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A case example of near-surface correction for
multicomponent VSPS
Xinwu Zeng2r3 and Colin MacBeth*

Abstract

A deterministic near-surface correction procedure is developed for multicomponent
VW data, shot using directional sources and recorded using three-component
receivers. The method is capable of removing unwanted effects of acquisition such as
unequal source strengths or misorientations, but may also remove near-surface
multiples and anisotropy. This is of considerable benefit for obtaining accurate and
consistent estimates of subsurface anisotropy from different source combinations.
Application of the technique is illustrated using a dataset from the Romashkino
reservoir in Russia, where three or four different directional sources are used at the
same source locations. The technique corrects for the large discrepancies which exist
between the estimates obtained using different source combinations. Application of
the technique to three wells in the survey region reveals a nearly isotropic subsurface,
except for a few isolated zones of moderate to high (2 to 8%) anisotropy which lie
close to the expected depth for the reservoir. Although there is no significant
correlation with the production figures for each well, the qS1 polarization azimuth
within the reservoir does vary at each well location, suggesting that this may be a
more sensitive indicator of reservoir process.
Introduction

It is known that the near-surface may severely degrade seismic data quality, which is
of particular importance in the interpretation of multicomponent seismics.
Interaction of the wavefield with the near-surface carries with it not just the
traditional difficulties associated with near-surface multiples and statics, but also the
added complications due to local conversions, strong scattering, and differential
changes in the source function for the compressional and shear wavefields, leading to
an overall distortion of the multicomponent image. These effects are revealed in
many data analyses directed at determining shear-wave anisotropy. Many analyses of
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shear-wave splitting using multicomponent vertical seismic profile (VSP) data, for
example, reveal a large build-up of time-delay between the fast (qS1) and slow (4S2)
shear-waves in the near-surface (Winterstein and Meadows 1991a,b), signifying a
strong anisotropy (sometimes as much as 20%). Although the cause of this timedelay is not yet determined, a correction is required as without it the subsurface
response cannot be reliably or consistently estimated.
For anisotropic analysis, most techniques (e.g. Alford 1986; Li and Crampin 1991,
1993) assume that the medium is uniformly anisotropic. This is a very strict
condition for most VSP and surface seismic data. A correction for near-surface
effects may be made using layer stripping (Winterstein and Meadows 1991a,b),
which shifts the assumption for a uniform anisotropy to the near-surface. In this
work, we present an alternative strategy whereby a deconvolution operation is used
to remove the effects of the near-surface, with the operator being designed using the
recorded downgoing wavefield. The advantage of this approach is that it also takes
into account acquisition uncertainties due to th? source coupling, or shear-wave
amplitudes, which may not be attributed to the near-surface anisotropy.
Here, we develop the four-component near-surface correction algorithm
specifically for a near-offset VSP. The approach is similar to the commonly used
downgoing wavefield deconvolution procedure for VSP data which employs the
scalar approximation (Smidt 1989). We design the near-surface operator based upon
the downgoing wavefield recorded at the shallowest receivers. The technique is
illustrated using one VSP, and is then applied to several different VSPs whereby an
improvement in consistency of subsurface measurement is shown.

The near-surface correction technique
The VSP data and anisotropic estimation

Figure 1 shows the plan view of an acquisition used to record the VSPs at three
separate wells (referred to as wells 37, 48, and 98) in the Romashkino field, Russia
(Cliet et al. 1991). There is a significant difference in the productivity rates between
these wells: 14m3/day for well 48, 3m3/day for well 37, and no production for well 98.
The technique is initially illustrated using the data from well 98, which is a deviated
well with an inclination of up to 35”. For this well, four ‘VEIP’ electrodynamic
directional pulse sources were used: A (N122”E) and B (N212”E) were of similar
strength but were less powerful than sources C (N77”E) and D (N167”E) which were
again of similar strength. All four sources were located 505 m (N77”E) away from the
wellhead. The data were recorded by 90 receivers located between 440 m and 830 m
for all the four source polarizations and for a sampling rate of 2 ms. Figure 2 shows
the data matrix generated by the source combination A and B. In this figure the first
component corresponds to source direction and the second to receiver component.
Here we apply two techniques to calculate the parameters of the anisotropy. These
are the dual-source cumulative technique (DCT) and the dual-source independent
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Figure 1. Overview of the acquisition geometry for the Romashkino VSP data. S1, Sz, and S3
are the shear-wave source positions for wells 37, 48 and 98, respectively. The dashed line is a
surface survey line, which is not considered in this work.

