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Drilling Engineering Workbook
This book is an introduction to oil and gas designed to be both accessible to absolute beginners who know nothing about
the subject, and at the same time interesting to people who work in one area (such as drilling or seismic exploration) and
would like to know about other areas (such as production offshore, or how oil and gas were formed, or what can go
wrong). It begins by discussing oil and gas in the broader context of human society, and goes on to examine what they
consist of, how and where they were formed, how we find them, how we drill for them and how we measure them. It
describes production onshore and offshore, and examines in detail some instructive mishaps, including some that are
well known, such as Deepwater Horizon and Piper Alpha, and other lesser known incidents. It looks at recent
developments, such as shale oil, and concludes with some speculation about the future. It includes many references for
readers who would like to read further. Mathematical content is minimal.
Formulas and Calculations for Petroleum Engineering unlocks the capability for any petroleum engineering individual,
experienced or not, to solve problems and locate quick answers, eliminating non-productive time spent searching for that
right calculation. Enhanced with lab data experiments, practice examples, and a complimentary online software toolbox,
the book presents the most convenient and practical reference for all oil and gas phases of a given project. Covering the
full spectrum, this reference gives single-point reference to all critical modules, including drilling, production, reservoir
engineering, well testing, well logging, enhanced oil recovery, well completion, fracturing, fluid flow, and even petroleum
economics. Presents single-point access to all petroleum engineering equations, including calculation of modules
covering drilling, completion and fracturing Helps readers understand petroleum economics by including formulas on
depreciation rate, cashflow analysis, and the optimum number of development wells
Applications of Artificial Intelligence Techniques in the Petroleum Industry gives engineers a critical resource to help them
understand the machine learning that will solve specific engineering challenges. The reference begins with fundamentals,
covering preprocessing of data, types of intelligent models, and training and optimization algorithms. The book moves on
to methodically address artificial intelligence technology and applications by the upstream sector, covering exploration,
drilling, reservoir and production engineering. Final sections cover current gaps and future challenges. Teaches how to
apply machine learning algorithms that work best in exploration, drilling, reservoir or production engineering Helps
readers increase their existing knowledge on intelligent data modeling, machine learning and artificial intelligence, with
foundational chapters covering the preprocessing of data and training on algorithms Provides tactics on how to cover
complex projects such as shale gas, tight oils, and other types of unconventional reservoirs with more advanced model
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This is a complete sourcebook of information on Horizontal Directional Drilling, the installation of pipelines and utilities
beneath obstacles such as water and roadways. HDD is a fast-growing technology in the trenchless industry. Provides
technical information on the design, permitting, construction, bid documents, specifications, and construction of HDD
applications Numerous HDD calculations with examples
Geothermal Reservoir Engineering offers a comprehensive account of geothermal reservoir engineering and a guide to
the state-of-the-art technology, with emphasis on practicality. Topics covered include well completion and warm-up, flow
testing, and field monitoring and management. A case study of a geothermal well in New Zealand is also presented.
Comprised of 10 chapters, this book opens with an overview of geothermal reservoirs and the development of
geothermal reservoir engineering as a discipline. The following chapters focus on conceptual models of geothermal
fields; simple models that illustrate some of the processes taking place in geothermal reservoirs under exploitation;
measurements in a well from spudding-in up to first discharge; and flow measurement. The next chapter provides a case
history of one well in the Broadlands Geothermal Field in New Zealand, with particular reference to its drilling,
measurement, discharge, and data analysis/interpretation. The changes that have occurred in exploited geothermal fields
are also reviewed. The final chapter considers three major problems of geothermal reservoir engineering: rapid entry of
external cooler water, or return of reinjected water, in fractured reservoirs; the effects of exploitation on natural
discharges; and subsidence. This monograph serves as both a text for students and a manual for working professionals
in the field of geothermal reservoir engineering. It will also be of interest to engineers and scientists of other disciplines.
The book clearly explains the concepts of the drilling engineering and presents the existing knowledge ranging from the
history of drilling technology to well completion. This textbook takes on the difficult issue of sustainability in drilling
engineering and tries to present the engineering terminologies in a clear manner so that the new hire, as well as the
veteran driller, will be able to understand the drilling concepts with minimum effort.
Rock breakage with explosives has existed since the seventeenth century when black powder came into use in mining.
