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B2 T ST & 1 BE AR WIS, i e 5 s et
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A TR VEHS, th TAE 2P 22  RREEA 2
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HEKMERERE
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90% o DA TREL WU B M 9 Tl S A 1 125 T AR
FERR AR AE 1~100 nm 2Z ], e LR (.
T RO G B 5y e A H AR J2= 40/ FLIE , Y2k
AR WEFLBOT 9 N AL TP AR L O L
FACELIR 3 P2 B Hoh, PR AR BCELIBOT S5 i)
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REY, TR, RS ARB B A KA A LRI A & 691

JEAE A 2 S RO R SR T A ke A
WELBGEA T2, A0 g e it 2%

1 SEEE

1.1 MRl5 s

SALER IECRE L IE COBE IE BEGE L IEERE LCy
Pt | CsPt | CoBE5F , 39 20 3 B 25 3R TG 14 77 (L 3%
D), Tolkg, BRI A R A A WCXX i H A=
FEK (IR ), B4 % (B mg/L) : K*+Na ' 12
968.78 . Ca’> "+ Mg’ ~ 679.82, Cl" 20 738.25, HCOs
27215, W AL B 35 275.70 mg/L; WCXX jifi H H#b )2
KB AR EE 32 405.90 mg/L, B 120 )i (247 mg/L)
K+Na' 11 935.34,Ca> +Mg*' 626.92 .Cl" 19 539.33
HCO; 278.43; WCXX i HH J5L i, 50 C T BB EE N
3.84 mPa-s; A 9ifh, b RREA LA FRA R T,
FHWCXX 31 FHH R A 5 F

F1 REBMEFIRS S5RE
HRURS RS Frik/%

WA I B FLZ-1 99

R LN N e ik FLZ-2 99
RE ORI Bl R FLZ-3 55

T PRI 2

AR B I )

Yot FE A AT FLZ-4 50
Qe ST YLZ-1 96
= LR R YLZ-2 95

I s ¥ B R ATV oA R
RITEER A CIRBERIREN  YLZ-4 88
PEWTBER A LIRHEBARE  YLZ-5 85
TR e P B LXJ-1 97
JVREBE N BRI LXJ-2 35

RRANRAY = UL
PR RN AL

YLZ-3 95

PP T 177

LXJ-3 40

J12000B Jig % i 4 e F2 5 1 5k i w1
HREC TR R AT FRA ] 5 202-0 B 5 X T4,
At AL BRI BRA Fl s HH-28 /K 75 , 19
S RAGER B A R 7] 5 85-2A HURETE P14 , &4
DX VYT B AR ) & GRS, R T K I 5
I,

1.2 KWHERIFMNIER
(1) SR bR
HORH L R R ZR T 5 BT R R AN S5

F T B e o PR T A R AR L T (B T3S
B EANT I o PP AR L R 2 e
AT B2 AR BRI P R PR 253 B RN, BRI, R
FHTC A AR RS i . S8 T3 < IR
T AT Bl 50 149 L ) ot e -5 5 T 3 A ) 4R 2R 1) A i
k7, BEARE S TR I B 42 T 0 1 AR B R A A ST 1 4
BUGE N o T A A5 A B B T Y % T 42 )
RRIK,

(2) HP AL - bR A P

EHLFEHEIE D AU A B i AN [ 114 3R 1T 0
PEFIRZR K A ) A, 78— %2 3P
IR ARG B B IE I 2 )
A, BT 70 CoRIE AT, AR
HHAS AR , 10 SR LI JGt )RR A RS B ]

TEF T G PE R R (S) (BE(A) il (0) (Fhk
(WA 53 22 SLa M A e K R BT i 1) 5 & 43
BB R 2R H T R A R AE R FL IR A R T
) S B 53 B e R TS B I LR AR 22 P BT o 1 o
SRR T SR B IR BE A 70 °C MK B RE LA
3:7, FRAKCR S AR P oK A B AR 2 BB B Ak
A T BON 3.5% 0 KCUA I . VL2 18 35 14 7
TR R MR BB AR | LAAS TR B B e A o, A5 3]
HOAR LI R 1 e—p RV AH R . AR B rh AR T
LR A B R S, vT DA SRAS R s L A A Tk
F AKX (1),

