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Course Information

	课程名称
Course Name
	钻井工程

	
	Well Drilling Engineering

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

	负责人
Leader
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	课程编码
Course Code
	02102
	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
	32

	适用专业
Audience
	资源勘查工程/Resource Exploration Engineering

	授课语言
Language of Instruction
	中文/Chinese

	先修课程
Prerequisite
	无

	课程简介
Course Description
	《钻井工程》是资源勘查工程和地质学专业本科生的油气开采方向选修课。主要讲述石油钻井各个环节的工艺过程、基本理论、基本方法、所用设备及工具等。内容包括一口井的钻井工艺过程、岩石的分类及机械力学性质、钻井设备和工具、地层压力预测与监测、钻井液、钻进技术、井斜及其控制、定向钻井技术、油气井压力控制、固井、完井、油气层保护技术等。

	
	This course is one of the elective courses for the undergraduate students majoring in resource exploration engineering and geology. The contents focus on the technology, basic theory, basic methods, equipment and tools etc. in all departments of petroleum drilling. The specific contents include drilling process, classification and mechanical properties of rocks, drilling equipment and tools, formation pressure prediction and monitoring, drilling fluid, drilling technology, well deviation control, directional well technology, oil & gas well pressure control, cementation, completion, reservoir protection technology etc..



	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：了解并认识油气钻井工作在资源勘查领域的作用及应用。
	1.5

	
	目标2：了解油气钻井工程的基本概念、基本原理和和钻井完井一般流程。
	3.1，3.3

	
	目标3：通过课程的学习，培育认识和发现问题的能力和团队协作解决工程问题的能力
	6.2，7.2

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: Understand and know the function and application of oil & gas well drilling engineering in the field of resource exploration engineering.
	1.5

	
	Outcome2: Understand the basic concepts, basic theory and general drilling and completion process of oil & gas drilling engineering.
	3.1，3.3

	
	Outcome 3: Acording to the learning of this course, foster awareness and discovery and the teamwork ability to deal with the engineering problem.
	6.2，7.2

	教学内容
Topics
	绪论
1．油气井的基本类型，钻井技术的发展状况，钻井方法的发展及特点，钻井工程的基本工艺过程。
2．钻井工程课程与资源勘查工程和地质学专业的关系，本课程的特点及学习方法。 
第一章  岩石的基本力学性质
本章的重点难点：岩石的强度性质、岩石的变形特性。
1．岩石的破坏机理和强度性质
岩石的全应力—应变曲线，岩石在简单应力状态下强度特性，岩石在三轴应力条件下强度特性。
2．岩石的变形特性
岩石受围压作用时塑脆性，塑性系数，影响岩石力学性质的各因素，岩石的研磨性和可钻性。 
第二章 石油钻机及钻井工具
本章的重点难点：三大工作机组的结构和工作原理，牙轮钻头、PDC钻头破岩原理，钻柱运动状态。
1．石油钻机
钻机的定义、分类和组成，钻机的八大系统及其功用，三大工作机组的结构和工作原理。
2．钻井工具
牙轮钻头、金刚石钻头的结构、工作原理，钻柱的组成及功用，常用井口工具。
第三章 地层压力与井身结构
本章的重点难点：欠压实成因理论，地层孔隙压力预测与监测，地漏试验，压力剖面与井身结构。
1．地层孔隙压力欠压实成因，地层孔隙压力预测与监测方法及原理。
2．地层破裂压力实测方法，压力剖面与井身结构。
第四章 钻井工艺技术
本章的重点难点：钻井液的功用，影响破岩速度的因素，喷射钻井能量传递关系，井斜的原因，定向井轨迹控制。
1．钻井液技术
钻井液的定义和功用，钻井液的组成和分类，钻井液的性能及固相控制。
2．影响钻进速度的因素
影响破岩速度的因素及杨格钻速方程。
3．喷射钻井技术
射流的基本概念，射流的作用，水力能量传递和分配原理，水力参数的实质。
4．防斜打直技术
井斜的危害、原因，刚性满眼钻具和钟摆钻具。
5．定向钻井技术
定向井的基本参数和计算参数，井眼曲率的概念。定向井轨迹测量和轨道计算。定向井轨迹控制的基本原理。
第五章  油气井压力控制
本章重点难点：井眼与地层压力系统及压力平衡关系，地层流体侵入的检测原理及方法，压井原理。
1．井眼与地层压力系统
井眼内的各种压力，平衡压力钻井，欠平衡压力钻井。
2．地层流体侵入的检测
地层流体侵入的原因，气侵的途径、方式、特点及危害，地层流体侵入的征兆、检测原理及方法。
3．地层流体侵入控制
井控的基本装置，关井的基本方法及步骤，压井钻井液密度计算，压井原理。
第六章  固井技术
本章重点难点：各层套管的功能，套管柱受力特点，水泥凝结硬化理论，注水泥基本工艺流程。
1．套管柱及其受力分析
各层套管的功能，套管的结构、钢级及尺寸系列，套管柱的受力及载荷分析，套管柱强度特征。
2．套管串下部结构
引鞋、套管鞋、旋流短节、承托环、回压凡尔、扶正器等。
3．注水泥技术
油井水泥的主要成分及分类，水泥浆性能及其与固井工程的关系，注水泥设备及工艺过程，影响注水泥质量的因素及提高注水泥质量的措施。
第七章 完井技术
本章的重点难点：钻开储层时发生的变化，常用的完井方法，射孔参数对油气井产能的影响。
1．钻开储层储发生的变化，岩石发生的变化，钻开储层的方法。
2．储层的类型和井底结构的类型；井底结构的选择方法；
3．射孔井的结构；常规射孔的工艺。
4．射孔液、射孔参数对油气井产能的影响
第八章 油气层保护技术
本章的重点难点：储层损害原因，钻井过程中储层保护技术，完井过程中储层保护技术。
1．钻井过程中造成储层损害原因
2. 储层保护的钻完井技术

