《钻井地质环境描述》教学大纲
Syllabus of Drilling Geology Environment Description
	课程基本信息
Course Information

	课程名称
Course Name
	钻井地质环境描述

	
	Drilling Geology Environment Description

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

	负责人
Leader
	张卫东
	课程团队
Team Members
	王京印 闫传梁 

	课程编码
Course Code
	02127
	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
	

	适用专业
Audience
	石油工程

	授课语言
Language of Instruction
	中文

	先修课程
Prerequisite
	岩石力学

	课程简介
Course Description
	该课程是为石油工程专业本科生开设的专业选修课。
本课程分为两部分。一部分围绕着井壁稳定建立起钻井地质环境描述体系，介绍描述体系各参数获取的方法及井壁稳定分析方法。一部分围绕着钻完井问题建立起钻井地质环境描述体系，介绍描述体系各参数获取的方法及钻完井复杂问题诊断与解决方法。
通过本课程的学习，使学生建立起多参数描述钻井地质环境的体系；学会获取各种地质力学参数的方法，重点掌握测井方法和岩石力学实验方法；将多参数描述得到的钻井地质环境应用到石油工程中去，为井壁稳定、地质导向、出砂防砂等科学问题服务。

	
	This course is a professional elective course for the students majoring in petroleum engineering.
It mainly contains two parts. First, it establishes a drilling geological environment description system with respect to the wellbore. In this part, it discusses methods of gaining the system parameters and the method of wellbore stability analysis. Then, it establishes drilling geological environment description system with respect to well drilling and completion. In this part, it also describes the method of gaining the system parameters. Moreover, the diagnosis and solution for complicated problems in drilling and completion are discussed.
After the study of this course, students are expected to build up the system of describing the drilling geology environment by multi-parameters. The methods of obtaining various geomechanical parameters will be learned, among which the logging method and the rock mechanics experiment method are the key points. The students should be able to apply the drilling geology environment described by multi-parameters to petroleum engineering, which can lay a foundation for solutions of wellbore stability, geological guidance, and sand control.



	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：了解并认识工程与科学的关系
	1.1

	
	目标2：了解钻井地质环境描述的基本概念和一般方法
	5.2，6.3

	
	目标3：通过课程项目的实践，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
	3.4，4.2，5.1

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: Understand the relationship between engineering and science
	1.1

	
	Outcome 2: Understand the basic concepts and general methods of drilling geological environment description
	5.2，6.3

	
	Outcome 3: Cultivate the abilities of identifying problems and teamwork to solve engineering problems through the practice of the course project
	3.4，4.2，5.1

