《天然气水合物开采理论与技术》教学大纲
Syllabus of Natural Gas Hydrate Production - Fundamentals and Technology 
	课程基本信息
Course Information

	课程名称
Course Name
	天然气水合物开采理论与技术

	
	Natural Gas Hydrate Production - Fundamentals and Technology

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

	负责人
Leader
	陈立涛
	课程团队
Team Members
	海洋油气工程教学团队

	课程编码
Course Code
	02165
	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
	32

	适用专业
Audience
	海洋油气工程、石油工程

	授课语言
Language of Instruction
	双语

	先修课程
Prerequisite
	应用物理化学，油气田开发基础

	课程简介
Course Description
	本课程是海洋油气工程专业本科生的专业选修课之一。本课程的主要内容包括气体水合物的基础知识、天然气水合物开采的基础理论和技术、水合物开采的环境影响和流动保障以及天然气水合物开采案例分析等。通过本课程的学习，学生将掌握气体水合物的结构、组成、稳定存在的条件以及生成/分解特性等基础知识；了解自然界中天然气水合物的生成过程和原理，理解开采天然气水合物所用的技术原理，了解水合物开采的环境影响，掌握水合物开采的流动保障技术；了解世界上天然气水合物开采的案例及其使用的技术方法，了解天然气水合物开采技术的发展方向；能够进行实际天然气水合物开采方案的理论分析和基础设计，具有利用所学知识解决海洋油气开发过程面临的水合物防治问题的能力，或为从事气体水合物方向的科研工作准备必要的理论基础。

	
	This is an optional course for the undergraduate students majoring in offshore oil and gas engineering. The major contents of this course include fundamentals of gas hydrate and natural gas hydrate production, the environmental influence and the flow assurance in natural gas production, and case study of several natural gas hydrate fields. On the completion of this course, the students will be mastered in the fundamentals of gas hydrate such as structures, compositions, stable conditions and formation / dissociation characteristics. The students will know the process and principles of natural gas hydrate formation, understand the principles of the technologies for natural gas hydrate production. The students will know the environmental influence of natural gas hydrate production, and be mastered in the flow assurance technologies in natural gas hydrate production. The students will know the technologies used in several natural gas hydrate fields, know the state of the art of the natural gas hydrate production. The students will be able to do some theoretical analysis and basic design for the natural gas hydrate production, be able to solve the hydrate problems in offshore oil and gas production, or be prepared with the theoretical fundamentals for the scientific research on gas hydrate.



	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：掌握气体水合物的基础知识和天然气水合物的开采原理
	1.4

	
	目标2：了解天然气水合物开采的技术现状和发展方向
	2.1, 7.1

	
	目标3：具备对天然气水合物开采方案进行理论分析和初步设计的能力
	3.1, 4.1, 6.1

	
	Learning Outcomes
	Major Objectives

	
	Objective 1: be mastered in the fundamentals of gas hydrate and the principles of natural gas hydrate production
	1.4

	
	Objective 2: know the state of the art in natural gas hydrate production
	2.1, 7.1

	
	Objective 3: be able to do some theoretical analysis and basic design for natural gas hydrate production
	3.1, 4.1, 6.1

