《海洋油气测试技术》教学大纲
Syllabus of Offshore Oil & Gas Well Testing Technology
	课程基本信息
Course Information

	课程名称
Course Name
	海洋油气测试技术

	
	Offshore Oil & Gas Well Testing Technology

	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
	刘均荣/Liu Junrong
	课程团队
Team Members
	海洋油气工程教学团队/Offshore Oil & Gas Teaching Group

	课程编码
Course Code
	02405
	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
	海洋油气开采工程、海洋油气作业与安全/Offshore oil and gas production engineering, offshore oil and gas well operations and safety 

	课程简介
Course Description
	本课程为海洋油气工程专业的专业限选课程之一，主要讲述海上油气井测试各项工艺技术措施的基本原理和基本方法。具体内容包括海上油气测试设备、流体采样技术、射孔工艺技术、试油（气）工艺技术、地层测试技术、试井方法与理论、生产井测试技术以及生产测井。本课程的目的是使学生通过学习，了解海洋油气测试新工艺、新技术及发展方向，学会运用这些理论和方法分析、解决油气测试过程中遇到的实际问题的基本思路，基本掌握主要测试工艺和技术措施的设计与实施方法。

	
	This course is one of the elective courses for the students majoring offshore oil & gas engineering. The contents focus on basic principle and basic method of different technology. The specific contents include well testing equipment, fluid sampling technology, perforation technology, well testing technology, formation testing technology, methodology and theory of well testing, production well test technology and production logging. The purpose of this course is to make students know the new process and new technology of offshore well testing and its development trends, learn the basic ideas on how to use these theory and method to analyze and solve field problems occurred in field testing work, and master the design and operation method of the main testing process and technology.



	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：了解海洋油气测试新工艺、新技术及发展方向，掌握海上油气测试的主要设备类型及特点。
	2.1

	
	目标2：掌握主要测试工艺和技术措施的设计与实施方法。
	5.1，11.1

	
	目标3：具备测试分析相关的基本理论知识和能力。
	3.1，4.2

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1: To master well test equipment and their characteristics.
	2.1

	
	Outcome 2: To master the design and operation method of the main well test method and technology.
	5.1,11.1

	
	Outcome 3: Having basic theory knowledge and ability for analyzing well testing data.
	3.1,4.2

