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	课程简介
Course Description
	本课程为石油工程专业学生开设的选修课，通过对该课程的学习，使学生了解提高原油采收率技术发展历程及现状，掌握与提高采收率相关的界面化学基础知识，熟悉各种提高原油采收率方法原理、使用的化学剂、适应油田的筛选标准和存在问题，知道提高采收率方法的实施流程。

	
	This course is designed as an elective course for Petroleum engineering and Offshore oil and gas engineering professionals. Through this course, students will master a variety of enhanced oil recovery techniques currently undergoing and the development trend along with its concept, mechanism, type, challenges and screening criteria, to achieve the various principles of enhanced oil recovery methods, and an ultimate recovery potential based on oilfield reservoir characteristics and problems.



	课程教学大纲
Course Syllabus

	课程目标
Learning Outcomes
	课程目标
	毕业要求指标点

	
	通过对该课程的学习，使学生了解提高原油采收率技术发展历程及现状，掌握与提高采收率相关的界面化学基础知识，熟悉各种提高原油采收率方法原理、使用的化学剂、适用油田的筛选标准和存在问题，知道提高采收率方法的实施流程。
	

	
	目标1：了解影响原油采收率的因素
	1.4掌握理论基础和专业知识并能在石油与天然气开发及相关领域内熟练应用

	
	目标2：了解提高原油采收率的常用方法以及适应条件
	4.1

	
	目标3：了解严重非均质油藏提高原油采收率的方法
	2.1

	
	Learning Outcomes
	Major Objectives

	
	This course is designed as an elective course for Petroleum engineering and Offshore oil and gas engineering professionals. Through this course, students will master a variety of enhanced oil recovery techniques currently undergoing and the development trend along with its concept, mechanism, type, challenges and screening criteria, to achieve the various principles of enhanced oil recovery methods, and an ultimate recovery potential based on oilfield reservoir characteristics and problems.
	

	
	Objective 1: Understand the factors that affect oil recovery
	1.4

	
	Objective 2：Understand the common methods for enhanced oil recovery and the applicable condition of these methods
	4.1

	
	Objective 3：Understand the enhanced oil recovery methods for severe heterogeneous reservoir
	2.1

	教学内容
Topics
	第一章绪论
本章的重点与难点：掌握地层非均质性、地层表面润湿性的表示方法，理解地层非均质性、地层表面润湿性、流度比、毛管数对采收率的影响。
1.1EOR方法的分类
1.2影响采收率的因素
1.3 EOR方法的发展
第二章油层中的界面现象
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18]本章的重点与难点：本章内容属于提高采收率的基础知识，均为重点。难点内容为曲界面为马鞍面时Laplace公式的推导，岩石表面带电机理、水驱油时油的分散现象的理解。
2.1曲界面两侧的压力差
2.2毛细管现象
2.3润湿现象
2.4吸附现象
2.5岩石表面的带电现象
2.6剩余油分布与水驱油分散现象
第三章调剖堵水
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]本章的重点与难点：阐明PI值与地层渗透率关系，理解PI值改正的目的。
3.1调剖堵水用的堵剂
3.2压力指数值
3.3适合调剖堵水区块筛选标准
3.4调剖堵水存在问题
第四章聚合物驱
本章的重点与难点：熟悉驱油用HPAM溶液的粘度、渗流性质、稳定性及在地层中滞留等性质，掌握表征溶液粘度、渗流性质的方法，清楚影响溶液粘度、渗流、稳定性、滞留量的因素。
4.1聚合物驱提高原油采收率原理
4.2阻力系数和残余阻力系数
4.3驱油用聚丙烯酰胺的性质
4.4聚合物驱油田筛选标准
4.5聚合物驱存在问题
第五章碱驱
本章的重点与难点：理解碱驱过程中低界面张力机理、乳化携带、乳化捕集、由油湿反转水湿、由水湿反转为油湿、自发乳化等机理发生的条件，掌握适合碱驱原油的筛选方法。
5.1碱驱提高原油采收率原理
5.2碱系数和原油酸值
5.3碱与地层和地层流体的反应
5.4适合碱驱油田筛选标准
5.5碱驱存在问题
第六章表面活性剂驱
本章的重点与难点：重点是掌握表面活性剂体系组成与其驱油机理的内在关系，难点是理解微乳的准三组分相图及盐含量对微乳相态的影响。
6.1四种表面活性剂驱形式
6.2四种表面活性剂驱提高原油采收率机理
6.3驱油用表面活性剂
6.4适合表面活性剂驱油田筛选标准
6.5表面活性剂驱存在问题
第七章复合驱
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]本章的重点与难点：掌握碱、表面活性剂、聚合物之间的协同效应及色谱分离现象，了解化学驱实施流程。
7.1复合驱油组分的协同效应
7.2适合复合驱油田的筛选标准
7.3复合驱存在问题
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]第八章混相驱
本章的重点与难点：学会用准三组分相图分析液化石油气、富气、高压干气、氮气、二氧化碳的混相过程，了解原油最低混相压力测定方法。
8.1混相注入剂
8.2五种混相剂混相机理
8.3混相驱提高原油采收率的机理
8.4原油的最低混相压力
8.5适合于混相驱油田的筛选标准
8.6混相驱存在的问题
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]第九章热力采油
本章的重点与难点：热力采油分类及其驱油机理。
9.1热力采油定义、分类及其机理
9.2适合于热力采油油田的筛选标准
9.3热力采油存在的问题

