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Reservoir Numerical Simulation Methods and Applications
	课程基本信息
Course Information

	课程名称
Course Name
	油藏数值模拟方法与应用

	
	Reservoir numerical simulation methods and applications

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

	负责人
Leader
	李淑霞
	课程团队
Team Members
	油藏数值模拟方法与应用教学团队

	课程编码
Course Code
	02155
	学分
Credits
	2

	课内学时
Course Hours
	32
	理论学时
Lecture Hours
	26
	实验学时
Experiment Hours
	0

	
	
	上机学时
Programming Hours
	6
	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
	程序设计语言、数值计算方法、线性代数、偏微分方程数值解、石油地质、油层物理、渗流力学、油藏工程

	课程简介
Course Description
	本课程为石油工程类专业的专业选修课，是以渗流力学、数理方程和数值分析为理论基础，集石油地质、油层物理、油藏工程、计算机程序设计等多学科于一体的综合性工程应用课程，是以理论方法讲授为主线、以应用能力培养为目的的有机教学体系。主要讲授油藏数值模拟的基本内容、原理和方法，主要内容包括油藏数值模拟简介、基本数学模型、差分方程组的建立、线性代数方程组的解法、一维油藏的数值模拟方法和数值模拟技术在油气田开发中的应用。本课程旨在培养大学生综合运用相关基础理论、专业知识和计算机工具分析解决油气田开发问题的基本能力，为大学生毕业后从事相关科研和实际生产工作奠定基础。

	
	This course is an elective course for students of petroleum engineering major, and a comprehensive course for engineering applications based on the knowledge of mechanics of fluids in porous media, mathematical equations and numerical analysis, petroleum geology, reservoir physics, reservoir engineering, and computer program design. In addition, it is also a teaching system to improve students' application ability by teaching theory and methods. Course contents mainly include brief introduction of reservoir numerical simulation, basic mathematical models, construction of differential equations, solution methods for linear algebraic equations, one-dimensional reservoir numerical simulation methods, and applications of reservoir numerical simulation in the oil and gas field development. 
The purpose of this course is to train students' ability in analyzing and solving problems in oil and gas field development processes by using related basic theory, professional knowledge and computer tools. This course will lay the foundation for the students engaged in scientific research and actual production after graduation.



	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：认识油藏数值模拟在油气田开发工程中的地位和作用，了解油藏数值模拟新技术及发展趋势。
	1.1, 1.4, 2.1

	
	目标2：掌握油藏数值模拟的基本原理和方法，能够编制简单的油藏数值模拟程序。
	2.2, 3.1, 3.2

	
	目标3：掌握油藏数值模拟及软件应用的基本方法步骤，为今后从事实际油藏数值模拟工作奠定基础。
	4.1, 4.3, 5.1, 5.2

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: Understand the importance and role of reservoir numerical simulation in oil and gas field development engineering, and be familiar with new reservoir numerical simulation technologies and development trends.
	1.1, 1.4, 2.1

	
	Outcome 2: Be able to master the basic principles and methods of reservoir numerical simulation, and program simple reservoir numerical simulators.
	2.2, 3.1, 3.2

	
	Outcome 3: Be able to master the basic methods and steps of reservoir numerical simulation and software applications, which lays the foundation for numerical simulation of actual reservoirs in the future.
	4.1, 4.3, 5.1, 5.2

