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Numerical Simulation Study on Low—Melting—Point Alloy Layer to
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Abstract: The alternating change of load in casing during multi—stage fracturing of shale gas wells or cyclic
injection and production in gas storages is the main cause for the generation of micro—annulus in the wellbore,
which in turn leads to sustained casing pressure (SCP). To address this issue, a novel approach was proposed to

add a flexible layer of low—melting—point alloy on the external surface of the casing. Based on the cement damage
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theory, a casing—alloy layer—cement sheath—formation numerical model was established. Considering the cyclic
loading and unloading conditions in actual engineering operations, the cumulative plastic strain at the casing—alloy
layer or alloy layer—cement sheath interface was calculated, and its evolution was demonstrated ; also, the variation
of micro—annulus width was quantified. Furthermore, the effects of alloy layer thickness and well spudding cycle
on the generation and growth of micro—annulus were identified. The results show that adding a low—melting—point
alloy layer on the external surface of the casing allows the cumulative plastic strain at the casing—alloy layer or alloy
layer—cement sheath interface to be much smaller than that at the casing—cement sheath interface in conventional
wellbores, which is beneficial for protecting wellbore sealing integrity. Under the same spudding cycle, as the
alloy layer thickness increases, the micro—annulus width at the casing—alloy layer and alloy layer—cement sheath
interfaces decreases significantly. Under the same alloy layer thickness, as well depth and spudding cycles
increase, the micro—annulus width at these interfaces continuously increases. Placing the casing with a low—
melting—point alloy layer in shallow formations helps establish a well barrier and thereby reduces the risk of SCP.
These findings provide theoretical support for the application of low—melting—point alloy as a new material in ensur-

ing wellbore sealing integrity and establishing well barrier.

Keywords: low—melting—point alloy; cyclic loading; cumulative plastic strain; micro—annulus; sealing

integrity ; spudding cycle
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Fig.2  Numerical models under different spudding cycles

2.2 FEIRAEN

Z R ZEE BRI INEHBAER T, Mo
SRPEN AR AW B, IR E— o B R ST S -
IKVEIA Z B (RS A5 5 B, /KU N A5 FEE - 3] 55
R ZTE IR . XSO, T Cohesive
WER I A TR, S KIS . &
B2 LA & )Z - K G Ak ) BRI
NEAE

Zad R 2 T B i v W Y BK P A A i 4 7
TR,

G Y
G, +(Ge. - GQ)((;E) =G, (1)
T
G, =G, + G,
G, =G, + G +G, (2)
G.=6Ge, + G, + G

K: Gon G MG AR M 1, 5 20)m
FRIEFREER, T G, GG R AIE R AL 1,
S2U)m ERREEARRL, 1 y MR BE S,
ToE

Cohesive LG S HOR B R« ¥ ) Wi i
4.5 MPa, Y] NI 0.2 MPa, IIfi #LE & 100 J/m?,

S5 8. 5 MPa,
TUCPR B B B 3 R 4f A B B O A5 Y 53 1Y) 8 1
N AR GESAT o IR 0 AR T Ry GO R 9 Y
AN
g, =In(l +&,)
o =0c,(l+eg,)

(3)

Sl,pl = 81,1 - gl‘el

L =Deg

Kb e e, 00 BN AE T4 LN AR, % s
o o GBS )4 SN T, MPas e, .
e Mle, ok ELECEAME N AR | LA M LY AR
SR, %5 LNIFRBRYERE , D K IJE AR,
2.3 BHILE

TE A GBS 80cE -, S8R
488 206 GPa, JHAA LR 0.3, KUe 3 Iy 241 fe
54 Mohr—Coulomb ¥EN] , FPER &K 8 GPa, JHA
PRy 0. 16, PN JEE 462 £ FLRE Ik #7140l o 26° A1 127,
Fi®J1°4 8 MPa.

FIERRIE AR TEE 5K ZE,
HAJZR R | JE ARR A O 2= SR



— 94 — s

WML M

2026 % 54K 104

P SCHRL17 1A [ 20 |l B s dE AT i, A @)=
TR AE A AU 38 T R T BA A S PR . Oy T
SCBRAS TR H (8 F R 5 e 9 J1 24P, SR
A 19 7 O A [8] H- f] I T X6 7 Y M )= 5 A
DAL EE , 5 B2 TEA R R IR T R A
Rl o Efe, Bl &2 X RO ™ 5k R
AR A o

B IR R B A T R A RO

FEJ7 . R ) B A i v iy EE AR RE g . B
JEOE J1 N 85 MPa, JE LW % B N 1.05x
10° kg/m®, JEERH R %UHL 2. 648x10~° MPa/m. H %
1. MR ) R 2 ) A R S O T S B T Ak
M RAFE AT IS . S TR, IR e 2R ]
K4 h, INHEZHE AN 14 MPa/min, JE2L9080%
BEON20K . ANFEFFRHLZE RIS 40 ) # P RES 2L
mFE 1R,

£1 FEFBFRFHENSHESH
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