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The nuclear disaster in Fukushima shocked the world tremendously. The call to pull out of

nuclear energy is getting louder – and more often than not by politicians trying to lure the

favour of voters. Through the media there are half-truths and false information floating about

the global consequences of the disaster and sensational prognoses for the future, all of which

are in turn unsettling for the general public. Are the opposers to nuclear energy playing with the

fear of the public or is the threat real? This book tells, in a captivating manner – authenticated

with examples and incidents not known by many – what the threat for the area actually looks

like. They confront the level of truth in the frightening scenarios and inform about the situation

in case of emergency. Furthermore, they examine factors that preceded the disaster and

broach the subject of the incredible hunger for energy, which dominates the world and

continues to drive the commercial use of nuclear energy. Also the ghost of Chernobyl and its

aftermath, which has been dismissed from our minds, is re-examined based on current

knowledge. The book impresses with insider know-how, latest detailed knowledge, amazing

facts and an entertaining narrative style.
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IntroductionOn March 11, 2011 an earthquake that measured 9.0 on the Richter scale shook

the east coast of Japan. The consequences of the earthquake and the tsunami it caused

shocked the world. The resulting nuclear accident at the Fukushima Daiichi nuclear plant was

in the news and media around the clock. Between contradictory news from Japan and news

that couldn’t be interpreted clearly, it wasn’t easy to determine the facts. For a long time, only a

few people understood what really happened. But many people want to understand. A group of

professors, graduates and students from the Technical Universities in Graz and Vienna took on

the task of answering questions from concerned and interested citizens via telephone and

email as far as was possible in the framework of the project. After several work-intensive weeks

in the Information Centre at the Atomic Institute at the TU Vienna, something began to

crystallise; most of the fear people felt during that period was the result of a lack of information.

Primarily, it is an emotional discussion instead of a fact-based discussion which quickly

became clear that it is necessary to teach people about the topic of nuclear energy and

radioactivity in a comprehensible manner. Knowledge combats fear.In April of 2011, Prof. DI Dr.

Helmuth Böck was approached as the chairman of the Austrian Nuclear Society in his capacity

as an expert for the International Atomic Energy Agency and a lecturer for reactor safety at the

TU Vienna with the project of writing a book, based on the current events, about the often

vaguely presented economic, physical and historical connections on the topic of nuclear

energy. Helmuth Böck delegated this task to two of his colleagues, DI Michael Gerstmayr and

DI Eileen Radde. In their opinion, it was a good opportunity to pass on the knowledge gathered

by the Information Centre to the general public in the form of a book.Mr. Gerstmayr and Ms.

Radde first created a concept and selected a team of colleagues from the info center who were

commissioned with writing individual portions of the book.You are holding that book in your

hands and we hope we have been successful in presenting this fascinating subject.In the

following chapters, a variety of questions will be addressed. We would like to take a closer look

at the accident in Fukushima and present what happened, whether it could have been

prevented and what the future might look like.Of course, these assessments of the situation at

the Fukushima Daiichi nuclear plant are based on certain assumptions. What actually

happened, in detail, probably won’t be entirely clear for many years. Still, we think that our

opinions are more founded on reality than most of those in the public media due to the broad

spectrum of knowledge of those who helped us and our experience.The situation in Fukushima

Daiichi can and will continue to change; therefore our estimation is to be viewed as a



snapshot.We would also like to discuss the core of the problem: the enormous power

consumption in the industrialised nations. Without this high level of consumption, several

problems wouldn’t even exist. To satisfy this hunger for energy, nuclear power plants were built

in Europe and other parts of the world. Austria is one of the few countries in Europe that does

not produce nuclear energy commercially. We are taking a look beyond our borders to see how

our neighbouring countries handle the question of nuclear energy.The ghost of Chernobyl still

haunts many people today. Many steps that need to be taken in case of an accident in order to

ensure the highest level of public safety were unclear back then. To prevent this confusion, the

topic of a possible beyond designed based accident on the Austrian border will also be

discussed. What measures need to be taken? What is the risk to our health in case of a reactor

accident? Who is especially at risk and how well prepared are the individually affected nations

for a serious accident? What will life look like afterwards? These and many other relevant

questions will also be answered.Another topic that is also very current will also be discussed.

Namely, the withdrawal from using nuclear energy. How realistic is that? How would it affect

energy prices? Will it be possible to keep CO2 emissions low to reduce climate change? What

are the alternatives for energy production and how good are they?It is our intent to answer your

questions and we hope that you will ask even more questions after you have read this book.

For this is a very dynamic topic in which several factors play a role. It is not possible to cover

the entire subject in one book. You may not find many details that you might be looking for in

this book, but you may find others that you didn’t know yet. Because of how dynamic the

subject is, we would also like to clarify that the book is based on facts and data from July 2011,

including some changes in July 2012.With this book, we hope to offer you an interesting look at

a world that only a few people understand, but that surrounds and affects us all every day.

