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Введение 
В настоящее время значительная часть электроэнергии во всем мире вырабатывается на атомных станциях. Ядерная энергетика становится наиболее перспективным направлением в развитии энергосистем в обозримом будущем. Результаты мировых исследований указывают на реальность создания достаточно надежных энергетических установок на ядерном топливе. В связи с этим в данной сфере возрастает потребность в квалифицированных специалистах с высоким уровнем формирования иноязычной коммуникативной компетенции для использования английского языка в профессиональной деятельности. 
Целью данного пособия является формирование иноязычной коммуникативной компетенции, а также формирование компетенций, необходимых для использования английского языка в учебной, научной и профессиональной деятельности. 
Основные задачи пособия: сформировать у студентов способность и готовность к речевой коммуникации в сфере «Атомной энергетики»; приобрести навыки чтения и перевода оригинальных текстов средней трудности с минимальным использованием словаря; научиться грамотно строить высказывание на английском языке, вести беседы на темы в профессиональной сфере «Ядерной энергетики». 
PART 1

UNIT 1
Energy industry
Useful language

Expressing certainty:
- I’m a hundred per cent certain …;
- I don’t think there can be any doubt about …;
- I’m positive;
- I’m quite sure about it.

Expressing uncertainty:
- I doubt it;
- I’m not sure about it;
- It’s very unlikely;
- I don’t believe this is true.

Put the phrases in the correct column Expressing certainty or Expressing uncertainty.
I don’t think there can be any doubt about …;
I don’t believe this is true;
I’m a hundred per cent certain that…;
I’m not sure about it;
I’m in two minds about it;
It goes without saying that…;
It’s very unlikely;
I’m quite sure about it;
I doubt it;
I’m positive.
Complete the phrases with the correct word.
1. I’m a hundred per cent c…… that working in the nuclear industry is the best decision of my life.
2. I don’t think there can be any d…. about the popularity of the anti-nuclear movement in the future.
3. It’s very u……. that we will use only alternative sources of energy in 10 years.
4. I don’t b…… this is true that people in the industry will earn less money in the future than they do now.
5. – Do you think that Russia will build 5 new nuclear power plants in 10 years?
5. – I’m quite s… about it.
6. It goes without s….. that nuclear power is important for the economy of the country.
7. I’m in two m…. about it.
nuclear /ˈnjuː.klɪər/
fission /ˈfɪʃ.ən/
The past of the industry
Our story begins in the last decade of 1800. Until that time, it was believed that atoms were indivisible. In 1897, Joseph John Thomson discovered what was later called an electron. He identified it as a part of an atom. Later, at the beginning of the 1930s, scientists discovered that the atom is made up of proton and neutron particles. In 1938, two German scientists, Otto Hahn and Fritz Strassmann, along with Austrian physicist Lise Meitner, discovered that they could split the nucleus of a uranium atom by bombarding it with neutrons using a process called fission. As the uranium nucleus split, some of its mass was converted to heat energy.

In 1942, Enrico Fermi and a group of physicists noticed the fission of one uranium atom gave off more neutrons. This, in turn, could split other uranium atoms, starting a chain reaction. They soon realised that enormous amounts of energy could be produced by this process of nuclear fission. Otto Hahn won the Nobel Prize for his discovery of nuclear fission, and Enrico Fermi received the Nobel Prize for creating the world's first nuclear chain reaction.

Nuclear fission was first used in the 1940s during World War II, which prompted more research into atomic energy. ln 1953, the first electricity was produced from nuclear fission at the National Reactor Station.

In 1954, the world’s first nuclear power station to generate electricity for a power grid was opened in the Soviet city of Obninsk.

Then, in 1955, Arco, Idaho, became the first US town to be powered by nuclear energy. In 1958, the first commercial nuclear power plant was opened in Beaver County, Pennsylvania.

Put the events in the correct order, placing the earliest one on top.
A. The discovery of nuclear fission.
B. The discovery of the electron.
C. The opening of the nuclear power station in the USSR.
D. The discovery of the proton and the neutron.
E. The opening of the nuclear power station in the USA.
F. The first use of the electricity generated from nuclear fission.
G. The creation of the first nuclear chain reaction.

Mark the sentences as True or False.
1. According to the speaker, the history of nuclear physics begins in the second half of the 19th century. 

2. Joseph John Thomson proved that atoms consisted of smaller parts. 

3. In 1938, two scientists discovered that they could split the nucleus of a uranium atom by bombarding it with neutrons using a process called fission. 

4. Enrico Fermi created the world’s first nuclear chain reaction. 

5. Nuclear fission was first used to produce electricity. 

6. The world’s first nuclear power station to generate electricity for a power grid was built in the USA. 

7. Beaver County, Pennsylvania, was the first US town to be powered by nuclear energy. 

Answer the following questions.
1. What other important facts do you know?

2. How important is the development of the nuclear industry for the world?

3. What does this industry mean for your country?

4. Why have you chosen this industry?

The present of the nuclear industry

Nuclear energy now provides about 10 % of the world’s electricity from about 450 power reactors.

Over 50 countries utilise nuclear energy in about 225 research reactors. In 2018, twelve countries produced at least one-quarter of their electricity from nuclear power. For example, France gets about 80 % of the country’s total electric power from its 58 operable nuclear reactors, while in the USA 20 % of generated electricity comes from its 97 operable nuclear reactors. Russia gets about 20 % of national electric power from nuclear power plants. The number for Canada is about 15 %. There are 19 reactors in Canada and 36 in Russia.

It is important to highlight that some countries, including Australia, Austria, Denmark, Greece, Italy and Latvia, have no nuclear power stations and remain opposed to nuclear power.
Answer the following questions.

1. Is the image of nuclear power in your country generally positive or negative? Give more details.
2. Are new plants being built in your country?
3. Is it possible that nuclear power will be phased out in your country? Why do you think so?
4. What is your attitude to the anti-nuclear movement? Explain your opinion.
5. Why are there so many myths about nuclear energy? Think of the most common myth about nuclear power.

Read six experts’ opinions about the most common beliefs, match the speaker with the belief they are talking about and choose if it is a myth or a fact.
The most common beliefs.
1. Nuclear energy is bad for the environment.
2. Nuclear energy is more dangerous than other forms of energy available.
3. Nuclear reactors are used to power some military submarines and aircraft carriers.
4. There are many natural sources of radiation.
5. It’s not safe to be near a nuclear energy plant.
6. Nuclear reactors can explode like a bomb.
Speaker 1: Disasters like the ones that happened at Fukushima and in Chernobyl are enough to make many people think it’s a fact. But a full and rational examination of nuclear operational history proves it’s only a myth. Nuclear energy is as safe or even safer than any other form of energy available.
Speaker 2: Don’t worry, it is impossible for a reactor to explode like a nuclear weapon; these weapons contain very special materials in very particular configurations, neither of which is present in a nuclear reactor.
Speaker 3: Even though not many people don’t think about it, it’s true. There are both natural and artificial sources of radiation that we live with safely every day. Cosmic radiation from the Sun is an example of natural radiation. Examples of artificial radiation include medical x-rays and kitchen microwaves.
Speaker 4: Calm down, even if you do it for a whole year, you will receive less than a quarter of the radiation from a chest x-ray.
Speaker 5: Yes, it’s true. Nuclear power is used not only for producing electricity. Nuclear submarines and aircraft carriers are powered by onboard nuclear reactors. Atoms in the nuclear reactor split, which releases energy as heat. This heat is used to create high-pressured steam. The steam turns turbines that provide the power to turn the propeller.
Speaker 6: I’m one hundred per cent sure many people think that it’s true but in fact it’s a myth. During operation, nuclear energy facilities produce no carbon emissions. Burning fossil fuels to produce electricity causes more than one-third of man-made greenhouse gases.
Answer the following questions.
1. Do you agree with the speakers?

