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Abstract: Seismic inversion is a high-resolution tool to delineate the subsurface structures which may contain oil or gas.
On the other hand, marine controlled-source electromagnetic (mCSEM) inversion can be a direct tool to indicate
hydrocarbon. Thus, the joint inversion using both EM and seismic data together not only reduces the uncertainties but
also takes advantage of both data simultaneously. In this paper, we have developed a simultaneous joint inversion approach
for the direct estimation of reservoir petrophysical parameters, by linking electromagnetic and seismic data through rock
physics model. A cross-gradient constraint is used to enhance the resolution of the inversion image and the maximum
likelihood principle is applied to the relative weighting factor which controls the balance between two disparate data.
By applying the developed algorithm to the synthetic model simulating the simplified gas field, we could confirm that
the high-resolution images of petrophysical parameters can be obtained. However, from the other test using the synthetic
model simulating an anticline reservoir, we noticed that the joint inversion produced different images depending on the
model constraint used. Therefore, we modified the algorithm which has different model weighting matrix depending on
the type of model parameters. Smoothness constraint and Marquardt-Levenberg constraint were applied to the water-
saturation and porosity, respectively. When the improved algorithm is applied to the anticline model again, reliable porosity
and water-saturation of reservoir were obtained. The inversion results indicate that the developed joint inversion algorithm
can be contributed to the calculation of the accurate oil and gas reserves directly.
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Fig. 1. Conceptual diagram of the simultaneous joint inversion
process.
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Fig. 2. True model which simulates the simplified structure of Troll
gas field. P-wave velocity and resistivity of each structure are
superimposed on the model.
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Table 1. Parameters used in seismic modeling and joint inversion
with the synthetic data of the simplified Troll field model for joint
inversion.

Parameter Value
No. of sources 197 (x=0.1 ~99km/z =0.03
km)

Ricker wavelet (f,.. = 18 Hz)
81 (x=1~9km/z =1 km)

Source wavelet
No. of receivers
Type of receiver Pressure

No. of ray-parameter / interval 41/ 0.02
Sampling interval / Recording length 0.002 s / 8.0 s

Cell size 10 x 10 m

Number of inversion blocks 24 x 17 = 408

Inversion frequency 1.3, 24, 45, 6.1, 8.5 Hz

Asm [Maximum of (J"J)] x 0.1 %

Table 2. Parameters used in mCSEM modeling and joint inversion
with the synthetic data of the simplified Troll field model for joint
inversion.

Parameter Value
No. of sources 6(x=1,2,3,7,8,9km/z =095
km)

Source type and measured data J, and E,

No. of receivers 51x=0~10km/z =1 km)

Cell size 100 x 50 m
Number of data 1376 (Through data selection)
Number of inversion blocks 24 x 17 = 408

Inversion frequency 0.1, 0.25, 0.5 Hz
Aem [Maximum of (J*J)] x 0.1 %
Acg 2 X Aem
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Fig. 3. (a) True porosity model, (b) initial porosity model and (c)
joint inverted porosity model.
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Fig. 4. (a) True water-saturation model, (b) initial water-saturation
model and (c) joint inverted water-saturation model.
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Fig. 5. (a) True P-wave velocity model, (b) initial P-wave velocity
model and (c) converted P-wave velocity model from joint
inversion results using rock physics model.
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Fig. 6. (a) True resistivity model, (b) initial resistivity model and
(c) converted resistivity model from joint inversion results using
rock physics model.
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Fig. 7. True anticline model of (a) P-wave velocity and (b)
resistivity.

pal

Table 3. Parameters used in seismic modeling and joint inversion
with the synthetic data of the simplified anticline model for joint
inversion.

Parameter Value
No. of sources 336 (x =04 ~11.6 km / z=0.03
km)

Source wavelet Ricker wavelet (fuax = 18 Hz)

No. of receivers 101 @ =2~ 10 km /z =1 km)
Type of receiver Pressure
No. of ray-parameter / interval 41/ 0.02

Sampling interval / Recording length 0.002 s / 8.0 s

Cell size 10 x 10 m

Number of inversion blocks 46 x 26 = 1196

Inversion frequency 1.3, 23, 4.1, 6.1, 7.3, 13.1 Hz
Asm [Maximum of (J"J)] x 0.1 %

Table 4. Parameters used in mCSEM modeling and joint inversion
with the synthetic data of the simplified anticline model for joint
inversion.

Parameter Value
12(x=0,1,2,3,4,5,7,8,9, 10,
11, 12 km / z = 0.95 km)

Source type and measured data J, and E,

61l x=0~12km/z=1 km)

No. of sources

No. of receivers

Cell size 100 x 50 m
No. of data 3948 (Through data selection)
Number of inversion blocks 46 x 26 = 1196

Inversion frequency 0.1, 0.25, 0.5 Hz
Aem [Maximum of (J*J)] x 0.1 %
Aeg 4 % Jem

Gassmann ¥7d24]oX+= K,,, = 32 Gpa, K,, = 2.81 Gpa, K, =
0.75 Gpa, pna = 3500 kg/m3, p, = 1050 kg/m®, p, = 750 kg/
m’, ¢ = 045 A3
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Fig. 8. Joint inversion results with smoothness constraint. (a)
Inverted velocity model and (b) resistivity model.
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Fig. 9. Joint inversion results with Marquardt-Levenberg method.
(a) Inverted velocity model and (b) resistivity model.
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Fig. 10. (a) True porosity model, (b) initial porosity model and (c)
joint inverted porosity model.
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Fig. 13. (a) True resistivity model, (b) initial resistivity model and
(c) converted resistivity model from joint inversion results using
rock physics model.
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Fig. 14. Normalized data misfit curves of (a) EM data and (b) seismic data, respectively, in simultaneous joint inversion.
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