Since then it has progressed from the invention of dynamite to the use of heavy ANFO. During the past two decades,
there have been numerous technical contributions which have brought a better understanding of rock fragmentation with
explosives, an improvement in drilling equipment and a noticeable evolution in the development of new explosives and
blasting accessories. The Geomining Technological Institute of Spain (ITCE), aware of this progress and of the
importance which the breakage process has acquired in mining and civil engineering projects, has ordered the
publication of Drilling and Blasting of Rocks. The purpose of this Handbook is to give basic knowledge of the drilling
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systems, the types of available explosives and the accessories and the parameters that intervene in blast designing,
whether controllable or not; at the same time the objectives and contents contribute to improved safety in mining. The
Handbook is meant for all professionals who are involved with explosives in mining operations and civil engineering
projects, as well as for students of technical schools.
Written by the Shale Shaker Committee of the American Society of Mechanical Engineers, originally of the American Association
of Drilling Engineers, the authors of this book are some of the most well-respected names in the world for drilling. The first edition,
Shale Shakers and Drilling Fluid Systems, was only on shale shakers, a very important piece of machinery on a drilling rig that
removes drill cuttings. The original book has been much expanded to include many other aspects of drilling solids control,
including chapters on drilling fluids, cut-point curves, mud cleaners, and many other pieces of equipment that were not covered in
the original book. Written by a team of more than 20 of the world's foremost drilling experts, from such companies as Shell,
Conoco, Amoco, and BP There has never been a book that pulls together such a vast array of materials and depth of topic
coverage in the area of drilling fluids Covers quickly changing technology that updates the drilling engineer on all of the latest
equipment, fluids, and techniques
Modern petroleum and petrotechnical engineering is increasingly challenging due to the inherently scarce and decreasing number
of global petroleum resources. Exploiting these resources efficiently will require researchers, scientists, engineers and other
practitioners to develop innovative mathematical solutions to serve as basis for new asset development designs. Deploying these
systems in numerical models is essential to the future success and efficiency of the petroleum industry. Multiphysics modeling has
been widely applied in the petroleum industry since the 1960s. The rapid development of computer technology has enabled the
numerical applications of multiphysics modeling in the petroleum industry: its applications are particularly popular for the numerical
simulation of drilling and completion processes. This book covers theory and numerical applications of multiphysical modeling
presenting various author-developed subroutines, used to address complex pore pressure input, complex initial geo-stress field
input, etc. Some innovative methods in drilling and completion developed by the authors, such as trajectory optimization and a
3-dimensional workflow for calculation of mud weight window etc, are also presented. Detailed explanations are provided for the
modeling process of each application example included in the book. In addition, details of the completed numerical models data
are presented as supporting material which can be downloaded from the website of the publisher. Readers can easily understand
key modeling techniques with the theory of multiphysics embedded in examples of applications,and can use the data to reproduce
the results presented. While this book would be of interest to any student, academic or professional practitioner of engineering,
mathematics and natural science, we believe those professionals and academics working in civil engineering, petroleum
engineering and petroleum geomechanics would find the work especially relevant to their endeavors.
The book starts with a review of optimum drilling practices, which provide for highest rate of penetration (ROP) at minimum
footage cost ($/ft). These elements of drilling provide a backdrop for in-depth technical discussions. Discussions are presented
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with scientific rigor, but in a form easily understood by undergraduate engineering and graduate students. Homework problems are
included at the end of each chapter and are designed to encourage interest and enquiry. The book can be used as an industry
reference or as a university text book. The book underscores the application of engineering principles to drilling problems facing
industry. Special attention is given to: 1) drilling hydraulics, including performance and application of PDM motors and turbines, 2)
drillstring design and operation, 3) drillstring mechanics including vibration analysis and control, 4) drilling economics, 5)
maintenance and reliability, and 6) directional drilling including bit navigation, well path monitoring and directional control. Each
topic is explained in terms of engineering mechanics.
