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	课程名称
Course Name
	天然气开采与安全
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	开课院部
School
	石油工程学院
	院部代码
School Code
	02

	负责人
Leader
	陈德春
Chen Dechun
	课程团队
Team Members
	天然气开采与安全课程组

	课程编码
Course Code
	02166
	学分
Credits
	2

	课内学时
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	32
	理论学时
Lecture Hours
	28
	实验学时
Experiment Hours
	4

	
	
	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
	石油工程专业

	授课语言
Language of Instruction
	中文

	先修课程
Prerequisite
	高等数学、机械工程制图、工程力学、流体力学、传热学、油层物理、采油工程

	课程简介
Course Description
	《天然气开采与安全》是为了适应天然气工业的发展趋势、顺应天然气行业专业人才需求而为石油工程专业本科生开设的必修课，是一门专门针对天然气安全高效开采的内容丰富、多学科融合的综合性课程。通过本课程的学习，学生能够掌握天然气开采的基本原理、生产系统分析及工艺设计方法、天然气地面处理工艺、非常规天然气开采原理与技术、天然气开采过程中的特殊要求和HSE知识，了解天然气开采的新技术及发展动向，具备应用基础知识和石油工程专业知识进行气井工程设计的基本能力，以及分析和解决天然气开采工程复杂问题、进行技术创新、科技开发和矿场应用的初步能力，能够在设计环节中考虑社会、健康、安全、法律、文化以及环境等因素，体现环保和创新意识，为今后从事天然气开采工作打下专业基础。

	
	Gas Production and Safety is a professional compulsory course set for the undergraduates majored in petroleum engineering, in order to accommodate the development trend of natural gas industry and to comply with the demand of natural gas industry for professionals. This course is a plentiful multi-disciplinary comprehensive course focused on the safety and high-efficiency production. Through this course, the students can get the basic principle of natural gas production, the method of production system analysis and process design, natural gas ground processing technology, unconventional natural gas production principle and technology, the special requirement in natural gas production, and the knowledge of HSE; know the new technology and the development trend of gas production; possess the basic ability to complete the engineering design of gas well, preliminary ability to analyze and solve the complicated problem in gas production, to conduct technical innovation and field application, with application of engineering fundamental and professional knowledge of petroleum engineering; consider the factors of society, health, safety, law, culture, and environment in the engineering design; reflect environmental and innovative consciousness; and lay professional foundation for engaging in natural gas production in the future. 



	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：掌握天然气开采的基本原理、生产系统分析及工艺设计方法、天然气地面处理工艺、非常规天然气开采原理与技术、天然气开采过程中的特殊要求和HSE知识，了解天然气开采的新技术及发展动向。
	1.3，1.4，2.1

	
	目标2：具备应用基础知识和石油工程专业知识进行气井工程设计的基本能力，能够在设计环节中考虑社会、健康、安全、法律、文化以及环境等因素，体现环保和创新意识。
	1.1，1.2，2.2，3.1，3.3，4.3，9.1，10.2

	
	目标3：具备分析和解决天然气开采工程复杂问题、进行技术创新、科技开发和矿场应用的初步能力。
	2.2，3.2，3.3，4.1，4.2，6.1

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: Master the basic principle of natural gas production, the method of production system analysis and process design, natural gas ground processing technology, unconventional natural gas production principle and technology, the special requirement in natural gas production, and the knowledge of HSE; know the new technology and the development trend of gas production.
	1.3，1.4，2.1

	
	Outcome 2: possess the basic ability to complete the engineering design of gas well; can consider the factors of society, health, safety, law, culture, and environment in the engineering design; reflect environmental and innovative consciousness.
	1.1，1.2，2.2，3.1，3.3，4.3，9.1，10.2

	
	Outcome 3: possess the preliminary ability to analyze and solve the complicated problem in gas production, to conduct technical innovation, technology development and field application.
	2.2，3.2，3.3，4.1，4.2，6.1