	教学内容
Topics
	第一章  气体水合物基础
本章重点难点：水合物的相平衡、水合物的生成和分解、水合物的晶体结构和类型。
1.1 气体水合物的结构和组成
常见的三种水合物晶体结构，常见的可以形成水合物的气体及其晶体类型，孔穴填充率，水合物数。
1.2 气体水合物的相平衡
Gibbs相率，纯气体水合物的相平衡，混合气体水合物的相平衡，气-水（冰）-水合物三相平衡，水（冰）-水合物两相平衡，气体组成对相平衡条件的影响，盐/热力学抑制剂对相平衡条件的影响，相平衡条件的实验测定方法，水合物相平衡模型，相平衡条件计算软件的使用。
1.3 气体水合物的生成和分解
气体在液体中的溶解度，晶体成核，驱动力，过冷度，生成/分解焓，记忆效应，分馏效应，排盐效应，本征动力学，传质控制，传热控制，自保护效应，生成/分解动力学方程。
第二章  天然气水合物开采原理与技术
本章重点难点：降压开采法、排水采气、防砂方法。
2.1 天然气水合物的成藏过程
天然气水合物生成的温压条件和物料条件，地温梯度，生物成因气，热解成因气，自由气成藏模式，溶解气成藏模式，天然气水合物的逸散
2.2 天然气水合物藏勘探和储层评价
世界主要水合物资源分布，冻土区，海洋水合物，BSR，测井法，地球化学法，保压取芯技术，孔隙度，渗透率，饱和度
2.3 天然气水合物藏钻井工艺
海洋水合物藏开发的井身结构，海洋水合物藏钻井工艺，水合物藏钻井液，水合物藏固井工艺
2.4 天然气水合物藏开采工艺
降压法开采原理，注热法开采原理，注剂法开采原理，完井工艺，井下气液分离，人工举升，排水采气，出砂原理，防砂方法
第三章  海洋水合物开采的环境影响与流动保障
本章重点难点：海底变形、井筒中的二次生成和防治方法，海底设施中的二次生成和防治方法，阻聚剂。
3.1 水合物开采的环境影响
骨架变形，地层沉降，海底变形，海底滑坡，天然气逸散，温室效应
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3.2 井筒和排水管线中的流动保障
井筒温压曲线，测试过程中的二次生成，关井时的二次生成，排水管线中的二次生成，二次生成的防治方法
3.3 海底设施和管道中的流动保障
水下生产系统的组成，集输管线中的生成，含水量，水合物沉积，防治方法，热力学抑制剂，阻聚剂，动力学抑制剂，浆状输送，水合物管理
第四章  世界天然气水合物开采案例
本章重点难点：日本2013试采案例，海底管道水合物防治案例，Mallik试采案例。
4.1 加拿大Mallik冻土区水合物试采案例
储层特点，井身结构，开采方法，试采结果
4.2 日本Nankai海槽水合物试采案例
储层特点，井身结构，开采方法，试采结果
4.3 我国南海北部水合物试采案例
储层特点，井身结构，开采方法，试采结果
4.4 某深水气田海底管线中的水合物防治方案
项目背景，海底管线，抑制剂选择，注剂制度

	
	[bookmark: OLE_LINK5]Chapter 1 Fundamentals of gas hydrate
Highlight: phase equilibrium of hydrate, hydrate formation and dissociation, structures and patterns of hydrate crystal
1.1 Structure and composition of gas hydrate
The three common crystal structures of hydrate, the common gas hydrate former, cage occupancy ratio, hydration number
1.2 Phase equilibrium of gas hydrate
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Gibbs phase rule, phase equilibrium of pure gas formed hydrate, phase equilibrium of gas mixture formed hydrate, V-Lw(I)-H three phase equilibrium, Lw(I)-H two phase equilibrium, the influence of gas composition on phase equilibrium conditions, the influence of salt / thermodynamic inhibitor on phase equilibrium conditions, methods for phase equilibrium conditions measurement, hydrate phase equilibrium models, usage of phase equilibrium software
1.3 Gas hydrate formation and dissociation
Gas solubility in liquid, nucleation of crystal, driving force, enthalpy of formation / dissociation, memory effect, distillation effect, salting-out effect, intrinsic kinetics, mass transfer control, heat transfer control, self-protection effect, kinetic equation of hydrate formation / dissociation
Chapter 2 Principles and technologies for natural gas hydrate production
Highlight: depressurization method, water drainage and gas recovery, sand control in natural gas hydrate production
2.1  Formation process of natural gas hydrate
Pressure-temperature and material conditions for natural gas hydrate formation, geothermal gradient, biogenic methane, thermogenic methane, hydrate formation from free gas, hydrate formation from dissolved gas, hydrate escape
2.2  Natural gas hydrate exploration and reservoir evaluation
Major natural gas hydrate resource on the earth, permafrost zone, offshore gas hydrate, BSR, well logs, geochemical method, pressurized coring technology, porosity, permeability, saturation
2.3  Drilling technologies for natural gas hydrate reservoir
Well structures for offshore natural gas hydrate production, drilling technologies for offshore natural gas hydrate reservoir, drilling fluid for natural gas hydrate reservoir, cementing technologies for natural gas hydrate reservoir
2.4  Production technologies for natural gas hydrate reservoir
Principles of the depressurization method, principles of the thermal injection method, principles of the inhibitor injection method, well completion technologies, underground gas-liquid separation, artificial lift, water drainage and gas recovery, sand production mechanism, sand control method
 Chapter 3 Environmental influence and flow assurance in offshore natural gas hydrate production
Highlight: seabed deformation, hydrate reformation in well and control method, hydrate reformation in seafloor facilities and control method, anti-agglomerants
3.1 [bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Environmental influence of natural gas hydrate production
Skeleton deformation of marine sediment, formation settlement, seafloor deformation, submarine landslide, natural gas escape, greenhouse effect
3.2 Flow assurance in well and water drainage pipeline
Pressure-temperature profile in well, hydrate reformation during testing, hydrate reformation during shut in, hydrate reformation in water drainage pipeline, control method for hydrate reformation
3.3 Flow assurance in seafloor facilities and pipelines
Components of underwater production system, hydrate formation in gathering pipelines, water cut, hydrate deposition, control method, thermodynamic inhibitor, anti-agglomerants, kinetic inhibitor, slurry transportation, hydrate management
Chapter 4 Case study natural gas hydrate production in the world
Highlight: Japan 2013 hydrate production test, hydrate control in subsea pipelines, Mallik hydrate production test 
4.1 Case study on Mallik permafrost hydrate production test in Canada
Reservoir characters, well structure, production method, test result
4.2 Case study on Nankai offshore hydrate production test in Japan
Reservoir characters, well structure, production method, test result
4.3 Case study on the offshore hydrate production test in China
Reservoir characters, well structure, production method, test result
4.4 Case study on the hydrate control in a deepwater gas field subsea pipelines
[bookmark: _GoBack]Project summary, subsea pipelines, inhibitors, inhibitor injection method

