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SUMMARY
Part of the SEG’s Advanced Modeling Corporation (SEAM) Phase 2 project consisted of computing anisotropic resistivity
from seismic properties and using this to model ground MT and CSEM, and airborne time-domain EM. Here, we concentrate
on the MT and AEM data. The volumes provided by SEAM were detailed (1.5 billion cells, each a 6.25m cube) and were of
vp, vs, Thomsen (HTI) parameters, and density. From a work-flow of classification, porosity calculation, and computation of
resistivity using assumed salinities, we derived anisotropic resistivity.
The models were extrapolated and used to compute MT responses on a 50 x 50m survey grid and airborne time-domain EM
with flight lines spaced at 50m intervals and measurement points every 50m, using the original SEAM 6.25m 3D mesh.
In this particular case, the near-surface geology is complex, including karstic cavities, dry sand, and a paleo-valley. The targets
are flat-lying gas reservoirs at depths of 2.5 to 3.5km below the flat land surface. Unsurprisingly, the responses are dominated
by near-surface resistivity.
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INTRODUCTION
The SEG’s Advanced Modeling Corporation (SEAM) has
sponsored two large-scale seismic modelling projects. The
second of these, SEAM-2, simulated three different onshore
environments: a typical US Permian Basin play, a Middle
Eastern gas target, and a thrust environment similar to those
of Bolivia and Colombia. Here, we deal with the second of
these, the Arid model.
The focus of SEAM-2 is the simulation of seismic responses
from very detailed models. Thus, the starting data cubes for
Arid were of seismic velocity (vp and vs), HTI Thomsen
(1986) parameters, and density. The volume in question was
10 x 10 x 3.75km (x, y, z); this required substantial
extrapolation and padding to minimize edge-effects in the
non-seismic simulations.
Computationally, the major challenge was to derive
physically-unrelated anisotropic resistivity from seismic
parameters. The second step, that of computing EM and
FTG responses, although a heavyweight task, was more
straightforward.
PETROPHYSICS
In order to have traceable results, we used the same work
flow for all three SEAM-2 models. The first step was
pseudo-lithologic classification using velocity, Thomsen ε
(proportional to vp anisotropy), vp/vs, density, and depth.
Figure 1 shows, as a pseudo-log, the classification at the
center of the Arid model.

Porosity was calculated using the equation of Raymer et al.
(1980) in the re-arranged form of Werthmuller et al. (2013,
eqn. A-1). This used the given vp and vs values, together
with assumed values of fluid and matrix velocities.

Figure 1: Pseudo-lithology (from seismic) log. Horizontal
scale is index number.
A dual-water model (Clavier et al., 1984) was used to
compute formation fluid resistivity at a temperature inferred
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from average crustal gradients; basic salinities were taken
from published literature, such as Rafle and Youngblood
(1987) and Salako et al, 2015. We computed isotropic
resistivity using Archie’s equation (1942). Anisotropy was
introduced by computing seismic anisotropy and from that
an empirical resistivity anisotropy factor α ,
_

− 1 × 20 + 1

in which v _ is the anisotropic seismic velocity in the x, y
and z directions
The figures below (Figure 2 and Figure 3) show part of the
shallow and deep resistivity sections.

MAGNETOTELLURICS
The resultant resistivity volumes (res_x, res_y, res_z) were
extrapolated laterally by 50km in each direction by
mirroring and tapering using a 1D average of the edge
values. 100km of padding was added at the base of the
SEAM volume, using the average value of the last four
layers in the volume. MT responses (complex tensor
impedances and vertical magnetic transfer functions) were
calculated at 3960 points on a 50 x 50m survey grid, over
the frequency range 10 KHz to 0.001 Hz, with 5 frequencies
per decade. For this, CGG’s-proprietary 3D MT finite
difference code was used.
The results, such as in Figure 5 and Figure 6 show effects
due to the anisotropic resistivity distribution and to static
shift caused by close proximity to an outcropping
discontinuity.

Figure 2: Horizontal resistivity, 0 to 500m depth, along a
S-N cross-section.

