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	课程简介
Course Description
	本课程为石油工程类专业的限选课程。从试井的基本概念和基础理论入手，在试井基本原理的基础上，详细介绍了油气田开发过程中遇到的各种类型油藏、各种类型井和不同类型流体的试井分析方法。主要内容包括试井的基本概念、常规试井解释方法、现代试井解释方法，具体包括均质油藏和双重介质油藏试井解释方法、注水井试井解释方法、压裂井和水平井试井解释方法、钻杆测试解释方法、气井试井、多井试井以及测试过程中的变井储问题。本课程的目的是使学生通过本课程的学习，在掌握油气现代试井解释基本理论和知识的基础上，做到理论与应用相结合，能够针对不同的油藏和井类型进行正确的试井解释，从而达到巩固理论知识，提高实际应用能力的目的。

	
	The course named Principles of Modern Well Testing Interpretation is an elective course for petroleum engineering. Based on the basic concept and theory of well test, different types of reservoirs, wells and fluids in oil & gas reservoir are introduced. The main contents include the basic concepts of well test, conventional well test interpretation method, modern well test interpretation method, single porous media and dual porous media, injection well test, fractured vertical well and horizontal well test, Drill stem test, gas well test, multi-well test and Well testing interpretation with wellbore storage coefficient changing. The purpose of this course is to combine the theory and application to carry out the correct test for different reservoirs and well types interpretation, after studying the basic theory and knowledge of oil and gas modern well interpretation method. so as to achieve the purpose of consolidating theoretical knowledge and improving practical application ability.




	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：掌握油田开发的基础知识，并能在石油与天然气开发领域内进行应用。
	1.4

	
	目标2：应用石油工程专业基本原理和工程方法，具备分析和解决石油工程实际问题，并进行应用的能力。
	2.2，3.2

	
	目标3：针对油田开发领域的复杂问题，具备依靠各种测试资料和相关工具进行综合合理分析、解释，并应用于实际油田开发的能力。
	4.1，5.1，5.2

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: Master the basic knowledge of oilfield development, and apply to the oil-gas development field
	1.4

	
	Outcome 2: Application of petroleum engineering basic principles and engineering methods, with analysis and solve the practical problems of petroleum engineering.
	2.2，3.2

	
	Outcome3: Aiming at the complex problems in the field of oilfield development, possess the ability of carrying out a comprehensive analysis and interpretation with a variety of materials and tools, and determining the solution of complex engineering problems.
	4.1，5.1，5.2

