《海洋油气开采工程》教学大纲
Syllabus of Offshore Oil & Gas Production Engineering
	课程基本信息
Course Information

	课程名称
Course Name
	海洋油气开采工程

	
	Offshore Oil & Gas Production Engineering

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

	负责人
Leader
	刘均荣/Liu Junrong
	课程团队
Team Members
	[bookmark: OLE_LINK4][bookmark: OLE_LINK5]海洋油气工程教学团队/Offshore Oil & Gas Teaching Group 

	课程编码
Course Code
	02415
	学分
Credits
	3

	课内学时
Course Hours
	48
	理论学时
Lecture Hours
	44
	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
	48

	适用专业
Audience
	海洋油气工程/Offshore Oil & Gas Engineering

	授课语言
Language of Instruction
	中文/Chinese

	先修课程
Prerequisite
	流体力学、传热学、海洋油气工程装备/Fluid Mechanics, Heat Transfer Theory, Equipment of Offshore Oil & Gas Engineering 

	课程简介
Course Description
	本课程为海洋油气工程专业的专业必修课程之一。主要讲述海上油气生产的基本概念、基本原理、基本方法和基本设计。具体内容包括海上完井与试油工艺、油气井流入动态、井筒气液多相流动、采油方法原理与设计、采气方法原理与设计、海上注水工艺、油气储层改造技术以及配套工艺技术。本课程的目的是使学生通过学习，在掌握海上采油采气的基本理论与基础知识的基础上，具备选择工艺方法、进行工艺设计和生产动态分析的初步能力，为解决海上采油（气）工程中的实际问题和从事科研工作准备必要的专业理论知识。

	
	This course is one of the specialized courses for the students majoring in offshore oil & gas engineering. The contents focus on the basic concept, principle, method and design of offshore oil and gas production. The specific contents include the well completion and well testing, oil well inflow performance, multiphase flow in wellbore, principle and design of oil production technology, principle and design of gas production technology, water injection technology, reservoir stimulation and production technology under complex scenarios. The purpose of this course is to make students have preliminary ability of technology selection, technology design and production performance analysis after mastering the basic theory and basic knowledge of offshore oil and gas production, and prepare specialized theory knowledge for solving the actual production problem and conducting scientific research work.



	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：掌握海上采油采气的基本理论与基础知识。
	1.4

	
	目标2：具备人工举升方式、注水方式、储层改造措施等生产工艺选择的能力以及相关工艺设计与参数计算的能力。
	1.4，2.1，6.1，11.1

	
	目标3：具备生产动态分析的能力。
	3.1，4.1，9.2，10.1

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: To master basic theory and basic knowledge of offshore oil and gas production.
	1.4

	
	Outcome 2: Having the ability of selecting production method, such as artificial lift method, water injection method, and reservoir stimulation method and so on, and the ability of process designing and parameter calculation.
	1.4，2.1，6.1，11.1

	
	Outcome 3: Having the ability to conduct well performance analysis.
	3.1，4.1，9.2，10.1

