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Abstract: Well logging technologies are used to measure the physical properties of reservoirs through boreholes. These
technologies have been utilized to understand reservoir characteristics, such as porosity, fluid saturation, etc., using
equations based on rock physics models. The analysis of well logs is performed by selecting a reliable rock physics
model adequate for reservoir conditions or characteristics, comparing the results using the Archie’s equation or simandoux
method, and determining the most feasible reservoir properties. In this study, we developed a joint inversion algorithm
to estimate physical properties in shaly sandstone reservoirs based on the pre-existing algorithm for sandstone reservoirs.
For this purpose, we proposed a rock physics model with respect to shale volume, constructed the Jacobian matrix, and
performed the sensitivity analysis for understanding the relationship between well-logging data and rock properties. The
joint inversion algorithm was implemented by adopting the least-squares method using probabilistic approach. The
developed algorithm was applied to the well-logging data obtained from the Colony gas sandstone reservoir. The results
were compared with the simandox method and the joint inversion algorithms of sand stone reservoirs.
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Table 1. Rock and fluid parameters in a reservoir for rock physics
modeling.

Bulk modulus  Shear modulus Density  Conductivity
(GPa) (GPa) (g/em®) (S/m)
Sand 39 40 2.65 1072
Shale 12 6 2.8 0.25
Water 2.25 - 1 0.4
Gas 0.3 - 0.3 107
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Fig. 1. Rock physics modeling of P-wave velocity for (a) clean
sand, (b) shaly sand reservoir model.

o}
o TPtk A ol 27 55 we] SubEs

MIMEE
ANAEE (o) BAFEASG Y (the complex refractive

index model, CRIM)= ©]&3lo] tha3} 7ho] yephd 4 )

=11

Conductivity

0.15
0.20
pb!gsf[y 0.25 43p

035 a0

=13 =-1.2
Cenductivity (log{S/m))

(a)

Conductivity (log(S/m))

0.00 0‘05 t]‘w 0.15 U;?Q nis n:'nn nlas 040
Porosity
(b)

Fig. 2. Rock physics modeling of conductivity for (a) (a) clean sand
and (b) shaly sand reservoir models.
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Fig. 3. Rock physics modeling of density for (a) clean sand and
(b) shaly sand reservoir models.
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Fig. 4. Flowchart for joint inversion procedures.
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Fig. 7. Well log data of Colony gas sand.
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method.
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Table 2. Average reservoir properties at each zone using the simandoux method.
. . Water Gas
Depth Lithology Shale volume Porosity saturation saturation

Zonel 600 ~ 630 m sand shale 0.478 0.138 0.972 0.028

Zone2 630 ~ 640 m shaly sand 0.189 0.252 0.484 0.516

Zone3 640 ~ 663 m Shaly sand 0.160 0.212 0.696 0.304

Zoned 663 ~ 685 m sand 0.031 0.284 0.739 0.261




Table 3. Rock and fluid parameters for the joint inversion in the
shaly sand reservoir.

Bulk modulus Shear modulus Density ~ Conductivity

(GPa) (GPa) (g/em’) (S/m)
Sand 37 44 2.65 1072
Shale 13.62 335 2.84 0.25
Water 225 - 1.1 6.66
Gas 0.3 - 0.3 107
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Fig. 9. Measured and calculated data for the joint inversion in the
shaly sand reservoir model.
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Fig. 10. Estimation of reservoir properties using the joint inversion
in the shaly sand reservoir model.
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Table 4. Average reservoir properties at each zone using the joint inversion in the shaly sand reservoir.

. . Water Gas

Depth Lithology Shale volume Porosity saturation saturation
Zonel 600 ~ 630 m sand shale 0.478 0.193 0.947 0.048
Zone2 630 ~ 640 m shaly sand 0.189 0.288 0.395 0.582
Zone3 640 ~ 663 m Shaly sand 0.160 0.239 0.634 0.343
Zone4 663 ~ 685 m sand 0.031 0.355 0.645 0.339
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Fig. 11. Measured and calculated data for joint inversion in sand
reservoir model.

Fig. 12. Estimation of reservoir properties using the joint inversion
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Table 5. Average reservoir properties at each zone using the joint inversion in the sand reservoir.
. . Water Gas
Depth Lithology Shale volume Porosity saturation saturation
Zonel 600 ~ 630 m sand shale 0.478 0.257 0.632 0.343
Zone2 630 ~ 640 m shaly sand 0.189 0.338 0.331 0.654
Zone3 640 ~ 663 m Shaly sand 0.160 0.288 0.519 0.459
Zone4 663 ~ 685 m sand 0.031 0.372 0.618 0.366
Table 6. Average porosities and water saturations at each zone.
Porosity Water saturation
Depth Well log Joint inversion Joint inversion Well log Joint inversion Joint inversion
analysis (Shaly sand) (Sand) analysis (Shaly sand) (Sand)
Zonel 600 ~ 630 m 0.138 0.193 0.257 0.972 0.947 0.632
Zone2 630 ~ 640 m 0.252 0.288 0.338 0.484 0.395 0.331
Zone3 640 ~ 663 m 0.212 0.239 0.288 0.696 0.634 0.519
Zone4 663 ~ 685 m 0.284 0.355 0.372 0.739 0.645 0.618
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PalEelme #AA L Aelshet] ALgE Fael 7 o
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GRyax : Gamma ray maximum

GRyin : Gamma ray minimum

Igr : Gamma ray index

K, K, K,, K;, Ky, : Bulk modulus, GPa
R,, : Formation water resistivity, ohm-m
Sy, Ss, Sg © Saturation, %

V, : P-wave velocity, km/s

Ve : Volume of clay, %

s, Mgn - Shear modulus, GPa

0 : Bulk density, g/em®

or : Fluid density, g/em®

Ps> P> Por P P+ Density, g/em’

Oy, Oy, Oy O, Oy : Conductivity, S/m

¢ : Porosity





