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Abstract: In order to improve the sealing ability of the annulus and ensure the multi-stage fracture-network fracturin;
development effect of tight oi? horizontal wells in Yanchang Oilfield, the cement slurry hag been functionally modified.
Combined with the characteristics of tight oil reservoirs in the south part of this oilfield, horizontal well casing program and
the requirements of multi-stage fracture-network fracturing on cement slurry properties, a casing-cement ring-formation force
model was established, and the relationship chart between the Young’s modulus of the cement paste and the interfacial
ressure was obtained. The particle size and surface treatment of styrene-butadiene rubber powder were optimized, and the

igh-strength micro-elastic agent was prepared by compounding formamide and inorganic salts, supplemented by other
ad%iitives. After that, it was possible to form the high-strength micro-elastic cement slurry satisfying the requirements of this
chart. The study found that the lower the Young's modulus of the hardened cement, the larger the Young's modulus of the
formation, the ﬂ)wer the fracturing pressure an(ig the smaller the hole enlargement rate, the lower the required compressive
strength of the cement paste that met the requirements of annulus sealing would be. The developed cement slurry had perfect
high-strength micro-elastic 0properties. Compared with the blank samples, the compressive strength was 51.8% higher, the
Young's modulus was 10.5% lower, and the anti-breaking/tension strength was 75.0% higher. The cement slurry had been
applied in more than 10 wells in the south part of the Yanchang Oilfield. The qualified rate of cementing quality in the
horizontal section was over 95%, and no channeling occurred in the staged fracturing. The study results showed that the high-
stren%th micro-elastic cement slurry could improve the post-fracturing sealing performance of tight oil horizontal wells in the
Yanchang Oilfield, and demonstrated potential for widespread adoption.

Key words: tight oil; horizontal well; high strength; microelasticity; cement slurry; styrene butadiene rubber powder;
Yanchang Oilfield

Wit 57 0E <3 T R RIS AS W 8 R, 4 3 ] R il .
o b i o b s Wrfs B #A: 2018-10-19; B [E HH#A: 2019-06-20
B PR AR At MR D, MR it B T — 2 EEEN: 24 (1986—) , F, L ®iZKA, 2010 £k T F
f9FF K E bR o JE-K 3 FHATE A 5 282 km®, BRI BaEmAS (LF) BT+ L, 2013 550 d 6 ik $ It
R BB 8.OX108 LI H R B i SR IAEE LM LS, TN, TE2AFEARRFLAALS AL

4 8 . . :, N s 4. E-mail: wt861104@126.com
A BR AR YA =N = R
4 62x10"t. BEREERBRAR AL EEWE: B FAHE SRS “HA T LA B IR A

£ U

P FF) g 3505 AT P 8 o I Y T g 508 DX 4 3502 i ik )2 L BEFHRAT (%%, 2017ZX05039003 ) 5


http://dx.doi.org/10.11911/syztjs.2019082

F 47k H 54

I OAF. HRMERR R ALK E B R KT e A 4]

BIEE /N, R MR 4 G A, XE LR T A ST
Ko L, VAR TT UG R FOKE R BEAT I &, IFAR
5 1) 25 30 T 2R 25380 I X33 N K ST SR I R S, R
JH 22 9 5% W TR 4 04T I 3006 2 0, LA 94 o B 7
B, BT RSORY ) HR, S I R 2L i R
A2 il X FR 23 K YR AT B B B AR AR T e
SR, BT B R KT S 1 R R, KR
PRI T B — 5 I S o 00 DU BT R o X
TAZ IR, BTN S AE KU S AL 4 | L
ST B L S K YRS TR Y, (K
IR I A 3 3R K e AT BB B (] IR, 3 2 R Hb
KR B S e, X TR T, 7R3 K
VAT B 1 TR, R AR K YR AT B B R 3k )
SR, AE H BT TG 2R GBS, HX TR R L %
S K AT RE TS I AL R R KT R 4 B R T R
W= A HAIR . i, 55 JE T 4E K 1 RS
OB MK Z R | KT 3 B 254 T 2 g g ) R 5
X [ K U8k BE Y ESR, EESL T S K U FR -
J2 % J1 BRI K e A0 b EC R 5 T TR 1 56 R R
R, I LA S A, 3 0 RE AL b, T R T
AL 7 M TR R Y R B K VR, I AR
BT T IR