	
	Chapter 1 Introduction 
Highlights: The definition of EOR, challenges in EOR process, and oil recovery factors affecting recovery.
1.1 Definition of enhanced oil recovery
1.2 Factors affecting recovery
1.3 State of art EOR
Chapter 2 The interfacial phenomena in reservoir 
Highlights: This chapter is based on the key understanding EOR, in which the content emphasize on different circumstances posed by pressure differentials across the oil-water interface and residual oil distribution and dispersion phenomena during and aftermath of waterflood, and grasp the mathematical derivation.
2.1 Differential pressure across the interface 
2.2 Capillary phenomenon
2.3 Wetting phenomena
2.4 Adsorption phenomena
2.5 Rock surface phenomena
2.6 Residual oil distribution and oil dispersion phenomena
Chapter 3 Improved waterflooding technology                              
Highlights: Well profile control, modification and plugging for different flooding cases.
3.1 Screening criteria for EOR during waterflooding
3.2 Well profile control and oil displacement
3.3 Plugging wells
3.4 Plugging and oil displacement in conjunction with the key difference
Chapter 4 Chemical flooding                                                 
Highlights: Mainly focuses on different chemical agents, the basic structural features and relationship between performance and flooding, portraits the principle, compatibility and real understanding of flooding mechanism and ultimate recovery
4.1 Polymer Flooding
4.2 Surfactant flooding
4.3 Alkaline Flooding
4.4 ASP flooding
Chapter 5 Miscible flooding                                                   
Highlights: Different miscible injectant during miscible flooding, process of quasi-three-component phase diagram analysis and understanding, and their differences and similarities.
5.1 Miscible enhanced oil recovery mechanism
5.2 Miscible agent and non-hydrocarbon miscible agent
5.3 Screening criteria for miscible displacement
5.4 Existing problems in miscible flooding 
5.5 Immiscible displacement
Chapter 6 microbial flooding
Highlights: Basic knowledge of microbes, screening criteria, culture, application, and displacement principle.
6.1 Conceptual knowledge of microbial
6.2 Microbial Screening and culture
6.3 Microbial flooding principle
6.4 Existing microbial flooding trends and developments
Chapter 7 Thermal recovery 
Highlights: Classification and thermal recovery flooding mechanism.
7.1 Thermal recovery definition, classification and mechanism
7.2 Suitable for thermal recovery field screening criteria
7.3 Existing problems in thermal recovery
Chapter 8 Field case study and status of EOR
Highlights: Screening criteria and methods of EOR based on Field conditions and characteristics.
8.1 Domestic field test program of EOR methods, implementation and success results 
8.2 Conclusion, Screening criteria and methods of EOR

	教学进度及要求
Class Schedule & Requirements
	内容
	课内
学时
	教学方式
	课外
学时
	课外环节
	课程目标

	
	1
	2
	讲授
	1
	复习
	常见的EOR的方法、影响采收率的因素，了解EOR的发展

	
	2.1和2.2 
	2
	讲授
	1
	复习
	不同曲界面两侧压差计算公式及毛细管现象对采收率的影响

	
	2.3和2.4
	3
	讲授
	1.5
	复习
	润湿现象的分类，润湿滞后，表面活性剂和聚合物吸附对采收率的影响

	
	2.5和2.6
	1
	讲授
	0.5
	复习
	岩石表面带电的来源及对采收率的影响，不同条件下水驱油的分散现象

	
	3.1和3.2
	2
	讲授
	1
	复习
	常用的堵剂和压力指数值的概念

	
	3.3和3.4
	2
	讲授
	1
	复习
	掌握调剖堵水区块筛选标准和存在的问题

	
	4.1和4.2
	2
	讲授
	1
	复习
	聚合物驱提高采收率的原理，阻力系数和残余阻力系数的概念

	
	4.3、4.4和4.5
	2
	讲授
	1
	复习
	聚丙烯酰胺的性质，聚合物驱油田筛选标准和存在的问题

	
	5.1和5.2
	2
	讲授
	1
	复习
	碱驱提高采收率原理，碱系数和原油酸值概念

	
	5.3、5.4和5.5
	2
	讲授
	1
	复习
	碱与地层和地层流体的反应、碱驱油田筛选标准和存在的问题

	
	6.1和6.2
	2
	讲授
	1
	复习
	表面活性剂驱的四种形式及提高采收率原理

	
	6.3、6.4和6.5
	2
	讲授
	1
	复习
	驱油用的表面活性剂、表面活性剂驱筛选标准及存在问题

	
	7
	2
	讲授
	1
	复习
	复合驱组分的协同效应，筛选标准及存在问题

	
	8.1和8.2
	2
	讲授
	1
	复习
	常用的混相注入剂和混相机理

	
	8.3-8.6
	2
	讲授
	1
	复习
	混相驱提高采收率机理、筛选标准和存在的问题，了解最低混相压力

	
	9
	2
	讲授
	1
	复习
	热力采油的定义、分类、机理、筛选标准和存在的问题

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	1
	2
	Teaching 
	1
	Reading
	EOR methods, factors affecting recovery,
State of art EOR

