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Abstract

To improve the cementing quality of the cement-formation interface in natural gas wells in Yua-
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nba area, a mud cake solidification agent (GJM) is introduced. It is suitable for the condition of
water-based drilling fluid. The results of laboratory experiments show the bonding strength of the
cement-formation interface using GJM is 8~10 times higher than that without GJM under the con-
dition of 120°C x 0.01 MPa and 0.5 mm of the mud cake thickness. GJM has good compatibility with
water-based drilling fluid and cement slurry, which meets the cementing requirements of natural
gas wells. The field application results of five natural gas wells show that the qualification rate of
cementing quality at the casing-cement and cement-formation interfaces is 100%, and the excel-
lent and good rate is 100%. Among them, natural gas well YL12 has completed the fracturing test.
The natural gas production reached 77.17 x 10* m3/d. There is no pressure in the annulus before
and after fracturing, which provides a good wellbore guarantee for the efficient exploration and
development of natural gas.
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T e 5 4t J2 i 4 (51— ST ) S e R R 2 R i 468 T A M o K I B P4 2 A T S IR 2 IR (R
SE)W AN EBRE[L)-[9]. BEFR, S EUE T B R R 32 B 22 YR AN R [ A A AT A
REACHR, 28 AL [ JF — i R 4t i BE eI [9] [10], BRI [ — Sk Yo, b= =F Ahescil
BARE A (8] VeI FEA /K VIR (MTC) 7 v i FO R H 9 e A o K 8 2% T LSBT Y F [ 4 5 T
AZHR[10] [11] [12] [13], {H MTC [E0ARAE 7L ™ BRI R Je 07 st O (M TA) J7 ka4 I
VRAEAS AR 7K Y8 23 T S IR O AL AN TS BE[14] [15], AELF] T4l 0 A B R R o T e 4% e () PR
i, 1 R BERH T 2500 m BA IR Bk, T 4R m oo X s R R SO E I R AR A T, =
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2. GIM Y& BETEMNY
2.1, SEEHAR

SO0 FH A IV eI X ) YB211 I, 1% BT F K B8 R 77 4 3%~4% M9 - + 0.2%~0.3%
WINIEIRER + 2%~3% KIR 40 T- MK 7 + 3%~A%TH AL Iy RE M FlE—2 + 3%~A%Tl LR e + 2%~3%
SR KL + 2%~3% % Bk S PR + 2%~3% B AW R7 + 0.5%~1%IEBEA T +
2%~3%TC R YCIRARIENE R + JLRIRING, A SEbR A R IR RR a0 1 B =NV BT YR
AL ELHE GIM-1 BT GIM-1 B Fh,  H e b o K22 (DO A . /K6 S L InsfIE B YB211 (iR
BB S KIERIC 7)o ARG YB211 e [ Betth 2 407555 2 R FLIRUE Se bt oL, 1 45 o £ 92
A 0.05 x 10°° um?, FLEBRE N 3.5%, W EEN 33 mm, AMEEZN 100 mm.
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Table 1. The water-based drilling fluid performance from well YB211
= 1. YB211 Fok B4 FHiwEsE

# [ (glem?®) i (s) ¥4 (Pa) Je i (mm) JE 4 (mL/30min)
215 67 5/7 05 45
Cs (%) J¥k(mPa-s) zZhYl(Pa) pH MBT (g/L)
0.4 42 13 11 23

2.2, SCIGSEE

TCHIUHB X RARR F FE AR E M H— N 3d A H, 4546 YB211 H SR RSN, NN EFH
LT e 225 R B (PRE L FR 4P N 18] 23 92 3 ds 7.d AT 15 d, JEHEEREHIA 0.5 mm, & FEE /1A 120°C x I,
FHKFEN R TRYFHE AT GIM-1 BLFT GIM-11 54 557K B2 i iy #E At st 17 43 59 4 80 s A1 160 s. Ve ikl 4k
71 GIM-1 AT GIM-11 2 [ AH 25 1 (B A0 e 1R]) S 56 B S 95°C,  SEG /3o 100 MPa, 1 GIM X it A8 4
(RS S IR A 95°C, SRIG R SN H % o
2.3. LAk