	
	Introduction
1. The basic type of oil & gas well. Development status of drilling engineering. Development and characteristic of drilling methods. Basic technology process of drilling engineering.
2. The relation between drilling engineering and resource exploration engineering and geology. Characteristic and learning method of this course.
CH1 Basic mechanical property
Key points: Rock strength property and deformation characteristics.
1.Failure mechanism and strength property of rock
Rock stress-strain curve. Rock strength property under the simple stress state and triaxial stress states.
2.Rock deformation characteristics
Rock plastic –brittle characteristics, plasticity coefficient, influencing factors of rock mechanical property, abrasiveness and drillability under the confining pressure.
CH2 Drilling rig and drilling tool
Key points: Structure and working principle of three working units. Rock breaking mechanism of roller bit and PDC bit. Drilling string movement behaviours.
1. Drilling rig
The definition, classification and constitute of drilling rig. The eight systems of drilling rig and their function. Structure and working principle of three working units.
2. Drilling tool
The structure and working principle of roller bit and PDC bit. The constitute and function of drilling string. The frequently used wellhead equipment.
CH3 Formation pressure and casing programme
Key points: Undercompaction genetic theory. Prediction and monitoring of formation pore pressure. Formation leakage test. Pressure profile and casing programme.
1. Undercompaction genetic theory. The method and principle of formation pore pressure predict and monitor.
2. The measurement method of formation fracture pressure. Pressure profile and casing programme.
CH4 Drilling technology
Key points: Function of drilling fluid. The influence factor of rock breaking velocity. Energy transfer relationship of jet drilling. The reason of well deviation. Directional well trajectory control.
1.drilling fluid technology
The definition and function of drilling fluid. The components and classification of drilling fluid. The performance and solid control of drilling fluid.
2. The influence factor of drilling rate
The influence factor of rock breaking velocity. Young ROP equation.
3. Jet drilling technology
The basic concept and function of jet. The principle of hydraulic energy transfer and dstribute. The essence of hydraulic parameters.
4. Drilling techniques to prevent well deviation
The harm and reason of well deviation. The stiffness packed hole drilling tools and pendulum stem.
5. Directional well technology
The basic parameters and calculation parameters of directional well. The definition of borehole curvature. The trajectory measuring of directional well. The basic principle of directional well trajectory measuring.
CH5 Oil & Gas well pressure control
Key points: The pressure system of borehole and formation and the pressure balance relation between them. The principle and method of formation fluid invade check. Well killing principle.
1. The pressure system of borehole and formation.
All kinds of pressure inside borehole. Balanced pressure drilling. Underbalanced pressure drilling.
2. Formation fluid invasion monitoring
The reason of formation fluid invasion. The method, way, characteristic and harm of gas cutting. The sign, check principle and method of formation fluid invasion.
3. Control of formation fluid invasion
The basic well control device. The basic method and procedures of shut-in. Calculation of killing fluid density. The principle of killing.
CH6 Cementing technology
Key points: Casing function of each level. The loading characteristic of casing string. Theories of cement setting and hardening. The basic technology and procedures of cementing.
1. Casing string and its force analysis.
Function of each level casing. The structure, steel grade and dimension series of casing. Load analysis of casing string. Casing string strength characteristics.
2. Casing string substructure
Drive shoe, casing shoe, spiral flow sub, retainer, back pressure valve, centering device etc..
3. Cementing technology
The main component and classification of oil well cement. Cement slurry property and its relation with cementing engineering. Cementing equipment and cementing technology. The influence factors of cementing quality and the methods to improve the cementing quality.
CH7 Completion technique
Key points: The change when drilling reservoir. The common completion methods. The impacts of perforation parameters on oil & gas well production.
1. The change of reservoir and rock when drilling reservoir. The method of drilling reservoir.
2. The type of reservoir and bottom structure. The selection method of bottom structure.
3. The perforation well structure. Conventional perforating technology.
4. The impacts of perforating fluid and perforation parameters on oil & gas well production.
CH8 Hydrocarbon reservoir protection technology
Key points: the reason of reservoir damage, reservoir protection technology in the process of drilling and completion.
1. reservoir protection technology in the process of drilling
2. reservoir protection technology in the process of completion.