	教学内容
Topics
	第一章 岩石的力学与工程性质 
本章重点难点：岩石单元受力体与莫尔应力圆的对应，库仑-莫尔准则及其参数，地层强度参数剖面的建立。 
1.1 弹性力学基础                                      
正应力、剪应力的概念；单元体受力分析；莫尔应力圆的含义。 
1.2 岩石单轴、三轴实验及其力学参数                    
岩石单轴实验和三轴实验方法；岩石应力-应变曲线分析；实验获取岩石力学参数。 
1.3 岩石强度准则                                       
拉伸破坏准则及其参数；库仑-莫尔破坏准则及其参数；各向异性破坏准则及其参数；D-P破坏准则及其参数。 
1.4 地层强度参数剖面                                  
测井数据与强度参数的关系模型；地层强度参数剖面。
第二章 地应力剖面的建立
本章重点难点：断层形态与地应力的关系，分层地应力的计算，地应力剖面的建立。
2.1 地应力区域构造特征                                
地应力概念；断层形态对地应力的影响；地应力区域分布规律。
2.2 地应力剖面                                        
地应力确定方法；分层地应力模型；地应力剖面。
第三章 地层压力预测
本章重点难点：加载与卸载的区别，孔隙压力的预测方法，孔隙压力剖面。
3.1 异常高压成因                                      
地层压力、异常高压的概念；异常高压成因。
3.2 地层孔隙压力剖面                                 
不同成因形成的异常高压在测井数据上的响应；地层孔隙压力预测方法；地层压力剖面。 
第四章 井壁稳定性评价 
本章重点难点：定向井井周应力分布，井壁稳定周期的确定，坍塌、破裂压力剖面。
4.1 坍塌、破裂压力剖面的确定                          
井周应力分布；坍塌压力剖面；破裂压力剖面；坍塌、破裂压力的影响因素评价。 
4.2 井壁稳定周期                                       
井眼钻开后的地层强度变化特征；井壁稳定周期的确定方法；井壁稳定周期的影响因素。 
4.3 特殊地层的井壁稳定评价                             
蠕变地层的井壁稳定性评价；层理性地层的井壁稳定性评价；井眼漏失分析。 
第五章 地球的物理性质及圈层构造
本章重点难点：地球内部圈层的基本特征，地幔柱构造与板块构造关系。
5.1 地球的物理性质                                     
地球的重力；地球的密度和压力；地球的磁性；地热；地球的弹塑性
5.2 地球的圈层构造                                    
地球内部圈层及其划分依据；地球内部圈层的基本特征；地壳的物质组成
5.3 地幔柱构造                                        
地幔柱概念；地幔柱的基本特征；地幔柱构造与板块构造关系；冷幔柱和超级地幔柱
第六章  三场与相态
本章重点难点：三场的分布特征，油气相态图。
6.1 地温场与地温场测定                               
地温梯度；地温级度；地温场测定方式
6.2 地压场与地层压力预测                             
地压场；地压场的来源；地层压力预测
6.3 地应力场                                          
地应力场形成与演化；地应力作用；地应力场性质；地应力场特征
6.4 相 态                                              
油气相态图；凝析油气；天然气水合物
第七章 导向钻井
本章重点难点：几何导向原理，地质导向原理，旋转导向原理。
7.1 几何导向                                          
概念；导向工具；导向原理
7.2 地质导向                                          
概念；导向工具；导向原理
7.3 旋转导向                                         
概念；导向工具；导向原理
第八章 构造描述   
本章重点难点：岩层的产状描述要素，断层形成机制。
8.1 岩层产状                                          
岩层的产状要素；岩层的原始产状；水平岩层；倾斜岩层；岩层的接触关系
8.2 断层描述                                          
断层的要素和位移；断层分类；断层形成机制；断层描述
8.3 裂缝描述                                          
裂缝的概念；裂缝的分类；裂缝的配套与分期
第九章  水力压裂裂缝
本章重点难点：水力压裂的基本原理，水力压裂裂缝的影响因素。
9.1水力压裂是一项艺术                                  
水力压裂设备；水力压裂工艺
9.2 水力压裂裂缝形态的影响因素                          
地应力；杨氏模量；泊松比；天然裂缝