	教学内容
Topics
	绪论
天然气资源状况，天然气开采及其特点，天然气开采技术的发展沿革。
第一章 天然气开采基础                                                      
本章重点难点：掌握天然气的分类及相态特征、天然气的性质；理解天然气储层性质与渗流特征。
1.1 天然气的组成与分类
天然气的组成，天然气的分类，天然气相态特征。
1.2 天然气的性质
天然气状态方程，天然气的高压物性，天然气水合物性质。
1.3 天然气储层性质与渗流特征
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]气田气（致密气）储层性质与渗流特征，页岩气储层性质与渗流特征，煤层气储层性质与渗流特征，天然气水合物储层性质与渗流特征。
第二章 气井完井与流入动态
本章重点难点：掌握气井完井方法、常规及非常规气藏气井流入动态；了解气井产能测试方法。
2.1 气井完井方法与工艺
常规及特殊气井完井方法原理、完井工艺技术
2.2 常规气藏气井流入动态
气井流动动态模型、气井流入动态拟合方法、不同完井方式气井产能评价
2.3 非常规气藏气井流入动态
页岩气井近井渗流及流入动态、煤层气井近井渗流及流入动态
2.4 气井产能测试
气井产能测试方法、气井产能测试解释
第三章 气井生产系统分析
本章的重点难点：掌握气井生产系统及其节点分析方法，理解气井管流规律及节流器流动规律。
3.1 天然气生产系统
介绍常规天然气、煤层气、页岩气等天然气生产系统及流动过程。
3.2 气井管流规律
气相管流压降计算，气液两相管流压降计算。
3.3 节流器流动规律
气井节流器介绍，气井嘴流规律计算。
3.4 气井生产系统节点分析方法
气井节点系统分析原理、气井节点系统分析方法及应用。
第四章 气井排水采气工艺
本章的重点难点：掌握井筒积液诊断及计算方法、优选管柱排水采气，了解泡沫、气举、深井泵排水采气工艺。
4.1 井筒携液规律及积液诊断
气藏分类及气井产水来源，井筒携液临界流量模型，井筒最大携液量计算分析，井筒积液及诊断方法，气井井底积液高度计算方法，气井排水采气原理。
4.2 优选管柱排水采气
优选管柱排水采气原理、主要影响因素，优选管柱排水采气工艺技术界限及条件。
4.3 泡沫排水采气
泡沫排水采气工艺原理及特点，泡沫助采剂及助采机理，泡沫排水采气工艺设计及工艺流程。
4.4 气举排水采气
连续气举排水采气原理及特点，柱塞气举过程及工艺设计，影响气举方式选择的因素。
4.5 其他排水采气
深井泵排水采气，涡流排水采气等。
第五章 非常规天然气开采
本章的重点难点：掌握非常规天然气资源类型及储层特征，明确非常规天然气与常规天然气的相关差异，了解非常规储层开采技术及增产机理。
5.1非常规储层开采技术及增产机理
5.2 非常规储层压裂入井介质
5.3非常规储层压裂裂缝扩展机理
5.4 非常规储层水力压裂井效果预测及方案优化设计
5.5 水力压裂裂缝监测及参数识别。
第六章 天然气地面处理工艺
本章的重点难点：掌握天然气地面集输及处理工艺，明确集输过程中天然气水合物的生成与防治。
6.1 天然气地面集输
概述，集输场站，天然气外输，主要设备，腐蚀与防护。
6.2 天然气处理
天然气处理主要产品及其质量要求，天然气脱水，天然气凝液回收，天然气脱硫，天然气脱二氧化碳，硫磺回收与尾气处理，硫磺成型与储存，主要设备。
6.3 天然气水合物与防治
天然气水合物的结构与生成条件预测，天然气水合物的防治。
第七章 采气工程HSE
本章的重点难点：掌握HSE管理体系的要素及运行机制，明确采气工程HSE风险识别与评价方法，了解天然气生产事故应急预案、采气工程“三防”技术及救治。
7.1 HSE管理体系
HSE管理体系的产生和发展，HSE管理体系的要素，HSE管理体系的建立和运行。
7.2 采气工程HSE风险识别与评价
采气工程危险源辨识，风险评价及控制。
7.3 天然气生产事故应急预案
应急预案，应急预案的策划与编制，应急预案的演练。
7.4 采气工程“三防”技术及救治
防火防爆技术，预防中毒技术，救治技术。

