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	课程简介
Course Description
	《非常规油气开采》是为石油工程、海洋油气工程专业本科生开设的选修课之一。该课程在介绍非常规油气开采中各种储层地质、渗流特征及主要开发方式基础上，熟悉掌握非常规储层改造原理、方法及工艺，了解非常规油气藏开采工艺、技术及发展动向。能初步运用这些理论和方法分析解决非常规油气开采过程中存在的技术问题，为从事非常规油气开采矿场实践及研究工作准备必要的专业理论知识。

	
	"Unconventional Oil and Gas Exploitation" is one of the selective courses for undergraduate students majoring in Petroleum Engineering and Offshore Oil & Gas Engineering. In this course, based on the introduction of unconventional oil and gas exploration in a variety of reservoir geological characteristics, flow mechanism and the main development methods, to master the principles, methods and technics of the unconventional reservoir stimulation; to understand the new technics, new technology and the development trend of unconventional oil and gas exploration and.; to be able to analyze and resolve the technical problems encountered in the unconventional oil and gas exploration process by these theories and methods. The objective is to prepare the necessary professional theoretical knowledge for engaging the practice and research in unconventional oil and gas reservoirs. 



	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：了解非常规油气开发现状，熟悉非常规油气储层界定标准、地质及渗流特征
	1.3，1.4

	
	目标2：了解非常规油气储层改造技术发展现状，掌握体积压裂、缝网压裂等工艺基本原理与方法
	2.2，3.2

	
	目标3：了解非常规油气开采工艺发展现状，熟悉致密油气、页岩油气、煤层气、凝析气以及水合物等主要开采工艺
	3.2，4.2，5.1

	
	目标4：了解非常规油气开采过程中存在的健康、安全及环境风险
	7.1

	
	Learning Outcomes
	Major Objectives

	
	Objective 1:To understand the status of unconventional oil and gas development; to master definition standards , geological characteristics and seepage mechanism of unconventional oil and gas reservoir.
	1.3，1.4

	
	Objective 2: To understand the research status  of fracturing and acidizing technology for unconventional oil and gas formation; to master basic principles and methods of stimulated reservoir volume fracturing, network fracturing, etc.
	2.2，3.2

	
	Objective 3: To understand the status of unconventional oil and gas extraction technology; to be familiar with the major production technologies of tight oil and gas, shale oil and gas, coalbed methane, condensate gas and hydrate, etc.
	3.2，4.2，5.1

	
	Objective 4:To understand health, safety and environmental risks in unconventional oil and gas extraction.
	7.1

