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  Foreword




   




  This book is a joint effort. Eric George worked in the oil industry and knows what he is talking about, but he doesn’t write well. In fact we are thinking of marketing his writing style as a cure for insomnia.




  Jacqueline (me) is the writer and although I deny being a complete bubble-head, I admit to being pretty well useless at oil wells. My job was to take the engineering text and ideas, and turn them into something that normal folk can read and understand easily. Between the two of us, I hope we have produced a book that is both factual and readable.




  Writing about fracking is not simple. A little like an aeroplane, a fracked well is a complex construction made up of components that all have to work perfectly all the time, and you need to spend years on the rigs and in university to truly understand them all. But that doesn’t stop anyone who really wants to see the bigger picture. With a little thoughtful reading, this book should allow you to stand your ground in any discussion over fracking.




  I have to be philosophical about using metric or American units of measurement. Americans are usually annoyed by kilograms and metres, but the rest of world rolls its eyes when faced with something as difficult to understand as a foot. Really! We nearly all have two of them but still ask – how much is that in centimetres?




  This is book about engineering and you can’t avoid measurements, so I have tried to give equivalents.




  Thanks are due to Chris Kalyta for his insights and technical editing, and to Debbie Shaw for her very pointed copy editing..




  Lastly, don’t worry too much if you dislike engineering or science. There are concepts in the book that might be difficult to understand so my advice is – don’t try. It will be enough if you concentrate on the big picture and take the concepts for granted. So – read on, and enjoy the trip!




  Jacqueline George




  Cooktown 2016




   




  Introduction




   




  Fracking has become a hot button issue, lining up beside topics like climate change, gun control and, in the southern States at least, evolution. That’s sad, because it is very much simpler than any of those but still shares the uninformed shouting that passes for public debate.




  This book is an attempt to inform, to pass on details of the technique so anyone – for or against – can argue their case based on an understanding of the facts. I won’t say I don’t care what position you take but recently I have been really, really annoyed by the media, by friends and by the proverbial man in the pub who all give the world the benefit of their opinions at maximum volume, and are just making themselves look stupid.




  Say what you want, but at least take the time to understand what you are talking about.




   




  As with the other topics above, you should not take anything at face value. You have to ask just who is writing, and are they representing any vested interest. So to come clean, I - that is Eric George – used to work for an international oilfield service company, one of the two big players in the business. At the very end of last century I was made redundant for the crime of being over fifty in a year of falling oil prices. I felt bitter at the time, but that was fifteen years ago and I have to admit the game has always been played that way. Why keep a fifty year old around and fire the younger engineers you will need in ten years’ time when the oil price recovers? Now I live in Queensland, on the shores of the Coral Sea, and you would not get me near an oil well with wild horses.




  My line of work was mostly high pressure pumping into oil wells. Pumping cement to set the well casing in place, pumping acid and chemicals to clean up wells and, very occasionally, pumping frack jobs.




  Counting on my fingers, I was involved in frack jobs in six different countries. Always as part of a team, sometime humping pipe, sometimes operating pumps, sometime designing and supervising. So I do know what I am talking about.




  Am I pro or anti fracking? I have to say, that’s not a good question. Fracking is a technique that can be used well or badly. It’s a bit like asking if you are for or against axes because axe murders are particularly gruesome. Banning axes is not practical, and the axe is not the root of the problem.




  Fracturing is just a technique. Get it right and you can turn an impossible reservoir into a practical source of oil and gas. Get it wrong, and you can mess up the environment. I have to add here, get it wrong under a proper regulatory framework, and you will be forced to fix things before the damage is done – but we will talk about that later.




  The fact is that a bad well – fractured or not – can cause a lot of damage. On the other hand, a well-designed, constructed and operated well can be a great benefit to mankind.




   




  I want to help the debate along and the best way to do that is to give everyone a good understanding of fracking and possible problems. I hope this book will help.




