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Praise for


A Hole at the Bottom of the Sea


“Excellent. . . . A gripping reconstruction of the events of last summer, when the nation was transfixed by that seemingly endless disaster. . . . Skillfully weaves the many strands of that story into a seamless whole. . . . Achenbach is one of the country’s best writers and best science explainers.”


—The New York Times


“Gripping narrative. . . . In Achenbach’s masterly hands, the story takes on fresh drama and meaning. . . . In his preface, Achenbach says the story of the oil spill is ‘as fascinating as it was horrible,’ and his book is proof that it is. He reflects often throughout on the role of the reporter in the midst of such a story, and he admits that he had no formula or template for its telling, but he promises to rise to the challenge ‘to translate Engineer into English.’ He achieved his goal, and he has done so admirably.”


—The Washington Post


“Achenbach manages to turn the chaotic speed of events into something of a bonus. . . . His closing chapter, ‘The Banality of Catastrophe,’ lays out better than anything how everyday and ordinary engineering and business practices can be even when on the cusp of becoming unhappily extraordinary.”


—The Economist


“Here’s what really happened at the BP spill—a compelling look behind the curtain. Joel Achenbach, one of America’s best journalists, digs up thousands of previously undisclosed documents to weave a deeply human story of failure, heroism, and the high price of oil addiction.”


—David Von Drehle, author of Triangle: The Fire That Changed America


“Achenbach lives up to his promises to make the disaster ‘into a tale that everyone can comprehend,’ with fluid, often Spartan prose and a candid tone. . . . Achenbach . . . bothered to obtain emails and other documents that were not revealed in testimony, which allows him to focus on Washington’s response to the disaster. . . . That work pays off.”


—Los Angeles Times


“A brilliant expose of what occurred behind the scene. The readers will be enthralled. Anyone who is an energy user must read this book. That means everyone since it is hard to live without consuming energy.”


—Greg McCormack, former director of the Petroleum Extension Service at the University of Texas


“A high-stakes adventure story, masterfully told.”


—Robert Wright, author of The Evolution of God and Nonzero: The Logic of Human Destiny


“If I want to find out what’s just happened, I’ll switch on the radio. If I want to find out why it happened, I’ll read Joel Achenbach. He’s the best explainer alive.”


—Gene Weingarten, two-time Pulitzer Prize–winning writer for The Washington Post and author of  The Fiddler in the Subway


“After all the spilled oil and spilled ink, this book stands as the most enthralling tale of the interminable Gulf drilling disaster of 2010. Achenbach has a rare talent for making the alien world of offshore oil accessible. Telling a harrowing story of humans wrestling with a technological and environmental crisis beyond their control, he gives us an inside perspective on torturous decision-making under the watchful eyes of a nation.”


—Tyler Priest, University of Houston; senior policy analyst, National Commission on the BP Deepwater Horizon Oil Spill and Offshore Drilling


“Achenbach gets behind the daily headlines. . . . He brings to the task a practiced eye . . . [and] a knack for explaining what is going on in terms that help readers see things in a way they never did before. . . . He dissects the situation with humor and keen insight.”


—St. Louis Post-Dispatch
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For the Horizon 11—not forgotten; and for all the people everywhere who do the hard work, unseen.





Introduction


This will be a century of disasters. The news will be full of calamities—natural disasters like earthquakes and hurricanes, and man-made disasters such as the Deepwater Horizon oil spill. We’ll have to be increasingly adaptable and resilient. It’ll be a wild ride.


That sounds melodramatic, but it’s really just a mechanical description of how the world works these days. This is the life we’ve made for ourselves. The rise in disasters has many causes, and the main one is our reproductive and economic success as a species. We’ve put a lot of people and property in the path of violent and chaotic forces.


We also live in a time of increasingly complex technologies that are vulnerable to failure. In the epilogue of this book’s first edition, which had its initial press run in early March 2011, I made a safely vague prediction about future technological mayhem: “Even if there’s not another deep-water oil well blowout anytime soon, there will be something that happens, something awful and unexpected, that involves the failure of a complex technology. It could happen in outer space, at the bottom of the sea, in a nuclear power plant, on the electrical grid, or somewhere in the computer infrastructure that networks the planet.” No clairvoyance required: Something bad could happen somewhere.


What I didn’t know was that it would happen just days after the book went to the printer.


On March 11, a huge fault ruptured off the coast of Japan, generating a magnitude 9.0 earthquake. We’ve all seen the astonishing videos of what happened next: Walls of water crashed into the coastal communities of northeast Honshu, obliterating entire buildings, drowning upward of 16,000 people, and causing hundreds of billions of dollars in damage. As if this wasn’t enough tragedy and horror, the earthquake also led to the emergency at the Fukushima nuclear power plant, which lost electricity, couldn’t cool its reactors, and released radiation into the environment for months to come.


The Fukushima catastrophe was in some respects similar to the Deepwater Horizon tragedy. Both are what people call a “black swan” event. The term, popularized by author Nassim Nicholas Taleb, refers to an event that had been assumed highly improbable or impossible. Black swan events, when viewed in hindsight, have obvious precursors and warning signs that were missed or ignored.


Japan is a technologically advanced country that has tried to plan for disasters of every kind. Citizens across the country engage in earthquake drills on September 1 of every year to commemorate the Great Kanto Earthquake and resulting fire that killed some 130,000 people in 1923. All of Japan faces seismic hazards, as the island chain sits at the junction of three major tectonic plates. The country has engineered its nuclear power plants to withstand ground acceleration. The engineers at Fukushima had also anticipated that a tsunami could roll in and imperil the plant, which is located on the shore to take advantage of seawater as a heat sink. The plant was protected by a tsunami wall that could handle waves as high as 18.7 feet.


This tsunami reached 49 feet.