	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
	1
	自学
	目标1

	
	1.2
	5
	讲授
	5
	作业
	目标1

	
	1.3
	4
	讲授
	4
	作业
	目标1

	
	2.1
	1
	讲授
	1
	作业
	目标1

	
	2.2
	2
	讲授
	2
	作业
	目标1

	
	2.3
	3
	讲授
	3
	作业
	目标2

	
	2.4
	4
	讲授
	4
	作业
	目标2

	
	3.1
	2
	讲授
	2
	作业
	目标2

	
	3.2
	2
	讲授
	2
	作业
	目标2

	
	3.3
	2
	讲授
	2
	作业
	目标2

	
	4.1
	1
	讲授
	1
	作业
	目标3

	
	4.2
	2
	讲授
	2
	作业
	目标3

	
	4.3
	2
	讲授
	2
	作业
	目标3

	
	4.4
	1
	讲授
	1
	作业
	目标3

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	
	
	(Teaching / Experiment /Computer/ Discussion)
	
	(Homework / Reading / Project / Other)
	Outcome 1

	
	1.1
	1
	Teaching
	1
	Self-study
	Objective 1

	
	1.2
	5
	Teaching
	5
	Homework
	Objective 1

	
	1.3
	4
	Teaching
	4
	Homework
	Objective 1

	
	2.1
	1
	Teaching
	1
	Homework
	Objective 1

	
	2.2
	2
	Teaching
	2
	Homework
	Objective 1

	
	2.3
	3
	Teaching
	3
	Homework
	Objective 2

	
	2.4
	4
	Teaching
	4
	Homework
	Objective 2

	
	3.1
	2
	Teaching
	2
	Homework
	Objective 2

	
	3.2
	2
	Teaching
	2
	Homework
	Objective 2

	
	3.3
	2
	Teaching
	2
	Homework
	Objective 2

	
	4.1
	1
	Teaching
	1
	Homework
	Objective 3

	
	4.2
	2
	Teaching
	2
	Homework
	Objective 3

	
	4.3
	2
	Teaching
	2
	Homework
	Objective 3

	
	4.4
	1
	Teaching
	1
	Homework
	Objective 3

	考核方式
Grading
	评价环节
	比例

	
	环节1 平时表现
	25%

	
	环节2 作业
	25%

	
	环节3 期末考试
	50%

	
	Evaluation
	Percentage

	
	Evaluation 1: Attendance and Performance
	25%

	
	Evaluation 2: Assignment
	25%

	
	Evaluation 3: Final Exam
	50%

	教材及参考资料
Textbooks & Other Materials
	[bookmark: OLE_LINK9][bookmark: OLE_LINK10]1．《天然气水合物开采理论与技术》，陈月明，李淑霞，郝永卯，杜庆军，中国石油大学出版社，2011
2. 《气体水合物科学与技术》，陈光进、孙长宇、马庆兰，化学工业出版社，2007
3．《Clathrate Hydrate of Natural Gases》 2ed edition，Sloan ED and Koh CA，CRC Press，2007

	
	1. Yueming Chen, Shuxia Li, Yongmao Hao, Qingjun Du. Theory and technology of natural gas hydrate development, China University of Petroleum Press, 2011
2. Guangjin Chen, Changyu Sun, Qinglan Ma. Gas hydrate: science and technology, Chemical Engineering Press, 2007
3. ED Sloan and CA Koh. Clathrate Hydrate of Natural Gases 2ed edition, CRC Press, 2007

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	陈立涛
	审核人(系/教研室主任)
Approved by
	徐加放


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

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