L PERER R L o oK e 2k it
11 EEAHE. S S SRR R M T K

FEK 7 FH g 3 S0 i XAV T SR R 22 i 4 Hh
BR3P R AR, )2 A DL AR 1) 3 TR
HTFHAGWEK 6l —1 8 4, #¥E 1 200.00~
1 800.00 m, fif )2 40~60 °C, JE 1 ZECEH N
0.8; 2) fif 2 VR & i FLIB &5 F 22, BB kK
F 0.1 mD, FLHH BLUE SR HACRAL, AR E] Tl
WL ERE; 3) 662805, J5 1 2R FKF I 0 B
2 i 4 W TR ST & (— R 6~10 9 ) o 1% X 35
KT i SR B 254 (L WS 12 3R )
WE R, B A R R R 8 T AR AR Y
R, RP RPN ETHME LA, =&
FRAE KA H)Z

1 _ERGEZERE | S B A A R I T 2 gk
W LI, B TR FKSF [ 2R K ek B
4510 T U S O 0 UE R B AL . B A AL AN
YRR R S W B S MR RE AN, TR SR [ K U8 A3 REHIE
PR 24 AT RB A R WEIR o [ JF 7K U6 1 @ F i b
Ak, PEAT LN £ G0 4 I SR 23 A 7K IR A )R 35 X

MH/m R IS

100.00 EPUZER E ! 'g #311.1 mm#i3kx240.00 m

$244.5 mmzEZE%240.00 m

$222.3 mmfifizkx1 320.00 m

FERES: 1 320.00 m

$215.9 mm#ifiZkx2 872.00 m
$139.7 mmilll)ZE4 %2 867.00 m

1 640.00

1 #AWHERKERHFSEN
Fig. 1 Casing program of typical tight oil horizontal well

S 85 T LA X, 204 5| A 6 57 72 b 3o G
BRI, 7K U8 B 3 2 W 240 AR 2L 4L, B 0 I AR
P =gz 4. BRI, 5 B E K AT BAT — 5 i3
P o EE, AR ()T A B0 i B R, 5 K
T Y505 0 7 3 AR, K U BT AL £ 17 ) B
B R T3 B A Rk, EERIEMIE S A
FeAR i (15~20 GPa) | #1)W J7 (3 [m] )i f7 30~45 MPa)
TR 240 T JF 47 (40~ 55 MPa) ¥ /) T /2 50
WMATUA SRS F, AR B KR
TN B KV -2 57 R, 1 E i R T
SR K VR AT R 5 T T ) 06 2R PRI

1.2 ZAHEBFXZERR
12.1 2% - KRIF-IbESHER

W EEIKIEI—H)Z VRN — ARSI
TR {1 SR A A ()i, ] LR FH JRE R (B3] iy 24
WX A SR B HEAT B AT, A SO
_lrpld =2 +m? e+ =20’

U .
E rt2-1) r(t2 = 1)

o

KX UM, mm; pih P E TT, MPa; po 4k
JE 77, MPas r RIS s8R, mmg R IARS EE; ra
fAIAME, mm; 6 B SN ER N ERZ W ENG
[CAR &, GPa,

IR I B A A 7 1) Ay Fe /IS 2 0 05 g, PR
IRV F2 B 37 T 2 T AR oK 3 v ) 1 3R] 4
F o JE A H 0% oK R R R, FE AR
T 5KV e KRR S M 2R K, AT DRI AR 27
FI ST BPEAR s 53 81, S BT K oK R A 1Y 32 )



42 % bzl 4k

#® 53 R 2019 49 A

15 B0 T AT, JEEBE iy BRI AR Y Hp K 8 35 i 52 [l s ) 5
i) g 7K~ S e HRSEE AV 7 i, [Tt T 00 3K 9
PO 9 B I Z2 500 B0 1 JC L, DR DLAF 5 st 4L
T, Tk S IS R AT o I
Mg JC I T

ORPRE B KRR | MR B 32 ) R E SR
RAK ), RYEZEZAL AL 5, =& 2 I AR S
BE fR] A o [) — s B AR 1) (B AR 25, S K TR 3R
S — FL T AN 5 TR A A4 o s T

ejpotexpr
P21 = e—3
2>
eqeqpo +esespp
pp=—"""—
e3(eg+e7)+erey
2r2r(1—p1?)
H = 3
i °l Ei(r?—r?)
2 2 1— 2
er = 2rar37(1—po”) (1)
Ex(r3* —r?)
1+
e3 = —2,112 s<lrars? + (1= 2u2)r2* 1+
E>(r3®—r°)
4 (5
M1 2 3
— M (-2
E1(r22—r12)[r1 ry+(1=2u)r’]
21 = 2 2
04— (1 =u27)r7r3 )
Ex(r3? —r?)
2(1—p3%)r3
= B0 D
(] E3
1 +u3
€6 E3 r3
1+
K 12+ (1= 2u2)r3%] (9

e7= ————
Ex(r32 —n?)

