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	课程编码
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	学分
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	课内学时
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	56
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Lecture Hours
	52
	实验学时
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	上机学时
Programming Hours
	4
	实践学时
Practice Hours
	0

	课外学时
Home Hours
	0

	适用专业
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	授课语言
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	中文

	先修课程
Prerequisite
	高等数学、地质学基础、油层物理、渗流力学、测井解释、工程热力学

	课程简介
Course Description
	本课程为石油工程类专业的专业课程。主要讲述油田开发方面的基础知识、原理和方法，主要内容包括油田开发设计方法、常规水驱动态计算方法、油藏动态监测原理、常规油藏动态分析方法、油田开发调整技术和复杂油藏开发基本技术。具体内容包括油田储量计算及评价、层系井网设计方法、面积井网注水开发指标计算、底水及边水油藏动态计算方法、常规油藏试井理论及方法、物质平衡理论、产量递减分析、油田采收率计算、剩余油分布特征、油田开发调整技术、特殊油藏开发关键技术等。本课程目的是使学生通过学习，在掌握油田开发基本理论知识基础上，具备进行油田开发设计、动态分析和开发调整的能力，为从事油田开发工作奠定必要的基础。

	
	翻译: Reservoir engineering is the specialized course which introduced the basic knowledge, theory and methodology of Petroleum Engineering Major. The main contents are oilfield development plan designation, water flooding performance evaluation, principle of reservoir dynamic monitoring, reservoir dynamic analysis, adjustment of reservoir development and development method for complicated reservoir. The details of this course are oilfield reserve calculation and estimation, layer recompose and well pattern design, water injection design under area well pattern, dynamic calculation for bottom and edge aquifer reservoir, theory and methodology of well testing, material balance equation theory, production decline analysis, oil recovery calculation, characteristic of remaining oil distribution, adjustment techniques of reservoir development and development technologies of untraditional reservoir. The purpose of this subject is to make the student have the ability of conducting oilfield development design, dynamic analysis and development adjustment based on the study of oilfield development theory. In brief, this course is the foundation of oilfield development research and application.



	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：了解油藏工程领域技术发展现状，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具备分析和解决石油工程实际问题，并进行技术应用的能力。
	2.1，3.1，3.2

	
	目标3：针对油田开发领域的复杂问题，具备依靠各种资料进行综合分析、解释，并确定复杂工程问题解决方案的能力。
	4.3，6.1

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: Familiar with the development technology of reservoir engineering, master the foundation theory of reservoir development, and have the ability to conduct the oilfield and gasified application.
	1.4

	
	Outcome 2: Have the ability to analyze and solve the actual petroleum engineering problem. 
	2.1，3.1，3.2

	
	· Outcome 3: Have the ability to design the solution plan based on the analysis of production data when face complex problems during oilfield development process.
	4.3，6.1

