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Syllabus of Well Drilling Engineering
	课程基本信息
Basic Course Information

	课程名称
Course Name
	钻井工程

	
	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
	管志川/Guan Zhichuan
	课程团队
Team Members
	石油工程专业课程教学团队/Petroleum Engineering Teaching Group

	课程编码
Course Code
	02102
	学分
Credits
	3

	课内学时
Course Hours
	56
	理论学时
Lecture Hours
	50
	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
	

	适用专业
Audience
	石油工程、石油工程双学位、石工卓越班、石工实验班/Petroleum Engineering

	授课语言
Language of Instruction
	中文/Chinese

	先修课程
Prerequisite
	《工程力学》，《工程流体力学》，《地质学基础》。/ Engineering Mechanics, Engineering Fluid Mechanics, Geology

	课程简介
Course Description
	本课程是石油工程专业本科生的专业必修课。主要授课内容包括：钻井的工程地质条件；钻机及钻进工具；钻井液；钻进参数优选；井眼轨道设计及轨迹控制；油气井压力控制；固井与完井；其它钻井技术及作业等。本课程的主要目的是使学生能够掌握钻井工程的各个工艺环节和技术措施的基本概念、基本原理、基本方法和基本计算；能初步学会运用这些理论和方法分析解决钻井施工中所遇到的技术问题；掌握各工艺环节和技术措施的基本设计方法。

	
	This course is a compulsory course for undergraduates majoring in petroleum engineering. The main content includes: the engineering geological conditions ; drilling rig and drilling tools; drilling fluid; drilling parameters optimization; well trajectory plan and deviation control; well control; well cementing and completion; other drilling technology and operation etc.. The main purpose of this course is to enable students to master 3 basic capabilities, including: to master the basic concept, principle and calculation method of the technical measures in drilling process; to learn how to use these theories and methods to analyze and solve the technical problems encountered in drilling; and to master the basic design method of each process and technical measures.



	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：了解钻井工程技术的演化、现状及前沿动态，掌握钻井工程的各个工艺环节和技术措施的基本概念、基本原理、基本方法和基本计算，并能灵活应用于工程设计、方案制定、参数优选等工程实际当中。
	1.4，2.1，3.1

	
	目标2：学会运用钻井工艺的基本理论和方法分析钻井施工中所遇到的复杂工程问题，并能够提出解决方案。同时具备获取解决问题所需基本信息和参数的能力。
	1.4，3.2，6.1

	
	目标3：了解钻井的装备和工艺，掌握钻井工程中的基本设计方法，并能够对钻井工程的各个工艺环节和技术措施提出设计方案。
	1.4，2.1，3.1

	
	Learning Outcomes
	Major Objectives

	
	Objective 1: Understanding the evolution, current situation and forward trends of drilling engineering technology; mastering the basic concepts, principles, and calculation methods of technological processes and technical measures in drilling; and learning to apply the knowledge in engineering design, project formulation, parameter optimization and sother problem in flied.
	1.4，2.1，3.1

	
	Objective 2: Learning to use the basic theory and method of drilling technology to analyze the complex problems encountered in drilling and can propose corresponding solution measures; To acquire the ability to obtain basic information and parameters needed to solve the problem.
	1.4，3.2，6.1

	
	Objective 3: Understanding the equipment and technology of drilling; mastering the basic design method of drilling engineering; and mastering the ability to put forward the design plan for each process and technical measures in drilling engineering.
	1.4，2.1，3.1

	教学内容
Topics
	绪论                                                                     
重点难点：油气井的基本类型，钻井技术的发展状况，钻井工程的基本工艺过程。

第一章 钻井的工程地质条件
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]本章的重点难点：地下各种压力的概念，异常高压的成因，地层压力评价，地层破裂压力，岩石的力学特性。
1．地下压力特征 
静液压力，上地应力，覆岩层压力，地层压力，基岩应力，异常压力的成因，地层压力评价，地层破裂压力。
2．岩石的工程力学性质 
岩石的机械性质，井底压力条件下岩石的机械性质及其影响因素，岩石的研磨性，岩石的可钻性。
3．岩石力学实验