K por WS —F M J1, MPa; pyy kR 5 — i
71, MPa; po h B T2 WK J1, MPa; pp i b3 7,
MPa; ri B8 NEAR, mm; n h EE PR (RIK)E
WHEAR), mm; KIS EAE, mm; B EE
W IR &, GPas wi N EFTHM L Ex N KIEA B G
Bidt, GPa; u /K AIARS LL; Esh HL 2 5 A 1 G
i, GPa; s W HLZ S A AR .

122 KRikoHERIEEEREEN G X R ER

FE A 3 e B0 T K T T Bk 2 AR S8
KU TR 240 TR 1 (B4 NI )40~ 55 MPa, Hi)i
71 30~45 MPa(#%FE¥ 1 200.00~ 1 800.00 m {15 ) ;
EH ML 65.99 mm, EEH SN AL 69.85 mm, Kk
ANAE 102.55~118.75 mm (% ¢215.9 mm 43k |

512 5% BY 15 10% 1158 ) ; EE AR 210 GPa,

EEIAMA L 0.3; 7K A1 4 [GAE LI 2~20 GPa, 7K
TeATARA HEH0.255 12 5 41 4% PS5 B 15~20 GPa,
HLJZ A A AR FEE0.23, FEILIERE b, SR b AR
A3 SRS [6) b 2 8 A 4 IR £ AN R K
R OANFITEVR AR 200 T 5T B K I A 3w
JE 7 Wit DA B 1 722 Ak, B SR AN 2 B

HY 181 2 AT, ASTRL il 2 45 00 T 5 — S 11
K5 5T e Ty, K6 A 4 FCAR B G (B 18
SR ) | M A% FOAR | R S T AT SRR
RN, WK PSR — 55 = i i s ) 3
/N R B IR K e PR A A, I S T R (B R S —
T T R R BT SR S A K e A T 5 B A,
HIEAHIE, IRt R o 1B 2 o B AT o 2
2 90 KOV IR B B KA T A v R BT R AR
P, BI7E— @A [RBTG5 B R T4
— G T BVA] 0 R R R T K . 50 Ah, XTI
DX S ORI A I T O R U, YK AL R R 2
5 (KT 45 MPa) B, BPAfA% FGAS 40 R (st ),
X R 58 3 A S B /N

1.3 BEfgEkiRRIET

PR LA LR 8 S T, B B MK Ve . Tt
KRS A, SR A K R A T A K S R
PR I KCSE I TR R . I, R E K 8
B KV 2 9 5 19 R S0 K U A7 PERE O SR L 42
H T e B A B R R AR K D8 B R B

AT, 22178 K U3 o im A I L 18 38 /K 8 4 (1 86
AU LA 2 R R R AR K AT TR R, HL
FEFL N S L R A iYL R K U R
F) 5 A A L VR I BRLBR ) (ELBRLBER ) WRE R A1
ARIBATHITANE . T IR A — 5 Bk A 5 R A%
i, B FE T A U8 A B SRS P 45 F 1 L B e LR
22X 7 B A% 336 i B 8 wh /R PR, T UK 8 9 O
/IR A2 AT T LA B A 1) 8 S, TR 9 R Uk
VAR, BT R B A A . (R, T K
W3 AE K U8 1 FE b b o A R e, R IOk % 1
FI IR, S T HAERAR NI 515045 . A
oK b PRSI U (B2 4% 43 314 180, 150 F1 120 um)
F YR 95 B0 R X 5 R ok B, G R o
R, TR B R AR 5 R AR 5 K B /N
2SR R R A B SR Bk g Sk Je b
SR LG, 214322 BRI, F AP BRI TR ) 4 1F AR
LY RS 3 B 91 SR R R 0 H A g AT
() BFF 5T 225 S 52 W1, A% I IORLRE A2 41 16 J5 A7) o A e



% 58 Ed

i
N
3
e
i

A B RS KR A K B B KT S g e ) ©43 .

w
(=]
d

[ ]

— 54 (E,=15 GPa)

e — i (E=16 GPa)
40 gggﬂa — Y1 (E=17 GPa)
g L5 + ST (E=18 GPa)
=30} 5% e —HMW(E=19 GPa)
B H" ' y3pd < FE(E=20GPa)
E 20 & ,:53.!55 : T (E=15GPa)
= g s.,;s g e Y (E;=16 GPa)
0| F 4% —w— I (E;=17 GPa)
‘i,ﬁ’ o ZFUH (E=18 GPa)
,,,,,,,,,,, a— 5 (E=19 GPa)
0 246 810121416182022 —— 5l (E,=20 GPa)
IR A [CA i/GPa
(a) AFEHLZA A L E,
50 -
I s 2t (py=30 MPa)
40 + vIien s — 3t (p,=35 MPa)
& _v';;ﬁi‘ — 5Ll (p,=40 MPa)
=30 st v W (p,=45 MPa)
R ".“l" .-;_:: —e— I (p,=30 MPa)
E 20 o _1;3_555':11 « ZHHH (p,=35 MPa)
BS ol ﬁ;ﬂ" w3 (p,=40 MPa)
10} & ‘;‘! o ZHH (py=45 MPa)
x ‘;
L
0 246 810121416182022
KV A A B /GPa