	教学内容
Topics
	第一章 绪论       2                                          
本章重点难点：非常规油气资源定义、界定标准以及开发特点
1.1 概述
非常规油气资源定义、界定标准、开发意义及勘探开发历程
1.2非常规油气资源的类型及全球分布特征 
1.3非常规油气资源地质特征及开发方式
第二章 致密砂岩储层特征及开发特点   2
本章的重点难点：致密油气储层特征、力学参数、储集空间、赋存状态；致密介质内油气流体渗流特征、开发方式及提高采收率方法
2.1概述
与常规油气藏相比，致密砂岩气藏的定义、主要类型、及全球致密砂岩油气藏勘探开发概述
2.2 致密油气藏地质及渗流特征
致密砂岩油气藏地质特征及油气分布规律；致密多孔介质介质内油气流体渗流特征
2.3 致密砂岩气藏开发方式及提高采收率方法
致密油气藏开发方式及一般开发程序；井网加密、注水注气等提高采收率方法
第三章 页岩储层特征及开发特点         2                    
本章的重点难点：页岩储层特征、力学参数、储集空间类型、流体赋存状态；页岩内油气解吸、扩散及传质机理；页岩油气开发方式及提高采收率方法
3.1概述
定义、主要类型、及全球页岩油气藏勘探开发概述
3.2 页岩储层特征及开发方式
介绍页岩储层岩石学、矿物学特征；介绍储集空间类型（天然裂缝、粒间/内孔隙）及甲烷赋存状态；页岩油气藏开发方式
3.3水资源及环境问题
页岩气藏开采过程中水资源、环境问题；二氧化碳的收集、利用与封存
第四章 油砂与油页岩储层特征及开发特点  2
     本章的重点难点：油砂、油页岩流体PVT物性、地质特征；高温高压条件下稠油流体相态行为特征；油砂与油页岩开发方式
4.1概述
定义和品质；稠油组成成分和类型以及油砂与油页岩储层特征
4.2油砂与油页岩开发方式
高温高压条件下稠油流体相态行为特征；油砂与油页岩开发方式：蒸汽吞吐、蒸汽驱；开采机理、数值模拟、井网开发方案设计
第五章 煤层气储层特征及开发特点  3
本章的重点难点：煤岩储层特征、割理系统及岩石物理性质；煤层气解吸扩散机理及数值模拟方法；煤层气开发方式及提高采收率方法
5.1 概述
煤层气定义、能源分布、开发历史及现状
5.2煤层气储层地质特征 
煤层气成因和气体成分；储集空间及赋存机理；煤储层的割理系统、储层地质模型
5.3煤层气开发技术
煤层气解吸扩散特征及数学模型；开发井型井网优化方法；开发动态分析；提高采收率技术
第六章 天然气水合物（可燃冰）储层特征及开采特点 1
本章的重点难点：天然气水合物形成条件、资源量分布以及储层类型；水合物开采特点；天然气水合物的环境效应及潜在风险
6.1 概述
天然气水合物资源分布及其地质特征；全球主要国家相关研究及开发动态
6.2水合物开采特点
天然气水合物开采特点及相关的物理模拟与数值模拟方法
第七章 凝析气/挥发油储层物性及开发方式 2
本章的重点难点：凝析气藏/挥发油流体高压物性参数即近临界油气藏相图特征；凝析气藏/挥发油状态方程；凝析气藏/挥发油开发方式及提高采收率方法
7.1概述
凝析气藏/挥发油定义、品质以及储层特征；凝析气/原油组成成分和类型；流体PVT相行为特征
7.2 凝析气藏/挥发油状态方程及开发特点
凝析气藏/挥发油流体相态变化规律及状态方程、保压开发特征
7.3凝析气藏/挥发油开发方式及提高采收率方法
凝析气藏/挥发油循环注气开发方式及提高采收率方法
第八章 非常规油气储层压裂技术 8
本章重点难点：致密砂岩、碳酸盐岩、页岩及煤岩等的可压性评价方法，体积压裂与缝网压裂原理及方法、滑溜水压裂液、支撑剂类型及性能、非常规储层压裂优化设计方法、非常规储层压裂裂缝监测及压后评估
8.1 岩石可压性及裂缝扩展研究方法
杨氏模量，泊松比，岩石可压性，脆性指数，应力各向异性，压裂裂缝扩展研究方法
8.2 非常规储层压裂原理及方法
体积压裂原理及方法、缝网压裂原理及方法、通道压裂原理及方法、“宽带”压裂原理及方法、LPG压裂原理及方法
8.3 非常规储层压裂材料
非常规储层压裂液类型及性能、非常规储层压裂支撑剂类型及性能、非常规储层压裂材料性能评价方法
8.4非常规储层压裂优化设计方法
非常规储层压裂设计原则、方法及工具
8.5非常规储层压裂裂缝监测及压后评估
微地震裂缝监测原理与方法
第九章 致密碳酸盐岩储层酸化压裂技术 2
本章重点难点：交联酸携砂压裂原理、转向酸化压裂原理
9.1交联酸携砂压裂
交联酸组分及性能要求、交联酸携砂压裂原理及工艺、交联酸携砂压裂实例
9.2转向酸化压裂
转向酸组分及性能要求、转向酸化压裂原理及工艺、转向酸化压裂实例
第十章 油砂与油页岩储层开采技术 2
本章重点难点：油砂露天开采，油砂就地开采、ICP技术
10.1油砂开采技术
露天开采、就地开采（出砂冷采、蒸汽吞吐、蒸汽驱、蒸汽辅助重力泄油技术、注入溶剂技术、井下就地催化改质开采技术、水热裂解开采技术等）
10.2 油页岩开采技术
直接开采、ICP技术（地下转化工艺）
第十一章 煤层气开采技术 3
本章重点难点：煤层气生产采出特点、排采方法、生产井排采特征分析
11.1煤层气生产采出特点
煤层气产出机理，煤层气产出各阶段特征，煤层气排采阶段划分
11.2 排采方法
煤层气排采系统组成，排采工艺流程，排采设备，排水采气工艺
11.3生产井排采特征分析
煤层气垂直井排采伤害，不同排采阶段物性参数变化特征
第十二章 天然气水合物开采技术 1
本章重点难点：注热法、降压法、注化学试剂法、气体置换法
12.1 天然气水合物开采工艺
天然气水合物开采特点，注热法、降压法、注化学试剂法、气体置换法
12.2 水合物开采对环境的影响
从全球气候变化、海底地质灾害和海洋生态三个方面分析天然气水合物的环境效应及工业化开发潜在的风险
第十三章 凝析气藏开采技术  2
本章重点难点：凝析气藏开采特征、凝析气藏开发方式、保压开采、排液采气、反凝析堵塞
13.1凝析气藏开采特征
凝析气藏与常规气藏开采特征对比
13.2凝析气藏开发方式
衰竭式开发方式，保持压力开发方式，排液采气，反凝析堵塞与治理。

