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	课程基本信息
Course Information

	课程名称
Course Name
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]注蒸汽热力采油

	
	Steam assisted thermal production

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

	负责人
Leader
	侯建
	课程团队
Team Members
	注蒸汽热力采油教学团队

	课程编码
Course Code
	02124
	学分
Credits
	2

	课内学时
Course Hours
	32
	理论学时
Lecture Hours
	24
	实验学时
Experiment Hours
	0

	
	
	上机学时
Programming Hours
	8
	实践学时
Practice Hours
	0

	课外学时
Home Hours
	0

	适用专业
Audience
	石油工程

	授课语言
Language of Instruction
	中文

	先修课程
Prerequisite
	物理学、渗流力学、传热学、油藏工程、采油工艺原理

	课程简介
Course Description
	本课程为石油工程类专业的专业课程。主要讲述热力采油方面的基础知识、原理和方法，主要内容包括热力采油方法简介、岩石和流体的热物理性质、温度对油气水三相相对渗透率影响的计算方法、地面管线和井筒热损失计算方法以及蒸汽吞吐和蒸汽驱的生产能力预测方法。本课程的目的是使学生通过学习，掌握热力采油的基本方法和原理，熟悉热力采油中涉及到的热物性参数的物理意义，学会利用节点法计算地面管线和井筒的热损失，同时了解近年发展起来的注蒸汽热力采油新技术，并结合实际稠油油田的例子，了解油田实际的生产和科研工作。

	
	This course is one of the major courses for petroleum engineering, which covers the fundmental knowledge and theory of thermal oil recovery. The main contents contains of the brief illustration of thermal oil recovery, thermophysical properties of rock and fluids, temperature influence on three-phase relative permeability, surface pipeline and wellbore heat loss calculation method, steam assisted thermal productivity forecast. The purpose of this course is to master the basic method and theory of thermal production, understand the physical meaning of the related thermophysical parameters , learn how to use nodal analysis to calculate heat loss in surface pipeline and wellbore and be familiar with recent advances in steam assisted thermal production and practical application in heavy oil reservoir.



	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：了解稠油的基本概念和热力采油的基本方式及机理。
	

	
	目标2：了解油藏岩石和流体的热物理性质，学会温度对油气水三相相对渗透率影响的计算方法。
	

	
	目标3：学会采用节点分析法计算蒸汽在地面管线和井筒中的热损失，了解蒸汽吞吐和蒸汽驱的生产能力预测方法。
	

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: Understand the basic concept of heavy oil, basic method and mechanism of thermal flooding.
	

	
	Outcome 2: Learn thermophysical properties of rock and fluids and master the calculation method of temperature influence on three phase relative permeability.
	

	
	Outcome 3: Learn node-analysis method to calculate heat loss in surface pipeline and wellbore and know the productivity forecast method of steam huff-puff and steam flooding.
	

	教学内容
Topics
	第一章 注蒸汽热力采油介绍
本章重点难点：注蒸汽热力采油机理、注蒸汽油层的筛选标准。
1.1 稠油的概念
稠油的定义、稠油分类标准、稠油分布情况。
1.2 注蒸汽热力采油的基本方法
注蒸汽热力采油基本方法、作用机理、技术条件分析。
1.3 注蒸汽油藏的筛选标准
注蒸汽开发油藏的国外基本筛选标准、国内筛选标准。
1.4 国内外注蒸汽热力采油发展概况
蒸汽吞吐采油的矿场应用、产能预测模型、物理模拟及数值模拟技术、蒸汽驱采油的矿场应用、产能预测模型、物理模拟及数值模拟技术。

第二章 油藏岩石和流体的热物理性质
本章重点难点：饱和水蒸汽的性质：油藏岩石的导热系数、热容量、比热和热扩散系数，以及油藏流体的粘温关系、饱和水蒸汽的性质。
2.1 油藏岩石的导热系数
导热系数的测定方法、导热系数的经验方式、导热系数的影响因素及其影响规律分析。
2.2 油藏岩石的比热、热容量和热扩散系数
介绍比热、热容量、热扩散系数、热膨胀系数等油藏岩石热物性参数的物理含义、单位及测定方法。
2.3 油藏流体的热物性参数
油、水、蒸汽的基本热物性参数的描述，地层原油、地层水的粘温关系曲线。