	教学内容
Topics
	第一章 油田开发设计基础
本章重点难点：油田勘探开发程序，容积法储量计算，油藏驱动方式特点，开发层系划分方法，注采井网设计方法。
1.1 油田开发的特点和油藏工程技术的发展历程
油田开发的定义、油田开发的主要特点和油藏工程技术发展历程及发展趋势。
1.2油田勘探开发程序
油田勘探开发的三个主要历程，以大庆油田为例进行说明。
1.3油气藏评价及处理计算
油气藏评价的主要内容和容积法储量计算的方法。
1.4油气田驱动方式和开采特征
驱动方式的定义，典型驱动方式下的油藏主要动态指标响应特征。
1.5 油气田层系划分与组合
油气田开发层系划分原则、划分方法。
1.6 注采井网设计和部署
油田注水的原因，面积注水、边缘注水和切割注水的适用条件和部署方式，三角形井网和正方形井网的部署方式。
第二章  油田开发指标概算原理与方法
本章重点难点：行列注水方式和面积注水方式下的水驱油动态计算，底水油藏的动态计算方法和边水油藏的水侵量计算方法。
2.1产能的基本概念
产能的基本定义和表达方式，不同井型的产能计算方法。
2.2 行列注水方式注水开发指标计算
贝克莱-列维尔特方程的应用，无因次注水量、无因次产量概念、瞬时生产指标和累积生产指标计算方法，计算方法的局限性。安排上机计算具体实例。
上机课
以提供的油藏物性参数和注采控制条件为基础，进行相对渗透率曲线的处理，求解见水前水驱前缘饱和度，计算见水时间，确定见水前和见水后油藏瞬时采出速度、含水率、累积产油量、累积产水量、累积产液量和采出成都等指标。
2.3 面积注水动态计算方法
渗流阻力区的划分方法，近似简化算法的主要假设条件，瞬时指标和累积指标的主要计算方法。
讨论课
根据讲述的常规水驱动态计算方法原理，对比实际油田水驱过程的条件，分析讲述的方法的适用条件，指出目前采用方法的缺陷，并根据课下调研资料，总结目前水驱动态预测的主要方法。
2.4底水油藏锥进动态计算
底水油藏概念，临界产量、见水时间的计算方法，见水后含水率的计算方法；底水油藏开发特点和水锥控制措施。
2.5 边水油藏水侵量计算
主要的边水水侵类型，不同水侵类型的水侵系数定义方法，准定态水侵的水侵量计算方法，非定态水侵的水侵量计算方法，天然水侵条件下的注采动态预测。
第三章 油藏动态监测原理与方法
本章重点难点：试井基本概念和压降、压力恢复试井的方法；地层平均压力的确定；流动系数的计算方法；有界地层的试井特征；双重介质油藏的试井特征。
3.1 试井及试井分析  
均质油藏试井的基本概念和试井技术的流程、应用。                                 
3.2 均质油藏试井分析方法  
压降试井、压力恢复试井、变产量试井的主要原理和参数计算方法。          
3.3 有界地层的试井分析方法 
有限大地层情况下如何核实油藏储量，判断边界性质、求解地层压力，判断井到断层距离的具体试井分析方法。
上机课
以提供的资料为基础，进行均质油藏试井分析实例计算，要求能熟练运用基本原理，对试井资料进行解释，并能准确求出渗透率、地层系数、地层压力。
3.4 均质油藏垂直压裂井试井分析方法
有限导流能力模型和无线导流能力模型的试井曲线特征。
3.5 裂缝性油藏的试井分析方法 
双重介质的概念，双重介质油藏试井的原理和试井曲线的主要特征。
3.6径向复合油藏试井分析方法
径向复合油藏试井模型及解释方法，不同阶段典型试井曲线特征，注水井试井方法。
3.7水平井试井分析方法 
水平井试井模型，均质油藏水平井四个流动阶段的曲线响应特征，分段压裂水平井的试井解释原理。
讨论课
根据常规试井工艺的主要原理，结合实际油藏的复杂特征，指出常规试井工艺方法的局限性，并结合现代试井的基本原理，指出不同复杂油藏的试井方法发展的方向。
第四章  油藏动态分析方法
本章重点难点：物质平衡方程的原理和应用；产量递减的特征和指标计算；水驱特征曲线的应用；合理井网密度和经济可采储量计算，水驱采收率预测方法。
4.1 物质平衡方法
物质平衡的基本原理和物质平衡方程的用途；掌握驱动指数、弹性产率、水侵系数等概念；掌握利用物质平衡方程核实地质储量的方法。
4.2 水驱特征曲线
水驱特征曲线的基本特征，水驱特征曲线原理的基本假设条件；水驱特征曲线在开发效果评价和动态预测中的应用。
上机课
利用提供的油藏生产资料，绘制水驱特征曲线，求出水驱可采储量，预测水驱动态；同时利用物质平衡方程，确定油藏的各项驱动指数。
4.3 产量递减分析
产量递减率概念，递减阶段的生产指标进行计算；利用判别曲线进行产量递减类型的判断方法；了解翁式旋回等递减计算方法。
4.4水驱油田主要技术指标计算
地层能量评价判断方法；注采压力系统评价方法；注采平衡图运用，注采压力系统评价。
4.5水驱油田采收率计算和井网密度计算
井网密度、经济可采储量的概念，计算合理井网密度和经济可采储量的原理与方法，水驱采收率确定方法。

