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Performance Evaluation and Field Application of Self-Consolidating Plugging Agents

WANG Zaiming, XU Jing, ZHANG Yixin, SHEN Yuanyuan, XU Xiaofeng, LI Xiangyin
(Drilling and Production Technology Research Institute, PetroChina Jidong Oilfield Company, Tangshan, Hebei, 063000, China)
Abstract: In light of the low success rate of plugging by conventional compound plugging agents, self-consolidating
plugging agents were studied. A fluidized coating equipment was adopted to coat the outer surface of the plugging agents with
a layer of epoxy adhesive that can be consolidated at downhole temperature, so as to increase the underground plugging
strength of plugging agents. By adjusting the inlet air temperature of the fluidized coating equipment at 50—100 °C, the air
outlet temperature at 25—40 °C, and the rate of the spray gun at 0.5-2.0 L/h, the spray, coating, and drying could be achieved.
The laboratory experiments of plugging at high temperature showed that the developed plugging agents could resist the
disturbance of drilling fluids and the negative-pressure suction. By selecting the specific type of epoxy resin, the dosage of
curing agent and accelerator DL-1, the downhole consolidation time of the self-consolidating plugging agents could be
adjusted. At 110 °C, the plugging agents began to consolidate after 2 h, and the strength increased to 4.6 MPa after 15 h.
Scanning electron microscope photographs of the plugging layers showed that the coating layers were softened and then
consolidated as the temperature rose, and the materials bound tightly after consolidation. The result indicated that the self-
consolidating plugging agents can greatly improve the success rate of plugging in severely fractured thief zones and provide
technical supports for effective plugging.
Key words: self-consolidation; compound plugging; fluidized coating; consolidation strength; success rate of plugging
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Fig.1 Principle of the fluidized coating equipment

WA T LR DR B, =
B Ak LT 2 S B TR AR SR U T K U L A
TR ER VA TR I L (R IERIR I AT S b B, 15 2 15
BIIRMRL . 2) FCHl A R, KA AL T i
it VS ) 1) A SR I A5 A AL R il T 7R AR K 1Y
el B R 5 A6 A M T 7 4 SV 1 T 8 A AR
AR 3) WA A . A AL BRI 1 BT A R
AR E TR A BN, B 5 8K GE 2 40~80 m'/h,
55 K 1 0.4~0.6 MPa, #E X TR EE 50~100 C, H
R EE 25~40 C; FTHFHAL AR L e, it
HRPETT N 0.5~2.0 L/h HEATHEA . WEA AT 4R 45
SEIL, WEUR A (R A K, TR RS . o U U A
Jei , AL LT (0 B AR R A AL ACHL R B, YA AD

2 AESEE T FIVERE -

I T 235 3 T 790 0 T 28R | [T 4% ] 2 7 9 AL
it R R [ 2 A 5 B R A R B T B
S5, O S U R B o GBI PR RE R B o IR,
EBLUR 3 J5 AT A B E5E R AR AN . 1) 3%
T 2R 5 2) [ 25 F 1), 5 35 9 [0 45 s 1) B2 30 377



