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Syllabus of Well Stimulation Technology
	课程基本信息
Course Information

	课程名称
Course Name
	油水井增产增注技术

	
	Well Stimulation Technology

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

	负责人
Leader
	王杰祥
Wang Jiexiang
	课程团队
Team Members
	吴飞鹏、郭天魁
Wu Pengfei, Guo Tiankui

	课程编码
Course Code
	02126
	学分
Credits
	2

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

	
	
	上机学时
Programming Hours
	0
	实践学时
Practice Hours
	6

	课外学时
Home Hours
	0

	适用专业
Audience
	全校各专业
All majors in the school

	授课语言
Language of Instruction
	中文
Chinese

	先修课程
Prerequisite
	高等数学、大学物理、大学化学、油田开发地质学、采油工程
Advanced Mathematics, College Physics, College Chemistry, Oil Field Development Geology, Oil Production Engineering

	课程简介
Course Description
	《油水井增产增注技术》是为石油工程专业本科生开设的主要选修课之一。其任务是使学生掌握油气开采中各种增产增注措施的基本原理及工艺方法，了解油气藏增产改造新工艺、新技术及发展动向。为学生毕业后正确地选择增产改造工艺、进行工艺设计和措施效果分析提供理论依据，并为解决增产改造过程中的实际问题和从事科研工作准备必要的专业理论知识。
本课程注重理论联系实际，以教师课堂讲授、师生课堂讨论相结合的方式进行。

	
	Well Stimulation Technology is one of the major elective courses for undergraduates majoring in petroleum engineering. Its task is to enable students to master the basic principles and technological methods of various measures for increasing production and injection in oil and gas production, and to understand new technology and trend of oil and gas reservoir production and transformation. It can provide theoretical basis for choosing the increasing production process, planning process, analyzing process design and measures effects. This course is a preparation of the necessary professional theoretical knowledge.
This course focuses on the theory of practice, and teaching methods contains classroom teaching and teachers and students classroom discussion.



	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：了解不同类型油藏进行增产改造的原因，掌握储层岩石、流体及措施流体对增产改造措施效果的影响。
	1.3、1.4、6.2、7.1

	
	目标2：了解压裂、酸化技术发展现状，掌握水力压裂、酸化基本原理、基本概念及基本工艺过程，能够进行压裂、酸化工艺优化设计。
	1.1、1.2、1.3、1.4、2.1、2.2、3.1、3.2
4.1、4.2、12.2

	
	目标3：了解除压裂、酸化之外各种增产改造新工艺的基本原理及其适用性。
	1.1、1.2、1.3、1.4、2.1、2.2、3.1、3.2
4.1、4.2、12.2

	
	Learning Outcomes
	Major Objectives

	
	Objective 1: Understand the reasons for increasing production in different types of reservoirs. Master the influence of reservoir rock, fluid and measure fluid on the effects of stimulation modification.
	

	
	Objective 2: Understand the development of fracturing and acidizing technology. Master the basic principle, basic concept and basic technological process of hydraulic fracturing and acidizing. Able to optimize the design of fracturing and acidizing.
	

	
	Objective 3: Understand the basic principle and applicability of various new technologies for increasing production with the exception of fracturing and acidizing.
	