Chapter 1Japan – Catastrophic Circumstances Lead to New DiscussionsThousands of years

ago, our time was primarily dedicated to survival. Today, humans like to forget that far back

from the recliner in front of the TV, as all forms of life have to withstand nature.Sendai, March

11, 2011. It is a day like any other and Japan is slowly beginning to wake up from its winter

hibernation. Shortly after 2:00pm, the people there are going about their daily lives. White-

haired men are drinking tea and playing Go in one of the countless clubs, the fishermen are

hoping for a good catch and children are doing their best to pass their classes in the

competitive Japanese school system.The nuclear power plant Fukushima Daiichi Unit4 has

been shut down for routine maintenance and a German team from Areva is performing a

material test procedure. Everything seems quiet, almost peaceful. No-one suspects that a

catastrophe is looming. But 70 hours later, these technicians would present their first-hand

experiences in Germany about an event that caused more concern here in Europe than the

fact that over15,000 Japanese would lose their lives as a consequence of the earthquake yet

to come.At 2:45 pm, the Tohuku earthquake rips Japan from its daily routine with a strength of

9.0. Even for the Japanese, who are no strangers to earthquakes, it is immediately clear: this

earthquake is formidable. It will shift the Earth’s axis by 16 cm, the Japanese mainland by 2.4

meters and trigger a massive tsunami – Japan will be plunged into chaos for months. The

German Areva team was in the Fukushima Daiichi Unit 4 control room which monitors

everything happening inside the NPP, at the time.When they returned to Germany, the

technicians were asked to describe their first thoughts during the earthquake using only two

words: sheer terror. They remained professional, but it is clear that the events of the past few

days have taken their toll on them. Visibly upset, they emphasise that it wasn’t certain that

everyone in their team would make it back to Germany. After the first terrifying seconds, one



thing quickly became clear: the fact that they are in an extremely robust, earthquake-safe

building during the catastrophe and are thus luckier than many Japanese people.The

earthquake early warning systems became operational; the so-called p-waves, weak

precursors to the main quake, are registered and immediately, eleven Units of the four affected

nuclear power plants go into emergency shutdown.The chain reaction, which could be

explained as a “nuclear fire” that keeps the nuclear power plants running, comes to a halt in the

plants as planned and the emergency electricity diesel generators start up. Damage is

determined in several places, but a catastrophe has been prevented. Even in the oldest

affected nuclear reactors, which are almost 40 years old, the fatal 9.0 earthquake can’t

override the safety measures.The situation probably looks the same in all of the Units: In the

control room, the shift supervisors are recovering from the initial shock, the damages are being

surveyed and the emergency protocols are being followed as prescribed. The operating

personnel constantly practice these kinds of situations in simulations. New tasks are arising

every minute; there is no time to be afraid. Even if every movement was perfect and everyone

worked together, the mood in a critical situation must have been eerie. One thing is certain: the

colleagues’ thoughts in that moment are constantly drifting back to their families affected by the

earthquake while they are on the front lines, battling to limit the damage of an already massive

natural catastrophe.Several minutes after the main earthquake, the Japanese Department of

Meteorology sends out a tsunami warning. Evacuation starts immediately in the Miyagi

Prefecture (comparable to a Federal State in Austria or county in Germany); waves of up to six

meters are expected. Iwate and Fukushima are to prepare for three meter waves and the rest

of the east coast of Japan for 0.5 meter waves.The reality paints a different picture. About an

hour after the main quake, Fukushima Daiichi is hit by an approximately 15 metre wave. Entire

stretches of land up to 10 km inland are completely destroyed and there are also reports of

waves of up 38 meters in Iwate. For weeks, we would see the images of formerly, sleepy

Japanese coastal cities that had been brutally torn apart by the water.Japan is overrun by the

full force of the Pacific Ocean. The protective dams at the nuclear plants in Fukushima Daiichi

are 5.7 meters high and the emergency electricity diesel generators lay dangerously close to

the ocean. The tsunami floods the entire area and, churned up by the collision with the first

buildings at the nuclear power plant, the wave even shoots up several meters above the reactor

halls. Several workers are unable to get to safety in time and lose their lives. While tens of

thousands of people fight for their lives in the tsunami, in Fukushima Daiichi, the last essential

safety systems are destroyed. 12 out of 13 emergency diesel generators for the plant are

flooded and are immediately destroyed beyond repair. Fukushima Daiichi is headed toward a

black-out situation and there is no way to stop it.The nuclear power plant personnel in the

control room must have watched with horror as almost all of the emergency diesel generators

failed within a few moments. But a nuclear power plant can’t be forced into an emergency

situation so easily. The systems in all of the units immediately switch to emergency batteries

which continue to supply the instrumentation and control systems, and among other things, the

steam-operated emergency cooling pumps.Tepco – Tokyo Electric Power Company, the

operating company that runs Fukushima Daiichi – also announces as this time that there is a

nuclear incident in Units1–3. The Fukushima Daiichi plant consists of six units. Units 4–6,

however, had been shut down for maintenance long before the earthquake. The emergency

cool-down pumps are able cool the reactor cores using the condensation chambers, but this

measure was only meant to be implemented temporarily. The direct release of heat into the