° 64 - 2 Pzl 4k

Ery H A 2021 4 11 A

T AT K, ORI T B i DGR R 3R 5 3) [ 45
AR R [ 25 58 B, 3 204 7 [T 45 iR B AT DA K i A e
21 HERMR

H T X IRE A SR TN A 5 R TR
H 25 4 kL35 s 5 B B9 3% s AR, SR B HD- 1T
WimB ke B (LK 2), 1T T 3 e SO Y
R

H ] e —
R
1 Ui
s L
BB - .
. : HE 2
selR—tF T [ o
—_ P

Pl 2

/ T

E2 HD-IEFELNMRKERE
Fig.2 The HD- Il plugging device
HD- I 3 i 55 4005 B i R s o = iR =
120 °C; & 381598 [l 8 1E 191 K 77 0~10.0 MPa, Jx
] | 1 0~3.0 MPa (1 ; i £ 3 F£ 25 0~200 r/min.
12 AT DL UL T RAE PR 6T 3 2 B 4 B R i
W, ] DUSERA I R 6 B8 2 IR
TR A S ORE R A BC T R 5% B+
WA+8% H [E 25 WA 34 I R +5% H 8255 W) £F 4E+4%
H BS54 = fE+3% B ES5 el +4% B B S5 %k
Fe+4% H [E G5 AR A K A s AR VR T S50 8 T
B TN 5% W2 3 +8% Bl 4l 3% e 77 +5% B
WA 2 +4% 41 = BE+3% W50 i +4% k5T +4% 4
B KA o SEIRBCR AN A L TR AR . 1) #3858
B 3 mm BYEEH, 1F [ A 0 MPa fill JE & 5.0 MPa,
BEHAAIN 0.1 MPa 155 B8 5 min; 2) 5 5¢ iU 3% 19 2 42
JZE 110 °C, F-44%F 5.0 h J5, LAFE 3 200 r/min $iEHE
30 min, F1E M M 0 MPa Il %= 5.0 MPa, A3k
0.1 MPa {34F 5 min, BEALLEG I wf il X 354 35 2 1 52
M 5 3) % 58 W BT B A R GE MR 2 110 °C, JFfR4F 5.0 h
J&, KM 0 MPa Jill & 2 3.0 MPa, 434K 0.1 MPa
PRAF 5 min, AU BT 4l I 55 G0 SR A 0 B IR R Y 5
Wil 5 4 ) S8 A4 A B B R 5 mm (&%, TR LA Bk
AR, A R 1,

0] s 2 e

®1 RABEESEHMBEAMKEREBSERMHE
T RRR AT L
Table 1 Comparison of plugging effect between uncoated
formula and formula coated by self-consolidating
plugging material

Wi setrserE, BRI WkmE S IRARETR I
5| mm & 1/MPa MPa J&71/MPa
3 1.5 0.5 2.0
B
5 1.9 0.3 1.8
3 1.5 ESITES ESITES
A
5 2.0 ESITEN Kimk

H e 1 AT, VR H B 25 M RHE TR R A 5K %
B T 2560k e R B 35 5L AT AT 0 B B AR AL
Ho R T B ARSI BB B T ASCR R ),
B 58 LR AT B AL, BEHE 2% 2L 200 r/min B U
30 min J&, FFIE MG 0.3~0.5 MPa JE /). RiGHE
F [ 256 RHE IR R B Bk & A e e, TR H 145
MoEHE R A R & ETRR, RVIRE T B 145358 W
AR 2 U 550 AT A ISP I R R B, SRR H
[ 235 14k 1) 3 O 750 D0 S T P Al i A sl . o TR
FUH T b 0 A5 B A X B T RO A R, B 5
B, B AN 1.8~2.0 MPa B R F1, RIRHE [ & 45
PORHE TR R B 358 28 b T, B Ok AR TR AR i
W RS RRE IR A EIEE R R RN, &
HH BRI e 1) 4 58 2 5 18 B0 R ER, R A4S
PORHA IR R i O & W4, dt e T RS R Z
MIREIR . LRI as R, A 4538 0 5 2 A
B BTG WA S R B R A B T, T R 4
S IE
2.2 [El&HEtE

[ 25 B (R 48 A B 2538 e A AE IR A& T
T U6 400 A 1 465 0 Ik 8], [0 295 15 18] 00 250k T Bl 37t T
A ], — BRI 3 500 m &b f 2E 4 i TR
[E)FE 2 h DL ko S T 6 AS [l 4K E 7 24 T 790 2 5
Y R N o o O 1 e T R X W S L %
BEA R R R AT 7 4 B 2 B, 18 AR SR
PR L 2 A0 E R R YR L E R 2 180 C
FHERE, RS BR AT : 1) F R 6] 9 A A i Jy Mot s
b, Hl R E R E RN = 55 2) 0% 50 g IR R
B0 = BRI A 200 g WK B BE B P, 55
L, 43 AECA 70, 80, 90 2 110 °C AYHLAR 5 b;
3)1 h 5 B 20~ 30 min W23 56 B 5 HRE S —
K, 0 5 g i 0 B B, W AR TR IR N o B
ARG



$ 495 F 6

I AN, § BEERA AN ALY E R .« 65 .