(¢) ARHLEIHI p,

& 2

50 »  —A (#,=102.55 mm)

s —3 (,=107.95 mm)

a0l o122 — 54 (r,=113.35 mm)

g ’,:-::_-:. " . —JU (r,=116.59 mm)

E 30 "::'::"' —e— M (,=118.75 mm)
= ol « B (r=102.55 mm)
H o0 = g}!f v A (1,=107.95 mm)
= P e ﬁ}f ' o B (r,=113.35 mm)
B ;' '_t‘! e Y (7,=116.59 mm)
10 g‘i’.;!' ' o B (r~118.75 mm)

0 2 46 810121416182022
KU A/ GPa
(b) ARKIEFRIER r,

50 -
— L (p,=40 MPa)
40 T e R (p45 MPa)
s ,'v': cees —F i (p,=50 MPa)
230} LIlezda=" v —ﬁ?ﬁf Epo=ss MPa;
= yTagn" . e U (p=40 MPa
Ezo L v;_'::. _ ,-;%"” +— . Hi (p=45 MPa)
= A ',ﬂ-’ w3 (p=50 MPa)
10 ‘j"s"‘ o ZJH (p=55 MPa)
I

0 246 810121416182022
IKYEA T IR LE/GPa
(d) REEZGE TR (BENE) p,

BERKEAKEEREES FEE N X REMR

Fig.2 Relationship chart between the Young’s modulus of cement paste and the interfacial pressure of the tight oil
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Fig.4 Effect of high-strength micro-elastic agent dosage on mechanical performance of cement paste
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Fig. 6 Young's modulus test results for cement paste

SEINEY BT A4 3 J2 e 2L B I T ) — FBOR e R T By
LS RL Lo DA, e o B 790 i A K e ) B 3



.46 o % B 4k

2019 % 9 A

A Ry kR PEAT T RAE . B A AR AT IR 5
I S IS A v o 3 Bl A A R R R R AR
T T 44 0 Y, AT LIS T K U8 A 1 S LR Y
AR IR B AT T Y 7 A e RV, A I, 8 A
FHZ 7 35 0 e 5 5 K 8 A D AR K e A 1
20 N R SEAT T PR, 45 R LA 7

F & 7 R s 7E 0 2 R R R IR IE R T
o R TR K U A I RILK UG A BT B B R A F A
AR K, R RN ) SRR . i R SR K
U A v v R AR R0 X ek ) A R A, ol A TR
(15.5 GPa) 2L IR BE B /)N, Ry # MK U 47 (18.4 GPa)
[ 69%; HAT S 5 B 1 & 58.0 MPa, J& % MK U8 A1
(9 1.45 4% o 210 45 2R 22 W] ey s R /K 8 A1 IR HT
Wk b5 T K 11 B 0 ik

2.4 KiBRAMMERSH

o P 319 L B L5 s SR RS D8 A7 1 RILAK 98
A B OIS, AR L2 O WL 2 Fhok e A1 4t
e 58 12 I U 7R I PO T SR, 4SRN 8 R o

MIEL 8 AT LU Hh B U8 A W 2L 5 BLEL 1) K
PER PTG, i g i fR 3K e A BB T TG A0

(a) ML BRUBEERA R (R AT, TR 150 £5)

‘ BC .a:s-‘l-ﬁ ‘ ¥ ke
S4 800 5.0kV 12.1mmx10.0k SE (M)
(c) HMARBIMELE R (HHUKIEA, TR 10 000 £5)

(d) FMABIIEEER (R eIk e, BOR 10 000 £7)

FERBEKIEA - - EHDKIEA
s

Y

il L L S

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
JRAE, %

E7 BEEHRENRRASNE-N Ik
Fig. 7 Strain-stress curve obtained from the Hopkinson
pressure bar test

i, 1R ROSCR B o R R K P A TR, Ok
711 5], Jo W] RS TR RLK 9847 1 B
KA, K= 3 A5 24 L o

3 B

15 iR 5P 7K 8 3 TR 2R A SE A Il TR 7 10 A
R MK AT T BN, K B I R AL
R AN 80% (LATT K 60% ), 7K F- Be [ Jo 5 4% <

2 G
800 5.0kV 5.0 um

E 8 ERMGENKEARMERKRAHBRARTS

Fig.8 Micro-morphology of high-strength micro-elastic cement paste and blank cement paste sample



%47 % % 54 Ed

A B R AR AR R A 2 Kk W B i KR P g e A « 47 .

