《油气井防砂理论与技术》教学大纲
Syllabus of Theory and Technology of sand control of Oil/gas well
	课程基本信息
Course Information

	课程名称
Course Name
	油气井防砂理论与技术

	
	Theory and Technology of Sand Control of Oil/gas well

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

	负责人
Leader
	董长银
Dong Changyin
	课程团队
Team Members
	油气井防砂理论与技术课程组

	课程编码
Course Code
	02134
	学分
Credits
	2

	课内学时
Course Hours
	32
	理论学时
Lecture Hours
	28
	实验学时
Experiment Hours
	4

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

	课外学时
Home Hours
	32

	适用专业
Audience
	石油工程  Petroleum engineering

	授课语言
Language of Instruction
	中文 Chinese

	先修课程
Prerequisite
	采油工程 Oil production engineering

	课程简介
Course Description
	《油气井防砂理论与技术》是石油工程专业的专业选修课之一。其任务是使学生掌握油气开采过程中的出砂与防砂基本原理及工艺技术，具体包括：油气井出砂与防砂的岩石力学基本知识、松砂岩油气层出砂原因和出砂机理、出砂预测基本理论与方法、防砂方案适应性评价与优选、防砂工艺技术的分类与基本原理、防砂工艺施工参数设计的基本理论与方法、防砂井产能评价的基本理论与方法、水平井及大斜度井防砂的特殊要求、各种防砂工艺的现场施工工艺技术及步骤。为学生毕业后正确解决疏松砂岩油气藏开采过程中出现的出砂与防砂问题提供理论依据，并为解决防砂综合决策中的实际问题和从事科研工作准备必要的专业理论知识。

	
	Theory and Technology of Sand Control in Oil/Gas Well is one of the oil engineering professional elective courses. The task is to enable students to master the basic principles and technology of sand production and sand control during oil and gas production, including basic knowledge of rock mechanics of sand production and sand control in oil and gas wells, causes and mechanism of sand production in sandstone reservoirs, evaluation and optimization of sand control method adaptability, basic classification and principles of sand control technology, theory and method of sand control  parameter design, productivity evaluation of sand control wells, special requirements for sand control in horizontal highly deviated wells, field operation technology of sand control job. This course provides the theoretical basis for sand production and sand control problems in the process of developing sandstone oil and gas reservoirs for graduates, and prepare the necessary professional knowledge to solve the practical problems in the comprehensive decision-making of sand control and the scientific research work.



	课程教学大纲
Course Syllabus

	课程目标
Learning Outcomes
	课程目标	Comment by YIngjin Shan: “了解”、“掌握”、“体会”等用词不符合OBE理念。
	毕业要求指标点

	
	目标1：了解并认识了疏松砂岩油气层出砂原因、出砂机理，掌握基本出砂预测基本理论与方法，了解工程现象与科学机理的关系。
	4.1、5.2

	
	目标2：了解主要的防砂工艺原理、方法及技术，了解国内外最新防砂工艺进展。体会针对出砂工程问题的科学解决方法。
	2.2、4.1

	
	目标3：了解和掌握各种防砂工艺设计原理、设计方法和步骤，以及现场实施工艺技术。了解防砂工程问题的现场解决方案和规范。
	2.2、3.2、5.2

	
	目标4：了解和掌握防砂井产能评价及措施效果评价方法体系。体会工程措施实施效果的后期评价要点。
	3.2、6.1

	
	Learning Outcomes
	Major Objectives

	
	Objective 1: Understand the causes of sand production in the unconsolidated sandstone reservoirs, sand-production mechanism and master the basic theory and method of sand production prediction, and understand the relationship between engineering phenomena and scientific mechanism.
	

	
	Objective 2: Understand the main principles, methods and technology of sand control, and understand the latest progress of sand control at home and abroad. Experience the scientific solution to the problem.
	