R 22 305 85 A 2 PP AR L 7 AR JRLEE 80 °C
DUF S ks [ AR EM R, AT 7y 1 ALSA
ARG +11% [ L7 +2% {2 78 5) DL-1+2% 18 Bt
F+2% B B R 4 , a0 45 SR AR W, X IC T A [ 45 B
6] A 3.2~3.5 h; IRJE 80~ 110 °C &40 F vk$: I BIER
AWBR, ARHE oA B3R &AW BE+3.0% [E 1k
F1+0.6% L 7] DL-1+2.0% {8 1 5 +2.0% 8 5 2
B, B B B S5 A N 2.2~2.8 h 2 FlvEu AR BE 7
[ 25 B [ 2476 2 h DA b, W R I35 &% 2t T/ oK
23 ElgRE

R VT 1 T R (] 2 5 R R A W L i K, T
JE& T [ 45 5 U ) ] 45 5 B S . >R HD- 1T 3% i
BEAD e B F 8 T [ 25 33 U 00 3 e 5, B O L1
B Z B, BT R I LI [ 2 S A R
KB BN S E R IE A, FIWT B [ 4554 T )
TE L T A2 A A T A5 47 R

SR CE RS+ F R ik ) (GB/T
50081—2002 ) 3577 5] 23 5 2 0 3k 1™, g 1 U 40 2
B POE Y A 2 o AT - R, B E 4 50 mm,
5 30 mm A9 R, AT RS AL H AT i R
B, G212 A8 07 I3 B KT e A, a0 i
A 110 C. RIREE KA 3 s,

5

YRR T /MPa
|38 w2 ESN

—_
T

0 2 4 6 8 10 12 14 16
[ Z5 ] /h
3 AHESREFRERENXER
Fig.3 Relationship between the consolidation time and

compressive strength of samples

B 1E 3 AT, 110 °CF, 3isAIAE 2 h IR 2
[ 45, (470 R 50 B AR, 3.5 h J B Hs o 8 S04 o
8 h I T JE 5 B 4 28 3 3.0 MPa, 15 h I 4T J5 5 B ik
# 4.6 MPa, PURIREE R, B LKA T &
WA PF T REAE S B [ 45, LR R R0 38 i, 1 45 5
T

i IR 7 3 e 0 7 oK, o 1A 45 B e )R AT
AT IS (B 1o 5% i 2 +5% H
[t 45 Bt BN B8 T R +3% A 250 Y 47 4E+5% A [ 45
M= BE+8% H [H 25 1 76 i +5% A [ 45 7% Bk e +
5% H B Z5 AR KA s e 7 2 M2BRE TS 1 5% I

{8 -5 R 3% A [E 450 W21 4 5 i A AR, SR
B U B2, S5 5R LA 4,

500 pm

(b) AL 752

% 400 pum
(a) Bt 771

4 110CHEFHTHREARIHERAMEBRRA
Fig.4 Scanning electron microscope photographs of exper-
imental plugging layers at 110 °C

HT 1 4 T AT BETT 1 3 TR 00 A ARG 35 R, 27 4
BUF Ml A A3 T ) 22 [, RS 3 T R ] S
T J2= 0P Tl S8 v ) 10 AR AN R T T 245 34 Tl 79
(455 Bo D7 2 MREZ 4 5w, Ul TR BT R AR
JE T v ao A v A 2R T A R I 2 Al S RN
1, AR T 235 i T 4 o P A

3 BN

F 1 2 33 U 390 6 e v 2 3ol FE ORI RS %900 F 22 01
RIFHEAT TR, BUR T BB RABCE . m ek
A FFEIIFR 5256 m, HAYZ AU —BEMIER RE
FEZH . ZHAE =TT 4 088~4 684 m HBt (VT[54 )
il Wiz, kA2 WG IR . BRI 2 Y4,
ST H LR A 35 59 WK, KR TR 8 K, T
AW 5 281 m’, IR RCR AR AR, [ e P 1R %
JEH F R 45 5 7R A T 5 O o