	教学内容
Topics
	第一章  油水井增产改造基础知识
本章重点难点：增产改造措施流体基本物理与化学性质
1.1 油水井增产增注技术的主要内容，国内外油水井增产增注技术的发展状况，本课程的特点及学习方法；
1.2 储层岩石、流体及措施流体基本物理与化学性质；储层伤害原因与评价方法。
[bookmark: OLE_LINK40]第二章  水力压裂工艺技术
本章的重点难点：水力压裂工艺过程、增产原理、裂缝导流能力基本概念与评价方法、压裂基本设计方法、常规压裂与体积压裂工艺的异同点。
2.1 水力压裂造缝及增产机理
水力压裂的施工概述，水力压裂造缝机理及裂缝形态，水力压裂增产机理。
2.2 水力压裂入井材料
压裂液的定义、功能、类型、基本性能要求，水基压裂液的配方，压裂液的优化设计方法；支撑剂的类型、性能特点及选择设计方法。
2.3水力压裂裂缝扩展模型及几何参数计算
水力压裂的物理过程及裂缝几何参数计算模型。
2.4 水力压裂井效果预测及方案优化设计
水力压裂井压裂效果预测方法，水力压裂裂缝参数优化及施工参数优化设计，水力压裂优化设计软件简介。
2.5 水力压裂裂缝监测及参数识别
水力压裂裂缝监测与诊断技术，裂缝参数识别方法。
2.6 高渗透油层压裂技术
中高渗油藏开发的问题及压裂的原因，高渗层压裂裂缝的作用，端部脱砂技术的技术特点、处理方法设计和实施。
2.7 体积压裂
体积压裂的概念、发展历程、实施技术、应用情况、技术难点及研究进展介绍。
2.8 水力压裂存在的问题及新技术
不同类型油气藏水力压裂技术实施的难点，新型压裂材料及压裂新工艺介绍。
第三章 酸化工艺技术	8学时
本章的重点难点：酸化增产改造原理、酸岩化学反应、酸化效果评价方法、酸化工艺设计方法。
3.1 酸处理方法
酸处理工艺分类简介及酸化增产的理论分析
3.2 碳酸盐岩地层的酸化
酸岩化学作用原理，影响酸岩复相反应速度的因素分析。
3.3 酸化压裂技术
酸压与水力压裂的异同点，酸压效果的影响因素分析，酸岩复相反应的有效作用距离，前置液酸压设计方法。
3.4砂岩储层的酸化
砂岩地层土酸处理原理，土酸处理设计。
3.5 酸液及添加剂
常用酸液种类及性能，酸液添加剂。
3.6 酸化新技术
液体置放技术、固体酸酸压技术、水平井酸化技术、自转向酸酸化技术等。
第四章 高能气体压裂
本章重点难点：高能气体压裂机理及技术发展趋势
4.1 高能气体压裂机理
爆炸压裂、水力压裂与高能气体压裂技术对比，高能气体压裂作用及其特征、特点。
4.2 高能气体压裂火药及其装备
高能气体压裂所用固体火药、液体火药，有壳弹、无壳弹压力发生器基本结构，点火装置及其作用原理。
4.3 高能气体压裂参数设计
高能气体压裂作用过程分解，各部分子系统模型分析，系统耦合分析，压裂参数优化设计。
4.4 高能气体压裂测试与评价
高能气体压裂测试工具及其工作原理，高能气体压裂效果评价技术分析。
4.5 高能气体压裂工艺
高能气体压裂适用范围，工艺分类及其各自的工艺过程，安全控制工艺等。
4.6 高能气体压裂发展趋势
火药发展趋势，数值模拟技术发展趋势，工艺技术发展趋势，层内爆燃技术等。
第五章  井底处理的水动力学方法
本章重点难点：水力振动与水力脉冲的增产机理
5.1波的增产原理
波动相关的特性、增产原理及波处理油层技术的应用前景。
5.2 水力振荡增产技术
水力振荡的增产原理，井下水力振荡设备、原理及施工工艺
5.3 高压水射流油井解堵技术
高压水射流解堵技术的设备结构与原理，井下水力参数的计算，油管伸长量的计算，自振空化射流理论与实验研究，高压旋转水射流旋转特性，高压水射流的解堵工艺。
第六章  超声波、人工地震与井下脉冲放电增产技术
本章重点难点：超声波、人工地震、电脉冲放电技术的增产机理
6.1 井下超声波增产技术
井下超声波提高油气渗流能力的机理，超声波处理油层的设备工艺。
6.2 人工地震处理油层技术
人工地震采油机理，地面人工地震震源设备及其它人工地震技术。
6.3 井下脉冲放电增产技术
井下脉冲放电增产技术原理，脉冲发生器的结构原理，井下脉冲增产技术的评价。
第七章  稠油增产技术
本章重点难点：稠油油藏开发难点及主要开发技术的技术原理
7.1 稠油的特点
7.2 稠油油藏开采方法
注蒸汽热采技术，火烧油层技术，水平井热采技术，稠油出砂冷采技术，注气开采技术，稠油井下改质开采技术，化学法开采技术，微生物开采技术，电磁波加热技术，微波加热技术等。
7.3 稠油井筒举升技术
稠油井筒降粘技术，稠油井筒举升技术等。
第八章  微生物采油技术
本章重点难点：微生物采油技术的的基本原理
8.1 油层微生物学
本源细菌，各种油层条件下细菌的生理学，接种细菌与本源细菌之间的相互影响，微生物菌株。
8.2 微生物采油原理及应用
井筒清洗，微生物封堵，微生物“吞吐”采油，微生物驱油，微生物采油应用条件。
8.3 微生物培养与筛选
8.4 微生物提高采收率方法及特点

