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An assessment method for occurrence of micro-annular fractures
on cementing interfaces of oil and gas well casing
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Abstract; The generation and development of micro-annular fractures on cementing interface of oil and gas well casing during
long-term production were investigated via simulation experiments, and the bonding strength of cementing interface was meas-
ured in the experiments. Based on the experimental results, a theoretical assessment method of the micro-annular fracture
was developed, and a good agreement between the experimental results and modeling was observed. The results show that an
excessive inner casing pressure can lead to plastic deformation of cement sheath, while a tensile stress can be subjected on
the cementing interface when the inner pressure is reduced during the casing pressure unloading process. The magnitude of
the interfacial bonding strength is of 0. 1 MPa as it was measured in the experiments, and micro-annular fractures can appear
at the cementing interfaces when the tensile stress is sufficient high to overcome the bonding strength. The larger the inner
casing pressure, the higher probability for the micro-annular fractures to occur during pressure surge, and the larger the frac-
tures. Micro-annular fractures are more likely to appear at the first casing-cement interface due to a higher tensile stress even
if the bonding strength at two interfaces is the same.

Keywords: well integrity; micro-annular fracture; simulation experiment; theoretical calculation; bonding strength

rfm B8 .2016-12-08
ESTR . FRARR ST H (51674284) 5 o 2 AR 55 25535 ( R1502039A, 16CX06035A )

PEE B R (1987-) , 53 1l B 58 7 0] il S 12 S 4 I 56 B . E-mail : zhaoxiaofeng_upc@ 163. com,
BIREE B (1959-) , 59, #d  Tli 4 WA S0 BT O 10 R I A 2 I IR B R R IR BOK B I, E-mail .

guanzhch@ upc. edu. cn,



S K F5H

AR B R BRI A AU R S ok 95 -

TEM A A = o A [ 55 T Tl A Bt 2
SEOMA SR A FE A Z " I
T A S8 M V0 S A R 0 45 B B,
) S DR N 12 S AN [ B B e i PR R A FH 1) R AR
LA, 20 tHan 90 AR AT, K VR IA K ] g 2
PERFFE S T2 T 6D IRl = ik &
T IS EE AT, o & AN R 7 88
T B 23 IOK Ve P IR DT 350 11 2% B e vk R
R, RS BB oY T B Bl TR BRI B 7 A
E PR T B 4 RUBE 1T Ab PR35, X AT AR S48
R RS B i, 245K WA RHE
P8 7 YR ST A B AR AL (R 48 Bl B
I 3% A 5 36 LR TS LS S Y K
HUR R T2 Rk A BR T ¥ 5380 17 XA
Il [ B 131 2 df g S Pk G o B 0 7)) RV Ol B
BRI TR SR e T —Fh A 80T B, (H X T PR B ™
AW BT A B b FE BRI TRy I, DA
A A S B E SR T OB A,
Hrk i R B S ST R S S S T MR BB
BRI (HAG R FT A SRR UK VR A A s AR T
I Bl AR 23 P2 A R B i SR AR i o A
JIFIESE, XGE HE 37 B SR BRI SR R 2 pE T K
VeI | H B T 5 =2 XA B = A AL A
PITAHG TR A B, w4 Tk
FiofadSr T BN R T [ A R B B S
AR H i F 30 T FEBEE R Jackson ' 3
5 238 SR i RS S B R A T 0, DR I A AR (%) 1
P SAEE TCTE B, DL T 07 i IR0 A e 2=,
X [ H AT A B Y 7= AR AL M R T e g BRI T
BT EAT S — 20 g Rtk 28R A BROTAL
TEALI T 1, X H R 73 SR A 250 B ] A4
AT 2700 O AT AR 0 B, R 98 o 61 A 1 fl 3
BRAY P A ML, X SR B A R A - KR
BT LR TE At e Rl N e 1 o =V i
FEFR OB e TR ik, 9 A IR ool 45
XN EHATIRAIE

1 AL

Goodwin 25" B %t 4 1 L2 Ak 25 1F R 3R
B AR R R TR TR I, AR R 50
SEANEL 1 7R 09 1 A B AR AL A 23 35 15 il i e
BoOAEE 4 139.7 mm(5-1/2 in) EEE T 193.7
mm(7-5/8 in) EEH IEBEER 1.7 m B2
DAHE KSR, I A6 SIS BE TR ity T L LA i 3 45

39.7 mm
WEEE
BERJEH A
193.7 mm
SEEE
BERJEAN
PompER
0

E1 Goodwin iXIEEEREE
Fig.1 Schematic diagram of Goodwin's

experimental device

I A2 - (DTE N AMZ B4 [ R 23 TR AN R
J7(8,.8,.8;.8,) K VI, I AE N J= B EE I Pl
(177 C) ZFM TR A IR R ER 25 R ) 1R
£ 3.5 MPa; QFF/KIEEEF LU , TENZEE RS0
0 MPa Z5fF Pl /K e KB S O ImA 2 E
B IEJ 2 14 MPa 1500 T K JERR K BB SR ;D%
WEZEE ESIREZE 0 MPa 15050 Tl &K JE KB 3
# QLY 14 MPa [5O3 1 L ROOM@ 1 2
KRNJE 69 MPa, B4R 2.3 FioR,

157 KV I AT
—_— Sl
B
2 10t
)
J
%
7 0.5
)
0 A X
0 14 28 42 56 70

WEEE K J1/MPa
B2 FAEEEANETHRZTZEER

Fig.2 Annular permeability with different casing pressure
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Fig.5 Schematic diagram and result of casing-cement

sheath interface bonding strength measurement experiment
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sheath-stratum
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Fig.9 Calculation result of casing-cement

sheath interface micro-annulus
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