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Abstract: - L oilfield located in the south-central of the basin central depression area, belongs to the medium to
low permeable oil fields, with complex rock structure, strong heterogeneity and clear difference between layers,
the logging data interpretation is difficult. On the basis of the well coring analysis testing, testing, pre-production
and production performance data, establishing reservoir porosity, permeability, oil saturation and gas saturation
logging interpretation model. Application and interpretation model and the secondary interpretation of all the
Wells in the studied area, the result of which shows the interpretation models have higher accuracy, further
providing foundation for geologic modeling and remaining oil redevelopment.
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l. INTRODUCTION

L oilfield geological survey work began in 1956,the simulated earthquake shall census completed in
1960-1962 and discovered the L structure. After ten years of development, L oilfield has entered high water cut
stage, serious conflict among layers, longitudinal reservoir mined is nonuniform and the same layer east-west
well water flooded serious, such as a variety of reasons cause logging data interpretation more difficult. This
article completed the logging second explanation and demonstration, redefined the log interpretation result,
provided the precision based data of comparative analysis to the late reserves recalculation. In order to meet the
needs of the current reservoir geological study, using the method of "core scale logging", on the basis of
standardization and reinterpreted of existing log data, setting up the reservoir parameters log interpretation
model™2.
1. STUDY ON THE LGGING ITERPRETATION MDEL OF RSERVOIR PRAMETERS
2.1 Porosity interpretation model

Porosity parameter evaluation is one of the important contents of reservoir evaluation, is also the basic
factor of calculating permeability and oil saturation®]. Rock effective porosity is the percentage of pore space of
the rock volume,and the pore space is interconnected pores space and fluid can flow under natural conditions,and
in the actual formation, it is closely related to the reservoir seepage effect. Due to Gaotaizi reservoir correlation of
porosity and AC is best, therefore, this study uses the measured core physical property data and AC curve
regression method to calculate effective porosity, that is on the basis of true depth determination of core and
standardization of AC curve. Read from the AC value of core analysis porosity samples, and analyzing the
single-correlation analysis of AC and porosity.
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Fig.1 The chart of Gaotaizi reservoir porosity

Using 4 coring Wells 53 layer core data to establish the relationship between porosity and acoustic time
figure(Fig.1)through multiple regression, we get the following formula:

®=-20.235+0.1369AC @)

The mean absolute error of the model is 0.92%, the average relative error is 5.69%. The correlation
coefficient is 0.87.

Second, application the empirical equation of Songliao basin, correcting the surface porosity to the
subsurface porosity. Using the porosity correction equation to correct the surface porosity, and using the porosity
of after correction as the reserves calculation value(Tablel).

stratigraphic porosity subsurf-ace
block area type well block . porosity
position %
%

L7 k1g,/ 1 15.3 14.41
ol L7 k1g,/ 11 15.8 14.88
L7 k1q, /11 15.9 14.97
L7 L7 k1g,/IV 16 15.07
L7-11 k1 g,/ 1 16.1 15.16
gas L7-11 k1 g,/ 15.7 14.79
L7-11 k1 g, /IV 16.4 15.45
L12 k1 g,/ 1 15.3 14.41
il L12 k1 g, 14.5 13.66
L12 L12 k1 g, /11 14.7 13.84
L12 k1 g, /IV 16.7 15.73
gas L12 k1,1 16 15.07

Tablel Porosity values data table
The empirical equation:

D=y (0.39+0.6527-P,-0.05) @)

P.=0.01-H-py (po=2.3g/cm’) (3)

®: the surface porosity;®q: the subsurface porosity;P.: the effectively coating pressure;pq: the underlying
density.

Using the above relational expression to calculate the porosity of oil-bearing area,and adopting the
effective thickness weighing method to acquire single well ground porosity,then using the well point average
method to acquire the ground mean effective porosity of each stratigraphic position and draw the purpose layer
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porosity chart.

