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	学分
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	理论学时
Lecture Hours
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	实践学时
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	5周
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	适用专业
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	石油工程
Petroleum Engineering

	授课语言
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	中文
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	先修课程
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	油藏工程、钻井工程和采油工程
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	课程简介
Course Description
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]石油工程综合设计是石油工程专业本科生必修的实践性课程。通过本课程的学习，培养学生综合运用所学基础知识和专业知识解决实际生产问题的能力。目的是使学生掌握石油工程设计中开发方案设计、钻井工程设计、采油工程设计和油藏工程评价、增产措施技术方案等的设计方法和设计步骤，提高学生工程设计能力和综合运用知识的能力。

	
	The Comprehensive Design of Petroleum Engineering is a practical course for undergraduates majoring in petroleum engineering. Through this course of study, students can develop the basic knowledge and expertise to solve the practical problems in production. The purpose is to enable students to master the methods and steps of development plan design, drilling engineering design, production engineering design, reservoir engineering evaluation and technical stimulation plan in petroleum engineering design, and improve the ability of engineering design and comprehensive use of knowledge.



	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

	
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]目标1：培养学生基于油藏地质、测井、生产测试及工程要求等基础数据，分析石油与天然气开发过程中的复杂工程问题，掌握利用钻井工程、采油工程和油藏工程原理、方法和技术进行单井设计和油气田开发整体方案设计的基本能力。
	2-2、3-1

	
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]目标2：能够针对油气开发过程中的复杂工程问题，综合考虑设计的各方面所涉及的因素和分析各因素在设计中起到的作用，通过实施方案、方法、技术工艺措施、成本、环境等方面的评价，掌握石油工程设计优化方法。
	3-3、6-1、6-2、7-1、7-2

	
	[bookmark: OLE_LINK9][bookmark: OLE_LINK10]目标3：培养学生利用文献、规范、现代工具及专业知识研究工程问题的方法，撰写符合钻井工程、采油工程和油藏工程设计要求的工程设计报告能力。
	5-1、5-2、10-1、10-2

	
	[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK11][bookmark: OLE_LINK12]目标4：能够将石油工程领域的工程与项目管理方法应用于工程设计的实际问题，培养解决工程关键环节设计问题的能力，在设计方案中体现具有应用新技术、新工艺和创新性的初步能力。
	3-2、4-3、9-1、9-2、11-1、11-2、12-2

	
	Learning Outcomes
	Major Objectives

	
	Objective 1: Develop the analysis ability of complicated engineering problems in oil and gas development based on basic data of reservoir geology, logging, production test and engineering requirements. Master the basic capacity of applying principles, methods and techniques of drilling engineering, production engineering and reservoir engineering in single well design and overall project design of the oil and gas field development. 
	

	
	Objective 2: Consider the factors involved in all aspects of the design and analyze the role of each factor against the complicated engineering problems in oil, and master the optimization design methods of petroleum engineering through the evaluation of program implementation, methods, technical process measures, cost, environment, etc.
	

	
	Objective 3: Improve writing skills of engineering design reports meeting requirements for drilling engineering design, production engineering design and reservoir engineering design using literature, norms, modern tools and expertise in studying engineering issues.
	

	
	Objective 4: Employ project management methods of petroleum engineering in the practical problems of engineering design to cultivate the ability of solving the critical engineering design problem, and possess the preliminary capacity of new technology and innovation application in the design.
	

