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Abstract. In Fanxue area of Ordos Basin, Chang 8 Oil Group has been in the 
development stage, the current development of more difficult and costly. In this paper, 
Chang 8 layers in this area are studied by using reservoir sedimentology, logging 
geology, petroleum geology, petrophysics, 3D reservoir modeling and numerical 
simulation and laboratory analysis techniques. The reservoir distribution pattern, 
remaining oil distribution pattern and well pattern optimization provide relevant 
technical results for the later development and provide guarantee for increasing reserves 
and production.  

1.  Introduction 
Compared with conventional reservoirs, the pore structure of low-permeability reservoirs is different, 
and the pore structure is more complicated, which has a significant impact on reservoir oil and gas 
communication capacity and productivity [1-3]. At present, the study on the pore structure of low 
permeability reservoirs is more detailed, not only the pore structure type, pore throat width and 
connectivity, but also the relationship with reservoir seepage capacity [4-8]. The research on the 
formation and distribution of remaining oil is a worldwide problem in the world oil and gas industry. It 
is also the research focus of high-exploration areas at home and abroad, and is one of the core 
technologies for oil and gas field development. At present, the development process of the world oil and 
gas fields can only produce 30% of the total oil and gas reserves, while more than half of the oil and gas 
is still in a difficult state. Most of the oil fields in the central and eastern parts of China are now in the 
stage of high water cut and high recovery, and the output of crude oil is decreasing [9-12]. The 
development of residual oil in low-permeability and ultra-low-permeability reservoirs has become a 
more difficult problem in the domestic petroleum industry, and its development potential is huge. The 
paper points to the problems of “not injecting, not collecting”, more residual reserves, scattered 
distribution and lower degree of utilization, and the complex geological features of the Chang 8 oil-
bearing formation in the Fanxue Oilfield of Dingbian Oilfield [13-15]. The characteristics of strong 
heterogeneity, poor water injection development and difficult development are studied. The formation 
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mechanism, storage and spatial distribution of microscopic residual oil are important research contents 
for oil-bearing and enhanced oil recovery in oilfield evaluation reservoirs. Due to the small size of 
microscopic residual oil, the influencing factors are complex, and various indoor experiments are needed. 
Based on the established reservoir classification evaluation system, the selected three types of reservoir 
core samples were used to study the distribution law of microscopic residual oil. 

2.  Experimental 

2.1.  Materials 
This experimental device is a real sandstone micro-model displacement experiment system assembled 
by Northwest University. Sandstone model samples from Changqing Oilfield. 

2.2.  Microscopic water flooding characteristics experiment 
The sandstone model samples used in the experiment are comprehensively analyzed based on the oil 
test results of the oil layer in the study area, the observation of conventional flakes, and the observation 
of the cast flakes. When the samples are selected, different reservoirs in the study area are selected 
according to the reservoir classification criteria established in the previous period. The typical 
production wells of the type are used to make experimental models in cores with different sand bodies, 
different perforation sections, and different sedimentary microfacies. The real sandstone microscopic 
model is made by the above-mentioned actual core after being extracted, dried, sliced and grounded, 
and then bonded between two pieces of glass. The model has a size of about 2.5cm × 2.5cm, a pressure 
bearing capacity of 0.2MPa, a temperature resistance of 200°C, and a pressure and temperature 
resistance of 100°C. 

2.3.  Microscopic model water flooding experiment 
Oil-water interaction is actually a simulation of oil and gas entering the reservoir and water injection 
development process, so the experimental steps include vacuuming saturated water, oil flooding and 
water flooding. The experimental simulated oil and simulated water were prepared according to the 
actual formation crude oil viscosity, the formation water and the nature and composition of the injected 
water. Firstly, the original oil saturation and the irreducible water saturation are calculated by the area 
statistical method. The residual oil saturation and residual water saturation are calculated by water 
flooding to calculate the oil displacement efficiency. Finally, according to the observed experimental 
phenomena, the analysis and interpretation are carried out.   

2.4.  Core water flooding NMR experiment 
The inverse relationship between reservoir pore size and hydrogen nuclear relaxation rate is the 
theoretical basis for studying rock pore structure by NMR T2 spectroscopy. The distribution of fluid in 
the rock sample has a relaxation time limit. Above this limit, the fluid is in a free state, which is a 
movable fluid; below this limit, the fluid in the pore is bound by capillary force or viscous force, and is 
in a restrained state for binding fluids. The relaxation time limits of different reservoirs (the cutoff value 
of the movable fluid T2) are different. These two parameters of the movable fluid combine the 
information of reservoir storage capacity and fluid occurrence characteristics, and more accurately 
reflect the characteristics of low permeability sandstone reservoirs. 