第二章 钻机及钻井工具
[bookmark: OLE_LINK4]本章的重点难点：石油钻机的功能，石油钻机的组成，石油钻机的分类，钻头的类型及工作原理，钻头的选型及分类方法，钻头的合理使用，钻柱的组成及功用，钻柱的工作状态及受力，钻柱设计方法。
1．石油钻机（自学）
石油钻机的功能，石油钻机的组成，石油钻机的分类。
2．钻头 
钻头的类型，钻头的性能指标，刮刀钻头，牙轮钻头，金刚石钻头。
3．钻柱 
钻柱的组成及功用，钻柱的工作状态及受力分析，钻柱设计。
第三章 钻井液
本章的重点难点：钻井液的功用、分类、性能及固相控制，井塌及防塌措施，油气层保护及完井液。
1．钻井液的组成与分类 
钻井液的组成，钻井液的功用，钻井液的分类。
2．钻井液的基本性能
钻井液的密度及流变性，钻井液的造壁性及滤失量，钻井液的固相含量及控制，井塌及防塌措施，钻井液的漏失及堵漏。
3．油气层保护及钻井完井液
油气层保护及完井液 
储层损害的主要原因，储层损害的防止措施，完井液种类及基本功能。

第四章 钻进参数优选
本章的重点难点：钻进过程中各参数间的基本关系、钻速方程、牙齿及轴承磨损方程、方程中相关参数的求取方法；钻进参数优选的目标函数，钻进参数优选的基本方法；钻头的水力特性，循环系统水功率传递的基本关系，循环压耗计算，提高钻头水力能量的途径，水力参数优选方法。
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]1．钻进过程中各参数间的基本关系
影响钻速的主要因素及钻速方程，影响钻头寿命的主要因素及磨损方程，钻进方程中有关系数的确定。
2．机械破岩钻进参数优选 
目标函数的建立，目标函数的极值条件和约束条件，钻头最优磨损量、最优钻压和最优转速的求取。
3．水力参数优化设计
钻头的水力特性，水功率传递的基本关系，循环系统压耗的计算，提高钻头水力参数的途径，钻井泵的工作特性，水力参数优选的标准，最大钻头水功率和最大射流冲击力条件下的水力传递规律及排量和喷嘴直径的优选，水力参数优化设计的步骤。

第五章 井眼轨道设计与轨迹控制
本章的重点难点：描述井眼轨迹的基本参数，轨迹测量及计算，井斜原因及直井防斜技术的基本原理，定向井井眼轨道设计方法，扭方位计算。
1．井眼轨迹的基本概念 
井眼轨迹的基本参数，轨迹的计算参数，井眼轨迹的图示法。
2．轨迹测量及计算 
井眼轨迹测量原理及方法，轨迹计算的平均角法、圆柱螺线法、曲率半径法、校正平均角法。
3．直井防斜技术 
井斜的原因，满眼钻具组合控制井斜，钟摆钻具组合控制井斜，其它直井防斜技术。
4．定向井井眼轨道设计 
定向井轨道类型，常规二维定向井轨道设计的基本原则、设计条件、内容、方法及步骤，不同轨道类型关键参数的计算。
5．定向井造斜工具及轨迹控制 
井底动力钻具造斜工具，转盘钻造斜工具，定向井轨迹控制的基本方法，扭方位计算，造斜工具的定向。
6．轨迹测量实验 

