《油田污水处理》教学大纲
Syllabus of Oilfield Wastewater Treatment
	课程基本信息
Course Information

	课程名称
Course Name
	油田污水处理

	
	Oilfield Wastewater Treatment

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

	负责人
Leader
	刘德新
	课程团队
Team Members
	刘德新 宫厚健

	课程编码
Course Code
	02311
	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
	0

	适用专业
Audience
	石油工程

	授课语言
Language of Instruction
	中文

	先修课程
Prerequisite
	大学化学、应用物理化学、油田化学、油田生产实习

	课程简介
Course Description
	本课程为石油工程专业的专业限修课。通过本课程的学习，要求学生了解油田污水处理工程的任务，掌握污水处理的物理、化学和生物学方法的基本理论与技术，以及油田污水处理方法与处理流程的设计原则，对油田污水处理工程的现状及发展动向有初步的了解。

	
	This is a specialized optional course of petroleum engineering. Through the study, students are required to know the task, present situation and development trend of oilfield wastewater treatment engineering, the basic theories and technologies of physical, chemical and biological wastewater treatment methods, as well as the designing principles of wastewater treatment process.



	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：了解油田污水处理工程的任务
	1.4

	
	目标2：了解污水处理的基本理论与技术
	3.3，7.1

	
	目标3：通过课程学习，培育环境保护和可持续发展意识及发现问题和解决问题的能力
	6.2，7.2

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: Know the task of oilfield wastewater treatment engineering
Outcome 2: Know the basic theories and technologies of wastewater treatment methods 
Outcome 3: Cultivate sense of environmental protection and sustainable development and ability to discover and solve problems
	