	
	Objective 3: Understand and master a variety of sand control design principles, design methods and procedures, and technology of field implementation. Understand the field sand control solutions and norms.
	

	
	Objective 4: Understand and master the system of sand control well productivity evaluation and method of evaluation. Appreciate the post-evaluation of implementation effect of engineering measures.
	

	教学内容
Topics
	第一章 油气井防砂岩石力学基础
本章重点难点：根据测井资料计算岩石力学参数的方法
1.1 地层岩石力学特性参数及基本概念
1.2 通过试验获取岩石力学参数的方法
1.3 通过测井资料获取岩石力学参数的方法
1.4 原始地层主应力及其预测方法。

第二章油气层出砂机理及系统出砂预测
本章重点难点：出砂临界生产压差预测的基本原理与过程
2.1 油气层出砂原因与出砂机理
2.2 定性经验出砂预测与出砂临界生产压差预测
2.3 实际生产条件下的出砂半径预测、出砂速度预测

第三章 主要防砂工艺原理及防砂方法评价
本章重点：各种防砂工艺的挡砂机理
3.1 防砂工艺分类与基本原理
3.2 机械防砂、化学防砂、复合防砂的基本原理和技术特点。
3.3 防砂方法评价与优选

第四章 防砂工艺设计理论与方法
本章重点难点：砾石尺寸设计方法、机械筛管精度设计方法
4.1 地层砂特性分析方法与砾石尺寸优选技术
4.2 机械筛管参数设计与模拟
4.3 砾石充填防砂参数设计
4.4 端部脱砂压裂充填防砂设计

第五章 水平井与大斜度井防砂
本章重点难点：大斜度井砾石充填过程及其基本原理
5.1 水平井与大斜度井主要防砂工艺
5.2 水平井与大斜度井砾石充填机理
5.3 水平井及大斜度井砾石充填施工参数设计、水平井砾石充填应用

第六章 挡砂介质堵塞机理与防砂井产能预测
本章重点难点：挡砂介质堵塞规律与防砂井产能预测的基本原理和方法
6.1. 挡砂介质堵塞规律
6.2. 防砂井静态产能评价
6.3. 防砂井动态产能评价

第七章防砂措施效果综合评价体系
本章重点难点：防砂措施效果评价的特殊性及基本内容
7.1 防砂措施效果评价的基本内容
7.2 防砂措施效果评价方法

第八章 油气井防砂施工工艺技术及典型案例
本章重点难点：无
8.1 机械筛管防砂施工工艺
8.2 砾石充填类防砂施工工艺技术
8.3 化学类防砂施工工艺技术
8.4 典型应用案例

