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KC1 NaCl, 73 B s 7] 5 2 79 945 19 g 20 £ KPAM,
Kl HAE B H Ak A r; MEEFREY
FA367, TUMET [Rlk A6 T2 w5 /K 338, /R (R
EAC A FRA AL BB JA A RBHE AT AR E N
A AT AL R BB B ) HA-ALCTEAR R0 5 H oRIK
(7K o

SSI SEH A B28 R UA b, 0 & e
AYE32% KA 8% RHA 12% iR 8% (H
ol 1% Fh 20 33% ; i 0 Wb & 250 W
A 5% (gjiea 3% R 18% (/5[]
J2T4% 18] J2 Lt 65% o 5 FF 1) PH S F A0 #0751
300 mmol/kg, Ht F T FL 116. 79 m*/g, 35 /K I ik %
23.21% 35K A2 1. 64% ., Fi S-4800 ¥ 37434
WS (H A H LA ] 20 B B28 g vUg 2 4 (1]
1) ZHE AL R ASTE R 0.3 ~ 1.1 pum,
HERSHEE A 1.0 ~5.0 pum,

PEF B I IEA (1964 ) 55 BIBE K, 2082, 2R 0l op A R 2 (A6 WA TR Ll B (2001 ) , il b 24 TRE 40
WS, TR : 266580 T 5 2 B H R I K XA VLI 66 5 o B A4 10 2% (AR AR A il TRE 2% ¢, FL i : 0532 - 86981705,
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K1 B28 HaHERAL (a) AL L2 i8¢ 4E (b) SEM K]
P LA

1.2 L&

BIFA ) e 5 KRR ] A R B UL 20 TR
FEIR PRI, DB 2208 I | T 70 HE O Y S e R
BEABEAL, SEE E 9718 /)5 BEFEAL; YLI600 7Y [ )
HL, 75 B ifgid ik L HILAS ) 5 S4800 ¥ 37 1 fili L 55,
HAS H S22 w5 JHTP 7 B BEREZ KA, TP i A
AR A PR 7]

B2 KA R A B
1.3 XWHE
(1) BakBATEEHE KLRidamnid
100 H i M F B 7:3 5 3.3% NaCl
FHEG RN AR ) s Bl A e BT A fH K
I BER IR T4 4% P 5820 /K AE 16 h; FREX 150 ¢ i
EREMCA AR 7E—E e 7 F Hedi] 2 h g2 s 4
IR it BB 2 E 30 9 0 A ) O A L v T S
3 min, i fil e g 0 T SCBY g 2.0 MPag g A
JEASCI 5 20 2 5 MR R AL T A BT A HIE; o 350 mL
B ARSI R S i 37 S, 2
AR A, PR S el AR — e ],
HN g, W E RIS AR BT AL HE
Q) EEkERENEEHE BRI AHT
100 H i, AT, FREC90 ¢ B ATRBhHEN Y
AHUBEE A T AR ZE N B He il 2 h R, A
A BEASCINRE A A B AT T A HI 5 4% 350 mL
IR AR S KR Sh i s dy S, 4

SEERIR AR T, R Sh el B IR i — g B[]
HIF B35, e R G SRS A HF
PV 25 A A e R 4E 4k SST #: K (1) if
;%;{2, 4] 5
SSI = 100 — 2(HF - HI) - 4D (1)
Horp HI—E3 515 A B, mm HF—2 0 5 51 A BE,
mm ; D—{it 1A BEACN 8 A9 R ik sl 4R il i, mm

2 giR5iTe

2.1 HAKEALEH SSI LWEH
2.1.1 SSI =i 4hik

AN [ 1 23 00 e A 1 2K A 0 HIORE B2 AN [ i 45 1Y)
NTAMRR IR A 22 5. A S rE 7
3, 0 SST S50 A A T A AN AE 34 G . 7
AR RN TR A e R B, S5
FasE MEARXT e 22, AT AVE A SST SE 56 25 14 P 32 i JE i
SRE. P, SEPRTE 3.5 MPa & ) T Heifl A ke, %52
HAEWE K AR T, X SST 5256 FE A 5 A 7
ok, 5 R R 1, N T RS EFAER KRS 16
hJ g™ SR A LT K R R I
16 h 5, 21 AN, A AR 1h Rt A BE ASC 3K
;65 CAEW /K& 8 h J5, FRIETRMN, £ A
FEMR AT 7. PRI, RN A A 7E 65 °C i i
B8 h VEh i B K I AR SST e S50 i JE A
1.