第六章  油气井压力控制
本章的重点难点：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，压井方法及压井参数计算。
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，压井方法及压井基本参数的计算。
4．井控模拟实验 
第七章  固井与完井
本章的重点难点：井身结构设计的基本原理及方法，套管柱的载荷及强度计算，水泥浆性能、注水泥工艺及提高固井质量的措施，完井的基本原则和要求、钻井作业对储集层性质的影响、完井井底结构类型及完井方法。
1．井身结构设计 
套管的分类及作用，井身结构设计的原则，井身结构设计的基础资料，确定套管层次和下深的基本原理和方法，套管尺寸与钻头尺寸的选择。
2．套管柱设计 
套管的结构、钢级及尺寸系列，套管柱的受力及载荷计算，套管的强度及计算，套管柱强度设计方法。
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。
4．完井技术 
完井工程的原则和要求，钻开储集层及钻井作业对储集层性质的影响，完井井底结构类型及完井方法，完井井口装置。
5．水泥实验 

第八章  其它钻井技术及作业
本章的重点难点：井下复杂情况的类型、原因及处理，取心的基本工艺、工具及评价方法，套管开窗的基本工艺和工具。
1．井下复杂情况及事故处理 
井喷、井漏、卡钻、钻具事故、井底落物等井下复杂情况的特点、原因及处理。
2．取心技术 
钻进取心的工艺环节、取心钻进的评价指标、取心工具。
3．套管开窗技术 
套管开窗侧钻的方法及基本工具和工艺。

	
	Introduction
Key points: The basic types of oil and gas wells;, the development of drilling technology;, the basic process of drilling engineering.

Chapter 1 Engineering Geological Conditions for Drilling
Key points: The concept of various underground pressure; the causes of abnormal high pressure; formation pressure evaluation; formation fracture pressure; rock mechanical properties.
1. Underground pressure characteristics
Hydrostatic pressure; ground stress; overburden pressure; formation pressure; bedrock stress; causes of abnormal pressure; formation pressure evaluation; formation fracture pressure
2. The mechanical properties of rock
Mechanical properties of rock; mechanical properties of rock under bottom hole pressure and its influencing factors; the abrasiveness of rock; drill ability of rock.
3. Rock mechanics experiment

Chapter 2 Drilling Rig and Drilling Tools
Key points: The function and composition of oil-drilling rig; the classification of oil-drilling rig; the type and working principle of drill bit; the selection and classification of drill bit; the reasonable use of drill bit; the composition and function of drill string, working condition and force; drill string design method.
1. Oil-drilling rig (self-study)
The function of the oil-drilling rig, the composition of the oil-drilling rig, the classification of the oil-drilling rig.
2. Drill bit
Drill bit type; drill bit performance index; scraper bit; cone bit; diamond drill bit.
3. Drill string
Drill string composition and its function; drill string working condition and its force analysis; design of drill string.

Chapter 3 Drilling Fluid
Key points: Drilling fluid function, classification, performance and solid phase control; well collapse and anti-collapse measures; oil and gas layer protection and completion fluid.
1. Composition and classification of drilling fluid
The composition of the drilling fluid; the function of the drilling fluid; the classification of the drilling fluid.
2. Basic performance of drilling fluid
Drilling fluid density and rheology; building capacity and filtration loss of drilling fluid; drilling fluid solid content and control; well collapse and anti-collapse measures, drilling fluid leakage and plugging.
3. Oil and gas layer protection and drilling completion fluid
Oil and gas layer protection and completion fluid
The main causes of reservoir damage; reservoir damage prevention measures; completion fluid types and basic functions.

Chapter 4 Drilling Parameters Optimization
Key points: The basic relationship of the parameters in the drilling process; the drilling speed equation; the tooth and bearing wear equation; the method of obtaining relevant parameters in the equation; the objective function of the drilling parameters; the basic method of drilling parameter optimization; the hydraulic characteristics of drill bit;, the basic relationship of the water power transmission of the circulatory system; the calculation of the circulating pressure calculation; the way to improve the drill bit horsepower; and the hydraulic parameter optimization method.
1. The basic relationship between the parameters in the drilling process
The main factors affecting the drilling speed and the drilling speed equation; the main factors affecting the life of the drill bit and the wear equation; the determination of the relevant coefficient in the drilling equation.
2. Optimization of Mechanical Broken Rock Drilling Parameters
The establishment of the objective function, the extreme condition and the constraint condition of the objective function; the optimal wear of the drill bit; the optimal drilling pressure and the optimal speed.
3. Optimization of hydraulic parameters
The hydraulic characteristics of the drill bit; the fundamental relationship the water power transmission; the calculation of the circulating system pressure consumption; the way to improve the hydraulic parameters of the drill bit; the working characteristics of the drilling pump; the hydraulic parameters; hydraulic transmission law and optimization of displacement and nozzle diameter under condition of maximum drill bit water power and maximum jet impact force; the design steps to optimize hydraulic parameters.