ocean is no longer possible, the condensation chambers slowly heat up and the emergency

batteries are only designed for approximately eight hours of operation. The clock is ticking and



the nuclear plant personnel finds itself alone and dealing with a number of reactors that are

closer and closer to approach a core melt in the middle of a completely devastated region

without any infrastructure or hope.But what is actually so dangerous about a black-out situation

in a nuclear power plant? The safety measures in a nuclear power plant are supposed to

ensure that no uncontrolled radioactive material escapes from the plant and into the

environment. To guarantee this, the chain reaction must be kept under control at all times

because an uncontrolled chain reaction would likely lead to the destruction of the safety

barriers. However, the fuel elements, the fuel used in nuclear power plants, are still highly

radioactive after the chain reaction. This radioactivity continues to produce heat. That is the

second factor that has to be kept under control. Immediately after the chain reaction is

stopped, approximately 7% of the output power remains and that absolutely must be removed.

Otherwise, the fuel elements will overheat and melt, which can also lead to damage to the

barriers between the radioactive materials and the environment and to a loss of control over

the chain reaction. In addition to the fuel elements potentially melting, the heat also causes the

pressure in the cooling system to increase. The containment, the hermetically sealed safety

containers around the reactor pressure vessel, can begin to leak or burst due to this.These so-

called residual decay heat decreases exponentially, i.e. at the beginning very quickly and then

it slows as the process continues. One hour after shutting down the reactor, the residual output

power drops from 7% to approximately 2%, after two days, however, it is still around 0.5%. This

heat must also be continuously removed. In a functioning system, the cooling water is cooled

down below 100 degrees Celsius after a few days and the reactor can be opened without risk.

But the powerful cooling system that performs this task requires power. A lot of power. A

nuclear power plant uses approximately 5–6% of its power production for its own systems,

most of which is for the main cooling pump.Back to Fukushima Daiichi: Less than an hour after

the tsunami, additional problems are registered in Units 1 and 2. In Unit 1, all of the batteries

have been damaged by the flood and are losing power quickly. For Unit 2, the information is still

contradictory. Probably, a part of the emergency supply system had failed but had been

replaced by one of the auxiliary systems.Shortly after, the steam-operated emergency cooling

system in Unit 1 fails completely and switches to a small emergency capacitor above the

reactor. The personnel in the control room know all too well that this system would soon fail too.

They also know that a dangerous race against time has started. The power plant personnel is

sitting on a ticking time bomb and does everything humanly possible to keep the reactor stable.

The emergency check lists are run through, the error notifications analysed and the numerous

emergency systems are tested for functionality. It is impossible for the workers to get the

system under control alone. They have to hope that their colleagues will somehow restore the

power supply. The chain reaction has stopped in all of the plants; now the battle against the

residual decay heat begins. If it can’t be discharged, it will lead to damage to the reactors and

the release of radioactivity.At around 9 pm on March 11, the first evacuations are ordered and

everything is done to fly mobile generators and new emergency electricity batteries into the

catastrophically devastated prefecture.In the early morning hours on the day after the big

quake, the workers desperately try to get the energy supply running again using the flown-in

mobile generators; while in Unit 1 the pressure in the reactor pressure vessel is increasing

dangerously. There are problems with the electricity; the generators were configured for the

wrong type of two possible types of electric grid used in Japan. But every now and again, they

have some small successes: damages are repaired, replacement systems are activated and

several systems in the plant prove to be more robust than originally believed.Tepco prepares to

release pressure from the reactor pressure vessels in Units 1–3 into their respective



containment building to prevent the steel lines from bursting due to high pressure. But the

containment building can only accept a certain amount of steam. Shortly thereafter, the

containment is supposed to be relieved and then, as a last resort, controlled, limited amounts

of radioactive steam are released into the environment. That is supposed to protect the

buildings and prevent a complete, uncontrolled escape of radioactivity.In the early afternoon,

local time, approximately one day after the earthquake, the relief of Unit 1 begins. The situation

is tense, but orderly; several minutes before, the Japanese Minister President visited the

damaged reactors. The radiation values increase around the plant, but that was expected. They

would decrease soon. Unit 2 can be connected to the mobile generators; the water level in the

reactor core is lower than it should be, but the steam-operated cooling system is working. For

the first time, the situation seems to easing but it is still very serious. The emergency measures

are desperate, but they are working.3:04 pm – While workers are still trying to connect Unit 1

to the generators, the batteries finally run out: Not even the displays that provide information

about the status of the reactor are working. Unit 1 is now completely on its own.3:36 pm – One

hour after the relief, a gigantic explosion blows the roof off of Unit 1; the entire plant is

enveloped in smoke. Horror and dismay reign; by now the entire world has turns its attention

toward Fukushima. Four workers suffer minor injuries. Everyone wonders what had happened

because the reactors had been shut down. Hydrogen had collected between the containment

and the roof, ignited and completely destroyed the industrial hall over the containment vessel. It

looks like the upper half of the nuclear power plant is completely gone; only a steel frame