	教学内容
Topics
	绪论                                                                     
试井的地位、发展历史及其在油田中的作用等。
第一章 现代试井分析基础                                                   
本章的重点及难点：试井相关的概念、试井解释流动阶段的识别。
1.1 试井分析概述
掌握试井的概念、试井的目的及分类。
1.2 试井分析基本概念
掌握井筒储存系数、表皮系数、调查半径、流动形态、压力导数等概念。
1.3 常规试井分析方法
掌握井筒储存阶段、线性流动阶段、双线性流动阶段、径向流动阶段、拟稳定流动阶段的压力特征和常规试井解释方法，常规试井分析方法的优缺点。
1.4 现代试井分析方法
了解系统分析与试井的关系，掌握现代试井的解释过程及特点、试井解释模型的概念及组成。
1.5 压力导数曲线及其应用
了解压力导数的定义及计算方法，掌握不同试井解释模型下压力导数曲线的特征、压力导数的应用。
1.6 测试数据的预处理
1.7 变流量试井分析
第二章 均质油藏试井解释                                                
本章重点及难点：压降试井分析、压力恢复试井分析方法，均质无限大油藏试井解释模型的建立和求解方法。
1.1 均质油藏试井解释模型
掌握均质无限大油藏试井模型的基本假设条件、数学模型的建立和求解方法，掌握Laplace变换及Stefest数值反演方法。
1.2 试井解释图版及图版拟合方法
了解几种试井常用图版的构成、特点及使用方法。
1.3 均质油藏压降试井分析
掌握压降公式、压降试井分析的步骤、各个参数的求解方法。
1.4 均质油藏压力恢复试井分析
掌握压力恢复公式、压力恢复试井分析的步骤、各个参数的求解方法。
上机课
本章设置2个上机学时，主要任务是学习1套试井解释软件，通过软件学习了解试井解释的主要流程、方法和步骤等。
第三章 双重介质油藏的试井解释                                          
本章重点及难点：双重介质油藏有关概念、双重介质油藏渗流规律及试井曲线特征，双重孔隙介质油藏试井解释数学模型及其解。
3.1 双重孔隙介质油藏的有关概念
掌握双重介质油藏、弹性储容比、窜流系数、窜流等概念 。
3.2 双重孔隙介质油藏试井解释数学模型及其解
了解不稳定窜流和拟稳定窜流两种条件下数学模型的建立和求解方法。
3.3 基岩向裂缝的流动为拟稳态流动模型
了解基岩向裂缝的流动为拟稳态流动时的双重孔隙介质油藏模型的图版特点和应用方法及其试井分析方法。
3.4 基岩向裂缝的流动为不稳态流动模型
了解基岩向裂缝的流动为不稳态流动时的双重孔隙介质油藏模型的图版特点和应用方法及其试井分析方法。
3.5 双渗介质油藏试井解释
掌握双渗介质油藏基本概念、数学模型及求解方法、双渗介质油藏试井曲线特征，了解双渗介质油藏试井解释特点及应用方法。
上机课
本章设置1个上机学时，主要任务是根据双重介质油藏拉氏空间解，利用Stefest数值反演的方法，编程绘制双重介质油藏的试井曲线，并借此研究双重介质油藏曲线特征及参数敏感性。
第四章 注水井试井分析方法                                                 
本章重点及难点：注水井压力曲线特征、注水井压降试井分析，注水井压力降落试井的典型曲线分析方法。
4.1 单位流度比条件下的注水井压力降落测试
掌握流度比等基本概念，了解注水井压力降落试井解释原理。
4.2 流度比M≠1 时水驱油条件下的注水井压降试井分析方法
了解流度比M≠1 时水驱油条件下的注水井试井曲线变化规律与地层参数的关系、了解水驱前缘的试井分析方法。
4.3 注水井压力降落试井的典型曲线分析方法
了解注水井试井解释模型及求解方法、注水井压力降落试井曲线的特点及应用方法。
第五章 均质油藏中压裂井试井解释                                          
本章重点及难点：无限导流、有限导流的概念，有限导流能力垂直裂缝井的试井解释方法。
5.1 无限导流能力裂缝模型的试井分析
了解无限导流的概念，了解无限导流能力裂缝井模型的基本假设、数学模型求解方法。
5.2 有限导流能力垂直裂缝试井解释
了解有限导流能力裂缝模型的基本假设、数学模型求解方法，掌握有限导流、线性流、双线性流、拟径向流的概念，掌握有限导流能力垂直裂缝井的压力动态及试井解释方法。
5.3 压裂井测试解释实例
第六章 水平井试井分析方法                                              
本章重点及难点：水平井压力曲线特征、各个流动阶段的识别及参数解释方法。
6.1 均质油藏水平井的试井解释模型
了解水平井试井的物理模型、数学模型和求解方法。
6.2 水平井的试井分析方法
掌握水平井在各个流动阶段的流动形态、水平井的常规试井和和现代试井分析方法。
上机课
本章设置1个上机学时，主要任务是掌握水平井在各个流动阶段的试井曲线特征及水平井的解释方法。
第七章 钻杆测试解释方法                                                  
本章重点及难点：DST测试原理、DST测试资料的解释方法。
7.1 钻杆测试原理及压力历史
了解钻杆测试的原理、流程及压力卡片的特点
7.2 钻杆测试资料的解释方法
了解钻杆测试资料的软件解释方法。
第八章 其它的试井解释方法                                                 
本章重点及难点：干扰试井概念、原理，气井的试井解释方法。
8.1 干扰试井解释方法
了解干扰试井的数学原理、解释方法。
8.2 气井试井解释方法
了解拟压力的概念、气井的试井解释原理与方法。
8.3 变井筒储存系数的试井解释方法
了解变井储的意义、数学模型、试井曲线特征。

