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Introduction: Daktari Wa Maji – “the Water Doctor”


I am not a doctor of men but a Water Doctor: I locate water in the most desperate areas of the world, to heal the wounds that man has inflicted upon himself and his environment.


The discovery of deep water under the vast stretches of arid lands of Africa and the Middle East has been my main focus over the past twenty years of my career. I continue to pursue it, despite the challenges that it offers in a turbulent world, full of violence and uncertainty and undergoing major geopolitical and climatic shifts. The reason is human, and humane. Water discovery is not a job – it is a vital lifeline.


Water is a miraculous substance; a scarcity of it has, as we know, a devastating impact.


According to the last statements of the US administration in June 2022, “more than two billion people today lack access to safely managed drinking water, and nearly half the world’s population lacks access to safely managed sanitation services. An accelerating climate crisis will increase pressure on water resources during this decade, and half the world’s population is expected to face severe water stress by 2030. Water insecurity threatens lives and livelihoods and can lead to popular unrest and population movements. These conditions can undermine states and governments – particularly those that are already experiencing weak state capacity or legitimacy”.


*


My initiation into what I am doing now took a very long time. For as long as I can remember I have been pursuing a childhood dream of exploring what lies beneath the Earth’s surface: treasures of gemstones and minerals, inspired by Heinrich Schliemann, who discovered the treasure of King Priam in Troy. The age of reason led me to explore for hydrocarbons in an international oil company, from the steppes of Kazakhstan through the deserts of Arabia down to the jungles of Gabon. It is only for the last twenty years that I have been focusing on exploring this elusive, vital resource: water.


I write this as I sit beside the sea on the French Riviera in Sainte-Maxime – directly across the harbour, I can see Saint-Tropez. It’s a luxurious hive of activity in August, bursting with every variety of designer brand, and frequented by the rich, the famous, and tourists who want a slice of the action. Outside every designer shop, a queue of people snakes down the street, all of them keen to get hold of something with a logo on it; expensive sports cars zoom around the streets, which are lined with smart restaurants serving haute cuisine. Docked in the harbour are the most extraordinary array of enormous yachts, each worth millions of euro. It is the beating heart of the privileged, wealthy elite. The sun is shining; people are on holiday; the mood is one of relaxation, luxury and contentment. And yet, when I turn my head to the mountains nestled against the harbour on my left, there’s an extraordinary sight. A wildfire – apparently the result of a discarded cigarette on dry, hot land – has been raging, the sky a beautiful, eerie pink, which at first looks rather like an effect of the sun, until it becomes apparent that it’s a reflection of the fierce flames blazing out of control. A steady stream of fire engines roars past on the road in front of the house – a seemingly never-ending line of red beetle-like trucks in convoy, for hour after hour, heading in the direction of the blaze, a constant supply of them, it seems. But even more extraordinary are the planes, bright yellow in colour, which fly in formation to the surface of the Mediterranean Sea, where they suck water into their enormous bellies and fly over the flames to dump it, circling back around to repeat the process over and over again. The distinctive colour of the planes is marked by dark ash and burns as the flames lick at them when they descend to release their loads. It’s a heartbreaking sight, but an extraordinary one, too – all around us is the evidence that we are destroying our planet.


An interest in exploring the world around me came from an early age. I was born in Madagascar and had, as a child, a sort of daydream about my origins, a way of making peace with what I perceived to be a distance, a lack of understanding, between myself and my siblings, my parents: I fantasised that I was in fact from a different planet entirely; that I crash-landed in the forests of Madagascar on a reconnaissance visit, and was rescued by a man hunting for honey, nestled where I’d landed in the treetops. My saviour then took me to my “adopted” father, the guardian of the forest, who taught me about the natural world around me. In fact, my father – real, of course, not adopted – was a botanist, and a forest engineer, and through him my fascination with the natural world around me began. And of course, though my fantasy was a childish whim, there’s a truth in it, too, something else that has always been a source of fascination to me: we are all of us – in a sense – children of the stars, physical manifestations of the result of the Big Bang, the evolutionary result of what happens to dust. I have always had a deep interest in space and exploration in tandem with a love of the natural world and the jungle – my childhood allowed me to explore both.