IKF] 95%, A iZ X I B0 K OV £ 9 4% ) 4 4
BET R A I R

W12 HZE N IERK ALK 8 B, —JFkH
$215.9 mm 53k 8 2 IR 2 872.00 m 54, MR
1 640.00 m, /KB 1 170.00 m, %5 H 1% % N
1.09 kg/L, %I ¢139.7 mm E4 F 7% 2 867.00 m,
R F XU K YR 3K [, SETE A 8 m’ B B WA
WL, TR EE 1.40 ke/L R BE IR K PR3 50 m®, B
JETE AR 1.88 kg/L Y /5 5 i ok e % 28 m’, i
Tk 1.2 mY/min, &K 33.05 m® J5 8L E, HIE
Je KB . %I T LA, K P8R 2= I 10 JCl
Ko MM A KR SAT I bRl IR A
%) (SY/T 6592—2016), XF W 12 J i s i ot
K UGS Jt [ BE 0 [ it AT 0P, 25 SR L3R 3,

x3 WE 12 #FRBEAKRR I EREHREITFN
Table 3 Cementing quality evaluation of high-strength micro-
elastic cement slurry sealing section in Well W Ping 12

o @%Ei KV EF B i R B
B RERES ZiKE/m KL, %
s 1 380.00 92.00
A s 120.00 8.00
2 0 0
s 135825 90.55
ot i s 141.75 9.45
7 0 0

W 12 HoKJEIRMEEE 72 b J 477 I A8 2 )
R, 255 R R K e dst [ B KB A Z L L
300.00 m) [ BT &AL R H5H 90%. iZIH0r 10 GitktT
4y BLAE W RS, 45 BOIE T 1 A8, ¥4ERR7E 48 MPa
Ao, TEwAE R, RIERF K IeA HA R4
B, ZOZF I 15 vd, AT UL, R R AR IR
ST iz S SRR AR S

4 45 ik

1) 4546 S K7 R 0 35088 i i J2 SRR AE KO I
I By G5 46 TN 22 9 45 ) e 4 56F [ I K U 3R 1 i 1) L
K, @A T EE - KIRIR-HL)Z 7 R, B AR
TKJEA A AR 5 B m R S X R B, iz
FK VIR PRV TR AL T KA .

2) VAT 2RIk o JRoRk, 3 e b A4 A 3 | 2 T Ak
HRIE 5 B ke B JC ML A2 E, R TR A e R
) I186-S, 186—S FEAL Mt & A] fifi /K e A H A = vk

TRl B 2 LR, S R K VR A A AR i 5 B i
TR R ERAE K

3) DL I86-S hy 3= A 1Y vy v f A /K U I U K i
I 45000 f T e B 2D | URR RS M, 58 Bk
PEIEAR LY, KU PR B3 5 51.8% . 18 15 R FEAR
78.6% . A% F A B AR 10.5% B 57 Bt 37 38 5 42
75.0% LA I, KU A7 BUR 5], BA R AR BRI
WK BE T o

4) 5 5 LB K U8 SRS R R, B3 v RRCR
U, KRR i R 1 A K I 0 3 K S A [ 5
i FER S B PR EE 7, A R 28 il Ay T & Bt T
N R

& % x

References

(1] RS Mk, 507, % M At Bes KPR 1

BORSC R [7]. KRR 5T 4, 2014, 33(5): 16-22.
CUI Baowen, LIN Tiefeng, DONG Wanbali, et al. Horizontal well
techniques and their exploration practices in the tight oil reservoirs
in north Songliao Basin[J]. Petroleum Geology & Oilfield
Development in Daqing, 2014, 33(5): 16-22.

(2] Hh30ds, W35, B, 55 SUASUKT IR R EARME R 530 5k
B [30. ARE BN, 2015, 2(2): 69-72.

ZHONG Wenli, HONG Shaoqing, LYU Cong, et al. Difficulties and
countermeasures for shale gas horizontal well cementing[J].
Unconventional Oil & Gas, 2015, 2(2): 69-72.

(3] Mk, B, T 2R, TUASUKE I B HHAME S 500 5095 0]
AR T2, 2012, 34(3): 40-43.

LIU Wei, TAO Qian, DING Shidong. Difficulties and
countermeasures for cementing technology of sale gas horizontal
well[J]. Oil Drilling & Production Technology, 2012, 34(3): 40-43.

(4] SFZ, FLEDT wa BAN DA S B ITHAR K3t =N SR 1.
FERFLIM, 2015, 2(5): 77-82.

QI Fengzhong, DU Jianping. Halliburton shale gas well cementing
technology and its enlightenment to domestic gas industry[J].
Unconventional Oil & Gas, 2015, 2(5): 77-82.

[5] SALEHI R, PAIAMAN A M. A novel cement slurry design
applicable to horizontal well conditions[J]. Petroleum & Coal, 2009,
51(4): 270-276.