2. What is your attitude to such beliefs?

3. What other things related to the industry and possible hazards are discussed in your company?

Read the article and find the correct heading for each paragraph.
1. Americans get most of their yearly radiation dose from nuclear power plants.

2. Used nuclear fuel is deadly for 10,000 years.

3. There is no solution for huge amounts of nuclear waste being generated.

4. An American “Chernobyl” would kill thousands of people.

5. There is no way to transport nuclear waste safely.

6. Most Americans don’t support nuclear power.
Six myths about nuclear power in the USA

Truth: We are surrounded by naturally occurring radiation. Only 0.005 % of the average American’s yearly radiation dose comes from nuclear power; 100 times less than we get from coal, 200 times less than we get during a cross-country flight, and about the same as eating 1 banana per year.

Truth: All of the used nuclear fuel generated in every nuclear plant in the past 50 years would fill a football field to a depth of less than 10 yards (9,1 meters), and 96 % of this ​“waste” can be recycled.  Used fuel is currently being safely stored. The U.S. National Academy of Sciences and the equivalent scientific advisory panels in every major country support geological disposal of such wastes as the preferred safe method for their ultimate disposal.

Truth: A survey conducted in September 2013 stated that 82 % of Americans feel nuclear energy will play an important role in meeting the country’s future electricity needs, and half believe this importance will increase with time. In addition, 84 % of respondents favour renewing operating licenses for nuclear power plants that continue to meet federal safety standards, and 77 % believe that nuclear power plants operating in the United States are safe and secure.

Truth: A Chernobyl-type accident could not have happened outside of the Soviet Union because this type of reactor was never built or operated in America.  The known fatalities during the Chernobyl accident were mostly emergency first responders.

Truth: Used fuel is being safely shipped by truck, rail, and cargo ship today. To date, thousands of shipments have been transported with no leaks or cracks of the specially-designed casks.

Truth: Used nuclear fuel can be recycled to make new fuel and byproducts. Most of the waste from this process will require a storage time of less than 300 years. Finally, less than 1 % is radioactive for 10,000 years. This portion is not much more radioactive than some things found in nature and can be easily shielded to protect humans and wildlife.

A carbon free future
So, this is Arco... Arco, Idaho, the first city to be lit by atomic power. In the early days of nuclear power, we didn’t know much about climate change or that this new low-carbon energy source could help address it. Today, nuclear power provides 10 % of the world’s electricity. The thing is to stem climate change, we’re going to need far greater amounts of clean and reliable energy.

To tackle climate change, 80 % of all electricity will need to be low-carbon by 2050. In order to meet climate goals, they have to keep building, and we have to increase our nuclear capacity. Russia, India and China are currently leading the way in expanding nuclear power. China has 9 reactors under construction, the most anywhere. Countries elsewhere are also building new reactors, like Finland. “Our biggest climate act in Finland will be when the new reactor will start in Oakland.”
Thirty countries currently operate nuclear power plants. More than two dozen others are looking at nuclear power to meet their energy and climate needs.

The United Arab Emirates and Belarus are close to operating their first nuclear power plants, and Bangladesh and Turkey recently started construction. “We believe that nuclear energy is an indispensable option for Turkey because it is emission-free, environmentally friendly, sustainable and reliable electricity source.”
Currently, 450 nuclear power reactors operate worldwide, but to respond to emerging needs and challenges, the nuclear power industry is looking ahead, towards innovative solutions for the long-term operation of existing reactors, a timely expansion of ongoing nuclear power programs and the deployment of new reactor technologies. Several countries are developing small modular reactors. One has already been built in Russia. “If this new smaller technology proves to be successful, then nuclear power can become more affordable and even more flexible to be integrated with renewables in so-called hybrid energy systems.” 

In the western United States, amid reminders of our nuclear past, more than 30 towns and cities are looking to the future. They want to go carbon-free and they’re betting on small modular reactors to get there. I’ve come from the IAEA’s office of public information to find out more. “Our residents here in Lehi and I think along the Wasatch Front are more environmentally conscious than they ever have been. The days are gone where we’d rely solely on coal, we’d rely solely on natural gas. They’re gone.” The community-owned utilities are increasing energy efficiency and expanding use of renewables. “You know our calls been working really hard 95 % capacity factor type product. As it goes away, we need to replace it with a similar 95 % capacity product that’s emission-free. And that’s what nuclear gives us.” Nuclear energy can backup those renewables ensuring round-the-clock clean power even when there’s no sunshine or wind. Still, investing in a new nuclear technology has not been an easy decision. Cost is a key concern. “We believe that the technology with the help from the Department of Energy will bring this in at 55 dollars a megawatt hour all-in cost on to the grid. We think that’s very competitive with combined-cycle natural gas. And we’re about 1/3 the cost of typical lithium salt battery storage.” Recently, the community utilities agreed to proceed with the project. Taking it off the drawing board and closer to commercial reality. “A big issue for nuclear is to demonstrate that we can actually build them, that we can build them on time.” The small modular reactors will be built at the Idaho National Laboratory. Besides generating power for the communities, the plant will also be used for research on other applications like sea water desalination or hydrogen production to decarbonize industry and transportation. “This small modular reactor project can integrate beautifully and seamlessly with wind, with solar, with some of those other sources that are maybe intermittent, but that are also carbon-free. Even water has its shape of flow throughout the year, and nuclear, it’s steady. It allows for that marriage between all of the different carbon-free sources. And so it’s the key that makes all of that other desirable alternative energy possible because alone it just can’t sustain a growing population.” 

The world is at a crossroads. To avert the worst from climate change, we need the right policies. The choice is ours.
Choose the correct answer to the questions.
1. What per cent of the world's electricity does nuclear power provide?   

a) 10 %;

b) 15 %;
c) 20 %.
2. What per cent of electricity needs to be low-carbon by 2050 to tackle climate change?   

a) 18 %;
b) 58 %;
c) 80 %.
3. What country has the most reactors under construction?   

a) Russia;
b) India;
c) China.
4. What country is close to operating its first nuclear power plants?   

a) Belarus;
b) Bangladesh;
c) Turkey.
5. What country has recently started building nuclear power plants?   

a) the United Arab Emirates;
b) Bangladesh;
c) Belarus.
6. What country has already built a small modular reactor?   

a) the USA;
b) Russia;
c) the UK.
7. What is the main concern about investing in a new nuclear technology?   

a) cost;
b) safety;
c) security.
8. Why can’t we fully rely on alternative energy sources?   

a) they can’t sustain a growing population;
b) they are too expensive;
c) they are not reliable.

