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Course Description
	固井是油气井建井过程中的重要的环节，固井质量是影响油气井安全高效生产的关键。本课程是石油工程相关专业的选修课。本课程主要针对油田固井施工的相关环节，系统介绍一口井的固井流程，常规及各种特殊的固井工艺，固井水泥的类型、成分及水化机理，固井水泥外加剂的类型及作用机理，固井设备的类型及工作原理，固井设计的原理，特殊井固井技术，固井质量的评价方法等。学生学完本课之后，应掌握和了解固井基础理论与工艺技术，了解国内固井技术的研究进展，拓宽学生在该专业领域的知识面，为学生将来从事固井、钻完井等相关的技术和管理工作奠定基础。

	
	Cementing is an important link in the process of oil and gas wells construction. Cementing quality is the key to the safe and efficient production of oil and gas wells. This course is an elective course in petroleum engineering related major. This course focused on the cementing process. The cementing process of an oil well, the conventional and various cementing processes, the type, composition and hydration mechanism of cementing cement, the type of cement admixture and the mechanism of action, the type of cementing equipment and working principle, cementing design principles, special well cementing technology, cementing quality evaluation methods are introduced systematically. After completing this course, students should master and understand the basic theory and technology of cementing, understand the research progress of domestic cementing technology, broaden the students' knowledge in this field. This course lay the foundation of student which engage in cementing and well completion related technical and management work.
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	课程目标

Learning Outcomes
	课程目标
	毕业要求指标点

	
	目标1：系统学习了解固井技术的发展，固井工艺、固井流程、固井设备、固井材料、固井设计原理、固井质量评价方法等知识。
	1.2, 1.3, 1.4, 2.1

	
	目标2：学会运用固井工艺的基本理论和方法分析固井施工中所遇到的复杂工程问题，并能够提出解决方案。同时具备获取解决问题所需基本信息和参数的能力。
	3.2, 4.2, 6.1

	
	目标3：基于固井技术难点，通过组织课堂研讨，课堂汇报，培育学生分析问题的能力，增强学生的团队协作和语言表达的能力。
	4.1，4.2，5.2

	
	Learning Outcomes
	Major Objectives

	
	Objective 1: Learn and understand the development of cementing technologies, cementing process, cementing equipments, cementing materials, cementing design principles, cementing quality evaluation methods and other knowledge systematically.

Objective 2: Learn to use the basic theory and method of cementing technology to analyze the complex engineering problems encountered in cementing construction and to propose a solution. At the same time, master the basic information and parameters needed to solve the problems.

Objective 3: Based on the difficulty of cementing technology, through the organization of classroom seminars, classroom reports, nurture students the ability to analyze problems, enhance students' teamwork and language skills.
	

	教学内容

Topics
	绪论

1、固井的重要性；
2、固井的特点和主要内容；
3、固井技术的研究进展。
第一章  固井水泥的组分及水化机理

本章的重点难点：API固井水泥的主要组分、水化产物类型与结构、水化机理和性能。
1.1 油井水泥的生产

水泥的发展、水泥生产工艺流程、油井水泥的分类。
1.2 油井水泥的水化硬化机理

油井水泥的主要熟料成分，水泥的水化，水泥的硬化，水泥的水化特性。
1.3 特种水泥

耐酸腐蚀水泥，高温水泥，低温水泥，快凝水泥，触变水泥。
第二章  水泥浆体系设计与性能

本章的重点难点：水泥浆稳定性、流变性、失水量、稠化时间、静胶凝强度等性能的测试法和固井要求，固井水泥浆体系设计原则与流程。
2.1常规固井水泥浆性能及其与固井工程的关系
水泥浆密度、稠化时间、稳定性、流变性、失水量、抗压强度、凝结时间、渗透率、耐腐蚀性

2.2水泥浆特殊性能与固井工程的关系
静胶凝强度、抗折强度、弹性模量、泊松比、抗冲击吸收能、堵漏性能
2.3固井水泥浆体系设计原则与流程
水泥浆体系设计原则、水泥浆设计流程

第三章  水泥外加剂及作用机理

本章的重点难点：分散剂的作用机理和性能，降失水剂的作用机理和性能，缓凝剂的作用机理和性能，早强剂的作用机理和性能。
3.1分散剂的作用机理、类型和性能；
3.2降失水剂的作用机理、类型和性能；
3.3早强促凝剂的作用机理、类型和性能；
3.4缓凝剂的作用机理、类型和性能；
3.5其他外加剂性能简介。
第四章  固井窜流机理与防窜技术措施