	教学内容
Topics
	第一章  绪论                                 2学时
本章的重点：油田污水中污染物的种类与来源，污水处理标准。
1.1  油田污水来源及特点
油田污水的来源，油田污水的特点，油田污水污染源分析。
1.2  油田污水中的污染物与危害
油水污水中的污染物，油田污水对注水系统和油藏的伤害。
1.3  油田污水性质
油田污水的组成，油田污水的性质。
1.4  油田污水处理标准
油田污水回注、外排、再利用过程中的处理标准。
1.5  油田污水处理方法简介
油田污水处理方法分类和处理流程。
1.6  油田污水处理的意义
 第二章  沉淀法                               2学时
本章的重点：沉淀法的基本原理，隔油池的设计原理与应用，化学沉淀法的原理与应用。
2.1  沉淀的基本原理
沉淀的基本原理，沉淀的分类，颗粒沉速公式，颗粒沉淀实验，理想沉淀池。
2.2  沉淀池
沉淀池的作用及分类，沉砂池。
2.3  隔油池
普通平流隔油池和斜板隔油池的构造及处理能力。
2.4  化学沉淀
化学沉淀的基本原理及方法。
第三章  气浮法                                2学时
本章的重点：气浮法的基本原理与工艺，气浮法在油田污水处理中的应用。
3.1  气浮法的基本理论
悬浮物与气泡的附着条件，气泡的稳定性，乳化现象与脱乳，气浮法的应用范围。
3.2  气浮法分类与工艺过程
电解气浮、布气气浮、溶气气浮法的工艺过程。
第四章  混凝                                  3学时
本章的重点：混凝法的基本原理，混凝剂的作用机理，混凝工艺过程。
4.1  胶体的性质
胶体的稳定性，胶体的双电层理论，DLVO理论。
4.2  混凝机理
混凝的机理，混聚动力学，混凝控制指标。
4.3  混凝剂与助凝剂
混凝剂和助凝剂的分类与特点。
4.4  混凝影响因素
水温的影响，pH值和碱度的影响，悬浮物含量的影响。
4.5  混凝剂的投配及混凝设备
混凝剂的配制与投加，混凝设备的分类与特点。
第五章  过滤                                  3学时
本章的重点：过滤法的基本原理，滤池结构，过滤工艺过程。
5.1  过滤理论
过滤的基本类型与机理，过滤效率的影响因素。
5.2  滤池工艺过程
滤池参数的设计，快滤池的工艺过程及控制。
[bookmark: _Toc281683827]5.3  滤池类型与滤层结构
滤池的作用与原理，滤层过滤工艺，
[bookmark: _Toc281683828]5.4  滤料、垫层和配水系统
滤料、垫层和配水系统的要求及参数设计。
[bookmark: _Toc281683829]5.5 快滤池的运行管理
滤速的变化及控制，滤池的冲洗，常见故障及对策。
5.6 其他滤池
 无阀滤池、虹吸滤池、移动罩滤池和压力滤池的工作原理及特点。
第六章  吸附                                   2学时
本章的重点：吸附法的基本原理，吸附剂种类与作用机理，吸附工艺过程。
6.1  吸附的基本理论
吸附机理及分类，吸附平衡与吸附等温式，吸附的影响因素，吸附动力学。
6.2  吸附剂及其再生
吸附剂的种类及特点，吸附剂再生的方法与特点。
6.3  吸附装置及操作
吸附装置的分类及主要特点。
第七章  离子交换法                             2学时
本章的重点：离子交换法的基本原理，离子交换剂的种类与作用机理，离子交换工艺过程。
7.1  离子交换法的基本理论
离子交换的原理，离子交换反应，离子交换速度。
7.2  离子交换树脂
离子交换树脂的分类、组成、结构及性能。
7.3  离子交换工艺
离子交换系统及应用，离子交换过程，离子交换法的应用。
第八章  膜分离法                               2学时
本章的重点：电渗析法的基本原理，反渗透的基本原理，超过滤的基本原理，膜分离法在油田污水处理中的应用。
8.1  渗析法
渗析法的基本原理与应用。
8.2  电渗析
电渗析的原理与过程，离子交换膜的种类与特点，电渗析器的构造及应用。
8.3  反渗透
渗透压和反渗透的原理，反渗透膜的制备与性能，反渗透膜透过机理，反渗透装置，反渗透白工艺流程及操作。
8.4  超滤
超滤的基本原理，超滤膜的特性，超滤装置及应用。
8.5  微孔过滤
微孔过滤的基本原理，微孔滤膜的特点，微滤的应用。
8.6  膜技术处理油田污水
油水分离膜的种类及特点，含油污水膜分离过程的影响因素。
第九章  污水生物处理法                         2学时
本章的重点：生物处理法的基本原理，活性污泥法的基本原理，生物膜法的基本原理，氧化塘法的基本原理。
9.1  生物处理基本理论
微生物的新陈代谢，污水可生化指标。
9.2  活性污泥法
活性污泥法的基本原理与分类，参数设计，曝气原理、方法及设备，活性污泥的运行管理。
9.3  生物膜法
生物膜法的基本原理，生物滤池的分类与特点。
9.4  氧化塘法
氧化塘的原理与特点。
第十章  油田污水除油技术                        2学时
本章的重点：污水中油的存在形态，主要的除油方法，除油剂的种类与作用机理。
10.1  油田污水中油的存在形态
油田污水中油的存在状态、含量及特征。
10.2  除油方法
除油的方法及主要特征。
10.3  除油剂
除油剂的种类及特点。
第十一章  油田污水防垢技术                      2学时
本章的重点：结垢基本原理与预测方法，除垢剂的种类与作用机理。
11.1  油田污水结垢机理
油田污水结垢的种类、机理及影响因素。
11.2  结垢趋势的预测
油田污水结垢趋势的预测方法及机理。
11.3  防垢和除垢技术
防垢和除垢的主要方法及特点。
11.4  油田常用的防垢剂及作用机理
油田用防垢剂的种类、特点及作用机理。
11.5  油田化学除垢
油田化学除垢的方法及主要特点。
第十二章  油田污水杀菌技术                     2学时
本章的重点：油田污水中细菌种类，杀菌剂种类与作用机理。
12.1  油田污水中的细菌
油田污水中的主要微生物的种类、特点及危害。
12.2  杀菌剂
杀菌剂的种类、特点及发展动向。
第十三章  油田污水防腐技术                     2学时
本章的重点：油田污水腐蚀的基本原理，缓蚀剂的种类与作用机理，电化学防腐技术。
13.1  油田污水中的腐蚀机理
腐蚀的分类、特点及影响因素。
13.2  腐蚀速率的测定
腐蚀的形态，腐蚀速率的测定方法。
13.3  防腐技术
缓蚀剂的种类、特点、机理及应用，涂层保护技术的特点及应用。
第十四章 油田污水处理流程                        4学时
本章的重点：油田污水处理流程的设计原则。
14.1  处理流程的确定原则
工艺流程选用的依据、原则，含油污水治理工艺的制定。
14.2  常见的油田污水处理流程
污水净化流程和常规含油污水处理流程的设计与特点。
14.3  典型的污水处理流程
钻井污水、稠油污水回注、含聚污水回注、三元复合驱污水的处理工艺流程及特点。
14.4 某一污水处理流程设计
给定某一污水性质及其用途，要求学生从经济、技术和操作等方面出发，设计出最优的处理流程。

