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Syllabus of nature gas production engineering
	课程基本信息
Course Information

	课程名称
Course Name
	采气工程

	
	nature gas production engineering

	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
	陈德春、薛建泉、董长银
Chen Dechun、Xue Jianquan、Dong Changyin

	课程编码
Course Code
	02106
	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
	海洋油气工程

	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、海洋油气开采工程

	课程简介
Course Description
	《采气工程》是为了适应我国天然气工业的发展形势、扩大学生专业知识面而为海洋油气工程专业本科生开设的选修课，是一门内容较为广泛的综合性课程。主要讲授天然气基础知识、气井完井、气井产能分析、气井生产系统分析、排水采气工艺、气井井场工艺、气井增产措施和采气工程方案设计等内容。通过本课程的学习，学生能够掌握采气工程的基本原理及其工艺技术设计步骤和方法，了解采气工程的新技术及发展动向，为今后从事天然气开采工作打下初步的基础。

	
	Nature Gas Production Engineering is an optional course set for the undergraduates majored in offshore oil and gas engineering, in order to accommodate the development trend of natural gas industry in China and to expand the students’ professional knowledge. It is a plentiful comprehensive course and mainly introduce natural gas basic knowledge, gas well completion, production analysis, system analysis, water drainage-gas recovery technology, wellsite technology, gas well stimulation, and projection design of gas production. Through this course, the students can master the basic principle of natural gas production and process design method; know the new technology and development trend of gas production; and lay 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：了解并认识工程与科学的关系
	1.1

	
	目标2：了解工程设计的基本概念和一般流程
	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: Know the relationship of engineering and science.
Outcome 2: Know the basic concept of engineering design and general procedure.
Outcome 3: Through the practice of this course, cultivate the ability to realize and find the problem, and the ability to solve the engineering problem by team work.

	

	教学内容
Topics
	第一章天然气基础知识	2学时
本章重点难点：天然气的组成和分类。
1.1天然气的组成和分类
天然气组成、天然气组成表示方法、天然气分类
1.2天然气理化性质
天然气的视相对分子量和相对密度、天然气的临界参数、天然气的状态方程、天然气的等温压缩系数、天然气的体积系数、天然气的粘度
第二章气井完井	4学时
本章的重点难点：完井方法、气井完井测试。
2.1完井方法
完井方式选择原则、完井方式选择应考虑的因素、完井方式、完井工程设计的内容、完井质量与评价
2.2油气层保护技术
油气层的损害与保护、油气层损害因素分析、储层敏感性、储层损害评价指标
2.3气井完井测试
气井完井测试的目的与特点、气井完井测试流程、测试方法、完井测试产量计算
第三章气井产能分析	6学时
本章的重点难点：气井产能公式、完井方式对气流入井动态的影响、气井产能试井。
3.1稳定状态流动的气井产能公式
稳定状态流动达西公式、非达西流动产能公式、绝对无阻流量
3.2拟稳定状态流动的气井产能公式
拟稳定状态、产能公式
3.3气井产能经验方程
气井的达西(Darcy)公式、紊流条件下的非达西渗流公式、费特柯维奇（Fetkovich）公式
3.4试井的概念及试井曲线
试井、试井设计、试井测试、试井解释、试井曲线
3.5气井产能试井
拟压力、回压试井、等时试井、改进等时试井、一点法试井
第四章气井生产系统分析	2学时
本章的重点难点：气体通过气嘴的流动、气井生产系统节点分析
4.1 气体井筒稳定流动能量方程
基本能量方程、井筒摩阻计算
4.2 气体通过气嘴的流动
气嘴、油嘴、针形阀、井下安全阀、井底气嘴、临界流动
4.3 气井节点系统分析
节点系统分析、普通节点、函数节点、协调曲线、气井敏感参数分析
第五章排水采气工艺	4学时
本章的重点难点：井筒携液及积液诊断、排水采气工艺的机理、各种排水采气工艺的原理及设计方法。
5.1 井筒携液及积液诊断
气藏分类、气井产水来源、气井积液、井筒携液临界流量模型、井筒最大携液量计算分析、井筒积液诊断方法、气井井底积液高度计算方法、积液前后压力对比法、测压资料分析法
5.2 优选管柱排水采气
气井排水采气原理、连续排液的临界流速与临界流量、优选管柱诺模图、对比流速、对比流量、影响气井自喷排水采气能力的因素、工艺技术界限及条件
5.3 泡沫排水采气
泡沫排水采气、工艺特点、泡沫助采剂、泡沫效应、分散效应、减阻效应、洗涤效应、工艺流程、优选泡排气流速度、泡沫排水采气工艺设计
5.4气举排水采气
气举阀排水采气、柱塞间歇排水采气、影响气举方式选择的因素、气举阀的位置和数量
5.5 机械举升工艺排水采气
常规有杆泵排水采气、电潜泵排水采气、射流泵排水采气
第六章气井井场工艺	4学时
本章的重点难点：采气流程、天然气的分离及脱水脱硫工艺。
6.1 采气流程
单井常温采气流程、 多井常温采气流程、 低温回收凝析油采气流程、低温回收石油液化气采气流程
6.2 天然气的计量
天然气流量的测量仪表、孔板压差流量计的组成、流量计算公式、气体涡轮流量计计量原理
6.3 气液(固)分离
分离设备及类型、重力分离器、旋流分离器、混合式分离器、自动放水器、分离器的选择依据
6.4 天然气脱水工艺
天然气脱水、露点降、液体吸收法、固体吸附法、冷却法
6.5 天然气脱硫工艺
脱硫、化学吸收法、物理吸收法和直接氧化法、硫磺回收、部分燃烧法、分流法、尾气处理
第七章气井增产措施	4学时
本章的重点难点：气井的酸化、压裂技术。
7.1 气井酸化技术
酸化增产原理、气井损害、酸液体系、基质酸化设计、基质酸化的分流技术
7.2 气井压裂技术
气井压裂增产原理、压裂液体系、压裂工艺对工作液的要求、支撑剂、水力压裂设计
7.3 储层评价与施工合理性研究
储层评价、井身条件及工艺选择、静态评价方法、动态评价方法、综合评价的方法、施工合理性评价的原则和方法
第八章采气工程方案设计	2学时
本章的重点难点：采气工程方案设计的主要内容。
8.1 方案设计的任务和特点；
8.2 方案设计的前期工作；
8.3 方案设计的主要内容。

