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Abstract 
Sandstone reservoirs have been developed by long-term high-speed water injection, due 
to the influence of geological, development and other factors, under the scouring action 
of long-term water injection, the underground fluid preferentially flows along the 
formation with high permeability, the dominant seepage channel in which the injection 
wells and the production wells are interconnected gradually formed, so that the injected 
water could not achieve a good displacement effect, restrict development benefits, At the 
same time, the waterflooding development of the oilfield leads to different levels of 
reserves production in each oil-bearing layer in the oilfield. The remaining oil in the 
formation is generally scattered in the block and relatively concentrated in some areas, 
and there is room for potential exploitation. 
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1. Introduction 

Sandstone reservoirs are controlled by sedimentary microfacies, and are generally characterized by 
strong plane and profile heterogeneity. During the water injection development process, due to the 
long-term scouring of injected water, the opening of micro-fracture network and the migration of 
water-injected micro-particles have resulted in the formation of advantageous flow channels with 
high permeability between oil and water wells, which seriously restricts oilfield development benefits. 
At present, the main identification technologies at home and abroad include multiple linear regression 
model method, material balance equation fitting method, production dynamic analysis method, trace 
material tracer monitoring, etc. For the follow-up water flooding treatment, fully exploiting the 
reservoir potential has important practical guiding significance. 

2. Formation and Identification Technology of Dominant Seepage Channels 

During the long-term waterflooding development of sandstone reservoirs, the internal cementation of 
the reservoir is weakened, and the particles dissolve and migrate. Under the dual influence of 
formation heterogeneity and gravity differentiation, some channels with high permeability, small 
thickness, and band-shaped channels become the main seepage channels of underground fluids. A 
large amount of injected water flows along this seepage channel, causing the production well to suffer 
from violent flooding, high water cut, and almost no increase in recovery. This seepage channel is 
the dominant seepage channel. 

2.1 Formation Mechanism of Dominant Percolation Channels 

Geological mechanism: Formation rhythm: the sand production in the high-permeability section is 
higher than that in the low-permeability section; in the rhythmic formation, co-injection and co-
production are developed, and the injected water advances along the high-permeability zone; 
Influence of physical properties: the weaker the cementation strength, the greater the sand production, 
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the interlayer permeability range is between 6 and 12, and the recovery degree changes rapidly; The 
effect of fluid properties: the higher the viscosity of crude oil, the easier it is to form dominant 
channels for water flow. Mining mechanism: pressure difference effect: the pressure drop is too large, 
resulting in a large amount of sand production in the formation; The effect of injection speed: the 
flow rate increases, the sand production increases, and it is easy to form a high permeability zone; 
Influence of water cut rise: water cut rises and reservoir strength decreases; Influence of formation 
damage: the invasion of well-injected fluid worsens formation seepage conditions. 

2.2 Water Flooding Identification Technology of Dominant Seepage Channel 

①According to the Type A water drive curve:lgWp=a1+b1Np: The sudden upturn of the water 
flooding curve indicates that the controlled reserves of a single well suddenly become low, the 
formation has a dominant seepage channel, and the water flooding effect becomes poor. 

The type A water drive curve was used to identify all wells in the G83 well area. More than 65% of 
the single wells with dominant seepage channels have an upward warpage of more than 50%, The 
loss of dynamic control reserves of a single well is relatively large, which also shows from another 
aspect that wells with dominant seepage channels have a lower water-flooding effect and a worse 
development effect.(Fig. 1). 

 

 
(A)Well L66-9               (B)Well L50-124              (C)Well L71-12 

Fig. 1 Type A water drive curve in G83 area 

 

②According to the research results of well testing theory, If the well test pressure recovery curve or 
double logarithmic curve shows the following conditions, it can be judged that there is a dominant 
seepage channel: The double logarithmic curve is a double track upward; the slope of the pressure 
and pressure derivative curves is 0.5 or 0.25; Abnormal fluctuation of pressure recovery curve(Fig. 
2- Fig. 3).The pressure measurement of Well L65-14 shows that the double track is going up, and it 
is judged that there is a dominant channel for seepage in the Chang 4+5 layer. After the Chang 4+5 
layer is mined, the water cut is reduced from 100↓25.8%, and normal production is restored.(Fig.4). 