	教学内容
Topics
	绪论
引入油藏数值模拟的基本概念，介绍解析解与数值解的主要区别。
第一章  油藏数值模拟简介                        		              
本章重点难点：油藏数值模拟的主要内容、操作过程、在油田开发不同阶段的作用。
1.1 油藏数值模拟在油田开发中的作用
油藏描述的方法，油藏数值模拟在油田开发不同阶段的作用
1.2 油藏数值模拟的主要内容和过程
1.3 油藏数值模拟的发展概况和发展方向
第二章  基本数学模型	                                          
本章重点难点：单相流、两相流的数学模型，数学模型的一般式，多组分模型和黑油模型
2.1 数学模型的构成及建立步骤
构成数学模型的基本方程，建立数学模型的步骤
2.2 单相流的数学模型
一维单相流的数学模型，三维单相流的数学模型
2.3 两相流的数学模型
一维油水两相流的数学模型，二维气水两相流的数学模型
2.4 数学模型的一般式
2.5 多组分模型
多组分模型的推导，未知量及辅助方程分析
2.6 黑油模型
黑油模型的推导，未知量及辅助方程分析
2.7定解条件
初始条件，边界条件
讨论课：
数学模型的基本构成，建立数学模型的方法及步骤，并讨论推导一维径向流的数学模型
第三章  差分方程组的建立		                                  
本章重点难点：离散化、网格系统、显式差分、隐式差分、差分方程的稳定性
3.1基本有限差分
空间离散和时间离散，块中心网格和点中心网格系统，一阶前差商、后差商、中心差商，等距离网格和不等距网格下的二阶差商
3.2 差分方程组的建立
显式差分格式，隐式差分格式，Crank－Nicolson差分格式
3.3 网格排列格式及其系数矩阵
标准排列格式，对角排列格式，点交替排列格式，交替对角排列格式
3.4 差分方程的稳定性分析
差分方程的相容性，稳定性
3.5 边界条件的处理
外边界（定压、定流量）条件的处理，内边界（定产量、定井底流压）条件的处理
讨论课：
显式、隐身、Crank－Nicolson差分格式的异同之处。
第四章  线性代数方程组的解法
本章重点难点：线性代数方程组的直接解法和迭代解法
4.1 线性代数方程组的直接解法简介
高斯消元法，LU分解法，D4排列格式算法
4.2 线性代数方程组的迭代解法简介
简单迭代法，高斯－赛德尔迭代法，松弛法
第五章  一维油藏的数值模拟方法 
本章重点难点：一维油、水两相流的IMPES求解方法；压力方程、饱和度方程，上游权方法，非线性系数的处理方法； 
5.1一维油、水两相水驱油的数值模拟方法
数学模型的建立，数学模型的求解方法及参数处理，差分方程组的建立及求解，编程思路
上机编程：一维油水两相流的数值模拟
第六章  数值模拟技术在油田开发中的应用
本章重点难点：油藏数值模拟方法的特点，网格划分及数值模型的建立过程，历史拟合的概念、指标、调参方法、拟合步骤，油藏数值模拟结果分析，油藏动态预测
6.1 油藏数值模拟模型的建立
模型选择，网格划分，油藏数值模型的建立
6.2 油藏数值模拟历史拟合
历史拟合的概念和目的，拟合指标，参数调整原则，调参方法，历史拟合质量的评价
6.3 油藏数值模拟计算结果分析及动态预测
层间开发指标对比，小层水淹状况分析，剩余油分析，压力保持状况分析，井网控制程度分析，开发动态预测
讨论课：油藏数值模拟技术发展趋势及具体领域应用
[bookmark: OLE_LINK3]    上机内容：油藏数值模拟软件基本操作、油藏数值模拟软件实际应用