The petroleum industry must minimize the environmental impact of its various operations. This extensively researched book
assembles a tremendous amount of practical information to help reduce and control the environmental consequences of producing
and processing petroleum and natural gas. The best way to treat pollution is not to create it in the first place. This book shows you
how to plan and manage production activities to minimize and even eliminate some environmental problems without severely
disrupting operations. It focuses on ways to treat drilling and production wastes to reduce toxicity and/or volume before their
ultimate disposal. You'll also find methods for safely transporting toxic materials from the upstream petroleum industry away from
their release sites. For those sites already contaminated with petroleum wastes, this book reviews the remedial technologies
available. Other topics include United States federal environmental regulations, sensitive habitats, major U.S. chemical waste
exchanges, and offshore releases of oil. Environmental Control in Petroleum Engineering is essential for industry personnel with
little or no training in environmental issues as well as petroleum engineering students.
Presents key concepts and terminology for a multidisciplinary range of topics in petroleum engineering Places oil and gas
production in the global energy context Introduces all of the key concepts that are needed to understand oil and gas production
from exploration through abandonment Reviews fundamental terminology and concepts from geology, geophysics, petrophysics,
drilling, production and reservoir engineering Includes many worked practical examples within each chapter and exercises at the
end of each chapter highlight and reinforce material in the chapter Includes a solutions manual for academic adopters
Once a natural gas or oil well is drilled, and it has been verified that commercially viable, it must be "completed" to allow for the
flow of petroleum or natural gas out of the formation and up to the surface. This process includes: casing, pressure and
temperature evaluation, and the proper instillation of equipment to ensure an efficient flow out of the well. In recent years, these
processes have been greatly enhanced by new technologies. Advanced Well Completion Engineering summarizes and explains
these advances while providing expert advice for deploying these new breakthrough engineering systems. The book has two
themes: one, the idea of preventing damage, and preventing formation from drilling into an oil formation to putting the well
introduction stage; and two, the utilization of nodal system analysis method, which optimizes the pressure distribution from
reservoir to well head, and plays the sensitivity analysis to design the tubing diameters first and then the production casing size, so
as to achieve whole system optimization. With this book, drilling and production engineers should be able to improve operational
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efficiency by applying the latest state of the art technology in all facets of well completion during development drilling-completion
and work over operations. One of the only books devoted to the key technologies for all major aspects of advanced well
completion activities. Unique coverage of all aspects of well completion activities based on 25 years in the exploration, production
and completion industry. Matchless in-depth technical advice for achieving operational excellence with advance solutions.
Applied Well Cementing Engineering delivers the latest technologies, case studies, and procedures to identify the challenges,
understand the framework, and implement the solutions for today’s cementing and petroleum engineers. Covering the basics and
advances, this contributed reference gives the complete design, flow and job execution in a structured process. Authors,
collectively, bring together knowledge from over 250 years of experience in cementing and condense their knowledge into this
book. Real-life successful and unsuccessful case studies are included to explain lessons learned about the technologies used
today. Other topics include job simulation, displacement efficiency, and hydraulics. A practical guide for cementing engineer,
Applied Well Cementing Engineering, gives a critical reference for better job execution. Provides a practical guide and industry
best practices for both new and seasoned engineers Independent chapters enable the readers to quickly access specific subjects
Gain a complete framework of a cementing job with a detailed road map from casing equipment to plug and abandonment
Subsea production systems, overview of subsea engineering, subsea field development, subsea distribution system.Flow assurance and
system engineering. Susea structure and equiment. Subsea umbilical, risers and flowlines.
Drilling Engineering Book
This book presents the theory and technologies of drilling operations. It covers the gamut of formulas and calculations for petroleum
engineers that have been compiled over several years. Some of these formulas and calculations have been used for decades, while others
help guide engineers through some of the industry’s more recent technological breakthroughs. Comprehensively discussing all aspects of
drilling technologies, and providing abundant figures, illustrations and tables, examples and exercises to facilitate the learning process, it is a
valuable resource for students, scholars and engineers in the field of petroleum engineering.
Drilling technology has advanced immensely in the past 20 years. Directional drilling, rotary steerable drilling and other smart downhole
techniques and tools have progressed past the typical vertical and horizontal well, allowing drilling engineers to design wells of complex
geometry and extract energy resources from remote, untapped places. While technology continues to excel, there is a growing need for
multidisciplinary information to assist in the design and planning of complex wells. To answer this need, Robello Samuel, with the help of
Xiushan Liu, releases a necessary reference titled Advanced Drilling Engineering. Samuel and Liu's volume covers full understanding of
elaborate drilling processes and engineering well design aspects. Starting with well trajectory and wellbore positioning, they explain well-path
planning for directional and extended-reach wells. Other vital topics include collision avoidance, checking for proximity between neighboring
wells, downhole survey tools plus MWD/LWD and through bit logging, and intelligent smart well technology, including downhole monitoring
tools.