 

 
Fig. 2 Effect of Skin Factor on Bottom Hole 

Pressure Dynamics 

 
Fig. 3 Effect of fracture length on bottom hole 

pressure dynamics 
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Fig. 4 L65-14 pressure logarithmic curve 

 
Fig. 5 Small-layer dominant channel 

identification 

③According to the reservoir development and permeability, the dominant channels are divided into 
four levels: no dominant seepage channels, ordinary high-permeability layers, strong and high-
permeability strips, and large pores. The dominant seepage channels were divided by two parameters: 
relative water absorption and water absorption intensity ratio. The larger the relative water absorption 
and the greater the water absorption intensity ratio of the dominant channel, the more developed its 
dominant seepage channel, the better the reservoir properties, and the smaller the fluid seepage 
resistance.(Fig5). 

3. Influencing Factors of Dominant Seepage Channels 

After the dominant seepage channel is formed, it has very obvious characteristics in production 
performance. Therefore, water injection intensity, injected PV number, recovery degree and water-
oil ratio at characteristic points are selected as the main judgment indicators. 

3.1 Criteria for Defining Seepage Dominant Channels 

Based on comprehensive analysis, the criteria for determining the dominant seepage channel are as 
follows:(1)The water injection intensity ratio of the dominant seepage channel is more than 3 times 
of the average of the whole well; (2)The recovery degree of the dominant seepage channel is greater 
than 40%; (3)The PV number of injected water in the dominant seepage channel is more than 3 times 
the average of the whole well;(4)The WOR position of the inflection point of the water-oil ratio 
characteristic curve is greater than 5 (Fig6-Fig8). 

 

 
Fig. 6 The water absorption strength ratio of each sublayer with different injected PV numbers(The 
four small layers enclosed by the box account for 28% of the effective thickness of the model, and 

the water absorption accounts for 61% of the entire well section.) 
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Fig. 7 Variation characteristic curve of recovery degree of main high-permeability layer(When the 
recovery degree of the main high-permeability layer is greater than 40%, the recovery degree varies 

with the water injection time Changes are less and less obvious) 

 

 
Fig. 8 Derivative curve of water-oil ratio of typical layer recovery degree(The recovery degree at a 
unit water-oil ratio first increases with the water-oil ratio, and begins to decrease after reaching a 

certain value.) 

3.2 Single Factor Method to Analyze the Influence of Each Factor 

After the basic model is established, the effects of permeability heterogeneity, oil-water viscosity 
ratio, vertical and horizontal permeability ratio, water injection intensity, injection-production well 
spacing and injection-production ratio are studied. Changing the value range of different parameter 
variables constitutes an experimental scheme. Simulate the designed scheme, record the judgment 
index value of the dominant seepage channel of each scheme, and analyze the influence of each factor 
on the dominant channel(Table 1). 

 

Table 1. Design conditions of each scheme 

Group 
No 

Influencing factors parameter value 
number of 

plans 
Numbering 

Group 1 Very poor permeability 5,10,20,50,100 5 plan 1~ plan 5 
Group 2 KV/Kh 0.001,0.005,0.01,0.05,0.1,0.5 6 plan 6~ plan 11 

Group 3 
Underground Crude Oil Viscosity 

/(mpa·s) 
5,20,35,50,75,100,150 7 

plan 12~ plan 
18 

Group 4 Injection intensity /(m3/(m·d) 2,4,6,10,15,20 6 
plan 19~ plan 

24 

Group 5 Well spacing /m 150,200,250,300 4 
plan 25~ plan 

28 

Group 6 injection ratio 0.8,1.0,1.2,1.5,2.0 5 
plan 29~ plan 

33 
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3.2.1 Very Poor Plane Permeability(Crack Effect) 

When the permeability gradient changes, there are different saturation distributions on the plane. 
When the gradient is greater than 6, there is a relatively obvious formation of dominant water flow 
channels, and the greater the permeability gradient, the stronger the water washing, the more obvious 
the performance characteristics, and the easier it is to form a superior permeability channel. For 
example, the No. 6 sublayer in the model; and for layers with a permeability difference below 6, the 
water flooding profile is relatively uniform, such as the No. 3 sublayer in the model. 

