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Abstract: Based on the theory of acoustic wave propagation, reflected wave characteristics are studied by the finite element
method in the presence of well fracture. 2D axial symmetry finite element modeling is applied on one side of discontinuous a-
coustic impedance. The models to computing cross fracture reflection interface and arc fracture reflection interface are estab-
lished for the cases where cross fracture and arc fracture exist on the side of well. Waveform data from the same source re-
ceived by the different receivers are processed and the parameters (e. g. , reflection phase arrival time) are obtained. The
distribution character of wellbore fracture in shale reservoir is obtained accordingly. The results show that the variations in the

arrival time of the reflected wave owing to the changes in the vertical coordinates of sound source is consistent with the shape
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of the wellbore fracture. In the presence of a cross shaped fracture near the wellbore, inclination angles of the side fracture

obtained using the arrival time of reflected wave are 10.13 degrees and 20. 19 degrees, respectively, which are within

1.31% and 0.95% of the analytical model. In the case of an arc shaped fracture near the wellbore, the location and shape

feature of the wellbore fracture can be effectively derived by the coordinates of the reflecting interface. The relative error be-

tween the central position of fracture and the coordinate of reference point is within 1. 70% . It is concluded that the acoustic

finite element method can effectively infer the position and morphology of fracture near the wellbore.

Keywords : shale reservoir; acoustic logging; acoustic finite element; fracture distribution; fracture reflection interface

PEREAE FRLRE TR QR £ ih 45 B IR AY R
FE , LA BT 0RO AR B9 A R OB 53 [
N T AR e BB, T D0 R SR R B R
VUA IR T Bl a8, AR AR EEK T e 27
FREE H R R IR RLE | XS REEARRK
FERE LR U 2= B i O™ o, Xl = SRR 25
(B RBESEX T hem sUa U A E T EREE
SCHET A O © A T R AR RS, —
7 R FT 0 P AR A T B A SR R PR T 5, BF 5T 07
LS T A BROGHE A BRZE 70 DL SR W B
53— 7 W AT X I Ok b B E A SR AE
A BEAAUL A4 5 SRR T 40 )RR 35E A
A LAWY BE RN 55 REE A% 2= A3 S A
ST . A/ NIRRT 43 5 S AR R4 ) T
AT IS RAE U RRIE R IE |, AR 15 5 A B 4G
RA BRI SO E, BRI —
7 TS 55 AN TR 57 B I B2 ) S48 AT T R (R
L, 75— N R R T — R S S R O
INA IG5 T BB (RS 0m R , SEH T I
TR B, FHA IRIC I ARSI S5 A A R 25
PEEZREETR O T 1 B AR SCRE R, I X 2
(14 B S A5 A 5l B B, 3 i P T o 0 =
55 SLE o A U

1 SR FAHRITEY

L1 REFRERERRITE

FEAEFE A ST, S 557 0 (9 B S i e 4
FEARANPE 1R I AN 2 A T 7 4
FEIY IR v, R v, 7RSS 557 AR = 6] Y
WIS L AR P A 1
: (D)

sin 6, sin 6, ’

v, v

v, v

’ (2)

sin 6 ~sin 0,

SR RAETE S 5 IRAR AT IR R
a, BOFIRMPLLZ S RS8Ry X, L ¢ R 15 %
S RRATE ] ¢ Ry

PP

a a

+JL”+4(X-@2

I =
Py cos O5 v, cos 0, v

. (3)

L' =L-atan 6, —atan 6. (4)
2 57 S BTN 5 IR 7 16 AT A A
6, IS R IE K2k SR DRSS S S S &
SRR R b ARG AT 15 .0,=0,-0,0,=60,+0,
L'fb’tan 0. KR = FATW 0 Fl e R e
FEFF N A T Bt Sz S0 A 30 2= sk 1] Sy

cot 0, =

a a

to= + +
P p,cos O v, cos 0,

(L'+b")*+b">=2b"(b'+L") cos 20

- (5)
P
b’ =b-acot f+atan 6,. (6)
ESLIE
a 1 1 L7?+4b"(L'+b")sin 6
Lp="" + + .
v, L cos O cos 0, v,
(7)
R ¥
9, T
"
T
;3
b
e X
o]
(a) ISP AL BB AR (b) [ 5 B 4% 3% Bk 42

E1 RETEEGEEERESITERNEGEEEETIEE
Fig.1 Calculation of reflected wave propagation

path and propagation path of reflected wave
4 A 0 5 A B S B S B T AE
25 I AE A P PR B T7 , I RS DR AT
i 1E]
b'=b-acot f—atan 6, , (8)
. _i{ o1 }r L +4b'(b'-L")sin’ @
"y, [cos B5 cos 6, v ’

p

(9)



0% %34

E16 T, 5 R TR B o R A TR LT b R LA A A AR - 59 -

1.2 FiEBERTERMNEL

T 75 Y I S B TR, I Rl T
DA AR R IR R B I (55, 2 I P A
JE R RHT 8 2Z 05 B IR P A 2 AR B
FE ST P R e, o] DL e R R
FEIE AR IR0 BRI RI SR T REAR IR A T I8
A BELAT S TR 3R (9] 1) 5 S5 IR PN ) 45 T B TR e B AR =X
FEg

AR S BRI A BT A A T R
TR TR, LA AR Ry Bt XA 7R BT AS 3% 22 T
() — AT 2l 0 B A BR AL, 40 1) g ~r 5%
TEAEAE X 4% FNAICIR 24 4% 1A FROTASE R AN &) 2 3 JF
IR AR S BARRLE IR 1 R, Kb e, 5
6, 43R 10°F01 200, Y5 H-AR OB T R 75 P
B #8 & ST A8 FERICES A I [ He 320 5 R A4
S Ry J7 e AR IR £ T B IR
920 m, HARFLE S HRERIE BN 0. 1 m, Wi RE
PR 3 0 2 A0 P 4B W R O 2 b )22 1) S T
JG, M2 AR ARG B 43 50 Dh 2 500 F1 2 000 ke/
m’ 7 RN B P B 15 4 R 4 31 A 3700
2900 m/s,

YIC

]
R3 mim
R2 mm
RI ==
)

)

)
Tl

)

)
ol_.
'a b =z

2 ZTXRAERGFRETEEER
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Fig.3 Finite element model of arc shaped crack

F1 TXNREFERFMR REE R R CE SR
Table 1 Key points coordinates of cross shaped

crack and arc shaped crack
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Fig.5 Acoustic propagation at different time
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Fig.7 Waveform of the same source

distance after data processing
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Table 2 Wave arrival time at different source locations
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Table 3 Arrival time of reflected wave
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Fig.9 Acoustic propagation at different time
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