	
	Chapter 1 Introduction                2 class hours
Difficulties and Focuses: Categories and sources of pollutants, wastewater treatment standard.
1.1 Sources and characteristics of oilfield wastewater
The sources and characteristics of oilfield wastewater, and analysis of pollution source
1.2 Pollutants of oilfield wastewater and its damage
Pollutants of oilfield wastewater, and its damage to injection system and reservoir 
1.3 Properties of oilfield wastewater
The composition and properties of oilfield wastewater
1.4 Treatment standards of oilfield wastewater
Treatment standards of oilfield wastewater reinjection, discharging and recycling processes
1.5 Brief introduction of oilfield wastewater treatment methods
Classification of oilfield wastewater treatment methods and corresponding treating process 
1.6 Significance of oilfield wastewater treatment
Chapter 2 Precipitation Method                2 class hours
Difficulties and Focuses: basic theory of precipitation method, design principle of oil separation tanks and its application, principle of chemical precipitation method and its application.
2.1 Basic principles of precipitation method
Basic principles and catalogues of precipitation method, particle settling experiment and settling velocity, and ideal sedimentation tank
2.2 Sedimentation tank
The function and classification of sedimentation tanks, and grit chamber
2.3 Oil separation tank 
The structure and effects of advection oil separation tank and tilted plate oil separation tank
2.4 Chemical precipitation method
Basic principles and classification of chemical precipitation method 
Chapter 3 Air Flotation method               2 class hours
Difficulties and Focuses: Basic principle and technique of air flotation method, and its application in oilfield wastewater treatment
3.1 Basic theories of air flotation method
Absorption of suspended solids on bubbles, bubble stability, emulsification and demulsification, and application of air flotation method
3.2 Classification and techniques of air flotation method
Techniques of electrolytic air flotation and dissolved air floatation
Chapter 4 Coagulation method               3 class hours
Difficulties and Focuses: basic principles and techniques of coagulation method, and the functional mechanism of coagulant
4.1 Properties of colloid
Colloid stability, and DLVO theory
4.2 Coagulation mechanism
Coagulation mechanism, kinetics and control index
4.3 Coagulant and coagulant aid
Classification and characteristics of coagulants and coagulant aids
4.4 Influencing factors of coagulation
The effects of water temperature, pH, alkalinity and suspended solid concentration
4.5 Coagulant dosing and coagulation equipment
Coagulant preparation and dosing, and classification and characteristics of coagulation equipment
Chapter 5 Filtration method               3 class hours
Difficulties and Focuses: basic principles of filtration method, structure of filter, and techniques of filter.
5.1 Principles of Filtration
Types and functional mechanisms of filtration method, and influencing factors 
5.2 Filter process
Filter parameters designing and process control of fast filters
5.3 Filter types and filtering layer structure
Functional principles of filters and manufacturing process of filtering 
5.4 Filtering media, cushion layer and water distribution system
Requirements and parameter design of filtering media, cushion layer and water distribution system
5.5 Operation management of fast filter
Filtration rate control, filter washing, and common failures and countermeasures 
5.6 Other filters
Principles and characteristics of valveless filter, siphon filter, movable hood filter and pressure filter
Chapter 6  Adsorption                      2 class hours
Difficulties and Focuses: Basic principles of adsorption method, catalogues and functional mechanisms of adsorbent, and adsorption process.
6.1 Basic theories of adsorption
Mechanisms, classifications and influencing factors of adsorption, adsorption isotherm, adsorption equilibrium and adsorption kinetics
6.2 Adsorbents and its regeneration
Catalogues and characteristics of adsorbents and adsorbent regeneration method 
6.3 Adsorption equipment and its operation	
Classification and characteristic of adsorption equipment 
Chapter 7 Ion-exchange method                2 class hours
Difficulties and Focus: Basic principles and process of ion-exchange method, catalogues and functional mechanism of ion-exchanger
7.1 Basic theories of ion-exchange method
Basic principles of ion-exchange method, ion-exchange reaction and velocity
7.2 Ion-exchange resin
Catalogues, composition, structures and properties of ion-exchange resins
7.3 Ion-exchange process
Application and process of ion-exchange system 
