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Abstract The precision of acoustic logs directly affects the quality of oil and gas formation
evaluation, the oil and gas reserve computation and the synthetic seismic records. The
characteristics of the responses of a logging system with two transmitters and two receivers at a
borehole collapse interval were first simulated by numerical method. It has been found that when
the length of hole collapse interval is equal to a specific value, the difference between the recorded
values and the true values reaches maximum, while the hole collapse interval is longer or shorter
than this value, the differences become smaller, proportionally to the deviation from the value. If
the borehole diameter is equal to or large than the critical diameter, mud wave will first arrive to
receiver through the hole collapse interval. In a bed with a constant slowness, the critical
diameter reaches maximum when the length of borehole collapse interval is equal to the specific
value. The critical diameter becomes smaller for any other lengths of the borehole collapse

intervals. A chart for determining the critical diameter is developed to identify the borehole
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conditions of the mud wave being the first arrival in the received signals.
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Fig. 1 Principle of two transmitters and
two receivers acoustic system
(a)Profile of borehole; (b)Slowness curves, where 1—slowness
curve of one transmitter(up) and two receivers; 2— slowness
curve of one transmitter(down) ; 3— slowness curve of

two transmitters and two receivers acoustic system.
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Table 1 Slowness of different collapse intervals at sandstone
recorded by the system with double transmitters and double

receivers (slowness is 260 microsecond/meter)

(A UEEEST{ChY)

0.3 0.6 0.8 1.0 1.5 2.

wl

0.20| 259.93 260.17 260.45 260.77 261.68 264.60
0.50| 260.01 260.33 260.67 261.01 262.07 265.36
0.60| 261.71 263.53 264.95 266.09 268.58 273.68
0.70| 262.85 266.03 268.38 270.72 275.44 286.33
0.75| 262.98 266.56 268.69 271.02 277.41 290.47
.80 262.84 265.41 267.74 269.78 275.55 288.58
0.85| 262.49 265.38 267.58 269.57 275.01 287.74

0.90| 262.26 264.86 266.51 268.95 273.38 284.84

(BHBERSITHFNHES
(=)

1.00| 261.99 264.18 265.80 266.99 271.77 282.00
1.50] 260.93 261.80 262.66 263.55 265.88 271.69
2.50] 260.32 260.41 261.05 261.28 262.01 264.52

3.00| 260.00 260.21 260.68 260.90 261.33 262.85

R2 TRAYVEEEREMENRNKEZHE
B Bt 22 BUHE 5k (R %5 B & 556 ps/m)
Table 2 Slowness of different collapse intervals at shale
recorded by the system with double transmitters and double

receivers (slowness is 556 microsecond/meter)

(UGS T {ChY)

0.3 0.6 0.8 1.0 1.5 2.5

0.2 | 556.19 557.49 558.57 559.85 563.27 564.85
0.5 | 5568.91 562.56 565.13 567.60 573.74 578.46
0.6 | 558.97 562.80 565.44 568.05 574.75 582.66
0.7 |559.04 562.99 565.62 568.29 574.88 585.43
0.8 | 5569.25 563.12 565.76 568.39 574.88 587.16
.86 568.39 574.88 587.82

1.0 | 559.25 563.17 565.87 568.43 574.88 587.98
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1.5 ] 557.56 559.86 561.40 ©563.08 ©567.52 557.96

2.5 | 556.17 557.16 557.78 558.46 560.48 565.05
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Table 3 Slowness of different collapse intervals at sandstone
recorded by the system with double transmitters and double

receivers (slowness is 260 microsecond/meter)

1 942 i (in)

