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S50 FHIH A 12 T TR (20 °C) R O EE
J& 4 22.16 mPa-s; BELLE A K, 0403 A 18 240 mg/
L,K'+Na" 3589 Ca* 1429 Mg* 49 .CI" 13500,S0,>
2380 . HCO; 792; &S, 4l 4 99.2% , DU I I £
T A R A 5 B AR QP-1.QP-2, FHE
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7 A B SR AR SR i A LAE A9 SW L SE, 1Y
J SRR A T3t

o T R PR TAE VR RE DN ke 5, T e Ry 30
MPa, fiif il 4 200 °C, B A = B R 100 em, NAE R S
cm , AT IEMIF A A BRZA ] s BH-2 US43 e
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ﬁ] [2.5-6] .

1=0.75V,"t1n (1)

TE v U e R U TR A VR T 2 PN A
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TO SR AT, M Y ] TR B R 4R

(2) P s REI
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L AL 1R ARB 3 O TR E AGR TELR S VRT N,
A 12 PV, 1:1) 3 L) 0.30 mL/min {1985 3 37
PR SEEK  IE AR AREIR & ARB 3 A0
PR, TR, SRR 20 1C
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BE O R AN, O s K TR R IR SR
FEE 5 L 0.30 mL/min A4 3 3 X0 700 7K 3K 28 250 AN
W AR T KRR IS 5 P 0.30 mL/min fH 33 7]
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1:1) AR IR R 5 L 0.30 mL/min (1 1H 3 f5
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EHPERER LS, TR E0R 0.5% 1) QP-4 F T AL
PARFLIA ) 830 mL; QP-1 A1 QP-4 I R (1) L TR 2 £ 1Y)
Bl FE BN 0.5%FF , Sk 1143 51k 187
1146 min, L, 75 &K QP-4 435115 QP-1 #1 QP-8
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ST TR QP-4 43 A S AL QP-1 FIQP-8 Y.
B AR R AR AR R I LR 1 e 2,

F1 QP-1+QP-4 SEF R Ay IA K 1EAE

QP-1 QP-4 s JIRP QP-1 QP4 I IR
AR R KRBV WY R R RBY O sl

% % mL min % % mL min

0.1 0.1 170 43 0.2 0.3 300 81

0.1 0.2 400 79 0.2 0.4 500 115
0.1 0.3 460 106 0.3 0.1 150 51
0.1 0.4 530 67 0.3 0.2 160 64
0.1 0.5 540 62 0.3 0.3 270 87
0.2 0.1 140 47 0.4 0.1 200 60

0.2 0.2 150 55 0.4 0.2 210 69

R2 QP-4+QP-8 EFik RAVEIKIERE

2.1.2 #eAKik
[ 0.2% QP-1+0.4% QP-4 52 Fir i i 7 14 e rh 43
SIS R B2 1) 4 FhAR ], 25 5 Ra i 5510 FH 2 %oF
R R R AR FURI Y B s, T 2R B 48
AL e K
R3 AEIRERAFIIEAFRI L TEHNHM