3.  Result and Discussion 

3.1.  Analyses of microscopic water flooding characteristics 
It can be obtained from experiments. There are 8 long reservoir models, the porosity is distributed from 
6.32% to 13.72%, and the permeability is distributed at 0.081×10-3μm2~ 2.57×10-3μm2. The physical 
properties are generally poor. The model microfacies are mostly in the underwater distributary channel, 
and only the model microphases of the 4123-1 and 4107-2 wells are in the diversion bay (Table 1).  
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Table 1. Experimental model parameter statistics 

Hashtag 
Core 

number 
Reservoir 

type 
Layer 

Permeability×
10-3μm2 

Porosity/% Microphase type 

4103-4 7 2 

Chang 8 

0.17 9.21 
Underwater 

diversion channel 
4123-1 2 3 0.081 6.32 Diversion bay 

4372-2 1 2 0.23 8.72 
Underwater 

diversion channel 
4107-2 5 3 0.092 6.53 Diversion bay 

4109-3 9 2 0.28 9.27 
Underwater 

diversion channel 

43032-3 3 1 2.57 13.72 
Underwater 

diversion channel 

4355-2 2 1 1.47 12.58 
Underwater 

diversion channel 

4354 5 2 0.41 8.61 
Underwater 

diversion channel 
 

   

1pv                        2pv                          3pv 

Figure 1. Schematic diagram of real sandstone microdisplacement in Well 4723-2 
 
Different physical properties have different starting pressures, and all models have a rising 

displacement pressure during water flooding. If you do not continue to increase the displacement 
pressure, the injected water will not continue to flow. The following describes the microscopic 
characteristics of different types of reservoir water flooding: For a type 1 reservoir sample (such as well 
4372-2), the permeability of the Chang 8 layer is 1.47×10-3 μm2, and the starting pressure is 0.039 MPa. 
When the injected water reaches 0.7PV, the model outlet has seen water, but the spread area is small. 
When the pressure is raised to 0.089 MPa, the area of permeability the injected water increases. For the 
two types of reservoir samples (such as well 4723-3), the permeability of the Chang 8 layer is 0.29×10-
-3μm2, and the starting pressure is 0.057MPa. When the injected water reaches 1PV, the model exits the 
water, and then the injected water stop flowing. When the pressure is raised to 0.102 MPa, the injected 
water reflows (Fig. 1). In the initial stage of displacement, the injected water first advances along the 
large pores. As the displacement pressure increases, the injected water continuously pushes into the 
small pores and forms a seepage channel. Since the oil droplets will have corresponding resistance 
during the displacement process, this will make it impossible to pass through the previously formed 
seepage channel. During the displacement process, it is also found that when some oil droplets passed 
through the small throat, the oil droplets were stuck, increasing the displacement pressure and still not 
moving. Taking 4354 as an example, when the displacement pressure reaches 0.79 MPa, the oil drop 
can not move at the throat. At this time, the displacement pressure is increased again, and when the 
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pressure was increased to 0.117 MPa, it is still unable to move. It can be seen from the analysis that the 
starting pressure of the better reservoir is lower than that of the poor reservoir and the water and oil flow 
was easy. The pore throat characteristics of tight sandstone reservoirs seriously affect water flooding 
efficiency. The small pore throat had a great influence on the seepage characteristics of the reservoir, 
which will reduce the oil displacement efficiency and also form a "crack" phenomenon. The seepage of 
smaller pore throat oil in the reservoir acts as a counteraction, which will prevent the movement of some 
oil droplets, and will “lock” the established flow channel that has formed in the initial stage of seepage 
to reduce the oil displacement efficiency. 

3.2.  Microscopic model water flooding experiment 
It can be seen from Table 2 that the oil displacement efficiency of the 8th reservoir in the study area was 
24.23%, the minimum was 9.00%, and the average was 18.37%.  

 
Table 2. Microscopic model water flooding efficiency statistics 

Hashtag Layer Number 
Reservoir 

type 
Permeability 

×10-3μm2 

1PV 2PV 3PV 

Ed/% 

4103-4 

Chang 8 

7 2 0.17 18.56 30.12 36.57 
4123-1 2 3 0.081 13.33 22.50 23.54 
4372-2 1 2 0.23 23.03 32.95 33.77 
4107-2 5 3 0.092 9.00 17.00 20.78 
4109-3 9 3 0.28 17.73 26.36 28.18 
43032-3 3 1 2.57 20.86 33.26 43.25 
4355-2 2 1 1.47 24.23 42.77 55.32 
4354 5 2 0.41 20.56 32.22 36.67 
4363 7 2 0.30 14.00 19.00 38.61 