Chapter 8 Membrane separation                 2 class hours
Difficulties and Focus: Basic principles of electrodialysis process, reverse osmosis, ultrafiltration, and their application in oilfield wastewater treatment
8.1 Dialysis method
Basic principles and application of dialysis method
8.2 Electrodialysis
Basic principles and process of electrodialysis, catalogues and characteristics of ion-exchange membrane, and the structure and application of electrodialyzer.
8.3 Reverse osmosis
Osmotic pressure, principles, device, process and operation of reverse osmosis, preparation, properties and permeation mechanisms of reverse osmosis membrane
8.4 Ultrafiltration
Basic principles, equipment and application of ultrafiltration, and characteristics of ultrafiltration membrane 
8.5 Microfiltration
Basic principles and application of microfiltration, and characteristics of microfiltration membrane
8.6 Application of membrane technology in oilfield wastewater treatment 
Catalogues and characteristics of membranes, and influencing factors of  separating process
Chapter 9 Biological treatment                2 class hours
Difficulties and Focus: Basic principles of biological treatment, activated sludge process, biofilm process and oxidation pond process
9.1 Basic theories of biological treatment
Metabolism of microorganism and biochemical indexes of wastewater
9.2 Activated sludge process
Basic principles, classification, parameter designing, aeration principle, method and equipment of activated sludge process, and operational management of activated sludge
9.3 Biofilm process
Basic principles of biofilm process, and classification and characteristics of biofilters
9.4 Oxidation pond
Principles and characteristics of oxidation ponds
Chapter 10   Oilfield wastewater degreasing technology    2 class hours
Difficulties and Focus: existing forms of oil in wastewater，main degreasing methods, and catalogues and mechanisms of degreasing agents
10.1 Existing form of oil in oilfield wastewater
Existing forms, concentration and characteristics of oil in oilfield wastewater
10.2 Degreasing methods
Degreasing methods and main characteristics
10.3 Degreasing agents
Catalogues and characteristics of degreasing agents
Chapter 11 Scale prevention techniques for oilfield wastewater  2 class hours
Difficulties and Focus: Basic principles and prediction methods of scaling, and catalogues and mechanisms of descalingagents
11.1 Oilfield wastewater scaling mechanism
Catalogues, mechanism and influencing factors of oilfield wastewater scaling process
11.2 Scaling trend prediction
Prediction methods and mechanism of oilfield wastewater scaling process
11.3 Anti-scaling and descaling technology
Anti-scaling and descaling methods and their characteristics 
11.4 Commonly used descalingagents and their functional mechanisms
Catalogues, characteristics and mechanism of those oilfield special descalingagents
11.5 Chemical descaling methods 
Catalogues and characteristics of chemical descaling methods
Chapter 12 Sterilization technology for oilfield wastewater    2 class hours
Difficulties and Focus: Catalogues of bacteria and fungicide in oilfield wastewater and its functional mechanism 
12.1 Bacteria in oilfield wastewater
Catalogues, characteristics and hazards of the main microorganisms
12.2 Fungicide
Catalogues, characteristics and development trend of fungicides
Chapter 13 Anticorrosion technology for oilfield wastewater    2 class hours 
Difficulties and Focus: basic principles of wastewater corrosion, catalogues and functional mechanisms of corrosion inhibitor and electrochemical anti-corrosion technology
13.1 Corrosion mechanism of oilfield wastewater
Catalogues, characteristics and influencing factors of corrosion
13.2 Corrosion rate determination 
Corrosion morphology and corrosion rate determination method.
13.3 Anti-corrosion technology
Catalogues, characteristics, mechanism and application of corrosion inhibitor, and characteristics and application of coating technology.
Chapter 14 Oilfield wastewater treatment process   4 class hours
Difficulties and Focus: designing principles of oil field wastewater treatment process.
14.1 Determination principles of the treatment process 
Selecting principles of the treating process, and determination of oily wastewater treatment process
14.2 Treatment process of common oilfield wastewater
Wastewater purification process and oily wastewater treatment process designing
14.3 Typical wastewater treatment process
Treatment process of drilling wastewater, heavy oil wastewater reinjection, polymer-bearing wastewater reinjection, APS produced wastewater.
14.4 Design of wastewater treatment
Combined with properties and its usage of wastewater, design an optimal treatment process.