3.2.2 Aspect Ratio of Permeability(Sedimentary Facies, Rhythm) 

The numerical simulation of the designed plan 6 to plan 11 shows that when the vertical and 
horizontal permeability ratios change, the profiles show different saturation distributions. The effect 
of the ratio of vertical and horizontal permeability on the formation dominant seepage channel is 
closely related to gravity differentiation and formation rhythm. The larger the ratio of vertical and 
horizontal permeability, the easier it is to lead to the formation of high-permeability channels.(Fig9- 
Fig 10). 

 

Fig. 9 Oil saturation profile and plane 
distribution when the ratio of vertical to 

horizontal permeability is 0.001 

 

Fig. 10 Oil saturation profile and plane 
distribution when the ratio of vertical to 

horizontal permeability is 0.1 

 

3.2.3 Water Injection Strength(Production Dynamic Factors) 

The influence of water injection intensity on dominant seepage channels is mainly reflected in the 
scouring intensity of the formation. During high-speed water injection, the pressure difference 
required for water flooding is large, and the injected water preferentially passes through the high-
permeability section, resulting in high-intensity water washing. The change of water injection 
intensity changes the distribution ratio of injected water in sub-layers with different physical 
properties, which leads to the gradual evolution of some layers into the main channels of underground 
fluid flow. When the water injection intensity exceeds 4m3/(m·d), after a period of water flooding to 
develop high-permeability layers, the index value of the dominant seepage channel will be 
reached.(Fig11- Fig14). 

 

 
Fig. 11 Oil saturation profile and plan(Water 

injection strength 4m3/(m•d), 0.2PV) 

 
Fig. 12 Oil saturation profile and plan(Water 

injection strength 4m3/(m•d), 2PV) 
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Fig. 13 Oil saturation profile and plan(Water 

injection strength 15m3/(m•d), 0.2PV) 

 
Fig. 14 Oil saturation profile and plan(Water 

injection strength 15m3/(m•d), 2PV) 

3.3 Orthogonal Experimental Design to Analyze the Influence of Various Factors 

Considering the comprehensive influence of geological static and development dynamics, the factors 
that have a greater impact on the formation of dominant seepage channels, such as permeability 
gradient, vertical and horizontal permeability ratio, and injection-production intensity, are selected as 
parameters, Design Orthogonal Design ScenariosL16(45), a total of 16 groups of programs, After the 
operation of each scheme model is completed, the water absorption intensity ratio, the recovery 
degree, the injection volume multiple ratio, and the water-oil ratio of the characteristic points are 
selected as the evaluation results according to the above-mentioned judgment criteria of the dominant 
seepage channel.(Table 2-Table 3). 

 

Table 2. Orthogonal design scheme table of influencing factor parameters L16(45) 

factor 

A B C D E 

Penetration range 
Underground Crude 

Oil Viscosity 
(mPa·s) 