本章的重点难点：水泥浆胶凝失重规律、水泥浆中流体窜流特性分析、水泥环封隔性能与流体窜流关系。
4.1 环空窜流机理及水泥浆失重规律
环空窜流类型、环空窜流发生途径、环空窜流机理、水泥浆失重机理、水泥浆失重规律

4.2 水泥浆体系防窜性能评价方法
窜流潜力系数法、水泥浆响应性能系数法、水泥浆性能系数法、修正的水泥浆性能系数、阻力系数法、胶凝失水系数法、压力平衡法、综合因素法、油井水泥气/水窜测试仪
4.3 提高水泥环封隔性能的技术措施
影响层间封隔能力的因素、提高水泥浆防窜性能的技术措施、防窜施工工艺的调整优化
第五章  前置液体系及设计

本章的重点难点：前置液设计原则；前置液的类型与适用范围。
5.1 前置液分类及作用
冲洗液、隔离液

5.2 前置液作用机理分析
稀释钻井液原理、物理冲刷理论、化学改善界面理论、成膜作用原理、增强界面胶结原理
5.3前置液配方设计考虑因素及性能要求
前置液配方设计考虑因素、前置液的主要性能要求
5.4冲洗液类型及设计
冲洗液性能指标和设计要求、冲洗液的作用机理分析、冲洗液的类型
5.5隔离液的评价方法
滤失量、与隔离液与水泥浆和钻井液相容性、隔离液稳定性、隔离液冲洗效率、流变性
5.6 典型的前置液体系

适用于油基钻井液的前置液体系、适用于海水钻井液的前置液体系、承压堵漏前置液体系、冲洗型前置液体系、高温超压地层固井双作用前置液体系
第六章  固井设备与工具

本章的重点难点：水泥车、分级箍、套管外封隔器和尾管悬挂器等工具的构造、作用原理和功能。
6.1固井设备
水泥车、水泥罐车、供液车和计量系统等设备的主要部件、功能和类型
6.2固井工具
注水泥头、引鞋、浮箍、浮鞋、扶正器、胶塞、泥饼刷等工具的构造、作用原理和功能
6.3特殊固井工具
分级箍、套管外封隔器和尾管悬挂器等工具的构造、作用原理和功能。
第七章  固井注替设计
本章的重点难点：顶替效率的影响因素、注水泥顶替理论、注替参数计算、固井浆体组成、“U”型管效应计算、注水泥安全性设计、注水泥用量设计计算、提高水泥浆的顶替效率、水泥浆在凝结过程中的油气水上窜问题。
7.1注水泥顶替理论
顶替效率、顶替效率影响因素、注水泥顶替理论
7.2注水泥注替参数计算
井下温度计算、注水泥流变学计算、注替参数计算
7.3注水泥浆柱结构设计
固井浆体组成、注水泥压力计算、“U”型管效应计算、紊流隔离液用量计算、注水泥安全性设计、注水泥用量设计计算
7.4 提高固井质量措施
注水泥的基本要求、提高水泥浆的顶替效率、水泥浆在凝结过程中的油气水上窜问题
第八章  固井工艺技术

本章的重点难点：分级固井工艺、适用范围和工艺流程；内插管固井工艺、适用范围和工艺流程；尾管固井工艺的流程。
8.1常规固井工艺技术
概述、工艺流程、水泥浆用量计算
8.2内插管固井工艺技术
概述、工艺流程、管串浮力计算

8.3尾管固井工艺技术
概述、尾管悬挂器类型、尾管固井工艺流程、尾管送入钻杆回缩距的计算、尾管回接固井工艺
8.4分级固井工艺技术
概述、分级箍分类、分级固井适用范围、分级固井类型、双级固井工艺流程
8.5预应力固井工艺技术
概述、热应力计算、预应力计算、预应力固井的技术要点
8.6筛管顶部注水泥固井工艺技术
概述、工艺施工流程

8.7注水泥塞工艺
施工流程、技术要点

第九章  特殊井固井水泥浆体系设计与性能

本章的重点难点：水平井/大位移井固井的难点分析、水泥浆性能要求与设计；深水固井的难点分析、水泥浆性能要求与设计；大温差长封固段固井的难点分析、水泥浆性能要求与设计。
9.1 漏失井固井工艺措施
漏失井固井的难点、漏失井固井工艺措施、对水泥浆性能的要求
9.2 水平井/大位移井固井工艺
水平井/大位移井固井难点、固井工艺的特殊要求、对水泥浆性能的要求
9.3 深井/超深井固井工艺
深井固井技术的难点、常用的深井/超深井固井工艺、对水泥浆性能的要求
9.4 大温差长封固段固井技术
大温差长封固段固井的难点、长封固段井常用固井技术措施、水泥浆性能要求
9.5 高压井固井技术
高压井固井难点、常用固井措施、水泥浆性能要求
第10章  固井质量评价

