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3D marine Controlled-Sour ce Electromagnetic
Interferometry by multidimensional deconvolution in the
wavenumber domain for a sparsereceiver grid

Jurg Hunziker, Evert Slob, Yuanzhong Fan, Roel Snieder and Wegenaar

summary
We use interferometry by multidimensional deconvolution in combination with stiotiygerture sources
in 3D to suppress the airwave and the direct field, and to decrease smartainty in marine Controlled-
Source electromagnetics. We show that the method works for very largigeespacing distances, even
though the thereby retrieved reflection response may be aliased.
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Introduction

With interferometry by multidimensional deconvolution (MDD), the medium aboeadgeivers is re-
placed by a homogeneous halfspace of the same material as at therrémeilie Furthermore, the
direct field is suppressed and the sources are redatumed to recemons. Consequently, with in-
terferometry by MDD, we retrieve the subsurface reflection responda other words, the scattered
Green’s function of the subsurface. Since interferometry is a datardmethod, no information about
the medium or about the source location are required. Only the medium pararaethe receiver level
as well as the location and orientation of the receivers are necessamy.ifformation about interferom-
etry by MDD for Controlled-Source Electromagnetics (CSEM) is given tap@éhaar et al. (2008) and
Hunziker et al. (2012). The benefits of marine CSEM-interferometnaar®llows: (1) the subsurface
signal is extracted and (2) source uncertainty is reduced. Theraferassume that using the reflec-
tion response instead of common CSEM data as an input for a scheme thiéd fovehe subsurface
conductivity distribution leads to a more precise image of the subsurface.

M ethod

Interferometry by MDD requires properly sampled data, i.e., dense énfoug large enough offset
range without gaps. Since standard CSEM data is sampled rather sharfiest step of our processing
scheme is to apply the synthetic-aperture-source concept (Fan etH)), iBorder to filter out high
wavenumbers. These high wavenumbers correspond to the directrfiedtlextions from shallow in-
terfaces. Thereby, the signal from a potential hydrocarbon reisésvnot altered, because that signal
features low wavenumbers due to the typically great depth of reservoirs.

In the second step of the interferometry processing scheme, the electretndield is split into an
upward decaying transverse-magnetic (TM) compoieft—, an upward decaying transverse-electric
(TE) mode componem' &~ and the two corresponding downward decaying TM- and TE-mode compo-
nentsP™+ andPTE+. The algorithm used here (Slob, 2009) requires the four horizontapoaents

of the electromagnetic field as well as the material parameters at the rdeeeleAfter decomposition,

the upward decaying field can be related to the downward decaying fietesi@flection respondg
including data from an inline oriented source (x-src) and a crosslinatedesource (y-src):
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where the tilde denotes the frequency-wavenumber domain. The refleetipanse features two su-
perscripts indicating TM- or TE-mode. The reason is that besides puren®tie and pure TE-mode
reflection responses also mode conversions are possible in a mediurorttzans lateral variations.

In the third and final step of the interferometry processing flow, we sajuation 1 for the matrix of
reflection responses using a multidimensional deconvolution. This canrweedficiently in the fre-
guency-wavenumber domain for each wavenumber separately assutaiagplly invariant medium:
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wheree is a stabilization parameter. Non-zeRdMTE and RTE™ indicate lateral variations of the
medium, requiring the usage of a space-domain implementation.

Numerical example

We apply this processing flow to a numerical dataset. A slice of the model, whilstack of hori-
zontal layers, is depicted in Figure 1. The retrieved reflection resgongbe pure TM-mode in the
wavenumber domaiR™ ™ is plotted in Figure 2 for various receiver spacings. Increasing thevec
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spacing in the space domain corresponds to limiting the range of wavenumliieesvavenumber do-
main, i.e. decreasing the Nyquist wavenumber. The retrieved reflecgponses miss one datapoint
at zero wavenumber, because a finite source does not excite thatumaver component. The gap is
filled by assigning the value of a neighboring point to the missing datapoint.rélagve error of the
retrieved reflection response relative to the directly-modeled bandlimitedttiefi response (Figure 2)
never exceeds 3% except for wavenumbers close to the Nyquist waben. Neglecting those artifacts,
the retrieval of the reflection response in the wavenumber domain is coedidery good for all receiver
spacings. Before the Fourier transform is applied, to get the spanaidoesult, a taper is used to damp
the artifacts at high wavenumbers.