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]第三章 温度对油气水三相相对渗透率影响的计算方法
本章重点难点：温度对油气水三相相对渗透率的影响机制和计算方法。
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]3.1 油气水三相相对渗透率的计算公式
油水、油气两相相对渗透率的分析、油气水三相相对渗透率的推导。
3.2 温度变化时三相相对渗透率的计算方法
温度对相对渗透率曲线的影响规律分析、考虑温度变化时三相相对渗透率计算模型的建立。
3.3 相对渗透率的解析表达式 
相对渗透率解析模型的建立、滞后现象对相对渗透率曲线的影响。
上机课：
以提供的资料为基础，计算不同温度下的三相相对渗透率。

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]第四章 地面管线的热损失
本章重点难点：蒸汽在地面管线中的热损失的计算：热损失的基本构成和计算方法，蒸汽在地面管线中的热损失和饱和蒸汽干度的计算。
4.1 架空管线的热损失
热量传递的基本方式、架空管线热损失计算公式的推导。
4.2 地下埋管的热损失
地下埋管热损失的基本构成及计算方法。
4.3 井口蒸汽干度的计算
能量平衡原理的应用、井口蒸汽干度的计算。
上机课：
以提供的资料为基础，计算地面管线的热损失。

第五章 井筒热损失
本章重点难点：蒸汽在井筒中的热损失的计算：考虑井筒压力变化与否，蒸汽在井筒中的热损失和饱和蒸汽到达井底时其干度的计算。
5.1 不考虑井筒压力变化的热损失计算 
不考虑井筒压力变化下，井筒热损失、井筒干度的计算，分析不同深度、注入时间及注入速率对热损失计算的影响。
5.2 考虑井筒中压力变化的热损失计算
考虑井筒压力变化下，井筒热损失、井筒干度的计算，分析不同深度、注入时间及注入速率对热损失计算的影响。
上机课：
以提供的资料为基础，计算井筒热损失。

[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK9][bookmark: OLE_LINK10]第六章 蒸汽吞吐生产能力预测方法
本章重点难点：蒸汽吞吐能力的Boberg-Lantz预测方法和考虑蒸汽超覆的计算方法。
6.1 Boberg和Lantz的预测计算方法
Boberg和Lantz模型的计算过程，包括加热半径、平均温度、产能及热余量的计算。
6.2 考虑蒸汽超覆的计算方法
蒸汽超覆地质物理模式的建立、生产能力等各项参数的确定。
6.3 蒸汽吞吐井产量特征及影响因素
蒸汽吞吐井的产量特征、产量特征的影响因素。
6.4 吞吐井生产时的井筒工况分析
开采工艺介绍、自喷井及抽油井工况分析。

第七章 蒸汽驱生产能力预测方法
本章重点难点：蒸汽驱最佳注入速率确定的方法、蒸汽驱产量经验预测方法。
7.1 蒸汽驱最佳注入速率
蒸汽驱数学模型的描述、蒸汽注入参数的优化过程。
7.2 半经验产量预测方法
地质物理模式的建立、开发指标预测方法的应用、修正系数的确定。
7.3 蒸汽驱解析解模型
地质物理模式的建立、数学模型的建立及求解。