Read the task and prepare your 2-minute speech on the topic “The future of the nuclear industry”.
Imagine you’re going to attend the conference The future of the nuclear industry. You know that the speaker will ask the participants for their opinion. You want to take an active part in the discussion and sound polite and professional. So, you decide to have some practice. Choose three of the following topics and practise your speech. Use the phrases from the Useful language section.
The topics are:  
- Environmental organisations support nuclear energy.
- Nuclear power always leads to nuclear weapons.
- Nuclear energy will be banned in the 22nd century.
- No energy source is completely carbon-free.
- Nuclear power plants are unstable.
- There are no options for dealing with nuclear waste.
UNIT 2 
Jobs in the industry
Vocabulary
design

check

improve

perform

prepare

inspect

monitor

maintain

conduct

digest

be responsible for

Match the verbs to their definitions.
to design

to monitor

to conduct

to inspect

to be responsible for something

to maintain

to digest

to perform

to improve

to check

to prepare

to make something better

to be the person whose duty is to deal with something

to organise something and carry out

to make something ready for use

to observe and check the progress of something over a period of time

to condense information to make it easier to understand

to examine something in order to determine its accuracy, quality or condition

to keep in an existing state

to do/carry out (a task, function)

to make plans for something

to examine something to ensure that they reach an official standard

Complete the sentences with the correct verbs.
Nuclear engineers typically do the following:

- Conduct / design or develop nuclear equipment, such as reactor cores, radiation shielding, and associated instrumentation;

- Monitor / maintain operating or maintenance activities of operational nuclear power plants to ensure that they meet safety standards;

- Inspect / prepare operational instructions to be used in nuclear plant operation or in handling and disposing of nuclear waste;

- Perform / improve experiments to test whether the methods of using nuclear material or disposing of nuclear waste are acceptable;

- are responsible / are involved for examining nuclear accidents and gathering data that can be used to design preventive measures.
Complete the sentences about yourself using some of the given verbs.
Don’t forget that phrases with prepositions are followed by -ing form of the verb.
to design,  to check,  to improve,  to perform,  to prepare,  to inspect,  to monitor,  to maintain,  to conduct,  to digest
1. I’m responsible for ...
2. I usually ...
3. Besides, I ...
4. I’m also involved in ...
Match the two halves to make phrases.
to perform

to design

to prepare calculations,

to be responsible for technical

to be involved

to monitor and digest

to check that fire safety

to be responsible for monitoring

and improve fire safety systems

specifications and technical reports

in systems engineering

experiments

systems function properly

and maintaining the ability to shut down the reactor

system performance data

and maintenance support

Match the jobs to the correct group: engineers, professionals or technicians and skilled trades.
Civil/structural engineers;
Maintenance technicians;
Business management experts;
Pipefitters;
Analysts;
Fire protection engineers;
Carpenters;
Chemists;
Nuclear engineers;
Machinists;
Engineering technicians;
Millwrights;
Heavy equipment operators;
Materials engineers;
Electricians;
IT experts;
Electrical engineers;
Occupational safety experts;
Health physicists;
Systems engineers;
Plant operators;
Accountants;
Mechanical engineers.
Answer the questions.
1. What is the most difficult job? Why?

2. What is the easiest job? Why?

3. What is your position?

4. What specialists do you mainly deal with at work?

Cross out an odd phrase in each group.
1. What do you do?

I work as a …

I find my job …

I work in a nuclear power plant

I am better known as …

2. What are your responsibilities?

I’m responsible for …

My job is to …

I’m in charge of …

For this job, you need special qualifications, for example, …

3. What skills or qualifications do you need?

You should possess specific qualities like …

You also need to be good at …

My usual day consists of …

You must be …

4. What’s your job like?

I love every second of it.

I perform a job of …

It can get a bit stressful.

It can also be a little dangerous.

Read the dialogue between an interviewer and Sam and complete it with the correct phrases.
- I work as;

- It can get a bit;

- Actually;

- I find my job really;

- I’m responsible for;

- you should possess specific skills;

- you need special qualifications.

I

What do you do?

S

______ a fire protection engineer in the nuclear power plant.

I

And for this job ______, don’t you?

S

Yes, a bachelor’s degree in fire protection engineering or other related engineering field.

I

And what about skills essential for your job?

S

In my opinion, ______ like analytical and problem-solving, communication and multi-tasking skills.

I

How interesting! Who or what influenced your career choice?

S

______, in my childhood, I wanted to be a firefighter and save people’s lives. But my parents insisted on my going to college. So, I chose engineering.

I

That is so great that you managed to combine your dream with your parents’ choice. What are your job responsibilities?

S

______ designing and improving fire safety systems. I check that they function properly and are industry-approved.

I

What's your job like? Is it ever boring?

S

Honestly, ______ interesting. _____ tiring, but never boring.

Answer the questions.
1. What education did Sam get to become a fire protection engineer?

2. What skills do you need to do this job?

3. What are his job responsibilities?

4. What does he think of his job?

Read the text and complete it with the missing phrases.
- I work as a;

- my usual day consists;

- You also need to be good at;

- I love every second of it;

- you need special qualifications;

- It’s also my job;

- I find my job really;

- you must be;

- I’m responsible for;

- It can get a bit stressful.
______ civil engineer in the nuclear power plant. ______ designing all architectural structures in and around the plant. ______ to supervise infrastructure projects and systems. For this job, ______, for example, a bachelor’s degree in civil engineering. ______ mathematics and physics to identify and solve complex engineering problems. And ______ a good leader to manage different professionals on important projects. 

______ interesting. I’ve always liked to design building plans, so it feels more like a hobby than a job. Of course, ______, for example when we have tight deadlines to complete our projects, but on the whole, I really enjoy my work. I can’t imagine doing anything else.
Match the questions to the answers.
What are your job responsibilities?

How do your family members feel about your job?

What skills should a nuclear engineer have?

What is the best thing about working here?

What is the most difficult part of your job?

How did you become interested in nuclear energy?

What’s your work schedule?

I design and develop nuclear equipment, such as reactor cores, radiation shielding and associated instrumentation.

Every day I learn something new. That’s what I love about this place.

They are very supportive, but it requires a lot of hard work to keep your relationships strong.

I’ve always been interested in science and technology and good at analysing and solving problems.

I think the most important thing is to have analytical, communication, detail-oriented and logical-thinking skills.

I work full-time, but sometimes I do overtime.

It’s stressful. Your work has to be perfect.

Put the expressions in the correct categories.
1. What do you do? What are your responsibilities?

2. What skills or qualifications do you need?

3. What’s your job like?
I work as a systems engineer.

It can get a bit tiring.

I’m involved in systems engineering.

It can be a little boring.

I’m in charge of preparing and inspecting the plant lighting.

I’m responsible for maintaining the reactor.

You need to be good at keeping records.

For this job you need special qualifications.

My job is to design architectural structures in the plant.
I find my job really interesting.

You must be detail-oriented.

You should possess specific skills.

I’m better known as a civil engineer.
Read the stories of four engineers working in the nuclear industry and choose each speaker’s job.
1. I work in a nuclear power plant, but I’m not a nuclear engineer. My job is to design and improve fire safety systems. I check that equipment is in full working order, that all fire safety systems function properly and are industry-approved.

2. Actually, I do a variety of work. I’m responsible for technical and maintenance support for all types of motors and circuit breakers used for the different operations of the plant. I also prepare and inspect lighting.
3. I am responsible for monitoring and maintaining the ability to safely and quickly shut down the reactor. My usual day consists of monitoring system performance data (pressure, temperatures, etc.) and digesting all this information to paint a picture of the condition of my equipment.
4. I prepare calculations, specifications, and technical reports to support client recommendations and reviews. Besides, I conduct equipment sizing and optimisation evaluation. I’m also involved in systems engineering, including the design, modification and analysis of power plant mechanical systems.
1. Speaker 1 is a/an:
a) nuclear engineer;
b) electrical engineer;

c) fire protection engineer;
d) mechanical engineer;
e) civil engineer.

