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	课程基本信息
Course Information

	课程名称
Course Name
	海洋油气井工作液与废弃物处理

	
	Offshore Drilling & Completion Fluid and Waste Disposal

	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
	徐加放
Xu Jiafang
	课程团队
Team Members
	海洋油气工程教学团队
Offshore Oil & Gas Engineering Teaching Team

	课程编码
Course Code
	02413
	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
	0

	课外学时
Home Hours
	32

	适用专业
Audience
	海洋油气工程
Offshore Oil & Gas Engineering

	授课语言
Language of Instruction
	中文
Chinese

	先修课程
Prerequisite
	新生研讨课、大学化学、有机化学、应用物理化学
Freshman Seminar, College Chemistry, Organic Chemistry, Applied Physical Chemistry

	课程简介
Course Description
	本课程为海洋油气工程专业必修课。课程主要讲授海洋油气井钻井、完井所涉及的工作流体的基本概念及其主要特性、调控方法和工艺原理，海洋油气钻完井、开发所产生的废弃物种类、危害及处理方法。通过该课程的学习，使学生掌握海洋油气井钻完井工作液类型、工艺特点及调节方法，掌握海洋油气工程实践所产生的废弃物种类、对环境的影响及其处理工艺；了解海洋油气钻完井工作液工艺技术和废弃物处理的最新发展趋势，为将来从事现场技术工作或相关的教学科研工作打下基础。

	
	This is a compulsory course for the major of Offshore Oil & Gas Engineering. The course mainly covers the basic concepts and features of working fluids in offshore oil & gas drilling and completion, control methods and process principles, waste categories in offshore oil & gas engineering practice, environmental impacts and treatment methods. The objectives are to help students learn techniques about working fluids in offshore oil & gas drilling and completion, and realize the current trends of waste treatment, in order to provide them with a solid background for relative site work, teaching or research.



	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：了解并认识海洋油气钻完井液与海洋油气工程施工的关系
	7.1

	
	目标2：了解并认识海洋油气开发所产生的废弃物对环境的影响
	7.1

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: Learn and understand the relationship between offshore drilling & completion fluid and offshore oil & gas engineering construction
	7.1

	
	Outcome 2: Learn and understand the environmental impacts of the wastes from offshore oil & gas production
	7.1