1 NILEHEARRERARXTH SSIE"

LA AR /mm BEATZE A/ mm SSI/mm

®ah16 h T ik 7% TeIEFAL
=i 16 h 1.75 A Joi:FRAE
=218 h 1.72 11.12 8.96

SR 65°C
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2.1.2 FAFHEE
3.5 MPa & J3 FIEHI N TSR 0. 2%
KPAM (i o i B 2 360 8 h J5 /Y SST B LR 2,
PRI DL, PR R S 55 1% SST i AR 22 AR /N, A X 152 22
<5% ,FATHERLT
F£2 ATEREE0.2% KPAM XA HMBHS h

TATRIRRY SSI B
(HF-HI)/mm D/mm SSI/mm AT R 22/ %
10.94 4.66 59.48 2.91
12.86 4.54 56.12 2.91

2.1.3 BHHE&EAKL

YRR ZS + 32 He b, 1 SEHE 2 RALBR i
“HETK, MG BB EBIEWRIOK , s 20 -5
BKe MIEM ST o >2.94 MPa B, T #2 WA HbHERR A
FLBRHK , Z 05 TR R B im WK o FEAH 2K
MEIIT (o >9.8 MPa) , 4" #8028 Br i, 2+ W2 B

GBI EER KA JZ T R IR A HERR o BT, £
SENT ORI B JLZ K, BRI TR L RORWE
PR B RAEERCT IR AR ) T WA BB R BR , i
KRR AR FIRERE . BT %
AR S /K B B AR A FE R RS 1, #I3E 3.5,
10.5.15. 5 MPa 1AM il 07 .

(1) EAX AT EHFLERE MR 220

H1 S-4800 ¥ 7434 A AR N T e AL V3
BERGE, SO AL IR A5 # o F BT 2 AT, AR
1£3.5.10.5 15.5 MPa J& J5 T 3813 2] 1 A FEFL PR
R} 1.99 ~5.05.1.28 ~ 15.2.2. 89 ~
9.59 wm, JESIH 3.5 MPa #475 10.5 MPa i}, 4
LR W AT 1K JE 7 i 10,5 MPa B4 % 15. 5
MPa B, LB R ST T A . Al 25 R T )
HEIXT LB R T B2 /N o

K2 3.5(a).10.5(b) 15.5(c)MPa £ J1 T il AR SEM
P AP A

(2) ENXEHEEKEN M

AN TRV TR BE b2 1 5 K o 22 SR LA R Y
PR BN R E SERHZE B DIRRCA M5 g
AERW R TA A R AN B ande], Y ar Rl oy
4 BB, B (D) IR FRZZE 250 ~ 300 m,
FIRGTRR A VE R B B, DTRR D B % /K B B R
TR BE-E I LB S K EREEY 20% , 1
S IRIZT YR E L 28% , 55 B (11)250 ~
300 ] 550 ~ 600 m TR EIN, A2 H 58
(71 >9.8 MPa) , /KARPRBEHERR , 6 %6 £ 75 7K 5k
% 12%~ 14% , i %+ 2 9% ~ 13% 7K J5 1R ME Fi:
JE# . 55 BRI 1100 m, T >60°C, K o4
HKEAL N A HK A A R TR B 45 G Ko i
FBER“ HZ7 K, FEA B F & E 7 (Na”
M Ca®" ) KL . YIREE i 1E 80 ~90°C i+ %
HEA T K G BB (IV) |, SO — 8B W -45 5
KCEZER Na™ BRA4K) F Ak B Bk B4
B S TR A1 & K AN 2% ~ 3% , e

A RS A — RO X W B4 A oK, BT AE
200°C ZEA I HEH B Ca® " KK

S 08 25 o) OB HUL 5, B R ) A 250°C
T2 o P, D TS A B AR, T
KA (OK 43 Bt/ BT AT A HE T i x 100% ) o 3.5,
10.5.15.5 MPa J& 77 il £5 75 0E 09 2 7K 543 51 ok
16.54% 14.03% 13.41% , FH:+#1,10.5.15.5 MPa
JEJT T HiARA FE K 25 250 ~ 300 %) 550 ~
600 m V4 B 75 [l A U8 UL S oK m AR AT, B
12% ~ 14% .