2. Speaker 2 is a/an: 

a) nuclear engineer;
b) electrical engineer;
c) fire protection engineer;
d) mechanical engineer;
e) civil engineer.

3. Speaker 3 is a/an: 

a) nuclear engineer;
b) electrical engineer;
c) fire protection engineer;
d) mechanical engineer;
e) civil engineer.

4. Speaker 4 is a/an: 

a) nuclear engineer;
b) electrical engineer;
c) fire protection engineer;
d) mechanical engineer;
e) civil engineer.

Match the duties to the jobs.
- designs and improves fire safety systems;

- is involved in system engineering;

- prepares and inspects lighting;
- conducts equipment sizing, optimization evaluation;

- is responsible for maintenance of monitors and circuit breakers;

- checks that the fire safety systems function properly;

- monitors systems performance data;

- is responsible for monitoring and maintaining the reactor;

- checks that the equipment is in full working order;

- prepares calculations, specifications, and technical reports.
Read the story of Jack, a systems engineer, and tick the things he talks about.
Hi, my name is Jack. I am 26 years old from New Jersey. I got my Bachelor’s Degree in mechanical engineering at Rowan University in 2006. Already at school, I was interested in science and technology and good at analysing and solving problems. Now I work as a system engineer in a nuclear power plant. I am responsible for monitoring and maintaining the ability to safely and quickly shut down the reactor. My usual day consists of monitoring system performance data (pressures, temperatures, etc.) and digesting this information to paint a picture of the condition of my equipment. I also spend a lot of time away from my desk and inside the plant to observe my equipment first-hand. And what helps me perform my work better is my analytical, problem-solving, detail-oriented and logical-thinking skills. I have been now at my position for 13 months and I love every second of it. But believe it or not, when I was applying for it, I didn’t know for sure it was what I wanted to do as a career. I only realised it when I got a taste of the work. At times, I find my job rather stressful because of working long hours and constant need for perfection. But my career in nuclear is more than just a paycheck to me. Every day I learn something new. That’s what I love about my job.
The engineer mentions:   

- his education;

- what he usually does at work;

- the most difficult tasks;

- people who inspired him;

- skills essential for a nuclear engineer;

- why he enjoys his job;

- the worst part of his job.

Decide if each sentence is True or False.
1. Jack works as a civil engineer in a nuclear power plant. 

2. He got interested in science and technology at school. 

3. Jack spends all his time at the desk and never goes inside the plant. 

4. When applying for his job, Jack knew for sure it was what he wanted to do as a career. 

5. Jack works not only for money. 

Read the questions and prepare your 2-minute speech on the topic “My job responsibilities”.
1. How did you become interested in your career?
2. Where did you study to get your qualification?
3. What do you usually do at work?
4. What qualities are related to your profession?
5. What are the advantages and disadvantages of your job?
UNIT 3
The nuclear fuel cycle
Vocabulary
mining

milling

grind

acid

alkali

ship

ore

crush

powder

storage

disposal

reprocess
Useful language

firstly

first of all
to begin with

then

after that

next

in the end
What happens next is...

The next step is...

Following that, ...

Match the words with the definitions.
storage

to crush

ore

powder

to reprocess

disposal

to put a material that has been used through another industrial process to change it so that it can be used again

a dry substance that consists of extremely small pieces

the process of keeping something in a particular place until it is needed

the act of getting rid of something

a substance formed naturally in the ground from which metal can be obtained

to break something into small pieces by pressing hard

Continue the sentences using the words from the previous exercise.
1. The nuclear fuel cycle starts with the mining of uranium and ends with ….
2. The nuclear fuel cycle starts with taking uranium ….
3. During mining and milling steps, uranium ore is ….
4. Uranium ore is crushed into ….
5. The used fuel may undergo a further series of steps including temporary … or ….
Complete the sentences with the given words: powder, ore, shipped, disposal, acid, storage, reprocessed, crushed.
1. During the process of milling, which is generally carried out close to a uranium mine, the uranium is extracted from the ….
2. In a mill, the ore is … and ground up until it is in the form of fine sand.

3. The final result of chemical separation is yellowcake, the … form of uranium oxide.

4. After 40 years in …, the spent fuel’s radioactivity will be about a thousand times lower than when it was removed from the reactor.

5. Spent fuel needs to be taken care of for reuse and ….

6. Approximately one-third of the fuel discharged from nuclear reactors is ….

7. The ore is chemically treated to separate the uranium, usually by the addition of … or alkali.

8. The cylinders are … to an enrichment plant.

The nuclear fuel cycle
Today I’ll briefly describe the nuclear fuel cycle. I’ll start by giving a definition. The nuclear fuel cycle is the series of industrial processes which involve the production of electricity from uranium in nuclear power reactors. It starts with the mining of uranium and ends with the disposal of nuclear waste.

Now I’ll describe the process in detail.

First of all, uranium is mined, and the uranium ore is crushed into a fine powder at a uranium mill. The uranium oxide product of a uranium mill, which is sometimes called yellowcake, is not directly usable as a fuel for a nuclear reactor. That is why additional processing is required, which takes place during the conversion step. Then, the yellowcake is enriched to increase the proportion of Uranium-235. The next step is fuel fabrication. The nuclear fuel is transformed into pallets. Following that, they are formed into rods and placed in the reactor pressure vessel. After that, uranium spends about three years in a reactor at a power plant to produce electricity. Finally, the used fuel may undergo a further series of steps including temporary storage or reprocessing and recycling before wastes are disposed of.
Label the picture (fig. 1) with the words: milling, mining, fuel fabrication, enrichment, conversion.
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Fig. 1. The nuclear fuel cycle
Put the phrases into the correct columns: opening, linking or closing.
What happens next is
Firstly,
The final step is
The next step is
Finally,
Next,
Following that,
In the end,
To begin with,
After that,
First of all,
Then,
Read the text.
Now it’s time to describe mining and milling. First of all, we need to get the uranium out of the ground. Then, the extracted ore is crushed and ground up into a sand-like substance. What happens next is that the ore is chemically treated to separate the uranium, usually by the addition of acid or alkali. The final result is yellowcake, a powder form of uranium oxide or similar compounds. After processing, the yellowcake concentrate is packaged into special steel drums before being shipped to a conversion facility.
Complete the sentences with the phrases:

- the uranium ore is crushed;

- the uranium ore is extracted from the earth;

- uranium oxide is packed and transported;

- the uranium ore is separated from the waste rock;

- the uranium ore is ground up.
Firstly, ______.

Then, ______.

What happens next is that ______.

Next, ______.

At the end of these two phases, ______.

Complete the text with the correct sequencers: after, first, than, before, when, finally, then. Be careful, there are some extra options.
The conversion, enrichment and fuel fabrication phases
Before being used as fuel, uranium must be converted to a form suitable either for fuel fabrication or enrichment. Most power plants require enriched uranium. … it passes through a series of chemical processes which change it into uranium tetrafluoride (UF4). … it is converted into uranium hexafluoride (UF6). UF6 is the feedstock for enrichment.