0.6 0.8 1.0 1.5 2.5 3.0

0.2 |261.81 262.72 263.75 266.43 273.96 289.55

0.5 | 263.09 264.08 266.44 269.15 281.57 289.55

0.6 | 265.31 267.85 271.31 276.35 294.04 296.03

s g== i

0.7 |268.12 270.04 274.11 279.24 296.42 309.51

JE

0.8 ]269.69 271.47 275.22 282.29 301.41 314.18

264.62 268.08 269.34 274.81 288.14 306.58

1.0 | 263.88 264.03 264.21 266.15 273.81 299.28

(EOBITERS
<

1.5 260.00 260.00 260.00 261.16 265.81 280.81

3.0 ] 260.00 260.21 260.68 260.90 261.33 266.71
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Table 4 Slowness of different hole collapse intervals at shale recorded by the system

with double transmitters and double receivers (slowness is 556 microsecond/meter)

Z My 12 H (in)

0.6 0.8 1.0 1.5 2.5 3.0 4.0 5.0

0.2 561.1 563. 3 565.9 571.4 577.2 577.2 577.2 577.2

0.5 563.7 566.9 570.4 578.7 597.1 598. 2 600. 5 602. 8

g 0.6 563.7 566.9 570.4 578.7 600. 4 603.9 606. 2 608. 5

% 0.7 563.7 566. 9 570.4 578.7 600. 4 603. 9 611.9 614, 2

17;']; 0.8 563.7 566.9 570.4 578.7 600. 4 603. 9 617.6 619.9

?71: 0.9 563.7 566.9 570.4 578.7 600. 4 603.9 622.2 625.0

J;‘ 1.0 563.7 566.9 570. 4 578.7 600. 4 608.9 625.0 625.0

@ 1.5 560.9 564. 1 564. 4 569. 3 580. 3 580. 3 600. 0 623.8

2.5 557.7 558.4 558.5 561.6 564.9 564.9 572.2 580. 5

3.0 556. 1 556. 4 558.5 558.9 563. 1 563. 1 566. 3 572.9
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Fig. 2 Critical diameter value plate of source distance

1.0 m and space 0.5 m acoustic system
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Table S Hole collapse critical values of including slowness
of mud at collapse intervals of source distance 1.0 m

and space 0.5 m acoustic system

PAAEE(m)  0.30 0.50 0.80 1.00 1.50 2.00 3.00

I 2% 556 ps/m

HWZEY #FilES 2.38 2.30 1.10 0.79 0.61 0.56 0.33
{H (in)

B} 22 500 ps/m
WZP #Z AR 4.62
{H (in)

i} 2% 455 ps/m
HEP R R 6.66 8.59 8.56 6.99 3.95 3.36 2.95
{# (in)

H{"% 417 ,Ls/m

o2 ARG AL 8.42 11.21 11.86 10.03 5.43 4.57 4.09
{H (in)

i} 2% 385 ps/m
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i (in)

Bf 22 357 ps/m
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Hﬂ‘% 333 ;Ls/m

M2 #ls B 12061 17.40 20.33 18.23 9.18 7.45 6.71
{H (in)
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Table 6 Maximum diameters of four wells in Junggar basin

Pl A B C D
FFHR B A% (i 22. 36 22.42 22.07 22,18
P& (Gin) 5.18 5.21 5.04 5.09

x7T WEMEARARERMNEZREHESR
Table 7 Slowness and errors of different acoustic systems
at collapse interval at 260 ps/ m sandstone

— 1.0 m JHEE 1.2 m JHEE 2.4 m JEIE

S 0.5mlAEE 0.6 mlEBE 0.6 m [AE
HEM 2 (ps/m) 294,07 288. 58 301. 41
2% (us/m) 34,07 28.58 41.41

=8 REMEARFRMNERZEHER
Table 8 Slowness and errors of different acoustic
systems at collapse interval at 556 pus/m shale

o 1.0 m JEHE 1.2 m I 2.4 mEEE
R 0.5mfAEE  0.6mAME 0.6 m A
W22 ( ps/m)  587.68 587. 82 578. 70
P2 ps/m) 31.68 31. 82 22.70
7= Fl 2= i 3.

M7 FIFK 8 Al LI B =7 R A E A
B 22 IR ZZ 2R T 30 ps/m. WERP IR KT 5 insid
T Z IR EW SR BRI Z A N 2 [ 3 A
A A KR 5 ikl DL B A6 ARGE )= 9 548 Bl
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