第五章  油田开发调整
本章重点难点：毛细管数的概念；毛细管数与剩余油饱和度的关系；主要的水动力学调整方法；不稳定注水的增产机理；水平井的流动形态。
5.1剩余油饱和度分布规律
微观驱替效率、残余油、毛细管数、修正毛细管数的概念；毛细管数与剩余油饱和度的关系；掌握影响毛细管数的因素，并能利用毛细管数的定义分析如何提高驱替效率。
讨论课：
针对长期水驱开发的油藏，通过前期的文献调研，探讨剩余油分布的特征及规律，明确影响剩余油分布的主要因素，归纳剩余油分布模式和特征。
5.2开发调整
开发调整的概念，开发调整的主要方式，面积井网变化的主要类型。
5.3水动力调整方法
水动力学调整的定义，主要的水动力学调整方法，重点是周期注水的原理与方法。
第六章  复杂油藏开发方法
本章重点难点：复杂油藏的分类，不同复杂油藏主要涉及的开发技术。
6.1稠油油藏开发
稠油的分类，热采机理；蒸汽吞吐和蒸汽驱的主要流程，注热开发过程中主要参数的热力学计算。
6.2复杂断块油田开发
断块油田的分类，断块油藏的基本特征，断块油藏的主要开发技术。
6.3低渗透油田开发
低渗透油藏分类，启动压力，启动压力对生产动态的影响，低渗透油藏的主要生产特征，低渗透油藏注采井网部署策略。
6.4碳酸盐岩油藏开发
碳酸盐岩油藏的储集空间特点，碳酸盐岩油藏井网部署方式，合理采油速度的确定方法，开发调整方法。

	
	Chapter 1 Basic Studies and Strategies of Development Plan
Key points: Stages of oilfield explore and development, Reserve calculation by volumetric method, Drive characteristic of reservoir, Formation partition, Well pattern design.
1.1 Definition of reservoir development and introduction of reservoir development history
Definition of reservoir, characteristic of oilfield development, and the development history of reservoir engineering. 
1.2 Procedure of oilfield exploration and development
Introduce three stages of oilfield exploration and development based on the example of Daqing oilfield.
1.3 Reservoir estimating
   The main contents of reservoir estimating and the reserve calculation by volumetric method.
1.4 Reservoir drive mechanisms and development characteristic of development
    Definition of drive type, dynamic characteristic of typical drive energies.
1.5 Reservoir formations partition and combination
    The principle of reservoir formations partition and combination.
1.6 Well pattern design
   The necessity of water injection. The application conditions for areal injection pattern and peripheral injection pattern. The principle of square well pattern and triangular well pattern.  

Chapter 2 The mechanism and method of oilfield development index calculation
Key points: Water flooding performance evaluation of areal injection pattern and line drive water injection, Aquifer estimation of bottom and edge water reservoir.
2.1 Principle of productivity 
    Definition and expression of productivity. The calculation methods of productivity under different well pattern.
2.2 Flooding index calculation of line drive water injection
The application of Buckley-Leverett Theory, dimensionless water injection, dimensionless production, instantaneous and cumulative indexes calculation. 
Computer lesson
Construct the relative permeability curve based on the properties and limited conditions of reservoir. Solve the water flooding front saturation, calculation water breakthrough time, confirm the instantaneous oil production rate and water cut, confirm cumulative oil production, water production, liquid production and oil recovery. 
2.3 Dynamic calculation of areal injection pattern
    Divided of flow resistant area, consumptions of simplified calculation method, calculation method of instantaneous and cumulative indices.
Discuss lesson
    Analysis the apply conditions and point out the disadvantage of current method according to the theory of regular water flooding performance evaluation method. Summary the dynamic predict method for water flooding based on literature review.
2.4 Water coning calculation of bottom water reservoir
   Concept of bottom water reservoir, calculation method of critical production rate and water breakthrough time, water cut calculation method after water breakthrough, characteristic of bottom water development and water coning control methods.
2.5 Water influx calculation of edge water reservoir
    The types of edge water influx, definition of water influx coefficient for different type of water influx, water influx calculation of pseudo stationary state water influx, water influx calculation of non-stationary state water influx, the production prediction of natural aquifer water influx.