FR 4822 SCHR[6] [10]F0 556 vE B AT [ H — S e 455w Mk, #% APL IS 10 BEATIRDFRE L7
GIM-1 BRI GIM-11 B AH 2514 (AR ST [0 ) PR A 25 2 56 o
2.4, THhERS 3T

2.4.1. GIM REEH _—_RERKEEEIHR
SKF GIM ZRU 3 G [ A 7514 v 1 S 1 P 45 o P P S B 48 1 5 R R Sz 36 I 8 SR Am 1] 1 AN 2 o

(@) #l%& DIt (b) B (0) Bt GIM (d) f5 Ak
Figure 1. Diagram of experimental operation steps
E 1. LS RE

Table 2. The experimental test results of bonding strength at the cement-formation interface
2. EH—_AEREEEIZHMNER

N J5 % (MPa) TVttt (MPa)
FrYF IR (d) RemHIIH%)
A2 B /b Az N e/
3 907.16 00335 00441 00297 03374 04262  0.2887
7 829.57 00629 00781 00382 05847 06628  0.5238
15 988.45 01039 01290 00847 11309 12402  1.0584
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M3 2 AR, VR BHIEAE B RO i S 4G o L R A TR 7 I 1A O SE A T B AT R, Ho2 9%
PSRy 15 d I, HAPIME SR AF] 7 1.1309 MPa, 11 e G oA [ 44 R R SRS [ — St A 2 ik~ 1
ENAL 0.1039 MPa,  RIVR e B [ A 771 i FAD [ H — 57 T 45 o B8 R ) T O B2 v e P2 240 8~10 1%

2.4.2. GIM 5k B HiEFkRRENBEY

1) GIM X 7K LA AL AR P (1) 5 Ml

22 3 AT LAE H, GIM X KRS H: FH K S BN H RN AL 2 5 A8 /K Ve K B AR AN A 52, 1
FLRPEFEHOE K T 60.85%~64.90%, RIVEE AT FI| 42 i v FE R AR AT B HE A IO 200

Table 3. The influence of GIM on the rheological properties of water-based drilling fluid
= 3. GIM X7k EEAFRRE AT

A HAREL T HBIE (%) D600 @300 @200 @100 ®6 @3 TP EL
K2 100 67 45 37 29 16 12 0.567
N . .
%#“ﬁ"' % A 20:20:20:20 60 27 19 10 3 2 0.912
7k‘/):k';7
510 B oK e 20:30:40 59 31 24 15 6 3 0.935

2) GIM 5 Fa AL 1] () 2
% 4 f5E 5 nfPUE H, Joie2/ME(ED = L5 FF ) B0 KEE(EPEA IS 5 #E 5h), GIM X YB211
FE FH SRR A8 K VR IR B A [R] 32 JE 2

Table 4. The influence of GJM on the thickening time of indoor samples

= 4. GIM S /NEEFRL R B B 220

TREGHARETT TRFAE 43 L (%) 4B ] (min) SHRRA AHE(Be)
IKVEHK 100 249 Y 67.0
Ked 100 246 wYiLLee 70.0
IA: KIS 50:50 480 R 8.5
A KJeZ 30:70 493 E N 75
A K 10:90 498 KBtk 2.0
T T i B | R R &Y 25:25:25:25 487 R 6.3
B L B0 AL KRS 20:20:20:40 483 ENa 3.6
B0 AL KRS 33.3:33.3:33.3 479 R 6.5
[RiCHN | B CH & ¥ 20:40:40 540 E N 2.5
AL 00 AL KRS 20: 30:50 489 E N 7.5

Table 5. The influence of GJM on the thickening time of on-site samples

%= 5. GIM 3t KHEFRL AT B F R0

TRA AR T RFE 7 L (%) FAALHS 8] (min) SEIERE HE(BC)
KIeHK 100 255 =Y ke 70.0
1A Ky 50:50 480 AL 3.6
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gk
1AL 7K 15:85 480 ARHL 0.3
[EIERN | VR $72E 4 33.3:33.3:33.3 480 ARHL 9.3
|0 B KBS 20: 30:50 480 ARHL 3.1

