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	课程基本信息
Course Information

	课程名称
Course Name
	油气田开发工程

	
	Oil & Gas Field Development Engineering

	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
	油气田开发工程教学组

	课程编码
Course Code
	02215
	学分
Credits
	3

	课内学时
Course Hours
	48
	理论学时
Lecture Hours
	42
	实验学时
Experiment Hours
	6

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

	课外学时
Home Hours
	16

	适用专业
Audience
	资源勘查工程

	授课语言
Language of Instruction
	中文

	先修课程
Prerequisite
	高等数学、大学化学、大学物理、地球物理测井和油气田地下地质学

	课程简介
Course Description
	《油气田开发工程》是为资源勘查工程专业开设的一门必修课，其主要目的是培养学生油气田开发与开采中的基础知识和工程应用能力，让学生掌握油气藏流体及岩石的性质和特征，把握油气藏流体的渗流规律，制定油气藏开发基本策略，分析油气藏生产动态特征，认识油井生产的技术原理和工艺措施，了解油田提高采收率的方法和原理。

	
	Oil and gas reservoir development is a compulsory course of resources exploration engineering. The objectives of this course is to cultivate the basic knowledge and engineering application ability of oil and gas exploitation and development in order to let students grasp the properties of oil and gas reservoirs and rocks, understand how the reservoir fluids flow through porous media, formulate the basic strategy of oil and gas reservoir development, analyze the dynamic characteristics of oil and gas reservoir production, understand the principle and technological measures of oil production and method and principle of enhanced oil recovery.







	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：掌握油气藏岩石和流体的基本物理性质，弄清单相流体在地下渗流的基本规律；
	3.3

	
	目标2：掌握油气藏开发设计的原理与方法，初步设计油气藏开发方案，分析油气藏生产动态；
	3.3

	
	目标3：掌握油井生产基本原理及设计方法和常用的油水井作业措施； 
	7.2

	
	目标4：掌握提高油气藏采收率的基本原理，了解油气田开发的新技术。
	7.2

	
	
	

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: Master the properties of oil, gas and formation water and make certain the basic law of single phase fluid flow through porous media in subsurface.
	3.3

	
	Outcome 2: Master the principle and methods of gas reservoir development. Design preliminary plans of oil and gas reservoir development projects and analyze the production dynamics of oil and gas reservoir;
	3.3

	
	Outcome 3: Master the basic principles and design methods of oil production and understand the commonly used operating measures of producing and injecting wells;
	7..2

	
	Outcome 4: Master the basic principles of enhancing oil and gas recovery and understand the new technologies of oil and gas field development.
	7.2

	
	
	