rotation technique (DIT) (Zeng and MacBeth 1993a). DCT gives a single
cumulative estimate of qS1 polarization direction (&) and time-delay (AT) between
gS1 and 4S2. The DIT technique gives two independent angular parameters, 6G and
es,, which give an indication of the data matrix symmetry (MacBeth et al. 1994). In
the case of uniform anisotropy with no polarization change between source and
receivers, the data matrix is symmetric and the three angular parameters (&, 19~ and
0s) are identical. The data from well 98 is processed for the source pairs A & B and C
& D separately. We first applied both DIT and DCT, the results being shown in Fig.
3. An asymmetry is observed for both data sets, but the DIT results are different
(Figs 3a and b). On the other hand, both DCT results (Figs 3c and d) are reasonably
constant with depth but are about 30” apart, being N113.8”E & 2.5’ for A & B and
N79.7”E * 3.2” for C & D. The time-delays for source pair A & B increase from 16 ms
to 28 ms, while those for source pair C & D are constant at about 24ms. There are
clear demonstrable differences between the results from source combinations A & B
and C & D, even though they are spatially quite close. It is necessary to remove the
near-surface effects from the data above to obtain the subsurface estimate.
Near-surface correction using downgoing wave deconvolution

Development of the correction technique is aided by the application of a vector
convolutional model. This is based upon a relatively straightforward extension of
the scalar convolutional model to multicomponent data. In this model a compact
matrix notation is employed for separating source, recording and medium
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Figure 2. Data matrix of well 98 for source combination A and B. The XX and XY traces are
in-line (X) and cross-line ( Y) recordings of the source A (N122”E) with YX and Y Y being the
corresponding recordings for source B (N2 12”).

MacBeth 1993a,b). In this study, we use a specialized fourthis model. For a VSP, the data matrix of displacements
level, D&), generated by horizontal source motions at the
by

responses (Zeng and
component form of
recorded at the ith
surface is expressed

D;(t) = G;(t) * M;(t) * s(t) + N;(t),

where S(t) and G&) are matrices representing the source functions and receiver
responses, respectively, Mi(t) is the medium response and Ni(t) represents noise
which we assume to be random and uncorrelated. Each constituent matrix is defined
as a 2 x 2 matrix as shown in Fig. 2, generated by the two-source combination A and
B from well 98.
As the signal appears reasonably stable over the shallowest recording levels, it is
possible to deconvolve the downgoing wavefield by treating the excitation of the
near-surface with the sources as the composite equivalent source recorded at these
levels. We identify a reference level k, at which to separate the medium response
Mi(t) into the downgoing near-surface wavefield Dks(t), giving the combined effect of
the source interaction with the near-surface layering, reverberation between the
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Figure 3. Estimated polarizations and time-delays of well 98 obtained by applying DIT and
DCT directly to the data matrices for source combinations A & B and C & D, respectively. (a)
and (b) are estimated OG and es, from DIT for source combinations A & B and C & D; (c) and
(d) show 8 and &T from DCT for both source combinations A 8z B and C & D. The shaded area
is the location of the reservoir zone.

bottom of the near-surface layer, and the top of the subsurface layering, and an
anisotropic propagation operator Mik(t). Equation (1) now becomes
D;(t) = Gi * Mik(t) * Dks(t) + N,(t).

