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	课程基本信息
Course Information

	课程名称
Course Name
	石油钻采工程概论

	
	Introduction of petroleum drilling and production engineering

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

	负责人
Leader
	林英松
	课程团队
Team Members
	刘永旺 隋义勇

	课程编码
Course Code
	02156
	学分
Credits
	2

	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
	(若为通识教育选修课程则填“全校各专业”)

	授课语言
Language of Instruction
	中文
Chinese

	先修课程
Prerequisite
	无

	课程简介
Course Description
	《石油钻采工程概论》课程主要是使学生初步了解石油天然气钻井及采油工艺、技术、工具、设备的一门专业基础课。该课程针对石油工程专业新生、石油相关专业及非石油专业学生。课程内容概括性地介绍了钻采工程相关的基本概念、基本原理和基本工艺过程，实现工艺过程的主要工具设备及其工作原理，钻采工艺技术未来发展方向等。通过这门课程的学习使学生对石油钻采工程相关知识有个初步了解，激发学生对石油行业的兴趣和投身石油行业的热情，同时为后续相关专业课程的学习奠定一定的基础。

	
	The course named "Introduction of Petroleum Drilling and Production Engineering" is a professional basic course which mainly could make students to understand the drilling technology, the oil production process, technology, tools, and equipment in oil and gas production field. This course is established for the students of fresh petroleum engineering, oil-related and non-petroleum. The course introduces the basic concepts, basic principles and basic process of drilling and oil production. Besides, the main equipment and the working principle related to the drilling and oil production, and the future development direction of drilling technology will also be introduced in this course. Through this course, students will have a preliminary understanding of the relevant knowledge of oil drilling and production engineering, which will stimulate the interest of the students in the oil industry and enhance the enthusiasm of the student to join the oil industry, while laying a foundation for the subsequent relevant professional courses.



	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：了解油气钻井工程、采油工程发展现状及前沿动态
	

	
	目标2：掌握钻井与采油工程基本概念、基础理论和基本工具设备；
	

	
	目标3：掌握钻井与采油工程基本方法和工艺过程； 
	

	
	目标4：能够将所学的主干专业知识与自己的专业方向联系起来，找到学习的动力和方向；能够将钻采工程中解决问题的思路方法应用于解决自己的专业问题。
	

	
	Outcome1: Understand the development and frontier of drilling and production engineering in oil and gas field
	

	
	Outcome2: Grasp the basic concepts, basic theory and basic tools and equipment in oil and gas field
	

	
	Outcome3: Grasp the basic methods and processes of drilling and oil production engineering
	

	
	Outcome4: Be able to link the professional knowledge and the professional direction, and find the motivation and direction of learning; Be able to use the method to solve problem existed in drilling project in solving their own professional problems. 
	

	教学内容
Topics
	第一章  钻井方法
本章重点难点：钻井方法发展的创新性思维、钻井工艺过程、钻井工具及功用。
1.1 概论
钻井的概念、目的、作用、类型及钻井工程施工环境。
1.2 钻井方法及发展历程
钻井方法的发展历程，各种钻井方法实现过程、特点及优缺点，每种钻井方法特种装备。
1.3 建井过程
建井的基本工艺过程，每种过程包含的工艺步骤，每种工艺过程的目的及意义。
第二章  钻井工具及钻井设备
本章重点难点：钻井工具及设备的功用、钻井装备新发展及发展理念。
2.1 钻井装备
路上钻井与海上钻井基本装备结构
2.2 钻井工具及功用介绍
钻机组成及各部分功用，钻井工具及功用，钻井装备新发展及发展理念介绍。
第三章  钻井技术
本章重点难点：钻井参数对钻速的影响，钻井参数的选择，井斜原因及控制方法，定向井及水平井的钻井方法。
3.1 影响钻进速度的主要因素
钻压、转速、水力因素、洗井液对钻速的影响、影响钻速因素分类，钻速方程。
3.2 钻进参数选择
钻进参数选择的目标，思路，方法及步骤。
3.3 井斜及其控制
井斜基本概念、危害、标准及其成因，满眼钻具及钟摆钻具控制井斜的原理，新型井斜控制方法及工具。
3.4 洗净与洗井液
洗井过程，洗井液的功用，洗井液类型及维护。
3.5 钻井技术
直井、定向井、水平井、大位移井等特殊工艺井概念、特点及应用，平衡压力钻井、欠平衡压力钻井、高压喷射钻井等钻井方法概念、特点及应用，钻井技术未来发展方向。
第四章  固井
本章重点难点：套管作用及井身结构设计，水泥浆性能及调控，固井工艺及过程。
4.1 固井
固井的概念、目的，井身结构概念、构成几个部分组成功用，
4.2 水泥及注入
水泥分类、性能、特点及注入流程。