	教学内容
Topics
	第一章 海上完井与试油
本章重点难点：油气井完井的工序和完井方法；试油工艺和方法。
1.1 完井方式 
完井类型，完井参数设计，完井液性能要求。
1.2 油气井试油与油层保护
试油任务，试油工艺方法，试油设备，油气层损害与储层敏感性。
第二章 油气井生产系统及流动规律
本章重点难点：流入动态的基本概念与计算，气液混合物在井筒中的流动规律，多相流体的流型，能量构成与消耗，井筒流体压力和温度分布计算步骤与方法。
2.1 海上油气井生产系统
固定式生产系统，浮式生产系统，水下生产系统，其它生产系统，海上生产系统选择。
2.2 油气井流入动态
单相渗流的流入动态（不可压缩和可压缩），油气两相渗流时的流入动态，组合型渗流时的流入动态，油气水三相渗流时的流入动态，斜井和水平井流入动态，多层油藏油井流入动态。
2.3 气液两相管流基本概念与压力分布计算
气液两相垂直管流动的特性，气液两相水平管流动的特性，井筒气液两相流能量平衡方程及压力分布计算方法，计算井筒多相流动的Orkiszewski方法、Beggs-Brill方法。
2.4 井筒温度分布计算
油气井生产井筒模型与基本假设，井筒传热模型，井筒温度分布计算方法。
2.5 嘴流动态
油嘴设备，油嘴特性，嘴流计算。                                                           
第三章 采油方法和设计
本章重点难点：自喷井生产系统组成，节点系统分析方法与应用，气举采油原理与系统组成，气举生产系统设计方法，气举井故障分析，电泵采油原理与系统组成，电泵生产系统设计方法，电泵井故障分析，螺杆泵采油原理与系统组成，螺杆泵生产系统设计方法，螺杆泵井故障分析。
3.1 自喷采油
自喷井生产系统组成，节点系统分析方法与应用。
3.2 气举采油
气举采油原理，气举启动过程，气举阀，气举装置，气举设计，海上气举地面工艺流程，气举井故障分析与处理。
3.3 电泵采油
电泵采油工作原理与系统组成，电泵井生产管柱，电泵井生产系统设计，电泵井故障分析与处理。
3.4 螺杆泵采油
螺杆泵采油工作原理与系统组成，螺杆泵生产系统设计，螺杆泵井故障分析与处理。
3.5 射流泵采油
射流泵采油工作原理与系统组成，射流泵生产系统设计，射流泵井故障分析与处理。
第四章 采气方法和设计
本章重点难点： 气井工作制度，排水采气工艺原理及设计方法。
4.1 海上气井工作制度
海上气井生产管柱，海上气井工作制度类型及选择。
4.2 排水采气工艺
排水采气方法及选择原则，优选管柱排水采气工艺，泡沫排水采气工艺，气举排水采气工艺，泵抽排水采气工艺。  
第五章 海上注水工艺
本章重点难点： 水源选择、水质要求及注水地面系统；注水井吸水能力及改善吸水能力的措施；注水井系统设计；分层吸水能力及调剖技术。
5.1 注水水质与注水系统
水源选择及水质要求，注入水处理技术，注水系统流程，注水井投注程序。
5.2 注水井生产动态分析
注水井吸水能力，影响吸水能力的因素分析，改善吸水能力的措施。
5.3 注水工艺
注水工艺参数设计，分层注水工艺，注水井分层吸水能力测试与分析，注水井故障诊断，调剖技术。
第六章 储层改造技术
本章重点难点：水力压裂增产原理；造缝机理、裂缝导流能力及增产效果预测；压裂液与支撑剂；压裂设计；酸化增产原理；酸岩化学作用原理、酸的有效作用距离及增产效果评价；常用酸液种类、性能及添加剂；盐酸处理工艺设计；土酸处理原理及工艺设计。
6.1 水力压裂技术
造缝机理，压裂类型及性能，支撑剂类型、性能及选择，压裂参数设计，压裂效果评估。
6.2 酸化技术
酸化原理与酸岩反应，酸液类型及添加剂，砂岩储层酸化工艺与设计；碳酸盐岩储层酸化工艺与设计，酸化效果评价。
第七章 油气井生产配套技术
本章重点难点：清防砂工艺技术；清防蜡工艺技术；堵水技术；高凝油与稠油开采工艺与降粘技术。
7.1 出砂与防砂技术
储层出砂机理，防砂方法，清砂方法。
7.2 结蜡与防蜡技术
结蜡机理与结蜡规律，防蜡方法，清蜡方法。
7.3 堵水技术
储层出水原因，堵水技术。
7.4 稠油与高凝油开采技术
稠油及高凝油开采特征，井筒降粘技术。