	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

	
	绪论
	2
	讲授
	2
	查阅课外资料
	目标1、2

	
	第一章
	2
	讲授
	2
	查阅课外资料、作业
	目标1

	
	第二章
	4
	讲授
	4
	查阅课外资料
	目标2、3

	
	第三章
	4
	讲授
	4
	查阅课外资料
	目标1、2

	
	第四章
	6
	讲授
	6
	查阅课外资料
	目标2

	
	第五章
	4
	讲授
	4
	查阅课外资料
	目标1、2、3

	
	第六章
	4
	讲授
	4
	查阅课外资料
	目标2、3

	
	第七章
	4
	讲授
	4
	查阅课外资料
	目标1、2

	
	第八章
	2
	讲授
	2
	查阅课外资料
	目标1、2

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes 

	
	Introduction
	2
	Teaching
	2
	Access information
	Outcome 1、2

	
	CH1
	2
	Teaching
	2
	Access information
	Outcome 1

	
	CH2
	4
	Teaching
	4
	Access information
	Outcome 2、3

	
	CH3
	4
	Teaching
	4
	Access information
	Outcome 1、2

	
	CH4
	6
	Teaching
	5
	Access information
	Outcome 2

	
	CH5
	4
	Teaching
	4
	Access information
	Outcome 1、2、3

	
	Ch6
	4
	Teaching
	4
	Access information
	Outcome 2、3

	
	Ch7
	4
	Teaching
	4
	Access information
	Outcome 1、2

	
	CH8
	2
	Teaching
	2
	Access information
	Outcome 1、2

	考核方式
Grading
	评价环节
	比例

	
	环节1 平时表现
	10%

	
	环节2 作业
	20%

	
	环节3 期末考试
	70%

	
	Evaluation
	Percentage

	
	Evaluation 1：Attendance and Performance
	10%

	
	Evaluation 2：Homework
	20%

	
	Evaluation 3：Final Exam
	70%

	教材及参考资料
Textbooks & Other Materials
	1．《钻井与完井工程概论》，金业权、刘刚，石油工业出版社，2013；
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；
[bookmark: _GoBack]3．《现代完井工程》，万仁傅，石油工业出版社，2000。

	
	1. The introduction to the drilling and completion engineering, Yequan Jin, Gang Liu, Petroleum Industry Press, 2013.
2. Theory and technology of drilling engineering, Zhichuan Guan, Tinggen Chen, China University of Petroleum Press, 2016.
3. Modern completion engineering, Renbo Wan, Petroleum Industry Press, 2000.

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	金业权/Jin Yequan,
	审核人(系/教研室主任)
Approved by
	步玉环/BuYuhuan


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。