How could the experts have so greatly misjudged the threat posed by earthquakes and tsunamis on the Japanese coast? They clearly overestimated what they knew. The scientific establishment didn’t think the subduction zone off the coast could generate so powerful an earthquake. In fact, as I learned when I visited Japan in 2005 for a story on earthquake science, Japanese seismologists had long anticipated that the “Big One” would be on a different fault, one southwest of Tokyo. They poured a great deal of money and energy into preparations for what they called the Tokai Earthquake. It’s an odd concept: an earthquake that has been named before it has actually happened. Officials had done an accounting already of how many houses would be destroyed, and where the landslides would be.


But it’s hard to think of a field more fraught with unpredictability than earthquake science. Seismology is a relatively young field. The theory of plate tectonics dates only to the late 1960s. There’s a limited amount of data upon which to base a seismic hazard map. The tectonic forces at play operate in time scales that do not neatly fit with human experience; it is particularly hard for us to discern the threat of powerful events that happen only every thousand years or so. The seismic hazard maps, based on past tremors in large part and also on the theory of what old, cold tectonic plates can do, showed that the plate boundary off the coast of Honshu could generate earthquakes up to magnitude 8.4. The scale is logarithmic. The 9.0 tremor was six times as strong as the theoretical maximum at that location.


The initial quake at Fukushima damaged the electrical grid and knocked out external power to the site. The backup diesel generators kicked in as designed. But 41 minutes after the earthquake, the first wave, 13 feet tall, crashed into the breakwater. The second wave is of unknown height because it destroyed the tide gauge meant to measure waves up to 24.6 feet. Somewhere in the train of waves came a monster wall of water that reached between 46 and 49 feet high on the sides of buildings. The generators were all swamped, as were the electrical switchgear rooms. Backup batteries couldn’t work because of the damaged electrical distribution systems.


That’s where the Fukushima story overlaps with what happened on the Deepwater Horizon. The Deepwater Horizon, like any other drilling rig, had multiple safety measures for preventing a blowout or, if one was to happen, for closing off the well. But the initial event on the evening of April 20, 2010, knocked out all the layers of safety. The different components of the system were more tightly coupled than anyone realized. The fundamental problem, something that engineers in any field should ponder, is that the backups weren’t truly separate from the things they were backing up.


The Deepwater Horizon disaster is a tale that can be told from many different angles. It’s a business story, with risky decisions and a cost consciousness (some would call it greed) that proved fatal. It’s an environment story—the worst oil spill in American history. It’s an energy story—the quest for hydrocarbons in an increasingly remote and hostile place, the deep sea. And it’s a human story: Eleven people died in the line of fire at the frontier of resource extraction, and then the oil spill disrupted millions of lives along the Gulf Coast. I’ve included all of these elements in my book, but I’ve focused in particular on the engineering story and the crisis management. Those aspects of the case provide lessons that go beyond this particular oil spill. Among the broader questions: How do complex systems fail? What do you do in crunch time when you have an enormous problem that no one’s ever had to solve before? How do we know what we think we know?


These kinds of questions become all the more urgent as we collectively begin to manage the planet as a complex engineering enterprise. My epilogue is titled “An Engineered World,” and that easily could be the subject of an entire book. In fact, it is: My mailbox has been inundated with books that revolve around the theme that humans are now challenged with running the planet as if it were a vast farm or machine (or “rambunctious garden,” in the phrase of the science writer Emma Marris). We are no longer scampering around the surface of an imponderable planet, gathering nuts and berries and occasionally hacking out a clearing in the woods. We’re now pretty much in charge of this place.


Like it or not.


For better or worse.





Prologue


It came out of nowhere, a feel-bad story for the ages, a kind of environmental 9/11. The BP Macondo well blowout killed eleven people, sank the massive drilling rig Deepwater Horizon, polluted hundreds of miles of beaches along the Gulf Coast, closed fishing in tens of thousands of square miles of federal water, roiled the region’s economy, and so rattled the nation’s political leadership that even the famously measured Barack Obama lost his cool, snapping at aides, “Plug the damn hole!” For months on end, the disaster seemed to have no quit in it. Admiral Thad Allen, the no-nonsense US Coast Guard commandant who did as much as anyone to keep the American people from losing their minds, said early in the crisis that the oil spill was “indeterminate” and “asymmetrical” and “anomalous.” No one knew what that meant, exactly, but we got the gist of it, which was that this was a very scary situation that required very scary adjectives.


We were haunted by Macondo’s black plume, gushing with lunatic fury on Internet news sites and camping out in the corner of the screen on every cable TV network. You could not escape the plume. It penetrated our psyche like a guilty feeling that won’t go away.


When I told people that I was writing about the oil spill, they reflexively offered condolences, as though covering something so gross and repulsive and tragic must be an unending torment. But it was every bit as fascinating as it was horrible. Journalists are rarely given a chance to cover an event that is unlike anything they’ve covered before. Mostly we write the same thing again and again, with different proper nouns. There are formulas. There are templates. But this one had no predicate, and it caught everyone off guard. It burst from the murky water of the Gulf of Mexico late one night in the spring of 2010, too late to make the print run for the morning newspapers, and too unfamiliar in its details to trigger the immediate recognition that this would be the dominant event of the summer.


The disaster involved deepwater petroleum engineering, something most of us knew little or nothing about. We knew that oil companies drilled wells in deep water—somehow—but few of us had ever heard of a blowout preventer, or centralizers, or nitrogen-foamed cement, or bottoms-up circulation, or a cement bond log, or the danger of hydrocarbons in the annulus.


This story had its own interesting lexicon, a language crafted by men who use tools. Offshore oil drilling is rough stuff, hard-edged, coarse, and although there are women in the mix, they’re few and far between. There is a heavy maleness even in the office jobs, in the cubicles of the company headquarters. A lot of the people in the industry are guys who got their education on the job, in the oil patch. What they do is complex, difficult, and dangerous. They drill holes in the pressurized Earth. They extract crude. They pump mud and cement, and handle gear weighing tens of thousands of pounds on a rig that weighs millions. Theirs is an environment dedicated to function, not form. And so even the language is masculine, the words often short, blunt, monosyllabic. Spud. Hot stab. Top kill. Junk shot. Dump box. Choke line. Kill line. Ram. Ram block. Ram packer. Side packer. Stack. Valve. Tick. Pod. Borehole. Bottom hole. Dry hole. Drill pipe. Coning. Cylinder gauge. Cavity. Rat hole. Reamer shoe. Wiper trip. Squeeze job. Squib shot. Stabber. Static head. Stopcocking. Torque tube . . .