(6] 2k, L, EH%, % MM IUE UK TIFE A LSEK £

T S 22 [ 58 G Bl A DA OB X O ][9], SRR, 2014,
34(12): 106-112.
LI Wei, WANG Tao, WANG Xiuling, et al. Cementing technology
for horizontal wells of terrestrial shale gas: a case study of the
Yan'an national terrestrial shale gas E&P pilot area[J]. Natural Gas
Industry, 2014, 34(12): 106-112.

(7] Z=gealy, gl oK I B 53 5B T (9], A1 B L
R,2017,45(6): 19-23.

LI Jianshan. Challenges and countermeasures of well cementing
operations for horizontal wells in the Jinghe Oilfield[J]. Petroleum
Drilling Techniques, 2017, 45(6): 19-23.


http://dx.doi.org/10.3969/J.ISSN.1000-3754.2014.05.003
http://dx.doi.org/10.3969/J.ISSN.1000-3754.2014.05.003
http://dx.doi.org/10.3969/J.ISSN.1000-3754.2014.05.003
http://dx.doi.org/10.3969/j.issn.2095-8471.2015.02.014
http://dx.doi.org/10.3969/j.issn.2095-8471.2015.02.014
http://dx.doi.org/10.3969/j.issn.2095-8471.2015.05.014
http://dx.doi.org/10.3969/j.issn.2095-8471.2015.05.014
http://dx.doi.org/10.3787/j.issn.1000-0976.2014.12.015
http://dx.doi.org/10.3787/j.issn.1000-0976.2014.12.015
http://dx.doi.org/10.3787/j.issn.1000-0976.2014.12.015
http://dx.doi.org/10.3969/J.ISSN.1000-3754.2014.05.003
http://dx.doi.org/10.3969/J.ISSN.1000-3754.2014.05.003
http://dx.doi.org/10.3969/J.ISSN.1000-3754.2014.05.003
http://dx.doi.org/10.3969/j.issn.2095-8471.2015.02.014
http://dx.doi.org/10.3969/j.issn.2095-8471.2015.02.014
http://dx.doi.org/10.3969/j.issn.2095-8471.2015.05.014
http://dx.doi.org/10.3969/j.issn.2095-8471.2015.05.014
http://dx.doi.org/10.3787/j.issn.1000-0976.2014.12.015
http://dx.doi.org/10.3787/j.issn.1000-0976.2014.12.015
http://dx.doi.org/10.3787/j.issn.1000-0976.2014.12.015

+48 . % LI - S T SR = SR S 2019 %9 A
(8] dAfEm, X, U1 AT B 00 B ) R b ot PR 3R 5T LU Shasha, MA Fenghai, DENG Fei. Experimental analysis of
[30. A ISR, 2018, 40(1): 20-24. crumb rubber concrete performance caused by content and grain
HU Degao, LIU Chao. Geological factors of well fracability in diameter of rubber[J]. Bulletin of the Chinese Ceramic Society,

Fuling Shale Gas Field, Sichuan Basin[J]. Petroleum Geology and 2014, 33(10): 2477-2483.
Experiment, 2018, 40(1): 20-24. [16] HHAMA, T, THON, %, REUEE IR IR KR

(9] Z=7, Bifh, MITUEE, 45 545 K VR IR KT BE A 40 4 1Ak 0 58 JBHD Ty RE RN [J). T RIS, 2015, 33(1): 73-77.
AT [T]. A=Az, 2005, 26(6): 99-103. E Ri De Mu, WANG Hailong, WANG Xiaoxiao, et al. Experimental
LI Jun, CHEN Mian, LIU Gonghui, et al. Elastic-plastic analysis of study of the effect of surface modified waste tire rubber powder on
casing-concrete sheath-rock combination[J]. Acta Petrolei Sinica, the mechanical properties of cement mortar[J]. China Sciencepaper,
2005, 26(6): 99-103. 2015, 33(1): 73-77.

(10 ] PFLrmk, SR, MR, 5. &0 R BE 3L )V F R 1K IR 3R (17 ] ¥FHERT, A, 28, 55 It K TSR AR B 50 K JR 1 28 9 5T
SHT 0], AMERIREE AR, 2014, 42(6): 45-48. [3]. KE4namie Tk, 2007, 8(10): 12-14.

XU Honglin, ZHANG Zhi, SHI Taihe, et al. Stress analysis of the XU Guili, DU Huaping, WANG Bi, et al. Lab study of accelerating
cement sheath under both pressure and temperature[J]. Petroleum agent for oil well cement[J]. Advances in Fine Petrochemicals,
Drilling Techniques, 2014, 42(6): 45-48. 2007, 8(10): 12—14.