	教学内容
Topics
	第一章  绪论
本章重点难点：深水钻完井对工作流体的技术要求，深水钻完井液设计的内容和基本原则。
1.1 简介本课程的特点、要求、教学计划 
1.2 钻完井液的定义、循环流程及其作用
1.3 钻完井液设计的内容和基本原则
1.4 钻井液分类及发展概况
1.5 深水环境对钻完井液的技术挑战
第二章  黏土矿物和黏土胶体化学基础
本章重点难点：黏土矿物的概念和特性，晶格取代、阳离子交换容量等基本概念，黏土胶体的基本特性。
2.1 黏土矿物简介
黏土矿物的概念，黏土矿物与油气开发的关系
2.2 黏土矿物的晶体构造与性质
硅氧四面体；铝氧八面体；晶格取代、阳离子交换容量等基本概念；常见黏土矿物及其特性
2.3 黏土胶体化学基础
扩散、布朗运动、相、胶体稳定性等基本概念；黏土胶体的基本特性；DLVO理论
第三章  钻完井液的主要性能调控
本章重点难点：钻完井液流变性、滤失性等基本概念、描述方程以及基本参数的物理意义，钻完井液流变性、滤失性等的调控方法、调控原理以及调控措施。
3.1 流变性
基本概念、流型、模式、流变参数物理意义及其调整原理和方法；流变性测量原理和计算；流变性与钻井的关系；常用降粘剂、增粘剂 及其作用机理；聚合物流变性优选技术；低温流变性调控方法
3.2 滤失造壁性    　　						  
基本概念；滤失造壁性影响因素分析（其中主讲静滤失基本方程推导，瞬 、静、动滤失的区别，动滤失测试及影响因素分析等）；滤失造壁性与钻井的关系；常用降滤失剂及其作用机理
3.3 其他性能
第四章  海洋深水常用钻完井液体系
本章重点难点：常见钻完井液体系类型、基本特点和配制原理，钻完井液受侵后的变化及调控方法。
4.1 淡水钻完井液 
基本特点和配制原理；受侵及其处理；性能调节
4.2 抑制性钻完井液
基本特点；钙处理钻井液；盐水钻井液；海水钻井液；其他抑制性钻井液等
4.3 聚合物钻完井液
配制原理；组成特点；配制与维护要点等
4.4 油基钻完井液           　						  
基本组成、特点和分类；w/o乳化钻井液
第五章  复杂情况下的钻井液简介 
本章重点难点：井下复杂情况类型，发生井下复杂情况的原因及钻完井液处理措施。
5.1 井塌与防塌 
简要回顾井壁不稳定（井塌）及其危害；分析井塌原因与类型；防塌原理与体系及 其新发展；井壁稳定性评价实验方法介绍；回顾常用防塌剂及其作用机理。  
5.2 卡钻与解卡
卡钻类型；泥饼压差卡钻的原因与预防；解除泥饼卡钻的钻井液工艺要点。
5.3 井漏与堵漏
井漏类型及原因；井漏预防措施；堵漏机理与措施。
5.4 井喷与压井钻井液
井喷原因、类型；高压油气层钻井液工艺要点。
第六章  海洋油气开发污染物来源
本章重点难点：海洋油气开发污染物来源和种类。
6.1 钻井
钻井过程概述；水基钻井液；油基钻井液；粘度控制剂；密度控制剂；失水控制剂；pH值控制剂；缓蚀剂；杀菌剂；地层伤害控制剂。其它有害杂质。钻井液的分离净化；泥浆储备池；井场准备
6.2 油气开采
采油过程概述；产出水；可溶固体，烃类，贫氧；采油用化学剂：破乳剂，缓蚀剂，防垢剂，杀菌剂，絮凝剂，消泡剂，表面活性剂等；增产措施用剂：酸化用剂，压裂用剂；天然气开采：油气分离，原油稳定，轻烃回收，天然气预处理等；示踪剂与放射性元素；其它
6.3 大气排放物
燃烧；生产性排放；泄露；其它
第七章  海洋油气开发污染物对环境的影响
本章重点难点：毒性评定，污染的分类。
7.1 毒性评定
生物毒性评价指标；生物毒性评价程序
7.2 油品污染
各种烃；烃类的毒性，对海洋动物的影响，对海洋植物的影响，对人体健康的影响，对生态系统的影响
7.3 无机盐污染
无机盐的生物毒性及其对海洋动物和海洋植物的影响
7.4 重金属污染
重金属的生物毒性及其对海洋动物和海洋植物的影响
7.5 化学剂的污染
化学剂的生物毒性及其对海洋动物和海洋植物的影响
7.6 钻井液污染
钻井液的生物毒性及其对海洋动物和海洋植物的影响
7.7 产出水污染
产出水的生物毒性及其对海洋动物和海洋植物的影响
7.8 核辐射污染
核辐射的生物毒性及其对海洋动物和海洋植物的影响
7.9 空气污染
空气排放物的生物毒性及其对海洋动物和海洋植物的影响
7.10 海洋平台对环境的影响
海洋平台对海洋动物和海洋植物的影响
第八章  污染物处理
本章重点难点：废弃物处理原则、处理工艺及特点。
8.1 废水处理
悬浮油的清除：重力分离，加热处理，气体浮选，过滤，聚结，絮凝，电场分离，生物处理；溶解油的清除：吸附，气化，沉淀，生物处理，氧化；悬浮固体颗粒的清除：重力分离，过滤，絮凝；溶解性固体的清除：离子交换，沉淀，反渗透，蒸发/蒸馏；中和
8.2 固体废弃物的处理
脱水：蒸发，渗滤，机械力离心；脱油：洗涤，吸附，加热，蒸馏/热解，焚烧，溶剂提取，过滤，生物处理；固化
8.3空气污染物的处理
除挥发性烃类；除二氧化硫、硫化氢；除氮氧化物；除粉尘