A challenge in reporting the story was finding a way to translate Engineer into English. Those of us who covered the Marine Board of Investigation hearings—the joint inquiry into the Deepwater Horizon disaster by the Coast Guard and the federal Minerals Management Service (MMS), which regulates the offshore industry—heard witnesses say things like this:


“At that time, we replaced all the rubber goods, the upper annular element, lower annular element, the ram packers, top seal, bonnet seals, then the riser connector ring gasket, 3/16th miniconnector ring gaskets, and the wellhead ring gasket.” (Mark Hay, August 25, 2010)


And:


“You’ve got some gas sensors on the mud pits. You also have a gas detector in the top of the shake where the mud goes into the shaker at the possum belly.” (Jimmy Harrell, May 27, 2010)


In the following pages, I hope to turn the disaster and the struggle to plug the well into a tale that everyone can comprehend. The tragedy of the Deepwater Horizon offers lessons that can be applied to any complex enterprise: Take care of the little things. Pay attention to the stuff that doesn’t quite make sense. Don’t ignore those anomalies and hope they’ll go away of their own volition. Respect the rules. Follow proper procedures. Don’t ignore low-probability, high-consequence scenarios. Hope for the best, but plan for the worst.


The Macondo well blowout was a classic industrial accident, a sequence of tightly coupled events in which no single action could have caused the disaster. Some of the mistakes are screamingly obvious in retrospect, but at the critical moments, decisions were fogged by uncertainties. In this case, the critical hardware was a mile below the surface of the sea, where only remotely controlled vehicles could venture. People couldn’t quite see what was going on. They literally groped in the dark. They guessed, wrongly—and people died, and the rig sank, and the oil gushed forth.


There was abundant human error in the mix here. Under oath, witnesses admitted that they skimmed key documents. They did not recognize that engineering anomalies were shouts of warning. They behaved as if past results were an accurate predictor of future events. They didn’t take care of the little things, and then the big thing—the Macondo well, drilled by the Deepwater Horizon—didn’t take care of itself.


The subsequent effort to kill the well was a white-knuckle enterprise. This was a technological problem unlike anything seen before. There was a hole at the bottom of the sea. And no one knew how to fix it.


The oil industry had been so successful in its expansion into the deep water that it had become complacent; it hadn’t fully thought through how it would handle a deepwater blowout. The industry had failed to grasp that the migration to deep water would be a journey into a different world. In its initial, fumbling response to the disaster, BP tried to use the same hardware in the deep water that it had used on oil leaks in the shallows. The engineers didn’t have the right tools, didn’t have the right protocols; they were making it up on the fly.


The catastrophe echoed the Apollo 13 crisis of 1970. In both events, Houston-based engineers tried to improvise solutions to a novel problem in an extreme, inaccessible, hostile environment. But there was a key difference: The Apollo 13 crisis, in which a spacecraft explosion imperiled three astronauts on their way to the moon, lasted four days, while on Day 4 of the Deepwater Horizon disaster, the calamity was just getting rolling. Macondo was Apollo 13 on steroids, except when it was Apollo 13 on tranquilizers. Even as thousands of people scrambled around the clock in a frenzy of accelerated innovation, many of the deep-sea maneuvers had a glacial pace. The contradiction was unavoidable, because the well was full of unknowns, and the wrong move could backfire. Engineers feared that in trying to seal the well, they would incite an underground blowout that could let the entire oil reservoir bleed into the gulf. Decisions had to be vetted and fretted over by multiple teams of engineers and scientists. They were all sprinting in goo, running full tilt but hardly going anywhere, as if it were a bad dream.


The engineers found themselves trying to cram many years of technological innovation into a single summer. How do you contain or kill the oil gusher when the mere contact of methane and cold water at that pressure creates those damn methane hydrates that clog your pipes? And do it with the whole world watching, live, with Internet feeds of every mishap and blunder? While your company is suddenly a global pariah and your stock is cratering and every plugged-in investor is certain you’re roadkill? With the media getting hysterical, and the president talking about kicking someone’s ass? And scientists from reputable academic institutions warning that the oil spill will not only pollute the Gulf of Mexico but also ride something called the Loop Current all the way around Florida, up to the Outer Banks of North Carolina, and then onward to who knows where?


Apollo 13’s rescue was a government operation; the oil spill response was an unusual and inherently awkward public-private partnership. The private sector had the tools and the legal responsibility for plugging the well, but the government had the ultimate authority for the response. That was confusing on its face. The public never understood the arrangement. Government scientists found themselves embedded in BP’s headquarters, working cheek by jowl with BP engineers, and then the smartest man in the federal government parachuted into Houston along with a kitchen cabinet of freelance geniuses. Terawatts of brainpower were applied to the problem of the hole at the bottom of the sea.


What follows is a cautionary tale of a major engineering project gone hideously wrong, and the desperate effort to solve a problem that human civilization had never before faced. One recurring theme is that in an extreme crisis we should be thankful for the professionals, the cool heads, the grown-ups who do their jobs and ignore the howling political winds.


Another lesson to emerge is that in a complex technological disaster, hardware by itself won’t solve the problem. You need to think things through, to diagnose and analyze and interpret. That can be a high art. A crucial breakthrough in this case happened far from the gulf, in an obscure government lab where an even more obscure scientist tried to understand enigmatic data points. In crunch time, call in the nerds as well as the cowboys.


You never know when someone’s fantastically esoteric expertise may be called upon to help save the country.





Chapter 1



Macondo


On April 20, 2010, at half past one in the afternoon, Daun Winslow and three other oil company executives boarded a helicopter at the BP heliport in Houma, Louisiana, in the heart of Cajun country. They were heading offshore, to the drilling rig Deepwater Horizon. The executives wanted to meet with the top managers and engineers on the rig to discuss a number of safety issues, such as hand injuries, dropped objects, and the potential for slipping and falling. They also wanted to celebrate the rig’s excellent safety record.


