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The logging mode optimization and remote detection performance of monopole

acoustic logging while drilling
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(2 Sinopec Research Institute of Petroleum Engineering, Beijing 102206, China)

Abstract: For inhomogeneous formation geomechanics evaluation and geosteering drilling, azimuthal and
refection wave field performance of monopole acoustic logging while drilling (LWD) is studied, and an acoustic
LWD device is developed. Establishing borehole model with different velocity at direction and refection wave
model, numerically simulating monopole acoustic propagation characteristics for the two models, monopole
acoustic source and eccentric receivers are used to get acoustic velocity variation around borehole and azimuthal
refection wave characteristics. The simulation result shows that the azimuthal performance of compressional
wave in formation is easier to extract and observe, furthermore, reflection wave is some sensitive to azimuth.
Some experiments are carried out in a water tank to check remote detection performance of monopole acoustic
LWD, which measuring the distance of reflection interface by reflection wave, the distance are set as 1 m,
3 m, 5 m and 7 m in different experiment, the experiment results show that it is feasibility to acoustic
remote detection in proper range scale. The research result shows that monopole acoustic LWD can be

used to evaluating inhomogeneous formation near borehole and remote detection of interface formation far from
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borehole, which is improved in measuring mode and data processing, thereby, it can play a greater role in LWD

evaluation and high efficient drilling.

Keywords: Monopole acoustic logging while drilling; Acoustic velocity variation around borehole; Azimuthal

performance; Reflection wave; Acoustic remote detection
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Table 1 Paramters of the model

ISt P/ (mes™h)  BEEEE/(msT1)  HE/(kgem™3)  AFE/m HER/m
WAk 1500 0 1000 0 0.108
Bl 5860 3130 7850 0.028 0.086
HZ A (315° ~ 45°) 4000 2300 2500 0.108 )
HZE B (45° ~ 135°) 4500 2500 2600 0.108 o0
2 C (135° ~ 225°) 5000 2700 2700 0.108 o0
HiZ D (225° ~315°) 4500 2500 2600 0.108 S
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Fig. 1 Borehole model with different velocity at

direction
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Fig. 2 The waveform received with array receivers

at different direction
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Table 2 Paramters of the model

it YT M, EE/
Bt} /(ms™1)  (ms™l)  (kgm™3)

L SRS SRS NS A S SN
S S S S S S

W/ m SRR /m

7K 1500 0 1000 — —
[, Bt 5860 3130 7850 0.028 0.086

K5 R R AR Y
BRI AR 6300 3100 2700 — —

Fig. 5 Reflection wave detection model




314

2 A7F

2022 % 3 A

2.2 RETFEREERM

150 FH A B 22 23 V2 B AL T 465 T 4 AR 1) R S
FE AR R, BT P IR 324008 10.00 kHz, 8
Iea) 1) 2 WSO8 B 270 ST B S0 i, RISR FH B AR 7 7
J5R S A A T BRI B BRI R I AR SR, AR 3 T8
AN BRI . 6 45 T 5 £ 0° fiT180°
AR, IWE 6 rl LLE Y, e e s
TR, BV E AR AN SO AR 0° BRI
FIF90.75 ms, ELIA R LA 1000, 10 555 2
N 4.08 ms, KR EE N 30.08; J7 AL 180° Hik
T 3 B RN O I R S A AR 00 B L — G T
SR B A 4.16 ms, SFIEIRE N 12.30. Kk
T35 £ 0° 19 2 S5 B B 2/ 77 67 £ 180° 1) J S
e BB, 107 0 FA 0° B S5 I e FE K T 5 6 A
180° MR ST MEE . B 745 T AN FE BTG (R
FIRS) Ja 1] () F2 SO T, RIS 5 o8 R B H U
TER] LU, B35 J7 00 B 0° 3N 3] 180°, i itk

| kR R
24— A
22— :;’:*..“,".
2.0 | ;w.

g 1.8 Sl
16— .,",“
L e
L2 A
1.0 l ,’w

o 1 2 3 4 5
18] /ms
(a) FFPiffi0°

BT NS, SRR D) H DR A /) s B 7
1 HH 180° M4 N2 360°, S5 ik B BHRAZ /N, S
TR S U] ER /INAR K o 3R DR A B TR A AR BT A P 5 )
& 75 £ 00, B85 7 F 0° (BRI 88 B 1 35T, T 5
J7 5 1 180° [ #% B A LI , B B0t Sz S 21 Bof
/IR 55 SR ok /1N, 8530 S S IR ) R AR 3 ik
Ko MFEZUCH TG R S T 7T LR i, RO
(A% 3 FI A RN B2 B 7T R B2 B 1) S S I A% 4 4
AR, HR B T RIBEREEZ T —
AN RSB X S R R HERISC TG RS EE AR IR T
RIS HEEMEE S, B84 T AR T
(R1FIRS) [ s 5 8 77 A5, B e S5 3t 38 I A e
SRR R P XoF 7 L R U, DU, BEE T AL
£ 0° G0 2 180°, S U BB HH/NAE K, [ 4
e 5 ) H KA /0N s B35 7 A Ff EH180° 38 in £1) 360°,
S8 =S N N8 4 ) U =S NG NN
PR TG RS 1 5 S 1 B AR e S i B mT DL H

: FLkDE F
2.4 ek L

2.2

2.0

1.8

z/m

1.6 |—i

1.4

1.2
i |

Lo
PEAT

18] /ms
(b) FifA180°

K6  AFTS FIEESE T
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Fig. 9 Water tank experiment of acoustic remote

detection
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Table 3 Experimental data of acoustic remote detection

SIS RS /m R1RSNEEIN /ms R2 RAEBIN /ms G INEEEE /m IR IR/ %

1 1.00 1.50 1.50 1.16 16.00
2 3.00 4.30 4.30 3.23 7.67
3 5.00 6.90 6.90 5.18 3.60
4 7.00 9.50 9.60 7.16 2.28

4 i
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TR B AR 2, BRAT T O A A
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(2) FEAL T —AE AT TERR K IR
0 S 7 g Y, RSN 1 BB BB T B AR IR )
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