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	课程基本信息
Course Information

	课程名称
Course Name
	油气田开发基础

	
	Fundamentals of Oil & Gas Field Development

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

	负责人
Leader
	谷建伟
	课程团队
Team Members
	油气田开发基础教学组

	课程编码
Course Code
	02164
	学分
Credits
	3

	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
	8

	适用专业
Audience
	海洋油气工程

	授课语言
Language of Instruction
	中文

	先修课程
Prerequisite
	高等数学、普通物理、海洋地质学

	课程简介
Course Description
	《油气田开发基础》 是为海洋油气工程专业开设的一门必修课。本课程涵盖油层物理学、油气渗流力学和油藏工程的基本概念、基本原理及基本计算方法，通过理论与实践结合，培养学生认识油藏动态以及解决油气田开发工程问题的能力。
本课程的目的和任务是使学生掌握储层流体与岩石的基本性质、储层流体在岩石孔隙中的流动特点及分布规律、油气田开发设计的基本内容和原则、油藏动态分析方法和油田开发调整。通过本课程的学习，使学生能够在掌握油层基本概念和知识的基础上，从动态上认识和分析油藏，学习并掌握常用的基本油藏工程设计和分析方法，了解提高油田采收率的方法和原理。

	
	Fundamentals of Oil & Gas Field Development is a compulsory course for specialty of Offshore Oil and Gas Engineering, which consists of the basic concepts, principles and methods of reservoir physics, flow mechanic of oil and gas and reservoir engineering. It aims to help the students to develop the abilities to recognized the reservoir dynamic and solve the practical engineering problems in oil and gas field development.



	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：掌握地层原油、天然气、地层水的物理性质及储层岩石的组成和物体特征；掌握饱和多相流体的储层岩石物性，包括界面张力、润湿性、毛管力、相渗曲线、微观渗流机理；
	2.2

	
	目标2：掌握地层流体渗流的基本规律，了解非线性渗流规律；.掌握单相不可压缩稳定渗流、弹性微可压缩不稳定渗流及油水两相渗流理论；
	2.2

	
	目标3：掌握油田开发设计的基本原理和方法，包括基本概念、油藏驱动方式、开发层系及注水方式；掌握开发指标的概念，理解开发指标概算的方法和步骤；
	6.1

	
	目标4：掌握油井不稳定试井方法、物质平衡方法、产量递减规律及油田含水变化规律，了解油藏采收率预测的方法，了解油藏数值模拟原理与方法；:
	6.1

	
	目标5：了解提高原油采收率的基本原理及提高采收率的技术方向。
	3.1

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: Master the physical properties of crude oil, natural gas, and underground water as well as the composition and characteristics. of reservoir rocks; master the physical properties of reservoir rocks saturated by multiphase fluids, including interfacial tension, wettability, capillary force, relative permeability curve, and seepage mechanism;
	

	
	Outcome 2: Grasp the basic law of fluid flow through reservoir rock; Understand the law of nonlinear flow. Master the single-phase incompressible steady flow, elastic slightly compressible unstable flow and oil-water two-phase flow theory;
	

	
	Outcome 3: Master the basic principles and methods of oilfield development and design, including the basic concepts, reservoir drive mechanism, development layer zoning and water injection methods; master the concepts of development indicators, and understand assessment methods and procedures of the development indicators
	

	
	Outcome 4: Grasp the method of transient well test, the method of material balance, the law of production decline, and the variation law of oilfield water-cut, understand the prediction method of reservoir recovery prediction, understand the principle and method of reservoir numerical simulation;
	

	
	Outcome 5: Understand basic principles and technical directions of improved oil recovery 
	

