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SUMMARY

We process and interpret nine-component (9C, threg
component recordings of two horizontal and one vertig
sources) surface seismic data and two nearby VSPs
characterize the fractured carbonate reservoir in the Dog
Formation in the Paris Basin. This is achieved by analysi
differential changes in the various attributes of the vect
wavefield: velocity ratios, polarizations, amplitudes an
differential travel times. Careful processing is required
preserve and recover these attributes which have diagno
anomalies associated with the Dogger formation. The inter
shear-anisotropy within the Dogger shows an average of 4
with significant lateral variations, which might be interprete

differential shear-wave amplitude from the top of the Dogg
shows an overall dimming. The shear-wave polarizati
section reveals detailed internal layering, up to six interval
within the Dogger, which is not visible in the P-wav¢
section. The information inferred from these wavefiel
attributes canbe broadly correlated with the reservoi
properties at the inter-well scale in Duval (1990) but wit
more detailed lateral variations. [
INTRODUCTION

In 1991, Total Exploration acquired one line (6.4km)

nine-component surface seismic data and two near-by ni
component VSPs in the Paris Basin in order to test the
of shear-wave splitting for characterizing fractured reservo
in the Dogger formation. Here these data are examined
evaluate the merit of different processing schemes, ang
extract anisotropy information for the reservoir.

The reservoir is in the Dogger formation in the Par
Basin. The trap is very subtle and is a combination |of
stratigraphic, structural and diagenetic features. Grogs
porosity is highly variable from 8 to 20% (Duval 1990) with
different porosity types.Successful field development i
highly dependent on the delineation of high porosity zong
In the study area, the structure is mainly horizontal laye
Vertical fractures in oolitic limestones are the main source
permeability and porosity, and are exploration targets.

The survey includes one multicomponent surface lipe
(Line 1) and two VSPs (VSPs 1 and 2). The multicompongnt
line intersects the two wells where the VSPs were acquirgd:
VSP 1 at CDP 97 and VSP 2 at CDP 195 (about 2km apart).
From a lithology log in well VSP 1, the reservoir is locatgd
at 1856m in the lower (early) Callovian and the Bathonign
towards the upper part (late) of the Dogger and is about 0-
50m thick. The purpose of the survey is to delineate {
internal structure of the Dogger and locate highly fractun
zones along the lower Callovian in the oolitic limestone.
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DATA ACQUISITION AND PROCESSING

e The multicomponent line strikes approximately from nort
Al west to south east (N135°E) and is almost parallel to
toegional fracture strike of N140°E, as identified from cor
peffrom well VSP 2 (Lefeuvre et al. 1992). A fixed receive
hgspread is used with 160 three-component geophone at
br spacing. The sources vibrated at every station, and €
[ vibration contains 8 sweeps with frequency ranging from
0 to 100 hz for the vertical vibrator, and 8 to 55hz for t
stitorizontal vibrator. The phones record for 15 seconds W
al2ms sampling interval for the vertical, 30 seconds for the
Jothorizontal; 4 seconds are retained for the vertical an
I seconds for the horizontal after vibrator correlation. For {
as lateral changes in porosity and permeability. TheVSPs, both VSPs land 2 contain a far-offset threef
br component VSP with a vertical source, and a near-offset
bNVSP. The VSPs are of high S/N ratio, and shear-wa
s, splitting is marked by the large off-diagonal energy.
The surface shear-data are relatively noisy, g
d primary reflections can hardly be identified (Figure la). A
expected, the signal to noise (S/N) ratio of the P-wave d
h is much higher, and primary reflection events can be ea|

dentified (Figure Ib). Data conditioning to improve the S/

ratio is essential for processing the shear-components,
includes multicomponent amplitude correction (Li 1994
shear-window trace selection (Booth and Crampin 198
f common offset stacking based on reciprocity and bandg
efilters. After data conditioning, conventional stackin
IS@rocedures are used to stack each individual compone

rs followed by post-stack separation of split shear-waves
to
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Figure 2. Final stacked (135
corridor stacks from VSP 2. iz, N
in the sections. Note that a dynamic increase of mistie

overburden amplitude correction (Li and Crampin 1993;

1994). A deterministic approach based upon a convoluti
sequence of 3x3 matrix operators was used to process on

the VSPs. The sequence includes SVD correction for sou

and geophone mis-orientation, 9C near-surface correctio

conventional F-K filter to separate the up- and down-goi
wavefield, 9C convolution of the transmission response w
the reflection response to yield the up-going wavefield
two-way time, and finally corridor stack of the up-going fiel
(MacBeth and Li 1993).