Physics is a fantastic tool; it renders that which is unexplainable – the unfathomable nature of the universe, the sheer expanse and mystery of it – into something that’s tangible, that has an answer, an equation, like the Fibonacci series, which helps us to create a sort of mathematical architecture of the universe. Strict agnosticism or atheism has always struck me as rather naive philosophy – for there’s a sense in which the nature of God is revealed by the beauty of nature; spirituality is our way of engaging with the mysteries of the universe. There’s daunting beauty and harmony in a rainforest, as I observed as a child, and a harsh brutality and pain around its destruction – millions of years of balance and harmony, destroyed in seconds with a chainsaw or a wildfire.


But sometimes it’s an urgent need for survival, a need for an immediate answer to an emergency situation, that creates a sort of destruction. I once encountered a Congolese refugee, who was deliberately burning down great areas of forest and collecting the dead animals and birds that fell from the trees in order to feed his family. Our growing populations, too, are creating an imbalance; 100,000 square kilometres of forest are burned down every year, and it’s accelerating.


After my childhood in Madagascar I left for Paris, and studied quantum mechanics and nuclear physics; after university I went directly to mining school, where I continued my fascination with the origins of space and the mystery of what lies beneath our feet in equal measure. Suddenly I was studying the genesis of the Earth’s crust, continental drift theories, the magnetism of the Earth, and all of the universe’s properties – including, of course, water, and how it appears on Earth. I quickly turned to geology and geophysics, and to the exploration of the invisible underground world.


Various teachers influenced me along the way – most particularly, Professor Bernard Diu at University of Paris VII, himself a student of Richard Feynman* and colleague of Claude Cohen-Tannoudji†, both awarded the Nobel Prize in Physics. Through them, I grew to love and understand quantum mechanics and nuclear physics, for they opened the sacred doors to the universe and took me from the infinitely small to the infinitely large.


They generously provided the keys at a critical time of my life as I became a mining engineer, an explorer, a discoverer, and then an inventor. I also consider myself an archaeological explorer, continuing to discover ancient kingdoms in Africa and vanished treasures in the deserts in the Middle East and the jungles of Central America.


However, what has marked my life most deeply in the past seventeen years is the invention of a new process for surveying for water. This work has enabled me to pursue a “Great Dialogue” with nature. I know of no description or words that could begin to capture the utter depth of the grandeur and the beauty of this world.


This in part explains my optimism even in the face of tragedies I have witnessed.


The supercomputers of the past, which gave birth to the Internet, have become common domestic and business equipment, alongside the latest mobile-phone technology.


The list of what they can do is long and far from exhaustive, and today we use these technological marvels without even realising it, taking them totally for granted. They are everywhere you look. Some of these tools have allowed us to explore the very generosity and beauty of Planet Earth.


As a young man I was fascinated by NASA, in particular the period that today is referred to as the Space Age. This passion has been a constant throughout my life; the conquest of outer space influenced my earliest memories.


Without NASA and all the images NASA has provided free of charge to the entire world via the Internet, my new profession in deep groundwater exploration would never have come about.


My work has brought me to undertake mineral exploration in primeval forest side by side with Pygmies, who have taught me a great deal. Pygmies initiated me into the world, as I like to recall when speaking to audiences at international conferences.


This often brings about a chuckle when I mention it in academic contexts, but it’s a relationship that’s proved vital to my work: from the Pygmies I learned ancestral knowledge as we walked and talked in the forests. I have cross-referenced their intimate, detailed knowledge of the land – land that they study, which provides them with all of their earthly needs – with my radar images. Pygmies helped me discover previously unknown mineralised geological structures. Indeed, that is how I discovered my first gold mines and iron mines in the heart of the Central African jungle.


The marriage of modern technology and ancient knowledge is an important one – myths and ancient stories are basically transposed forms of knowledge that hold often-unsuspected riches for us. Homer’s Iliad and the Odyssey enabled Heinrich Schliemann to rediscover the cities of Troy and Mycenae; sections from the Old Testament guided the archaeological digs in Mesopotamia that I would embark upon with the French Archaeological Survey in Iraq, during breaks between two oil-drilling operations in the North Sea.