* C
V

= (SP") (1)
A, C—H %, R HL0.3, mN/m; SP—IK R 1%
SR, I AR RS RS HEFA T Z e, mL/
mL; " — A Rl T AR s K R Y B sk A
mN/m,

(3) VEIACE A

el Fr i 15%00Tmes  FRECS g F E @i,
T 10 mL L, BT 70 CoKVB BB 1 h e
B s (i) 25, inA 10 mL 32K, & F 70 °C
AL b R ZVE, RO R HZ K e 31k
T VRS AR E T 105 CHEATPIMET 4 h; PR K4
P27 DA 1 R Al A . YRIMACRIT R A
AW (2),

X=1—

m
Km()

P, X—URIMAE, Yo s K—IMh &l B 235K, % s

x 100% (2)
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me— TR Y BT, g5 m— LG G NP D B4R
I, g0

(4) 5 3 R

# 0.150~0.074 mm (100~200 H ) 5 0.048~
0.038 mm(300~400 H ) A %A L 3: TGS
FRHL, A HIHAE AL M HAR 24.4 mm K
300 mm, 7K M35 1% K K 13.28x 107 um® , FLER JEE K
22.78%. i [ B A2 K T E S BB
K HE S DFLBREE ; L 0.3 mL/min B3 A 3 B i
FEIM, 70 °CF #4K 24 h; 2R )5 L) 0.5 mL/min #937%
AR PR K IR B S 1 i TR AR AR s 2
0.5 mL/min B A 1 PV UEIA R , ZEA A &
YRS A KRR, LA R AR . SRR
70 °C.,

2 &RGThE

2.1 FEHESRENTHE

Be R BOR R LA S L R ™ B
A TR B 7 20 B A S L A AR b kR B, IS N ]
BB b ke (IE e 1E © ¢ IE Bibe  IE ke ) i
TH1 55 2R 1 R R &R Y S K 753 R 0.1672 .
0.0786.0.0098 .0.0771.0.0035 mN/m, iF BEki(C,) 5
FTATE A R A K ) 5 i . I,
WCXX i i SERe e Bk 7, BV IE BEde o
22 HEMILEERRKE
22.1 PAAMILE A @ E AL

LA 2R H T R LB T AR K A
FE—EFRURBET , B oA R AR TR 2% /K SR T
S (HLB )L G A Bl 7], e 2 1D 1 390 v ()i
fiffe B SR v A R FL WROE OT AR Y DG B A A
70 CF AR R AT 5 Cs B B B
F2P7R o AR B AU S 1 R TR 25 5 T PR
FLIB, T B P ARG FL IR A B TRTE 10 min PAPY . BHES
FHRIRIE PRI Z (A YLZ-3 KT 10 min) , 17
WIPE R G PERCE LXI-3 W[ s AL . 3
TET 975 P 791 RS2 P s B 5 EL R ) HLB (% 1)
G A BEASRE 5 R PR B B TCvk R i
FLIE A HLBAE , ok P e sl b AR AL . JE S+
T 2R TG P ) LA ey A T B P bR PR 22, (.
I3 25— 2R TR 3 2 751 LA e A T O T 42k,
WA S BC T R B PR RN o PRI, AR B S 4
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DU B 7 BRI 16 MR FLZ-3 FHF B 7 B3R T T
PER YLZ-3, 1A Z2 0 be R T A IE S A9
R2 OPRERA P EMILREREEEFRIESR

