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Abstract

The Zhanhua Sag is a significant oil and gas exploration area in Jiyang Depression, Bohai Bay Basin.
Lacustrine carbonate reservoirs of the upper fourth member of Shahejie Formation are the key
exploration target in this sag. To further reveal the relationship between lithology, sedimentary
microfacies and petrophysical parameters of lacustrine carbonate reservoir, in this paper, the
upper fourth member of Shahejie Formation in Zhanhua Sag was taken as the target. The petro-
logical characteristics, sedimentary microfsacies, petrophysical parameters and parameter sensi-
tivity characteristics of lacustrine carbonate reservoirs are systematically characterized by com-
prehensive use of petrological, physical characterization and petrophysical testing data, and re-
servoir petrophysical modeling is carried out. The results show that the lacustrine carbonate
rocks in the upper fourth member of Shahejie Formation in the Zhanhua Sag are mainly limestone,
the secondary is mixed rock, and the dolomite is less developed. It mainly develops lime-reef,
lime-beach and lime-mud, including microfacies of reef core, reef front, channel among reefs, reef
back, reef margin, beach core, beach margin and channel among beaches. In the case of dry and
saturated samples, the velocity of P-wave, S-wave, bulk modulus, shear modulus, Young’s modulus
and Poisson’s ratio of the beach core microfacies are higher than those of the beach margin mi-
crofacies. The velocity of P-wave, S-wave and volume modulus of biogenic limestone is higher, the
velocity of P-wave, S-wave and volume modulus of calcarenite is larger, and the Poisson’s ratio of
limy dolomite, calcarenite, sandy limestone and micrite is lower. The intersection of the density,
the ratio of P-wave velocity to S-wavevelocity and 1 shows that fluid has no influence on the re-
servoir lithology. The ratio of P-wave velocity to S-wave velocity and shear waves and 4 has dif-
ferent sensitivity characteristics to distinguish sedimentary microfacies under different fluid con-
ditions. The carbonate reservoir is predicted by Gassmann petrophysical model as a whole, but
locally by DEM petrophysical model. The DEM petrophysical model is more accurate than the
Gassmann model as a petrophysical model of heterogeneous reservoir with micro-fracture devel-
opment.
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Figure 1. Distribution and stratigraphic characteristics of the study area. (a) The study area and geographical location of
Zhanhua Sag; (b) Comprehensive histogram of stratigraphic characteristics of Zhanhua Sag (modified according to [21])
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Table 1. X-ray diffraction analysis data of lacustrine carbonate reservoir in the upper fourth member of Shahejie Formation
(Es4) in Zhanhua Sag
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Figure 2. Petrological characteristics of lacustrine carbonate reservoir in the upper Es4 of the Zhanhua Sag
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Table 2. Sedimentary facies characteristics of lacustrine carbonate reservoirs in the upper Es4 of the Zhanhua Sag
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Figure 3. Sedimentary facies characteristics of lacustrine carbonate reservoir in the upper Es4 of the
Zhanhua Sag
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Figure 4. Variation characteristics of P-wave and S-wave velocity with confining pressure of lacustrine carbonate reservoir
in the upper Es4 of the Zhanhua Sag. (a) The variation trend of P-wave velocity of dry lacustrine carbonate with confining
pressure; (b) The variation trend of S-wave velocity of dry lacustrine carbonate with confining pressure; (c) The variation
trend of P-wave velocity of saturated water lacustrine carbonate with confining pressure; (d) The variation trend of S-wave
velocity of saturated water lacustrine carbonate with confining pressure
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Figure 5. Variation characteristics of the bulk modulus and shear modulus of lacustrine carbonate reservoir in the upper Es4
of the Zhanhua Sag. (a) The variation trend of bulk modulus of dry lacustrine carbonate with confining pressure; (b) The
variation trend of shear modulus of dry lacustrine carbonate with confining pressure; (c) The variation trend of bulk modulus
of saturated water lacustrine carbonate with confining pressure; (d) The variation trend of shear modulus of saturated water
lacustrine carbonate with confining pressure
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Figure 6. Variation characteristics of Young’s modulus and Poisson’s ratio with confining pressure of lacustrine carbonate
reservoir in the upper Es4 of the Zhanhua Sag. (a) The variation trend of Young’s modulus of dry lacustrine carbonate with
confining pressure; (b) The variation trend of Poisson’s ratio of dry lacustrine carbonate with confining pressure; (c) The
variation trend of Young’s modulus of saturated water lacustrine carbonate with confining pressure; (d) The variation trend
of Poisson’s ratio of saturated water lacustrine carbonate with confining pressure
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Figure 7. Lithology sensitive parameter crossplot of lacustrine carbonate reservoir in the upper Es4 of the Zhanhua Sag. (a)
Lithology sensitive parameters crossplot of dry lacustrine carbonate; (b) Lithology sensitive parameters crossplot of saturated
water lacustrine carbonate
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Figure 8. Sedimentary microfacies sensitive parameter crossplot of lacustrine carbonate reservoir in the upper Es4 of the
Zhanhua Sag. (a) P-wave and S-wave velocity sensitive parameter crossplot of dry lacustrine carbonate; (b) P-wave and
S-wave velocity sensitive parameter crossplot of saturated water lacustrine carbonate; (c) Lame constant and P-wave velocity
/S-wave velocity sensitive parameters crossplot of dry lacustrine carbonate; (d) Lame constant and P-wave velocity/S-wave
velocity sensitive parameters crossplot of saturated water lacustrine carbonate
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Figure 9. Gassmann petrophysical model of lacustrine carbonate reservoir
in the upper Es4 of the Zhanhua Sag

9. hH1EIMBED Y IV EZ AAFEERER th A % B Gassmann & A 4IEEHY

80.00

NP j ) j Porosity
Por=0.50% d=0.90
70.00 - 0.16
0.14
< 60.00 rPor=5.
o 0.12
) o
L) 0.10
50.00 | W, '
E = {7
3 Por=10. (g AT
& 0.08
40.00 [Por=28
Por 0.06
30.00 f Q3
74 E R% 0.02
20.00 . . . . . . .
0.24 0.26 0.28 0.3 032 0.34 036 0.38 0.4

THRAEL
Figure 10. DEM petrophysical model of lacustrine carbonate reservoir in
the upper Es4 of the Zhanhua Sag
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