	教学内容
Topics
	[bookmark: OLE_LINK15][bookmark: OLE_LINK16]综合设计在教师指导下进行。学生根据所提供的以下基本数据进行设计：油藏地质特征参数、测井资料、取心资料、试采、开发试验等动静态资料；以及井别、井深、地质概况、油层位置、完井方式、地层孔隙压力、地层破裂压力、地层温度、流压及对应产量、饱和压力、套管直径、含水、生产气液比、原油密度、水密度、天然气相对密度、出砂情况、结蜡情况等，完成油藏、钻井和采油三个部分的设计内容。
第1部分  油藏工程设计                                          1.5 周
1.0 油藏工程部分的设计任务要求、方法和步骤讲解
介绍油藏部分基础数据、设计思路、计算方法和步骤，布置设计任务及要求。
1.1 开发方式确定
根据油藏基础参数，计算油藏弹性能大小。结合油藏边底水和气顶等情况对油藏天然能量进行分析，论证注水开发的必要性。
1.2 开发层系划分与组合
计算各小层的储量和层间的隔层厚度；分析储层的非均质特点（可采用渗透率级差、突进系数和变异系数等指标）；结合渗透率分布直方图分析油藏的韵律特征；根据层系划分与组合原则对层系划分的可行性和必要性进行综合分析和论证；计算各层系的平均参数（包括孔隙度、渗透率、含油饱和度和有效厚度）和地质储量。
1.3 注水方式及井网密度确定
根据油藏特点确定油藏的注水方式；计算油藏的单井产量，根据油田的采油速度和稳产要求确定油井数及注采井距等指标。
1.4 开发指标概算
考虑水驱油的非活塞特点计算排状注水的以下开发指标：开发年限，无水采油期，日产液量、日产油量、日注水量，累产液量、累产油量、累注水量，含水率，采出程度等。
1.5 经济评价
计算油田历年的投入产出情况，绘制净现金流量曲线；应用盈亏平衡原理确定油田的经济极限含水率和单井经济极限产量；确定油田的投资回收期、投入产出比、净现值等经济指标。分析方案的经济可行性。
1.6 采收率预测
应用概算得到的开发数据，采用水驱曲线和递减分析方法确定油田的采收率。
第2部分  钻井工程设计                                          1.5 周
2.0 钻井工程部分的设计任务要求、方法和步骤介绍
介绍钻井部分基础数据、设计思路、计算方法和步骤，布置设计任务及要求。
2.1 井位确定
井位的确定、目的层钻深的确定、钻井地质资料、完钻要求等。
2.2 井身结构设计
设计套管的下入层次，各层套管的下入深度，各层套管对应的钻深及对应钻头尺寸，各层套管的直径，水泥上返的高度等，要求画出井身结构示意图、设计结果列表。
2.3 钻井工具的选用
根据各地层的特点选择钻头的类型，各钻头的主要钻进参数选择、预测各层位的机械钻速，预测全井不同类型（不同尺寸）钻头的使用数量，总的钻进时间等，要求设计结果列表。
2.4 钻具设计
设计二开塔式钻具组合、最后一开次的刚性满眼钻具组合，进行最后一开次的钻杆强度设计、扶正器安放位置，选择钻进过程中使用的方钻杆类型及性能能参数等，要求画出钻柱串接示意图、满眼钻具扶正器安放位置示意图，设计结果列表。
2.5 钻进参数设计
进行最后开次的水力参数设计，包括选择钻井泵、缸套直径、额定工作参数、最优排量、喷嘴直径，计算射流及钻头水力参数等，要求设计结果列表。
2.6 钻井液设计
钻井液类型选用，性能设计及日常维护方法，常用处理剂的选用，固控设备应用等，要求设计结果列表。
2.7 套管柱强度设计
各层套管柱的强度设计，套管串的下部结构等，要求设计结果列表。
2.8 固井和完井设计
注水泥浆柱的设计与校核，水泥类型的选择，注水工艺泥设计及计算，完井方法选择及工艺等，要求设计结果列表。
第3部分 采油工程设计                                           1.5 周
3.0 采油工程部分的设计任务要求、方法和步骤讲解
介绍油藏部分基础数据、设计思路、计算方法和步骤，布置设计任务及要求。
3.1 完井工程设计
（1）完井方式选择：计算产能比、表皮系数；
（2）生产管柱尺寸选择；
（3）射孔完井工艺参数优选，计算有效负压值。
3.2 常规有杆泵抽油生产系统设计
（1）常规有杆泵抽油生产系统设计原理；
（2）油井流入动态计算，并绘制IPR曲线；
（3）井筒温度场计算、流体物性参数计算及井筒压力分布计算，确定下泵深度，计算动液面；
（4）抽油杆柱设计；
（5）抽油机校核；
（6）泵效计算；
（7）抽油系统效率计算。
3.3 防砂工艺选择及施工参数设计
（1）地层砂粒度分析方法及砾石尺寸选择方法；
（2）支撑砾石层机械筛管规格及缝宽设计；
（3）管外地层充填砾石量估算；
（4）管内地层充填砾石量估算；
（5）携砂液用量及施工时间估算。
4. 报告撰写                                                    0.5 周
学生完成设计时应分方向撰写并提交综合设计报告，报告需计算应准确，图表齐全，文字说明简明。