	
	Chapter 1 Foundation of Sandstone Rock Mechanics for Oil and Gas Wells
Chapter Highlight: Method of calculating rock mechanics parameters based on logging data
1.1 Rock mechanics characteristics parameters and basic concepts
1.2 Methods for obtaining rock mechanics parameters by experiment
1.3 Methods for obtaining rock mechanics parameters from logging data
1.4 Principal stress of the original strata and prediction method.
Chapter 2 Mechanism and Prediction of Sand Production in Oil and Gas Reservoir 
Chapter Highlight: The Basic Principle and Process of Prediction of Critical Production Pressure Drop for Sand Production
2.1 Cause of Sand Production in Oil and Gas Reservoir and Mechanism of Sand Production
2.2 Predictive experience sand production prediction and sand production critical pressure differential prediction
2.3 Prediction of sand production under actual production conditions and prediction of sand production rate
Chapter 3 Evaluation Principle of Main Sand Control Technology and Sand Control Method
Chapter Highlight: Various sand control mechanism of sand blocking mechanism
3.1 Classification and Basic Principle of Sand Control Technology
3.2 Mechanical sand control, chemical sand control, composite sand control of the basic principles and technical characteristics.
3.3 Evaluation and optimization of sand control method
Chapter 4 Theory and Method of Sand Control Technology Design
Chapter Highlight: Gravel size design method, mechanical screen tube precision design method
4.1 Analysis method of formation sand and gravel size optimization technology
4.2 Design and simulation of mechanical screen parameters
4.3 Design of sand control parameters for gravel packing
4.4 end sand removal fracturing filling sand control design
Chapter 5 Horizontal Wells and High Deviation Shaft Sand Control
Chapter Highlight: Filling Process and Basic Principle of Gravel Gravel
5.1 The main sand control technology for horizontal wells and large gradient wells
5.2 Gravel-packing mechanism of horizontal and highly deviated well
5.3 Parameter optimization, application of gravel-packing in horizontal and highly deviated wells
Chapter 6 Blocking mechanism of sand blocking media and prediction of production capacity of sand control
Chapter Highlight: Basic principle and method of blockage rule of sand - blocking media and prediction of production capacity of sand control
6.1. Plugging rule of sand-retention media
6.2. Static productivity evaluation of sand control wells
6.3. Dynamic productivity evaluation of sand control wells
Chapter 7 Comprehensive evaluation system of sand control measures
Chapter Highlight: The Particularity and Basic Contents of the Effectiveness Evaluation of Sand Control Measures
7.1 The basic content of the evaluation of sand control measures
7.2 Evaluation method of sand control measures
Chapter 8 Oil and gas wells sand control construction technology and typical cases
Chapter Highlight: None
8.1 Mechanical sand control implementation technology
8.2 Construction technology of gravel packing sand control
8.3 Chemical sand control construction technology
8.4 Typical application cases

