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» A crucial step in the full waveform inversion (FWI) method is the modeling of waves propagating in the » 10 different inversion strategies » Higher-order finite difference staggered-grid o Pestion(m - Pestn(m) Postion(m) » Empirical relations should be used with extreme care, since spurious structures may be introduced
subsurface. Important wave phenomena like, for instance, shear waves are not included in the acoustic wave + First class: FWI is used to invert for all three parameters mplementation of the isotropic elastic wave - - - in the models. On the other hand, it may be better to update the involved parameters during the
equation. Therefore, it is important to use the elastic wave equation, which include more accurate physics, to » Second class: Sequentially inverting for the three parameters using FWI equation £ £ £ inversion, than leaving them unchanged.
model wave prOpaTgatlon n a me?llum. [ Tarantola, 1984, I\/I?ra, 1987, Pratt, 1999, Aki .and R|chard§, 2002]. » Third class: Empirical relations are used to update some parameters > 300 shots with 20 m shot interval 3 < < »An extension .of the sequential strategies is to run a flna.l inversion, where several parameters are
> Frf>m a computational point o.f view we are now able to estimate P—. and S— wave velogty anc.:l denery models » Fourth class: Leaving the density unchanged and inverting only for the velocity models. » Streamer cable: 600 receivers separated by 10 m ioo — ioo — — §O —e inverted for IS|mu|taneous|y. This could potentially explain correlation effects between the
.usm_g.FWI. From a mathematlical point of view, on the_ other ha.nd, inverting for -three |sc->tr0|-o|c E|E-lStIC parameters - Empirical relations used in update [Gardner et al., 1974, Castagna et al., 1985] » OBC cable: 600 receivers separated by 10 m | | param.eters inverted for. - | | - N o
is difficult due to the complexity of the nonlinear and ill-posed inverse problem, in combination with varying - - Left: p, middle: V,, right: V. » T he different strategies may be modified by introducing a data-weighting matrix in the objective
| | | a _ 310\/025 and V.= 0862V, — 1172 » Ricker wavelet with center frequency 5.0 Hz. _ _ _ y = | _ _ |
amount of information of the wave phenomena in the observed data [Virieux and Operto, 2009]. P p s ‘ p ' functional. Using this matrix it is possible to focus the inversion on different parts of the data set.
» Ocean-bottom cables (OBC) have become common in reservoir monitoring of oil and gas production, and also
for CO, capture and storage experiments. Compared to conventional streamer data, OBC data contain more Strategy Dataset Wave field Sequence Results Summary and remarks
information, particularly about shear waves. P Vi Vs p Vo Vs . . . .
We investi afe c'fferen’z/'n ersion strategies for estimating the three isotropic elastic parameter models using FWI la Streamer P P P 111 > Inverting for all three simultaneously failed completely (strategies 1a and 1b)
> investi | Inversi | imati | | | usi . _ _ _ o - - - - - - - - -
8 . g. 8 p. P . 8 » All strategies, except strategy 3b which failed completely, were able to recover the V, model within the accepted » We have investigated ditferent strategies for inverting the three isotropic parameters using streamer
1b osCc P/V,)V,.P/V,/)V.P/V,/V,1 1 1 g P gy pietely p p
» We study the difference between conventional streamer and OBC datasets in terms of recovering all three , . PZ X PZ X PZ X 21 o ecolution and OBC datasets.
isotropic elastic parameters using a two-dimensional synthetic model. d treamer o _ _ _ - - - - -
P P g y oh OBC P/V,/V, P/V,/V, P/V,/V,3 1 2 » Inverting for V. turned out to be complicated using streamer data, and the only V, model we obtained was »The inversion for V), was successful for both datasets, while the inversion for V, was only successful
33 Streamer _ P _ G1 C through the empirical relation. Note that the empirical relation introduce a false structure in the reservoir. using the OBC dataset.
Full waveform inversion 3b OBC _ P/V,/V, _ G1 C » Using the OBC dataset, the inversion gave reliable V. models. » The density (p) was difficult to invert for using our setup. Hence, the updates for p were achieved
. L . . . 3c OBC _ P/V, vV, G 1 2 » None of the proposed strategies were able to invert for p and at the same time give a reliable model. Thus, the using an empirical relation in each iteration.
S;jl. Find a parameter model from which it is possible to create synthetic data that is close to some measured 2 OBC ] b V.V, G1 2 best models were obtained using the empirical relation. + Inverting for several parameters simultaneously was difficult, and thus it may be better to invert for
43 Streamer _ p _ S each parameter sequentially.
. . . . . Densit V, V.
Define S(m) as the measure between synthetic and measured data. The least-squares objective functional is 4b OBC - P V,/V, - 1 2 Position (m) V' eation () Position () P Posttion (m) Position (m) > Position (m)
. CJO 1000 2000 3000 4000 OO 1000 2000 3000 4000 C)o 1000 2000 3000 4000 C>o 1000 2000 3000 4000 C)O 1000 2000 3000 4000 C)O 1000 2000 3000 4000
given as § Table 1: Overview of the inversion strategies (P: pressure, V, : vertical particle velocity, V, : horizontal particle B Acknowledgements
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where my is the model at iteration k, g, is the gradient of S(m) at iteration k, Hy is the Hessian of S(m) at
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