	
	The comprehensive design is under the guidance of teachers. The three parts of the design content in reservoir, drilling and production are completed based on the following data: reservoir geologic characteristics parameters, logging data, coring data, production test, development test and other dynamic and static data; and well type, well depth, general geology, reservoir location, completion , formation pore pressure, formation fracture pressure, formation pressure, formation temperature, flow pressure, production rate, saturation pressure, casing diameter, water content, gas-liquid ratio, crude oil density, water density, relative density of natural gas, sand production, waxing situation, etc. .
Part 1 Reservoir Engineering Design                             
1.0 Introduction of design requirements, methods and steps of reservoir engineering design
Introduce the basic data, design ideas, calculation methods and steps, design tasks and requirements.
1.1 Determination of development method 
Calculate the reservoir elastic energy according to the reservoir basic parameters. The natural energy of the reservoir is analyzed and the necessity of water flooding development is demonstrated by combining the situation of edge water, bottom water and the gas cap in the reservoir.
1.2 Division and Combination of development layer
Calculate the reserves of each layer and the thickness of the interlayer; Analyze the heterogeneity characteristics of reservoir (Permeability gradation, abrupt injection coefficient, variation coefficient and other indicators can be used); Combining the histogram of permeability distribution to analyze the rhythmic features of reservoir;  Comprehensive analysis and demonstration are conducted in the feasibility and necessity of layer classification according to the principles of the layer division and combination; Calculate the average parameters (Include porosity, permeability, oil saturation and effective thickness) and the oil initially in place.
1.3 Determination of water flooding regime and well spacing density
Based on the reservoir characteristics, the water flooding regime of the reservoir is determined; The single well production of the reservoir is calculated, and parameters including the number of production wells and the injector producer distance are determined according to the production rate and requirements for the stable production.
1.4 Estimation of development index
Considering the non-piston characteristics of oil displacement by water, calculate the following development index of line water flooding: development years, water free production period, daily fluid production rate, daily oil production rate, daily water injection rate, cumulative fluid production, cumulative oil production, cumulative water injection, water content, the degree of reserve recovery and so on.
1.5 Economic evaluation
Calculate the input and output of the oilfield over the years, and plot the net cash flow curve; Apply the breakeven principle to determine the economic limit water content and the single well economic limit production of the oil field; The payback period, input-output ratio, net present value and other economic index are calculated. The economic feasibility of the project is analyzed as well.
1.6 Recovery prediction
Employ the development data obtained in estimation to predict the oil recovery by using water flooding curve and decline analysis methods.
Part 2 Drilling Engineering Design
2.0 Introduction of design requirements, methods and steps of drilling engineering design
Introduce the basic data, design ideas, calculation methods and steps, design tasks and requirements.
2.1 Determination of well location
Determine the well location, the depth of target layer, drilling geological information, requirements in finishing drilling, etc.
2.2 Well structure design
Design the casing running-in level, the setting depth of each casing, the drilling depth and drill bit size corresponding to each casing, the diameter of each casing and the height of the cement top and a sketch of the well structure design and a list of design results are required.
2.3 Selection of drilling tools
Select the type of drill bit, main drilling parameters of each drill bit based on the formation characteristics and to predict the drilling speed of each layer, the drill bit number of different types (different size), the total drilling time. Design results should be listed.    
2.4 Drilling tools design
Tower bottom hole assembly of second interval, rigid packed hole assembly of last interval, drill pipe strength of last interval and centralizer position are designed, and select the type of kelly and performance parameters used in drilling process. The diagram of drill string connection, the graph of centralizer position in packed hole assembly and the design results list should be presented.
2.5 Drilling parameters design
Hydraulic parameters which includes the selection of drilling pumps, cylinder diameter, rated working parameters, the optimum capacity, nozzle diameter and the calculation of jet and bit hydraulics are designed. A list of design results is required.
2.6 Drilling fluid design
 The selection of the type, characteristics, daily maintenance methods, common treatment agents of drilling fluid and solids control equipment are conducted. Design results should be listed.
2.7 Casing strength design
Design the casing strength of each level and the bottom structure of casing string. A list of design results is required.
2.8 Cementation and completion design
The design and check of cement column, the selection of the cement type, the design and calculation of the cement injection methodology and the selection of the completion method are performed and the design result list is required.
Part 3 Production Engineering Design
3.0 Introduction of design requirements, methods and steps of production engineering design
Introduce the basic data, design ideas, calculation methods and steps, design tasks and requirements.
3.1 Completion design
(1) Select completion method: calculate productivity ratio and shin factor;
(2) Select the size of production string;
(3) Optimize perforation completion parameters and calculate effective negative pressure. 
3.2 Conventional sucker rod pumping production system design
(1) Design principle of conventional sucker rod pumping production system;
(2) Calculate the inflow performance relationship and draw the IPR curve;
(3) Calculate wellbore temperature field, fluid physical parameters and wellbore pressure distribution and determine the pump depth and dynamic liquid level;
(4) Design sucker rod string;
(5) Check pumping unit;
(6) Calculate pump efficiency;
(7) Calculate efficiency of the pump system.
3.3 Sand control technology selection and construction parameters design
(1) Apply the formation sand grain size analysis method and gravel size selection method;
(2) Design the size of mechanical screen in the supporting gravel layer and the width of the fracture;
(3) Estimate the volume of gravel filling in the exterior of the pipe;
(4) Estimate the volume of gravel filling in the interior of the pipe;
(5) Estimate the volume of sand-laden fluid and the construction time.
Part 4 Report writing
Students should write and submit a comprehensive design report when completing the design. The report demands accurate calculation, completed chart and concise description.