	
	Introduction
The status and development history of well testing and its function in oilfield.
Chapter 1: The foundation of modern well testing analysis
Focus and difficulties: related concepts in well testing, recognition of flow phase in well testing interpretation 
1.1 The summary of well testing analysis
Master the concepts, purpose and classification of well testing.
1.2 Basic concepts of well testing analysis
Master the wellbore storage coefficient, skin coefficient, radius of investigation, flow regions, pressure derivatives.
1.3 Conventional well test interpretation method
Master the pressure characteristics and the conventional well testing interpretation method of the well storage stage, the linear flow stage, the bilinear flow stage, the radial flow stage, and the pseudo-steady flow stage, master the advantages and disadvantages of conventional well testing interpretation methods
1.4 Modern well testing interpretation method
Understand the relationship between system analysis and well test, master the interpretation process and characteristics of modern well test and the concept and composition of well testing interpretation model.
1.5 Pressure derivative curve and its application
Understand the definition and calculation method of pressure derivative, master the characteristics of pressure derivative curve under different well test interpretation model and the application of pressure derivative.
1.6 Pretreatment of test data
1.7 Variable flow well test analysis
Chapter 2  Well test interpretation in homogeneous reservoir
The focus and difficulty of this chapter：pressure drop well test analysis, pressure recovery well test method, establishment and solution method of well test interpretation model in homogeneous and infinite reservoir
2.1 Well test interpretation model in homogeneous reservoir
Master the basic assumptions, mathematical model and the method of solving the homogeneous infinite reservoir model, and Laplace transform and Stehfest numerical inversion method 
2.2 Well testing interpretation chart and its matching method
   Learn about the constitutions, the characteristics and the methods of several common well testing interpretation charts.
2.3 Pressure drop well test analysis in homogeneous reservoir
Master the pressure drop formula, the pressure drop testing well analysis steps, the method of solving various parameters.
2.4 Pressure recovery well test analysis in homogeneous reservoir
Master the pressure recovery formula, the pressure recovery testing well analysis steps, the method of solving various parameters.
Experiment course in computer
This course are set up two periods(45 mins per period) in computer, the main task is to learn a set of test interpretation software and understand the main interpretation of the well test process, methods and procedures.
Chapter 3 Well test interpretation in dual-media reservoir
The focus and difficulty of this chapter：the concepts of dual porosity reservoir, flow in dual porosity reservoir and the characteristics of well test curve, the mathematical model of well test interpretation of dual porosity reservoir and its solution.
3.1 The concepts of dual porosity reservoir
Master the concepts of dual porosity reservoir, elastic storage ratio, interporosity flow coefficient, cross flow and others.
3.2 The mathematical model of well test interpretation of dual porosity reservoir and its solution
Understand establishment and solution of the mathematical model under the two conditions of unstable crossflow and quasi-steady crossflow.
3.3 The model of quasi-steady crossflow between matrix and fracture
Understand the characteristics and application of charts’ characteristics and the well test interpretation methods of the double porosity media reservoir model which is under the conditions of quasi-steady crossflow.
3.4 The model of unstable crossflow between matrix and fracture
Understand the characteristics and application of charts’ characteristics and the well test interpretation methods of the double porosity media reservoir model which is under the conditions of unstable crossflow.
3.5 Well test interpretation of double permeability medium reservoir
Master the basic concept, mathematical model and solution method of double - permeability medium reservoir, the characteristics of well test curve in double - permeability medium reservoir, and understand the characteristics of well test interpretation curve and its application method in double - permeability medium reservoir.
Experiment course in computer
