《油层物理》教学大纲
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	课程基本信息
Course Information

	课程名称
Course Name
	油层物理

	
	Physical Properties of Petroleum Reservoir

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

	负责人
Leader
	李爱芬，崔传智
	课程团队
Team Members
	油层物理教学团队

	课程编码
Course Code
	02109
	学分
Credits
	3.0

	课内学时
Course Hours
	48
	理论学时
Lecture Hours
	48
	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
	勘查技术与工程（测井方向）

	授课语言
Language of Instruction
	中文

	先修课程
Prerequisite
	高等数学、大学物理、有机化学、地质学基础、应用物理化学

	课程简介
Course Description
	油层物理课程是一门专业基础课程，该课程主要讲述流体物理性质、岩石物理性质、多相流体在油藏岩石的渗流特性以及提高采收率原理方面的基础知识。课程的主要目的是培养学生掌握油层岩石性质、流体性质及多相流体渗流机理的基本概念、基本理论、基本研究方法和基本应用方法，并掌握实验基本技能，为将来解决工程问题、科学技术问题及后续课程的学习奠定基础。

	
	The course of reservoir physics is a professional basic course; the course focuses on the basic knowledge and principle about physical properties of reservoir fluids, reservoir rocks and the seepage characteristics of multiphase fluid coexist in the reservoir rock. The basics theory of improved oil recovery also talked about in this book. The main purpose of the course is to train students to master the basic concepts and the basic theory about the properties of reservoir rock, fluids and multiphase fluid flow mechanism, to know research methods and basic application, and master the basic skills of experiment, to lay the foundation for the future to solve the engineering problem of science and technology. By study this book, students may have a good basis for study the next course about petroleum.



	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：掌握储层中岩石、流体的高压物性和渗流特性的基础知识、基本概念。
	1.2,1.3

	
	目标2：了解石油工程领域中常见的工程问题，具备油层物理基础知识在石油与天然气工程领域的应用能力。
	1.4

	
	目标3：初步具备应用油层物理基本原理对石油与天然气工程领域内的复杂工程问题进行研究。
	4.1

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: Master the basic knowledge and basic concept of properties of reservoir rocks and reservoir fluid and percolation characteristics.
	1.2,1.3

	
	Outcome 2: Learn about the common practical problems of petroleum engineering field, possessing the ability of apply the fundamental knowledge to petroleum and natural gas engineering field.
	1.4

	
	Outcome 3: Master the fundamental principles of this book, and apply it to the oil-gas development field.
	4.1

	教学内容
Topics
	 0.1 绪论                                             1学时
   油层物理的研究对象、目的、任务及其在油气田开发中的作用；油层物理的学习方法、研究方法和发展方向。
     第一章  储层流体的物理性质                       15学时
    本章重点难点：多组分烃类体系相态特征，相态方程及应用，地层原油的高压物性。
    1.1储层烃类系统的组成及分类      1学时
    石油的化学组成，原油的相对分子质量及非烃含量，石油的商品性质及物理性质，原油的分类；天然气的组成及分类；油气藏的分类。
1.2 储层烃类的相态特征   3学时
有关烃类相态的基本概念，单组分、双组分及多组分烃的P-T相图特征及应用，典型油气藏的相态特征。
    1.3油气体系的分离与溶解   4学时
    亨利定律，天然气在原油中溶解的特点及其影响因素；相态方程的推导及其应用；油气分离方式及油气分离计算。
    1.4天然气的高压物性   4学时
    天然气的组成及其表示方法；天然气的视相对分子质量和相对密度；天然气的压缩因子状态方程，压缩因子的确定；等温压缩系数、体积系数、粘度的定义、特点及确定方法。
    1.5地层油的高压物性   2学时
    地层油的溶解气油比、体积系数、两相体积系数、等温压缩系数、粘度的定义、特点及其应用。
    1.6地层水的高压物性   1学时
    地层水的矿化度，分类方法及水型；地层水高压物性参数的定义、特点及应用。

 
    第二章  储层岩石的物理性质                         12学时
    本章重点难点：储层岩石的渗透性，储层流体饱和度，岩石综合压缩系数及应用，毛细管渗流模型及应用。
    2.1砂岩的骨架性质   2学时
    岩石的粒度组成及其评价方法；岩石的比面及其求取方法。
    2.2储层岩石的孔隙性  2学时
    储层岩石孔隙，孔隙类型，孔隙结构；孔隙度的定义、影响因素及测定方法；岩石的等温压缩系数、孔隙压缩系数及综合压缩系数的定义及其应用。
    2.3储层岩石的渗透性   3学时
    达西实验、达西定律、绝对渗透率及其单位；气测渗透率原理及测定方法、Klinkenberg效应、影响渗透率的因素。
    2.4储层流体饱和度  1学时
    流体饱和度的概念及其测定方法；束缚水，残余油与剩余油饱和度的概念及其应用。
    2.5岩石的胶结物质及胶结类型    2学时
    胶结物的定义，常见胶结物的特征，岩石的胶结类型。
    2.6毛细管渗流模型及其应用    2h
    毛细管渗流模型、毛细管渗流定律；渗透率与平均孔隙半径、比面的关系。
    
