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NOTE ON RADIATION IMPACT AND MEASUREMENTS

Radiation—the emission or transmission of energy—comes in a variety of forms. The ionizing radiation produced by nuclear explosions and accidents carries enough energy to detach electrons from atoms and molecules. It combines electromagnetic radiation, including gamma rays and X-rays, with particle radiation, which consists of alpha and beta particles and neutrons.

There are three different ways of measuring ionizing radiation. First is the radiation emitted by the radioactive object, the second determines the level absorbed by the human body, and the third estimates the amount of biological damage caused by the absorption of radiation. Each of these categories has its own unit of measure, and in all cases old units are gradually being replaced by new ones in the International System of Units (SI). A unit of emitted radiation, formerly known as the curie, has been replaced by the becquerel (Bq), with 1 curie equaling 37 gigabecquerels (GBq). The older unit of radiation absorption, the rad, has been replaced with an SI unit called the gray (Gy), which equals 100 rads. Biological damage, formerly measured in rem, has been replaced by the SI unit known as the sievert (Sv).

Different units were used to measure the radiation impact of the six accidents described in this book. The first dosimeters measured radiation exposure in micro-roentgens per second. Converting old units of measure into new SI units is cumbersome, with rem being a welcome exception: “rem” stands for “roentgen equivalent man” and is equal to 0.88 of a roentgen, a legacy unit used to measure exposure to the ionizing electromagnetic radiation produced by X-rays and gamma rays; 100 rem equal 1 sievert and, in measuring gamma and beta radiation, amount to 1 gray. Today, 10 rem, or 0.1 Sv, is the standard five-year limit of biological damage sustained by nuclear industry workers in the West.


PREFACE

Stolen Fire

A statue of Prometheus, a Greek Titan who stole fire from the gods and gave it to humankind as a gift, was erected in the city of Prypiat a few years before the Chernobyl nuclear disaster of 1986. Half-naked, rising from his knees and releasing the unruly tongues of fire into the air, Prometheus symbolized the victory of humanity over the forces of nature and its ability to wrest from the gods their secrets about the creation of the universe and the structure of the atom.

The bronze monument, six meters tall, survived the explosion of the nuclear reactor on the night of April 26, 1986, and the subsequent catastrophe, but it changed location and symbolism. It now stands before the entrance to the office of the Chernobyl nuclear power station and is the centerpiece of the public space dedicated to the memory of the plant operators, firefighters, and other first responders who sacrificed their lives in the battle with the fire and radiation unleashed by the explosion. The Prometheus of the monument turned out not to have control of the fire he unleashed and serves today as a symbol of human arrogance rather than the triumph of humankind over the forces of nature.1

The relocation and transmutation of the meaning of this Chernobyl Prometheus provides a sad but telling metaphor of changed attitudes toward nuclear energy in many parts of the world, some of which have survived nuclear accidents, while others have been fortunate or prudent enough to avoid them. Nuclear weapons, or “atoms for war,” have never been favorably regarded by the world at large, starting with their first use in the bombings of Hiroshima and Nagasaki in August 1945. But nuclear energy per se, or “atoms for peace,” as President Dwight Eisenhower called it in his famous speech to the United Nations in 1953, raised high hopes and had a good reputation throughout the world at the height of the nuclear industry in the 1960s and 1970s.

Eisenhower promised to “take this weapon out of the hands of soldiers” and put it “into the hands of those who will know how to strip its military casing and adapt it to the arts of peace.” His goal was to reassure the American and world public about the safety of the growing American nuclear arsenal, stop the proliferation of nuclear weapons, and promote world economic development. Following President Eisenhower, Lewis Strauss, the chairman of the US Atomic Energy Commission, declared in the fall of 1954 that atoms would deliver electrical energy too cheap to meter. Many believed that it would also heal diseases, help keep houses warm with every home having its own atomic power plant, dig channels, and power not only submarines and icebreakers but also ships and locomotives.2

The nuclear industry has indeed made a major contribution to our lives, most notably in the production of electricity. Today, almost seventy years after the “Atoms for Peace” speech, with 440 nuclear reactors operating throughout the world, nuclear power provides about 10 percent of world electricity. That is a considerable amount but hardly a game changer. The main reason why “atoms for peace” have not delivered on their original promise is economic. In North America and Europe today, if one counts direct and indirect costs, nuclear-generated electricity costs more per unit than electricity produced not only by fossil fuels such as coal or gas, but also by renewables—water, wind, and solar.

The main economic argument against nuclear energy that affects the cost per unit of electricity is the cost of building a nuclear power plant. It now costs at least $112.00 per megawatt to build a nuclear plant, as compared to $46.00 for solar, $42.00 for gas, and $30.00 for a wind farm. With the construction of nuclear plants taking as long as ten years, and returns on investment realized incrementally over decades, it is difficult if not impossible to develop nuclear energy without government subsidies and guarantees. That was true back in the 1950s and remains true today. The existing nuclear industry is an open-ended liability. Nobody ever fully decommissioned (as opposed to shutting down) a nuclear power station. We do not know how much that process would cost in total, but there are good reasons to believe that it would be more than the original construction.3

Nuclear energy has also underperformed as an instrument of nonproliferation of nuclear weapons. The sharing of nuclear power technology failed to stop nuclear weapons development and sometimes helped put such weapons into the hands of governments that did not possess them earlier. A case in point is India, which produced its first plutonium in a reactor supplied by Canada and called its first nuclear test a “peaceful nuclear explosion.” Today, many are concerned that Iran is following in India’s footsteps, and that its uranium enrichment program constitutes a step toward the acquisition of nuclear weapons.4

Does this mean that nuclear energy is too costly and too dangerous to have a sustainable future—a mid-twentieth-century technology that raised high hopes but failed to deliver on its promises and will die out on its own, crushed by insuperable economic forces? While the economic handicaps of nuclear energy are obvious, it is too early to count it out and deny its chances of gaining much more prominence in the future than it possesses today. As in the past, there remain strong political incentives for individual states to go nuclear, whether for economic, military, or prestige reasons. Most countries do not have access to nuclear energy, while some parts of the world simply lack non-nuclear sources of energy.

In the last decade or so, however, a new and powerful argument has emerged for the use of nuclear energy. That argument is climate change. We are threatened by carbon emissions as never before, and our considerable dependence on fossil fuels is growing at an unprecedented rate. In 2017, almost 65 percent of electricity was produced by burning fossil fuels, up from 62 percent in 1990, and the year 2018 surpassed the preceding one in absolute and relative terms. How to resolve that conundrum? Many point to the low-carbon nuclear industry as a solution to our current problems. To help combat climate change, in February 2022 the European Commission designated nuclear as a “green” energy. The International Energy Agency of the Organization for Economic Cooperation and Development envisions a “Sustainable Development Scenario” in its 2019 World Energy Outlook, calling for a 67 percent increase in nuclear power generation, which would require the growth of nuclear generation capacity by 46 percent between the years 2017 and 2040. Coming from an agency that represents thirty-six member countries and is concerned with all forms of energy generation, not just nuclear, this proposition sounds not only reasonable but also nonpartisan. Why not adopt it?5

While nuclear energy generation cannot compete with renewables in cost, the share of wind and solar energy in world electricity production remains insignificant, accounting in the United States for 8.4 percent and 2.3 percent respectively in the year 2020. Although the share of wind and solar doubled between 2017 and 2020 and solar is the fastest growing sector of energy, the argument is being made that renewables simply cannot replace fossil fuel on their own in the near future, and, even if they could, they would need a steady supply of relatively clean electrical energy as a backup to ensure the stability of the grid in days or months without sun or wind. The production of batteries capable of storing excess electricity and releasing it as needed is a major scientific and technological problem.6

Why, then, not go nuclear? Both proponents and opponents of the development of nuclear energy suggest that a major contributing factor to the problems of the nuclear industry is the continuing and, in some countries, growing public concern about the safety of nuclear reactors. That concern makes the construction of new reactors a much longer and more costly process than it would be otherwise. In most countries that jumped on the nuclear energy bandwagon between the 1950s and 1970s, the public is concerned about the risk of reactor meltdowns and consequent radioactive fallout. Whether governments favor or oppose nuclear energy per se, they cannot commit taxpayer funds to develop it as long as the public feels uneasy about the nuclear industry.

The main reason for continuing mistrust of the nuclear industry and the governments that promote it is the series of nuclear accidents that have dogged the industry in its military and civil incarnations since the 1950s. The three major accidents that have rocked the civil nuclear sector are the Three Mile Island (TMI) accident of 1979, the Chernobyl disaster of 1986, and the Fukushima multiple reactor meltdown of 2011. Those accidents not only created profound public concern about the safety of nuclear reactors but also unexpectedly turned the nuclear industry into a cyclical one. Each accident was followed by a drop in the number of reactors ordered and launched.7

While there were other factors, mainly economic ones, that contributed to the cyclicality of the industry, it is hard to ignore a degree of correlation between the major nuclear accidents and the industry’s downturns. The number of reactors under construction worldwide reached its peak in 1979, the year of the Three Mile Island accident; the number of reactor startups approached the same point in 1985, one year before the Chernobyl accident. The 2011 Fukushima disaster led to the immediate shutdown of dozens of reactors and is at least partly responsible for the decline in construction starts, which has continued since 2010.8

The nuclear accidents are recognized as a major problem hindering the development of nuclear energy by both its opponents and supporters. Among the latter, by far the most powerful voice belongs to Bill Gates. In his book How to Avoid a Climate Disaster (2021), he has acknowledged that “real problems” with the nuclear industry and technology led to those disasters, but he also claims that giving up on nuclear energy would be like giving up on cars because they kill people. “Nuclear power kills far, far fewer people than cars do,” writes Gates. He puts his faith (and hundreds of millions of dollars) into the development of the next generation of nuclear reactors.9

The debate on the safety of nuclear energy can be advanced by taking a fresh look at the history of nuclear accidents and trying to understand why they happened, how bad they were, what we can learn from them, and whether they can happen again. That is the main purpose of this book, which examines an international industry jealously guarded by national governments—what other industry has had its own “atomic spies” put on trial and electrocuted?—by analyzing the six accidents that consistently top the list of the world’s worst nuclear disasters.

I begin with the Castle Bravo nuclear test, which took place in March 1954 on the Marshall Islands and caused significant damage to human health and the environment as a result of miscalculation of the radiation yield of a hydrogen bomb and the direction of the winds. The test that went wrong became the first major accident of the nuclear era. This is followed by two disasters of the “atoms for war” sector of nuclear industry that took place within days of each other.

The first occurred in late September 1957 at a plutonium complex near the town of Kyshtym in the Ural Mountains, where the explosion of a nuclear waste tank released tens of millions of curies of radiation into the atmosphere. The second happened in October of the same year at the Windscale Works in England, where a reactor that produced plutonium and tritium for the British atomic and hydrogen bombs caught fire—the first major reactor accident in world history. I then turn to the Three Mile Island accident in March 1979, Chernobyl in April 1986, and Fukushima in March 2011, all of which took place in the “atoms for peace” sector of the nuclear industry and cemented its reputation as inherently unsafe.

As my choice of accidents attests, I do not separate the military origins and “childhood” of the nuclear industry from its mature period, because such separation obscures the fact that “atoms for peace” inherited reactor designs, cadres, and culture, to say nothing of financial support and backing, from the “atoms for war” project. It is therefore hardly surprising that two of the plutonium production accidents, at Kyshtym and Windscale, and three of the electricity production disasters, Three Mile Island, Chernobyl, and Fukushima, are considered the worst accidents that have happened up to now.10

The story told here is a global one. Although national governments did their best to protect their nuclear secrets, the nuclear industry evolved from the very beginning as an international project. Scientists and practitioners of the industry knew that they were part of an international effort, followed one another’s work openly or in secret, and thus shared common beginnings, misperceptions, and mistakes. While there are 440 nuclear reactors in operation today, there are fewer than a dozen basic models of reactors, originating in the US, Soviet/Russian, Canadian, and Chinese designs. Accidents were both international and local to the same degree as the industry that produced them. Looking closely at what led to these accidents and the ways in which the industry and governments dealt with them, from the use and misuse of information to the mobilization of resources to cope with their consequences, is the most effective way of understanding the perils associated with reliance on nuclear energy.

I invite readers to join me on a sometimes terrifying dive into the dramatic history of nuclear disasters. I examine not only the actions and omissions of those directly involved but also the ideologies, politics, and cultures that contributed to the disasters. After every accident discussed here, a commission was formed to examine causes and draw lessons. Technology was improved as a result, and every accident contributed to the shaping of subsequent safety procedures and culture. And yet nuclear accidents occur again and again. Is it possible that we neglect the political, social, and cultural causes of nuclear disasters of the past that are still with us today? We can’t pass an informed judgment about the future of the nuclear industry without tackling these questions first.
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The contour lines show the doses accumulated by humans 96 hours after the Castle Bravo test. The doses are shown in rads, a unit measuring absorbed radiation roughly equal to roentgen, a legacy unit of ionizing radiation used at the time of the accident.


I



WHITE ASHES

Bikini Atoll

Dr. John C. Clark, a bespectacled middle-aged man who looked like a university professor, had earned his reputation as the US Atomic Energy Commission’s triggerman. He had carried out more nuclear tests in his career than anyone else in the field and twice presided over the harrowing task of disarming an atomic bomb after it failed to go off.

Jack, as Dr. Clark was known to his friends, had no reason to believe that the test scheduled for March 1, 1954, would be any different from the dozens he had conducted previously. Everything was going according to plan and on schedule. And yet Clark, who led the firing party for the test, knew that he had to be especially careful. The test, dubbed “Castle Bravo,” was to be not only the first in the “Bravo” series but also the world’s very first attempt to explode a hydrogen bomb. The “gadget” was relatively small and powerful, although no one knew how powerful it really was. The test was being run in order to find out.1

Operation Castle was taking place at the Pacific Proving Ground in the Bikini Atoll, part of the Marshall Islands in the central Pacific. Clark and his team were located on the island of Enyu, some twenty miles from the test site—an artificial islet on a reef near Namu Island in the northwestern corner of the atoll. Twenty miles was a respectable distance from ground zero, but neither Clark nor his superiors were taking any chances. On Enyu the engineers built a formidable bunker of reinforced concrete, covered with layers of coral sand, to house the test control center and the firing party. The bunker, designed to withstand the shock wave of a nuclear blast, was sufficiently insulated to prevent water damage if the blast were to create a wave high enough to inundate the island.2

Preparations for the test switched into high gear on February 28, one day before the proposed date of Castle Bravo. Soon after the clock struck noon, Clark and his men, all shirtless, wearing nothing but caps and shorts—the temperature, normally about 80ºF (27ºC) at that time of year, was approaching 90 degrees—boarded a Marine helicopter and headed north, flying over the white reefs of the atoll and the palm trees covering the larger islands. Clark noted the last ships heading away from the islands to avoid the nuclear blast. By 2:00 p.m., after landing and checking recording equipment along the way, the firing party had reached ground zero.

It was not supposed to take long to arm the gadget, but there was a problem: one of the optical devices was leaking helium. If they armed the bomb now, all the helium would be gone by the time of the test. Since testing without the device was pointless, they had to improvise. Eventually they decided to postpone arming the bomb: if they did so long enough, there would be enough helium to last until the explosion. Shortly before 11:00 p.m., almost nine hours later than planned, Clark opened the helium tanks. The countdown had begun, and they had to explode the bomb before they ran out of helium.

Clark and two of his engineers made their way to the small artificial island on which the gadget, an aluminum cylinder that reminded some of a big propane tank, was located in a small building. Clark made the final connections, arming the bomb. The two engineers watched his every move. They could not afford a mistake. Once everything was ready, the three men boarded the helicopter and headed back to the bunker, following the white-coral shoreline, which was still visible at night.3

March 1, 1954, the designated test day, arrived as Clark and his men were making their way back to their reinforced bunker. At 3:00 a.m. Dr. Alvin Graves, the scientific director of the test and Clark’s superior at the Los Alamos National Laboratory, the main American nuclear scientific establishment that had produced the gadget, got in touch with Clark. Graves was away from the test site onboard the control ship USS Estes, while Clark and his crew were in their bunker. “We have just had the weather briefing, and we agreed to continue,” Graves told Clark. That meant they could start the countdown. “It is now minus two hours,” announced one of Clark’s men. They began their final preparations, which included sealing off their bunker.

Fifteen minutes before zero hour, they switched on the tumbler of the sequence timer: preparations for the blast were now in automatic mode. “Those last few seconds in the control room are always quite tense,” Clark would recall. “Four, three, two, one, zero, counted one of the engineers looking at the control panel.” At zero, the lights on the panel went out. Although they could not hear, see, or feel anything, the lights going off told them that the explosion had happened. It was 6:45 a.m. local time. “How did it go, Al?” Clark asked Graves over the radio. “It is a good one,” came the answer.4

Clark and his crew were able to appreciate how well the blast had gone in the next few seconds. They had expected a ground shock but got an earthquake. “Less than twenty seconds after Zero, the entire building started slowly rocking in an indescribable way,” recalled Clark. “I grabbed the side of the control panel for support. Some of the men just sat down on the floor. I had been in earthquakes before, but never anything like this. It lasted only a few seconds, but just as we were breathing easier, another ground shock hit us, with the same undulating motion.”

Next came an air shock, and again it was nothing like Clark had ever experienced. “The concrete building creaked,” he recalled later. Luckily, it withstood the overpressure and underpressure created by the explosion. But then something completely unexpected started to happen. The toilet in the lavatory exploded, shooting the water and all the contents straight into the air. Water also began to gush from the conduits for pipes and cables in the concrete walls of the bunker. Clark radioed Graves in a panic, but his superior was also at a loss and had no explanation. They had expected a tidal wave of ocean water displaced by the explosion, but according to their calculations it was supposed to come later. In fact, it never came.

Fifteen minutes after the blast, the men at the control site finally emerged from their bunker. There was nothing to explain the unusual earthquake shocks, the cracking of the concrete bunker, and the water shooting out of the toilet. “Everything was calm outside. . . . The shot cloud had spread out and was pure white. It was an awesome sight,” remembered Clark. It was only when he looked at his Geiger counter that he realized something was wrong. In a brief period the reading had increased from 8 to 40 milliroentgen per hour—nothing to worry about immediately but highly unusual, given the distance from the test site.

Clark had not expected any radiation at all, as the wind was supposed to blow it away from his control post. He and his men went back into the bunker and closed the waterproof doors. The reading near the door was now 1 roentgen per hour. Clark radioed Graves. He had no explanation of what was going on, and the crew realized that with the radiation level so high (they could only imagine what was going on outside the bunker) they could not be saved by a rescue party from the control ship—the risk was too great for the helicopter crews and for Clark and his team themselves once they emerged from the bunker. Whatever happened next, the bunker was their only hope of survival.

But the situation inside was becoming more dangerous by the minute. In the control room, which was farther from the door, the level of radiation had reached 100 milliroentgen per hour. On checking the rest of the bunker, they found that the Geiger counter read 10 milliroentgen in the small data room, and everyone packed into it. If the radiation level did not increase, they would be safe there, but no one knew what to expect next. On the control ship, Graves was as surprised and hapless as Clark. An hour after crowding into the data room, the men at the control site got a communication from Graves. His ship had also been unexpectedly contaminated with nuclear fallout and had to move away from the disaster area.

Soon Clark lost contact with Graves as the ship had to move away from the atoll. From that point he and his crew could hear Graves, but Graves could not hear them. “We were not exactly a happy bunch as we sat around in that small back room. We had been forced to turn off the air conditioner because it brought in fallout particles from outside. The entire building soon got hot and sticky,” recalled Clark. On top of everything else, their generators went dead, leaving them in the dark. A day that had begun in such ordinary fashion had brought a long wait at ground zero, followed by a completely sleepless night and a horrific morning. Somewhere outside the bunker were steaks that Clark and his crew had prepared for a celebration after the test. They had probably been “burned” by now. Clark could do nothing but wait and hope for the best.5

Dozens of miles away on the USS Estes, Graves was trying to understand what had gone wrong with the otherwise perfect test. A veteran of the American nuclear program, Graves had seen a great deal in his time, but the explosive power of Castle Bravo took him completely by surprise.

GRAVES WAS A THIRTY-THREE-YEAR-OLD PHYSICS GRADUATE with a PhD from the University of Chicago when in January 1942 he was recruited from his teaching position at the University of Texas to return to Chicago and join a group of scholars working on the world’s first nuclear reactor, known as Chicago Pile 1.

It was the very beginning of what became known as the Manhattan Project, the successful American effort to build the first nuclear bomb. The initiators of the project, many of them refugees from Nazi rule in Europe, considered themselves engaged in a race for survival with Nazi Germany. Leo Szilard, a Hungarian refugee, had patented the idea of the nuclear fission reactor in 1934, but the Germans were the first to achieve nuclear fission in December 1938. Now many believed that they would soon manage to produce an atomic bomb. No less a figure than Albert Einstein was recruited by Szilard to alert the American political establishment to that possibility, and President Franklin Roosevelt himself backed the Chicago project, found the money to start it, and managed to keep it secret.6

In Chicago, Graves joined a group of scholars working under the direction of Enrico Fermi, a refugee from Mussolini’s Italy. In 1942 Fermi together with Szilard built the first graphite pile—a nuclear reactor that used graphite to slow down the movement of neutrons and launch the first self-sustaining nuclear chain reaction. The reactor became operational in December of that year. The chain reaction was required to increase the proportion of Uranium-235 in uranium ore, composed largely of Uranium-238, and produce Plutonium-239. Both Uranium-235 and Plutonium-239 were considered fissile material for the first atomic bomb. The first Chicago Pile was a test: the scientists wanted a chain reaction but feared that it might become unstoppable. Graves and two other engineers were armed with bottles of cadmium sulfite that they were supposed to smash over the reactor if the process went out of control. But the reaction went as planned. Graves was among the forty-nine participants in the event who signed the straw wrapper of the bottle of Bertolli Chianti that Fermi opened to celebrate the event.7

Chicago Pile 1 was the world’s first nuclear reactor. Its successors were the X-10 Graphite Reactor at Oak Ridge, Tennessee, which produced Uranium-235, and the reactors built at the Hanford Site in Washington State that produced plutonium. Both components were needed for the bomb that had yet to be designed. In 1943 Al Graves and his wife, Elizabeth Riddle, also a physicist with a doctorate from Chicago, moved to the Los Alamos National Laboratory in New Mexico. There, under the leadership of Robert Oppenheimer, scientists were working to design an atomic bomb that would turn the fissile fuel produced by the Oak Ridge and Hanford reactors into a devastating weapon.

Work went on around the clock. It was still a race against time and against Nazi Germany, but no one was aware that the Americans, and the British who joined them, were the only participants. The Germans had taken a wrong turn, using heavy water (a form of water made of the hydrogen atoms that have not only protons but also neutrons in its nucleus) instead of graphite to moderate the reaction. With heavy water in short supply, they would fail to build a working reactor. By July 1945, when the first atomic bomb was successfully tested in the Jornada del Muerto Desert, Nazi Germany no longer existed. The target became Japan, and on August 6, 1945, the Uranium-235 “Little Boy” bomb was dropped on Hiroshima. Three days later, the Plutonium “Fat Man” bomb was dropped on Nagasaki.8

The Nuclear Age had begun. Norman Cousins, the editor of the Saturday Review of Literature, published an editorial titled “Modern Man is Obsolete” in which he talked about the peril of destruction represented by modern science. Many of Graves’s colleagues had a similar view. With the war in Europe over and the Pacific war ended with the help of the two atomic bombs designed at Los Alamos, many scientists began to leave the laboratory, feeling that they had paid their dues in the struggle against fascism or disappointed that politicians had used the results of their work without concern for the world’s future. Graves decided to stay. “I am not in the atomic business because I like to manufacture things that kill people,” said Graves, a churchgoing Protestant, a few years later. “I am thoroughly convinced that the reason we are not in a third World War now is because of the work the United States has done in atomic energy. Increasing our stockpile is our best safeguard for the future.”9

In 1947, Graves was promoted to lead the Los Alamos Laboratory’s Division J, becoming responsible for the testing of new nuclear devices. His war was not over yet. It was entering the most decisive and, for him in particular, the most dangerous stage. On May 21, 1946, the thirty-seven-year-old Graves became a victim of the very first nuclear accident in history. He was standing in one of the buildings of the Los Alamos laboratory next to Louis Slotin, a physicist, demonstrating the principle on which the Nagasaki-type bomb was based. Two hemispheres of plutonium had to be joined, creating sufficient critical mass to produce the nuclear reaction required for the explosion. There were two hemispheres of plutonium on the table in front of them. Slotin was keeping them apart with a screwdriver when the tool slipped in his hand, and the two hemispheres joined for a split second, lighting up the laboratory with a bright blue glare and releasing enough radiation to kill anyone in sight.

Slotin saved the others by pulling the hemispheres apart with his bare hands. He died of acute radiation on May 30, 1946. Graves, standing next to Slotin and partially shielded by him, also received an extremely high dose of radiation estimated at 390 roentgen. He was hospitalized, and doctors began making some of the first close observations of an individual affected by radiation. Graves’s white cell blood count was so low that doctors refused to believe the results on first seeing them. They also had nothing with which to treat the victim. Graves vomited and had a fever. His hair fell off the left side of his head—the side that had been turned toward the plutonium hemispheres. Eventually it grew back.

After an ordeal lasting half a year, Graves was back at his job. A journalist who interviewed him in 1951 wrote that Graves, a man with a boyish face and blond hair, had become sterile. A few years later, however, Graves and his wife were blessed with a second child. Graves received an estimated 390 roentgens but was never told the actual dosage of radiation that he sustained that day, because doctors wanted to boost his morale and prevent depression. They told him that he had received 200 roentgen, a number that significantly increased chances of survival. Indeed, Graves survived and returned to the laboratory, running nuclear tests. Some speculated that the experience had made him underestimate the dangers of radiation to himself and others. The media were there to assure the public that the radiation exposure was hardly a threat to one’s health. “He wears lightly some serious scars of nuclear radiation,” wrote a reporter who interviewed him for a feature article that appeared in the Saturday Evening Post in the spring of 1952.10

By that time Graves was running a series of tests that had begun the previous year at the new Nevada Test Site, formerly part of the Las Vegas Bombing and Gunnery Range. His “triggerman,” or commander of firing parties, was John Clark. A total of 928 explosions would be conducted there before the site was closed in 1992. Graves supervised most of the initial tests. The mushroom clouds of nuclear explosions were seen in settlements as far as a hundred miles away. In Las Vegas, 65 miles from the site, citizens dreaded the earthquake-like shocks of the explosions, while tourists enjoyed spectacular visions of radiation clouds. The Atomic Energy Commission, a government body created by President Harry Truman to take control of nuclear weapons away from the military and keep them under civilian supervision, faced a public outcry: a weapon intended for use against the Soviets was harming Americans. Some of the Nevada fallout reached distant New York State. 

Al Graves did his best to set explosions in such a way as to avoid the drifting of nuclear fallout toward settled areas, but that was easier said than done. There were two major factors whose effect the planners could not always predict. The first was the power of the explosion, which could create problems if it proved greater than predicted. The other variable was wind direction. Depending on altitude, winds moved at different speeds and often in different directions; irrespective of altitude, they could change direction just as everything was ready for the test.

With fallout becoming frequent, Graves hit the road, trying to calm public fears about the negative effects of radioactivity. He turned out to be an effective spokesman, demonstrating just by showing up that rumors about the harmful effects of radiation were exaggerated. He was tall and good-looking, and his blond hair had grown back. On April 25, 1953, an atomic bomb was exploded with a power much greater than predicted—43 kilotons, almost three times the yield of the Hiroshima bomb. Graves was the first to calm the delegation of VIPs who attended the test. The visitors, some of them knocked down by the blast, included fourteen members of Congress and the mayor of Los Angeles, Fletcher Bowron, known for his support for the internment of Japanese Americans during World War II. They had little choice but to trust Graves when he assured them that everything was under control.

A few months after the accident, Graves addressed the Utah legislature and met with three hundred of the state’s civic leaders, assuring them that the fallout affecting Utah that year had done no harm to the population. “This single experience was most effective in answering the concern and questions of opinion leaders,” wrote Richard G. Elliott, the Nevada site’s public relations director, about Graves’s performance at the event. “The medical people appeared ‘quite relaxed’ about radioactive fallout,” added Elliott. Graves became the poster boy for the industry. “I’m doing what I am doing because I believe it is the biggest contribution to the cause of peace,” he told a journalist.11

BY 1953, NEVADA WAS NO LONGER GRAVES’S ONLY TESTING ground. The main action now moved to the Pacific. The authorities limited the yield of bombs to be tested in Nevada to 1 megaton. That limit was appropriate for the atomic bomb but insufficient for the new and much powerful one appearing on the horizon in the early 1950s.

It was called the thermonuclear or hydrogen bomb, and its explosive power came not from fission, or the subdivision of the atomic nucleus, but from fusion, or the merging of atoms to form one or more atomic nuclei. The successful test of the Soviet atomic bomb in 1949 convinced President Truman to press for a new superbomb. Once again, the scientists were divided. Some of them, including Robert Oppenheimer, opposed the project, believing that politicians would prove incapable of controlling the terrible destructive power of the hydrogen bomb. But Al Graves never doubted the validity of the project or the morality of what he was doing. In the neckbreaking race to test new weapons, he opened a new front in the Marshall Islands, where the United States had first tested atomic bombs in the summer of 1946 in order to assess their impact on Navy targets.12

The prototype of the hydrogen bomb was first tested in the Marshall Islands in the fall of 1952. It was executed by Joint Task Force 132, under the command of Major General Percy W. Clarkson. A native of Texas and a veteran of both world wars, Clarkson was appointed deputy commanding general of the US Army Pacific in 1950. In 1953, at the age of fifty-nine, he became commander of Joint Task Force Seven, charged with conducting the thermonuclear tests. Clarkson’s second in command, Al Graves, served as scientific director of the operation. The two of them would make all major decisions on military, scientific, and civil aspects of the operation, which was called Ivy Mike.13

The Ivy Mike test was like no other before and after it. An 82-ton thermonuclear device, housed in a two-story building with a refrigeration plant attached to it to keep deuterium (heavy hydrogen) liquid at a temperature of -417ºF (-249ºC), was built on Elugelab Island in the Eniwetok Atoll. The building that housed the bomb exploded on November 1, 1952. The fission reaction pressurized liquid deuterium, triggering a fusion reaction that ignited another fission reaction of 4.5 tons of natural uranium, which contributed most to the blast. The yield was astonishing: 10 megatons of TNT—more destructive power than the planet had ever experienced. Elugelab Island disappeared from the earth, replaced with a crater 1.2 miles (close to 2 kilometers) in diameter and 165 feet (50 meters) deep. A neighboring island lost its vegetation, while the radioactive dust of vaporized coral descended on ships dozens of miles away.14

Edward (Ede) Teller, the mastermind of the hydrogen bomb who, like Szilard, was a refugee from Hungary, did not attend the test; he was in Berkeley, California, at the time. When he measured the shock wave registered in California, he realized that the test had been successful and shot a jubilant telegram to Los Alamos: “It’s a boy!” It was addressed to Al Graves’s wife, Elizabeth, who was in charge of the project group at Los Alamos. That was Elizabeth’s first indication that her husband’s test had gone well. News from the Marshall Islands, checked and filtered by security personnel, would arrive a few hours later.15

Ivy Mike was a success in more than one way. Not only did it yield an unprecedented 10.4 megatons of TNT, but radioactive fallout from the explosion was hard to detect. Given the grave danger of fallout to the military and civilians alike, a public relations disaster was always a possibility, as Al Graves and others at Los Alamos knew very well from their experience at the Nevada proving grounds. Fallout was therefore a concern to the planners of the explosion, and the film documenting the preparation and execution of the test, a censored version of which was shown on national TV on April 1, 1954, demonstrates that both General Clarkson and Dr. Graves were concerned about its consequences. As the narrator of the film mentions, there was potential danger to some 20,000 people living in the area. The weather officer in the film assures the commanders that conditions are perfect, with the wind blowing away from the settled area.

After every explosion, the winds would carry radioactive particles thousands of miles away. In the Pacific Proving Grounds, those were miles of ocean rather than earth, but it was hard to predict how far and in what direction the radioactive clouds would go. The authorities were in luck, as the fallout that everyone had been expecting did not materialize. “Although conscientious efforts were made to document the fallout from MIKE, only about 5 percent of the total debris could ever be accounted for,” reported Clarkson and Graves. Commander Elbert W. Pate, the Joint Task Force weather officer, explained what had happened in his report to General Clarkson. “All evidence indicates that [the] MIKE cloud stem penetrated to a final altitude of about 125,000 ft and that by far the major portion of atomic debris was carried well into the stratosphere,” he wrote.16

As far as the Atomic Energy Commission experts were concerned, it was a perfect shot. They believed that the stratosphere could be a dumping ground for the nuclear fallout. But Ivy Mike tested a hydrogen device, not a bomb. At that point it was more an instrument of suicide than homicide, as no enemy would allow an industrial installation to be built on its territory and then exploded. The military needed a bomb that could be carried in the belly of a plane and dropped on enemy territory. The Los Alamos scientists and engineers produced a variety of deliverable bombs in the course of 1953. The first of those became known as “Shrimp.” It weighed only 10.7 tons compared to the more than 80 tons of the Ivy Mike device. With a length of 179.5 inches (456 centimeters) and a diameter of 53.9 inches (137 centimeters), it could fit into the hatch of an American bomber. Liquid deuterium was replaced in Shrimp with lithium deuteride, a colorless solid compound that did not need refrigeration to work.17

Coming up with the right design for Shrimp and its sister bombs turned out to be no easy task. “Though CASTLE had been planned for the Fall of 1953, perhaps as early as September, it was evident by January 1953 that the operation would be delayed by as much as six months,” wrote General Clarkson in his report on the operation. First there were “changes in design criteria for the CASTLE weapons and devices,” then Graves and others were busy conducting other tests at the Nevada proving grounds. In October 1953 they finally agreed on a schedule of seven tests to be conducted at the Pacific Proving Grounds. The first of them, called Castle Bravo, was scheduled for March 1, with an estimated yield of 6 megatons. The second, with a yield between 3 and 4 megatons, was to follow on March 11, and the series was scheduled for completion by April 22, 1954.18

The choice of location for the Castle tests was not a simple matter. The Ivy Mike test, like the rest of the Operation Ivy series, was held in the Eniwetok Atoll, where the base camp of the task force charged with the tests was also located. But Operation Castle entailed a series of powerful high-yield tests, for which the Eniwetok Atoll was poorly suited. “If Eniwetok only were utilized for future high-yield detonations, complete evacuation of personnel and much valuable equipment would be necessary,” wrote General Clarkson in his report on the operation. “Such proved to be the case for MIKE shot of IVY when the actual evacuation of Eniwetok required a major and costly Task Force effort at a most critical period.”19

In consultation with experts from the Los Angeles construction company Holmes and Narver, Inc., Al Graves proposed the Bikini Atoll as the testing ground for Operation Castle. As Clarkson later wrote, Bikini “did not require evacuation of natives since this had already been accomplished during Operation CROSSROADS in 1946.” The reference was to the two tests conducted in the Bikini Atoll in July 1946. The locals, 167 men, women, and children, had been removed from the atoll in March 1946, and resettled in a Navy-built “model village” in the Rongerik Atoll. For $10 the US government acquired the exclusive right to occupy and use the Bikini Atoll “for an indefinite period of time.” It turned out later that the native culture did not permit elders to refuse an offer made by a more powerful party. Besides, the locals were simply scared of the US superior power that had just defeated the Japanese. In 1947, when a fire destroyed coconut trees and reduced the settlers to starvation, the locals assumed that the model village was inhabited by evil spirits. In November 1948 they were resettled to the small island of Kili, their unhappy journey finally over.20

Soon after the Marshallese (as the native population of the Marshall Islands has been known to the world) were gone, the Navy lost interest in the Bikini Atoll because it was too small to house the large concentration of people and equipment needed to run nuclear tests. The action moved to the much larger Eniwetok Atoll. But the appearance of the hydrogen bomb brought Bikini back into focus. No one intended to stay there permanently, but there was a great deal of construction to be done before the atoll was ready to host the Bravo tests. That included an airstrip capable of accepting heavy four-engine airplanes, housing for two thousand military personnel and construction workers, and a reinforced-concrete bunker for the firing party on the island of Enyu. On Namu they needed to build a 3,600-foot causeway connecting the island with an artificial islet, where the gadget would be housed in a separate building. Finally, vacuum line-of-sight pipes were supposed to connect the test site with the recording equipment on Namu Island.21

Construction went into high gear in August 1953, when workers poured 1,440 yards of concrete—three times as much as they had managed the previous month. By November, that number reached 4,000 yards. At that point 2,350 engineers and construction workers were working at the atoll—arguably the largest number of people Bikini had seen in its entire history. Scientists and military personnel replaced construction workers as key figures in the Bikini Atoll in January 1954. The headquarters of Joint Task Force Seven were established on Perry Island in the Eniwetok Atoll, and General Clarkson arrived to lead the charge. Under his command were 12,945 men; 24 ships, including the amphibious command ship USS Estes; 129 barges and boats; and 67 aircraft.22

All were assembled in the utmost secrecy and were intended to keep whatever was going to take place at Bikini under wraps. A special “danger zone” was established around the Bikini Atoll. As reported by General Clarkson, its goal was “to deny information to enemy nations as to the yields of the devices being tested.” The zone “was bounded by meridians 160' 35' and 166' 1.6' east longitude and parallels 10' 15' and 12' 451' north latitude.” The area was patrolled by four destroyer escorts, one patrol coastal ship, a squadron of twelve Lockheed P-2 Neptune maritime patrol and antisubmarine warfare planes, and three Vought F4U Corsair fighter aircraft. Since the primary goal of the danger zone was to keep enemy ships and submarines away, Navy personnel were ordered to attack intruders if they did not respond to warnings.23

Officers responsible for the internal security of the operation faced a difficult task. “The frequent, heavy movements of personnel to the forward areas are virtually impossible to conceal,” wrote General Clarkson. The main concern was not Soviet intelligence per se but “widespread press speculation regarding AEC [Atomic Energy Commission] and Task Force activities.” Every officer and soldier assigned to the Task Force was ordered to “take an open-book, written examination which was based on JTF SEVEN Security Memorandum Number 2 entitled Basic Security Responsibility.” Those who handled classified materials were required to take an additional test. Different types of personnel had different clearances and badges allowing them access to particular zones and buildings. Directives, films, and posters all over the area reminded military personnel to keep their mouths shut and mention nothing of substance about their mission in letters home.24

Shrimp was delivered to the test site on February 20. Its different parts were moved by land from Los Alamos to Los Angeles, loaded onto a ship, and delivered under the protection of warships to Einman Island, where it was assembled before being taken to Bikini. On February 23, 1954, a rehearsal took place involving all ground troops and the armada of ships and airplanes. Everything went as planned. By February 27, the engineers had concluded the installation of the gadget and checked and connected all recording equipment—the test would be pretty much useless without it. All they now needed to carry out the test was the right weather, with the wind blowing northerly, away from the settled atolls.25

In the art of testing a nuclear weapon, wind forecasts were as important as the physics of the nuclear reaction and the engineering of the bomb. Unlike the latter, the weather forecast could not be prepared ahead of time. Weather and wind direction were always in flux. A mistake could mean the irradiation of huge swaths of territory. Weather forecasts were issued, according to General Clarkson’s report, at “forty-eight and thirty-eight hours prior to each shot hour and consisted of winds for the shot site for each ten-thousand-foot level from the surface to ninety thousand feet.” The frequency increased as the shot hour approached, with forecasts issued at “twenty-four, thirteen, eight, and four-hour intervals prior to H-hour.”

According to the radiological safety report, on the morning of February 28, one day prior to the scheduled shot, “the wind patterns (forecast and actual) were favorable but the trend of the observed resultant wind patterns was toward unfavorable or marginal condition.” Weather and wind direction were discussed at the command briefing on USS Estes in the presence of General Clarkson and Al Graves at 6:00 p.m. that evening. There was some concern about the direction of the winds and potential fallout, but “the decision was made to continue on the previous decision to shoot but look at the complete weather/radsafe [radiation safety] situation at midnight.”26

At the 10:00 p.m. weather briefing, Walmer Strope, a thirty-six-year-old engineer on the staff of the US Naval Radiological Defense Laboratory, raised a concern about the changing direction of the winds. “The vectors were curving from east to north and the summation lines had moved more easterly,” he recalled later. In particular, he was concerned about possible fallout in the Rongelap Atoll east of Bikini. “I didn’t think the pattern would miss them to the north, especially if the winds moved more easterly overnight.” Strope’s concerns were not shared by the Joint Task Force weathermen. “The Air Force meteorologists pooh-poohed our analysis and the decision was made to proceed in the countdown,” remembered Strope. They decided to revisit the issue at the command meeting scheduled for midnight.27

By then, weather conditions were worsening. “The forecast offered a less favorable condition in the lower levels (10,000 to 25,000 feet). Resultant winds at about 20,000 feet were forecast in the direction of Rongelap and Rongerik,” reads the radiation safety report for Operation Castle. The Rongelap Atoll was located 98 miles (157 kilometers) southeast of the Bikini Atoll. Rongerik was 142 miles (228 kilometers) from the Bikini Atoll and farther east from Rongelap. Unlike the Ujelang Atoll, located approximately 325 miles (520 kilometers) southwest of Bikini in the direction of prevailing winds, the Rongelap and Rongerik atolls were never considered vulnerable, and no contingency plans were made to evacuate the native population from those atolls.28

Commander Elbert Pate, the Joint Task Force staff weather officer who oversaw the forecast operations, was not unduly concerned. He had been the chief weather officer for the Ivy Mike shot sixteen months earlier, which gave him the kind of experience that Strope clearly lacked. Ivy Mike had produced almost no radioactive fallout, convincing Pate that, given the enormous power of thermonuclear blasts, most of the fallout they produced would be released into the stratosphere. After that there would be enough time for the irradiated particles to lose their radioactivity before making their way into the troposphere and eventually falling to the surface of the earth. Recent historians of Castle Bravo have observed that “the possibility of stratospheric fallout was thus viewed as more of an academic than a safety problem.” Since there were only a few days on the Marshall Islands when the winds at all levels were blowing northward, away from the settled atolls, Pate and his people were only too happy to take advantage of the flexibility offered them by the “thermonuclear fallout” theory.29

After listening to the weather forecast team, Clarkson and Graves decided to proceed with the scheduled test. It was resolved, in the words of a later report, “that the speeds and altitudes [of the winds] did not warrant a conclusion that significant quantities and levels of debris would be carried out so far.” Still, given the change in the direction of the winds, it was decided to extend the radiation safety area and search for ships in a radius of 450 nautical miles of the Bikini Atoll and 650 nautical miles in the projected direction of the cloud. Later that morning, a Lockheed P-2 Neptune patrol plane flew 375 miles in the projected direction of the cloud and found no ships, with the exception of a vessel belonging to the Joint Task Group. Air swiping of an area 200 nautical miles wide and 800 miles long began two days before the projected shot and also found no ships that were not supposed to be in the area.30

The midnight command meeting ended with a decision to go ahead with the shot as scheduled but take another look at the weather situation at 4:30 a.m. That meant a “go ahead,” barring a drastic change in the weather. Around 3:00 a.m. Al Graves gave the order to John Clark and his firing team in the bunker on Enyu Island to start the countdown. He mentioned that they had discussed the weather and decided to go with the shot. According to the radiological safety report, “At the 0430AM briefing, no significant change had been observed.” At the lower levels, however, a tendency was observed toward strengthening northwesterly winds.31

General Clarkson ordered all small and slow-moving ships to be moved beyond a 50-mile perimeter of the test site. Only bigger ships stayed at the original 30-mile radius to maintain radio communication with the firing party and be close enough to the Bikini Atoll to reach it by helicopter if the party needed any assistance after the shot. The northwesterly winds that worried General Clarkson enough to order the relocation of the ships were considered insufficiently strong to endanger the inhabitants of the atolls. “The resultant winds pointing at Rongerik and Rongelap were light and were not forecast to transport significant debris to these atolls,” reads the radiation safety report. The test would not be delayed.32

AT 6:45 A.M. ON MARCH 1, 1954, EXACTLY AS PLANNED, Shrimp exploded off Namu Island, sending thousands of tons of water, sand, and vaporized coral into the atmosphere and then into the stratosphere. It left a crater 250 feet deep and 6,500 feet in diameter.

While John Clark and his firing party, locked in the concrete bunker on Enyu Island, could neither see nor hear the explosion, it was clearly visible from the command ship USS Estes, General Clarkson’s and Al Graves’s control post, 30 miles from the Bikini Atoll. “The overall cloud assumed a funnel shape with the stem (approximately ten-mile diameter) column underneath,” reported a radiation safety officer subsequently. “The rain of visible particles moved out and up the sides of the funnel until an area was defined, the diameter of which was on the order of fifty miles.”33

“It looked to me what you might imagine a diseased brain,” recalled Marshall N. Rosenbluth, a physicist who observed the explosion from a distance of approximately 30 miles. The shock wave rocked ships in the 50-mile zone from side to side. “I think we’re goners,” said one Marine to another as the wave hit the seaplane tender USS Curtiss. On the island of Kwajalein, the site of a US Navy base approximately 249 miles (400 kilometers) southeast of Bikini, the soldiers saw “the sky lighted up a bright orange.” Then came the sound wave, followed by the shock wave. “We heard very loud rumblings that sounded like thunder,” wrote one of the soldiers. “Then the whole barracks began shaking, as if there had been an earthquake. This was followed by a very high wind.”34

“The test was highly successful,” reads the report on Operation Castle signed by General Clarkson. “It’s a good one!” said Al Graves over the radio to John Clark, who had locked himself up with his firing party in the concrete bunker on Enyu Island, 20 miles from the shot site. The first realization that something was wrong came to Graves at 7:07 a.m., when Clark radioed him that radiation levels were rising outside the bunker. Then came the report of increased radiation in the bunker itself. Neither Al Graves nor General Clarkson had an explanation.

By 8:00 a.m. rising levels of radiation had been registered on the deck of USS Estes and other ships still within the 50-nautical-mile zone of the shot site. On the destroyer USS Philip, radiation levels reached 20,000 milliroentgen per hour; on the escort carrier USS Bairoko readings were as high as 25,000 milliroentgen per hour. All ships still in the area were ordered out, moving at the greatest speed possible. Captains were instructed to “activate wash-down systems; and to use maximum damage control measures.” The radioactive cloud engulfed the ships, and radiation levels did not subside until 11:00 a.m. “The yield was much greater than expected, which resulted in certain effects not foreseen,” wrote Clarkson in his report.35

John Clark recalled that he reestablished contact with Al Graves around 3:00 p.m. Three helicopters took off from the command ship and headed for the Bikini Atoll: a rescue party was on its way to save the firing party. When Clark and his team emerged from the bunker, their Geiger counters showed radiation levels reaching 20 roentgen per hour. The engineers wrapped themselves in bedding sheets, got into their jeep, and headed toward the helicopter landing pad, approximately a half-mile drive. “The pilots hovered as we left the building and set down when we arrived at the mat,” recalled Clark. Once in the helicopters, they removed their bedding sheets. After boarding the ship, they took showers. “The next day we found out how really fortunate we had been,” remembered Clark. “It was estimated that fallout radiation outside our blockhouse was several hundred roentgen.”36

The hydrogen Shrimp had turned into an enormous thermonuclear lobster consuming everything in its path. Castle Bravo’s yield exceeded the projected one of 6 megatons more than twice, resulting in a 15-megaton explosion. When the ships entered the Bikini Atoll lagoon on March 2, they found the buildings and instrument stations in ruins. The airstrip was intact but so heavily contaminated that, according to General Clarkson’s report, it could not be cleaned and rendered operational until March 10, and even then it was reopened only for “limited service.”37

Despite the larger-than-expected yield and much heavier radiation fallout in the Bikini Atoll area, nothing suggested to General Clarkson and Al Graves that other parts of the Pacific might be in danger of radioactive contamination. The report they received on the USS Estes shortly before 4:00 p.m. suggested that their concerns of the previous night about shifting winds had been unjustified. It appeared that most of the radiation had been carried by the winds exactly where it was supposed to go: east of the Bikini Atoll and north of the Rongelap and Rongerik atolls. Wilson-2, a B-29 heavy bomber used as a cloud tracker, detected no airborne radiation in the Rongerik area.38

It seemed like a repetition of Ivy Mike: the fallout had been trapped in the stratosphere. At 4:00 p.m., a few minutes after Wilson-2 sent its reassuring report to the command ship, Al Breslin, a liaison officer attached to the Joint Task Force Radiation Safety Office on board the Estes, received a report from Warrant Officer J. A. Kapral, who was in charge of the Task Force Weather Station in the Rongerik Atoll. The station was equipped with a Health and Safety Laboratory (HASL) automatic gamma-ray monitor, and its reading showed that radiation levels on the island had begun to rise after 1:00 p.m. By 2:50 p.m. the monitor, which could measure radiation up to 100 milliroentgen per hour, was off the scale. Kapral, who was in charge of a twenty-eight-man weather detachment, sounded the alarm. It was now 4:00 p.m., and radiation levels were not subsiding.39

Al Breslin took no action. He was sure that Warrant Officer Kapral was overreacting. The HASL monitors were notoriously unreliable, could malfunction, and were often disabled by the staff. The Wilson-2 detected no radiation over Rongerik, suggesting that it had malfunctioned once again. Unbeknown to Breslin, the HASL monitor was fine, while the information provided from the airplane was wrong. “Due to a misunderstanding, Wilson-2 was delayed by the Air Operations Center and over-stayed his time in the racetrack holding pattern,” reads a radiation safety report. “This resulted in a material delay in Wilson-2 starting his sector search upwind from GZ with the result that his search was apparently performed to the north and behind the major portion of the contamination responsible for the Marshall Islands fallout.”40

Around 9:00 p.m. the distressed Kapral sent another message to the control ship, stating that the needle of their radiation monitor had been off the scale since early afternoon. He wanted confirmation of the receipt of his message. This time his report was taken somewhat more seriously. Wilson-3, another B-29 cloud tracker, recorded radiation levels of up to 100 milliroentgen per hour above Rongerik. That seemed high but not unexpected, given that in the early afternoon ships in the Bikini Atoll area had been exposed to secondary fallout, reaching 500 milliroentgen per hour on the USS Bairoko. It appeared that the Rongerik Atoll had experienced the same level of fallout. “The off-scale report was not viewed with concern since task force ships were experiencing readings of more than 100 milliroentgens per hour,” reads the radiation safety report.

At 10:00 p.m. a telegram was drafted ordering Kapral and his weathermen in the Rongerik Atoll to go inside, as the sailors had done. If they took that precaution, there would be no real danger to their health, said the telegram. It was already dark, and the telegram was not considered to be of high priority. They radioed it to Rongerik at 5:00 a.m. on the morning of March 2. Two aircraft were ordered to survey the area but, again, there was no rush. The order to send aircraft to Rongerik lay in the USS Estes radio room for hours before being transmitted to Air Force command.41

It was only in the early afternoon of March 2 that General Clarkson and Al Graves learned that the situation on Rongerik was not at all what they believed it to be. Captain Louis B. Chrestensen, a Task Force radiation monitor sent to check reports of “100+” readings coming from the Rongerik radiation monitor, reached the island around 9:45 a.m. His counter showed a radiation level of 350 milliroentgen per hour at an altitude of 250 feet. The readings on the ground outside the living quarters of the weather station increased from 1,800 to 2,400 milliroentgen per hour. The sleeping quarters in which Warrant Officer Kapral’s men spent the night showed 1,200 milliroentgen per hour. At 11:30 a.m., the distressed Captain Chrestensen ordered the evacuation of Kapral’s twenty-eight servicemen from the island. The amphibious Martin PBM Mariner that had flown Chrestensen to the island was used to evacuate two groups of Navy weathermen from the atoll. The first left the island before 2:00 p.m., while the second boarded the plane at 4:45 p.m., when it returned to the island after evacuating the first group.42

At 2:00 p.m., with the evacuation of Rongerik under way, Captain Chrestensen radioed his Air Force commander: “Suggest immediate survey of inhabited islands of Rongelap. High possibility exists that immediate steps must be taken to evacuate natives.” Rongerik, home to the Task Force’s weather station, was otherwise uninhabited. For two years, between March 1946 and March 1948, it had served as a temporary home for the population of the Bikini Atoll, resettled from their ancestral islands to permit the conduct of Operation Crossroads in July 1946. They had all been resettled to Kili Island and were now luckily out of harm’s way. But the neighboring Rongelap Atoll, located approximately 43 miles (70 km) from Rongerik, was settled, and it was those inhabitants whom Captain Chrestensen wanted to evacuate.

Captain Chrestensen’s request to evacuate Rongelap landed on the desk of General Clarkson. Upon receiving his first report from Rongerik, he went into session with the Joint Task Force’s key officials to assess the situation and devise a plan of action. It was now clear that the weather forecast on which they based their decision to conduct the test had been wrong. Clarkson admitted later, in a film report on Operation Castle, that the mistake in predicting the direction of the wind had been about 10 degrees. It was within the margin of error, but the main direction of the winds had proved closer than expected to the settled atolls of Rongelap and Rongerik.

Sometime after 8:30 p.m., when air samples collected by planes in the Rongelap area showed radiation levels hovering around 1,400 milliroentgen per hour, Clarkson ordered the evacuation of the atoll’s entire population. The USS Philip, the destroyer originally assigned to guard the “danger area,” was ordered to Rongelap and left for the atoll at 9:45 p.m. It was followed by another destroyer, the USS Renshaw. The captain’s orders were to begin the evacuation at dawn, or forty-eight hours after the test.43



ON MARCH 1, 1954, THE POPULATION OF THE RONGELAP Atoll was eighty-two men, women, and children. They were among the approximately 15,000 Marshallese. Their ancestors reached that part of the Pacific from Southeast Asia some 3,000 years ago. By the mid-twentieth century, most of the Marshallese lived in the islands’ two urban centers, Majuro and Ebeye, but quite a few of them were scattered over more than 1,000 islands and islets.44

The population of Rongelap belonged to the latter group. Their atoll consisted of sixty-one islands encircling a lagoon of 1,000 square miles. Fishermen for generations, many of them were early risers, and some even got to see the explosion that occurred at 6:45 that morning, 94 miles (152 km) west of the atoll. “On the morning of the ‘bomb’ I was awake and drinking coffee,” recalled John Anjain, the magistrate of Rongelap. “I thought I saw what appeared to be the sunrise, but it was in the west. It was truly beautiful with many colors—red, green and yellow—and I was surprised. A little while later the sun rose in the east.” Then came smoke, a strong wind, and finally the sound. “Several hours later the powder began to fall on Rongelap,” remembered Anjain.45

Nuclear fallout, consisting of evaporated and irradiated coral, began after 10:00 a.m. At the local school the teacher, Billiet Edmond, dismissed his students for a break around 11:30 a.m. As he went outside, he remembered being “greeted by the powder-like particle as it began to fall on the land.” There was no panic in the village. Those who had visited Japan, the former imperial power, compared the ashes to snow. “As we [were] chatting and drinking our coffee, the snow-like object was continuously falling in an increasing amount,” recalled Edmond. The “snow” soon turned green leaves into white ones. Later that day, amusement turned into agony. “The once innocent and unviolent ashes took effect on the islanders in a sudden and most suffering incident,” recalled Edmond. “An unusually irritating itching punished the islanders in a most agonizing situation. The grown-ups were too old to have cried, but the kids were violently crying, scratching and more scratching; kicking, twisting and rolling, but nothing more we could do.”46

Lemyo Abo, a fourteen-year-old schoolgirl, was one of those twisting and rolling that night. She recalled that despite the strange powder falling from the sky, life in her village continued as usual. In the afternoon, together with her cousins, she went to collect sprouted coconuts. On the way back they were caught in rain. The leaves on the trees were suddenly covered with a mysterious substance that turned them yellow. “What happened to your hair?” Lemyo’s parents asked their daughter on her return. She had no answer. Her hair, recalled Lemyo, “looked like we had rubbed soap powder into it.” She continued: “That night we could not sleep, our skin itched so much. On our feet were burns, as if from hot water. We would look at each other and laugh—you’re bald, you look like an old man. But really we were frightened and sad.”47

The day of Castle Bravo passed at Rongelap with no information from outside and no understanding of what the people were going through. The unusual light, sound, wind, and snow-like flakes that the Marshallese had seen all remained a mystery. Some suspected that it had come from planes seen flying that day. The next day, March 2, began with no news and no explanations, but late in the afternoon, around 5:00 p.m., two US officers landed on the island with radiation counters. The readings they obtained in the villagers’ houses were staggering: 1.4 roentgen per hour. By the time the readings were taken, the people of Rongelap were spending their second day in the radioactive zone. The maximum dose allowed US military personnel at the time was 3.9 roentgen per operation or quarter year. The villagers received that dosage many times over.48

Before leaving the island, the officers instructed the locals to wash the fallout dust off their bodies and stay inside. They were prohibited from drinking any water from their wells or cisterns, but there were no other sources of water available on the island. The evacuation began the following morning, March 3, at 7:30, assisted and sanctioned by a representative of the central administration flown to Rongelap, with an interpreter, from the island of Kwajalein. The magistrate John Anjain, who remembered the Castle Bravo explosion as the sunrise in the west, took charge. He selected the first group, fifteen pregnant women, along with the sick and the elderly, who boarded the plane that brought the official and the interpreter. They reached Kwajalein, where they showered and underwent decontamination, around 11:00 a.m.

Half an hour later the rest of the group, altogether forty-eight men, women, and children, were brought by whaleboat to the USS Philip. The evacuation proceeded so orderly because, as stated later in the radiation security report, “all of the natives away from the living area had returned home in order to discuss the unusual phenomena of the visible light and audible shocks.” Only a party of seventeen fishermen (according to General Clarkson’s report, eighteen) who had gone fishing to the neighboring Ailinginae Atoll, were missing. The USS Philip headed for Ailinginae, where it picked up the fishermen. Navy officers did an overall count: “17 males, 20 females, 15 boys and 14 girls. They were treated to a shower on board the ship and had a meal.” They arrived in Kwajalein at 8:30 p.m., their day’s journey over, their struggles with the effects of radiation about to begin.49

On March 3, the day the people of Rongelap were evacuated to safety, the JTF radiation monitors realized that radioactive contamination also threatened the people of Utirik, an atoll farther east of Rongelap, approximately 300 miles (480 kilometers) from Bikini. Radiation levels there were registered at 160 milliroentgen per hour. It was assumed that if not evacuated the locals might accumulate up to 58 roentgen of radiation—fifteen times the dosage of 3.9 roentgen allowed at the time. On March 4 the crew of the USS Renshaw began the evacuation of the atoll. It proved more of a challenge than the one conducted the previous day at Rongelap because the destroyer could not enter the lagoon: the channel was too shallow for the ship, and reefs made it impossible for boats to approach the islands from the ocean side of the atoll.

It took two hours for 154 people (47 men, 55 women, 26 boys, and 26 girls) to board the USS Renshaw. First, an inflatable life raft was used to bring the locals to the boats, which stayed 50 yards from the beach, and then the boats brought the evacuees to the ship. Shortly before 1:00 p.m., seventy-eight hours after the explosion, the people of Utirik were out of harm’s way. The radiation readings on their bodies dropped from 50 milliroentgen per second to 7. Examinations showed that the hair and scalp were the most affected parts of their bodies—the coconut oil with which the Marshallese covered their hair turned out to be ideal for attracting and retaining radioactive particles. The survivors were fed and sent to take showers. They arrived at Kwajalein the next morning to join the Rongelap evacuees already there.50

While the Utirik evacuees showed no symptoms attributable to radiation, those from Rongelap had them in abundance. More than a quarter of them (18 of 64) complained of nausea and itching skin and eyes. That was just the beginning. In two to four weeks, burns appeared on parts of their bodies not covered by clothes at the time of exposure. General Clarkson reported “temporary lowering of blood count, instances of temporary epilation, and skin lesions.” According to him, 2 to 3 percent lost some hair, 5 percent developed hemorrhages, and 10 percent had a sore mouth. “From a blood picture standpoint, the Rongelap natives corresponded well with the Japanese who were about 1.5 miles from ground at Hiroshima and Nagasaki.”51

The difference was that at the time of exposure the Marshallese were almost 100 miles from the epicenter. Distance from Bikini Island and wind direction made a huge difference in the health conditions of the victims brought to the safety of the Kwajalein Island on March 3–4. It was estimated that the Utirik evacuees sustained approximately 17 roentgen, or more than four times the accepted limit. The Rongelap fishermen picked up at the Ailinginae Atoll sustained 80 roentgen. But those caught in Rongelap at the time of the explosion absorbed up to 130 roentgen, or more than thirty-three times the acceptable dose of radiation.52

WITH THE EVACUATION OF THE RONGELAP AND UTIRIK atolls completed by the evening of March 5, and other islands and atolls considered safe from radioactive fallout, General Clarkson and Al Graves were eager to regain control over their flagging Operation Castle. There were six more tests to go, the next one scheduled for March 11 at the Bikini Atoll, with a projected yield of between 3 and 4 megatons of TNT.