remains. Hydrogen is generated in most nuclear power plants as a byproduct and is highly

explosive when combined with oxygen. The containment vessel, according to the government,

is mostly intact; in contrast to the reactor hall, it is of very stable construction, comparable with

an anti-aircraft tower. However, the cooling pond, a vessel for spent fuel elements, is now

practically in the open air, since it is outside of the containment building.There isn’t much time

to think. Shortly after the explosion, the capacity of the batteries in Unit 3, after 26 hours of

operation, is also no longer sufficient to completely maintain the steam-operated emergency

cooling system. The water level is decreasing and soon, the fuel rods in Unit 3 would probably

also be partially exposed as they already were in Unit 1. Without water, the fuel elements heat

up dangerously and the production of hydrogen increases. In addition, the core has started to

melt – a massive threat to the integrity of the reactor pressure vessel. The melted fuel

elements reach extremely high temperatures which destroys the pressure vessel and thus the

radioactive material breached a significant barrier on the path to the environment. There had

been situations in which a pressure vessel had been able to hold back the molten core and

thus prevent a release, but they aren’t designed for cases like this. No-one knew whether and

for how long the reactor pressure vessel in Fukushima could retain a molten core.Due to the

explosion and the unclear situation, widespread evacuations are now ordered in a radius of 20

km and, where necessary, the reactor is to be cooled using seawater via fire extinguishing

lines. That would help prevent the cores from melting down or to re-stabilise them and throttle

the dangerous hydrogen production, but it also results in other problems.

Chapter 1Japan – Catastrophic Circumstances Lead to New DiscussionsThousands of years

ago, our time was primarily dedicated to survival. Today, humans like to forget that far back

from the recliner in front of the TV, as all forms of life have to withstand nature.Sendai, March

11, 2011. It is a day like any other and Japan is slowly beginning to wake up from its winter

hibernation. Shortly after 2:00pm, the people there are going about their daily lives. White-

haired men are drinking tea and playing Go in one of the countless clubs, the fishermen are



hoping for a good catch and children are doing their best to pass their classes in the

competitive Japanese school system.The nuclear power plant Fukushima Daiichi Unit4 has

been shut down for routine maintenance and a German team from Areva is performing a

material test procedure. Everything seems quiet, almost peaceful. No-one suspects that a

catastrophe is looming. But 70 hours later, these technicians would present their first-hand

experiences in Germany about an event that caused more concern here in Europe than the

fact that over15,000 Japanese would lose their lives as a consequence of the earthquake yet

to come.At 2:45 pm, the Tohuku earthquake rips Japan from its daily routine with a strength of

9.0. Even for the Japanese, who are no strangers to earthquakes, it is immediately clear: this

earthquake is formidable. It will shift the Earth’s axis by 16 cm, the Japanese mainland by 2.4

meters and trigger a massive tsunami – Japan will be plunged into chaos for months. The

German Areva team was in the Fukushima Daiichi Unit 4 control room which monitors

everything happening inside the NPP, at the time.When they returned to Germany, the

technicians were asked to describe their first thoughts during the earthquake using only two

words: sheer terror. They remained professional, but it is clear that the events of the past few

days have taken their toll on them. Visibly upset, they emphasise that it wasn’t certain that

everyone in their team would make it back to Germany. After the first terrifying seconds, one

thing quickly became clear: the fact that they are in an extremely robust, earthquake-safe

building during the catastrophe and are thus luckier than many Japanese people.The

earthquake early warning systems became operational; the so-called p-waves, weak

precursors to the main quake, are registered and immediately, eleven Units of the four affected

nuclear power plants go into emergency shutdown.The chain reaction, which could be

explained as a “nuclear fire” that keeps the nuclear power plants running, comes to a halt in the

plants as planned and the emergency electricity diesel generators start up. Damage is

determined in several places, but a catastrophe has been prevented. Even in the oldest

affected nuclear reactors, which are almost 40 years old, the fatal 9.0 earthquake can’t

override the safety measures.The situation probably looks the same in all of the Units: In the

control room, the shift supervisors are recovering from the initial shock, the damages are being

surveyed and the emergency protocols are being followed as prescribed. The operating

personnel constantly practice these kinds of situations in simulations. New tasks are arising

every minute; there is no time to be afraid. Even if every movement was perfect and everyone

worked together, the mood in a critical situation must have been eerie. One thing is certain: the

colleagues’ thoughts in that moment are constantly drifting back to their families affected by the

earthquake while they are on the front lines, battling to limit the damage of an already massive

natural catastrophe.Several minutes after the main earthquake, the Japanese Department of

Meteorology sends out a tsunami warning. Evacuation starts immediately in the Miyagi

Prefecture (comparable to a Federal State in Austria or county in Germany); waves of up to six

meters are expected. Iwate and Fukushima are to prepare for three meter waves and the rest

of the east coast of Japan for 0.5 meter waves.The reality paints a different picture. About an

hour after the main quake, Fukushima Daiichi is hit by an approximately 15 metre wave. Entire

stretches of land up to 10 km inland are completely destroyed and there are also reports of

waves of up 38 meters in Iwate. For weeks, we would see the images of formerly, sleepy