2.2 Permeability interpretation model

Well logging information can be used to estimate or accurately calculate the lithology, porosity,
saturation, but there is not a mathematical method to describe the relationship between permeability and
conventional logging information. Under a certain pressure difference, the reservoir permeability is the ability of
fluid through the rock, its value is mainly influenced by rock particle size, particle separation and pore tortuosity,
pore throat radius, fluid properties and clay distribution form,etc., and the influence of such factors makes the
relationship between the logging response and the permeability is very complicated, there is no accurate
theoretical relationship between various influencing factors and there is no established theoretical equation of
direct using logging data to calculate permeability*" Therefore, this study combined with the logging data and the
core physical analysis, comprehensive study the statistical relationship between porosity and permeability,and
returning permeability parameter interpretation model.
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Fig.2 Gaotaizi reservoir cores relational graph of porosity and permeability

Using 4 coring Wells 49 layer core data to establish the relational graph between porosity and
permeability(Fig.2),through multiple regression,we get the following formula:

K=-10.621+0.7434® ()

The mean absolute error of the model is 0.31%, the average relative error is 67.5%. The correlation
coefficient is 0.83.

2.3 sturation interpretation model
L oilfield reservoir construction smoothly,and reservoir permeability is low,the reservoir completely in
oil-water transition section, the production layers are all oil-water layers,the original oil saturation of determines
the oil-water layer is difficult,the oil saturation of low permeability reservoir has larger changes.
2.3.1 saturation interpretation model
On the basis of archie formula, through litho-electric experiment to determine reservoir original oil
saturation calculation model formula can be written as:
M, 1
Sw=l T |
L R, x @ | (5)
Ry—formation water resistivity,Q-m; R; —formation resistivity,Q-m; ® —active porosity, v/v; Sw—water
saturation, v/v; m —porosity index; n —saturation index; a. b—the empirical coefficient related to lithology
and pore structure®®! .

According to the result of the experiment to determine Gaotaizi reservoir: a =0.9972, b = 0.9758, m =
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1.6727, n = 1.7840.
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Fig.3 The relational graph of formation factor and  Fig4. The relational graph of resistivity index and
porosity water saturation

Using litho-electric experiment data and analysis data of formation water in this area, obtained rock
electricity coefficient and formation water resistivity, gnl formation water salinity is 13000 PPM, it is concluded
that formation water resistivity is 0.42Q-m, using the above parameters to determine the qnl saturation equation.

Its expression is:
S, "8=0.1955/(@ " xRIId) (6)

Using the above oil saturation equation, putting the logging data of division effective thickness into the
equation to calculation oil saturation, after each calculation unit volume weighted to calculate oil saturation [6].
2.3.2 gas saturation interpretation model

Due to the oil and gas layers in this area has the typical low resistance characteristic, resistivity, AC
curve can not reflect the characteristics of atmosphere well, therefore, we cannot apply well logging method to
calculate the original oil and gas saturation.Dealing with the mercury injection data with J function and get the
average reservoir capillary pressure curve,then use formula method to determine the reservoir minimum flow pore
throat radius. The mercury saturation which corresponds the minimum flow pore throat radius is the original oil
saturation.

1. THE ALICATION OF LOGGING INTERPRETATION RESULTS
3.1 the calculation of reserves

Based on volumetric formula, used the above fine logging interpretation model and logging
interpretation software, has carried on the processing and fine interpretation to 49 Wells, unified the reservoir
interpretation parameters, improved the precision of reservoir interpretation, further draw the oil-water boundary;,
accurately calculate the reserves. After the recalculation, proven geological reserves of crude oil in the area is
2599.61x10* t, superimposed oil-bearing area is 39.47 km? dissolved gas geological reserves of
14.18x10°m®( Table2).
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7 klqul 255 2 N 7 2 5 26202 31795 23 53 3 1
L7 1 2334 26 144 421 0.878 1112 30 362.02 317.85 181 123 400 4433 39.10 0.72
L7 kl?;ﬂ 2446 30 149 428 0872 1112 30 42083 366.96 210 123 400 51.76 4514 0.84
L L7 klﬂ?l 3371 23 143 406 0.872 L112 i 45539 397.10 228 123 400 36.01 4884 091
L7 klﬁ,ﬂ 36.35 27 15.1 424 0871 1112 30 368.18 49489 284 123 400 69.89 60.87 114
subtotal 36.53 2876.90 2504.90 1364 333.86 308.10 343
1 klgnl 202 4 5 5 1 5 32 1837 1 13 53 5
L1 i 292 24 144 4786 0.887 1112 30 4320 3832 022 123 400 331 471 0.09
- klgni . - . - < - . oy 2 Q% 2
Li2 it 1.80 3l 137 433 0.880 L112 0 3128 2751 0.16 123 400 3.83 338 0.06
Li2 L1z klﬁ?l 156 27 138 430 0874 1112 30 2248 1964 0.11 123 400 277 242 0.04
5 kil 5 < 5 - 5 5 . a s 3 N n
L1 v 113 14 134 474 0.874 L112 i 10.57 224 0.03 123 400 130 114 0.02
subtotal 29 107.53 471 034 13.23 11.65 021
smmation 3947 208443 2599.61 1418 367.09 319.73 3.66