QP-4  QP-8 il filkE QP-4 QP-8 Il IfIRE
M/ Hw KBV =i Hss Hss BV =

% % mL min % % mL min

0.1 0.1 350 107 0.2 0.3 640 33

0.1 0.2 470 86 0.2 0.4 690 19

0.1 0.3 530 49 0.3 0.1 490 79

0.1 0.4 560 37 0.3 0.2 530 31

0.1 0.5 760 22 0.3 0.3 570 12

0.2 0.1 480 96 0.4 0.1 460 61

0.2 0.2 550 42 0.4 0.2 490 29

SIS ZE LR B QP-4 JH R A K, QP-1+
QP-4 4 Fit /K 2 A A 0 PR R K, QP-4 SR BHL M 58 4
HEHAE ST, 0.1% QP-1+0.5% QP-4 & it & Z i
TR TR K, 35 3 540 mL, [H 07K 2 = WA 62
min, IR ZEAFEE0N 25 110 mL - min; 0.2% QP-1+
0.4% QP-4 & PR 2 i ¥ (R Bk 500 mL, yL ik
R 115 min, WIKZE G408 43 125 mL -min,
IRTERERAE . % QP-4 TR AV K, QP-8+QP-4 &
e fA 2 AR AR B R (H R = N 0.1%
QP-8+0.5% QP-4 & i {4 72 i e o AR B e G, 38 %)
760 mL, {H 72 22 0 R 22 min, 07K 25 A 1550
12 540 mL - min;0.1% QP-8+0.1% QP-4 & it {& %
AR 2 B B R, 355 107 min, (EE I ABULA
350 mL, 07K ZE S5 %0h 28 088 mL -min, A 25
BN L2 R AW e IR R RN
0.2% QP-1+0.4% QP-4.
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& i PR GG RO R CEE L.,
Gl A LAY
TR T TR T TR VR T T
bl ° mL min (mLmin) # % mL min
0.01 505 115 43556 0.01 510 117 44752
0.02 495 118 43807 0.02 505 120 45450
0.03 485 121 44013 0.03 500 126 47250
0.04 460 125 43125 0.04 500 135 50625
WP-1 WP-3
0.05 435 128 41760 0.05 490 141 51817
0.06 415 132 41085 0.06 475 142 50587
0.07 395 134 39697 0.07 460 145 50025
0.08 385 135 3898l 0.08 435 149 48611
0.01 515 114 44032 0.0 490 112 41160
0.02 500 117 43875 0.02 485 115 41831
0.03 490 123 45202 0.03 470 118 41595
0.04 485 126 45832 0.04 465 121 42198
WP-2 WP-4
0.05 470 130 45825 0.05 430 122 39345
0.06 450 134 45225 0.06 405 124 37665
0.07 430 136 433860 0.07 390 127 37147
0.08 415 138 42952 0.08 370 128 35520

TEHIRR R HPOIA T AR, Bl 5 ARy 75 ) =
SRl N0 RZ R NN oo AL SR N R B
JEFERI s iR W R B T, WP-1 H]
1 0.01%3% 2 0.08%H}, L 7k 2 2 AU 115 min
B AT 135 min; AL WP-3 B35 5 R i R A R %
/b W80T 75 mL, K IR E] 149 min, B K
T 32 min, WK ZE S T8 E 44 752 mL - min 3% &
48 611 mL-min, WP-3 By (R e, 24 WP-3
FHARAE 0.03% ~0.05% 114 7 ] P 21 3 1 b T 3 e
B3, A H BRI RS MA T H R, ik
HRWP-3 1 2 Ji5 52 52 50 i VR A R i R ) o
0.04%.
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TTGB %, FEGEIKR A R7EH T 1R EE I e
PEZ B AF R

KB 1 52 s 3 A KBS il 0.2% QP-1+0.4%
QP-4+0.04% WP-3 [l IR K & , 439l il A 25 mg/L
F150 mg/L 14 % 7 SW Al SE, 78 iR & F &1k
AN s T BB R 0 R M R L 2 SR LT 1

550

(a) el
--25 mg/L SW
500 ﬁ\ ~=-25 mg/L SE
AN N\ -a-50 mg/L SW
2 4501 B \ ~+-50 mg/L SE
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= \0\ )
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B 3501 e A
v
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300 's'
L]
2 1 1 1 1 1 1
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ZARIE)/d
160 —
(D) _:_;;El /L SW
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120+ \,\. ~+-50 mg/L SE
E -\:\v\.\.
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g0
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AR A]/d
BRI LR )R A BRI b R B

fift IR 1 A K BC il B3 IR AR R | BE AL ) ]
(9 A L TR PR R 0 S R . A LR R T
P A B[] 1 2 Al A A v el T TR S I Y B A
F, R G PER 4> F A TE PSS , IR A S AR E
M W% . FEALIR AR Z Hoin A — a2 8 19 25 B 77 ]
B 250 33 L A St ) BT, 00 1 BT 2 0 Jo %o ¥
WAHE R A Horp B SW ISR S, 7R i
AR ZREC 7N A 25 mg/L 19 SW 5 , MR Pk Ge s 7+
W e K, 224k 60 d s AR AR FH R 385 mL, 2 i
7 105 min,
2.1.4 WA T 69 AR

FEMMFETEE (20 °C) JHE41(9.26 MPa) 254 F , X
o PR A T B 35 1 A K TR 3 TR R R 0.2%
QP-1+0.4% QP-4+0.04% WP-3+25 mg/L SW F10.2%