They would spend the night on the rig and return to Houma the next day, a twenty-four-hour round-trip. That, at least, was the plan.


Daun Winslow, whom investigators would later refer to in their notes repeatedly as “Don,” worked for Transocean, the owner of the Deepwater Horizon. A lot of the men offshore have thick necks and barrel chests, and you can tell from a mile away they’re good eaters, but Winslow didn’t come from that mold—he was tall and thin, with a high forehead and deep-set eyes. He was marking this very month his thirtieth anniversary with the company. He’d gone offshore as a young man, armed with a high school diploma and a bit of college, and had worked his way up the ranks: assistant driller, toolpusher, offshore installation manager, and, finally, rig manager. The rig manager isn’t on the rig, but is “in town,” at Transocean’s corporate office in Houston. Recently Winslow had been promoted again, to Operations Manager/Performance, North American Division. He was in charge of safety and efficiency on five drilling rigs in the Gulf of Mexico, including the Horizon. From the perspective of the Horizon rig workers, he was several rungs up the corporate ladder: the boss’s boss’s boss.


Some rig workers would later refer to Winslow and the other visiting executives as “the VIPs,” or “the dignitaries.” Offshore trips by the brass were routine, something the companies typically did on the third week of every month. The executives called this a “management visibility” trip.


Winslow was joined by his Transocean colleague Buddy Trahan, and by two BP executives, Pat O’Bryan and David Sims. BP had leased Transocean’s Deepwater Horizon rig for nine years, and the partnership had been profitable for all concerned. The Horizon was a superstar rig with a sterling reputation. Just recently, it had set a world record for total depth of a well: 35,000 feet of casing in a Gulf of Mexico prospect named Tiber. The Horizon was a specialized machine for a specialized job, and it did not come cheaply. Transocean charged BP $525,000 a day for use of the rig. The actual tab for BP, once you threw in all the other costs—mud engineers, cement engineers, pilots of the remotely operated vehicles, caterers, the BP company men, plus the mud and cement, the food and water, and the basics of keeping a small offshore town operating around the clock—ran to more than $1 million a day.


Transocean had 139 rigs and ships, making it the largest provider of deepwater drilling vessels in the world. A Swiss corporation, it was the closest thing to a Swiss Navy. But Transocean, though a brawny corporation by almost any standard, was a sidewalk hot dog vendor compared to the mighty global enterprise formerly known as British Petroleum.


According to Fortune magazine, BP Plc. was the fourth largest company in the world, trailing only Wal-Mart, Royal Dutch Shell, and ExxonMobil. By certain measures, the company was richer than most of the nations on the planet. In just the first three months of 2010, it had reportedly made about $6 billion in profit. In 2009, even with oil prices far off their 2008 peak, the company reported $239 billion in gross revenue, more than the gross domestic product of Finland, Colombia, Portugal, Israel, Egypt, the Czech Republic, Singapore, Malaysia, Nigeria, Pakistan, or roughly 150 other nations. Though still rooted in Britain, and serving as a prime element of many a British pension plan, BP had evolved into the quintessential multinational corporation. The sun never set on the BP empire. It had become a dominant player in America in the 1990s, when it gobbled up rival oil companies Arco and Amoco. (For a couple of years, the corporate shingle read “BP Amoco.”) It was now the largest producer of oil and gas in the United States, and the top provider of fuel to the Pentagon. The company sold roughly fifteen billion gallons of gasoline in the United States every year.


Big is what BP was, and big is what it wanted to be. Until the company’s merger mania, it hadn’t been much of a player in the Gulf of Mexico. Now it was the biggest fish in that small pond and had been aggressively acquiring leases to drill in the gulf. Steadily, hungrily, BP had ventured into deeper and deeper water.


*  *  *


As the BP helicopter, cruising at 8,000 feet, carried the executives toward the gulf, they could look out the windows and see, inscribed in the landscape, the history of oil drilling in South Louisiana.


The farmland and pastures below were growing scarce, the firm turf evaporating, the water gaining dominance. Here it came: marsh, swamp, bayou, bay. The landscape below could hardly be called pristine, because the hacking hand of human industry was everywhere. Before the invention of directional drilling, which allows the crew to drill to all points of the compass from a single rig, the oil companies had to park a derrick directly on top of their prospect. They cut channels in the marshes to haul the derricks to the drilling locations. Pipelines followed. The oil and gas industry went where it pleased. The result is a landscape of marshland that looks slashed, chopped, whacked—as if a madman or someone with a perverse antipathy to marsh grass went wild with a machete. There are also more blatant intrusions of modern industry: power lines, highways, shipyards, storage tanks, warehouses, refineries. Miles of green marsh and open water will terminate, abruptly, in an industrial zone.


In the 1920s and 1930s, as the industry really took off in Louisiana, the derricks sprouted in the middle of neighborhoods and backyards. The oil industry and the fishing industry drew from the same labor stock, and oil and fish became as inseparable as shrimp and grits. Young men raised as trawlers or crabbers or oystermen would chuck the waterman’s life to start living in an oil camp in some godforsaken mosquito-infested swamp. There was excellent money to be made in oil even if you didn’t have much schooling.


Even today, in a society that sniffs at a mere undergraduate degree, guys with only a high school diploma and maybe a little trade school under their belts can pull in six-figure salaries in the oil patch. These are good jobs, the kind of jobs the politicians promise to deliver. If you’re offshore, you live half your life on the water—twenty-one days on the rig is a typical hitch for Transocean—and you’re confined to a highly regimented, structured environment. But when you take that helicopter back to shore, you may well have a jumbo late-model pickup waiting for you in the parking lot at the heliport.