Aspect ratio of 
permeability 

Average daily water 
absorption per unit 

thickness (m3/(m·d)) 
injection ratio 

test 
number 

level 
number 

level 
value 

level 
number 

level 
value 

level 
number 

level 
value 

level 
number 

level 
value 

level 
number 

level 
value 

1 1 5 1 5 1 0.005 1 4 1 0.8 

2 1 5 2 30 2 0.05 2 8 2 1.0 

3 1 5 3 60 3 0.1 3 12 3 1.2 

4 1 5 4 120 4 0.5 4 16 4 1.5 

5 2 20 1 5 2 0.05 3 12 4 1.5 

6 2 20 2 30 1 0.005 4 16 3 1.2 

7 2 20 3 60 4 0.5 1 4 2 1.0 

8 2 20 4 120 3 0.1 2 8 1 0.8 

9 3 50 1 5 3 0.1 4 16 2 1.0 

10 3 50 2 30 4 0.5 3 12 1 0.8 

11 3 50 3 60 1 0.005 2 8 4 1.5 

12 3 50 4 120 2 0.05 1 4 3 1.2 

13 4 100 1 5 4 0.5 2 8 3 1.2 

14 4 100 2 30 3 0.1 1 4 4 1.5 

15 4 100 3 60 2 0.05 4 16 1 0.8 

16 4 100 4 120 1 0.005 3 12 2 1.0 
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Table 3. Simulation results of L16(45) orthogonal design scheme of influencing factor parameters 

test 
number 

The results of each index of the dominant seepage zone 

Water absorption 
strength ratio 

degree of 
recovery(%) 

Injection volume 
multiple ratio 

Feature point water-
oil ratio 

1 2.73 37.9 2.77 4.39 

2 3.27 39.5 3.23 4.92 

3 3.75 42.1 3.83 2.79 

4 4.25 44.2 4.29 6.49 

5 3.98 42.4 3.95 5.89 

6 4.34 43.2 4.22 6.16 

7 3.42 41.7 3.28 5.66 

8 3.78 42.9 3.79 5.83 

9 3.35 41.3 3.92 5.52 

10 3.57 40.6 3.83 5.29 

11 3.86 42.5 3.92 5.92 

12 3.44 41.6 3.37 5.62 

13 3.52 40.8 3.74 5.46 

14 3.59 40.9 3.91 5.62 

15 4.14 43.3 4.26 6.19 

16 4.48 46.5 4.63 7.26 

 

Calculate the average value (k1~k4) and range R of each factor according to the simulation results. 
The greater the range of a factor, the greater the influence of this factor on the result. Therefore, by 
comparing the magnitude of the range, the primary and secondary order of the influence of each factor 
on the result can be determined intuitively and quantitatively.(Fig 15-Fig 18). 

 

 
Fig. 15 Average value of water absorption intensity ratio(The influence of each factor on the water 
absorption strength ratio: Water injection intensity> underground crude oil viscosity> permeability 

gradient> injection-production ratio> vertical and horizontal permeability ratio) 
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Fig. 16 Average value of injection volume multiple ratio(The influence of each factor on the 

injection volume multiple ratio: Water injection intensity> permeability gradient> underground 
crude oil viscosity> injection-production ratio> vertical and horizontal permeability ratio) 

 

 
Fig. 17 The mean value map of recovery degree(The influence of each factor on the degree of 

recovery: Subsurface crude oil viscosity>water injection intensity>permeability gradient>injection-
production ratio>permeability ratio of vertical and horizontal) 

 
Fig. 18 Average value of water-oil ratio at characteristic points(The influence of each factor on the 

water-oil ratio of the characteristic point: Subsurface crude oil viscosity>water injection 
intensity>permeability gradient>injection-production ratio>permeability ratio of vertical and 

horizontal) 

4. Distribution Characteristics of Remaining Oil and Countermeasures for 
Potential Tapping 

According to the development mode of 4 types of different advantageous channels, according to the 
idea of controlling the interlayer interference in the vertical direction and the direction of water inflow 
in the plane, the potential tapping measures are formulated to optimize the water drive and increase 
the production capacity.(table4). 
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Table 4. Distribution characteristics of remaining oil and model of potential tapping strategies 

pattern 
classification 

type pattern diagram Water flooding law distribution area 

Pattern1 Cracked 

 

The injected water intrudes 
along the fracture zone, 

and the oil well is flooded 
quickly and rapidly 

G83(Western 
Combined 

Mining Unit) 

Pattern2 
Deposition 
Main Line 

 

The injected water intrudes 
along the main sand body 

belt 

G83(Southeast 
apheresis unit) 