(2)

In order to determine Dks(t), we use a group of m three-component recordings at
equally spaced depth levels. Transforming (2) to the frequency domain, we have after
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some manipulation,

with AM,(w) E I and Do E Dks, AMi is the propagator matrix between geophone
levels i and i + 1, and Dk is the recording data matrix at level k. For simplicity, in (3)
we omit the receiver response G which is absorbed into AM.
Our objective is to solve for the near-surface response, DKs(w). In the design of the
best solution for D&w), it is essential to choose a suitable group of receivers for the
estimation. In ideal noise-free data conditions, only one receiver level (receiver 1)
needs to be used. In this case, the recordings are treated as the near-surface operator.
In the general case a group of receivers must be used. The number of receivers and
the depth intervals between them depend upon the condition of the data. Assuming
that the relative wavefield change, AMi (w), is consistent through the group of
receivers, or
AM,(W) = AM,(w) = . . . = AM,-,(u) = AM(w),
(4)
then, with (3), Dk + i(w)Di’(w) should be independent of depth. In other words, for a
set of suitable records, we should have
u,(w)F(AMk(w))%M/+l (w) = Dl,(w)Dj& (w)&(w)Di~~ (W> = I-

(5)

It may be noted that, under this assumption, AMi is not necessarilyanisotropic,
nor need it be unitary (giving only the elastic part). The wave polarizations need not
be orthogonal, but they must contain the common phase shift and amplitude change
for each wave at each level in the group. This assumption restricts m: if it is chosen
too large the condition of local uniformity may be violated, but if it is too small the
estimates may not be stable. In order to examine the consistency of AMi( we
introduce the I value, given by
I
rk =
11

n
C[C"xx.j - '>" +
j=l

‘cy.j

+

‘;x,j

+

(uyY.j

-

1)2]/4n,

(6)

where
are the components of matrix I&(w) at frequency component j, and n is
the number of frequencies in the frequency band considered. Then for a perfectly
uniform anisotropic medium and noise-free data, l7 = 0. When either of these two
conditions is invalid, I # 0.
For field data, a non-zero I is expected, even in the case of uniform anisotropy, due
to noise, although the I value should guide the consistency from record to record in
relation to the modelling and processing assumptions. A high I value means that the
group either contains inconsistent information (e.g. different layers, medium
heterogeneity, side-scattered arrivals) or has a high noise level. These groups
should not be chosen for designing the deconvolution operator. Figure 4 shows I
values for well 98 for source combination A and B. It should be noted that a low I
U,b,j
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Figure 4. I’ values for receivers in well 98 and source combination A & B, calculated for each

group of three receivers.

value is only a necessary condition but not a guarantee of a good operator. Moreover,
the r value defined by (6) only measures the consistency of the adjacent three
receivers. For a group involving more than three receivers, a similar procedure may
be used to define I’ with U(w) = IIUj(w), j = 1,2, . . . , m - 2. Alternatively the
consistency may be judged by simply requiring all I? values to be low for every group
of three receivers.
After the receivers have been chosen, a least-squares solution of AM(w) can be
obtained in the frequency domain,
AM = [Hz HyT] [H, . HTT + EI] --l ,
l

l

(7)

where superscripts ‘*’ and ‘T’ denote complex conjugate and transpose matrix
respectively, and
Hi = [DiDi+, - * -

Di+m-2],

i = 1,2.

(8)

E is a damping factor, which introduces an a priori minimum length constraint into
the estimates (Menke 1984). The damping factor is necessary to stabilize the inverse
when some frequency components (in the frequency band of interest) in Hi(w) are
near zero, but must be used with care as it may also bias the estimates and therefore
distort the particle motion if it is too high. Substituting back into (3) gives
Dks = [Q*T~Q+~~]-l.[~*Ta~],

(9)

or, in the terms of the near-surface operator h&w),
i&l = [P*T*P+EI]-l

l

P *T lQl,
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Figure 5. Data matrix of well 98 for source combination A & B after near-surface correction

based on the recordings at depths 440 m and 445 m. The arrival time has been shifted 0.2 s for
all traces for display reasons. The black triangle indicates the level where multiples begin to
appear.

where
P = [DID2 . . . DInIT,

(11)

and
Q = [IAti.. . Atim-l]T.

(12)

When E = 0, the solutions (9) and (10) are identical. With ideal data, for which the
assumption of local homogeneity is valid and noise levels are low, then AICI(w) is
perfectly defined and both equations give D&.(W) identical to D1(w). If there is a slow
moveout across the levels, each set of recordings is similar, and the operator AlCl(w)
approaches I. The inverse becomes a weighted average of each multicomponent
recording. For realistic noisy conditions, D&w) lies between Di(w) and the weighted
average. Having obtained the near-surface response, the correction can now be
applied by post-multiplying the original recorded data matrix ( full wavefield ) with
the near-surface deconvolution operator D&w). It should be noted that the effects of
the sources have also been deconvolved from the data after the near-surface
correction.
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Figure 6. Estimated polarizations and the time-delays obtained by applying DIT to the
data matrix after near-surface correction based on the recordings at depths 440 m and 445 m.
(a) and (b) are the results for the source pair A & B, and (c) and (d) are the results for source
pair C & D.