Chapter 5 Wellbore trajectory Design and Trajectory Control
Key points: The basic parameters describing the trajectory; trajectory measurement and calculation; reasons of well deviation; the basic principle of vertical well deviation prevention technique; the design method of directional well trajectory and azimuth calculation.
1. The basic concept of wellbore trajectory
The basic parameters of the trajectory of the wellbore; the calculation parameters of the trajectory; the diagrammatic representation of wellbore trajectory.
2. Trajectory measurement and calculation
Well trajectory measurement principle and method; trajectory calculation of the average angle method; cylindrical spiral method; curvature radius method; corrected average angle method.
3. Deviation prevention technology for vertical well
The reason of the deviation; packed hole assembly deviation control; the pendulum assembly well deviation control; other deviation prevention technology.
4. Directional Wellbore trajectory Design
The basic principles; design conditions, contents, methods and steps of the design of the two-dimensional directional well track; the calculation of the key parameters of different trajectory types.
5. Directional Well Deflection Tools and Trajectory Control
The bottom hole dynamic drilling tool; the oblique tool; the rotary drilling tool; the basic method of the trajectory control of the directional well; the calculation of the twist azimuth and the orientation of the deflecting tool. 
6. Trajectory measurement experiment

Chapter 6 Pressure Control of Oil and Gas Wells
Key points: The relationship between borehole and formation pressure system and pressure balance relationship; detection principle and method of formation fluid invasion; the method of killing and the calculation of killing parameters.
1. Borehole and formation pressure systems
Various pressures in the wellbore; balanced pressure drilling; underbalanced pressure drilling.
2. Detection of formation fluid invasion
The causes of the formation fluid invasion; the principle and the hazard of the gas invasion; the signs of the formation fluid invasion and its detection principle and method.
3. Formation fluid invasion control
Basic well control device; basic method and steps of shutting down; the calculation of the density of well control fluid; the method of killing and related parameters calculation.
4. Well control simulation experiment

Chapter 7 Cementing and Completion
Key points: The basic principles and methods of wellbore structure design; the load and strength calculation of casing string; the performance of cement slurry; the cementing technology and measures to improve the quality of cementing; the basic principles and requirements of completion; influence of drilling operation on reservoir properties; the type of bottom-hole structure and the completion method.
1. Well structure design
The classification and effect of the casing; the principle of wellbore structure design; the basic data of the well structure design; the basic principles and methods of the casing r depth; the choice of the casing size and the bit size.
2. Casing string design
Casing structure; steel grade and size series; casing force and load calculation; casing strength and calculation; casing string strength design method.
3. Injection cement technology
The main components and classification of oil well cement; the performance of cement slurry and its relationship with cementing engineering; the process of cement injection; the factors that affect the quality of cement and the measures to improve the quality of cement.
4. Completion technology
The principles and requirements of completion works; the effects of drilling reservoirs and influence of drilling operations on reservoir properties; completion of wellbore structure types and completion methods; completion of wellhead installations.
5. Cement experiment

Chapter 8 Other drilling techniques and operations
Key points: The types and reasons of the complex down-hole situation; the basic process, tools and evaluation methods of coring; the basic technology and tools of window cutting.
1. Downhole complex situation and accident handling
Characteristics, causes and treatment of underground complex circumstances, including: blowout, well leakage, bit freezing, drill accident, downhole drop and other situations..
2. Coring technology
technics process of coring; evaluation index of coring drilling, coring tools.
3. Casing window cutting technology
The method and the basic tools and craft of window cutting sidetracking.