Petroleum engineering now has its own true classic handbook that reflects the profession's status as a mature major engineering discipline.
Formerly titled the Practical Petroleum Engineer's Handbook, by Joseph Zaba and W.T. Doherty (editors), this new, completely updated twoPage 5/10
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volume set is expanded and revised to give petroleum engineers a comprehensive source of industry standards and engineering practices. It
is packed with the key, practical information and data that petroleum engineers rely upon daily. The result of a fifteen-year effort, this
handbook covers the gamut of oil and gas engineering topics to provide a reliable source of engineering and reference information for
analyzing and solving problems. It also reflects the growing role of natural gas in industrial development by integrating natural gas topics
throughout both volumes. More than a dozen leading industry experts-academia and industry-contributed to this two-volume set to provide
the best , most comprehensive source of petroleum engineering information available.
Petroleum Production Engineering, Second Edition, updates both the new and veteran engineer on how to employ day-to-day production
fundamentals to solve real-world challenges with modern technology. Enhanced to include equations and references with today’s more
complex systems, such as working with horizontal wells, workovers, and an entire new section of chapters dedicated to flow assurance, this
go-to reference remains the most all-inclusive source for answering all upstream and midstream production issues. Completely updated with
five sections covering the entire production spectrum, including well productivity, equipment and facilities, well stimulation and workover,
artificial lift methods, and flow assurance, this updated edition continues to deliver the most practical applied production techniques, answers,
and methods for today’s production engineer and manager. In addition, updated Excel spreadsheets that cover the most critical production
equations from the book are included for download. Updated to cover today’s critical production challenges, such as flow assurance,
horizontal and multi-lateral wells, and workovers Guides users from theory to practical application with the help of over 50 online Excel
spreadsheets that contain basic production equations, such as gas lift potential, multilateral gas well deliverability, and production forecasting
Delivers an all-inclusive product with real-world answers for training or quick look up solutions for the entire petroleum production spectrum
Sustainable Oil and Gas Development Series: Drilling Engineering delivers research materials and emerging technologies that conform
sustainability drilling criteria. Starting with ideal zero-waste solutions in drilling and long-term advantages, the reference discusses the
sustainability approach through the use of non-linear solutions and works its way through the most conventional practices and procedures
used today. Step-by-step formulations and examples are provided to demonstrate how to look at conventional practices versus sustainable
approaches with eventually diverging towards a more sustainable alternative. Emerging technologies are covered and detailed sustainability
analysis is included. Economic considerations, analysis, and long-term consequences, focusing on risk management round out the with
conclusions and a extensive glossary. Sustainable Oil and Gas Development Series: Drilling Engineering gives today’s petroleum and drilling
engineers a guide how to analyze and evaluate their operations in a more environmentally-driven way. Proposes sustainable technical criteria
and strategies for today’s most common drilling practices such as horizontal drilling, managed pressure drilling, and unconventional shale
activity Discusses economic benefits and development challenges to invest in environmentally-friendly operations Highlights the most recent
research, analysis, and challenges that remain including global optimization

Basic level textbook covering concepts and practical analytical techniques of reservoir engineering.
This book presents the fundamental principles of drilling en gineering, with the primary objective of making a good well
using data that can be properly evaluated through geology, reservoir engineering, and management. It is written to assist
the geologist, drilling engineer, reservoir engineer, and manager in performing their assignments. The topics are
introduced at a level that should give a good basic understanding of the subject and encourage further investigation of
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specialized interests. Many organizations have separate departments, each per forming certain functions that can be
done by several methods. The reentering of old areas, as the industry is doing today, particularly emphasizes the
necessity of good holes, logs, casing design, and cement job. Proper planning and coordination can eliminate many
mistakes, and I hope the topics discussed in this book will playa small part in the drilling of better wells. This book was
developed using notes, comments, and ideas from a course I teach called "Drilling Engineering with Offshore
Considerations." Some "rules of thumb" equations are used throughout, which have proven to be helpful when applied in
the ix x / Preface proper perspective. The topics are presented in the proper order for carrying through the drilling of a
well.