	
	CH1 Well completion and well testing
Key Points: process and method of well completion, process and method of well testing
1.1 Well completion method 
Type of well completion, parameter design of well completion, requirements of well completion fluid.
1.2 Well testing and reservoir protection
Task of well testing, process and method of well testing, well testing equipment, reservoir damage and sensitivity
CH2 Oil & gas well production system and flowing
Kep Ponits: basic concept and calculation of IPR, flow laws of gas-liquid mixture in wellbore, flow regime of multiphase flow, energy composition and consumption, calculation procedure and method of pressure and temperature distribution in wellbore.
2.1 Offshore oil & gas production system
Fixed production system, floating production system, subsea production system, other production system, and selection principle of offshore production system.
2.2 Inflow performance of oil & gas well
Inflow performance of single phase flow, inflow performance of oil & gas  phase flow, inflow performance of composited flow, inflow performance of oil-gas-water flow, inflow performance of deviated well and horizontal well, inflow performance of multilayer reservoirs. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]2.3 Basic concept of gas-liquid flow and calculation of pressure distribution
Characteristics of gas-liquid vertical flow, characteristics of gas-liquid horizontal flow, energy balance equation of gas-liquid flow in wellbore and calculation method of pressure distribution, Orkiszewski method and Beggs-Brill method.
2.4 Calculation of temperature distribution in wellbore
Wellbore model and assumption, wellbore heat transfer model, calculation method of temperature distribution in wellbore.
2.5 Choke flow performance
Choke equipment, choke flow performance, calculation of choke flow.                                                           
CH3 Oil production method and design
Kep Ponits: composition of flowing well system, method and application of nodal system analysis, principle and composition of gas lift, design method of gas lift system, fault diagnosis of gas lift, principle and composition of ESP, design method of ESP system, fault diagnosis of ESP, principle and composition of PCP, design method of PCP system, fault diagnosis of PCP. 
3.1 Flowing well
Composition of flowing well system, method and application of nodal system analysis.
3.2 Gas lift well
Principle of gas lift, startup process of gas lift, gas lift valve, gas lift equipment, design of gas lift, surface layout, diagnosis and process of fault in gas lift well. 
3.3 Electrical submersible pumping well(ESP)
Principle and composition of ESP, production string, design of ESP system, diagnosis and process of fault in ESP well.
3.4 Progressive Cavity Pumping well(PCP)
Principle and composition of PCP, production string, design of PCP system, diagnosis and process of fault in PCP well.
3.5 Jet Pumping well
Principle and composition of jet pumping, production string, design of jet pumping system, diagnosis and process of fault in jet pumping well.

CH4 Gas production method and design
Kep Ponits: work rule in gas well, principle and design method of drainage gas production.
4.1 Work rule in gas well
Production string in gas well, type of work rule and its selection.
4.2 Drainage gas production technology
Method of drainage gas production and its selection principle, string draining gas production technology, foam draining gas production technology, gas lift draining gas production technology, pump draining gas production technology.  
CH5 Water injection technology
Kep Ponits: selection of water source, requirement of water quality, surface water injection system, injectivity of water injection well and its improvement measurement, system design of water injection well, layered injectivity and injectivity profile control technology.
5.1 Water quality and water injection system
Water source selection and requirement of water quality, water treatment, process of water injection system, production procedure of water injection well. 
5.2 Performance analysis of water injection well
Injectivity of water injection well, factors affecting injectivity, measurement on improving injectivity.
5.3 Water injection technology
Parameter calculation of water injection, layered water injection technology, testing and analysis on layered water injection, fault diagnosis of water injection well, injectivity profile control technology.
CH6 Reservoir stimulation technology
Kep Ponits: principle of hydraulic fracturing, mechanism of fracturing, fracture conductivity, prediction of fracturing efficiency, fracturing fluid and proppant, design of fracturing, principle of acidizing, reaction between acid and rock, effective distance of acidizing, evaluation of acidizing efficiency, type and performance of acid, additive, design of hydrochloric acid process, design of mud acid process.
6.1 Hydraulic fracturing technology
Mechanism of fracturing, type and characteristic of fracturing fliud, type and characteristic of proppant and its selection, design of fracturing parameter, evaluation of fracturing efficiency. 
6.2 Acidizing technology
Principle of acidizing, reaction between acid and rock, acid fluid and additive, process and design of acidizing in sandstone formation, process and design of acidizing in carbonate formation, evaluation of acidizing efficiency. 
CH7 Other production technology 
Kep Ponits: sand control technology, wax control technology, water blockage technology, production and viscosity reducing technology of heavy oil.
7.1 Sand control technology
Mechanisms of sand production, sand control method, sand removing method.
7.2 Wax control technology
Mechanism and trend of wax deposition, wax control method, wax removing method.
7.3 Water blockage technology
Reason of water production, water blockage technology.
7.4 Production and viscosity reducing technology of heavy oil
Characteristic of heavy oil, viscosity reducing technology in wellbore.