	
	Chapter 1  Introduction                                             
Key points and difficulties in this chapter: The definition and definition criteria of unconventional oil and gas resources, with its development characteristics.
1.1 Overview
The definition, definition criteria, and exploration history of unconventional oil and gas resources.
1.2 Types of unconventional oil and gas resources, the scale of resources and the global distribution characteristics
1.3 Geological characteristics and development mechanism of unconventional oil and gas resources

Chapter 2 Formation characteristics and development characteristics of tight sandstone reservoir
Key points and difficulties in this chapter: 
Tight oil and gas reservoir characteristics, mechanical parameters, reservoir space and occurrence state; oil and gas flow characteristics, development method and enhanced oil recovery method in tight formation.
2.1 Overview
Compared with conventional oil and gas reservoirs, the definition, main types of tight sandstone gas reservoirs and the description of tight sandstone reservoirs exploration.
2.2 Geological and seepage characteristics of tight oil and gas reservoirs
Geological characteristics and distribution of oil and gas in tight sandstone reservoirs; flow characteristics of oil and gas fluid in tight porous media
2.3 The Methods of Tight Sandstone Gas Reservoirs Development and Enhanced Oil Recovery
Tight oil and gas reservoir development methods and general development procedures;  the geological modeling and numerical simulation technology of tight oil and gas reservoirs, dynamic analysis methods, development scheme design and well location optimization technology, well pattern encryption, water injection gas injection and so on.

Chapter 3 Formation characteristics and development characteristics of Shale                            
Key points and difficulties in this chapter: shale reservoir characteristics, mechanical parameters, reservoir space type, fluid occurrence state; shale oil desorption, diffusion and mass transfer mechanism; development pattern and enhanced oil recovery method of shale oil and gas.
3.1 Overview
Definition, main types, and overview of global shale oil and gas reservoir exploration and development;
3.2 Shale reservoir characteristics and development method
Introducing the petrology and mineralogy characteristics of shale reservoirs, the types of reservoir space (natural fractures, intergranular and intragranular pores), methane occurrence state and the development method of shale oil and gas reservoirs
3.3 Water and environmental issues
Shale gas production process of water resources problems, the production process of environmental problems and its treatment, carbon dioxide collection, use and storage.