	
	Chapter 1 Basic knowledge of well stimulation technology
Keynotes and difficulties: Increasing Production Fluid Basic Physical and Chemical Properties
1.1 Main contents of oil well stimulation technology; Development status of well stimulation technology at home and abroad; Characteristics and learning methods of the course.
1.2 Basic physical and chemical properties of reservoirs, rocks, fluids, and measures fluids; Reservoir damage cause and evaluation method.
Chapter 2 Hydraulic fracturing technology
Keynotes and difficulties: Hydraulic fracturing process, Stimulation principle; Basic concept and evaluation method of fracture diversion capacity, Basic fracturing design method, The similarities and differences between conventional fracturing and volume fracturing.
2.1 Mechanism of hydraulic fracturing
Overview of hydraulic fracturing construction, Fracture mechanism and fracture morphology of hydraulic fracturing, Hydraulic fracturing production increasing mechanism.
2.2 Hydraulic fracturing materials injected in wells
Definition, function, type and basic performance requirements of fracturing fluid; Formula of water base fracturing fluid; Optimum design method of fracturing fluid; Types, performance characteristics and selection design methods of proppant.
2.3 Fracture propagation model and geometric parameter calculation of hydraulic fracturing
Physical process of hydraulic fracturing and calculation model of fracture geometric parameters.
2.4 Effect prediction and optimization design of hydraulic fracturing well
Prediction method of fracturing effect; Optimization of hydraulic fracturing parameters and optimization design of construction parameters; Brief introduction to hydraulic fracturing optimization design software.
2.5 Fracture monitoring and parameter identification of hydraulic fracturing
Hydraulic fracturing monitoring and diagnosis technology; Fracture parameter identification method.
2.6 Fracturing technology in high permeability reservoir
Problems in the medium high permeability reservoir and the cause of fracturing; The role of high permeability fractures; Technical characteristics, treatment methods design, and implementation of end sand removal technology.
2.7 Volumetric fracturing
The concept, development process, implementation technology, application, technical difficulties and research progress of volume fracturing.
2.8 Problems existing in hydraulic fracturing and new technologies
Difficulties in hydraulic fracturing technology in different types of oil and gas reservoirs; Introduction of new fracturing material and new fracturing technology.
Chapter 3 Acidizing technology
Keynotes and difficulties: Acidizing stimulation principle, Acid chemical reaction, Evaluation method of acidizing effect, Acidizing process design method.
3.1 Acid treatment method
Brief introduction of acid treatment process and theoretical analysis of acidizing stimulation.
3.2 Acidizing of carbonate formation
Chemical principle of acid rock; Analysis of factors affecting the acid rock complex reaction rate.
3.3 Acid fracturing technology
Similarities and differences between acid fracturing and hydraulic fracturing; Analysis of influencing factors of acid fracturing effect; Effective distance of acid rock complex reaction; Lead acid pressure design method.
3.4 Acidizing of sandstone reservoirs
Principle of mud acid treatment in sandstone formation; Mud acid treatment design.
3.5 Acid and additives
Types and properties of commonly used acid; Acid additive.
3.6 New acidizing technology
Liquid placement technique; Solid acid fracturing technique; Horizontal well acidizing technology; Self rotating acid acidizing technique, etc.
Chapter 4 High energy gas fracturing
Keynotes and difficulties: Mechanism and technical development trend of high energy gas fracturing.
4.1 Mechanism of high energy gas fracturing
Comparison of explosion fracturing, hydraulic fracturing and high energy gas fracturing technology; High energy gas fracturing effects and characteristics.
4.2 High energy gas fracturing powder and equipments
Solid propellant and liquid propellant used in high energy gas fracturing; The basic structure of shell bomb and shell free pressure generator; Ignition device and its operation principle.
4.3 Parameter design of high energy gas fracturing
Decomposition of high energy gas fracturing process; Model analysis of each part subsystem; System coupling analysis; Optimization design of fracturing parameters.
4.4 Test and evaluation of high energy gas fracturing
High energy gas fracturing test tool and its working principle; Technical evaluation of high energy gas fracturing.
4.5 High energy gas fracturing process
Applicable range of high energy gas fracturing; Process classification and the respective process; Safety control process, etc.
4.6 Development trend of high energy gas fracturing
Gunpowder development trend; Numerical simulation technology development trend; Process technology development trend; In layer detonation technology, etc.
Chapter 5 Hydrodynamic method for bottom hole treatment
Keynotes and difficulties: The stimulation mechanism of hydraulic vibration and hydraulic pulse
5.1 Principle of wave increasing production
The characteristics of fluctuation correlation, the principle of increasing production and the application prospect of wave treatment reservoir technology.
5.2 Hydraulic oscillation stimulation technique
Increasing production principle of hydraulic oscillation; Downhole hydraulic oscillation equipment, principle and construction technology.
5.3 High pressure water jet plugging removal technology
Equipment structure and principle of high pressure water jet plugging removal technology; Calculation of downhole hydraulic parameters; Calculation of tubing elongation; Theoretical and experimental study of self resonating cavitating jets; Rotating characteristics of high pressure rotating water jet; Plugging removal technology of high pressure water jet.
Chapter 6 Ultrasonic, artificial earthquake and downhole pulsed discharge technology
Keynotes and difficulties: Increasing mechanism of ultrasonic wave, artificial earthquake and electric pulse discharge technique
6.1 Downhole ultrasonic stimulation technology
Mechanism of enhancing oil and gas percolation by downhole ultrasonic; Equipment for ultrasonic treatment of oil layer.
6.2 Technology of artificial seismic
Mechanism of artificial seismic; Ground artificial earthquake, focus equipment and other artificial earthquake technology
6.3 Downhole pulsed discharge stimulation technique
Principle of downhole pulsed discharge stimulation; Structure and principle of pulse generator; Evaluation of downhole pulse stimulation technique.
Chapter 7 Heavy oil production technology
Keynotes and difficulties: Development difficulties of heavy oil reservoirs and technical principles of main development techniques.
7.1 Characteristics of heavy oil
7.2 Heavy oil reservoir development method
Steam injection thermal recovery technology, burning oil reservoir technology, horizontal well thermal recovery technology, thick oil sand cold production technology, gas injection development technology, heavy oil well upgrading technology, chemical development technology, microbial development technology, electromagnetic heating technology, microwave heating technology, etc..
7.3 Wellbore lifting technology of heavy oil reservoir
Viscosity reduction technology and wellbore lifting technology of heavy oil, etc..
Chapter 8 Microbial enhanced oil recovery
Keynotes and difficulties: The basic principle of microbial oil recovery technology.
8.1 Reservoir Microbiology
Source bacteria; Physiology of bacteria under various reservoir conditions; The interaction between inoculated bacteria and source bacteria; Microbial strains.
8.2 Principle and application of microbial for oil recovery
Wellbore cleaning; Microbial plugging; Microbial huff and puff production; Microbial flooding;Application conditions of microbial for oil recovery
8.3 Microbial culture and screening
8.4 Methods and characteristics of microbial in enhancing oil recovery