	教学内容
Topics
	第一章 前言
本章的重点难点：油气测试的目的及方法，海洋油气测试系统的组成。
油气测试目的,油气测试方法,海洋油气测试系统的基本组成,海洋油气测试的特点与要求。
第二章 油气测试设备
本章的重点难点：井下压力、温度、流量、液位的测量原理和方法，水下测试系统的组成，地面测试系统的组成。
2.1 井下测试设备
井下压力计，井下温度计，井下流量计，井下取样器，井下测试管串，井下控制开关。
2.2 水下测试设备
水下测试树（SSTT），立管控制模块，蓄能模块，剪切短节，悬挂器。
2.3 地面测试设备
地面测试树，分离器，油嘴，计量设备，捕砂器，管汇，燃烧器，放空管线，火炬管线，紧急关闭系统。
第三章 油藏流体采样技术 
本章的重点难点：流体采样原理及方法。
3.1 油气藏流体特征 
    油藏特征，气藏特征。
3.2 油藏流体采样程序及采样技术
    采样程序，稳定流动，井下采样条件，电缆线采样，钢丝绳采样，反循环采样，地面采样点，单相地面采样，油气再混合采样。
第四章 射孔工艺技术
本章的重点难点：射孔参数设计方法，射孔参数对产能的影响，射孔工艺的选择。
4.1 射孔器材及装置
射孔器，射孔弹，射孔枪，雷管、起爆器及起爆装置，传爆管、导爆索及传爆装置，特殊射孔器，射孔地面控制仪，射孔井下深度、方位测量仪器，射孔监测仪，配套工具
4.2 射孔工艺
电缆输送射孔，油管输送射孔，联作射孔，复合射孔，定方位射孔，水平井射孔，负压射孔，超正压射孔，井口带压射孔，全通径射孔，高压气井射孔，含硫化氢气井射孔，连续油管输送射孔。
4.3 射孔方案设计
常规射孔设计，复合射孔设计，水平井射孔设计，射孔液优选，负压值设计，射孔参数对油气井产能的影响。
第五章 试油工艺
本章的重点难点：试油的工作程序，常规的试油工艺原理及方法，油井产能计算方法，油层保护技术。
5.1 概述 
试油目的与任务，试油主要工序。
5.2 试油准备工作及试油工艺 
井场布置，封隔器分层试油工艺，注水泥塞试油工艺，桥塞试油工艺。
5.3 诱喷及排液工艺
    替喷法，电泵法，气举法，水力射流泵法，螺杆泵法。
5.4 试油资料的录取与处理
录取主要资料，各工序资料录取标准，数据处理与储层评价，产能计算。
5.5 试油过程中的油层损害与油层保护技术
    油气层损害原因和类型，射孔作业对油层的潜在损害及保护措施，试油作业对油层的潜在损害及保护措施，压井液对油层的潜在损害及保护措施。
第六章 试气工艺
本章的重点难点：试气的工作程序，试气工艺原理及方法，气井产能计算方法。
6.1 概述
    试气目的与任务，试气主要工序。
6.2 试气设备及流程   
    试气地面设备与流程，试气方案设计。
6.3 试气准备工作及试气工艺 
    井场布置，常规回压试气，等时试气，改进后的等时试气，一点法试气。
6.4 试气资料的录取与处理
录取主要资料，各工序资料录取标准，数据处理与储层评价，产能计算。
第七章 地层测试技术
本章的重点难点：钻杆地层测试的工作原理与工艺设计，钻杆地层测试压力卡片的分析与解释方法，电缆地层测试的工作原理与工艺设计，随钻地层测试的工作原理与工艺设计，延长测试的工作原理与工艺设计。
7.1 钻杆地层测试技术
测试原理，测试工具，测试程序，测试设计，测试资料收集与数据记录方式，压力卡片的解释技术。
7.2 电缆地层测试技术
测试原理，测试工具，测试程序，测试设计，测试资料收集与数据记录方式。
7.3 随钻地层测试技术
测试原理，测试工具，测试程序，测试设计，测试资料收集与数据记录方式。
7.4 延长测试技术
测试原理，测试工具，测试程序，测试设计，测试资料收集与数据记录方式。
第八章 试井方法与理论
本章的重点难点：压力试井模型，温度试井模型，特征曲线诊断，试井方案设计。
8.1 压力试井
    压力试井解释模型，压力试井特征曲线诊断，压力试井设计原则与设计方法，压力不稳定试井，压力稳定试井。
8.2 温度试井
温度试井解释模型，温度试井特征曲线诊断。
第九章 生产井测试
本章的重点难点：电泵井、螺杆泵井、气举井、注水井的测试方法及程序。
9.1 机采井测试工艺
电泵井、螺杆泵井、气举井测试工具、测试方案设计及测试程序，测试资料录取。
9.2 注水井测试工艺 
    注水井测试工具、测试方案设计及测试程序，测试资料录取。
9.3 特殊井测试工艺  
    高温高压井、含硫井、水平井、分枝井等特殊井的测试工艺。
第十章 生产测井
本章的重点难点：产液剖面测试方法。注入剖面测试方法。测试结果解释方法。
10.1 概述                                                             
    生产测井目的与作用。生产测井方法与设备。
10.2 生产剖面测试
    产液剖面、注入剖面的测试原理、测试仪器、测试方法及解释技术。
10.3 工程测井
工程测井仪器、工作原理、测井方法。