本章的重点难点：声波变密度测井（VDL）的评价解释；扇区水泥胶结测井（SBT）的基本原理。
10.1 声波幅度测井
声幅测井的基本原理、声波幅度测井评价标准、影响固井质量评价的因素
10.2 声波变密度测井
基本原理、变密度图的识别解释、CBL/VDL测井及评价
10.3 扇区水泥胶结测井
基本原理、扇区水泥胶结测井的识别解释、SBT测井的优缺点
10.4 水泥评价测井
基本原理、CET测井的评价标准、CET测井的影响因素

	
	Introduction

1. The importance of cementing

2. The characteristics and main content of cementing

3. The research progress of cementing technology

Chapter 1 Composition and hydration mechanism of oil well cement

The key points of this chapter: Main components of API oil well cement, the type and structure of cement hydration product, the hydration mechanism, the performance of API oil well cement.

1.1 Production of oil well cement

Cement development history, cement production process, classification of oil well cement.
1.2 Hydration and hardening mechanism of oil well cement

The main clinker composition of oil well cement, the hydration of cement, the hardening of cement, the hydration characteristics of cement.

1.3 Special cement

Acid resistant cement, high temperature cement, low temperature cement, quick hardening cement, thixotropic cement.

Chapter 2 Design and performance of cement slurry system.
The key points of this chapter: Test methods and cementing requirements of cement slurry stability, rheology, water loss, thickening time, static gel strength; Design principles and processes of cement slurry system.

2.1 The performance of conventional cement slurry and relationship between cement and cementing engineering

Density, thickening time, stability, rheology, water loss, compressive strength, setting time, permeability, corrosion resistance
2.2 The relationship between the special properties of cement slurry and cementing engineering

Static gel strength, flexural strength, elastic modulus, Poisson's ratio, impact absorption energy, plugging performance
2.3 Design principles and process of cementing slurry system
Cement slurry system design principles, cement slurry design process
Chapter 3 Cement admixtures and action mechanism

The key points of this chapter: The mechanism and performance of the dispersant, the mechanism and performance of the fluid loss control agent, the mechanism and performance of the retarder, the mechanism and performance of the early strength agent.

3.1 Mechanism, type and performance of the dispersant;

3.2 Mechanism, type and performance of fluid loss control agent;

3.3 Mechanism, type and performance of early strong accelerator;

3.4 Mechanism, type and performance of retarder;

3.5 Introduction of other admixtures.
Chapter 4 Annulus channeling mechanism and anti-channeling technical measures
4.1 Annulus channeling mechanism and the law of cement slurry weight loss

The key points of this chapter: Annular channeling type, annular channeling path, annular channeling mechanism, weight loss mechanism of cement slurry, weight loss law of cement slurry
4.2 Evaluation method of anti-channeling performance of cement slurry system

Channeling potential coefficient method, cement slurry response performance coefficient method, cement slurry performance coefficient method, modified cement slurry performance coefficient method, resistance coefficient method, cementing water loss method, pressure balance method, comprehensive factor method, the oil well cement gas / water channeling test instrument

4.3 Technical measures to improve the performance of cement sheath sealing

The factors influencing the sealing capacity of layers, the technical measures to improve the anti-channeling performance of the cement slurry, the adjustment and optimization of the anti-channeling construction technology 
Chapter 5 Pre-liquid system and design

The key points of this chapter: Pre-liquid design principles; pre-liquid type and scope of application.
5.1 Classification and role of pre-liquid

Flushing fluid, spacer fluid.

5.2 Analysis of the mechanism of pre-liquid

Mechanism of drilling fluid dilution, physical erosion theory, chemical improvement interface theory, mechanism of filming function, mechanism of enhanced interface bonding
5.3 Design considerations and performance requirements for pre-liquid formulation

Pre-liquid formulation design considerations, the main performance requirements of the pre-liquid

5.4 Type and design of flushing fluid

Flushing fluid performance indicators and design requirements, the mechanism of action of flushing fluid, the type of flushing fluid

5.5 Evaluation methods for spacer fluid
Filtration capacity, compatibility with cement slurry and drilling fluids, spacer fluid stability, spacer fluid efficiency, rheology

5.6 Typical pre-liquid system

Pre-liquid system for oil-based drilling fluid, pre-liquid system for seawater drilling fluid, pressurized plugging pre-liquid system, flushing type pre-liquid system, high temperature high pressure formation cementing double acting pre-liquid system
Chapter 6 Cementing Equipment and Tools

The key points of this chapter are: The main components, functions and types of equipment, such as cement truck, grading hoop, casing packer and drilling liner hanger. 