Based on the I? value shown in Fig. 4, we design the near-surface operator for well
98 based on receivers 2 and 3 and then apply the operator to the original data. Figure
5 shows the seismograms after this correction for source pair A & B, where, for
display purposes, all seismograms have been shifted 200ms after the near-surface
.
.
cofemhe yp
totJhe data matrix for source combination C
and D. When DIT is again applied to these data matr%e~, it gives the results shown
in Fig. 6. Comparing Fig. 6 (after correction) with Fig. 3 (before correction), two
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Figure 7. Data matrix of well 98 for source combination A & B after near-surface correction
based on the recordings at depths 550 m and 555m. A time shift of 0.2 s is applied to all the
traces for a clear display.

major improvements are noted. Firstly, the two angles,
equal over all depths and for both source combinations. t9G and es, are now nearly
both source combinations are nearly identical. Thus the Secondly, the results from
processing results are now
independent of the sources.
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Figure 8. Estimated polarizations and time-delays of well 98 obtained by applying DIT and

DCT to the data matrices after near-surface correction based on the recordings at depths
550 m and 555 m. (a) and (b) are estimated 0G and 8s from DIT for sources combinations A & B
and C & D; (c) and (d) show 6 and AT obtained from DCT for both source combinations A & B
and C & D.

with the results shown in Fig. 8. DIT results (Figs 8a and b) again show that there is
no asymmetry and a strong anisotropic zone is identified between 550 m and 649 m.
The estimated qS1 polarization azimuth in this zone is N114.8’E (N112.5”E & 5.2’
from sources A & B and N117.1 OE * 6.1 O from C & D). The increase in time-delay in
this zone is about 6ms. Below this layer, there is a weak anisotropic layer with an
increase in time-delay of 2 ms from 690m to 830m. The polarization is about
the same as theupper layer (N113.1”Ef5.1” fromA&B andN118.5”E*4.0” from
C & D).
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Figure 9. (a) Estimated polarizations and (b) time-delays for well 37 obtained by applying

DCT directly to the data matrix for source pairs A & B and A & C, respectively.
Application to data from wells 37 and 48
Data acquired in the vertical well 37

Three near-offset sources were located 104 m from the wellhead and directed almost
due north. Two orthogonal sources (A and B) were polarized at N47’E and N137”E,
respectively. Data were recorded with receivers spaced every 5 m between 323 m and
693 m. A third source (C) with a polarization of N91 OE was used, and data from this
source were recorded at 5 m intervals between 553 m and 693 m only. By applying
DCT to the source combinations of A & B and A & C, we obtain the qS1 polarization
shown in Fig. 9. The polarization direction, 6Ej for A & B, displays a gradual change
of polarization from Nl70’E to Nl25”E between 323 m and 513 m. Moreover, the
results are significantly different for the different source combinations. These results
indicate that a near-surface correction is again necessary for these data.
Following the steps outlined in the section above, we design the near-surface
correction by using the records from the two shallowest receivers for each source
combination. These are at levels 1 and 2 (at depths 323 m and 328 m) for the source
pair A and B. For source pair A and C they are recordings at depths 553 m and 558 m
which correspond to receivers 1 and 2 for source C and receivers 46 and 47 for source
A. After the near-surface correction, DCT is again applied to both source pairs A & B
and A & C (Fig. 10). Combining the polarization and the time-delay estimates, the
medium may now be divided into three anisotropic layers. The first layer from 328 m
to about 493 m is essentially isotropic, the estimated polarizations being scattered due
to the noise. The second layer (within which is the reservoir zone), from 493 m to
643m, is anisotropic. The qS1 polarization azimuth is between N142”E k 5.2”
,-
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Figure IO. (a) Estimated polarizations and (b) time-delays obtained by applying DCT to the
data matrix after near-surface correction for sources A & B and A & C. The near-surface
corrections are based on the recordings at depths 323 m and 328 m for source pair A & B, and at
depths of 553 m and 558 m for source pair A & C.