	教学内容
Topics
	第一章 储层流体和岩石的物理性质  
本章重点难点：原油高压物性、储层渗透率。难点：相对渗透率曲线。                  
1.1储层流体的高压物性
储层烃类系统相态特征、油气藏类型和相态变化，天然气的高压物性，地层油的高压物性，地层水的高压物性。       
1.2 储层岩石的物理性质
砂岩的粒度组成和岩石的胶结物及胶结类型，储层岩石的孔隙度，储层岩石的压缩系数，储层流体饱和度，储层岩石的渗透率。       
1.3 饱和多相流体的储层岩石的渗流特性
界面能及界面张力，油藏岩石的润湿性及油水分布，油藏岩石的毛管力，饱和多相流体岩石的有效渗透率和相对渗透率。   
第二章 油藏流体的渗流理论      
本章重点难点：平面径向流产量公式。难点：无限大地层弹性不稳定渗流典型解。                
2.1渗流的基本概念和基本规律 
油藏分类，各种压力的概念，线性渗流定律（达西定律）及非线性渗流定律；
2.2 单相不可压缩液体的稳定渗流
单相及平面径向渗流的产量及压力分布公式，渗流速度与真实速度，油井的不完善性对渗流的影响；
2.3 多井干扰和边界影响
多井干扰的实质、压降叠加原理，势的叠加原理，平面上任一点的势，镜像反映法；
2.4 弹性微可压缩液体的不稳定渗流
弹性不稳定渗流物理过程，无限大地层弹性不稳定渗流典型解。
2.5 油水两相渗流理论
一维水驱油饱和度分布规律，油水两相渗流理论—贝克莱-列维尔特驱油理论。
第三章 油田开发设计基础      
本章重点难点：注水方式及注采井网。                   
3.1 油田开发前的准备阶段
详探阶段的主要任务和方法，开辟生产试验区。        
3.2 油藏驱动方式及其开采特征
油藏驱油能量，油藏驱动类型及开采特征。
3.3 开发层系的划分与组合
开发层系划分的意义，划分开发层系的原则，划分开发层系的步骤。
3.4 注水开发与井网部署
注水时机，注水方式，注采井网，井网部署。
3.5 油田开发调整
油田开发调整的准备工作，油田开发调整的主要方法。
第四章 油藏工程分析方法    
本章重点难点：试井分析的理论基础。难点：物质平衡方程通式的建立。                       
4.1．常规试井分析方法
试井分析的概念及分类，试井的理论基础，均质油藏压力降落试井分析方法，均质油藏压力恢复试井分析方法。       
4.2．物质平衡分析方法
物质平衡分析法的原理，物质平衡方程的建立，物质平衡方程的简化，物质平衡方程的应用。       
4.3．产量递减分析方法
产量递减概念及分类，不同递减类型的产量变化规律，产量递减类型的确定。
4.4．水驱特征分析方法 
油田含水上升特征，水驱特征曲线及其应用。 
4.5．油田采收率测算方法
经验方法测算采收率，动态法测算采收率。
第五章 油井生产技术原理    
本章重点难点：深井泵的工作原理，气液混合物在井筒中的流动规律                    
5.1 完井与试油
井身结构，完井方式，油井试油。
5.2 油井基本流动规律
油井流入动态，气液混合物在井筒中的流动规律，嘴流动态。
5.3 自喷及气举采油技术
自喷采油技术，气举采油技术。
5.4 深井泵采油技术原理
常规有杆泵采油，深井泵工作原理，深井泵工作状况分析，地面驱动螺杆泵采油，电动潜油离心泵采油。
第六章 注水及油水井措施作业   
本章重点难点：注水技术，水力压裂设计                 
6.1 注水技术
水质及注水系统，注水井吸水能力分析，分层注水技术。
6.2 水力压裂技术
压裂增产机理，压裂造缝机理，压裂液，支撑剂，压裂设计。
6.3  酸处理技术
碳酸盐岩地层的盐酸处理，砂岩地层的土酸处理，酸液及添加剂。
6.4 油井防砂技术
油层出砂原因，防砂方法，清砂方法。
6.5 调剖堵水技术
油井堵水，水井调剖。
第七章 提高采收率技术原理  
本章重点难点：采收率及影响因素                  
7.1 采收率及提高采收率技术方向
采收率及影响因素，提高采收率技术方向。
7.2 提高采收率的方法
化学驱采油，气驱采油，热力采油。
第八章 油田开发与开采新技术    
本章重点难点：水平井开采技术          
8.1 水平井开采技术
水平井类型，水平井产能，水平井技术应用。
8.2 热化学采油技术
热化学采油原理，热化学施工工艺。
8.3 微生物采油技术
微生物采油技术发展，微生物采油分类及原理，筛选标准。
8.4 物理法采油技术
微波开采稠油技术，高能气体压裂技术，振动采油技术。

