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Abstract The TTI medium is one of the most commonly used anisotropic materials in seismic
prospecting. Thus, study on rapid calculation of ray paths and travel time in a 3-D TTI medium is
a significant subject. Because 21 elastic parameters of the TTI medium are usually nonzero, the
traditional method needs to use the Bond transformation and the most complicated ray tracing
equations to do ray tracing for this medium. A multiple-layer TTI model can be treated as a VTI
model by utilizing coordinate transformation. Thus, on contrast to the traditional method, we
derive the ray tracing equations of the 3-D VTI medium and then utilize 3-D VTI ray tracing
equations and coordinate transformation to acquire trajectory and traveltime of body waves in the
TTI medium. Theoretical analysis and CPU time consuming analysis show that the efficiency of

our method is about 4 times higher than that of the traditional method. To examine the feasibility
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of this method, we build four single layer models and two multilayer models. The experiments on

these models indicate that the wavefronts of P, SV and SH waves are exactly the same as the

theoretical group velocity surface even in strong anisotropic models and other special cases.
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Table 1 Anisotropic parameters of single-layer TTI models
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(km+s ') (kmes 1)

M1 6.0 3.0 0.1 0.2 0.1 0 45

M2 6.0 3.0 0.2 0.2 0.2 30 60

M3 6.0 3.0 —0.3 0.3 0.3 45 45

M4 6.0 3.0 0.7 0.2 0.5 45 45
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{18 Y5 i 1A

Bl 3a—3cir il 45 T ML B 7 A 48 A A5 3R
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Fig. 2

(a) Wavefronts of P waves calculated by traditional method,

(b) Wavefronts of P waves calculated by our method
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and Yedlin, 1981; Crampin, 1991). SH % i J% i
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Table 2  Anisotropic parameters of model M5

Layer VPO VSO 5 € P )¢
(kme+s ")  (kme-s™ 1)

1 6.5 3.5 0.1 0.2 0.1 90 45

2 5.0 3.0 0.2 0.1 0.2 90 45

3 7.0 4.0 0.3 0.2 0.3 90 45

B8 45t T M5 it P 0.6 s B Z].SV i &
SH U 1 s B Z 9 0 15 18T 5 2% 285 SR 55 05 58 05 vk 45 AT
SR— . BRI R A o Am e, @i TI
A B Snell 5 Bt 35 BT 9 3% (Daley and Hron,
1977; Slawinski et al. , 2000). K It 4H e F 32 A
Jit, 22 24 5 B RE AN Y CPU I ) > 18 2R 47
S5 05 AT G A XA SRR AR G ik OSSO
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Fig. 3 Ray paths and wavefronts of M1 model in constitutive system

(a) P waves; (b) SV waves; (¢) SH waves. Ray paths and wavefronts of P waves projecting onto (d) xoz plane; (e) yoz plane; (f) xoy plane.
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Fig. 4 Ray paths and wavefronts of M1 model in observation system

(a) P waves, (b) SV waves, (¢) SH waves. Ray paths and wavefronts of P waves projecting onto (d) xoz plane; (e) yoz plane; () xoy plane.
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Fig.5 Ray paths and wavefronts of M2 model in observation system

(a) P waves, (b) SV waves, (¢) SH waves. Ray paths and wavefronts of P waves projecting onto (d) xoz plane; (e) yoz plane; (f) xoy plane.
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Fig. 6 Ray paths and wavefronts of M3 model in observation system

(a) P waves; (b) SV waves; (¢) SH waves.
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Table 3 Anisotropic parameters of M6 model

Vp Vs
Layer 0 0 0 € Y
(km+s 1) (km+s 1)
1 5.0 3.0 0.2 0.2 0.1
2 6.0 3.5 0.2 0.3 0.1
3 7.0 4.0 0.3 0.2 0.2
4 8.0 4.5 0.2 0.3 0.2
5 9.0 5.0 0.3 0.3 0.2

(3£ 3) . AE M6 H8JZ 1 45 1) 5 1E 2 A — 2. OF
HAE XS R T7 10/ P oS S ik B BE & R
ST 3 X LA 2 Bl D B ST PR A
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Fig. 7 Ray paths and wavefronts of M4 model in observation system
(a) P waves; (b) SV waves; (¢) SH waves.
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Fig. 8 Ray paths and wavefronts of M5 model in observation system
(a) P waves; (b) SV waves; (¢) SH waves.
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Fig. 9 Ray paths and wavefronts of P waves in M6 model

(a) Projection onto xoz plane; (b) Projection onto yoz plane.
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Fig. 10 Traveltime curves versus varied dips of M6 model

in the direction of y axis
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