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Research and Application of Tough Cement Slurry Systems with Multi-Scale Fiber

ZOU Shuang"*’, FENG Minghui"*’, ZHANG Tianyi"*’, ZOU Jianlong"*’, ZENG Jianguo"”’, ZHAO Baohui"™’

(1. CNPC Tianjin Boxing Engineering Science & Technology Co., Ltd., Tianjin, 300451, China; 2. Laboratory of Cementing
Technology, CNPC Key Laboratory of Drilling Engineering, Tianjin, 300451, China; 3. Laboratory of Cementing Technology,
National Engineering Laboratory of Petroleum Drilling Technology, Tianjin, 300451, China)

Abstract: To solve the problems of high brittleness, low tensile strength, poor impact resistance and fracture resistance
of the cement stone in oil wells, a multi-scale fiber toughener BCE-230S was formed by selecting inorganic fibers in three
different scales and conducting orthogonal tests for compound. In addition, the effects of the dosage of BCE-230S on the
construction performance of cement slurry and the mechanical properties of cement were investigated, the optimal dosage was
determined, by which a tough cement slurry system with multi-scale fiber was formed. The results showed that the splitting
tensile strength, compressive strength and impact resistance of the cement stone were significantly improved when compared
with common cement. Young’s modulus decreased significantly and the construction performance was ideal. The tough
cement slurry system with multi-scale fiber was applied in the low permeability reservoir in the Jidong Oilfield for more than
10 times in the well, and the cementing quality of the two cementing surfaces was measurably improved compared with that of
adjacent wells. Fracturing in later stage was successful, and no fluid channeling was observed during well testing. The results
indicated that the tough cement slurry system with multi-scale fiber can effectively solve the problem of brittleness of cement
stone in oil well, so as to ensure the integrity of the wellbore and the long-term cementing quality, with a potential for wide

application.
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Table 1 Basic parameters of inorganic fibers

LRSS Fo FEERS K /um HA&/um W/ (gem™) Firfihss 2 /GPa PR /GPa
YA YKL fflnt | SR 50~100 0.1~0.6 321 10.0 550
2T4EB TR SEALRE | SRS 20~90 1.0~5.0 2.80 20.0 180
#4iC ZRY At A 2000~3 000 7.0~30.0 2.80 3.5 100

IR : AR HE, 7S e 5% B 1T, YJ-2001
R0 fap JE F13K8 B8 HL, OWC-9350A # JE LAY,
8040D 14 JEF 1L X, XITY-5C faj 32 3 vh i i 5 AL,
TAW-2000 % =%l 5 J1 2= 5l .

1.2 MR AR RIRER

Z MR EF A QKRR ¥ ) (GB/T
19139—2012), Xf /K Y J 47 BE il o = 37 Fn 3k,
Ho, THLE 4R IR E R, 951N
80 Cx7 d,

K A3 er e g3l 56 L0 22 7K U8 A 7Y Bt 5
B, R IR, RSF A 50.8 mmx50.8 mmx50.8 mm;
SR =8 7 g LI S K AT A% B i, R
FAREA, RSEA ¢25.0 mmx50.0 mm, BTN 0 5 5%
FH 87 32 % s i 30 LI S 7K U8 A B BT b s Ty, SRR
J KT, RSFR 120.0 mmx15.0 mmx10.0 mm; %
FH 5 G B S 00 0 5 K U A G B S b 5 B R
FRFEAR, 57N ¢25.0 mm>10.0 mm.,

2 ZRFL4EE )7 BCE-230S 1Y &

H AT 38 B 500 76 B AR K e A 4 R B 1 )
B, & R REEAK e A B PURREE . 9 T IFEN H
TR 7K e A 0 5 B FAS [OA i B 2R G5 ), 28 X
T YU B 547 BB i X — RS A . IZ A8 AR E
R, PR e A ARG B mWPURRE, 8 B
A AR A7 CCRE i, RIS 505700 i B Bl R TR A