第五章  完井及试油
本章重点难点：完井方法定义及特点，试油目的、方法及步骤。
5.1 油气井完成
储层特征及钻采储层技术要求，洗井液对储层危害及储层保护措施，完井方法概念、特点及选择，完井井内及井口装置。
5.2 试油
试油的目的、方法、工艺过程及交井前的准备工作。

第六章 采油工程概述及基础知识
本章重点难点：油藏岩石的物理性质、油井流入动态、多相管流
6.1采油工程概述
采油工程定义、采油工程主要研究内容、采油方法、采油工程在油气田开发中的地位。
6.2油藏岩石的物理性质
砂岩的粒度组成、胶结类型及胶结物、岩石的孔隙结构及孔隙度、渗透率、润湿性及毛管力。
6.3油井流入动态
油井流入动态定义、物理意义，IPR曲线及类型。
6.4气液两相流
气液两相流动特点，流动型态及通用压力梯度方程。
第七章 自喷与气举采油
本章重点难点：嘴流规律、节点分析方法及应用、气举采油原理、气举启动过程、气举阀工作原理
7.1自喷采油、
嘴流规律、自喷井生产系统构成、节点分析方法及应用
7.2气举采油
气举原理、启动过程、启动压力、气举阀工作原理及用途
第八章 深井泵采油
本章重点难点：常规有杆抽油系统工作原理、抽油泵工作原理、悬点载荷、地面示功图、泵效影响因素及提高泵效措施、螺杆泵工作原理、电潜泵采油原理、水力活塞泵采油原理、水力射流泵采油原理。
8.1常规有杆泵采油
抽油装置工作原理、抽油机及运动规律、抽油机平衡、抽油杆、抽油泵及工作原理、泵效及影响因素、提高泵效措施、悬点载荷、地面示功图。
8.2地面驱动螺杆泵采油
螺杆泵采油原理、螺杆泵系统构成、优缺点
8.3无杆泵采油
电潜泵采油系统构成、采油原理、优缺点，水力活塞泵采油系统构成、采油原理、优缺点，水力射流泵采油系统构成、采油原理、优缺点。

第九章 注水
本章重点难点：注入水处理技术、注水指示曲线、分层注水
9.1水源、水质及注水系统2
水处理技术、注水系统构成、注水井投注程序
9.2注水井吸水能力分析
注水井吸水能力、影响吸水能力的因素、改善吸水能力的措施。
9.3分层注水技术
分层吸水能力及测试方法、分层注水管柱
9.4注水指示曲线
注水指示曲线类型、注水指示曲线分析和应用

第十章 压裂及酸化增产技术
本章重点难点：压裂增产原理、压裂液类型及其特征、支撑剂类型及其特征、碳酸盐地层酸化处理、砂岩地层的土酸处理
10.1压裂增产技术
压裂定义，压裂工艺过程，压裂增产原理，压裂设备，压裂液任务，压裂液类型，压裂液特征，支撑剂类型，支撑剂特征，压裂增产倍数曲线。
10.2酸化增产技术
酸化分类，碳酸盐地层酸化处理，砂岩地层的土酸处理，酸化压裂技术。
第十一章 复杂条件下的开采技术1
11.1防砂与清砂
油层出砂原因，机械防砂方法，化学防砂方法，正冲砂，反冲砂，正反冲砂，联合冲砂。
11.2防蜡与清蜡
油井防蜡机理、油井防蜡方法、油井清蜡方法
11.3油井堵水
出水原因、堵水方法
11.4稠油及高凝油开采技术
稠油分类、稠油性质及开采特征、蒸汽吞吐、蒸汽驱、火烧油层