Japanese coastal cities that had been brutally torn apart by the water.Japan is overrun by the

full force of the Pacific Ocean. The protective dams at the nuclear plants in Fukushima Daiichi

are 5.7 meters high and the emergency electricity diesel generators lay dangerously close to

the ocean. The tsunami floods the entire area and, churned up by the collision with the first

buildings at the nuclear power plant, the wave even shoots up several meters above the reactor



halls. Several workers are unable to get to safety in time and lose their lives. While tens of

thousands of people fight for their lives in the tsunami, in Fukushima Daiichi, the last essential

safety systems are destroyed. 12 out of 13 emergency diesel generators for the plant are

flooded and are immediately destroyed beyond repair. Fukushima Daiichi is headed toward a

black-out situation and there is no way to stop it.The nuclear power plant personnel in the

control room must have watched with horror as almost all of the emergency diesel generators

failed within a few moments. But a nuclear power plant can’t be forced into an emergency

situation so easily. The systems in all of the units immediately switch to emergency batteries

which continue to supply the instrumentation and control systems, and among other things, the

steam-operated emergency cooling pumps.Tepco – Tokyo Electric Power Company, the

operating company that runs Fukushima Daiichi – also announces as this time that there is a

nuclear incident in Units1–3. The Fukushima Daiichi plant consists of six units. Units 4–6,

however, had been shut down for maintenance long before the earthquake. The emergency

cool-down pumps are able cool the reactor cores using the condensation chambers, but this

measure was only meant to be implemented temporarily. The direct release of heat into the

ocean is no longer possible, the condensation chambers slowly heat up and the emergency

batteries are only designed for approximately eight hours of operation. The clock is ticking and

the nuclear plant personnel finds itself alone and dealing with a number of reactors that are

closer and closer to approach a core melt in the middle of a completely devastated region

without any infrastructure or hope.But what is actually so dangerous about a black-out situation

in a nuclear power plant? The safety measures in a nuclear power plant are supposed to

ensure that no uncontrolled radioactive material escapes from the plant and into the

environment. To guarantee this, the chain reaction must be kept under control at all times

because an uncontrolled chain reaction would likely lead to the destruction of the safety

barriers. However, the fuel elements, the fuel used in nuclear power plants, are still highly

radioactive after the chain reaction. This radioactivity continues to produce heat. That is the

second factor that has to be kept under control. Immediately after the chain reaction is

stopped, approximately 7% of the output power remains and that absolutely must be removed.

Otherwise, the fuel elements will overheat and melt, which can also lead to damage to the

barriers between the radioactive materials and the environment and to a loss of control over

the chain reaction. In addition to the fuel elements potentially melting, the heat also causes the

pressure in the cooling system to increase. The containment, the hermetically sealed safety

containers around the reactor pressure vessel, can begin to leak or burst due to this.These so-

called residual decay heat decreases exponentially, i.e. at the beginning very quickly and then

it slows as the process continues. One hour after shutting down the reactor, the residual output

power drops from 7% to approximately 2%, after two days, however, it is still around 0.5%. This

heat must also be continuously removed. In a functioning system, the cooling water is cooled

down below 100 degrees Celsius after a few days and the reactor can be opened without risk.

But the powerful cooling system that performs this task requires power. A lot of power. A

nuclear power plant uses approximately 5–6% of its power production for its own systems,

most of which is for the main cooling pump.Back to Fukushima Daiichi: Less than an hour after

the tsunami, additional problems are registered in Units 1 and 2. In Unit 1, all of the batteries

have been damaged by the flood and are losing power quickly. For Unit 2, the information is still

contradictory. Probably, a part of the emergency supply system had failed but had been

replaced by one of the auxiliary systems.Shortly after, the steam-operated emergency cooling

system in Unit 1 fails completely and switches to a small emergency capacitor above the

reactor. The personnel in the control room know all too well that this system would soon fail too.



They also know that a dangerous race against time has started. The power plant personnel is

sitting on a ticking time bomb and does everything humanly possible to keep the reactor stable.

The emergency check lists are run through, the error notifications analysed and the numerous

emergency systems are tested for functionality. It is impossible for the workers to get the

system under control alone. They have to hope that their colleagues will somehow restore the

power supply. The chain reaction has stopped in all of the plants; now the battle against the

residual decay heat begins. If it can’t be discharged, it will lead to damage to the reactors and

the release of radioactivity.At around 9 pm on March 11, the first evacuations are ordered and

everything is done to fly mobile generators and new emergency electricity batteries into the

catastrophically devastated prefecture.In the early morning hours on the day after the big

quake, the workers desperately try to get the energy supply running again using the flown-in

mobile generators; while in Unit 1 the pressure in the reactor pressure vessel is increasing

dangerously. There are problems with the electricity; the generators were configured for the

wrong type of two possible types of electric grid used in Japan. But every now and again, they

have some small successes: damages are repaired, replacement systems are activated and

several systems in the plant prove to be more robust than originally believed.Tepco prepares to