HAEECH T KR I, B U7 R 100.0 g Bk
G YK +3.5 g [EJE 57 BCG-200L+40.5 g 7K ; SR )5
BRI AE 80 C TR 7d ), B RIKIRA 25 HEE,
HAU 8 N 45.3 MPa, 1% [GAR i 4 9.06 GPa, HiLhr
S S 1.81 MPa, $L i D 1.75 ki/m’,
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Table 2 Effects of three kinds of fibers on mechanical properties of cement

T eS| A bropdi LIRS B T FA PRS0 /g FoAF
B i, % PRETRE, % PR, % B, % TR, % PR, %
ESR TN 1.0 11.71 20.47 7.14 8.71 17.28
4B 5.0 17.14 17.29 2.06 16.90 22.87
2 4YEC 1.0 24.76 20.51 428 10.83 16.87
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R T B N R RUEE 2R 4 A B IR S AR, L
3 Fh LR 4 o0 R 2R, £F 4E (0 I HE o KOS, DL 3 Fl £ 4
% AREMRE PO, ERFSh0.5% 1T H,
PIZKIe A 24 7 d Ja py o o 52 m FE B2 L donp s
T4t v A8 BE S bt Fe v BE 5 4 QAR i LU A 9 2 1 2
BE B bR, BT T 3 IR 3 K F M IE IR Ky
(U 3), 38 0 AR 50 B 3 Fh 2F 4 19 5 A
b KU IE L T7 R 7K e I 53K +5.0% TCHLEF 4, FL
o, 3 FP AR YR BT 7 R EC LUIR R S B il 2 R
L4, TN 5.0% 2 RUBE 27 4k () 7K e A iE 47
i, FRP A 80 C
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Table 3 Design scheme and results of the orthogonal test

a4t g gyt Pobd BURREM
K5 oA B o EEEE UiREE REEHER
% L% e FBE % BB % BRE %
105 45 05 1551 19.33 14.23
2 05 50 10 2235 2246 21.21
305 55 LS 17.55 24.16 18.36
4 10 45 10 21.07 2236 19.21
5 10 50 L5 15.55 24.27 21.49
6 10 55 05 13.17 19.78 18.16
7 15 45 15 14.22 23.65 17.15
8 15 50 05 13.29 19.26 2044
9 15 55 10 23.16 2221 19.11

ANFETT R IR IR 25 R L% 4—F 6.

M 4 T LA HY s ORIV B Be b ik B 42 v A
R, 474 C 22 Rl 8.20, it K T 21 4 A Fl
4 B B9M 22 R, VAW LR 4 C XFoK I8 A i o E 42
1R RS2 S KT 47 4 A FNEF4E B, KA bt

R4 FHEEREDSN

Table 4 Range analysis of tensile strength

iR R TR, %

HE WZER  WITE
K, K, K,
YA 1847 16.60 16.89 1.87 Al
4B 16.93 17.06 17.96 1.03 B3
£ZYEC 13.99 22.19 15.77 8.20 2

x5 mMEHRESH

Table 5 Range analysis of impact resistance

bt R E, %

(SES W2ZER IR
K, K, K;
YA 21.98 22.14 21.71 0.43 A2
4B 2178 22.00 22.05 0.27 B3
2 4EC 19.46 22.34 24.03 4.57 C3

x6 HMERE/MGRESMEDNT

Table 6 Range analysis of compressive strength/Young’s modulus

DU BE /A TR B R AR, %

(SES W2ER %
K, K, K;
A 1793 19.62 18.90 1.69 A2
Y4B 16.86 21.05 18.54 4.18 B2
g4EC 17.61 19.84 19.00 223 C2

708 5 B8 v R B d K, 3 AR A 1 B AR B H T R
A1B3C2, A4 A 248 B: 474 C=1:11:2,
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4k B I 22 R, UL T4 C XK U8 A T vk T G 5
M KT 2F 4 A FEF4E B, R ik e b oo D 4
R K, 3 PR AT 4k e AR EC E O 58 O A2B3C3,
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222 ZMLEK
KU K BET7 K PE I LI +5.0% TCHLEF 4, 3 Fh
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Table 7 Experimental results of mechanical properties of cement with different proportion schemes