	
	Chapter1  Drilling method
Key points: Innovative thinking developed in drilling methods, drilling processes, drilling tools and functions of them.
1.1 Introduction
The concept, purpose, function, and type of drilling engineering and drilling engineering construction environment.
1.2 Drilling method and development process
The development process of drilling method, the achievement process and characteristics of variety of drilling methods, the special equipment of each drilling method.
1.3 Well construction process
The basic process of the well construction, the process steps involved in each process, the purpose and significance of each process.
Chapter2  Drilling tools and equipment
Key points: the function of drilling tools and equipment, the new development and development concept of drilling equipment
2.1 Drilling equipment
The basic structure of drilling equipment in land and offshore
2.2 Introduction of drilling tools and functions of it
Drilling rig components and the function of them, drilling tools and functions of them, the new development and development concept of drilling equipment.
Chapter3 Drilling technology
Key points: the effect of drilling parameters on the penetration rate, the choice of drilling parameters, the reason of well deviation and control methods, the drilling methods for directional wells and horizontal wells.
3.1 The main factors affecting the speed of drilling
Drilling pressure, speed, hydraulic factors, drilling fluid on the impact of drilling speed, classification of the factor affecting the drilling speed, drilling speed equation.
3.2 Drilling parameter selection
The goal, idea, method and procedure of drilling parameter selection.
3.3 Well deviation and the control of it
The basic concept, hazard, standard and reason of well deviation, the principle of eye drilling and pendulum drilling, and the new well deviation control method and tool.
3.4 Cleaning well and drilling fluid
Cleaning process, the function of the drilling fluid, the type and maintenance of the drilling fluid.
3.5 Drilling technology
The concept, characteristics and application of various special well, the concept, characteristics and application of balanced pressure drilling, underbalanced pressure drilling, and high pressure jet drilling, and the future development direction of drilling technology.
Chapter4 Cementing
Key points: the function of casing and well structure design, cement slurry performance and regulation, cementing technology and process.
4.1 Cementing
The concept, purpose of cementing, well structure concept, the composition and function of several component.
4.2 Cement and pumping
The classification, performance, and characteristics of the oil well cement, and pumping process of the cementing. 
Chapter5 Completion and oil test
Key points: definition and characteristics of completion method, purpose, method and steps of oil test
5.1 Oil and gas wells completed
Reservoir characteristics and drilling reservoir technical requirements, hazards of washing fluid on reservoir and reservoir protection measures, concept, characteristics and selection of completion method, well completion devices.
5.2 Test oil
The purpose, method and process of oil test, and the preparation before the work.
Chapter6  Overview of oil production and basic knowledge
Key points: physical properties of the reservoir rock, the flow dynamic of oil well fluid, multi – phase flow in pipe
6.1 Summary of Oil Production
The definition, main research content, method, and the status of oil production project.
6.2 Physical properties of reservoir rocks
The particle size composition, cementation type and cements of sandstone, rock pore structure, porosity, permeability, wettability and capillary force.
6.3 The well flows dynamics of the oil well fluid
The definition, physical meaning of well flow dynamic, the IPR curve and type.
6.4 Gas - liquid two - phase flow
The characteristics, and flow pattern of gas - liquid two - phase flow, and general pressure gradient equation.
Chapter7  natural flowing and gas lift production
Key points: nozzle flow law, node analysis method and application, gas lift principle, start process of gas lift, working principle of gas lift valve
7.1 natural flowing
The law of mouth flow, the composition of the natural flowing production system, the method and the application of the node
7.2 Gas lift
Gas lift principle, the start process, the start pressure, work principle and use of gas lift valve
Chapter8 Deep well pump oil production
Key points: The working principle of the oil well pump, and the sucker-rod pumping system, suspension point load, surface dynamometer card, influencing factors of pump efficiency and measures to improve pump efficiency, working principle of screw pump, the principle of the submersible pump, the principle of the hydraulic piston pump, and the principle of hydraulic jet pump.
8.1 sucker-rod pumping system
working principle of pumping unit, pumping unit and movement law of it, balance of pumping unit, sucker rod, pump and working principle of it, pump efficiency and influencing factors, improve pump efficiency measures, suspension point load, surface dynamometer card.
8.2 Ground drive screw pump
Screw pump oil production principle, system composition of screw pump, advantages and disadvantages of screw pump
8.3 No rod pump
The system composition, principle, and features of electric submersible pump, the hydraulic piston pump, and the hydraulic jet pump

Chapter9  Water injection
Key points: Injection water treatment technology, water injection curve, stratified water injection
9.1 Water source, water quality and water injection system
Water treatment technology, composition of water injection system, procedures of water injection
9.2 Analysis of water absorbency of water Injection well
Water absorbency of water injection well, factors that affect the ability of water absorption, measures for improving the ability of water absorption
9.3 Stratified water injection technology
absorption capacity and test methods of stratified water injection, column of stratified water injection
9.4 Water injection indication curve
Water injection indicating curve type, analysis and application of water injection curve 
Chapter10  Fracturing and acidification technology
Key points: principle of increasing production by fracturing, fracturing fluid type and its characteristics, proppant type and its characteristics, carbonate formation acidification, soil acid treatment for sandstone formation 
10.1 Fracturing technology
Definition, technology, principle, and equipment of fracturing, task, type, and characteristics of fracturing fluid, type and characteristics of proppant, multiplication curve of fracturing. 
10.2 Acidification technology
Acidification classification, carbonate formation acidification, soil acid treatment for sandstone formation, acidification fracturing technology.
Chapter11  Oil extraction technology under complex conditions
11.1 Sand control and sand cleaning
The cause of sand production, mechanical sand control methods, chemical sand control methods, positive sand cleaning, reverse sand cleaning, positive and reverse sand cleaning, combined sand cleaning.
11.2 Wax control and wax cleaning
Principle of wax control, method of wax control, method of wax cleaning
11.3 Oil well water shutoff
The cause of water production, method of water shutoff
11.4 Extraction technology for heavy oil and high coagulation oil
Heavy oil classification, heavy oil properties, extraction characteristics, steam stimulation, steam flooding, burning oil layer