Figure 3: Horizontal resistivity, 2 to 3.5km, showing upper
and lower reservoirs (high resistivity, red).
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Figure 5: Synthetic MT sounding from the center of the
Arid model (black triangle, Figure 4).
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Figure 4: Horizontal resistivity at 15m bgl.
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Figure 8: MT invariant apparent resistivity at 10kHz, 500m
station spacing.
AIRBORNE EM
Figure 6: Synthetic MT sounding (white triangle, Figure
4) close to sink hole; insert shows resistivity
(red=resistive) 15m bgl.
At the original MT station density (50 x 50m), the features
visible in Figure 4 are well-resolved (Figure 7). However,
at a more practical 500m spacing, aliasing eliminates
many of the small-scale features which, however, have a
significant impact on the data and consequently on the
ability of inversion to recover a meaningful model.

Figure 7: MT invariant apparent resistivity at 10kHz, 50m
station spacing.

Airborne time-domain EM responses were simulated by a
generic AEM system (i.e. one not based on the
instrumentation of a specific contractor) using a perfect
switch-on signal. The parameters of the simulated system
were
•Transmitter loop: 800m² (15.96 m radius)
•Receiver: triaxial Rx 0.1m², coaxial and coplanar with
source
•Ground clearance: 30 m
Flight lines were 50m apart, East-oriented, and with a 50m
data spacing.
The code used for the computations was CGG’s proprietary
adaptive 3D finite difference code. This is an implicit timestepping code based on a Krylov solver with multigrid
preconditioner (Mulder, 2006). It was verified by
comparison with the Australian CSIRO/AMIRA integral
equation code MARCO (Raiche et al., 2007). For
homogeneous half-spaces with resistivities of 1 to 500
ohm.m, and for simple 3D prism models, the two codes
agree to within 3%. For the Arid model, responses were
computed at each measurement point over the time range
0.10 to 20.0 millisecs.
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Figure 9: Time-domain response (∂Bz/∂t in nT/s) channel 1
(0.1 millisecs): compare with Figure 4.

Figure 10: Time-domain response (∂Bz/∂t in nT/s) channel
10 (0.44 millisecs).
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Figure 11: Time-domain response (∂Bz/∂t in nT/s) channel
30 (20 millisecs).

Figure 12: Stacked profiles of ∂Bz/∂t in nT/s along a west
to east line through the center of the Arid model at
5.005kmN, with res_H down to 600m bgl shown below.
DISCUSSION
The very detailed resistivity model allows realistic MT and
airborne EM responses to be calculated. Although
topographic effects are not present (due to the flat land
surface), both methods show much detail related to shallow
features which, in their turn, are related to cause of
degradation of seismic images at reservoir depths. We
proposed that a combination of detailed airborne EM and
relatively sparse ground MT data will provide more reliable
resistivity depth imaging. This hypothesis will be tested by
3D inversion and joint inversion.
ACKNOWLEDGMENTS
The authors thank the SEAM consortium and CGG for
permission to present this work.

Watts et al., 3D EM Modeling of a Complex Middle East O&G Prospect
REFERENCES
Archie, G.E. 1942. The Electrical Resistivity Log as an Aid
in Determining Some Reservoir Characteristics. Trans.
of AIME 146 (1): 54-62.
Clavier, C., Coates, G., & Dumanoir, J., 1984, Theoretical
and Experimental Bases for the Dual-Water Model for
Interpretation of Shaly Sands. Society of Petroleum
Engineers. doi:10.2118/6859-PA.
Mulder, W.A., 2006, A multigrid solver for 3D
electromagnetic diffusion: Geophysical Prospecting 54,
633–649.
Rafle, M.Y. and Youngblood, W.E., 1987, Advances in
Quantitative Reservoir Description and Monitoring in
Saudi Arabia. Abstracts, 12th World Petroleum
Congress.
Raiche, A., Sugeng, F., and Wilson, G., 2007, Practical 3D
EM inversion – the P223F software suite, ASEG
Extended Abstracts, 19th Geophysical Conference.
January 2007, 1-5
Raymer, L.L, Hunt, E.R., and Gardner, J., 1980, An
Improved Sonic Transit Time-To-Porosity Transform,
SPWLA 21st Annual Logging Symposium, 8-11 July,
Lafayette, Louisiana.
Salako, O., Macbeth, C., and MacGregor, L., 2015,
Potential applications of time-lapse CSEM to reservoir
monitoring, First Break 33, 35-36.
Thomsen, L., 1986, Weak elastic anisotropy, Geophysics,
51(10), 1954-1966.
Werthmüller, D., Ziolkowski, A., and Wright, D., 2013,
Background resistivity model from seismic velocities,
Geophysics, 78(4) E213–E223.