6.1 Cementing equipment

The main components, functions and types of cement trucks, cement tankers, liquid carriers, metering systems, and so on.

6.2 Cementing tools

The main structure, principle, and function of injection of cement head, drive shoe, float sub, floating shoes, centralizer, rubber plug, mud cake brush and other tools. 

6.3 Special cementing tools

The main structure, principle, and function of grading hoops, casing packers and tailpipes and other tools.

Chapter 7 Cementing Design

The key points of this chapter are: the influencing factors of replacement efficiency, the theory of cement replacement, the calculation of injection parameters, the composition of cementing slurry, the calculation of "U" pipe effect, the design of cement safety, the design and calculation of cement, improvement of the efficiency of cement slurry replacement, oil, gas and/or water channeling problem during the condensation process of cement slurry.

7.1 Cement Replacement Theory

Replacement efficiency, influencing factors of replacement efficiency, cement replacement theory.

7.2 Calculation of cement injection parameters

Downhole temperature calculation, cement rheology calculation, injection parameters calculation.

7.3 Design of cement slurry column structure

Cementing slurry composition, cement pressure calculation, "U" tube effect calculation, turbulence isolation solution calculation, cement safety design, injection volume calculation.

7.4 Measures to improve cementing quality

Basic requirements of cement, improve the replacement efficiency of cement slurry, oil, gas and/or water channeling problem during the condensation process of cement slurry.
Chapter 8 Cementing Technology

The key points of this chapter: grading cementing process, the scope and process; intrusion tube cementing process, the scope and process; tail pipe cementing process.

8.1 Conventional cementing technology

Overview, process flow, calculation of the amount of cement slurry

8.2 Intrusion tube cementing technology

Overview, process flow, pipe string buoyancy calculation

8.3 tail pipe cementing technology

Overview, tail pipe hanger type, tail pipe cementing process, calculation of the retraction distance of tail pipe into the drill pipe, tail pipe recovery cementing process

8.4 Classification of cementing technology

Overview, classification hoop classification, Grading cementing scope, Graded cementing type, Two - stage cementing process 

8.5 Prestressed cementing technology

Overview, Thermal Stress Calculation, Prestress Calculation, Prestressed Cementing Technical Essentials

8.6 Cementing technology of top cement injection

Overview, process construction process

8.7 injection of cement plug process

Construction process, technical points

Chapter 9 Design and performance of cementing system with special well cementing

Difficulties in this chapter: the difficulty analysis of horizontal well / large displacement well cementing, the performance requirements and design of cement slurry; the difficulty analysis of deep water cementing, the performance requirement and design of cement slurry; the difficult analysis of cementing condition with large temperature difference, Performance and Design of Cement Slurry.

9.1 Cementing process measures for leakage wells

The difficulty of cementing wells, Leakage wells cementing process measures, Requirements for performance of cement slurry

9.2 Horizontal well / large displacement well cementing process

Horizontal Well / Large Displacement Well Cementing Difficulties, Special Requirements for Cementing Processes, Requirements for Cement Slurry Performance

9.3 deep well / ultra-deep well cementing process

Deep wells cementing technology difficulties, commonly used deep well / ultra-deep well cementing process, the performance requirements of the cement slurry

9.4 Cementing technology with large temperature difference and long sealing section

Large temperature difference between the long sealing section of the difficulty of cementing, commonly used measures of long sealed deep well cementing technology, cement slurry performance requirements

9.5 High pressure well cementing technology

High-pressure well cementing difficulties, commonly used cementing measures, cement slurry performance requirements

Chapter 10 Cementing Quality Evaluation

The key points of this chapter are: the interpretation of acoustic variable density logging (VDL); the basic principle of sector cementing logging (SBT).