[11] 3R72d, B2k, EINI, 45 KT IR R AR T # b B0 I [18] BP9 KAl (M) AMRIUEARBIG B, — R IR F ok )
X BTSSR [9]. AEF MR, 2018, 5(3): 84-87,97. IR YRS K Hefil #6771 CN201510979530.X[P].  2016-05-11.
ZHANG Juntao, ZHAO Xisen, WANG Weigang, et al. The research Research Institute of Yanchang Petroleum (Group) Co., Ltd. One
and practice of horizontal well volume fracturing technology in kind of early strength toughening cement slurry at low temperature
Huangling oil region[J]. Unconventional Oil & Gas, 2018, 5(3): and its preparation method: CN201510979530.X[P]. 2016-05-11.
84-87,97. [19 ] SU/NAL. A PE IR 22 MK R A R I M T4 S 38 (0], SR T

[12] B8, X, THA&R, 4. SFP Sk Je ik R 7E TUA It £,2016,39(3): 11-14.

FINH [J]. A AR ERE R, 2011, 39(3): 53-56. LIU Xiaoli. Adaptability evaluation experiment of flexible cement
TAN Chungqin, LIU Wei, DING Shidong, et al. Application of SFP slurry system in gas storage well[J]. Drilling & Production
elasto-toughness slurry in shale gas well[J]. Drilling Petroleum Technology, 2016, 39(3): 11-14.

Techniques, 2011, 39(3): 53-56. [20] Z=W, BRILE, S8/, BREF AR aRIbH K IR A 1Y J1 24 RE [0). &2

[13] by, FLIALZE, 2R, 5. SOZE DR ILB < E K IR 9256 AR, 2015, 32(3): 782-788.

W 7). B S 52, 2008, 25(5): 52-53, 56. LI Ming, YANG Yujia, GUO Xiaoyang. Mechanical properties of
HAN Fubin, KONG Fanjun, JIANG Hongtu, et al. Laboratory carbon fiber reinforced oil well cement composites[J]. Acta
studies on a gas-check cement slurry[J]. Drilling Fluid & Materiae Compositae Sinica, 2015, 32(3): 782-788.

Completion Fluid, 2008, 25(5): 52-53, 56. [21] Bk, 2500, SARLL, & B S FKIRA A T3S L

[14] Z=RIT, 3/, B RSE, 5. PR TR IR NG B 1 FE LA 55 BRI B (1] BRSS9 52 IR, 2004, 21(6): 8-11.
[J]. Az, 2008, 29(3 ): 438-441. MO Jichun, LI Yang, LU Donghong, et al. Instruments for cement
LI Zaoyuan, GUO Xiaoyang, LUO Faqiang, et al. Research on mech- stone dynamics properties and perforating channeling testing based
anism of increasing flexibility and decreasing brittleness of cement on Hopkinson Spill Pressure Bar[J]. Drilling Fluid & Completion
sheath in oil well[J]. Acta Petrolei Sinica, 2008, 29(3): 438—441. Fluid, 2004, 21(6): 8—11.

[15] BUUD, BRI, X8 AR BORLAS | RiAR AR B TR E -+ Mg

ROIRGE AT [J]. RERRERIEIR, 2014, 33(10): 2477-2483.