Chapter 3 The mechanism and method of reservoir dynamic monitoring
Key points: Concept of well test, introduction of drawdown and buildup well test, the calculation method of average formation pressure, flow coefficient calculation method, characteristic of well test for finite formation, well test characteristic of dual porous media reservoir.
3.1 Well test analysis
    Concepts, procedure and application of well test for homogeneous reservoir.
3.2 Well test analysis of homogeneous reservoir
The mechanism and calculation method of pressure drawdown and buildup well test.
3.3 Well test of finite formation
    The methods to evaluate oil reserve, identify boundary property, calculate formation pressure and confirm the distance to fault based on the finite formation well test analysis.
Computer lesson
    Have the ability to conduct infinite homogeneous reservoir well test analysis using well test mechanism according to the supplied data. Calculate permeability, formation coefficient and formation pressure.
3.4 Well test analysis method for vertical fracturing homogenous reservoir
   Well test characteristic of finite and infinite fluid diversion well model.
3.5 Well test analysis method of natural fractured reservoir
    Concept of dual porous media, mechanism and characteristic of natural fractured reservoir well test.
3.6 Radial reservoir well test analysis
The well test model and analysis method of radial reservoir, the typical characteristics of different well test periods, well test method of water well.
3.7 Well test analysis of horizontal well
    Horizontal well test model, the typical response characteristics of four periods of homogenous horizontal well test, the well test analysis mechanism of multi-stage fracturing horizontal well.
Discuss lesson
    Analysis the limitation of traditional well test when considering the complex of actual reservoir based on the traditional well test mechanism. Point out the development direction of well test for complex reservoir based on the modern well test analysis mechanism.
Chapter 4 Reservoir dynamic analysis method
Key points: The mechanism and application of Material Balance Equation, characteristic and index calculation of production decline, the application of water drive characteristic curve, rational well density calculation, economic cumulative oil calculation, and water flooding oil recovery predict method.
4.1 Material balance equation method
    The mechanism and application of Material Balance Equation method, the concepts of drive index, elastic productivity and water influx coefficient, estimate the original oil in place by Material Balance Equation method.
4.2 Water drive characteristic curve
The characteristic of water drive characteristic curve, the assumption and mechanism of water drive characteristic curve, the application of water drive characteristic curve on development performance evaluation and dynamic prediction.
Computer lesson
Draw water drive characteristic curve based on the supplied reservoir production data, calculate economic cumulative oil reserve, conduct production predict, calculation drive indexes based on the Material Balance Equation method.
4.3 Production decline analysis
The concept of decline rate, production index calculation during decline period, identify the decline type based on the decline curve.
4.4 Technical index calculation of water flooding oilfield
    Estimation method of formation energy, evaluation method and its application of injection-production pressure system, the application of injection-production balance diagram.
4.5 Oil recovery and well spacing density calculation of water flooding oilfield
Concepts of well spacing density and economic recoverable reserve, the principle and method to calculate well spacing density and economic recoverable reserve, calculation method of water flooding oil recovery.
Chapter 5 Oilfield development adjustment
Key points: The concept of capillary number, the relationship of capillary number with remaining oil saturation, hydropower adjustment method, enhance oil recovery mechanism by unstable state water injection, flow behavior of horizontal well.
5.1 Distribution behavior of remaining oil 
The concepts of micro sweep efficiency, residual oil, capillary number and modified capillary number; the relationship of capillary number with remaining oil saturation; the influence factors of capillary number, analyze the enhance sweep efficiency based on the definition of capillary number.
Discussion lesson
For a longtime water flooding development reservoir, discuss the distribution characteristic and behavior of remaining oil, analysis the effect factors of remaining oil distribution, summary the characteristic and mode of remaining oil distribution.
5.2 Development adjustment
The concept of development adjustment, development adjustment methods, the variation of areal injection pattern. 
5.3 Hydropower adjustment method
The concept of hydropower adjustment, the mechanism of hydropower adjustment methods especially for cyclic water flooding.
Chapter 6 Development method of complex reservoir
Key points: Classification of complex reservoir, the main development technologies for complex reservoirs. 
6.1 Heavy oil reservoir development
    The classification of heavy oil, the mechanism of thermal development, the procedure of steam soak and steam flooding, thermodynamic quantities calculation during thermal development. 
6.2 Complex fault reservoir development
The classification of fault oilfield, the characteristic of fault reservoir, the development technology of fault reservoir. 
6.3 Low permeability reservoir development
The classification of low permeability reservoir, threshold pressure, the effect of threshold pressure on production, the production characteristic of low permeability reservoir, well pattern design method for low permeability reservoir.
6.4 Carbonate reservoir development
    The characteristic of carbonate reservoir storage space, well pattern design method for carbonate reservoir, oil production rate optimization method, development adjustment method.