	
	CH1 Introduction
Key Points: objective and method of well testing, composition of offshore well testing system.
Objective of well testing, well testing method, composition of offshore well testing system, characteristic and requirement of offshore well testing.
CH2 Well testing equipment
Key Points: principle and method of downhole pressure, temperature, flow rate and liquid level measurement, composition of subsea testing system, composition of surface testing system.
2.1 Downhole test equipment
Downhole pressure gauge, downhole temperature gauge, downhole flow meter, downhole sampler, downhole testing string, downhole switch control.
2.2 Subsea testing equipment
Subsea testing tree, riser control module, energy storage module, shear nipple, hanger.
2.3 Surface testing equipment
Surface testing tree, separator, choke, flow meter, sand catcher, manifold, combustor, vent line, flare line, emergency shutdown system.
CH3 Fluid sampling technology 
Key Points: principle and method of fluid sampling
3.1 Fluid Characteristic 
    Oil reservoir fluid characteristic, gas reservoir characteristic.
3.2 Fluid sampling procedure and technology
    Sampling procedure, steady state flow, downhole sampling condition, cable sampling, wire sampling, reverse-circulation sampling, surface sampling location, single phase surface sampling, oil-gas re-mixing sampling. 
CH4 Perforation technology
Key Points: design method of perforation parameters, effect of perforation parameters on productivity, selection of perforation technology.
4.1 Perforation equipment and device
Perforator, perforation gun, detonator and equipment, detonating primer, fuse and equipment, special perforator, surface control equipment, downhole depth and orientation measuring equipment, monitor, kit. 
4.2 Perforation technology 
Cable conveyed perforation, tube conveyed perforation, combing perforation, composite perforation, oriented perforation, horizontal well perforation, negative pressure perforation, super-positive pressure perforation, wellhead pressure perforation, full bore perforation, high pressure gas well perforation, H2S well perforation, coiled tubing perforation.   
4.3 Perforation design
Conventional perforation design, composite perforation design, horizontal well perforation design, optimum selection of perforation liquid, negative pressure design, effect of perforation parameters on productivity. 
CH5 Oil well testing technology
Key Points: procedure of oil well testing, principle and method of conventional oil well testing, calculation method of oil well productivity, reservoir protection technology.
5.1 Introduction 
Objective and task of oil well testing, main procedure of oil well testing.
5.2 Preparing work and oil well testing technology 
Wellsite layout, packer layered testing technology, cementing plug testing technology, bridge testing technology.
5.3 Kick well off operation and unloading technology 
    Displacement method, ESP method, gas lift method, hydraulic jet pumping method.
5.4 Record and process of oil well test data
Main recording data, record standard of different process, data processing and reservoir evaluation, productivity calculation.
5.5 Reservoir damage during well test and reservoir protection technology
    Reasons and types of reservoir damage, potential damage by perforating operation and protection measurement, potential damage by well testing operation and protection measurement, potential damage by killing fluid and protection measurement.
CH6 Gas well testing technology
Key Points: procedure of gas well testing, principle and method of gas well testing, calculation method of gas well productivity.
6.1 Introduction
Objective and task of gas well testing, main procedure of gas well testing.
6.2 Gas well testing equipment and procedure 
    Surface equipment and procedure of gas well test, design of gas well testing.
6.3 Preparing work and gas well testing technology 
    Wellsite layout, conventional back-pressure testing, isochronal testing, improved isochronal testing, one point testing.
6.4 Record and process of gas well test data
Main recording data, record standard of different process, data processing and reservoir evaluation, productivity calculation.
CH7 Formation testing
Key Points: principle and design of drill-stem test, analysis and interpretation method of pressure card of drill-stem test, principle and design of wireline formation test, principle and design of formation test while drilling, principle and design of extended formation test.  
7.1 Drill-stem test technology
Testing principle, testing tool, testing procedure, testing design, data collection and data record method, interpretation technology of pressure card. 
7.2 Wireline formation test technology
Testing principle, testing tool, testing procedure, testing design, data collection and data record method.
7.3 Formation test while drilling
Testing principle, testing tool, testing procedure, testing design, data collection and data record method.
7.4 Extended formation test technology
Testing principle, testing tool, testing procedure, testing design, data collection and data record method.
CH8 Well testing methodology and theory
Key Points: pressure testing model, temperature testing model, characteristic curve diagnosis, design of well testing.
8.1 Pressure testing
    Interpretation model for pressure testing, diagnosis of characteristic curve of pressure testing, design principle and method of pressure testing, pressure transient testing, pressure steady testing. 
8.2 Temperature testing
Interpretation model for temperature testing, diagnosis of characteristic curve of temperature testing.
CH9 Producing well testing
Key Points: testing method and procedure of electrical submersible pumping well, progressive cavity pumping well, gas lift well and injection well.
9.1 Testing technology for artificial lift well
Testing tools, testing design and testing procedure for electrical submersible pumping well, progressive cavity pumping well, gas lift well, data record method.
9.2 Testing technology for injection well 
    Testing tools, testing design and testing procedure for injection well, data record method.
9.3 Testing technology for special well 
Testing technology for special wells, such as HPHT well, H2S well, horizontal well and multilateral well.
CH10 Production logging 
Key Points: testing method for production profile, testing method for injection profile, interpretation methodology for testing data.
10.1 Introduction                                                            
Objective and role of production logging, method and equipment for production logging.
10.2 Production profile testing
Testing principle, testing equipment, testing method and interpretation method for production profile and injection profile.
10.3 Engineering logging 
Engineering logging equipment, working principle and logging method. 