[%4 4%


http://dx.doi.org/10.11781/sysydz201801020
http://dx.doi.org/10.11781/sysydz201801020
http://dx.doi.org/10.11781/sysydz201801020
http://dx.doi.org/10.3321/j.issn:0253-2697.2005.06.023
http://dx.doi.org/10.3321/j.issn:0253-2697.2005.06.023
http://dx.doi.org/10.3969/j.issn.2095-8471.2018.03.014
http://dx.doi.org/10.3969/j.issn.2095-8471.2018.03.014
http://dx.doi.org/10.3969/j.issn.1001-0890.2011.03.009
http://dx.doi.org/10.3969/j.issn.1001-0890.2011.03.009
http://dx.doi.org/10.3969/j.issn.1001-0890.2011.03.009
http://dx.doi.org/10.3969/j.issn.1001-5620.2008.05.018
http://dx.doi.org/10.3969/j.issn.1001-5620.2008.05.018
http://dx.doi.org/10.3969/j.issn.1001-5620.2008.05.018
http://dx.doi.org/10.3321/j.issn:0253-2697.2008.03.025
http://dx.doi.org/10.3321/j.issn:0253-2697.2008.03.025
http://dx.doi.org/10.3969/j.issn.2095-2783.2015.01.017
http://dx.doi.org/10.3969/j.issn.2095-2783.2015.01.017
http://dx.doi.org/10.3969/j.issn.1009-8348.2007.10.004
http://dx.doi.org/10.3969/j.issn.1009-8348.2007.10.004
http://dx.doi.org/10.3969/J.ISSN.1006-768X.2016.03.04
http://dx.doi.org/10.3969/J.ISSN.1006-768X.2016.03.04
http://dx.doi.org/10.3969/J.ISSN.1006-768X.2016.03.04
http://dx.doi.org/10.3969/J.ISSN.1006-768X.2016.03.04
http://dx.doi.org/10.3969/j.issn.1001-5620.2004.06.003
http://dx.doi.org/10.3969/j.issn.1001-5620.2004.06.003
http://dx.doi.org/10.3969/j.issn.1001-5620.2004.06.003
http://dx.doi.org/10.11781/sysydz201801020
http://dx.doi.org/10.11781/sysydz201801020
http://dx.doi.org/10.11781/sysydz201801020
http://dx.doi.org/10.3321/j.issn:0253-2697.2005.06.023
http://dx.doi.org/10.3321/j.issn:0253-2697.2005.06.023
http://dx.doi.org/10.3969/j.issn.2095-8471.2018.03.014
http://dx.doi.org/10.3969/j.issn.2095-8471.2018.03.014
http://dx.doi.org/10.3969/j.issn.1001-0890.2011.03.009
http://dx.doi.org/10.3969/j.issn.1001-0890.2011.03.009
http://dx.doi.org/10.3969/j.issn.1001-0890.2011.03.009
http://dx.doi.org/10.3969/j.issn.1001-5620.2008.05.018
http://dx.doi.org/10.3969/j.issn.1001-5620.2008.05.018
http://dx.doi.org/10.3969/j.issn.1001-5620.2008.05.018
http://dx.doi.org/10.3321/j.issn:0253-2697.2008.03.025
http://dx.doi.org/10.3321/j.issn:0253-2697.2008.03.025
http://dx.doi.org/10.3969/j.issn.2095-2783.2015.01.017
http://dx.doi.org/10.3969/j.issn.2095-2783.2015.01.017
http://dx.doi.org/10.3969/j.issn.1009-8348.2007.10.004
http://dx.doi.org/10.3969/j.issn.1009-8348.2007.10.004
http://dx.doi.org/10.3969/J.ISSN.1006-768X.2016.03.04
http://dx.doi.org/10.3969/J.ISSN.1006-768X.2016.03.04
http://dx.doi.org/10.3969/J.ISSN.1006-768X.2016.03.04
http://dx.doi.org/10.3969/J.ISSN.1006-768X.2016.03.04
http://dx.doi.org/10.3969/j.issn.1001-5620.2004.06.003
http://dx.doi.org/10.3969/j.issn.1001-5620.2004.06.003
http://dx.doi.org/10.3969/j.issn.1001-5620.2004.06.003
http://dx.doi.org/10.11781/sysydz201801020
http://dx.doi.org/10.11781/sysydz201801020
http://dx.doi.org/10.11781/sysydz201801020
http://dx.doi.org/10.3321/j.issn:0253-2697.2005.06.023
http://dx.doi.org/10.3321/j.issn:0253-2697.2005.06.023
http://dx.doi.org/10.3969/j.issn.2095-8471.2018.03.014
http://dx.doi.org/10.3969/j.issn.2095-8471.2018.03.014
http://dx.doi.org/10.3969/j.issn.1001-0890.2011.03.009
http://dx.doi.org/10.3969/j.issn.1001-0890.2011.03.009
http://dx.doi.org/10.3969/j.issn.1001-0890.2011.03.009
http://dx.doi.org/10.3969/j.issn.1001-5620.2008.05.018
http://dx.doi.org/10.3969/j.issn.1001-5620.2008.05.018
http://dx.doi.org/10.3969/j.issn.1001-5620.2008.05.018
http://dx.doi.org/10.3321/j.issn:0253-2697.2008.03.025
http://dx.doi.org/10.3321/j.issn:0253-2697.2008.03.025
http://dx.doi.org/10.3969/j.issn.2095-2783.2015.01.017
http://dx.doi.org/10.3969/j.issn.2095-2783.2015.01.017
http://dx.doi.org/10.3969/j.issn.1009-8348.2007.10.004
http://dx.doi.org/10.3969/j.issn.1009-8348.2007.10.004
http://dx.doi.org/10.3969/J.ISSN.1006-768X.2016.03.04
http://dx.doi.org/10.3969/J.ISSN.1006-768X.2016.03.04
http://dx.doi.org/10.3969/J.ISSN.1006-768X.2016.03.04
http://dx.doi.org/10.3969/J.ISSN.1006-768X.2016.03.04
http://dx.doi.org/10.3969/j.issn.1001-5620.2004.06.003
http://dx.doi.org/10.3969/j.issn.1001-5620.2004.06.003
http://dx.doi.org/10.3969/j.issn.1001-5620.2004.06.003