In 2002, I was using radar to prospect for oil on a mission for Shell when I noticed that the radar was showing enormous water leakages in the Sirte Desert in Libya.


With radar frequencies, I suddenly understood that what I was seeing was in fact several billion cubic metres of water being lost from Muammar Gaddafi’s so-called “Great Man-Made River”. This leakage had never been detected before. Identifying this leak was the starting point for my invention, the WATEX™ (for “Water Exploration”) system, an algorithm that I worked on unceasingly for the two years that followed. It is an expert system that eliminates distracting surface effects, allowing you to see only what you’re focusing on – it’s akin to the Hubble telescope, which removes the distortion of atmospheric effects.


It enabled me to rapidly discover spectacular deep aquifers, amazing sources of water. My driving ambition could now be turned to implementing this groundwater algorithm.


I’ve had many triumphs, and some disappointments, along the way: the discovery of an aquifer underneath a dehydrated desert should, of course, be a cause for celebration and jubilation, but this is not always the case. Political leaders, when facing drought and hardship, often focus on “the problem” without asking themselves the right questions about what technological solutions can help.


Politicians are generally not scientists, after all; the focus becomes one of politics and not pragmatism. Selfish interests also significantly influence behaviour – country leaders are keen to be re-elected, and often face serious ethnic divisions. These governments are then reluctant to help people who are not supportive of their cause.


And of course, crucially, there’s the delicate topic of transboundary aquifers – these vast underwater aquifers don’t conveniently situate themselves within the arbitrary land boundaries of a particular country. Water has no passport – in the modern world, this is unacceptable to us, and it generates a sense that “the neighbours are stealing what is ours”. Water can create and maintain wars and conflicts for generations; geopolitical destabilisation is often the result of this sort of squabble. Moreover, with deep water we are facing a serious change of paradigm.


For surface water, lakes and rivers, whoever controls the upstream controls the downstream, as General de Gaulle once said, and this is exactly what has happened until now with Turkey controlling the course of the Tigris and Euphrates rivers, which has had a dangerous impact on Iraq and Syria downstream.


For deep underground water, it is radically different. Whoever controls the downstream controls the upstream; if you tap water down a water tower, you will deplete it.


If we don’t find a solution – technical, economic, political – the groundwater challenge of this century will have terrible consequences, including civil war, massive migrations and the destabilisation of states, and this context is exacerbated by the consequences of climate deregulation.


Today, we are working on several important groundwater exploration projects on behalf of several governments and financial institutions who have called upon our services. In this chaotic and mutating world it is still difficult to establish sound predictions, but one thing is certain: there is an increasing need for water in a world facing the multiple consequences of climate change and population growth.


Alain Gachet, July 2022









A Brief Geological History of the Earth and the Appearance of Water


If you are interested in the Earth, it is important to know its intimate character. The history of the Earth starts some 4.5 billion years ago, just after our planet took shape. At that time, the Earth was very different from the world as we know it today. There were no oceans. There was an atmosphere saturated with poisonous gases. Like all the other planets in the solar system, Earth was a hot aggregate of molten space debris, intensely bombarded by asteroids, which increased its mass. Earth was a dark planet with a burning core of iron and nickel that was enveloped by erupting molten rock undergoing nuclear reactions and exhaling a wide pattern of toxic gases. All the elements then segregated into different layers as a function of their density, which is why today Planet Earth has a dense core of iron and nickel surrounded by lighter elements of aluminium and magnesium.


Water, the most common material in space, existed even before the sun. Water was already present in space in the form of ice. From the very beginning of the constitution of the Earth, cosmic water was one of the basic elements of the Earth’s crust, in combination with the other crustal elements. This cosmic water was a free element, in the form of vapour, accompanied by nitrogen and methane and heavily charged with carbon dioxide. Part of this cosmic water was contained in the magma.


Between 4.6 billion years and 3.9 billion years before our era, Earth was again subjected to intense asteroid bombardment. It is also possible that comets with cores of ice fell to Earth and contributed to adding more water vapour to Earth’s atmosphere at least 3.8 billion years ago.


These events, after a slow cooling phase, gave birth to the primitive sea, which contained all the ingredients that gave rise to the very first traces of organic life.


