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A method for permeability evaluation based on relative permeability exper-
iments and pressure mobility
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Abstract Reservoir permeability is a key parameter for oilfield development plans, but offshore coring is expensive, and
some oilfields have difficulty accurately evaluating permeability due to the lack of core data. This article proposes a method for
evaluating formation permeability based on core experiments, nuclear magnetic resonance logging, and pressure measurement
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data. The process is as follows: (D the study found that the relative permeability of the oil phase mainly depends on the saturation
of the bound water in the formation. Through analyzing the experimental data of 39 core permeability experiments in the study
area, it was found that the saturation of bound water in the core is well correlated with the relative permeability of the oil phase.
Therefore, an oil phase relative permeability evaluation model based on the saturation of bound water was established. @ By
simulating the measurement conditions of nuclear magnetic resonance logging, 27 core nuclear magnetic resonance experimental
data were obtained. According to the shape of the core’s nuclear magnetic resonance 7, spectrum, the core is divided into three
categories, and the nuclear magnetic resonance 7, cut-off values for each rock type are determined separately. Combined with
nuclear magnetic resonance logging data, the bound water saturation of the formation can be calculated. Statistics show that the
bound water saturation calculated using this method has a small error compared to the bound water saturation of the rock core,
and the calculation accuracy of bound water saturation is high, thus enabling the calculation of the relative permeability of the
oil phase in the formation. 3 Based on the measurement principle of pressure measuring fluidity, combined with experimental
data on phase permeability and viscosity of formation fluids, the pressure measuring fluidity is converted into the oil phase
permeability of the formation. Combined with the relative permeability curve of the oil phase, it is converted into the absolute
permeability of the formation, and a formation absolute permeability evaluation model based on the Coates formulas is estab-
lished. The practical application results show that: (D the error between the calculated absolute permeability of the formation and
the permeability of the core is small. (2) The permeability calculated based on the new method was used to predict the production
capacity of 14 wells, and the predicted results were highly consistent with the actual production after drilling. Both indicate that
this method has high accuracy in calculating permeability and has important reference significance for permeability evaluation in
similar oil fields.

Keywords permeability; relative permeability curve; relative permeability of oil phases; bound water saturation; mobility from
pressure measurement; 75 cutoffs
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Table 1 Experimental results of core/wall core oil-water phase infiltration in oil field A and its surrounding oil fields

s e FIMBEEE  AOALBE  A0Bd Rk shAvl O REDKWARUE T SRAIMIEAE i
‘ G2 JmPars /% R/mD /% WRE/% BOMARRER% KB ER %
LD4-2-C4 1-031A 2.3 31.7 637.0 31.9 21.2 103.0 46.9
LD4-2-C4 2—008A 2.3 32.9 3587.0 21.7 17.9 1369.1 140.0
LD4-2—-C4 2—-025A 24 32.2 2078.0 30.7 19.8 338.8 160.9
LD4-2-C4 3—-027A 2.4 35.0 3330.0 26.7 17.0 828.0 367.0
LD4-2-C4 3—-034A 2.5 34.6 1875.0 31.1 19.0 349.5 181.7
LD4-2-C4 2-034S 2.5 333 3464.0 13.8 30.1 1752.8 391.9
LD4-2—-C4 2-034T 2.3 32.4 2750.2 239 30.1 764.0 273.5
LD4-2-C4 2-034C 23 339 3301.7 25.2 21.0 860.3 332.1
LD4-2-C4 2-034D 2.3 32.7 2283.8 24.4 16.7 611.8 252.6
LD4-2-C4 2—-034E 2.3 33.2 2892.3 17.5 18.1 1070.2 76.5
LD4-2-C4 2—-036F 2.3 36.5 4770.0 34.4 23.6 614.0 154.2
LD4-2-C4 2-036D 2.3 34.1 5518.0 334 24.8 827.9 83.4
LD4-2-C4 2—-036H 2.3 35.7 5151.0 32.3 23.8 966.1 319.2
LD4-2-C4 2—-036N 2.3 36.4 5486.0 333 20.2 844.4 316.2
J725-1-C13 1-020A 3.1 28.2 595.2 22.6 28.6 124.9 33.0
J725-1-C13 1-022A 3.1 279 130.5 41.5 31.8 8.2 1.8
J725—-1-C13 2-021A 3.1 26.5 154.7 37.5 31.6 17.1 39
J725-1-C13 2-022A 3.1 27.0 109.4 42.5 31.7 11.1 2.3
J725—-1-C13 2-040A 3.1 28.2 837.7 242 28.6 231.0 66.3
J725-1-C13  3-008A 3.1 28.3 1755.0 21.9 27.7 563.9 203.6
J725-1-C13 3-010A 3.1 28.7 1182.8 234 26.7 348.2 108.3
J725-1-C13 3-015A 3.1 25.6 98.7 15.3 31.5 49.4 9.9
J725-1-C13  3-016A 3.1 26.9 279.0 23.0 30.3 98.3 243
J725-1-C13 3-022A 3.1 29.8 2039.7 31.6 27.6 410.4 156.8
J725-1-C13 4-024A 3.1 28.3 4011.9 18.5 244 1391.5 624.8
J725-1-C13 4-030A 3.1 28.0 2477.9 16.5 27.0 939.9 368.5
J725—-1-C13 4-032A 3.1 27.7 1576.2 22.8 27.2 369.5 124.5
J725-1-C13 4-037A 3.1 27.7 35584 19.8 25.5 1382.3 588.9
J725-1-C13 4-042A 3.1 26.8 1592.3 25.5 27.4 367.3 126.7
LD16—-3—-B11 1-009A 1.5 29.2 379.6 32.4 24.1 72.2 26.2
LD16-3-B11 1-017A 1.5 28.7 257.2 33.5 21.0 46.9 18.2
LD16—-3-B11 2-004A 1.5 30.5 678.0 21.6 23.5 234.5 50.6
LD16-3-B11 2-010A 1.5 30.9 776.4 18.0 26.9 324.8 120.3
LD16-3-B11 2-020A 1.5 29.4 302.6 394 24.4 339 12.1
J725—-1-7 1-004 1.0 27.6 2353 445 21.3 18.9 33
J725-1S-2 1-005A 2.1 31.0 936.1 17.0 29.3 426.6 162.5
J725—-1S-2 1-007A 2.1 27.7 3042.6 25.1 28.4 969.8 334.7
J725-1S-2 1-004A 2.1 30.2 1390.2 23.9 24.8 480.4 151.7
J725-1S-2 1-008A 2.1 29.7 1497.4 25.2 272 486.1 170.9
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Table 2 Distribution table of physical properties and 7, cutoff values of three different types of core samples in Bohai A Oilfield

FHLZA FLBRE /% BB Z /mD T, #%1EAE /ms 3 T, #Uk{E /ms
12 30.0~35.0 >1500.0 20.9~38.2 28.3

IE'S 22.0~30.0 200.0~1500.0 7.1~245 18.7

NIES <22.0 <200.0 4.8~10.6 8.5
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Fig.8 Comparison between new and old permeability models and core permeability of Well P
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Table 3 Comparison between the calculation results of absolute permeability and core permeability of the new and old models
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