This course are set up one period(45 mins per period) in computer, the main task is to write programs to plot the test curve of double medium reservoir according to the solution of dual porosity reservoir in Laplace dimension and the Stehfest numerical inversion method and to study curve characteristics and parameter sensitivity of double porosity reservoirs.
Chapter 4 Well testing analysis methods of water injection wells
Focus and difficulties: pressure curves’ characteristics of water injection wells, pressure drawdown well testing analysis of water injection wells, type curves analysis methods of pressure drawdown well testing of water injection wells. 
4.1 Pressure drawdown testing of water injection wells with unit mobility ratio
   Master the basic concepts of mobility ratio and others, learn about the principles of pressure drawdown well testing interpretation of water injection wells.
4.2 Pressure drawdown well testing analysis of water injection wells when mobility ratio is not one
   Learn about the relationship between change laws of the pressure drawdown well testing curves of water injection wells when mobility ratio is not one and formation parameters, learn about well testing analysis methods of waterflood front.
4.3 Type curves analysis methods of pressure drawdown well testing of water injection wells
   Learn about the well testing interpretation models and theirs solutions of water injection wells, and the characteristics and application methods of pressure drawdown well testing curves of water injection wells 
Chapter 5 Well testing interpretation of fractured wells in homogeneous reservoir
Focus and difficulties: the concepts of infinite or finite conductivity, well testing interpretation methods of vertical fractured well with finite conductivity.
5.1 Well testing analysis of infinite conductivity fracture model
   Learn about the concept of infinite conductivity, learn about the basic assumptions and mathematical model solutions of vertical fractured wells with infinite conductivity.
5.2 Well testing analysis of finite conductivity fracture model
   Learn about the basic assumptions and mathematical model solutions of fracture models with finite conductivity, master the concepts of finite conductivity, linear flow, bilinear flow, pseudoradial flow, master the pressure history and well testing interpretation methods of vertical fracture well with finite conductivity.
5.3 Specific examples of fractured well testing interpretation
Chapter 6 Well testing analysis of horizontal wells
Focus and difficulties: the pressure curves’ characteristics of horizontal wells, the recognition of each flow stages and interpretation method of parameters
6.1 Well testing interpretation models of horizontal wells in homogeneous reservoir
   Learn about the physical model, mathematical model and its solution of well testing of horizontal wells.
6.2 Well testing analysis method of horizontal wells
   Master the flow patterns of each flow stages, the conventional and the modern well testing analysis methods.
Experiment course in computer
This chapter set up one class hour on computer, the main task is to master well testing curves’ characteristics of horizontal well of each flow stages, and master the interpretation method of horizontal wells..
Chapter 7 Drillstem Testing Interpretation Method
Focus and difficulties: the principle of DST testing, interpretation method of DST testing data
7.1 The principle of drillstem testing and pressure history
   Learn about the mathematical principle and the process of drillstem testing and characteristic of pressure cards.
7.2 Interpretation method of drillstem testing data
   Learn about the software interpretation methods of drillstem testing data.
Chapter 8 Other Well Testing Interpretation Method
Focus and difficulties: the concept and the principle of interference well testing, well testing interpretation method of gas well
8.1 Interference well testing interpretation method 
   Learn about the mathematical principle and interpretation of interference well testing.
8.2 Well testing interpretation method of gas well
   Learn about the concept of pseudo pressure, and the principle and method of well testing interpretation of gas well.
8.3 Well testing interpretation with wellbore storage coefficient changing
   Learn about the meaning of wellbore storage coefficient changing, mathematical model and the characteristics of well testing curves.
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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
	1
	讲授
	
