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Impact mechanism of frozen coring technology on reservoir fluid saturation and
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Abstract: With the extensive development of shallow unconsolidated sandstone heavy oil resources, conventional sealed
coring methods have struggled to address the issue of getting intact cores from unconsolidated sandstone reservoirs.
Consequently, improvements in coring techniques have been made, resulting in the development and application of sealed
cryogenic pressure-maintaining coring technology. However, field practice has shown that cryogenic coring may introduce
deviations in the determination of reservoir oil saturation and petrophysical parameters. In this study, comparative
experiments on artificial cores were systematically conducted at different freezing temperatures, and correspondingly the
variation patterns of core oil saturation and petrophysical parameters, together with the impact mechanism, were analyzed
in depth. The experimental results show that oil saturation exhibits significant nonlinear variation with freezing
temperature : it generally decreases between —10 and =20 °C, slightly increases again at =40 “C, and rises markedly under
cryogenic conditions at —60°C. Porosity, by contrast, shows an overall decreasing trend under low-temperature conditions.
Based on the experimental observation and mechanism analysis, this study delves into the coupled influence of multiple
factors, including phase transitions of crude oil components, ice-crystal plugging, microfracture development, and rock-
fluid interactions, on oil saturation and porosity. A temperature-interval-based linear correction model for oil saturation
was established using the experimental data. This model can, to a certain extent, correct measurement deviations

introduced by freezing treatment, and provides experimental evidence and reference for restoring the original fluid
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occurrence state of cores and improving the accuracy of reserve evaluation for shallow unconsolidated sandstone reservoirs.
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Fig. 1  Collection of natural and artificial core samples and treatment of sand samples
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Fig. 2 Preparation of oil-saturated core samples
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Table 1 Freezing experiment parameter statistics
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G HEC s40H 40-80H hFso MM LA “jﬁ EPE PR e wm e e
K/mL  mL OP-10/g Mg 4k BIHR FE1%

) 320 1600 80 20 30 1.0 0.50 8 8 30 50  29.95  40.51

1-1 320 1600 80 20 30 .50 0.50 8 8 30 50  24.88  8.85
1-2 320 1600 80 20 30 .50 0.50 8 8 30 50  24.78  14.32
1-3 20 320 1600 80 20 30 .50 0.50 8 8 30 50  26.54  5.97

1-4 320 1600 80 20 30 .50  0.50 8 8 30 50 2461 52.84

1-5 320 1600 80 20 30 .50  0.50 8 8 30 50  25.60  47.69

1-6 320 1600 80 20 30 .50 0.50 8 8 30 50  201.23  46.84
® 320 1600 80 20 30 .50 0.50 8 8 35 55  30.70 24.12

2-1 320 1600 80 20 30 .50 0.50 8 8 35 55  24.25 27.46
22 60 320 1600 80 20 30 .50 0.50 8 8 35 55 26,04 3414
2-3 320 1600 80 20 30 .50 0.50 8 8 35 55  20.04  70.95
2-4 320 1600 80 20 30 .50 0.50 8 8 35 55  25.07  40.40
® 320 1600 80 40 60 3.00 .00 8 8 30 45  38.82 28.78

3-1 320 1600 80 40 60 3.00 .00 8 85 30 45  20.91 34.79
32 320 1 600 80 0 60 3.00 100 8 85 30 45  24.07  20.49
3-3 40 320 1600 80 0 60 3.00 .00 8 8 30 45  24.98  37.17
3-4 320 1600 80 0 60 3.00 .00 8 8 30 45  17.58  26.00
3-5 320 1600 80 0 60 3.00 .00 8 8 30 45  22.90  55.43
3-6 320 1600 80 0 60 3.00 .00 8 8 30 45  20.71  61.69
@ 350 1600 50 0 60 3.00 .00 75 75 30 50 2108 27.74

4-1 40 350 1600 50 0 60 3.00 L0075 75 30 50 2169  39.20
42 350 1600 50 0 60 3.00 L0075 75 30 50 16.41  32.25
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4-4 350 1 600 50 40 60 3.00 .00 75 75 30 50 25.49  43.77
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4-6 350 1600 50 40 60 3.00 .00 75 75 30 50 23.03  44.24
® 350 1600 50 60 90 4.50 .50 70 70 35 55 26.63  41.56
5-1 350 1 600 50 60 90 4.50 .0 70 70 35 55 2692 23.01
5-2 350 1600 50 60 90 4.50 .50 70 70 35 55 25.62  44.34
5-3 -10 350 1600 50 60 90 4.50 .50 70 70 35 55 25.54  17.89
5-4 350 1 600 50 60 90 4.50 .0 70 70 35 55 2270 18.56
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©® 350 1600 50 80 120 6.00 200 70 70 35 45 10.88  64.01
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Fig. 3 Influence of diverse freezing temperatures on oil saturation
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Fig. 4 Schematic diagram showing the microscopic pore structure of cores
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Fig. 6 Schematic diagram of stress responses of the rock skeleton
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Fig. 7  Correction models at different freezing temperatures
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