RORER e mee VARG

FLZ-1 B[] F 8
JeEpomsEg  FLZ2 1] 7
i FLZ-3 IR 1 375 5
FLZ-4 Ik 1] 6

YLZ-1 24 WAy 24 hARJE AL
YLZ-2 12 min & 13
m%{fﬁfﬁ YLZ-3 7 min &AM 8

YLZ-4 24 hR s fi 24 h AT AL
YLZ-5 11 min ¥R % 12

LXJ-1 24 h#R o i 24 h AR,

M"%ﬁdﬁﬁ LXJ-2 24 hEBMR 24 h KT
LXJ-3 13 min &A@ 15

222 REERS KR

TE70 °C .3.5% KCIUKE W &1, JF R FLZ-3
MYLZ-3 W& 5256, FLZ-3 YLZ-3 Jfif& e h 0:
1~1:0 BEIEA 1%~ 3% (A A 2 1 75 P 7 e ke K
WEE T B EE I R R (7R B P ), SE 645 R
W3 Pn o BERZ 3R 8GR B i T, v
ML AR R K . FLZ-3 F1 YLZ-3 & B ik R I,
() A S LR AR R Y K F FLZ-3 \ YLZ-3 F i i
A AL . 24 FLZ-3: YLZ-3 J3: 10, fE M
TEPE TR 02 (0.5% ) FATS AT I B AR FLI
177 L S (T 15 A 2L R e/ IS B 380 e B o
D) 3K, T B i) H AR R RL T A2 2 K
() B 5 i B /N o PR, R g MR R FLZ-3 5
YLZ-3 3 B B b K 31 1, 5 2L Se B S 34 e I 1
ST

£3  FREEMER SR LT AL AR F B

AN VERIIE (%) T B R ATREL

FLZ-3.YLZ-3 -
B WAARFYmL

0.5 1.0 3.0 5.0

0:1 0.3 0.6 1.5 2.8

2:1 0.4 0.8 3.4 5.2

3:1 0.8 0.9 3.2 5.0

4:1 0.4 0.8 2.1 43

5:1 0.3 0.8 25 43

1:0 1% 0.5 1.7 3.7
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223 PARMELIR Bl R B S ) B eG4

e BAT PR 1R 2 HLBAEAYHE i i 98 1 3
{8 R R K R P A 22 [8] B9 73 A 2 L.
s R AR TR P 0] A9 AR P R e ik 53 R S A
LR EFLI o CaliE (Cs I | Co i 552 B 2 1T 7%
FRFDHIE A LI RS a2 4 s o BEID
T A 5 A DR/, LB e 5 2 4%
FRTE B 7K S - i 5 1 U ) P ) 4 L, TP A A2
HOAR LB TR A . XA B T AR K I A
JE P B AR AL OIS VAR DL AR T K R

T3 R . AR, rPoRR LR R e R L A2
T E S sh A /N o o E Bl 3 T P 570 B 1 1 v
ALV 2 105 5 Wi AR A e K, T U Bl 2 i HE R
ARV, 5 FENRB LM, FECGEAE S ThE . 3 b
30 2 T A ) R 2R 2 1 1 R B L B e K S T
122513/ - ¥ {E 53 51 R 0.0134.,0.0088 ,0.0118
mN/m, PR E] TE A K AR . BRI R R
A 75 5 2 R R AN ek, Cs I B TR
W RE ST, S, B, M1k Cs AR A Al A
FLIAR ZR B Bh7

R4 EXTRABRELIRTA AR

FHPE

Fiwik A1/

A e/ % e KRR mL Mgyl /mL ’ rpAHESERT ] SFLRR A T
FnE/% (mN-m™)
1 2.8~6.1 0.7 0.35 0.0245 25 min
3 3.0~6.7 3.8 1.90 0.0075 20 min
C.E It
5 33~64 5.1 2.55 0.0115 16 min
7 3.5~6.2 7.6 3.80 0.0102 12 min
1 1.5~2.8 1.2 0.60 0.0083 30 min
3 1.5~3.0 4.4 2.20 0.0056 29 min
Csi i
5 1.4~3.2 5.2 2.60 0.0111 25 min
7 1.6~3.2 7.6 3.80 0.0102 15 min
1 1.2~24 0.9 0.45 0.0148 18h
3 1.3~2.9 32 1.60 0.0105 15h B
Colfi 2R R
5 1.3~3.0 5.1 2.55 0.0115 12h
7 1.5~3.0 7.6 3.80 0.0102 5h

224 JRib5AERUE B K A P AR LR AR £ 2Tk

170 °C & W T 1S PE R (S) I 2 R 5% .
KCJ5 43 500 3.5% , Cs B (A) i 24 2% 1Y 5
PR, 25 55 TRl R (IE BE e ) T2 1 b AH
T BTG B o PR 2 S AT, T 5 A 8L T A
(14 Hh R R L WRBOR AR Y, 34 RT R RGBT 5K )
SR R I L A SR I R T B R e R T K
43 5124 0.0146 . 0.0135 mN/m ., X LE ¥ > o 4H 43¢
FLWAR Z B, T T 780 v AH B30 1S 7 e
J1 CEXEIA H7 4.6 mL) F AL (4.7 mL) A BEAIT
TR B LR T 7K T 28 A T ke T AR AL Y A
0.0011 mN/m

