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Motivation

* Weak primaries, strong multiples, and diffraction caused by the salt
* Limited seismic imaging quality near the salt structures
* Alternative methods CSEM, MT, gravity, and magnetics
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Recelver orientation analysis

Orientation of instruments
at the seabed is arbitrary
and is defined by three
angles:

* Azimuth (z-axis, © angle)
* Pitch (y-axis, a angle)
* Tilt (x-axis, B angle)
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Receiver orientation analysis

* Assume source of the natural EM field to be a plane wave field

and utilize 3 components of the magnetic field to estimate the
receiver orientation on seabed

1. Tilt and Pitch angle tn _
min H;Ef(t) Hf‘(l‘)
akjk ;
2. Separate 1D 1 _
downgoing field HP) = H, — 5 (H, + ¢£E,) :
< Y
- How
(D) ! :
Hy™ = Hy— |5 (Hy = ¢SE2) | (Amundsen et al. 2006)

3. Azimuth angle
En

min E

Ok .o
xi1Ysea floor t(]

2

{|HP™ (t) — AP (t)| — |HP I (t) — HP* (1))}

(Miitschard et al., subm. to Geophysics 2012)
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Recelver orientation analysis
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Joint inversion of CSEM and MT data

CSEM Maanetotellurics
ctive meth d eriodically alternatin Passive method, natura). occurin
A1ectr|c dlp P Y J plane wave I\/Psource leld J
0.1Hz - 20Hz 0.001Hz - 10Hz
Skin depth 5km in marine environm. Skin depth up to 50km
%lnlg%séolutlon number of source Low resolution, receiver spacing
E sitive to resistors in a conductive Sensitive to i:(onduc Cf)rs In a
ac ground resistive backgroun
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Joint inversion of CSEM and MT data

3D COntraSt Source Receiver s . sorm—— = ———H__‘/__/ Source

inversion of the /SN

scattered electric field 4 A

Model devided into a

background B and )

anomalous D region cuteuhe
e; (x) = e (x)+ /1; Gg (x,x") o0, (X') xj; (X)) e; (x)dx', x€D

Total field = background field + scattered field (Lippmann — Schwinger equation)

X is the contrast )} = ye is the contrast source
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Joint inversion of CSEM and MT data

Definition of:

1) Contrast sources

k=1..Nfogmm { j,k }kzl'”Nf{'"Sml

Wose = {W%EEM}J—L..N& XECSEMS 5y,
Wyt = {Wi{T}kZLHNmT _ {Xei.-[T}kZLHNf‘“T |
2) Data operators
e = e™4 G w

i~ = @
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Joint inversion of CSEM and MT data

Obijective function:

Nicsem N 2 CSEM
Fy Wesem, Wut, X) = t’]f1 CSEM Z Z H:?qﬁu ( (%%i{cu GE,S,kwgggEh-i) H ] |
= s data fidelity

Nigspm

Ns 9 .
o 23 retilie i e xm i, GEATATT

Ny
) MT 5 | |
e CYi&:I»-IT Z :flé (fuT Gﬁskwﬁﬁ) HS MT data f|de||ty
T o2MT Nfi” Xexr — Wi + xG‘E*@"f‘*\f’ff;ﬂ“H2 Lippmann -
= » Schwinger

+ regularization
(Wiik, to be subm. to Geophys. Prospecting 2012)
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Joint inversion of CSEM and MT data

Input: Initial contrast and contrast sources
foreach iteration do

foreach CSEM frequency do

foreach source do

Tini 170 O a1t 1 QYO ;Jl
‘ Minimize equation F7 with respect to Wiqpy

end

end

foreach MT frequency do

| Minimize equation F] with respect to Wi
end
Minimize equation F1 with respect to x

if stop criterion is true then
| stop iterations

else
| proceed to next iteration
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Joint inversion of CSEM and MT data
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Joint inversion of CSEM and MT data
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Joint inversion of CSEM and MT data
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Joint inversion of CSEM and MT data
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(cos(é‘) —sin(f) 0

Rz = | sin(f) cos(d) 0
0 0 1 ) !
) \
cos(a) 0 —sin(a) ( Ha ( Ha
R, — 01 ) H, | =Ra(0)Ry(a)Rx(5) | H,
\ sin(ae) 0 cos(a) ) \ Hy / k H, /

( 1 0 0 |

R«=1] o cos(3) —sin(Q)
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