QP-1+0.4% QP-04 [ PEHE . 0.2% QP-1+0.4%
QP-4 fA R YT 1R AR TR 475 mL, LUK 2
WK 124 min, ZE5 35500 44 175 mL - min; ] 0.2%
QP-1+0.4% QP-4+0.04% WP-3+25 mg/L SWIAZ
R IIAT N 530 mL, HIRE R 167 min, 27
EFEHCH 66 382 mL-min, F1HAT WL, ZESIE ST,
0.2% QP-1+0.4% QP-4+0.04% WP-3+25 mg/L SWifJ
AR AHIAMERE 4T, 2 it s HARE
22 mETERE
22.1 Hdr

FE20 CF, PIFP A UL AR AR &R (0.2% QP-1+
0.4% QP-4 F110.2% QP-1+0.4% QP-4+0.04% WP-3+
25 mg/L SW) % 2 bl 57 VIR 200 246 WL IE 2 DA
2 AT LAFE 76 80 BT, Bifi 5 5 D) 380 (1) 34
K, PR RS IR ) R BE 1 R0 | 2R R AR
MIBTUIRR RN . 1O PR R AR AR AR AR , 7 5Y
YIN S PERTT IR 2 R AR TR A8, Ho BT )3 58
KUK BT 32 2 9 57 U) N7 78R 5 | 5 B0 IR & A il
-3 N S i i € 20 1 7) B -8 R < T B £
T ILARAR 2R B R BE A B W 3Tt (H S
B 1) 3 R A 38 I B UK Y R B AR AR AR TG 25
Ao RRIELF B AT 23 (I IR AR R AL E R AR
I RE BE AR AL, AN 2 X TR TE b2 N A8 1 L3
SO, VL TRAAR FR 09 5 IR BRI A B T v AR
T2 I AT (s 5 U0 28 i I 2 PR A o by
(BT Y1) (R BK e J7 , T4 R U Mk 55
PRURHSIRIL , 28 2046 5 IR CR Y H g

300

l o o P
250 | s
2w \o
~ 200 tEaae,
: \
g 150
=7 AN
Py
& 100} ,
e
e
50 \-tﬁ
0 — |77 1 1 1 i
10 10° 10" 10" 10" 10°
DY)/

1—0.2% QP-1+0.4% QP-4+0.04% WP-3+25 mg/L SW;
2—0.2%QP-1+0.4% QP-04 .

K2 AR RE T D) R A 1
222 Fpn
BN AR BE T S SRR 2R SR, 20
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PR (G7) MBI (G) R /s I R A
PEFIHPE R RN o PR S0 LR A SRS 28
PSR B R B AL LI 3

10'
D/D = SR
10°F I/E‘/ /ﬁ/é /
/D ;/A-?ﬁ/ ‘/A
< ./ i L
107 l/ /‘2 =~
L/
107110*' 1'0“ 1'0'
$ii %/ Hz

T —G A O —G"
1,1°—0.2% P-14+0.4% QP-04+0.04% WP-3+25 mg/L SW
2,2—0.2% QP+0.4% QP-04.,

K3 RAIRA A R A BT A ) A2 4l

M L 7E0.1~10 Hz (AR R, IR
IR G G BB S T e i S B T A9
Beo FEF—BERT, AR IRE G R T 6,
G"IG'™> 1, I IR R B B B AT o R R
— 5 BYSRPETT o AR S IR GRI G
R AEZAL BN sl f b R A Rk
SR, IFRERE G 9 i KR R O RSUE I, A TR
W — R
23 @REFESRESESOHIEFHEERE

4R B B RRIE DR EASHILE 4.
O3 MAEA TR 55 R 22 9 0 h JEA T 7K BRI IR
PRk, S A P R S R A AR IR 4

x4 WHABRESLERSH

Ay
gy KEEE RS B g mak
cm  cm Flem’ /% (107 um®) % Y
0
BB 9.05 252 1034 2292 147.60 65.28
1 2.92
K2 9.06 2.53 11.51 2528  50.49 64.29
EBE 9.05 251 1072 23.95 14534 66.13
2 5.25
KB)2 9.04 251 12,12 27.11  27.67 68.54
BB 9.02 250 13.67 30.89 15523 70.45
3 8.67
fK)2 9.08 2.52 12,59 27.81 1791 68.83
EBE 912 252 1142 25.12 15172 67.51
4 11.53
RBE 9.04 252 1126 2499  13.16 65.63
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S IIN O ps s ) | LA =KW Uk SO N =S Siiw <ol
HA LIRS AR R S
B EA L, DT R R B E S O
BB 138 K 5 LK IR B BE, Bt TEAKIEA
R B A O T LR SR o IR Ok, i 5 =i
B D 3 I B WHE R ARB S O T iR %
WIRAR . 7635 RGN 2.920F , WK E B B
O BT EEROR (i1 S B & A O i
KA T BB AR ARB B S O TR RS
B SR, BEA 1B 3 R BN, WK X =
BIEA OO GRS , SIS R A L
A3 IR AR AR B R RN o
24 FAREFRHIKHZR