The ships were back in the Bikini lagoon on March 2, but it took Air Force personnel until March 10 to decontaminate the Bikini airstrip. There were logistical problems caused not only by the heightened radiation levels but also by the destructive effects of the Castle Bravo test. Clarkson could not return his 1,400 or so men to Bikini to prepare for the next shot because there was nowhere to house them—the barracks had been destroyed by the explosion. He put the men on the ships in the lagoon. On March 11, Clarkson and Graves executed the test that had been scheduled originally as the sixth. They placed the barge with the new gadget, “Alarm Clock,” at the crater produced by the Bravo test explosion in order to reduce further damage to the atoll. It was a success. Alarm Clock delivered a 3- to 4-megaton yield, and there was no fallout to speak of.53

It seemed that things were back to normal for General Clarkson and Dr. Graves. The test program could continue and be completed as planned before the end of April. Ironically, March 11, when Clarkson managed to conduct on schedule the second and most challenging test of the Castle series, was also the day on which the political fallout of the Castle Bravo test began. The American Atomic Energy Commission issued a press release admitting the evacuation of American personnel and Marshallese from the atolls affected by nuclear fallout. The Commission acknowledged the exposure of 28 American servicemen and 236 native residents to radiation but assured the public that there had been no harmful effects. “There were no burns. All are reported well.” According to the statement, the explosion of March 1 had been a “routine atomic test.”54

This was an exercise in damage control. A few days earlier, a Cincinnati newspaper had published a letter from Corporal Don Whitaker, stationed on Kwajalein Island, describing the blast that he had seen. Soon the same newspaper published another letter from Whitaker, describing the arrival of the evacuees at Kwajalein Island. The story was picked up by the Associated Press. The letters constituted a major breach of security protocol. As Clarkson noted in his report, “All personnel at Kwajalein were informed by the station commander that the evacuation was to be considered as confidential.” The letters also produced a public outcry, leading to a Congressional inquiry.55

The American Atomic Energy Commission stepped into the fray, trying to assure the public that nothing extraordinary had happened. Friendly journalists were there to help. One of them, writing for the Associated Press, pushed the line suggesting that the dangers of nuclear fallout were grossly exaggerated. He retold the story of the journalists who had witnessed the Nevada test. Although “the instruments showed that they were subjected to some radiation, no ill effects have showed up.” No one had been injured in more than forty atomic tests, continued the article, reprinted in the New York Times and throughout the world. “The exception was a man who picked up some radioactive rock and suffered mild burns of the fingers.” The AP coverup extended from the health effects of radioactive fallout to the nature of the explosion. “The detonation in question was not a hydrogen explosion,” stated the article.56

The Cold War was in full swing, and the coverup included not only suppression of facts and misleading statements but also outright lies. It was blown away on March 16 by revelations outside the United States. Two days earlier, on March 14, the Daigo Fukuryu Maru or Lucky Dragon No. 5, an 82-foot (25-meter)-long 140-ton Japanese tuna ship, had returned to its home port of Yaizu on the Pacific coast of Honshu, the country’s largest island. The crew of twenty-three had been away more than a month, fishing in the waters off the Marshall Islands. They were glad to see their native shore, if only because they did not feel very well. They did not have much of a catch to show but had quite a story to tell.57

The Lucky Dragon proved unlucky from the start. The ship’s young captain, Hisakichi Tsutsui, was only twenty-two years old, but what he lacked in experience he more than made up in ambition. When the ship lost half its fishing lines to the reefs, Tsutsui, reluctant to go home with a poor catch, left the rest of the flotilla and ventured into the Marshall Islands, where others preferred not to go. Fishing was not good there, but Tsutsui had nothing to lose. He did not gain much. Water and supplies began to run out, and on March 1, after long weeks in the ocean, the captain decided to try his luck one last time and put lines into the water. As they were waiting to pull the lines out of the water, they saw the sky suddenly lighting up in the west.58

Matashichi Ōishi, a twenty-year-old fisherman at the time, described his experience in a book with a telling title, The Day the Sun Rose in the West. “It lasted three or four minutes, perhaps longer,” wrote Ōishi about the spectacle that he and his fellow fishermen witnessed that morning. “The light turned a bit pale yellow, reddish-yellow, orange, red and purple, slowly faded, and the calm sea went dark again.” But the calm was soon broken by a rumbling sound and then a huge wave that made the fishermen believe that an explosion had taken place on the ocean floor. Then calm was restored, but a few hours later white ashes appeared in the sky out of nowhere, covering the deck of the Lucky Dragon. The fishermen did not know what to think. The media would later call them “ashes of death.”59

The Lucky Dragon was more than 70 miles from ground zero and some 25 miles outside the danger zone patrolled by the US Navy. The ship was not detected by American airplanes patrolling the zone before the test and was missed afterwards, as the planes took air samples for radiation control. At the time of the test, the fishermen were east of the Bikini Atoll, about 28 miles north of Rongelap Island, and thus subject to more or less the same fallout and radiation that affected the atoll. The major difference was that on March 2 the Rongelap Marshallese were warned by the end of the day not to use water and to stay inside; on the following day they were evacuated from the island. The fishermen on the Lucky Dragon knew nothing about their radiation exposure until they reached Japan.60

In their home port of Yaizu, the captain was ordered to move his ship to a remote part of the pier after radiation was detected 98 feet (30 meters) from the vessel. Subsequent examination showed levels of gamma radiation reaching 45 milliroentgen per hour. Other reports suggest that radiation levels on deck reached 100 milliroentgen per hour as late as mid-April 1954. It was estimated that the fishermen sustained at least 100 roentgen each, or more than twenty yearly limits of radiation exposure. (The US occupational limit stands today at 5 rem [roentgen equivalent man] per year, which corresponds to 4.4. roentgen of energy produced by the radiation.) The level of exposure of the fishermen was probably much higher, as suggested by the exposure of those on Rongelap and the obvious fact that the radiation level on the ship immediately after the explosion had to be significantly higher than 45 milliroentgen per hour.61

Japanese doctors who had previously treated the hibakusha—survivors of the nuclear bombings of Hiroshima and Nagasaki—recognized familiar symptoms. The fishermen were suffering nausea, headache, fever, itchy eyes, burns, and swelling; their gums were bleeding; their white and red cell blood counts were low and falling. The high counts of radioiodine in their thyroid glands suggested that they had eaten contaminated food. Also affected were blood-forming organs, kidneys, and liver. The crew was quarantined, as was their ship. The fishermen were placed under observation in a hospital far from the city, where they were given aggressive treatment, including blood transfusions. As news spread around the port town, everyone who had been in touch with the fishermen felt endangered. The first to knock on doctors’ doors were the prostitutes who had welcomed the fishermen home immediately upon their return.62

The irradiated food that the fishermen had eaten on board was part of their catch, and the people of Yaizu soon realized that the sparse catch of the Lucky Dragon was contaminated. Citizens began to check fish at the local markets with Geiger counters. It turned out that two large tuna fish from the ship had not only been sold but also eaten. But there was a much more gruesome discovery to be made. Contaminated fish had come not only from the Lucky Dragon but also from other ships returning from the Pacific. Before the end of the year up to 75 tons of tuna were destroyed. That did nothing to raise the price of “clean” tuna—no one wanted to buy it. A country whose diet relied so much on fish and other seafood was in a state of panic. Almost everyone believed that radiation was contagious, whether it came from people or fish.63

The United States government now had an international scandal on its hands, threatening not just the continuation of the test program in the Marshall Islands but the image of the country itself. In December 1953, a mere three months before the Castle Bravo test, President Dwight Eisenhower had gone to the United Nations General Assembly to present his “Atoms for Peace” speech and commit his nation to the peaceful development of nuclear energy. And now this! Once again, as in 1945, the victims were Japanese. On March 17, the day after the Japanese media broke the Lucky Dragon story, Congressman William Sterling Cole, the chair of the Joint Committee on Atomic Energy, announced a congressional investigation into the Castle Bravo test. He also declared that the Lucky Dragon had been within the restricted zone on a spy mission. The statement did little to calm the Japanese media or put a stop to international scrutiny.64

On March 24, President Eisenhower had to address the issue himself. He promised to investigate the matter together with Lewis Strauss, the chairman of the Atomic Energy Commission and an early proponent of the hydrogen bomb. A week later, on March 31, Strauss, who had just returned from a trip to the Pacific Proving Ground, where he witnessed one of the Operation Castle tests, addressed the press at a briefing called by the White House. He no longer insisted on the Commission’s statement, made earlier in the month, that the test had been routine. Instead, he declared that what he had inspected on his Pacific trip was the testing of thermonuclear weapons. Referring to Castle Bravo, he admitted that the yield “was about double that of the calculated estimate.” But he resisted media suggestions that the test had got out of hand. “It was a very large blast, but at no time was the testing out of control,” declared Strauss.

Strauss admitted the nuclear fallout and the mistake made by the planners of the test. “The wind failed to follow the predictions,” he said. It had shifted southward, bringing fallout to the islands of Rongelap, Rongerik, and Uterik. He was happy to report that the US personnel evacuated from Rongelap had no burns, while 236 locals “appeared to me to be well and happy.” There were just two sick people, an old man and an old woman, one suffering from diabetes, the other from arthritis. Responding to suggestions that fallout on inhabited islands was part of the plan, Strauss called it “false, irresponsible and gravely unjust to the men engaged in this patriotic service.”

As for the Lucky Dragon, Strauss said that the “Japanese fishing trawler” had not been detected in the “danger zone” but “must have been well within the danger area.” He did his best to play down concerns about the health of the fishermen. The skin lesions observed on their bodies were due to the chemical effects of vaporized coral rather than radiation, said the chairman. He took the same line on the contaminated fish—only the one in the open hold of the trawler had been affected. Strauss promised US reimbursement for financial damage sustained by the Japanese, to be defined in consultation with the US Embassy in Tokyo. American supplies of fish from the Pacific were entirely safe, continued Strauss, citing a statement of the US Food and Drug Administration.65

Strauss did his utmost to calm both the Japanese and the American public. He assured the Japanese that no radioactive wave was coming to their shores, and the Americans that there was no nuclear fallout from thermonuclear testing on their territory. But instead of calming Americans, the press conference terrified them. Responding to a reporter’s question, Strauss suggested that a hydrogen bomb could wipe out an entire city. When a reporter asked whether it could be New York, Strauss responded in the affirmative, adding that he meant the “metropolitan area.” That off-the-cuff remark became a publicity bomb. “H-Bomb Can Wipe Out Any City, Strauss Reports after Tests,” ran a headline in the New York Times. In the United States at least, public attention switched from the Castle Bravo fallout to the destructive power of the hydrogen bomb. Operation Castle was allowed to continue as planned.66

The AEC chairman’s suggestion that the Lucky Dragon had been caught by fallout within the danger zone, along with Congressman Cole’s assertion that the ship had been spying on the Americans, met with resistance from Tokyo. On April 12, 1954, the Japanese embassy in Washington issued a statement rejecting Strauss’s suggestion that the Lucky Dragon had been in the danger zone. The tug of war between Japanese and American doctors concerning access to the victims and the best ways of treating them, coupled with the American refusal to disclose the isotope composition of the fallout to the Japanese for fear that the basic design of the bomb could be inferred from it, ensured that the Castle Bravo incident continued to be discussed for the rest of the decade.67

IN THE FALL OF 1952, WHEN GENERAL CLARKSON WAS FILMED for a video report on the Ivy Mike hydrogen test, he began his statement by referring to Operation Ivy as an “accomplishment.” His film report on Operation Castle began with a statement that mentioned both “failures and successes” and emphasized the “change in thinking” that occurred during the operation. He was not pleased by the “wide press coverage in Japan given to the [Lucky Dragon] incident, much of which was garbled and erroneous, [and] caused difficulties for the United States Government.”68

The Castle Bravo test had an immediate impact on the further execution of the whole operation. “It was proved,” wrote Clarkson in his report, “that a large yield surface detonation can produce extremely serious radiological contamination over a distance of more than 120 miles and significant contamination for a distance of about 250 miles.” In response, the “danger zone” was greatly extended, to a distance of 140 nautical miles. It also changed the meaning attributed to the term “danger zone.” If at first it had been analogous to a security zone, it now became a safety zone. In addition, planners significantly revised procedures involving weather and wind forecasts. “The stringency of the new criteria,” wrote Clarkson, “had a profound effect upon the course of all following CASTLE operations and cannot be overemphasized in their determining influence upon the remainder of the Operation.” Between extending the “danger zone” and introducing new standards for weather forecasting, Clarkson was able to avoid further unpredicted fallout and human, ecological, and public disasters.69

Al Graves had his own lessons to learn. The yield released by the Castle Bravo test demonstrated the deadly efficiency of dry deuterium bombs. The liquid deuterium used in the Ivy Mike test was now abandoned, and the tests of liquid deuterium bombs originally planned for Operation Castle were canceled. But the Castle Bravo yield also indicated a problem: Los Alamos had proved exceptionally inaccurate in predicting the yield of the dry deuterium bombs. Castle Romeo, a test performed on March 27 in the presence of AEC chairman Lewis Strauss, yielded 11 megatons of TNT—almost three times the yield originally projected by the Los Alamos makers of the bomb. Before Romeo went off, they had changed the predicted yield from 4 megatons to 8 but still did not get it right. The Yankee 2 shot on May 5 yielded 13.5 megatons of TNT, far above the original projection of 8 and the revised projection of 9.5 megatons.70

The scientists in Los Alamos had to go back to the drawing board. They soon figured out what had gone wrong with their original calculations. It turned out that they had failed to understand the behavior of Lithium-7, an isotope constituting 60 percent of all the lithium used in the bomb. The scientists had expected it to remain inert and take no part in the tritium-deuterium fusion reaction. It did not. Bombarded by energetic neutrons produced by the fusion reaction, the lithium decayed into tritium and helium. The amount of tritium increased significantly, contributing to the fission reaction that was the main factor of the bomb’s yield. Once the behavior of Lithium-7 was understood, prediction of the yield of hydrogen devices became much more reliable. The immediate problem was solved.71

The fallout produced by Castle Bravo, like its huge yield, was a “failure” that provided a learning opportunity. There was both good and bad news. As General Clarkson wrote in his report, the light building constructed for the weather station in the Rongelap Atoll proved capable of significantly reducing the amount of radiation to which the US military personnel stationed there were exposed. The bad news was that the gamma exposure of the US weathermen was estimated at 78 roentgen—almost twenty times the acceptable dose for US personnel, which was set at 3.9 roentgen. Clarkson complained that “a policy of strict adherence to the radiological standards prescribed for routine laboratory or industrial use was not realistic.” He petitioned his commanders and was granted the right to waive the “unrealistic” limit in order to complete the operation.72

This was the first time since 1945 that doctors and military planners were faced with a large group of irradiated people. Until then, experts in radiation medicine had had to rely on the results of observation of the victims of Hiroshima and Nagasaki. Now they could study people who had been hundreds of miles away from the epicenter but were still exposed to radiation. General Clarkson created a new unit, Project 4.1: “Study of Response of Human Beings Exposed to Significant Beta and Gamma Radiation Due to Fallout from High Yield Weapons.” The main purpose was not to treat the Marshallese exposed to the high dosages of radiation, but to learn about the effects of the exposure.73

The project team was led by doctors from the Naval Medical Research Institute in Washington and began its work at the US Navy base on Kwajalein Island on March 8, 1954, one week after the shot. “They took frequent and periodic blood counts and urinalyses and made numerous other observations,” reported Clarkson. The blood tests from the irradiated islanders were compared to the blood samples taken from a “control group” of Marshallese—115 islanders living 400 miles away from Rongelap. They also administered an agent that helped to detect isotopes. “Because there was virtually no therapeutic benefit envisioned, it appears the primary goal of the study was to measure radiation exposure for research purposes,” concluded the experts of the US Department of Energy.74

The doctors who observed the US military personnel from Rongerik registered clear signs of radiation overexposure, including skin lesions and hair loss, low white blood cell count, and skin irritation produced by beta-radiation burns. The doctors recommended sending the patients to the Walter Reed Army Medical Center in Washington for further treatment. Instead, they ended up in Honolulu, as the Navy did not want them to leave the Pacific theater before the completion of Operation Castle. Secrecy of an operation that was already in the news came first. The project’s work came to an end with the conclusion of Operation Castle in May 1954. “In early May,” reported Clarkson, “it became evident that all exposed natives and U.S. personnel would recover without serious consequences.”75

By June 1954, Lewis Strauss of the Atomic Energy Commission was also eager to put the Castle Bravo operation behind him. Together with the US Navy command, the commission’s officials began making preparations to send the islanders back home. They did radioactivity surveys of the Rongelap and Utirik atolls and found Utirik in condition good enough to take back its native inhabitants, who were shipped there from Kwajalein in the same month. It would be discovered later that the level of their exposure to radiation most likely increased after their return to Utirik. If originally their exposure was estimated at one-tenth of that of the people of Rongelap, after their return the estimate was raised to one-third.76

Rongelap turned out to be much more contaminated than Utirik. The radioactivity survey conducted there approximately one week after the Bravo shot gave readings as high as 2.2 roentgen per hour in the soil and 400 milliroentgen in the water, making immediate return impossible. A new place had to be found to house the refugees. The Rongelap group showed signs of improvement in early April 1954: their blood counts began to rise. By June they were considered healthy enough to be removed from Kwajalein. But instead of Rongelap, they were shipped to the Majuro Atoll, where a village was built for them with funds provided by General Clarkson and his Joint Task Force. Plans were made to return them to Rongelap in May 1955, although the Project 4.1 doctors suggested that the islanders should not be exposed to high levels of radiation for at least another twelve years. They were brought back to Rongelap in June 1957. Nuclear tests continued in the area until 1958.77

THE MARSHALLESE REFUSED TO BE MERE VICTIMS OF FALLOUT, and some of them decided to fight back. On May 6, 1954, with Operation Castle still under way, a group of islanders filed a petition to the UN Trusteeship Council, claiming that nuclear testing was incompatible with the trusteeship obligations of the United States. Concerned about the danger posed by nuclear tests and the “increasing number of people removed from their land,” they demanded an end to the testing. The Soviets, as the chief rivals of the United States in the nuclear arms race, made sure that the petition would not be lost or wrapped in UN red tape. They pledged support for the Marshallese demands, and indeed, to the embarrassment of the US government, the petition received a hearing that summer. The American representatives claimed that the islanders had made a complete recovery. There was allegedly no more reason for concern.78

Many in the United Nations and beyond disagreed. Decolonization was sweeping Asia and Africa, and Castle Bravo became a symbol of imperialism and colonialism to be rebuffed. In February 1955, a conference of lawyers of Asia in Calcutta listened to a report from their Japanese colleague, who spoke about Hiroshima, Nagasaki, and the Bikini Atoll. The Moscow Pravda commented on the presentation, pointing out that the Americans were conducting tests outside their territory, and that no compensation to the victims could be complete unless all “experiments” with atomic and hydrogen bombs were banned. At that point, the Soviets did not have a hydrogen bomb capable of matching the power of Castle Bravo.79

In Bandung in April 1955 Jawaharlal Nehru of India and Sukarno of Indonesia used the platform of the Afro-Asian Conference, which laid the foundations of the nonalignment movement, to call on the United States and the Soviet Union to stop nuclear testing. Around the same time, a similar movement picked up speed in Western Europe and the United States. It began with two articles that appeared in the Bulletin of the Atomic Scientists in November 1954 and February 1955. Their author, Ralph Lapp, an American physicist who had participated in the Manhattan Project, claimed on the basis of the Castle Bravo fallout that hydrogen bombs produced global, not local fallout. Conducting tests in the Pacific rather than in Nevada did not make Americans safe. Lapp’s conclusions were confirmed by a report issued by none other than the Atomic Energy Commission of the United States.80

In July 1955 a group of prominent public figures, including Albert Einstein, an early proponent of the atomic bomb, and the British mathematician and philosopher Bertrand Russell, signed a letter postulating the suicidal nature of nuclear war. The Castle Bravo test featured prominently in the letter, which became known as the Russell-Einstein manifesto. “We now know, especially since the Bikini test, that nuclear bombs can gradually spread destruction over a very much wider area than had been supposed,” said the letter. “It is stated on very good authority that a bomb can now be manufactured which will be 2,500 times as powerful as that which destroyed Hiroshima. Such a bomb, if exploded near the ground or under water, sends radio-active particles into the upper air. They sink gradually and reach the surface of the earth in the form of a deadly dust or rain. It was this dust which infected the Japanese fishermen and their catch of fish.”81

IN 1957, THE YEAR IN WHICH THE PEOPLE OF RONGELAP returned to their atoll, Alvin Graves, the scientific director of Operation Castle, appeared before the US Congressional Joint Committee on Atomic Energy to testify on the danger of nuclear fallout. When asked about radiation-induced cancer, he answered: “The danger is not that this will happen to you. The danger is that it is more likely to happen to you. Maybe the more likely is not very much more likely, but it is still more likely.” Al Graves did not die of cancer, but his numerous exposures to radiation caught up with him eight years later. He died in July 1965 at the age of fifty-five. His “thyroid gland was so atrophied that it was difficult to identify,” stated a later medical report.82

The first death directly attributed to the Castle Bravo fallout came on September 23, 1954. The victim was Aikichi Kuboyama, the forty-year-old chief radio operator of the Lucky Dragon. The immediate cause of death was liver cirrhosis, but the underlying causes were disputed by Japanese and American doctors. The former claimed that cirrhosis might have developed as a result of internal irradiation, while the latter argued that Kuboyama, like many other irradiated fishermen, had contracted hepatitis as a result of unnecessary and harmful blood transfusions ordered by Japanese doctors. Hepatitis indeed became a problem among the hospitalized fishermen, but all of them except Kuboyama survived the ordeal. They were released into the general population after treatment. Little data on their health or longevity was collected because of the fear of radiation in Japanese society and the stigma associated with it in the 1950s and 1960s.83

The Advisory Committee on Human Radiation Experiments (ACHRE), created by Bill Clinton in 1994, concluded that the research on the impact of the radiation on the Marshallese first and foremost benefited the affected population. But there is growing evidence that it was not the case, and, as the Marshallese had claimed themselves, they were used as “guinea pigs” in the human radiation experiments intended to assess the impact of radiation in nuclear war. The information collected about the impact of the low dosages of radiation on the people of Rongelap after their return to the atoll was kept secret for decades, protected by the US state authorities both from the Soviets and from the Marshallese themselves who went to the courts to defend their rights.84

Among the secret discoveries of the scientists studying the Rongelap islanders was the fact that long after the accident they continued to be irradiated by the contaminated food they consumed. Another discovery that was kept secret concerned children. Almost every child under the age of ten who was exposed to the Castle Bravo fallout ended up with a thyroid problem ranging from reduced thyroid function to thyroid tumors. Seventy-seven percent of that group had thyroid tumors, as opposed to 2.6 percent among the unexposed group. Such problems retarded the growth of children already born; fetuses in their mothers’ wombs at the time of the explosion were affected as well. Out of three children born soon after the explosion, two had significant abnormalities: one had a small head, the other a thyroid tumor.85

Lekoj Anjain, a son of the Rongelap magistrate John Anjain, who was one year old at the time of the fallout, was diagnosed with a thyroid tumor at the age of twelve. He underwent successful surgery, but a few years later he developed acute leukemia and died at the age of nineteen while being treated in the United States. According to one study, 21 percent of the cases of thyroid cancer occurring among the population of the Marshall Islands may have been linked to the nuclear testing. Among the population of the Rongelap and Utirik atolls, that percentage is significantly higher—93 percent and 71 percent respectively. Radiation did not cause cancer in most of those affected by the Castle Bravo fallout, but it significantly increased the chances of developing one and decreased chances of survival.86

Many of the islanders, including the Rongelap magistrate John Anjain, believed that the fallout had been deliberate, and that they had been guinea pigs in the Atomic Energy Commission’s laboratory. The United States government tried for decades to bribe its way out of the embarrassing situation, since Washington had irradiated the population of territories entrusted to its care by the United Nations in order to prepare the islands for independence. Instead, the nuclear tests had destroyed the native population’s livelihood, making inedible the seafood, fruits, and vegetables on which they had relied.

For decades, money was offered to deal with medical, social, and economic issues that beset the survivors. In 1956, the displaced islanders from the Eniwetok and Bikini atolls were given $25,000 cash and access to trust funds yielding $15 per person per year. Ten years later, the people of Rongelap were paid $950,000 by the US Congress, amounting to $11,000 per person. In 1976, $20 million was allocated to clean up the radioactive waste in the Eniwetok Atoll. In the following year, $1 million went to Rongelap and Utirik communities, with victims of radioactive exposure getting $1,000 each, and those suffering from thyroid cancer receiving $25,000. In 1979, a trust of $6 million was created for those resettled from Bikini.87

The Republic of the Marshall Islands acquired long-awaited self-governance in 1979. Three years later it became an independent nation in free association with the United States. According to the Compact of Free Association, the Marshall Islands provide their territory and waters for the needs of the United States in exchange for defense and help in emergency situations. The US Congress approved the Compact of Free Association while imposing limits on legal claims from the Marshallese, amounting by then to billions of dollars. Instead, a $150 million trust fund was created to pay compensation to those who had suffered from the nuclear tests. The Nuclear Claims Tribunal was created in 1988 to deal with claims for compensation. The trust ran out of money before the end of the first decade of the new millennium.88

Castle Bravo remains the best-known case of the damage caused to human life and the environment by nuclear testing. The explosion at Bikini Atoll had awakened the world to the reality of the hydrogen age. The antinuclear movement produced by the publicity surrounding it set the world on course to ban nuclear testing in the atmosphere. In 1962 the perception that nuclear war would lead to mutual suicide, which had come into the public domain with the Castle Bravo test, helped John Kennedy and Nikita Khrushchev avoid a new world war over Cuba. A year later the two leaders signed a treaty banning nuclear tests in the atmosphere, in outer space, and underwater. Limiting tests to underground locations meant the end of fallout. It is hard to imagine where the world would be today if the impact of the Castle Bravo on humans and the environment had remained a secret and the hydrogen bomb had entered the international arena without being noticed by the world community.
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NORTHERN LIGHTS

Kyshtym

No Soviet leader ever made a statement about the Castle Bravo test or the disastrous fallout that it produced. There were no threats to produce or explode a bigger bomb or attempts to embarrass the Americans over what had happened at the Bikini Atoll. The Soviets found themselves in a delicate situation. Less than a year earlier they had jumped the gun with the announcement of their own hydrogen bomb and now had to be careful.

On August 8, 1953, the new Soviet premier, Georgii Malenkov, who had succeeded Joseph Stalin at the helm only five months earlier, made a sensational announcement in a speech to the Soviet parliament. “The U.S. has no monopoly in the production of the hydrogen bomb,” declared Malenkov. The news spread throughout the world, producing jubilation in some quarters and horror in others. Malenkov, eager to establish himself fully as the new supreme leader of the USSR, was taking a huge risk. The bomb he called “hydrogen” had not yet been tested. It went off four days later, on August 12, but there were some caveats. The yield was a mere 400 kilotons. That was a significant blast for an atomic bomb but modest for a hydrogen one, especially compared to Ivy Mike’s 10-megaton explosion in November 1952.1

At Los Alamos, scientists soon determined that it had not been a hydrogen bomb as they understood it: only 20 percent of the explosive power had been derived from a fusion rather than a fission reaction. Chairman Lewis Strauss of the AEC duly made a statement in that regard. The leading Soviet newspaper, Pravda, reported the same day that one of a variety of hydrogen bombs had been tested in the Soviet Union. Meanwhile, the Soviet leaders kept silent. They had a lot of catching up to do.2

The Soviet atomic project had begun in earnest only in the fall of 1945, after Hiroshima and Nagasaki. Their first atomic bomb was designed with the help of information stolen by Soviet spies from the Manhattan Project. The flow of American secrets to the Soviet scientists was facilitated by Stalin’s decision to entrust overall control of the Soviet nuclear project to his security tsar and fellow Georgian, Lavrentii Beria. If the Manhattan Project was run by the military, the Soviet nuclear effort was in the hands of secret-police officials with direct access to Stalin. The stolen blueprints and data were passed by intelligence officers to the scientific director of the project, the forty-two-year-old physicist Igor Kurchatov.3

Kurchatov began his nuclear research before World War II, but he and his colleagues lacked government attention and funding until the fall of 1945. Now they received both in abundance. Kurchatov’s immediate task was to figure out what the disjointed pieces of stolen knowledge meant, and how and whether they were to be used. Some believed that the Americans were feeding the Soviets misinformation. Historians sympathetic to Kurchatov and the Soviet nuclear project in general have claimed that the American information merely helped him ensure he was on the right track and avoid mistakes. Even if that was the full extent of the “borrowing,” it was huge, saving the Soviet Union enormous amounts of time and money when it was short on both.4

Kurchatov’s first priority was to build a reactor that could turn natural uranium into plutonium. That task went to Nikolai Dollezhal, a forty-six-year-old designer of industrial boilers who had been introduced to the concept of a nuclear reactor by reading a 1945 American publication on the atomic project swiftly translated into Russian. Kurchatov, who had access to both open materials from the Manhattan Project and to information provided by the atomic spies, and had built and run a small experimental reactor in Moscow, proposed that Dollezhal use as his model a graphite-moderated and water-cooled reactor first made operational at Hanford, Washington, in September 1944. Dollezhal accepted the idea but changed the design of the Hanford reactor, making its horizontal fuel channels and control rods vertical in the reactor that he built. That change had a profound impact on the future of the Soviet nuclear program and later nuclear industry, becoming a contributing factor to the Chernobyl disaster of 1986.5

The place where the Soviets built their first reactor and plutonium-processing chemical plant was never to be found on Soviet-era maps. It was a top-secret facility known originally only by its number, 817. Later it was named the Maiak (Lighthouse) chemical complex, while the city built around it would be known as Cheliabinsk-40, Cheliabinsk-65, and, eventually, Ozersk. The complex and the city were built from scratch in the Ural Mountains, some 62 miles (100 kilometers) from the regional capital of Cheliabinsk, whose name was used for the top-secret town for most of its history. But before anything was built in the area, the closest settlement to the site was the town of Kyshtym, a city with fewer than 30,000 inhabitants and, back in the eighteenth century, one of the birthplaces of the Russian metallurgical industry. Kyshtym was always shown on imperial Russian maps and never disappeared from Soviet ones. That was the name by which the accident that happened there in 1957 became known to the wider world, but for simplicity’s sake we shall refer to the Soviet nuclear complex as Maiak and to the company town built around it around as Ozersk, the names in use today.6

The construction of the nuclear complex near Kyshtym began in the fall of 1945. It was mainly built by Beria’s Gulag army—tens of thousands of slave laborers, quite a few of them Soviet Germans from the Volga region interned during World War II. In 1946 they laid the foundations for Dollezhal’s version of the Hanford reactor, named A-1 and nicknamed “Annushka,” a Russian diminutive form of “Anna.” Annushka turned out to be a very fragile lady, suffering from the often clogged “blood vessels” of its fuel channels. The orders from Moscow were to extract 2.5 kilograms of plutonium per month from Annushka, but it turned out to be a challenge, given the regular “lack of coolant” accidents. They were caused by the poor quality of aluminum tubes that leaked water, making fuel overheat, burst from its casing, and clog the very same tubes. The Soviet scientists referred to the accidents as “goats,” and to get a “goat” out of a channel one had to shut down the reactor and drill through the entire clogged channel. That took time, spread radiation, and delayed plans to build the bomb.7

Annushka got its first goat, or clogged-channel accident, immediately after going critical in June 1948. Another similar accident took place the following month. Miraculously, there was no further accident until November 1948—when they irradiated enough uranium for one plutonium bomb. But when they began removing irradiated fuel from the reactor, a new accident took place. The platform designed to unload the reactor was broken and had to be cut into pieces and removed. Since there was no time to order a new platform, engineers and workers were sent into a highly irradiated room to remove fuel cylinders with their bare hands. Safety regulations allowed an annual radiation dosage of 25 roentgen per person, more than six times higher than the US dosage (which was the subject of General Percy W. Clarkson’s concerns and protests), but the workers reached that level in a day or two. To keep them going without violating safety rules, the managers asked them to remove their radiation counters before entering the irradiated area. They did as they were told.8

The entire operation was supervised by the chief engineer of the Maiak complex, the fifty-year-old Yefim Slavsky. A giant of a man and a former cavalry officer from Ukraine, Slavsky led by example. He went into the irradiated room like everyone else, and when the radiation safety officer told him that he was not allowed to do so again, Slavsky brushed him aside: “I forbid you but give myself permission to enter again.” His example encouraged the others. Working under enormous stress, engineers and workers took huge risks, and the unloading of Annushka was only one of the many dangerous situations they had to deal with. Igor Kurchatov, Slavsky’s boss and the founder of the Soviet nuclear project, received a high dosage of radiation in January 1949 when he came to Maiak to personally examine the irradiated fuel containers removed from Annushka and make sure that they were not broken. His radiation counter, preserved today in the Maiak complex museum, shows a one-time irradiation dose of 42 roentgen.9

During the first year of operation of the Maiak complex, 66 percent of its employees received radiation doses of about 100 roentgen, while 7 percent had greater doses. Kurchatov and Slavsky risked their health partly because they did not want to risk their freedom. Lavrentii Beria demanded plutonium as soon as possible and made them personally responsible for the results. “We all went around in fear,” recalled Slavsky. But they also believed that it was their duty as patriots and, in some cases, as communists who were in a deadly race with the imperialist United States, which had the ultimate weapon and was prepared to use it. In their minds, it was a war. Kurchatov told his younger colleagues that they were all soldiers. “That was a monstrous epic!” said Slavsky, recalling the days when Kurchatov had to examine the irradiated fuel containers personally and received a high dose. But their communist prayers were answered when, on August 29, 1949, the Soviet Union surprised the world by exploding its first atomic bomb. It happened four years after Hiroshima and Nagasaki, but fifteen years earlier than the leaders of the Manhattan Project had predicted.10

Now Beria, Kurchatov, and Slavsky had a new task in front of them: the hydrogen bomb. The project was led by a young Soviet physicist named Andrei Sakharov. He suspected that Soviet research on thermonuclear reaction, in which he became involved in 1948, was jump-started by information from atomic spies in the United States. But Soviet leaders did not see thermonuclear reaction as a priority until they got the atomic bomb, and they had missed some important clues about the hydrogen bomb from their agents. Sakharov was pretty much on his own in figuring out how a hydrogen bomb works. He first proposed a “layer-cake” design for a uranium-deuterium bomb. Stalin’s successor, Georgii Malenkov, called it a hydrogen bomb, and it was detonated in August 1953. But Sakharov knew better. He and others kept working on a real or “pure” hydrogen bomb and succeeded. The test took place on November 22, 1955, in the steppes of Kazakhstan. The yield was a respectable 1.6 megatons of TNT. That month, speaking in India, the new Soviet leader, Nikita Khrushchev, announced that the Soviet Union had detonated a nuclear weapon of “unprecedented might.” The Soviets could not announce the birth of the Soviet hydrogen bomb twice.11

For Sakharov, who was only thirty-four at the time, it was his last major achievement in the nuclear-arms field. He grew more and more disappointed with the Soviet nuclear-arms project and the regime in general, emerging in the 1960s as a leader of the Soviet dissident movement. Although Sakharov felt sympathy for Edward Teller, the hawkish father of the American hydrogen bomb, his life and career are closer to that of Robert Oppenheimer, who was chastised for opposition to the hydrogen bomb and fell under suspicion of having leaked nuclear secrets to the Soviets. Sakharov was sent into internal exile by the Soviet regime in 1980 and released by Mikhail Gorbachev in 1986 to join his perestroika campaign. He died in December 1989 at the peak of his political career and popularity.12

Sakharov’s memoirs include a description of the test of his first “real” hydrogen bomb. He described the excitement he felt at seeing the “yellow-white sphere” of the explosion. But he also wrote about the destruction that the blast had created within and beyond the safety zone established by the Soviets. A number of people were injured and some killed by the blast, including a young soldier and a girl. Sakharov wrote nothing about the radiation fallout: either it was never measured or he knew nothing about it. Given the fact that the blast wave injured people and damaged buildings, including a hospital outside the safety zone, it must have been massive.13



AS SOVIET NUCLEAR AMBITIONS GREW, SO DID THE MAIAK nuclear complex. Annushka was the first of six reactors built there. Five more were made operational between 1950 and 1955; three of these went critical in one year, 1951.

The pressure to deliver stayed on, but the first stage of the production of plutonium, in which the management neglected its own safety and that of the personnel in order to get enough fuel for the first bomb, was slowly fading into the past. The mass overexposure to radiation that characterized the first few years of the operation was gone. Accidents continued, though at a slower rate. In March 1953, a self-sustaining chain reaction caused the contamination of the personnel at the complex. In October 1955, an explosion destroyed part of a building there. In April 1957, six employees working at one of the plant’s facilities were exposed to high doses of radiation, receiving from 300 to 1,000 rem each. A woman whose dose amounted to 3,000 rems died. As a rule, the accidents were blamed on personnel accused of violating safety instructions. Sometimes the officials found it difficult to indicate which instructions, if any, had in fact been violated.14

In the early 1950s, the main source of accidents and radioactive contamination was no longer the Maiak reactors but the radiochemical complex. Used in atomic bombs, Plutonium-239 had to be separated chemically from other isotopes and substances produced by the reactor. That was the task of the chemical works. They used enormous quantities of chemicals and water, which became contaminated in the process and had to be disposed of. The radioactive waste turned into a problem whose importance was downplayed by those concerned to produce plutonium and build the bomb at all costs. The immediate solution was to dump the radioactive waste into nearby lakes and rivers.

The nuclear complex and the nearby town were built far from big cities, but the area around Kyshtym, while sparsely populated, was anything but uninhabited. Russian, Tatar, and Bashkir villages dotted the banks of the lakes and rivers. The abundance of lakes in the area subsequently allowed the authorities to rename Cheliabinsk-40 Ozersk, or “town on the lake.” Easy access to water was one of the reasons why the nuclear complex was built there in the first place—it needed a lot of water for its cooling systems and chemical processes. The largest of the lakes, Kyzyltash, served as a reservoir for cooling water. It was drawn from the lake, used to cool the reactor in an open-cycle system, and then dumped back into the lake, although it was highly contaminated. Much worse was the fate of a smaller lake, Karachai, which was used as a disposal site for radioactive waste. A total of 100 million curies of radioactive waste was dumped into the lakes.

In December 1948, with no waste storage containers, the management began to dump radioactive chemicals into the nearby River Techa, which soon turned into a radioactive gutter. It began with low- and medium-level liquid radioactive waste, but during a series of technological accidents in 1950 and 1951 the plant dumped highly radioactive waste into the river as well. Between 1949 and 1951, between 2.7 and 3.2 million curies of radiation were released into the river, on which tens of thousands of people relied for clean water and for their livelihood. In the village of Meltino, whose 1,200 inhabitants used river water for drinking, cooking, bathing, and washing clothes, radiation levels reached 3.5 to 5 rads per hour. The village was eventually evacuated in 1951. Twenty-four thousand people were directly affected by dumps that continued until 1956, and out of 587 men and women examined in 1953, 200 showed symptoms of radioactive poisoning. With Strontium-90 deposited in women’s bones, their children were becoming irradiated while still in the womb.15

In 1953 there was finally some good news for the long-suffering population of the Kyshtym area. The radioactive waste, most of which had been going into the Techa River before 1951, and to nearby Lake Karachai after that, began to be placed in underground storage tanks called “cans” by the engineers who designed them and the workers who serviced them. Each can contained a couple of hundred tons of highly radioactive fission waste covered with 160 tons of concrete. The tanks, organized in banks of twenty, were stored in pits 27 feet deep. The banks needed a great deal of attention, as fission-product decay continued inside the cans, releasing heat, which raised the temperature at least 10.8ºF (6ºC) per day if not moderated. Accordingly, the banks were supplied with water-cooling and ventilation systems, and special monitoring equipment was put in place to track the temperature and condition of the cans.16

The radioactive waste situation was finally under control. What remained was to keep the monitoring equipment working and the water and air flowing. There were occasional problems with that, but no one considered the waste tanks a priority of any sort. New chemical facilities were under construction, and those in place had to work and meet their quotas. That was where all the money and attention went until September 29, 1957, when tank no. 14, which contained 2,690 square feet (250 square meters) of highly radioactive substance, turned into a bomb. The blast flung the 160 tons of concrete 75 feet into the air. The concrete containment of two nearby tanks was damaged. Twenty million curies of radiation, including Strontium-90 and Cesium-137, were released into the atmosphere. The radioactive cloud created a heavily contaminated East Ural radioactive trace covering up to 7,772 square miles (20,000 square kilometers). The accident entered the annals of history as the Kyshtym tragedy, identified by the name of the only place next to the plant that could have been found on the map.17

VALERII KOMAROV, THE SHIFT FOREMAN AT COMPLEX C, AN underground nuclear-waste storage site at the Maiak chemical works, realized that something was wrong when he noticed yellow smoke coming from the building that served as an entrance to the underground pits. He went to the building to check on the smoke, but it was so thick that he could not get in. Komarov called his superiors. It was Sunday, September 29, 1957, and the time was approaching 4:00 p.m.

Two electricians soon showed up to check the wires. They went into the underground complex with flashlights and made their way to the switchboard. The wires were fine, and they saw no fire. But they had bad news as well: their dosimeters had gone off the scale. The smoke that Komarov saw and that they inhaled was radioactive. The electricians rushed to the sanitation post to shower and change clothing, while Komarov called his superiors once again to report on the new developments. One of them promised to come and assess the situation himself.

Off the phone, Komarov decided to check on the smoke once again. “But I had not yet fully opened the entrance door to the building,” recalled Komarov, “when suddenly I was somehow lifted up, twisted, and thrown onto the floor.” He then heard a blast. Komarov got back on his feet and ran to the opposite exit from the building. Outside he saw “a huge dark column covering the whole sky.” It seemed as if the war for which they had all been preparing had begun, and the Americans had dropped a nuclear bomb. But then Komarov had another thought. An atomic explosion was supposed to cause a flash, yet everything around him was black. Only then did he made a connection between the smoke coming from the underground complex and the explosion that had thrown him to the ground and sent a black column of dust into the air.

The first person Komarov saw when he rushed out of the building was Nikolai Osetrov, a mechanic who emerged from the pump station in bewilderment: the pumps that supplied cooling water to the cans with nuclear waste had stopped working. “Drop everything; let’s run away from here as fast and as far as we can,” yelled Komarov. They started to run. When Komarov looked back at the complex, he did not recognize it. The high grass that had covered the ground over the tanks was now gone, and the underground explosion had covered everything with dirt. Also gone were the wooden structures attached to the buildings in the area, as well as the wooden watchtowers—part of the barbed-wire fence surrounding the top-secret complex. The soldiers on duty in the watchtowers had been thrown to the ground by the blast.

Komarov, Osetrov, and another worker from his crew continued running to the relative safety of the sanitation post. The electricians who had gone into the underground complex less than half an hour earlier were still there, taking showers in an effort to wash off the radioactive dust. Komarov and the others joined in. Washing with water turned out to be ineffective in removing the dust. “We spent a long time trying to clean off the radioactive contamination but were unable to do so,” recalled Komarov.18

Valentina Cherevkova, a young technician, was at her post in the building approximately 328 feet (100 meters) away from the nuclear waste complex when she heard the explosion. She recalled being covered with a “rain of glass” from the shattered windows. Cherevkova looked out of one window and saw a cloud of dust rising into the sky. Its shape reminded her of a camel. “Why are you standing there: off to the sanitation post!” her boss yelled at her. Both Cherevkova and her superior realized the danger posed by radiation from the blast, unlike those who were not directly involved in plutonium production. Maria Zhenkina, a young nurse at the medical facility near the explosion site, spent most of the remainder of her shift cleaning debris and dirt that had gotten into the offices after the explosion blew out the windows. “In civil-defense training we had been taught what to do if a US atomic bomb were dropped on us,” complained Zhenkina later. “But evidently they did not know how to protect oneself in case of such an accident.”19

At the nearby guards’ barracks, the explosion threw open the metal gates and shattered the windows in the living quarters. The first reaction of the enlisted men was to rush to the armories, as many believed that they were under attack. Private Petrenko was on duty that day at the camp’s checkpoint. After taking a position in a nearby manhole, he asked his commanding officer whether the war had already begun. By lucky coincidence, the officer on duty that day was First Lieutenant Igor Serov, whose specialty was chemical defense. Serov was not sure whether the explosion was an act of a sabotage or an accident, but he assumed that one way or the other there would be a release of radioactivity. He told Petrenko to put on a gas mask and get back to the checkpoint.

Serov then ordered the soldiers who, alerted by the explosion, had rushed out of the barracks, back to their quarters. He instructed them to board up the broken windows, sprinkle the floors with water to eliminate dust, shut down the canteen, and seal off all food products, which he believed to be contaminated. The measures taken by Serov came not a moment too soon. The gray-black cloud soon blocked the sun and covered the sky above the camp. Dogs began to howl, and birds disappeared from the sky. The soldiers in the nearby camp occupied by a military construction unit did not know how to react. Serov saw them running out of their barracks, throwing their hats into the air, and yelling something that he could not comprehend.

Serov returned to his own duties. He called for the dosimetrists, who took readings and told him that he had to evacuate the camp. But Lieutenant Serov had no authority to make such a decision. Neither did his superiors, including the unit commander, Colonel Ivan Ptash­kin. The permission to evacuate had to come from Moscow. They locked themselves in and waited. The order finally arrived early in the morning of September 30. Before leaving the compound, the soldiers were ordered to slaughter the animals. They gunned down the pigs from the makeshift farm they had set up to supplement their meager rations, then the horses they used for transportation and the dogs guarding the perimeter of the complex, whom they had come to love. It was an impossible task to perform, and one soldier saved his favorite horse, named Grim. In a few days the horse became a shadow of itself. “The hair on Grim’s back came off, and he had sores there,” recalled Serov. The horse was highly contaminated and became a source of radiation. They had to kill it.

The unit began the evacuation after 2:00 a.m., some getting into trucks, others marching along the dusty radioactive roads. Upon reaching the ad hoc sanitation post, they were ordered to surrender their clothes, which were thrown into ditches, flooded with water, and covered with dirt. The order came to clean and keep the weapons. “The wooden parts were scraped down to a white color,” remembered Serov. “The metal parts were cleaned with sand and sandpaper.” It did not help. Since the rifles were still “dirty,” the armory refused to take them back for storage. The soldiers put them on their shoulders. Too dirty for the armory, they were considered fine for carrying around. Only the most contaminated of the rifles were wrapped in oil paper, packed in wooden boxes, and buried at a secret location. More than 1,000 soldiers received radiation doses in excess of the permitted norm, 63 of them up to 50 roentgen, and 12 were hospitalized with symptoms of radiation poisoning.

With everyone gone, Lieutenant Serov stayed in camp another day. He oversaw the removal of the weapons and equipment from the unit’s territory. Altogether he spent thirty hours in the immediate vicinity of the explosion site. He was vomiting blood when they took him to the hospital. They cleansed his stomach. He asked that a radioactive check be done of the liquid extracted, but the doctors refused.20

Along with the soldiers, among the first to be affected by the blast were convicts in the forced-labor Gulag army that had helped build the nuclear complex and was now working on its new facilities. The camp, surrounded by a barbed-wire fence complete with watchtowers, was in the immediate vicinity of the exploded tank. First to go were the wooden watchtowers, which were swept away by the blast. In theory, the road to freedom was now open to the convicts. One of the soldiers thrown off a tower by the explosion survived the blast and took a position near the half-destroyed fence, but there was no one running away from the camp. Radiation levels in the area were reaching 300 roentgen per hour.21

Georgii Afanasiev, a twenty-seven-year-old convict, was thrown off his bunk bed by the explosion. When he looked out the smashed window of the barracks, he saw “a quickly expanding mushroom-shaped fireball.” It soon eclipsed the sun. Afanasiev did not know what it was. He and his friends knew that they were working on a nuclear site. They called the regular personnel dressed in white clothes “chocolate people,” as rumor had it that they were given a kilo of chocolate per day to offset the harmful effects of radiation. But they had never thought that the radiation could jump across the fence and affect them as well.22

Fallout in the form of black soot came half an hour after the blast. Everything was covered with a black layer approximately 1.5 inches (3 to 4 centimeters) thick. “People started sweeping it off with a rag, a piece of paper, or a jacket sleeve, but it kept falling,” recalled Afanasiev. He and his fellow convicts had to clean it off the tables and benches on which they were served their last supper in camp. Although they did not know it at the time, the radiation levels there were extremely high. A loaf of bread in the prisoners’ canteen emitted radioactivity at a level of 50 microroentgen per second.

It was only at 2:00 a.m. the next morning that they were ordered out of camp. The decision was made in Moscow at the same time as the decision to evacuate the military. Semen Osotin, a young dosimetrist who participated in the evacuation, was also a member of the team that dealt with the convicts. He recalled later that the soil was too dirty to walk on, so they covered it with wooden boards and used them to march the prisoners out. But with no radiation fallout maps available, they moved the convicts to another location that turned out to be highly contaminated. Radiation levels there were measured at 150 to 200 microroentgen per second. It was only later in the morning that the convicts were moved 0.2 miles (half a kilometer) away from their allegedly safe place.23

Osotin and his team set up two tents. In one they ordered the prisoners to strip naked, washed them with the cold water from the fire hoses, and issued new clothes. Shoes were emitting radiation at 10 to 25 microroentgen per second, and clothing 5 to 15 microroentgen per second. Afanasiev, who was among the prisoners assessed by Osotin and his team of dosimetrists, remembered that the scale of the equipment with which he was scanned went up to 800. The convicts were dispersed to different camps and then released before serving their full sentences. “We had little cause to complain,” recalled Afanasiev. “We thought that if that had happened under Stalin, we would have been shot long ago.”24

While the entire site was in a state of emergency, no word about the imminent danger was passed to off-duty workers and citizens of the company town of Ozersk. Vladimir Matiushkin, a young technician, spent the afternoon at the city stadium watching a soccer game between two local teams. It was 4:24 p.m. when he heard an explosion. He did not pay much attention: explosions had been happening in and around the city on a relatively regular basis, as new facilities were under construction, and explosives were often used to blast rocks and dig trenches. What seemed unusual this time was that city officials present at the game began to leave their coveted spots in the seating area. But that mattered little to Matiushkin, because the game was still going on.

In the evening, Matiushkin accompanied his wife to a bus stop as she left for the night shift at one of the Maiak facilities. The couple found themselves enjoying an unusual spectacle in the skies, which were changing color from pink to red, then to bright red, and back again. It was a beautiful sight. The spectacle was accompanied by sounds in the air: they heard cracks as if someone were breaking dry branches, recalled Matiushkin later. As his wife boarded the bus, Matiushkin returned home, still enjoying the beautiful colors in the sky. Then he went to bed, as his own shift would start in the morning. The colored clouds that Matiushkin and his wife enjoyed so much that evening were carrying particles of radioactive dust. For the next three nights, everyone in the Kyshtym area could watch the radioactive Northern Lights, courtesy of the Maiak chemical works.25

THE EXPLOSION TOOK PLACE AT THE WORST POSSIBLE TIME from the managerial viewpoint. Not only was it Sunday, but the director of the Maiak complex, Mikhail Demianovich, was on a business trip to Moscow. He learned of the accident after the officials dispatched from the ministry found him at the city circus, enjoying the performance. Also gone was the vacationing Anatolii Pashchenko, the director of chemical works plant no. 25, in whose nuclear-waste storage facility the explosion had taken place.26

In Ozersk, Nikolai Semenov, the thirty-nine-year-old deputy chief engineer of the complex and former chief engineer of the Annushka reactor, took charge. Within twenty minutes of the explosion he had summoned the key managers to the plant. The immediate task was to measure radiation levels. Semenov divided the dosimetrists into groups and sent them into the field. It took a while to gather them, and by the time they started to take readings, darkness had fallen on the town and the plant: first the sun was obscured with dark clouds produced by the explosion, and then the twilight of the autumn day set in. To see the readings on their equipment, the dosimetrists first used matches and then, after running out of them, car lights. Semenov received the first results of the survey around 10:00 p.m.27

The situation was grim. Radiation readings around the exploded tank and on the adjoining territory of the plant were extremely high. At a distance of 328 feet (100 meters) from the center of the explosion, gamma radiation reached 100,000 microroentgen per second; at a distance of over a mile (2.5 to 3 kilometers), it was anywhere between 1,000 and 5,000 microroentgen per second. The permitted norm of exposure at the time was 2.5 microroentgen per second, and even at that, a person was allowed to be in the contaminated area no longer than six hours. The dosimetrists identified the beginning of the radioactive trace, which was approximately 525 feet (160 meters) wide. Luckily, it led away from the city. At 5:00 a.m. they set up a checkpoint for radioactivity control to prevent the movement of irradiated vehicles and people from the zone most affected by the fallout. It was not a moment too soon: the morning shift at the Maiak complex and the movement of people and vehicles between the city and the nuclear complex was about to pick up.28

Those who arrived for the start of the morning shift on Monday, September 30, knew little about the explosion and the deadly danger it presented to them. The order of the day was to clean up radioactive debris in the areas and buildings adjacent to the explosion site. Dim Iliasov, a young designer at the chemical works that “owned” the nuclear-waste site, remembered that day extremely well. He was appointed chief of a crew of five engineers—four men and one woman—who, along with other similar crews, were cleaning a building affected by the blast and full of radioactive debris. They were given shovels, brooms, and stretchers but no protective gear. Iliasov was not sure whether they had been given respirators as well but remembered that those were in short supply. In the showers at the sanitation post they rubbed their skin so hard that it was painful to put on clothes. One of the accepted procedures was to rub one’s hands on the concrete floor of the shower until they were as red as boiled crayfish.29

For the young electrician Anatolii Dubrovsky and his friends, who had just graduated from trade school, it was their first day on the job. They knew nothing about the previous day’s explosion. What happened to Dubrovsky that day looked like a grotesque initiation ritual. He and his friends were ordered to put on gas masks, protective uniforms, and rubber boots, and a man with a dosimeter directed them to remove shrubs from a flower bed in front of the plant’s office building. It turned out to be a radiation hot spot. After they were done, a fire truck showed up, and the driver washed them with the fire hose. A dosimetrist keeping a 16-foot (5-meter) distance from the “gardening crew” told the young men that their boots and clothes should be buried. “And are we also supposed to be buried?” asked Dubrovsky, the gravity of the situation dawning on him.30

Instead, Dubrovsky and his friends were sent to the sanitation post to wash off the radiation. They did their best to wash themselves and were then summoned to their boss, who offered them alcohol. Everyone was under the impression that it helped to fight radiation. It did not help: as Dubrovsky tried to leave the premises of the plant, he was stopped by radiation safety officers and turned back to the showers. Again, he did his best to wash off the radioactive particles from his body, but the radiation level was still high. The radiation safety officers at the checkpoint gave up and allowed him to go home. Hungry, he and his friends rushed to the canteen but were stopped by radiation control personnel: they were radioactive. They returned to their dorm hungry and suffering headaches, then went to bed. Decades later, Dubrovsky attributed his numerous health problems to that first day at the plant.31

The search for the causes of the accident and those responsible for it also began on September 30, the day after the explosion. Nikolai Semenov, still in charge, called in Valerii Komarov, the shift foreman who had been the first to report yellow smoke over the nuclear waste complex and on whose shift the explosion had taken place. Semenov requested the shift’s log and then verbally attacked Komarov. “He cursed me in every way possible as the one responsible for the explosion, not giving me a chance to open my mouth,” recalled Komarov years later. “And every time I tried to say something, he brutally stopped me and told me to remain silent.” After venting his rage, Semenov was finally prepared to listen. “He asked me a great many questions of various kinds, with such contempt that I felt as if I were indeed a scoundrel and wholly responsible for what had taken place,” remembered Komarov. He did not argue with Semenov.

The blame game was part of Soviet managerial culture. Those who could not play it well paid not only with their positions but also with their freedom, as Soviet managers under Stalin were often put on trial for allowing industrial accidents to happen on their watch. They were accused and often convicted of being saboteurs and spies. Their survival strategy was to shift responsibility to underlings and punish them before they were punished themselves. Semenov knew the rules and applied them well. In a few years he would be promoted to director of the entire Maiak complex and end his career as a deputy minister in Moscow.

The public dressing-down of Komarov was part of Semenov’s preparation for the arrival of a high government commission from Moscow. The scapegoat was found and responsibility for the accident shifted from the designers and top managers to the personnel. In the minds of many, Komarov became the culprit. “Later, after some time, everyone genuinely believed that I was guilty of what had taken place, and that it was my fault and no one else’s that it had happened. And even those who had worked with me at the complex were convinced of it.”32

THE NEWS ABOUT THE EXPLOSION AT MAIAK CAME AS A COMPLETE surprise to Yefim Slavsky, the former chief engineer of the complex, who had recently been appointed minister of medium machine-building, the name used to conceal the purpose of the ministry, which was the direct successor of Beria’s atomic bomb project. Slavsky was now in charge of the entire Soviet nuclear effort, which included everything from producing plutonium to building bombs and exploding them. Reactors and radioactive waste tanks were not supposed to explode, but now one of the latter had done so, and it was up to Slavsky to deal with an emergency that dwarfed all the nuclear accidents he had experienced in his career.

Slavsky recalled that when news of the accident first arrived from Ozersk, he and his lieutenants in the ministry got together to assess the situation. As the report was preliminary, incomplete, and confusing, they assumed that their worst fears had come true: there had been an atomic explosion at their nuclear complex. Slavsky had to report the bad news to the Kremlin. The new Soviet leader, Nikita Khrushchev, who had survived an attempted coup by Stalin’s former lieutenants in July 1957 and emerged as sole ruler of the country, was away on vacation. Two days earlier, on September 27, he had received Eleanor Roosevelt, then visiting the Soviet Union, in Yalta, the site of the 1945 conference. The person in charge at the Kremlin was Slavsky’s old boss, Anastas Mikoyan; Slavsky had worked under him during World War II before joining the atomic project. It was Slavsky’s good fortune that instead of dealing with the mercurial Khrushchev he reported the worst possible news to a calm and generally friendly Mikoyan. He told Mikoyan that he was going to the site of the accident.33

It would appear that before Slavsky left Moscow, he did not avoid a telephone conversation with Khrushchev. According to one account, the Soviet leader was furious and would not listen to any excuses. He threatened to “bury” Slavsky, as Beria had threatened to turn scientists into prison dust. “What are you doing—playing the fool?” Slavsky recalled Khrushchev’s words years later. “The fortieth anniversary of October is a month away, guests will arrive from the world over, and this is the surprise you’ve prepared for me? Fly to the site and report to me right away about the liquidation of that accident, or whatever it is you’ve gotten into.” He added, shouting, “Obviously, the June plenum didn’t teach you anything!” before ending the conversation. It was a threat to dismiss Slavsky as he had dismissed his main opponents and expelled them from the party in July 1957. The opponents included Georgii Malenkov, who had declared the Soviet detonation of a hydrogen bomb before the USSR actually got one.34

For reasons unknown, Slavsky did not reach Ozersk and Maiak until October 2, three full days into the crisis. The highly unpleasant conversation with Khrushchev must still have been on his mind, and he was in an agitated state. Nikolai Semenov and the director of the complex, Mikhail Demianovich, who had returned from Moscow on the second day of the accident, were there to welcome him. Slavsky lambasted his subordinates. The father of the Soviet hydrogen bomb, Andrei Sakharov, knew Slavsky very well and left a thorough characterization of him. “Trained as a metallurgical engineer, he was a skillful organizer and a hard worker, decisive and bold, quite thoughtful, intelligent, and eager to nail down a definite opinion on every subject,” wrote Sakharov in his memoirs. “He was also stubborn and often intolerant of the views of others. He could be gentle and polite or, on occasion, extremely crude. Politically and morally a pragmatist.”35

Slavsky was notorious for his foul language and ability to dress down his subordinates. He became a character in dozens of horror stories that subordinates told one another. In one of them, a ministry official tried to explain to Slavsky what had happened on three separate occasions but would leave Slavsky’s office each time with no opportunity to say a word as his boss continued his verbal attack on him. Slavsky would order women out of the conference room before tongue-lashing his subordinates, using all his extensive knowledge of Russian obscenities. He admitted that his abusive style came directly from Beria, the first head of the Soviet atomic project. “All that came from Beria,” he told his subordinates after Beria’s ouster in 1953. “You should have seen how he treated us!”36

But Slavsky’s managerial style aside, he was not Beria. The fact that it was he, and not a party secretary or a Central Committee official, who led the state commission was good news for Semenov and everyone else at the Maiak complex. They were not being investigated by the party leadership or the KGB but by one of their own, who had worked at the complex himself and knew how dangerous the industry was, as well as the difficulty of managing new technology without an accident. Despite his propensity for foul language, Slavsky never bore grudges and was generally protective of his aides and subordinates.