10.1 Sonic amplitude logging

The basic principle of acoustic logging, sound wave logging evaluation criteria, factors affecting the quality of cementing

10.2 sonic variable density logging

Basic principles, identification of variable density maps, CBL / VDL logging and evaluation

10.3 Sector cement cementing logging

The basic principle, the identification and interpretation of the cement cementing wells, the advantages and disadvantages of SBT logging

10.4 Cement evaluation logging

Basic principles, evaluation criteria for CET logging, influencing factors of CET logging
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	绪论
	2
	讲授
	0
	自学
	目标1

	
	1.1
	1
	讲授
	0
	自学
	目标1

	
	1.2
	1
	讲授
	0
	自学
	目标1,2

	
	1.3
	1
	讲授
	3
	综合大作业
	目标3

	
	2.1
	1
	讲授
	0
	自学
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	2.2
	1
	讲授
	0
	自学
	目标1

	
	2.3
	1
	讲授
	3
	综合大作业
	目标3

	
	3.1
	1
	讲授
	0
	自学
	目标1,2

	
	3.2
	1
	讲授
	0
	自学
	目标1,2

	
	3.3
	1
	讲授
	0
	自学
	目标1,2

	
	3.4
	1
	讲授
	0
	自学
	目标1,2

	
	3.5
	1
	讲授
	3
	综合大作业
	目标3

	
	4.1
	1
	讲授
	0
	自学
	目标1,2

	
	4.2
	1
	讲授
	0
	自学
	目标1,2

	
	4.3
	1
	讲授
	3
	综合大作业
	目标3

	
	5.1
	1
	讲授
	0
	自学
	目标1

	
	5.2
	
	讲授
	0
	自学
	目标1,2

	
	5.3
	
	讲授
	0
	自学
	目标1,2

	
	5.4
	1
	讲授
	0
	自学
	目标1,2

	
	5.5
	
	讲授
	0
	自学
	目标1

	
	5.6
	
	讲授
	3
	综合大作业
	目标3

	
	6.1
	1
	讲授
	0
	自学
	目标1,2

	
	6.2
	1
	讲授
	0
	自学
	目标1

	
	6.3
	1
	讲授
	3
	综合大作业
	目标3

	
	7.1
	0.5
	讲授
	0
	自学
	目标1,2

	
	7.2
	0.5
	讲授
	0
	自学
	目标1,2

	
	7.3
	1
	讲授
	0
	自学
	目标1,2

	
	7.4
	1
	讲授
	3
	综合大作业
	目标3

	
	8.1
	0.5
	讲授
	0
	自学
	目标1

	
	8.2
	0.5
	讲授
	0
	自学
	目标1,2

	
	8.3
	0.5
	讲授
	0
	自学
	目标1,2

	
	8.4
	0.5
	讲授
	0
	自学
	目标1,2

	
	8.5
	0.5
	讲授
	0
	自学
	目标1,2

	
	8.6
	0.5
	讲授
	0
	自学
	目标1

	
	8.7
	1
	讲授
	3
	综合大作业
	目标3

	
	9.1
	1
	讲授
	0
	自学
	目标1,2

	
	9.2
	
	讲授
	0
	自学
	目标1,2

	
	9.3
	
	讲授
	0
	自学
	目标1,2

	
	9.4
	0.5
	讲授
	0
	自学
	目标1

	
	9.5
	0.5
	讲授
	3
	综合大作业
	目标3

	
	10.1
	0.5
	讲授
	0
	自学
	目标1,2

	
	10.2
	0.5
	讲授
	0
	自学
	目标1,2

	
	10.3
	0.5
	讲授
	0
	自学
	目标1,2

	
	10.4
	0.5
	讲授
	3
	综合大作业
	目标3

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	考核方式

Grading
	评价环节
	比例

	
	环节1平时表现
	20%

	
	环节2作业
	10%

	
	环节3期末考试
	70%

	
	
	

	
	Evaluation
	Percentage

	
	Evaluation 1
	30%

	
	Evaluation 2
	70%

	
	Evaluation 3
	%

	
	Evaluation 4
	%

	教材及参考资料

Textbooks & Other Materials
	1．《钻井手册（甲方）》，该书编写组，石油工业出版社，1990；
2．《油气井注水泥理论与应用》，刘崇建，黄柏宗等，编著者，石油工业出版社，2001；
3．《现代固井技术》，刘大为，田锡君，廖润康译，辽宁科学技术出版社，1994；
4. 《固井工艺技术》，张明昌，中国石化出版社，2007。

	
	1. Author, Title, Press, Year, Level.

2. Author, Title, Press, Year, Level.

	其它

More
	

	备注

Notes
	

	大纲执笔人

Author
	步玉环/Bu Yuhuan
	审核人(系/教研室主任)

Approved by
	步玉环/Bu Yuhuan


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
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