(sources A and B) and N147”E rt 5.3’ (sources A and C), with a time-delay increasing
from 0 to 6 ms. The third layer is defined from 643 m to 698 m with an almost constant
time-delay of 6 ms, carried forward from the anisotropic layer above (indicating that
the layer above is anisotropic, but this layer is again essentially isotropic).
Data acquired in the deviated well 48

Well 48 is a deviated well with an inclination of up to 20”. As in well 37, three
directional sources were used, but they were offset at 229 m along N13 1 OE away from
the wellhead. The polarization directions of the three sources were N192”E (A),
N286”E (B), and N226’E (C). Data were recorded at 5m intervals between 45 m
(depth measured from the ground) and 1020 m for the source combination A and B,
and between 720 m and 1020 m for source C. As the raypath to the first receiver level
is about 80” and appears quite complicated due to enhanced scattering at such
oblique incidence, the data analysis began from receiver 60 (corresponding to a depth
of 43 m referred to sea-level), and an angle of incidence of about 30’.
Visual inspection of the seismograms (not shown) reveals some qP-qS converted
waves arriving before the first shear-wave arrival. These converted waves break the
balance of energy between the different data components as mode conversion is an
asymmetric wavefield process, and interfere with the first arriving shear wave. These
effects make it difficult to analyse the data by DCT or DIT directly. However this
problem can also be solved using the near-surface correction. After checking the I’
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Figure 1 I . Estimated polarizations and time-delays for source pair A & B of well 48 obtained

by applying DIT ((a) and (b)) and DCT ((c) and (d)) to the data matrix after the near-surface
correction based on the recordings at depths of 43 m and 48 m.

values for the data matrix from source combination A & B, we start the near-surface
correction by using the records from receiver levels 60 and 61. The results of DIT
and DCT applied to the data matrix after this correction are shown in Fig. 11. These
results show that there is very little anisotropy in the layer between 43 m and about
500m. In this layer, there is no obvious asymmetry in the data matrix as the two
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Figure 12. Estimated polarizations and time-delays of well 48 obtained by applying DCT to

the data matrices after the second near-surface correction for both source pairs A & B and A 81
C. The near-surface correction is based on the recordings at depths 500 m and 505 m.

angles from DIT, BG and es, are nearly the same with no observable traveltime-delay.
Below 500m, data matrix asymmetry builds up and the time-delay also starts to
increase. This corresponds to the reservoir zone which begins at about 5 10 m. The
cause of this asymmetry below 500m is not clear. Although the estimated
polarization direction changes at 350m, without asymmetry and time-delay, this
layer is still treated as an isotropic layer. It is found that the l? values (not shown) in
the layer between 350m (receiver 124) and 470m (receiver 149) are scattered and
high. The high I’ values indicate that either this layer may not be uniformly isotropic
or the data may contain inconsistent information, such as changes of receiver
coupling, orientation or casing cementation. The cause of high I’ values is possibly
also the cause of the asymmetry below 500m. Due to this data matrix asymmetry, a
near-surface correction is required to resolve the anisotropy below 500m.
Consequently, a second near-surface operator is calculated based on the records of
the two receivers at depths 500 m and 505 m (receivers 155 and 156). DCT is again
applied to this data matrix, the results being displayed in Fig. 12. Two different
layers are identified from these results. The first anisotropic layer starts at 500 m and
ends at 630m. The qS1 polarization direction is N126.1”E ZIZ 5.5’ and the time-delay
increases from zero to about 6 ms, corresponding to a shear-wave anisotropy of about
8%. The second layer is between 630m and the last receiver location at 690 m. As
there is no increase in time-delay and no asymmetry in this layer, it is isotropic.
There are redundant data from the third source (source C with polarization of
N226”E) available for this well, which provides an opportunity to check these results.
60 recordings from source C were made between 400m and 692m. Near-surface