During the enrichment process, the proportion of U-235 is increased from its natural level of 0,72 % to 3-5 %. The degree of enrichment depends on the reactor in which the fuel will be used. The most economical method of enrichment involves spinning the uranium as a gas in a centrifuge which separates U-235 from its heavier sister isotope U-238. … the enrichment process, the UF6 is converted back to uranium dioxide (UO2 ) in powder form. … it is suitable for fuel fabrication.

Answer the following questions.
1. What is the purpose of the conversion phase?
2. What form of uranium do most power plants require?
3. What happens during the conversion and enrichment phases? Describe the process using sequencers.

Put the steps of the fuel fabrication phase in the correct order.
Modern power reactors use uranium dioxide (UO2) fuel in the form of ceramic pellets. To make these pellets, the following steps are needed.
A. Fuel assemblies are carefully designed to allow the transfer of heat to the cooling water, which flows through them carrying away the heat from the fuel elements during the reactor operation.
B. Then, these pellets are baked at high temperatures, which is much like forming any other ceramic items.
C. Firstly, ceramic grade UO2 powder is pressed into a cylinder about the size of a fingertip.
D. After “baking”, the pellets are milled to a very precise size and shape and loaded into long metal tubes to form fuel elements. They hold the fuel pellets and contain any radioactive gases released by them.
E. At the end of this phase, many fuel elements make up a fuel assembly.

Read the expert’s description of the final steps of the nuclear life cycle.
I’ll tell you about the electricity generation phase, the spent fuel storage phase and the reprocessing spent fuel phase.

First, the electricity generation phase. A nuclear power plant is a type of power plant that uses the process of nuclear fission in order to generate electricity. It does this by using nuclear reactors in combination with the Rankine cycle.

First, the heat generated by the reactor converts water into steam. Then, this steam spins turbines which then turn generators. Finally, electricity is produced. Nuclear fuel is typically used in a reactor for 3–6 years.

Now I’ll describe the spent fuel storage phase. After their useful life of 3–6 years, fuel assemblies are removed from the reactor. After their permanent removal, they are stored underwater, which provides both cooling and radiation shielding. Later, for longer-term storage, spent fuel assemblies can be moved to another pool for wet storage or to air-cooled, shielded buildings or casks for dry storage.

Both the heat and radioactivity decrease over time. After 40 years in storage, the spent fuel’s radioactivity will be about a thousand times lower than when it was permanently removed from the reactor.

And now, it’s time for the reprocessing spent fuel phase. The spent fuel can also be recycled to produce more energy. Some countries chemically reprocess spent fuel to separate the usable material from unusable waste. For this, plutonium and natural uranium, a mix to make a new type of fuel, can be reused in existing reactors or in fast-neutron reactors.
Mark the sentences as True or False.
1. A nuclear power plant uses only the process of nuclear fission in order to generate electricity. 

2. Nuclear fuel is typically used in the reactor for 3–6 years. 

3. After their useful life, fuel assemblies are removed from the reactor. 

4. After that, they are stored underground, which provides both cooling and radiation shielding. 

5. Spent fuel assemblies can be moved to shielded buildings for longer-term storage. 

6. After 14 years in storage, the spent fuel’s radioactivity will be about a thousand times lower than when it was removed from the reactor. 

7. Spent fuel can also be recycled to produce more energy. 

8. Some countries chemically reprocess spent fuel to separate the usable material from the unusable waste. 

Answer the following questions.
1. What’s the purpose of the electricity generation phase?

2. What happens during this phase?

3. What’s the purpose of the spent fuel storage phase?

4. How is it done?

5. What’s the purpose of reprocessing spent fuel phase?

6. How is it done?

Read the text and complete it with the given subheadings.
Between which phases is the conversion phase located?

What is conversion?

What is the aim of the conversion phase?

Why does uranium sometimes go straight to the fuel fabrication phase after the conversion phase?

Why does uranium sometimes go to the enrichment phase before fuel fabrication?

Why is this phase essential?
solid – hard or firm, with a fixed shape, and not a liquid or gas
to solidify – to become solid or make something solid
to load – to put a lot of things into a vehicle or container
The conversion phase
In general, conversion is a process in which uranium is converted into a form suitable either for fuel fabrication or enrichment.

The uranium oxide product of a uranium mill is not directly usable as a fuel for a nuclear reactor and additional processing is required.

It goes after milling, the next phase can be either enrichment or fuel fabrication.

Only a small amount of nuclear power plants do not require enriched uranium. For these power plants, the yellowcake is converted to uranium dioxide at the conversion plant.

Most power plants require enriched uranium. As enrichment, the next step of the nuclear fuel cycle, requires the material to be in the gaseous form, the yellowcake is converted into uranium hexafluoride (UF6). UF6 is a gas at a relatively low temperature. The gas is fed into large cylinders where it solidifies. The cylinders are loaded into strong metal containers and shipped to an enrichment plant.

Mostly, the conversion phase deals with converting yellowcake to the gaseous form to allow enrichment. But the yellowcake is also converted to uranium dioxide at the conversion plant for plants that don’t require enriched uranium.

Read and translate the text.
Uranium found in nature consists largely of two isotopes: U-238 and U-235. Natural uranium contains 0.7 % of the U-235 isotope.

The fission process, the process which releases energy in the form of heat, takes place mainly with U-235. As most nuclear power plants require fuel with a U-235 concentration of 3–5 %, the proportion of the U-235 isotope in natural uranium must be increased.

This process is known as enrichment. Uranium-235 and U-238 are chemically identical but differ in their physical properties, notably their mass. The difference in mass between U-235 and U-238 allows the isotopes to be separated and makes it possible to increase or “enrich” the percentage of U-235. All present and historic enrichment processes, directly or indirectly, make use of this small mass difference.

The enrichment processes require uranium to be in a gaseous form at a relatively low temperature, so uranium oxide from the mine is converted to uranium hexafluoride beforehand at a separate conversion plant.

Uranium is enriched in U-235 by introducing the gas into fast-spinning cylinders (or centrifuges), where heavier isotopes are pushed out to the cylinder walls. Uranium can also be enriched using older technology – known as diffusion – by pumping UF6 gas through porous membranes that allow U-235 to pass through more easily than heavier isotopes, such as U-238. The older diffusion plants are energy-intensive and are being phased out to be replaced by a far more energy-efficient centrifuge enrichment technology. After enrichment, we have uranium dioxide (UO2) in the powder form, suitable for fuel fabrication.

Read the task and prepare your 2-minute speech on the topic “The conversion/enrichment phase of the nuclear fuel cycle”.
Imagine you’ve been invited to the famous podcast “Simple words about complex things”. You’ve been asked to describe one phase of the nuclear fuel cycle. You want to have some practice before giving your speech. The Useful language section and questions below will help you.
Conversion:
- What is conversion?
- Why is this phase essential?
- Between which phases is the conversion phase located?
- Why does uranium sometimes go straight to the fuel fabrication phase after the conversion phase?
- Why does uranium sometimes go to the enrichment phase before fuel fabrication?
- What is the aim of the phase?
Enrichment:
- What is enrichment?
- Why is this phase essential?
- Between which phases is the enrichment phase located?
- What is the aim of the phase?
UNIT 4
Nuclear waste
Vocabulary 
decommissioning

shielding

solidified

sludge

shallow land burial

disposal

sealed

buried

solid

resin

contaminated

concrete

Useful language

geological disposal

transuranic

low-level nuclear waste

intermediate-level nuclear waste

high-level nuclear waste

Unscramble the words to fit the definitions.
1. msmsooiiidcngne – series of actions taken after the permanent shutdown of a nuclear facility
2. giidhsenl – a barrier against radiation
3. soidslap – the process of getting rid of something; removal
4. eswat – the useless materials, substances, or parts that are left after you use something
5. ugslde – thick soft mud that remains when the liquid has been removed from something in an industrial process
6. aribul – the act of putting something in the ground
Complete the sentences with the correct abbreviations.
Remember the abbreviations!
VLLW — very low-level waste
LLW — low-level waste
ILW — intermediate-level waste
HLW — high-level waste
1. LLW / ILW / HLW contains radioactive materials at a level which is not harmful to people.