Blue algae known as cyanobacteria lived on the nitrogen cycle and released a poison: free oxygen. They produced the earliest geological formations, which we call stromatolites. Imagine a primitive ocean without continents, with submarine basaltic iron-rich volcanoes exhaling heavy metals through black smoking undersea pipes, feeding one variety of bacteria that had no competition.


These bacteria, with exclusive access to feed on the nitrogen cycle, began to lay down a vast and thick layer of primitive algae. Their dead bodies, which coated the ocean floor over the course of several billion years, generated an extraordinarily thick mattress of sediments on the volcanic and hot sea floor. At this point, these sediments began their metamorphosis under pressure and temperature.


During their life cycle, these algae released the poisonous oxygen molecule in iron-saturated waters. It was at this time that trillions of tons of dissolved iron captured the oxygen and precipitated as solid iron oxide, forming the first iron-rich sedimentary rock on top of the cooled basaltic magma crust. This process gave birth to the richest iron deposits on Earth today, in Brazil, Australia, South Africa and Mauritania. They are called banded iron formations, or BIF.


I discovered all these wonders a few years ago in the Drakensberg Mountains while exploring the remote western parts of Limpopo, a north-eastern province of South Africa. At first glance, I did not understand the nature of these huge vertical cliffs, but then, looking closer, I discovered their horizontal brown iron beddings interlaced with white layers of accumulated algaes: the geological map of the area told me they were almost three billion years old. It took me more time to understand what had happened.


As the Earth gradually cooled, residual internal heat created a bubbling at the surface, triggering with the Earth’s rotation the mechanism for future continental drift. At that time the land masses, exclusively made from light-metamorphised bacteria beds, started to float, like a crust that grew thicker over time, merge, then split and collide on the surface of molten basaltic magma. They were nothing like the continents we know today.


The gaseous atmosphere full of water vapour, nitrogen and carbon dioxide protected the surface from the sun’s UV rays and enhanced cooling. As the cooling continued, the water vapour condensed and formed a thick layer of clouds.


Our planet had sufficient mass to retain its gases and form an atmosphere. It is not by chance that water appeared on Earth and settled here. Earth, as we know, is the perfect distance from the sun, neither too close nor too far away. Much of its water changed from a gaseous state to a liquid state, and flowed abundantly on the surface of the newly formed crust that emerged from the primitive ocean. With the emergence of these new land masses and oceans, everything was in place for life to emerge on the “blue planet”. The oceans were formed and the Earth’s continents began to come together – plate tectonic activity was underway.


Oxygen made its appearance very slowly, very gradually, from the activity of the blue algae rejecting oxygen as a poisonous gas, a poison immediately captured by the iron dissolved in the water, not leaving any chance for oxygen to increase in the atmosphere.


The drastic change in this atmosphere composition occurred with the appearance of the chlorophyll-based photosynthesis during the Cambrian revolution.


This magic chlorophyll molecule could break apart the strong carbon dioxide molecule to build brand-new organisms with a carbon-based architecture; rejecting the oxygen had begun to enrich the air composition half a billion years ago.


The current composition of the Earth’s atmosphere is broadly 21 per cent oxygen and 78 per cent nitrogen. This proportion reflects the slow evolution of the atmosphere composition in the last 500 million years.


Chlorophyll accelerated changes to the atmosphere during the Cambrian era, leading to the Cambrian explosion of the Earth’s biodiversity. New algaes, green in colour (derived from chlorophyll), no longer relied on nitrogen. They spread rapidly across all of the seas, capturing the abundant carbon dioxide to extract the carbon they needed in order to grow, while releasing oxygen into the atmosphere and the water. These green algaes gave rise to the huge diversification of plant and animal marine organisms that slowly began to inhabit the emerged land masses.


All these chemical and biochemical effects, combined with erosion of exposed land masses as the continents drifted, contributed to the creation of new sedimentary rock, which piled up in thick layers at the bottom of the seas.