   




  Hydrocarbons and where they live




   




  The first step in forming an opinion on fracking is to understand what we are talking about. That sounds like an obvious statement, and so it is. Fracking is a public issue and – in most countries – anyone can say what they like about it. However, if you want to influence public policy, you had better have some grasp of the techniques involved, and their implications. You can’t argue a case unless you know what you are talking about, and you can’t counter your opponents’ arguments unless you can pick if they are telling the whole truth or leaving some dirty laundry in the basket.




  I’m sorry, but this is going to involve a little serious reading. I will try and make it as painless as possible. I know some people have an allergy to maths and technological detail, so let’s try and do as much as we can with just descriptions and pictures. If you don’t understand something the first time around, that’s normal. Go back and read it again, and you will soon be on track again.




  You may find it helps to have a 1 ft (yes – 30 cm) ruler on the table as you read. You will see why in a minute.




  Fracking – more properly hydraulic fracturing – is one of the last steps in the making of an oil or gas well and it does not make any sense to look at it in detail until we have covered the basics of well siting and construction. As we go along, you will find that most well problems are created during construction and we have to understand the basics of well drilling before we can identify the problems. Let’s begin with some fundamentals.




   




  Hydrocarbon Basics




  Oil and gas wells are drilled to produce oil and gas, but rarely produce just one or the other. They nearly all produce a mixture of the two, and they nearly all produce significant amounts of water as well. To save messing around, we call them all fluids – oil, gas, water, mixtures – they are all called fluids. You may hear produced fluids referred to as hydrocarbons; wells produce hydrocarbons which we want, and water which we generally don’t want.




  There is a good reason for referring to produced oil and gas simply as hydrocarbons – because the distinction between the two is not always simple. The gas you use at home is methane and this is known as ‘dry gas’. Methane is essentially odourless so energy companies add a smell to it, to help us know if there is a leak in our house. Gas coming naturally from the well may include ‘wet’ fractions – ethane, propane, butane and others. They are also gaseous at normal temperatures and pressures and are much more valuable than straight methane. (Don’t try to remember all these names – just remember the idea of ‘dry’ gas with various ‘wet’ components.)




  The next fluid produced, and usually the most valuable, arrives on surface as a volatile liquid known as condensate. This is as rich as or richer than gasoline, needs little refining, and is used in the refinery to blend into other liquid products.




  And then we have all the various liquid mixtures that make up crude oil. Plus water. There is always water to make everyone’s life difficult, because water that has been trapped underground for geological time frames (i.e. tens of millions of years) is inevitably salty and hard to dispose of economically.




  Just bear in mind that when you see the word ‘fluid’ below, it refers to both gases and liquids.




  It is possible and useful to frack some oil wells, but nearly all modern fracking is for gas production. Just hold on to the idea that fracked wells normally produce hydrocarbon gas, along with some hydrocarbon liquids (welcome) and some water which always gives trouble to everyone.




   




  Geological Basics




  Hydrocarbons are formed when natural sediments with a percentage of organic material are buried by geological processes and subjected to high pressures and temperatures.




  That’s it. Find yourself some river mud or undisturbed sea bed, bury it several kilometres deep, wait a few million years, and the earth’s natural heat combined with the weight of overlying sediments, will cook it up to form rock and hydrocarbons. The richer the original mud was in organic material, the more hydrocarbons will be formed.




  The rock stays where it is, of course, but the hydrocarbons are naturally mobile and free to move around. They commonly migrate out of their source rock and can go anywhere. The gases are the most mobile – confining high pressure gas in one place needs just the right geological conditions. Most hydrocarbon gas leaks up to the surface and into the atmosphere. It leaks at a very low rate, but it does so over extremely long time periods and this will deplete most source rocks without us ever knowing about it.




  The oil and gas industry is built on the pockets of volatile hydrocarbons that did not escape. They flowed from their source rock laterally and vertically (it is nearly always easier for hydrocarbons to move sideways rather than vertically) until they layers of very tight rock trap them. There they sit, escaping only very, very slowly (because no rock is completely gas-proof.) The rock holding the hydrocarbons is known as the reservoir. The confining rock above the reservoir is known as the cap rock or seal.




