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Abstract: Remaining oil research is one of the important research work in oil field development geology, 

reservoir engineering and production technology. At present, the remaining oil research methods are: core 

analysis, development of geological methods, seismic methods, micro structure method, water drive 

characteristic curve method, reservoir numerical simulation method, testing method, experimental analysis 

method, etc.. Yu Qitai put forward to enter the high water cut period after the remaining oil enrichment at the top 

of the positive rhythm of the oil layer, layer and layer of the low permeability of the interlayer between the 

existence of the injection water has not affected the area; the edge of the reservoir zone. At present, there are 

commonly used for tapping the potential of means or technology: improve the well network, adjusting liquid 

flow direction, horizontal well drilling, polymer content flooding, gas flooding and microbial flooding. It is 

difficult to describe the remaining oil accurately and completely by a single technique. Multidisciplinary 

integrated research and comprehensive application of various technologies is the best way to describe the 

remaining oil in detail and accurately. 
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1.Introduction: 

The study of remaining oil is one of the important research work in oil field development geology, 

reservoir engineering and production technology, and it is also the main direction to improve oil recovery stage. 

From the beginning of 1980s, the study of the distribution of remaining oil in order to improve oil recovery has 

become a common concern in oil production in the world. The remaining oil is not produced in the development 

process and remained in the underground crude oil, because of geological and mining process reasons, in the oil 

reservoir is still a part of the waste oil can not be recovered. Can be extracted from the remaining oil, known as 

the movable remaining oil. The residual oil can be produced, said movable remaining oil, and moving the 

remaining oil refers to in the waterflooding technique under the condition of reservoir is not produced the 

movable oil. It includes two parts: one is current injection is not affected, after a certain time to recovery that 

part of the movable oil; the second is the current condition of water injection is not able to be note wave and the 

water flooding calibration recovery outside the movable part of crude oil. The latter is in the current calibration 

of the water drive recovery rate, to take further expansion of the volume and other measures can be taken out of 

the part of the remaining oil. The remaining oil is four types according to the origin, divided into well network 

unable to control, low permeability type and stagnant area and interlayer loss type. 

 

2. Main research methods of remaining oil 

The distribution of remaining oil is affected by many factors, such as the type of reservoir, the space form 

of reservoir and the development of the reservoir. Its focus is on understanding the distribution of the remaining 

oil in the reservoir space, such as the location, shape and quantity. The traditional remaining oil is combined 

with static and dynamic analysis, which is used to describe or predict the remaining oil qualitatively or semi 

quantitatively by using the method of development geology, the dynamic analysis method of reservoir 

production, and the method of reservoir engineering. 
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The distribution of remaining oil has a long history, and the related research results have been published in 

various literatures and reports in 1970s. The United States set up the remaining oil saturation Committee in 1975. 

In the late 1970s, the former Soviet Union in Du Mazzy oilfield dedicated to fight the 24 appraisal wells to study 

the distribution of flooded the remaining oil in the late. MMChang in 1988 from the macro level will be divided 

into the remaining oil saturation of the single well, well and material balance between the 3 methods. Shell 

Schlumbergerhas provided new ideas and techniques for the prediction of remaining oil by logging data 

processing software, formation evaluation software and formation testing data processing software in recent 

years. Since the beginning of 1980s, the research on the distribution of remaining oil and the increasing oil 

recovery has attracted the attention of oil producers and researchers all over the world. In recent years, we 

mainly use various advanced logging, core technology and numerical simulation technology to study the 

remaining oil. Researchers to take a variety of core data, especially from sealed core data of inspection wells, a 

variety of conventional logging data and dynamic production data as a basis, the method of development 

geology and reservoir engineering theory method, field data and mathematical statistics analysis method, 

geophysical methods, core analysis and logging methods as a means, studying the distribution of remaining oil. 