第三章  饱和多相流体的油藏岩石的渗流特性              16学时
    本章重点难点：油藏岩石润湿性和油水分布，储层岩石的相对渗透率及应用。
    3.1油藏流体的界面张力   2学时
    两相界面的界面能，油藏流体的界面张力，影响界面张力的因素；吸附及吉布斯等温吸附式。
    3.2油藏岩石的润湿性和油水分布   4学时
    润湿，接触角，润湿张力，杨氏方程，润湿滞后，润湿反转；储层岩石的润湿性及其影响因素，润湿性的测定；油水在岩石中的分布。
    3.3油藏岩石的毛管力   6学时
    毛管力公式推导，毛细管力概念及应用，贾敏效应；毛管力曲线的测定原理及毛管力曲线转换；毛管力曲线的特征及特征参数；毛管力曲线的应用，J函数的应用。
    3.4饱和多相流体岩石的渗流特性  4学时
    有效渗透率、相对渗透率的概念及其特点，两相相对渗透率曲线及其特征参数；影响相对渗透率曲线的因素；相对渗透率曲线的获取方法；流度、流度比及含水率的概念，相对渗透率曲线的应用。
   
第四章  油层物理研究与应用                          4学时
    本章重点难点：采收率及其影响因素，提高采收率方法及其原理等。
    4.1采收率及其影响因素   2学时
    原油采收率，一、二、三次采油；天然驱油能量及驱动方式；波及系数和洗油效率；影响采收率的因素。
    4.2提高原油采收率简介  2学时
    提高原油采收率方法分类、提高采收率方法简介。


	
	Introduction                                               1 hours
Petrophysics’s research objectives,goals, task and its function in the development of reservoir field; petrophysics’s learning methods, research methods and its direction of development.
Chapter 1: PROPERTIES OF RESERVOIR FLUIDS             15 hours
Emphasis and difficulties: Phase characteristics of a multi component hydrocarbon system, equation of phase state and its application, high pressure physical properties of formation crude oil.
1.1 The composition and classification of reservoir hydrocarbon system  1h
The chemical composition of crude oil, the relative molecular mass and non hydrocarbon content of crude oil, the commercial and physical properties of oil, the classification of crude oil, the composition and classification of natural gas, and the classification of oil and gas reservoirs.
1.2 Phase behavior of hydrocarbon system  3h
Chemical composition, commercial value and classification of hydrocarbon systems. Phase behavior of single-, two- and multi-component systems and their applications. Phase diagrams of typical hydrocarbon reservoirs. Isothermal retrograde condensation.
1.3 Solution and Separation Process in a Gas-Oil System  4h
Henry’s law. Solubility of natural gas in crude oil and its influencing factors. Derivation and application of equilibrium equations. Separation manners of oil-gas system and the calculation of multi-stage separation
1.4 Properties of Natural Gas   4h
Composition and its presentation of natural gas. Apparent molecular weight and specific gravity. Equation of state for ideal gas and real gas. Determination of z-factor. coefficient of isothermal compressibility. Formation volume factor. characteristics of gas viscosity at low and high pressures and the determination of gas viscosity
1.5 Properties of Crude Oils   2h
Definitions of Solution gas-oil ratio, formation volume factor, total formation volume factor, isothermal compressibility, viscosity and shrinkage factor. The variation of the above properties of crude oil with pressure and the according reasons. Empirical and experimental determination of the PVT properties of crude oil.
1.6 Properties of Oilfield Water   1h
Salinity of formation water. Classification of water type. Determination of PVT properties of formation water