	
	Chapter 1 Mechanics and Engineering Properties of Rocks
Key points: the correspondence between the force of the rock unit and the Mohr stress circle, the Coulomb-Mohr criterion and its parameters, and establishing the profile of the formation strength parameters.
1.1 The Basis of Elastic Mechanics
Normal stress, shear stress, force analysis of the elements, and Mohr stress circle.
1.2 Uniaxial and Triaxial Experiments of Rock and Its Mechanical Parameters
Uniaxial and triaxial tests for rocks; analysis of the stress-strain curve; obtain  rock mechanics parameters through experiments.
1.3 Rock Strength Criteria
Tensile failure criterion and its parameters; Coulomb-Mohr failure criterion and its parameters; anisotropic failure criterion and its parameters; D-P failure criterion and its parameters.
1.4 Profile of Formation Strength 
Relationship/models between logging data and the strength parameters; profile of formation strength parameters
Chapter 2 Establishment of the in-situ Stress Profile
Key points: the relationship between fault morphology and the in-situ stress, the stress calculation for each formation, and the establishment of in-situ stress profile.
2.1 Characteristics of Regional Tectonic Stress
The concept of in-situ stress, the influence of fault on the in-situ stress, and the distribution of stress.
2.2 In-situ Stress Profile
Methods for In-situ stress determination; stress model for layered formations; in-situ stress profile.
Chapter 3 Prediction of Formation Pressure
Key points: the difference between loading and unloading, the prediction method of pore pressure, and the pore pressure profile.
3.1 The origin of Abnormal High Pressure
The concept of formation/pore pressure, and abnormal high pore pressure; the origins of abnormal high pore pressure.
3.2 Formation/Pore Pressure Profile
The response of logging data to the abnormal high pore pressure formed by different mechanisms; the pore pressure prediction method; the formation pressure profile.
Chapter 4 Evaluation of Wellbore Stability
Key points: Stress distribution around the directional wellbore, determination of the wellbore stability period, collapse and fracture pressure profiles.
4.1 Determination of the Collapse and Fracture Pressure Profiles
Wellbore stress distribution, collapse pressure profile, fracture pressure profile, Factors influencing the collapse and fracture pressures.
4.2 Wellbore Stability Period
The variation of formation strength after borehole drilling; the method of determining the wellbore stability period; the influencing factors of the wellbore stability period.
4.3 Wellbore Stability Evaluation for Special formation
Wellbore stability Evaluation of creep formation; wellbore stability evaluation of layered formation; borehole leakage analysis.
Chapter 5 The Physical Properties of the Earth and the Tectonic Structure
Key points: The basic characteristics of the inner structure of the earth, the relationship between the mantle plume structure and the plate tectonics.
5.1 Physical Properties of The Earth
The gravity of the earth; the density and pressure of the earth; the magnetism of the earth; the geothermal; the elasticity of the earth.
5.2 Tectonic Structure of the Earth
The inner lithosphere of the earth and its division basis; the basic characteristics of the inner lithosphere of the earth; the composition of the crust.
5.3 Plume tectonics
The concept of mantle plume; the basic characteristics of mantle plume; the relationship between mantle plume tectonics and plate tectonics; cold mantle plume and super mantle plume.
Chapter 6 The temperature-pressure-stress Fields and Phase behavior
Key points: Distribution characteristics of the three fields, oil and gas phase diagram.
6.1 The geothermal Field and its measurements
Geothermal gradient; geothermal level; the measurement methods of geothermal temperature.
6.2 Formation Pressure field and its Prediction
formation pressure field; source of formation pressure; formation pressure prediction.
6.3 In-situ Stress Field
The formation and evolution of in-situ stress field; the effect of in-situ stress; the properties and characteristics of in-situ stress field.
6.4 Phase behavior
Oil and gas phase diagram; condensate oil and gas; natural gas hydrate.
Chapter 7 Steering Drilling
Key points: principles of geometry steering drilling, geosteering drilling, and rotary steering drilling.
7.1 Geometry steering drilling
Its concept; geometry steering tool; geometry steering principle.
7.2 Geosteering drilling
Its concept; geosteering tool; geosteering principle.
7.3 Rotary steering drilling
Its concept; Rotary steering tool; Rotary steering principle.

Chapter 8 Geological Structure Description
Key points: key elements to describing the formation occurrence, fault mechanism.
8.1 Formation occurrence
Key elements to describing the formation occurrence; the original formation occurrence; the horizontal formation; the inclined formation; the contact relationship of formations. 
8.2 Fault Description
Fault elements and displacements; fault classification; fault mechanism; fault description. 
8.3 Natural Fracture Description
The concept of fractures; the classification of fractures; the matching and staging of fractures. 
Chapter 9 Hydraulic Fracture
Key points: The basic principle of hydraulic fracturing, the influencing factors of hydraulic fracture.
9.1 Hydraulic Fracturing Is an Art
Hydraulic fracturing equipment; hydraulic fracturing process.
9.2 Influencing Factors of Fracture Morphology in Hydraulic Fracturing
In-situ stress; Young's modulus; Poisson's ratio; natural fractures.