	教学内容
Topics
	第一章 油藏岩石和流体的基本物理性质    
本章重点：单组分、双组分、多组分相图，气体在油中的分离和溶解。难点：多组分相图。
1.1油藏烃类相态特征及油气体系中的溶解与分离
单组分、双组分、多组分相图，气体在油中的分离和溶解。
1.2油藏流体的物理性质
天然气的高压物性，地层原油的高压物性，地层水的物理性质。
1.3储层岩石的物理性质
砂岩的粒度组成及比面，储层岩石的孔隙度、渗透率、饱和度、压缩系数、渗透率与其它物性的关系。
第二章 饱和多相流体的储层岩石物性
本章重点：相对渗透率曲线及应用。难点：毛管压力曲线及应用。
2.1油藏流体的界面张力
2.2油藏岩石的润湿性及油水的分布
2.3油藏岩石的毛管力
毛管力公式及应用，毛管力曲线的测定方法。
2.4饱和多相流体岩石的渗流特征
有效渗透率和相对渗透率，相对渗透率曲线的应用。
第三章 流体基本渗流规律
本章重点：油气渗流的典型数学模型及边界条件的设定。
3.1油藏流体渗流基本规律
油气储集层、多孔介质、渗流速度和质点真实速度，渗流过程中的力学分析及各种压力概念，渗流的基本规律及渗流方式，非线性渗流规律，低速下的渗流规律。
3.2流体渗流数学模型
建立油气渗流数学模型的原则，运动方程、状态方程和连续性方程，数学模型的边界条件和初始条件。
第四章 多相流体渗流理论
本章重点：弹性不稳定渗流的过程以及无限大地层的典型解。难点：贝克莱-列维尔特驱油理论
4.1单相液体稳定渗流理论
单向流与平面径向流，井的不完善对渗流的影响。
4.2弹性微压缩流体的不稳定渗流理论
弹性不稳定渗流的物理过程，无限大地层弹性不稳定渗流典型解，不稳定渗流的叠加与映射，圆形封闭地层中心一口井拟稳态时的近似解。
4.3油水两相渗流理论
活塞式与水驱油，油水两相渗流理论—贝克莱-列维尔特驱油理论。
第五章 油田开发设计基础   
本章重点：注采井网设计。难点：注水开发指标概算方法。
5.1油田开发设计概念
油田开发程序和开发原则，油田开发方案。
5.2油藏驱动方式及其开采特征
天然能量来源，弹性驱动，溶解气驱，水压驱动，气顶驱，重力驱。
5.3开发层系与注水开发方式
层系划分原则，注水时机，注采井网。
5.4水驱开发指标概算
开发指标，排状注水井网开发指标概算，面积注水开发指标概算。
第六章 油藏开发动态分析方法   
本章重点：产量递减分析、物质平衡方法。难点：压力恢复试井原理。
6.1油井不稳定试井方法
油井压力恢复基本原理，典型压力恢复曲线分析，压力恢复曲线应用。
6.2物质平衡分析方法
物质平衡方程，水侵量计算，水驱油藏动态预测。
6.3产量递减规律
产量递减规律，递减类型判断。
6.4油田含水变化规律
水驱油田含水上升规律，水驱特征曲线应用；
6.5油藏采收率预测
岩心分析方法，相关经验公式法；
6.6油藏数值模拟原理与方法
油藏数值模拟原理，油藏数值模拟应用
第七章 油田开发综合调整
本章重点：提高原油采收率的方法原理。
7.1提高原油采收率技术原理
影响采收率的因素，波及系数和驱油效率，剩余油类型与分布特征，提高原油采收率的技术方向。
7.2油田开发综合调整
油田开发调整的任务，油田开发综合调整的内容。