INTEGRATED INTERPRETATION

We take a straightforward approach to interpret the VSPs ¢

the surface data. First we select some standard horiz

trace them along the seismic sections, and establish their \
tie using the VSP corridor stacks. We then quantify dey

variations of wavefield attributes from the two VSPs, a
lateral variations from the surface data. Thus the well ti
essential. The chosen horizons are the top of Cenoma
the Neocomian, and the Kimmeridgian, and top and
bottom of the Dogger which is the target. With caref
processing, we obtained a very good correlation between
stack sections and their corresponding VSP corridor staq
and between thgS1-andgP- section, and between tigS1-
and qS2-section (Figures 2 & 3).

Correlation of theqS1-section with the g&section
(Figures 2a & 3) reveals a hiytp/Vsratio (up to 4) in the

near-surface and an average ratio of 2 in the subsurfac

which agrees with the VSPs (Figure 4). Correlation of t
gS1-section with theS2-section (Figures 2a & 2b) shows af

1-and (b)gS2-section and their correlations with each other and with corresponding
Five horizons are chosen as reference horizons, and are tracked usin
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gure 3. Final stacked gP-section and its correlation with corresp
AP corridor stack from VSP 2. Note that a time-scale ratio of ]

used in displaying thgS-and gP- section, and an initial downwa

ift of gP-section Is required when correlate tifewith theqS1
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increasing mistie with time which suggests that thg
subsurface is anisotropic for the shear-waveserall

olarization azimuth from the surface data is in god
greement with the two VSPs; the polarization direction
'Cound at N140°E (N4O°W), and is constant with depf
(Figure 5). The differential shear-wave time delays from tf
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dotted line represent,, /V,s: (Vp/Vs2 in short). The thin vertig
line is a reference line for Vp/Vs ratio 2.0; the heavy horizontal
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Figure 6. Comparison of depth variations of differential time del
gS1l-andqS2-wave for the two VSPs and the surface data. (a)
delays of the split shear-waves for the two VSPs: solid line - V.
dotted line - VSP 2. The VSP 2 results are taken from Lefeiak
(1992) with the spurious points removed and the reference level

(b) Average time delays of the five chosen horizons in Figure
delays are converted to one way time, and plotted out against the

about 5ms differences between the VSP results and the surfa

Figure 4. Depth variation 07,/ ratio (Vp/Vs in short) calculatgd
e

al

from 750m at depth to the surface by adding an extra 10ms time :

of the horizons from the lithology log in VSP 1. Note that therg
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Figure 5. Depth and lateral variations of polarization azimuths. (a
1, calculated using the Linear-transform technique (LTT, Li
Crampin 1993); (b) VSP 2, after Lefeuwee al. (1992); (c) surfag
data, calculated by LTT technique using a 300ms wirn
centered on the overburden horizon Kimmeridgian which shov
best quality in the seismic sections. The thin dashed lines in (|
and (c) mark the reference value of 40°.
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VSPs and the surface data shows three significant anisotrop're CKNOWLEDGEMENTS

intervals: from the surface to the top of the Kimmeridgi
with an about 3% anisotropy in chalk, shale and limestg
sequence, from the Kimmeridgian to the top of Dogger w
isotropic limestone formation, and the Dogger interval w
4% anisotropy of fractured limestone (Figure 6).

Interval anisotropic attributes are measured betws erF ; "
the top and the bottom of the Dogger in order to charactefiz&PProval of EAP sponsors, and the Director of the Briti

the reservoir. ThgS2shear-wave amplitudes from the to
of the Dogger show an overall dimming, although th
overburden horizon (the Kimmeridgian) in th&2- section
show stronger amplitudes and better continuity than that in

the gS1-section. (Figures 2a and 2b). The interval time delgyB00th, D.C. and Crampin, S. 1985. Shear-wave polarizatig

within the Dogger shows significant lateral variations (so
line, Figure 7), which might be correlated with the high
porosity zones in the Dogger formationThe shear-
polarization section reveals detailed internal layering of
Dogger (up to six layers, Figure 8), which is not clear in the
P-wave section (Figure 3). These interval anisotrg
attributes can be broadly correlated with reservoir proper
at the inter-well scale but with more detailed lateral gnd
vertical variations.

CONCLUSIONS

Careful processing procedures including shear-wave-window! X.-Y. and Crampin, S., 1991. Complex component

trace selection, reciprocity stacking and multicomponent
amplitude correction areessential for producing quality
stacked shear-wave sections while preserving the informa
of the target (Figure 2). The Dogger formation in the Pgris
Basin is successfully characterized by the vector wavefield
attributes extracted from the multicomponent VSPs 3
surface data, which yields an internal structure of the Dog
with more detailed lateral and vertical variations th
conventional methods.

TIME IN SECONDS

Figure 8. Windowed polarization section, calculated by
showing the internal

Note that this detailed layering information is not clear ingfResection in Figure 3, despite the fact thatgResection

is of high S/N ratio.
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