Chapter 4 Formation characteristics and development characteristics of oil sands and oil shale reservoirs                                   
Key points and difficulties in this chapter: PVT physical properties of oil sands, oil shale fluid, geological characteristics; heavy oil fluid phase behavior characteristics under high temperature and high pressure conditions; the main development methods and mechanisms of oil sands and oil shale.
4.1 Overview
Definition and quality; composition and type of heavy oil; Formation characteristics of oil sands and oil shale reservoirs
4.2 Development Mechanism of Oil Sands and Oil Shale
Heavy oil fluid phase behavior characteristics under high temperature and high pressure conditions. Oil sands and oil shale development methods: steam huff and puff, steam flooding; mining mechanism, numerical simulation, well pattern development program design

Chapter 5 Formation characteristics and development characteristics of Coalbed Methane Reservoir 
Key points and difficulties in this chapter: Coal rock reservoir characteristics, cleat system and petrophysical properties; coalbed methane desorption diffusion mechanism and numerical simulation method; coalbed methane development method and enhanced oil recovery method.
5.1 Overview
Coalbed methane definition, energy distribution, development history and current situation
5.2 Geological characteristics of coalbed methane reservoir
Coalbed methane genesis and gas composition; reservoir space and occurrence mechanism; coal reservoir segregation system, reservoir geological model
5.3 Coalbed methane development technology
Coalbed methane desorption diffusion mechanism and mathematical model; development of well pattern optimization method; development of dynamic analysis; enhanced oil recovery technology.

Chapter 6 Formation characteristics and development characteristics of natural gas hydrate (Combustible Ice) 
Key points and difficulties in this chapter: natural gas hydrate formation conditions, resource allocation and natural gas hydrate reservoir type, hydrate mining mechanism and main development technology; natural gas hydrate environmental effects and potential risks.
6.1 overview
Distribution of natural gas hydrate resources and its geological characteristics, related research and development trends in major countries around the world.
6.2 Development characteristics of natural gas hydrate
Natural gas hydrate mining mechanism and related physical simulation and numerical simulation method.

Chapter 7 Physical properties and development of condensate gas / volatile oil reservoir
Key points and difficulties in this chapter: The characteristics of near - critical oil and gas reservoirs in condensate gas reservoirs / volatile oil; Condensate gas reservoir / volatile oil state equation; the development of condensate gas / volatile oil and the method of enhancing oil recovery.
7.1 Overview
Definition, quality and reservoir characteristics of condensate gas reservoir / volatile oil, condensate gas / crude oil composition and type; fluid PVT phase behavior characteristics.
7.2 State equation and development characteristics of condensate gas reservoir / volatile oil
Condensed gas reservoir / volatile oil fluid phase change law and state equation, pressure development mechanism.
7.3 Development Method of Condensate Gas Reservoir / Volatile Oil and Method of enhancing Oil Recovery
Exploitation Mode and Method of Enhanced Oil Recovery in Condensate Gas Reservoir / Volatile Oil.

Chapter 8 –The fracturing technology of unconventional oil and gas reservoir 
Key points and difficulties in this chapter: Fracturing feasibility and crack propagation law of tight sandstone, carbonate rock, shale and coal; the principles and methods of stimulated reservoir volume fracturing and network fracturing, slip-water fracturing fluid, proppant type and performance; The fracturing optimization design method of unconventional reservoir, fracturing monitoring and post-fracturing  evaluation of unconventional reservoir.
8.1 Rock Fracturing feasibility and crack propagation law
Young's modulus, Poisson's ratio, factors affecting the fracturing of the rock and the law of crack propagation, brittleness index, stress anisotropy, tight sandstone, carbonate rock, shale and coal.
8.2 Fracturing Process and Application of Unconventional Reservoir
The principle and method of fracturing, the principle and method of fracturing, the principle and method of channel fracturing, the principle and method of "broadband" fracturing, the principle and method of LPG fracturing.
8.3 Unconventional reservoir fracturing material
Unconventional reservoir fracturing fluid type and performance, unconventional reservoir fracturing proppant type and performance, the evaluation method of unconventional reservoir fracturing material performance 
8.4 The optimization design method of unconventional reservoir fracturing 
Rules, methods and tools for fracturing design of unconventional reservoirs
8.5 Fracturing monitoring and post -fracturing assessment of unconventional reservoirs
Principle and method of microseismic crack monitoring