	
	Chapter 1: Physical properties of reservoir fluids and rocks
Focus and difficulties: Crude oil high pressure physical properties, reservoir permeability, relative permeability curve.
1.1 High pressure physical properties of reservoir fluids
Reservoir hydrocarbon system phase characteristics, oil and gas reservoir type and phase change, natural gas high pressure properties, formation oil high pressure properties, formation water high pressure properties. 
1.2 Physical properties of reservoir rocks
Sandstone particle size composition and rock cement and cementation type, reservoir rock porosity, reservoir rock compressibility coefficient, reservoir fluid saturation, reservoir rock permeability. 
1.3 Seepage Characteristics of Reservoir Rocks with Saturated Multiphase Fluids
Interface energy and interfacial tension, reservoir wettability and oil-water distribution, capillary force of reservoir rocks, effective permeability and relative permeability of saturated multi-phase fluid rocks.
Chapter 2: The seepage theory of reservoir fluid
Focus and difficulties: The formula of radial flow and typical solution of elastic unstable seepage in infinite stratum.
2.1 The basic concept and basic law of seepage
Reservoir classification, the concept of various pressures, the law of linear seepage (Darcy's law) and nonlinear seepage law;
2.2 Stable seepage of single - phase incompressible liquid
Single - phase and radial seepage flow and pressure distribution formula, seepage velocity and real speed, oil well imperfection on the impact of seepage;
2.3 Multi - well disturbances and boundary effects
The principle of superposition interference, the principle of superposition of pressure drop, the superposition principle of potential, the potential of any point on the plane, the mirror reflection method;
2.4 Unsteady seepage of elastic slightly compressible liquids
Elastic unsteady seepage physical process, typical solution of unsteady elastic flow in infinite formation 
2.5 Oil - water two - phase percolation theory
One - dimensional water flooding saturation distribution law, oil - water two - phase percolation theory - Buckley-Leverett water flooding theory
Chapter 3: The basis of Oilfield development design
Focus and difficulties: water injection mode and injection-production well pattern.                   
3.1 The preparation stage before the oilfield development
The task and method of exploration stage and methods, pilot test area.
3.2 Drive mode and development characteristics
Displacement energy, drive types and development characteristics.
3.3 The division and combination of layers
The significance of layer-division, The principle and steps of dividing layers.
3.4 The water injection and well pattern
The time and mode of water injection, Injection-production well pattern, well pattern deployment.
3.5 The adjustment of oilfield development
The preparation and method of development adjustment.
Chapter 4: Reservoir Engineering analysis method 
Focus and difficulties: The theoretical basis of well testing analysis and establishment of Material Balance Equation
4.1 conventional well testing analysis method
The concept and classification of well test analysis. The theoretical basis of well testing. Analytical method of pressure drawdown test for homogeneous reservoir. Analysis method of pressure buildup test for homogeneous reservoir. 
4.2 Material balance analysis method
The principle of material balance analysis. The establishment of Material Balance Equation. The simplification of Material Balance Equation. The application of Material Balance Equation.
4.3 Production decline analysis method
Concept and classification of production decline. The production variation of  different decline types. Determination of production decline type.
4.4 Water flooding characteristic analysis method
Reservoir watery rising characteristics. Water flooding curve and its application
4.5 Calculation method of reservoir recovery
Empirical method to determine recovery. Dynamic method to calculate recovery
Chapter 5: Principles of Production Technology for Oil Wells
Focus and difficulties: The working principle of deep well pump and the flow law of gas - liquid mixture in wellbore
5.1 Completion and oil testing 
Well structure, completion mode, oil well of testing for oil.
5.2 The basic flow of oil wells
The inflow performance of oil wells, the law of gas-liquid mixture in the wellbore, choke flow dynamics.
5.3 flowing of well and gas lift technology
Flowing well production technology, gas lift technology
5.4 Technical principle of deep well pump oil production
Conventional rod pump production, deep well pump working principle, deep well pump working condition analysis, ground drive screw pump oil, electric submersible centrifugal pump oil production.
Chapter 6: Water Injection and Oil Wells Operation
Focus and difficulties: Water injection technology and hydraulic fracturing design
6.1 Water injection technology
Water quality and water injection system, water injection capacity analysis, stratified water injection technology.
6.2 Hydraulic Fracturing Technology
Fracturing mechanism of enhancing production, fracturing generating mechanism, fracturing fluid, proppant, fracturing design
6.3 Acid treatment technology
Hydrochloric acid treatment of carbonate formations, acid treatment of sandstones, acid and additives.
6.4 Oil well sand control technology
The cause of sand production, sand control method, sand clean method.
6.5 Water shutoff and profile control technology
Oil well water shutoff, injection well water control. 
Chapter 7: Technical principles of enhanced oil recovery.
Focus and difficulties: Oil recovery and its influencing factors
7.1 Oil recovery and technical trends of enhanced oil recovery
Recovery influencing factors, technical trends of enhanced oil recovery
7.2 Enhanced oil recovery methods
Chemical processes, gas-drive processes, thermal recovery processes
Chapter 8: New technologies of oil development and production
Focus and difficulties: development technology using the horizontal well
8.1 development technology using the horizontal well
Type of the horizontal well, deliverability of the horizontal well, application of the horizontal well
8.2 Thermochemical production technology
Thermochemical production principle, Thermochemical production process
8.3 Microbial oil recovery
Technology development of microbial oil recovery, classification, principle, and screening criteria of microbial oil recovery
8.4 physical oil recovery
Microwave heavy oil production technology, high energy gas fracturing, vibratory production