THE COMMISSION THAT SLAVSKY BROUGHT TO MAIAK included top officials from the Academy of Sciences, ministries dealing with nuclear issues, and the ministry of health. The situation was dire, and Slavsky’s main concern was the possibility of new explosions. The one that happened had destroyed not only tank no. 14 but also the water pipes and ventilation systems that were keeping the rest of the tanks cool. Without the cooling systems in place, it was only a matter of time before the other tanks in the damaged bank began exploding. As far as Slavsky was concerned, nineteen more explosions could happen any minute unless he found a way to bring water and air to that bank. He was working against time.37

But first he had to find out how bad the radiation level was at the site. A few days earlier, Yurii Orlov, the deputy chief mechanic of the plant, had got into a Soviet T-34 tank—he had fought in the same machine during World War II—and driven to the epicenter of the explosion to measure radiation levels. The readings he got were harrowing. On the approach to the damaged storage tank they were 1,000 microroentgen per second—400 times the emergency norm. And yet Slavsky was supposed to deploy his people in the epicenter, where radiation levels were estimated in excess of 100,000 microroentgen per second, or 40,000 times the norms. That would be a slaughter, with little to show for it, and it was not even certain that his subordinates, some of whom knew the situation as well as he did, would follow orders.38

What was to be done? Someone suggested building safe passages to the explosion site. The main source of radiation was the contaminated dirt spread by the explosion, went the argument. What if it were covered with a layer of clean dirt to reduce the radiation levels? Slavsky liked the idea. On October 2, the day of his arrival at the site, the minister issued an order laying out his plan of attack. From behind the walls of one of the plant’s buildings, where the radiation level was lowest—100 microroentgen per second—they would start building a road to the exploded tank. One yard of dirt in its foundation would reduce irradiation from the ground. Slavsky gave his people two days to get the equipment needed to build the road. Five bulldozers were “dressed” in sheets of lead up to 2 inches (20 to 50 millimeters) thick.39

Slavsky also had to find and motivate people who were supposed to go into the most dangerous place on earth. The same order of October 2 provided wage increases of 25 percent for engineers and 20 percent for workers. That was what Slavsky could do according to a Soviet law allowing extra payments to those working under especially dangerous conditions. On top of that, he promised the employees bonuses doubling their monthly wages and salaries. But Slavsky knew that in order to deal with the disaster, he needed more than the engineers and workers on site. The army, with its manpower and discipline, once again came in handy. On October 3, Slavsky, whose authority extended to the military personnel on the site, ordered the formation of two army battalions, each with two hundred men. The soldiers were to work on liquidating the consequences of the accident until they got a radiation exposure of 25 roentgen. After that they were promised permission to go home, a huge incentive for military conscripts with a mandatory service term of three years.40

As preparations for the building of the road began, Slavsky sent his scouts to find a way to bring badly needed water and air to the remaining storage tanks. On October 5, after a few days of work, military engineers blasted a hole in the one-yard-thick concrete wall surrounding the bank of tanks. Into that hole went two dosimetrists. The senior man was V. I. Rytvinsky, who had earlier worked at the underground waste complex but was overexposed to radiation and assigned to a safer job. Now he was sent back, assisted by a young colleague, Yevgenii Andreev, who left a memoir of their all-but-suicidal mission.

It was a rainy autumn evening when the two embarked on their task. They ran toward the exploded bank for approximately 100 yards, trying to avoid exposure to radiation when in fact they were heading toward its main source. Once inside, they stopped to gather their thoughts. “And what’s ahead, what’s waiting for us?” wrote Andreev, recalling his thoughts. “Perhaps there was sabotage and detonation from a distance? And perhaps conditions had developed for the explosion of other tanks.” Eventually they took control of their emotions and made their first steps along the underground corridor. Immediately “there was a deafening din,” recalled Andreev, “accompanied by gnashing and rustling—sheets of nonrusting steel were lying about on the floor, as well as pieces of reinforced concrete and concrete dust.” Andreev could feel “a trickle of cold sweat running down my spine.” They took a short break and resumed their movement forward.

“Finish as fast as we can,” thought Andreev to himself as he and Rytvinsky measured the radiation inside the damaged bank. It was dark, and they could not see the readings without using their flashlights. Then they suddenly saw a light at the end of the tunnel, but not of the kind they were hoping for. As they reached the end of the corridor, Andreev recalled, later, “the evening sky appeared above us.” They looked at the counters. The dial showed 100,000 microroentgen per second. They turned back and ran in the opposite direction toward the hole, then out of the underground bank toward the safety of a nearby building. At the sanitation post they showered, taking excessive time not just to clean up but also to calm their nerves, given the very high radiation levels to which they had been exposed. But they had done their job, entering the exploded complex and bringing back radiation readings.41

The question was what to do next. The corridor in which the explosion had taken place happened to be the most important one in the entire underground structure, housing the cooling and ventilation pipes to the rest of the banks. The results of the dosimeter measurement left no doubt that it could no longer be used for that purpose. The group of engineers from Leningrad who had designed the bank were now on site, and they suggested an alternative: bringing water and air to the surviving banks from outside, separately to each bank. Slavsky agreed. The drilling equipment used for the construction of the underground military complex in the Krasnoiarsk region was shipped to Maiak. Along with the equipment came the tunnel diggers who had built the Moscow subway system. The Soviet command economy was good at mobilizing resources, and Slavsky knew how to take advantage of it.42

The tunnel diggers were asked to drill through 10-yard-thick concrete walls and were prepared to do so. With great difficulty they drilled the first hole: the concrete wall turned out to be reinforced with metal, as the designers had forgotten to tell them. But the first hole was a bust—they drilled into the wrong corridor. It turned out that the engineers installing the drilling equipment had measured inaccurately: working in the overheated corridor beneath the ground under enormous stress, they had been eager to finish the job as quickly as possible. The engineers went back and fixed the error. The next hole went where it was supposed to go. Now they knew what they were doing. The managers were told not to stop drilling under any circumstances: progress was reported twice a day all the way to the Kremlin, to Nikita Khrushchev himself.43

“Conditions for liquidating the accident were hellish,” recalled a participant in the cleanup and construction work at the epicenter of the explosion. “High radiation, extensive contamination, including radioactive aerosols, high temperature from the heated containers, high humidity, poor lighting, and fear that any of the ‘cans’ (as we called the tanks) might explode, as they were not being properly cooled.” The temperature in the corridors of the underground waste complex exceeded 127ºF (53ºC). It felt even higher, as they worked in heavy protective gear that made air circulation all but impossible. Shifts lasted twenty minutes, followed by an hour’s break.

Because of the high radiation levels, safety officials limited the time that workers could spend in the area and tried to reduce their exposure to radiation. They were losing their battle with management, which wanted the workers to stay longer. Although the permitted dosage was 25 roentgen per person, many were getting more than 40 roentgen. And even at that, Slavsky was running out of qualified personnel, especially among the drillers. Once again, the army saved the day. Soldiers were trained on the spot to operate the drills and sent to the explosion site. The soldiers did their jobs. Next came the welders and pipefitters, who put together new pipes and ventilation systems, managing to supply cooling water before any new tank exploded. Slavsky could breathe a sigh of relief.44

The decontamination of the Maiak site and nearby territories irradiated by 18 million of the 20 million curies released by the explosion was another major challenge facing Slavsky and his men. The government commission estimated that 30 percent of the territory of Maiak was highly contaminated. The radiation “tongue” leading from the explosion was approximately 600 yards wide, with radiation readings as high as 600 microroentgen per second. Once the dosimetrists came up with the radiation map, workers began cleaning the roads leading to the reactors. Fire trucks were sent to wash them with chemical solutions; bulldozers were brought to remove the 8-inch (20-centimeter) layer of soil along the paved roads. The cleaned roads on which workers were brought to their shifts cut through heavily irradiated zones. One did not need radiation counters to see where the damage was greatest. Birch trees in the affected areas had lost their leaves immediately, while pine needles turned orange before falling off the trees. The dead forest was depressing to any worker who looked at it on the way to his job.45

Right next to the exploded bank was the building of a not-yet-completed chemical plant called Double B. It was supposed to replace the existing one and had been scheduled to open when the explosion took place. Contamination in the area was so bad that Slavsky did not know whether it would be easier to decontaminate the building or tear it down. When he asked the managers for advice, they remained silent at first: the situation was extremely dangerous, but they had spent so much time and effort building the plant that they found it hard to give up. The head of the construction directorate, Petr Shtefan, worried about the safety of his construction battalions, which were staffed with young soldiers. But the director of the plant, Mikhail Gladyshev, wanted it to start working as soon as possible. He proposed to decontaminate it after building a sanitation post where the construction workers and his own personnel could shower after their shifts.46

Slavsky agreed. He was saving both money and time. They would decontaminate the building and launch the plant. But the army engineers were reluctant to move into the highly contaminated area where the new plant was located. “Here we came up against what was bound to take place,” recalled Gladyshev. “The worker-soldiers would not go to the place that was to be cleaned up. They stood in silence, not carrying out their orders, especially as their commanders did not even try to give orders as required—they were frightened themselves.” Gladyshev and the safety control officer resorted to a trick. They went to the contaminated zone, lit their cigarettes, and began a leisurely conversation, sending a signal to the soldiers that the area was safe. “That helped,” recalled Gladyshev. “They began to approach us and started working. It was hard to overcome fear the first time but then became easier.”47

During the first weeks after the explosion, as many as 10,000 people were at work on the site, either helping to bring water to the tanks or involved in the decontamination effort. Few of them fully realized the danger to which they were exposed. A young manager, Nikolai Kostesha, remembered that a brick building at the railway station that was emanating 300 to 400 microroentgen of radiation was torn down “with heavy crowbars, levers, and axes; the rubble was then buried in a pit.” Kostesha belonged to a demolition crew that destroyed highly contaminated buildings. Wooden ones were simply burned down. A nuclear crematorium was at work, sending radioactive ashes into the atmosphere and bringing radiation to the areas that had remained “clean” after the explosion.48

OZERSK, OR, AS IT WAS KNOWN AT THE TIME, CHELIABINSK-40, was a city never marked on a map. If it had come to the worst, with the city so contaminated that it had to be burned down, no one outside the region would ever have known of its existence. Fortunately, there was no need for that measure. The city turned out to be relatively “clean,” as the wind was blowing in the opposite direction at the time of the explosion. Nevertheless, radiation levels went up in Ozersk as well. Alpha radiation levels were forty times the norm, while beta radiation readings were 1,200 times the norm.49

Boris Semov, a young dosimetrist employed at the Maiak complex, was on vacation when the explosion took place. He and his wife were enjoying warm weather at the resort owned by Maiak in the Black Sea city of Sochi. Semov learned about the accident from coworkers who arrived for their vacations soon after it occurred. They made a strange impression on Semov. “The new arrivals were somehow frightened and taciturn, but finally they began to talk,” recalled Semov. “They related terrible news: there had been a great explosion at the plant. Evidently, a great many radioactive substances had been released into the air.”

People around Semov became worried. Those at the resort who were ready to go home now doubted whether they should do so or perhaps return their airplane tickets and stay where they were. Everyone looked to Semov, an expert in the field, for advice. He asked the new arrivals about wind direction on the day of the explosion. It turned out that the wind had been blowing toward the complex and away from the city. Semov suggested that it was safe to return. Soon he and his wife were on their scheduled flight to the regional capital of Cheliabinsk. From there, they traveled by car. “We awaited our arrival in our home town with some apprehension,” recalled Semov. “The first surprise was at the KPP [checkpoint]. The usual check was accompanied by a dosimeter reading of the engine. The street, usually unsightly, had been cleaned with water.”50

The city was now in radiation quarantine mode. Semov was immediately put to work checking the radiation levels of vehicles entering the city. Radiation “dirt” was coming from the plant, and the task was to stop it from entering the city. All those working in the industrial zone affected by fallout were instructed to leave their clothes in lockers before the start of their shift, put on work clothes, and then change into their own at the end of the day. That was a novelty for many, especially office workers who had no special work uniforms. Showers were now obligatory for everyone entering the zone, and there were not enough shower facilities to accommodate everyone. Management made the construction of new ones a priority.51

The first radiation control point was established in the city on September 30. In early October, the dosimetrists there caught their biggest radioactive “fish.” Minister Slavsky was returning from the site to the city when the dosimetrists stopped his car, asked him to get out, and took readings of his rubber boots. They were “dirty,” and a dosimetrist asked the minister to wash them. In complete silence Slavsky removed his boots and, instead of washing them, threw them onto the side of the road, got into the car, and ordered the driver to go. Rumors about the minister walking to his office barefoot after the encounter at the checkpoint spread all over the city, serving to remind everyone how serious the situation was.52

But the radiation checkpoint could not solve all the problems that besieged the nuclear city. It soon became apparent that it was impossible to wash or clean radiation particles off the buses and trucks arriving at the plant, no matter how much time and effort were spent in the attempt. A new formula was found: dirty vehicles would stay in the dirty territory, and engineers and workers would be brought to the checkpoint in clean buses, get into the dirty ones, and continue their trip to their workplaces in the industrial zone. Clean buses would pick them up at the checkpoint once their shift was over and bring them back to the city. Some of the dirty buses and vehicles were so contaminated that a single trip would force people to give up the clothes in which they had traveled and even shave their heads to get rid of their radioactive hair.53

In a few weeks, the dosimetrists realized that the dirtiest spot in the city and thus the main source of contamination was the radiation control point itself. Radioactive particles washed off dirty vehicles stayed on the spot, and, as people walked from dirty buses to clean ones, they picked up radioactive dust and carried it into the buses and their apartments. A bulldozer was called in, and the topsoil around the car wash was swiftly removed and buried in a ditch nearby. But bulldozers could hardly be a solution in the city itself: the dirtiest area turned out to be Lenin Street, where the control point was located and most of the top officials lived. They washed Lenin Street and adjacent roads with special solutions, and as snow covered the ground, reducing radiation levels, the dosimetrists moved inside buildings, taking readings in every office and apartment.

In the central branch of the local bank they checked ruble bills and realized that the dirtiest ones were those of small denomination that circulated most. They removed them and established a special radiation checkpoint at the branch. In apartments they checked furniture and personal belongings. In one apartment the radiation control officers found a highly contaminated cradle made of metal pipes stolen from the plutonium production plant months if not years before the accident—another instance of the chronic shortages in the Soviet economy. The child who used to sleep in the cradle had died. The same had happened to the mother who had taken care of it. The father was extremely ill.54

By increasing radiation control and sending dosimetrists to street corners and even into people’s apartments, the city fathers managed to keep the town relatively clean, but by sticking to the established tradition of secrecy and providing no official information on the state of affairs, they soon lost whatever trust the people had in their leaders and institutions. Engineers and skilled workers began to leave their jobs en masse. Close to three thousand of them, or roughly one-tenth of the entire workforce, packed their bags and left the city. Among them were members of the Communist Party. As party bosses ordered them to stay, some members turned in their cards, leaving not just the city and their coveted jobs but also the political body in which membership was a prerequisite for any successful career in the USSR.55

“Those who are spreading panic about the city are not communists,” declared a leader at the party conference on October 8, 1957, a mere ten days after the accident, but such pronouncements fell on deaf ears. The party had to figure out how stop the outflow of people. Two months after the explosion, they finally decided that they had to talk to those who had stayed. Propagandists were sent to people’s apartments. They admitted that the accident had happened, while assuring people that no one had been killed and that there was no danger to those still living in the city. Statements and rumors to the contrary were denounced as acts of treason. The authorities’ very admission of the accident had a positive and calming influence on the public. The uncontrolled exodus from the city stopped. With winter setting in and snow covering the contaminated soil, the city authorities declared victory in their battle against radioactive contamination.56

The accident now became an open secret of the closed city of Ozersk. But that secret was supposed to stay there. It was never mentioned by regional or national media. The authorities saw no reason to do so. Radiation was harmful but invisible, and one could easily pretend that it had never happened. There was only one problem. As the explosion had released billions of irradiated particles into the air, people all over the region, including its capital of Cheliabinsk, with a population of some 650,000, could see bright reddish lights in the night skies. They looked to many like the Northern Lights, and that was exactly what government officials suggested.

“Last Sunday evening,” wrote the regional newspaper, The Cheliabinsk Worker, on October 8, 1957, “many residents of Cheliabinsk observed a particular luminescence of the starry sky. That luminescence, fairly rare in our latitudes, had all the characteristics of the Northern Lights. The intensive luminescence, sometimes changing to pale pink and pale blue, covered a considerable part of the southwestern and southeastern horizon.” The article had a chilling ending for those who knew what was actually going on. “The Northern Lights,” wrote the newspaper, “will remain visible in the Southern Ural latitudes.”57

The accident at the top-secret plutonium production facility of the Maiak nuclear complex was classified as a state secret, so sharing any information about it was punishable by law. Late in 1958 the regulations were somewhat relaxed, but even then people who discussed the accident were threatened with imprisonment. That happened to the wife of Yurii Burnevsky, who moved from Ozersk to Leningrad soon after the explosion, when she mentioned the accident during a job interview with the secretary of the Leningrad party committee.58



OF THE 20 MILLION CURIES OF RADIATION RELEASED BY THE explosion, 18 million descended on the plant itself. Most of the remaining 2 million were carried away from Cheliabinsk-40 by the wind and, after landing on soil, created the East Urals Radioactive Trace—an expanse of radioactive land northeast of the city. No spike in the radiation levels over Europe or Asia was registered by the NATO experts at the time.

The authorities received their first estimate of the spread of contamination in early October, when a group of dosimetrists was dispatched to measure radiation levels around the city. Most contaminated were the trees in the forest and the surface of the soil to a depth of approximately 1 inch (2 centimeters). The first readings already showed that some parts of the affected area were more contaminated than others. In an area of 39 square miles (1,000 square kilometers) that was home to about 10,000 people, the readings showed a radiation level of at least 2 curies per square kilometer. Within that zone was an area that had received even higher doses of radiation, up to 100 curies per square kilometer. It was home to 2,000 people. Later research showed that the contaminated area was significantly greater than originally assessed, encompassing roughly 7,722 square miles (20,000 square kilometers).59

Yefim Slavsky and his assistants already had a model for dealing with highly contaminated areas outside Maiak—resettling the residents of affected villages. That policy had been applied to the village of Meltino in 1951 after the release of highly contaminated waste into the Techa River. In the Urals, the Soviets acted more or less as General Clark had done with the affected atolls in the Marshall Islands back in 1954, although the number of people who had to be moved after being affected by fallout was significantly greater. It also took much longer for officials to figure out what was going on, measure the radiation, and move the people out.

When radiation safety officers arrived in the village of Berdianish, located in the fallout zone, its eighty-five households totaling 580 residents were continuing their everyday routines, not having been warned about the accident or the danger it posed to them and their environment. One of the dosimetrists, D. I. Ilin, spotted children playing on the street. “With this instrument I can tell exactly which one of you has eaten the most porridge,” he said as he approached the children, placing his dosimeter next to their stomachs. The reading was a staggering 40 to 50 microroentgen per second. When the safety officers measured the excrement of geese walking around the village, it registered 50 to 70 microroentgen per second. Average readings on the ground measured lower than that, but in some areas they were as high as 400 microroentgen per second.60

Mikhail Demianovich, the director of the Maiak complex, would not believe his ears when they gave him the readings. The information was double-checked and turned out to be true. But the dosimetrists found other villages where it was worse than Berdianish. In the village of Galikievo, approximately twice the size of Berdianish, readings were as significantly higher than in Berdianish, and in the small village of Saltykovo, which had forty-six households and a population of 300, readings ranged from 20 to 310 microroentgen per second. After one month in the village, an individual would accumulate a life-threatening dose of radiation. Although the resettlement policy could theoretically be implemented, there was no ready housing available elsewhere and no time to build it.

Resettlement planning was overseen personally by Yefim Slavsky, and the first decisions in that regard were made on October 2, his first day on the site. At that point information was incomplete and prognoses for the improvement of the situation overly optimistic. The commission directed by Slavsky decided that the villagers of Saltykovo should be resettled temporarily until the first snowfalls covered the contaminated soil. After that, they could return to the village until spring. The residents of all three villages would then be resettled permanently in housing built by the Maiak complex construction crews in the “clean” areas. That was the original plan, but a few days later, having obtained more information, they decided to move all three villages permanently. The refugees would be settled temporarily in barracks at “clean” collective farms and industrial facilities.61

Slavsky recalled that the decision to resettle the villages was made when it became known that cattle in the most affected areas were bleeding. The evacuation turned into a highly traumatic experience for the villagers. The entire operation was conducted in an atmosphere of secrecy, and evacuees were forced to sign nondisclosure documents that threatened them with prison sentences if they discussed the reasons for their resettlement. On his visits to the villages, Slavsky tried to remain incognito. When one Bashkir woman asked him who he was and what he was doing there, he did not give her a straight answer. After she reported him to the head of the village council, and it became clear who he was, she felt offended: “Why did you have to deceive me?”62

Slavsky had no answer. In general, he found that inhabitants of Tatar and Bashkir villages, who often did not understand Russian and communicated through interpreters with limited knowledge of that language, were easier to deal with than ethnic Russians. This seemed to be the same phenomenon that the Americans had encountered in their Pacific Proving Grounds. For linguistic and cultural reasons, the native population seemed quite accommodating toward central government orders. The two superpowers waged rhetorical wars on empires while taking full advantage of colonial practices in their nuclear backyards.

The dwellers of Saltykovo left their village by October 5. The order to begin evacuating Berdianish was issued three days later. People were put on trucks. Once they reached their destination, their clothes were taken away and new ones issued. They would never see their villages again. Soldiers took care of the cattle that remained in the villages. Cows, which turned out to be the “dirtiest” of all domestic animals because they ate highly contaminated grass, were pushed into pits, shot, covered with kerosene, and buried in dirt. With the soldiers’ job done, crews of Maiak employees moved in to measure the abandoned houses and barns in order to calculate compensation for the resettled villagers. Then the same crews burned the houses to prevent the return of the previous occupants and get rid of the highly contaminated structures.63

Gennadii Sidorov, a young technician new to the Cheliabinsk-40 complex, had headed a crew of Maiak arsonists earlier that year. They began their work in February 1958 by burning down the village of Saltykovo. The first step was to check the direction of the wind. If it was blowing away from the city, they would go from one barn or log house to another and set them on fire. “We left late in the evening,” recalled Sidorov. “Against the background of the evening sky, the huge fire could be seen several kilometers away.” With Saltykovo gone, Berdianish and Galikievo were next. Although the crews that burned the villages were supposed to wear protective gear, Sidorov recalled that he and his team had none. It was anyone’s guess how much radioactivity he had inhaled himself and helped spread by burning the houses.64

In February 1958, as Sidorov and his crew were busy destroying the three villages, the government decided to evacuate additional settlements in the contaminated areas. The Maiak construction department was ordered to set up tent camps where the evacuees could spend the summer and build permanent housing before autumn. Sidorov and his crew were now sent to the new villages to help with the evacuation. The peasants distrusted the authorities and did not want to leave. Sidorov described a conversation he had with an old man in the village of Russkaia Karabolka. “Tell me the whole truth, son,” he asked Sidorov. “All my kin are here in the cemetery.” When Sidorov tried to explain that the area was contaminated or, as he said, “dirty,” the old man did not believe him. “I think they’ve found uranium here; there’ll be a plant and barbed wire. If I live, I’ll come and take a look.”

The old man guessed almost right: he was ordered out of his ancestral village because of an accident directly related to uranium. He died a few days later. Sidorov recalled another death in the village, this time of a young woman, the mother of three children, soon after her house was assessed by Sidorov’s crew. No explanation was found for her death, but the district attorney who came to investigate had no doubt that it was a consequence of the nuclear accident—probably psychological stress caused by the forced resettlement. Some villagers simply refused to move. In one case, a man threatened Sidorov and his crew with a hunting rifle. In another case, a member of the demolition crew was threatened with an ax. Russkaia Karabolka was a Russian village, and its inhabitants, unlike those in Tatar and Bashkir villages, felt that they could fight back.65

The villagers were offered a choice of moving into houses built for them in clean areas or taking compensation for their dwellings and lost property and then going to live on their own anywhere in the country. Although the assessors were quite generous, the value of the dwellings was not great to begin with, so it was difficult to move, especially to big cities, with the money offered by Maiak. The house of Zagit Akhmarov, a twenty-eight-year-old Tatar from the village of Galikievo, was assessed at 6,727 rubles and 14 kopecks. According to the official Soviet exchange rate it was around $1,700, and according to the black market, around $350. Still, it was a generous assessment, given that the old house was listed as a new one, with no depreciation for its state of repair. But the compensation would not do much for Akhmarov if he decided to move to Ozersk. The chief of the dosimetrists sent to Galikievo to measure radiation levels earned a monthly salary of about 2,500 rubles, with a special bonus for working in dangerous conditions. Akhmarov was getting the equivalent of two and a half monthly salaries of a city dweller for his only residence.66

Altogether the residents of seven villages were resettled from the contaminated area, costing Slavsky and his ministry 200 million rubles. More than 10,000 people had to leave their dwellings. The peasants forced to leave were regarded with pity by the soldiers and Maiak employees who came to help evacuate them, as well as by the inhabitants of neighboring villages who were allowed to stay. Decades later, some of them would not have minded trading places. The workers from Cheliabinsk-40 would never get the government subsidies offered to the refugees, and former Soviet Army conscripts would never qualify for rights offered to victims of the disaster, as members of the military did not mention time spent in the nuclear disaster zone when compiling their service records—secrecy came first.

Most tragic of all was the situation of those allowed to stay in villages considered insufficiently contaminated to justify resettlement. That was the case of the Tatar inhabitants of the village of Tatarskaia Karabolka, who, unlike their neighbors in Russkaia Karabolka, were never resettled. Decades later, the villagers would blame their ailments, including multiple cases of cancer, on the high radiation levels caused by the accident. Radiation research conducted in the early 2000s showed that Tatarskaia Karabolka, along with a number of other villages, was indeed much more contaminated than previously assumed. Radiation experts had to return to the village forty-five years after the accident to clean up the hot spots. Visiting journalists reported that almost every house had a cancer patient in it, and the number of the cancer deaths had been grossly underreported, as the Muslim relatives of the victims were opposed to autopsy.67

The Tatar inhabitants of Tatarskaia Karabolka still suspect that they were sacrificed by the authorities to save the Russian peasants in Russkaia Karabolka, who were resettled from the area. While there is no indication that the government preferred to resettle Russian villagers and leave Tatars or Bashkirs in place, there is plenty of evidence to suggest that the conditions in which the residents of Tatarskaia Karabolka lived after the accident were harmful to their health. In late October 1958, a government commission established emergency radiation norms for an area including some eighty villages in the contaminated zone. The new norms were significantly higher than standard ones. People continued to depend for their livelihood on highly contaminated land and the animals that fed on it. Official prohibitions made little difference. In the winter of 1958, collective farmers in the village of Starikovo fed 580 tons of contaminated hay to cattle, as they had run out of clean hay. Their collective farm was named after Joseph Stalin.68

Milk, meat, and other animal products, including horse and cow manure, caused contamination in areas distant from those where the animals had grazed. One of the commission’s discoveries was made in 1962, five years after the accident, when it looked into the causes of the high levels of radiation in the settlement of Novogornyi. Located 4.3 miles (7 kilometers) from Maiak, the town was afflicted by radiation from the nuclear complex. The highest readings were found not on the streets or in buildings but in the soil of citizens’ private plots. The town of approximately 6,000 relied on such plots for much of its food and fertilized the land with manure from local farms. While radiation readings for Strontium-90 showed 0.2 curies, the garden plots gave readings of 0.74 curies. The gardeners of Novogornyi were advised to practice deep tillage of the soil on their plots.69

WHAT HAD CAUSED THE EXPLOSION? THAT WAS ONE OF THE key questions on Slavsky’s mind when he arrived in Ozersk on October 2, 1957, but it was too complex to be decided in a few days. A special commission was struck on October 11 to look into the matter while Slavsky was preoccupied with bringing water to the exploded tank, decontaminating the plant, and resettling the villages.

The commission came up with three theories about the cause of the explosion. According to the first, it was a nuclear explosion, as Slavsky and others had thought from the start. The second theory blamed it on a combination of oxygen and hydrogen gases. The third raised suspicions about the degradation of nitrate solutions—ammonium nitrate mixed with acetates—as the cause. The first theory was discarded, as the analysis of radionuclides released by the explosion indicated that it was not a nuclear one. The second theory, too, was eventually rejected, as an explosion caused by oxygen and hydrogen gases could not have flung a 160-ton concrete lid into the air. What remained was the third theory, which in time became the most widely accepted explanation of the cause.70

But where did the nitrates and acetates come from? Whether the members of the commission believed in theory two or three, they identified the same problem—the overheated nuclear waste tank. Slavsky acted on that theory when he literally moved mountains in his effort to restore water and air to the surviving tanks, which had lost cooling capacity because of the explosion of tank no. 14. The commission suggested that the yellow gas seen by the operators on the afternoon of September 29 had been produced by the decay of nitrates—the result of the process that began in the tank following water evaporation.

The storage bank containing the exploded tank had been built in 1953, but the equipment monitoring the level of water supplied to the tanks and their temperature broke right away, as it was never designed to work in such extreme conditions. Repairs were not made because there was no better equipment, while the high levels of radiation emanating from badly sealed and always leaking nuclear waste tanks created health hazards. When the water supply system broke down sometime in April 1957, there was no monitoring system in place to indicate that the temperature in one of the tanks was steadily rising. Later estimates suggested that without coolant, the water in tank no. 14 had evaporated completely. As the temperature rose to 626ºF (330ºC) and above, the ammonium nitrate (a fertilizer) and acetates in the tank combined to form an explosive substance. Once a critical amount of it was produced, the tank exploded.71

Prison sentences were a routine punishment inflicted by the Soviet system on those found responsible for technological accidents much less serious than the one at Maiak. Surprisingly, however, no one was sent to prison for the Maiak blast. The director of the nuclear waste complex, Yevgenii Ilkhov, was reprimanded but kept his job. He later explained that in the months leading up to the explosion he had sent at least two memos to his bosses, asking them to repair the monitoring system at the underground facility. It turned out that the director of the Maiak complex, Mikhail Demianovich, had never submitted Ilkhov’s request to the ministry, which was the only institution that could rule on the matter. Demianovich was removed from his job, but his friendship with Slavsky meant he was reassigned as director of another plant.72

The original scapegoat, Komarov, was left alone, although public opinion continued to hold him responsible for the disaster. His story explains at least partly how, if not why, the rest of the “culprits” escaped punishment. Komarov’s boss was ordered to fire him but instead called him the next day, asking him to come back to work. Further explosions were possible and had to be prevented, but there was a shortage of specialists who knew the plant and the area and could help to deal with the crisis. The same applied to upper management, whose assistance was also required, as Slavsky knew better than anyone else. He also apparently did not believe that the managers deserved much punishment: they were all sailing in uncharted waters, and accidents, even as serious as the one of September 29, were bound to happen.

Komarov was cleared of any wrongdoing, but the shock of what had happened on his shift made a profound impact on him. For years he was haunted by nightmares about the explosion he had not caused. If he closed his eyes, as he described years later, the same scene of nuclear apocalypse would appear again and again: “The grounds torn up by the blast, nothing but naked earth, not one structure left intact, and bare walls of buildings, islands of buildings without windows or doors, without a single living soul, and the dusk of evening.” He concluded his description with one word, “Terrifying.”73

YEFIM SLAVSKY, WHO REMAINED THE MINISTER IN CHARGE of the Soviet nuclear project until the Chernobyl disaster of 1986, saw the accident at Maiak as an opportunity to learn not only about plutonium production but also about the impact of low-dose radiation on the human body and the environment.

Slavsky was driven by the same desire to learn about radiation as General Clarkson when he ordered the creation of Project 4.1 to study the human response to radiation. In both cases the health of those affected was at best a secondary consideration. Both men were preparing for an era in which radiation victims would be counted in the millions. They could not miss an opportunity to learn, if only from their own mistakes. If General Clarkson’s project was limited in time to the operation he was running, Slavsky had a chance to build permanent institutions. An institute of radioecology was soon established not far from Moscow to study the impact of low-dose radiation, and a research station was opened in the polluted zone of the Ural radioactive trace.74

More than 30,000 people born before and after the accident were observed in the USSR by medical doctors and researchers over the next three decades. They concluded that irradiation was due mainly to the consumption of food. Norms for the annual intake of Strontium-90 were exceeded for the first four years after the accident. Eight years afterwards, approximately half of all Strontium-90 in human bodies was ingested with milk. Thirty years after the accident, the amount of strontium ingested with food had fallen 1,300 times compared to 1957 and 200 times compared to 1958. By the late 1980s none of those observed showed symptoms of acute radiation sickness, and the affected group did not differ substantially from unaffected groups when it came to the health effects of exposure.

Compared to the population of the Marshall Islands, inhabitants of the Urals were exposed to lower doses of radiation but sustained them over a longer period. In the case of children, however, there was a similarity. As in the Marshall Islands, it was discovered that the children most affected by radiation in the Urals were those from the villages whose inhabitants were resettled in the first weeks after the accident. According to research conducted by the Ekaterinburg (Sverdlovsk) Radiation Safety Committee, those under the age of seven received doses of up to 1 Sv (sievert), or 100 rem. The same was true of children between one and two years old, irrespective of the time of their resettlement. More than a thousand inhabitants of the first three villages evacuated in the fall of 1957 sustained doses of 57 cSv (1 cSv equals 1 rem) each; close to 2,800 people evacuated in the summer of 1958 sustained 17 cSv each; and the rest, more than 7,000 people evacuated in the following months, sustained 6 cSv of ionized radiation per person.

Research conducted by the Ekaterinburg scientists in the 1990s indicates that while there is no difference in cancer rates between people under fifty affected by the fallout and control groups from the general population, the rate of cancer in the fifty-to-sixty age category is 1.5 times higher among members of the affected group than in the control group. It is twice as high in the sixty-to-sixty-nine age category. The main culprits are cancer of the digestive tract and lungs. Women aged fifty to fifty-nine in the affected group have greater chances of developing breast and gynecological cancers than their control groups. There is a huge gap between the medical establishment and the victims themselves in assessing the impact of radiation on their bodies. Inhabitants of the village of Tatarskaia Karabolka claim that their cancer rate is five to six times the norm.75

The scientists at the research station in the contaminated zone have extensively studied the impact of radiation fallout on the environment. To begin with, dosimetrists and other scientists realized that radiation was affecting the growth and development of trees. Pine trees in particular turned yellow and eventually died within a radius of approximately 8 miles (12.5 kilometers) around the epicenter of the explosion. Pines outside that area were afflicted with all kinds of deformations.

No deaths of birds or animals in the area were attributed to radiation; in fact, the animal population increased as the area went out of agricultural use and was cordoned off by the authorities. Radiation accumulated in the crowns of trees diminished by a factor of almost ten over the fall and winter of 1957–58, allowing birds that migrated in the fall to avoid most of the radiation upon their return in spring. But as the birds began to feed off berries growing on highly contaminated soil, they were affected as well. Fish suffered more than animals, and the population of carp and crucian carp diminished in the first years after the accident. Those fish had spent the winter buried in lake bottom mud, which turned out to be highly radioactive.76

The area affected by the fallout of 1957 where scientists did their research was declared off-limits to the general public in late 1959. Its borders were marked with signs prohibiting entrance and policed by the authorities. It acquired the status of a nature reserve in the late 1960s. Whatever its official designation, danger zone or nature reserve, the reason for demarcating it remained a mystery to the general public until July 1989, when in the wake of antinuclear mobilization caused by the Chernobyl disaster, the Kyshtym accident, as the 1957 events at Maiak came to be known in the media, was first discussed at a meeting of the Supreme Soviet of the USSR. Although the level of radiation had fallen hundreds of times in parts of the “nature reserve” since the autumn of 1957, 85 percent of it still remains to this day an ecological disaster area.77

The Russian law adopted after the fall of the USSR guarantees state subsidies and support to the victims of the Kyshtym accident. It does not apply, however, to the surviving spouses and children of those who participated in the radioactive cleanup, if they had died before 1993, the year the law was adopted. Very few people who were exposed to radiation back in 1957 had survived until 1993. In 2015 Nadezhda Kutepova, a native of Ozersk, who had founded a nongovernmental organization (NGO) to help the spouses of the victims of the accident and their descendants to defend their rights in the Russian courts, was forced to flee Russia after being accused by the state media of “industrial espionage.”78

The Russian state decided to make it all but impossible to claim any liabilities related to radiation exposure in the Kyshtym area. The sad irony of the Kyshtym accident is that the approximately 20 million curies of radiation released by the explosion amount to only one-sixth of the overall amount of long-living radionuclides released by the Maiak plant since 1949. That amount is estimated at 123 million curies.79
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III



A VERY ENGLISH FIRE

Windscale

On October 10, 1957, Harold Macmillan, the sixty-year-old prime minister of Great Britain, sent a letter to President Dwight Eisenhower. The main question that he wanted to raise with his American counterpart was: “What are we going to do about these Russians?” The reference was not to the nuclear accident in the Urals, of which neither man was yet aware, but to a piece of news that Moscow was only too happy to share with the world. On October 4, as Slavsky was struggling to prevent the nuclear waste tanks from exploding, Radio Moscow announced that the Soviets had launched the first artificial Earth satellite, called Sputnik.1

The Russian word sputnik, meaning “satellite” or “fellow traveler,” immediately became a household name throughout the world. It sowed panic in the corridors of power all over the West, nowhere more so than in the United States. While the Soviets stressed the peaceful purpose of their journey into outer space, it was now clear that they had ballistic missiles and would soon be able to strike the United States with nuclear bombs containing Maiak-produced uranium and plutonium payloads. The country shielded by oceans from enemies was now vulnerable. One did not have to trust Radio Moscow to see that Sputnik was real—when the sky was dark, the satellite could be observed circling the earth from almost three months after its launch, and for the first three weeks its beeping signal could be heard on radio.2

Macmillan, whose country had long been vulnerable to Soviet nuclear attack because of its location, jumped at the opportunity presented by the launch of Sputnik to advance his old agenda—rebuilding the nuclear partnership between the United States and Britain. It had been forged by Churchill and Roosevelt in the heyday of the Manhattan Project but fell apart after the war as the Americans claimed sole possession of the atomic bomb and the technology that produced it. The British always believed that they had been cheated out of their accomplishments and investments. They had begun research on the bomb earlier than the Americans, sharing their knowledge before the Americans began their own nuclear project in 1942. British scientists had also worked at Los Alamos, helping to build the first American bombs. On the other side of the ledger, British scientists had also been among the most effective Soviet agents with access to the Manhattan Project.3

All the postwar British prime ministers, starting with Clement Attlee, then Winston Churchill, Anthony Eden, and now Macmillan, had been convinced that Britain had no choice but to develop its own nuclear capability, if only to remain a great power and relaunch trans-Atlantic nuclear cooperation. That was their true nuclear deterrent against the Soviet Union. Having a bomb of their own would suggest to Washington that they had something to offer in return for American know-how, making the partnership more likely. The British had produced an atomic bomb in 1952 and were now feverishly working on a hydrogen bomb. It was an extremely costly undertaking. Without the support of its former dominions, which it had been losing since World War II, Britain could hardly afford a full-blown atomic race with the Soviets and Americans. It wanted to resume a knowledge- and technology-sharing arrangement with Washington.4

Sputnik gave Macmillan an opportunity to push once again for nuclear partnership with the Americans. “This artificial satellite has brought it home to us what formidable people they are and what a menace they present to the free world,” wrote Macmillan in his letter to Eisenhower. He suggested combining resources to lead the free world in dealing with the new threat. “One example of this pooling of resources springs obviously to mind,” continued Macmillan. “It is of course in such things as nuclear weapons, ballistic missiles, anti-missile defenses and anti-submarine weapons.” The prime minister admitted: “By far the greater part of the resources and the effort on the Western side is in your country.” But he was sure that Britain also had something to offer. “We have large teams at work, and I believe that in partnership with you we could make a very real contribution.” He concluded his appeal for nuclear cooperation with the words, “May this not be the moment to make a start here?”5

NOT UNLIKE THE SOVIET ATOMIC BOMB PROGRAM, THE BRITISH one began as a large-scale industrial project after Hiroshima and Nagasaki. There were both differences and similarities between the two programs. The British had contributed a good deal to the success of the Manhattan Project but lacked firsthand knowledge of some important aspects, notably the building of reactors and production of fissile fuel. Nevertheless, while sharing knowledge with their hosts they also borrowed from them. In that sense the British postwar nuclear project, like the Soviet one, developed very much with the help and in the shadow of the American effort. To be sure, there was a crucial difference: while the Soviets stole information, the British borrowed it with the partial consent of American political and scientific circles.

The British began to build or, rather, rebuild their own nuclear program after the war in stages, creating infrastructure for research, producing fissile fuels, and, finally, making the bomb. This approach was due to the impact of the war on the United Kingdom: the government was reluctant to commit fully to the project both politically and economically, hoping that relations with the Americans would lead to cooperation in the production of nuclear arms. Politically, there was strong opposition to the atomic project in the Labour Party, including in the cabinet, from procommunist politicians and World War II–era Sovietophiles. Britain was broke, no longer able to draw financial benefits from the dominions, and on the verge of losing its empire. In December 1945, when ministers were faced with a proposal to build two nuclear reactors at the cost of £30 to 35 million or one for £20 million, they approved the latter project to reduce expenses. Admittedly, £20 million in 1945 was close to £900 million today, which equals approximately $1.27 billion.6

The first step toward restoring nuclear sovereignty was taken in October 1945, when the forty-eight-year-old John Cockcroft, a pioneer of nuclear research who was on his way to receiving a Nobel Prize for the role he had played in splitting the atom back in 1932, accepted an appointment as head of the Atomic Energy Research Establishment (AERE) at Harwell. In January 1946, a project to produce enriched uranium and plutonium was created in the Ministry of Supply and placed under the guidance of the forty-four-year-old Christopher Hinton, who had overseen the construction of British munitions factories during World War II. Hinton’s new title spoke for itself: Deputy Controller of Production, Atomic Energy. Finally, later that year they created the position of Chief Superintendent of Armament Research. Abbreviated CSAR or “Caesar,” the job went to the thirty-seven-year-old mathematician and physicist William Penney, who had headed the British delegation to the Manhattan Project in the final years of the war. Penney’s task was to use Cockcroft’s research and Hinton’s uranium and plutonium to build the first British nuclear bomb.7

The decision to go beyond research and direct the production of fissile fuels, which could be used for both military and peaceful purposes, toward building an atomic bomb was a direct response to the McMahon Act, adopted by the US Congress in June 1946. The act made it illegal to share American nuclear secrets with anyone, including current and former allies. The key motive was expressed at a meeting of a ministerial committee in the fall of 1946 by Foreign Minister Ernest Bevin. “We’ve got to have this thing over here, whatever it costs,” Bevin told his colleagues after emerging from a difficult and humiliating discussion with his American counterpart, James Byrnes. “We’ve got to have the bloody Union Jack flying on top of it.” He then explained: “Our prestige in the world, as well as chances of securing American cooperation, would both suffer if we did not exploit to the full a discovery in which we had played a leading part at the outset.”8

Prime Minister Clement Attlee and his closest allies in cabinet made a formal government decision to start the atomic bomb project in January 1947. Of the three components of the British nuclear plan—research, fuel, and the bomb—fuel seemed the most problematic. While the British had pioneered research on the bomb in the late 1930s, and William Penney and his associates were privy to the secrets of bomb-building at Los Alamos, they had never been allowed to play any role in the construction of the bomb’s industrial base, including the Chicago Pile 1, Oakridge, and Hanford reactors and the plutonium chemical works in Richmond, Washington State. Christopher Hinton, the newly appointed Deputy Controller of Production, Atomic Energy, had considerable experience in production but none in nuclear energy. He would have to learn largely from his own mistakes.9

A tall man, Hinton, in the words of one of his biographers, “towered over his profession physically and also intellectually and professionally.” Born in 1901 to the family of a schoolmaster, Hinton, like many fathers of the British nuclear program, had no aristocratic background and got to the top by hard work and dogged determination to get things done. His family had money to send only one child to university, a privilege that went to Hinton’s sister, who was considered brighter than he was. Hinton left school in 1917, his dream of becoming a surgeon dashed, to become a railway apprentice by day and a student by night. At the age of twenty-two he won a scholarship to Cambridge and graduated with a first-class honors degree, specializing in engineering.

Hinton learned how to make tough decisions in the 1930s, when in the middle of the economic slump he had to fire half his staff in the Alkali Group’s engineering department—the firm was a major chemical manufacturer, and the market had all but collapsed. He learned how to produce weapons during World War II, when he was seconded to the Ministry of Supply and ran Royal Filling Factories there. He accepted the invitation to take charge of the Industrial Group of the British nuclear program on condition of full control over design, construction, and management of what he believed would be munitions factories for the production of fissile fuel. He ended up building reactors and new plants where he had had a lot of authority but nothing close to full control.

An experienced manager with a highly logical mind, Hinton was considered by many to be authoritarian in his instincts. He did not seek popularity or care about career prospects, or at least he never put them first. He encouraged debate and exchange of opinions before making decisions, and, on occasion, could be emotional as well. Hinton was engaged in every major decision and visited his numerous construction sites at least monthly, managing to build on time and sometimes under budget.10

In September 1947, he began construction of the first two British reactors near Seascale, a village on the coast of Cumbria in northeastern England. The reactors were to be located a few miles from the village on the site of a former royal ordnance factory called Sellafield. The new nuclear facility created there received the name Windscale. Hinton’s other responsibilities included the construction of a chemical plant to process plutonium next to the reactors, as well as a uranium metal plant and a uranium enrichment plant, the former in Springfield, the latter near Chester. Hinton had to hurry. Expectations were that the Soviets would get their first atomic bomb soon, so Britain had to be there even sooner.

Hinton’s construction projects were turning northeastern England into a nuclear country and changing forever the look and feel of the local towns. Nowhere was that more obvious than in Seascale, a former farming village that was turned into a resort town by the arrival of a railway in 1849. But whatever the number of hotels and bed-and-breakfast facilities in town, they could not accommodate the workforce of 5,000 that Hinton brought there in the fall of 1949. Construction began not only of the reactors but also of brand-new housing nearby. As construction proceeded, workers became dominant on the streets of Seascale; as it neared its end, scientists and engineers began to prevail. Neighborhood farmers called the newcomers “atomics” and watched, sometimes in horror but more in amazement, the rise of giant stacks and cooling towers, assuming that they were there for one reason only—to produce electricity.11

Seascale attracted the most energetic and ambitious men and women that British university science and engineering programs could produce. It was the city of the future. “You did feel we were in the vanguard of something really new,” recalled John Harris, a scientific officer at the Windscale works in the 1950s. They were young, full of enthusiasm and desire to push the frontiers of knowledge while helping their country catch up with its competitors in the nuclear race. In age, education, patriotism, and optimism the new arrivals resembled the citizens of Soviet Ozersk. The “atomics” basked in the atmosphere of prestige surrounding nuclear science at the time. Newspapers would report that an “atomic man” had attended this or that conference, recalled one of the Seascale scientists.12

That level of public exposure and respect set the Seascale personnel apart from their Soviet counterparts, who were never allowed to say who they were and where they worked. But secrecy was still part of their everyday life: the works were enveloped in it. Those employed at Sea­scale were often uninformed or intentionally misled about the ultimate purpose of their work, learning only much later that the mysterious substance known to them as LM was in fact Polonium-210, used as a trigger in atomic bombs. Whatever the staff at Windscale knew about the nature of their work, they were prohibited from discussing it with anyone, including family members.13

Britain’s first atomic establishment became known as the brainiest town in the country. If one counts people with degrees, it turned into one of Britain’s most educated places. And they had smart children, too—the grades in local schools were higher than anywhere else. One former pupil recalled that they could not get a physics teacher in their school because the quality of the homework was so high that regular teachers of physics were afraid to take the job. There was one class where every child passed the eleven-plus exam, which won them a place in a grammar school, setting them on the path to careers as prestigious as those of their parents.14

AT THE CENTER OF THE WINDSCALE WORLD STOOD THE MAIN reasons for its existence—two reactors known as Windscale piles 1 and 2. Although the piles were British through and through, their genealogy was American.

British scientists were not members of the American team, led by Enrico Fermi, that built the first experimental pile in Chicago in December 1942, or the plutonium production reactors at Oak Ridge, Tennessee, and the Hanford site in the state of Washington in 1944. But they were close enough to the scientists who had built those reactors to know the principles that powered them and their main characteristics. Of the two types of reactors in the United States at the time, the water-cooled one at Hanford and the air-cooled one at Oak Ridge, Hinton and his people decided to model the Windscale piles on the latter, known as the X-10 Graphite Reactor. Like all American reactors at the time, it used graphite as a moderator to slow down the neutrons produced by the fission of natural uranium, making the chain reaction sustainable. It used air rather than water to prevent the pellets of uranium fuel from melting down. That differentiated the X-10 reactor from the one at Hanford and the Soviet Annushka reactor, built on its model.15

Hinton chose the X-10 model for several reasons. Hanford-type reactors needed 30 million gallons of water per day to function. Their builders followed instructions according to which the reactors could not be located closer than 50 miles to a city with a population of 50,000 or more. The British, on the other hand, had a densely populated country that could be severely affected by an accident at a nuclear reactor, and in areas distant from big cities and settlements there was a lack of fresh water to serve as a coolant. With water at a premium and the danger that an overheated core might explode if the supply of coolant were disrupted, the British decided by 1947 to avoid water-cooled designs. A potentially safer but more expensive pressurized gas-cooled system, which took longer to build, was considered and rejected as well. They opted eventually for an air-cooled design that required no water, was simpler and faster to build, and promised more safety.16

That was the technological and political genealogy of the Windscale piles. Their American X-10 Graphite Reactor prototype was, in the most general terms, a graphite cylinder laid on its side, with hundreds of horizontal channels penetrating its body. There were rows of channels, their overall number being 1,248. Inside the channels went uranium slugs, or sealed aluminum cans, filled with natural uranium. Between the aluminum walls of the channels and aluminum slags there was enough space left to allow three electric blowers to run the air and cool the slugs.

The basic idea was quite simple, and Hinton and his British engineers knew it. Their contribution was finding a way to “enlarge” an Oak Ridge–type reactor without causing problems. There were 3,440 fuel channels in the Windscale reactor as opposed to 1,248 at Oak Ridge. Each of the 3,440 channels contained twenty-one fuel elements, making their overall number 72,240. Instead of three blowers, as at Oak Ridge, the British provided eight, as well as two auxiliary ones.

In other respects, the Oak Ridge and Windscale reactors functioned in a similar manner. The fission reaction taking place in the uranium slugs, moderated by the blocks of graphite that made up most of the reactor’s cylinder, could be controlled and eventually shut down by cadmium-clad control rods. Cadmium absorbed neutrons: if the rods went deeply enough into the body of the reactor, they could delay the reaction or shut it down altogether. With the rods removed, the reaction would speed up. New slugs were loaded from the charge side, or front, of the reactor and pushed into the channels with the help of metal rods. The irradiated slugs fell off the other side of the reactor into the water container underneath. From there, the irradiated uranium slugs were taken to the chemical plant to produce plutonium.17

Even if American scientists were not allowed to share too many of their atomic secrets with the British, they did not entirely abandon their wartime allies. The United States did not want to see a British pile melt down and explode to the detriment of the “free world” and the cheers of the “unfree” one. There were British and American delegations going on fact-finding, advice-giving, or advice-seeking missions across the Atlantic. One such delegation, which visited Britain in 1948, made Hinton aware of “Wigner growth,” a phenomenon named after Eugene Wigner, a Princeton academic who was one of the builders of Chicago Pile 1 and head of research at Oak Ridge. The term referred to the quality of the graphite blocks making up the main body of the reactor, which tended to expand under the influence of the fission reaction taking place in the fuel channels. Space therefore had to be left between the graphite blocks to allow for “Wigner growth.”

The British also learned that they had to take account of another Wigner phenomenon, called “Wigner energy.” The term referred to the capacity of graphite to accumulate a great deal of energy produced by the fission reaction. No less a figure than Edward Teller, the future father of the American hydrogen bomb, warned Hinton and his staff about the dangers of Wigner energy. If not released in a timely manner, that energy could build up until it ignited the combustible graphite, which would catch fire under high temperatures. Wigner energy could not be handled in the same way as Wigner growth, by making adjustments in the design of the pile. Periodically, a special operation called “annealing” had to be undertaken in order to release the excess energy. Before the energy reached critical levels, the operators of the reactor had to raise the level of the reaction and, consequently, the temperature in the reactor, thereby releasing the excess energy accumulated in the graphite.18

The problem with American knowledge and advice was that they came piecemeal, and sometimes not before the British had made a mistake. That was the case with Wigner growth. The piles were in an advanced stage of construction when the British learned that they needed extra space between the graphite blocks to allow for their expansion. Fortunately, they discovered that the natural graphite they were using expanded much less than the synthetic graphite used by the Americans. Much more costly was another American adjustment brought to Windscale by John Cockcroft, Britain’s chief nuclear scientist and director of the Atomic Energy Research Establishment at Harwell.

On his trip to Oak Ridge, Cockcroft learned that X-10 reactors had a “bad breath” problem, spitting radioactivity into the atmosphere when aluminum pellets with irradiated uranium were damaged by rising temperatures or for mechanical reasons. The Americans had supplied the improved version of that reactor, which they built on Long Island, with special filters designed to catch radiative particles, or at least some of them. Cockcroft returned to Britain determined to install filters on the Windscale reactors as well. His discovery came too late from the architectural and engineering point of view not to cause major consternation—the foundations and walls of the stacks designed to carry hot air from the reactors into the sky were already there, 70 feet tall. Nevertheless, Cockcroft insisted on installing the filters.

Since Cockcroft was a founding father of British nuclear research, with enormous power and authority, he could not be ignored. Hinton and others had to agree to build the filters that became known as “Cockcroft’s folly,” a sign of the resentment that many felt about the project. It was too late to place the filter galleries on ground level, so the engineers designed 200-ton steel-and-brick structures that supported the galleries at the top of the stacks, 400 feet above ground. There were no such chimneys anywhere else: tall stacks with huge galleries at the top. The Windscale silhouette changed the skyline in a most unexpected way and became a visual symbol of the British nuclear industry; in the world at large, nuclear power was represented largely by the shape of cooling towers.19

Whatever the cost and potential effect of Cockcroft’s folly, it did not have an impact on Christopher Hinton’s determination to finish the job on time. Pile no. 1 went operational in October 1950, only a week or so after the established deadline. It was followed by Pile no. 2 in June 1951. Hinton was knighted that year, becoming Lord Hinton of Bankside. In March 1952 the Windscale piles produced their first plutonium. In the next few months, they made almost enough to build a bomb. The rest of the plutonium was borrowed from the Canadians, who produced it at their reactor in Chalk River. It used heavy water instead of flammable graphite as a moderator.20

On October 3, 1952, William Penney succeeded in detonating the first British atomic bomb. It released a respectable 25 kilotons of TNT, leaving a crater 20 feet deep and 980 feet long on the seabed near the Montebello Islands off the shores of western Australia, an unpopulated archipelago and former pearl-fishing ground. Penney returned to Britain to a hero’s welcome. In the same month he was appointed a Knight Commander of the Order of the British Empire. Hinton and the Windscale piles had fulfilled their goal, giving Britain its first atomic bomb and helping to maintain its status as a great power. But the nuclear race was far from over.21

On November 1, 1952, less than a month after Penney’s triumph, Al Graves, his former colleague at Los Alamos, detonated a hydrogen device with the TNT yield of more than 10 megatons. Ivy Mike, as the operation in the Pacific Marshall Islands became known, once again buried London’s hopes for partnership with the United States. Britain now had to develop a hydrogen bomb in order to be perceived by the Americans as a party worthy of sharing secrets with. The Soviet explosion of a “hybrid” atomic-hydrogen bomb in August 1953 created another incentive—the growing Soviet threat.

The scandalous Castle Bravo explosion of March 1954 and the successful Soviet trial of a “pure” hydrogen bomb in November 1955 made the task of catching up in the new hydrogen race more urgent for British politicians than ever before. Pressure increased on the Windscale piles not only to produce more plutonium but also a new isotope, tritium, without which the hydrogen bomb was impossible.

CHRISTOPHER HINTON LEFT WINDSCALE IN AUGUST 1957 TO chair the newly created Central Electricity Generating Board responsible for electrical energy production in England and Wales. His qualifications for the job came partly from the new Magnox reactor at Calder Hall, an extension of the Windscale site that he had launched the previous year. It was much safer and more advanced than the first Windscale piles. Magnox, a gas-cooled reactor that ran on natural uranium, was dual-purpose, capable of producing both plutonium and electricity. Queen Elizabeth II herself came to the site in October 1956 to open Calder Hall, announcing the arrival of nuclear energy to Britain and to the world at large: Calder Hall was hailed as the first large reactor capable of producing electricity to have been built on the planet.22

Hinton would subsequently refer to the Windscale piles as “monuments to our initial ignorance.” He also went on record stating that there was nothing to recommend them but the fact that they could be built more quickly than other types, and he opposed building any new reactors on that model. But on leaving the nuclear project he was more optimistic, writing in a letter to the Windscale managers: “Windscale has always been my pride and joy; a really great factory, thoroughly well managed.” There were reasons to speak both of monuments to ignorance and of the pride with which those monuments were managed. Over the years, the piles would beset their creators with one problem after another, and scientists and engineers would manage to solve them, avoiding major accidents thanks to their skill and knowledge, assisted by sheer luck.23

The first problems were detected in May 1952, about two months after the piles began to produce plutonium. For unknown reasons, the temperature of pile no. 2 began to rise rapidly; it was reduced by air fans. Later that month, when pile no. 2 was stopped for maintenance, the staff discovered hundreds of fuel cartridges that had miraculously found their way out of the channels and the reactor core, either hanging out of the channel openings or falling into the pool of water at the foundation of the back wall. Some were found on the platform outside the pool. It turned out that they had been blown out of the reactor by the air fans. One of the displaced cartridges was damaged, allowing radiation to get into the stacks and from there into the atmosphere. In September, the temperature began to rise in pile no. 1. Once again, they used air fans to cool it down, although they realized that the air blown into the channels to cool the cartridges might also ignite a fire. They took the risk and got lucky—the temperature in the pile fell.24

Cockcroft’s folly, the filters at the top of the reactor stacks, was there to catch the radiation from the broken cartridges but could not catch it all. That was the conclusion reached by officers who conducted a survey of radioactivity in the area in the summer of 1955. Some of the high-radiation spots they identified were about 600 days old, which meant that the stacks had been emitting radiation as early as 1953 with no one aware of it. Other spots were more recent. Eventually they located thirteen discharged fuel cartridges that should have ended up in the duct at the back of the pile but overshot into the air duct. Further investigation revealed that the filters were broken and did not function properly, allowing radiation from oxidized uranium into the atmosphere. In the fall of 1955, the staff located more hot spots and five more damaged cartridges. They removed the cartridges and fixed the filters, but the radioactive pollution did not stop. More damaged cartridges would be found in January 1957. It was an unending uphill battle.25

In the summer of 1957, a new survey of radioactivity in the Windscale area revealed a dramatic rise of Strontium-90 in milk. It was still within the norm but had reached two-thirds of the level permitted for infants. The Ministry of Agriculture sounded the alarm, but experts from the Medical Research Council met and decided that it was “in the highest degree unlikely that any untoward effect occurred.” The results of the inquiry were reported to Prime Minister Harold Macmillan, who ordered that the whole matter be kept secret. The last thing he wanted was a discussion of nuclear pollution in the media. It might affect his plan to build a hydrogen bomb as soon as possible.26

Macmillan wanted Windscale to produce more plutonium and tritium for the hydrogen bomb as quickly as possible. Those in charge considered that the way to increase productivity was to remove as many elements as possible that absorbed neutrons and slowed down the reaction. The only elements in the pile that they could modify were the aluminum cartridges containing uranium. They had first trimmed some metal from the fins of the cartridges in August and September 1952, before the piles went operational. In December 1956, to increase the production of tritium, they introduced new cartridges for the lithium-magnesium alloy, the source of badly needed tritium. The diameter of the alloy rods was increased from the original half inch to a full inch. The outer can, which contained a sealed aluminum cartridge, was discarded altogether to make space for a thicker alloy rod. The staff were now able to irradiate more alloy but were running an increased risk of radiation leaks, as there was no longer anything to slow down or stop the spread of radiation if the aluminum cartridge were to burst.27

The staff at Windscale decided in 1957 to fix another factor that slowed down the production of plutonium and tritium. That was the periodic annealing of the piles required to release the Wigner energy accumulated in the graphite blocks as a result of the fission reaction of uranium. Annealing did a good job of keeping reactors from overheating and graphite from catching fire. There were no more unanticipated spikes in the temperature levels of the piles like those detected back in 1952. Over time, the pile operators acquired considerable experience in annealing, but the procedure required stopping the reactor, thereby reducing operational hours and productivity.

As pressure increased to produce more bomb fuel, the Windscale Technical Committee decided to reduce the number of anneals. Instead of one after every 30,000 megawatt-days of irradiation (1 MWd being equal to 24,000 kilowatt-hours or kWh), they decided to schedule one after every 50,000 megawatt-days. The pile operators, concerned about the danger presented by the proposed change, advised one anneal after every 40,000 megawatt-days. The Technical Committee agreed. The managers scheduled the next anneal of pile 1 for early October 1957. It would be the ninth to be carried out on that reactor, but the first after 40,000 rather than 30,000 megawatt-days of irradiation. During the previous anneal in July 1957, there had been almost no release of Wigner energy, meaning that the anneal was coming up after as many as 70,000 megawatt-days. It was long overdue.28



THE NINTH ANNEAL OF WINDSCALE PILE 1 BEGAN AT 11:45 a.m. on Monday, October 7, 1957. Under the supervision of Ian Robertson, the reactor physicist, the operators began to withdraw the control rods that absorbed neutrons from the reactor’s core. With the rods out, radiation and temperature were supposed to rise throughout the pile. The next step was to use individual control rods to raise the temperature to 482ºF (250ºC) in the lower front part of the pile, because that was where Wigner energy had accumulated. The release began at 1:00 a.m. on Tuesday, October 8. Everything was going according to schedule.29

Ian Robertson, who had overseen the main stage of the annealing process in the course of October 7 and the beginning of October 8, could now go home to get some sleep. He did not feel well, as he had caught what was known as “Asian flu.” The whole city and the world at large were in the middle of an influenza pandemic. It was a new strain of virus, a combination of human and probably goose influenza viruses originating the previous year in the Guizhou province of China. About two million people died worldwide, making it the second deadliest outbreak of influenza of the twentieth century after the influenza pandemic of 1918. By December 1957, 3,500 people had died in England and Wales. Quite a few of Robertson’s colleagues and their families got sick. But there was no quarantine, and people continued to show up for work.30

After spending a few hours at home, Robertson was back at the pile by 9:00 a.m. on October 8. It seemed as if the flu had affected not only Robertson but the reactor as well. The temperature in the pile did not behave as predicted. Instead of staying high in areas of accumulated Wigner energy and helping to release it, the reactor core started to cool down. The temperature was falling everywhere, suggesting that the Wigner energy had not been fully released. Robertson agreed with his assistants, who had stayed throughout the night, that they had to repeat the entire process: restart the reactor, heat up the pile, and try to release the Wigner energy once again.