2. VLLW / ILW / HLW accounts for over 95 % of the total radioactivity produced in the process of electricity generation.

3. Some industries produce VLLW / ILW / HLW as a result of the concentration of natural radioactivity present in certain minerals used in their manufacturing process.

4. To reduce its volume, LLW / ILW / HLW is often compacted or burnt before disposal.

5. ILW / LLW / HLW typically comprises resins, chemical sludges as well as contaminated materials from reactor decommissioning.

6. VLLW / ILW / HLW comes from the “burning” of uranium fuel in a nuclear reactor.

7. LLW / ILW / HLW does not require shielding during handling and transport and is suitable for shallow land burial.

Complete the text with the correct phrases: comprises, decommissioning, sludge, solidified, intermediate level, low-level waste, shielding, disposal, require, high-level waste, geological disposal, shallow land burial.
Three types of radioactive waste

… contains the fission products and transuranic elements generated in the reactor core. It is highly radioactive and hot due to decay heat, so it requires cooling and …. The safest method of isolating this type of waste is …. …waste contains lower amounts of radioactivity and sometimes requires shielding. It typically comprises resins, chemical … and metal fuel cladding as well as contaminated materials from reactor …. Smaller items and any non-solids may be … in concrete for disposal.

… is generated by hospitals and industry as well as the nuclear fuel cycle. It … materials which contain small amounts of mostly short-lived radioactivity. It does not … shielding during handling and transport and is suitable for …. To reduce its volume, it is often compacted or burnt before ….

Read the quotes and choose two you like most. Explain your choice:
Nuclear power will help provide the electricity that our growing economy needs without increasing emissions. This is truly an environmentally responsible source of energy. (Michael C. Burgess)
Nuclear power is not a miracle key for the future. (Tarja Halonen)
I support strongly the expansion of nuclear power because that is one of the key ways of getting electricity generated and reducing carbon dioxide emissions. (Sam Brownback)
If all the electricity you used in your lifetime was nuclear, the amount of waste that would be added up would fit in a soda can. (Stewart Brand)
All the waste in a year from a nuclear power plant can be stored under a desk. (Ronald Reagan)
Read the text.
Radioactive waste disposal

The amount of waste nuclear power plants make is quite small compared to other industries. But some nuclear power plant wastes are radioactive. Nuclear power plants are not the only producers of radioactive waste. Radioactive waste is also produced by hospitals and other industrial processes.

The way of radioactive waste disposal depends on how radioactive the waste is, the half-life of the waste, and the physical and chemical form of the waste. Radioactive waste is material (solid, liquid, and/or gaseous) that is no longer needed at the plant and can be disposed of. Radioactive waste from nuclear power plants is classified as either low-, intermediate- or high-level waste.

Low-level waste (LLW) includes such things as filters, cleanup rags, lab supplies, and used protective clothing. It comprises about 90 % of the volume but only 1 % of the radioactivity of all radioactive waste. So, it can be handled and transported without shielding and is suitable for shallow land burial. LLW is usually sealed in special packages and buried at special sites. Intermediate-level waste (ILW) contains higher amounts of radioactivity and sometimes requires shielding. It typically comprises resins and chemical sludges as well as contaminated materials from reactor decommissioning. Smaller items and any non-solids may be solidified in concrete for disposal.

High-level waste comes from the “burning” of uranium fuel in a nuclear reactor. It contains the fission products and transuranic elements generated in the reactor core. It is highly radioactive and hot, so it requires cooling and shielding. HLW accounts for over 95 % of the total radioactivity produced in the process of electricity generation. Safe methods for the final disposal of HLW are technically proven; the international agreement is that this should be geological disposal.
Mark the statements as True or False.
1. All nuclear power plant waste is radioactive. 

2. Nuclear power plants are not the only producers of radioactive waste. 

3. Radioactive waste is liquid material that is no longer needed at the plant. 

4. All radioactive waste from nuclear power plants is classified as low-level and high-level waste. 

5. Low-level waste is usually put in specially designed boxes and buried at special sites. 

6. Intermediate-level waste does not require shielding. 

7. High-level waste comprises about 90 % of the volume of all radioactive waste. 
Answer the questions.
1. What does the way of radioactive waste disposal depend on?

2. What is the difference between LLW, ILW and HLW?

3. How are LLW, ILW and HLW disposed of?

Read the sentences from the text and match the terms in bold to their definitions.
LLW can be handled and transported without shielding and is suitable for shallow land burial.
LLW is usually sealed in special packages and buried at special sites.
ILW typically comprises resins and chemical sludges as well as contaminated materials from reactor decommissioning.
Smaller items and any non-solids may be solidified in concrete for disposal.
HLW is highly radioactive and hot, so it requires cooling and shielding.
The international consensus is that this should be geological disposal.
Geological disposal

Shallow land burial

Disposal

Decommissioning

Sealed

Sludge

Solidified

Shielding

the disposal of radioactive waste deep inside a suitable rock volume

a barrier against radiation

closed with a lid, cover, etc. so that nothing can get in or out

the disposal of LLW in or within the upper 30 meters of the earth’s surface

thick soft mud that remains when the liquid has been removed from something in an industrial process

changed from being a liquid or gas to a firm form

series of actions taken after the permanent shutdown of a nuclear facility

the process of getting rid of something; removal

Complete the sentences with the correct words.
1. The shielding / sludge leftover from the production of plutonium for nuclear weapons was transferred into modern double-wall tanks.

2. This waste must be decommissioned / solidified, packaged into suitable containers and transported off-site to a burial place in accordance with the regulations of the country.

3. Deep geological disposal / Shallow land burial is the best solution for the final disposal of the most radioactive waste.

4. After removal from the reactor, the used fuel cools down in a storage pool. The concrete and steel pool and the water serve as a sludge / shielding protecting workers from the radioactivity.

4. Disposal of solid low-level wastes containing radionuclides by shallow / deep land burial was initiated during World War II. 

5. A large amount of material that is contaminated with radioactivity will result from decommissioning / shielding a nuclear facility. 

6. Nuclear fuel is solid when it comes out of the reactor. It is arranged in sets of solidified / sealed metal tubes.

7. To reduce low-level waste volume, it is often compacted or burnt before decommissioning / disposal.

Put the phrases into the appropriate columns: low-level nuclear waste, intermediate-level nuclear waste or high-level nuclear waste.
It contains fission products and transuranic elements.
It comprises contaminated materials from reactor decommissioning.
It is usually disposed of by shallow land burial.
Non-solid wastes are solidified in concrete for disposal.
It does not require shielding.
It is hot and requires cooling and shielding.
It comprises 90 % of all radioactive waste.
Its disposal technology is called geological disposal.
Read the text.
One of the most recent goals with nuclear waste is to reduce its overall amount. When it comes to disposing of low-level or high-level nuclear waste, there are certain standards that ensure it is managed properly.