	
	Chapter 1 Introduction of steam assisted thermal production
Key points: Steam assisted thermal production mechanism and screening criteria
1.1 Concepts of heavy oil
1.2 Basic method of steam assisted thermal production
Introduce the basic method，mechanism and technical condition of steam assisted thermal production.
1.3 Steam assisted thermal production screening criteria
Basic screening criteria for steam assisted thermal production in domestic and foreign countries.
1.4 Recent advances in steam assisted thermal production
Steam huff and puff production field application, productivity forecast model, physical and numerical simulation technique. Steam assisted thermal production field application, productivity forecast model, physical and numerical simulation technique
Chapter 2 Thermophysical properties of rock and fluids
Key points: properties of saturated steam, heat conductivity coefficient, thermal capacity,and thermal diffusion coefficient of reservoir rock, relationship between reservoir fluid viscosity and temperature
2.1 Heat conductivity coefficient of reservoir rock
Measurement method and empirical equation of heat conductivity coefficient, influence factor and its impact analysis of heat conductivity coefficient.
2.2 Specific heat, thermal capacity and thermal diffusion coefficient of reservoir rock
Introduce the physical meaning, unit and measurement method of thermophysical properties of rock which includes specific heat, thermal capacity and thermal diffusion coefficient.
2.3 Thermophysical properties of reservoir fluids
Description of basic thermophysical parameters for oil, water and steam, relationship curve of viscosity and temperature for formation oil and water.
Chapter 3 Calculation method of temperature influence on three phase relative permeability
Key points: Mechanisms and calculation method of temperature influence on three phase relative permeability
3.1 Three phase relative permeability calculation method
Analysis of oil-water, oil-gas two phase relative permeability, derivation of oil-gas-water three phase relative permeability.
3.2 Calculation method of temperature influence on three phase relative permeability
Temperature influence on relative permeability and model establishment of three-phase relative permeability in consideration of temperature change.
3.3 Analytical solution of relative permeability
Establishment of relative permeability analytical model and hysteresis phenomenon influence on relative permeability.
Computer practice courses:
Three-phase relative permeability calculation at different temperatures based on provided information.
Chapter 4 Heat loss on surface pipeline
Key points: Heat loss calculation for vapor in surface pipeline, basic formation and calculation method for heat loss, saturated vapor dryness calculation.
4.1 Heat loss on overhead pipeline
Basic way for heat transfer, derivation of heat loss calculation formula for overhead pipeline. 
4.2 Heat loss on underground pipeline
Basic constitution and calculation method for underground pipeline.
4.3 Wellbore steam dryness calculation
Application of energy balance principle and wellbore steam dryness calculation
Computer practice courses:
Heat loss on surface pipeline calculation based on provided information.
Chapter 5 Heat loss on wellbore
Key points: Heat loss calculation for vapor in wellbore under constant or changed wellbore pressure. Steam dryness calculation in bottom hole.
5.1 Heat loss calculation under constant wellbore pressure
Wellbore heat loss and steam dryness calculation under constant wellbore pressure. Analysis on the influence of different depth, inject time, inject rate on heat loss calculation.
5.2 Heat loss calculation under variable wellbore pressure
Wellbore heat loss and steam dryness calculation under variable wellbore pressure. Analysis on the influence of different depth, inject time, inject rate on heat loss calculation.
Computer practice courses:
Heat loss on wellbore based on provided information.
Chapter 6 Steam huff-puff productivity forecast method.
Key points: Steam huff-puff Boberg-Lant forecast method and productivity forecast in consideration of steam overlap
6.1 Boberg-Lant productivity forecast calculation method
Boberg-Lant model calculation process, including heating radius, average temperature, productivity and thermal headroom calculation.
6.2 Productivity forecast in consideration of steam overlap
Geologic physical steam overlap model establishment and productivity forecast
6.3 Steam huff and puff well production characteristic and its influence factors
Steam huff and puff well production characteristic and its influence factors
6.4 Performance analysis of steam-stimulated well
Production technology introduction and performance analysis of flowing well and artificial lift well.
Chapter 7 Steam-assisted flooding productivity forecast method.
Key points: Optimal injection rate calculation and production forecast
7.1 Optimal injection rate for steam-assisted flooding
Steam-assisted flooding mathematical description and optimization process for steam injection parameters
7.2 Semi-empirical production forecast method 
Geologic physical model establishment, productivity forecast application and correction factor calculation.
7.3 Analytical solution of steam-assisted flooding
Geologic physical model establishment, mathematical model establish and solution