release pressure from the reactor pressure vessels in Units 1–3 into their respective

containment building to prevent the steel lines from bursting due to high pressure. But the

containment building can only accept a certain amount of steam. Shortly thereafter, the

containment is supposed to be relieved and then, as a last resort, controlled, limited amounts

of radioactive steam are released into the environment. That is supposed to protect the

buildings and prevent a complete, uncontrolled escape of radioactivity.In the early afternoon,

local time, approximately one day after the earthquake, the relief of Unit 1 begins. The situation

is tense, but orderly; several minutes before, the Japanese Minister President visited the

damaged reactors. The radiation values increase around the plant, but that was expected. They

would decrease soon. Unit 2 can be connected to the mobile generators; the water level in the

reactor core is lower than it should be, but the steam-operated cooling system is working. For

the first time, the situation seems to easing but it is still very serious. The emergency measures

are desperate, but they are working.3:04 pm – While workers are still trying to connect Unit 1

to the generators, the batteries finally run out: Not even the displays that provide information

about the status of the reactor are working. Unit 1 is now completely on its own.3:36 pm – One

hour after the relief, a gigantic explosion blows the roof off of Unit 1; the entire plant is

enveloped in smoke. Horror and dismay reign; by now the entire world has turns its attention

toward Fukushima. Four workers suffer minor injuries. Everyone wonders what had happened

because the reactors had been shut down. Hydrogen had collected between the containment

and the roof, ignited and completely destroyed the industrial hall over the containment vessel. It

looks like the upper half of the nuclear power plant is completely gone; only a steel frame

remains. Hydrogen is generated in most nuclear power plants as a byproduct and is highly

explosive when combined with oxygen. The containment vessel, according to the government,

is mostly intact; in contrast to the reactor hall, it is of very stable construction, comparable with

an anti-aircraft tower. However, the cooling pond, a vessel for spent fuel elements, is now

practically in the open air, since it is outside of the containment building.There isn’t much time

to think. Shortly after the explosion, the capacity of the batteries in Unit 3, after 26 hours of

operation, is also no longer sufficient to completely maintain the steam-operated emergency

cooling system. The water level is decreasing and soon, the fuel rods in Unit 3 would probably

also be partially exposed as they already were in Unit 1. Without water, the fuel elements heat

up dangerously and the production of hydrogen increases. In addition, the core has started to



melt – a massive threat to the integrity of the reactor pressure vessel. The melted fuel

elements reach extremely high temperatures which destroys the pressure vessel and thus the

radioactive material breached a significant barrier on the path to the environment. There had

been situations in which a pressure vessel had been able to hold back the molten core and

thus prevent a release, but they aren’t designed for cases like this. No-one knew whether and

for how long the reactor pressure vessel in Fukushima could retain a molten core.Due to the

explosion and the unclear situation, widespread evacuations are now ordered in a radius of 20

km and, where necessary, the reactor is to be cooled using seawater via fire extinguishing

lines. That would help prevent the cores from melting down or to re-stabilise them and throttle

the dangerous hydrogen production, but it also results in other problems.Japan holds its

breath. The battle is waged using all available resources. The plant is now contaminated,

emitting radiation, and the employees have to prevent the completely unclear situation from

worsening; equipped with protective clothing and radiation detectors. The employees try to put

the explosion out of their minds for a few moments so they can finish their jobs. But when

working in protective clothing in the open air, one is constantly reminded that something is very

wrong. Despite massive fears that the salt in the seawater might further exacerbate the

situation depending on the reactor status, they now start supplying that same seawater and

finally releasing pressure to keep the plants stable until the normal cooling system is available

again.But two days later, Unit 3 explodes, apparently, it is even worse than Unit 1. The cause is

the same; a hydrogen explosion between the containment vessel and the roof. The

containment vessel, according to the government, is still mostly intact. Immediately, a sluice

several square metres large is opened under the roof in the reactor hall in Unit 2 to prevent a

hydrogen explosion like the ones in the other two Units. That is unimaginable during normal

operation, but in this situation, it is justified. All three Units are now being provisionally cooled

by seawater. Almost 1,000 people are working on getting the damaged reactors under control

and reestablishing the external power supply. While people are working feverishly on Units 1–3,

it soon becomes clear that there is also a problem in Unit 4. Although it had already been shut

down before the accident and the reactors were even completely empty, Unit 4 exploded. In the

beginning the cause is thought to be overheated fuel elements in the cooling pond. The cooling

ponds is the interim storage for fuel elements. Spent fuel elements are kept here for a while

after they are removed from the reactors. ”After a thorough investigation, it soon becomes clear

that the explosion was triggered by the hydrogen produced in unit 3. Unit 3 and 4 are

connected through pipes, and hydrogen can leak from one unit to the other. First images of the

spent fuel pool of unit 4 didn’t show any major damages on the fuel elements.While in Unit 2,

new problems are arising, a decision is made which once again draws international attention.

