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	课程基本信息
Course Information

	课程名称
Course Name
	油藏驱替机理

	
	Displacement Mechanism in Petroleum Reservoir

	开课院部
School
	石油工程学院
	院部代码
School Code
	02

	负责人
Leader
	苏玉亮
	课程团队
Team Members
	油藏驱替机理教学团队

	课程编码
Course Code
	02125
	学分
Credits
	2.0

	课内学时
Course Hours
	32
	理论学时
Lecture Hours
	32
	实验学时
Experiment Hours
	0

	
	
	上机学时
Programming Hours
	0
	实践学时
Practice Hours
	0

	课外学时
Home Hours
	0

	适用专业
Audience
	石油工程

	授课语言
Language of Instruction
	中文

	先修课程
Prerequisite
	油层物理、渗流力学、油藏工程、提高采收率原理

	课程简介
Course Description
	本课程为石油工程类专业的专业选修课程。课程从油藏工程和渗流力学角度出发，利用经典数学理论及近代数学中求解非线性问题的一些方法，通过介绍各种驱替的机理、建模、求解及油田实际应用，使学生对复杂油田及其开发方法有较好了解，从原理上掌握提高原油采收率的基本途径，为培养油藏工程专家型人才奠定基础。

	
	This is the optional course of Petroleum Engineering Major. This course are based on reservoir engineering, filtration mechanics, classical mathematical theory and nonlinearity solution method. It will introduce the displacement mechanism, model establishment, mathematical model solution and oilfield application of different development methods. Student will realized the development method of complex oilfields and handle the enhance oil recovery method according to the development mechanism. In brief, this course will help student to be an expert on reservoir engineering filed.




	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

	
	目标1：掌握油藏驱替的基本概念和求解驱替问题的基本方法，了解油藏驱替领域理论发展现状及前沿动态。
	1.3，1.4

	
	目标2：能够基于油藏驱替的原理对油藏开发领域内的复杂驱替问题进行研究，对计算结果进行分析、解释、应用。
	2.2，3.2，4.1，5.1

	
	
	

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: Familiar with the theory and technology development of reservoir displacement. Master the foundation concepts and solution methods of reservoir displacement. 
	1.3，1.4

	
	Outcome 2: Have the ability to study the complex reservoir displacement case based on the reservoir displacement theory. Conduct analysis, explanation and application according to calculation result.
	2.2，3.2，4.1，5.1

	
	
	

	教学内容
Topics
	绪论：
介绍油藏驱替机理的概念、发展历程、研究热点。
第一章 水驱油基础理论：
本章重点难点：水驱油过程中的贝克莱-列维尔特驱油理论、难开发油藏（裂缝性、稠油、低渗）驱替机理及驱替特征、物理水动力学方法提高采收率原理及应用
1.1 油水两相驱替理论
介绍非混相驱替理论、激波理论及特征线法。
1.2 天然裂缝油藏驱替机理
讲解天然裂缝油藏的驱替机理、开发特征、数学模型和矿场应用。
1.3 非牛顿流体油藏驱替机理
讲解非牛顿流体油藏的驱替机理、开发特征、数学模型和矿场应用。
1.4 低渗透油藏驱替机理
讲解低渗透油藏的驱替机理、开发特征、数学模型和矿场应用。
第二章 物理-化学方法驱油机理及动态计算：
本章重点难点：物理-化学驱替驱油机理、溶剂段塞驱替设计、气体驱油机理及设计计算。
2.1 二次采油残余油形成原因
注水开发效果分析、二次采油残余油形成原因。
2.2 物理-化学驱替机理
浓度扩散方程的建立、溶剂驱及高压气驱等驱油机理分析。
2.3 溶剂段塞驱替溶剂量设计计算
溶剂驱油数学模型建立及求解、溶剂段塞驱替设计计算方法、矿场应用设计。
2.4 CO2、N2气体驱替和WAG交替注气-水驱油
CO2及N2气体驱油机理分析、动态设计方法、交替注气-水动态计算方法及应用。
2.5 表面活性剂水溶液驱油机理及动态计算
表面活性剂水溶液活塞式驱油模型、表面活性剂水溶液非活塞驱油模型动态计算。
2.6 聚合物水溶液驱油机理及动态计算
聚合物水溶液流变特征、驱油机理、动态计算。
第三章 热力法驱油机理及动态计算：
本章重点难点：热力驱温度场模型，注冷水-热水过程，注蒸汽开发机理和设计计算。
3.1 温度场变化原因和热动力学模型
油藏温度场分布及变化、传热方式及特点。
3.2 冷水-热水过程数学物理分析
注冷水-热水驱油模型的建立及求解、渗流场及温度场的耦合及特点、注冷水-热水对开发效果的影响。
3.3 注蒸汽开发的数学物理分析
注蒸汽驱油模型的建立及求解、蒸汽超覆、温度场分析。
3.4 火烧油层驱油机理与计算
火烧油层工艺特点、燃烧计算、动态分析

	
	Introduction 
    Introduce the concept, development history and research focus of reservoir displacement.
Chapter 1 Fundamental theory of water flooding
Key points: Buckley-Leverett Theory during water flooding process, displacement mechanism and characteristic of complex reservoirs (natural fractured, heavy oil and low permeability reservoirs), enhance oil recovery mechanism and application of hydropower method.
1.1 Oil-water two phases displacement theory
Introduce immiscible displacement theory, shock wave theory and characteristic curve method.
1.2 Displacement mechanism of natural fractured reservoir
    Study the displacement mechanism, development characteristic, mathematical model and oilfield application of natural fractured reservoir.
1.3 Displacement mechanism of non-Newtonian fluid reservoir
    Research the displacement mechanism, development characteristic, mathematical model and oilfield application of non-Newtonian fluid reservoir.
1.4 Displacement mechanism of low permeability reservoir
    Investigate the displacement mechanism, development characteristic, mathematical model and oilfield application of low permeability reservoir.