The helicopter passed Grand Isle, the last barrier island, shaped like a fishhook, with the brown-sand beach curling at its eastern tip into the rich waters of Barataria Bay. The 2010 calendar for Grand Isle was full of fishing rodeos. The redfish rodeo, the speckled trout rodeo—good times for charter boat captains and their clients who didn’t care about fancy hotels but knew where to find game fish. Grand Isle, though not glamorous, is a sportsman’s paradise. The presence of oil platforms right off the beach doesn’t bother anyone. The oil platforms are like man-made reefs. Marine organisms grow on the pilings and pontoons, attracting small fish, which in turn attract bigger fish. The grassy islands and edges of the bay are prime nursery grounds for shrimp and crabs. Oysters abound.


Out the left window, the executives could see the final stretch of the Mississippi River, as natural as a catheter. The river’s end has been reengineered into an industrial object, a dredged shipping channel lined with levees, the banks firmed up by boulders. The river delta extends so far into the gulf it looks as if the Mississippi wants to flow to Cuba. This last stretch of river delta is known as the bird’s foot, for the way it splays at the very tip, the river channel splitting into multiple outlets: Pass a Loutre, South Pass, Southwest Pass.


Then there is no more land, just open water. The northern Gulf of Mexico is dotted with oil platforms and lined with pipes that run along the seafloor. The continental shelf has been transformed into a machine—a vast, amazing apparatus—for the extraction and transportation of crude oil and natural gas. Nature has been conquered, bent to the will of human civilization. The engineers have shown that human ingenuity has no obvious limit. There’s oil out there, and they’re determined to go get it.


*  *  *


The geography, geology, physics, and chemistry of the gulf conspire to make it a terrific place to drill for the bewildering array of interesting molecular compounds that generically go under the label of “hydrocarbons.” The geology could hardly be better suited for trapping oil in deep rock. There are abundant layers of sedimentary rock that have been deformed over millions of years into hump-shaped formations known as anticlines, which are natural traps for oil and gas. There are salt sheets and domes, remnants of ancient seas, that form impermeable caps on oil fields.


The oil and gas are natural consequences of the gusher of sediment and organic matter coming down the Mississippi River. The river as we see it today is of relatively recent vintage, geologically speaking, but the ancestral Mississippi—the original drainage of the continent into the gulf—began when dinosaurs still roamed the earth and there was not yet any such thing as the Rocky Mountains. The Gulf of Mexico is a rift in the earth’s crust, 12,000 feet or so at its deepest point; maybe even a little deeper. The gulf began opening in the Triassic period, roughly 200 million years ago, as North America separated from Africa and South America in the diaspora of continents. The gulf is continuing to grow; Cuba inexorably flees from Texas.


The gulf is an isolated sea, nearly walled off from the Atlantic Ocean by the combined landmasses of Cuba, Florida, and the Yucatan Peninsula. The gulf has always lacked the deepwater circulation of open ocean. Bad circulation means lots of anoxic layers, dead zones, places where there’s so little oxygen that organic matter doesn’t decay. That’s great for the eventual creation of oil and gas fields.


The sheer volume of sediment deposited by the Mississippi River has one tricky consequence: Rapid layering of mud in deep, low-oxygen water leads to high rates of natural gas formation. Water gets trapped in the pores of rock buried quickly by successive layers of sediment. Imprisoned water increases the pressures in the rock formations. The Gulf of Mexico is famously “overpressured,” as geologists put it.


Those pressures can lead to complications during drilling, and potentially a loss of well control. Thus, the gulf is a good place to find oil, and also a good place to create explosions. It is among the hardest places in the world to drill. The rock formations are gassy and unpredictable, and the major drilling prospects lie beyond the continental shelf, down the continental slope, within hailing distance of the abyssal plain.


The offshore industry dates back more than a century, to when the first derricks popped up in lakes and marshes and on piers jutting from the beach. Historians throw around different dates, but no one doubts that a breakthrough came in 1947 when the oil giant Kerr-McGee ventured past the Gulf of Mexico breakers and built the first platform out of the sight of land. There weren’t many offshore platforms at first, and just a few hundred by 1960, but the government did what it could to encourage the industry, and eventually the western gulf was dotted with thousands of platforms that were in turn connected by tens of thousands of miles of pipelines. The pipeline network chased the platforms into deeper water, off the continental shelf. Some of the pipes carry the oil through the shallows and onto land, continuing onward to refineries with their twinkling amber lights, looking magical from a distance as they rise above the green marshes and bayous. Because the oil is piped directly on land, there is no need to off-load it from a platform onto a tanker and ship it to a port.


The upshot is that the view from a helicopter is different for an oilman than for a passenger who does not know what lies beneath the waves. The oilman senses the vast unseen apparatus. He knows that this network of wells and pipes is one of the wonders of the modern world—a petroleum paradise. But do people appreciate it? Do average Americans filling up their tanks know that the gas doesn’t come from underneath the filling station? To an oilman, the American public and political leaders can be exasperating. They clamor for cheap oil but hate the industry that gives it to them. And so there are restrictions on where the industry can drill—an imaginary line straight down through the Gulf of Mexico, separating the rig-free east from the pipeline-networked west.


*  *  *


About an hour into their journey, the executives could see their destination through the helicopter windshield: the Deepwater Horizon.


Technically, the Horizon was a MODU, or Mobile Offshore Drilling Unit. Whatever you called it, and from whatever angle you viewed it, the rig was an awesome structure, towering over the waves in the middle of nowhere, in mile-deep water forty-eight statute miles from the last blade of grass at the tip of the bird’s foot.


It looked vaguely like something you’d find on a NASA launchpad. The Horizon was 396 feet by 256 feet. People would ritually refer to the rig as being the size of two football fields, though the comparison misses the astonishing third dimension: all the massive hardware, the cranes, and, in the center of everything, emphatically jabbing the sky, the 242-foot derrick. This rig was, in effect, a giant hole-punching machine. Coming up through the middle of the drill floor was the top of the riser, the 21-inch pipe that, as the name suggests, rose from the wellhead far below. Racked one deck up were the hundreds of pieces of drill pipe that could be strung together to reach the bottom of the sea and then keep going for another two, three, four miles, deep into the rock formations, until the drill bit found the good stuff. The ancient treasure.