They restarted the reactor and, manipulating the control rods, tried to heat the pile up to 626ºF (330ºC). It worked, perhaps too well in some parts of the core. The uranium thermocouples, or reactor thermometers, indicated that in some areas the temperature had risen higher than they hoped for. In one place it jumped from 626 to 716ºF (330º to 380º C). They brought it back under control by inserting control rods, but it was a challenge to keep the pile stable. The reactor responded to the insertion and withdrawal of control rods inconsistently and with some delay. “Driving it was like trying to steer RMS Titanic around an iceberg,” the American nuclear engineer and author James Mahaffey wrote subsequently.31

The operators managed to keep the reactor under control for the rest of the day and night of October 8, but close to the afternoon on October 9 the temperature began rising once again. Around 10:00 p.m. the operators used the shutdown fan dampers to bring air into the core of the reactor. It seemed to work. After midnight, however, there was another temperature increase. Especially troublesome was thermocouple 20-53, located in the twentieth row from the bottom and numbered 53d. At that location the temperature reached 752ºF (400ºC) and then 773.6ºF (412ºC). The operators switched on the dampers, but they did not help much, and the temperature remained excessively high.

They kept opening and shutting down the dampers as night turned into morning and then early afternoon of October 10. The results were mixed at best, and the temperature remained high, even though the reactor had long been shut down. A further cause for concern was the rise of radioactivity in the exhaust stack. They were in trouble, although it was not yet clear how serious it might be. The instruments had first registered higher levels of radioactivity early in the morning of October 10. Those levels were detected in the stack and then on the roof of the meteorological station, but the latter was thought to be coming from pile no. 2, not no. 1. In the afternoon of October 10, radiation in the stack of pile no. 1 began to increase, leaving no doubt about its source.

By 2:00 p.m., higher than usual radioactivity levels were recorded by a routine check of air half a mile from the plant. Air samples were taken around the area every three hours, and now they were ten times the norm. Huw Howells, the Works’ health and safety manager, sounded the alarm. He went to see Tom Hughes, the assistant Works manager, who was responsible for the reactors. Together they went to pile no. 1 to check on Ron Gausden, the Works’ pile manager. Gausden waged a difficult battle to keep pile no. 1 under control, but until then had kept information about troubles with the reactor to himself. It appears he did not believe that his bosses knew the reactor any better than he did or could offer any worthwhile advice. Hughes, after all, was not an expert on the piles but had just been handed the supervisory job, and it was his very first visit to the reactor.

Gausden told Howells and Hughes that the reactor was in serious trouble. He was trying to use the shutdown fans to reduce the temperature. The expectation was that, as a result, the uranium temperature would at first go up but then start falling. Indeed, the temperature increased, reaching 752ºF (400ºC). The problem was that it refused to fall. As the situation became critical, no one could tell why or determine what was going on inside the pile. The rising radioactivity levels suggested that one of the cartridges had burst. But which one? The Burst Cartridge Detection Gear, a system used to locate damaged fuel cartridges, did not work under such temperatures.32

That operation took a while and, with Howells and Hughes not around anymore, Gausden dialed Henry Davey, the manager of the Works himself, to tell him that there was “a bad burst.” Davey told Gausden to identify and discharge the affected channel. The task went to Arthur Wilson, a thirty-two-year-old instrument technician who had been working at Windscale since 1951. His regular job was fitting thermocouples, and that day the reactor made his task extremely difficult. “On the Thursday morning,” said Wilson, recalling conditions on October 10, “there was no way of knowing the temperature, as some of the thermocouples had burnt off, we’d tried attaching new ones, but they burnt off too.”

They discussed what to do next, recalled Wilson, “and someone suggested that we actually have a look at the reactor itself.” To Wilson, that sounded like a good idea. “We thought ‘what the hell,’ ” he recalled. Wilson was the first to look into the opening. “I opened the gag-port and there it was, there was a fire at the face of the reactor,” recalled Wilson. Normally it was dark, but now the channels were glowing bright red from the extremely high temperature. “I can’t say I thought a lot about it at the time, there was so much to do,” continued Wilson. “I didn’t think ‘Hurrah, I’ve found it.’ I rather thought, ‘Oh dear, now we are in a pickle.’ ”33

Gausden ordered his people to open more plugs in the same area. The picture they got was identical to the one in channel 20-53. The pile was on fire. They tried to use rods to push the fuel cartridges to the back of the reactor and dump them into a water basin at the foundation of the back wall, but they could not move the cartridges, which had been damaged by the fire. Now the cartridges had expanded and become stuck in the channels. That was the situation familiar to the Soviet operators of the Annushka reactor as the “goat.” The Soviets would drill through the channels to fix the problem, but they never had a fire. Gausden was thinking on his feet. He was not trying to save the channel but to stop the fire and save the reactor. The solution was to create a “firebreak” by clearing the channels around the damaged area of fuel cartridges. A team of eight men armed with bamboo drain rods got to work, pushing the fuel elements through the channels and into the cooling pool.

It was exceedingly difficult and dangerous work. The temperatures at the charge hoist, where the men operated with their bamboo rods, were extremely high. The fans that sent air into the reactor core helped, but only to a degree. Everyone on the hoist was dressed in protective clothing and respirators, which made their work even harder and the temperatures even more difficult to endure. They knew why they were wearing the protective gear: radiation was on the rise, and they were looking right into the open throats of the reactor. Arthur Wilson, whose shift had ended long before, was released and sent home. He did not envy those who stayed behind. “It’s the other poor souls I feel most sorry for, the ones who had to go in and sort out the mess,” recalled Wilson. “Some of them got very high doses and I’m sure things weren’t recorded properly then.”34

THE GENERAL MANAGER OF THE WINDSCALE WORKS, HENRY Davey, learned of the emergency sometime after 3:00 p.m. on October 10, when Ron Gausden told him about the “bad burst.” He called in his top engineers and scientists, who gave him a grim picture. They were concerned about another release of Wigner energy at 2,192ºF (1,200ºC), the whole graphite body of the reactor heating up to 1,832ºF (1,000ºC) and, as a result of that, the entire pile catching fire. If that happened, then the radiation produced by tons of radioactive uranium fuel would be spewed through the stacks over a good part of Britain.

With the temperature in parts of the reactor subject to the Wigner effect now crossing the 2,192ºF threshold, they were waiting to see what would happen next, knowing what to expect but not knowing how to prevent it from happening. But they presented a brave face to their underlings. “The reaction of the management to the news that there was a fire was ‘Don’t be so bloody daft,’ ” recalled Arthur Wilson. He was baffled. “I don’t know what they expected,” remembered Wilson. “For days it had been going wrong.”35

Around 5:00 p.m. Davey, who, like many people at the Works and in the nearby town, was suffering with Asian flu, called his second in command, Tom Tuohy, the deputy general manager of the Windscale Works. Tuohy was at home, taking care of his wife and two children, who were also sick with the flu. ”Pile Number One is on fire,” Davey told his deputy. “Christ, you don’t mean the core?” was Tuohy’s first reaction. “Yes, can you come in?” asked Davey. Tuohy’s wife and children were lying in bed, but he was fine and knew that he had to go. His wife asked, “When will I see you?” but Tuohy had no answer. Apart from the flu, there was the threat of nuclear radiation. Before leaving, Tuohy asked his wife to stay indoors and keep the windows shut.36

A handsome man with dark ginger hair and a mustache, the thirty-nine-year-old Tuohy was a veteran of Windscale and the nuclear industry in general. In August and September 1950, he and his crew cut off by hand one-sixth of an inch from the fins of the aluminum fuel cartridges to decrease the amount of aluminum in the core of the reactor and thereby increase its reactivity. Altogether there were 70,000 cartridges and millions of fins to take care of, but they did the job in three weeks, making possible the launch of the reactor on schedule in October 1950. In March 1952, now in charge of the chemical works, Tuohy helped produce the first plutonium in Britain. “We made the first small billet of plutonium, 142 grammes . . . about the size of a ten-pence piece,” recalled Tuohy. “I broke down the first reaction vessel myself, with these hands, I was the first man to handle and see a piece of entirely British-made plutonium.”37

But in the early evening of October 10, 1957, Tuohy had no time for reminiscences of any kind. Instead of going to see his boss, Henry Davey, he went straight to the pile. He had no doubt that the situation was bad, but, as he remembered later, was not concerned about himself. He knew that there were things to be done, and he could do them. When Tuohy showed up at the reactor, the crew assembled by Gausden was still trying to create a firebreak around the burning fuel channels. Tuohy told them to continue. He went to see Davey, who was unhappy that Tuohy had not come to his office immediately, but then came back to the pile. He wanted to see for himself what kind of fire they were dealing with.38

The workers removed the plugs, through each of which one could see four fuel channels. The damage was massive. A rectangular cluster of 40 channel groups, 150 channels altogether, was on fire. “It was like a fire in a grate, except we had burning graphite and burning uranium,” recalled Tuohy. But with the fire area identified and a firebreak of two or three channels established around it, the next question was how to extinguish the fire. “One of the troubles was the only coolant we had at this stage was air, and air and fire are not very good companions,” recalled Tuohy. “If you supply no coolant at all to the surrounding graphite and there’s still Wigner energy, you can have a much bigger fire on your hands,” said Tuohy in explanation of his concerns at the time. Supplying air would also carry radiation into the stack. Stop the flow of air and, with the plugs open, radiation levels at the charge hoist would increase, chasing Tuohy and his operators away and leaving the fire and the reactor in critical condition.39

Tuohy decided to discharge the burning fuel cartridges from the channels by pushing them through and letting them fall into the cooling pool at the bottom of the reactor’s back wall. But there was a problem with that plan. The regular bamboo rods were poor instruments for pushing the burning fuel cartridges through the channels. They replaced them with whatever steel rods they could find—some used scaffold rods brought from the nearby construction site. “I had a gang of men sort of heaving on the end of each pole,” recalled Tuohy. It was a struggle. The metal rods did not burn, but the temperatures were so high that they were on the verge of melting.

“I remember the poles were coming back absolutely red hot,” recalled Tuohy. At one point a rod was used to bring back to the charge hoist an overheated graphite boat used to carry cartridges with uranium fuel through the channels. Tuohy remembered “kicking it over the side and molten metal, which must have been uranium, was also dripping off.” The engineers and workers used gloves to pick up pieces of graphite and remove them from the hoist. If melting rods attached themselves to the cartridges and moved them out of the reactor, they pushed the cartridges back. It was hellish work, but the men kept pushing. “Nobody showed any signs of fear,” recalled the chief fire officer, who was at the scene. “They were heroes that night.”40

The heroism of the men aside, the results of their work were dismal. Most of the fuel and cartridges stayed in the channels, as it proved too difficult to push them through to the cooling pool on the other side of the reactor. Tuohy had to give up on the effort—the melted and irradiated cartridges would stay where they were. Instead, he ordered the crew to broaden the firebreak by discharging fuel from more channels around the critical area. That helped to avoid the spread of the fire but did nothing to control it. And the fire was steadily gaining strength.

Tuohy learned that not from data provided by thermocouples, which had all been burned by that point, but by climbing onto the roof of the reactor, opening the inspection holes, and observing the discharge duct—the area behind the reactor where used fuel cartridges were discharged. It was no easy trip to undertake, as he went up and down the 80-foot staircase dressed in heavy gear and carrying 35 pounds of breathing equipment. But it provided essential information on the state of the pile. Tuohy saw that with his every climb to the rooftop, the situation was getting more and more grim. “First there was a red glow as the fire was spreading down the channel,” he recalled. “Then there were flames coming out the back, then there were massive flames shooting right across the discharge duct and impinging on the concrete wall at the back of the duct.”41

Tuohy tried to dismiss troublesome thoughts. He remembered one of the civil engineers having told him once that the roof would collapse if temperatures reached 1,112ºF (600ºC). He had no way of measuring the temperature, but what he could see left little room for optimism. The flames shooting out of the back of the reactor were changing color, suggesting that the temperature of the fire was rising as well. At 7:30 p.m. there were bright flames, at 8:00 they turned yellow, and by 8:30 they had turned blue. The collapse of the roof seemed imminent. Tuohy was now facing the night of October 10 with no solution in prospect.42

They were also running out of manpower. As the fire grew stronger, more fuel cartridges were melted down and more radiation released. Some of it was drawn into the stacks, while some pushed through the open plugs of the fuel channels directly to the charge hoist, where the men were trying to fight the fire. They had to start working in shifts. The new shifts were manned by operators and technicians urgently summoned to the Works, some of them taken from movie theaters. Neville Ramsden, a Windscale chemist, was at the movies when the factory police showed up and “volunteered” the men from two back rows to go to the Works. They did not protest. Many had come to Windscale after military service and were used to discipline.43

As his crews worked in short shifts, replaced by new arrivals, Tuohy had no one to replace him. His boss, Henry Davey, was sick with the flu and had to go home soon after midnight. Tuohy stayed. After he turned in his first badge, a personal counter measuring radioactivity, he refused to take another one, concerned that someone would tap him on the shoulder and, pointing to the badge, send him home. It was estimated later that Tuohy had sustained four times the annual dose of radiation permitted at the Windscale Works.44

It was close to midnight with still no solution in sight. The fire had been isolated, but it was huge and growing stronger. Tuohy decided to try liquid carbon dioxide, used as a coolant in the new nuclear reactor at Calder Hall, to extinguish the fire. It had not worked in previous attempts to put out magnesium fires, but Tuohy did not know what else to suggest. The plant had just received a shipment of carbon dioxide, but the problem was how to bring it to the elevated charging hoist. The hoist was accessible only by elevator, and if workers got into the elevator with a hose, the door would not close and the elevator would not move. After a while they found a way to use the escape ladder of the hoist to bring the hoses.45

By 4:00 a.m. on October 11, they were finally ready to try Tuohy’s new idea, even if he himself was dubious. “I had some men pull a plug out of the wall and put this tube in, spanning the gap which wasn’t just glowing red hot, it was flaming all over the place,” recalled Tuohy. They opened the valve, and the liquid carbon dioxide poured into the fuel channels. They had 25 tons of it and pumped it in for an hour. “I watched what happened,” recalled Tuohy. Once again, he exposed himself to high doses of radiation. “A rather unhealthy thing to do,” he mused in retrospect, “but there was no other way of finding out what was going to happen except to look at the channels.” Tuohy’s worst expectations materialized. “Nothing happened, it just went on burning as merrily as before,” he recalled. Blue flames were shooting out of the back of the reactor and reaching the duct wall.

What to do next? Before Henry Davey left the reactor, he and Tuohy agreed that if nothing else worked, Tuohy would have to try pouring water on the graphite fire. “The only other thing we had available in any quantity was water, and this was a sort of last resort,” recalled Tuohy. It was a desperate course of action. First, dousing the reactor with water would mean destroying the pile. But the second reason for not doing so was even more compelling. Water poured on the overheated graphite blocks would almost certainly turn into steam, which, interacting with the graphite, would produce a mixture of hydrogen and carbon monoxide. The mixture could be ignited by heat or, worse, explode while mixing with the air blown by the fans.

Tuohy realized it was a suicide mission. His only hope was that water would not turn into steam, but how could he possibly prevent that? Pile 1 was a first-generation reactor generating an unanticipated problem. But just because it had been newly invented, it was run by some of the people who had built it and knew it through and through. Tuohy was one of them. Out of that intimate knowledge came the idea of appeasing the gods of fire by not pouring water directly onto the overheated graphite blocks.

Instead of bringing the fire hoses to the affected channels, Tuohy asked the fire crews to attach the hoses to scaffolding rods and push them into the channels two feet above the fire area. The idea was that the water would seep into the fire area through the spaces between the relatively cool graphite blocks located above the fire area. The firemen did their job. By 7:00 a.m. on the morning of October 11, four hoses had been attached to the holes in the charge wall of the reactor above the fire area. It took another couple of hours to change shifts, instruct the new arrivals, and order everyone to take cover. Shortly before 9:00 a.m. they were ready. Henry Davey was back at the pile to oversee the greatest gamble of his life.46

Tuohy remained in charge of the operation. “I asked for 30 pounds of pressure on the water supply and sat down at the entrance to the service lift, as near to the charge hoist as I reasonably could, listening for any horrible noises,” remembered Tuohy. Jack Coyle, a young maintenance fitter on the scene, recalled later that he was scared and wanted to run. He remembered the manager and engineers around him “looking really worried, not their usual cocky selves.” One of them offered another a bet on what would happen. When Coyle asked a fellow worker standing next to him how long it might take, the answer was anything but reassuring. “You daft bugger, we all want to get home, but they’ll not be letting us go if this goes wrong,” responded the man. “We’ll be lappers if we go home covered in this stuff.”47

The water was going in. Tuohy kept listening, and so did dozens of people on the reactor floor. To their relief, there were no unusual sounds. Emboldened, Tuohy asked that pressure be increased to 60 pounds, then to 120 pounds—the maximum pressure produced by the fire engine. Again, there were no signs of anything going wrong. But was the water doing its job and fighting the fire? Once again, Tuohy labored his way up the 80-foot staircase to the roof in order to check the back of the reactor through the inspection hole.

What he saw dashed the hopes that had just been raised. The water was going straight through the channels and cascading into the cooling pool at the base of the pile. Tuohy ordered the firemen to reduce the pressure. He then returned to the roof for another look. There was no more cascade, and most of the water appeared to be seeping through the graphite blocks into the fire area, as Tuohy had intended. The heat haze above the pile’s stack suggested that the water was helping to moderate the temperature of the burning graphite. But the fire was continuing to burn. As Tuohy observed during one more trip to the roof, “the water wasn’t really showing any particular extinguishing effect.”48

Tuohy had run out of ideas. He decided to wait. For an hour he waited for the water to start extinguishing the fire, but it did not. The air blowers working to reduce the temperature of the overheated reactor core were supplying oxygen to the fire. At that point, Tuohy realized that with water serving as a coolant, he no longer needed air to cool the graphite. Nor did he need cool air at the charge hoist: with the fire hoses attached to the holes, there was no need for people to be on the platform. In fact, it had already been abandoned. Shutting down the air flow would produce no negative effects; on the contrary, it might suffocate the fire, as graphite could not burn without a supply of oxygen.

Tuohy ordered the fans to be shut down and then returned to the roof to check the back of the reactor, but it seemed that he had little strength left in his hands. “I had one hell of a job to level the discs off the inspection holes at the back,” said Tuohy, recalling the moment. What he saw was encouraging. “The fire, now not being fed with air, was trying to get air from wherever it could. . . . It was dramatic. I could see the fire dying out. I could see the flames receding.” He closed the observation hole, the fire’s last available source of oxygen. He then headed downstairs, finally bearing good news.49

When Tuohy wiped the sweat from his forehead, relief visible on his face, everyone around him realized that they had made it through. Finally, Tuohy had found the solution. The water that could have caused an explosion was now cooling the pile and extinguishing the fire. Around noon, when the exhausted Tuohy climbed up for another look, he could see no fire coming out of the channels at the back of the reactor. “As far as I was concerned,” recalled Tuohy, “the fire was out.” But he did not take any risks, and the firefighters kept on pouring water for another thirty hours. The reactor was gone anyway.50

AS A RULE, WHAT HAPPENED IN WINDSCALE STAYED THERE, and this time it was no different. The Windscale men were not particularly talkative. The piles manager, Ron Gausden, failed to inform his superiors about problems with the reactor until 2:00 p.m. on October 10, when the Works’ top managers showed up in the building, alerted by rising radiation levels outside the plant. No information about the emergency in Windscale went to the Works’ immediate authority, the United Kingdom Atomic Energy Authority, until after 9:00 a.m. on Friday, October 11, a few hours before Tuohy shut down the fans of the reactor and extinguished the fire. There were many reasons for the delay, and not all were related to the management’s desire to cover up the details of the accident.

A historian of the British nuclear establishment, Lorna Arnold, wrote about “Windscale’s tradition of proud independence and rugged self-help.” The people of Windscale, the cream of the crop of the British university system, thrived in an atmosphere of scientific experimentation and technological innovation, with risk-taking expected if not encouraged. They were the first to build and run nuclear reactors, producing plutonium and tritium. They simply did not imagine that there was anything they could not handle on their own, or that there were people outside Windscale capable of helping them. “Windscale—a unique and isolated site—had developed a powerful corporate loyalty and pride reminiscent of the local patriotism that Italians call campanilismo,” wrote Arnold.51

There is little doubt that the Windscale men preferred to keep things quiet, but the spread of radiation released by the fire made that all but impossible. According to the agreement that the general manager of Windscale, Henry Davey, had reached with the Cumberland county officials in November 1954, he had to notify the chief constable in an emergency when “the stage had been reached requiring assistance.” The protocol stated that an emergency might occur not as an explosion, “usually thought of by laymen,” but as a result of an emission of radioactivity. That could be remedied either by warning people to stay indoors or by evacuation. Both cases would require coordinated work on the part of the Windscale management and county officials. The former were to identify where the plume was moving, instruct people whether to stay indoors or await evacuation, and provide protective gear and lists of people to be contacted. The local authorities were to provide personnel and transport to assist in warning or evacuating the population.52

Huw Howells, the Works’ health and safety manager, received the first readings of radiation fallout outside the plant sometime before midnight on October 10. Two vans that he dispatched that afternoon to take air samples along the seacoast returned with their results. “The highest gamma reading recorded was 4 milli-r[em] per hour,” states a later report. Radioactivity levels were still below the norm, and external irradiation was not a threat, but ingestion of food could be dangerous. As in the Urals, where the Soviets were evacuating villages affected by fallout at that time, in the Windscale area the main danger could come from milk produced by cows feeding on contaminated grass. Luckily, it would take some time for contaminated milk to make its way into the food chain, and Howell could prepare for any milk emergency.53

Sometime after midnight on October 11, when Davey was either dealing with the emergency at the plant or on his way home, exhausted by the flu, K. B. Ross, the director of operations of the Atomic Energy Authority’s Industrial Group, who happened to be in Windscale that day and took part in handling the crisis, called the constable of Cumberland, waking him with news of the fire and telling him to prepare for a potential emergency. The constable went into action, mobilizing police and transport facilities for a possible evacuation. The policemen were ordered to get ready and stay indoors in case they were needed, while the constable proceeded to the Windscale Works and set up his emergency headquarters. He also informed the rest of the county officials. Buses were assembled and emergency rail stock pulled into the train station of the county’s capital, Whitehaven, in case the order came to evacuate the area.54

Everyone was now awaiting the outcome of Tom Tuohy’s attempt to extinguish the fire. With Davey and Tuohy at the reactor building, K. B. Ross continued to manage the Works’ contacts with the outside world. Around 9:00 a.m. on October 11, as Tuohy began pouring water into the reactor and the feared explosion did not materialize, Ross sent a message to his immediate superiors at the Atomic Authority, the Industrial Group’s managing director, Sir Leonard Owen, and the chairman of the Authority, Sir Edwin Plowden. The message read: “Windscale Pile No. 1 found to be on fire in middle of lattice at 4.30 pm yesterday during Wigner release. Position been held all night but fire still fierce. Emission has not been very serious, and hope continue to hold this. Are now ejecting water above fire and are watching results. Do not require help at present.”55

Ross simply informed headquarters without asking for help or advice. It is hard to say what is more striking in this message, Ross’s imperturbable calm or the self-reliance and arrogance of the Windscale managers and scientists advising a lifelong oilman on the state of affairs at the pile. By the time Ross sent his message, the fire had already been burning for at least two days. The potentially disastrous decision to douse the fire with water was made by Tuohy and Davey in consultation with Ross, but again without informing the Atomic Authority. It is hard to imagine how the message would have read, or whether there would have been a message at all, if Ross had waited another hour until Tuohy decided to switch off the fans and suffocated the fire.

While Ross was new to the atomic industry, he was no stranger to crises. Known to his colleagues as “Abadan Ross,” he had cut his teeth managing the oil industry in Iran. In October 1951 he was the last British citizen to leave the Abadan refinery, the largest British oil asset overseas, employing 3,000 British oilmen; it had been nationalized by the Iranian government earlier that year. He told journalists that he did not think the Iranians would be able to run the refinery on their own or obtain expertise anywhere else. Indeed, the Iranians found it difficult to manage the refinery and sell the oil it produced. Less than two years later, in August 1953, a British-American coup overthrew the Iranian government and returned ownership and control of the refinery to British Petroleum and other Western companies. But K. B. Ross did not return to Iran. Instead, he joined the Atomic Authority. Calm and composed, he was now dealing with a new crisis.56

When Ross informed his superiors at the Atomic Agency that radioactive emission was not serious, no announcement about the emergency was made either to the workers at Windscale or to the population of Cumberland. But as he was dictating his message, the steam produced by the water that Tuohy’s crew poured on the overheated graphite was rushing through the pile stack in amounts that overwhelmed the Cockcroft filters. The radioactive particles emitted into the air then fell on the ground, the location affected by their weight and the direction and strength of the wind. The Calder Hall construction site across the Calder River from Windscale was particularly affected. But the radiation did not spare other areas as well.

AS THE FIRE WAS BROUGHT UNDER CONTROL AND EXTINGUISHED, the radiation emergency began. Huw Howells, the Works health and safety manager, went into action. The situation was considered serious enough to send the construction workers—between 2,000 and 3,000 people, according to media reports—back home. Children from the local schools were ordered home as well. Works personnel were instructed to stay inside their buildings and wear respirators when outside. The factory police guarding the Works perimeter with dogs were told to do the same. Apparently, there were cases when confused dogs did not recognize their masters wearing masks and attacked them.57

Once workers and schoolchildren came home, it became impossible to conceal from the rest of the population that something big and potentially dangerous was taking place at the Works. “Rumors of a fire in one of the piles at Windscale works atomic energy factory swept through west Cumberland yesterday morning,” reported the West Cumberland News on October 12. But the newspaper reporter saw no sign of panic. “Two hundred yards from the pile I saw septuagenarian Mrs Stanley, whose family had been Lords of the Manor for over 600 years, calmly planting out wallflowers in the garden in front of her cottage,” he wrote. “I asked if she was at all worried by what was happening at the atomic factory. She replied, ‘No, why should I be? If there was anything to worry about, they would have told me by now. In any case my family have been here for over 600 years and I am staying here.’ ”58

Tyson Dawson, a local farmer whose house was a mere 200 yards from the factory fence, noticed workers starting to leave the premises around 10:30 a.m. on Friday morning. But there was no general warning of any kind. Dawson’s two sisters’ babies stayed in their strollers next to the Windscale fence for a good part of the day. But the urbanites living in nearby Seascale were more vigilant. Someone armed with a Geiger counter took readings from the clothes of two men who came into town on a bicycle, taking a route along the local railroad. Their clothes were radioactive. An editor of a local newspaper learned from his wife, who had spoken with a grocery store owner, that the workers had been sent home because of a fire at one of the Windscale piles. He informed his colleagues from the BBC and the Associated Press. Reporters soon began to descend on Windscale. “This looked like the Great Atomic Disaster that so many had warned about,” wrote one of them later. “The unknown was about to happen.”59

Media requests at the press office of the Atomic Authority in London were handled by a young official named Roy Herbert. He was new on the job, eager to learn from senior colleagues, but on that particular day they all happened to be away from the office spreading what Herbert called “the gospel of the atom” at different national and international venues. The only one in place was Herbert’s boss, the director of the public relations office, Eric Underwood. “You will be getting a lot of questions from the press,” Underwood told Herbert that morning. Then he warned the novice: “Before you answer any of them, come and see me.” Underwood had a grave expression on his face and was obviously in a hurry. “Questions about what?” Herbert managed to ask before Underwood disappeared into his office. “Sorry. I can’t tell you that. It’s secret,” was the response.60

The secret was revealed in the early afternoon, when Underwood released to the media a memo prepared by the chairman of the Atomic Authority, Sir Edwin Plowden, for Prime Minister Harold Macmillan and Minister of Agriculture Sir Edmund Harwood. The memo was based on K. B. Ross’s message of that morning, with additional information received afterwards. If Ross’s message mentioned water being supplied to the reactor with no indication of its efficacity, Plowden’s report suggested that the temperature of the pile had begun to fall. When Plowden released the report, he did not yet know that the fire had been extinguished. As far as he, and now the prime minister and the public, were concerned, it was still burning.

The memo focused on the spread of radiation rather than the fire. Plowden wrote that most of the radiation had been caught by filters, and only a “small amount” had fallen on the factory premises. The personnel had been instructed to stay inside. There was no mention of contamination outside the Works or danger to the population. Instead, the memo assured the prime minister, and now the general public, that radiation levels were being monitored on-site and in the “surrounding district.” There was no evidence of “any hazard to the public.” While it was too early to define the cause of the accident, continued Plowden, there was no real reason for concern about the rest of the reactors, as those built at Calder Hall were of a different design from the Windscale pile.61

In a few days, Roy Herbert would be dispatched from London to Seascale to coordinate messages from the London office and the Windscale authorities. A quarter century later he recalled “the staff of the Windscale factory, dark-eyed, exhausted, feeling a mixture of pride in coping with the fire and agony at its happening at all, and for all I know, sickness at the thought of inquiries, investigations, explanations, waste, disaster.” Herbert’s role was to provide explanations to journalists descending on the area, but he had little information to go on when reporters gathered near the closed gates of the Works bombarded him with their questions. “It reminded me of the French Revolution, with the mob at the gates,” recalled Herbert.62

The journalists were desperate for facts, but very few were available. Photographers were better off, taking photos of farmhouses and cows grazing against the backdrop of the Windscale stacks and Calder Hall cooling towers. The cows and their fodder were at the top of Huw Howells’s mind as he tried to collect data on the direction of the plume and considered what to do with the milk that would soon become contaminated. Initial data on the direction of the plume were encouraging. The winds were blowing whatever came out of the Windscale stack toward the Irish Sea, away from the Cumbrian coast. Seascale got lucky, as had Ozersk in the Urals only a few weeks earlier. Unknown to Howells, at higher altitudes the winds were blowing in the opposite direction—a Castle Bravo situation all over again. In the early hours of October 11, northwesterly winds prevailed throughout, bringing radioactivity to England and beyond the Channel to Europe.63

Howells’s immediate task was to decide when to tell the farmers to stop consuming and selling their milk and start dumping it instead. He began taking milk samples immediately, on the evening of October 10. The first results were good, showing no radiation, but it began to appear the following day. Iodine-131, a highly active radioisotope with a half-life of eight days, showed 0.4 microcurie per liter. On October 12 it rose above 0.8 microcurie. Howells’s problem was the lack of regulations defining milk safety standards for toddlers and children. Like everyone else at Windscale, he was reluctant to ask for help or work closely with his counterparts in the Atomic Authorities Industrial Group.

Howells contacted his colleagues in the Industrial Group only after Davey, the Works’ general manager, told him to do so. The Group’s scientists had no immediate answers for Howell but got to work. Meanwhile, Howells sent people to neighboring farms to warn their owners. Two men knocked on the door of Tyson Dawson’s farmhouse about 2:00 p.m. on October 12. The policeman, accompanied by a Windscale official, delivered the news and instructions. “We hadn’t to drink any more our milk, we had to take other precautions,” recalled Dawson. “It was a very serious thing if we drank milk.” Vegetables were also out of the question. “Of course, we really did not believe this,” recalled Dawson. But he was also “quite annoyed because we had gone almost three days before they had informed us there was anything seriously wrong with the Works.”64

By late evening of October 12, the Industrial Group experts had decided that the maximum concentration of Iodine-131 in milk should not exceed 0.1 microcurie per liter. On the following day, the bad news was given to neighboring farmers. Twelve dairy farms within two miles of the Works were affected. On Monday, October 14, the “pour down the milk” advice was extended to an area 18.6 miles (30 kilometers) long and 6 to 10 miles (10 to 13 kilometers) deep along the coastline. On October 15, as more information on the fallout became available, the zone increased to 200 square miles.65

The Milk Marketing Board worked closely with the Windscale personnel to organize farmers’ meetings and explain the dangers associated with radioactive milk. The farmers were later compensated for their losses, and the overall sum provided by the Atomic Authority through the Milk Marketing Board reached £60,000. Milk was collected by trucks and brought to the disposal sites. Ironically, a sign on one of the milk trucks had read “Another load of good health,” but confidence in its safety now declined. Some people in the area switched to powdered milk and avoided fresh milk for years after the accident.

At the Windscale laboratory, where milk from local farms was constantly monitored for radioactivity, there was no place to dispose of the samples: milk went sour, creating an intolerable odor that lasted for weeks. It also took on a yellowish hue, leading a reporter to suggest that iodine could be seen in the milk with the naked eye. Iodine was indeed getting into human bodies with milk. Measurements of thyroid activity in local children and adults were almost three times higher than the norm—0.28 microcurie, with a norm of 0.1 microcurie. The nuclear crisis was rapidly turning into a health problem and thus into a political one.66

PRIME MINISTER HAROLD MACMILLAN FIRST RESPONDED TO news of the Windscale fire on Sunday, October 13, when he wrote to the chairman of the Atomic Energy Authority, Sir Edwin Plowden, suggesting that they discuss “whether or not an enquiry will be required.” Plowden replied the next day, informing the prime minister that an enquiry would indeed be conducted by the head of the Authority’s Industrial Group responsible for running Windscale, Sir Leonard Owen.67

On October 15, when Plowden informed the media about the creation of the investigative board, it had a new chairman—Sir William Penney, the father of the British atomic bomb, who would later also create its hydrogen bomb. The investigation was taken out of the hands of the Industrial Group, but not of the Atomic Authority or the British nuclear establishment.

Leaving the enquiry in the hands of the Industrial Group, which ran the Windscale Works, as Plowden had originally suggested, would have been politically embarrassing, but making it completely independent would have been politically inexpedient. With the Soviet Sputnik on everyone’s mind, Macmillan was getting ready to negotiate with President Eisenhower on restoring the American-British nuclear partnership. The last thing he wanted under the circumstances was an outside review with an unpredictable outcome and a potential public scandal.

William Penney accepted the job. A giant of a man, Penney had a brilliant mind and a rare ability to get along with people. Like Hinton, he was of humble origins and possessed outstanding organizational skills. His teddy-bear appearance notwithstanding, he had no qualms about building atomic weapons, which he believed his country needed to survive. It was Penney who, taking part in the American Manhattan Project, suggested Hiroshima and Nagasaki as targets for the first atomic bombs, and it was he who studied the effects of the first use of the atomic bomb against Navy targets at the Bikini Atoll in 1946. After the war, when senior colleagues such as Oppenheimer began to have second thoughts about atomic bombs and opposed the creation of hydrogen weapons, Penney spearheaded the British effort to get both.68

As far as jobs in the nuclear industry went, Penney preferred bombs to reactors. In October 1957 he was getting ready for the November test of the first British hydrogen bomb, so he wanted to conclude the enquiry as soon as possible and get back to his regular tasks. Whoever suggested Penney as chairman of the board knew what his schedule looked like, but it appears that a speedy investigation was in the interest of both the Atomic Authority and the prime minister’s office. Penney and the members of the board arrived at Seascale on October 17. Penney gave himself and his colleagues five days, until the evening of October 22, to compile the report. It took them another four days, until October 26, to produce one, and even that was done with great difficulty.

Overall the board examined seventy-three pieces of information, including reports, graphs, minutes of meetings, and other documents, and interviewed thirty-seven participants in the events, some of them summoned by the board, others volunteering their testimonies. They had to overcome a number of obstacles to their work. Some key documentation was not yet ready to be examined—a concern raised in the media—and many people were at first reluctant to testify, being worried about their possible culpability. But those concerns were put to rest with assurances that the board was on a fact-finding mission and would not go after individuals.69

Penney opened the proceedings by stating the purpose of the enquiry: “to investigate the causes of the accident at Windscale and the measures taken to deal with it and its consequences.” The proceedings were recorded, and his calm voice is clearly audible on the tapes. Peter Jenkinson, then a chemist at Windscale, who was called to testify to the commission, recalled feeling a certain trepidation as he went into the room filled with the biggest figures in the industry. Some of them were also physically large, like Penney, whom Jenkinson remembered as a “big man, but extremely pleasant, courteous, and . . . very polite indeed.” Penney asked the witnesses, who were called one by one, what their jobs were, and allowed them to smoke if they wished. Some clearly needed a cigarette to calm their nerves; all were exhausted and anxious about the outcome of the investigation.70

There were also lighter moments. Laughter is heard on the tapes when Leonard Rotherham, the research and development director of the Industrial Group, responds to a question concerning what he could say about the new isotope cartridges used in pile 1: “They are dangerous.” It was the understatement of the day. The cartridges, also known as Mark III, were introduced in December 1956. They were designed on short notice to accelerate the production of tritium needed for the hydrogen bomb and were made of one thin layer of aluminum with no outer aluminum can. The commission indicated the new cartridges as a possible cause of the fire. “Of the various marks of can present, the most likely to have given trouble was the Mark III, which has a single can holding the alloy in the form of a rod,” reads the board’s report. “Laboratory tests have shown that above 427°C, penetration of the can is possible as a result of the formation of a eutectic alloy. At 440°C, all cartridges tested failed within thirty-four hours; at 450°C, all failed in a few hours and some caught fire.”71

The report reconstructed the events leading up to the accident and the measures taken by Works staff in its aftermath. “We have come to the conclusion that the primary cause of the accident was the second nuclear heating,” stated the report. The reference was to the decision made, or at least approved, by the flu-stricken Ian Robertson, the physicist assigned to pile 1, on the morning of October 8 to increase the intensity of the reaction after the first attempt at releasing Wigner energy had produced little result. “The second nuclear heating was too soon and too rapidly applied,” asserted the report. According to it, the second heating caused some uranium and/or lithium-magnesium cartridges to burst, creating more heat and causing the fire. With that judgment, responsibility was imputed to the management of the Works and personnel assigned to the reactor, although no names were named.

The problems with instruments, especially the positioning of thermocouples in the reactor, were considered a “contributing factor.” The report made no reference to difficulties with the design of the reactor, which needed periodical relieving by heating of the buildup of Wigner energy—the process known as annealing. The increase of time between anneals from 30,000 to 40,000 kilowatt-days, introduced on the eve of the accident to increase production of irradiated isotopes, was discussed but not considered a possible underlying cause of the accident. The report recommended a review of the organizational structure of the Windscale Works and pointed to the need to provide adequate staffing at the managerial level, where too few people were responsible for too many things.

In the conclusions of the report, the personnel of the Windscale Works who had been blamed for the second heating and thus for the accident itself were praised for their handling of its consequences. “The steps taken to deal with the accident, once it had been discovered, were prompt and efficient and displayed considerable devotion to duty on the part of all concerned,” stated the report, which swiftly made its way to the prime minister’s office.72

On the morning of October 29, Harold Macmillan scribbled on the margins of Penney’s report: “I have read all this. It is fascinating. The problem is two-fold. (a) What do we do? Not very difficult. (b) What do we say? Not easy.” Macmillan had just returned from a highly successful trip to Washington, where he had met with President Eisenhower on October 24–25 and finally secured his “great prize.” Eisenhower agreed to push for an amendment to the McMahon Act of 1946 and allow a British-American partnership in the nuclear sphere, the goal Macmillan had worked so hard to achieve. What was required for the partnership to materialize was support from Congress, and that might be jeopardized if the media were to present the Windscale accident in a manner unfavorable to the British nuclear industry. Macmillan was beside himself when he learned that on October 15 Dr. Frank Leslie, a Windscale scientist who had volunteered to be interviewed by the Penney board, had published an article in the local newspaper suggesting that the Works had failed to give the population adequate warning of danger presented by the fire. Macmillan called him an “opinionated ass.”

On October 30, the prime minister wrote in his diary: “The problem remains, how are we to deal with Sir W. Penney’s report?” He praised the report for its “scrupulous honesty and even ruthlessness,” suggesting that it was the kind of report that a company board would expect to receive. “But to publish to the world (especially to the Americans) is another thing,” continued Macmillan. “The publication of the report as it stands might put in jeopardy our chances of getting Congress to agree to the President’s proposal.”73 Despite the demands of the parliamentary opposition and the advice of his own cabinet members, especially the minister of defense and the chairman of the Atomic Authority, he refused to release the report, and copies already distributed to ministers and top government officials were recalled. Macmillan ordered the printers to destroy their type.74

Instead of the full report demanded by the opposition, Macmillan decided to release to Parliament a “white paper” giving his own interpretation of what had happened. Parts of Penney’s report went into the appendixes. “In a memorandum which the Chairman of the United Kingdom Atomic Energy Authority has submitted to me regarding the accident,” wrote Macmillan, “the Authority state that the accident was due partly to inadequacies in the instrumentation provided at Windscale for the maintenance operation that was being performed at the time of the accident, and partly to faults of judgment by the operating staff, these faults of judgment being themselves attributable to weaknesses of organisation.”75

“Faults of judgment” were not mentioned in Penney’s report, and Macmillan’s adoption of such language was a deliberate decision to blame the personnel and counteract possible criticism from the Americans. But the phrase was taken very personally by people at Windscale, who considered themselves victims, not perpetrators, and indeed expected praise rather than a reprimand from the government for what they had done. “We were resentful at the time,” recalled Peter Jenkinson. “Absolutely disgraceful,” stated Dr. J. V. Dunworth, another industry insider, “blaming junior people who had no means of defending themselves.”76

But neither Macmillan nor Penney, who adopted the “faults of judgment” formula in his public pronouncements, had much time or incentive to take note of the hurt feelings of the Windscale men. They had done their job, producing enough plutonium and tritium to ensure the successful test of Britain’s first hydrogen bomb. The weapon, built by Penney and consisting to a great degree of plutonium and tritium produced at Windscale, was dropped off the tip of Christmas Island, Britain’s usual testing ground in the Indian Ocean off the Australian coast, by a British bomber at 8:47 p.m. local time on Friday, November 8, 1957. It was a huge success. The yield of 1.8 megatons was more than anyone expected—they had planned for 1 megaton only. There was some damage to buildings, structures, and even helicopters involved in the operation, but no one was hurt or affected by fallout. No foreigners observed the achievement but those the British really wanted to have around: two American officers, one representing the Navy, the other the Air Force.77

William Penney was pleased. Not only had he delivered the bomb, but he had done so on the day when portions of his Windscale report were released to the public as part of Macmillan’s white paper. Public attention was all focused on the hydrogen bomb. Penney was on the next plane to Washington, ready to start the exchange of information with the Americans, a process that Macmillan and Eisenhower had agreed to initiate at their meeting the previous month. But the Americans wanted British secrets in return. Among them were the details of the Windscale fire.78

WITH PENNEY’S SUPPORT, MACMILLAN SUCCEEDED IN MINIMIZING the political fallout of the Windscale fire. It turned out to be more like the Kyshtym accident in the Urals, a bump on the road in the nuclear arms race, rather than a Castle Bravo accident that alerted the world to the dangers of nuclear weapons. But no political coverup could diminish the radiological fallout of the Windscale fire and its impact on human health and the environment. It was huge, though less significant than either the Castle Bravo or the Kyshtym fallout. As at Kyshtym, where the release of radioactive substances into the environment took place over a long period, it has sometimes been difficult to distinguish the 1957 fallout from previous incidents.

Cockcroft’s folly, the filters installed in the pile no. 1 stack, trapped most of the radiation, preventing the Windscale fire from becoming a health and environmental disaster on a much larger scale than it actually became. But the filters could not trap it all. It has been estimated that 12 kilograms of uranium escaped through the stacks of the Windscale piles between 1954 and 1957. Xenon-135, an isotope that affects the pulmonary system, accounted for 324,000 curies of radiation; Iodine-131, which attacks the thyroid gland, for 20,000 curies; and Cesium-137, which concentrates in the soft tissues of the body, for 594 curies of radiation.

“The route of exposure which contributed the most to the collective dose was the inhalation pathway,” stated a 1984 report prepared by scientists at the Harwell National Radiological Protection Board. “Iodine-131 was the most important radionuclide, contributing nearly all of the collective dose to the thyroid and a large part of the collective effective dose. Polonium-210 and Caesium-137 also made significant contributions; that from Caesium-137 came in the longer term via external irradiation from ground deposits and the ingestion of contaminated foodstuffs.”79

The contamination of pastures and the resulting appearance of the radionuclides in milk is well documented. Between 1954 and 1957 the concentration of Strontium-90 in milk produced on farms close to Windscale was three to five times higher than from farms located farther from the plant. Less well known is the fact that the irradiated plume carried by winds toward the Irish Sea also had a negative impact on human health and environment. The fallout in the sea was not without consequences for sea life and probably got into the human food chain as well. The gamma spectrum of oysters collected by scientists in June 1967, almost ten years after the accident, helped identify the radioisotopes released by the Windscale fire.80

The precise impact of Windscale radiation on human health is more difficult to determine than the amount of radiation released. It is a scientifically difficult question to handle and, given the legal and financial consequences of possible answers to it and the vested political and institutional interests involved, little consensus has been reached on the subject. Different people and institutions have given different answers over time.

Despite the very public effort to confiscate and destroy milk from farms in the Windscale area, the public was at first uninformed or even misled about the impact of radiation on the human body. No one knew at the time what that might mean. The media, encouraged by nuclear industry experts, sent the message that radioactivity could easily be washed off or would disappear in a few days if one happened to be exposed to it. In one media story, doctors would not allow a Windscale engineer exposed to radiation to kiss his wife. But four days later, Geiger counters gave him a clean bill of health: he could return to hugging and kissing his wife. The family featured in newspaper photos was back again, happier than ever.81

The Penney Report, which remained secret to the public, was much more open and realistic in treating the impact of radiation on those directly involved in the accident. “The highest thyroid iodine activity so far measured among the staff is 0.5 μc [millicurie],” stated the authors of the report, admitting that the reading was five times the norm. According to the report, fourteen operators exceeded the permissible dose of 3.0 roentgen, and one person was exposed to 4.66 roentgen. On top of that, said the report, those who were first to open the plugs on the charge wall of the reactor and look into the channels to assess the spread of the fire exposed themselves to additional but undetermined levels of radiation. “A few men were not wearing head film badges, although they were wearing the normal type of film badge,” reads the report. “These men might have had a dose to their heads, somewhere between 0.1 r[oentgen] and 0.5 r[roentgen], in addition to the whole-body dose recorded by their film badges.”82

Arthur Wilson, the first man to look into the opened plug 20-53, never learned the dose of radiation he sustained that day. Interviewed in the late 1980s about his experiences at Windscale, he had been confined to a wheelchair for years. He had retired from the Works at the age of thirty-six, crippled and able to move only with the help of canes. He had been involved in dangerous accidents before the Windscale fire, and doctors never associated his illnesses with exposure to radiation. “How could they say they didn’t know what it was in one breath and then exclude radiation in the next?” mused Wilson. He received a superannuation of £400.83

People react differently to relatively small doses of radiation. The formidable Yefim Slavsky, who ran the first and most dangerous of the Soviet reactors, Annushka, in the 1940s and dealt with the Kyshtym disaster in the 1950s, as well as the Chernobyl explosion in the 1980s, died at the age of ninety-three, although many of his colleagues, including Igor Kurchatov, arguably exposed to the same doses of radiation, never celebrated their sixtieth birthday. Windscale produced its own nonagenarian. Tom Tuohy, who put aside his counter badge so as not to be sent home and arguably sustained more radiation than anyone else at the Works during the accident, died in his ninety-first year and, like Slavsky, did not talk much about his health until the last years of his life.

Unlike most of his colleagues, Tom Tuohy, dubbed by the media “the man who saved Cumbria,” never complained about the Penney Report. In fact, he believed that he and others had been given “a pat on the back from the Board of Inquiry.” He must have had in mind the line of the report that read: “The steps taken to deal with the accident, once it had been discovered, were prompt and efficient and displayed considerable devotion to duty on the part of all concerned.” Nor did he believe that he had suffered any consequences from being irradiated. “It just shows you, you can have a lot more radiation than is being said, without it having any real adverse effect,” remarked Tuohy in an interview conducted in the late 1980s. “I am walking proof, a pretty good physical specimen to be in my seventy-second year, radiation or no radiation. There is absolutely no justification for the fuss being made about leukemias or anything else.” Until the very end of his life Tuohy claimed that radiation had had no impact on him.84

In 1982, the British National Radiological Protection Board estimated the death toll from the Windscale fire at thirty-two and attributed more than 260 cases of cancer to it. Windscale workers and engineers directly involved in the accident were under medical observation for fifty years, from 1957 to 2007. In 2010 a group of medical doctors and scholars published the results of their observations. They found that their patients were more likely to die of circulatory system and heart diseases than the population of England and Wales as a whole. But that ratio was reduced if the Windscale workers were compared to their immediate neighbors in northwestern England. The difference in the number of cases of heart disease among the Windscale workers involved in extinguishing the fire and their colleagues employed at Windscale who were not involved was statistically insignificant.

One possible conclusion that can be drawn from these figures is that the 1957 fire was not the only source of irradiation at Windscale, and that those affected by the radiation included not only Windscale workers but the population of the region at large. But the authors of the report take a more optimistic view of the outcome of their study. “Although this study has low statistical power for detecting small adverse effects, owing to the relatively small number of workers, it does provide reassurance that no significant health effects are associated with the 1957 Windscale fire even after 50 years of follow-up,” reads the paper. In one case, however, the authors suggest that their data do provide a statistically significant result. It concerns the difference in the number of cases of lung cancer mortality between those who sustained higher external doses of radiation and those who sustained lower ones. The higher an individual worker’s exposure to radiation, the greater his chances of dying from lung cancer.85

There is a consensus among scientists and medical professionals that until the 1990s people who had been living around Sellafield, the area that includes Windscale and Calder Hall, had greater chances of developing leukemia—cancer of the blood and bone—and lymphoma, a blood cancer, than their counterparts living in other parts of England. Some estimates suggested that cases of leukemia and lymphoma in the region were fourteen times the national average and twice as common as in the neighboring areas. Such high figures are debated, but there is agreement among medical professionals that there are more cases of blood and bone cancer around Sellafield than in other parts of the country. In 2005, the Committee on Medical Aspects of Radiation in the Environment published a report confirming earlier findings about the “excess of childhood cancer in the village of Seascale near Sellafield.” A location in Britain that showed similar results was the town of Thurso near Dounreay, a testing site of nuclear reactors, including naval ones.86

The Windscale piles were shut down in the fall of 1957—a direct outcome of the Windscale fire. The shutdown was in fact an admission that the piles were technologically outdated and dangerous by the time one of them caught fire. No mention of that was made in the report. But in 1958 two separate announcements were made, declaring that neither of the two piles would be restarted. That was not the end of the Windscale piles but rather the beginning of a process that took decades to complete. Shutting down a nuclear facility has been no easy task. Since Wigner energy was still stored in the graphite of the piles, they needed constant monitoring. The same applied to the building that stored aluminum cladding from the fuel rods used in the piles—the infamous cartridges. For decades, technology and equipment required for the proper decontamination of the site were lacking, and the last fifteen tons of fuel were not removed from the damaged area of pile no. 1 until 1999.87

The Windscale piles entered the new millennium without fuel but with their deteriorating stacks still proudly (and dangerously) reaching into the sky. Their demolition began only in February 2019. It is a long process, as appears from a news story issued by the Nuclear Decommissioning Authority and Sellafield Ltd., a company responsible for cleaning up the former Windscale and Calder Hall sites. “Because buildings containing nuclear material surround the stack,” goes the report, “traditional demolition techniques like explosives cannot be used.” They plan to remove “the square-shaped ‘diffuser’ at the top” by 2022.88

It certainly took less time to build the piles than to get rid of them. It also turned out to be a very expensive undertaking. The cleanup cost for the entire Sellafield site was estimated in 2016 at £2 billion. The human cost of the Windscale fire and other nuclear accidents in the area is much more difficult to estimate. Given the inability of modern science to establish a direct link between exposure to low doses of radiation and illness, some medical professionals proposed a government program of financial compensation for anyone in the Windscale area who developed thyroid cancer within twenty years after the accident. No such program was adopted by government or industry, and cancer patients, backed by their families and trade unions, have been fighting in the courts for compensation from the nuclear industry on a case-by-case basis with mixed results.89

The Windscale fire was the first large-scale nuclear accident caused by a reactor. It released significantly less radiation than either Castle Bravo or the Kyshtym explosion, but it started a new era of reactor accidents and meltdowns. The nuclear accidents discussed in the following chapters are all reactor-related and dwarf the one that happened at Windscale.
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IV



ATOMS FOR PEACE

Three Mile Island

A magic trick was performed at the White House on May 26, 1958. In the presence of photo cameras and film crews, President Dwight Eisenhower picked up what was described in the newspapers as a “neutron wand,” a rod with a sphere on its end, and waved it over a neutron counter. The actual magic happened 280 miles away at the Shippingport nuclear power plant in western Pennsylvania, where an electric motor started up, opened the main turbine throttle valve, and boosted the plant’s electricity production to 60 MWh, enough at the time to supply a city with a population of a quarter of a million.1

The Shippingport nuclear plant, first connected to the electrical grid in December 1957, was now officially open. The president called it “the first of the world’s large-scale nuclear power stations, exclusively devoted to peaceful purposes.” He hailed the international importance of the occasion: “This plant, using the power of the atom to supply electrical power, represents what can be done not only in America but throughout the world.” The world was watching and listening, but not everyone was happy. “The British newspapers took exception to President Eisenhower’s statement,” reported the New York Times. “They said that Britain’s Calder Hall plant, which has been producing electricity for months, rates the title.” The reference was to the Calder Hall Magnox reactors across the Calder River from Windscale, built in 1956 and opened in October of that year by Queen Elizabeth. The Soviets habitually referred to their nuclear power plant, launched in 1954 in Obninsk, as the “world’s first nuclear power station.”2

The Americans, first to produce both nuclear and hydrogen bombs, lagged behind the Soviets and the British in building a nuclear power plant for the production of electricity. Eisenhower was eager to claim American primacy in the field of nuclear energy but had to be careful with his choice of words. His speechwriters were accurate: Shippingport was indeed the first large-scale nuclear power plant dedicated solely to the production of electricity. Igor Kurchatov’s nuclear power plant in Obninsk had a net capacity of 5 megawatts electric (MWe), while the first large-scale reactor built at Calder Hall, with a capacity of 50 MWe, was a dual-purpose facility capable of breeding plutonium for bombs and producing electricity for kindergartens. The Shippingport reactor could not produce weapons-grade uranium or plutonium, and it was built that way by design, not by omission.3

Shippingport was the first tangible outcome of Eisenhower’s Atoms for Peace program, which he inaugurated with a speech at the United Nations General Assembly in December 1953. The “Atoms for Peace” speech promised to put the future of the American nuclear program “into the hands of those who will know how to strip its military casing and adapt it to the arts of peace.” It was a classic combination of hard-nosed American realism and Wilsonian idealism in the new nuclear age. Both international and American audiences needed reassurance in the wake of the Ivy Mike explosion of November 1952, the successful American test of a thermonuclear device. To the international community, especially American allies in Europe, Eisenhower pledged that he was not building nuclear weapons in order to start a nuclear war. In fact, Washington was prepared to share American technology and help develop nonmilitary applications of nuclear energy. “My country wants to be constructive, not destructive,” declared Eisenhower.

To the American public the president promised “good atoms” that would produce electricity. Atoms, previously associated with the destructive power unleashed on Hiroshima and Nagasaki, would now be a force for good, helping to supply electricity, cure illnesses, and educate schoolchildren and university students. Eisenhower needed a change of perception about nuclear energy in the United States in order to build public support for more investment in nuclear arms. A mass public relations campaign, code-named “Operation Condor,” was launched by the government to educate the public about nuclear arms and energy and convince Americans to support the administration’s growing reliance on nuclear weapons.4

The construction of the Shippingport nuclear power plant, which began in 1954, was the main evidence that Eisenhower meant business when he spoke about “the arts of peace.” That year Congress removed the government monopoly on building and operating nuclear plants. The project was envisioned as a government partnership with private enterprise, but it was bankrolled by Washington. Private capital had to be attracted with government subsidies, guarantees, and legislative protection. Critics argued that the whole partnership scheme was a façade to conceal the fact that the plant was being built with government funds. Chet Holifield, a Democratic congressman from California, claimed in Congress that the contribution of the Duquesne Light Company, the operator of the Shippingport plant, was limited to $5 million. The government officially contributed $72.5 million, and if one added research and development, then the cost to the American taxpayer was in excess of $120 million.5

That was not the end of government involvement in the project. With the plant almost ready, no one was prepared to insure a new power station. To make things work, in September 1957 President Eisenhower signed into law the Price-Anderson Nuclear Industries Indemnity Act, which limited insurance coverage of nuclear accidents to a maximum of $60 million. That was the highest amount insurance companies would offer to the Duquesne Light Company. Given the potential damage that a nuclear accident could produce, the sum did not amount to much even in the 1950s. Accordingly, the Price-Anderson Act committed the government to provide an additional $500 million in excess of the $60 million offered by the insurers. “It was largely a government enterprise in the building,” according to a New York Times article on the official opening. “It is still a government property. But it is being operated as a part of private industry.”6

The man who made Eisenhower’s vision of Atoms for Peace a reality was Admiral Hyman G. Rickover, a Jewish refugee from pogroms in the Russian Empire and the founding father of the American nuclear Navy. In January 1954, before taking on the project of building the Shippingport nuclear station, Rickover built and launched USS Nautilus, the world’s first nuclear-powered submarine. Focused, persistent, and often abrasive, Rickover was there to get things done. One of his many accomplishments was the development of a reactor that jump-started both the American nuclear Navy and the American nuclear industry. Known as a pressurized water reactor, or PWR, it used water, not graphite, to moderate reactions and was significantly safer than the graphite reactors at Oak Ridge, Hanford, Ozersk, Obninsk, and Windscale. At Shippingport, Rickover’s small submarine reactor was transformed into a huge industrial one by engineers of the Westinghouse Electric Corporation. The reactor reached criticality and was connected to the grid in December 1957.7

Rickover’s PWRs, produced by different companies in various modifications, created the backbone of the American nuclear program. They were considered safe and reliable, designed so well as to make a reactor meltdown unthinkable—just as no one could have imagined the Titanic sinking, as a nuclear establishment official later recalled. From Rickover the nuclear industry acquired not only the basic design of the reactor but also the necessary cadres: most operators of nuclear plant reactors came to the industry after serving in the Navy, which had given them their understanding of the physics of the reactor, training, and safety culture. They would be retrained to run a new generation of huge reactors in large numbers over a short period of time. The industry was growing and needed people, and the Navy was there to help train them.8

Eisenhower wanted his program to work no matter what the cost. He got his way. In October 1959, a reactor went critical at the Dresden-1 Nuclear Power Station in Illinois; in August 1960, a new reactor was launched at the Yankee Rowe Nuclear Power Station. By 1971 there were twenty-four nuclear power reactors operating in the country, producing 2.4 percent of the nation’s electricity. It was a modest beginning, but things were picking up. In 1973 orders came in for forty-one nuclear power reactors, an all-time record. In the following year, the first 1,000-megawatt electric nuclear power reactor became operational at the Zion Nuclear Power Station in Lake County, Illinois. Atoms for Peace were delivering on the promise of putting nuclear energy to work for the benefit of humankind. Nuclear power plants were bringing jobs, economic development, and the promise of a bright future to dozens of communities all around the country.9

In 1973, President Richard Nixon called for the construction of 1,000 nuclear reactors before the end of the century. With the Arab oil embargo crippling the American energy sector and economy, the future could not have looked brighter for nuclear energy. The Nuclear Regulatory Commission, a government body created in January 1975 to license nuclear power plants and operators, worked around the clock to deal with ever-increasing demand for units and personnel to be licensed. “We had no control over the number of plants that came in the door, we were just like your driver’s license bureau, and there were people lined up at your desk waiting for the eye exam and the driver’s test,” recalled the NRC director of nuclear regulation, Harold Denton.10

The nuclear boom ended almost as suddenly as it had begun. The recession was triggered by the oil embargo of 1973 and lasted until 1975, putting an end to the long post–World War II expansion of the American economy and its newest sector, the nuclear industry. By 1975, the country had more generating capacity than it could use. Government policy combined with rising oil prices to triggered inflation, which reached 12 percent before the end of the decade. Borrowing money for long-term projects such as the construction of nuclear power plants became extremely risky, especially given the reduced demand for electricity. Not a single order for a nuclear power reactor was placed in the United States in 1978. If in France the oil crisis spurred the government to launch an aggressive program of building nuclear power plants and standardizing its fleet of reactors, in the United States the nuclear industry entered an era of stagnation, waiting for better times. They were not on the horizon. Things would get much worse the next year.11

MARCH 1979 WAS THE WORST MONTH IN THE HISTORY OF the American nuclear industry and still holds that record today. It all began on Friday, March 16 with the release of a Hollywood disaster thriller, The China Syndrome. The movie featured Hollywood stars Jane Fonda and Jack Lemmon. Michael Douglas, not yet famous, produced the film and played a supporting role in it. The script was anything but favorable to “atoms for peace.”