	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
	1
	一、油气井的基本类型；
二、钻井工程的基本工艺过程；
三、钻井技术发展状况。
	
	(作业/自学/
综合大作业/其他)
	目标1 

	
	第1章 钻井的工程地质条件
	6
	§1-1  地下压力特性
一、地下各种压力的概念
二、地层压力评价方法
三、地层破裂压力
四、地层坍塌压力
§1-2  岩石的工程力学性质
一、岩石的力学性质
二、井底压力条件下岩石的力学性质及其影响因素
三、岩石的可钻性与研磨性
	
	
	目标1，
目标2。

	
	实验1
	
	岩石的力学实验
	2
	撰写
实验报告
	目标2。

	
	第二章 石油钻机及钻井工具
	
	§2-1石油钻机
一、钻井工艺对钻机的要求
[bookmark: _Toc276307106][bookmark: _Toc276307235][bookmark: _Toc276307313][bookmark: _Toc276976056]二、石油钻机的组成
[bookmark: _Toc220220544][bookmark: _Toc223343747][bookmark: _Toc276307247][bookmark: _Toc276307317][bookmark: _Toc276976059]三、石油钻机的分类及特点
	2
	工训中心参观实践
	目标3

	
	
	6
	§2-2钻头
一、牙轮钻头
二、金刚石钻头
三、PDC钻头
§2-3钻柱
一、钻柱的作用与组成
二、钻柱的工作状态及受力分析
三、钻柱设计
	
	
	目标1，
目标3.

	
	第3章  钻井液
	1
	§3-1钻井液的组成与分类
一、钻井液的主要功用
二、钻井液的基本组成
三、钻井液的分类
§3-2钻井液的基本性能
一、钻井液的密度
二、钻井液的流变性能及调整
三、钻井液的滤失性及造壁性能
四、钻井液的固相含量及控制
五、钻井液润滑性
六、井塌及防塌措施
七、钻井液的漏失与堵漏
八、粘附卡钻与解卡
九、储层保护与钻井完井液
	
	
	目标1，


	
	第4章  钻进参数优选
	8
	§4-1  钻进过程中各参数间的基本关系概述
一、影响钻速的主要因素
二、钻速方程
三、钻头磨损方程
四、钻进方程中有关系数的确定
§4-2  机械破岩钻井参数优选
一、目标函数的建立
二、目标函数的极值条件和约束条件
三、钻头最优磨损量、最优钻压和最优转速
§4-3  水力参数优化设计

一、喷射式钻头的水力特性
二、水功率传递的基本关系
三、循环系统压耗的计算
四、钻井泵的工作特性
五、水力参数优选的标准
六、最大钻头水功率
七、最大射流冲击力
八、水力参数优化设计
	
	
	目标1
目标2
目标3。


	
	第5章 井眼轨道设计及轨迹控制
	10
	§5-1  井眼轨迹的基本概念
一、轨迹的基本参数
二、轨迹的计算参数
三、轨迹的图示法
§5-2  轨迹测量与计算
一、测斜方法及测斜仪原理
二、对测斜计算数据的规定
三、轨迹计算的方法
§5-3  直井防斜技术
一、井斜的原因
二、满眼钻具组合控制井斜
三.、钟摆钻具组合控制井斜
§5-4  定向井井眼轨道设计
一、定向井轨道分类
二、常规二维定向井轨道设计
§5-5  造斜工具及轨迹控制
一、动力钻具造斜工具 
二、转盘钻造斜工具
三、导向钻井系统
四、定向井轨迹控制的基本方法
五、扭方位计算
六.、造斜工具的定向
	
	
	目标1
目标2
目标3。


	
	实验
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