The main methods of the study of remaining oil by Gao Boyu:(1)Development geology method,which 

includes reservoir facies control modeling technique, rock physical phase method, reservoir flow unit method, 

artificial neural network method and micro structural control residual oil distribution method;(2)Reservoir 

engineering method;(3)Logging method for studying remaining oil saturation;(4)Numerical simulation 

method;(5)High resolution sequence stratigraphy method;(6)Micro research method, which includes thin oil 

section technology, micro simulation model and so on. Xiejun summed up five main research techniques of the 

remaining oil, respectively: fine reservoir description technology, fine reservoir numerical simulation technique, 

dynamic static combination technology, multi-disciplinary comprehensive technology and systems analysis. 

At present, the remaining oil research methods are commonly used: The core analysis method,which is 

adopted to determine the distribution characteristics of the remaining oil in each layer of the borehole directly; 

Development geological method, starting from the reservoir macroscopic heterogeneity, dynamic and static 

combination. Analysis of different layers in the producing status and remaining oil distribution, to the fast, 

practical, and is adopted by the majority of reservoir engineers. Seismic method. 4D seismic can effectively 

applied to the remaining oil prediction, which is used for monitoring oil-water interface, gas oil interface 

location and movement, and dead oil reservoir in position. The method can be used to explain the distribution of 

remaining oil in the well by well point interpretation and well prediction; Micro structure method, the method is 

based on the injected water in the interior of the reservoir flow and its mode of occurrence and reservoir micro 

structure related. It argues that through analysis on reservoir micro structure, determine the storage layer within 

the remaining oil distribution; Based on the water flooding characteristic curve, the average remaining oil 

saturation of oil field is calculated; Material balance method, which is based on the relationship between the 

total reserves and the reserves, to determine the amount of residual oil and residual oil saturation; Reservoir 

numerical simulation method, through the simulation of reservoir flow process,which reproduce the reservoir 

development process, determine the different parts of the reservoir remaining oil saturation and residual oil 

distribution, and predict the development effect; Well testing method, which uses the well test data to establish 

the seepage equation and the solution to the seepage equation, and to predict the distribution of remaining oil 

between wells; Experimental analysis method, which is used to simulate the process of reservoir 

development.And it research the distribution characteristics and the use of the remaining oil in the reservoir 

when the development to a certain extent through the experimental. 

The development of geological method is used to predict the distribution of remaining oil. The geological 

synthetic method is emphasized to comprehensive application of the reveal the information of the relationship 
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between the underground water and oil, to find the condition of the remaining oil enrichment area, and then to 

analyze the favorable position of the residual oil. Its prediction steps can be roughly divided into the following 

steps.(1) The reservoir is dissected, and the fine geological model is established.(2) Collection of dynamic and 

static data of oil field development.(3) The water absorption capacity of the target layer of the sand body is 

studied, and the water absorption and the yield of the sand body are counted with the geological parameters 

which influence the fluid flow.(4) Calculation of injected water volume and radius.(5) Study on the adaptability 

of the injection production system to the reservoir structure.(6) Compilation of distribution map of remaining oil. 

The researchers comprehensively analyze the water injection effect of each small layer, divide the flooded area, 

calculate the remaining reserves according to the water flooded condition, and finally compile the sub - layer 

water flooded diagram, and study the distribution of remaining oil qualitatively. The main features of the 

comprehensive study of the development of geology are: Based on the results of reservoir fine description, the 

genetic sand body is the object of analysis; The relationship between reservoir structure and oil water movement, 

the relation between injection production well pattern and genetic sand body is used as the precondition of 

studying the distribution of remaining oil. 

 With the application and research in recent years, the research methods and techniques of remaining oil 

have been developed and improved to a great extent. Such as drilling coring. On the basis of the original,it 

increases the sponge coring, constant pressure and so on; In the field of logging, there are the introduction of 

carbon oxygen ratio logging, hydrocarbon than well logging, nuclear magnetic logging and boron neutron 

logging, etc.. Fan Zhonghai, Zhang Changmin, and so on said that the remaining oil related methods were 

divided into there categories: One dimensional longitudinal research method; Two dimensional plane research 

method; Three dimensional space research method. Yu Qitai divided the remaining oil research into four levels: 

Micro scale, small scale, scale and macro scale. Ran Qiyou summarizes the research methods of remaining oil: 

Coring method, development geology method, well logging interpretation, seismic, reservoir engineering, 

numerical simulation, streamline model, production logging, test analysis and inspection data analysis. 