(3) BHEEHIEEAXT SST ERIF

3.5.10.5.15.5 MPa [ J3 T F i 358 2 080 il A
PUAFE, e HAE 0.2% KPAM f13% JA ik 11
SSIE, M3 3 AJ%1,0. 2% KPAM oty i A FE 11
SSI B Fifi il £ He 7 B 38 m i 3% i, Hs /1 g 10.5 MPa
HA% 15.5 MPa B, SSI A THaE . 1£3% JA il
H1,3.5 MPa il £ B 5 AE 30 40 10, B JA X
JESSIRAE T WA AR TCID 1 43 e B8 5 10. 5 MPa | il
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A FEI SSTAE N 60. 5, I 1R i $1 5 5 s F 4K
£ 15.5 MPa I}, SSI {EMEAH I, & TRE. nTi],
3.5 MPa [l a4 1 SSIAHALAIK, 10. 5 MPa N 1)
SSI {5 15.5 MPa T RFHIE

®3 ARENTEHIERE KPAM 1 JA XK H#) SSI {E

44 JE g SSI/mm
/MPa 0.2% KPAM 3% JA
3.5 57.80 SRR
10.5 65.82 60.50
15.5 68.76 63.68

BT W 0 N TEFEALBR A58 5 K & f SSI
fERsZ e, S PR R R K i S )2 —3,10.5,
15.5 MPa A Fe il 07, Jo 2250 B h v % 10,5
MPa Sy s U il Hs 77 o
2.1.4 BHH&EEMKL

10.5 MPa "~ F il 5 A% (04 1% 7K 2 Bl i B2 A2 AR AR
AN N T SRR B TR M, TR S I R A R
R
2.2 REKENIEHR SST LW K4

e KR A A S M i R Xk
FEZ R 105 MPa ', F H I8 2R I O AL S
FE,65 CHERME Hi=30 8 h J5 e SSI B, h 1 I8/)N

SR A 25 A R iR 2 SR AL SE R, = R
KA RE R 45 A1 K 53R 1 5 2 R e —
o ENEE TR KT 5k Hs il A FE AR 65°C il
RSN 8 h EINSE SSIE Y, BIPRS00 T AR &
IR R LA R A R R, SST (R 5 B AT T A
O, T B PR 8 h 5 Y SST S B0 R4 R 1k I T 47
R, B 8 K & 7K B e BE SST S2 56 4514 0. iR,
10. 5 MPa T JR £ I BUSUERE 78 65°Cikigi
HELR 8 b, WISE S .

N T BB TR 2 |5 KR (R G PR T
o FH S AR AN [ B A R A B R . KT R Y
5 B A R R, o 100 H I, BT [ B4R
17532 100 H AL 2545 9 1] 46 - FF 5 Bl Ay 8% 400 , 5
100 Hf, 105 CHET 4 b, B TR P07, 1k
HRIE 250°C HET Z8 R A , IS LT BT IS 4
Ak, TS K & (UK 43 Bt/ T A A BT R
100% ) o WU 25 FUHE T 25 8 1 5 7K 43 51 H
1.91% 0.36% . Forf, KT 5Bl 4 00 B RE Sk i
K 5 DU 9 BB PO 28 o KRR 3 2% ~ 3%
2.2.1 #HEKFFILRLE G Hh

1 3 T, KT AR AR T4 B 1E 10,5 MPa
P AE LA 0.9 ~ 2.1 pm 1 0.5 ~
1.5 pm, ARG & /K & A RO AR .

K3 1.91% (a).0.36% (b) Sk EEA Ml A SEM 4]
P B A m

2.2.2 EHARE SSIEE R a

AN KB A A BRI P Y SSTEL DL
4o mERATIL,0.2% KPAM {3+, X5 il
AR SSIEL ML T a8 K5 i AE 3% JA 3%
NaCl #13% KCL iR 1 SSIE#S A AT sl 4w
Ao ZRA 5 B AR B KR A o il o X i = P
PR R LB R F K SST A 52, A8 36 X125
oy IR & K A

x4 FEEKEABREXKTH SSIE

LU A
W ;EQZ (fffn ,I;H ) D/mm $SI/mm
0.2% KPAM 1.91 5.63 3.54 74.58
0.36 13.09 6.78 46.70
3% JA 1.91 1.91 0.82 92.90
0.36 2.49 1.76 87.98
3% NaCl 1.91 N %
0.36 AFRATHL
3% KCI 1.91 N 5
0.36 Eog P
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2.3 SSIERMESH

