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Abstract. The qP-wave equation is one of extremely important question in seismic exploration,
seismology, and so on. However, its poor stability, the traditional finite difference scheme for
qP-wave equation modeling suffer instability easily and numerical dispersion seriously. This paper
propose a novel difference scheme for qP-wave simulation, named ONAD method. The numerical
results demonstrate that, relative to LWC, the ONAD method for qP-wave has obvious advantages.
It’s suitable for qP-wave modeling.

Introduction

Many studies proved that seismic velocity anisotropy is widely existed in underground media. In
earlier studies, researchers suppose that the earth was isotropic which brought some uncertainty
mistake for seismology interpretation. In order to represent anisotropic and simplify computational
cost, Alkhalifah proposed the well-known acoustic approximation[1]. The so-called acoustic appro-
ximation set the shear wave velocity which is along the direction of symmetric axis to zero, then a
approximate qP-wave dispersion relation in anisotropic medium is obtained [2]. However, this proc-
essing led a four order partial differential equation in temporal-spatial domain which is very compli-
cated and inconvenient. Aiming at a simple, stable governing equation, Zhou et al.[3]. Duveneck et
al.[4] and Du et al.[5] derived coupled qP-wave equation by constructing auxiliary functions.

The qP-wave propagation simulation in the earth is the forward modeling of qP-wave equations
Many numerical algorithms can be used to solve the qP-wave equations, just like the finite-differen-
ce method, the finite-element method, the pseudo-spectrum method, and so on. Compared to the
pseudo-spectrum method and the finite-element method, the finite difference method have become
the most popular and widely used numerical methods in computational geophysics and petroleum
exploration for theirs smaller memory cost ,fast computing speed, and high efficiency. However,
when the conventional finite difference methods are used to simulation wave propagation with
coarse grids, strong numerical dispersion will be aroused. The numerical dispersion is an important
annoying shortcomings of numerical method.

Yang et. al. first proposed the so called NAD method and applied this method to the acoustic and
elastic- wave field simulation [6]. NAD method reconstruct the wave-field by combining the
displacement and its gradient to approximating high-order spatial partial derivative. From the math-
ematical point of view, the gradient represented the tendency of waveform change. Therefore incre-
ased gradient information can effectively enhance the ability of numerical schemes to suppress the
numerical dispersion. ONADM is one of the perfect of NAD-type algorithms[7], but it was not to
used for qP-wave simulation. In this paper, we will expand the ONADM algorithm to qP wave
forward modeling.

gP wave equations in VTI medium and ONAD method

According to phase velocity dispersion relation[8],
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velocity along the symmetry axis, respectively. ¢ and ¢ is Thomsen dimensionless anisotropy
parameters[9].

According to the acoustic approximationvg, =0, the phase velocity relationship (1) can be simpli-

fied:
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Based on equation(2), we follow the Duveneck’s work and consider the two order coupled qP
wave equations (3) in the rest of this paper.
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pand r are defined as the horizontal and vertical stress components, respectively.
According to the truncated Taylor expansion, we can get
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Similarly, following the idea of Dablain[11], we can convert temporal derivatives of formula (4)
into spatial derivatives as

4)

2 2
Pinj+1 — 2F)Inj _ Pinj—l +At2V2 Aa 2p + Bé_g
’ ' ’ OX oz

N4 4 4 4 4
MU e S S - L
12 OX OX~0z OX~0z 0z

2o o (5)
RM = 2RY, — RN Aty 2 BLP L O
’ ’ ’ ox~ 0z
Nt 4 4 4 4
+AIV ABa4p+B2 azerrB 82p2+8:’

12 OX OX~01 ox-o0r° oz

T T
whereP=| P @ @ ,R=[R @ @ ,A=1+2&,B=+/1+20, the required expressions of
oX oz ox 0z

high-order spatial partial derivatives can be obtained by using the truncated Taylor-series expansion
of P and R atgrid points A, ;,, (le{-1,01}) (me{-1,0,}).According to ONAD method[7],

we can solve equation (5).

Numerical experiments

The first numerical experiment in this section is one homogenous isotropic media with a
computational domain 10kmx10km .The computational parameters are chosen as the spatial steps
Ax=Az=0.05km and the time step At=0.005s. We will simulate the qP-wave propagation in this
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section. The gqP-wave velocity v, =4km/s The anisotropy parameters are ¢=0.2, 6=0.1,
respectively. An explosive force located at the center of computational domain. The source term is a

Ricker wavelet with main frequency f, =20Hz .
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Fig.1 qP wave snapshots generated by LWC and ONAD method

Fig.1 give the wavefield snapshots of qP-wave at 1s generated by LWC and ONAD method,
respectively. From the wavefields, these two numerical results are almost same. However, the
snapshot generated by ONADM is very clear without any visible numerical dispersion.The snapshot
generated by LWC scheme has serious numerical dispersion. A diamond shape is observed at the
center of the wavefield snapshot. It’s the ghost of qSV wave which is not eliminated perfectly by
acoustic approximation and it is nonphysical. It’s harmful for the qP-wave’s study.

There are two ways to eliminate the g-SV ghost effect, one is putting the source in a elliptical an-
isotropic layer and the other is putting the source in a isotropic subregion.
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Fig.2 Suppress qSV wave

Fig.2 is to simulate qP-wave propagation in homogeneous and isotropic media with a computati-
onal domain 10kmx10km. The computational parameters are chosen as the spatial steps Ax=Az=
0.025km and the time step At=0.002s. The figure shows wave-field snapshots at timels. Fig.2

shows isotropic layer and elliptic anisotropy layer can suppress qSV wave.
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Conclusions

An ONADM for 2D gP-wave propagation simulation in homogeneous media is proposed in this
paper. ONADM can suppress the numerical dispersion successfully when coarse grids are used or
strong velocity contrast is encountered. Compared with the traditional high order finite difference
scheme LWC, ONADM'’s numerical results is satisfactory. We also use the isotropic sub domain te-
chnology to conquer the fake gSV-wave which is produced by extraneous root of the governing eq-
uations. Numerical results shows that this is a effective way to eliminate the fake qSV-wave.However,
in order to remove the fake qSV-wave perfectly, the more research are need which will be our future
study content.
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