The first method is incineration, which means burning radioactive waste. Incineration is common with low-level waste, as this material usually consists of clothing or other common items that became contaminated.

Storage is another way to deal with nuclear waste disposal. It is typically done with radioactive waste that has a shorter half-life. At nuclear sites, a common way of storing material is in water. Nearly all of these sites have a special pond or pool constructed, which is a place where they can store fuel used for the process of generating power.

Most nuclear waste is buried. While shallow land burials can be done with low-level waste, the most common way of disposing of high-level waste is in deep burial pits. Many countries with natural resources follow this procedure of geological disposal, which consists of burying the material deep within the earth. Underground laboratories often monitor usage and storage of the materials.

For some radioactive material, such as used fuel, certain radioactive elements can be processed or extracted for reuse. The elements uranium and plutonium have long lives, so they can be separated and recycled.

While these are commonly used ways to dispose of nuclear waste, there have been some proposals for alternative methods. Some of these alternative disposal forms include space disposal and seabed disposal. The space disposal is far too expensive when compared with the positive effects. With seabed disposal, international powers decided that the risk was far greater than the benefits. The nuclear industry has developed necessary technologies required for the final disposal of all the waste it produces. The problem is not the absence of a solution, but public acceptance of these methods.

Put the ways of nuclear waste disposal in the mentioned order.
A. Recycling.
B. Shallow land burial.
C. Storage.
D. Incineration.
E. Space and seabed disposal.
F. Geological disposal.
Correct the mistakes in the sentences.
1. The first method is incineration, which means storing radioactive waste.
2. Storage is typically done with radioactive waste that has a longer half-life.
3. The most common way of disposing of low-level waste is its burial in deep land.
4. Many countries follow the procedure of ocean disposal, burying the material deep within the earth.
5. The elements uranium and plutonium have short lives, so they can be separated and recycled.
6. The seabed disposal is far too expensive when compared with the positive effects.
Answer the questions.
1. What are the main ways of nuclear waste disposal?

2. What are the alternatives to the ways you’ve mentioned?

3. What new ways have you learnt about?

4. Why have some ways of nuclear waste disposal been rejected?

Read the text.
Waste is an unavoidable consequence of everyday life. In terms of volume, radioactive waste is a very small portion of all waste. It is the byproduct of millions of medical procedures each year, industrial and agricultural applications that use radiation and nuclear reactors that generate around 10 % of global electricity. Radioactive waste requires careful management to protect people and the environment from radiation now and in the future. Radioactive waste is first characterized to determine its physical and chemical properties, as well as its radioactivity. It is then processed, which may include sorting, decontamination and steps to reduce volume. The waste is classified based on its long-term management objectives and put into a safe condition for interim storage and, ultimately, disposal. Very low-level waste and low-level waste contain small amounts of radioactive substances. It includes waste generated by industries and hospitals, or items such as clothes used in nuclear facilities. 

This waste requires minimal isolation and is suitable for disposal in the near surface facilities. Intermediate-level waste is more radioactive and typically comprises materials from decommissioned reactors and research laboratories. It requires more containment and isolation. High-level waste presents the greatest hazard. It accounts for a minute portion of the total volume of all radioactive waste and includes waste from nuclear power plants. High-level waste requires greater containment, and its disposal is planned in engineered facilities several hundred meters underground. In the meantime, it is safely stored in purpose-built facilities. The IAEA provides support to countries in the safe management of all radioactive waste.
Tick the things mentioned in the text.
The text mentions:  

- some industries as producers of radioactive waste;

- personal protective equipment for people working in the nuclear industry;

- the ways of handling nuclear waste;

- the dangers of radioactive waste;

- types of radioactive waste.

Complete the sentences with the words from the text which are synonymous to the given ones.
1. In terms of volume, radioactive waste is a very small part of all waste.
2. The future radioactive waste is first characterized to determine its physical and chemical qualities.
3. The waste is classified based on its long-term management objectives and put into a safe condition for temporary storage.
4. Low-level waste is suitable for disposal in shallow land facilities.
5. High-level waste presents the greatest danger.
Read the text.
Disposing of radwaste

Nuclear power is the only large-scale energy-producing technology which takes full responsibility for all its waste. The amount of radioactive waste is very small in comparison with the waste produced by fossil fuel electricity generation. Used nuclear fuel may be treated as a resource or simply as waste. Nuclear waste is neither particularly hazardous nor hard to manage compared to other toxic industrial waste. Safe methods for the final disposal of high-level radioactive waste are technically proven; the international consensus is that this should be geological disposal.

During all stages of the nuclear fuel cycle, some radioactive waste (radwaste) is produced. At each step of the fuel cycle, there are proven technologies to dispose of radioactive waste safely. Unlike other industrial waste, the level of hazard of all nuclear waste diminishes with time. Each radionuclide contained in the waste has a half-life – the time it takes for half of its atoms to decay and thus for it to lose half of its radioactivity. Radionuclides with long half-lives tend to be alpha and beta emitters – making their handling easier – while those with short half-lives tend to emit more penetrating gamma rays. Eventually, all radioactive waste decays into non-radioactive elements. The more radioactive an isotope is, the faster it decays.

The main objective in managing and disposing of radioactive (and other) waste is to protect people and the environment. This means isolating or diluting the waste so that the rate or concentration of any radionuclides returned to the biosphere is harmless. To achieve this, practically all waste is contained and managed – some clearly need deep and permanent burial. From nuclear power generation, none is allowed to cause harmful pollution.

All toxic waste needs to be dealt with safely, not just radioactive waste. In countries with nuclear power, radioactive waste comprises less than 1 % of total industrial toxic waste.
Complete the sentences with the correct phrases: into non-radioactive elements, tend to emit gamma rays, are technically proven, of total industrial toxic waste, produce some radioactive waste, to dispose of radioactive waste safely.
1. All parts of the nuclear fuel cycle ______.

2. The safe methods for the final disposal of high-level radioactive waste ______.

3. Radionuclides with short half-lives ______.

4. In countries with nuclear power, radioactive waste comprises less than 1 % ______.

5. Eventually, all radioactive waste decays ______.

6. There are proven technologies at each stage of the fuel cycle ______.

Match the words in bold to their definitions. 

to decay

to diminish

proven

consensus

hazardous

permanent

to comprise

to emit

to dilute
to send out a beam, noise, smell, or gas

verified

to consist of

to reduce

an agreement made by a group

dangerous, especially to people's health and safety

to rot, to decompose

to make a liquid weaker

lasting for a long time or forever

Read the task and prepare your 2-minute speech on the topic “Nuclear waste and the ways of its disposal”.
You’re invited to a local school to deliver a speech in front of highschool students on the topic “Nuclear waste and the ways of its disposal”. You want to have some practice before you present your speech.
Use the phrases from the Useful language section. The following questions may help you:
What is nuclear waste?
What industries produce it?
What are the main types of nuclear waste?
What are the current ways of nuclear waste disposal?
What do these ways depend on?
What are some alternative ways?
Why are they not used?
UNIT 5 
Nuclear power plant safety