Pattern3 
intralayer 

heterogeneity 
 

The injected water rushes 
along the high-

permeability zone in the 
layer, and the contradiction 

in the layer is prominent 

G83(Luo 43 
Combined 

Mining Unit) 

 

Pattern4 
interlayer 

heterogeneity 
 

The injected water 
advances in a single layer, 
affecting the development 

effect of the composite 
layer 

G83(Eastern 
Combined 

Mining Unit) 

4.1 Crack Pattern 

The commingled production unit in the west of G83 area is the fracture development zone with water 
infiltration, mainly in the direction of NE42°. Through infill adjustment, a row-like water injection 
for lateral displacement is formed to the oil well, the lateral residual oil is effectively produced, the 
pressure distribution is more uniform, and the water flooding sweep coefficient is increased from 
0.49↑0.72. 

4.2 Sedimentary Facies Belt Mode 

The dominant flow field of the southeast single-production unit in G83 area is mainly distributed 
between the injection-production wells along the main direction of the sand body and the single-well 
point area with good reservoir physical properties and large oil layer thickness. From 2020, the 
periodic water injection policy will be implemented in this area, and the comprehensive water cut of 
the well group will be 30.2↓29.4%. It is analyzed that through pressure disturbance, the dominant 
flow field changes, and the oil and water in the pores interpenetrate each other, achieving the goal of 
controlling water and stabilizing oil. 

4.3 Intra-layer Heterogeneous Mode 

The heterogeneity in the Luo 43 unit layer in the G83 area is strong, and the injected water is easy to 
be directed along the high-permeability layer, forming a dominant channel for seepage; Affected by 
the gravity of injected water, the positive rhythm sand body breaks through water faster than the 
reverse rhythm sand body, and it is easier to form dominant seepage channels. Through targeted 
temporary plugging and acidizing treatment, the water absorption of the profile can be balanced and 
the production capacity of the oil well can be restored(Fig. 19). 
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Fig. 19 Comparison of profiles before and after temporary plugging and acidification in Well L50-6 

4.4 Interlayer Heterogeneity Mode 

In the commingled production unit in the eastern part of the G83 area, high-permeability sections are 
developed locally in the Chang 6 layer vertically. Injected water flooding presents a state of 
alternating distribution of high-water-flooded layers and low-water wash sections, and the remaining 
oil is enriched in local sections. Core analysis shows that the permeability of Chang 4+5 layers is 
mostly less than 0.4mD, and the water flooding range is small; The relatively high-permeability 
section of the Chang 6 layer is developed, and the injected water rushes along the high-permeability 
section, causing local reservoir water washing. By implementing small-layer isolation production, 
single-layer profile control and other technological control, the water cut rise rate of the oil well can 
be slowed down and the development level can be improved. 

5. Conclusion 

(1) The formation mechanism of the dominant seepage channels in water-flooding sandstone 
reservoirs is analyzed. The geological characteristics of the reservoir are the internal cause, and the 
development method is the external cause. 

(2) On the basis of selecting the main factors of the dominant seepage channel, a conceptual model 
considering the time-varying parameters is established, and the definition standard of the dominant 
seepage channel is determined; the relative weights of the main factors are obtained by quantitative 
analysis of the orthogonal experimental design. 

(3) A set of relatively complete identification methods for dominant seepage channels have been 
formed: The dominant seepage wells were identified by fuzzy identification method and streamline 
numerical simulation, Selecting the Appropriate Production Dynamics Correlation Analysis Method 
to Determine the Direction of the Predominant Water Flow Seepage Channel, According to the 
dynamic monitoring data such as tracer, water absorption profile, liquid production profile, etc., the 
development horizon of the dominant seepage channel is determined. 

(4) Focusing on the remaining oil patterns of different seepage dominant channels, finely dissect the 
dynamic characteristics of single wells and the water flooding patterns of well groups, and divide 
them into four types of patterns: Fracture type, sedimentary main line type, intralayer heterogeneity, 
interlayer heterogeneity, and corresponding control strategies are formulated for each mode. 
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