ANRB 3 R 25 451 AR 1 3R AR
W5, TEKIKBYEL , 1808 R 90254 2.92.5.25 Fl
8.67 B KB 3 A O I BRI AT 85U 81, BRI SR b
BB Y2 B I KT B W AR B B R R 2N
11530 fRBE A LA RS, I HEBEs O
I 2 = THIRB O IR TR

%5 FRESBEREEGTRSOFNIKBHE

BB KK JEBKEE R
A Y IRl Ry BRI

JKIR IR AR DRI
TR /% AR Y%

% FORI% % HERI%

[ )= 47.41 7.41 1333 20.74
1 2.92 34.52

87 37~ 21.62 14.86 17.57 3243

Bz 50.52 10.81 1247 2328
2 5.25 30.08

KBz 9.63 18.29 17.62 3591

Bz 4835 9.57 1572 25.29
3 8.67 24.98

KB 2 1.62 23.64 2133 4497

=Bz 47.72 11.37 15.51 26.88
4 11.53 23.86

KB 2 0 9.62 1045  20.07

FEWLR IR AN 5 22K KB B , 88 185 O R B
BOR B B Y 25 2.92 I 1 20.74%58 K 535 15 %%
2 11.53 BF 19 26.88% , K3 175 75 40> 1Y 5K ] 250 % it
BB R 25 RS NG N, FE1B3 R 22
R 8.67 B, 1R IR A1 S5 S 7K B 114 9K Tl 350 % 1k 3 i
K, N44.97%., TEBIERHNIEH 2.92~8.67 i [H
WL KB B SO B S IR RCR Y K T BB
Lo B, 3SR E A OIMRCE 2 DL IR R
F LR EIKSCE B LW L, BB

RO A = B 1 R R I A D RE & A O

BRI, AR b o T TR T = 2 38 O Y

BIIERE ) B AN RE 7 R 2 1 R IR B B IR

R KBRS

3 4hie
AR SR AR & (0.2% QP-1+0.4% QP-4+

0.04% WP-3+25 mg/L SW ) HAT K 4 A8 i i i Pk

TEMEORLEE (07 B R AR i & 530 mL,

W 167 min, Z55 454066 382 mL - min,
RAIRIRFE BE R I S AU (3 8y )RR AR

YT I ART L IRAR 3 0 R A A W i 48,

EFE A By D13 R A R AR EE AR TC 2] . 12 0.1~

10 Hz A 35030 B P, 280U TR A9 S P A i R0 1

B A Bt AR T i R B RS, B

B 38 TR i R B B PR T o, O

HA—E B TR
RN BB 3 O B PR B e

(HFEE B RR IR K, EHERE TS . TEBBERN

22792.92~8.67 ML EIN , A UKL = K2 %

O IEMBCR B R TR B S a D IRBE S L.

SE 0k
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Applicability of Nitrogen Foam Profile Control and Flooding Technology in Y Reservoir of Xinjiang Oilfield
WANG Jian', HUANG Weihao’, ZHAO Yunhai', ZHANG Yu', WANG Danling’, ZHANG Liwei’
(1. State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Southwest Petroleum University, Chengdu, Sichuan 610500, P R of
China; 2. Xinjiang Petroleum Company Limited, China National Aviation Fuel Group, Urumgqi, Xinjiang 830013, P R of China; 3. Engineering
Technology Research Institute, Southwest Oil and Gas Field Company, PeiroChina, Chengdu, Sichuan 610017, P R of China; 4. Shenzhen Branch,
CNOOC (China) Company Limited, Shenzhen, Guangdong 518054, P R of China; 5. Engineering Technology Research Institute, Xinjiang Oilfield
Company , PetroChina, Karamay , Xinjiang 834000, P R of China)