The rig carried more than four thousand distinct pieces of equipment: mechanical, electrical, hydraulic. It had six engines, 9,777 horsepower each. It had two 150-foot boom cranes, four 7,500 psi (pounds per square inch) mud pumps, four blowout preventers, two lower marine riser packages, six riser tensioners, two pipe packers, and seven linear motion and cascading shale shakers. Whatever these things might actually do, the point is, there was gear galore, everything you’d ever want if you were stuck in the middle of the deep blue sea and had been assigned the daunting job of creating, from scratch, an oil well.


The Deepwater Horizon had the remarkable ability to park itself on the high seas and remain almost perfectly stationary without resorting to an anchor. When drilling a well, it stayed so exquisitely positioned that the novice observer might suppose that it rested firmly on 5,000-foot pilings sticking into the seafloor. But it didn’t. It floated. It was a ship. It could roam the gulf in search of hydrocarbons. Below the surface, sinking some 80 feet into the water, were two gigantic pontoons. Using eight 7,375-horsepower thrusters and all manner of computers and global positioning system readings, the thrusters took turns contravening currents and winds and keeping the rig right where it was supposed to be. Like any other ship, it had a bridge, where two dynamic-positioning officers took turns at the controls, monitoring the thrusters and the position of the rig. It rarely strayed more than a foot off location.


The rig had been built by Hyundai Heavy Industries in Ulsan, South Korea, and completed in 2001. Though owned by a Swiss company and operating in the federal waters of the United States, the rig sailed under the registry and flag of the Marshall Islands—a nation in Micronesia best known for having been blasted and irradiated by American nuclear weapons during atmospheric tests in the 1940s and 1950s. Having the Marshalls as the flag state saved Transocean a fortune in taxes.


The rig could accommodate 130 people. The arrival of the four executives brought the number aboard from 122 to 126—nearly a full house.


The Horizon was the jewel of the Transocean-owned, BP-leased fleet of deepwater rigs in the Gulf of Mexico. That was one of the things the executives from the two companies planned to emphasize during their meeting with the top rig workers. They would hand out the attaboys, and give the senior toolpusher an award for excellent performance. This rig set the standard for all the others. The Horizon could handle the hardest jobs in a very hard business.


But there was something the executives didn’t know as the chopper settled on the helipad at two thirty in the afternoon, something they’d find out in just a matter of hours.


The Horizon had met its match.


Macondo


The weather was splendid: clear skies, no wind, no seas. The gulf was as flat as a pond.


The two top Transocean people aboard, Jimmy Harrell, the offshore installation manager (OIM), and Curt Kuchta, the captain, welcomed the executives. The executives signed in and listened to a one-hour safety lecture. Winslow had heard the spiel before and could have excused himself, but he listened attentively to make sure that the lecture included some of the company’s recent safety provisions.


Each executive pocketed a card assigning him a lifeboat in the very unlikely event of an emergency evacuation.


The executives had arrived at a propitious moment. The Horizon had only a few tasks still to complete on the Macondo well. The rig had other jobs to get to, and was running about six weeks behind schedule.


Macondo was a hybrid well—exploratory, but designed to be a keeper, a production well. The Horizon had probed a formation, the M56, which BP geologists were quite certain held a commercially attractive quantity of oil. (There is oil all over the place, but the heavy capital costs of drilling dictate a search for the fattest, ripest fruit.) The Horizon had indeed drilled into exactly what it was looking for, and BP planned to announce that Macondo had been a major find, a reservoir of at least 50 million barrels of oil. Now the Horizon was pretty much done, having plugged the well with a thick glob of cement in a procedure of temporary abandonment. The Horizon would soon go on to its next job, and a different rig would show up to “produce” (the industry’s way of saying “extract”) the Macondo oil.


Reaching this point had been arduous for the company and the crew of the Horizon. Back in 2008, BP paid the federal government $34 million at auction for the right to drill in the nine-mile-square parcel of the gulf known as Mississippi Canyon Block 252. BP named the MC 252 prospect Macondo, after the star-crossed town in the classic Gabriel García Márquez novel One Hundred Years of Solitude. In a drilling permit request filed with the government, BP described the prospect:


Macondo is a moderate depth Miocene prospect in the Mississippi Canyon area. The prospect is located entirely outside of any salt body. It is located approximately 24 miles north of BP’s Isabela discovery which was drilled in MC 562 during 2006. The primary target for the Macondo prospect is the M56, which was the same as Isabela. The target depth for Macondo is approximately 18,400'. The well will be drilled to a [Total Depth] of 19,650' to test the older Miocene section below the targeted M56. Seismic data quality over this prospect is very good since there is no salt involved.


But the Macondo well had defied even the skilled workers of the Horizon. Things kept going wrong. They began referring to it as the “well from hell.”


“Mother Nature just doesn’t want to be drilled here,” a rig worker, Shane Roshto, told his wife, Natalie, when Shane was home in April and getting ready for his next hitch on the Horizon.


Macondo, like any well, was fundamentally a simple thing. It was a hole. The hole was wide at the top, near the gulf floor, and tapered to a mere 8 inches or so at the base, where a final string of steel production casing dangled in the hole. There were no pumps down in the well itself, no tricky machinery other than some valves and seals. The driving force of a deep well like Macondo is the earth itself: the weight of the crust of the earth provides pressure on the oil. The production of the oil takes advantage of the natural pressure differential between the reservoir and the surface. Engineers have techniques to help things along if necessary. They can, for example, separate the water from the oil after it emerges from the well and inject it back into the reservoir to maintain a high pressure at depth. But Macondo didn’t look like that kind of well. It was going to pump itself. The ancient hydrocarbons, under high pressure in the deep rock, would flow upward in the direction of lower pressure.


In a sense, the oil and gas are predictable. The hydrocarbons never act out of character. They never defy the laws of physics. And those laws say that, without barriers, the gas will rise from the depths, expand, rise faster, expand more, and keep rising at greater and greater speed until boom! A blowout.