	教学进度及要求
Class Schedule & Requirements


	内容
Topics
	课内
学时
Course
Hours
	教学方式
Teaching Methods
	课外
学时
Home
Hours
	课外环节
Assignment
	课程目标
Outcomes

	
	1.1
	1
	讲授Lecturing
	
	作业Homework
	目标1
Outcome 1

	
	1.2
	2
	讲授Lecturing
	
	作业Homework
	目标1
Outcome 1

	
	1.3
	2
	讲授Lecturing
	
	作业Homework
	目标1
Outcome 1

	
	1.4
	2
	讲授Lecturing
	
	作业Homework
	目标1
Outcome 1

	
	1.5
	1
	讲授Lecturing
	
	作业Homework
	目标1、2
Outcome 1, 2

	
	1.6
	3
	讲授Lecturing
	
	作业Homework
	目标1、2
Outcome 1, 2

	
	2.1
	2
	讲授Lecturing
	
	作业Homework
	目标1
Outcome 1

	
	2.2
	3
	讲授Lecturing
	
	作业Homework
	目标2
Outcome 2

	
	上机
Computer lesson
	2
	上机实例计算
Case study based on computer calculation
	
	综合成果
Comprehensive achievement
	目标3
Outcome 3

	
	2.3
	2.5
	讲授，讨论
Lecturing, discussion
	
	作业Homework
	目标2、3
Outcome 2, 3

	
	2.4
	1
	讲授Lecturing
	
	作业Homework
	目标1
Outcome 1

	
	2.5
	2.5
	讲授Lecturing
	
	作业Homework
	目标2
Outcome 2

	
	3.1
	1
	讲授Lecturing
	
	作业Homework
	目标1
Outcome 1

	
	3.2
	2
	讲授Lecturing
	
	作业Homework
	目标1
Outcome 1

	
	3.3
	2
	讲授Lecturing
	
	作业Homework
	目标1
Outcome 1

	
	上机
Computer lesson
	1
	上机实例计算
Case study based on computer calculation
	
	提交综合成果
Comprehensive achievement
	目标2
Outcome 2

	
	3.4
	2
	讲授Lecturing
	
	作业Homework
	目标3
Outcome 3

	
	3.5
3.6
	2
	讲授Lecturing
	
	作业Homework
	目标3
Outcome 3

	
	3.7
	2
	讲授、研讨
Lecturing, discussion
	
	作业、研讨报告
Homework, report
	目标3
Outcome 3

	
	4.1
	3
	讲授Lecturing
	
	作业Homework
	目标1
Outcome 1

	
	4.2
	2
	讲授Lecturing
	
	作业Homework
	目标1
Outcome 1

	
	上机
Computer lesson
	1
	上机实例计算
Case study based on computer calculation
	
	综合成果
Comprehensive achievement
	目标2
Outcome 2

	
	4.3
	2
	讲授Lecturing
	
	作业Homework
	目标1
Outcome 1

	
	4.4
	2
	讲授Lecturing
	
	作业Homework
	目标1
Outcome 1

	
	4.5
	2
	讲授Lecturing
	
	作业Homework
	目标1
Outcome 1

	
	5.1
	2
	讲授、讨论
Lecturing, discussion
	
	作业、研讨报告
Homework, report
	目标1、2
Outcome 1, 2

	
	5.2
	1
	讲授Lecturing
	
	作业Homework
	目标1
Outcome 1

	
	5.3
	1
	讲授Lecturing
	
	作业Homework
	目标1
Outcome 1

	
	6.1
6.2
	2
	讲授Lecturing
	
	作业Homework
	目标1
Outcome 1

	
	6.3
6.4
	2
	讲授Lecturing
	
	作业Homework
	目标1
Outcome 1

	
	

	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实验
	5%

	
	环节4 期末考试
	70%

	
	Evaluation
	Percentage

	
	Evaluation 1：Attendance and Performance
	5%

	
	Evaluation 2：Homework
	20%

	
	Evaluation 3：Experiment
	5%

	
	Evaluation 4：Final Exam
	70%

	教材及参考资料
Textbooks & Other Materials
	1．《油藏工程原理与方法，第三版》，姚军、谷建伟、吕爱民编，中国石油大学出版社，2016，国家级规划教材；
2. 《油藏工程原理与方法》，姜汉桥、姚军、姜瑞忠编，中国石油大学出版社，2000；
2．《油藏工程基础》，郎兆新，石油大学出版社，1991；
3. 《实用油藏工程方法》，秦同洛，石油工业出版社，1989。

	
	

	其它
More
	无

	备注
Notes
	无

	大纲执笔人
Author
	油藏工程课程组
	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

	油藏工程课程上机操作
	金融模拟实验室
	04***
	文理楼金融模拟实验室
	04***
	32
	4
	专业/
	必做
	综合性
	石油工程
	
	计算机
	是