	
	Chapter 1  Basic knowledge of natural gas
The key and difficult points: the component and classification of natural gas.
1.1  The component and classification of natural gas
Component of natural gas; component expression of natural gas; classification of natural gas.
1.2  Physicochemical property of natural gas
Apparent relative molecular weight and relative density; critical parameters; state equation of natural gas; isothermal compressibility; volume factor; viscosity.
Chapter 2  Gas well completion
The key and difficult points: completion method; gas well completing test.
2.1  Completion method
Choice principle of completion method; factors should be considered; completion method; completion engineering design; quality and evaluation of completion.
2.2  Oil-gas reservoir protection technology
Oil-gas reservoir damage and protection; damage factors analysis; reservoir sensibility; reservoir damage evaluation index.
2.3  Gas well completing test
Purpose and characteristics of gas well completing test; procedure of completing test; test method; production calculation.
Chapter 3  Gas well production analysis
The key and difficult points: gas well production equation; the effect of completion method on gas inflow performance; gas well productivity testing.
3.1  Gas well productivity equation under stable flow
Darcy’s equation of stable flow; non-Darcy’s flow productivity equation; absolute open-flow capacity.
3.2  Pseudo stable flow productivity equation of gas well
Pseudo stable flow; productivity equation
3.3  Empirical equation of gas well production
Darcy’s equation of gas well; non-Darcy’s equation under turbulence condition; Fetkovich equation.
3.4  Well test concept and test curve
Well test; test design; well test interpretation; well test curve.
3.5  Gas well productivity test
Pseudopressure; back pressure test; isochronal test; modified isochronal test; single-point test.
Chapter 4  Gas well production system analysis
The key and difficult points: gas restriction choke flow; node analysis method of gas well production system.
4.1  Energy equation of gas wellbore stable flow
Basic energy equation; wellbore friction calculation.
4.2  Gas restriction choke flow
Choke; needle valve; downhole safety valve; downhole choke; critical flow.
4.3  Gas well node system analysis
Node system analysis; ordinary node; functional node; coordinate curve; gas well sensitive parameters analysis.
Chapter 5  Water drainage-gas recovery technology
The key and difficult points: wellbore liquid carrying and liquid loading judging; mechanism of water drainage-gas recovery technology; mechanism of all kinds of water drainage-gas recovery technologies and design methods.
5.1  Wellbore liquid carrying and liquid loading judging
Classification of gas reservoir and the water source of gas well; liquid loading; critical flow rate model of wellbore liquid carrying; calculation of the maximum liquid hold-up in wellbore; judge method of liquid loading; calculation of accumulated height of liquid in the bottom hole; pressure comparison before and after liquid loading; and pressure data analysis.
5.2  Tubing string optimization for water drainage-gas recovery
Principle of water drainage-gas recovery; critical flow rate and velocity of continues water drainage; tubing string optimization nomograph; relative velocity; relative flow rate; factors influencing the capacity of natural water drainage-gas recovery; the technical limit and condition.
5.3  Foam water drainage-gas recovery
Foam water drainage-gas recovery; technique characters; production aid agent; foam effect; dispersion effect; resistance decrease effect; washing effect; technique procedure; gas flow velocity optimization; technique design.
5.4  Gas lift for water drainage-gas recovery
Gas-lift valve water drainage-gas recovery; plunger gas lift; factors influencing the choice of gas lift; the location and number of gas-lift valve.
5.5  Mechanical lift for water drainage-gas recovery
Conventional rod pump; electric submersible pump; jet pump.
Chapter 6   Wellsite technology
The key and difficult points: gas production procedure; gas separation; natural gas dehydration and desulfurization.
6.1  Gas production procedure
Single well gas production procedure under normal temperature; multi-well gas production procedure under normal temperature; gas production procedure of collection condensate oil under low temperature; gas production procedure of collection liquefied petroleum gas under low temperature.
6.2  Gas measurement
Measuring instrument of gas flow rate; the composition of orifice pressure differential flowmeter; flow rate calculation; measuring mechanism of turbine flowmeter.
6.3  Gas liquid (solid) separation
Separation instrument and the type; gravitational separator; cyclone separator; hybrid separator; auto water discharging device; selection basis of separator.
6.4  Gas dehydration technique
Gas dehydration; dew point depression; liquid absorption-stripping; solvent absorption by solid; cooling method.
6.5  Gas desulfurization technique
Desulfurization; chemical absorption; physical absorption and direct oxidization; sulfur recovery; partial combustion method; divided flow method; tail gas treatment.
Chapter 7  Gas well stimulation
The key and difficult points: gas well acidizing; hydraulic fracturing.
7.1  Gas well acidizing
Stimulation mechanism of acidizing; gas well damage; acidizing fluid; matrix acidizing design; distributary technology of matrix acidizing.
7.2  Gas well hydraulic fracturing
Stimulation mechanism of hydraulic fracturing; fracturing fluid; requirements for working fluid; proppant; hydraulic fracturing.
7.3  Reservoir assessment and operation rationality
Reservoir assessment; wellbore condition and technique choice; static assessment method; dynamic assessment method; comprehensive assessment method; the principle and method of operation rationality.
Chapter 8  Project design of gas production
The key and difficult points: main content of project design of gas production.
8.1  Tasks and features of project design.
8.2  Preliminary work of project design.
8.3  Main content of project design