	
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
	4
	讲授
	4
	查阅课外资料
	目标1

	
	2.1
2.2
	4
	讲授
	4
	查阅课外资料、作业
	目标1、3

	
	2.3
	2
	讲授
	2
	查阅课外资料
	目标1、3

	
	2.4
2.5
	2
	讲授
	2
	查阅课外资料、作业
	目标1、3

	
	实验1
	2
	井筒多相流动实验
	2
	撰写实验报告
	目标3

	
	3.1
	2
	讲授
	2
	查阅课外资料
	目标2、3

	
	3.2
	3
	讲授
	3
	查阅课外资料
	目标2、3

	
	3.3
	3
	讲授
	3
	查阅课外资料
	目标2、3

	
	3.4
3.5
	3
	讲授
	3
	查阅课外资料
	目标2、3

	
	4.1
4.2
	4
	讲授
	4
	查阅课外资料、报告
	目标2

	
	5.1
5.2
	2
	自学、讲授
	2
	查阅课外资料
	目标2、3

	
	5.3
	2
	讲授
	2
	查阅课外资料、作业
	目标2、3

	
	6.1
	5
	讲授
	5
	查阅课外资料、作业
	目标2

	
	6.2
	4
	讲授
	4
	查阅课外资料、作业
	目标2

	
	实验2
	2
	压裂裂缝导流能力实验
	2
	撰写实验报告
	目标3

	
	7
	4
	讲授
	4
	查阅课外资料
	目标2

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	1.1
1.2
	4
	Teaching
	4
	Access information
	Outcome 1

	
	2.1
2.2
	4
	Teaching
	4
	Access information
	Outcome 1、3

	
	2.3
	2
	Teaching
	2
	Access information
	Outcome 1、3

	
	2.4
2.5
	2
	Teaching
	2
	Access information, homework
	Outcome 1、3

	
	Experiment 1
	2
	Multiphase flow in wellbore experiment
	2
	Writing report
	Outcome 3

	
	3.1
	2
	Teaching
	2
	Access information
	Outcome 2、3

	
	3.2
	3
	Teaching
	3
	Access information
	Outcome 2、3

	
	3.3
	3
	Teaching
	3
	Access information
	Outcome 2、3

	
	3.4
3.5
	3
	Teaching
	2
	Access information
	Outcome 2、3

	[bookmark: _GoBack]
	4.1
4.2
	4
	Teaching
	4
	Access information，report
	Outcome 2

	
	5.1
5.2
	2
	Self-study, Teaching
	2
	Access information
	Outcome 2、3

	
	5.3
	2
	Teaching, homework
	2
	Access information
	Outcome 2、3

	
	6.1
	5
	Teaching, homework
	5
	Access information
	Outcome 2

	
	6.2
	4
	Teaching, homework
	4
	Access information
	Outcome 2

	
	Experiment 2
	2
	Hydraulic fracture conductivity experiment
	2
	Writing report
	Outcome 3

	
	7
	4
	Teaching
	4
	Access information
	Outcome 2

	考核方式
Grading
	评价环节
	比例

	
	环节1 平时表现
	10%

	
	环节2 作业
	10%

	
	环节3 实验
	10%

	
	环节4 期末考试
	70%

	
	Evaluation
	Percentage

	
	Evaluation 1：Attendance and Performance
	10%

	
	Evaluation 2：Homework
	10%

	
	Evaluation 3：Experiment
	10%

	
	Evaluation 4：Final Exam
	70%

	教材及参考资料
Textbooks & Other Materials
	1．《海洋油气开采工程》，待编
2．《采油工程原理与设计》，张琪，石油大学出版社，2000，国家级重点教材，ISBN 7-5636-1197-5。
3．《海上采油工程手册》，《海上采油工程手册》编写组，石油工业出版社，2001，ISBN 7-5021-3232-5。
4．《海上油气田完井手册》，《海上油气田完井手册》编写组，石油工业出版社，1998，ISBN 7-5021-2233-8。
5．《海洋油气开采原理与技术》，张红玲，石油工业出版社，2013，ISBN 978-7-5021-9727-8。

	
	[bookmark: OLE_LINK1]1. Offshore oil and gas production engineering, Under editing
2. Principle and design of oil production engineering, edited by Zhang Qi, 2000, National key textbook.
3. Offshore oil production engineering manual, edited by Offshore oil production engineering manual editing group, Petroleum industry press, 2001,ISBN 7-5021-3232-5.
4. Offshore oil and gas field well completion manual, edited by Offshore oil and gas field well completion editing group, Petroleum industry press, 1998,ISBN 7-5021-2233-8.
5. Offshore oil and gas production principle and technology, edited by Zhang Hongling, Petroleum industry press, 2013,ISBN 978-7-5021-9727-8.

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	刘均荣/Liu Junrong
	审核人(系/教研室主任)
Approved by
	徐加放/Xu Jiafang


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
	垂直管流实验实验室
	02***
	石油工程实验教学中心
	02***
	6
	2
	专业
	必做
	综合性
	海洋油气工程
	工科B104
	垂直管流实验装置
	是

	实验2
	裂缝导流能力实验室
	02***
	石油工程实验教学中心
	02***
	6
	2
	专业
	必做
	综合性
	海洋油气工程
	工科B103
	裂缝导流能力实验装置
	是

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