904

X. Zeng and C. MacBeth

DEPTH (M)
Ref. to sea level

Ref. to ground level

-277---0.0

Isotropic Layer

1.82

~~~~

328 - - - 605

Isotropic Layer
473 - - - 750

Anisotropic Layer
a = 6%; polarization: N142”E
643 - - - 920

Isotropic Layer

698 - - - 975
0

480
V, (km/s)

Figure 13. Model parameters for the modelling of well 37. The velocity structure is obtained
from the original seismogram and the anisotropic structure of the model is based on the
analysis in the previous section.

correction is again applied to the data matrix derived from the source combination A
& C based on the recordings at 500 m and 505 m, corresponding to levels 19 and 20
for the records of source C. The results of DCT applied to the data after the
correction are also shown in Fig. 12. In the anisotropic layer between 500m and
630 m, identified by the source combination A & B, the results from sources A & C
give the qS1 polarization direction of N123.4’ ris: 8.5’ with an increasing time-delay
of 4ms. Below 630m, there is no time-delay increase.
Modelling of the data

Guided by the processing results, we model the near-surface corrected data from well
37 with the full-wave synthetic seismograms using the anisotropic reflectivity
method (Taylor 1991). As there are no logs or other geological information available,
only approximate velocity models are constructed. The near-surface layer is treated
as isotropic, and defined as one uniform layer from the free-surface to the depth of
the first-receiver record. The velocity of this layer is determined from the arrival time
of the XX component of the data matrix. We compare the synthetic seismograms
with the field seismograms only after near-surface correction to avoid the necessity of
modelling source and near-surface complications. For this reason, the synthetic
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Figure 14. Comparison between the results of DCT applied to the synthetic seismograms. (a)
and (b) show results for noise-free synthetic data.(c) and (d) show results after adding a signalgenerated noise with signal/noise ratio equal to 10.

seismograms are corrected by using the first-receiver records, which is equivalent to
relocating the source at the first-receiver level.
Before introducing anisotropy, an isotropic model is first developed for the well.
The isotropic models are obtained by matching the arrival times of the qS1 wave.
The velocity structures are based on the processing results in previous sections. A
four-layer velocity model is used, with values determined from an interval method
(Pujol, Burridge and Smithson 1985, 1986). It is assumed that the anisotropy in this
area is predominantly transverse isotropy with a horizontal axis of symmetry (Cliet

C 1996 European Association of Geoscientists & Engineers, C;eo~/ll~sicnl

P7mtmri77,n.

44. 889-9 10

906

X. Zeng and C. MacBeth
Ia)

00

(b)

400
450
E
5 500
8
0

?
sj
‘:
6
:;:
ir

550
600
650

-3

700

Time delays (ms)

Time delays (ms)

Figure 15. Comparison of the time-delay calculated by applying DCT to synthetic
seismograms with different degrees of anisotropy and to field data. In (a)-(h), the degree of
anisotropy in the synthetic model changes from 1% to 8%.

et al. 1991, Brodov et al. 1991) as our analysis above agrees with this assumption. The

anisotropic parameters of each layer are obtained using the processing results in
Fig. 13, with elastic constants determined using the theory of Hudson (1981).
For this modelling, 75 receivers are located every 5 m at the same depth as the field
data, from 605 m to 975 m (with respect to ground level). Figure 13 shows the vertical
section of the model and the isotropic shear-wave velocity structure. In order to give
a general idea of the propagation paths through this model, we also plot shear-wave
raypaths (for clarity, only rays to every fifth receiver are plotted). With this model,
.
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Figure 16. Overview of the anisotropy structure in the three wells. The depths are given with
respect to sea-level.

we used a source with a peak frequency of 20 Hz, polarized in the same directions as
sources A (N47”E) and B (N137”E), and a sampling interval of 2 ms to generate the
synthetic seismograms. Figures 14a and b display the DCT results corresponding to
the synthetic data, which may be directly compared with those of the field data from
well 37. The results from synthetic data agree closely with the observed results below
a depth of 490 m, but above this depth the polarizations obtained from the modelling
are significant differently from those observed. This difference is believed to be due
to the lack of resolution in this isotropic layer as there is no associated time-delay and
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also to the influence of noise. As shown in Figs 14c and d, a signal-generated noise
with signal/noise ratio of 10 added to the synthetic data can simulate the results.
In order to investigate the anisotropy resolution within the reservoir zone, we insert
different crack densities into layer 2 (493 m to 643 m). Figure 15 shows the effects of