In the movie Jack Godell, a shift supervisor at a nuclear power plant, played by Jack Lemmon, is the embodiment of a whistleblower, a term that acquired its current meaning at the beginning of the seventies. He experiences a near meltdown of his reactor, an accident known in the industry as one involving the loss of coolant, and soon realizes that it is due to the incompetent welding of one of the system’s pumps. He reports the problem to his boss, who refuses to take action, because fixing the problem would cost the company millions of dollars. Soon Godell finds allies in an equally rebellious television reporter, played by Fonda, and her cameraman, played by Douglas. But he cannot prevent the plant’s management from continuing to operate the dangerously unsafe reactor. Godell eventually gets himself killed by the police after taking control of the reactor. The accident he predicts and tries to prevent takes place immediately afterwards.12

The original script, written by Mike Gray, an engineer by training, was based in part on two relatively minor accidents at nuclear power plants in the early 1970s. Gray told Douglas that “it would be a race between getting the movie made and a major disaster.” The film reflected growing public concern about the safety of nuclear power plants. Opposition to nuclear energy first emerged in the late 1950s and gained momentum in the 1960s, just as utility companies, which bought cheap electricity, were jumping on the nuclear bandwagon and causing the dramatic expansion of nuclear plant construction. Until the late 1970s, however, the movement was never powerful enough to stop or slow down the growth of the nuclear industry. Many claims about safety issues seemed farfetched, as public knowledge about accidents taking place at nuclear power plants on a relatively regular basis was limited at best.13

The only exception was a partial meltdown at the Enrico Fermi Nuclear Generating Plant 30 miles from Detroit in 1966, which received extensive coverage in a journalistic account by John Grant Fuller, We Almost Lost Detroit, published in 1976. The previous year 39 percent of Americans were concerned that an accident at such a plant could produce a nuclear explosion. Concerns about the use of nuclear energy were rising, and with the election of Jimmy Carter in 1976 they made their way from street protest rallies into the White House. The administration stopped funding the development of new nuclear technologies. Attitudes toward nuclear power were changing, and The China Syndrome reflected the new reality.14

The movie was well received by critics and viewers, grossing more than $4 million on its first weekend. But the captains of the nuclear industry showed their displeasure. General Electric, which produced equipment for nuclear plants, canceled its sponsorship of a television program in which Barbara Walters interviewed the film’s star, Jane Fonda. Those objecting to the critical portrayal of the nuclear industry included Walter Craitz and John G. Herbein, the president and vice president of Metropolitan Edison, or Met-Ed, a subsidiary of the General Public Utilities Corporation, which served eastern and south-central parts of Pennsylvania. The movie included a line about how an explosion at a nuclear plant would “render an area the size of Pennsylvania permanently uninhabitable.” This promised nothing good for the perception of nuclear energy in the state.15

Met-Ed partly owned and ran the nuclear power station at Three Mile Island (TMI) near Middletown, Pennsylvania, about ten miles from the state capital of Harrisburg. The Three Mile Island station, located on a narrow island in the Susquehanna River, had two PWR units built by the Babcock & Wilcox Company. The company had long-standing relations with the Navy. Its plants had built more than half the boilers that powered Navy ships during World War II and then switched to the nuclear industry, building Rickover’s first nuclear submarine, USS Nautilus. Construction of the first of the two Three Mile Island reactors began in 1968. Built at a cost of $400 million, the TMI-1 unit had a generating capacity of 819 MWe, approximately fourteen times that of the first Shippingport reactor. It came online in September 1974, in time to provide badly needed energy in the wake of the 1973 Arab oil embargo.

In September 1978 the first reactor was joined by a second, with a somewhat larger capacity of 906 MWe. The construction of TMI-2 began in June 1969, and it received its operating and commercial licenses in February and December 1978, respectively. The first electrical power was produced in September. Within the first year the plant had two accidents and twenty reactor shutdowns overall, which was not unusual for the first year of any reactor but still above the industry average. Three Mile Island entered the brand-new year of 1979 with high hopes, its two nuclear reactors working and producing electricity without a hitch. The only safety concern was that a plane landing at the nearby Harrisburg airport might crash into the reactor, but that was considered highly unlikely.16

ON THE NIGHT OF MARCH 27, 1979, A GRAVEYARD SHIFT took charge of the operation of Three Mile Island’s two reactors. The time was 11:00 p.m. The crew was led by Bill Zewe, a thirty-three-year-old reactor operator and manager who had come to the plant in 1972 and risen to the rank of shift supervisor. A high-school graduate, he had spent six years in the Navy, where he was trained as a submarine reactor operator and electronics technician. He began his career at the TMI plant as an auxiliary operator, then became a shift foreman responsible for running one reactor, and finally shift supervisor responsible for the work of both the plant’s reactors. Between the Navy and TMI, he had twelve years’ experience of running different types of reactors.

When Zewe was asked subsequently whether it was typical of the industry that he and his immediate subordinates were all Navy men, he responded in the affirmative. Zewe’s crew consisted mostly of former Navy men. Fred Scheimann, the shift foreman of the brand-new unit no. 2, had spent eight years in the Navy, working as an electrical operator on three nuclear submarines. Ed Frederick and Craig Faust, the two control-room operators working under Scheimann, were also former Navy officers. One of them, Frederick, had spent six years in the Navy. His service included a year’s training, half of it spent at a Westinghouse simulator prototype. With his training complete, he was assigned to a submarine and ran its reactors for the next five years.17

The TMI reactors that Zewe and his crew were running that night were not dissimilar to the ones they had operated while in the Navy, but they were significantly larger and thus had more power, pipes, valves, and mechanical parts, as well as a different set of technological and safety issues to be addressed. To that end, all four men had been trained by Met-Ed to work on industrial PWR reactors and licensed by the Nuclear Regulatory Commission. The licensed members of Zewe’s crew were assisted that night by a dozen or so nonlicensed auxiliary operators. Their common task was to ensure the smooth running of the reactors by monitoring the hundreds of lights and indicators on the control board in front of them and take action if required.

Sometime after 4:00 a.m., Zewe was sitting in his small office at the back of the control room of reactor no. 2, when suddenly he heard an alarm. Zewe looked out his office window and saw that alarm lights on the control panel of the Integrated Control System were flashing. “I jumped up out of my chair,” recalled Zewe later, “and started out in the control room area.” He soon realized that the safety system had shut down the turbine. “I called out that we had a turbine trip,” recalled Zewe, using the industry term for a shutdown. Then one more alarm light went red. “We just had a reactor trip too!” yelled Zewe. He then announced the news on the plant’s paging system. The entire shutdown process had taken a mere seven seconds.18

Bill Zewe, Craig Faust, and Ed Frederick followed reactor trip emergency procedures. Like all PWRs, TMI reactor no. 2 had two cooling systems or circuits. The first brought water to the core of the reactor, where it was heated. The water was pumped into the first circuit under pressure, which prevented it from boiling and turning into steam but allowed it to bring thermal energy from the reactor’s core to the secondary cooling system. The hot pressurized water of the primary cooling system met the cold unpressurized water of the secondary circuit in the steam generator. The steam thus produced in the secondary circuit spun the turbine, cooled down, and turned back into water in a condenser. The water then went back into the steam generator to be heated by the water from the primary circuit. And so it went, again and again, until something went wrong, as it clearly did that night.19

Earlier in the shift, Zewe and his crew had had to deal with a problem inherited from the previous shift. It concerned one of the eight polishers—2,500-gallon tanks that purified water after it went through the condenser and was ready to be pumped back into the reactor. The water picked up rust and impurities while circulating through the system and had to be purified in the polishers, with the help of small balls of resin that absorbed the impurities and had to be periodically removed from the tanks. It was not always an easy task, because the sticky resin tended to clog the system. That had now happened in tank no. 7. Those on the previous shift had tried to move the resin with compressed air, but one of the workers forgot to close the air valve, which allowed some water to get into the air system and affect the proper functioning of the valves.20

Neither Zewe nor his men knew that, but chances are that it was the cause of the trip they now had to deal with. There were in fact not two but three trips: before the automatic shutdown of the reactor and the turbine shutdown, there had been a shutdown of the main feedwater pumps, which triggered the following two trips. It was bad, but nothing that Zewe and his experienced crew could not deal with. The operators began to check the indicators, switching off the alarms and verifying the positions of the valves. A few minutes into the reactor shutdown, however, a new problem presented itself to Zewe and his team. The two high-pressure injection system (HPI) pumps, a safety feature designed to keep enough water in the cooling system, suddenly kicked in and began to pump water. The reason for that was anything but clear.

Although they did not know it at the time, one of the valves in the primary cooling system had malfunctioned. That particular valve was the “pilot operated relief valve,” or PORV. It was installed at the top of the pressurizer, a water heater in the primary cooling system of the reactor designed to keep water under pressure. The PORV’s task was to open if there was a need to relieve pressure and go back to the closed position once the pressure returned to normal. The PORV valve had its problems: as Scheimann had told Zewe earlier that night, it was leaking, but that seemed to be a minor issue requiring no immediate action. Now the PORV valve had opened as expected but, unknown to the operators, refused to close, allowing water to escape from the reactor’s primary cooling system.

That was why the high-pressure injection system pumps had started to work. But the operators knew nothing about the problem with the PORV. The only indicator that Faust and Frederick could see on their control panel was a green light showing that the signal had gone to the valve, but no indicator had ever been installed on the panel to show whether the valve had closed. “I would have liked to have thrown away the alarm panel,” stated Faust later. “It was not giving us any useful information.” The manuals for emergency situations had no instructions for a loss-of-coolant accident caused by a malfunctioning valve. “So, believing that we were stable for some time,” recalled Frederick, “we just continued to try to wrap up the plant and establish the cool down rate.”21

But now, with the emergency pumps working, Frederick, whose job was to monitor the water level in the pressurizer, was getting nervous. “It was my concern not to let the pressurizer fill solid with water, because a solid water system is difficult to control, and we had never done it before.” Normally, water was supposed to take up no more than 80 percent of the space in the pressurizer, leaving the rest for a shock-absorption bubble in case of a sudden jolt in the water system. Without that bubble, a jolt could destroy the pressurizer and potentially cause major damage to the reactor itself.22

Disturbed, Frederick decided to stop the flow of water filling the pressurizer. “At this point,” he recalled later, “I bypassed the emergency safeguard system . . . and pushed six bypass buttons, which gave me control over the system.” He used that control to cut off one pressurizer pump, thereby reducing the flow of water in the reactor by half, but that seemed to have no effect. “I saw a slight tapering, and then it went right back on the same rate,” recalled Frederick. Soon the water indicator in the pressurizer went off the scale. “We are about to go solid,” Frederick told his boss, Fred Scheimann. “Going solid” meant allowing the pressurizer to be completely filled with water. They decided to shut down the emergency pumps. Overriding the emergency system and switching off the water supply was a huge mistake. The task of the HPI pumps was to supply cooling water and prevent the reactor from overheating. Now the main source of water going to the reactor had been shut off. Meltdown of the reactor’s core was one step closer.23

“IF THE OPERATING STAFF HAD ACCIDENTALLY LOCKED ITSELF out of the control room, the TMI accident would never have happened,” suggested a historian of the accident. The presidential commission that examined the causes of the accident shared this sentiment. “If the operators (or those who supervised them) had kept the emergency cooling systems on through the early stages of the accident, Three Mile Island would have been limited to a relatively insignificant incident,” reads the commission’s report. “However, the operators were conditioned to maintain the specified water level in the pressurizer and were concerned that the plant was ‘going solid,’ that is, filled with water. Therefore, they cut back HPI from 1,000 gallons per minute to less than 100 gallons per minute. . . . This led to much of the core being uncovered for extended periods on March 28 and resulted in severe damage to the core.”24

Zewe, Faust, Frederick, and Scheimann, who joined the group in the control room soon after the first alarm went off, tested different theories and tried different procedures but never understood what was going on with the reactor. More than a hundred alarms went off on the control panel, making it difficult for the shift crew to assess the situation and prioritize the threats. Moreover, some indicators went off the scale, unable to function in accident-type conditions and leaving the operators in the dark about the functioning of important systems in the reactor. Other indicators were not visible from the operators’ stations and thus difficult to monitor. But the signal they needed most, the one indicating whether the PORV valve had closed, had not been installed on the panel at all.25

They also ran out of luck. When Zewe suspected that something might be wrong with the PORV valve, he asked one of the operators to read him the temperature on it, a possible indicator of whether it was closed or not. The operator mistakenly read from the wrong scale: instead of 283°, he gave Zewe 228°. The 55-degree difference was crucial. Zewe assumed that the PORV valve had closed. Their last hope was the unit’s computer, but it was overwhelmed with data. “The alarms came 100 at a time,” recalled Frederick. “The computer, the IBM typewriter just types them one at a time. So as they were coming in rapidly, probably 10 or 15 per second, it just could not keep up.” It was printing out data readings with a delay of two to three hours, and some pages were filled with question marks and periods and dashes. At one point, the printer jammed.26

Zewe and his crew of former Navy men had little to rely on but their intuition, which was informed mostly by their experience as reactor operators on submarines. Their main concern, like that of any operator of a submarine reactor, was to keep the pressurizer from going solid. Loss of coolant in a reactor that was shut down was not much of a problem, as a small submarine reactor did not produce enough heat at that stage to cause damage to the core. But with huge electricity-producing reactors, the loss of coolant was a much bigger threat than letting the pressurizer go solid. The Navy men apparently never grasped that major difference on the gut level. Their guts were telling them: do everything you can to prevent the pressurizer from going solid.27

Meanwhile, water was flowing from the primary coolant system through the open PORV valve. It was going first into the overflow tank and then onto the floor of the reactor building. Half an hour into the accident, the sump pumps in the reactor containment automatically went on—unknown to Zewe, they were trying to deal with the thousands of gallons of water spilling out of the primary cooling system. Within two and a half hours, the system lost 32,000 gallons of water. Zewe ordered the pumps to be shut off, as he knew that he did not have enough room for the excess water in the auxiliary building, into which the pumps were directing water from the containment.28

The loss of water in the primary cooling system dramatically affected the behavior of the cooling pumps, which were now conducting steam instead of water and began to shake. Frederick remembered later that they “started having a problem with the reactor cooling pumps.” Soon not only were the pumps shaking but also the floor to which they were bolted down. The crew shut down one pump, then another. “We felt we were going to lose pumps anyway,” recalled Zewe. By 5:41 a.m. they had disabled four pumps altogether—two emergency pumps and two regular ones. There was no longer any risk of the pressurizer going solid, but neither was there any coolant left in the primary system. The reactor’s 247 megawatts of heat, the temperature that it generated immediately after the shutdown, were now left without any checks whatever. The overheated fuel was now free to melt everything it could find in the reactor’s core.29

It was about 6:20 a.m., more than two hours into the accident, when Zewe decided to check an idea suggested to him by Brian Mehler, a shift foreman who had arrived to replace Zewe and found the operating room in crisis. Mehler thought that the PORV valve might be responsible for all the trouble, especially for the discharge temperatures staying too high. “That’s hanging up there too long, so let’s go ahead and isolate the valve,” said Zewe, recalling his and Mehler’s thoughts at the time. “The only way that we finally determined that the valve was partially opened was that we shut [off] the blocked valve—or the downstream valve if you will—from the valve that was open,” recalled Zewe later. They saw that the pressure in the primary cooling system, which had been very low until then, began to rise. “And that is when we realized, for sure, that the valve was at least partially open and blowing [water] to the drain tank, and the drain tank was open directly to the building,” remembered Zewe.30

By the time they figured out what was going on and closed the PORV valve, it was too late to avoid a major accident. The reactor was going into meltdown. Inadvertently, by fixing one problem, the operators had created another one. The malfunctioning valve, while open, allowed at least some heat to escape the reactor, but with the valve closed, the heat had nowhere to escape. “Our count rate in the reactor was increasing,” recalled Zewe, referring to the charts that measured the neutron flux to the core of the reactor. He now knew that, as he recalled later, “something was really wrong.” For the first time in the crisis, the thought occurred to him that the core of the reactor might have been damaged.

The time was about 6:30. They pumped borated water and boron into the pressurized cooling system to help slow down the reaction. But at 6:50 a.m. the panel of radiation monitors suddenly went wild, all indicators going amber red. Monitors picked up rising radiation levels in the water that was being pumped from the reactor container into the auxiliary building. “I knew that we had a tremendous problem at that point,” admitted Zewe. Twenty minutes later, a water sample confirmed their worst fears: the radioactivity level of the water was unusually high. Zewe no longer knew what to think. Meltdown was a possibility that he had previously considered but tried not to dwell on. “I really did not think that we had core damage,” he recalled. He was hoping that there had been a “crude burst,” a one-time influx of fission materials into the water through a rusty system during the shutdown.

Whatever the reason, radiation levels were rising, and Zewe had to act accordingly. At 6:56 a.m. he announced a site emergency on the plant’s intercom system. That meant the possibility of an uncontrolled release of radiation on the territory of the plant. In fact, it had already happened.31

GARY MILLER, THE GENERAL MANAGER OF THE THREE MILE Island plant, arrived in the Unit 2 control room around 7:10 a.m. “The radiation indicators were escalating,” he recalled, “and they were on everywhere.” At 7:20, he declared a general emergency. That meant “potential of serious radiological consequences for the health and safety of the general public.” Miller called a meeting of the senior managers, most of whom were already in the control room. He assigned each of them a specific task. The authorities, local and federal, had to be briefed on the situation.32

Miller remained fully in charge of the plant. Even the president of the company did not interfere with his decisions. The primary task was to save the reactor. Like Zewe, Miller, also a former Navy man, did not believe or, rather, did not want to believe in the reality of a meltdown. “Most of us who had spent our lives in this business didn’t believe that could happen,” recalled Bob Long, a nuclear engineer. “We had a mindset that said we had these marvelous safety systems which had back-ups of back-ups. . . . That mindset that I think made it hard for people to really come to grips with the reality that severe damage had occurred.”33

There was only one way to keep the reactor from going into meltdown—to cool it. They attempted to restart the feedwater pumps, but to no avail. The system had huge void pockets, and water could not make its way through the steam bubbles. They kept trying. “We were not in a procedure that we had ever been,” recalled Miller. “I had 500,000 pounds of water, I knew I could pump all day.” By mid-afternoon the indicators started to show that some of the steam bubbles had begun to collapse. There was a further delay because of malfunctioning oil pumps, but they were eventually fixed. Pumping water resumed after 6:00 p.m. By late night the water pressure had collapsed most of the steam bubbles in the primary cooling system. “We probably had a seltzer water, a lot of air in the water, a lot of steam in the water,” recalled Miller. That was an improvement. They managed to bring badly needed coolant to the reactor.34

Once again, solving one problem created another. The water that they pumped continuously was going into the tank, and from there into the auxiliary building. The problem was not so much the accumulation of water but its high level of contamination. Radiation levels in the auxiliary building, where most of the water ended up, were soon reaching 300 roentgen. “We were running around that day, knowing we were releasing [radiation],” recalled Miller. “We were running around putting polythene down on the floors, trying to minimize overexposure. Now you have a lot of exposure in, [making the] guys put a suit on, put a respirator on.”35

Water was not the only source of radiation. The reactor itself became a much greater one. With the fuel temperature rising from the normal working level of 600ºF (315.5ºC) to 5,000ºF (2,760ºC), the fuel melted. It ruptured the zirconium cladding and got into the steam. By 9:00 a.m., the absorbed radiation reading in the containment building of the reactor had reached 6,000 rads per hour. The containment building was sealed, and, while radiation was getting into the control room, readings outside the plant seemed relatively low. “I did not think that we should evacuate the whole county,” recalled Miller later. According to him, readings in the neighborhood stayed below 30 millirem per hour, which was not much above the norm. He did not see a reason for evacuation. “I have a daughter that lives ten minutes away from the plant and I never moved her,” explained Miller later. “I certainly would not hurt my daughter.” She was ten years old at the time.36

THE GOVERNOR OF PENNSYLVANIA, RICHARD L. THORNBURGH, received a call about the accident before 8:00 a.m. on March 28. The forty-six-year-old governor was at his home in Harrisburg, the state capital, about twelve miles from the plant. On the phone was Oran K. Henderson, the director of the Pennsylvania Emergency Management Agency. The possibility of evacuating the area around the troubled plant crossed his mind, but he wanted to get more information about what was going on. Thornburgh asked Henderson to get in touch with William W. Scranton III, the lieutenant governor and ex officio chairman of the Pennsylvania State Emergency Council.37

Thornburgh, a former United States attorney general for the Criminal Division, was only a few months into the job; his first day in the governor’s office was January 16. It was quite a beginning. His point man on the crisis, Willian Scranton, had deep personal and political roots in the state. The city of Scranton was named after one of his ancestors, and his father had served as governor of the state in the 1960s. Scranton was only thirty-three years old and, apart from having won election the previous year, had little to show but a degree from Yale and a few years of running the family publishing business. Now the two novice politicians, Thornburgh and Scranton, found themselves in the middle of the greatest nuclear emergency in American history.38

That morning Scranton was supposed to appear before journalists at 10:00 a.m. to discuss energy matters. Now it appeared that nuclear energy would be the only item on the agenda. The media got wind of the accident before the news was delivered to the governor’s office. Around 7:30 a.m. a local traffic reporter known as “Captain Dave” picked up an exchange between police officers discussing the emergency situation at the plant. Captain Dave immediately called Mike Pintek, the news director at the Top 40 music radio station WKBO in Harrisburg: “They have been mobilizing some fire equipment and emergency people at Three Mile Island.” Captain Dave added, “Oh, by the way, there is no steam coming out of the cooling tower.”

Pintek called the plant, and the receptionist immediately put him through to the control room of reactor no. 2. “I can’t talk now, we have got a problem,” a voice on the other end of the line told Pintek. He called the headquarters of Metropolitan Edison, which owned the plant, and was assured that there was no danger to the general public. By 8:25 a.m. the news was on the air. In half an hour, the Associated Press picked up the story. An accident had taken place at the Three Mile Island plant, went the news, but no radiation had been released as a result of it.39

William Scranton called the TMI plant. Together with William E. Dornsife from the Pennsylvania Bureau of Radiation Protection, he got the plant’s general manager, Gary Miller, on the phone. It was 9:00 a.m., and Miller was busy but he would later remark that he “had no choice but to talk” to Scranton. Miller told Scranton what had happened: there had been a reactor trip; the problem was with the secondary cooling system, not the reactor itself, but there had been a release of “some reactor coolant to the reactor floor,” and “it’s got radioactivity in it.” Miller left Dornsife under the impression that the plant was stable and the situation under control. But reporting to his superiors at Met-Ed soon after his conversation with Scranton, Miller sounded less assured. “See, the situation we are in is a delicate one, because we actually have plant integrity [in question],” said Miller.40

Scranton appeared before the journalists with a significant delay, and what he told them did not justify the wait. “The Metropolitan Edison Company has informed us that there has been an accident at Three Mile Island, Unit 2,” read Scranton from a prepared statement. “Everything is under control. There is and was no danger to public health and safety.” He assured the reporters that while there had been a small release of radiation into the atmosphere, “no increase in normal radiation levels has been detected.” But Dornsife, who took the floor next, directly contradicted that statement. He told the reporters that he had just learned of “a small amount of radioactive iodine” detected in the Goldsboro neighborhood near the plant. The reporters bombarded Dornsife with questions about radiation levels, but he could add little of substance.41

The press conference created more confusion than clarity. Confusion reigned among the state officials as well. “There had never been anything like this,” recalled Scranton decades later. “It wasn’t something you could see or feel or taste or touch. We were talking about radiation, which generated an enormous amount of fear.” It turned out that Dornsife was wrong: Met-Ed informed Scranton that no radiation had been detected at Goldsboro. But then a new piece of information arrived: heightened radiation levels were reported in Harrisburg, the state capital itself. The plant was allegedly doing steam venting without consulting the state authorities. Scranton was beside himself. He recalled years later: “What I had said in the morning was, ‘There has been no significant offsite release,’ only to find out moments later that, in fact, there had been an offsite release . . . and the indignation that welled up within me in was memorable. I still haven’t gotten over that.”42

Scranton demanded a report from the plant managers. The top people at TMI, including Gary Miller, went to Harrisburg to meet with the lieutenant governor. The meeting did not go well. Scranton protested the unauthorized and unannounced steam release by the plant, assuming that it was responsible for the rising radiation levels. There was too little reliable information to create an atmosphere of trust between the company and the state. Whatever trust had existed in the morning had disappeared by the afternoon. “I just came out of the meeting knowing that I was mad about their attitude,” recalled one of the state officials. “Their attitude was don’t bug us. We know what’s going on and we can handle it.”

“It was at that point that I realized we could not rely on Metropolitan Edison for the kind of information we needed to make decisions,” remembered Scranton. He found the Met-Ed representatives defensive. Later in the day he gave a second briefing to journalists, asserting that Met-Ed “has given you and us conflicting information.” He told the journalists that the steam released by the plant contained a “detectable amount” of radiation. He got that wrong. The radiation was coming from the water pumped into the auxiliary building of the plant, not from the steam venting. “At this point we believe there is still no danger to public health,” continued Scranton.43

Looking for a more reliable source of information than Met-Ed, Scranton turned for help to the Nuclear Regulatory Commission (NRC), whose representatives had been on the site of the accident since late morning. But the NRC had its own problems of collecting and conveying information. Around 5:00 p.m. the commission released a press statement that confirmed what was already known: radiation readings outside the plant were higher than usual, the highest being 3 millirems per hour, or three times the limit recommended today. The NRC press release did not indicate the location of that reading and erroneously suggested that the radiation was coming from the reactor containment building, which had four-yard-thick concrete walls. The actual source was radioactive water pumped into the auxiliary building. “Later, when NRC came along that evening and started to fill us in, there wasn’t much difference,” recalled a state official.44

With no reliable information on hand, the national media began to assume the worst. Walter Cronkite declared on the CBS Evening News that the accident “was the first step in a nuclear nightmare.” On the morning of March 29, the second day of the crisis, Scranton decided to visit the plant and check the information he had been given. “Someone’s got to go down there and look at that place and see it,” he said later, explaining his visit. After spending 45 minutes putting on protective gear, he was finally allowed into the auxiliary building. The floor was flooded with water, which, according to Scranton, “looked like water in your basement except it happened to be in the auxiliary building of a nuclear power plant.” His personal dosimeter gave a reading of 80 millirems, and the air showed 3,500 millirems per hour, but he noticed that the operators and workers at the plant were calm, going about their business as usual. It was reassuring, and that is what Scranton reported to Governor Thornburgh upon his return.45

But late that evening NRC officials informed Thornburgh that the situation was bad and getting worse. Soon after 2:00 p.m. a helicopter pilot took an air sample above the stack of reactor no. 2. The reading was unexpectedly high. Later in the evening, radiation readings of the coolant water pointed to significant core damage in the reactor. That theory was strongly supported by temperature readings inside the reactor, which remained very high. More than thirty-six hours after tripping, the reactor was not cooling down.46



THE MORNING OF MARCH 30 BEGAN FOR GOVERNOR THORNBURGH with more bad news from the NRC. Radiation in the air had gone up to 1,200 millirem per hour. The NRC was suggesting the evacuation of settlements in a 5-mile radius around the plant. Counties closest to the plant had already been informed about the possibility of evacuation, and a radio announcement had been made in one county. It looked as if the evacuation would happen whether Thornburgh wanted it or not, but according to the law it was his decision, and he refused to panic or rush.47

Thornburgh decided to discuss the matter with his advisers and heads of state agencies. “For about 45 minutes in my office, with all of our team assembled, we set about on a crash effort to determine what had prompted this evacuation recommendation out of Washington, D.C.,” recalled Thornburgh later. His aides tried unsuccessfully to reach the NRC chairman, Joseph M. Hendrie, by phone. Thornburgh decided to review the evacuation plans submitted by the counties. It turned out that they had never been coordinated. The authorities in Dauphin County, which included Harrisburg, and Cumberland County, on the other side of the Susquehanna River, had planned to evacuate their populations to each other’s territory, meaning that, as Thornburgh recalled later, “their evacuees would meet head-on in the middle of the bridge over which they were to be evacuated.” The governor called that discovery chilling.48

The counties had experience of evacuating people from river floods, which they could see, but not from radiation, which they could not. “This type of evacuation had never been carried out before on the face of the earth,” recalled Thornburgh. There were other concerns as well. The governor worried about the health problems of those unable to leave on their own, who would have to be evacuated by state authorities from hospitals and old-age facilities. And there was the possibility of panic. “When you are talking about evacuating people within a 5-mile radius of the site of a nuclear reactor,” said Thornburgh, explaining his reluctance to rush into an evacuation, “you must recognize that that will have 10-mile consequences, 20-mile consequences, 100-mile consequences. . . . It is an event that people are not able to see, to hear, to taste, to smell.”49

As the meeting went on, the secretary finally managed to connect Thornburgh with NRC commission headquarters in Bethesda. The chairman, Hendrie, was on the phone but could say little about the severity of the radiation. “The state of our information is not much better than I understand yours to be,” he told the distressed governor. Privately, he complained to his subordinates: “We are operating almost totally in the blind. His information is ambiguous, mine is nonexistent, and I do not know, it’s like a couple of blind men staggering around making decisions.”50

Thornburgh wanted to know whether the NRC insisted on the evacuation, but Hendrie was noncommittal, promising to check with his subordinates and call back. His interim advice was to recommend that people living five miles downwind from the plant stay indoors. It turned out that the radiation reading of 1,200 millirem per hour, which had spurred everyone into action and made the NRC officials recommend evacuation, was due to misunderstanding and confusion. Early that morning the operators at Unit no. 2 had vented the reactor—a controlled release of radiation that was picked up by a helicopter flying above the plant’s stack—without informing even their own management, to say nothing of the NRC and the state authorities. The reading soon declined and returned to normal, but the NRC reacted to the first reading and recommended evacuation.51

While waiting for Hendrie’s call, Thornburgh made a radio appeal to the public, asking them to stay calm, while his press secretary advised that those living within a ten-mile radius of the plant stay indoors and close their windows. Anxiety increased when at 11:20 a.m., twenty minutes into a press conference given by a representative of Met-Ed, a civil defense siren sounded in downtown Harrisburg, alarming many people and causing Thornburgh to react with astonishment and disbelief. “That siren was like a knife in my chest,” recalled Thornburgh. “What on earth? Where did that come from?” It took a few minutes before Scranton ordered the siren shut down. The incident was blamed on a confused official who had misunderstood the governor’s earlier statements.52

When Hendrie called Thornburgh back around noon, he no longer recommended complete evacuation but had a new suggestion. “We really do not know what is going on,” said Hendrie. “The plant is not under control and it is not performing as it should.” As a precaution, he proposed the evacuation of pregnant women and small children from areas around the nuclear power station. That recommendation matched the advice Thornburgh was receiving from his own experts.53

At 12:30 p.m., Thornburgh addressed a packed room of journalists. “Based on advice of the Chairman of the NRC, I am advising pregnant women and preschool-age children to leave the area within a five-mile radius of the Three Mile Island facility until further notice,” he declared. He also announced a planned school shutdown. These measures were accompanied by assurances that radiation levels were low. “I repeat that this and other contingency measures are based on my belief that an excess of caution is best,” stated Thornburgh. He also complained about the lack of reliable information. “There are a number of conflicting versions of every event that seems to occur,” he told the journalists. “I have just got to tell you that we share your frustration. It is a very difficult thing to pin these facts down.”54

As far as the journalists were concerned, the governor was in an undeclared public relations war with John Herbein, the vice president of power generation at Met-Ed, who became the company’s public face at the start of the crisis. Herbein was trying to counter NRC claims about high levels of radiation, stating quite accurately that no “uncontrolled release of radiation” had ever happened, and that levels were 300 to 350 millirem per hour, as opposed to the 1,200 millirem suggested by the NRC. But his assurances that there was “no reason for emergency procedures” did not go over well with reporters. “Mr. Herbein, don’t you feel a responsibility to a million people living around the plant to keep them informed?” asked one reporter. “You started to melt that thing down, didn’t you, didn’t you?” shouted Mike Pintek, the radio news editor who had been the first to break the news about the accident.

The fact that the Three Mile Island plant management and its superiors at Met-Ed were slow to inform state officials about the problems with Unit no. 2, along with Herbein’s dismissive attitude, created a widespread impression that Met-Ed was engaged in a coverup. “The guys from Met-Ed looked conniving, looked like people with something to hide,” wrote the Boston Globe reporter Curtis Wilkie. “They looked like Richard Nixon.” The Three Mile Island accident happened less than five years after Watergate and less than four years after the end of the Vietnam War. Coverups were on everyone’s mind, and trust in authorities of any kind was at its lowest to date.55

ESTABLISHING THE FACTS IN THE PUBLIC RELATIONS TUG OF war involving Met-Ed, the NRC, and the governor’s office was a difficult and often frustrating task. Apart from the crisis of trust, there was also a crisis of visibility. One could not see the radiation or, for that matter, take a peek inside the reactor. By the afternoon of March 30, the lack of current information about the reactor had become the main concern of Met-Ed and NRC experts and officials. Temperature readings of the reactor were as high as 700ºF (371ºC), causing anxiety about possible damage to its fuel channels and the presence of enough overheated fuel to cause a full-blown meltdown of the core, with much more severe consequences and potential irradiation of the plant and its surrounding area than those already experienced.56

It was assumed—correctly, as it turned out—that a hydrogen bubble had developed in the upper part of the reactor containment building as a result of steam interacting with the zirconium cladding. The pressure created by the bubble amounted to 28 pounds per square inch. The bubble prevented normal water circulation and thus cooling of the reactor. It could also cause further destruction of the core or, if combined with oxygen, produce an explosion of the whole reactor. The consequences would dwarf anything that the managers of the plant and the state authorities had faced so far.57

The NRC chairman, Joseph Hendrie, told Thornburgh during their early afternoon phone conversation that the possibility of a hydrogen bubble explosion was negligible. But later that day he changed his mind, realizing that processes developing in the reactor could produce oxygen, which, combined with the hydrogen already present, might explode the containment building, spreading radiation throughout the country. “If there is anything I don’t particularly think I need at the moment,” Hendrie told his fellow commissioners, “it’s . . . for the bubble to be in flammable configuration.” Some NRC officials demanded immediate evacuation of the population around the plant, not the half-measures announced by Thornburgh. “We face the ultimate risk of a meltdown,” Dudley Thompson of the NRC told journalists. “If there is even a small chance of a meltdown, we will recommend precautionary evacuation.”58

Meanwhile, the exodus had begun. Pregnant women and preschool-age children within the five-mile radius were the first to leave, as Thornburgh had recommended. More than 80 percent of people in that category, about 3,500 individuals altogether, left the area. Some of them headed for the Hershey sports arena, a complex built in the 1930s and capable of seating more than 7,000 people. On the evening of March 30, reporters found slightly more than 150 women and children there. Six-year-old Abby Baumbach, one of eighty-three children at the arena, explained her presence by saying: “Something’s wrong with the air. My mommy told me it could kill me.” The governor came to the center to check on the evacuees and cheer them up. “Keep your chin up,” he told Abby, “You’ll be going home soon.”59

But others were leaving as well: entire families were packing their cars and pickups. The absolute majority of those who left the area headed not for the evacuation center but for other parts of the state and the country, joining relatives and friends there. They were prepared to leave whether the government helped them or not, and even against the wishes of the government. Marsha McHenry, who ran a small business at an old general store in the area, recalled that her neighbors had been about to leave and invited her to join them. “I was to come down to their house, they had guns and they had a chainsaw and a big truck and they would get up on the highway, cut down any barriers that were there and fight their way through,” she remembered.60

In the town of Goldsboro, between 5,000 and 6,000 people left on the first day. “It looks like a ghost town now,” the mayor, Ken Myers, told reporters. People were leaving their houses and property behind, expecting the city authorities to take care of them. “I remember standing on the corner and cars zipping past me and people hollering out the window,” recalled Mayor Robert Reid of Middletown. They shouted to him: “Watch the town.” He responded: “Well, here I am standing here.” He issued an order to the police to shoot looters. Fortunately, there were none: they had left as well. Altogether, an estimated 144,000 citizens left the area within a radius of fifteen miles around the plant. Most did so on Friday, March 30, the day on which Thornburgh issued his evacuation advisory.61

Meanwhile, officials in the counties closest to Three Mile Island worked around the clock, preparing new versions of evacuation plans. They began with plans for settlements within a five-mile radius, but the Pennsylvania Emergency Management Agency soon asked them to double that zone. Late in the evening of March 30, new instructions came in: the agency was requesting evacuation plans for a twenty-mile zone. It was easier said than done. If the five-mile zone affected three counties and approximately 25,000 men, women, and children, the twenty-mile zone included territory belonging to six counties and affected 650,000 people. The authorities would have to move thirteen hospitals and a prison. Planning continued through the weekend as everyone prepared for evacuation.62

Late in the evening of Saturday, March 31, close to two hundred reporters packed the room in Harrisburg where Thornburgh was holding another one of his now regular press conferences. A recent Associated Press story based on an earlier statement by NRC chairman Hendrie was on everyone’s mind. It suggested that the hydrogen bubble was “showing signs of becoming potentially explosive,” and that the “critical point could be reached within two days.” With the reactor next door, the reporters wanted to know whether they should leave or not. The governor wanted them to stay: there was no imminent danger. He concluded the press conference by stating that Jimmy Carter would visit the Three Mile Island plant the following day. The president had made the announcement a few hours earlier.63

JIMMY CARTER KNEW MORE ABOUT NUCLEAR TECHNOLOGY than all other American presidents combined, both before and after him. He has been the only one with firsthand experience of nuclear power. In 1949 the twenty-five-year-old Lieutenant Junior Grade James Earl Carter Jr. was selected for the Navy submarine nuclear program by then captain and later admiral Hyman Rickover himself. Carter credited the hard-working, straight-shooting, demanding, and often abrasive Rickover with having influenced his life more than anyone but his parents. He titled his memoirs Why Not the Best? after the question Rickover had asked him during the interview for the program.64

Carter was one of a handful of young Navy officers who helped Rickover build his first nuclear-powered submarine, the USS Nautilus, and was present in June 1952 at the ceremony in which Harry Truman ceremonially laid the keel of the ship. The group of Navy officers to which Carter belonged reported both to the Navy and to the Atomic Energy Commission, and Carter himself became involved not only with nuclear submarines but also with nuclear reactors. If his experience with submarines was all positive, his experience with reactors was all negative. In December 1952, Carter and his fellow officers were sent to the Chalk River Laboratories in Ontario, Canada, to deal with the consequences of the meltdown of the nuclear research reactor at that facility.65

The Canadians needed help because radiation levels at the site were extremely high, and people could work there for only a limited amount of time. They soon ran out of qualified personnel with security clearance, as the reactor was a top-secret nuclear installation. So in went 150 US Navy officers, including Jimmy Carter. The job before them was extremely dangerous: they had to remove damaged fuel rods. “We had absorbed a year’s maximum allowance of radiation in one minute and twenty-nine seconds,” remembered Carter. To limit the time that Carter and others spent taking the reactor apart, a mock reactor on which they could practice was built nearby. That made a huge difference. They were observed for several months thereafter. “There were no apparent aftereffects from the exposure—just a lot of doubtful jokes among ourselves about death versus sterility,” wrote Carter.66

The Chalk River reactor was a small one, designed to run at 20 megawatts of thermal power. It was also different from most reactors operating then or since, as it used hard-to-produce heavy water, rather than graphite or regular water, to moderate the reaction. In other respects, however, the accident at Chalk River had all the hallmarks of future nuclear reactor disasters. It was caused by a series of mistakes and miscommunications committed by the operators, combined with inadequate instrumentalization, especially the inability of the control system to provide exact and timely information on the position of control rods in the reactor’s core. That resulted in the partial meltdown of the core and the generation of the hydrogen and oxygen mix that caused the reactor to explode. The highly contaminated water used as a coolant in the reactor was eventually dumped into the sands near the plant. It contained 10,000 curies of radiation.67

The Chalk River experience did not shake Carter’s youthful enthusiasm for nuclear energy, and he was happy to hear a few years later that the reactor he had helped to repair was back in operation. But in 1976, in the middle of his presidential campaign, Carter voiced the growing concerns of the electorate about the safety of nuclear energy. “U.S. dependence on nuclear power should be kept to the minimum necessary to meet our needs,” he told the UN General Assembly in May 1976. “We should apply much stronger safety standards as we regulate its use. And we must be honest with our people concerning its problems and dangers.” While in office, Carter was criticized by proponents of nuclear energy for his decision to stop the reprocessing of spent nuclear fuel. But he was also attacked by opponents of nuclear energy for not giving them enough support.68

Carter first heard about the accident at Three Mile Island on the morning of Friday, March 30, 1979, from his national security adviser, Zbigniew Brzezinski. The information he received included the mistaken 1,200 millirem-per-hour reading at the plant. To help various branches and agencies of government coordinate their efforts, Carter appointed Harold Denton as his personal representative to the TMI site. The forty-three-year-old Denton was the director of the NRC Office of Nuclear Reactor Regulation charged with licensing nuclear reactors. By the early afternoon of March 30, Denton was already at TMI and had had his first phone conversation with Carter. It was their first contact, and a good one. The two nuclear specialists got along exceptionally well. Finally, there was a line of communication that went all the way up to the White House, and the NRC authority could cut through the bureaucratic boundaries and mutual suspicions of Met-Ed and the Pennsylvania governor’s office.69

Governor Thornburgh not only found in Denton someone he could trust but also immediately recognized his ability to calm people down. He made full use of Denton at his regular press conferences. Slightly stooped, balding, with a big nose and a friendly smile and demeanor, Denton readily inspired trust and had the ability to present disturbing facts without causing panic. “He’s kind of this slow talking . . . southern-sounding kind of guy who automatically puts you at ease and makes you feel more comfortable and safe,” recalled Mike Pintek, the journalist who had first aired the story of the accident on the Harrisburg radio and used to shout at Met-Ed spokesman John Herbein, holding him personally responsible for what was going on at the plant. Both Herbein and Denton were nuclear industry managers with no previous experience in dealing with the media, but their public debuts had very different effects. If Herbein was considered arrogant and untrustworthy, Denton exuded calm and confidence. “That’s kind of how it felt,” continued Pintek. “Finally someone is here that we can trust.”70

Despite Denton’s reassuring image, he presided over a divided group of scientific advisers who could not agree on whether the reactor was about to explode or not. One of Denton’s subordinates, Roger J. Mattson, the director of systems safety at the NRC Office of Nuclear Reactor Regulation, was convinced that oxygen had already developed within the reactor vessel, and that an explosion was only a matter of time. His conviction came from calculations done by two groups of NRC experts whose work he coordinated. Victor Stello, another member of Denton’s NRC team whom he took along to Three Mile Island, while leaving Mattson at the Bethesda headquarters of the NRC, believed that there was no oxygen in the reactor, and that explosion was a virtual impossibility.71

Denton agreed with Stello, but the two experts continued their dispute as Carter announced his visit to TMI. The president was urged by his staffers to visit the site in order to show leadership and concern for those evacuated from the area and those still living there. The question was whether it was safe for the president to go to TMI. A White House official called Denton to ask his opinion; instead, he got Victor Stello on the phone. Not surprisingly, Stello assured the White House that it was safe for the president to come. Carter’s staff never called NRC headquarters and apparently never spoke with Mattson. They decided that the visit would take place the following day, April 1, 1979, April Fool’s Day. It was not clear until the very end who was the fool in the story.72

Jimmy Carter arrived in Harrisburg with his wife, Rosalynn, a clear sign that he considered the situation under control. Denton and his key advisers were waiting for the president at the hangar of the Harrisburg airport. Also in attendance was Stello, who had just returned from Mass at a local Catholic church where, to his surprise and dismay, the priest had offered the parishioners general absolution, the assumption being that they would all die before long. Also among the welcoming party was Mattson, who had driven to Harrisburg from Bethesda to warn Denton about the coming explosion. The two experts continued their dispute in the hangar, awaiting the president’s arrival.

Mike Gray, the author of the screenplay of The China Syndrome, who was now covering the TMI crisis for a media outlet, witnessed a scene that outdid his script. He recalled later: “Here comes Roger Mattson into the hangar and here’s Victor Stello, the other top NRC expert, and Stello says, ‘Mattson, you son-of-a-bitch! Ah, how could you be spreading these rumors around this—about this hydrogen bubble,’ and—and Mattson is saying, you know, ‘Victor, that bubble is ready to explode, and if you can’t see that, you’re crazy.’ And they’re screaming back and forth at each other inside this hangar.”73

As the presidential helicopter landed at the Harrisburg airport, and Jimmy and Rosalynn Carter stepped onto the tarmac, Denton, the man everyone trusted, found himself in an impossible situation. He decided to tell things as they were and briefed the president on the differences between his two experts. Carter, after listening calmly to his representative, whom he was meeting for the first time, decided to proceed with the visit. Addressing those remaining in Middletown, Carter sounded a cautious note: “I would like to say to people who live around the Three Mile Island nuclear plant that if it does become necessary, your governor, Governor Thornburgh, will ask you and others in this area to take appropriate action to ensure your safety. If he does, I want to urge you that these instructions be carried out calmly and exactly, as they have been in the past few days.”74

With the brief public meeting concluded, the president, his wife, and a small party of officials got into a school bus and headed toward the troubled reactor. Wearing yellow booties, a precaution against contaminated water, the president and his group entered the control room. The visit was short and went well. But Denton, who served as one of the “tour guides,” had a scary moment at the end of the tour, when he realized that the dosimeters issued to the president and his wife showed unusually high levels of radiation. “My heart stopped,” recalled Denton later. “What has happened here? Have I exposed the President?” It came as a huge relief when they realized that the badges issued to the first couple by Met-Ed had not been cleared after previous use. The radiation levels in the control room were fine, and Denton’s own dosimeter showed no increase.75

As Carter toured the control room, NRC experts at the commission’s headquarters in Bethesda convinced themselves and the commissioners that the hydrogen and oxygen mix was bound to explode, given the rising temperatures in the reactor. They recommended to Hendrie, who was then at the TMI site with the president, that a mandatory evacuation of the population within a two-mile radius of the reactor be announced. But Hendrie took no action. Victor Stello reached out to a number of experts in the field, who found a mistake in Mattson’s calculations: the production of hydrogen suppressed the production of oxygen, and no explosive mix had ever formed. There would be no explosion.76

The news was delivered to the president and his team, who had just returned from the control room. At the joint press conference given by Carter, Thornburgh, and Denton, there was no mention of a potential explosion. Indeed, there was good news about the reactor itself. Its core temperature had stabilized, and none of the fuel rods had a temperature above 500ºF (260ºC). There were also improvements in the containment building and the reactor vessel. “Data indicate that the size of the bubble is coming down,” declared Denton with regard to the much-feared hydrogen bubble. Carter’s visit, which had begun with concerns about an imminent explosion, was ending on a high note.

Harold Denton delivered more good news after Carter’s departure from the area. The chances of a mandatary evacuation, to which the president had referred earlier in the day, were rapidly diminishing. “I see some signs for optimism, and I will report on them tomorrow at 11:00 a.m.,” Denton told the exhausted reporters. On the following day, he declared that the bubble had decreased dramatically in size. “Bubble Nearly Gone,” read the headline of the New York Times article covering the press conference. Five days later, on April 7, a cold shutdown of the reactor was finally achieved. On April 9, Governor Thornburgh lifted his evacuation advisory for pregnant women and preschool-age children. The time had come to look back and understand what had actually happened at TMI and in the American nuclear industry as a whole.77

IN A TELEVISED SPEECH DELIVERED ON APRIL 5, FOUR DAYS after his visit to the site, Jimmy Carter announced plans to establish an independent commission to investigate the causes of the Three Mile Island accident and “make recommendations on how we can improve the safety of nuclear power plants.”78

By April 11, there was a commission in place. It consisted of eleven members and was chaired by the fifty-two-year-old John G. Kemeny, a mathematics professor, cocreator of the BASIC computing language, and president of Dartmouth College. Like Leo Szilard, who had alerted Roosevelt to the need to develop an atomic bomb, and Edward Teller, the father of the hydrogen bomb, the Hungarian-born Kemeny was a Jewish refugee from Nazi rule in Europe. At the White House ceremony Kemeny assured a small audience of politicians and government officials that he represented no special interests, and that his only goal was “the discovery of truth and the formulation of recommendations in the national interest.” Carter said that “the eyes of the nation and of the entire world will be on this commission.” It was allocated a budget of $1 million and allowed to hire twenty-five staff members. The commission was supposed to submit its recommendations within six months.79

That was a major challenge, especially given the membership of the presidential commission. If the Soviets sent their minister of nuclear affairs to Ozersk in 1957 to investigate in person, and the British appointed the father of their atomic and nuclear bombs in the same year to investigate the Windscale fire, Carter and his advisers wanted a truly independent commission, which meant excluding anyone associated with the nuclear industry. Kemeny was linked to Szilard and Teller only by his country of birth, and the other members were also novices in the field of nuclear energy. “They were prominent leaders from state government, industry, labor, academia, public affairs, public health, law, and the environment,” wrote a consultant to the commission. “A housewife from Middletown, Pa., was serving on behalf of the citizenry. Notably absent was anyone with experience in operating nuclear reactors.”

Kemeny recognized the problem, and a few weeks later he requested help from the government, asking that experts in the nuclear industry be sent to the commission. Among the new recruits was the forty-three-year-old Captain Ronald M. Eytchison, a member of the Atlantic Fleet Nuclear Propulsion Examination Board, seconded by the Navy. Kemeny took him in: most of his consultants were lawyers, and Eytchison seemed like a good match—an expert on nuclear reactors without ties to the industry. He had joined the Navy nuclear program in 1960 and spent the Cuban missile crisis on the nuclear-powered submarine USS Skipjack, the world’s fastest at the time. Eytchison was to play a key role in formulating the commission’s conclusions.80

“When I joined the investigation, there seemed to be a general perception that because the accident had been initiated by a stuck open power-operated relief valve (PORV), if the valve were redesigned, then the cause of the accident would be eliminated,” recalled Eytchison. “Of greater concern to many was that the investigation should lead to restructuring of the Nuclear Regulatory Commission. For others, the prime thrust should be toward achieving a moratorium in reactor plant construction.” Eytchison, as he recalled, also had predispositions. He wrote: “Because of my Rickover upbringing, I suspected the accident more likely had been the result of human error than simple equipment failure.” Accordingly, Eytchison was not there to question the Rickover design of the water-pressurized reactor. No matter how much Carter, another Rickover man, tried to establish a truly independent commission, it simply could not function without the input of nuclear industry insiders.

Eytchison was looking for the human factor in the accident, something deeper than the errors made by the operators. He was interested in the nuclear industry’s policies and procedures, and he soon found what he was looking for. On a car trip to the headquarters of Babcock & Wilcox, the company that had designed and built the Three Mile Island PWR reactor, a junior staffer passed him a memo that he thought might be of importance. “Dynamite!” was Eytchison’s reaction.

The memo referred to an accident that had taken place in September 1977 at the Davis Besse Nuclear Power Plant, where a Babcock & Wilcox–built reactor manifested the same problem that triggered the TMI accident: the relief valve in the reactor pressurizer had refused to close when the reactor was working at a low power level. The “dynamite” was that no manager or operator of the similar reactor at the Three Mile Island plant had ever been informed about the Davis Besse accident. As Eytchison wrote later, “There was no effective system for operators to profit from the experience or mistakes of others.” Another problem uncovered by Eytchison was the inadequate training of operators, who were not ready to deal with so-called small accidents that if not taken care of could lead to major ones.81

Captain Eytchison’s findings had a major impact on the commission’s conclusions. “While the major factor that turned this incident into a serious accident was inappropriate operator action, many factors contributed to the action of the operators, such as deficiencies in their training, lack of clarity in their operating procedures, failure of organizations to learn the proper lessons from previous incidents, and deficiencies in the design of the control room,” read Kemeny’s commission report. “These shortcomings are attributable to the utility, to suppliers of equipment, and to the federal commission that regulates nuclear power. Therefore—whether or not operator error “explains” this particular case—given all the above deficiencies, we are convinced that an accident like Three Mile Island was eventually inevitable.”82

Like William Penney’s Board of Enquiry into the Windscale accident of 1957, John Kemeny’s commission found one key reason for the accident: human factor. In a way, it had a much easier case to make, given that the operators at Three Mile Island had indeed circumvented the emergency system and switched off the water supply—a move that became a major cause of the disaster and was well established. But the Kemeny commission was not looking for scapegoats among the operators, partly because it had a different mandate. Unlike Harold Macmillan in 1957, Jimmy Carter in 1979 had no need to persuade outside powers of the soundness of American reactors or cover up the extent of the accident in order to allow his country to develop a new nuclear weapon.

The Kemeny commission pointed to the inadequate training of the operators, the lack of emergency procedures, and major issues concerning the provision of information to the operating staff about previous accidents. On the organizational level, the commissioners identified major problems in the management of the crisis by the Nuclear Regulatory Commission, the utility, and state authorities. They were all short of resources, but the commission did not consider that the only problem. “The response to the emergency was dominated by an atmosphere of almost total confusion,” reads the commission’s report. “There was lack of communication at all levels. Many key recommendations were made by individuals who were not in possession of accurate information, and those who managed the accident were slow to realize the significance and implications of the events that had taken place.”

A word that occurred more often than others in the depositions taken by Kemeny and his colleagues was “mindset.” Roger Mattson, the director of the NRC Division of Systems Safety and the key promoter of the hydrogen explosion theory, spoke it five times in ten minutes. The mindset that mainly interested the commission concerned safety issues. “After many years of operation of nuclear power plants, with no evidence that any member of the general public has been hurt, the belief that nuclear power plants are sufficiently safe grew into a conviction,” reads the report in a comment about attitudes in the nuclear industry. The commission argued that “this attitude must be changed to one that says nuclear power is by its very nature potentially dangerous, and, therefore, one must continually question whether the safeguards already in place are sufficient to prevent major accidents.”83

Kemeny and his colleagues found no deliberate or systematic “coverup” of the accident, explaining the confusion in that regard by inadequate information possessed by the different agencies and media. But one member of the commission, Anne Trunk, a thirty-five-year-old mother of six children and past president of the Middletown Civic Club, was not satisfied with her colleagues’ readiness to explain the media’s handling of the news as a case of confusion. In a minority “Supplemental View” that Trunk added to the commission’s report, she stated with regard to the news coverage: “Too much emphasis was placed on the ‘what if’ rather than the ‘what is.’ As a result, the public was pulled into a state of terror, of psychological stress. More so than any other normal source of news, the evening national news reports by the major networks proved to be the most depressing, the most terrifying. Confusion cannot explain away the mismanagement of a news event of this magnitude.”

The commission took Trunk’s view into account, but in a very particular way. “In considering the handling of information during the nuclear accident, it is vitally important to remember the fear with respect to nuclear energy that exists in many human beings,” reads the commission’s report. “The first application of nuclear energy was to atomic bombs which destroyed two major Japanese cities. The fear of radiation has been with us ever since and is made worse by the fact that, unlike floods or tornadoes, we can neither hear nor see nor smell radiation.” Anne Trunk wanted the news media to “undertake a self-evaluation on an individual basis and review their role in this accident which was not limited to equipment damage but also included psychological damage.”84

Whether or not they agreed with Trunk’s stand on the media, her fellow commissioners concluded that “the major health effect of the accident was found to be mental stress.” Pregnant women who never left the area or did so with some delay were concerned about their unborn children, and girls who had never given birth were concerned about their future chances of bearing healthy children. Forty-three percent of mothers from the Three Mile Island area were convinced that their children’s health would suffer one way or another from the nuclear fallout.85

ALTOGETHER 13 MILLION CURIES OF RADIATION WERE released into the atmosphere as a result of the controlled release from TMI reactor no. 2 during the accident. Fortunately, those were largely noble gases like Xenon, which have no major impact on human health. The release of the much more harmful Iodine-131, a primary cause of thyroid cancer, had been minimal because most of the Iodine-131 compounded in the body of the reactor with other elements and was either dissolved in the water or stuck to metal surfaces in the reactor containment building. Locally produced milk showed no significant rise in levels of Iodine-131.

The Kemeny commission found no signs that the physical health of operators and civilians had been affected. Only three TMI nuclear plant workers exceeded the permissible quarterly radiation dose of 3 rems, and even then, the increase was insignificant, up to 4 rems. Long-term consequences were harder to estimate. But the commission’s experts were optimistic in that regard. “There is a roughly 50 percent chance that there will be no additional cancer deaths, a 35 percent chance that one individual will die of cancer, a 12 percent chance that two people will die of cancer, and it is practically certain that there will not be as many as five cancer deaths,” reads the commission’s report. Studies of the impact of radiation on people living in the area during and after the accident produced no sign of increase in the number of “radiosensitive” cancers. But the concerns for the future remained intact, fueled by the statements like the one made by a Harvard biologist, George Wald, who declared: “Every dose of radiation is an overdose. There is no threshold.”86

The relatively low levels of release of harmful radiation into the atmosphere have been explained by the safe design of the reactor and its containment building in particular. The Kemeny commission claimed that it could withstand or mitigate even larger disasters, a conclusion welcomed by the American nuclear industry. “Industry response was very positive,” wrote Captain Eytchinson with regard to the commission’s report. His focus away from the Rickover reactor design and nuclear technology toward the human factor was a gift to the industry. It could change its procedures and practices as long as the soundness of the technology itself was not questioned by the government and society at large. Indeed, it was not.

In his memoirs about the work of the commission, Eytchinson took pride in enumerating its proposed measures that were endorsed by President Carter and implemented by the industry. They included the creation of the Institute of Nuclear Power Operations, a body charged with the promotion of safety standards in the industry, as well as the National Academy for Nuclear Training, created in 1985 in line with the commission’s recommendations. Carter refused to abolish the NRC, strengthening its capacity to control the industry and the power of its chairman. But Joseph Hendrie did not benefit from those changes and had to step down because of criticism of his actions during and after the accident.87

John Kemeny refused to make any recommendations about the future of the nuclear industry, stressing that such a task was outside the commission’s mandate. It took no position concerning the moratorium on the construction of new reactors proposed by critics of the nuclear industry, particularly Ralph Nader. But even without a moratorium, the Three Mile Island accident delivered a major blow to the nuclear industry in the United States. “Babcock and Wilcox never sold another reactor,” wrote a historian of the industry, James Mahaffey. Even before the accident was over, the NRC demanded that the company modify its reactors. Safety concerns and increased government regulation raised the cost of reactor construction, which was already too high to make nuclear power plants profitable.88

Industry insiders saw the writing on the wall early on. Carl Horn Jr., the president of the Duke Power Company of Charlotte, North Carolina, told a New York Times reporter on April 2, 1979: “We feel sure there will be efforts to force us to shut down reactors, and suits will probably be brought to shut down construction.” At the time Horn made his comments, 20 percent of Duke Power’s electricity was being generated by nuclear power plants, as opposed to 13 percent nationwide. Seventy-two nuclear power plants were then operating in the United States, and ninety-two construction permits had been issued by the NRC around the country. Of those, only fifty-three plants were completed.89

When the Kemeny Commission submitted its report to President Carter in the fall of 1979, the major issues at the TMI site were the release of radioactive gases from the auxiliary building and the assessment of the state of reactor no. 2, its defueling, and the decontamination of the site. The task took more than a decade to accomplish. Cameras lowered into the core of the reactor transmitted an inside view of the nuclear meltdown. “It was not the China Syndrome,” commented Roger Mattson, who had been concerned about the possibility of a hydrogen explosion, “but we melted the core down. Half of the core was destroyed or molten, and something on the order of 20 tons of uranium found its way, by flowing in a molten state, to the bottom head of the pressure vessel. That’s a core melt-down. No question about it.” Altogether close to 100 tons of fuel were removed from the reactor by the time the cleanup officially ended in December 1993, almost a decade and a half after the accident took place. The price tag attached to that operation alone was close to $1 billion. The Three Mile Island nuclear waste is now decaying in the steel and concrete containers at the Idaho National Lab, its long-term disposal as well as the ultimate price tag for the operation undetermined and to be paid by future generations.90

The Three Mile Island reactor no. 1, under refueling at the time of the accident, was reconnected to the grid in 1985, after years of consideration and amid the protests of local residents, backed by antinuclear activists who came to the area that had taken on high symbolic significance for the movement. The Three Mile Island plant was back in operation, producing electricity. It was shut down in September 2019. The cause was not technological—it had a license to operate until the year 2034—but economic. The entire nuclear industry had fallen on hard times. A number of major participants in the field of nuclear energy, including Westinghouse, had filed for bankruptcy protection in 2018. Still, the shutdown of Unit no. 2 was not the end of the story. The cleanup of the site, at an estimated cost of $1.2 billion, is expected to continue until the year 2078.91

In many ways, the closure of TMI Unit no. 1 was nothing if not a continuation of the trend that began forty years earlier with the meltdown of TMI Unit no. 2. That trend was further exacerbated and, as it now appears, became irreversible after another nuclear accident that took place almost seven years later and almost 5,000 miles from Three Mile Island. It happened at the Chernobyl nuclear power plant in Ukraine, then part of the Union of Soviet Socialist Republics.
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THE STAR OF APOCALYPSE

Chernobyl

Few people were more worried about the impact that the Three Mile Island accident might have on the nuclear industry than the seventy-six-year-old president of the Soviet Academy of Sciences, Anatolii Aleksandrov. A physicist by training, he was also the director of the Institute of Nuclear Energy and a founding father of the Soviet nuclear project. In the Three Mile Island accident Aleksandrov saw a major threat to the nuclear industry. He had to act in order to eliminate the unexpected hazard from America.1

On April 10, 1979, one day after Dick Thornburgh lifted the evacuation order for pregnant women and children, ending the Three Mile Island crisis, Aleksandrov published an article in the leading Soviet newspaper Izvestiia attacking the Western media for presenting what he called the “slight unpleasant consequences” of the TMI accident “in extraordinarily exaggerated form.” Aleksandrov characterized American media coverage of the accident as an attack on the nuclear industry by its competitors, the oil and gas corporations that also influenced the US government. He argued for continuing development of the nuclear industry, predicting the depletion of oil and gas deposits within the next twenty to fifty years. With deposits of uranium ore also under threat of depletion, Aleksandrov pushed for the development of fast breeder reactors, which generate more fissile material than they consume.