W WS FYERL L PihsmpEE iR e R, % U UHR SRR, % B SREE /A7 [ S S L, %
1 YA THB:LFHC=1:11:2 24.33 19.77 19.23
2 LFYEA  FFYEB A 4EC=2:11:3 18.39 23.37 17.05
3 LFYEA LT HYEB £ 4EC=1:5:1 23.17 22.57 22.71

3 BCE-230S Jil& X} 7K e 3% MoK Je £ v
BE Y 521

DL £ RUBE 21 43490 77) BCE-230S A 57, Hh sk fic
EWZEER | FEIER AN, PILIE R T 2R
JELF R PEKIE AR R, Bl MoK IR LI +0.1 g
2% JiE ) BXR-200L+34 )77 BCE-230S. A {fi & R~
AR KR IEAR R I TERE IR B e, ZE BT
B3 BCE-230S A4 XF /K Je 2% P fig (it A8 ML RE
R Ak P 1 R U8 2K R BB S ) FNOX R K U8 A1 ) o 1 g
(PR | P T . PUdiom B Mg AR A5 ) 1Y
S, AR IR IRk 25 °C, BRI 45 F R 80 Cx
40 MPax40 min, 3§25 50 5% 14 4 80 Cx6.9 MPa,
KA TR S5 AR 80 Cx21 MPa,

3.1 BCE-230S il = X3 7K g 3% M B8 19 82 1
3011 KRREAT R

R 7S BUEFE R TR, A T BCE-2308S 1 i i
PR PRI A ERE B RE g, 25 SR L 8, M 8 1]
PLE ), FfiZ5 BCE-230S A4 K, 7K e 2% 7 1 il
Z 34K ; BCE-2308 Jil i~ 7.0% I, 7 i 4% 2 i
71 300 r/min % 3 T B EEECH 290, RPAHE Ik B0 T
AL BR300, 1A A K I 2B R AR A, S
B Ak EE K BCE-230S AU .

3.1.2 RIRRIERBRAICIERE
457 BCE-230S 1 i X 7K e 5% 8 2k K i 1k

% 8 BCE-230S fnEXI /KRR EEREKZ N
Table 8 Effect of BCE-230S dosage on rheological properties of

cement slurry

PR T

BCE-230S/il#, %

é3 96 $100 $200 $300
0 3 5 58 105 148
3.0 5 8 63 121 182
5.0 7 13 92 151 209
7.0 7 13 129 216 290

PERERRZ IR, 25 5 IL3E 9; BCE-230S iz A 5.0% I
B K e Rt i 1 Frs . f R 9 nl g, BEE
BCE-230S (& K, KIEHK 1Y AP &K A 22 A
K, B BCE-230S XF 7K U 3% i 38 2% % g To A F1] 5%
Ml P9 M1 ], Bl %5 BCE-2308S 11 i it 3
K, KV AL (] B AR AN AR, Ui Bl BCE-230S X
KU 3% F AR A Bt 1) 56 A TG 5% e 5 ELAR Akt Ze o 1 21
“CHALT R AL FSRE LA, ULEH BCE-230S XK
% 9 BCE-230S MMEXKBRIEXER AN EREI N

Table 9 Effect of BCE-230S dosage on fluid loss and the thickening

properties of cement slurry

BCE-230S/l4, % Bk ] /min APIJEZR f/mL
0 175 46
3.0 176 44
5.0 167 46
7.0 173 44
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Fig.3 Effect of BCE-230S dosage on the impact resistance

of cement
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Fig.4 Effect of BCE-230S dosage on the compressive

strength of cement

KRB E A KRAEZ
BCE-230S Jil & % 7K Jé £ 4 [C A5 1 1% 52 i 4n
K5 s MBS TTLUE Y, A BCE-230S 7K 8 £1
Wi R 52 AL R NS, HEE
BCE-230S Yt 5, 7K e i 47 QA i 52 12 i e
R A2 &% . FRy A 7 d. BCE-230S finfE
5.0% I, KA A7 [RA iy 7.56 GPa, FHX 145
FIRE T B 16.5%; BCE-230S M4 4 7.0% i, /K e 41
(7 [RS8 O 7.33 GPa, AHXT 25 FIAE T FE 19.2%.
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