	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

	
	1.0
	6
	讲解
	
	
	目标1

	
	1.1
	8
	辅导、答疑
	
	
	目标1、2、3、4

	
	1.2
	10
	辅导、答疑
	
	
	目标1、2、3、4

	
	1.3
	10
	辅导、答疑
	
	
	目标1、2、3、4

	
	1.4
	10
	辅导、答疑
	
	
	目标1、2、3、4

	
	1.5
	8
	辅导、答疑
	
	
	目标1、2、3、4

	
	1.6
	8
	辅导、答疑
	
	
	目标1、2、3、4

	
	2.0 
	6
	讲解
	
	
	目标1

	
	2.1
	8
	辅导、答疑
	
	
	目标1、2、3、4

	
	2.2
	4
	辅导、答疑
	
	
	目标1、2、3、4

	
	2.3
	6
	辅导、答疑
	
	
	目标1、2、3、4

	
	2.4
	6
	辅导、答疑
	
	
	目标1、2、3、4

	
	2.5
	6
	辅导、答疑
	
	
	目标1、2、3、4

	
	2.6
	6
	辅导、答疑
	
	
	目标1、2、3、4

	
	2.7
	8
	辅导、答疑
	
	
	目标1、2、3、4

	
	2.8
	4
	辅导、答疑
	
	
	目标1、2、3、4

	
	2.9
	6
	辅导、答疑
	
	
	目标1、2、3、4

	
	3.0
	6
	讲授
	
	
	目标1

	
	3.1
	10
	辅导、答疑
	
	
	目标1、2、3、4

	
	3.2
	26
	辅导、答疑
	
	
	目标1、2、3、4

	
	3.3
	18
	辅导、答疑
	
	
	目标1、2、3、4

	
	4
	20
	撰写报告
	
	
	目标1、2、3、4

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	[bookmark: OLE_LINK17]Outcomes