	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

	
	第一章
	3
	(讲授/ 讨论) 
	0
	无
	目标1

	
	第二章
	3
	(讲授/ 讨论)
	0
	作业1
	目标2、目标3

	
	第三章
	6
	(讲授/ 讨论)
	0
	无
	目标2、目标3

	
	第四章
	2
	(讲授/ 讨论)
	0
	无
	目标2、目标3

	
	第五章
	2
	(讲授/ 讨论)
	0
	无
	目标2、目标3、目标4

	
	第六章
	2
	(讲授/ 讨论)
	0
	无
	目标2、目标3

	
	第七章
	2
	(讲授/ 讨论)
	0
	无
	目标2、目标3

	
	第八章
	4
	(讲授/ 讨论)
	0
	无
	目标2、目标3

	
	第九章
	2
	(讲授/ 讨论)
	0
	作业2
	目标2、目标3

	
	第十章
	4
	(讲授/ 讨论)
	0
	无
	目标2、目标3

	
	第十一章
	2
	(讲授/ 讨论)
	0
	无
	目标2、目标3、目标4

	
	Chapter1
	3
	Teaching/ discuss
	0
	NO
	Outcome1

	
	Chapter2
	3
	Teaching/ discuss
	0
	Homework1
	Outcome 2、Outcome 3

	
	Chapter3
	6
	Teaching/ discuss
	0
	NO
	Outcome 2、Outcome 3

	
	Chapter4
	2
	Teaching/ discuss
	0
	NO
	Outcome 2、Outcome 3

	
	Chapter5
	2
	Teaching/ discuss
	0
	NO
	Outcome 2、Outcome 3、Outcome 4

	
	Chapter6
	2
	Teaching/ discuss
	0
	NO
	Outcome 2、Outcome 3

	
	Chapter7
	2
	Teaching/ discuss
	0
	NO
	Outcome 2、Outcome 3

	
	Chapter8
	4
	Teaching/ discuss
	0
	NO
	Outcome 2、Outcome 3

	
	Chapter9
	2
	Teaching/ discuss
	0
	Homework2
	Outcome 2、Outcome 3

	
	Chapter10
	4
	Teaching/ discuss
	0
	NO
	Outcome 2、Outcome 3

	
	Chapter11
	2
	Teaching/ discuss
	0
	NO
	Outcome 2、Outcome 3、Outcome 4

	考核方式
Grading
	评价环节
	比例

	
	环节1 作业
	20 %

	
	环节2 平时表现
	10 %

	
	环节3 期末考试
	70%

	
	Evaluation 1 Assignment
	20 %

	
	Evaluation 2 Attendance and Performance
	10 %

	
	Evaluation 3 Final Exam
	70%

	教材及参考资料
Textbooks & Other Materials
	1．《钻井工艺原理》，刘希圣，石油工业出版社，1988；
2．《钻井工程理论与技术》，管志川、陈庭根.中国石油大学出版社，2016
3．《现代完井工程(第三版)》，万仁溥，石油工业出版社，2008
4.《采油工程》，李颖川，石油工业出版社，2009
5.《采油工程原理与设计》，张琪，石油工业出版社，2006

	
	1. Drilling Process Principle. Liu Xisheng, Petroleum Industry Press, 1988;
2. Theory and Technology of Drilling Engineering. Guan Zhichuan, Chen Tinggen, China University of Petroleum Press, 2016.
3. Modern Completion Engineering, Wan Renfu. Petroleum Industry Press, 2008.
4. Oil Production Technology, Li Yingchuan, Petroleum Industry Press, 2009.
5. Principle and Design of Oil Production. Zhangqi, Petroleum Industry Press, 2006.


	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	刘永旺/Liu Yongwang
	审核人(系/教研室主任)
Approved by
	步玉环/Bu Yuhuan


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
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