RS EHGM S R B PR R R 3T

WA SIE% AIE/% [I;E?]ﬁ%ﬁ iﬁ?ﬁlﬁ;
4.95 2.03 48 0.0128
EBE 5.03 1.97 4.6 0.0143
4.96 2.01 47 0.0134
5.02 2.04 45 0.0149
Ji 497 1.96 4.9 0.0123
5.03 1.98 43 0.0164
23 BRAEPBEHFELEEREEITEN
23.1 HEKBFHH@
HOAR L IR TR BE T 5 32 KR e 1 2 R
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B RYEE o A HLR K 3.5% KCHER K% A
[ B A FR TR A5 FH T P AR L W TC /R, 227K
R AR LR PERERY R N 6 7R . 2 KCl
R F 2K IR AR T 50% 0T, )2 7K A iy
TR AR LA ZR BB T RE D B R 5 IR AR
KT 50%0F, 5895 GE 1w A7 B A, AR AR L v
K G 5K ST AR AR/ A T 107 mN/m IG5 I
KBTI
Fo MEKMEX RERIRIEREA RN

1:0 5.02 2.01 4.6 0.0143
1:1 5.01 1.98 4.6 0.0142
1:2 5.02 1.97 4.1 0.0180
1:3 4.99 2.02 4.1 0.0178
1:4 5.03 2.01 4.2 0.0172
0:1 5.01 1.99 42 0.0171

232 eihacdk

Fic i) 2 T 9% 2 50 R B R [l AR B LR R
FE IR A P i 2 o ) A T, AR
TR R VEMRBCR IR 7 iR . PAIFLIR IS5 T
107 mN/m B FETA 5K T o X5 2 v R 15% I
HUEE , YRR YR 5] 99% DL I, B SciEk[ 17 ]+
+ b BE IR 1R 4 (DDBS) S FLAR 2 1 Bk Ih 50R
(88.9% ) K MEH& &7, b i 2B AR Ry e, X L&
B, B &AL AR L R AR (6.8 mL) , Bk
BRI (99.7%) o

*7 BREMTHEMIRNIBEE

Shikt/  AJmir/ AR StmEkJy sRlEcR/
% % FY/mL (mN-m™) %
5.03 231 42 0.0172 99.3
6.97 2.49 6.5 0.0138 99.5
9.05 2.62 6.8 0.0213 99.7

233 BRI IEHR

P 5% 2 1 35 P FRAR 2 +2.3% CsBE+3.5% KCl
WA PR R BT, WA O T IR S 6 .
BRI, A FE—ROK SR 3R e 22 (T AR
H5RAENZ2)ME T+ 0.46 MPa, SR 5 #4 T
PR FEKER 1.81 PV JE, 7 A 1.07 PV UETHIA R, it

http://ythx.scu.edu.cn

b HF R A S kIR R85 A, B R AR A
LV, T K T e ) R BRAR , N =2 25 A Fe T 2R
IRAERE— 2 s, [ T BN, D O R 22
W 22 0.23 MPa. S5 9) 4R 7K IR 9K 25 40 L, 4
ZIR RN 50.0% , [ BOR B i

0.6

0.5}

0.4}

03}

UK H 25/ MPa

7KK
02}
odl gL ppog| AEKAE

0

o 1 2 3 4 s
HEAKBYPY
1 B DR RS EACR A L

24 BERERBPHEYAGENIZEIT
241  BEARTAMILRIENKE X

I AL, 1 AR SRR LI, DT 2R 1T T A 7
AN o) AR SCEL IR s i), 2 i < ik
FHEL 5 RN 2 i o A A4 P ARG A
FETE M (S) AL (A) BB RHR B, LR A K
Fi e Ja A Re AR R TP AR LR A de K B s B TR
IR LR 5 A el L v e iR R T B R 52 05 A
RUFIB sy FE K . A AR 7 TR 3
Wi Bk TR N - y=x—3.68, A S k¥R H(7.01,3.33),B
AR A (5.14,1.46) o PRI, A 4R v R 3R 1T
FUJNEE A 7.01% B0 Eh 3.33% . 2 1 14 7 )
LR Nt 7.01% , kR SR L v 2 T s 7 ) R 1R