Chapter 9 Acid Fracturing Technology of Tight Carbonate Reservoir
Key points and difficulties in this chapter: Cross - linking-acid   carrying sand fracturing, diversion acid fracturing.
9.1 Cross - linking- acid carrying sand fracturing
Crosslinking acid composition and performance requirements, the principle and process of cross - linking- acid sand carrying fracturing, the application examples of cross - linking- acid sand carrying fracturing 
9.2 Diversion acid fracturing
Diversion acid components and performance requirements, Diversion acid fracturing principle and process, Diversion acid fracturing application examples.

Chapter 10 Oil sands and oil shale reservoirs developing Technology
Key points and difficulties in this chapter: Oil sands open-pit mining, oil sands in-situ mining, ICP technology
10.1 Oil sands developing technology
Open-pit mining, in situ mining (sand production, steam stimulation, steam flooding, steam assisted gravity drainage technology, injection of solvent technology, underground catalytic transformation technology, hydrothermal cracking technology, etc.).
10.2 Oil shale developing technology
Direct mining, ICP technology (underground conversion process).

Chapter 11 Coalbed methane developing technology
Key points and difficulties in this chapter: Characteristics of Coalbed Methane Production, the Production Method and the Characteristics of Production Wells.
11.1 Characteristics of coalbed methane production
Coalbed methane production mechanism, coalbed methane production stage characteristics, coalbed methane drainage stage, coalbed methane vertical well drainage process pressure transfer factors
11.2 Drainage gas recovery method
Coalbed methane drainage system composition, drainage gas recovery process, drainage gas recovery equipment, drainage gas production technics
11.3 Analysis on the Characteristics of Production Wells
Characteristics of Physical Properties of Coalbed Methane Vertical Shaft Drainage and Different Drainage Stage

Chapter 12 Gas hydrate developing technology
Key points and difficulties in this chapter: Injection hot fluid method, reduce pressure method, injection chemical reagent method, gas displacement method.
12.1 Gas hydrate developing technics
Natural gas hydrate recovery characteristics, injection method, depressurization method, injection chemical reagent method, gas displacement method
12.2 Effect of hydrate developing on environment
Analyze the environmental effects of natural gas hydrate and the potential risks of industrial development from three aspects: global climate change, submarine geological hazards and marine ecology

Chapter 13 Development technology of condensate gas reservoir
Key points and difficulties in this chapter: Condensate gas reservoir development characteristics, condensate gas reservoir development methods, development  under maintaining the formation pressure, drainage gas production, anti-condensate plug
13.1 Characteristics of Condensate Gas Reservoirs
Comparison of Condensate Gas Reservoirs and Conventional Gas Reservoirs
13.2 Development of condensate gas reservoirs
depletion development, maintaining pressure development, drainage gas, anti-condensate plug and governance.
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	Lectures, discussions
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	Lectures, discussions
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	Lectures, discussions
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	Lectures, discussions
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	Lectures, discussions
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	Lectures, discussions
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	Outcome 3
Outcome 4

	
	12.1
12.2
	2
	Lectures, discussions
	
	
	Outcome 3
Outcome 4

	
	13.1
13.2
	2
	Lectures, discussions
	
	
	Outcome 3
Outcome 4

	考核方式
Grading
	评价环节
	比例

	
	环节1：平时成绩
	50%

	
	环节2：综合大作业
	50%

	
	Evaluation
	Percentage

	
	Evaluation 1: Class attendance and performance
	50%

	
	Evaluation 2: Comprehensive work
	50%

	教材及参考资料
Textbooks & Other Materials
	1．《非常规油气开采》，罗明良、孙致学编著，胶印。

	
	1. Luo Mingliang, Sun Zhixue. Unconventional Oil and Gas Exploration 

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	罗明良、孙致学
	审核人(系/教研室主任)
Approved by
	董长银、谷建伟


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
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