	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
1.2
	2
	[bookmark: OLE_LINK46]授课
	
	
	目标1

	
	2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
	12
	授课
参观
	
	
	目标2

	
	3.1
3.2
3.3
3.4
3.5
3.6
	6
	授课
	
	
	目标2

	
	4.1
4.2
4.3
4.4
4.5
4.6
	2
	授课
	
	
	目标3

	
	5.1
5.2
5.3
	2
	授课
	
	
	目标3

	
	6.1
6.2
6.3
	4
	授课
	
	
	目标3

	
	7.1
7.2
7.3
	2
	授课
	
	
	目标3

	
	8.1
8.2
8.3
8.4
	2
	授课
	
	
	目标3

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	1.1
1.2
	2
	Teaching
	
	
	Outcome 1

	
	2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
	12
	Teaching
Visiting
	
	
	Outcome 2

	
	3.1
3.2
3.3
3.4
3.5
3.6
	6
	Teaching
	
	
	Outcome 2

	
	4.1
4.2
4.3
4.4
4.5
4.6
	2
	Teaching
	
	
	Outcome 3

	
	5.1
5.2
5.3
	2
	Teaching
	
	
	Outcome 3

	
	6.1
6.2
6.3
	4
	Teaching
	
	
	Outcome 3

	
	7.1
7.2
7.3
	2
	Teaching
	
	
	Outcome 3

	
	8.1
8.2
8.3
8.4
	2
	Teaching
	
	
	Outcome 3

	考核方式
Grading
	评价环节
	比例

	
	环节1：课堂出勤及平时表现
	30%

	
	环节2：期末考核
	70%

	
	Evaluation
	Percentage

	
	Evaluation 1: Class attendance and performance
	30%

	
	Evaluation 2: Final examination
	70%

	教材及参考资料
Textbooks & Other Materials
	1．水力压裂原理，王鸿勋，石油工业出版社，1987；
2．采油化学，赵福麟，石油工业出版社，1989；
3．油井酸化原理，威廉姆斯，石油工业出版社，1983；
4．采油工程手册（上、下），万仁溥，石油工业出版社，2000；
5．高新采油技术，王仲茂，石油工业出版社，1999；
6．油气藏增产技术，马建国，石油工业出版社，1998；
7．石油新技术开发与应用，孙平，石油工业出版社，1997。

	
	1. Author, Title, Press, Year, Level.
2. Author, Title, Press, Year, Level.
1. Wang Hongxun, Hydraulic fracturing principle, Petroleum Industry Press,1987.
2. Zhao Fulin, Oil production chemistry, Petroleum Industry Press,1989.
3. Williams, Acidizing principle of oil well, Petroleum Industry Press,1983.
4. Wan Renpu, Handbook of oil production engineering (up, down), Petroleum Industry Press,2000.
5. Wang Zhongmao, High-tech oil production technology, Petroleum Industry Press,1999.
6. Ma Jianguo, Oil reservoir production increasing technology, Petroleum Industry Press,1998.
7. Sun Ping, Development and application of new petroleum technology, Petroleum Industry Press,1997.

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	吴飞鹏、郭天魁
Wu Feipeng、Guo Tiankui
	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

	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
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