This sedimentary rock then underwent further transformation as pressure and temperatures increased. It became more compact and harder, and gave birth to metamorphic rock such as marble and schists and then, even later, gneiss and granite, which made up the crystalline basement. These new rocks added layers to the primitive crust of bacteria sediments. Today, this crust is commonly referred to by scientists as Pangea. As the continents continued to drift, upheaval caused these underwater sedimentary masses to emerge and form mountain chains that exposed complex layers of fractured rock, leached and eroded by sand, wind and rain. Rainwater began to circulate deep inside these heterogeneous, emerged rock formations. And this is the point in the water cycle at which a hydrogeologist’s work takes place.









1: I Started with Oil


After this brief description of the fascinating history of the Earth, you can understand why I joined an oil exploration company in 1977. I worked for twenty years for Elf Aquitaine, the French national oil company, itching to begin to explore the planet and to put my years of geoscience training into practice. It started with two years of purgatory, locked indoors in a research centre at Chambourcy, near Paris, doing research into seismic signal processing, a kind of mathematical processing that involved the first Cray-1 supercomputers we had the opportunity to acquire, thanks to our American partners at the Department of Defense. It was, forty years ago, tricky and painstaking work – the results of my observations and calculations were transcribed onto punch cards, which would occasionally get mixed up, resulting in the laborious process having to be repeated for days to have a chance to make it work.


A handful of frustrating years later, and after much pushing for a change, my work exploring the North Sea finally began – it was a huge relief. It was also, however, rife with other kinds of difficulties. We struggled against the North Sea elements, constantly subjected to violent weather, and we regularly faced new and unknown technical challenges. We were introduced to a newly invented offshore drilling technique that could be completed in extreme conditions – it was crucial to Europe’s energy independence, and the challenge was daunting.


Before we could set off by helicopter to join the rigs, we had to pass an excruciating training tactic called, rather worryingly, the “trunk test” – claustrophobic and intensely unpleasant, this is a survival course that simulates a helicopter crash in the sea, anticipating that you are “lucky” enough to survive the initial collision and have instead found yourself bobbing on the water, trapped in the cockpit of a helicopter as it slowly sinks and becomes immersed in the North Sea’s cold water.


The drill took place in a red-painted cage in water kept at 4° Celsius. There were several of us in a cramped space. The idea was that we maintained our calm, held our breath and calmly exited the cage. Easier said than done. Of course, the idea of it created anxiety before the simulation had even begun, and so we entered the exercise with quite a bit of trepidation. Once we were submerged in the unexpectedly capsized cage, we had to be careful to avoid panicking and knocking each other out in our scramble to escape; the sensation of suffocation and claustrophobia was palpable. The instructors ensured that no one would drown by keeping two deep-sea divers at the bottom of the pool, ready to rescue us if need be; but the dangers involved didn’t stop the instructors from shoving us roughly into the water, sending us tumbling head over heels from the compartment. We repeated the drill regularly to hone the right reflexes. Anyone who panicked never made it to offshore operations; and of course there are few things more likely to induce panic than, well, being told not to.


The oil platforms were located many miles out in the North Sea, near the Den Helder harbour north of The Hague, facing the island of Texel. We boarded helicopters, apprehensive of what awaited us, to be dropped on drilling rigs that were hung from steel pylons 30 metres above the water to avoid the strongest waves. The pilot had to land the helicopter regardless of the strong winds and fog, on a tiny helideck the size of a handkerchief, and our hearts pounded as the helicopter buffeted precariously from side to side as it came in to land. We were greeted by firemen who looked as though they were from outer space, clad in silvery fireproof uniforms, with pumps and fire extinguishers in their hands.


Once work on the rig began, hitting the deep underground reservoir of gas we had targeted a few thousand metres beneath the sea floor with the drill was another challenge, and we came to rely on, and have great respect for, the “Mud Engineers”.


They either came from very good engineering schools, or were entirely self-taught on the rig; either way, they were masters at concocting mud cocktails of different densities that balanced the pressure of the gas rising up the drill string, suppressing fatal blowouts that could cause the loss of the rig and the entire crew. We were all aware of the risks, and we had to have confidence in the science of the mud engineers – combative and bad-tempered as they could be – penetrating the geological reservoirs that had held huge gas pockets for a million years. This always drove adrenaline levels skyward. The rising gas had to be absolutely controlled, otherwise the sea surrounding the platform would bubble up like champagne and swallow any boats around in a huge explosion. In such cases, the heat is so intense that the sea can literally catch fire.
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