	
	Chapter 1: Basic physical properties of reservoir rocks and fluids
Focus and difficulties: Single component, two component, multi-component phase diagram, gas separation and dissolution in oil. Multi-component phase diagram.
1.1 Phase characteristics of hydrocarbons and their dissolution and separation in oil and gas systems 
Single component, two component, multi-component phase diagram, gas separation and dissolution in oil.
1.2 The physical properties of reservoir fluids
The high-pressure nature of natural gas, the high-pressure physical properties of formation crude oil, and the physical properties of formation water. 
1.3 Physical properties of reservoir rocks
Sandstone particle size composition and specific surface, reservoir rock porosity, permeability, saturation, compressibility coefficient, permeability and other physical properties.
Chapter 2 Reservoir properties of saturated multi-phase fluids
Focus and Difficulties: the relative permeability curve and its application. Capillary pressure curve and its application.
2.1 Interfacial tension of reservoir fluid
2.2 Reservoir wettability and oil and water distribution
2.3 The strength of the reservoir rocks
Capillary force formula and application, capillary force curve determination method.
Characteristics of Seepage in Saturated Multiphase Fluid Rocks
Effective permeability and relative permeability, relative permeability curve applications.
Chapter 3 Basic fluid seepage rule
Focus and difficulties: the typical mathematical model of oil and gas seepage and the setting of boundary conditions.
3.1 The basic law of reservoir fluid seepage
Oil and gas reservoirs, porous media, seepage velocity and real velocity, mechanical analysis during seepage process and various pressure concepts, basic rules of seepage and seepage flow, nonlinear seepage and low velocity seepage.
3.2 Mathematical model of fluid seepage
The principle of the mathematical model of oil and gas seepage, the equation of motion, the state equation and the continuity equation, the boundary condition and the initial condition of the mathematical models.
Chapter 4 Multi-phase fluid flow in porous media
Focus and difficulties: The process of an elastic and unsteady fluid flow in porous media and the typical solution to infinite reservoir. The Buckley-Leveret displacement theory.
4.1 Single-phase fluid seepage flow theory
One-dimension flows and plane radial flow, the influence of partially penetrated well on fluid flow in porous media.
4.2 Unsteady fluid flow in porous media for slightly compressible fluid
The process of elastic and unsteady fluid flow in porous media and the typical solution to infinite reservoir. The law of superposition and mapping for unsteady fluid flow in porous media. Approximate solutions for pseudo steady state of closed finite circle formation with one well in the center.
4.3 Oil-water two-phase fluid flow in porous media
Piston type and water flooding. Oil-water two-phase fluid flow in porous media - The Buckley-Leveret displacement theory.
Chapter 5 The Basis of Oilfield Development and Design 
[bookmark: OLE_LINK7]Focus and difficulties: The design of injection and production well patterns and water injection development indices estimation method.
5.1 The Conception of Oilfield Development Design 
Oilfield development procedures and principles, oilfield development program.
5.2 Reservoir driving method and development characteristics
Natural energy sources, elastic drive, dissolved gas drive, water drive, gas top drive, gravity drive.
5.3 Development layer and water injection development
Layer division principle, water injection timing, injection and production well pattern.
5.4 Estimation of water flooding development indices
Development indicators, the layout of the injection of water well development index estimates, the area of water injection development estimates.
Chapter 6: Dynamic analysis of reservoir development
Focus and difficulties: decline curve analysis, material balance methods. Difficulties: pressure buildup well tests principle.
6.1 Unstable well testing method of oil well
The basic principle of pressure buildup well tests method, analysis of typical pressure buildup well tests curve, applications of pressure buildup well tests curve.
6.2 Material balance analysis method
Material balance equations, calculations of water invasion, dynamic prediction of water flooding reservoir.
6.3 Production decline analysis 
Production decline rules and the judgment of production decline types.
6.4 Change of reservoir water-cut
The regularities of water cut increasing of water flooding field, applications of water flooding characteristic curve.
6.5 Prediction of recovery 
Core analysis method, relevant empirical formula method.
6.6 Principles and Methods of Reservoir Simulation
The Principles of reservoir simulation, applications of reservoir numerical simulation.
Chapter 7 Comprehensive adjustment of oilfield development
Focus and difficulties: Methods and technical principles of enhanced oil recovery.
7.1 Technical principles for enhanced oil recovery
Factors influencing oil recovery, sweep efficiency and displacement efficiency, residual oil type and distribution characteristics, technical trends of enhanced oil recovery.
7.2 Comprehensive adjustment of oilfield development
Tasks of oil field development adjustment, contents of oilfield development comprehensive adjustment.