4
7=-0.0094x"+0.1688x+2.6102
.. R=0.9856
........... 0.9%:
3 * e
o - .
-0-
& _e- i
UEH 2 | e-v
=
B a7 =001150-0.0787x+1.5620
R=0.9908
Lr N
o IRZ T
y=x-3.68 e fizrhzk
0 : ; : : :
0 3 6 9 2 15 18

R M /%
K2 EAUKRRL S P AL
AR IR R B A



%38 5% 44

REI, TR, FOHF ARB B A %A P LR A R 695

I 1%, Z I8 IGVE L 4 B, 2 0 15 1 500 3
IR 1%~ 8%, TR & TE AN A 1%,
ALV T B A BT Ry 1.5% 5 0 3 TR I ) i
1 7.01%, T fn K 3.33%., ZIEMIGIE 4,
Pt )38 EC N L R 1.5%~3.5%
242 BERARPAMIURENFRET

H & A B P A LB A AR T R T
JE P A T 48 . WOXX i IR 3 i
ZH I A A B S A 0.54 mL/min, A GE
H7.92 m/d, FESEPRIMZ 17.8 m FE/K iR 540 mY/d i)
M TR EAKEE SRR R, hE
3R, AEEPREIKE T EAEE R 3.0 mB, X
T K 4 BE R 8.05 m/d(>7.92 m/d) . /NT3.0 mHY)
T K DX A4 2 A e e ST A JE 1 DX, SR8 i
R 7K e R R R G T A GBI, PRI, B
FHIFL AL PR 424 3.0 m,

300

2500

200K

150

100

K HE/(m-d™)

50+ (3.00,8.05)

HAKAR /m
El3  WCXX i KR S AR R &

243 BAAERTARMILRENZRIT
TR Z 5 , AR LR ) i it e 21 A A 2 2
3.0 m &b, HbrAift 2 /9 v A fCFL R 7 2 A #
100.61 m®, Hh A 11 & A B A BCRL VR T A
Ho AR REZRIA B AU IR P AR LI AR
A EE ARG PEFUINR A 7.01% 89 H AR L i
J& EAK T EEAN FEREA BB LI — ELAL T rh
Ao ZRTETE RN N 7.01% 0 TP AR L v B ZE
O O, SRS BE KA R R O, B T i 5y

BON x, ST RN

9 +0, =100.61 (3)
7.01%xQ, =(Q, +0,)x1% (4)

333%xQ,+0, xx=(Q, +0)x1.5%  (5)

AR, AR RCELIR R M PR 5 O, 14.35 m's
HAH LI AL B G  FREEE A S 1.2%BER /KA
86.25 m’, SR J5 % IE & 1K, BLAT 3.0 m B4R B 6K 2
4k v A L BOTE kL PT Ak B 98% LA Y Pk il

Sk 1 J2 KO R AR LI R T RCR I RE )
TEK IR VER, 61 A 50 m* 3.5%A9 KCHA , 85
EEVE ORI SICELIR o R AR R R B R 22 A BT B T
BEVERROCR , IT R S A A TOHLEE %, R S
FESEAE i, PR AT AT