	
	Introduction
[bookmark: OLE_LINK1]Introduce basic concepts of reservoir numerical simulation and the main difference between analytical solutions and numerical solutions.
Chapter 1 Brief introduction of reservoir numerical simulation                       
The key points of this chapter: Main contents of reservoir numerical simulation, operational processes of reservoir numerical simulation, and the roles of reservoir numerical simulation at different stages of oilfield development. 
1.1 The roles of reservoir numerical simulation in oilfield development
The method of reservoir description and the roles of reservoir numerical simulation at different stages of oilfield development. 
1.2 The main contents and processes of reservoir numerical simulation
1.3 The development situations and trends of reservoir numerical simulation
Chapter 2 Basic mathematical models	                               
The key points of this chapter: Mathematical models for single-phase flow and two-phase flow, the general form of mathematical models, multi- compositional model and black oil model.
2.1 General structure and construction steps of mathematical models
The basic equations to develop mathematical models and the steps to construct mathematical models
2.2 The mathematical model for single-phase flow
A one-dimensional mathematical model for single-phase flow and a three-dimensional mathematical model for single-phase flow
2.3 The mathematical models for two-phase flow
A one-dimensional mathematical model for oil and water two-phase flow and a two-dimensional mathematical model for gas and water two-phase flow 
2.4 The general form of mathematical models
2.5 multi- compositional model
Derivation of the multi-component model and analysis of unknown variables and auxiliary equations
2.6 black oil model
Derivation of the black oil model and analysis of unknown variables and auxiliary equations
2.7 definite condition
Initial and boundary conditions
Seminar:
Discuss the general structure and construction steps of mathematical models and derive the mathematical model of one-dimensional radial flow.
Chapter 3 Construction of differential equations	
 The key points of this chapter: Discretization, grid systems, explicit difference, implicit difference, stability of difference equations
3.1 Basic finite difference
Space dispersion and time dispersion, block center grid and point center grid systems, first-order forward difference quotient, backward difference quotient, central difference quotient, and second-order difference quotient under equidistant grids and non-equidistant grids
3.2 The construction of differential equations
Explicit difference, implicit difference, Crank-Nicolson difference 
3.3 Grid arrangements and coefficient matrix
Standard arrangement, diagonal arrangement, point alternating arrangement, and diagonal alternating arrangement
3.4 Stability analysis of difference equations
Compatibility and stability of difference equations
3.5 treatment of boundary conditions 
The treatment of the outer boundary conditions (constant pressure and constant flow rate) and the inner boundary conditions (constant flow rate and constant bottom-hole pressure)
Seminar:
Similarities and differences of explicit difference, implicit difference, and Crank-Nicolson difference 
Chapter 4 Solution methods for linear algebraic equations
The key points of this chapter: Direct and iterative solution methods for linear algebraic equations
4.1 Brief introduction of direct solution methods for linear algebraic equations
Gaussian elimination method, LU decomposition method and  D4 permutation format algorithm
4.2 Brief introduction of iterative solution methods for linear algebraic equations
Simple iterative method, Gauss-Seidel iteration method and relaxation method
Chapter 5 One-dimensional reservoir simulation methods
The key points of this chapter: The IMPES method for one-dimensional oil and water two-phase flow, Pressure equations, saturation equations, Upstream weighting method, and the treatment method for non-linear coefficients
5.1 The numerical simulation method for one-dimensional oil and water two-phase flow during water flooding processes
The construction of mathematical models, solution methods and parameter treatment of mathematical models, the construction and solution of differential equations, and the programming ideas
Computer programming: Numerical simulation of one-dimensional oil and water two-phase flow
Chapter 6 Applications of reservoir numerical simulation in the oil and gas field development. 
The key points of this chapter: The characteristics of reservoir numerical simulation methods, grid division and construction of numerical models, the concepts, targets, adjusting methods for model parameters, steps of history-matching processes, analysis of reservoir numerical simulation results and prediction of reservoir performances 
6.1 Construction of reservoir numerical models
Model selection, grid division and construction of reservoir numerical models
6.2 History match of reservoir numerical simulations
The concepts, purposes, targets, adjustment principles and methods of history match and quality evaluation of history match.
6.3 Analysis of reservoir numerical simulation results and dynamic predictions 
Comparison of prediction results between layers, analysis of water flooding results in small layers, analysis of residual oil distributions, analysis of pressure maintenance, analysis of control degree of well pattern, and dynamic predictions.
Seminar: The development trends and applications of reservoir numerical simulations
   Contents in computer rooms: Basic operations and practical applications of reservoir numerical simulation software


	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

	
	绪论
	2
	讲授
	
	
	目标1

	
	1.1
	2
	讲授
	
	
	目标1

	
	1.2
	1
	讲授
	
	
	目标1

	
	1.3
	1
	讲授
	2
	作业
	目标1

	
	2.1
	1
	讲授
	
	
	目标2

	
	2.2
	1
	讲授
	
	
	目标2

	
	2.3
	1
	讲授
	
	
	目标2

	
	2.4
	0.5
	讲授
	
	
	目标2

	
	2.5
	1
	讲授
	
	
	目标2

	
	2.6
	1
	讲授
	
	
	目标2

	
	2.7
	0.5
	讲授、讨论
	2
	作业
	目标2

	
	3.1
	1
	讲授
	
	
	目标2

	
	3.2
	1
	讲授
	
	
	目标2

	
	3.3
	1
	讲授
	
	
	目标2

	
	3.4
	0.5
	讲授
	
	
	目标2

	
	3.5
	0.5
	讲授、讨论
	2
	作业
	目标2

	
	4.1
	1
	讲授
	
	
	目标2

	
	4.2
	1
	讲授
	
	
	目标2

	
	5.1
	2
	讲授
	
	
	目标2、3

	
	上机
	2
	上机编程练习
	2
	综合成果
	目标2

	
	6.1
	2
	讲授
	
	
	目标3

	
	6.2
	2
	讲授
	
	
	目标3

	
	6.3
	2
	讲授、讨论
	2
	研讨报告
	目标3

	
	上机
	2
	数模软件基本操作
	
	
	目标3

	
	上机
	2
	数模软件实际应用
	2
	综合成果
	目标3

	
	
	
	
	
	
	