This book provides a comprehensive understanding of each aspect of offshore operations including conventional
methods of operations, emerging technologies, legislations, health, safety and environment impact of offshore
operations. The book starts by coverage of notable offshore fields across the globe and the statistics of present oil
production, covering all types of platforms available along with their structural details. Further, it discusses production,
storage and transportation, production equipment, safety systems, automation, storage facilities and transportation. Book
ends with common legislation acts and comparison of different legislation acts of major oil/gas producing nations. The
book is aimed at professionals and researchers in petroleum engineering, offshore technology, subsea engineering, and
Explores the engineering, technology, system, environmental, operational and legislation aspects of offshore productions
systems Covers most of the subsea engineering material in a concise manner Includes legislation of major oil and gas
producing nations pertaining to offshore operations (oil and gas) Incorporates case studies of major offshore operations
(oil and gas) accidents and lessons learnt Discusses environment impact of offshore operations
The need for this book has arisen from demand for a current text from our students in Petroleum Engineering at Imperial
College and from post-experience Short Course students. It is, however, hoped that the material will also be of more
general use to practising petroleum engineers and those wishing for aa introduction into the specialist literature. The
book is arranged to provide both background and overview into many facets of petroleum engineering, particularly as
practised in the offshore environments of North West Europe. The material is largely based on the authors' experience as
teachers and consultants and is supplemented by worked problems where they are believed to enhance understanding.
The authors would like to express their sincere thanks and appreciation to all the people who have helped in the
preparation of this book by technical comment and discussion and by giving permission to reproduce material. In
particular we would like to thank our present colleagues and students at Imperial College and at ERC Energy Resource
Consultants Ltd. for their stimulating company, Jill and Janel for typing seemingly endless manuscripts; Dan Smith at
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Graham and Trotman Ltd. for his perseverence and optimism; and Lesley and Joan for believing that one day things
would return to normality. John S. Archer and Colin G. Wall 1986 ix Foreword Petroleum engineering has developed as
an area of study only over the present century. It now provides the technical basis for the exploitation of petroleum fluids
in subsurface sedimentary rock reservoirs.
"Volume IV, Production operations engineering" provides readers with up-to-date information on design, equipment
selection, and operation procedures for most oil and gas wells. Chapters cover three main topic areas: well completions,
problems caused by formation damage, and artificial lift--a major concern for production engineers.
Drilling EngineeringSolutions and ApplicationsDRILLING ENGINEERINGTOWARDS ACHIEVING TOTAL
SUSTAINABILITYGulf Professional Publishing
This book shares the technical knowhow in the field of health, safety and environmental management, as applied to oil
and gas industries and explains concepts through a simple and straightforward approach Provides an overview of health,
safety and environmental (HSE) management as applied to offshore and petroleum engineering Covers the
fundamentals of HSE and demonstrates its practical application Includes industry case studies and examples based on
the author's experiences in both academia and oil and gas industries Presents recent research results Includes tutorials
and exercises
This book covers the principles, historical development, and applications of many acoustic logging methods, including acoustic
logging-while-drilling and cased-hole logging methods. Benefiting from the rapid development of information technology, the
subsurface energy resource industry is moving toward data integration to increase the efficiency of decision making through the
use of advanced big data and artificial intelligence technologies, such as machine/deep learning. However, wellbore failure may
happen if evaluations of risk and infrastructure are made using data mining methods without a complete understanding of the
physics of borehole measurements. Processed results from borehole acoustic logging will constitute part of the input data used for
data integration. Therefore, to successfully employ modern techniques for data assimilation and analysis, one must fully
understand the complexity of wave mode propagation, how such propagation is influenced by the well, and the materials placed
within the well (i.e., the cement, casing, and drill strings), and ultimately how waves penetrate into and are influenced by geological
formations. State-of-the-art simulation methods, such as the discrete wavenumber integration method (DWM) and the finite
difference method (FDM), are introduced to tackle the numerical challenges associated with models containing large material
contrasts, such as the contrasts between borehole fluids and steel casings. Waveforms and pressure snapshots are shown to help
the reader understand the wavefields under various conditions. Advanced data processing methods, including velocity analyses
within the time and frequency domains, are utilized to extract the velocities of different modes. Furthermore, the authors discuss
how various formation parameters influence the waveforms recorded in the borehole and describe the principles of both existing
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and potential tool designs and data acquisition schemes. This book greatly benefits from the research and knowledge generated
over four decades at the Earth Resources Laboratory (ERL) of the Massachusetts Institute of Technology (MIT) under its acoustic
logging program. Given its scope, the book is of interest to geophysicists (including borehole geophysicists and seismologists),
petrophysicists, and petroleum engineers who are interested in formation evaluation and cementation conditions. In addition, this
book is of interest to researchers in the acoustic sciences and to 4th-year undergraduate and postgraduate students in the areas
of geophysics and acoustical physics.