H RGBT A B LB A K ONH,
A P 5 L R AT % i i I PR AT X SO0 REL 2 P T e A 1 5
F T RE VIR B U 2R R T AR T
TERRER ST B BT 1 o %2 e e T B 433 71 = 22
A KCl,NaCl ,KPAM FA367 /K BE 5845 iR JLAP BT
R (57 355 71 , 4095 58 J9 0 BT £ 790 JAT 5 P9 4
(B R L B 4 70) HA-AL 25 f B28 Habiad 100
H 5, 105°C #t T, F JHTP 55 B2 i B2 ik A0 52
OB, PR B 58 750 ) 2K A2 A i 1 s e 5
IRAE BB E B28 H 6 ~ 10 H A B9 IR,
PR BTSRRI KA o B A 5 AR IS 9 SST{E
I 5 A Bl SR R RS K AR R AR E
ZERINAES

RS B8 HEBKUMAE SEEWRE SSIE"

B WK% % Sl
Kk Ak
K 23.21 1.64
3% KCl 15.79 18.20 96.80 &AL
3% NaCl 15.62 5.43 LFATE AFBHL
0.2% KPAM 17.73 64.47 65.82 74.58
1.5% HA-Al 12.87 0.64 73.00 57.26
3% JA 20.71 33.77 60. 50 92.90
0.2% FA367 16.29 12.33
3% IKBEH 21.32 8.57

M S K R YN 14.03% 1.91%

KA K S 56 25 S mT DU ), HA-AL (1) ik
Fi /N, R 12, 87% , /K AR R ik 30 il 4% B 4, KC1,
NaCl . KPAM JA [FA367 7K 3 541 il &5 SR 45 22 5 7K Ak
Ay S B 2E K B, KPAM [ 1] e % Bk, N
64. 47% , Sy idm dI AL R, KCLJA /9 73 B il 1 442
4, T HA-AL (9 [ES % 0. 64% , I PERR 25 .
FRVEA 5735 SN T A (R4 a1 3500 4 400 o 2050 SR, 2 ) 48
K ANRELE G SO By 30 77 1) T A 1k

H SST SEBG B FNZE AT #1,0. 2% KPAM ik
o SRR A KA K, RS K B R SST (.
I3 65. 82 74. 58 mm, 22 W4/, FE W] KPAM Xif
e AR K U A —E i REE ], BARE K&
R SIERAERG  ER T BAIK 7 Rk A G
R, AT RAIESE KPAM W {354 3 BH 92 7K 434 8 A
FAPLIEL, 1.5% HA-AL R, = & 7K a i KAk
RERK AR S K s RE KA A B, o AR B K = AR
SSI{H 45K 73.00.57. 26 mm, ] HA-AL X ¥ %

B — AR EVE A (08 TR i S K e
TUA s WK K B A A S E R IR 8T
W KA LT AT CEFRIGES, Ul B HA-AL ) 104
e AL by 38 2o % B st 3 BHL 28 K o B HOR B2
o 3% JA R, & AR SR AR SSTAA 735
760.5.92.9 mm, 22505 K, UL K 2 A A
JA BB P RS e R A L T 1 2 K LA RE I AR e
825, 3% KCLlil b, & & /KA B SST (N
96.8 mm, MK & 7K it 2 A 44 15, KCL X i &K
AR AR E R B, (R RE ] TR e IR & K
FRE;3% NaCl 3R, 5 B 486K 4 4 1, Bl
NaCl X /&5 K B K & 00 25 A 1 e 1E 2%
I, SSI S5 AT DATEA AN [ 24 0 Aob 190 50) Xof A [) € B
HJZ TUE RS EAE AT, 2356 VRA A B FADR T BE (AR
E M LB PR B 55 750 1) Bl S AL

HRAE SST VAN 255  EE X B28 FHR v A2 | 42
H g RERRE XA < T KPAM . s A R -5 FHL 22 7K
SR BIY L TR 2 FHIGHLER KCL 1 Al iR
HuJZFH JA FE RIS
3 45g

(1) fHi I B28 J-25 M il 75 5 #F , ik SST 525
R A RE ] £ 45 10. 5 MPa Rl 3¢ 0, 7531
FK R 14, 03% B A AEBLRL B AR A K a2
10. 5 MPa T FEHI X783 , A2 5 K 1.91% (5
B HDL TR ARG 5 7K i b 2 5 SST 5238 2% 4F - 65°C
LR R 8 h e A AR SST ., ik
JE i SST SER- AT R Ao