3. RVHE S B Az AIERE
3.1. GIM {EBRIREH =R &R L E
GIM EH ET G 7797 3 d 7K A A R () i e A B R DL FE) 2.

Gl Y
Vil

Ko

& B bRt

(a) ARRHIVRBFE 17 (b) R VRFE A7

Figure 2. Comparison diagram of the interface bonding before and after GIM
2. XA GIM {ERaTfa A EARLEXT L E

B 2 [RT AN, REMLRUHERTIER . MRS, TEALRDHORIEE . J6i, ARG E
e T 5 00 B T 3 T A T 44 8~10 £ 1) SR B SR IR, i EL AT R b 2 A T B 8 N T R T 51 AR
SRAUNE = AT RAE AR, RIS WA R T8 1L KRR R AR R B AR A
3.2. GIM {E A iR B EL R E 3ZELRY SEM B

GIM TEF G324 3 d [V I [ AL A ST AZ B SEM W45 51 L% 3.

R B RA

(a) ARHUEFE 67 (b) RAJE R AL 7
Figure 3. Comparison diagram of the interface cross-linking before and after GIM
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H 1 3 A, e EBRARCR A GIM, [EF 5 & > RIS SRR, HAFERORHI A I 5e8E, 45
RS F R AR AL, A EBERA T GIM, [ S S A0 AR T B, HARH U [
Rag, SERGEMI IR A R e, BRI R OKRE AR R AR O A e B, AR T B IR

4. MIHR A
4.1. FITERR

RARSIE PRSI DL AT B S AR AR R, R GIM-I BLR DFFE LRI AT GIM-11 BLJR DF[E 1L,
FIWE A [ i B A -

1) KN 1.11 glem®. &N 50 L ) GIM-1 B AL FIBLZ R H A 2 m® %6 .

2) 435 A 1.06 glem®. 2y 50 L 19 GIM-11 ALVR U B L7 BIA T H1 A 4 m® &

3) A IIENTLFE : =56 S 3 G 46 H300) > B 25 Fh e 00 e D AL 751 GIM-1 L 2 m®
FVFE LT GIM-I B 4 m® B2 BE /K U8 27 (B R 25 R /K 8 20 B8 2 R /K TR 35 ) B ===

4.2. BRI AR

GIM-II e Bt FIRTIIAE ST U HF-1 HSEHEAT 156 S UEDUZ S, MR B 1006 15 0 X U [ 1 511
L HBA T 30847 1 Gk . B EAL T DY) T i iR B ouUh X i) 5 1 e s R SR ] 3 e ik
T TN, ROREE (R 6): [H—. AR TR AR 100%, LR % 100%, HPNKkAEER
AT AR RG I 2 R LR - o, YB211 FRR PP A T A A v R A il AR A PR A W) “ i LR,
M YL12 HRR PR 77.07 J5771H . 5 HE R RN DA RS W] 1) R YR B 475l K
FR m T X R ARSI IR B, e R M A m A i, 1 T2 R, el 2) KA
TR BRI A AT 25 5 v R AR I e B, W A eI X RAR AU KR IR AR K

Table 6. The actual application situation of GJM in natural gas wells in Yuanba area

6. THUBXRARSH G ELFIIIAN 1B

F5 RIS HEM GIM-IEM)  GIM-II B(m?) ?g ﬁ%iigg #H

1 YB211 3¢  4754.96 2 4 P )ﬁzj ?ig CLE L

2 YL20 F  3117.00 2 4 5 )ﬁzj gfgi ELR R

3 YB107 - 5075.00 2 4 e )ﬁ:j ?g% B R 2400

4 YLI8 £  5025.00 2 4 RLLF )ﬁ:j gﬁg BRI

5 YL32 4 5080.00 2 4 e ;ﬁ:j gﬁg LR 4R
5. &5ig

1) HFERPEE Y 15 d B, R GIM 1L H: — 5 e 45 5 5 P 3 {E n] ik 1.1309 MPa, 14K H GIM
BT 25048 AV Ay 0.1039 MPa, Bl F GIM B A K FH 3R & T 4 8~10 1.
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