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Introduction
Unconverted P-wave reflection in a homogeneous VTI layer
T*(x) = (4H? + 2%)/v*(n)

T'(z) - traveltime at the offset «

v(n) - ray velocity

n - unit vector in the direction of the slowness vector p

N - unit vector in the direction of the ray-velocity vector (v)

H - depth of the reflecting interface

= 2D problem in the (x1, z3) plane



Introduction

Normalized moveout formula

ZI_ZIZU/QH, T0:2H/Oz

T%(x) = o*T¢ (1 + 7°) /v*(n)

T}, - two-way zero-offset traveltime
T - normalized offset
« - vertical P-wave velocity, o = As;

A, - density-normalized elastic moduli in the Voigt notation



Introduction

Specification of the vector N

Ni=z/vV1+2%, N3 =1/v/1+ 22

Weak-anisotropy approximation
- first-order approximation of ¢? (c - phase velocity)
c?(n) = o[l + 2(6 — €)nin3 + 2end]

€ = <A11 — ()52>/2042 , 0 = <A13 + 2A55 — Oé2>/042 ,

042 = A33



Introduction

Relation between N and n

N(n) =n + 2¢ %(n)B(n)e(n)

B(n) = o*ninzld — 2(5 — €)n?]

e - unit vector, e 1. n in the (z, z3) plane
Relations between v*(n), ¢*(n) and ¢*(N)

c(n) = ¢*(N) — 8¢ *(N)B*(N)

v?(n) = c*(n) + 4¢*(n)B?*(n)



First-order traveltime approximations

a) Assumption n = N

T*(z) = T5(1 + 2%)°/ P(z)

b) Assumption n # N
T*(z) = T5(1 + 2%)°/[P(z) — 4Q(z) P~ (2))

v2(n) = A(N) — 4¢~2(N)B2(n)

P(z)=(1+7%*+202° +2ez* ,  Q(Z) = 2*[2ex* + 6(1 — 7°)]?



Second-order traveltime approximation

T*(z) = T5(1 + 27)*/[P(z) — aQ(z) P~} (z)]

P(z)=(1+2°)?+202* + 2z , Q(z)=7*2ex® + 5(1 — 7%))?
a=(4r*—=3)/(r* —1), r=p/a

/3 - vertical S-wave velocity, 8% = Ass

v?(n) = A(N) + ¢ 2(N)B*(N)[(1 — r?)~t — 4]



Long-spread moveout approximation
Tsvankin and Thomsen (1994); Tsvankin (2001)
T%(z) = T¢[1 + Rz — 2(er — o7) Rzt /(1 + S2?)]

R=(1+20p)"", S = R*(1 + 2er)

er = €, 0p - Thomsen’s parameters



Tests of the formulae

Limestone (anisotropy ~ 8%)

a=3.0km/s, 6=1707Tkm/s, e¢=10.076, § = —0.133
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Tests of the formulae

Limestone (anisotropy ~ 8%)

x/(2H)
0o 1 2 3 4 5 6 7 8
6 P R N T N N N X/(2H)
0o 1 2 3 4 5 6 7 8
— exact I 04 +——tm bt 1
5 first order

o
N
|
|

ray — phase angle (deg)
w

Traveltime error in %
(@]
o
|

|
O
N
1




Tests of the formulae

Greenhorne shale (anisotropy ~ 26%)

a = 3.094km/s, 8 =151km/s, e€=10.256, § = —0.0523

— exact ray velocity




Tests of the formulae

Greenhorne shale (anisotropy ~ 26%)
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Conclusions

- based on WA approximation

- N0 non-physical assumptions

- relatively simple formulae

- Inaccuracies for large deviations of n and N

- for small and large offsets accurate

- second-order formula very accurate

- dependence on H, «, ¢, 9, (second-order formula weakly on )
- straightforward generalization for SV waves

- generalization for TTI or lower symmetry, converted waves

not so straightforward
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