Chapter 2 PROPERTIES OF RESERVOIR ROCKS                12 hours
Emphasis and Difficulties: Permeability of reservoir rock, reservoir fluid saturation, coefficient of compressibility of rock and its application, capillary seepage model and its application.
2.1 Properties of Rock Matrix   2h
Granulometric composition and its determination methods and its presentations. Specific surface area and its determination.
2.2 Porosity of Reservoir Rocks  2h
The definition of pore, pore structure and the types of rock pores. The definition, influencing factors and determination of porosity. Rock compressibility, pore compressibility and total compressibility and their applications.
2.3 Permeability of Reservoir Rocks  3h 
Darcy’s experiment, Darcy’s law and its application. Absolution permeability and its unit. Principle and method to determine gas permeability. Klinkenberg effect.Influencing factor of permeability. Average permeability of heterogeneous reservoirs.
2.4 Fluid Saturation   1h
Definition of fluid saturation and its determination method. Definitions of connate water, residual oil and remaining oil.
2.5 Cementing Materials and Types of Cementation in Reservoir Rocks  2h
Characteristics of commonly encountered clay minerals. Types of cementation. Characteristics of calcareous cement and sulphate cement
2.6 Capillary Tube Model and Its Application  2h
Capillary tube model. Fluid flow in capillary tubes. Relationship between permeability, average pore radius and specific surface area.

Chapter 3 PROPERTIES OF POROUS MEDIUM CONTAINING MULTIPLE FLUIDS                                                      16 hours
Emphasis and difficulties: Reservoir rock wettability and oil water distribution, relative permeability of reservoir rocks and their applications
3.1 Interfacial tension  2h
Interfacial energy between two-phase interface. Interfacial tension of reservoir fluids. Influencing factor of interfacial tension. Adsorption and Gibb’s isotherm.
3.2 Wettability of a solid and distribution of oil and water in pores   4h
Wettability, contact angle, adhesion tension, Young’s equation, wetting hysteresis, wettability reversal. Wettability of reservoir rocks and its influencing factor. Determination of rock wettability. Distribution of water and oil in reservoir rocks.
3.3 Capillary pressure  6h
Definition of capillary pressure. Derivation and application of capillary pressure equation. Jamin’s effect. Determination of capillary pressure. Conversion of capillary pressure between different systems. Characteristics and characteristic parameters of capillary pressure curve. Application of capillary pressure curve. J function and its application.
3.4 Relative permeability   4h
Definitions of absolute permeability, effective permeability and relative permeability. Two-phase relative permeability curve and its characteristic parameters. Influencing factors of relative permeability curve. Determination of relative permeability. Definitions of mobility, mobility ratio and water cut. Applications of relative permeability curve.

Chapter 4 FUNDAMENTALS OF ENHANCED OIL RECOVERY     4 hours
Imphasis and difficulties: Oil recovery and its influencing factors, methods and principles of EOR
4.1 Oil recovery factor and its affecting factors  2h
Definitions of oil recovery factor, primary recovery, secondary recovery and tertiary recovery. Natural driving energy and driving types. Oil recovery factors at different driving mechanisms. Sweep efficiency and displacement efficiency. Influencing factors of oil recovery factor.
4.2 Enhanced recovery methods  2h
Types of EOR. The main mechanism to improve oil recovery factor by different methods