time-delay for varying anisotropy, from 1% (crack density of 0.01) to 8% (crack
density of about 0.08). These results suggest that, in the range of 5 to 10%
anisotropy, the synthetic seismograms can adequately match the observations within
an rms error of 1.2 ms. The reason for the insensitivity is essentially due to the
sampling rate of the data. With a 2 ms sampling rate and a 100m thick anisotropy
zone, an error of one sample could cause an error of 3% in the estimation of the
degree of the anisotropy, thus the resolution of the degree of anisotropy in the
processing could be as low as 3%. Given this consideration, the difference in the
degree of anisotropy between wells 37 and 48 may only be 2 or 3 %. Therefore, with
the sampling rate of 2 ms in this data, the resolution may not be high enough to relate
the degree of anisotropy directly with the production rate of the reservoir in this area.
Discussion and conclusions

A four-component near-surface correction algorithm is developed. It offers the
possibility of correction for the seismic wave properties of the near-surface or
overburden in multicomponent near-offset VSP data. With this procedure the effects
of the near-surface are represented by an equivalent source matrix located at the
position of the shallowest receiver, and then removed by a deconvolution. This
correction also allows for the effects of source imbalance and polarity reversal. It does
not affect the anisotropic properties of the subsurface carried by the original
seismograms. In order to perform the near-surface correction, it is essential that a
receiver group is chosen which contains consistent information. To aid location of
this group, we introduced an indicator: the I’ value. A necessary, but not sufficient,
condition for a successful correction is a low I’ value.
As an example of the near-surface correction, we have applied the technique to
three VSPs acquired from the Romashkino field. This case study shows that the
application of near-surface correction can help us to understand the subsurface
better. By applying the estimation techniques to the data after the near-surface
correction, the qS1 polarization and time-delay are shown to be independent of
various source combinations.
The results from this case study indicate that there is anisotropy in all three wells
(wells 37, 48 and 98) with a different qS1 polarization azimuth for each well. Figure
16 gives an overview of the anisotropic structure of the three wells. No change in
polarization direction with depth has been observed in these three wells.
For well 37, the anisotropy starts at 473 m, about 40 m above the reservoir zone,
and ends at 643 m. The qS1 polarization in this layer is N142”E, and the increase in
time-delay between qS1 and qS2 is about 6ms, which represents about 6 to 8%
anisotropy. For well 48, anisotropy is found between 5 10 m, the top of the reservoir
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zone, and 634 m. The polarization of +SI is N126”E, and the increase in time-delay
between qS1 and qS2 is also 6ms in this layer, corresponding to a degree of
anisotropy of about 8 to 10%. For well 98, down to 553 m (near the bottom of the
reservoir zone) no anisotropy is observed, and two anisotropic layers are identified
below this depth. The first layer, between 553 m and 694 m, has a qS1 polarization of
N115’E and a time-delay of 6 ms (corresponding to about 9 to 11% anisotropy). The
second layer, from 694m to 830 m, is a weakly anisotropic layer. The polarization
direction is the same as the layer above but only a 2 ms time-delay is built up in this
layer, with 2 to 3% anisotropy. Synthetic modelling for well 37 which matched the
data parameters suggested that the seismic resolution may not be sufficiently good to
provide a firm correlation between the degree of anisotropy and the production rate
at the well. Nevertheless, these results are suggestive of some relationship between
anisotropy and reservoir production.
Although the near-surface correction is designed for extracting the anisotropic
parameters from multicomponent shear-wave VSP data, it can be applied, in its
present form, for general near-surface correction, whether the isotropic approximation of P- and S-waves, or the complete nine-component data matrix involving
qP, qS1, and qS2 is considered. In these cases the mathematics described here is
directly applicable, the only difference being that the data matrix (D), the propagator
matrix (AM), and the near-surface response matrix (D& in the corresponding
equations should be interpreted as having a different rank. We suggest that this
procedure may be particularly beneficial when the primary objective is to examine a
specific target zone, irrespective of the overburden properties and interaction
anomalies between the source and near-surface layers. It could be used to investigate
the correlation of the target-zone birefringence with fractures and production rates.
It may also be used for highlighting strong subsurface anomalies.
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