Ten thousand soldiers help the badly devastated coastal regions and try to save what can be

saved. In Fukushima, however, the entire plant staff is pulled out. Only a group of 50 volunteers

stay behind. Together with a fire department unit and a civil defense unit, they try to keep the

cooling system running. Those are the famous Fukushima 50 who battled the damaged

reactors practically on their own; fighting for Japan’s future. There are only a handful of people

per power plant – this step equates to capitulation. Until now, the wind had been favorable, the

high activities that were released during the emergency discharges have been largely

dispersed over the Pacific, but several days after the accident, the wind turns in the direction of

Tokyo. Now the catastrophe has Japan tightly in its grip and the actions being taken at the

remaining power plants aren’t enough to maintain the power supply. There are black-outs in

Tokyo and also the first fallout, radioactive contamination, advances toward the capitol.The

deployed forces hold their position under the worst conditions. Around the plants several



metres of rubble are accumulated; it is extremely difficult to supply food and the region is

heavily contaminated. The volunteers have to spend the night in a cramped, provisional hall;

they sleep under lead blankets. In the evening, everyone gets a bottle of water and a meager

food ration and during their shift, they can’t eat or drink. Every day, there is a meeting to

discuss the situation, otherwise they eat in silence and go to bed to save their last bits of

strength. Only after the meeting do they stand together and call upon the “Ganbare” or,

perseverance, which runs through their Japanese veins.And they have to, for months later, the

situation was still precarious. For a long time, they have to fight alone. The troop is finally

restocked and the logistic situation only improves slowly. When the connection to the electrical

mains is mostly reestablished after several weeks, the situation improves slightly; at least

sufficient lighting and the instruments in the plants have been restored. However, the

provisional cooling of the plants with seawater and later fresh water has caused other

problems. Portions of the water are highly contaminated and have escaped into the ocean via

leaks in a cable trough. In addition, the heavily radiation emitting water prevents the repair work

in the plants. It has to be pumped out in a lengthy process before the personnel can continue

repairing the plants without being exposed to high levels of radiation.Two months after the

catastrophe, the situation appears to have calmed down. The two operating companies, which

have appeared somewhat lost until this point, present their first plan for how they intend on

finally getting the plant under control within the next three to six months. It will be years until

the exact details of the events have been properly reconstructed and the reactor vessels cover

can be opened. But even if Fukushima Daiichi is an expanse of rubble; they seemed to have

survived the worst. Radioactivity will continue to escape, but the amounts are within limits.

There will be many discussions, but the radiation health effects of the ionized radiation, or

radioactivity, will remain minimal – Japan has once again got off fairly lightly. At least with

regards to its nuclear power plants.A few months after the accident at Fukushima, all of these

terms keep buzzing around in our head – microsievert, millisievert, dose, contamination. Many

numbers, units and boundary values are being juggled around without ever being explained.

What do dose and contamination mean? At what level does radiation become dangerous? Can

I protect myself?Radiation is natural. It constantly surrounds us and we can’t escape it and if

we can, then only with great difficulty. We voluntarily expose ourselves to additional sources of

radiation such as x-rays or computer tomographies and don’t care about it. The average

person is exposed to an average dose of 3–4 millisieverts per year. A millisievert is the unit or

the name of the dose. Every physical unit has a name, radiation is described using sieverts.

But since a sievert is a very large unit, we call a thousandth of a sievert a millisievert and a

millionth of a sievert a microsievert.Radioactive materials emit energy into the environment and

transforms into other materials. They do this without external influence and we cannot stop,

accelerate or decelerate this process. This output is called radiation. Radioactive material

radiates like the sun. As it does, it is reduced, since the individual atoms decay. And after a

certain period of time, only half of the actual material is left. This period of time is called a half-

life.Each of these materials, called nuclides, has its own way of emitting radiation. And when it

does, another new material is always created. For example, uranium nucleus turns into

thorium, which is a completely different element. If one follows this process further, thorium

turns in to protactinium and that too decays and in the end, a stable product is left; in this case,

lead. Such radioactive materials are all around us all the time. They originate from cosmic and

terrestrial radiation, therefore, from the Big Bang itself. There are regions in the world,

depending on the soil composition, that have a significantly higher so-called background

radiation than others. In several parts of Brazil and the Sudan, the levels are approximately 10



to 20 times higher than in Vienna as well as in the provinces of Kerala and Madras in India. But

there are regions, such as in Iran, where the annual dose reaches the defined limit value for

workers in Fukushima! In Vienna, we are exposed to approx. 1.5 millisieverts per year from

natural background radiation and 1–2 millisieverts from medical applications. The level of

radiation a material emits can be explained based on two different variables: either based on

the so-called dose rate (how much does the material radiate over a period of time?) or based

on the activity data (how many atoms of this material decay per second?). Here, we can use a

comparison to a car: If I drive faster, I use more fuel and the tank empties faster. Applied to the

activity, that means: The material is more active, but it decays faster.But at what levels does

radiation become dangerous? Is a slight increase dangerous or is it dangerous when a

singular, but powerful burst of radiation occurs? There is a clear boundary for this. We

differentiate between types of damage that occur immediately and that can be directly