T il 1 45 3% R 3K 35 m’, SE IR T 5% I
T 1R +5% [ [ 45 B 38 T R +3% F [ 250 1) 4F
HE+5% F 152540 = BE+8% [ [ 45 ik 7 i +5% A [
k5% A B ARAA KA o Sk TR A
Fi BN E 4 100~4 380 m & 2B, 15 1 42
i E % 4100 m Z EARFRE VRS H; S E AR5 IR
I 2~3 MPa, 35K B AM)Z, IR T 7 045
1.0~3.0 MPa 7£ 5.0 h LA_L-, #0834 I 77 5¢ 4 & 45 ;
A KO N AR E, FEIFER 4 000 m 4b DLIE F
Hem i =2 — 5, U F e, E R 4310 m
Aab il 3] 3% T 0 3B BHL, e Bl BLIE B 2 R ) #)
BRI 4400 m 5, R EEEEIEFHRE, 0
RHEIEH, YRR T, J5 % R, R S
A B TR SR 38 R 7 vk, A 45 5 T 00 DR R A
B [ 45 T, RT3k A Bl R bl R 7 3 B X 4 T



.« 66 % B 45

w

53 K 2021 F 11 A

JZ I FARBEIR, BRI
4 i 5a

1) 38 o B 4% B IR A8 2R [T £ ) A i 52 R0 4
I T 245 3 T 510 1) 11 45 6T B0 2 e DL i 2 BR 2
Al TR

2) [ 45 B2 R R W, R EE 110 C &1 T,
B 253 0 2 b5 TR U600 20 [ 45, ELBE 3 I (8] 4E
K, AR5 2R, 7 15 h i 15 5] 4.6 MPa.

3) [T 235 3 T 790 S B S8 i A 0 T 15 K D T 1
B N, AT 32 20 T K SR I, S i —
A BIF A I R B IR B T

2 £ X
References

[ B XU, B B, 45 R Lt o T 1o P A 2 3 s 4 e
FEHA (1. Bl 2019, 26(2): 264-268.
YANG Chuan, LIU Zhongfei, XIAO Yong, et al. Cementing tech-
nology of annulus sealing in high-temperature and high-pressure
reservoir of Kuga Piedmont[J]. Fault-Block Oil & Gas Field, 2019,
26(2): 264-268.

[2]  BEHEAR. 85I T 2% M) &8 A K2 I AR AL, 2001:
348-360.
YAN lJienian. Drilling fluid technology[M]. Dongying: Petroleum
University Press, 2001: 348-360.

(3] R, G50, IR, 45 HFRER S ) B N HE M A HT 1
RV [7]. WiHem U, 2017, 24(6) : 847-850, 866.
SHENG Yanan, GUAN Zhichuan, XU Yugqiang, et al. Discussion
on uncertainty analysis method for wellbore stability[J]. Fault-Block
Oil & Gas Field, 2017, 24(6): 847-850, 866.

(4] FREEH, EIUR, FHOLT, 5. BOTHBIBIFE TR AR R 2 1L
PERETFAY [7]. Frilm#4R, 2019, 40(2): 215-223.
KANG Yili, WANG Kaicheng, XU Chengyuan, et al. High-temper-
ature aging property evaluation of lost circulation materials in deep
and ultra-deep well drilling[J]. Acta Petrolei Sinica, 2019, 40(2):
215-223.

(5]  FEAEM, BERIEMS, Sk, 55 5 A3 b DX ol X HAE 3T A%
IRASCH RIS [3]. A4, 2007, 28(1): 143145,
WANG Zaiming, QIU Zhengsong, XU Jiafang, et al. Balance area
of compound lost circulation control and its application in novel
lost circulation simulator[J]. Acta Petrolei Sinica, 2007, 28(1):
143-145.

[6]  Jrtafh, BUbms, i, S5 (L2 BER DR s R L 3
FERIRLHT [7). B S 5E I, 2017, 34(6): 13-17.
FANG Junwei, LYU Zhongkai, HE Zhong, et al. Application of
chemical gel LCM on Well Shunbei-3[J]. Drilling Fluid & Comple-
tion Fuild, 2017, 34(6): 13-17.

(7] Shpehh, RUERE, W3R, 5. TSR R B I AR R HLRAE
[J]. FiAF4H, 2007, 28(5): 85-88.
MA Qingkun, ZHU Weiyao, GAO Min, et al. Characterization and
rheometry of porous flow for weak gel system[J]. Acta Petrolei Sin-
ica, 2007, 28(5): 85-88.