4723-3 8 2 0.34 13.51 27.02 31.28 
Average 0.59 18.37 32.18 37.45 

 
The maximum oil displacement efficiency at 2PV is 42.77%, the smallest. It was 17.00% with an 

average of 32.18%; the maximum oil displacement efficiency at 3PV is 55.32%, the minimum is 20.78%, 
and the average is 37.45%. The overall oil displacement efficiency is low, and the water drive is poor in 
Chengdu. The better the reservoir type, the higher the oil displacement efficiency, the poorer reservoir 
type and the relatively low oil displacement efficiency. The oil displacement efficiency of the first-class 
reservoir samples ranged from 43.25 to 55.32%, the oil displacement efficiency of the two types of 
reservoir samples ranged from 31.28 to 38.61%, and the three types of reservoir samples flooded 
between 20.78 and 28.18%. Factors such as poor physical properties, small pore throat and strong 
heterogeneity in the study area have seriously affected the water flooding efficiency of the reservoir. It 
is also found from the real sandstone micro-water flooding experiment that the strong heterogeneity of 
the reservoir pore-throat distribution causes the “circulation” phenomenon of the remaining oil, forming 
a residual oil of the continuous film. The difference in the characteristics of the pore throat was obvious, 
and it also caused a "crack" phenomenon. 

3.3.  Core water flooding nuclear magnetic resonance 
The results of core water flooding nuclear magnetic resonance were summarized in Table 3. It can be 
seen from Table 3 that the storage properties of the first-class reservoir samples were well, the initial oil 
saturation was 55.02%, the physical properties of the two types of reservoir samples were general, the 
initial oil saturation was 57.11%, the physical properties of the three types of reservoir samples were 
poor, and the initial oil saturation was 39.57%, 1, 2 reservoirs had a higher percentage of movable oil, 
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and the third group of reservoirs had a lower percentage of movable oil. This indicates that the better 
reservoir initial oil saturation and the percentage of movable oil were also higher. 
 

Table 3. Partial water flooding NMR test results 

Hashtag Layer Number 
Reservoir  

type 
Porosity 

/% 
Permeability

×10-3μm2 
IOS 
/% 

POM 
/% 

MOS 
/% 

DE 
/% 

4372-2 

Chang 8 

6 3 7.33 0.074 39.57 55.49 21.41 32.65 

4107-2 2 3 6.16 0.067 46.92 38.67 18.24 28.05 
43032-3 4 2 11.49 0.69 57.11 50.97 28.77 36.45 
4355-2 2 1 12.26 1.83 55.02 71.35 39.27 49.51 
4354 1 2 10.31 0.53 53.31 51.69 27.56 35.40 

 
Note: IOS-Initial oil saturation; POM- Percentage of movable oil; MOS-Movable oil saturation; DE-

Displacement efficiency 

4.  Conclusion 
The Chang 8 reservoirs are divided into three categories. The main parameters are porosity, permeability, 
median pressure, sorting coefficient, T2 cutoff value, pore throat radius, pore throat combination, pore 
type and diagenetic facies. Among them, the first type of reservoir is a good reservoir, the porosity is 
≥12%, the permeability is 1~10×10-3μm2, the pore throat radius is ≤ 2μm, the median pressure is 3.5~8.5 
MPa, and the sorting coefficient is between 2.34~2.47, T2 cutoff value ≥ 100ms, pore throat combination 
type is medium pore fine throat type, pore type is intergranular pore, dissolution pore and micro crack; 
type 2 reservoir is medium reservoir, porosity is 8~12 %, the permeability is 0.1~1×10-3μm2, the throat 
radius is 0.5~2μm, the median pressure is 8.5~17.6MPa, the sorting coefficient was between 2.47~2.56, 
and the T2 cutoff value is between 45~100ms. The throat type is small throat type, the pore type is 
intergranular pore and dissolution pore; the third type reservoir is poor reservoir, porosity ≤8%, 
permeability ≤0.1×10-3μm2, pore throat radius ≤ 0.5μm, the median pressure is 17.6~28.1MPa, the 
sorting coefficient is between 2.56~2.67, the T2 cutoff value is ≤45ms, the pore throat combination type 
is fine pore throat type, and the pore type is intergranular pore. The percentage of movable oil in core 
samples of Class 1 and Class 2 reservoirs is higher than that of Class 3 reservoirs. The better the reservoir 
type, the higher the oil displacement efficiency, the poorer reservoir type and the relatively low oil 
displacement efficiency. The type 1 reservoir displacement type is mainly uniform displacement and 
reticular displacement type; the second type reservoir displacement type was mainly dendritic 
displacement type; the third type reservoir displacement type was mainly serpentine displacement type. 
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