"This book is fast becoming the standard text in its field", wrote a reviewer in the Journal of Canadian Petroleum Technology soon
after the first appearance of Dake's book. This prediction quickly came true: it has become the standard text and has been
reprinted many times. The author's aim - to provide students and teachers with a coherent account of the basic physics of
reservoir engineering - has been most successfully achieved. No prior knowledge of reservoir engineering is necessary. The
material is dealt with in a concise, unified and applied manner, and only the simplest and most straightforward mathematical
techniques are used. This low-priced paperback edition will continue to be an invaluable teaching aid for years to come.
Applied Drilling Engineering presents engineering science fundamentals as well as examples of engineering applications involving
those fundamentals.
"The book is aimed at narrowing the gap between industrial aspects of mud engineering and its academic basics. It also sums up
the experience of handling unconventional and unforeseen problems related with well-bore instability with the right composition of
mud to facilitate correct properties in drilling fluid design, and thus minimize/eliminate non-productive time. If the book is able to
fulfil any / all of these objectives, then the purpose of writing the book is served. It aims to reach out to petroleum engineering
students and those mud engineers who have just begun their career in oil field, with many questions wandering in their minds, and
aims to answer them in a manner that makes sense to their limited exposure with the least technical jargon but yet, effectively
quench their thirst of inquisitiveness. For the professionals who aspire to climb the ladders of success to reach the corporate
jungle, the book cautions them that what appears costly superficially need not be always costly and thus spend enough money to
have a right team of professionals surrounding them and not the guys who will always agree to them for the fear of loss of their
job."
Petroleum and natural gas still remain the single biggest resource for energy on earth. Even as alternative and renewable sources
are developed, petroleum and natural gas continue to be, by far, the most used and, if engineered properly, the most cost-effective
and efficient, source of energy on the planet. Drilling engineering is one of the most important links in the energy chain, being, after
all, the science of getting the resources out of the ground for processing. Without drilling engineering, there would be no gasoline,
jet fuel, and the myriad of other “have to have” products that people use all over the world every day. Following up on their
previous books, also available from Wiley-Scrivener, the authors, two of the most well-respected, prolific, and progressive drilling
engineers in the industry, offer this groundbreaking volume. They cover the basics tenets of drilling engineering, the most common
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problems that the drilling engineer faces day to day, and cutting-edge new technology and processes through their unique lens.
Written to reflect the new, changing world that we live in, this fascinating new volume offers a treasure of knowledge for the
veteran engineer, new hire, or student. This book is an excellent resource for petroleum engineering students, reservoir engineers,
supervisors & managers, researchers and environmental engineers for planning every aspect of rig operations in the most
sustainable, environmentally responsible manner, using the most up-to-date technological advancements in equipment and
processes.
A thorough update with more than 8,000 new definitions and entries. Covering everything in the upstream oil and gas sector, this
new second edition also covers land, legal, accounting and finance terms. Written in easy-to-understand language with more than
100 illustrations, the second edition of Dr. Hyne's dictionary offers the ultimate reference book for anyone regardless of technical
background.
This edited book explores the use of surfactants in upstream exploration and production (E&P). It provides a molecular,
mechanistic and application-based approach to the topic, utilising contributions from the leading researchers in the field of organic
surfactant chemistry and surfactant chemistry for upstream E&P. The book covers a wide range of problems in enhanced oil
recovery and surfactant chemistry which have a large importance in drilling, fracking, hydrate inhibition and conformance. It begins
by discussing the fundamentals of surfactants and their synthesis. It then moves on to present their applicability to a variety of
situations such as gas injections, shale swelling inhibition, and acid stimulation. This book presents research in an evolving field,
making it interesting to academics, postgraduate students, and experts within the field of oil and gas.
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