	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
	1
	
	目标1

	
	1.2
	1
	讲授
	1
	
	目标1

	
	1.3
	1
	讲授
	1
	
	目标1

	
	1.4
	1
	讲授
	1
	
	目标1

	
	2.1
	1
	讲授
	1
	
	目标1

	
	2.2
	1
	讲授
	1
	
	目标1

	
	2.3
	1
	讲授
	1
	
	目标1

	
	3.1
	1
	讲授
	1
	
	目标2

	
	3.2
	1
	讲授
	1
	
	目标2

	
	3.3
	1
	讲授
	1
	
	目标2

	
	4.1
	2
	讲授
	2
	
	目标3

	
	4.2
	2
	讲授
	2
	
	目标3

	
	4.3
	2
	讲授
	2
	
	目标3

	
	4.3
	2
	讲授
	2
	
	目标3

	
	实验1
	2
	实验
	2
	撰写
实验报告
	目标3

	
	5.1
	1
	讲授
	1
	
	目标3

	
	5.2
	1
	讲授
	1
	
	目标3

	
	5.3
	1
	讲授
	1
	
	目标3

	
	6.1
	1
	讲授
	1
	
	目标4

	
	6.2
	1
	讲授
	1
	
	目标4

	
	6.3
	1
	讲授
	1
	
	目标4

	
	实验2
	2
	实验
	2
	撰写
实验报告
	目标4

	
	7.1
	1
	讲授
	1
	
	目标4

	
	7.2
	1
	讲授
	1
	
	目标4

	
	8.1
	0.5
	讲授
	0.5
	
	目标4

	
	8.2
	0.5
	讲授
	0.5
	
	目标4

	
	8.3
	0.5
	讲授
	0.5
	
	目标4

	
	8.4
	0.5
	讲授
	0.5
	
	目标4

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	1.1
	1
	Teaching
	1
	
	Outcome 1

	
	1.2
	1
	Teaching
	1
	
	Outcome 1

	
	1.3
	1
	Teaching
	1
	
	Outcome 1

	
	1.4
	1
	Teaching
	1
	
	Outcome 1

	
	2.1
	1
	Teaching
	1
	
	Outcome 1

	
	2.2
	1
	Teaching
	1
	
	Outcome 1

	
	2.3
	1
	Teaching
	1
	
	Outcome 1

	
	3.1
	1
	Teaching
	1
	
	Outcome 1

	
	3.2
	1
	Teaching
	1
	
	Outcome 2

	
	3.3
	1
	Teaching
	1
	
	Outcome 2

	
	4.1
	2
	Teaching
	2
	
	Outcome 3

	
	4.2
	2
	Teaching
	2
	
	Outcome 3

	
	4.3
	2
	Teaching
	2
	
	Outcome 3

	
	4.3
	2
	Teaching
	2
	
	Outcome 3

	
	Experiment 1
	2
	Experiment
	2
	Lab Report
	Outcome 3

	
	5.1
	1
	Teaching
	1
	
	Outcome 3

	
	5.2
	1
	Teaching
	1
	
	Outcome 3

	
	5.3
	1
	Teaching
	1
	
	Outcome 3

	
	6.1
	1
	Teaching
	1
	
	Outcome 4

	
	6.2
	1
	Teaching
	1
	
	Outcome 4

	
	6.3
	1
	Teaching
	1
	
	Outcome 4

	
	Experiment 2
	2
	Experiment
	2
	Lab Report
	Outcome 4

	
	7.1
	1
	Teaching
	1
	
	Outcome 4

	
	7.2
	1
	Teaching
	1
	
	Outcome 4

	
	8.1
	0.5
	Teaching
	0.5
	
	Outcome 4

	
	8.2
	0.5
	Teaching
	0.5
	
	Outcome 4

	
	8.3
	0.5
	Teaching
	0.5
	
	Outcome 4

	
	8.4
	0.5
	Teaching
	0.5
	
	Outcome 4

	考核方式
Grading
	评价环节
	比例

	
	环节1  平时成绩
	10%

	
	环节2  实验成绩
	10%

	
	环节3  期末考试
	80%

	
	Evaluation	Comment by YIngjin Shan: 评价环节名称未翻译
	Percentage

	
	Evaluation 1
	10%

	
	Evaluation 2
	10%

	
	Evaluation 3
	80%

	教材及参考资料
Textbooks & Other Materials
	教材
《油气井防砂理论与技术》，董长银，中国石油大学出版社，2012
主要参考书
 1．《油气井防砂理论及其应用》，何生厚、张琪，中国石化出版社，2003
  2．《油气井防砂技术（第二版）》，董长银、李怀文，中国石化出版社，2017
3．《机械防砂完井筛管》，董长银、刘永红，中国石化出版社，2017
  4．《水平井防砂完井理论与技术》，董长银，中国石化出版社，2013
  5．《现代完井工程》（第三版），万仁溥，石油工业出版社，2008

	
	Changyin Dong, Theory and Technology of Sand Control in Oil and Gas Well, China University of Petroleum Press, 2012.
1. Shenghou He, Qi Zhang, Sand control theory of oil and gas wells and its application, China Petrochemical Press, 2003.
2. Changyin Dong, Wenhuai Li, Oil and gas wells sand control technology (second edition), China Petrochemical Press, 2017.
3. Changyin Dong, Yonghong Liu, Mechanical sand control completion screen, China Petrochemical Press, 2017.
4. Changyin Dong, Theory and Technology of Sand Control and Completion in Horizontal Wells, China Petrochemical Press, 2013.
5. Renfu Wan, Modern completion works(third edition), China Petrochemical Press,2008.	Comment by YIngjin Shan: 此书英文名称疑为 Advanced Well Completion Engineering.

	其它
More
	

	备注
Notes
	

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


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

	地层砂筛析分析实验
	防砂评价实验室
	02000
	
	
	5
	2
	专业
	必做
	演示性
	石油工程
	
	地层砂粒度分析仪
振筛机
	无（无地层砂粒度分析设备）

	挡砂介质挡砂机理实验
	防砂评价实验室
	02000
	
	
	5
	2
	专业
	必做
	验证性
	石油工程
	
	挡砂介质挡砂机理实验装置
	是

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




