Z 0 £ 500
mg/L B4 LH2500+2000 mg/L 22 B ] CYIL+200
mg/L 7 BERR+100 mg/L W A7 R £ +200 mg/L £ B Wi
RN o IR LR 28 B T 4 5 J 8 33 700 X 7K N5 125 %
40.48 ~ 3.9 um® {5 D EERIITE 99% L I, 5k 4%
BH. 71 250K 95.6 ~396.1, i Bt BRI A 5 nT s 5
PR TN 50 B B R AR G
6 BVMBFHETERRERRSSEE

AR R
BL AR MEEE  PERM gamg
G JIMPa JIMPa s gy REC H%
15 001030 408 39220 00118 396.1  99.7
2% 001952 481 20700 0.0083 2465  99.6
3% 002962 573 13640 0.0068 1935 995
4% 008416 805 04800 00043 956  99.1

29 ZRADEE

TR B B W BE AR R X B 3 53R 0.2
0.8 F12.0 pum’ [ 3 HIFIA L A 43 AN 2R 7 iR
JIF 8 IR 22 4 < 1000 mg/L 544 LH2500+2000
mg/L A2 Bk CYIL+200 mg/L 7B l2+100 mg/L ¥
TR EA+200 mg/L ZRBEIREN . 1 ABERH, H K
BB 2 T R 5K RES AR Y, B A S
B X RBE R IGY D  EABER S
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KB &EZ ARG 2) TR Rk, =B 2 AR U3 6 32 B P 81 B 70 R 2R A0 4 286 E AR X
HITRRLAFE N 0.7%, B IR BRI ] 14.2%, 0 o ARB BRI 980 s U A, B 22 & , i)
BIERI RGN 85.1%, H KRB ERUEER WRERE T2,

R BT BB
R ROBRHETERRZESOSRELWHR (1] FAISC, BTEE IR, LT, 58 A W0 s 21 0 R P B K
IRERI% FR S X A e (], Al R4, 2012,34(8) : 81-84.
AL o— RN [2] 9025, Bl PR MR WU R A TS S0
[J LR A b T 5 % ,2014,33(1) : 122-126.
7KBK 76.8 18.7 45 L ‘ N o
(3] =B BA YRGS B =K 58 (D ). e
REPIR 55.5 32.6 11.9 (HE45) 2011,
LEZS 727 232 4.1 (4] 3KHT, EBRLLATERR. T AU S IR B RO 4 R B 5E
WA IR 70.6 27.2 22 (7] A5 KR40 T, 2010,39(2) ; 81-84.
B KR 07 85 1 142 [S] TR B0, HEEG, %, B4 WRINR B 25 RO e AP
(1], 5 Fmm A, 2011, 18(4) : 73-76.
Hd (6] SRR, BXUR, ZEDUMT , 2. JELRAC AR ZR 08 ) 1 B B4 S iy
3 451

T ]. A RF2EHz,2010,34(1) : 149-152.
B2 74 500 ~ 1000 mg/L B4 4 LH2500+1000  [7] BSR40 40, 50, 45, o AR SRR 1BF St L) ].
~ 2500 mg/L 22 B¢ 5 CYJL+200 ~ 500 mg/L #7515 1 TRH% ,2015,23(5) : 75-79.
B2+ 100~ 150 mg/L T HERRHH-100 ~ 200 me/L £ 5 (8] EAA R, I G RPTIRSIEIG  A SR 3 K B K

FARILIR R[] ], AR 591K ,2015,42(4) :481-487.
T Lk A AEC T B4 B R AT 423 5 B %71 He &b R
A T 3 AR o 6 22 1 R A AR 9 i 2 1 [9] skaker, RIER, THi, % BAYIREER S LFFSSETEA

~3 d)/NT 10 mPa-s, IR 10~ 40 d P AT 3% OSHECRBISELY . I, 2016,33(1): 81-84,
NS EE EAE 2000 mPa-s A F o %K R A {0 EE AT [10] Bide, Fr ., s & 25w VR R A 56 e Vo 300 1 2 16 PP il
520000 mg/L, v FH pHYE A 8 ~9. HZ R ). AR T4,2013,35(2) : 103-105.

Development and Evaluation of Performance for Low Initiation Viscosity Controllable Gel System
ZHOU Quan', LI Ping', HA Junda’, WANG Li',LV Hang'
(1. Research Institute of Oil Production Engineering , Daging Oilfield Branch Company , PetroChina , Daqging , Heilongjiang 163453 ,P R of China; 2. The
Third Oil Production Company ,Daging Oilfield Branch Company , Daqing , Heilongjiang 163453, P R of China)

Abstract: With the end of the block of polymer flooding area or the late effect, the dominant percolation channel is more prominent,
and the difficulty of effective mining is increased. In view of the demand for fixed plugging in the deep fixed point after polymer
flooding, in order to further tap the remaining oil and reduce the ineffective circulation of the injecting fluid in the process of
production and development after polymer flooding, a low initial viscosity controllable gel plugging agent, composed of hydrolyzed
anionic polymer with molecular weight of 25 million, metalion crosslinker, regulator, retarder, strengthening agent, was developed,
and the performance of gel plugging agent system was evaluated. The results showed that the formulation of the system prepared
with reclaimed wastewater was as follows, 500—1000 mg/L polymer LH2500+1000—2500 mg/L cross-linking agent CYJL+200—
500 mg/L regulator (citric acid) +100—150 mg/L retarder (sodiumsulfite) + 100—200 mg/L enhancing agent (polyphosphate
sodium ), the initial viscosity of the system was low, being of within 10 mPa-s, and the gelation time was controllable within 10—30
days, and the gelling viscosity was above 2000 mPa - s. the tolerance to salinity was up to 20000 mg/L, and the suitable pH range
was 8—9. The system has better core plugging performance, the blocking rate of the system to the core with the permeability of
0.48—3.9 um’ was more than 99% , and the residual resistance factors was in range of 95.6—396.1.The results of the three-layer
parallel core experiments indicated that the system had less pollution to the mid-low permeability core, meeting the in-sit plugging
demand.

Keywords: polymer flooding ; low initiation viscosity; gel; deep profile control; performance evaluation
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