	作业
	目标1

	
	1.1
	1
	讲授
	
	作业
	目标1

	
	1.2
	1
	讲授
	
	作业
	目标1

	
	1.3
	1
	讲授
	
	作业
	目标1

	
	1.4
	1
	讲授
	
	作业
	目标1

	
	1.5、1.6 
	1
	讲授
	
	作业
	目标1、2

	
	1.7
	1
	讲授
	
	作业
	目标1、2

	
	2.1
	2
	讲授
	
	作业
	目标1

	
	2.2
	1
	讲授
	
	作业
	目标2

	
	2.3
	1
	讲授，讨论
	
	作业
	目标2、3

	
	2.4
	1
	讲授
	
	作业
	目标2、3

	
	上机
	2
	上机软件学习
	
	提交综合成果
	目标3

	
	3.1、3.2
	1
	讲授
	
	作业
	目标1

	
	3.3、3.4
	1
	讲授
	
	作业
	目标2

	
	3.5
	1
	讲授
	
	作业
	目标3

	
	上机
	1
	上机编程计算
	
	提交综合成果
	目标2

	
	4.1
	1
	讲授
	
	作业
	目标1

	
	4.2
	1
	讲授
	
	作业
	目标2

	
	4.3
	1
	讲授
	
	作业
	目标2

	
	5.1
	1
	讲授
	
	作业
	目标1

	
	5.2、5.3
	1
	讲授
	
	作业
	目标2

	
	6.1
	2
	讲授
	
	作业
	目标1

	
	6.2、6.3
	1
	讲授
	
	作业
	目标2

	
	上机
	1
	上机软件应用
	
	综合成果
	目标3

	
	7.1、7.2
	2
	讲授
	
	作业
	目标1

	
	8.1
	1
	讲授
	
	作业
	目标1

	
	8.2
	1
	讲授
	
	作业
	目标1

	
	8.3
	1
	讲授、讨论
	
	作业
	目标1、2

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	Introduction
	1
	Teaching
	
	Written assignment
	Outcome 1

	
	1.1
	1
	Teaching
	
	Written assignment
	Outcome 1

	
	1.2
	1
	Teaching
	
	Written assignment
	Outcome 1

	
	1.3
	1
	Teaching
	
	Written assignment
	Outcome 1

	
	1.4
	1
	Teaching
	
	Written assignment
	Outcome 1

	
	1.5+1.6 
	1
	Teaching
	
	Written assignment
	Outcome 1、2

	
	1.7
	1
	Teaching
	
	Written assignment
	Outcome 1、2

	
	2.1
	2
	Teaching
	
	Written assignment
	Outcome 1

	
	2.2
	1
	Teaching
	
	Written assignment
	Outcome 2

	
	2.3
	1
	Teaching, Discussion
	
	Written assignment
	Outcome 2、3

	
	2.4
	1
	Teaching
	
	Written assignment
	Outcome 2、3

	
	Experiment
	2
	 Learning software on PC
	
	 Comprehensive
   results
	Outcome 3

	
	3.1+3.2
	1
	Teaching
	
	Written assignment
	Outcome 1

	
	3.3+3.4
	1
	Teaching
	
	Written assignment
	Outcome 2

	
	3.5
	1
	Teaching
	
	Written assignment
	Outcome 3

	
	Experiment
	1
	Programming calculation on PC
	
	Comprehensive results
	Outcome 2

	
	4.1
	1
	Teaching
	
	Written assignment
	Outcome 1

	
	4.2
	1
	Teaching
	
	Written assignment
	Outcome 2

	
	4.3
	1
	Teaching
	
	Written assignment
	Outcome 2

	
	5.1
	1
	Teaching
	
	Written assignment
	Outcome 1

	
	5.2+5.3
	1
	Teaching
	
	Written assignment
	Outcome 2

	
	6.1
	2
	Teaching
	
	Written assignment
	Outcome 1

	
	6.2
	1
	Teaching
	
	Written assignment
	Outcome 2

	
	Experiment
	1
	Software application on PC
	
	Comprehensive results
	Outcome 3

	
	7.1+7.2
	2
	Teaching
	
	Written assignment
	Outcome 1

	
	8.1
	1
	Teaching, Discussion
	
	Written assignment
	Outcome 1

	
	8.2
	1
	Teaching
	
	Written assignment
	Outcome 1

	
	8.3
	1
	Teaching
	
	Written assignment
	Outcome 1、2

	考核方式
Grading
	评价环节
	比例

	
	环节1 平时表现
	5%

	
	环节2作业
	20%

	
	环节3上机
	15%

	
	环节4 期末考试
	60%

	
	Evaluation
	Percentage

	
	Evaluation 1：Attendance and Performance
	5%

	
	Evaluation 2：Homework
	20%

	
	Evaluation 3：Programming
	15%

	
	Evaluation 4：Final Exam
	60%

	教材及参考资料
Textbooks & Other Materials
	1．《现代试井解释原理与方法》，张艳玉、姚军编，石油大学出版社，2006；
2．《实用现代试井解释方法》(第四版)，刘能强编，石油工业出版社，2003；
3．《试井手册》(上、下)，石油工业出版社，1991。

	
	1. Zhang Yanyu, Yao Jun, Principles of modern well testing interpretation, University of pertroleum press,2006;
2. Liu Nengqiang, Pracatical modern well testing interpretation method(fourth), University of pertroleum press,2006;
3. Well testing manual(part1 and part 2), Petroleum Industry Press, 1991.

	其它
More
	无

	备注
Notes
	无

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



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

	现代试井解释原理与方法课程上机操作
	数学建模与软件开发实验室 
	04***
	文理楼数学建模与软件开发实验室 
	04***
	32
	4
	专业/
	必做
	综合性
	石油工程
	
	计算机
	是