Residual oil research methods are emerging, even though they have a good application in a certain aspect, 

but did not form a complete set of theoretical system. Only a variety of methods can be integrated, in order to 

achieve the desired results. The remaining oil research methods are developing from qualitative description to 

quantitative prediction, by a single technology to the integrated, comprehensive, from a single level to the 

direction of multi-level, from manual to automatic, the direction of the software, by well point to inter well 

prediction direction, from plane to three-dimensional visualization. 

 

3. Distribution pattern of remaining oil 

The distribution pattern of remaining oil is a general summary of the distribution of remaining oil in the oil 

layer by a certain method. Based on the comprehensive analysis of the evaluation well, the core analysis data, 

the testing methods and the large amount of dynamic data of the oil reservoir, the distribution of remaining oil 

after water flooding is considered as the following 6 forms:(1) Remaining oil in the interlayer of low 

permeability that is not washed in the water injection process.Or Residual oil in low permeability water around 

the belt;(2) Remaining oil in a remaining zone with low formation pressure gradient and water can not flow;(3) 

Remaining oil in a lens body that is not encountered while drilling;(4) In some small pores, the oil is not easy to 

flow due to the large capillary force, thus forming the remaining oil;(5) In the process of oil production, some 

crude oil is not easy to be produced in thin film form;(6) Some of the crude oil is formed in the partially 

impermeable barrier layer, which formed the remaining oil. 

In 1995, Han Dakuang proposed that the remaining oil mainly exists in these position when the oil field is 

at high water cut stage:(1) The corner area of the large irregular sand bodies, or the by-passed oil area whose 

sand body is segmented by various mud block;(2) Lithologic change, main sand body with a large area of water, 
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a poor reservoir has edge or bypass form or outer table;(3) The sand body can not be controlled by the existing 

well network; (4) the area near the fault difficult to be controlled;(5) The high position of the fault block, the 

high position of the micro structure, and the upper part of the cutting layer;(6) Shunting line between wells;(7) 

The upper part of the positive rhythm;(8) Parts whose injection production system is not perfect. 

In 2000, Yu Qitai put forward the remaining oil enrichment after entering the high water cut stage:(1) The 

upper part of the positive rhythm;(2) The presence of a low permeability interlayer between the inner layer and 

the lower layer of the layer is produced, and the injection water is not affected;(3) Corner zone of oil layer. 

Generally, it is believed that the remaining oil is mainly distributed in the region where the injected water is 

not affected or affected by the low level in macroscopic, while the residual oil is mainly concentrated in the low 

displacement efficiency in microcosmic. 

 

4. Means of tapping remaining oil 

The ultimate purpose of the study of reservoir description and remaining oil in the middle and late stage of 

development is to maximize the potential of underground remaining oil. So it is very important to take effective 

measures to dig the remaining oil after knowing the form and quantity of remaining oil distribution. Tapping the 

potential of remaining oil in means or technology used to have targeted, that is to say, different types of 

remaining oil need to adopt different exploitation technology or method. The commonly used means of tapping 

or technology: Improve the well pattern, adjust the flow direction, drilling horizontal wells, drilling, cycle water 

injection, and conventional profile control, water plugging, the transformation of low permeability layer and 

other means. In addition, researchers have developed new technologies, such as polymer flooding, gas flooding, 

microbial flooding and other technical means. 

 

5. Direction of remaining oil research 

It is difficult to describe the remaining oil accurately and completely by a single technique. 

Multidisciplinary integrated research and comprehensive application of various technologies is the best way to 

describe the remaining oil in detail and accurately. Its main approach is to set up a cooperative group of multi 

discipline personnel, to "high speed" to pass information, strengthen the communication between the various 

disciplines, close coordination, collaborative research. In addition, the integration of geological modeling and 

numerical simulation provides support for the development of remaining oil. 
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