	
	Chapter 1 Introduction
Key points: technical requirements to offshore drilling & completion working fluids, content and basic principles of the design of offshore drilling & completion fluids.
1.1 Features, Requirements and Teaching Plan of the Course
1.2 Concept, Circulation Process and Functions of Drilling & Completion Fluid
1.3 Content and Basic Principles of the Design of Drilling & Completion Fluids
1.4 Category and Development of Drilling & Completion Fluid
1.5 Technical Challenges of Deepwater Drilling & Completion Fluid
Chapter 2 Chemical Basics of Clay Minerals and Clay Colloid
Key points: concepts and features of clay minerals, lattice replacement, cation exchange capacity, etc., basic features of clay colloid.
2 
2.1 Introduction of Clay Minerals
Concept of clay minerals, relationship with oil and gas production
2.2 Crystal Structure and Features of Clay Minerals
Silica tetrahedron; alumina octahedron; lattice replacement, cation exchange capacity, etc.; common clay minerals and their features
2.3 Chemical Basics of Clay Colloid
    Diffusion, Brownian motion, phase, colloid stability, etc.; basic features of clay colloid; DLVO theory
Chapter 3 Performance Control of Drilling & Completion Fluids
Key points: properties such as rheology and filtration of drilling & completion fluids, governing equations and physical meanings of basic parameters, control on rheology and filtration, control theories and measures.
3 
3.1 Rheology
Basic concept, flow pattern, modes, physical meaning of rheological parameters and their control theories and methods; measurement theories and calculation; relationship between rheology and drilling; common viscosity reducer, tackifier and their working mechanisms; optimization technique of polymer rheology; rheological control at low temperature
3.2 Filtration Wall Building Properties
Basic concept; impact factor analysis of filtration wall building property (mainly about the induction of static filtration equation, the differences among transient, static and dynamic filtration, dynamic filtration test, impact factor analysis, etc.); relationship between filtration wall building property and drilling; common viscosity reducers and their function mechanisms
3.3 Other Properties
Chapter 4 Common Drilling & Completion Fluid Systems in Marine Deepwater
Key points: common types of drilling & completion fluid system, basic features and preparation mechanism, changes of affected drilling & completion fluid and control methods.
1 
2 
3 
4 
4.1 Freshwater-Based Drilling & Completion Fluid
Basic features and preparation principles; affection and treatments; function control.
4.2 Inhibitory Drilling & Completion Fluid
Basic features; calcium treated drilling fluid; brine drilling fluid; seawater drilling fluid; other inhibitory drilling fluids, etc.
4.3 Polymer-Based Drilling & Completion Fluid
    Preparation mechanisms; compound features; preparation and maintenance, etc.
4.4 Oil-Based Drilling & Completion Fluid
    Basic compounds, features and category; w/o emulsified drilling fluid
Chapter 5 Drilling Fluid at Complex Situations
Key points: complex situations at downhole, reasons for the occurrence of complex situations at downhole and relevant treatment methods.
5 
5.1 Borehole Collapse and Anti-Collapse
Well instability (borehole collapse) and its harms; reasons and types of collapse; mechanisms, systems and development of anti-collapse; experimental methods of well stability evaluation; common stabilizers and their function mechanisms.
5.2 Drilling Jamming and Anti-Jamming
Types of jamming; reasons and prevention of differential pressure jamming caused by filter cake; main points for anti-jamming drilling fluid
5.3 Lost Circulation and Plugging
Types and reasons of lost circulation; prevention measures of lost circulation; mechanisms and measures of plugging
5.4 Blowout and Well Control Drilling Fluid
Reasons and types of blowout; main points for drilling fluid in high-pressure oil and gas reservoir
Chapter 6 Sources of Waste in Offshore Oil & Gas Production
Key points: sources and types of wastes in offshore oil and gas production
6 
6.1 Drilling
Drilling process; water-based drilling fluid, oil-based drilling fluid; viscosity control agent, density control agent, fluid loss control agent, pH control agent, corrosion inhibitor, biocide, formation damage control agent; other harmful impurities; separation and purification of drilling fluids; mud pit; site preparation
6.2 Oil and Gas Production
Production process; produced water; dissolved solid, hydrocarbon, oxygen depletion; production chemical additives: demulsifier, corrosion inhibitor, anti-fouling agent, biocide, flocculant, defoamer, surfactant, etc.; EOR additives: acidifier, fracturing additives; gas production: oil & gas separation, stability of crude oil, light hydrocarbon recovery, natural gas pretreatment, etc.; tracer and radioactive elements; others
6.3 Air Emission
Combustion; productive emission; spill; others
Chapter 7 Environmental Impacts of Wastes from Offshore Oil & Gas Production
Key points: toxicity evaluation, types of contamination.
7 
7.1 Toxicity Evaluation
Standards in biological toxicity evaluation; procedure of biological toxicity evaluation
7.2 Oil Contamination
Hydrocarbon types; toxicity, impacts on marine animals, impacts on marine plants, impacts on human health, impacts on ecosystem
7.3 Inorganic Contamination
Biological toxicity of inorganics and the impacts on marine animals and plants
7.4 Heavy Metal Contamination
Biological toxicity of heavy metals and the impacts on marine animals and plants
7.5 Chemical Additive Contamination
Biological toxicity of chemical additives and the impacts on marine animals and plants
7.6 Drilling Fluid Contamination
Biological toxicity of drilling fluid and the impacts on marine animals and plants
7.7 Produced Water Contamination
Biological toxicity of produced water and the impacts on marine animals and plants
7.8 Radioactive Contamination
Biological toxicity of radioactive compounds and the impacts on marine animals and plants
7.9 Air Pollution
Biological toxicity of air emission and the impacts on marine animals and plants
7.10 Environmental Impacts of Offshore Platform
The impacts of offshore platform on marine animals and plants
Chapter 8 Waste Treatment
Key points: principles, techniques and features waste treatments.
8 
8.1 Waste Water Treatment
Removal of suspended oil: gravity separation, gas flotation, filtration, coalescence, flocculation, electrical-field separation, biological treatment; removal of suspended oil: adsorption, vaporization, precipitation, biological treatment, oxidization; removal of suspended solid particles: gravity separation, filtration, flocculation; removal of dissolved solid: ion exchange, precipitation, reverse osmosis, evaporation/distillation, neutralization
8.2 Solid Waste Treatment
Dehydration: evaporation, percolation, mechanical centrifuge; deoiling: washing, adsorption, heating, distillation/pyrolysis, incineration, solvent extraction, filtration, biological treatment, solidification
8.3 Air Emission Treatment
Removal of volatile hydrocarbon; removal of sulfur dioxide, hydrogen sulfide; removal of oxide; removal of dust