	
	2.1and 2.2 
	2
	Teaching
	1
	Reading
	Differential pressure across the interface, effect of capillarity phenomenon on oil recovery

	
	2.3 and 2.4
	3
	Teaching
	1.5
	Reading
	Classification of wetting phenomena，Effect of wetting hysteresis，surfactant and polymer adsorption on oil recovery

	
	2.5 and 2.6
	1
	Teaching
	0.5
	Reading
	Electrification phenomena on rock surface，dispersion phenomenon of water flooding under different conditions

	
	3.1 and 3.2
	2
	Teaching
	1
	Reading
	Water shutoff and profile control agent, Concept of pressure index value

	
	3.3 and 3.4
	2
	Teaching
	1
	Reading
	Screening criteria for EOR during water flooding,existing problems of profile control and water shutoff

	
	4.1 and 4.2
	2
	Teaching
	1
	Reading
	Enhanced oil recovery principle of polymer flooding，Concept of resistance factor and residual resistance factor

	
	4.3、4.4and 4.5
	2
	Teaching
	1
	Reading
	Property of HPAM，Screening criteria and existing problem of polymer flooding

	
	5.1 and 5.2
	2
	Teaching
	1
	Reading
	Enhanced oil recovery principle of alkaline flooding, Concept of caustic coefficient and acid value of crude oil

	
	5.3、5.4and 5.5
	2
	Teaching
	1
	Reading
	Reactions of alkali with formation and fluid,screening criteria and existing problem of alkaline flooding

	
	6.1and 6.2
	2
	Teaching
	1
	Reading
	Four forms of surfactant flooding and its enhanced oil recovery principle 

	
	6.3、6.4and 6.5
	2
	Teaching
	1
	Reading
	Surfactant employed in EOR、screening criteria and existing problem of surfactant flooding

	
	7
	2
	Teaching
	1
	Reading
	Synergistic effect of ASP flooding，screening criteria and existing problem of ASP flooding

	
	8.1and 8.2
	2
	Teaching
	1
	Reading
	Commonly used miscible injection agents and mixing mechanism

	
	8.3-8.6
	2
	Teaching
	1
	Reading
	Microbial flooding principle, existing microbial flooding trends anddevelopments

	
	9
	2
	Teaching
	1
	Reading
	Thermal recovery definition, classification and mechanism; suitable for thermal recovery field screening criteria, existing problems in thermal recovery

	考核方式
Grading
	评价环节
	比例

	
	平时成绩
	30%

	
	期末考试
	70%

	
	Evaluation
	Percentage

	
	Attendance and Performance
	30%

	
	Final Examination
	70%

	教材及参考资料
Textbooks & Other Materials
	1．《EOR原理》，赵福麟，中国石油大学校出版社，2014；
2．《提高采收率原理》，叶仲斌，石油工业出版社，2007；
3．《提高采收率原理》，韩显卿，石油工业出版社，1993；
4．《Enhanced Oil Recovery》，D.W.Green，G.P.Willhite，Society of  Petroleum Engineerings，1998。

	
	1．《Principles of Enhanced Oil Recovery》，Zhao Fulin，China University of Petroleum Press，2014；
2．《Principles of Enhanced Oil Recovery》，Ye Zhongbin，Petroleum Industry Press，2007；
3．《Principles of Enhanced Oil Recovery》，Han Xianqing，Petroleum Industry Press，1993；
4.《Enhanced Oil Recovery》，D.W.Green，G.P.Willhite，Society of  Petroleum Engineerings，1998。

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	葛际江
	审核人(系/教研室主任)
Approved by
	吕开河


注：
1. 表格中红色为示例，绿色为说明。
2. 考核方式包括作业（Assignment）、实验（Experiment）、平时表现（Attendance and Performance）、期中考试（Midterm Exam）、期末考试（Final Exam）等。
3. 院部代码：地学院01，石工学院02，化工学院03，机电学院04，信控学院05，储建学院06，计通学院07，经管学院08，理学院09，文学院10，马克思主义学院11，体育教学部12，工训中心及其他20。
4. 如有实验内容，须完善对附表中实验项目信息进行完善。
附表：
	实验项目信息

	实验项目名称
	所在实验室名称
	实验室编号
	实验中心名称
	项目编号
	每组人数
	项目学时
	实验类别
	实验要求
	实验类型
	面向专业
	实验室分室
	仪器设备名称
	是否开出

	实验1
	
	（院部代码基础上加3位）
	
	（实验室代码基础上加3位）
	
	
	（基础/专业基础/专业）
	（选做/必做）
	（演示性/验证性/综合性/设计性/创新性）
	
	
	
	（若为否，填写无法开出原因）

	实验2
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




