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1 INTRODUCTION

A marine controlled source electromagnetic (MCSEM) system tows a hotizontal electric dipole source
above the seafloor and measures the electromagnetic (EM) fields with an array of ocean bottom receivers. 3D
numerical modeling of large MCSEM datasets is usually very slow because of massive 3D meshes used. In
conventional modeling schemes, millions or even billions of cells may be required in a 3D mesh, because the
mesh needs to be fine enough to accommodate high frequency and short offset, and wide enough to enclose the
entire survey; this problem is common in all numerical and discretization methods.

In this paper, we explore the implementation of survey decomposition (SD) technique for MCSEM. What
distinguishes our SD approach from the previous works is that one S-R-F sub-problem (local mesh) only
simulates one datum, because modeling more than one datum in a sub-problem costs more than the gain and is

considered not optimal (Yang and Oldenburg, 2016).
2 METHODS

Large-scale MCSEM modeling, even if massively parallelized, often suffers from poor scalability in
computation, because as the size of the problem grows, the resultant linear system of equations becomes more
and more difficult to solve. It was well known that, in theoty, the time required to solve a Maxwell equation is a
quadratic function of the number of cells in a 3D mesh. Therefore, the key of speedup in SD is to avoid large

linear systems as much as possible — only modeling one datum (S-R-F) in one sub-problem.
2.1 Synthetic model and survey

In order to test the computational performance, our demonstrative survey consists of OBEM stations
deployed on an equal-spaced 6 x 6 grid on the seafloor (cross symbols in Figure 1a); each OBEM measures two
electrical field data Ex and Ey. The source is a 200-m long horizontal dipole 100-m above the seafloor towed
along two perpendicular lines (dashed lines in Figure 1a). In this frequency-domain MCSEM example, there are
306 receivers, 48 source locations and 4 operating frequencies (0.1, 0.2, 0.4, 0.8 Hz), yielding 6912 S-R-F sub-
problems. In a realistic survey, the number of sub-problems after decomposition can be much larger than this.

The synthetic model contains three background layers: air (Z > 1000 m), seawater (1000 > Z > 0 m) and



subseafloor sediments (Z < 0 m). A reservoir layer (102 S/m) is inserted in the sediments
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(-800 > Z > -1000 m) with an irregular hotizontal shape (dotted outline in Figure 1a).
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Figure 1. Plan view of the synthetic sutvey layout (a) and a local mesh (b).

2.2 Local mesh

Local mesh, the key to computational efficiency in SD, is a spatial discretization scheme that only concerns
one source and one receiver. In this example, we use the most widely accepted rectilinear grid and the finite

difference method (Commer and Newman, 2008) to show that old techniques can still have superior performance.
3 RESLUTS & CONCLUSIONS

A new speedup approach — survey decomposition, is applied to the 3D numerical simulation of large-
scale MCSEM dataset. Local mesh and conductivity upscaling are specifically designed for the MCSEM
problem. The decomposition generates thousands of independent sub-problems that are solved in parallel.

When using 700 cores, the 3D simulation of 2 100 km? survey only needs 559 seconds.
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