  In some places around the world – the Alberta tar sands, for instance – all the beautifully profitable volatiles have escaped and left only a tarry residue which is difficult to exploit.




  To complicate the picture a little, there are regions of the world with very thick bodies of impermeable fine-grained rock containing an organic component. Of course, they have generated hydrocarbons – and may still be doing it. The fine grained rocks we are talking about here are shales, and shale formations can be huge. Huge reservoirs with, of course, huge quantities of gas – trapped in rock it cannot easily flow through.




  So add source rock, reservoir and cap rock to your notes. You will meet them again.




   




  Permeability




  A permeable rock allows fluids to pass through it easily. An impermeable rock stops them passing through.




  Suppose you pour a bucket of water onto a sand dune; it will disappear very quickly. Do the same thing on a clay tennis court and you will be standing in a puddle. The water will eventually dry up or run away. Only the smallest fraction will soak in. This is the difference between permeable and impermeable rock.




  The Middle East has been blessed with oil reservoirs that are not only thick and very extensive, they are also extremely permeable. Lucky them, because no-one else can produce oil so easily and cheaply. They will be producing oil long after the rest of the world’s oilfields have run out.




  The Middle East, and Russia in particular, also have large gas fields with relatively permeable reservoir rock, far more than their own economies can use. They have surplus gas, and they can easily send it to Europe through pipelines, or compress it to liquid and send it by ship to countries like Japan.




  That is the easy gas. Much more common are the difficult shale reservoirs. Shale is formed from mud or clay with little in the way of sand. It is usually laid down in deeper water as a muddy sea bed with a small fraction of organic material. Over geological time (tens of millions of years), the mud is buried, compressed and cooked to form shale, and the organic fraction goes to form gas.




  A hundred years ago, the presence of shale gas was known about, but no-one cared. Gas flows so slowly through shale that wells drilled into shale were abandoned as useless.




   




  Starting to Drill




   




  When and where the first oil wells were drilled is a subject for Trivia Nights at your local club (or pub). Certainly oil seeps and tar pools have been known and used for millennia. Shallow wells were being drilled in China in the 4th century AD, but the first combination of wells and a refinery was probably built by Fiodor Priadunov in the Ukhta region of the Komi Republic in Russia in the mid-18th century.




  A century later, oil was an inconvenient by-product of the wax mining industry in Eastern Galicia (parts of modern Poland and Ukraine) until it was refined for lamp-oil and wells were actively drilled to increase supply.




  Shortly afterwards came the first commercial well in North America (I don’t dare get into the argument between the US and Canada about who was first), and the oil industry had found its natural home. Its expansion was meteoric.




   




  Why did the oil industry become so big, so quickly in North America? Strangely enough, the answer lies not so much in the geology as in a quirk of the legal system. In Europe, all land was and still is owned by the monarch or state. A person might think they own a farm or a house and garden, but in fact they just have the ‘freehold’ – they hold the land from the monarch or state without obligation.




  A legal nicety, except just about every country limits a landowner’s control of his land to the surface. You might be permitted to dig a hole a metre or two deep, but go any further and the King or President will be very upset.




  In Europe, all the oil and gas belongs to the government, and they do deals to allow big companies to exploit it with big projects.




  In the States, things are different. There the landowner may own his land all the way down and any oil or gas belongs to him. An individual will see a low producing well as the goose that laid the golden egg. A big company will see it as no more than a nuisance.




  So small wells are not common in Europe, but there are many, many thousands of them in North America. It follows that the technology for extracting and producing oil and gas was developed by the people doing most of the work i.e. North Americans. This is an important feature of the oil industry because it means that around the world the majority of wells are drilled and put into production using North American techniques and equipment, and engineering standards are based on those developed in America.
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