	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
	1
	讲授/讨论
	
	
	目标1

	
	1.2
	1
	讲授/讨论
	
	
	目标2

	
	1.3
	1
	讲授/讨论
	
	
	目标2

	
	1.4
	3
	讲授/讨论
	
	
	目标2

	
	2.1
	1
	讲授/讨论
	
	
	目标2

	
	2.2
	2
	讲授/讨论
	
	
	目标2

	
	3.1
	1
	讲授/讨论
	
	
	目标2

	
	3.2
	1
	讲授/讨论
	
	
	目标2

	
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]4.1
	2
	讲授/讨论
	
	
	目标2

	
	4.2
	2
	讲授/讨论
	
	
	目标2

	
	4.3
	1
	讲授/讨论
	
	撰写报告
	目标3

	
	5.1
	1
	讲授/讨论
	
	
	目标1

	
	5.2
	1
	讲授/讨论
	
	
	目标2

	
	5.3
	1
	讲授/讨论
	
	
	目标2

	
	6.1
	1
	讲授/讨论
	
	
	目标2

	
	6.2
	1
	讲授/讨论
	
	
	目标2

	
	6.3
	1
	讲授/讨论
	
	
	目标2

	
	6.4
	1
	讲授/讨论
	
	
	目标2

	
	7.1
	1
	讲授/讨论
	
	
	目标2

	
	7.2
	1
	讲授/讨论
	
	
	目标2

	
	7.3
	1
	讲授/讨论
	
	
	目标2

	
	8.1
	1
	讲授/讨论
	
	
	目标2

	
	8.2
	1
	讲授/讨论
	
	
	目标2

	
	8.3
	1
	讲授/讨论
	
	
	目标2

	
	9.1
	1
	讲授/讨论
	
	
	目标2

	
	9.2
	2
	讲授/讨论
	
	撰写报告
	目标3

	
	
	
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	1.1
	1
	Teaching / Discussion
	
	
	Outcome 1

	
	1.2
	1
	Teaching / Discussion
	
	
	Outcome 2

	
	1.3
	1
	Teaching / Discussion
	
	
	Outcome 2

	
	1.4
	3
	Teaching / Discussion
	
	
	Outcome 2

	
	2.1
	1
	Teaching / Discussion
	
	
	Outcome 2

	
	2.2
	2
	Teaching / Discussion
	
	
	Outcome 2

	
	3.1
	1
	Teaching / Discussion
	
	
	Outcome 2

	
	3.2
	1
	Teaching / Discussion
	
	
	Outcome 2

	
	4.1
	2
	Teaching / Discussion
	
	
	Outcome 2

	
	4.2
	2
	Teaching / Discussion
	
	
	Outcome 2

	
	4.3
	1
	Teaching / Discussion
	
	Writing reports
	Outcome 3

	
	5.1
	1
	Teaching / Discussion
	
	
	Outcome 1

	
	5.2
	1
	Teaching / Discussion
	
	
	Outcome 2

	
	5.3
	1
	Teaching / Discussion
	
	
	Outcome 2

	
	6.1
	1
	Teaching / Discussion
	
	
	Outcome 2

	
	6.2
	1
	Teaching / Discussion
	
	
	Outcome 2

	
	6.3
	1
	Teaching / Discussion
	
	
	Outcome 2

	
	6.4
	1
	Teaching / Discussion
	
	
	Outcome 2

	
	7.1
	1
	Teaching / Discussion
	
	
	Outcome 2

	
	7.2
	1
	Teaching / Discussion
	
	
	Outcome 2

	
	7.3
	1
	Teaching / Discussion
	
	
	Outcome 2

	
	8.1
	1
	Teaching / Discussion
	
	
	Outcome 2

	
	8.2
	1
	Teaching / Discussion
	
	
	Outcome 2

	
	8.3
	1
	Teaching / Discussion
	
	
	Outcome 2

	
	9.1
	1
	Teaching / Discussion
	
	
	Outcome 2

	
	9.2
	2
	Teaching / Discussion
	
	Writing reports
	Outcome 3

	考核方式
Grading
	评价环节
	比例

	
	环节1  作业
	20%

	
	环节2  期中考试
	30%

	
	环节3  学习报告
	50%

	
	Evaluation
	Percentage

	
	Evaluation 1  Assignment
	20%

	
	Evaluation 2  Midterm test
	30%

	
	Evaluation 3  Learning report
	50%

	教材及参考资料
Textbooks & Other Materials
	1．张卫东，《钻井地质环境描述》，内部教材，2013； 
2．程远方，《油气工程岩石力学》，中国石油大学出版社，2015。 

	
	1. Zhang Weidong, Drilling Geology Environment Description, none, 2013, level 1.
2.Cheng Yuanfang, Oil and Gas Engineering Rock Mechanics, China University of Petroleum Press, 2015, level 1.

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	张卫东/Zhang Weidong
	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。
[bookmark: _GoBack]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
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