Abstract: According to the strong heterogeneity characteristics of Y reservoir in Xinjiang oilfield and the characteristics of low
production degree and high water cut in the development profile, the formula of nitrogen foam system suitable for water injection
preparation was selected. The reservoir adaptability of the foam system, the performance of the reservoir under temperature and
pressure and the influence of bacteria on the foam performance were evaluated, the rheology of the foam was studied, and the oil
displacement effect under different permeability ratio was analyzed by physical simulation. The results showed that the foam volume
of the selected nitrogen foam system was 530 mL, the foam half-life was 167 min, and the composite index was 66 382 mL - min,
which indicated that the nitrogen foam system had good reservoir adaptability. The nitrogen foam system exhibited typical shear
thinning, and the addition of foam stabilizer could significantly increase the viscosity of the foam system, but it would not affect its
flow in the formation. The viscosity modulus of nitrogen foam was higher than the elastic modulus (G"/G'>1) in the frequency
range of 0.1—10 Hz, exhibiting good viscous behavior and a certain elastic behavior. It could be seen from the core flow
experiment that the diversion rate of high-permeability cores increased with the increase of the permeability max-min ratio in the
water flooding stage, and the low-permeability cores could not be started effectively when the permeability max-min ratio was
11.53. In the foam flooding and subsequent water flooding stages, the efficiency of the low-permeability cores first increased and
then decreased with the increase of the permeability max-min ratio. When the permeability max-min ratio was 8.67, the oil
displacement efficiency of the low-permeability cores was increased to the maximum value of 44.97%.

Keywords: reservoir heterogeneity ; nitrogen foam; bacterial; rheological properties; core flow experiment

(#2511, continued from p. 251)

[16] Jufede, I, XV, & RBEE AR S G 45 T & [J]. Ak, 2014, 31(3): 334-338.

SURATTE B (T ). Az TR, 2018, 32(7): 45-49. [20] akEL &0 T8 AR 240067 1 BUR )2 35 5 AL
(17] FW, 35, BEEZR, 2. RS rErIxHE & H %5 52D EA MR (s, 2019.

WEIHBESEL) ], AL T, 2020, 49(10): 2175-2180. [21] #RMR, XIS, 855, & BT RE WIS I TS0
(18] ki, sKWIER, FhEAL. 45 261 Jh e TG W RSO AmaA IR R L) . REEHAL T, 2020, 37(2): 385-390.

EHLFLLT]. Rim T, 2019: 38-45, 97-98. [22] B8, PVE, SFPHZE, A5 EACHRAR G 45 H He 20B0R R 4G
[19] XSFAL, o8k, A4, . TR H 24 J2 10 17 5 i SO SYEREEM [T ], i Ak, 2015, 32(2): 175-179.

Non-crosslinked Associative Clean Fracturing Fluid System for Imbibition Oil Recovery
REN Hongda', XU Chengjun’, SUN Xize', PU Di’, DONG Jingfeng', GUO Yongjun™*
(1. Engineering Technology Research Institute, Xinjiang Oilfield Branch Company, PetroChina, Karamay, Xinjiang 834000, P R of China; 2. State
Key Laboratory of Oil and Gas Reservoir Geology and Explottation, Southwest Petroleum University, Chengdu , Sichuan 610500, P R of China; 3. College
of Chemistry and Chemical Engineering , Southwest Petroleum University, Chengdu ,Sichuan 610500, P R of China)

Abstract: In order to further improve the recovery of imbibition fracturing fluid after well shut-in, the effects of different residue
content and molecular weight of the thickener in fracturing fluid gel breaker on imbibition recovery were studied. Through the
optimization of imbibition agent and its effects on the viscosity increasing, temperature resistance, shear resistance and imbibition
recovery performance of non-crosslinked associative thickener (CFZ) , a set of imbibition recovery non-crosslinked associative
clean fracturing fluid system with low residue and low molecular weight was constructed and optimized. The results showed that the
lower the residue content and molecular weight in gel breaker, the smaller the effect on imbibition recovery. When the system,
composed of 0.3% thickener CFZ + 0.2% imbibition agent SZX-1 + 0.06% gel breaker APS, was sheared at the temperature of
90 C and at the shear rate of 170 s™' for 90 min, the viscosity was 77.43 mPa-s. The contact angle of the gel breaker on oil wet
surface was 31.6°, the oil-water interfacial tension was 0.66 mN/m, the residue content was 17.2 mg/L and the molecular weight of
the thicker in the gel breaker was 1.15 x 10*, the imbibition recovery was 14.8%. The system provided the theoretical basis and
technical support for further improving the imbibition recovery after fracturing.

Keywords: imbibition oil recovery; non-crosslinked associative thickener; clean fracturing fluid; residue content; average molecular

weight
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