	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

	
	1.1
	2
	讲授
	
	
	目标1

	
	1.2
	3
	讲授
	
	
	目标1

	
	1.3
	3
	讲授
	
	
	目标1

	
	2.1
	1
	讲授
	
	
	目标1

	
	2.2
	1
	讲授
	
	
	目标1

	
	2.3
	2
	讲授
	
	
	目标1

	
	2.4
	2
	讲授
	
	
	目标1

	
	3.1
	2
	讲授
	
	
	目标2

	
	3.2
	2
	讲授
	
	
	目标2

	
	4.1
	2
	讲授
	
	
	目标2

	
	4.2
	2
	讲授
	
	
	目标2

	
	4.3
	2
	讲授
	
	
	目标2

	
	5.1
	2
	讲授
	
	
	目标3

	
	5.2
	2
	讲授
	
	
	目标3

	
	5.3
	3
	讲授
	
	
	目标3

	
	5.4
	3
	讲授
	4
	综合大作业
	目标3

	
	6.1
	4
	讲授
	2
	作业
	目标4

	
	6.2
	4
	讲授
	
	
	目标4

	
	6.3
	1
	讲授
	
	
	目标4

	
	6.4
	1
	讲授
	
	
	目标4

	
	6.5
	1
	讲授
	
	
	目标4

	
	6.6
	1
	讲授
	
	
	目标4

	
	7.1
	1
	讲授+讨论
	2
	自学
	目标5

	
	7.2
	1
	讲授+讨论
	
	
	目标5

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	1.1
	2
	Teaching
	
	
	Outcome 1

	
	1.2
	3
	Teaching
	
	
	Outcome 1

	
	1.3
	3
	Teaching
	
	
	Outcome 1

	
	2.1
	1
	Teaching
	
	
	Outcome 1

	
	2.2
	1
	Teaching
	
	
	Outcome 1

	
	2.3
	2
	Teaching
	
	
	Outcome 1

	
	2.4
	2
	Teaching
	
	
	Outcome 1

	
	3.1
	2
	Teaching
	
	
	Outcome 2

	
	3.2
	2
	Teaching
	
	
	Outcome 2

	
	4.1
	2
	Teaching
	
	
	Outcome 2

	
	4.2
	2
	Teaching
	
	
	Outcome 2

	
	4.3
	2
	Teaching
	
	
	Outcome 2

	
	5.1
	2
	Teaching
	
	
	Outcome 3

	
	5.2
	2
	Teaching
	
	
	Outcome 3

	
	5.3
	3
	Teaching
	
	
	Outcome 3

	
	5.4
	3
	Teaching
	4
	Comprehensive assignment
	Outcome 3

	
	6.1
	4
	Teaching
	2
	Homework
	Outcome 4

	
	6.2
	4
	Teaching
	
	
	Outcome 4

	
	6.3
	1
	Teaching
	
	
	Outcome 4

	
	6.4
	1
	Teaching
	
	
	Outcome 4

	
	6.5
	1
	Teaching
	
	
	Outcome 4

	
	6.6
	1
	Teaching
	
	
	Outcome 4

	
	7.1
	1
	Teaching, Discussion
	2
	Self-learning
	Outcome 5

	
	7.2
	1
	Teaching, Discussion
	
	
	Outcome 5

	考核方式
Grading
	评价环节
	比例

	
	作业
	10%

	
	平时表现
	10%

	
	期末考试
	80%

	
	Evaluation
	Percentage

	
	Assignment
	10%

	
	Attendance and Performance
	10%

	
	Final Exam
	80%

	
	
	

	教材及参考资料
Textbooks & Other Materials
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]1.《油气田开发工程基础》，杜殿发等编，石油工业出版社，2009；
[bookmark: OLE_LINK3]2.《油层物理学》，李爱芬主编，中国石油大学出版社，2011；
3.《油气层渗流力学》，张建国主编，中国石油大学出版社，2009；
4．《油藏工程原理与方法》，姜汉桥、姚军、姜瑞忠主编，中国石油大学出版社，2006

	
	1. Du Dianfa, et al. Engineering basis of oil and gas development, Press of Petroleum Industry, 2009;
2. Li Aifen, et al. Physical properties of petroleum reservoir, University of pertroleum press, 2011;
3. Zhang Jianguo, et al. Hydrocarbon seepage mechanics, University of pertroleum press, 2009;
4. Jiang Hanqiao, Yao Jun, Jiang Ruizhong, Principle and method of reservoir engineering, University of pertroleum press, 2006;

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	范海军
	审核人(系/教研室主任)
Approved by
	谷建伟


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

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