	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
	2
	查阅课外资料
	目标1

	
	2
	4
	讲授
	4
	查阅课外资料
	目标1

	
	3
	2
	讲授
	2
	查阅课外资料
	目标2

	
	4
	4
	讲授
	4
	作业
	目标2

	
	5
	4
	讲授
	4
	作业
	目标2、3

	
	6
	2
	讲授
	2
	查阅课外资料
	目标2、3

	
	7
	6
	讲授
	6
	报告
	目标2

	
	8
	4
	讲授
	4
	查阅课外资料
	目标3

	
	9
	2
	讲授
	2
	查阅课外资料
	目标2、3

	
	10
	2
	讲授
	2
	报告
	目标2、3

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	1
	2
	Teaching
	2
	 Access to Information
	Outcome 1

	
	2
	4
	Teaching
	4
	 Access to Information
	Outcome 1

	
	3
	2
	Teaching
	2
	 Access to Information
	Outcome 2

	
	4
	4
	Teaching
	4
	 Homework
	Outcome 2

	
	5
	4
	Teaching
	4
	 Homework
	Outcome 2,3

	
	6
	2
	Teaching
	2
	 Access to Information
	Outcome 2,3

	
	7
	6
	Teaching
	6
	 Report
	Outcome 2

	
	8
	4
	Teaching
	4
	 Access to Information
	Outcome 3

	
	9
	2
	Teaching
	2
	 Access to Information
	Outcome 2,3

	
	10
	2
	Teaching
	2
	Report
	Outcome 2,3

	考核方式
Grading
	评价环节
	比例

	
	环节1 平时表现
	10%

	
	环节2 课堂小测试
	20%

	
	环节3 期末考试
	70%

	
	Evaluation
	Percentage

	
	Evaluation 1：Attendance and Performance
	10%

	
	Evaluation 2：Classroom quiz
	20%

	
	Evaluation 3：Final Exam
	70%

	教材及参考资料
Textbooks & Other Materials
	1．《海洋油气测试技术》，待编
2．《油气井测试工艺技术》，马永峰、唐建山、张绍礼，石油工业出版社，2007，ISBN 9787502159504
3．《试井手册》，《试井手册》编写组，石油工业出版社，1992，ISBN 9787502106119
4．《Operational Aspects of Oil and Gas Well Testing》，Stuart McAleese，Elsevier，2006，ISBN0444503110
5．《Well Testing Project Management - Onshore and Offshore Operations》，Paul J. Nardone，Elsevier，2009，ISBN978856176002
6．《Well Logging and Formation Evaluation》，Toby Darling，Elsevier，2005，ISBN0750678836

	
	1．Offshore oil and gas well testing technology, under editing 
2．Testing technology of oil and gas well, edited by Ma Yongfeng, Tang Jianshan and Zhang Shaoli, Petroleum Industry Press, 2007, ISBN 9787502159504
3．Well testing handbook, edited by Well testing manual editing group, Petroleum Industry Press, 1992, ISBN 9787502106119
4．Operational Aspects of Oil and Gas Well Testing, edited by Stuart McAleese, Elsevier, 2006, ISBN0444503110
5．Well Testing Project Management - Onshore and Offshore Operations, edited by Paul J. Nardone, Elsevier, 2009, ISBN978856176002
6．Well Logging and Formation Evaluation, edited by Toby Darling, Elsevier, 2005, ISBN0750678836

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	刘均荣/Liu Junrong
	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。
[bookmark: _GoBack]4. 如有实验内容，须完善对附表中实验项目信息进行完善。