	
	1.0
	6
	Lecture
	
	
	Outcome 1

	
	1.1
	8
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	
	1.2
	10
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	
	1.3
	10
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	
	1.4
	10
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	
	1.5
	8
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	
	1.6
	8
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	
	2.0
	6
	Lecture
	
	
	Outcome 1

	
	2.1
	8
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	
	2.2
	4
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	
	2.3
	6
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	
	2.4
	6
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	
	2.5
	6
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	
	2.6
	6
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	
	2.7
	8
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	
	2.8
	4
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	
	2.9
	6
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	
	3.0
	6
	Lecture
	
	
	Outcome 1

	
	3.1
	10
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	
	3.2
	26
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	
	3.3
	18
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	
	4
	20
	Guidance and answer-to-question
	
	
	Outcome 1、2、3、4

	考核方式
Grading
	评价环节
	比例

	
	环节1   油藏工程方向（平时表现30%，设计报告70%）
	33.33%

	
	环节2   钻井工程方向（平时表现30%，设计报告70%）
	33.33%

	
	环节3   采油工程方向（平时表现30%，设计报告70%）
	33.33%

	
	Evaluation
	Percentage

	
	Evaluation 1  Reservoir engineering (attendance and performance 30%, design report 70%)
	33.33%

	
	Evaluation 2  Drilling engineering(attendance and performance 30%, design report 70%)
	33.33%

	
	Evaluation 3  Production engineering(attendance and performance 30%, design report 70%)
	33.33%

	
	Evaluation 4
	%

	教材及参考资料
Textbooks & Other Materials
	（一）教材
1.《石油工程综合设计》，步玉环、谷建伟、薛建泉，中国石油大学出版社，2012。
（二）参考书
1.《钻井工程理论与技术》，陈庭根、管志川主编，中国石油大学出版社，2010；
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2.《采油工程原理与设计》，张琪主编，中国石油大学出版社，2000；
3.《油藏工程原理与方法》，姚军、谷建伟、吕爱民主编，中国石油大学出版社，2016；
4.《实用油藏工程方法》，秦同洛等编，石油工业出版社，1989；
5.《油藏工程基础》，郎兆新主编，石油大学出版社，1991；
6.《油气层渗流力学（第2版）》，张建国主编，中国石油大学出版社，2009。

	
	(A) teaching materials
1. " Comprehensive Design of Petroleum Engineering ", Bu Yuhuan, Gu Jianwei, Xue Jianquan, China University of Petroleum Press, 2012.
(B) reference book
1. "Drilling Engineering Theory and Technology", Chen Tinggen, Guan Zhichuan, China University of Petroleum Press, 2010;
2. "Principles and Design of Oil Production Engineering", Zhang Qi, China University of Petroleum Press, 2000;
3. "Reservoir Engineering Principles and Methods", Yao Jun, Gu Jianwei, Lv Aimin, China University of Petroleum Press, 2016;
4. "Practical reservoir engineering method", Qin Tong Luo, Petroleum Industry Press, 1989;
5. "Reservoir Engineering Foundation", Lang Zhaoxin, University of Petroleum Press, 1991;
6. "Hydrocarbon Seepage Mechanics (2nd Edition)", Zhang Jianguo, China University of Petroleum Press, 2009.

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	谷建伟、廖华林、李宾飞
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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
	
	（院部代码基础上加3位）
	
	（实验室代码基础上加3位）
	
	
	（基础/专业基础/专业）
	（选做/必做）
	（演示性/验证性/综合性/设计性/创新性）
	
	
	
	（若为否，填写无法开出原因）

	实验2
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