	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
1.2
	2
	讲授
	0
	
	目标1

	
	2.1
2.2
2.3
	4
	讲授
	0
	
	目标2

	
	3.1
3.2
3.3
3.4
3.5
	6
	讲授
	0
	
	目标2

	
	4.1
4.2
4.3
	4
	讲授
	0
	
	目标2

	
	5.1
5.2
5.3
5.4
5.5
	8
	讲授
	0
	
	目标2

	
	6.1
6.2
6.3
6.4
6.5
	4
	讲授
	0
	
	目标2

	
	7.1
7.2
7.3
	2
	讲授
	0
	
	目标2

	
	8.1
8.2
8.3
	2
	讲授
	0
	
	目标3

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	1.1
1.2
	2
	Teaching
	0
	
	Outcome 1

	
	2.1
2.2
2.3
	4
	Teaching
	0
	
	Outcome 2

	
	3.1
3.2
3.3
3.4
3.5
	6
	Teaching
	0
	
	Outcome 2

	
	4.1
4.2
4.3
	4
	Teaching
	0
	
	Outcome 2

	
	5.1
5.2
5.3
5.4
5.5
	8
	Teaching
	0
	
	Outcome 2

	
	6.1
6.2
6.3
6.4
6.5
	4
	Teaching
	0
	
	Outcome 2

	
	7.1
7.2
7.3
	2
	Teaching
	0
	
	Outcome 2

	
	8.1
8.2
8.3
	2
	Teaching
	0
	
	Outcome 3

	考核方式
Grading
	评价环节
	比例

	
	环节1：平时表现
	20%

	
	环节2：期末考试考核环节
	80%

	
	Evaluation
	Percentage

	
	Evaluation 1
	20%

	
	Evaluation 2
	80%

	教材及参考资料
Textbooks & Other Materials
	教材：
《天然气开采工程基础》，陈德春编，中国石油大学出版社，2007，公开出版。
主要参考书：
1．《天然气工程》，李士伦编，石油工业出版社，2008，公开出版；
2．《采气工艺基础》，杨继盛编，石油工业出版社，1992，公开出版；
3．《采气实用计算》，杨继盛编，石油工业出版社，1994，公开出版；
4．《凝析气藏开发工程》，杨宝善编，石油工业出版社，1995，公开出版。

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

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	薛建泉
Xue Jianquan
	审核人(系/教研室主任)
Approved by
	董长银
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

	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
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