The inverse Fourier transformed reflection responses of Fig-
ure 2 are shown in Figure 3. For a receiver spacinghof airc=0S/m

. . . 0
= 160 m, the reflection response is retrieved perfectly. The ¢ "
. . . N SQUICC
relative error between the retrieved and the directly-modeled v v v v v receivers 50 m & v v 00
bandlimited reflection response is smaller than 3% except_afliment:o=15m 400m
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sedpnent: 6=0.5S/m

response has decayed already over more than four ordersgtos=o1ym 650 m
magnitude. Even small errors can lead to large relative errorg,,, ... ;- 0.5 sim
at so small amplitudes. We therefore neglect those relative e 1000 m

. . . . sediment: 6 = U. m
rors. A receiver spacing of 320 m introduces small artifaCtSsservor o=0.00 9/m 1200 m

1250 m

at zero inline or zero crossline offset. These artifacts are evepn,. .~ .o
more pronounced for a receiver spacing of 640 m. They are

caused during the Fourier transform because the retrievedpRure 1 A slice of the model (not to
flection response is aliased at that receiver spacing as carzgfle). The conductivity is given for
seen in the limited wavenumber range in Figure 2. For a igch layer.

ceiver spacing of 1280 m, these artifacts are no longer con-

fined to zero inline or crossline offsets. Therefore, the relative ésrorcreased at all offsets. Still,
within the bandwidth defined by the receiver spacing, the retrieval iecaiso for the largest receiver
spacing (Figure 2g and 2h). Consequently, the method works alsorfptarge receiver spacings or,
in other words, for a very limited bandwidth, even if the bandwidth of the dateisower than the
bandwidth of the subsurface response.

Conclusions

CSEM interferometry by MDD using synthetic aperture sources in 3D is abilettieve the reflection
response properly even for very large receiver spacings. Hawéve bandwidth of the subsurface
reflection response may be broader than the bandwidth of the data, l¢éadirgandlimited retrieved
reflection response. Although the method works for very large recepacings, it may be advisable to
sample denser in order to avoid aliasing of the subsurface signal.

Acknowledgements

This research is supported by the Dutch Technology Foundation STpliedgcience division of NWO
and the Technology Program of the Ministry of Economic Affairs (graGB07913).

References

Fan, Y. et al. [2010] Synthetic aperture controlled souteeteomagneticsGeophys. Res. LetB7, L13305.
Hunziker, J., Slob, E., Fan, Y., Snieder, R. and Wapenad2¥&L.2] Two-dimensional controlled-source electro-
magnetic interferometry by multidimensional deconvalnti spatial sampling aspecteophysical Prospect-

ing, 60, 974-994.

Slob, E. [2009] Interferometry by Deconvolution of Multimponent Multioffset GPR DatdEEE Transactions
on Geoscience and Remote SensiiTg828—-838.

Wapenaar, K., Slob, E. and Snieder, R. [2008] Seismic araireleagnetic controlled-source interferometry in
dissipative mediaGeophysical Prospecting6, 419-434.

75" EAGE Conference & Exhibition incorporating SPE EUROPEC201
London, UK, 10-13 June 2013



(; Londonl’z

)
=

dx=160m b)

10

Relative error [%]

Crossline natural wavenumber [km™']
L
W
log, (amplitude) []
Crossline natural wavenumber [km™']

-3 2 -1 0 1 2 3

Inline natural wavenumber [km™'] Inline natural wavenumber [km™']

dx=320m

o
-

oL
=

dx=320m

Crossline natural wavenumber [km™']
- o A L4
N = 2 T HE = 2 HE = 2 T
| | | [=] |
- - g s
W wn
log, (amplitude) [] i
Crossline natural wavenumber [km™']
o L b 4
= o 3 —_
5
Relative error [%]

-2 1
2 25 2 2
3 -3 3 0
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Inline natural wavenumber [km ] Inline natural wavenumber [km ]
e) dx =640 m f) dx =640 m
3 0 3 10
g ~05 g, .
2 o 2
‘ <
§ - o = B ° % - 6 %
Y R :
E 0 -15% 20 s
= r | g = B
E — g E 4 2
. 28 g 1 &
o — o
g g
7 2 25 7 2 2
2 2
&) &)
3 -3 3 0
-3 2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Inline natural wavenumber [km™'] Inline natural wavenumber [km™']
2) dx=1280 m h) dx = 1280 m
3 0 3 10
g ~05 g .
15} o}
£ DR s
5 -1 -1 > 5 1 é
5 k=t 5 6 5
2 e E 2 g
£ I P :
= ' g & =
E = E 4=
= 28 g ! &
o - Q
g g
7 2 -2.5 7 2 2
2 2
&) &)
3 -3 3 0
-3 2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Inline natural wavenumber [km™] Inline natural wavenumber [km™']

Figure 2 The retrieved reflection response for the pure TM-mode in the wavemuiomainR™ ™™
(left column) and the relative error relative to the directly-modeled bandlimiédction response (right
column) for a receiver spacing dx of a)b) 160 m, c)d) 320 m, e)f) 64dang)h) 1280 m. Note that the
natural wavenumber is defined as the radial wavenumber dividedtby
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Figure 3 Same as Figure 2 but in the space domain.
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