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The onshore Mutriba Field, located in northwest Kuwait, shows some potential gas targets in the Lower Triassic to Permian formations. These levels are well known in the Middle East for being severely contaminated by coherent inter-bed multiple reflection events in the seismic data. These multiples have the same velocities as the primaries and cannot be adequately attenuated during processing. As a result, the acoustic impedance (AI) predicted from such seismic data is significantly affected. We present here an inversion study, which incorporates an Inter-Bed Multiple Modeling (IBMM), into the generation of synthetic seismograms, which are involved into the seismic inversion workflow. 

The current study was carried out in Mutriba Field covering an area of about 1,000 square km. Only one well was drilled to the Khuff Formation. At the well position, these levels are found between 2.5 and 3.0 seconds two-way time (TWT) in the seismic data. The seismic interpretation for these levels is difficult because of the presence of inter-bed multiples. We propose here the application of a recent acoustic inversion methodology, which provides an IBMM, in addition to the primaries, into the generation of synthetic seismograms and use these synthetics during the seismic inversion process. The use of the IBMM allows dealing with two issues concerning the multiples: (1) evaluate the impact of inter-bed multiples on the quality of the well-to-seismic calibration, and (2) minimize the impact of the inter-bed multiple contamination on the acoustic inversion results, targeting Triassic and deeper levels of the Mutriba Field.

Method
The model-based inversion with IBMM based on the 1-D elasto-dynamic equations assumes that the 1-D medium is made of a series of homogeneous layers. AI log at the well has been computed starting from very shallow part (above top Dammam Formation) to the deep target levels (top Khuff C). Well-to-seismic calibration was conducted with and without using inter-bed multiple modeling. Tests were carried out for the IBMM using different starting tops for the generation of the inter-bed multiples. The selection of the starting point of the generation of the IBMM mainly influences the wavelet phase rotation and the synthetic seismic trace shape. The best result, in term of well-to-seismic calibration in the target, was obtained when using the top Dammam. After the well-to-seismic calibration, an initial impedance model is built. It can be defined as the initial geological modeling. It integrates the seismic interpretation and associated stratigraphy with the calibrated impedance well log. Using the initial impedance model, a model-based inversion is considered. During the inversion a 3-D synthetic volume is computed at each iteration of the inversion process. At this stage some inversion tests were performed: (1) standard inversion without IBMM; (2) inversion using IBMM from the top Hith, and (3) inversion using IBMM from the top Dammam.
Conclusions

This methodology has been successfully applied on the Mutriba Field. The evaluation of the inversion results confirms the presence of significant inter-bed multiples within the Kra-Al-Maru and the Khuff intervals. The use of the inter-bed multiple modeling led to a better match between inversion results and the AI log at well location. Moreover, the results show that the use of the IBMM in the inversion helps to get a more accurate vertical impedance contrast, associated to a better lateral homogeneity and is expected to allow a more reliable seismic reservoir characterization.
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Figure 1: Summary of the results of the inversion tests. As a QC, we consider the tie between the inverted AI pseudolog (at the well location) and the AI well log. An obvious improvement is observed while using the inversion with IBMM from above the top Rus. The inversion with IBMM from the top Hith is an intermediary result. Thus, the full field inversion has been performed, using the IBMM from the top Dammam.
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Figure 2: comparison of seismic data and inversion with interbed mltiple modeling.




Figure 2: Comparison of the inverted acoustic impedance section and the initial seismic data, with a close-up on the interpretation of the top Kra-Al-Maru A (orange horizon). On the seismic data, the picking is difficult because there are some phase changes (suspected to be an inter-bed multiple contamination), leading to a difficult continuous interpretation: The inverted impedance (using IBMM from top Dammam) may provide a refined interpretation of the top of the structure. 