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

AR, MR, AR, 55 LR IR K RS = NBIFST (3], Al
BT, 2007,29(4): 89-91.

YU Tingting, DENG Jianmin, LI Jian, et al. Laboratory research on
use of fiber cement slurry to prevent lost circulation[J]. Oil Drilling
& Production Technology, 2007, 29(4): 89-91.

SEANL, SRIEXL, TR, SE T4 B AR RIS IR B RSB bR i
W] AMEGE AR, 2008, 36(2): 84-87.

CAI Lishan, ZHANG Jinshuang, SU Changming. Suggestions about
reasonable use of sealing under pressure technology[J]. Petroleum
Drilling Techniques, 2008, 36(2): 84-87.

FER KT BRI AR AT [D]. P22 PYAL Tl K%, 2007.
WANG Xi. Application of underwater adhesives[D]. Xi’an: North-
western Polytechnical University, 2007.

B, KA F, ST 5 F BB EURS B FORS 77) A o 45
fiE [71. "PEKEF, 2016, 25(12): 25-29.

LI Jiulong, ZHANG Chun’ai, ZHANG Xiaoa. Preparation and prop-
erties of epoxy resin adhesive with high flexibility[J]. China Adhes-
ives, 2016, 25(12): 25-29.

BAZRIK, 20, B aAL, 45, R R U AR At A ROt ) 3 25
RS PEREOEST (). b MOl B K 2 2 4, 2019, 39(4)
112-116.

HU Donglan, LI Hui, LUO Yingshe, et al. Study on dynamic vis-
coelasticity of an epoxy resin building repair adhesive[J]. Journal of
Central South University of Forestry & Technology, 2019, 39(4):
112-116.

K, BRlsE, SRULE . Ui A R A I A 1k 1) 95 N 5 22 % 1 Wi 2 T
TOAL [J]. P R e 22 2R, 2014, 34(17): 1471-1476.

ZHANG Jing, CHEN Ting, SONG Hongtao. Preparation of my-
cophenolatemofetil sustained-release pellets by fluid bed coating[J].
Chinese Journal of Hospital Pharmacy, 2014, 34(17): 1471-1476.
BR, WHR, MR E, 5. MR AACHATE 2454 70 S iy iz B
FUHERE [7]. 2423k, 2013, 37(12): 635-641.

XU Chen, XIE Jun, HUANG Chunyu, et al. Recent researches on
the application of powder coating technology in pharmaceutics[J].
Progress in Pharmaceutical Sciences, 2013, 37(12): 635-641.
WP, EIEE, AR, BRI S LR T2 & KA
HE A ORI SE (7). T DRl 2A4, 2013, 28(10): 66-70.

XIE Zhongguo, WANG Furong, JIN Yuhua, et al. Marine fish lar-
vae diet prepared using wet granulation and fluidized bed coating
process[J]. Journal of the Chinese Cereals and Oils Association,
2013, 28(10): 66-70.

FEHT, WROIF, B DR, 25 PR Rl VAL A RV 1 4 A D A e 14 Y9 CFD-
DEM B4 [J]. T ERMARE AR, 2019, 25(2): 6-11.

WANG Xin, YAO Yan, XU Qing, et al. Liquid-solid contacting
simulation of hot-melt fluidized bed coating based on CFD-DEM[J].
China Powder Science and Technology, 2019, 25(2): 6-11.

T I A R LA Tk 1 4 S SAE R R BEROIL [J]. IR 24
(BE4:0R), 2018, 37(3): 166-169.

YOU Guoye. Fluidized bed-coating to prepare Hydrochlorothiazide
sustained release pellets[J]. Journal of Henan University(Medical
Science), 2018, 37(3): 166-169.

FREk, XTI, KPR, 45 PORAT R IR K e AT )12 e BT Y
[9]. AIMALAE, 2018, 46(11):23-28.

CHEN Yi, LIU Hailong, ZHANG Yuchen, et al. Study on mechan-
ical integrity of high temperature cement in thermal recovery
well[J]. China Petroleum Machinery, 2018, 46(11): 23-28.

[#% Faf]