Table2 Reserve recalculation data sheet (sands group)
3.2 rservoir evaluation
The calculation of reserves to small layer, based on logging secondary interpretation results, combined
with other related parameters (such as sedimentary facies), according to the volumetric formula., used The above
parameters to calculate the proven geological reserves of crude oil in the area is 2599.61x10* t, superimposed
oil-bearing area is 39.47 km?, dissolved gas geological reserves of 14.18x10° m3( Table3).

G1 046 130 1450 4140 0878 1112 30 3 282 002 123 039 033 0.00

kigal . . . . . . .
i G2 17.17 1.80 13.00 4330 0878 1112 30 188.83 163.79 094 123 2323 2039 012
G3 1559 1.60 1450 4340 0878 1112 30 14112 12390 071 123 1736 1524 0.09
G4 2285 2.10 1470 46.10 0.872 1112 30 29238 25493 146 123 3596 3136 0.18

kignl < . - . < < .
Iid G5 1997 1.70 1440 4220 0872 1112 30 18549 161.74 093 123 2282 1989 011
L7 G6 1.66 1.10 13.70 4100 0.872 1112 50 921 303 003 123 1.13 0.99 0.01
G7 2306 210 1520 4630 0872 1112 30 37208 32324 186 123 4388 4000 023
kllcgll G8 238 120 1320 3730 0872 1112 30 12.70 1107 0.06 123 136 136 0.01
Go 022 1.00 1520 46.70 0872 1112 30 138 120 001 123 0.17 013 0.00
Klgal G10 3193 270 1420 4320 0871 1112 30 49765 43345 249 123 6121 3331 031

¥

Gl1 773 120 1410 4260 0871 1112 30 5024 4376 02% 123 6.18 338 003
subtotal 3653 274160 2387.18 13.03 33724 29362 161
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Gl

k“}“l G 1 130 14.70 47.50 0.88 1112 0] 10.1 9.0 00 1 1 111 0.01
@3 0.76 190 13.90 45.00 0887 1112 50 813 721 004 123 100 089 0.00
G4 176 220 13.70 4750 0880 1112 50 2265 19.92 0.11 123 279 245 0.01
klﬁm <5 068 270 13.10 4160 0880 1112 50 894 787 004 123 110 097 0.00
L12 a6 0.05 240 15.20 54.00 0880 1112 50 0.80 0.70 0.00 123 0.10 0.09 0.00
G 1 10 13.80 4250 0874 111 50 13.79 120 00 1 170 148 001
klgnl - ) - N 5 57 23 2
il [ 025 140 13.90 4040 0874 1112 50 1.80 157 001 123 0.22 0.19 0.00
@9 123
) G10 049 110 13.90 42.60 0874 1112 50 287 251 001 123 035 031 0.00
klgnl
v
Gl11 0.04 070 1410 4290 0874 1112 50 015 013 000 123 002 002 0.00
subtotal 292 69.30 60.98 033 £.53 7.51 0.03
summation 281000 244816 1336 34577 30113 164

Table3 Reserve recalculation data sheet (single layer)
V. CONCLUSION

This paper adopts the method of "core scale logging" to establish the reservoir parameters log
interpretation model, and provides the accurate basic data of comparative analysis for late reserves recalculation,
and obtains the good application effect.
(1) Set up Gaotaizi reservoir logging interpretation model of porosity, permeability, oil and gas saturation. Studies
show that the interpretation model of "core scale logging" method has higher precision.
(2)Apply the interpretation model to each well logging data in the research area for processing and fine
interpretation, provides accurate geological parameters for reservoir numerical simulation and reservoir
evaluation, and provides reference for residual oil exploration.
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