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Abstract: When using CBL/VDL logging to evaluate cementing quality under complex well conditions such as
thick casing and thin cement sheath in deep and ultra-deep wells, the measured amplitude or attenuation of the casing
wave is used to determine the cementation condition of cement sheath. However, the research on the propagation
mechanism of the casing mode waves is insufficient, and there is a lack of theoretical support for precise cementing
quality evaluation. Therefore, a cased well model with cylindrical multi-layer medium was established, and the phase
velocity, attenuation, and sensitivity curves of the casing mode waves were calculated. The effects of non-cementing
factors, casing diameter, and cement sheath size on casing wave attenuation were studied. The results show that there
are 3~4 order axial vibration modes of the casing wave within the range of CBL/VDL logging frequencies. The larger
outer diameter of the casing, the more vibration modes there will be. When the casing is cemented, the amplitude of the
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casing wave increases obviously as the casing thickness increases, while the amplitude of casing waves basically

remains unchanged for free-standing casing. Sensitivity curves show that the attenuation of the casing wave is more

sensitive to cement shear wave velocity than to the compressional wave velocity, suggesting that casing wave induced

by monopole source leaks energy to cement sheath mainly through shear coupling effect. In addition, the snapshots of

shear wave and compressional wave fields show that the casing wave also leaks energy to the formation when

propagating along the casing, so the change in cement sheath thickness and lithology will also affect the amplitude of

the casing wave. The research results provide a theoretical basis for the precise evaluation of cementing quality nd the

creation of calibration chart for the casing wave amplitude in complex well conditions.
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Table 1 Acoustic parameters of each layer medium in
cased well model
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Fig.2 Phase velocity and attenuation curves of casing mode wave in free-standing casing
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Fig.3 Phase velocity and attenuation curves of casing mode wave when the casing coupled with cement of density 1.30 kg/L
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Fig.5 Variation of the casing wave amplitude with different wall thickness of casing
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Fig.6 Sensitivity of the casing wave attenuation to the parameters of drilling fluid, casing, and cement sheath

8 R R A K, K A JL AR 7R 2 AR fi
. G.H. Pardue % A" SR TR 86 77 B F 5T T K U8
IR JEE AR A I 48 M 20 1 0 o, A 0 AR RAT
A FRiE CE BRI ) (SY/T 6592—2016)M
SRAHARIG A5 IR, # A7 T EE W AR E A

ac = 0.825 54703383y (13)
s o AL IE G I S WA 5 o S A IE I Y SR U
d RKJe IR .

A4 =X (13) ] %0, 7K U8 PR IR BE /)N, £ IE 5 1)
TR AR, BV KU P R AR, 2 A5 A I Y
i Y, X 5 R 6(d) B RBUE HESEAS .
T2 5 K U8 R JEE o 2 A R 1 R i, R
A C12) T3 TR IR T 51w A s 15 1w 34 e &%
RIAFIRES T B8 WM A K VeI 5 AL B, 25
WA 7 Fis . N7 ATRLE 1, B4 4ME 139.7 mm
TREERAE, B KU IR JE B 20.0 mm 32 #7254 0,
B0 Ul R B TR TR /N, B TR RE A e SRR, KU
AN JEL R 5 g ot Y00 A5 A U ) e A, PR S K R
PR EASIE W HLAY 19.0 mm B, ZE45 I 0 3 £ 44
K, XH5E 6(d) MitHgR—2

AR G5 IR T 7K U8 34 B 8 A5 T ik 25 45 I AR o

1.0
FK YIRS R /mm
—0
—35
05F—8
> —10
E — 15
gl ——20
IE 0
=
i
e —0.5F
710 1 1 1 1
100 150 200 250 300

i A]/us

B 7 KRR E TR EE R 890 R 4FE
Fig.7 Response characteristics of the casing wave with
changes of cement sheath thicknesses

i 2 ) S A F AN 151 8 Fr s o MIET 8 TT LA i, 7K
Ve e 25 B4 IF, Bl 2 7K I8 0I5 8 A0 9, 54 R
1 B8 % T ok AP 5 70 R A ) Y0 2 ML=, o B 4G
22 OKPRIAEE T FUEAA 1.0 mm B IARER ), BEE K2
P JEE R A, A IR X i R 2 B S sN J  R
AR B X T LA, M2 R R, K YRR R
AR5 1S A AT i A AR AR O, R AR Bl K TR
P JRE AR 0/ o P8 TR R AR IR R R Ak
WA, R TR SRR (LA 9),



<142 - % T S S - S N 2025 % 2 A
6 65 -
X/’:: v
5L %:r: /1
< " — = 60 \ /
"EZ 4 -/- / ']LPZ - =
mE N . mE N - s
2~ RS 2 b S TR
0 ey Esf
= /‘ —=— 2500 = /‘/ —=—2500
im 2 —e— 3000 e 2 § —e—3 000
%M 43500 %[M 50 / 43500
1L —v— 4000 —v—4 000
4500 4500
—— 5000 —5000
0 1 1 1 1 45 1 1 1 1
10 15 20 25 30 10 15 20 25 30
TKIEFRJEE /mm FKUEFFJEEEE /mm
(a) Be4h R AT (b) g

& 8

T ERGEIR RGN AE 1 it K08 FE 7K e 34 2 B 28 14 Y Wi 2 4 iE

Fig.8 Response characteristics of casing wave amplitude with changes of cement sheath thicknesses under differ-
ent cementation conditions and different lithology formations
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Fig.9 Snapshots of shear wave and compressional wave fields around borehole
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