connected to radiation and so-called random damage. Such random damage cannot be

directly connected to radiation and can appear a long time after irradiation and are the root of

most misunderstandings and fears with regards to radiation. The immediate and direct

damages have a clear boundary: A change in the blood is only detected starting at a single

dose of radiation of 250 millisievert.And what if someone is exposed to a higher dose? Do they

die immediately? The human body is a relatively robust construction and it has good repair

mechanisms. But at a dose of a whole sievert, that is 100,000 times the dose that we get every

day, radiation sickness occurs. This leads to nausea and vomiting and the body doesn’t recover

for several days. The nausea may return and there may be a lack of appetite. The higher the

dose received above one sievert, the more severe the radiation sickness. Hair loss and skin

irritation occur and men can suffer from short-term sterility. The recuperation periods are

longer. Starting at a dose of four to five sieverts, the probability is 50% that the affected person

will die. Other living beings, for instance rats or rabbits, can receive a dose of six to eight

sieverts with a death rate of 50% and a bat 150 sieverts. But there are far more sensitive

creatures such as goats and pigs. The reason for the different levels of sensitivity has not been

sufficiently clarified. In plants, it has been determined that this phenomenon has to do with the

content of the cell nuclei: The more different components there are in a cell nucleus, the more

complicated the cell nucleus is and the more sensitively the entity reacts to radiation. However,

one should avoid transferring that theory 100% from plants to animals.All of these values apply

for immediate damage, but there are also effects of radiation that are not immediately

apparent. These incidental damages that can damage a cell, don’t appear until years later,

mainly in the form of cancer. But here too, proceed with the greatest of caution. It isn’t easy to

make a definitive statement about this. Scientists have been arguing for years about the

connection between an increased dose and an increased risk of cancer. What is clear is that

from a threshold value of approx. 100 millisieverts, the risk of cancer increases, the higher the

dose is. This risk increases by a half of a percentage point which is minimal compared to the

natural risk of getting cancer. The latter is 20%.Of course, the consequences of radiation

shouldn’t be downplayed, but let’s turn our focus back to the workers at Fukushima. Two of

them entered a severely contaminated area without sufficient protective clothing. They ignored

the warnings on their radiation gauges (dosimeter) although they always carried them for their

own safety. Due to this, they suffered burns on their legs similar to severe sunburn. A person’s

arms and legs are, however, significantly less sensitive to radiation than the rest of the body.

Other than the doubtless very painful skin damage, these two workers will not suffer any

further damages.20000 workers were stationed at the Fukushima Daiichi plant in the first ten

months after the accident. 200 of those received doses over 100 mSv. Six workers of the



20000 received doses over the statuatory limit of 250 mSv set by the Japanese Government.

Their doses were between 300 and 680 mSv, which means their lifetime cancer risk will

increase between 3 and 7 %.Below the threshold value of 100 millisieverts, it is not possible to

prove that the risk of cancer increases with the dose. It is, therefore, not possible to provide

reliable information. We can, however, be sure of one thing: The risk of cancer does not

increase with the increased dose if it is below a certain limit. The explanation for this is simple.

There are, as mentioned above, regions in the world where the natural background radiation is

much higher than it is on our latitude and there are regions where it is lower. If an increased

dose were to increase the risk of cancer, there would have to be higher cancer rates in those

areas. But that is not the case.Can one protect oneself from radiation? Or what can one protect

oneself from? One term is still missing from this explanation; one that affects the workers in

Fukushima, and everyone who works with radioactive materials: Contamination. As dangerous

as it sounds, this is actually something quite simple: dirt, dust, but, radioactive. A layer of dust

with radioactive particles that covers everything and emits radiation. But one can protect

oneself fairly easily.The workers in Fukushima battled on a variety of fronts, had to withstand

the most difficult conditions, were exposed to the radioactive hazards and the rubble and

buildings that aren’t that important for the safety of the power plant also posed a danger.

Buildings at a plant have different “earthquake safety” ratings. Of course, all of the structures

were designed to withstand a crisis, but the buildings that are most important for reactor safety

are constructed with a higher level of earthquake safety than the other buildings. The other

buildings or parts of them could collapse during aftershocks. Moreover, radiation emitting

particles were everywhere and the measuring instruments were constantly sounding alarms;

too often.One fundamental principle applies to all sources of radiation: ALARA – as low as

reasonably achievable. So, the first step is to move away from the source of the radiation. Just

like during an evacuation: get the population out of the hazard zone and don’t expose it to any

unnecessary radiation. But workers still have to work at the plant. In this case, the second

principle takes effect: as short as possible. At the end of their shifts, the workers are always

provided accommodation where they can rest and avoid additional exposure to the radiation

emitting particles. The two most important fundamental principles are: as short as possible and

as far away as possible.Still, one has to protect oneself from this contamination, this

radioactive dust. This was mainly necessary due to the explosions throughout the entire plant.

The workers tried to prevent this dust to spread out by spraying anti-dust spray on the rubble

and buildings. That helped and allowed the workers to work faster and explore areas to which

they didn’t have access in the beginning.
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