	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

	
	0.1
	1
	讲授
	
	
	目标1

	
	1.1
	1
	讲授
	
	
	目标1

	
	1.2
	3
	讲授
	
	作业1.1,1.2
	目标1、4

	
	1.3
	4
	讲授
	
	作业1.3，1.4
	目标1、4

	
	1.4
	4
	讲授
	
	作业1.6-1.20
	目标1、4

	
	1.5
	2
	讲授
	
	作业1.21-1.28
	目标1、4

	
	1.6
	1
	讲授，研讨
	
	作业1.26
	目标4

	
	2.1
	2
	讲授
	
	作业2.1
	目标1

	
	2.2
	2
	讲授
	
	作业2.2-2.6
	目标1、4

	
	2.3
	3
	讲授
	
	作业2.7-2.10
	目标1、4

	
	2.4
	1
	讲授
	
	
	目标1

	
	2.5
	2
	讲授
	
	
	目标1、4

	
	2.6
	2
	讲授
	
	作业2.11-2.17
	目标1、4

	
	3.1
	2
	讲授
	
	
	目标1

	
	3.2
	4
	讲授
	
	作业3.1
	目标1

	
	3.3
	6
	讲授
	
	作业3.2-3.11
	目标1、2、4

	
	3.4
	4
	讲授
	
	作业3.12-3.15
	目标1、2、4

	
	4.1
	2
	讲授
	
	课外调研
	目标2、3

	
	4.2
	2
	讲授、研讨
	
	
	目标2、3

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	0.1
	1
	Teaching
	
	
	outcome1

	
	1.1
	1
	Teaching
	
	
	outcome1

	
	1.2
	3
	Teaching
	
	Home work1.1-1.2
	outcome1、4

	
	1.3
	4
	Teaching
	
	Home work 1.3-1.4
	outcome1、4

	
	1.4
	4
	Teaching
	
	Home work 1.6-1.20
	outcome1、4

	
	1.5
	2
	Teaching
	
	Home work 1.21-1.28
	outcome1、4

	
	1.6
	1
	Teaching, Discussion
	
	Home work 1.26
	outcome4

	
	2.1
	2
	Teaching
	
	Home work 2.1
	outcome1

	
	2.2
	2
	Teaching
	
	Home work 2.2-2.6
	outcome1、4

	
	2.3
	3
	Teaching
	
	Home work 2.7-2.10
	outcome1、4

	
	2.4
	1
	Teaching
	
	
	outcome1

	
	2.5
	2
	Teaching
	
	
	outcome1、4

	
	2.6
	2
	Teaching
	
	Home work 2.11-2.17
	outcome1、4

	
	3.1
	2
	Teaching
	
	
	outcome1

	
	3.2
	4
	Teaching
	
	Home work3.1
	outcome1

	
	3.3
	6
	Teaching
	
	Home work3.2-3.11
	outcome1、2、4

	
	3.4
	4
	Teaching
	
	Home work3.12-3.15
	outcome1、2、4

	
	4.1
	2
	Teaching
	
	Writing assignment
	outcome1、4

	
	4.2
	[bookmark: _GoBack]2
	Teaching, Discussion
	
	
	outcome1、4

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	考核方式
Grading
	评价环节
	比例

	
	环节1 出勤+课堂测验
	10%

	
	环节2作业
	20%

	
	环节3 期末考试
	70%

	
	Evaluation
	Percentage

	
	Evaluation 1：Attendance+quiz
	10%

	
	Evaluation 2：Homework
	20%

	
	Evaluation 3：Final Exam
	70%

	教材及参考资料
Textbooks & Other Materials
	1．《油层物理学，第三版》，李爱芬 主编，中国石油大学出版社，2016；
2.《油藏物理基础》，洪世铎 主编，北京：石油工业出版社，1993.2；
3.《油层物理》，何更生 编，北京：石油工业出版社，1994.11。


	
	1. Li Aifen, Petrophysics(Third), University of pertroleum press,2016;
2. Hong shiduo, Reservoir physical basis, Beijing: Petroleum Industry Press, 1993.2;
3. He Gengsheng, Reservoir physics, Beijing: Petroleum Industry Press, 1994.11.

	其它
More
	无

	备注
Notes
	无

	大纲执笔人
Author
	油层物理课程组
	审核人(系/教研室主任)
Approved by
	谷建伟



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

	实验简介
	
	多媒体教室
	石油工程学院实验教学中心
	
	60
	2
	
	
	
	勘查技术与工程
	
	
	是

	地层油高压物性的测定
	渗流物理实验室
	02003
	石油工程学院实验教学中心
	02003001
	3
	2
	专业
	必做
	综合性
	勘查技术与工程  
	地层油高压物性实验室
	高压物性计量泵、高压落球粘度计
	是

	流体粘度及流变性的测定
	渗流物理实验室
	02003
	石油工程学院实验教学中心
	02003002
	3
	2
	专业
	必做
	综合性
	勘查技术与工程
	比面及粘度测定实验室
	旋转粘度计、数控高级恒温槽
	是

	岩石孔隙度的测定
	渗流物理实验室
	02003
	石油工程学院实验教学中心
	02003003
	1
	2
	专业
	必做
	验证性
	勘查技术与工程
	孔隙度和饱和度测定实验室
	岩石气体孔隙度测定仪
	是

	岩心流体饱和度的测定
	渗流物理实验室
	02003
	石油工程学院实验教学中心
	02003004
	1
	2
	专业
	必做
	验证性
	勘查技术与工程
	孔隙度和饱和度测定实验室
	流体饱和度干馏仪、马弗炉
	是

	岩石气体渗透率的测定
	渗流物理实验室
	02003
	石油工程学院实验教学中心
	02003005
	1
	2
	专业
	必做
	综合性
	勘查技术与工程
	渗透率测量实验室
	气体渗透率测定仪、空气压缩机
	是

	岩石比面的测定
	渗流物理实验室
	02003
	石油工程学院实验教学中心
	02003006
	1
	2
	专业
	必做
	验证性
	勘查技术与工程  
	比面及粘度测定实验室
	岩石比面测定仪
	是

	岩石碳酸盐含量的测定
	渗流物理实验室
	02003
	石油工程学院实验教学中心
	02003007
	1
	2
	专业
	必做
	验证性
	勘查技术与工程
	碳酸盐含量及润湿性测定实验室
	碳酸盐含量测定仪
	是

	岩石润湿性的测定
	渗流物理实验室
	02003
	石油工程学院实验教学中心
	02003010
	1
	2
	专业
	必做
	综合性
	勘查技术与工程
	碳酸盐含量及润湿性测定实验室
	接触角测定仪
	是