	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
	2
	讲授
	
	综合大作业
	目标1

	
	2
	2
	讲授
	
	
	目标2

	
	3
	2
	讲授
	
	
	目标2

	
	4
	3
	讲授
	
	
	目标2

	
	5
	3
	讲授
	
	
	目标2

	
	6
	2
	讲授
	
	
	目标2

	
	7
	2
	讲授
	
	
	目标2

	
	8
	2
	讲授
	2
	作业
	目标2

	
	9
	[bookmark: _GoBack]2
	讲授
	
	
	目标2

	
	10
	2
	讲授
	
	
	目标2

	
	11
	2
	讲授
	
	
	目标2

	
	12
	2
	讲授
	
	
	目标2

	
	13
	2
	讲授
	
	
	目标2

	
	14
	4
	讲授/讨论
	
	
	目标3

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	1
	2
	Teaching
	
	Integrated big assignment
	Outcome 1

	
	2
	2
	Teaching
	
	
	Outcome 2

	
	3
	2
	Teaching
	
	
	Outcome 2

	
	4
	3
	Teaching
	
	
	Outcome 2

	
	5
	3
	Teaching
	
	
	Outcome 2

	
	6
	2
	Teaching
	
	
	Outcome 2

	
	7
	2
	Teaching
	
	
	Outcome 2

	
	8
	2
	Teaching
	2
	Homework
	Outcome 2

	
	9
	2
	Teaching
	
	
	Outcome 2

	
	10
	2
	Teaching
	
	
	Outcome 2

	
	11
	2
	Teaching
	
	
	Outcome 2

	
	12
	2
	Teaching
	
	
	Outcome 2

	
	13
	2
	Teaching
	
	
	Outcome 2

	
	14
	4
	Teaching / Discussion
	
	
	Outcome 3

	考核方式
Grading
	评价环节
	比例

	
	环节1：平时表现
	10%

	
	环节2 ：作业
	20%

	
	环节3 ：考试
	70%

	
	Evaluation
	Percentage

	
	Evaluation 1 Attendance and Performance
	10 %

	
	Evaluation 2 Assignment
	20 %

	
	Evaluation 3 Midterm/Final Exam
	70 %

	教材及参考资料
Textbooks & Other Materials
	1．《油田污水处理》，刘德新编写，中国石油大学出版社，2015。
2．《废水处理工程》，唐受印等，化学工业出版社，1999。

	
	1. Dexin Liu, Oilfield wastewater treatment, China University of Petroleum Press, 2015.
2. Shouyin Tang, Wastewater Treatment Engineering, Chemical Industry Press, 1999.

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	刘德新
	审核人(系/教研室主任)
Approved by
	吕开河


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

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