	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
	3
	讲授
	3
	自学
	目标1

	
	2
	5
	讲授
	5
	自学
	目标1

	
	3
	6
	讲授
	6
	自学
	目标1

	
	4
	4
	讲授
	4
	自学
	目标1

	
	5
	2
	讲授
	2
	自学
	目标1

	
	6
	4
	讲授
	4
	自学
	目标2

	
	7
	2
	讲授
	2
	自学
	目标2

	
	8
	6
	讲授
	6
	自学
	目标2

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	1
	3
	Teaching
	3
	Reading
	Outcome 1

	
	2
	5
	Teaching
	5
	Reading
	Outcome 1

	
	3
	6
	Teaching
	6
	Reading
	Outcome 1

	
	4
	4
	Teaching
	4
	Reading
	Outcome 1

	
	5
	2
	Teaching
	2
	Reading
	Outcome 1

	
	6
	4
	Teaching
	4
	Reading
	Outcome 2

	
	7
	2
	Teaching
	2
	Reading
	Outcome 2

	
	8
	6
	Teaching
	6
	Reading
	Outcome 2

	考核方式
Grading
	评价环节
	比例

	
	环节1 考勤
	10%

	
	环节2 作业
	10%

	
	环节3 考试/报告
	80%

	
	Evaluation
	Percentage

	
	Evaluation 1 Attendance
	10%

	
	Evaluation 2 Homework
	10%

	
	Evaluation 3 Exam/Report
	80%

	教材及参考资料
Textbooks & Other Materials
	1. 《钻井液工艺学》，鄢捷年，中国石油大学出版社，2013
2. 《油气田环境保护》，黄维安，中国石油大学出版社，2015

	
	1. Yan Jienian. Drilling fluids technology, Press of China University of Petroleum, 2013.
2. Huang Weian. Enviorment protection in oil field, Press of China University of Petroleum, 2015.

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	徐加放
Xu Jiafang
	审核人(系/教研室主任)
Approved by
	徐加放
Xu Jiafang


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