In order to make the nuclear industry more attractive to the Soviet leadership and public, Aleksandrov highlighted a research project under development at his institute: nuclear reactors that could produce heat for apartments and public buildings. “They are so safe that it will be possible to locate them directly in residential districts,” wrote the president of the Soviet Academy of Sciences. Those reactors would not be cheap, he admitted, but they would run on a fuel less expensive than coal and would not pollute the environment. That was not all. Aleksandrov proposed to move on from nuclear to thermonuclear reactors, which could be used to regulate the climate. As far as he was concerned, the future of nuclear energy and the benefits to be derived from it were truly unlimited.2

Aleksandrov’s article was the immediate response of the Soviet nuclear lobby to the Three Mile Island accident, which threatened to tip the scales in the Kremlin away from nuclear power and toward the oil and gas industry. That industry was earning hard currency for the country in European markets newly opened by détente. Cold War rivalry aside, the leaders of the Soviet nuclear industry were at one with their American counterparts in trying to reduce the negative political fallout of the TMI accident as much as possible. The captains of the Soviet nuclear industry turned out to be more successful in that regard than the Americans. Aleksandrov’s characterization of the TMI incident as little more than a bump on the road to nuclear progress soon became the standard line of the Soviet media.

A week after Aleksandrov’s article, Gennadii Gerasimov, an influential Soviet foreign affairs commentator who would later coin the term “Sinatra Doctrine” to define Mikhail Gorbachev’s liberal policy in Eastern Europe, published an opinion piece discussing the China Syndrome movie along with the Three Mile Island accident. Gerasimov praised the film, blamed the accident on capitalist greed, and attacked antinuclear movements in the United States and Europe. He compared protesters to the Luddites of nineteenth-century Britain—workers who had destroyed textile machines to protect their livelihood. “Those who have now come onto the streets of many Western cities with protests demanding the complete abolition of nuclear energy are throwing out the baby with the bathwater,” argued Gerasimov. “It is the capitalist order, which dangerously distorts the development of this new branch of energy science, that should be abolished, and not the branch itself.”3

Aleksandrov and the Soviet nuclear lobby had won the battle in the corridors of power. The antigovernment protesters, normally praised and supported by the Soviet media, were now sacrificed to the interests of the Soviet nuclear industry. In November 1979, the aging Soviet leader Leonid Brezhnev delivered a speech at a major party forum in which he argued for the accelerated development of nuclear energy as a source of heat and electricity and supported the use of fast breeder reactors and thermonuclear technologies. Aleksandrov was the only nonparty and nongovernment official who took part in the discussion of Brezhnev’s report. Predictably, he praised it.4

THE TMI ACCIDENT DID LITTLE TO SPOIL THE CELEBRATORY mood in the higher echelons of the Soviet nuclear establishment, which in 1979 was celebrating the twenty-fifth anniversary of its venture into the field of nuclear power. In June 1954, Soviet scientists under the leadership of Igor Kurchatov, the founder of the Soviet nuclear project and Aleksandrov’s predecessor as director of the Institute of Nuclear Energy, launched the world’s first reactor intended to produce electricity rather than weapons-grade uranium or plutonium. The reactor, built in the city of Obninsk, some 62 miles (100 kilometers) from Moscow, was small, but it was the first of its kind. Aleksandrov was busy delivering speeches and publishing articles at home and abroad.5

Among those who used the anniversary to promote the Soviet nuclear industry was one of its founders, a key figure in the design of Soviet nuclear reactors, the eighty-year-old Nikolai Dollezhal. The editors of the party’s main journal, Kommunist, invited him to express his views on the past, present, and future of the nuclear industry. Together with the economist Yurii Koriakin, Dollezhal made a strong case for its development, estimating that it would produce 60 percent of world electricity by the year 2020. He argued for the construction of a huge nuclear complex with dozens of reactors at various Siberian locations. In his opinion, that would reduce the environmental impact of nuclear power plants on the more densely populated European part of the Soviet Union and dramatically reduce the danger associated with transporting nuclear fuel over long distances.6

In the West, which was preoccupied with the issue of the safety of the nuclear industry in the wake of the TMI accident, Dollezhal’s article was perceived as a contribution to that debate, although he himself never saw it in that light. Although it was overlooked by Western commentators, the article presented Dollezhal’s vision for the development of the Soviet nuclear program and was self-congratulatory about his own contribution, the development of RBMK or “high-powered channel-type” reactors. “The use of channel-type reactors has enabled Soviet nuclear power to occupy leading positions in the development of atomic power plant powerhouses with a unit capacity of one million kilowatts,” wrote Dollezhal. “Foreign nuclear power engineering does not have such unit capacities.” He was proud that his reactor was unique at the time and therefore known throughout the world as a Soviet-type reactor.7

Nikolai Dollezhal was a living legend of the Soviet nuclear industry. Born at the end of the nineteenth century, in Ukraine, he had received his education and spent most of his life in Moscow, working first in the chemical and then in the nuclear industry. Igor Kurchatov asked Dollezhal to design the first Soviet industrial nuclear reactor. As discussed earlier in the book, he suggested to Dollezhal that he use the reactor built by the Americans in Hanford as a basis for his own design. Dollezhal simplified the American model by positioning the fuel channels and control rods in his reactor vertically rather than horizontally, as in the Hanford prototype. It worked. Dollezhal built his first reactor in 1948 at the Maiak complex near Ozersk—the Annushka, which produced enough plutonium to arm the first Soviet nuclear bomb in August 1949.8

In 1952, Dollezhal took charge of a special research institute created for the sole purpose of designing nuclear reactors. Together with Anatolii Aleksandrov, who served as an academic adviser to the pro­ject, he worked on the development of the first Soviet water-water reactor, which used light water as both coolant and moderator. Most of Dollezhal’s projects remained top secret, with the notable exception of the nuclear power reactor in Obninsk. Early plans called for the construction of three different types of reactors, but the authorities eventually decided to limit the program to one, and it turned out to be the one designed by Dollezhal. Like Annushka, the Obninsk reactor was graphite-moderated and water-cooled. It had a capacity of 5 MWe, less than half of what is needed to power today’s Eurostar locomotive, but that did not matter. With time and resources in limited supply, Moscow decided to go with a proven design and a tested designer.9

The Soviets got what they wanted: their nuclear power plant was the first in the world. When Soviet delegates arrived in Geneva in 1955 to attend the first International Conference on Atomic Energy, they had established their status as pioneers in the field. Dollezhal attended the second Geneva conference in 1958, where he met Eugene Wigner, the “father” of the Wigner effect, which was among the causes of the Windscale fire. Wigner presented Dollezhal with a recently published book on the physics of reactors that he had coauthored with Alvin Weinberg, his successor as director of research at Oak Ridge. In late 1959, in the wake of Nikita Khrushchev’s visit to the United States, Dollezhal visited not only the Oak Ridge National Laboratory but also Shippingport, America’s first industrial nuclear power plant, and met its main designer and promoter, Admiral Hyman Rickover.10

Despite the accolades that Dollezhal and other creators of the Obninsk plant received abroad, there was little progress on Soviet “atoms for peace” projects at home. The ambitious plans for the construction of new nuclear plants in the late 1950s never materialized: the economic figures did not add up. There, like everywhere else in the world, nuclear energy was too expensive to produce, and the Soviets, who had to compete with the Americans in the nuclear arms race, lacked the resources for an effort on both fronts. The money went to building hydroelectric power stations. With more dams on the Dnieper and the Volga than the two rivers could sustain, attention turned to Siberia, with its huge Yenisei and Angara Rivers, where dams created reservoirs flooding a territory the size of Belgium, approximately 10,800 square miles (28,000 square kilometers).11

Soviet government planners turned their attention to the nuclear industry only in the mid-1960s, making it a priority for the 1965–70 five-year planning period. One reason for this was that the untapped rivers were in Siberia, while the growing demand for energy was in the European part of the country, where the old sources of energy were either hydro or coal, which were becoming more and more difficult to produce. Another reason was the growing tendency throughout the world to adopt nuclear power, and the USSR, the original leader in the field, was now far behind its competitors. In 1964 two reactors at two nuclear power stations became operational in the USSR, jump-starting the Soviet nuclear program, which began life on two tracks. The first was represented by the Beloiarsk nuclear power station in the Ural Mountains, which used Obninsk-type graphite-water reactors. The second, exemplified by the Voronezh nuclear power station in southern Russia, used water-water reactors, generally similar to the Rickover reactors in the United States. Dollezhal and Aleksandrov were responsible for the design of both types.12

The question now was how to proceed: use water-water or graphite-water reactors or adopt other designs developed by that time in the USSR? Or would it be preferable to use various types? The original decision favored water-water reactors. “That decision seemed realistic until the capacity of the country’s machine-building factories to implement it was analyzed,” recalled Dollezhal later. It turned out that there was just one plant in the Soviet Union capable of producing the vessels required for water-water reactors. A new high-technology plant would have to be built to produce such vessels, and that, as Dollezhal recalled, would postpone plans for the massive expansion of nuclear power facilities until the late 1980s. The Soviet government felt that it could not wait so long. Plans for a high-technology solution were not abandoned, but before any action was taken, Dollezhal convinced government officials to go ahead and build proven graphite-water reactors.13

His main argument was simple: by using the existing manufacturing base created to make graphite-water reactors, they could build a new reactor in five to six years, compared to the eight to ten years required in the United States to build a water-water reactor. His other argument was that the reactor could be used to produce not only electricity but plutonium as well. Moreover, fuel could be changed in such a reactor without shutting it down, which significantly increased its productivity. Finally, there were no parts of the reactor that could not be replaced if irradiated with neutrons. That was the Soviet advantage that Western competitors did not possess. It made the RBMK (the reactor bol’shoi moshchnosti kanal’nyi, a high-powered channel-type reactor), a specifically Soviet reactor.14

Yefim Slavsky, the minister of medium machine-building, who had begun his ministerial career by cleaning up the Maiak disaster of 1957, was now in charge of the development and building of new reactors. He turned over to Dollezhal and Aleksandrov drawings of a graphite-water reactor on which his engineers were working and asked them to step in and improve the existing designs. Happy to oblige, they submitted their blueprints in 1967. The proposed design was approved almost on the spot. In the following year, the ministry issued orders for the construction of the first four units of Dollezhal and Aleksandrov’s graphite-water reactors. They were in a rush, trying if not to catch up with the United States and overtake it—the slogan put forward by the now ousted Soviet leader Nikita Khrushchev—then at least to satisfy the growing demand for energy in the Soviet Union.15

The Chernobyl-type reactor was born. The RBMK made its first public appearance in December 1973 at the Leningrad nuclear power station in a town called Sosnovyi Bor. It was also the first 1,000 MWe reactor to be launched in the Soviet Union. Dollezhal and Aleksandrov were present at the ceremony marking the connection of the first RBMK reactor to the grid. The water-water reactors, or VVRs, as they were known in Russian, lost the battle for the immediate future of Soviet nuclear energy to the RBMKs. “They say that in the USSR there will be only the VVR, but so far, as we see, the RBMK supplies our energy,” went a brief verse circulating at the time.16

In his memoirs Dollezhal wrote, not without satisfaction, that the first 1,000 MWe water-water reactor was launched in the USSR only in 1979, and their mass production began only in the mid-1980s, after a new plant capable of supplying reactor vessels on a large scale was launched. By 1980, he continued, there were already close to ten (in fact, seven) RBMK-1000 reactors running in the USSR. But there was a problem: the RBMK reactor was inherently unsafe. It was prone to two types of accident—a graphite fire or a steam explosion. Most reactors operating at the time were vulnerable to only one of those possibilities. As one US industry insider quipped, the RBMK won “the prize for the most dangerous method of making power using fission.”17

The fact that people like Slavsky, Dollezhal, and Aleksandrov, the fathers of the Soviet bomb project, were making key decisions about the development of the country’s nuclear energy made the RBMK choice not only natural but almost inevitable. As the genealogy of the RBMK suggests, they were always cutting corners, relying on already existing and proven models and thereby importing into the new designs problems never adequately resolved. First they used the American graphite-moderated and water-cooled Hanford model to build a reactor intended to breed plutonium, and then they used that basic design to build the first nuclear power plant in Obninsk. When the time came to choose a model for industrial reactors, they pressed the graphite-water Obninsk model into service to bridge the gap between reality and desire until sufficient capacity was developed to start building the safer water-water reactors.

The Soviet Union had chosen a reactor that was outdated in its basic design and dangerous in operation as its primary model for the 1970s and 1980s largely because of lack of time and resources. The secret elements of the design that were purely Soviet became not only a propaganda tool abroad but also a political justification at home for the reliance on the RBMK reactors. To cite one of the leading experts in the field, “The RBMK was born into a system of scarcity and ambition, ingenuity and fatalism, secrecy and propaganda.” The future, as envisioned by the captains of the Soviet economy and nuclear industry in the 1960s, belonged to VVR water-water reactors. Of the thirty-three reactors whose construction began between 1975 and 1986, there were seventeen VVR water-water reactors and fourteen water-graphite RBMKs. But before the safer future arrived, the past caught up with Dollezhal and the rest of the Soviet nuclear establishment. It happened at a place called Chernobyl.18

THE HISTORY OF THE CHERNOBYL NUCLEAR POWER PLANT began in 1965, when the leaders of Soviet Ukraine, then a republic in the mighty USSR, petitioned Moscow for permission to build three nuclear power plants in Ukraine. They received permission and funding for one plant and chose a sparsely populated rural area on the Ukrainian-Belarusian border some 62 miles (100 kilometers) north of Kyiv as the location. The ancient town of Chernobyl (in Ukrainian, Chornobyl), which gave its name to the station when there was nothing there but blueprints, was located approximately 9 miles (15 kilometers) from the construction site, while the brand-new modern city of Prypiat, named after the nearby river, was a mere 1.2 miles (2 kilometers) away.

Later, many would see a bad omen in the choice of location. The Ukrainian word chornobyl’ is the name of a shrub, one variety of which is known as “wormwood.” In the biblical Book of Revelation, a star called Wormwood, “blazing as a torch, fell from the sky on a third of the rivers and on the springs of water,” making the water bitter and causing people to die. Quite a few people in Ukraine and beyond, including President Ronald Reagan, believed that the Chernobyl disaster was prophesied in the Bible. If one believes that, then one should assume that some form of “China syndrome” was included in the prophecy. None of that was on the mind of the good communists who chose the site in 1965, but the China syndrome became a major concern after the disaster took place.19

The original design of the Chernobyl nuclear power station called for the use of gas-cooled reactors, similar in their basic model to the Magnox reactors built at Calder Hall in Sellafield. Using graphite as a moderator and gas as a coolant, they were considered safer than the graphite-water reactors. But Soviet gas-cooled reactors had not passed the design stage when construction of the plant began in 1970. Meanwhile, RBMKs ruled the day, so that was the model adopted. The first one went critical at Chernobyl in 1977, the second in 1978, the third in 1981, and the fourth in 1983. Two more reactors were under construction. There were plans to build six additional reactors on the other side of the Prypiat River. It looked as if Dollezhal’s concept of super nuclear power stations, which never made it to Siberia, was now materializing in Ukraine.20

Reactor no. 1 at the Chernobyl nuclear power plant was the third of that type to become operational: the first and second ones were at the Leningrad and Kursk plants, respectively. Those reactors had been built before the “General Regulations for Nuclear Power Plant Safety” were implemented in the industry and were in fact disasters waiting to happen. They lacked an emergency cooling system and an accident localization system. The same was true of reactor no. 2, which also belonged to the first, particularly unsafe, generation of RBMKs. Reactors no. 3 and 4 belonged to the second generation, in which emergency cooling and accident localization systems had been installed.

That was a significant improvement, but both generations of reactors lacked the sealed containment building that the Three Mile Island PWR reactors had. It was not only too expensive but also all but impossible to construct such containment structures, given Dollezhal’s 1946 decision to turn the fuel rods in the American model of a graphite-water reactor from the horizontal to the vertical position. To replace fuel rods in that position, they had to place a 114-foot structure housing a special crane on top of the 24-foot-high reactor. That made the reactor building too high to build a reasonably priced containment around it. They decided that the reactor was safe enough without containment.21

The Chernobyl RBMKs had even more problems. Not one but two of them were related to the control rods, made of neutron-absorbing boron. In case of emergency, the rods were to be lowered into the core of the vessel in order to shut down the reaction. The rods were equipped with graphite tips that served as a form of lubrication and facilitated their movement up and down the metal tubes. When the rods were inserted into the reactor’s core from the start position, it was their graphite tips and not their boron shafts that first entered the critical zone, leading to an immediate spike in the intensity of the reaction—the opposite of what the rods were meant to do. That feature became known as the positive scram effect. Another problem was that the rods needed 20 seconds to reach the “shut down” position, four times longer than the rods in the American PWR reactors.

The reactor’s biggest problem had nothing to do with the rods and was known as the positive void coefficient. In an RBMK reactor, the level of the reaction is moderated not only by the graphite but also by the water coolant, which absorbs neutrons. If, for whatever reason, water stops flooding through the reactor, then the neutrons go unabsorbed, the intensity of the reaction increases, and the reactor goes supercritical. An accident involving the loss of coolant also means that there is no water to reduce the heat of the supercritical reactor, making meltdown almost inevitable. The sealed water basin beneath the reactor, whose function is to absorb possible leaks from the water pipes running through the reactor, creates a major problem in the event of a meltdown. If the reactor core melts for the reasons just explained and falls into the basin, it causes a steam explosion.22

True, under the eyes of skilled operators familiar with the reactor’s weak spots and following instructions and regulations to the letter, RBMK reactors could operate without meltdowns, as indeed they did for the first thirteen years. But the operators were never told about the reactor’s major problems, and being convinced that the reactors were safe, they were prepared to neglect safety procedures in order to carry out a particular task, whether it was the fulfillment of a quota or the conduct of safety tests intended to improve the functioning of the reactors. The refusal to share information with operators about reactor problems was due to the culture of secrecy that originated in the first years of the Soviet atomic bomb project. When it came to producing nuclear energy in the USSR, secrecy also trumped safety.

The first accident that exposed the problems with the reactor that would lead to the Chernobyl disaster took place at the Leningrad nuclear power station in November 1975. It was caused by the positive scram effect. Information about the accident and the resulting release of as many as 1.5 million curies of radiation into the atmosphere was kept secret not only from the outside world but also from the operators and nuclear engineers at the plant. “I was told firmly that I understood nothing, and that a Soviet reactor could not be liable to an explosion,” recalled one of the engineers, describing the reaction of a security official whom he asked to explain the causes of the accident. A commission with representatives of the Dollezhal institute investigated the accident but did not inform RBMK operators at other nuclear power plants of what had gone wrong at the Leningrad station. The combination of factors that caused the Leningrad accident of 1975 was the same as the one that would recur at Chernobyl.23

A FEW YEARS BEFORE THE CHERNOBYL ACCIDENT, M. V. BORISOV, a deputy minister of energy in the central government in Moscow, blamed the Three Mile Island accident on the fact that the American operators, trained by the US Navy, did not have college degrees. The Soviets, on the other hand, argued Borisov, had decided from the very beginning to allow only college and university graduates to operate reactors. That was true. But the Soviet nuclear industry was growing so quickly in the 1970s that universities were unable to produce enough specialists to run the plants. That was particularly true of upper management, many of whose key figures came into the industry from similar positions at thermal plants.24

The Chernobyl nuclear power station was no exception. The director of the plant, fifty-year-old Viktor Briukhanov, was an electrical engineer who had cut his teeth on running turbines at coal-fired power stations. The same was true of Briukhanov’s second in command, the plant’s chief engineer, Nikolai Fomin. As in the United States, the situation was saved by former navy men who were college graduates and had acquired the skills of running small reactors while serving on nuclear submarines. They were not as dominant in the field as their American counterparts, but there were quite a few of them in the industry.25

At Chernobyl, probably the most senior manager with a naval background was the fifty-five-year-old deputy chief engineer, Anatolii Diatlov. A native of Siberia, he graduated from the prestigious Moscow Engineering and Physics Institute, the alma mater of the first generation of nuclear engineers in the Soviet Union. From Moscow he was sent back east, this time to the far-eastern city of Komsomolsk on the Amur, where he helped to install Dollezhal-designed PWR-type reactors in Soviet submarines armed with ballistic missiles. After fourteen years on the job, having been in charge of a team of some twenty engineers, Diatlov decided to move on. According to one version of events, he was tired of spending too much time at sea testing his reactors away from home; according to another version, he was exposed to a high dose of radiation on the job and blamed the death of his child from leukemia on that fact.26

Whichever it was—and the two stories did not contradict each other—in the fall of 1973 Diatlov moved from the Russian far east to the Ukrainian north, settling with his family in the brand-new city of Prypiat. When it came to Dollezhal-designed reactors, he could run but not hide. Diatlov left the safer water-water ones behind in the east to start working on the more dangerous ones in the western USSR. At Chernobyl, he began as deputy chief of the reactor group, rising through the ranks to become deputy engineer of the plant in charge of reactors 3 and 4—the newest and safest generation of Soviet RBMK reactors. He was selected for the job because of his nuclear engineering background, knowledge of reactors, and reputation as a strict disciplinarian who got the job done.

Diatlov had an independent mind and a rebellious spirit, having run away from home when he was fourteen. He moved from the Navy, with its culture of military discipline, to the civil nuclear industry without changing much. He was at once knowledgeable and arrogant, cultured and rude. Many considered him authoritarian and high-handed. He was convinced that he was always right, and while he followed orders, he never renounced his opinions. He was easy to hate and fear but could also inspire respect, as he worked hard and stuck to his principles. With subordinates, he was tough but fair. When it came to reactors, he was a true expert. “For us, he was the greatest authority,” recalled a shift foreman at the plant. “Unattainable authority. His word was law.”27

When plans were made to shut down the fourth and newest reactor at the Chernobyl plant for maintenance in April 1986, Diatlov was a natural choice to supervise the process not only because of his position in the hierarchy but also because of his professional background and expertise. Shutting down the reactor was the most challenging part of running the Chernobyl nuclear power station: the reactor could become unstable when it was operating at reduced capacity. Many instruments and elements of equipment could be tested during the shutdown, and a special program for such tests was prepared for the shutdown of unit no. 4.

The managers wanted to use the shutdown to check a number of reactor systems and conduct several tests. One of them was a test of the turbogenerator, designed to improve the safety of the reactor. In an emergency shutdown of the reactor, known to American operators as a trip or a scram, the pumps bringing water to the overheated reactor would stop working because the reactor was no longer supplying them with electricity. To avoid a meltdown, the designers had provided the unit with backup diesel generators to keep the pumps working even during a trip.

So far, so good. But there was a gap of 15 seconds between the loss of power from the turbogenerator and the automatic start of the diesel generators. The generators also needed more than a minute to generate enough electricity to power the water pumps. That presented a safety risk that the nuclear engineers wanted to eliminate. The idea was to use stored rotational inertia, or continuing rotation of the turbine driven by residual steam, to generate electrical power and bridge the one-minute gap in supply of electricity to the pumps.28

The engineers wanted to test the idea, but that required simulating a scram, which could be done without additional stoppage of the reactor only at the shutdown stage. The test was supposed to be conducted before unit 4 was officially certified by a government commission as fully operational. But in order to meet the official launch target date of December 1983, the management signed the certification documents without a test. The engineers had tried to conduct it several times since then, but the results were unsatisfactory. Now they were getting ready to perform the test once again, using voltage regulators of a new design. According to the test program prepared under Diatlov’s supervision and approved by his boss, chief engineer Nikolai Fomin, preparations for the shutdown and gradual reduction of reactor power were to start on the evening of Thursday, April 24, 1986.29

Whoever came up with the date knew what he was doing. The next day was Friday, the start of a weekend and a long stretch of holidays leading into mid-May. This was the best time to shut down the reactor and run the test. They began almost as planned, but with a slight delay. The shutdown operations were initiated by the graveyard shift in the early hours of April 25. By 5:00 a.m. they had reduced the power of the reactor by half, to 1,600 MWt (megawatts thermal). They did so by removing almost all the control rods from the reactor—a violation of rules that were considered the industry norm. “I’ll say this: we had repeated instances of falling below the permissible number of rods, but nothing happened,” recalled Igor Kazachkov, the shift foreman, who took over control of the reactor on the morning of April 25 with fewer rods in the active zone of the reactor than instructions allowed. “Nothing was exploding; everything was proceeding normally.”30

The turbine generator test was supposed to be conducted at a power level of 700 MWt, and in preparation for it the next shift would have to shut down the emergency water supply system. With that system operating, the trip situation could not be replicated, and the test could not be conducted as planned. Shutting it down was a laborious process that took approximately 45 minutes: the operators should walk to the valves and turn each, one by one, manually. By 2:00 p.m. on April 25, they were ready to start reducing the power further so that the test could begin. A number of safety systems were switched off, but with the shutdown lasting only a few hours, the chances of anything going wrong were almost nil. “The safety system was provided in case a large-diameter pipe was breached,” said the foreman, Kazachkov, recalling his decision to shut down one of the safety systems. “But that, of course, is a very slight possibility. No greater, I think, than having a plane fall on top of you. Yes, I assumed that the block would be shut down in an hour or two.”31

What happened next was not in the test program and, indeed, was beyond the control of the operators or their bosses at the station. The two hours that Kazachkov was prepared to risk leaving the reactor without safety systems operating were multiplied by five. The managers received a call from a Kyiv-based grid operator asking them to postpone the shutdown of the reactor. It turned out that another reactor at a different nuclear power station had gone off the grid. The grid operator needed unit 4 to keep running in order to meet the Friday evening demand spike. The plant was there to produce electrical energy for the Soviet economy, and under those circumstances the grid operator was in charge. The Chernobyl crew felt that they had no choice but to freeze their preparations for the shutdown and keep the reactor running.

Anatolii Diatlov, who was in charge of shutdown operations, decided to take it easy and went home for a nap before returning to the plant later in the evening. Meanwhile, the reactor and its systems were left as they were. The reactor was working at a low power level of 1,600 MWt, while the emergency water supply system was still switched off. But the most dangerous factor in the long run was the “poisoning” of the reactor. At low power output level the reactor produced more Xenon-135, a neutron-absorbing fission byproduct, than it could burn. Excessive Xenon-135 was consuming more and more neutrons, slowing down the reaction or “poisoning” the reactor and making it difficult to operate. As Diatlov slept at home and the operators in the control room of reactor 4 waited for the go-ahead from the Kyiv grid operator, the reactor kept producing Xenon-135. No one saw that as a problem at the time. The physics of the reactor was not the operators’ strong suit, and the operating instructions and manuals available in the control room offered no guidance in that regard.32

The Kyiv grid operator finally approved the shutdown at 10:00 p.m. on April 25. Diatlov was back at the station and in the unit 4 control room after 11:00. They started to reduce the reactor’s power level further, going down from 1,600 MWt. But with a shift change scheduled for midnight, they had no time to complete the task. The shutdown would be resumed by the new shift in the early hours of Saturday, April 26. As had been the case at the Three Mile Island plant, the graveyard shift would have to deal with the problems inherited from the previous one.

The new crew was led by thirty-two-year-old foreman Aleksandr Akimov and included three more operators: the engineer in charge of the reactor, Leonid Toptunov; the turbine engineer, Igor Kirshenbaum; and Borys Stoliarchuk, the operator responsible for the work of the unit and the supply of the water to the reactor. As they were all young and relatively inexperienced, they had been assigned to the graveyard shift. The previous night they had begun reducing the power level of the reactor and assumed that by their next shift it would be safely shut down. To their surprise, all the main tasks, including a variety of complex tests, that of the turbogenerator among them, were still ahead.

Technically, Aleksandr Akimov was now in charge of the control room, but having had no time to study the shutdown and the test programs, he was taking orders from Anatolii Diatlov, the senior manager in the room, who was running the show. “Immediately after the shift change, Diatlov began demanding that the fulfillment of the program continue,” recalled Razim Davletbaev, a deputy chief of the turbine division, who was in the control room at the time. “When Akimov sat down on a chair to study the program, [Diatlov] started reproving him for being slow and failing to take account of the complicated situation that had developed at the block. Shouting, Diatlov got him to stand and began pressing him to hurry up.”33

Akimov did as he was told. He ordered Toptunov, a twenty-five-year-old senior reactor control engineer a few years out of college and a few months on the job, to lower the power level in the reactor. They reached the level of 700 MWt required for the test soon after midnight, but Diatlov, in violation of the program, wanted the power level to go further down. Since the automatic system for regulating power was not working well at the current low levels, Toptunov switched it off and began regulating the power level manually by removing more control rods from the reactor’s active zone. Diatlov wanted the power level to stabilize at 420 MWt. It was a difficult task, as the level kept falling.

A Soviet nuclear industry insider compared a reactor operator in charge of control rods to a professional pianist, noting that after a vacation the operators needed assistance to regain the feel of the reactor and apply their skills. An American industry insider wrote that operating the RBMK manually was “like driving a concrete truck on the Monte Carlo racing circuit. All actions must be performed slowly, or it will turn over on a curve.” Whatever comparison one uses, Toptunov had been on the job only a few months and, having been assigned to the graveyard shift, lacked the kind of experience required under the circumstances.34

As the reaction almost died in some parts of the reactor but spiked in others, Toptunov inserted and removed rods as needed to keep the reactor stable and the reaction alive. At some point he “dropped” the power level almost to zero—the reactor’s computer recorded it at 30 MWt. “The guys who were there that night related that Lenia Toptunov did not manage the transition from automatic functioning and dropped the power level,” recalled Igor Kazachkov. “After all, he had been working as senior engineer in charge of the reactor for only four months, and in that time the power level of the reactor had never been reduced.” Another foreman, Yurii Trehub, whose shift ended at midnight, stayed in the control room to observe the behavior of the reactor. He agreed with Kazachkov concerning Toptunov’s inexperience. “I think that if I’d been sitting in his place, that simply would not have happened to me,” suggested Trehub.35

The time on the clock was twenty-eight minutes past midnight on April 26. The reactor was virtually dead, going into shutdown on its own. It was time to call it a night. But without an order from Diatlov, who had stepped out of the control room, the operators did not think they could allow the reactor to stop. Toptunov, probably feeling guilty about what had happened, was working feverishly to remove whatever rods were still in the reactor’s active area. Trehub, who had stayed over from the previous shift, rushed to help him revive the reactor by removing almost all the control rods from the core. “Keep up the power!” shouted Akimov. They managed to raise the power level to 200 MWt and reactivated the automatic control system at that point.36

Anatolii Diatlov was back in the control room. It was now his call. They could still abort the test and safely shut down the reactor. In fact, they had to do so according to the test program, which required a power level of 700 MWt to conduct the test. They were 500 MWt short of that mark. With his usual self-confidence, Diatlov decided to proceed. Recalling his reaction to the “drop” in the power level, he said later: “It didn’t disturb or put me on guard at all. By no means an unusual occurrence. I allowed the increase and then went away from the control panel.” Not running the test that night would have meant postponing it until another shutdown of the reactor, which might be months if not years away. Diatlov could not wait so long. Given his stubbornness, he never admitted any wrongdoing.37

As the turbine specialists prepared their equipment for the test, Akimov and Toptunov struggled to keep the reactor alive. They switched off the reserve pumps to reduce the amount of water going through the reactor and prevent it from absorbing neutrons, which were in short supply because of the Xenon poisoning effect. Toptunov also removed all but seven control rods from the active zone, again to keep the power level from falling. At 1:22:30 a.m., the reactor computer issued advice to shut down the reactor: too few rods remained at the disposal of the operators to control it. But they were almost there. They ignored the warning.

At 1:23:04 a.m., the test finally began, and steam to the turbines was shut off. By 1:23:43, the emergency generators were supposed to have gained enough capacity to power the turbines. But something was going wrong with the reactor. Toptunov sounded the alarm. The power level that he had fought so hard to keep from falling now began to rise quickly. The reactor was going supercritical. Alerted, Akimov ordered Toptunov to press the AZ-5 button, initiating a scram or emergency shutdown of the reactor. “Akimov gave the order to shut down the reactor and indicated with his finger: push the button,” recalled Diatlov, who was a few yards away from the pair. Toptunov did as ordered.38

The time was 1:23:40 a.m. They had done the impossible and completed the test. The scram was supposed to take care of the rest. But just as they thought that their troubles were over, the unthinkable began. A few seconds later, they suddenly heard a roar. “The roar was of a completely unfamiliar kind, very low in tone, like the moan of a human being,” recalled Razim Davletbaev, who was in the control room. “The floor and walls shook strongly, dust and fine flakes fell from the ceiling, the luminescent lights went out, semidarkness fell, only emergency lights stayed on, and immediately afterwards there was a muffled thud accompanied by peals of what sounded like thunder. The lights went on again; everyone at unit 4 was at his place; the operators, shouting over the din, called to one another, trying to figure out what had happened, what was going on.”39

Borys Stoliarchuk, the young operator from Akimov’s shift, remembered that after the first blast he assumed that something had happened to the hydrogenators, and he tried to use the controls to switch them off. But then came the second blast. Stoliarchuk heard the “crunch or cracking of concrete” accompanied by a “terrible, terrible sound” for which he could think of no precedent. Looking at the control panel, he “grasped that something dreadful had happened; that energy block 4 would never work again.” It was an accident not anticipated by the designers and not listed in their manuals. The operators did not know how to react. “No one believed that something like that could happen in principle. People—I, at any rate—were at a loss,” recalled Stoliarchuk.40

Unbeknown to the operators, their continuing efforts to force the reactor to perform under conditions of Xenon poisoning by removing the control rods eventually had an effect. The spike in the radiation level also came about as a result of the loss of electrical power to the generator (a condition of the test), which reduced the flow of water in the cooling system and increased the quantity of unabsorbed neutrons. The scram button was supposed to shut down the reaction by lowering the control rods. They went in slowly, graphite tips first, causing a scram effect and a new spike in the level of the nuclear reaction. Five seconds were required for the boron shafts—the neutron-absorbing part of the rods—to reach the active zone and take effect, but reactor 4 did not have those extra 5 seconds. With the reactor going supercritical, the sudden power spike ruptured the fuel channels and jammed the control rods. They stopped halfway into the core of the reactor. The reactor was doomed.

What followed were the two massive blasts heard in the control room. It is now believed that the steam explosion in the reactor came first: the rupture of the fuel channels depressurized the reactor’s cooling system, causing a mass generation of steam that had nowhere to go. Second was the hydrogen explosion. The hydrogen was produced by the interaction of the steam that developed in the water tank beneath the reactor and the overheated zirconium fuel cladding. The two blasts flung off the 500-ton biological shield, called “Yelena,” that covered the top of the reactor. Along with it went the 250-ton refueling machine and a 50-ton crane, as well as numerous systems attached to the concrete plate of the biological shield. Yelena, after being blasted into the air, dropped back onto the reactor but covered only part of its opening, leaving a huge gap through which the plume, full of radioactive particles, escaped into the atmosphere.41

“Cool the reactor at emergency speed!” barked Diatlov when the dust had settled in the control room and the emergency lighting went on. Diatlov ordered Akimov to get in touch with the electricians to start the pumps with the backup generators: he believed that the reactor was shut down, but the decay heat, which remained in the reactor after the reaction was stopped, could cause a great deal of trouble. Then he realized that things were much worse than he had imagined. “At the control panel of the reactor, my eyes popped out of my head,” recalled Diatlov. It looked as if the rods had got stuck halfway into the active zone of the reactor. Akimov had cut the electricity to the electronic amplifiers that powered the rods, hoping that they would drop into the core on their own, but it did not work. Diatlov ordered two interns, Viktor Proskuriakov and Aleksandr Kudriavtsev, to run to the reactor hall and try to insert the rods manually. They left before he realized that the mission was impossible. Diatlov ran out of the room to stop them, but they were gone.42

Razim Davletbaev, who was in the room during the explosion, remembered that soon after Diatlov gave his order to start the pumps, a turbine operator stormed into the control room with the cry: “There’s a fire in the turbine hall; call a fire truck!” Davletbaev rushed to the turbine hall. “From somewhere above came the sound of escaping steam, although no steam, smoke, or fire could be seen through the breaks in the shield, only brightly shining stars in the night sky,” he recalled. He ordered his men to remove oil from the turbines to avoid a massive fire, and they did as they were told. They prevented a fire in the machine hall, which could easily have spread to other reactors at the plant, causing short circuits, loss-of-coolant accidents, and potential explosions and meltdowns. Some of the men would die in the course of the next few weeks from high doses of radiation.43

Diatlov checked on the situation in the machine hall. The occasional oil fires, sparks of electricity, and hot steam shooting out of ruptured pipes brought hell to his mind. He later wrote about “a scene worthy of the pen of the great Dante.” He then went outside and walked around the half-destroyed reactor building. There were fires on the roof of reactor 3, the building of the chemical unit. “It is Hiroshima!” he told Yurii Trehub. Diatlov did not know the radiation level, as the radiation counter with a scale of 1,000 microroentgen per second went off the scale. In the control room Akimov, Toptunov, and Stoliarchuk were trying desperately to supply water to the reactor, which had already exploded. One of the shift workers on duty that day, a turbine operator named Valerii Khodemchuk, was missing: he had been crushed by falling concrete structures at the time of the blast. He was the first victim of Chernobyl. Another engineer, Volodymyr Shashenok, was severely burned by steam bursting from a pipe. He would die the following day.44

In the control room Borys Stoliarchuk was working at the control panel, trying to make sure that water was being pumped into the reactor. It was already gone, but they either did not know that or did not want to believe in that possibility. In any case, they had no other way of dealing with the disaster. They were pumping water, and Stoliarchuk was in charge of the operation. He barely left the control room, which, as he later realized, saved his life, as radiation levels were lower there than in other parts of the damaged unit. Diatlov, Akimov, and Toptunov, who spent considerable time outside the control room in their efforts to check on the situation or open manually one by one the valves of the water supply system, suffered most from radiation. Stoliarchuk later recalled Toptunov coming back inside and vomiting. Diatlov ordered the others to leave the unit in order to prevent overexposure, but Stoliarchuk stayed, as he was a member of the essential staff who could not leave. When asked later whether he realized the danger, he said yes, but he did not connect vomiting with high doses of radiation—that was not part of his training or thinking at the time. He wished that he could leave the unit but knew that he could not.45

Diatlov felt depressed and nauseous: symptoms of radioactive poisoning were already becoming apparent. It was close to 4:00 a.m. when he left the unit. They summoned him to the director of the plant, Viktor Briukhanov, who had been called to the plant in the middle of the night and was now in the radioactivity shelter. Diatlov showed Briukhanov printouts from the unit’s computer but never said that the reactor had exploded. He could not bear to put into words what he knew had happened. “I do not understand it at all!” he told Briukhanov when the director asked him what had happened at the unit. All he said was that there was something wrong with the control rods. Diatlov was in denial. Feeling nauseous once again, he abruptly left the room.

The paramedics picked him up at the entrance to the shelter. He was vomiting. Someone helped him into the ambulance, which took him to the local hospital. It was estimated that in those few hours in and around unit 4 he received 390 rem or 3.9 Sv of radiation—seventy-eight times the acceptable level and a virtual death sentence. Half of people with that level of biological damage would die after thirty days, but Diatlov lived for another nine and a half years. He regretted nothing except sending the interns Proskuriakov and Kudriavtsev to the reactor hall to try to push the control rods manually into the core of the reactor. They never got to the reactor hall but approached it closely enough to sustain deadly doses of radiation. Diatlov met them in the Prypiat hospital. Also among the patients were Akimov and Toptunov. Another member of the graveyard shift arrived later.46

Of all the members of Akimov’s shift, Borys Stoliarchuk seemed least affected by radiation. After an analysis of his bone marrow, his level of exposure was established to have been 100 rem. Since others had left the unit, Stoliarchuk stayed in the control room until the next shift arrived around 8:00 a.m. He did not feel well. “I felt nauseous but did not vomit,” he recalled, “my body was burning, my red eyes tearing, a feeling of tremendous discomfort.” Stoliarchuk was overjoyed when he saw an engineer from the morning shift coming to relieve him. They did not have time to discuss in any detail what had happened. The pumps were working, and the new man continued to do what Stoliarchuk had been doing, dumping more and more water into the place where the reactor was supposed to be.

Stoliarchuk fully realized the scope of what had happened when he looked out the bus window on the way home and saw the destroyed reactor building. He was thirsty, so back in the city, where he saw people peacefully walking the streets, he had a mug of kvass and chatted with a friend before going to sleep. He thought to himself that he had to get ready for the next shift. His sleep did not last long. There was a knock at the door: a KGB man wanted him for a talk at city hall. After he walked there, the KGB men wanted to know what had happened and what he had heard, but Stoliarchuk did not feel well. They interrupted the interrogation and told him to go to the hospital. He walked there on his own.47

The largest group in the hospital, however, were not operators but firefighters. Led by the two young lieutenants Volodymyr Pravyk and Viktor Kybenok, they had arrived minutes after the explosion and heroically fought the fires on the roof of reactor 3 while keeping an eye on the roof of the machine hall. Keeping fire away from the undamaged reactor was their contribution to saving the world. Having been sent to the roof of reactor 3 without proper gear, they could not last more than an hour at most without feeling sick. They had to be helped into ambulances and, later that day, into buses when twenty-eight of the most severely affected men, including Diatlov, Akimov, and Toptunov, whose face was swollen from the effects of radiation exposure, were evacuated first to Kyiv, and from there by plane to a special hospital in Moscow. For most of them, it was their last journey.48

VALERII LEGASOV, A FORTY-NINE-YEAR-OLD CHEMIST AND first deputy to Anatolii Aleksandrov in his capacity as director of the Institute of Nuclear Energy, learned of the accident at the Chernobyl nuclear power plant late in the morning of April 26. Legasov, who was in charge of day-to-day operations at Aleksandrov’s institute, with a staff of about 10,000 working in its laboratories and workshops, attended a meeting at the Ministry of Medium Machine-Building. The news arrived in the middle of a speech by the eighty-seven-year-old minister, Yefim Slavsky. He was then in his twenty-ninth year in that position and wanted to make history by staying in it until the age of one hundred.49

Legasov soon learned that a commission had been formed to deal with the disaster, and he was appointed to it as one of the scientific advisers. While the Chernobyl nuclear power plant was not part of Slavsky’s empire—by then, nuclear energy had been transferred to the Ministry of Energy—RBMK reactors remained the brainchild and, to some degree, the responsibility of Aleksandrov’s institute, and Legasov was drafted into the commission ex officio. Before rushing to the airport to catch an hour-and-a-half flight to Kyiv, he stopped at his institute to gather whatever documents and literature he could on RBMK reactors. For a chemist by training, that literature would come in very handy in the next days and weeks.

Late in the afternoon, packed for a trip that no one expected to last more than a few days, Legasov climbed the stairway of an aircraft to join a group headed by Boris Shcherbina, a sixty-six-year-old deputy prime minister of the USSR and head of the government commission charged with the task of fixing the Chernobyl problem as soon as possible. A former party secretary from Ukraine, Shcherbina had made a name for himself by developing the Tiumen oilfields into a major producer of Soviet oil and gas at the very time when Legasov’s boss, Anatolii Aleksandrov, was arguing that oil and gas were doomed, and the future belonged to nuclear energy. Now the oilman Shcherbina was in charge of the energy sector of the government, and that included nuclear energy as well.50

While in the air, Legasov used the opportunity to educate the deputy prime minister on the history of nuclear accidents. They discussed the Three Mile Island accident in particular. That was an extreme case that had nothing to do with Chernobyl—the construction of the reactors was too different, explained Legasov. As far as they knew, in Chernobyl they would have to deal with an unpleasant but manageable situation. Their information came from the reports of Viktor Briukhanov, the director of the Chernobyl plant. It boiled down to the following: the explosion had taken unit 4 apart and damaged part of its building, but the reactor was intact, the fire had been extinguished, and radiation levels were low. Finally, water was being supplied to cool off the reactor.51

It was wishful thinking at best. Legasov got the first sense that things might be worse than he, Shcherbina, or anyone else around them had imagined when he saw the faces of the Ukrainian officials who welcomed Shcherbina at the Kyiv airport. They were grim. The full horror of the situation became clear when Shcherbina and Legasov reached Prypiat. Two Moscow scientists, having arrived earlier in the day, had just returned from a helicopter flight over the reactor. It had been destroyed but looked dangerously alive, “breathing” though the gap between the concrete plate of the biological shield and the top of the reactor vessel. The shield was bright cherry-red. “What should be done?” a government official asked Boris Prushinsky, one of the two scientists who had just returned from the flight. “God knows,” answered Prushinsky. “There is graphite burning in the reactor. That has to be extinguished before anything else. But how and with what? We’ve got to think.”52

Extinguishing the graphite fire, a problem that the nuclear industry had first faced at Windscale in 1957, became Shcherbina’s first task and Legasov’s first scientific puzzle to solve. Shcherbina, who had experience with extinguishing oil fires, suggested water, but Legasov and other scientists told him that water would only make things worse. Like their colleagues at Windscale, they were concerned that water could release hydrogen and, after mixing with oxygen, might explode. They did not take the risk that had been taken at Windscale. Instead, Legasov suggested dropping sacks of sand and boron on the burning reactor. Shcherbina, endowed with extraordinary power as head of the state commission, ordered Air Force general Nikolai Antoshkin into action. It was already late at night, and Antoshkin convinced Shcherbina to wait until dawn.

Meanwhile, the reactor suddenly came alive, spitting more debris and radiation into the air with another explosion. The nuclear fireworks could be seen and heard at party headquarters. “I am pleading with you to evacuate the people, because I do not know what will happen to the reactor tomorrow. It is ungovernable,” begged Legasov to the members of the commission. Everyone who had arrived in the city before nightfall had seen people walking the streets, couples getting married, and children in the open air, all oblivious to the danger from the nuclear plant two miles away. The Ukrainian officials, whose main responsibility was the safety of the population, were supportive. They had already ordered the buses available to them in Kyiv to proceed to Prypiat.53

But the medical officials who arrived from Moscow cited their instructions. Radiation levels had not reached a cumulative dose of 75 roentgen, above which evacuation was mandatory, and nonmandatory evacuation could get them into major trouble with the authorities. Spreading panic and making the Soviet Union vulnerable to Western propaganda attacks, to say nothing of wasting resources, were serious accusations. Even Boris Shcherbina was hesitant. They needed the party bosses to agree, and the party secretaries were reluctant to put their careers on the line. Late that night, Shcherbina got hold of Vladimir Dolgikh, the Central Committee secretary in charge of industrial and economic affairs. He was in agreement. The winning argument was not the already high radiation levels in the city but the possibility of another explosion.

The final go-ahead for the evacuation of the city came from Nikolai Ryzhkov, a Politburo member and the Soviet prime minister. Early in the afternoon of April 27, more than thirty-six hours after the explosion, close to fifty thousand citizens of Prypiat were ordered to get their documents, clothing, and a supply of food and board the buses that had arrived from Kyiv. They were told that an accident had happened at the plant, and they would be leaving for a few days. A few thousand nuclear plant workers stayed behind to take care of the unit. Helicopter pilots who had arrived began their sand-bomb runs on the reactor. Radiation and chemical protection troops moved in, trying to understand how bad the radiation levels were and where they were located on the map. The police went on shooting stray dogs. Prypiat was soon virtually empty. Most of those who left would never come back, even for a visit.54

MIKHAIL GORBACHEV, THE GENERAL SECRETARY OF THE CENTRAL Committee of the Communist Party and supreme leader of the country, first discussed the Chernobyl nuclear disaster with his colleagues in the Politburo on the morning of April 28, 1986, two and a half days after the accident. There is no evidence that Moscow then understood it was dealing with an international catastrophe. The denial that began with Diatlov on the night of the explosion continued in the days and weeks to come, spreading to the corridors of power in Kyiv and Moscow.

Gorbachev, fifty-five years old at the time, and just starting his second year in office, had inherited an economy in steep decline from his three predecessors, Leonid Brezhnev, Vladimir Andropov, and Konstantin Chernenko, who all died in quick succession between November 1982 and March 1985. With oil prices falling from more than $60 a barrel in 1980 to little more than $10 in 1986, and Soviet oil production falling by 12 million tons in 1985, Gorbachev was counting on the Soviet nuclear industry to perform a miracle and deliver him from his economic troubles. Just a few weeks earlier, at the party congress in March 1986, they had decided to double the number of nuclear reactors to be launched in the next five years as compared with the previous five. And now he had to deal with the bad news from Chernobyl.55

Vladimir Dolgikh, the Central Committee secretary who had approved the evacuation of Prypiat, gave a report. One hundred thirty people had received high doses of radiation as a result of what was believed to have been a hydrogen explosion. On the morning of April 28, radiation levels had reached 1,000 roentgen near the reactor and 250 milliroentgen in the city of Prypiat. Information received the previous day suggested that the radioactive trace extended north of the reactor. It was up to 31 miles (50 kilometers) long and 9 to 16 miles (15 to 25 kilometers) wide, covering an area of some 386 square miles (1,000 square kilometers). They expected the radioactive plume to further spread in a northwesterly direction. Dolgikh told Gorbachev and his colleagues that the reactor was lost and would have to be buried. “Are bags of sand and boron being dropped from the air?” asked Gorbachev. Yes, from helicopters, responded Dolgikh.

“We cannot renounce atomic energy stations, and we must take all necessary measures to increase security,” declared Gorbachev. “What shall we do about information?” was his next question. A few minutes earlier the chairman of the KGB, Viktor Chebrikov, had reported that the population was calm, but few people knew about the accident. Indeed, until then no media outlet in the entire Soviet Union had said a single word about the accident. The opinions of those around the table were divided. Dolgikh believed that before saying anything they had to get a handle on the accident. But Gorbachev thought differently: “We have to make a statement as quickly as possible. We can’t delay.” There was a discussion. Anatolii Dobrynin, a new secretary of the Central Committee who had been the Soviet ambassador in Washington for a quarter century and remembered the Three Mile Island accident, commented that the Americans would learn about the accident in any case, and that the Soviets should learn from American experience in dealing with nuclear accidents.56

The meeting ended with the adoption of Gorbachev’s proposed measures, which included the mobilization of resources for liquidating the consequences of the accident, the investigation of its causes, and the resettlement of evacuees. They agreed to make a terse announcement about the accident on the evening television news. “An accident has taken place at the Chernobyl atomic electricity station,” read a female television announcer in an emotionless voice. “One of the atomic reactors has been damaged. Measures are being taken to liquidate the consequences of the accident. Assistance is being given to the victims. A government commission has been struck.” That was all, but even with such a brief announcement Gorbachev was breaking the unwritten rule of the Soviet propaganda state that under no circumstances was bad news to be delivered to the Soviet public.57

By the time Soviet television made its first announcement about the accident at 9:00 p.m. on April 28, European officials were already on the phones with Soviet nuclear and environmental control agencies, demanding answers about the source of the high radiation that had affected their countries. Unusually high radiation levels had been detected that morning at the Forsmark nuclear power station in Sweden. They checked the station itself, and then other stations in Sweden, finding everything normal. Based on wind direction—the radiation was coming from the eastern side of the Baltic Sea—there was only one reasonable conclusion to be drawn. The Swedes informed the headquarters of the International Atomic Energy Agency in Vienna and demanded answers from their Soviet counterparts. But the Soviets said nothing. An admission came from the very top, but only later that evening.58

Soviet citizens were also dissatisfied. The televised statement was unprecedented in recent Soviet history, suggesting that something really serious had taken place at Chernobyl. But details and information about possible consequences were slow to come. This was particularly unsettling to those living close to the reactor, who needed such information most. Maria Kuziakina, a medical doctor in a Belarusian village close to Chernobyl, remembered watching the burning reactor for days. After dosimetrists showed up in the village, the head of the collective farm ordered everyone inside. Research done by Soviet doctors in Kyshtym indicated that children and fetuses were affected by radiation exposure doses from 100 to 400 millisieverts (mSv). Radiation exposure levels in the village reached 400 mSv per hour, and in some hot spots they shot all the way up to 1,900 mSv per hour. The residents of the Belarusian village were supposed to leave in four days, but it took the authorities a week to evacuate them. Kuziakina recalled that many of her fellow villagers had a radioactive suntan.59

The terse televised announcement on the evening of April 28 was followed by equally terse statements that indicated the seriousness of the situation while trying to reassure viewers that everything was under control. It was especially important for Gorbachev and the Politburo to send the latter message to their own public and the world at large, as one of the two main Soviet holidays, May Day, was fast approaching. If the October Revolution, commemorated on November 7, marked the Bolshevik coup in St. Petersburg in the fall of 1917, May 1 was designated as the day of solidarity of toiling masses all over the world, indicating the international origins of Russian Bolshevism and the global ambitions of the regime it had created.

While the toiling masses throughout the world pretty much ignored the date, the Soviet toiling masses were ordered by the party to show their ideological zeal with street demonstrations. Parades of seemingly cheery workers and peasants dressed in holiday attire, marching with their children to the accompaniment of musical bands, were a standard feature of Soviet political culture. Such manifestations were particularly important after the accident to show that things were under control, with the party, and Gorbachev in particular, firmly in charge. On the morning of May 1, Gorbachev got on the phone with the party boss of Ukraine, Volodymyr Shcherbytsky, to make sure that the May Day parade in Kyiv, 62 miles (100 kilometers) from the stricken reactor, would take place as scheduled and project the right image to the world, which, given the dearth of information from Moscow, was relying on rumors picked up by foreign reporters. Those rumors suggested a massive explosion and resulting destruction, with eighty people killed on the spot and sent to hospitals.60

Shcherbytsky, the gray-haired sixty-eight-year-old party boss of the second-largest Soviet republic and a holdover from the Brezhnev regime, pleaded with Gorbachev to cancel the Kyiv parade; the wind, which had been blowing northward in the first days after the accident, away from the Ukrainian capital and its 2 million residents, had now turned south toward it. Radiation levels on the city’s main street, Khreshchatyk Boulevard, located in a valley between two hills, were rising. But Gorbachev would not hear of it and told Shcherbytsky, “If you sabotage the demonstration, we’ll expel you from the party,” as Shcherbytsky repeated to his colleagues once the phone conversation was over. It would have meant removal from office and political death for the leader of Ukraine.

Shcherbytsky complained but did as he was told. The parade in Kyiv began, as planned, at 10:00 a.m., but was completed in two hours instead of the usual four. Among those who marched that day were not only adults but also children who had practiced for the event for days. Now they could finally show the cheering crowds how good they were at marching and dancing. Later, the KGB saw to it that the uniforms the children wore to practice for the parade and march on May Day were sent for decontamination.61

On the following day, Shcherbytsky welcomed to Kyiv and brought to Chernobyl two of Gorbachev’s plenipotentiaries: Prime Minister Nikolai Ryzhkov, who had been appointed on April 29 to head the Politburo Operations Group dealing with the disaster, and Gorbachev’s right-hand man in the party, Yegor Ligachev. Gorbachev, with whom the two had met before their departure, showed no desire to join them. The Moscow guests met with Shcherbina, Legasov, and the rest of the government commission and reviewed the state of affairs on-site. Helicopter pilots continued their bombing runs on the reactor. On May 1 they had marked the holiday by dropping 1,900 tons of sand, boron, and other substances. They did so at enormous risk to their health and lives, as they had to hover over the open mouth of the reactor. Three hundred thirty-four helicopter crews and a total of 1,400 pilots sustained levels of radiation above permitted levels. The graphite inside the reactor continued to burn, spitting radiation into the air.62

Before leaving the Chernobyl area, Ryzhkov approved a proposal to extend the radius of the exclusion zone around the damaged reactor from 10 to 30 kilometers (6 to 19 miles). The new zone would include not only the city of Prypiat but also Chernobyl and nearby villages, necessitating the evacuation of an additional 80,000 to 90,000 people. The evacuation would also include cattle and would be not completed until the end of May. The decision to extend the exclusion zone came with the realization that “hot” radiation spots were spreading far beyond the original 10 kilometers (6 miles). Radiation maps were not yet available, so they were guessing. Back then, as today, the 30-kilometer (19-mile) exclusion zone included both highly contaminated and relatively “clean” spots. Subsequently, the zone had to be extended on a case-by-case basis to include contaminated spots located farther away. Today it includes parts of Belarus as well as Ukraine and looks nothing like a circle.63

WHILE GORBACHEV, UNLIKE JIMMY CARTER, WOULD NOT visit the accident site himself for almost three years, the power that his representatives exercised on the spot was incomparably greater than that of Carter’s representative, Harold Denton.

While the American president had mobilized the resources of the NRC and tried to stay personally involved in developments around the Three Mile Island plant, Jimmy Carter did not run the show. It was up to Met-Ed officials and the management of the TMI station to deal with the technical side of the disaster, and it was the governor of the state of Pennsylvania, Dick Thornburgh, who had to decide whom and when to evacuate. In Chernobyl, Gorbachev’s plenipotentiaries and representatives of the central government took decisions on everything from the size of the evacuation zone to the strategy of fighting the graphite fire. At the Chernobyl station, its director, Viktor Briukhanov, was relegated to errand boy status as soon as the representatives of the commission, led by Vice Prime Minister Boris Shcherbina, arrived from Moscow. And now it was up to Shcherbina’s boss, Nikolai Ryzhkov, to make decisions and bear responsibility for them.

In the evening of May 2, after spending a few hours in the area, Ryzhkov returned to Moscow to lead the Politburo Operations Group and mobilize the resources of the entire country to deal with the disaster. Its true scope was finally understood by the leadership. The coordination of the government effort at the nuclear power plant itself would be under the control of his deputies. A few days after Ryzhov’s visit, Boris Shcherbina returned to Moscow as well. After reporting to the Politburo, he went straight to the Moscow hospital that was treating the Chernobyl operators and firefighters—he was overexposed and did not feel well. Shcherbina lived another four years, dying in August 1990 at the age of seventy. Meanwhile, Ryzhkov sent another deputy to Chernobyl to lead the commission. Ivan Silaev, who would later lead Boris Yeltsin’s government during the Moscow coup against Gorbachev in August 1991, was now in charge of operations in Chernobyl. The leadership and membership of the commission would be established on a rotating basis.64

Ryzhkov could change his plenipotentiaries in Chernobyl by drawing upon top government officials, but he could not do the same with scientific advisers, who were in short supply. When Legasov, who, like Shcherbina, sustained high doses of radiation during the first days of the accident, came to Moscow with Shcherbina to report on developments at the plant, he was asked to go back to Chernobyl and did so. The situation there became worse after Ryzhkov’s visit. Radiation levels around the reactor rose from 60 roentgen per hour on May 1 to 210 on May 4. Traces of Ruthenium-103, which melts at 1,250ºF (667ºC), were detected, indicated that the temperature within the reactor was rising rapidly. So was the release of radiation into the atmosphere. If it was estimated at 2 million curies on May 1, estimates jumped to 4 million curies on May 2, 5 million on May 3, and 7 million on May 4. On May 5, 8 to 12 million curies were released.65

On May 9, with Legasov back at the station, an explosion occurred in the reactor. It was assumed that the sand and debris at the top of the reactor had dropped into it. No one knew what to expect next. The Ukrainian authorities, who had been trying to prevent a mass exodus from Kyiv, now began secret preparations to evacuate the entire city of more than 2 million. Gorbachev called Legasov in Chernobyl, asking him what was going on and complaining that the West was becoming increasingly critical of the Soviet government’s handling of the disaster and of him personally. Legasov was not sure what to say or do. His own decision to bury the reactor under tons of sand was now under attack on the grounds that it was stopping the release of heat from the reactor and making a large explosion more likely. Moreover, 5,000 tons of sand and other substances dropped on the damaged unit might crush the reactor, with unpredictable consequences.66

There was another, growing concern. The 20,000 tons of water poured into the reactor after the explosion, which cost the lives of Aleksandr Akimov and Leonid Toptunov, members of the graveyard shift on the night of the disaster, ended up in the lower structures of the reactor building and presented a major hazard. Not only was the water highly contaminated, but because of its location it could cause another major explosion. “We were afraid that some of the melted fuel would get into there and produce so much steam as to cause additional radioactivity outside,” recalled Legasov. They needed volunteers to walk through corridors flooded with contaminated water to open the valves of the bubbler pools underneath the reactor and release the water. Three engineers were chosen and agreed to go. Dressed in protective gear, they walked through the water-filled corridors and did the job. Few believed that they would live long after the levels of radiation to which they were exposed. They all survived. Two of them, still alive in 2019, were given the award of Hero of Ukraine after the release of the HBO miniseries portraying their act of heroism.67

Legasov’s other concern was reminiscent of the biblical Wormwood prophecy in which “a great star, blazing like a torch, fell from the sky on a third of the rivers and on the springs of water.” Legasov was worried about radioactive pollution of the nearby Prypiat River. If it became contaminated, radiation could be carried into the Dnieper, of which the Prypiat was a tributary, and then with Dnieper water to the Black Sea, the Mediterranean, and the Atlantic. Legasov ordered earth elevations built along the banks of the Prypiat River so that rainwater would not bring radioactivity into it. Work began on May 4. On May 11, Ryzhkov ordered specially equipped planes into the air tasked with seeding clouds with chemicals to prevent rainfall in the Chernobyl area. At a huge cost to the health of the pilots who flew into the radioactive clouds, they kept rain away through May and a good part of June 1986: no drop of rainwater came down from the clouds in the exclusion zone.68

The biblical star had fallen from the sky, but radiation was prevented from falling into the rivers. Could it get into the groundwater? That possibility was very much on the mind of Yevgenii Velikhov, who, like Legasov, was a deputy to Anatolii Aleksandrov at the Institute of Nuclear Energy in Moscow and had been sent to Chernobyl in early May. Legasov was a chemist by training, while Velikhov was a physicist. The two were rivals at the institute and now, in Chernobyl, had different opinions on what to do with the reactor. Velikhov was concerned that the overheated fuel in the core of the damaged reactor could burn its way through the concrete foundations of the building and contaminate the groundwater. In that case, radioactivity would get into the Dnieper, the Black Sea, and the world’s oceans by a different route, but with the same consequences. That possibility was known in the industry as the “China syndrome.”69

In his memoirs of the disaster, Legasov suggested that Velikhov had been overly impressed by the American nuclear thriller The China Syndrome, which had premiered in the Soviet Union in the fall of 1981. At that time, the release of American films into the Soviet market was limited to six or at most seven per year. The film was selected for distribution because it criticized the American political and social order. But the physicist Rafael Arutiunian, who watched the film in 1984 and later took part in the Chernobyl cleanup, recalled it as the first revelation to Soviet journalists and the general public that even after a reactor is shut down it retains enough heat and energy to release a fire-breathing dragon and radiation, as well as to burn through the bottom of the reactor. “It was hard to imagine that in a year and a half, life would make us confront the mythical dragon in reality,” wrote Arutiunian. He was not the only one in Chernobyl who thought of the film.70

What could be done about the China syndrome as scientists understood it? Velikhov argued that to prevent fuel from getting into the groundwater, galleries would have to be built under the reactor and the soil beneath it frozen. Legasov was skeptical, but Ryzhkov’s deputy, Ivan Silaev, was taking no risks and prepared to implement the ideas of both scientists. Miners were brought in from all over the Soviet Union to dig tunnels beneath the reactor. They worked almost barehanded and at huge risk to their health: heavy equipment was not allowed on the site, to protect the foundations of the reactor. Powerful refrigerating equipment was installed under the reactor. But like many other interventions at Chernobyl, all of this turned out to be unnecessary. The danger of the China syndrome was soon reevaluated as scientists realized that the fuel was not burning its way down to the groundwater. Legasov turned out to be right.71

The miners brought to Chernobyl to dig tunnels were the second large group of workers, after army units. They were followed by hundreds of thousands of others. Altogether 600,000 people would be mobilized by the party in the coming weeks and months, many of them through the army reserve. They would become known as “liquidators.” The term came from the Soviet formulation of the task before them: “the liquidation of the consequences of the Chernobyl nuclear catastrophe.” Their biggest project was the construction of a “sarcophagus” or concrete shelter for the damaged reactor, which began in June and was completed by November 1986.