Which is the scenario that Shane Roshto, the rig worker, sketched out to his wife before he flew back to the rig: “It’s like blowing up a red balloon and taking a pin and just pushing it and pushing it and pushing it as far as it could go and it just blowing.”


*  *  *


A rig named the Marianas first started drilling in the Macondo prospect in October 2009, but a freak late-season hurricane damaged the rig and forced it into port for repairs. BP sent the Deepwater Horizon to take over the job. The Horizon began drilling in February 2010. The job proved to be problematic from the get-go. Every well has its eccentricities and challenges, and the Macondo prospect turned out to be not only gassy but also dominated by brittle rocks that would crumble when drilled. Such formations are known among petroleum geologists as “friable.”


On March 8, 2010, something went seriously awry. The crew was drilling through a crumbly, friable area where the hole would continually collapse before the workers could send down steel casing to stabilize the well bore. The rig experienced a gas kick, a well-control problem. Next, the drill pipe got stuck. The crew couldn’t budge it. Eventually the well team, with regulatory approval, made a strategic retreat, severing the drill pipe and leaving three sections of it in the hole. The Horizon then started drilling a new hole near the first one. The operation was, in industry parlance, sidetracked.


Worse yet, Macondo had shown itself to have an unseemly appetite for drilling mud. Mud is an essential tool in drilling, and the decisions on how to handle the Macondo well were shaped to a great degree by the mud losses suffered by BP and its contractors.


The mud is not really mud: It is a carefully engineered, manufactured product. Technically it is a “drilling fluid.” It can be oil based or water based, and salt-water based or fresh-water based. It can be an emulsion mud or a surfactant mud. A common ingredient is barite, an element that allows for mixtures of greater or lesser density, given the demands of a particular well. Mud has been an essential element of oil drilling since the early twentieth century. Fully eighty-eight pages of the Standard Handbook of Petroleum & Natural Gas Engineering, volume 1 (William C. Lyons, editor) are devoted to mud, mud pumps, and “completion fluids.” The mud has seven distinct functions, the handbook reports:


1. To remove rock bit cuttings from the bottom of the hole and carry them to the surface.


2. To overcome formation fluid pressure.


3. To support and protect the walls of the hole.


4. To avoid damage to the producing formation.


5. To cool and lubricate the drill string and the bit.


6. To prevent drill pipe corrosion fatigue.


7. To allow the acquisition of information about the formation being drilled.


So it is marvelous, multitasking, precocious stuff, busy as a beaver as it cools the drill, removes the cuttings, firms the hole, fights corrosion, and diagnoses potential problems for the rig workers. When the mud comes back to the rig, having circulated through the well, it speaks to the drillers—tells them what they’re dealing with down there in the deep earth. If there are signs of gas in the mud, for example, the drillers will suspect that hydrocarbons have invaded the well bore and the crew should be on alert for a potential gas “kick,” which at its worst can lead to a blowout.


Of mud’s many virtues, none is more important than its ability to suppress gas kicks and blowouts. Mud is a barrier to hydrocarbon flow. The weight of the mud, filling long strings of pipe, counterbalances the upward pressure of the hydrocarbons. All that fourteen-pound, fifteen-pound, sixteen-pound-a-gallon mud—whatever that day’s recipe calls for—is a boot heel in the face of a gassy well.


But the mud engineers, the workers who mix the mud from the various elements and chemicals, must have the fussiness of Goldilocks. If the mud is too heavy, it can cause downhole problems, such as fracturing the rock formation. Heavy mud can surge into pores in the deep rock and never be seen again. But if the engineer crafts a mud that’s too light, too perky, it won’t be able to stand up to the intense pressure from the hot hydrocarbons at depth. It’ll get pushed around. The hydrocarbons can shove the mud right back out the well, and then the crew has a well-control problem on its hands.


Ideally the mud will make an uneventful round trip in the well. It’ll go down, come back up, no issues. Macondo, however, was a well that liked to cause trouble. The heavy mud continually leaked into the porous rock of the ancient sandstones. It didn’t circulate back to the rig. “Lost returns,” the drillers call this (or, sometimes in more casual, Cajun speech, “loss returns”).


The cost of the lost mud, at up to $500 a barrel, was relatively minor in the grand scheme of things—even when you’d lost a couple of thousand barrels of mud, as was the case with Macondo. The bigger problem was the wasted time. Lost mud required corrective measures that could throw the schedule out of whack. You might have to shut the well in and idle your drill team while you waited for more mud to arrive on a slow boat from who knows where. The stomach-churning anxiety on a rig is not that disaster will strike, but that the rig will have too much downtime, get too far behind schedule and over budget, and be deemed an inefficient operation. For oil company executives, efficiency is critical. Time is money. At a million-plus bucks a day, losing one day is worse than losing all that mud.


So the engineers on the Macondo job had to wince every time someone talked about “pore pressures” and “fracture gradients” in this dreadful hole. There was almost no margin of error. The mud had to be strong but delicate. This was baking a soufflé in the hot, dark, deep interior of the planet.


And it was even worse than that, actually, because, as the drillers discovered, the Macondo prospect was not a single, coherent, placid, ripe, eager-to-be-exploited pool of oil. No, it was an unruly gaggle of reservoirs; a complex, layered array of ancient sands, some of them filled with oil, some with briny water, each with its own geological composition, its own personality and demands and dietary requirements. There were five distinct layers of fluid-bearing sandstone. The top was a brine layer, highly pressurized, no oil—not a “pay sand,” as they say. The oil and gas were largely in the bottom three layers, which had lower pressure than the top, brine layer, and could handle only lighter mud. So it was confounding: The mud weight necessary to drill through the higher layers would turn out to be too heavy and brutal for the lower layers. The mud engineers had to get out their calculators and mud-weight conversion tables, grinding through the math, converting surface pressures to pressures at depth, figuring out what the mud weight should be at each step of the way.