	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
	1
	讲授
	
	
	目标1

	
	2.5
	1
	讲授
	2
	自学
	目标1

	
	3.1
	1
	讲授
	
	
	目标2

	
	3.2
	1
	讲授
	
	
	目标2

	
	3.3
	1
	讲授
	
	
	目标2

	
	3.4
	2
	讲授
	
	
	目标2

	
	3.5
	1
	讲授
	
	
	目标2

	
	4.1
	2
	讲授
	3
	作业
	目标2

	
	4.2
	3
	讲授
	
	
	目标2

	
	4.3
	1
	讲授
	
	
	目标2

	
	4.4
	1
	讲授
	
	
	目标2

	
	4.5
	1
	讲授
	
	
	目标2

	
	5.1
	2
	讲授
	
	
	目标3

	
	5.2
	2
	讲授
	
	
	目标3

	
	5.3
	1
	讲授
	
	
	目标3

	
	5.4
	1
	讲授
	
	
	目标3

	
	6.1
	1
	讲授
	
	
	目标3

	
	6.2
	1
	讲授
	
	
	目标3

	
	6.3
	1
	讲授
	
	
	目标3

	
	6.4
	0.5
	讲授
	2
	自学
	目标3

	
	6.5
	0.5
	讲授
	2
	自学
	目标3

	
	7.1
	1
	讲授+讨论
	
	
	目标4

	
	7.2
	1
	讲授+讨论
	3
	综合报告
	目标4

	
	8.1
	0.5
	讲授+讨论
	
	
	目标4

	
	8.2
	0.5
	讲授+讨论
	
	
	目标4

	
	8.3
	0.5
	讲授+讨论
	2
	自学
	目标4

	
	8.4
	0.5
	讲授+讨论
	2
	自学
	目标4

	
	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
	1
	Teaching
	
	
	Outcome 1

	
	2.5
	1
	Teaching
	2
	Self-study
	Outcome 1

	
	3.1
	1
	Teaching
	
	
	Outcome 2

	
	3.2
	1
	Teaching
	
	
	Outcome 2

	
	3.3
	1
	Teaching
	
	
	Outcome 2

	
	3.4
	2
	Teaching
	
	
	Outcome 2

	
	3.5
	1
	Teaching
	
	
	Outcome 2

	
	4.1
	2
	Teaching
	3
	Assignment
	Outcome 2

	
	4.2
	3
	Teaching
	
	
	Outcome 2

	
	4.3
	1
	Teaching
	
	
	Outcome 2

	
	4.4
	1
	Teaching
	
	
	Outcome 2

	
	4.5
	1
	Teaching
	
	
	Outcome 2

	
	5.1
	2
	Teaching
	
	
	Outcome 3

	
	5.2
	2
	Teaching
	
	
	Outcome 3

	
	5.3
	1
	Teaching
	
	
	Outcome 3

	
	5.4
	1
	Teaching
	
	
	Outcome 3

	
	6.1
	1
	Teaching
	
	
	Outcome 3

	
	6.2
	1
	Teaching
	
	
	Outcome 3

	
	6.3
	1
	Teaching
	
	
	Outcome 3

	
	6.4
	0.5
	Teaching
	2
	Self-study
	Outcome 3

	
	6.5
	0.5
	Teaching
	2
	Self-study
	Outcome 3

	
	7.1
	1
	Teaching, Discussion
	
	
	Outcome 4

	
	7.2
	1
	Teaching, Discussion
	3
	Research report
	Outcome 4

	
	8.1
	0.5
	Teaching, Discussion
	
	
	Outcome 4

	
	8.2
	0.5
	Teaching, Discussion
	
	
	Outcome 4

	
	8.3
	0.5
	Teaching, Discussion
	2
	Self-study
	Outcome 4

	
	8.4
	0.5
	Teaching, Discussion
	2
	Self-study
	Outcome 4

	
	
	
	
	
	
	

	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
	1．《油田开发与开采原理》，冯其红等编，中国石油大学出版社，2012；
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．《EOR原理》赵福麟主编，石油大学出版社．2001.7；
5．《采油工程原理与设计》，张琪主编，石油大学出版社．2000.9；
6．《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. Feng Qihong, et al, Principle of oilfield development and exploitation. China University of Petroleum Press, 2012;
2. Li Aifeng, Petrophysics. China University of Petroleum Press, 2011;
3. Zhang Jianguo, Fluid mechanics in porous medium. China University of Petroleum Press. 2009;
4. Zhao Fulin, Principle of enhance oil recovery, China University of Petroleum Press, 2001.7;
5. Zhang qi, Principle and design of oil recovery engineering, China University of Petroleum Press, 2000.9;
6. Jiang Hanqiao, Yao Jun, Jiang Ruizhong, Principles and methods of reservoir engineering, China University of Petroleum 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

	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
	资源勘查工程
	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
	资源勘查工程
	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
	资源勘查工程
	渗透率测量实验室
	气体渗透率测定仪、空气压缩机
	是