(2) SSI 5255 A ATTAN AN [v] 24 70 b 3570 % A [i]
TR b2 DA T RS T AR, o A 79 R B 11 25
BN PR

(3)B28 e 51 A b 2 H-BERS U@ X 3K F§ KPAM
B R-40 B2 K 0 1 7 805 9 350 1 J22 L JC AL 4R
KCI A A a0, G2 1 JA VAl o

S 30k

(1] sk i, S50 BRI B SR Bt B AP F A T [ T B
W5 58 ,1999,16(1) 133,34,

[2] Mondshine T C. A new potassium based mud system[ Z]. SPE
4516-MS, 1973. 7, 8.

[3] Dobson J W, Harrison J C, Hale A H. Laboratory development and
field application of a novel water-based drill-in fluid for
geopressured horizontal wells[ Z]. SPE 64112-PA, 2000 108, 109.

("F¥5%5 32 71, to be continued on p. 32)



32 WoH b 2012 4

Study on Delayed Gelating Silicate-Based Plugging Agent

DU Hui', FENG Zhi-Qiang? , KONG Ying', HOU Ying-Fei' , YANG Jin-Rong' , PU Chun-Sheng'
(1. State Key Laboratory of Heavy Oil Processing in China University of Petroleum, Qingdao, Shandong 266555, P R of China; 2. Gudao Oil Production
Plant, Shengli Oilfield Branch Company, Sinopec, Dongying, Shandong 257231, P R of China)

Abstract: A delayed gelating silicate-based plugging agent was developed by sodium silicate, methyl sodium silicate, phosphoric acid
and slow-release acid( A acid) with oilfield wastewater for high permeability oilfield in Gudao. Effects of each composition’s proportion
on the performance of plugging agent were investigated under atmospheric pressure and 60°C which simulated the temperature of
formation. It was shown that methyl sodium silicate improved the performance of silicic acid gel, such as the strength and elastic
properties. A acid released H" slowly to achieve the objective of delayed gel forming. The gelation time decreased with increasing
amounts of sodium silicate and A acid, and increased with increasing amount of methyl sodium silicate. The maximum value obtained
when the dosage of phosphoric acid was of 0.3 mL. While the total volume of plugging agent was of 100 mL mixed with 10 mL sodium
silicate, 5 mL methyl sodium silicate, 0.3 ml phosphoric acid, 20 mL A acid and 64.7 mL oilfield wastewater, the gel with good

strength formed and the longest gelation time was of 13.5 hrs.

Keywords : delayed gelation; plugging agent; sodium silicate; methyl sodium silicate ; slow-release acid; Gudao oil fields

( F4#55 5 BT, continued from p. 5)
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Artificial Shale Sample Preparation Method in Shale Stability Index (SSI) Evaluation Test

QIU Zheng-Song, ZHANG Shi-Feng, HUANG Wei-An, YANG Shi-Chao, ZHONG Han-Yi, WANG Fu-Wei
(School of Petroleum Engineering, China University of Petroleum, Qingdao, Shandong 266555, P R of China)

Abstract ; Artificial shale sample preparation method in shale stability index (SSI) evaluation test was improved. With shale powder in
B28 well, the optimum preparation condition of shale sample in SSI test was obtained. The slug was suppressed under 10.5 MPa to get
shale sample with 14.03% water content which simulated the formation of high water content, and dry shale powder was suppressed
under 10.5 MPa to get shale sample with 1. 91% water content which simulated rock samples with low moisture content of deep
formation. The optimum experiment conditions of SSI test was established: immersing in test solution at 65 °C for 8 h and then
measuring SS/ value of the shale sample. The results of scanning electron microscopy (SEM) micro-structural analysis showed that the
micro-pore scales of shale samples in the two preparation method were similar to that of actual rock shale. Water content of high water
content shale sample was similar to that of actual shallow shale formations which was of 12% —14% . Water content of low water
content shale sample was similar to that of actual deep shale formations which was of 2% —3% . Relative error of the improved SSI/
evaluation method was of 2. 91% which showed good parallel of the method. The improved method could effectively evaluate anti-

collapse effects of anti-sloughing agents and anti-collapse systems and help understand mechanisms.

Keywords: shale stability index (SSI) ; anti-sloughing drilling fluid; artificial shale sample; water content; preparation