The liquidators were supposed to be sent home after reaching the threshold of 22 roentgen, but with personal radiation counters it was almost impossible to establish when the limit was reached. Many of the liquidators were overexposed and suffered numerous illnesses upon their return home. After 1991 the governments of the successor states, such as Ukraine, would have to create the special legal categories of “liquidator” and “sufferer,” which entailed financial payments and priority access to medical facilities.72

GORBACHEV FIRST ADDRESSED THE COUNTRY ON THE CONSEQUENCES of the disaster on May 14, 1986, eighteen days after the accident. He was trying to break out of the Soviet legacy of official silence about bad news, but he was very much part of that tradition. He gave his address only when he believed that the worst was already behind.

By mid-May, when Gorbachev decided to make his statement, Legasov and others had concluded that there would be no new and more terrible explosion of the reactor. Radiation levels declined, as most of the graphite had burned out in the reactor core. Gorbachev began his address with a reference to the “misfortune” that had struck the whole country, going on to praise the liquidators and attack the West for using the disaster as an ideological weapon against the Soviet Union. Most of his speech concerned the West and the USSR’s peaceful intentions. Nine days earlier, on May 5, the leaders of the G-7 industrial democracies had discussed Chernobyl at their summit in Tokyo and issued a statement expressing sympathy with the Soviet people and offering assistance, but also demanding more information about the accident. The statement only partially reflected the sense of outrage shared by citizens around the world about the Soviet coverup of the consequences of the accident.73

Gorbachev was clearly on the defensive. He had initiated the release of the first statement about the accident on April 28 against the will and advice of the Kremlin’s old guard. He allowed Hans Blix, the director general of the International Atomic Energy Agency in Vienna, to visit Chernobyl. Yet Gorbachev was also keeping most of the information about the disaster from his people and the rest of the world. The Soviet media were allowed to talk about the sacrifice of the first responders, especially the firefighters, but their funerals and those of the operators were conducted in secret. When the firefighter commanders Volodymyr Pravyk and Viktor Kibenok and the shift foreman Aleksandr Akimov all died on May 11, there was not a word about their deaths in the media.

As head of the Politburo Operations Group, Nikolai Ryzhkov turned down offers to organize the collection of donations or introduce an additional workday to help deal with the consequences of the disaster. He was concerned about creating the impression that the economic costs of the accident were so devastating as to create “difficulties for the government in resolving the problems that had arisen.” Gorbachev agreed. Meanwhile, the country, which had always suffered food shortages, could not refuse agricultural produce from areas contaminated by the nuclear fallout. Ryzhkov’s group took into consideration a memo from the Soviet agriculture boss and Gorbachev’s protégé Vsevolod Murakhovsky, who suggested that contaminated milk could be used to produce butter and cheese, while contaminated cattle could still be slaughtered for meat if the carcasses were well washed and lymph nodes removed. Although Ryzhkov did not object to those proposals, a few days later he decided to prevent the delivery to Moscow of food products from areas affected by Chernobyl fallout. That decision was to be strictly implemented, and the commission was ordered to establish controls over its enforcement.74

In early July, Gorbachev presided over a meeting of the Politburo at which the conclusion was reached that the accident had occurred because of a confluence of two factors: the operators’ violation of the safety protocol and major design problems with the reactor. “The physics of the reactor determined the scale of the accident,” stated one of the officials invited to the Politburo meeting. “People did not know that the reactor might accelerate in such a situation. It is not certain that further work will make it completely safe. No more RBMKs should be built, I’m certain of that.” Gorbachev and the members of the Politburo agreed with the first part of his statement but not with the second. They could not afford to discontinue the operation and construction of RBMK-type reactors. Accordingly, the Politburo’s conclusions about problems with the reactors were kept secret from the public. The media reported only on operator errors and the criminal negligence of the management. The director of the plant, Viktor Briukhanov, was expelled from the Communist Party on the spot, opening the door to his criminal prosecution.75

There were several reasons why the operators were made the only ones responsible in the eyes of the public. The Soviet energy sector depended on the continuing work of more than a dozen RBMK reactors, and admitting problems with them would not only have forced their shutdown but also endangered Soviet exports of the much safer VVR water-water reactors. There were also considerations of a different kind. The senior officials responsible for the design and production of the unsafe reactors were the Soviet nuclear minister, Yefim Slavsky, and the president of the Academy of Sciences, Anatolii Aleksandrov. Both attended the July 1986 Politburo meeting but were spared public criticism, as they were needed to deal with the consequences of the disaster.

During the summer of 1986, Slavsky was in and out of Chernobyl supervising the construction of the sarcophagus, while Aleksandrov and his people were advising the government on how to deal with the ongoing crisis. Gorbachev never forgot Aleksandrov’s assurances that the reactors were so safe that they could be located in residential areas; in Gorbachev’s version, it was Red Square. Aleksandrov stepped down as president of the Academy of Sciences. He later recalled: “When the Chernobyl accident took place, I consider that it was the beginning of the end of both my life and my creative life.” Both Slavsky and Aleksandrov were quietly retired from their high positions in the fall, after the construction of the sarcophagus around the reactor was completed.76

Nikolai Dollezhal, the father of the RBMK reactor, was shielded from open criticism mainly because of his 1979 article in Kommunist, where he had raised questions about the continuing construction of reactors in the European part of the Soviet Union. He never suggested that his reactors were unsafe, but that did not matter under the circumstances. Dollezhal was the only high-profile member of the nuclear lobby who ever voiced any concern about the safety of nuclear energy, and Gorbachev held him in high regard as a scholar whose legitimate concerns were being neglected by the academic establishment. At the Politburo meeting of July 1986 he even counterposed Dollezhal to Legasov, who published articles professing the complete safety of the nuclear industry. But Gorbachev’s esteem did not help Dollezhal keep his position as director of the “reactor” institute he had founded. He was quietly retired as well.77

While the creators of the RBMK reactor were pretty much gone by the fall of 1986 (their retirements had been a direct outcome of the Chernobyl disaster), the reputation of the RBMK reactor and the Soviet nuclear industry as a whole were vigorously protected by the nuclear establishment and party bosses alike. Valerii Legasov, who delivered an unprecedentedly frank report on the accident at a conference convened in Vienna by the International Atomic Energy Association in August 1986, was ostracized by his colleagues for disclosing too many secrets. This happened even though Legasov stuck to the party line, blaming the operators first and problems with the reactor second. A sick man, suffering acute radiation syndrome and prevented by his offended colleagues from succeeding Aleksandrov as director of the Institute of Nuclear Energy, Legasov committed suicide on April 27, 1988, two years after the accident. He left behind tapes with his memoirs and thoughts about the causes and consequences of the disaster.78

Viktor Briukhanov, Anatolii Diatlov, and Diatlov’s chief, Nikolai Fomin, were put on trial along with three other managers of the Chernobyl nuclear power station in the summer of 1987. They were charged with negligence and violations of safety rules. The court proceedings were conducted in virtual secrecy, as they were held in the town of Chernobyl, in the middle of the exclusion zone, which could be entered only by special permission. Any information on problems with the design of the reactor was ruled inadmissible by the judges. The experts called by the court represented the institutions that had designed the reactor. Oleksii Breus, one of the Chernobyl operators, recognized former professors of his among the witnesses. They came from the department chaired by Dollezhal.79

The KGB placed informers in the cells of the accused to monitor their attitudes and discover their legal strategies. According to KGB reports, Briukhanov and Fomin believed that the guilty verdict and sentences had already been decided by the government, making the trial a mere formality. But Diatlov continued to fight, and his defense strategy worried the KGB. Diatlov, reads a KGB report, “is continuing active preparation for his appearance, in which he intends to maintain his view that the basic reason for the accident is the imperfection of the reactor. After the trial, he intends to file an appeal. He will address the problem through his connections in the ministry. Through our agent ‘Vova,’ we are taking steps to influence Diatlov toward declining to employ data in his appearance that besmirch our country’s atomic energy program.”80

Briukhanov, Diatlov, and Fomin were all sentenced to ten-year terms—the maximum penalty for such crimes under the Soviet criminal code of the time. All three would be released on parole before the fall of 1991. At that time a report of a special commission led by Yevgenii Velikhov, who succeeded Aleksandrov as director of the Institute of Nuclear Energy, concluded that not only the actions of the operators but also the low safety culture throughout the Soviet nuclear industry and flaws in the construction of RBMK reactors were responsible for the catastrophic consequences of the accident. That was more or less the conclusion that Gorbachev and the members of the Politburo had reached back in the summer of 1986, but they kept it secret from their own people and the world at large. The Velikhov report met with international approval.81

GORBACHEV LATER CLAIMED THAT CHERNOBYL HAD CHANGED him. But he could not undo the damage that his concealment of the true causes and consequences of the Chernobyl disaster had done to his presidency and his country. In September 1991, when Briukhanov was released from prison, Gorbachev was fighting for his political life, trying to keep the Soviet Union together as it was being torn apart by pro-independence movements, some of which had been born of the antinuclear protests provoked by his government’s handling of information about the disaster.82

In Lithuania, the republic that first declared its independence from the Soviet Union, the protests began in the fall of 1988 at the Ignalina nuclear power plant, which housed RBMK reactors more powerful than those at Chernobyl. In March 1990, the newly elected Lithuanian parliament declared the country’s independence from the Soviet Union. Ukraine followed the same path. The first Chernobyl protests led to clashes with police in April 1988. By November, a rally too big to ban or stop was organized in downtown Kyiv in full view of the authorities. People demanded the “truth about Chernobyl.” The government was reluctant to share anything. The Movement for the Independence of Ukraine, born of those protests, led the country to independence in the tumultuous developments that followed the failed coup against Gorbachev in August 1991.83

The econationalism fueled by the antinuclear movement in both Lithuania and Ukraine became an important factor in the unraveling of the Soviet Union. Lithuania started the pro-independence drive in the USSR, and once Ukraine voted for its independence on December 1, 1991, the Soviet Union was doomed. It was dissolved one week later, on December 8, by the leaders of Russia, Ukraine, and Belarus, the three republics that had suffered most from the Chernobyl fallout. The leaders, who included two professional politicians, Russia’s Boris Yeltsin and Ukraine’s Leonid Kravchuk, and one physicist turned politician, the chairman of the Belarusian parliament, Stanislav Shushkevich, adopted a short statement on the dissolution of the USSR. But even that short statement included an item that dealt with Chernobyl: the three leaders pledged to work together to overcome the consequences of the disaster. The problem, which had had international dimensions from the very beginning, now became truly international in a way that the builders of the Chernobyl nuclear power plant could hardly have imagined in the 1970s. The Chernobyl exclusion zone would now be divided between two sovereign states, Ukraine and Belarus.84

Before leaving the Soviet Union, Ukraine and, slightly earlier, Lithuania had passed laws freezing the construction of new reactors on their territory and getting rid of existing ones in the course of the next few years. All these laws were reversed as the republics became independent and underwent an economic downturn caused by the collapse of the state-owned and -run economy of the 1990s. Both countries came to rely more on nuclear power as the source of their electrical energy and national sovereignty. Nuclear energy survived the antinuclear movement of the late 1980s, which was inspired by the Chernobyl disaster, much better than the political and social system that had brought the industry to life in the 1960s and 1970s.

The Soviet Union was gone by the end of 1991, but the last reactor of the Chernobyl nuclear power plant was not shut down until the end of 2000, and then only under enormous pressure from the West. More than half of Ukraine’s electrical energy produced today comes from nuclear power plants, and the country is home to the largest nuclear power installation in Europe, the Zaporizhia nuclear power station, which runs six VVER (water-water reactors), each with installed capacity of 1,000 MWe. Overall, the country has fifteen nuclear reactors under operation, their average age exceeding thirty-two years. While the Chernobyl reactors had been safely shut down before the start of the new century, as many as ten RBMK reactors, admittedly modernized after the Chernobyl accident, continue to operate in the Russian Federation.85

The bill for cleaning up the Chernobyl accident, never fully paid by the Soviet Union, has been picked up by Ukraine and Belarus with the assistance of the international community. According to some estimates, the cost of dealing with the consequences of the Chernobyl disaster amounts to 20 percent of Belarus’s annual budget. In 2019, after long delays, an international consortium funded predominantly by the governments of the G-7 industrial democracies through the European Bank for Reconstruction and Development (EBRD) completed the construction of a $2.1 billion shelter for Chernobyl reactor 4. It should last for the next hundred years, presumably enough time to remove the remaining nuclear fuel from the damaged reactor, dismantle and remove the rest of the reactors, and fully decontaminate the territory. The most optimistic scenario for achieving that goal is the year 2065. It would mark the hundredth anniversary of the first government resolution opening the door to the construction of the Chernobyl nuclear power plant, but not the end of Chernobyl’s impact on the planet.86

In and around Chernobyl, the legacy of the accident is not only painfully apparent today but will be felt for generations to come. The exclusion zone around the site extends to 1,660 square miles (4,300 square kilometers), while areas heavily affected by fallout are estimated at more than 39,000 square miles (100,000 square kilometers). Today, the abandoned city of Prypiat and the Chernobyl exclusion zone are major tourist attractions. They serve as reminders of the dangers of mismanaging “atoms for peace” and provide a sobering, if not terrifying, glimpse of what the world would look like without humans, with plants and animals taking over the streets, squares, and deserted apartment buildings.87

The Chernobyl accident released 5,300 petabecquerels (1 PBq = 1015 Bq) of radiation, which is estimated to be one million times more than the amount released by the Three Mile Island accident. The release in Chernobyl of Iodine-131, the isotope responsible for thyroid cancer, is estimated at 1,760 petabecquerels, as compared to the 560 GBq (gigabecquerels) released at TMI. Isotopes of iodine and cesium turned out to be the main cause of radiation exposure among the evacuees from Prypiat and the villages within and in close proximity to the exclusion zone. Those affected by radiation suffered particularly from disorders of the thyroid gland, with doses of ionizing radiation ranging from 70 millisieverts among adults to as many as 1,000 millisieverts among children. It is estimated that approximately 100,000 of the evacuees sustained an average dose of 15 mSv.

The number of people who died as a result of the Chernobyl disaster is not known. Most of the victims died not from acute radiation syndrome but rather from cancer, and its causes are not limited to radiation exposure. The immediate count was 31 deaths and 140 cases of acute radiation syndrome. The first category included the operators Akimov and Toptunov, who sustained more than grays (Gy) of ionizing radiation. About 400 people working at the plant during the accident were also exposed. United Nations agencies organized in the “Chernobyl Forum” estimate the death toll from Chernobyl-related radiation-induced cancers and leukemia at 4,000. Generic risk assessments, which pertain to the health impact of radiation doses in general, not specifically to the Chernobyl accident, are ten times as high, totaling 40,000 mortalities, with the Union of Concerned Scientists suggesting numbers as high as 50,000. Greenpeace estimates are significantly higher.88

There is only one area of research on the impact of the Chernobyl nuclear disaster where everyone seems to agree—the dramatic rise in thyroid cancers among the children affected by the radioactive fallout. The number of thyroid cancers among those who were eighteen and younger during the accident and were exposed to radiation was approaching 7,000 by the year 2005. But the thyroid pandemic was not recognized by the international scientific community until the mid-1990s.89

The Soviet scientists and medical experts who alerted the world to the dramatic increase of thyroid cancers among children in the late 1980s and early 1990s faced opposition on a number of fronts. The first front was represented by skeptical Western scholars employed by the International Atomic Energy Agency (IAEA) and the UN projects coordinated by the agency. As infrequent visitors to the area, they simply refused to believe that low dosages of radiation could have a significant impact on human health. At the same time, the KGB did everything in its power to preclude Soviet scientists and doctors from passing information on the health impact of Chernobyl to their Western counterparts.

The third important actors in this story were the American scholars, who knew from the study of the downwinders of the Castle Bravo explosion and the Nevada tests of the 1950s that the low dosages of radiation caused by the fallout were the primary cause of thyroid cancers among children, but did not talk about it publicly because their bosses were concerned about the outcome of the legal cases against the US government filed by victims of the nuclear fallouts. They also withheld what was learned from observing the Rongelap islanders who returned to their contaminated island and increased their exposure to the radiation by consuming radioactive food. The American silence on the health impact of Castle Bravo came to haunt the victims of Chernobyl, who relied on the mushrooms and berries from the contaminated woods to supplement their meager diet during the post-Soviet economic collapse of the 1990s.90

There is no consensus among scholars on the extent of the damage done by the Chernobyl fallout to the environment. What is known is that forested areas absorbed most of the radiation and suffered most. One pine grove near the damaged reactor, known as the Red Forest, had to be buried because of its extremely high level of radioactivity. Hundreds of thousands of acres of arable land are excluded from agricultural use. Species examined by scientists in and around the exclusion zone leave no doubt about the impact of radiation on wildlife. Some observed species have shorter life spans than their brethren in clean areas, while birds suffer from higher levels of albinism and show genetic alterations. But evidence also points to the extreme biodiversity of the zone, which is home today to animals that had not inhabited it for decades, if ever. They include not only wolves but also bears, bison, and lynx. While some species suffered from radiation and abandoned the most contaminated parts of the area, others moved in after the people left and it became a safe haven.91

If we have so many questions without satisfactory answers it is because no large-scale comprehensive study of the effect of low doses of radiation on humans and the environment, of the type conducted after the nuclear bombing of Hiroshima and Nagasaki, has ever been carried out. One of the reasons for this is that with the improvement and subsequent phasing out of RBMK reactors after the fall of the Soviet Union, the nuclear industry persuaded the rest of the world that the lessons of Chernobyl had been learned, and nothing of the kind could happen again. It was wishful thinking at best. The next catastrophe took place almost exactly twenty-five years after Chernobyl in the land where the nuclear age began in 1945—Japan.
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NUCLEAR TSUNAMI

Fukushima

Yasuhiro Nakasone, the prime minister of Japan, could feel the tension in the room as he addressed the guests gathered around the dining table in the Tokyo Akasaka Palace on the evening of May 4, 1986. The leaders of the world’s economically most powerful democracies, gathered in Tokyo for their twelfth G-7 summit, had opposing views on how to deal with a matter that had emerged as an urgent problem before the summit—international terrorism. Nakasone had to find a way to initiate dialogue about a different issue, one that would command general agreement. He believed that he had the right approach. The issue was Chernobyl.1

While G-7 summits were supposed to be about the world economy, more often than not they were hijacked by political issues, and the Tokyo summit was no exception. A few hours before the first dinner of the conference, when Nakasone welcomed his French guest, President François Mitterrand, on the lawn of the Akasaka palace, five homemade missiles were fired in the direction of the palace by persons unknown. They missed their target and exploded on the street behind the palace grounds, causing no casualties. Responsibility for the attack was claimed by Chukakuha, Japan’s largest radical organization, 1,000 of whose members and supporters performed a snake dance in a city park that day to protest the American bombing of Libya.2

Nakasone welcomed his guests and opened the discussion by raising the recent explosion at unit 4 of the Chernobyl nuclear power plant in the Soviet Union. He wanted the G-7 to issue a statement about it. Nakasone had read his guests correctly. According to later reports, the atmosphere around the table improved. Everyone was concerned about what was going on behind the Iron Curtain, and everyone agreed that withholding information about the accident, as Moscow had done, was unacceptable. The leaders instructed their aides to work through the night to prepare a joint statement on nuclear safety. They went to work, using a Japanese draft as their basis.3

The Japanese had been alerted to the Chernobyl accident on April 29, when the Swedes raised the alarm about radioactive fallout and the Soviets admitted the accident. The Foreign Ministry in Tokyo ordered its embassies abroad to collect information on the Soviet disaster, noting that it “could have a grave impact on Japan’s nuclear energy policy.” They were concerned about the possibility of domestic antinuclear protests but noted that there had been none so far. By May 1, the government had prepared a “plan to respond to the Soviet nuclear accident.” The secret document stressed the importance of the continued use of nuclear power. The great unknown was how the public would respond to the news. “There is great interest in Japan in the ‘ashes of death,’ ” said Nakasone to his foreign minister on May 3, referring to the contamination of the Lucky Dragon back in 1954.4

The G-7 statement on Chernobyl fully reflected the concerns of Nakasone and his government. “Nuclear power is and, properly managed, will continue to be an increasingly widely used source of energy,” it read. References to “radiation” and words such as “concern” were struck out of the final draft. The statement expressed sympathy for those affected by the accident and offered assistance to the Soviet government, while requesting “detailed and complete information on nuclear emergencies and accidents” from Moscow. It continued: “Each of our countries accepts that responsibility, and we urge the Government of the Soviet Union, which did not do so in the case of Chernobyl, to provide urgently such information, as our [countries] and other countries have requested.”5

The Tokyo declaration on Chernobyl angered Gorbachev but shielded the Japanese nuclear industry from potential scrutiny at home and abroad. Japan’s Agency for Natural Resources and Energy sent out a memorandum stating that the government was prepared to “continue to promote [nuclear power] with a safety-first mindset.” That meant a full go-ahead for the Japanese nuclear program. “There was no awareness in the government or the nuclear industry that Japan’s nuclear plants might be dangerous too, or that we could learn a lesson from [Chernobyl],” recalled a Japanese diplomat active at the time. Nuclear power had become a national energy priority in 1973, and by 2011, 30 percent of the country’s electricity was being produced by nuclear plants. With Japan importing 90 percent of its energy sources, the plan was to increase that share to 40 percent by the year 2017.6

PRIME MINISTER NAKASONE AND THE JAPANESE GOVERNMENT had to be careful in balancing the growing dependence of the country’s economy on nuclear power with the concern about it that was always present in the country. The fear of nuclear explosions and radiation caused by the bombings of Hiroshima and Nagasaki had been reinforced by the Castle Bravo fallout and the tragedy of the Lucky Dragon. Ironically, the arrival of nuclear power in Japan was closely related to the Castle Bravo explosion: in its aftermath, Washington had wanted to introduce Tokyo to the benefits of its nuclear program. Nakasone had played an important part in that story.

On March 22, 1954, less than a week after the story of the Lucky Dragon had exploded in the Japanese media, the Operations Coordinating Board, a body established by President Dwight Eisenhower the previous fall to coordinate national security policy, recommended “a vigorous offensive on non-war uses of atomic energy” as “a timely and effective way of countering the expected Russian [propaganda] effort and minimizing the harm already done in Japan.” The proposal was in keeping with the basic principle behind Eisenhower’s Atoms for Peace program announced the previous December. Its primary goal was to alleviate global anxiety about American “atoms for war” by promoting “atoms for peace.”7

With the US Congress passing the Atomic Energy Act in September 1954, which eased restrictions imposed by the law of 1946 on sharing nuclear technology, Japan was emerging as an ideal testing ground for the new American nuclear policy. The US embassy in Tokyo almost immediately launched an “atoms for peace” public relations campaign, organizing atomic energy exhibitions, tours, talks, and film showings. One such event was attended by 80,000 people and, most remarkably, produced no protests. The Japanese government was also onboard, agreeing to an American proposal to build an experimental nuclear reactor in Japan and welcoming further efforts in the field of nuclear cooperation. The government allocated ¥235 million for nuclear research in 1954.

Nakasone, then a young member of parliament, was all for going nuclear. He had made a name for himself by criticizing the emperor for losing the war and General Douglas MacArthur for the American occupation of the country, but now he saw American nuclear technology as a means for Japan to reclaim its national pride. Nakasone played a key role in securing ¥5 billion ($14 million) in government funding for nuclear research in 1955, a huge increase from ¥235 million the previous year. In December 1955 he helped to pass the Atomic Energy Basic Law, which strove “to secure energy resources in the future.” The law also created an institutional infrastructure for the nuclear development of Japan, including the Japanese Atomic Energy Commission, the Nuclear Safety Commission, and the Japan Atomic Energy Research Institute.8

Less than two years after Castle Bravo, Japan was sold on the American Atoms for Peace plan and prepared to go nuclear. The United States was there to promote peaceful uses of nuclear power, and, after signing an agreement with the Japanese government in 1955, helped Japan build its first nuclear research reactor, which went critical in 1957. The Japanese, whose energy consumption in the 1960s grew faster than their GDP, wanted to go further and build commercial nuclear reactors like the one launched in Shippingport. When it turned out that American law did not yet allow the export of technology for commercial reactors, the Japanese turned to the British, with their Calder Hall reactors. The British were responsive, and the first industrial reactor built in Japan was of British origin and Magnox design of the graphite pile, significantly improved in comparison to its Windscale prototypes.9

Construction of the reactor with installed capacity of 166 MWe began in March 1961 near the village of Tokai on the eastern coast of Japan’s main island of Honshu, approximately 75 miles north of Tokyo. The reactor reached criticality in November 1965 and was connected to the grid in July 1966. Twenty years after Hiroshima and Nagasaki, Japan found itself in control of its own atomic industry. The British origin of Japan’s first commercial reactor, as well as that country’s flirtation with graphite reactors, turned out to be short-lived. In the early 1960s, the Americans mounted a sales offensive and pushed the British out of the Japanese market: the US reactors were cheaper to construct and had greater electricity generation capacity. The next Tokai reactor, connected to the grid in November 1978, was supplied by the American General Electric Company.10

General Electric sold the Japanese its Boiling Water Reactors (BWRs), originally developed by the Argonne National Laboratory at the University of Chicago. Their main difference from the Rickover Pressurized Water Reactors (PWRs), the kind that operated at the Three Mile Island plant, was their simplicity. The TMI PWRs had two cooling systems or circuits, one with pressurized water, the other with plain water. Pressurized water was heated in the core of the reactor, transmitting heat to the water in the secondary cooling system, which turned into steam and powered the turbine. Reactors of the BWR type had just one cooling circuit: the reactor turning water passing through its core into steam, which powered the turbine.11

The simple design of the BWR entailed significant savings in its construction, as it did not require a concrete containment building like the one that had prevented the Three Mile Island accident from becoming a much greater nuclear disaster. In fact, it was difficult to build a TMI-type concrete container for a BWR: in order to simplify construction and eliminate a great deal of additional piping, the designers had installed separators and dryers in the top section of the reactor vessel, making the reactor 60 feet high. That was also the reason why no container could be built around the Soviet RBMK reactors at Chernobyl and other Soviet nuclear power plants. But in order to make the BWR safe, its designers put the reactor into a one-inch-thick steel containment structure called Mark I. As there had been major problems with the performance of Mark I, they improved its design and considered the problem solved.

The General Electric BWR reactors were simpler and cheaper to build than the PWR reactors constructed for the Japanese market by Westinghouse. The two companies competed for sales in Japan, with GE having the advantage of an early start and lower price. Construction of the first commercial GE BWR reactor began in November 1963 at the Tsuruga Nuclear Power Plant on the coast of the Sea of Japan, about 200 miles west of Tokyo. It went critical in March 1970. The construction of another BWR reactor at the nearby Mihama Nuclear Power Plant began in February 1967. It was connected to the grid in November 1970. If anyone in the burgeoning Japanese electricity business was thinking of choosing nuclear power, the GE BWR was the way to go. Altogether, thirty BWRs and twenty-four PWRs were built in Japan between 1970 and 2009.12

THE FUKUSHIMA DAIICHI NUCLEAR POWER STATION WAS one of the first in Japan to build and run a GE BWR reactor. Construction of the first of the station’s six reactors began in July 1967 on the Pacific coast of Honshu Island, between the towns of Okuma and Futaba, approximately 140 miles northeast of Tokyo. It was connected to the grid in March 1971. The government of Fukushima prefecture, which had been lobbying for a nuclear power plant on its territory since 1958 in order to bring economic development to the region, could not have been happier. The same was true of the Tokyo Electric Power Company (TEPCO), Japan’s largest privately owned electric utility, for which the Fukushima BWR reactor was its venture into the uncharted waters of the nuclear industry.

The first Fukushima BWR reactor had a gross capacity of only 460 MW. But that was just the beginning. By October 1979 five more reactors, the most powerful of which had a gross capacity of 1,000 MW, were added to the station. With a combined power of 4,700 MWe, the Fukushima Daiichi nuclear power plant became the fifteenth-largest in the world. Between 1981 and 1986, TEPCO built four more BWR reactors at the nearby Fukushima Daini Nuclear Power Station. During the next decade, it launched six more BWR reactors at its Kashiwazaki-Kariwa Nuclear Power Plant, the world’s largest. Japan needed more electrical energy, and TEPCO was there to provide it.13

One of those who helped bring General Electric nuclear technology to Fukushima was Yukiteru Naka, a nuclear engineer for GE and subsequently president of a company that became one of TEPCO’s contractors. Naka’s road to embracing American nuclear technology, like that of his country, was full of unexpected twists and turns, from initial rejection to subsequent acceptance. Born to a fisherman’s family, Naka grew up in Okinawa, where he became involved in a student movement against the American presence on the island and their deployment of nuclear weapons there. Naka felt he had to leave the island. He became a naval engineer, traveled the world, and was persuaded to start working for GE by someone who had served on an American nuclear submarine. Naka decided to give it a try and was trained by GE to become a BWR operator.

In 1973 Naka came to the TEPCO Fukushima Daini, or Fukushima 2, nuclear power plant. “I translated a GE textbook into Japanese, and it became the first textbook at TEPCO’s BWR training center,” recalled Naka. “After seeing the world,” he continued, “I believed that nuclear power would be the only energy source for resource-poor Japan. I was proud of my job.” But in the course of his years at TEPCO, Naka noticed a change in the company’s management style and culture. “In the 1970s, a large number of TEPCO engineers were working on the plant site,” he recalled. He enjoyed meetings and discussions with the management, including one of the company’s vice presidents who often visited the site. But then things changed. “In the 1980s and onward,” recalled Naka, “TEPCO left the plant’s operations to contractors and manufacturers, apparently giving priority to management efficiency alone.”14

But the biggest change was in the attitude toward reactor safety. Just as in Chernobyl, achieving production targets trumped safety concerns. At the end of 1988, remembered Naka, an impeller blade at one of the pumps broke down, making a piece of metal penetrate the reactor core. The vibration of the pumps increased, and Naka suggested that management lower the power output. “I was told it was impossible because it was the end of the year,” he recalled. The administration was concerned about meeting the annual production targets. Naka lost sleep over the possibility of an accident, finding relief only after the reactor was finally shut down in January 1989. It was under repair for most of the year and was restarted amid protests organized by antinuclear activists and their local supporters. The manager responsible for the reactor simply walked out of a meeting with the protesters. “We were . . . indulged because we covered up accidents and avoided facing pressure from the public,” recalled Naka.15

In 2002, a major scandal broke out over the falsification of safety reports by TEPCO personnel, which had begun as early as 1977. There were at least two hundred cases in which the company had supplied false information about inspections not carried out and issued reports that papered over existing problems. The company’s chairman, president, and a vice president were forced to resign. The internal investigation into the matter was led by the sixty-two-year-old senior manager of the company, Tsunehisa Katsumata, who became the new president of TEPCO after the investigation. Known for his razor-sharp mind, Katsumata moved steadily up the company’s hierarchy, exchanging the post of president for that of chairman in 2008.16

Together with the new president, Masataka Shimizu, Katsumata did his best to clean house and improve safety standards and culture. TEPCO reactors were shut down for inspection more than others, sending a clear signal that the company was eager to turn over a new leaf in its history. In 2010, in the wake of the 2007 earthquake that caused radioactive leakage at the TEPCO Kashiwazaki-Kariwa nuclear plant, and in response to a warning from the International Atomic Energy Agency that the Fukushima Daiichi plant was not up to the new seismic safety standards, Katsumata and Shimizu built an emergency response center to serve as a reserve headquarters in case of a major seismic event.17

But TEPCO was prepared to go only so far in meeting the new safety standards. It did nothing to improve the overall seismic safety of the rest of the station, which was designed to withstand an earthquake of no more than 7.0 on the moment magnitude scale. Another major concern that the company never addressed was the possibility of a powerful tsunami. The Fukushima Daiichi nuclear plant, like every other one in Japan, was built on the seashore, which allowed designers to save the expense of costly cooling towers. Instead, they ran concrete pipes into the ocean and used salt water to cool the steam produced by the reactor, condensing it back into water that would again be heated by the reactor. The problem was a possible tsunami.18

Like all nuclear plants in Japan, Fukushima Daiichi was protected from the ocean by breakwaters and a high seawall. Its wall was almost 19 feet (5.7 meters) high. But the Nuclear and Industrial Safety Agency considered that insufficient and warned TEPCO in 2006 that a tsunami could cause the loss of external power at the plant. In 2008, TEPCO’s own experts concluded that a tsunami wave of 51.5 feet (15.7 meters) could overwhelm the plant’s seawall and flood the nuclear power station. Katsumata was not impressed. A decision was made to study the matter. “The majority view in the company was that no major tsunami was likely,” Katsumata would say later.19

FOR KATSUMATA, SHIMIZU, AND THE REST OF THE TEPCO management, study time ended unexpectedly at 2:46 p.m. on March 11, 2011, when a huge earthquake estimated at a magnitude of almost 9 points on the moment magnitude scale took place in the Pacific Ocean some 40 miles from Japan’s eastern coast.20

That earth tremor, which went down in history as the Great East Japan Earthquake, was caused by an abrupt movement of the world’s two largest tectonic plates—the Pacific plate, 40 million square miles (103 million square kilometers) in size, which bears the weight of the Pacific Ocean, and the North American plate, which lies beneath North America, Greenland, and parts of Siberia and is approximately 29 million square miles (76 million square kilometers) in size. The two plates have been on the move for millions of years, with the Pacific plate sliding under the North American plate and bringing California closer to Japan at a rate of 3.6 feet (over 1 meter) per year. Normally, the plates slide with no major abrupt movements, but parts of them occasionally lock with one another. The stress caused by that interlocking is released with a sudden shift of the plates, which results in earthquakes that cause tsunamis.

Japan happens to be located precisely in the area where the two plates meet, and the island nation experiences as many as one thousand seismic events per year. Some shifts of the plates are greater than others; the one that took place on March 11, 2011, was tremendous, the largest in at least a millennium. On that day the Pacific plate, after having been locked for perhaps a thousand years, suddenly released the pressure by slipping under the North American plate and moving westward, toward Japan, by up to 130 feet in a single moment. In three minutes, Honshu Island moved between 3 and 8 inches eastward, closer to California, and the earth’s figure axis shifted by 17 centimeters (6.5 inches). The slip, which took place 18 miles beneath the floor of the Pacific Ocean, released an enormous amount of energy. An earthquake registering 8.9 on the moment magnitude scale, the largest in Japan’s recorded history, shook the islands. The shaking and pulsing continued for more than three minutes nonstop.

The earthquake produced an enormous tsunami. Like a regular tsunami, it had three main waves, the first moving fast but with comparatively low energy and destructive power; the second slower, but stronger and more destructive; and the third slowest and deadliest. Most of the waves and the energy that drove them were directed into the open ocean, which absorbed and mitigated their strength before they reached the west coast of North America, but the Japanese east coast was closest to the epicenter and therefore hit hardest. Since the earthquake took place approximately 43 miles (70 kilometers) off the Japanese shore, it took the first wave less than ten seconds to reach the islands. It was just a warning: the slower-moving and more destructive waves were on their way. They produced the deadliest tsunami in recorded Japanese history, and claimed a toll of 15,899 people dead, 2,529 missing, and 6,157 injured. The biggest “catch” was the Fukushima Daiichi nuclear plant.21

THE FUKUSHIMA DAIICHI SUPERINTENDENT, FIFTY-SIX-year-old Masao Yoshida, was sitting behind his desk in his 753-square-foot (70-square-meter) office at the plant, signing papers and waiting for a big function for off-site workers to begin at 3:00 p.m., when things around him started shaking.

It was 2:46 p.m., and the first shock of the earthquake had just hit the island of Honshu. Yoshida recognized the earthquake for what it was and prayed that it was not a serious one. When he rose from his desk, he realized that it was difficult to stand still, even if he held on to the edge of the desk. After the earthquake’s horizontal swings were replaced by vertical pulsing, he thought it best to duck under the desk, but the pulsing was too strong to permit that, so he stayed on his feet, holding on to the desk. A television set crashed to the floor in front of him, as did parts of the ceiling. The shaking, accompanied by a rumbling sound, continued for five long minutes—the worst earthquake he had ever experienced.

When it finally stopped, Yoshida ran out of his office into the hall. Opening a door, he saw destruction worse than in his own office. His first concern was for the more than 6,000 people on site, as well as engineers and workers on their way to the function scheduled to begin very shortly. As Yoshida rushed out of the building, he saw dozens of people who had left their shaking offices and were now shivering from the cold—the temperature was below 46.4ºF (8ºC). He headed for the new earthquake-proof emergency control center that had been built the previous year and tested earlier in March. He then ordered his subordinates to do a quick headcount and find out whether anyone had been hurt by the earthquake.

It was the second major earthquake in three days. On March 9, a magnitude 7.3 quake had hit the Japanese islands. The tremors triggered the automatic safety system, which scrammed the reactors, sending control rods into their active areas. The earthquake did no damage to the station, and the reactors were soon restarted. The hope was that this time it would be the same. “Have they scrammed?” was Yoshida’s first question to the members of his emergency crew once they began assembling on the second floor of the control building. “It’s fine, chief,” came the answer. “They all scrammed properly.” They meant reactors 1, 2, and 3. Meanwhile, reactors 4, 5, and 6, shut down for refueling in the previous days and weeks, were perceived to be safe.22

The scram of reactors 1 and 2 was personally overseen by the fifty-two-year-old Ikuo Izawa, the shift supervisor for the units, which shared one control room. At 2:47, one second after the earthquake’s first shock, an alarm flashed on the control board of Fukushima Daiichi reactor no. 1. It said, “All controls fully in.” Ninety-seven control rods began to move automatically into the core of the reactor. The next step was to make sure that water was still flowing to the overheated reactor, and that was the moment when Izawa realized that things were no longer going according to protocol. They found that they had lost electricity, because the earthquake had destroyed the transmission lines. They started the diesel generators and brought their control panels and equipment back to life. Water again began flowing to the reactors. Izawa was satisfied. “It is all going smoothly,” he thought to himself.

Izawa’s main task now was to stay calm amid the sounding alarms and flashing lights. Especially annoying was the fire alarm, and Izawa decided to ignore instructions and shut it off: it was impossible to focus with the sound going on and on. Now they could monitor the behavior of the reactors on their panels and do some analysis of what was happening. With the water supply restored, the reactors were cooling down quickly. In fact, reactor 1 was cooling too quickly, raising concern that steam could condense in the reactor vessel. That might create a vacuum, leading to the collapse of one of the pipes attached to the reactor.23

One of the operators switched off the flow of water from the isolation condenser, a tank located at the top of the reactor building that could supply the reactor with cooling water for up to three days without electricity, by gravity feed alone. It was a wonderful solution to a potential loss-of-coolant accident: to work, the condenser only had to be switched on. Now they switched it off, which appeared to be a reasonable measure—when the cooling of the reactor slowed down, the condenser could be turned on again. It turned out to be a huge mistake. In less than half an hour, the unit would lose electricity once again, and this time the emergency supply too, leaving Izawa and his crew unable to turn the flow of water on again, or even to know whether the water valves were on or off.24

The supply of electricity was lost not to the earthquake but to the tsunami. The Fukushima Daiichi nuclear power plant, located approximately 110 miles (180 kilometers) from the epicenter of the quake, barely registered the arrival of the tsunami’s first light wave. It was attacked by the second, more powerful one at 3:27 p.m., forty minutes into the seismic event, but that wave also did no damage to the station. The 13-foot wave was easily repelled by the station’s 19-foot seawall. At 3:35 p.m. the third wave arrived, larger than anyone had expected. Forty-three feet high, the wall of water crashed through the station’s much shorter seawall, inundating everything in its path.

The tremendous wave lifted houses and commercial buildings off their foundations, picked up and carried along boats and cars, and swept up people who had not recognized the danger soon enough. In a few minutes the high white walls of the reactor buildings were awash in a sea of dirty brownish water full of debris. Two Fukushima Daiichi technicians who happened to be in the basement of one of the buildings never found their way back to ground level. The wave’s “catch” that afternoon was much more than the debris, cars, equipment, and human bodies that it swept back into the ocean as it retreated. It also included the critical infrastructure of the Fukushima Daiichi nuclear power station, leaving it crippled and fighting for survival.

The station’s reactors and turbines were over 32 feet (10 meters) above sea level, but much of its equipment and machinery, including the emergency pumps, was lower than that. The first to be consumed by the ocean were the concrete pipes and water pumps that brought in seawater to cool the plain water in the reactor’s cooling circuit. The incoming wave poured into the lower floors, which housed the backup power generators that had begun to supply electricity to the reactor after the earthquake knocked down the power lines and the regular electrical supply was lost. That was a devastating blow. The station’s three reactors, which went into emergency shutdown after the earthquake, needed electricity to get cooling water. The condenser was supposed to work by gravity alone, even without electricity, but at unit 1 the flow of water from the condenser was shut off.25

“The diesels have tripped,” shouted a young operator in the joint control room of reactors 1 and 2. It was 3:53 p.m. No one wanted to believe or could even imagine what they had just heard. But the evidence was there before their eyes: lights started to go off in the control room, dials stopped, and signals ceased to work on the control panels. “SBO!” meaning “Station Black Out!” yelled Izawa. He got on the phone to inform the emergency control center of what had just happened when an operator, his clothing soaked with seawater, burst into the control room and shouted, “We’re screwed!” There was seawater in the reactor building. It was hard to accept, but that was the only logical explanation of the loss of electricity: the emergency diesel generators in the basement of the turbine halls had been flooded.26

In the emergency control building, Superintendent Masao Yoshida was at a loss. “I could not think what had caused it,” he recalled later. “None of us had actually seen the water from the tsunami.” They had never expected a wave exceeding 32 feet (10 meters). As Yoshida realized what had happened, he wondered why it had to happen on his shift. And what would happen if they could not supply water to the reactors? The terrifying answer was obvious: a meltdown. “The situation went way beyond any severe accident that I had considered until then, and for an instant I had no idea what to do,” recalled Yoshida. He continued: “My mind should have been panicking. But strangely, while part of my mind was concerned that this could turn into another Chernobyl, the other part was telling me to keep calm and start planning.” But where to start?

Yoshida’s first thought was to bring in electricity generator trucks that could restore the functioning of the control panels. He called the TEPCO headquarters to request trucks and was told that they would be sent over. His other idea was to get fire engines to pump water directly into the reactors, but two of the three fire engines at the plant had been flooded by the tsunami, and only one was operational. Yoshida therefore requested fire engines from the armed forces. Meanwhile the shift supervisor, Izawa, now also in the emergency control center, sent his workers to the reactor buildings to assess the situation, check the equipment, and prepare the water hoses to be used by the fire trucks once they arrived. The first squad left the control center at 4:55 p.m.; one of its tasks was to check the status of the isolation condenser of reactor 1, which had been switched off by the operators.27

The situation in the reactor buildings was grim. The dials of the control panels in the control room of reactors 1 and 2 were frozen in place. The only items of equipment that they could use were personal radiation counters, whose readings were anything but reassuring. The counters went off the scale near the entrance door on the fourth floor of reactor building 1, and the squad had to turn back without checking the status of the condenser. The only piece of good news came from reactor no. 3, where the backup generator was still producing electricity, the control panel worked, and operators were able to restart the flow of water to the reactor through the isolation condenser system. What was going on with reactors 1 and 2 was anything but clear.

Yoshida had been glued to his chair in the video conference room of the emergency center ever since he got there. “I do not think I had time for a smoke or a piss all day,” he would recall. At 5:19 p.m. they sent another crew, wearing proper antiradiation gear, to reactor building 1. By 6:30 they had started preparing water hoses to be linked to the emergency core cooling system of the reactors. Yoshida was busy coordinating the activities of his crews, although communication with them became problematic as telephone lines went silent. He was also the main human link between the afflicted station, TEPCO headquarters in Tokyo, government ministers and, eventually, the office of the prime minister himself.28

THE EARTHQUAKE TREMORS CAUGHT NAOTO KAN, THE SIXTY-four-year-old prime minister of Japan, attending a meeting of the upper house of parliament. As the building began shaking and the chandeliers on the ceiling started to sway, Kan remained calm. He took a look at the chandeliers, put his papers aside, placed his glasses in the inside pocket of his jacket, and sat leaning back and forth in his chair while grasping the armrests—all while parliamentarians hid under their desks and aides and security officers rushed toward him to offer their help. Finally, the chairman of the meeting announced a recess, and the prime minister left the room.

For Kan, the timing of the recess was not all bad. When the earthquake took place, he was being grilled by the audit committee of parliament about a donation that his political fund had received from a foreigner. The Democratic Party of Japan, which he served as president, had broken the decades-long hold on power by the Liberal Democrats in September 2009, and Kan and his actions were now under a magnifying glass. “I was attacked with great intensity,” recalled Kan. He may well have felt like a schoolboy who had forgotten to do his homework but was not called on by the teacher because class was dismissed for some emergency reason. Whatever Kan may have thought about the sudden interruption, there was no doubt that the earthquake he had just survived was a major one, and that the damage would be profound.29

Kan and his aides headed from the parliament building directly to the crisis response center in the basement of the prime minister’s residence and workplace, referred to as the Kantei. Kan was known as a man of action with little patience for delay. He had been politically active as a student at the Tokyo Institute of Technology, where he specialized in patent law and took part in the student protests of the 1960s. After his election to parliament, he became known for sharp attacks on his opponents, earning the nickname “Ira-Kan,” or short-tempered Kan. That feature of his character followed him into the prime minister’s office. He was elected to the post in June 2010, less than a year before the earthquake.30

At the Kantei crisis response center, Kan sat at the head of the huge oval table, with ministers and members of the emergency response team taking their places around it, all armed with phones and receiving the latest updates on the situation in their departments. It did not look good, but this was by no means the first major quake or tsunami in recent history. Government agencies knew the routine and followed protocol, whether it was extinguishing fires, dealing with a collapsed building, cordoning off a road that had suddenly disappeared under water, or taking care of people displaced, injured, or even killed. “We received word that immediately after the earthquake, the automatic emergency apparatus had shut down Fukushima’s reactors,” remembered Kan. “I recall being relieved by this news.”31

At 4:55 p.m. Kan, wearing the military-style uniform usually donned by government employees during emergencies, addressed the press. The Tohoku district of Japan’s main Honshu Island, which included Fukushima prefecture, had been hit especially hard by what the prime minister estimated as an earthquake of 8.4 magnitude. He extended his heartfelt sympathy to those affected by the double disaster and asked the public to remain vigilant, informed, and calm—emergency headquarters had been established under his command. It was a short statement of only four paragraphs, but one of them dealt specifically with nuclear power, and it was reassuring. “As for our nuclear power facilities, a portion of them stopped their operations automatically,” stated Kan. “At present we have no reports of any radioactive materials or otherwise affecting the surrounding areas.”32

At that point, Kan had no disturbing news about the situation at the Fukushima plant or other nuclear facilities. But soon after returning from the press conference, he was informed about an emergency at the Fukushima Daiichi station. Some ten minutes before the start of Kan’s press conference, TEPCO had informed government agencies that operators were unable to measure the water level in two of the station’s reactors. The reference was to reactors 1 and 2. A nuclear accident was in the making. At 3:42 p.m., seven minutes after the tsunami wave crashed over the plant’s seawall and knocked out the backup electricity supply, TEPCO officials declared a level-one nuclear emergency, which applied exclusively to the station. It was up to the government to declare the second level, meaning a general emergency.33

Kan learned about the problems at the Fukushima station from the minister of the economy, trade, and industry, Banri Kaieda, and the director general of the ministry’s Nuclear and Industrial Safety Agency (NISA), Nobuaki Terasaka. “Emergency diesel generator would not start,” wrote Kan in a note for himself. He knew what was at stake and later recalled thinking to himself: “The nuclear power plant is getting out of control.” He admitted later: “This shocked me to the point that my face began to twitch.” Kaieda asked the prime minister to declare a state of nuclear emergency, but Kan wanted more information. He turned to Terasaka for an explanation. There was none. “I could only tell him that I didn’t know what was really going on,” recalled Terasaka, thinking back to the conversation. “Do you understand anything technical?” asked Kan. Terasaka explained that before being moved to the NISA position, he had run the directorate of commerce. “Someone well versed in technologies should be called in,” concluded Kan.34

Sometime after 7:00 p.m. Kan decided that the situation at Fukushima unit 1 was bad enough to justify declaring a general emergency. He established nuclear emergency headquarters under his command and asked subordinates to find a place to house the new nerve center of the country. Since there was nothing prepared for such an eventuality, they grabbed an underground room on a mezzanine floor overlooking the emergency response center that dealt with the consequences of earthquakes and tsunamis. It turned out to be a good room for surviving a nuclear emergency but a bad one for managing a response, as it could not comfortably accommodate more than ten people and had only two telephone lines. Cell phones could not work there, because they were out of operating range. The television set in the room became the main source of information on the rapidly developing crisis. Only in the morning would they move the headquarters to Kan’s office on the fifth floor of the building. But first they had to survive the night.

At 7:45 p.m. Chief Cabinet Secretary Yukio Edano, Kan’s second in command, addressed the press, trying to calm the public and give assurances that the declaration of an emergency was a preventive measure. “At present,” he said, “the situation is not one in which damage is likely. Because the effects of what might remotely occur are so severe, we have responded by issuing the declaration to ensure that nothing wrong happens.” People at Fukushima prefecture offices did not buy that argument. At 8:50 p.m. they ordered their own precautionary measure: evacuation of residents from a 2-kilometer (1.2-mi) area around the reactor.35

Edano felt that evacuation was a prerogative of the central government. At 9:00 a.m. he called a meeting of ministers and government experts to discuss the rapidly evolving situation at the Fukushima Daiichi plant. “The prime minister has declared a nuclear emergency,” Edano told the gathering. “I’d like everyone’s input on how we should plan the evacuation of local residents.” Government guidelines recommended the evacuation of residents within a 10-kilometer (6.2-mile) radius of the reactor. That involved a great many people, but it was not clear whether the gravity of the situation justified such a sweeping measure. After some discussion, they agreed to follow a much more lenient recommendation of the International Atomic Energy Agency in Vienna, which suggested a 3- to 5-kilometer (1.8- to 3.1-mile) radius as a “preventive measure.” They decided on a 3-kilometer radius.36

At 9:23 p.m., less than half an hour after the meeting began, the order went to local authorities in Fukushima prefecture to extend their own evacuation zone from 2 to 3 kilometers. Residents in a 10-kilometer zone were ordered to stay indoors. The towns of Okuma and Futaba, with roughly 12,000 and 7,000 residents respectively, located in the immediate proximity of the station, were the main targets of the evacuation order. Given the towns’ location, their people and buildings had suffered from the earthquake and the subsequent tsunami as much, if not more, than had the power station. Now the shocked survivors, who were trying to resume a semblance of normality, would have to leave their homes to avoid the danger of nuclear radiation.

The local radio made repeated announcements, and sound trucks were sent into the streets to alert residents to the new emergency. Police and firefighters knocked on doors and instructed residents to pack up and leave: there were problems at the nuclear plant, they were told. Unlike in Prypiat near Chernobyl, there were few buses waiting for the evacuees. Most had to move out on their own along half-destroyed roads already jammed with traffic moving in the opposite direction—emergency trucks heading toward the plant and refugees away from it. They did not know where to go except westward, away from the crippled reactor. Evacuation centers were soon filled to capacity. New arrivals were turned away and had to hit the crowded roads again, moving farther west, away from the Fukushima Daiichi station.37

PRIME MINISTER KAN AND HIS AIDES FINALLY GOT AN adviser who “understood anything technical” around 9:00 p.m., when Haruki Madarame, the chairman of the Nuclear Safety Commission (NSC) arrived for a meeting called by Chief Cabinet Secretary Edano in the basement room of the makeshift nuclear emergency response center. 

The Nuclear Safety Commission was a government body that promoted nuclear energy and provided policy guidance to ministries and departments involved with nuclear matters. When it came to the promotion of nuclear energy, the commission could not have dreamed of a better chairman than Madarame. A graduate of the University of Tokyo with a doctorate in mechanical engineering, he had taught and conducted research at the university’s Nuclear Engineering Department and Nuclear Engineering Research Laboratory. An expert on the safety of reactors, he was a strong believer in nuclear energy and one of its most authoritative promoters. In 2007, testifying on behalf of the utility running the Hamaoka nuclear power plant, he dismissed the warnings of a younger scholar, Katsuhiko Ishibashi, who was concerned about the possibility that a nuclear power plant might lose electrical power completely in a major earthquake. Madarame argued that such speculation would make it “impossible ever to build anything.”38

Madarame became chairman of the Nuclear Safety Commission in 2010, and now he had to deal with exactly the kind of accident predicted by Ishibashi—a dual loss of electricity from outside power lines and emergency generators, leading to a loss-of-coolant accident. He tried to stay positive. “The situation is not one in which radiation is leaking to the outside atmosphere. While there are problems with the power source, the nuclear chain reaction has been completely stopped,” he told the government officials. “The only thing left is to cool the reactors.” The question was how to do that. “Let’s see, there should be two emergency diesel-engine generators in the basement there, right?” Madarame asked Ichiro Takekuro, the TEPCO representative who had been summoned to the prime minister’s building. Takekuro had no answer or direct communication with TEPCO headquarters—their information was sent through a telephone outside the room, and the fax machine he asked for would not be installed until two days later.

Madarame was furious when he realized that the team assembled in the nuclear emergency response center had no blueprint of the Fukushima plant. “The NISA [Nuclear and Industrial Safety Agency] has a copy. Why on earth haven’t they provided it to the prime minister’s team? Why aren’t we getting any information?” shouted Madarame. “What’s the NISA doing?” The badly needed documentation was simply unavailable, and with cell phones not working there was no easy way to get it. To talk to anyone outside the emergency center room, one had to leave it. “We are totally helpless without our cell phones,” shouted Minister of the Economy Kaieda, whose subordinates at NISA Madarame castigated for failing to provide documentation and information. “How on earth are we going to gather information?”

Chief Cabinet Secretary Edano, who presided over the meeting, asked Madarame: “What happens if there is no change in the situation?” Madarame stated what was obvious to anyone who knew anything about reactors: “If we remain unable to pump cooling water into the reactor, the fuel rods could become exposed and cause damage to the reactor core.” The experts around the table agreed that the first priority was to reconnect power lines to make the pumps work. Without electricity the reactor would not get cooling water. That did not sound like an easy task to accomplish. Edano continued his line of questioning: “What if we can’t release the heat?” “Then we’ll have to vent the reactor,” replied Madarame. Ichiro Takekuro, the TEPCO representative, agreed with him. Venting the reactor meant releasing radiation into the atmosphere. Madarame and Takekuro suggested that venting should only be a last resort. Now the main focus was on getting the water pumps to work as soon as possible.39

WHILE HIS SECOND IN COMMAND, EDANO, PRESIDED OVER the brainstorming meeting in the basement room, virtually cut off from reliable communications, Prime Minister Kan was in his fifth-floor office working the telephone in an effort to bring electricity and water to the afflicted Fukushima plant. Responding to plant superintendent Yoshida’s request, TEPCO ordered trucks from its other stations to rush to Fukushima Daiichi. But with roads half destroyed by the earthquake and the tsunami, the trucks got stuck in traffic jams and had to take detours.

Naoto Kan was eager to get personally involved. “What are the dimensions? Weight? Can it be transported by helicopter?” he asked ministry officials. TEPCO had twenty mobile generators at its disposal, but with the roads clogged, Kan decided to try to bring them in by helicopter. He turned to the Ministry of Defense for help. “Can that be done?” he asked the ministry representative. “No, sir. Too heavy,” came the response. The units weighed 8 tons each. Kan did not give up. He called the United States Forces, Japan, located at the Yokota Air Base, only 19 miles (30 kilometers) west of central Tokyo. The response was negative as well. Meanwhile the prime minister’s aides worked the telephones, arranging police escorts for trucks delayed by traffic jams. The first one from TEPCO finally reached Fukushima Daiichi around 11:00 p.m. Then three more generators arrived from Japan’s Self-Defense Forces.40

As trucks began to arrive, Superintendent Yoshida got what appeared to be another unexpected break. With the help of a portable generator, the operators managed to take pressure readings inside the reactor’s steel containment. But seeming relief turned into a huge letdown. To Yoshida’s horror, the pressure exceeded the design maximum. With no water supply, the uranium fuel capsules inside the reactor had begun to melt sometime around 7:00 p.m., increasing pressure within the containment. It had to be relieved before the containment exploded. Venting was therefore required as soon as possible.

Yoshida ordered his workers to prepare for venting. “Although you will likely be exposed to a considerable amount of radiation, I want you to go to the site for manual operations,” he told them. But the final decision was not his to make. Around 12:30 a.m. on March 12, the second day of the crisis, he informed TEPCO headquarters about the need to vent the reactor. TEPCO gave its approval, but its bosses wanted the government’s consent as well, and the request went to the nuclear emergency response center in the prime minister’s office building.41

At 1:00 a.m. Kan began a meeting of his nuclear emergency group in the mezzanine room on the basement level of his building. The group was informed that “a further rise in the temperature inside the reactor could trigger a meltdown in 10 hours. The situation is extremely grave.” Madarame suggested venting. “In order to secure the soundness of the containment vessel, there is a need to implement a measure to release internal pressure,” he told the meeting. They estimated—wrongly, as it turned out—that the water in reactor 1 was still 3 feet (1 meter) above the level of the fuel rods. This suggested that venting would not release much of the radioactive material within the reactor. They decided to vent it without expanding the evacuation zone.