	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
	
	
	目标1

	
	1.2
	2
	讲授
	
	
	目标1

	
	1.3
	1
	讲授
	
	
	目标1

	
	1.4
	2
	讲授
	
	
	目标1

	
	2.1
	1
	讲授
	
	
	目标2

	
	2.2
	1
	讲授
	
	
	目标2

	
	2.3
	2
	讲授
	
	
	目标2

	
	3.1
	1
	讲授
	
	
	目标2

	
	3.2
	0.5
	讲授
	
	
	目标2

	
	3.3
	0.5
	讲授
	
	
	目标2

	
	上机
	4
	上机实例计算
	
	提交综合成果
	目标2

	
	4.1
	0.5
	讲授
	
	
	目标3

	
	4.2
	0.5
	讲授
	
	
	目标3

	
	4.3
	1
	讲授
	
	
	目标3

	
	5.1
	2
	讲授
	
	
	目标3

	
	5.2
	2
	讲授
	
	
	目标3

	
	上机
	4
	上机实例计算
	
	提交综合成果
	目标3

	
	6.1
	1
	讲授
	
	
	目标3

	
	6.2
	1
	讲授
	
	
	目标3

	
	6.3
	1
	讲授
	
	
	目标3

	
	6.4
	1
	讲授
	
	
	目标3

	
	7.1
	0.5
	讲授
	
	
	目标3

	
	7.2
	1
	讲授
	
	
	目标3

	
	7.3
	0.5
	讲授
	
	
	目标3

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	1.1
	1
	Teaching
	
	
	Outcome 1

	
	1.2
	2
	Teaching
	
	
	Outcome 1

	
	1.3
	1
	Teaching
	
	
	Outcome 1

	
	1.4
	2
	Teaching
	
	
	Outcome 1

	
	2.1
	1
	Teaching
	
	
	Outcome 2

	
	2.2
	1
	Teaching
	
	
	Outcome 2

	
	2.3
	2
	Teaching
	
	
	Outcome 2

	
	3.1
	1
	Teaching
	
	
	Outcome 2

	
	3.2
	0.5
	Teaching
	
	
	Outcome 2

	
	3.3
	0.5
	Teaching
	
	
	Outcome 2

	
	Computer practice
	4
	Computer practice courses
	
	Submit comprehensive achievement
	Outcome 2

	
	4.1
	0.5
	Teaching
	
	
	Outcome 3

	
	4.2
	0.5
	Teaching
	
	
	Outcome 3

	
	4.3
	1
	Teaching
	
	
	Outcome 3

	
	5.1
	2
	Teaching
	
	
	Outcome 3

	
	5.2
	2
	Teaching
	
	
	Outcome 3

	
	Computer practice
	4
	Computer practice courses
	
	Submit comprehensive achievement
	Outcome 3

	
	6.1
	1
	Teaching
	
	
	Outcome 3

	
	6.2
	1
	Teaching
	
	
	Outcome 3

	
	6.3
	1
	Teaching
	
	
	Outcome 3

	
	6.4
	1
	Teaching
	
	
	Outcome 3

	
	7.1
	0.5
	Teaching
	
	
	Outcome 3

	
	7.2
	1
	Teaching
	
	
	Outcome 3

	
	7.3
	0.5
	Teaching
	
	
	Outcome 3

	考核方式
Grading
	评价环节
	2

	
	环节1 平时表现
	4

	
	环节2 上机练习
	1

	
	环节3期末考试
	1

	
	
	1

	
	Evaluation
	1

	
	Evaluation 1：Attendance and Performance
	0.5

	
	Evaluation 2：Programming
	1

	
	Evaluation 4：Final Exam
	0.5

	教材及参考资料
Textbooks & Other Materials
	1．《热力采油技术》，侯健等，中国石油大学出版社，2013；
2. 《注蒸汽热力采油》，陈月明编，中国石油大学出版社，1996；
3．《热力采油》，M·帕拉芡，石油工业出版社，1989；
4. 《热力采油技术原理与方法》，刘慧卿等，石油大学出版社，2000；
5. 《稠油热采技术》，张锐等，石油工业出版社，1999；
6. 《胜利油田稠油油藏热力开采技术》，霍广荣等，石油工业出版社，1999。

	
	1. Thermal recovery technology[M],Hou Jian et al. China petroleum university press, 2013;
2.Steam assisted thermal oil production[M], Chen Yueming et al. China petroleum university press, 1996;
3. Thermal oil recovery[M], Petroleum Industry Press, 1989;
4. Principles and methods of thermal oil production[M], Liu Huiqing et al. Petroleum Industry Press, 2000;
5. Heavy oil thermal recovery technology[M], Zhang Rui et al, Petroleum Industry Press, 1999;
6. Sheng li oil field heavy oil thermal recovery technology[M], Huo Guangrong et al, Petroleum Industry Press, 1999;

	其它
More
	无

	备注
Notes
	无

	大纲执笔人
Author
	注蒸汽热力采油课程组
	审核人(系/教研室主任)
Approved by
	谷建伟



附表：
	实验（上机）项目信息

	上机项目名称
	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

	注蒸汽热力采油课程上机操作
	金融模拟实验室
	04***
	文理楼金融模拟实验室
	04***
	32
	8
	专业/
	必做
	综合性
	石油工程
	
	计算机
	是