3 4hip

P — bR 17 & A B TR LA 2R
TR RN - 1% ~8% FLZ-3/YLZ-3 % B 2 1 1% 1
FIEFR [ 1.5%~3.5% CsBEA3.5% KCIKIFW . 1E
70 °CF ZAR R AT LE 15~30 min N H & 48R
ALK 2, 1531 107 mN/m A A5k 7K, %
FIh R 15%{MAR A BRI AR KT 99% , XHIKE 7 %
D BRSO AT 1K 50.0%
H R FfC 2L VAR R ) 2 T T P ) % Pt FE R
L, AR AL ST . PRI T K S8 L - iR
AL, BT 1 B & AR P AR L Y e/ NEA
o RIS TE A 7.01% 3R 1 1% P 7 +3.33% Cs i+
3.5% KCI % ¥ 14.35 m*, SR J5 #b 7o 1.2% B 3% Wi
86.25 m’, flZ K R AEAHZ 112 3.0 m M Fl N AR Ak
K ARRLFLIBCIRA , IR B R 3R B 1 .
SE 0k
(1] Aers, 308, 487 RE, . (K75 3 k)2 U LI AL A it
IS 34 [T ] A, 2007, 28(4): 57-61.
[2] B, 20, AL IR BIZE G IR .
LSRR 2 gt R0l [0 ]. A v =i, 2007, 19(3): 28-31.
[3] JAJF, BEJRAR, (2505, S5 RB B2 2 90 1) 2R
(] iR A, 2020, 48(1): 85-89.
[4] TREER, ZEDU0F, M, 55 IR Z AL b Winsor 1 T
WA R AR B LT ). Al B 501 &, 2019, 46
(5): 950-958.
[5] Tle, RIsstk, BRI, S5 Ziidh IS B e 28 1 i v A el
HsEAPERE L) ] REAIIE T, 2019, 36(6): 1091-1096.
[6] ZEWEK, Rz, AR, 4. CHSB/BABS & Bt i M 77 4K
AR MERERFFELT ], Il e, 2015, 32(3): 381-386.
[7]  WINSOR P A. Solvent properties of amphiphilic compounds[M].
London: Butterworths, 1954: 68.
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(81 Xfkiur. fleepL W ARl 45 9K ok (R gt e [ ). Ak T3k
2002, 21(7): 466-470.

(9] BRvkie, THE, arRal. O IES R SR 7 & TP AH AL T ot
[J]. PERfk=A2E4], 2000, 16(8): 724-728.

[10] Xy, miEms, BEEA R TR IT R i L]
AL T, 2000, 17(12): 696-699.

[11] FREE, s, FLA2R. A RO AT 5 LR ISR b L
L. AR5 IT %, 2006, 33(2): 221-224.

[14] HIRASAKI G J. Application of the theory of multicomponent,
multiphase
surfactant flooding [J]. Soc Pet Eng J, 1981, 21(2): 191-204.

[15] HIRASAKI G J, MILLER C A, PUERTO M. Recent advances in
surfactant EOR [J]. SPE J, 2008, 16(4): 889-907.

[16] PENDERS M H G M, STREY R. Phase behavior of the quaternary
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Spontaneous Formation of Middle-phase Microemulsion OQil Washing System in Low Permeability

Reservoir
LIANG Yukai', YU Xiaocong’, YUAN Hui', KAN Changbin’, TAO Shilin’, MA Ding’
(1. Hainan Branch of China National Offshore Oil Corporation (China) Company Limited, Haikou, Hainan 570311, P R of China; 2. Faculty of Earth
Resources, China University of Geosciences (Wuhan) , Wuhan, Hubei 430074, P R of China)

Abstract: Injection pressure rises abruptly after well washing in low permeability reservoirs, due to back flow of fluids from
formation to wellbore. Aiming at this problem, a novel system of middle-phase microemulsion generated spontaneously was
developed. The influence of formation water on middle-phase microemulsion system was investigated. The efficiency of
displacement efficiency and the effect of decreasing pressure and increasing injection by middle-phase microemulsion generated
spontaneously were also studied. Based on the parameters of water injection and the fishlike phase diagram of microemulsion, the
injection process of the middle-phase microemulsion was designed. The results showed that the formula of middle-phase
microemulsion was obtained as follows: 1%—8% compound surfactant (3: 1 mass ratio of nonionic surfactant to anionic surfactant) ,
1.5%—3.5% Cs alcohol and 3.5% KCI aqueous solution. The middle-phase microemulsion could generate in 15—30 min. When the
proportion of formation water was less than 50% in the mixture of formation water and injected agent, the effect of formation water
on the solubilizing ability and low interfacial tension of oil and water in meddle-phase microemulsion was negligible. The
displacement efficiency of middle-phase microemulsion was more than 99%. In the core displacement experiment, the system could
reduce the water injection pressure difference by 50% , and the effect was remarkable. According to the minimum injection
parameters of middle-phase microemulsion by calculation, the near-well region as far as 3.0 m in radial direction could be cleaned.
The purpose of decreasing pressure and increasing injection would be achieved.

Keywords: low-permeability reservoir; spontaneous formation; middle-phase microemulsion; surfactant; displacement efficiency;

decreasing pressure and increasing injection
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