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	Introduction
	2
	Teaching
	
	
	Outcome 1

	
	1.1
	2
	Teaching
	
	
	Outcome 1

	
	1.2
	1
	Teaching
	
	
	Outcome 1

	
	1.3
	1
	Teaching
	2
	Assignments
	Outcome 1

	
	2.1
	1
	Teaching
	
	
	Outcome 2

	
	2.2
	1
	Teaching
	
	
	Outcome 2

	
	2.3
	1
	Teaching
	
	
	Outcome 2

	
	2.4
	0.5
	Teaching
	
	
	Outcome 2

	
	2.5
	1
	Teaching
	
	
	Outcome 2

	
	2.6
	1
	Teaching
	
	
	Outcome 2

	
	2.7
	0.5
	Teaching, Discussion
	2
	Assignments
	Outcome 2

	
	3.1
	1
	Teaching
	
	
	Outcome 2

	
	3.2
	1
	Teaching
	
	
	Outcome 2

	
	3.3
	1
	Teaching
	
	
	Outcome 2

	
	3.4
	0.5
	Teaching
	
	
	Outcome 2

	
	3.5
	0.5
	Teaching, Discussion
	2
	Assignments
	Outcome 2

	
	4.1
	1
	Teaching
	
	
	Outcome 2

	
	4.2
	1
	Teaching
	
	
	Outcome 2

	
	5.1
	2
	Teaching
	
	
	Outcome 2 and 3

	
	Computer room
	2
	Computer programming 
	2
	Comprehensive results
	Outcome 2

	
	6.1
	2
	Teaching
	
	
	Outcome 3

	
	6.2
	2
	Teaching
	
	
	Outcome 3

	
	6.3
	2
	Teaching, Discussion
	2
	Research reports
	Outcome 3

	
	Computer room
	2
	Basic applications of  numerical simulation software
	
	
	Outcome 3

	
	Computer room
	2
	Basic applications of  numerical simulation software
	2
	Comprehensive results
	Outcome 3

	考核方式
Grading
	评价环节
	比例

	
	环节1 平时表现
	20%

	
	环节2 上机练习
	20%

	
	环节3 期末考试
	60%

	
	
	

	
	Evaluation
	Percentage

	
	Evaluation 1：Attendance and Performance
	20%

	
	Evaluation 2：Software operation and practice
	20%

	
	Evaluation 3：Final Exam
	60%

	
	
	

	教材及参考资料
Textbooks & Other Materials
	1．《油藏数值模拟基础》，李淑霞、谷建伟编著，中国石油大学出版社，2009；
2. 《油藏数值模拟基础》，韩大匡，陈钦雷、闫存章，石油工业出版社，1993；
3．《油藏数值模拟》，袁士义、王家禄译，石油工业出版社，2004；
4．《油藏模拟》，李允，石油大学出版社，1999；
5．《黑油模型在油田开发中的应用》，袁弈群等，石油工业出版社，1995；
6．《油气藏数值模拟基本原理》，张烈辉，石油工业出版社，2005

	
	1. Basis of reservoir numerical simulation, Li Shuxia and Gu Jianwei, China University of Petroleum Press, 2009;
2. Basis of reservoir numerical simulation, Han Dakuang, Chen Qinlei, and Yan Cunzhang, Petroleum Industry Press, 1993;
3. Reservoir numerical simulation, translated by Yuan shiyi and Wang jialu, Petroleum Industry Press, 2004;
4. Reservoir simulation, Li Yun, China University of Petroleum Press, 1999;
5. The applications of black oil model in oilfield development, Yuan Yiqun, et al., Petroleum Industry Press, 1995; 
6. The basic principles of oil and gas reservoir numerical simulation, Zhang Liehui, Petroleum Industry Press, 2005.

	其它
More
	无

	备注
Notes
	无

	大纲执笔人
Author
	李淑霞
	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

	油藏数值模拟上机编程练习
	金融模拟实验室
	04***
	文理楼金融模拟实验室
	04***
	32
	2
	专业/
	必做
	综合性
	石油工程
	
	计算机
	是

	油藏数值模拟软件上机操作
	金融模拟实验室
	04***
	文理楼金融模拟实验室
	04***
	32
	2
	专业/
	必做
	综合性
	石油工程
	
	计算机
	是

	油藏数值模拟软件上机应用
	金融模拟实验室
	04***
	文理楼金融模拟实验室
	04***
	32
	2
	专业/
	必做
	综合性
	石油工程
	
	计算机
	是

	
	
	
	
	
	
	
	
	
	
	
	
	
	