	
	Introduction
Natural gas resources; natural gas production and the feature; the development and evolution of gas production technology.
Chapter 1  Gas production basis
The key and difficult points: the classification and phase characteristics of natural gas; natural gas property; gas reservoir property and seepage performance.
1.1  The component and classification of natural gas
The component of natural gas; the classification of natural gas; the phase characteristics of natural gas.
1.2  Natural gas property
State equation of natural gas; high pressure physical properties; natural gas hydrate property.
1.3  Gas reservoir property and seepage performance
Tight gas reservoir property and seepage features; shale gas reservoir property and seepage features; coalbed methane reservoir property and seepage features; natural gas hydrate reservoir property and seepage features.
Chapter 2  Gas well completion and inflow performance
The key and difficult points: gas well completion method; inflow performance of conventional and unconventional gas well; gas well production test method.
2.1  Gas well completion method and technique
The completion method principle of conventional and special wells; completion technique.
2.2  Gas well inflow performance of conventional gas reservoir
Gas well flow dynamic model; fitting method of gas well inflow performance; productivity evaluation of different completion methods.
2.3  Gas well inflow performance of unconventional gas reservoir
Near wellbore flow and inflow performance of shale gas well; near wellbore flow and inflow performance of coalbed methane well.
2.4  Gas well production test
Gas well production test method; production test interpretation.
Chapter 3  Gas well production system analysis
The key and difficult points: gas well production system and the node analysis method; gas well tube flow and restriction choke flow.
3.1  Natural gas production system
The production system and flow process of conventional gas, coalbed methane and shale gas.
3.2  Gas well tube flow
Pressure drop calculation of gas phase tube flow; pressure drop calculation of gas-liquid two phase tube flow.
3.3  Restriction choke flow
Introduction of gas well restriction choke; flow calculation of gas well restriction choke.
3.4  Node analysis method of gas well production system
The principle of gas well node system analysis; the method and application of gas well node system analysis.
Chapter 4  Water drainage-gas recovery technology of gas well
The key and difficult points: the judgement of wellbore liquid loading and the calculation method; tubing string optimization for water drainage-gas recovery; water drainage-gas recovery techniques of foam, gas lift, and deep-well pump.
4.1  Wellbore liquid carrying and liquid loading judging
Classification of gas reservoir and the water source of gas well; critical flow rate model of wellbore liquid carrying; calculation of the maximum liquid hold-up in wellbore; wellbore liquid loading and the calculation method; calculation of accumulated height of liquid in the bottom hole; water drainage-gas recovery principle of gas well.
4.2  Tubing string optimization for water drainage-gas recovery
The principle of tubing string optimization for water drainage-gas recovery; main influencing factors; the technical limit and condition of tubing string optimization.
4.3  Foam water drainage-gas recovery
The principle and characters of foam water drainage-gas recovery; production aid agent and the principle; design and procedure of foam water drainage-gas recovery technique.
4.4  Gas lift for water drainage-gas recovery
The principle and characters of continuous gas lift for water drainage-gas recovery; plunger gas lift process and design; the factors influencing the choice of gas lift methods.
4.5  Other methods for water drainage-gas recovery
Deep-well pump, whirlpool water drainage-gas recovery, etc.
Chapter 5  Unconventional natural gas production
The key and difficult points: unconventional natural gas resource type and the reservoir characters; the difference between conventional and unconventional gas; unconventional gas production technology and stimulation mechanism.
5.1  Unconventional gas production technology and stimulation mechanism
5.2  Materials entering well in unconventional reservoir fracturing
5.3  Fractures propagation mechanism of unconventional reservoir fracturing
5.4  Effect prediction and project design optimization of unconventional reservoir fracturing well
5.5  Fracture monitoring and parameters estimation of hydraulic fracturing
Chapter 6  Natural gas ground processing technology
The key and difficult points: natural gas surface gathering, transportation and processing technology; natural gas hydrate generation and control during the gathering and transportation.
6.1  Natural gas surface gathering, transportation
Introduction; gathering and transportation station; natural gas export; major equipment; corrosion and protection.
6.2  Natural gas processing
Main products and quality requirement; natural gas dehydration; gas condensate collection; natural gas desulfurization; natural gas decarbonation; sulfur collection and tail gas treatment
6.3  Natural gas hydrate and the prevention 
The structure and generation condition of natural gas hydrate; the prevention of natural gas hydrate.
Chapter 7  HSE in gas production
The key and difficult points: HSE management system elements and operation mechanism; HSE risk identification and evaluation in gas production; emergency plan for accidents; three-protection technology and rescue.
7.1  HSE management system
The generation and development of HSE management system; the elements of HSE management system; the built and operation of HSE management system.
7.2 HSE risk identification and evaluation in gas production
Identification of danger source in gas production; danger evaluation and control.
7.3 Emergency plan for accidents in gas production
Emergency plan; planning and compiling of emergency plan; emergency plan practice 
7.4  Three-protection technology and rescue in gas production
Fire and explosion prevention technology; poison prevention technology; rescue technology.