This well was a mess. The well team engineers in Houston fussed over their plan, agonized, and racked their brains for solutions. (“This has been a nightmare well which has everyone all over the place,” engineer Brian Morel emailed a colleague.) They finally made a sound decision: They would declare victory and retreat. Having reached 18,360 feet, with more than 1,500 feet still to go on their well plan, they called it quits, declaring that they’d gone deep enough.


That didn’t mean they were going to abandon Macondo permanently. This well was a “keeper”: an exploratory well that had been designed to be converted to a production well. Old-school drillers didn’t like these conversion jobs, because they added a layer of complexity to what was already a tricky operation. BP, however, wanted this well to be more than a diagnostic hole. It wanted Macondo to produce a revenue stream for the company. This problematic hole needed to pay off directly.


The BP engineers came up with a plan for setting the final string of casing and then cementing the well. Collaborating with the cement contractor, Halliburton, the BP engineers decided that, given the mud losses, they should use a nitrogen-foamed cement slurry. They calculated that the foamed cement would be lighter and less likely to leak into the formation, but it would be strong enough to plug the bottom of the well.


Early in the morning of Monday, April 19, Halliburton workers on the rig sent sixty barrels of cement down the well.


It looked like a good cement job. The rig crew watched to see if the amount of mud coming out was the same as the amount of cement going in, or “full returns.” That’s what they saw. There were other signals that it had gone well, including the lift pressure: the amount of pumping pressure required to push the cement to the bottom and then back up the space between the inner casing and the outer well bore.


On Tuesday, April 20, the day that the executives were scheduled to arrive, the well team at BP’s office in Houston and the managers on the rig held their usual 7:30 a.m. conference call. They went over the next step in the well-completion plan. They had put together a “decision tree.” If certain things happened, certain decisions would be made. The decision tree was clear: If the early signs on the cement job looked good, and they had full returns, they could skip the time-consuming test known as a cement bond log. That test, which would have taken at least twelve hours, would have sent an instrument down the well to take acoustic readings of the hole and search for signs of gaps in the cement. Three employees of the firm Schlumberger, who were on the rig to conduct the test, were told that, since there was no hint of problems with the cement job, their services would not be needed. They took an 11:00 a.m. flight back to land.


The Pressure Test


Jimmy Harrell, the offshore installation manager—Transocean’s top employee on the rig—showed the executives around the Horizon. Harrell was popular, a good ol’ boy with white, thinning hair, a walrus mustache, and a low grumble of a voice. He looked a little like the character actor Wilford Brimley. He’d had every job in the offshore industry, from floorhand to derrick man to driller to toolpusher. He’d been with Transocean since 1979—longer even than Daun Winslow—and on the Deepwater Horizon since January 2004. He loved his men dearly and was proud to be the boss of an elite rig doing challenging work in the Gulf of Mexico. He had spent most of the morning and early afternoon of April 20 preparing for the arrival of the VIPs, figuring out where to take them, what to discuss with them, and who to introduce them to. He planned to be with the executives most of the afternoon and evening.


Also along for the tour was Captain Curt Kuchta, the rig’s master. He’d had the position on the Horizon for less than two years, and was a couple of decades the junior of Harrell. Kuchta was known on the rig as “Captain Curt.” When the rig was “on station,” linked to the well—as it was on this particular afternoon—Jimmy Harrell had command of the whole operation, but when the rig unlatched from the well and began to move, the command would shift to Captain Curt.


Harrell took the executives down to the moon pool, the open space just above the water where the riser emerges from the deep. The men looked at the legs of the rig and discussed a maintenance problem with one of the thrusters that controlled the rig’s position.


They visited the storage lockers. Pat O’Bryan of BP asked why some of the safety equipment lacked labels, and he learned that everything was now equipped with infrared radio tags.


The executives moved on. A routine visit, this.


At a quarter to five, the four visitors reached the center of the action on the rig, the drilling shack—the “doghouse.” Two men sat in swivel chairs in front of a panel of monitors. The shack was air-conditioned, and the executives were happy to escape the heat momentarily. But they quickly sensed that it might not be the best time to intrude upon the operation. The doghouse was unusually crowded even before they entered. The drilling team was having an animated discussion with the BP well site leader on duty, Bob Kaluza.


Kaluza had been on the Horizon for just four days. He had replaced a well site leader who had flown to shore for routine training. The well site leader is traditionally known as the “company man.” He’s the top BP person on the rig. What the company man says is law, pretty much. The rig workers can protest, and they can halt operations if they sense that safety is being compromised. But there’s no confusion about who’s ultimately in charge: the company man.


Daun Winslow sensed that things were a bit tense in the shack.


“You got everything under control here?” he asked the driller, Dewey Revette.


“Yes, sir,” Revette answered.


“Let’s go, and let them guys do their work,” Winslow said to the other executives. He suggested to Harrell and Randy Ezell, the senior toolpusher who had joined the tour, that the two of them stay in the doghouse to help out.


The drill team on this afternoon was displacing the heavy drilling mud from the riser and from another 3,367 feet of casing below the wellhead. That was a lot of mud, and it had to be off-loaded to a supply boat adjacent to the rig, the Damon Bankston. The crew had already conducted a couple of pressure tests that pressurized the well to ensure that the seals and casings were holding properly. Now they were in the process of a third pressure test, called a negative test, which diagnosed the quality of the cement job at the bottom of the well. Such tests almost always prove successful. The test “underbalances” the well by removing so much heavy mud that the pressure from above is less than the known reservoir pressure. That tempts the oil and gas to invade the well. The cement, however, should prevent such an incursion. The negative test lets the drill team know that the cement plug at the bottom of the well is an unbreachable barrier to the hydrocarbons.


But as the crewmen conducted the negative test, they saw something they didn’t understand. When they opened the top of the drill pipe, a surprisingly large quantity of seawater (on the order of 23 barrels, though recollections vary) flowed out, and the pressure wouldn’t fall to zero psi as it should have. They closed in the drill pipe and the pressure rose to 1,262 psi—not a good result. They opened it up, bled off pressure, closed it in, and again the pressure built. Opened it, bled it, made some adjustments in the well, closed it again, and this time the pressure built even more, to 1400 psi. It should have been zero.
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