Chapter 2 Displacement mechanism and dynamic calculation of physical–chemical method
Key points: Displacement mechanism of physical–chemical method; solvent slug displacement plan design; gas displacement mechanism, calculation and design.
2.1 Residual oil genesis of secondary recovery
    Performance evaluation of water flooding, residual oil genesis of secondary recovery.
2.2 Physical–chemical displacement mechanism
Concentration diffusivity equation establishment, solvent displacement and high pressure gas displacement mechanism analysis.
2.3 Chemical agent calculation of solvent slug displacement
Mathematical model establishment and solution of solvent slug displacement, displacement parameter calculation of solvent slug flooding, displacement plan design of solvent slug flooding application.
2.4 CO2, N2 flooding and WAG water alternating gas flooding
Displacement mechanism of CO2 and N2 flooding; dynamic design method; water alternating gas flooding calculation method and its application.
2.5 Displacement mechanism of surfactant flooding and dynamic calculation
Dynamic calculation of piston type surfactant solution flooding, dynamic calculation of non-piston type surfactant solution flooding.
2.6 Displacement mechanism and dynamic calculation of polymer solution flooding
Rheological characteristics of polymer solution; displacement mechanism and dynamic calculation of polymer solution flooding.
Chapter 3 Displacement mechanism and dynamic calculation of thermal method
Key points: Temperature field model of thermal development; cold-hot water injection; displacement mechanism, calculation and design of steam injection development.
3.1 The reason of temperature field variation and thermodynamics model
Temperature field distribution and variation behavior, heat transfer mode and its feature.
3.2 Mathematical and physical analysis of cold-hot water injection 
Mathematical model establishment and solution of cold-hot water injection, the coupling of filtration field and temperature field, the effect of cold-hot water injection on development. 
3.3 Mathematical and physical analysis of steam injection development
Mathematical model establishment and solution of steam injection development, steam overlap, temperature field analysis.
3.4 Displacement mechanism and calculation of combustion in situ
    Technology feature of combustion in situ, combustion calculation, dynamic analysis.

	教学进度及要求
Class Schedule & Requirements


	内容
Topics
	课内
学时
Course
Hours
	教学方式
Teaching Methods
	课外
学时
Home
Hours
	课外环节
Assignment
	课程目标
Outcomes

	
	绪论
Introduction
	2
	讲授Lecturing
	
	调研
Literature review
	目标1
Outcome 1

	
	1.1
	2
	讲授Lecturing
	
	
	目标1、2
Outcome 1, 2

	
	1.2
	2
	讲授Lecturing
	
	
	目标1、2
Outcome 1, 2

	
	1.3
	2
	讲授Lecturing
	
	
	目标1、2
Outcome 1, 2

	
	1.4
	2
	讲授Lecturing、讨论Discussion
	2
	研讨报告
Discussion report
	目标1、2
Outcome 1, 2

	
	2.1
	2
	讲授Lecturing
	
	
	目标1
Outcome 1

	
	2.2
	2
	讲授Lecturing
	
	
	目标1、2
Outcome 1, 2

	
	2.3
	2
	讲授Lecturing
	
	
	目标1、2
Outcome 1, 2

	
	2.4
	4
	讲授Lecturing
	
	
	目标1、2
Outcome 1, 2

	
	2.5
	2
	讲授Lecturing
	
	
	目标1、2
Outcome 1, 2

	
	2.6
	2
	讲授Lecturing、讨论Discussion
	2
	研讨报告
Discussion report
	目标1、2
Outcome 1, 2

	
	3.1
	2
	讲授Lecturing
	
	
	目标1
Outcome 1

	
	3.2
	2
	讲授Lecturing
	
	
	目标1、2
Outcome 1, 2

	
	3.3
	2
	讲授Lecturing
	
	
	目标1、2
Outcome 1, 2

	
	3.4
	2
	讲授Lecturing，讨论Discussion
	2
	研讨报告
Discussion report
	目标1、2
Outcome 1, 2

	
	

	考核方式
Grading
	评价环节
	比例

	
	环节1 平时表现
	30%

	
	环节2 课程调研报告
	70%

	
	Evaluation
	Percentage

	
	Evaluation 1：Attendance and Performance
	30%

	
	Evaluation 2：Literature review and discussion report
	70%

	教材及参考资料
Textbooks & Other Materials
	1.《油藏驱替机理》，苏玉亮编著，北京：石油工业出版社，2009
2.《油气层渗流力学》，张建国、杜殿发、侯健、雷光伦、吕爱民编著，东营：中国石油大学出版社，2009
3.《流体通过多孔介质的流动》，科林斯 R E.，北京：石油工业出版社，1985

	
	

	其它
More
	无

	备注
Notes
	无
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Approved by
	谷建伟