	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
1.1
1.2
1.3
	2
	讲授
	
	(作业/自学/
综合大作业/其他)
	目标1

	
	2.1
2.2
	2
	讲授
	
	
	目标1

	
	2.3
2.4
	2
	讲授
	
	
	目标1

	
	3.1
	2
	讲授
	
	
	目标1
目标3

	
	3.2
3.3
	2
	讲授
	
	
	目标1
目标3

	
	
	2
	实验
	
	
	目标1

	
	4.1
4.2
	2
	讲授
	
	
	目标1

	
	4.3
4.4
4.5
	2
	讲授
	
	
	目标1

	
	
	2
	实验
	
	
	目标1

	
	5.1
5.2
	2
	讲授
	
	
	目标1

	
	5.3
5.4
	4
	讲授
	
	
	目标1

	
	6.1
6.2
	2
	讲授
	
	
	目标1

	
	6.3
	2
	讲授
	
	
	目标1

	
	7.1
7.2
	2
	讲授
	
	
	目标2
目标3

	
	7.3
7.4
	2
	讲授
	
	
	目标2
目标3

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	Introduction
1.1
1.2
1.3
	2
	Teaching
	
	
	Outcome 1

	
	2.1
2.2
	2
	Teaching
	
	
	Outcome 1

	
	2.3
2.4
	2
	Teaching
	
	
	Outcome 1

	
	3.1
	2
	Teaching
	
	
	Outcome 1 Outcome 3

	
	3.2
3.3
	2
	Teaching
	
	
	Outcome 1
Outcome 3

	
	
	2
	Experiment
	
	
	Outcome 1

	
	4.1
4.2
	2
	Teaching
	
	
	Outcome 1

	
	4.3
4.4
4.5
	2
	Teaching
	
	
	Outcome 1

	
	
	2
	Experiment
	
	
	Outcome 1

	
	5.1
5.2
	2
	Teaching
	
	
	Outcome 1

	
	5.3
5.4
	4
	Teaching
	
	
	Outcome 1

	
	6.1
6.2
	2
	Teaching
	
	
	Outcome 1

	
	6.3
	2
	Teaching
	
	
	Outcome 1

	
	7.1
7.2
	2
	Teaching
	
	
	Outcome 2 Outcome 3

	
	7.3
7.4
	2
	Teaching
	
	
	Outcome 2 Outcome 3

	考核方式
Grading
	评价环节
	比例

	
	环节1：平时表现
	30%

	
	环节2：期末考试考核环节
	70%

	
	Evaluation
	Percentage

	
	Evaluation 1
	30%

	
	Evaluation 2
	70%

	教材及参考资料
Textbooks & Other Materials
	(包括纸质、声像、电子等各种形式的教学材料、参考资料，需要包含教材名称，作者，出版社，出版年份，版次，书号等信息)
1．《天然气开采与HSE》，自编；
2．《天然气开采工程基础》，陈德春编，中国石油大学出版社，2007；
3．《天然气工程》，李士伦编，石油工业出版社，2008；
4．《采气工艺基础》，杨继盛编，石油工业出版社，1992；
5．《采气实用计算》，杨继盛编，石油工业出版社，1994；
6．《凝析气藏开发工程》，杨宝善编，石油工业出版社，1995。

	
	1. Author, Title, Press, Year, Level.
2. Author, Title, Press, Year, Level.

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	董长银
Dong Changyin
	审核人(系/教研室主任)
Approved by
	董长银
[bookmark: _GoBack]Dong Changyin


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

	采气基本流动过程规律测试实验
	
	
	
	
	
	
	
	
	
	
	
	
	（若为否，填写无法开出原因）

	排水采气工艺特性对比测试实验
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