The venting was scheduled for 3:00 a.m. to allow enough time for necessary preparations. Soon after 3:00 a.m. the Ministry of Industry and TEPCO called a press conference. A few minutes later, Chief Cabinet Secretary Edano began his own press conference from the prime minister’s office. “We are all set to go,” a TEPCO representative told the assembled journalists. “It could start even as we speak.” They were all concerned about possible accusations of a coverup and wanted to avoid them at all costs, even if it meant calling press conferences at such an early hour. But it soon turned out that the government and TEPCO had jumped the gun. The venting had not started, angering the government officials in the basement of the prime minister’s office.42

Around 5:00 a.m. Kan again left his office on the fifth floor and went to the mezzanine crisis room. “Mr. Prime Minister, the venting hasn’t started yet,” he was told by the deputy chief cabinet minister Tetsuro Fukuyama, who was infuriated by the delay. Earlier, Madarame and other experts had explained the reason to Fukuyama: automatic venting was impossible because of the lack of electricity, and manual venting was too dangerous for the staff, as radiation levels around reactor 1 were on the rise. “What happens if we remain unable to vent the reactor?” Kan asked Madarame. “What is the probability of an explosion?” The answer was anything but reassuring: “Not zero.” The prime minister realized that the situation was much worse than a few hours earlier. At 5:44 a.m., on his orders, the evacuation zone was extended from 3 to 10 kilometers (1.8 to 6.2 miles).43

As refugees moved away from the plant, Kan decided to go there himself. “I have always been a hands-on person,” he wrote later. “I believe leaders should confirm matters with their own two eyes before making a decision.” At first he had wanted to visit in order to find out what was going on, but now he was going to make sure that the venting was taking place. He inserted himself into the crisis to a degree unprecedented for any leader under similar circumstances. If Gorbachev stayed away from Chernobyl for almost three years, and Carter went to visit the Three Mile Island site to calm the population and show leadership, Kan was going to Fukushima Daiichi to take charge of the situation and prevent further deterioration of the crisis. He would later be heavily criticized for doing so. But for the moment, he felt that he had to act.44

Kan’s forthcoming visit to the plant was announced at the press conference soon after 3:00 a.m. “I intend to speak with local responsible parties and get an accurate picture,” Kan told the media before his Super Puma Self-Defense Forces helicopter took off around 6:15 a.m. Yoshida, who was warned about Kan’s impending arrival, was not happy: “What will come of having me deal with the prime minister?” But it turned out that Kan found in Yoshida a man he could trust and deal with, an analogue of Carter’s Harold Denton.45

At approximately 7:15 a.m., Kan, dressed in protective clothing and footwear, arrived at the station with an entourage of twelve assistants and advisers. “Why haven’t you started venting? Get going with it! Just do it!” Kan told TEPCO Executive Vice President Sakae Muto, as they rode in a van to Yoshida’s emergency headquarters. His voice brimmed with anger, and those in the bus, including journalists, overheard the prime minister’s outburst. Kan’s aide asked the journalists not to write about the accident. But Kan was unapologetic. “The fate of our nation hinged on the venting, but TEPCO was being hopelessly wishy-washy,” he argued later. “How could I not scream and shout in frustration?”46

As they reached the emergency control center, Muto put his VIP visitors at the end of the line of workers waiting for dosimeter control before being allowed into the building. Kan had had enough. He yelled that he did not have time for that. “What’s going on? We don’t have time for this. We’re here to see the plant manager,” he recalled saying. He rushed into the building, which was full of operators and workers, some of them sleeping on the floor after completing an exhausting shift at the plant. It reminded Kan of a field hospital. He and his entourage eventually made their way to the second-floor conference room. “Do you know why I decided to come here?” shouted Kan, banging his fist on the desk.

Muto was finally able to respond to what he had heard from the prime minister in the van. He told Kan that it would take four hours to power-vent the reactor. “Four hours? We can’t wait that long! Do it sooner!” demanded Kan. The situation was saved by Yoshida. “We will definitely vent the reactor,” he told Kan. “We’ll do it even if we have to send in a suicide squad.” Kan finally calmed down. “I knew right then that Yoshida was someone I could work with,” he recalled later.47

Yoshida’s suicide squad went into the reactor 1 building soon after 9:00 a.m., once they learned that the evacuation of residents from the area designated by the central government was complete. There were two groups, each consisting of two men in protective clothing and boots. The first team went to the second floor of the reactor building, located the appropriate valve, and managed to open it a quarter of the way before their dosimeters indicated that they had to leave. In the ten minutes they spent on the floor, they received a radiation dose of 2.5 rem or 25 millisieverts—one-quarter of the permitted annual emergency dose. The second team moved to the basement to open the second key valve, but their dosimeters jumped to more than 90 millisieverts per minute. They had to turn back, but even so, one of the operators received a dose exceeding 10 rem, or 100 millisieverts, his annual permissible dosage. They aborted the mission, and the manual venting did not take place.

By 2:00 p.m. Yoshida’s teams were able to do the power venting, using a portable compressor and electricity supplied by batteries. Soon the television cameras aimed at the plant captured a profound change: white smoke was emerging from the stack shared by units 1 and 2. The power venting was working. Radiation was being released, but it was now hoped that the danger of an explosion had passed. There was also good news on other fronts. Electricians were finally able to connect AC cables to the pumps at unit 2, and fire hoses were connected to the condensers of both units. Fire trucks were ready to start pumping water into the reactors.

There was one problem, however: they did not have enough fresh water to pump into the reactor. Someone suggested the unthinkable: pumping seawater directly into the cooling loop. Because seawater is extremely corrosive, using it would mean destroying the reactor and making it permanently inoperable. It would be a huge loss to the company, but TEPCO officials knew that there was much more at stake than the cost of the reactor and gave their approval. Shortly before 3:00 p.m., Yoshida ordered the start of preparations for pumping seawater into the reactor. It seemed as if he had finally managed to get a handle on the crisis, which had now been going on for more than twenty-four hours.48

WHAT HAPPENED NEXT WAS BEYOND ANYONE’S IMAGINATION. At 3:36 p.m. a large explosion rocked reactor 1 and the buildings around it. Like the white smoke coming from the stack a few minutes earlier, it was captured by an unmanned camera installed in the mountain hills above the Fukushima Daiichi plant. This time, clouds of dark gray smoke were rising above the white walls of the Fukushima reactors.49

“I heard a large boom,” recalled Yoshida later. He did not know what had happened, but people who started pouring into his emergency center with injuries left little doubt about the seriousness of the explosion. “As we did not know the situation inside the building, we envisioned the worst-case scenario that the containment vessel had exploded and radioactive materials were coming out of the vessel,” recalled Yoshida. “I felt that, if the meltdown [in which fuel in the reactor melts and drops to the bottom of the reactor] progresses and it becomes impossible to control the reactor, that will be the end.” He thought he would die.50

The stream from the unmanned camera was on a local network within minutes, providing Yoshida and others in the emergency center with images of the explosion. By 4:49 p.m. the footage was on national television. “Mr. Prime Minister, you’ve got to see this!” one of Kan’s aides told him. That was the first time that Kan and everyone else in the room heard about the explosion. Everyone expected him to lash out at Madarame, who had assured him that a hydrogen explosion was impossible. But Kan, clearly shocked, left Madarame alone. “I didn’t see any point in perseverating on this matter with someone who’d simply failed to predict it,” commented Kan later. He wanted more information about the explosion, but there was none.

“Why are we not getting any information from TEPCO or the NISA?” the prime minister, visibly irritated, asked his aides. “Yoshida should be at the plant. Shouldn’t he be able to tell us what that explosion was about?” More than an hour later, around 6:00 p.m., Chief Cabinet Secretary Edano faced journalists but had little to say, as the prime minister’s office was still relying on television images. He spoke of an “explosion-like phenomenon” but could not say whether it had happened at reactor 1 or not. Around 6:20 p.m., Kan decided to expand the radius of the evacuation zone from 10 to 20 kilometers (6.2 to 12.4 miles). By the time he went on television to make an announcement, there was more clarity about what had happened at the plant. The explosion had indeed taken place at the reactor 1 building, the public was told, but the steel containment was intact, and there had been no major release of radiation.51

They realized that the reactor’s core was intact when Yoshida’s workers used a jury-rigged gauge to measure the pressure and water level in the reactor. Luckily, it remained unchanged, suggesting that they were dealing with a hydrogen explosion. It had happened on the service floor of the reactor building, above the reactor itself. Although the explosion blew away the roof of the building, it did not compromise the reactor containment. It injured five men and spread radiation all over the plant premises, but no life was lost for the moment. Yoshida assumed that it was the hydrogen gas used in the turbine generators that had exploded, but that theory proved false once they realized that the turbine building was intact. It was later suggested that the dramatic rise in the temperature of the exposed fuel (it reached 5,072°F [2,800°C] led to the oxidation of the zirconium cladding, which produces hydrogen in the presence of steam, and that the hydrogen exploded after mixing with the oxygen present in the air.52

Although the reactor remained intact at the current water and pressure levels, the containment could still explode if the water level was not raised. The problem with the steel containment was that, unlike the concrete building used as a containment for PWR reactors, it had no space for steam to expand in case of a loss-of-coolant accident. The designers of the BWR steel containment structure known as Mark I took care of that problem by designing a system in which steam produced as a result of such an accident was forced to pass through water, where it cooled down, condensed into water, and was pumped back into the reactor. But that system worked better on paper than in real life, and General Electric had had to modify the Mark I containment. Even with those improvements, the question of what would happen in case of a steam explosion remained largely open.53

The only certain way to avoid an explosion was to supply the reactor with water. With generators and fire engines in place, they resumed preparations for pumping seawater into the reactor. This time the order came from the very top, issued orally by industry minister Kaieda. By 6:00 p.m. the first gallons of seawater were being pumped into reactor 1. To save it from exploding, they were deliberately destroying it.54

Then, sometime after 7:00 p.m., Yoshida received a call from the Emergency Operations Team at the prime minister’s headquarters. On the phone was the TEPCO representative at the nuclear emergency response committee, Ichiro Takekuro. “On the matter of pumping seawater into the no. 1 reactor, the prime minister is concerned about a possible chain reaction, among other things,” Takekuro told Yoshida. “It’s vital that we win the prime minister’s understanding.” “But we’ve already begun pumping,” responded Yoshida. “Then please stop it,” ordered Takekuro. “The matter is still under discussion at the prime minister’s office.”

Yoshida got in touch with TEPCO headquarters, whose representatives felt that they could not act against what sounded like an order from the prime minister. Frustrated, Yoshida, who knew that a delay in pumping seawater into the reactor might cause a second, much more damaging explosion, decided to ignore both the prime minister and TEPCO. “I continued with the pumping of seawater based on the judgment that the most important thing was to . . . prevent the spread of the accident,” recalled Yoshida later. He called in one of his managers and told him: “I am going to direct you to stop the seawater injection, but do not stop it.” He then gave a loud order in front of the cameras of the telecommunication system linking him with TEPCO headquarters to stop the pumping. Despite that formal order, the pumping continued.

Sometime before 8:00 p.m., Kan agreed to the pumping of seawater. He later denied that he had ever associated seawater with the possibility of a chain reaction or tried to stop the pumping. Apparently, he was not aware at the outset that it was going on and wanted his aides to consider all possibilities before the pumping began. By 8:20, TEPCO had informed Yoshida that he could go ahead and resume pumping. It was only the subsequent investigation that uncovered the true story behind the breach of discipline, landing both Kan and Yoshida in trouble, the former for interfering in the management of the crisis and the latter for ignoring the order of his TEPCO bosses.55

AS LATE NIGHT FADED INTO THE EARLY MORNING OF MARCH 13, there was hope that the worst of the crisis at Fukushima Daiichi had passed. That hope did not last very long.

The problem came from a completely unexpected source—reactor 3. It had needed relatively little attention during the first two days of the crisis. One of its backup generators survived the tsunami and powered the pumps sending water into the reactor’s core. But sometime before midnight on March 12 the reactor’s main cooling system stopped working. The operators activated the backup or High-Pressure Coolant Injection System (HPCI), but it also gave out before long. Yoshida reported to TEPCO headquarters that it had stopped working at 2:44 a.m. A few hours later, Yoshida got more bad news: “The fact that the pressure is rising in the dry well [upper part of the containment vessel] means that, as at the no. 1 reactor, a hydrogen explosion is now a possibility.”

After 3:00 p.m. radiation levels at the station, already high after the explosion of reactor 1, began to climb further. They reached 12 millisieverts per hour at the central control room of the reactor. “This is not good at all,” said Yoshida on another videocall with headquarters. “This is especially bad news for the no. 3 reactor, given what’s been happening there.” Unbeknown to Yoshida and others, the meltdown of fuel inside reactor 3 had already begun. It progressed throughout the day despite Yoshida’s frantic efforts to supply water to the reactor and vent it. By 5:00 p.m. they saw vapor rising from the stack of reactor 3, as had happened with reactor 1 before it exploded. A new explosion was expected any minute, and Yoshida had difficulty controlling his temper. “We don’t have any brainy people around here,” he shouted into the teleconference microphone when asked by TEPCO officials how much water they had pumped into each of the reactors. “You keep pestering us with random questions. Just don’t expect us to give you the answers you want!”56

Surprisingly, March 13 passed with no new explosion, but the situation at reactor 3 did not improve overnight. “Since 6:10 this morning, the water level has fallen [below the bottom of the fuel rods],” reported Yoshida to TEPCO headquarters. “To put it bluntly, I’d say we may already be at a hypothetical accident level.” There were problems with reactor 2 as well: given the increasing radiation readings, they had difficulty setting up pipes to bring seawater to the vessel. By now, no one was trying any longer to save the reactors by keeping seawater away from them. They just wanted the reactors to stop exploding.

The explosion of reactor 3, which everyone had expected the previous day, took place at 11:00 a.m. on March 14, taking Yoshida by surprise. He was in the middle of another videoconference call with TEPCO when the explosion rocked his building. “I heard the sound,” recalled Yoshida later. The videoconference camera caught the image of the control room shaking up and down. “We’ve got a big problem,” Yoshida told his bosses. “The no. 3 reactor just blew. Probably a steam explosion.” A TEPCO official responded with a new request: “Give us your radiation level readings quickly so we can determine whether we need to evacuate you.”57

This time the remote camera captured not only the clouds of dust produced by the explosion but also a fireball. The hydrogen produced by the meltdown gathered near the top of the building, blew off its roof, and destroyed part of the building wall. The explosion injured eleven people, including military personnel from the Central Nuclear Biological Chemical Weapons Defense Unit, who were spraying water on the reactor in an effort to cool it down. Radiation levels increased as radioactive particles were released into the atmosphere and debris began falling to the ground. The readings measured 1 rem per hour on the premises of the station and reached 30 rem per hour next to the remnants of reactor building 3. The acceptable dose for a worker was 10 rem. While it was safe to remain in Yoshida’s headquarters at the emergency control center, that no longer applied to the joint control room of reactors 3 and 4.58

The good news was that the explosion of reactor 3, like the previous one of reactor 1, had destroyed the building but not the reactor itself. It did, however, compromise operations intended to cool reactor 3 and similar ones at reactor 2. The explosion also damaged the electrical circuits of reactor 2, the containment vent line, and the makeshift water injection line built by Yoshida’s crews. By 7:00 p.m. they had overcome the old and new obstacles to the start of the pumping operation and were supplying seawater to the reactor. Yoshida wanted to vent the reactor first, but Madarame at the prime minister’s nuclear emergency response center overruled him.

It soon became apparent that the seawater was not cooling the reactor, as everyone had expected it to do. First, overheated fuel bursting out of the cartridges raised the pressure level in the reactor, making it difficult for water to get in; second, once water got in, it was vaporized by the rising temperature. Yoshida needed new and more powerful pumps, but they were unavailable and could not be supplied quickly. Prime Minister Kan asked for a direct phone connection with Yoshida. “We can still keep trying,” Kan heard Yoshida’s tired voice telling him. “But we don’t have enough weapons. If only we could get hold of pumps that would work despite the pressure in the reactor being so high.”59

At TEPCO headquarters in Tokyo they were getting ready for the worst: reactor 2 would be the next to explode. Estimates suggested that the meltdown would begin after 8:00 p.m. The video of the teleconference call showed people at TEPCO headquarters covering their faces with their hands in desperation. Others were unusually silent. It now looked as if venting the reactor was the only remaining option. “Hey, Yoshida,” suggested one of the TEPCO officials, “if you can conduct venting, do it soon, as quickly as you can.” They further impressed the importance of venting on Yoshida: “If you evacuate while you are still unable to open the vents, the resulting situation will be extremely difficult to control. Therefore, please complete your work on the vents.” Yoshida did not disagree but pleaded with his bosses: “Don’t disturb us, because we are now in the middle of trying to open the vent for the containment vessel.”60

The TEPCO managers did not have high hopes. They began discussing plans to evacuate staff from Fukushima Daiichi to their second nuclear plant in the region, Fukushima Daini, which had survived the tsunami with no major threat to its reactors. “Can someone at headquarters confirm that we are evacuating everyone at Fukushima no. 1 to the visitor hall at Fukushima no. 2?” says a voice on the teleconference tape. But TEPCO headquarters did not feel that they could order an evacuation on their own. The president, Masataka Shimizu, got on the phone with people in the government. Afterwards he told those in the conference room: “I want to first confirm that at the present time we have not yet made a decision on a final evacuation. I am also right now proceeding with confirmation procedures with the proper authorities.”

The confirmation never came. When Shimizu finally got hold of the minister of industry, Kaieda, and told him: “I want to evacuate the staff at the Fukushima no. 1 plant to the no. 2 plant. Would you help us in any way?” Kaieda responded in the negative. Chief Cabinet Secretary Edano called Yoshida directly to make sure that the evacuation was not taking place. “The plant is under control, right? You don’t have to pull out now, do you?” he asked Yoshida. “No, we don’t, sir,” came the answer. “We are going to do our very best.” Yoshida’s best did not sound good enough to the disturbed ministers.61

They woke up Prime Minister Kan, who was taking a nap. “Is TEPCO planning to abandon its role as an electric power company?” asked the angry Kan. “Don’t they know what they’re talking about? Evacuation is out of the question.” He was clearly upset. “When I heard about the evacuation request, I was feeling that I had to stake my political life on resolving the situation,” recalled Kan later. “That made me feel the request was totally out of line.” Kan’s aides shared his sentiment. “We must ask TEPCO to hold the fort, even if they have to put together a suicide squad,” said one of them. TEPCO officials denied that they had ever suggested complete evacuation of the site. Instead, they had allegedly considered the evacuation only of nonessential personnel.62

The videoconference footage that TEPCO was later forced to release suggested otherwise, supporting Kan’s understanding that the company was prepared to abandon the station altogether. “If we don’t contain this crisis, and TEPCO ends up evacuating the plant, the whole of eastern Japan is going to be ruined,” Kan told his entourage. “We just can’t run away from this. If we do, we deserve a foreign invasion.” “Should that happen, the consequences would be truly detrimental to the whole nation,” he said later, recalling his thoughts at the time. “I even thought about my mother’s house in Mitaka [in western Tokyo], wondering if it’ll ever be habitable again.”

President Masataka Shimizu of TEPCO was summoned to the prime minister’s office and arrived at 4:17 a.m. “There is to be no withdrawal. Not ever,” Kan told him. “Yes, I understand,” came the reply. “I intend to set up an integrated emergency response headquarters at TEPCO so we can share information,” continued Kan. In fact, he was taking over the headquarters of a private company. “Yes, I understand,” responded Shimizu. Kan then asked him how soon he could visit TEPCO headquarters. In two hours, responded Shimizu. “That’s too late,” Kan fired back. “Make it one hour.” Shimizu left in a state of shock. Summoning him in the middle of the night and announcing an immediate visit to TEPCO headquarters was unprecedented, but for the government to set up integrated emergency headquarters and toss away TEPCO’s legal right and responsibility to deal with the crisis was not only unheard of but also extralegal.63

An hour or so later, Kan marched into TEPCO headquarters and addressed the company’s top management. He announced the creation of emergency headquarters with himself as chairman and industry minister Kaieda and TEPCO president Shimizu as his deputies. He then gave a long speech to the leadership. “The no. 2 reactor is not our only problem. If we abandon the no. 2 unit, heaven knows what may happen to reactors nos. 1, 3, and 4 through 6, and eventually even the Fukushima no. 2 plant. Should we abandon them all, every reactor and every [item of] nuclear waste would disintegrate after some months and start leaking radiation. And we are talking 10 to 20 units of double or triple the magnitude of the Chernobyl disaster.”64

Chernobyl multiplied by three was now on Kan’s mind. “Because Japan possessed unparalleled nuclear technology and superior experts and engineers, I believed that a Chernobyl-type accident could not occur at a Japanese nuclear power plant,” Kan later wrote, and added, “To my great consternation, I would come to learn that this was a safety myth created by Japan’s ‘Nuclear Village’ [a vast and powerful network of vested interests].” He was now talking to the very representatives of the “Nuclear Village” he blamed for the creation of the false sense of invincibility, and had to find the words to motivate and mobilize them before they all fled. “In Japan, up until the end of the Pacific War, dying for one’s country was taken for granted, and those in command, in battles like the one in Okinawa, demanded it not only of soldiers but of the general public as well,” Kan would write later. He knew that after the war the individual, not the country, became the highest value, or in his words, “a single human life became heavier than the Earth itself.” He decided nevertheless to appeal to the old values, asking, in fact demanding, from the TEPCO personnel, personal sacrifice in the name of the country.65

Kan appealed to the sense of guilt and duty, but more than anything else to the sense of national pride. He also called for sacrifice. “Our country will not survive unless we put our lives on the line to bring this situation under control. We simply cannot withdraw and do nothing,” he continued. “Should we do that, other countries may well insist on stepping in and taking control. . . . You are the parties directly involved in this crisis. I ask you to fight it with your lives. There is no running away. . . . Money is not an object anymore. TEPCO must do everything it can. Withdrawal is not an option when our country’s survival is at stake. I ask the chairman and president to prepare for the worst. If you are concerned for the safety of your workers, send those who are 60 and older to the accident site. I myself am prepared to go.”66

The executives and the workers dressed in the protective gear at the Fukushima Daiichi, who watched the prime minister on screen, were stunned. According to one account, Kan’s actual words were: “It does not matter if all the executives over the age of sixty go to the site and die.” Ikuo Izawa, one of the managers at the nuclear station, thought to himself: “He is telling us to die. We have worked so hard to make it this far. Why do we have to listen to that?”67

AS KAN WAS ADDRESSING THE DISTRESSED TOP MANAGEMENT of TEPCO in the early hours of March 15, the workers at Fukushima Daiichi trying to vent the reactor of unit 2 heard a noise that sounded like an explosion underneath the reactor. It seemed that unit 2 was now going the way of units 1 and 3.

To everyone’s relief, the small explosion was not followed by a big one. As water evaporated and the melting of fuel elements began, the suppression chamber of the reactor’s primary containment had ruptured with a blast, releasing its contents into the building. The hydrogen from the suppression chamber should have gone to the upper part of the building and exploded there, as had happened with the previous two units. But it did not. The explosion of reactor 1 had damaged part of the unit 2 building, allowing hydrogen and radioactive gases to escape through the opening.68

It was not entirely good news, as radiation was now leaving unit 2 freely, without the big bang that had happened at reactors 1 and 3. But it seemed for a moment that explosions at Fukushima Daiichi had come to an end—three reactors working at the time of the earthquake had undergone some form of explosion. The three remaining reactors, nos. 4, 5, and 6, had not been working at the time of the disaster and were presumably safe. What happened next was like a scene from a never-ending nightmare that engulfed everyone at the station and beyond. Yoshida’s utterly exhausted crews had no more energy to react with surprise.

A few minutes after the small explosion in unit 2, a huge explosion ripped off the roof and destroyed the upper levels of the building that housed reactor 4. “I heard the sound of the explosion in the headquarters building,” recalled Yoshida later. “At that time, I did not know in which building the explosion had occurred.” The time was 6:14 a.m. The unmanned camera caught it on video, as it had done with reactors 1 and 2, only this time the dirty clouds of steam and radioactive dust were much bigger. The crews in the neighborhood of the reactor had to run for their lives. As a result of the explosion and radiation release from unit 4, radiation readings in front of the Fukushima Daiichi plant went from slightly more than 73 microsieverts to 11,930 microsieverts per hour—a jump of more than 160 times. It was a nightmare, and no one could see a way out of it.69

Prime Minister Kan was informed about the unit 4 explosion while still at TEPCO headquarters. He did not change his mind on withdrawal but granted Masataka Shimizu’s request to evacuate 650 engineers and workers from Fukushima Daiichi to the Fukushima Daini nuclear power station, leaving seventy men behind in the Seismic Isolation Building. According to other accounts, the decision to evacuate most of the workers and leave only skeleton crews behind was Yoshida’s. He did not deny that version. “I just couldn’t foresee what might happen from moment to moment,” he recalled later. “The worst-case scenario that crossed my mind was a meltdown continuing beyond control. We’d all be finished then.” Kan also granted Shimizu’s request to extend the evacuation zone from 20 to 30 kilometers. It was not a moment too soon. Many argue today that it was too late—the wind had switched direction, not blowing toward the ocean any longer but bringing radioactivity to the Japanese islands.70

What had happened with reactor 4? The only explanation the experts could come up with was an explosion in the spent-fuel pool on the upper floor of the reactor building. The spent fuel from the reactor had been deposited there a few days earlier, when reactor 4 was shut down for refueling. This suggested that the water, normally kept at about 80ºF (27ºC), was overheated by the spent fuel and evaporated, exposing the fuel rods and causing the explosion. They now used helicopters, as had been done at Chernobyl, not to bombard the reactor with sacks of sand and boron, but to deliver water to the cooling pools. It was believed that units 5 and 6 were under threat of similar explosions. The rescue operation now included all six units of the Fukushima Daiichi plant.

Kan personally insisted on the use of Self-Defense Forces helicopters. The operation began on the following day, March 16, under the supervision of Defense Minister Toshimi Kitazawa. On March 17, the helicopter pilots were joined by Tokyo firefighters and policemen shooting water into the spent-fuel pools and spraying the reactors with high-pressure water cannons. Like the Chernobyl helicopter operation, this one turned out to be largely useless. The explosion of reactor 4 had not been caused by overheated spent fuel.71

Only much later, during the summer, did engineers figure out the reason for the explosion of unit 4. It shared a stack with unit 3, and, because the supply of electricity had been interrupted by the tsunami, the valves used to prevent cross-contamination of the units stopped working. As gases, including hydrogen, were released from unit 3 through the joint stack with unit 4, some hydrogen made its way into unit 4, gathered beneath the roof, and exploded. No one knew the reason for the explosion at the time, but Yoshida and his engineers made the right decision. They cut holes into the roofs of units 5 and 6, allowing whatever hydrogen had or would accumulate there to escape through the openings.72

GOVERNMENT OFFICIALS REMEMBERED THE NIGHT OF MARCH 14 as the most dramatic moment in the history of the Fukushima Daiichi crisis. The explosion of reactor 4 in the morning hours of March 15 became the most unexpected and stressful development. It was also the last explosion on the premises of the station.

Luckily, the explosions damaged the reactor buildings rather than the reactors themselves. Despite everyone’s concern about a repetition of the Chernobyl accident, or perhaps because of those concerns, no Chernobyl-type reactor explosion took place at Fukushima. But on March 15 Kan, Shimizu, Yoshida, and hundreds of workers, engineers, soldiers, and policemen striving to contain the disaster did not yet know that the worst was over. In fact, it would not have been over if they had not continued the fight. The threat of an explosion caused by spent-fuel pools was uppermost in the minds of everyone involved, and supplying water to the reactors remained the top priority.

The Fukushima Daiichi crews were on their last legs, physically and psychologically. “My people have been working day and night for eight straight days. And they’ve been going to the site a number of times. They pour water, make checks and add oil periodically. I cannot make them be exposed to even more radiation,” Yoshida told TEPCO headquarters on March 18. He then added: “All workers are approaching 200 (millisieverts) in exposure or have even topped 200. I cannot tell them to go and connect wires under high radiation.” He was promised reinforcements. “We are now seeking people from a wide range, including former employees,” responded a senior TEPCO manager. Indeed, they were trying as best they could.73

By March 21 off-site electrical power was restored to units 1, 2, 5, and 6. On the following day, off-site power also became available at units 3 and 4. It was not a day too soon, as March 24 brought the horrifying news that a Chernobyl-type reactor explosion might be repeated at Fukushima. The temperature in reactor 1 reached 752ºF (400ºC), exceeding by one-third the permissible design value. The reactor could explode at any moment. Fortunately, with electricity restored, they could supply more water to the reactor, which responded as expected. By morning of the next day, March 25, the reactor temperature had dropped below the danger level.74

Everyone was pumping water, salt or fresh, into the reactors. By March 29 fresh water, supplied by a barge, became available for injection into reactor 1, and by March 30 into reactors 2 and 3. But as water was pumped to cool the reactors, it became contaminated and had to be disposed of in some way. As at Chernobyl, radioactive water filled the tanks and underground structures and basements of the buildings. Unlike at Chernobyl, here water was being supplied to six reactors, not one, and the pumping went on not for hours but for days and weeks. Altogether about 100,000 tons of contaminated water found its way out of the underground structures and into the environment, ending up in the ocean and polluting it.

By March 27, some of the contaminated water had already made its way into the sea. “I can’t help but feel that we are idly waiting for death,” said Yoshida during a videoconference with TEPCO headquarters on March 30. “It’s like my heart could stop at any moment when I think about the water levels.” He requested “quick installation of a mechanism to monitor water level variations both remotely and accurately.” TEPCO headquarters promised to investigate the matter.

By April 2, the Fukushima crews had discovered more leakage of radioactive water. “We have confirmed a worst-case situation,” declared one of the Fukushima Daiichi officials. “Water with very high radiation levels, exceeding 1,000 millisieverts per hour, is flowing into the sea.” It was estimated that 520 tons of radioactive water had escaped into the ocean before an 8-inch (20-centimeter) crack in the pit near reactor 2 was plugged shortly afterwards. On April 4, TEPCO announced plans to dump an additional 11.5 tons of contaminated water into the ocean. The impact on the public from that discharge was estimated at one-quarter of the annual dosage for those who ate fish caught in the neighborhood of the plant. Under the circumstances, it sounded like a reasonable risk to take. It was also a desperate measure: the station was discharging less contaminated water to make space in its tanks for much more contaminated water.75

The crack in the pit near reactor 2 was repaired on April 6, stopping the uncontrolled release of radioactive water into the ocean, and workers went to bed with some degree of certainty about the next day. Once again, they were in for a surprise. On April 7, the twenty-eighth day of the disaster, a powerful new earthquake measuring 7.1 shook the Fukushima Daiichi station. Despite its strength, it did no more major damage to the buildings and reactors. Radiation levels, though high, remained as they had been before the earthquake. That was a great relief. Plans could now be made for dealing with the disaster and its consequences.76

Masao Yoshida remembered that they “had a considerably hard time until the end of June.” According to him, the situation did not fully stabilize until July and August. The cold shutdown of all reactors was completed in December 2011. In the same month Yoshida stepped down as superintendent of the Fukushima Daiichi station, his mission at an end. Although at some point TEPCO considered bringing disciplinary charges against him for disobeying the order to stop pumping seawater into reactor 1 on the evening of March 12, his resignation was by no means imposed on him by the utility bosses or the government. He retired to take care of his health after being diagnosed with esophageal cancer. A TEPCO spokesman assured the public that the cancer had nothing to do with Yoshida’s exposure to radiation, because radiation-related cancers took much longer to develop. Yoshida would die in July 2013 at the age of fifty-eight.

Yoshida’s exit from office and entrance into the annals of history was nothing like Viktor Briukhanov’s dismissal in 1986 after the Chernobyl accident. He is now remembered in Japan as a hero, one of the Fukushima 50, as the station’s skeleton crew that stayed at the plant after the explosion of unit 4 became known in the media. According to the mythology of the disaster, it was the Fukushima 50 (in fact, at least seventy engineers and workers stayed behind) who saved the country from a much greater catastrophe.77

MASAO YOSHIDA’S RETIREMENT IN DECEMBER 2011 CLOSED one important chapter in the history of the Fukushima disaster and opened another. In the same month TEPCO, together with government agencies, issued the “Mid-and-Long-Term Roadmap towards the Decommissioning of Fukushima Daiichi Nuclear Power Units 1–4.” The first phase included removal of spent fuel rods from the reactor 4 building and was supposed to take two years. The second phase, planned to take up to ten years, provided for the removal of fuel from all the reactors. The third and final stage, estimated to last anywhere between thirty and forty years, was to result in the complete removal of radioactive materials and full rehabilitation of the site.78

The cost for decommissioning four of Fukushima’s six reactors was originally estimated at $15 billion. But as more research was done on the state of the reactors and the territory around them, the price tag increased significantly. In December 2016, the government estimated that decontamination costs would reach ¥4 trillion or $35 billion. Compensation for those affected by the disaster was estimated at almost ¥8 trillion, or almost $70 billion. The estimated cost of dealing with the consequences of the disaster as a whole went up almost twice as compared to earlier estimates and was now estimated at approximately $187 billion or ¥21.5 trillion.79

In the aftermath of the accident, the Japanese authorities raised the severity of the Fukushima nuclear disaster from level 5 (accident with broader consequences) to the highest level, 7, or a “major accident” on par with Chernobyl. It is up to individual governments to decide the level of severity of nuclear accidents on their territory, and the Fukushima disaster was indeed closest in severity to the one at Chernobyl. Fortunately, it was not as devastating in its impact on people and the environment. Despite different levels of meltdown of reactor cores, no Chernobyl-type explosion of a reactor happened at Fukushima—the result of the superior design of BWR reactors over the RBMK type and the self-sacrifice of the Japanese crews who worked overtime for days and weeks to supply water to the reactors.

Two people died as an immediate result of the Chernobyl explosion, twenty-nine more in the following weeks from overexposure to radiation, and 140 were diagnosed with acute radiation sickness. In Japan, no one died on the spot as a result of the explosions or because of overexposure to radiation. One hundred seventy-three emergency workers sustained doses of radiation exceeding 100 mSv, and six exceeded the 250 mSv mark. Only two workers sustained radiation exposure in excess of the international limit of emergency exposure, 500 mSv. The worst case was 678 mSv. Maximum mortality as a result of accident-related cancers is estimated today at 1,500, as compared to 4,000 to 50,000 in the Ukrainian case. Estimates of mortality from all causes related to the Fukushima accident now stand at a total of 10,000.

Early estimates of the radiation released by the Fukushima accident placed it at 10 percent of the Chernobyl radiation. Those estimates still stand today, if one excludes the noble gases released at Chernobyl. Most studies give 520 PBq, or petabecquerel (1015 Bq) for Fukushima versus 5,300 PBq for Chernobyl. Most of the Fukushima radiation (up to 80 percent) was carried by winds toward the ocean, which still keeps receiving some radiation that originally escaped into the ground. The amount of Cesium-137 in the radioactive water in the basements of the Fukushima buildings has been estimated at 2.5 times the amount released by Chernobyl. Less radiation overall does not mean no harmful radiation at all, or no consequences of exposure. Scholars researching the impact of the Fukushima accident on flora and fauna point to aberrations in the growth of trees, a decline in the population of birds, butterflies, and cicadas, and morphological aberrations in butterflies.80

In April 2011 the Japanese government established a 20-kilometer (12.4-mile) Restricted Area, roughly analogous to the Chernobyl exclusion zone, and prohibited former residents from returning to it without a special permit. The area was further extended in a northwesterly direction as a Deliberate Evacuation Area in order to account for the movement of the radioactive plume. Although the two Japanese restricted areas were less than half the size of the Chernobyl exclusion zone (a good part of the 20-kilometer and then 30-kilometer evacuation zones around Fukushima extended into the ocean), they had been quite densely populated before the accident, and approximately 90,000 people were evacuated from them. Including those who voluntarily left areas outside the two zones, the overall number of refugees from the disaster was approximately 150,000.

This number roughly corresponds to the number of evacuees in Ukraine after the Chernobyl accident, which stands at more than 160,000. If one adds the 130,000 Belarusian refugees, the more than 5,000 evacuated in Russia, and those in all three countries who decided to leave on their own and escaped government statistics, then the total Fukushima refugee population constitutes less than one-third of the Chernobyl total, which is currently estimated at half a million people. Even so, the damage done by the evacuation to the well-being of the people involved and the economic and social life of the region (the population of Fukushima prefecture shrank by more than 200,000) has been enormous. The experience of the evacuees was extremely disturbing. Almost half of them had to change locations three or four times, and more than one-third found themselves constrained to move more than five times.81

Life returned only gradually and slowly to the affected territories. Some areas of the exclusion zone remained shut for the returnees. Out of 155,000 people forced to leave their towns and villages in the wake of the accident, more than 120,000 returned with the permission and assistance of government authorities. Although radiation levels have declined since 2011, in some areas they are still as high as 20 mSv, or the maximum allowed for nuclear industry workers. The government put plans in place to complete the “repatriation” process before July 2020 but in March 2021, ten years after the disaster, there were still 37,000 people listed as refugees. Many of them did not plan to go back.82

A major problem that remains unresolved is the future of the 1.25 million tons of contaminated water stored in a thousand tanks on the site of the nuclear power plant. In April 2021, ten years after the accident, the Japanese government decided to start releasing the treated water into the ocean—a process that would last for decades. The decision to start the release in 2023 was welcomed by the IAEA headquarters in Vienna, but met with strong criticism from a variety of domestic and foreign actors. The former were led by the Fukushima prefecture local officials and the fisherman associations, the latter by an unlikely alliance of the Chinese and South Korean governments, marine scientists, and Greenpeace activists. Some of them argue that instead of being dumped into the ocean the treated water should be allowed to evaporate. But one way or another, whatever isotopes would not be caught by the treatment process would end up in the environment.83

Who is responsible, and who will pay for the consequences? The Japanese parliamentary investigation into the causes of the Fukushima disaster pointed to collusion between government agencies, regulatory bodies, and TEPCO management. In the investigations conducted by foreign and international agencies, there was relatively little emphasis on problems with technology and instrumentation, which were prominent in explanations of the Three Mile Island and Chernobyl accidents, and a great deal on the broadly defined human factor. Findings of poor safety culture, inadequate training of operators, and problems with emergency planning suggested that there had been little progress in that regard since previous disasters. There were also specific local causes of the catastrophe. Apart from the need to improve the seismic warning system in nuclear power plants, the main causes of that kind pertained primarily to the Japanese regulatory system, the confused decision-making process, and excessive demands on staff.84

In September 2019, after two years of proceedings, the Tokyo District Court found the former TEPCO chairman, Tsunehisa Katsumata, then a seventy-nine-year-old retiree, and two former vice presidents of the company not guilty of the criminal charges raised against them. Those charges could have resulted in five-year prison terms. Plaintiffs have done much better in civil cases, where courts ranging from local to national usually side with victims of the disaster. More than 10,000 evacuees, backed by residents of settlements neighboring on the plant, have filed dozens of civil lawsuits against TEPCO, arguing that it could have predicted the tsunami, had the responsibility to do so, and should have prevented the damage that it did to the nuclear station and then to the public. With TEPCO ordered to pay the damages caused by the disaster, the Japanese parliament passed the Nuclear Damage Liability Facilitation Fund Law in 2012 to protect TEPCO from bankruptcy.85

The Nuclear Damage Compensation Facilitation Corporation has been established by the government to process applications and make payments to those who suffered from the disaster. Its funds come from electricity utilities that run nuclear power plants and from government-issued bonds, for a grand total of $62 billion. TEPCO is contributing an annual fee to the fund in the expectation that it will manage to repay the government and restore its status as a private company in ten to thirteen years. “It remains unclear how the national government and power utilities should share responsibility for the unlimited liability,” states an article on the World Nuclear Association website.86

LIKE THE THREE MILE ISLAND ACCIDENT IN THE UNITED States and the Chernobyl accident in the Soviet Union, the Fukushima disaster undermined trust in government and institutions managing nuclear power, leading to the rise of antinuclear sentiments. But nowhere was the response so vigorous, with such a profound impact on the nuclear industry, as in Japan.

In March 2011 there were fifty-three reactors in the country that contributed up to 30 percent of the nation’s electricity supply. The Fukushima disaster immediately took the four exploded reactors out of the equation. The rest of the country’s fleet of BWR and PWR reactors were shut down for inspection with the idea of restarting them as soon as the safety checks were complete. But as concern mounted about the radioactive impact of Fukushima on the whole country, and legitimate concerns were accompanied by the rise of radiophobia, with people suspecting that the debris deposited on their shores by the tsunami was radioactive, restarting most of the reactors became a political impossibility for local governments. In April 2011, more than 17,000 people protested throughout Japan against continuing reliance on nuclear energy, and in September Tokyo alone saw a demonstration 60,000 strong.87

With the reactors disabled, Japan suffered significant shortages of electricity in the fall of 2011, but they did not diminish the antinuclear wave in a country that had just endured what many considered a near-death experience. The Japanese economy suffered a blow but was not reduced to a standstill. The deficit of electrical energy from nuclear plants was made up partly by conservation and partly by the increased import of fossil fuels. By May 2012 Japan was nuclear-free, with no reactors in operation. Kan and his Democratic party were punished at the polls for what the public considered to be their poor management of the disaster and lost the December 2012 elections by a landslide. But the fall of the Democratic Party brought back to power the Liberal Democrats who argued that the growing need for energy required a gradual restart of reactors.

The return to nuclear power began in June 2012, with nine reactors going online in the course of the next few years. The federal government wanted nuclear energy back in the game, producing around 20 percent of the country’s electricity by 2030. That, said the officials in Tokyo, was necessary to meet the country’s obligations under the Paris climate accords. The industry was prepared to resume operations. But the changes introduced after the Fukushima disaster, in particular the creation of the Nuclear Regulation Authority, significantly undermined the power of what Kan and others had called the Nuclear Village, a pronuclear alliance of the Liberal Democrats, the key figures in the Ministry of Economy, Trade, and Industry, and the captains of the nuclear power industry. In 2020 Japan had only six operating reactors.88

If the immediate impact of the Fukushima disaster on the nuclear industry was strongest in Japan, the most significant long-term effect was felt in faraway Germany. As early as 2001 the Bundestag, the German parliament, passed a law on phasing out nuclear power by the early 2020s. It was a difficult if not impossible task, given that nuclear reactors generated 22 percent of Germany’s electricity, while fossil-fuel generation was under attack because of concerns about climate change. In 2010, a law was passed extending the life of the nuclear industry into the 2030s. But the Fukushima disaster dramatically changed attitudes in German society and government. In June 2011, the Bundestag voted overwhelmingly to shut down every single nuclear reactor in the country by 2022.

Chernobyl had a strong impact on antinuclear sentiment in Germany; Fukushima cemented and strengthened the antinuclear trend. Nuclear disasters could no longer be blamed on the defunct communist system. If a Fukushima-type disaster could happen in a technologically developed and, as some German politicians stressed, highly organized society like Japan, then it could happen in Germany as well. The Ethics Commission for Safe Energy Supply, created in the wake of the disaster by Chancellor Angela Merkel, stressed the dangers of the nuclear industry, the inadmissibility of passing on the spent-fuel problem to future generations, and the need to develop renewable sources of energy. Plans were put in place to increase the share of renewables in overall energy consumption to 18 percent, while reducing carbon dioxide emissions by 40 percent and increasing energy efficiency by 20 percent.89

The impact of Fukushima went beyond Japan and Europe. In China, news of the disaster caused consumer panic, with people buying five-year supplies of iodized salt in the mistaken belief that it could protect their thyroids in case of a nuclear accident at one of the country’s fourteen reactors, most of them located on the seashore and using seawater for cooling. Meanwhile, the government had another twenty-six reactors under construction and plans ready to build an additional fifty-two. The plans were suspended immediately. The State Council stopped approving new nuclear projects and ordered a safety review of those already in operation. New regulations were passed and a new Safety Act adopted. The authoritarian government reacted to the concerns of the people. Only 40 percent of the population supported the development of the nuclear industry, and even then, a “not in my backyard” attitude prevailed, as indicated by protests against the construction of a nuclear-waste-processing plant in the province of Jiangsu. The project was scrapped in 2016.90

What happened in China was part of a global trend. “World electricity generation from nuclear plants dropped by a historic 7 percent in 2012, adding to the record drop of 4 percent in 2011,” wrote the authors of the 2013 World Nuclear Industry Status Report. While some suggested in the wake of the Fukushima accident that it could be the “death knell for nuclear energy,” the industry survived. Although nuclear generating capacities have not yet returned to pre-Fukushima levels, demands to phase out fossil fuels in order to mitigate climate change has given the industry new optimism. Its lobbying body, the World Nuclear Association, argues for an increase in the share of electricity produced by nuclear reactors from approximately 10 percent today to 25 percent by the year 2050.91


AFTERWORD

What Comes Next?

A historic vote took place on February 9, 2012, at the US Nuclear Regulatory Commission (NRC) headquarters in North Bethesda, Maryland. The commissioners approved the construction of two new nuclear reactors, the first ones to be licensed after the Three Mile Island accident of March 1979.

The vote was historic in more than one sense, as the chairman of the NRC, the forty-one-year-old physicist Gregory Jaczko, voted against the commission’s recommendation. He was outvoted four to one by his own commission and stepped down as its chairman in May 2012. Asked soon after the vote about his motive, Jaczko cited Fukushima. A key figure in coordinating the American response during the Fukushima accident, Jaczko stated: “I cannot support issuing this license as if Fukushima had never happened.” He wanted the Southern Company, an Atlanta-based gas and electric utility holding company that had applied for the license, to enter into a “binding commitment that the Fukushima enhancements that are currently projected and currently planned to be made would be made before the operation of the facility.” His fellow commissioners rejected that request.1

In his remarks on the vote, the Southern Company’s CEO, Thomas Fanning, suggested that modifications of reactor technology based on lessons from Fukushima were more applicable to “the current fleet, not this newest generation of nuclear technology.” Under the latter, he had in mind the two AP1000 PWR-type Westinghouse reactors that his company was proposing to build at the Vogtle Electric Generating Plant in Georgia. The cost of the project was estimated at the time at $14 billion, with the US government providing loan guarantees of $8.3 billion. The reactors were supposed to go critical in 2016 and 2017, but because of numerous delays, caused in part by the Westinghouse bankruptcy in 2017, the launch of the first of them was postponed to 2021 and then to 2022. The cost estimates went up to $25 billion.2

It was a bumpy start for what many had hailed as the coming renaissance of the nuclear industry in the United States and worldwide. If one judges by Jaczko’s statement, the Fukushima disaster was directly responsible for that. The industry, for its part, appears to believe with Thomas Fanning that the lessons of Fukushima concern technology and hardly apply to the new generation of reactors. It is that new generation on which the nuclear industry is relying to make a case for its continuation. The World Nuclear Association, the industry’s international lobbying body, proposes to raise the share of nuclear-produced electrical energy from more than 10 percent today to 25 percent in the next thirty years. “Achieving this,” states the association’s website, “means nuclear generation must triple globally by 2050.” The program proposes to add in the next thirty years 1,000 gigawatts or one billion watts electrical (GWe) of additional capacity, roughly the equivalent of a thousand reactors equal in output to the Chernobyl RBMKs and the Westinghouse AP1000.3

Gregory Jaczko, who wrote a memoir after his resignation as NRC chairman, suggests that one would need not a thousand but thousands of reactors to “truly meet the needs of climate change.” His main concern about the huge expansion of the nuclear reactor fleet is the likelihood of accidents. “First and foremost,” he writes, “we must acknowledge that accidents will continue to happen. If more and more plants come online, more and more accidents are inevitable.” For Jaczko, the danger of new accidents emanates more from the economics of the industry and the broadly defined “human factor” than from technology itself. “As the pressure to cut costs increases, safety will suffer,” argues Jaczko. “The workforce will shrink, leaving fewer people available to identify problems. The maintenance of existing equipment will become more sporadic as activities are deferred to save money.”4

The risk of accidents appears so be so sensitive for advocates of the industry that the word “accident” does not appear even once in the “Outline History of Nuclear Energy” prepared by the World Nuclear Association. Meanwhile, Jaczko is not the only one predicting accidents. Thomas Rose and Trevor Sweeting, scientists associated with the Münster University of Applied Sciences in Germany and University College, London, believe that the history of nuclear accidents is far from over. Research by these two scholars, using available databases of dozens of accidents—and there is a general perception that not all of them are known outside the industry—predicts one core meltdown accident every 37,000 reactor-years. What does this mean? With 443 reactors running in the world at the time of the study, the chance of an accident occurring in the next twenty-five years is assessed with 95 percent confidence at between 0.82 and 7.7. That means we are likely to see another accident before 2036. Hopefully this prediction is wrong, and the next major accident will not take place soon, if at all. After all, there is a “learning effect” at play as well. “The probability of an incident or accident per reactor-year decreased from 0.01 in 1963 to 0.004 in 2010,” write the same authors. They add that the learning effect was stronger before 1963, during the early years of the nuclear industry, than it is now. What can we then learn from the history of nuclear accidents described here?5

ACCIDENTS, INCLUDING ACCIDENTS IN THE NUCLEAR INDUSTRY, happen all the time. Most of them are predictable, and there are protocols in place to deal with them. Others get out of hand for reasons of technology or the human factor, causing a greater or lesser amount of damage, sometimes accompanied by the release of radioactivity into the atmosphere. James Mahaffey, who spent his career in the American nuclear industry and knows it inside and out, wrote a book describing and analyzing dozens of the most important ones.6

Of the hundreds of accidents that have taken place during the history of the nuclear industry, the six described in this book stand out particularly. While assigning a specific category to an accident is not an exact science and often depends on assessments made in the countries where the accident took place, Chernobyl and Fukushima are usually listed in the highest category, that of level 7. Kyshtym is categorized as level 6, a serious accident, and Windscale and Three Mile Island as level 5, or accidents with serious consequences. The Castle Bravo accident never made it onto the scale, as it measures only civilian nuclear disasters or disasters at nuclear plants and facilities, not bomb tests going wrong.7

The big accidents uncover existing problems that go beyond simple mistakes or technical malfunctions. They bring to the fore factors of broader political, social, and cultural significance that contribute to a given disaster indirectly or not always obviously, but most profoundly nevertheless. They also point to similarities and differences in the ways in which scientists, engineers, captains of the nuclear industry, the general public, and governments deal with nuclear calamities and emergencies.

Despite major philosophical, ideological, political, economic, and cultural differences that divided the Cold War rivals and early participants in the nuclear arms race, they were all entering truly uncharted waters. To various degrees, the managers, designers, engineers, and operators were dealing with new science and technology that was not fully understood and tested, especially in the early decades, and was bound to prove risky and unpredictable in emergencies. They all took huge risks that made accidents well-nigh inevitable. The same applies to governments and their bureaucracies, military or otherwise. They were all prepared to take risks with untested nuclear technologies in order to achieve international or domestic goals.

The Castle Bravo test probably would not have had such a disastrous outcome if there had been no pressure to perform the test of the first hydrogen bomb within a relatively short period of time and on schedule; Windscale would have been less likely to happen without government pressure to extend the periods between anneals; and the Chernobyl reactor would not have been launched without executing the requisite tests if there had been no pressure to connect the reactor to the grid as soon as possible. As the Three Mile Island and Fukushima accidents showed, more often than not government overseers and regulators established a cozy relationship with the industry, turning a blind eye to safety violations.

Differences in political and managerial culture in the countries where the accidents took place led government and industry to act differently in managing the nuclear disasters and their radiological and political fallout. While nuclear scientists and engineers in all countries shared a “can-do” attitude, only in the Soviet Union did managers and engineers consciously violate safety instructions and regulations to achieve their goals, doing so with the tacit blessing of the authorities. Neither Kyshtym nor Chernobyl would have happened if the managers and operators had followed the instruction manuals. The system was so relentless in demanding the fulfillment of ever more ambitious production quotas that they could not be achieved without cutting corners and violating rules.

In the Soviet Union, the political control exercised by the Communist Party over all aspects of Soviet life and its top-down managerial style left little agency to those at the bottom of the administrative pyramid. At Chernobyl, Anatolii Diatlov exercised ultimate power in the control room, despite the presence of the shift foreman, Aleksandr Akimov, who followed Diatlov’s orders. But once more senior officials appeared on the scene, all authority automatically passed to them. With no laws to protect them and no right to refuse orders from the boss, no one in the lower ranks wanted to take any degree of responsibility, leaving decisions to the top political leadership in Moscow. But the leaders were never held accountable: the managers were the only ones who were put on trial and convicted.

The Americans, British, and Japanese let plant managers deal with disasters as they considered appropriate. Although Prime Minister Naoto Kan of Japan chose to insert himself in the experts’ decision-making process, he got into considerable trouble later. Another political leader who became directly involved in handling the consequences of a nuclear accident was Mikhail Gorbachev. Despite his astonishing three-week silence on the disaster, he played an important role behind the scenes in mobilizing the country’s resources to deal with it. He also presided over the Politburo meeting that ruled on its causes and appointed those who were to supervise the cleanup.

The role of two American presidents faced with nuclear accidents was limited to dealing with public relations. Dwight Eisenhower sought to respond to the public outcry abroad, while Jimmy Carter tried to show leadership and calm the public at home. Prime Minister Harold Macmillan of Britain let the managers deal with the accident and a scientific commission rule on its causes, while his own role, performed largely behind the scenes, was to keep information on the consequences of the disaster away from the media and on its causes away from the Americans.

Governments of the Cold War era had similar instincts in dealing with information about the consequences of disasters. The Soviet Union emerges as the clear champion in official efforts to keep all information about the Kyshtym and Chernobyl accidents, their causes and consequences, under wraps. But the United States government’s suppression of information about the Castle Bravo disaster and the British government’s coverup of the causes of the Windscale fire point to the same desire to keep compromising information out of the public domain. That also appeared to be the preferred modus operandi of the managers of nuclear power plants, who were often slow to share bad news with government officials and institutions, either out of a culture of secrecy and self-reliance, as demonstrated after the Windscale fire, or out of concern about being treated unfairly by the authorities, as was the case at Chernobyl.

Depending on the time of an accident and the country in which it took place, governments succeeded to different degrees in their attempts to hide information and, later, to spin or distort it. While the Soviets, who were in complete control of the media and had the KGB at their disposal to monitor rumors, managed to keep the Kyshtym accident secret until the late 1980s and were slow to release any information about Chernobyl either to their own public or to the world, democratic governments had to deal with freedom of the press, even in such defense-related cases as the Castle Bravo test and the Windscale fire. The media emerged as independent actors in those two cases. They also played key roles in the aftermath of the Three Mile Island accident, where they spread not only news but fear, and in the Fukushima case, where television outlets transmitted explosions at the nuclear power plant in real time and served as the main sources of information for the prime minister’s office at the beginning of the crisis. As Gorbachev’s liberalizing reforms began in the Soviet Union in the wake of Chernobyl, the media emerged as the main agency exposing the true consequences of the disaster.

It is important to note that a learning process took place in all the countries that suffered from accidents. The Castle Bravo disaster obliged scientists to correct their calculations but also forced the US Navy to be much more careful in preparing weather and wind forecasts. The accidents were also a major factor in mobilizing public opinion and subsequent political decisions to move all nuclear testing underground. The British retired the Windscale reactors, the Americans began to train their operators differently after Three Mile Island, the Soviets upgraded the RBMK reactors, and the Japanese built higher tsunami walls.

The fact that all the major accidents involved designs and technologies developed in the 1950s and 1960s offers some hope that the initial period of major errors accompanying the birth of any new technology and industry is behind us. Moreover, the end of the Cold War removed many barriers between national industries and not only made the exchange of information possible but also strengthened international control over safety regulations and practices. Chernobyl turned out to be especially important in producing a new body of international legislation that makes governments responsible for exchanging information on their nuclear programs and new accidents.8

Technological developments, growing international cooperation, and rising safety standards did a great deal to ensure that no major nuclear accident occurred for twenty-five years after Chernobyl. But the Fukushima explosions demonstrated resoundingly that such improvements did not suffice to guarantee the safe operation of nuclear power plants.

ARE THE ATOMIC ACCIDENTS AND DISASTERS THE ONLY FACTORS that hinder the development of nuclear energy today and make us wary of considering it as a solution to the growing climate change crisis? Not at all. Some of the additional problems we face today are similar to the ones that existed during the Cold War; others are brand-new.

As was the case during the Cold War, the nuclear sharing and the development of the nuclear energy infrastructure serve as a gateway to the acquisition of the nuclear weapons by non-nuclear arms states. The Pakistani military authorities and the North Korean dynasts used the programs designed to promote the use of the nuclear energy to build their nuclear arms programs and acquire nuclear bombs. The Iranian rulers today are using their nuclear energy capabilities acquired from abroad to develop nuclear weapons of their own. Contrary to the expectations of the creators of the Atoms for Peace program, the development of nuclear energy facilitated rather than hindered nuclear arms proliferation.9

There are also many perennial political, economic, social, and cultural factors that make the development of nuclear energy problematic. As at the time of its inception, the nuclear industry of today depends on government subsidies and advances in military technology to keep going. Economic pressures on the industry have increased, owing to rising competition from shale gas and renewables, resulting in the bankruptcy of major nuclear power giants like Westinghouse. Utility companies in the United States are caught in bribery schemes, where millions of dollars are promised or go to state politicians and officials in exchange for billions in subsidies to aging nuclear plants.10

As was the case at the height of the Cold War, nuclear energy today serves as a foreign-policy tool in the hands of competing or even hostile governments. Authoritarian regimes seem particularly eager to participate. Western companies specializing in the construction of reactors have been pushing increasingly for export markets in Asia, Africa, and the Middle East to offset the continuing stagnation of the nuclear industry in North America and Europe. There they face growing competition from their counterparts in Russia and China, which benefit from government support and financial backing.

The geopolitical ambitions of the nuclear powers and economic appetites of nuclear energy firms exploit the desire of developing nations to join the nuclear club in pursuit of prestige, economic benefits, and energy security. Growing international competition between established nuclear powers promoting their reactors encourages buyers to choose less expensive products in preference to safer ones. The desire to reduce the cost of nuclear projects on the part of the state bureaucracies helps the state-backed technology companies to gain market share.11

The thirst for nuclear power and energy derived from it remains strong, especially among countries that already have nuclear facilities. This is true even of the countries that have suffered most from nuclear industry accidents—Japan, Belarus, and Ukraine. In Japan, after the shutdown of all reactors, a significant number were reconnected to the grid. In Belarus, which suffered the most from the Chernobyl disaster, public enthusiasm for nuclear power is growing, as the country’s first nuclear power plant went critical in June 2021 amid protests from neighboring Lithuania. In Ukraine, the parliament reversed its own decision to become nuclear-free, and today Ukraine derives about half its electricity from nuclear reactors. Plans to construct an additional eleven units have been discussed but not enacted to date. In February 2022, at the start of the all-out Russo-Ukrainian war, the Russian military occupied the Chernobyl exclusion zone and kept the Ukrainian personnel working there hostage. The movement of the Russian tanks disturbed radioactive dust and caused an increase in the levels of radiation, raising alarms all over the world.12

The old risks associated with nuclear energy are supplemented today by the new ones. Climatic concerns, reductions of hydroelectric power because of climate change, scarcity of energy resources, along with geopolitical ambitions propel Middle East and Africa as new nuclear frontiers. Some of these regions are highly unstable politically, which adds to the risks inherent in the nuclear industry. We now have to deal with a new set of threats to the nuclear industry associated with the rise of international and domestic terrorism in its traditional forms and the new cyber terrorism, as well as the possibility of cyber wars that might include attacks on nuclear power plants.

With many old risk factors remaining and the emergence of new ones, it is hard to be optimistic about a future free of nuclear accidents. A basic unresolved issue is the design of reactors, which stems from military prototypes intended either to produce plutonium or to power nuclear submarines. Another major problem is disposal of spent fuel, which at this point is being passed on to future generations for a solution. The rapid expansion of nuclear power plants, advocated as a way of dealing with climate change, will increase the probability of accidents. While new technology will help to avoid some of the old pitfalls, it will also bring new risks associated with untried reactors and systems.

The new generation of reactors promised by Bill Gates and his company Terra Power are still at the computer stimulating stage and years away from being constructed. Gates’s claim that for this new generation of the reactors, “accidents would literally be prevented by the laws of physics” can’t be taken without a grain of salt. As James Mahaffey, one of the historians of nuclear accidents most sympathetic toward the nuclear industry, has observed, “Trying to build something that will work perfectly for all time is a noble goal, but it is simply impossible.”13

As we face the growing challenge of climate change today, we must choose how to commit time, money, and resources. The choice we are offered is between renewable and nuclear energy, although the latter is usually suggested as a mere addition to renewables. Both choices are risky, but for different reasons and to different degrees. With renewables, we will be betting on science and technology to deliver, in time, batteries powerful enough to store energy derived from that source. It is a risk, but one that does not come with the danger of destroying the environment to the extent of those nuclear accidents of the past.

The risk of increasing dependence on nuclear power is that we might not be able to build enough reactors in time to stop or significantly mitigate climate change, while putting ourselves and the environment in jeopardy. It is too costly and takes too long to build a reactor, and it is inherently unsafe not only for technological reasons, but also because of the risk of human error. Investing money in nuclear energy today means reducing the development of renewables, without which even the proponents of nuclear power do not believe we can solve the crisis.

Many of the political, economic, social, and cultural factors that led to the accidents of the past are still with us today, making the nuclear industry vulnerable to repeating old mistakes in new and unexpected ways. And any new accidents are certain to create new antinuclear mobilization. While major accidents are always local and occur within particular national jurisdictions, their consequences are invariably international. Even if the radioactive plume does not cross international borders, information does, producing protests and antinuclear movements across political cultures. Such movements are no longer limited to the West or to democratic societies alone, as the reaction to Chernobyl in the USSR and Fukushima in China has demonstrated. A new accident would arrest the development of the nuclear industry for at least another twenty years, defeating all hope that it could deliver enough electricity to stop climate change. This makes the nuclear industry not only risky to operate but also impossible to count on as a long-term solution to an overwhelming problem.

If nuclear power is not a safe option for the future, what should we do about the industry that we already have? Here, the challenge will be to strengthen oversight of existing nuclear facilities, increase security and safety of rapidly aging nuclear power plants, and invest resources to achieve those goals. We cannot afford to lose the more than 10 percent of world electricity produced with little or no carbon emission and fill the gap with fossil fuels that will create more greenhouse gases. Nor can we abandon the industry to its current state of economic hardship, because that would only mean inviting the next accident sooner rather than later. As Gregory Jaczko, one of the most prominent critics of the nuclear industry, has suggested, “It is necessary to ensure that the autumn years of nuclear power pass with as few incidents as possible.” The world has suffered enough accidents during the industry’s spring and summer years to be allowed to survive its autumn years without major calamities.14
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been estimated at 1.1 millisieverts (mSv), a unit measuring
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