Vocabulary 

overalls

safety glasses

goggles

respirator

safety boots
Useful language

personal protective equipment (PPE)

a face shield

ear defenders

safety gloves

Label the pictures with the correct terms: safety glasses, safety boots, a face shield, safety gloves, overalls, ear defenders, a hard hat, goggles, a respirator.
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Match the words to their definitions.
Overalls

Ear defenders

A face shield

A respirator

Safety glasses

Safety gloves

an item that acts as a shield to protect the eyes from anything that may cause irritation or injury

an item that covers or blocks the ears to protect them from damage by loud noise

something that is designed to protect a worker’s hands from hazards so that they can perform their job safely

a piece of equipment worn over the nose and mouth to allow somebody to breathe in a place where there is a lot of smoke, gas, etc.

a piece of clothing that is worn especially over other clothes to protect them against dirt or heavy wear

a piece of equipment used to protect the face (or part of it) from hazards such as flying objects, chemical splashes, or potentially dangerous materials

Complete the sentences so that they are true for you.
I must wear … every day.
I’ve never used ….
I rarely put on ….
I sometimes have to use ….
Complete the sentences with the correct words: decommissioning, contaminated, shielding, respirators, gloves, low-level waste, disposal, ear, hard, boots, deep geological disposal.
1. … contains radioactive materials at a level which is not harmful to people and the environment.

2. While handling chemicals, a nuclear worker must wear safety … and goggles.
3. … is the best way to dispose of the most radioactive waste.
4. … can filter out dust or low concentrations of gas.

5. Low-level waste is often compacted or burnt before ….
6. Intermediate-level waste usually includes resins, chemical sludges as well as … materials from reactor ….

7. The PPE protecting from possible falling objects, slipping over or loud equipment includes overalls, … defenders, … hats and safety ….

8. Intermediate-level waste may require … during handling and transportation.

Read the interview.
Journalist: Is working in a nuclear power plant dangerous?
Employee: Yes, working inside is potentially hazardous.
Journalist: What risks are there?
Employee: The risks are associated with handling nuclear substances and residual nuclear radiation.
Journalist: So, how can workers protect themselves?
Employee: Contamination can be minimised through the correct use of personal protective equipment, often called PPE.
Journalist: What type of PPE do you need to wear to ensure you are safe at all times?
Employee: It depends on the job you are doing. Inside the plant’s protected area, overalls, ear defenders, safety glasses, hard hats and safety boots are required. Employees must wear these items to protect themselves from possible falling objects or slipping over, as well as from loud equipment. In areas where atmospheric hazards can affect breathing, respirators have to be used.
Journalist: And what about dealing with chemical or fluid substances?
Employee: You must wear safety glasses and gloves when handling them. If safety glasses don’t provide enough protection for eyes and face, employees must wear protective goggles and/or face shields. Wearing PPE is easy to do, but often injuries in the workplace are a result of not wearing proper PPE.
Journalist: Why is that?
Employee: I think it’s because PPE is not always convenient and not always available. Safety glasses can fog up when it’s hot. You can't hear your co-worker well when wearing ear defenders; and sometimes, we just don’t want to walk back to the tool room to take the necessary PPE.
Journalist: But you should keep in mind the reason for wearing PPE.
Employee: Yes, we must protect not only ourselves but others from injury.
Put the questions in the right order mentioned in the interview.
A. How can nuclear workers protect themselves?
B. What are the main risks?
C. Why do nuclear workers sometimes not wear proper PPE?
D. Is working in a nuclear power plant dangerous?
E. What protective equipment must nuclear workers wear?

Answer the questions.
1. What does the type of PPE depend on?

2. What items can protect employees from possible falling objects or slipping?

3. What PPE must they wear when dealing with chemical or fluid substances?

4. Why do nuclear workers not wear PPE at times?

Read the article and do the task.
The history of nuclear accidents worldwide
There have been few serious nuclear accidents, but their stories will help prevent future disasters.
Fukushima, Japan, March 2011
The earthquake and tsunami that happened in Japan on March 11, 2011, caused a serious accident at the Fukushima Dai-ichi nuclear power plant.
How did it happen?
The earthquake cut off external power to the reactors. The tsunami, which reached levels more than twice as high as the plant was designed to cope with, disabled the reactor cooling systems. The fuel in the plant’s operating reactor cores overheated, and it led to explosions that damaged three of the reactor buildings. The fuel in three of the reactor cores melted, and radiation released from the damaged reactors contaminated a wide area around the plant and forced the evacuation of nearly half a million people.
Chernobyl, Ukraine (the former Soviet Union), April 1986
On April 26, 1986, a sudden surge of power during a reactor systems test led to the explosion and fire that destroyed Unit 4 of the power station.
How did it happen?
In the early morning of April 26, 1986, the workers of a nuclear power plant located in Ukraine were performing a test in Unit 4. This test was badly designed and led to the explosion. The radioactive cloud that was released travelled for 15 days throughout the Soviet Union, Europe, and Asia. 150,000 people were evacuated because the area near the plant was heavily contaminated. 32 people died on the day of the accident.
Three Mile Island 

Middletown, Pennsylvania, the USA, March 1978
The partial meltdown at Three Mile Island Unit 2 is thought to be the most serious nuclear accident in U.S. history.
How did it happen?
The accident began when a pressure valve in one of the reactors failed to close. It allowed the radiation-contaminated cooling water to drain into other buildings. The plant operators failed to recognise the situation as a loss-of-coolant accident due to inadequate training and human factors. Fortunately, the plant workers were able to solve the problem and averted the threat of a meltdown.
Put the sentences into the correct columns: Fukushima, Chernobyl or Three Mile Island.
Human error is the main reason for the accident.
It is the most serious accident in U.S. history.
Improper workers' training made the situation worse.
About 500,000 people were evacuated.
Three of the reactor buildings were damaged.
It was caused by a natural disaster.
It happened during a reactor systems test.
The reason for the accident was a mechanical failure.
Read the text.
Nuclear waste is much different from what you may think. 

Most of the radioactivity associated with nuclear power remains contained in the fuel in which it was produced. This is why used fuel is classified as high-level radioactive waste. Nuclear fuel is used to produce electricity for about five years. Then, it’s removed and safely stored until a permanent disposal site becomes available. Nuclear plants also produce low-level radioactive waste which is safely contained and stored and then routinely disposed of at various sites around the country.

Nuclear fuel is solid when it goes in a reactor and solid when it comes out. It is arranged in fuel assemblies: sets of sealed metal tubes that hold ceramic uranium pellets. The radioactive byproducts of nuclear reactions remain inside the fuel.

All of the used fuel ever produced by the commercial nuclear industry since the late 1950s would cover a football field to a depth of less than 10 yards. That might seem like a lot, but coal plants generate that same amount of waste every hour.

Used fuel has only exhausted part of the potential energy in the uranium pellets after five years in a reactor. Some countries like France reprocess and recycle nuclear fuel, extracting elements still capable of generating energy for use in new fuel. The United States currently does not, but some advanced reactor designs in development would be able to run on used fuel.
Mark the sentences as True or False.
1. After nuclear fuel is used to produce electricity for about five years, it’s removed and immediately disposed of. 

2. Nuclear fuel is liquid. 

3. There is not that much of used fuel. 

4. The USA reprocesses and recycles used fuel. 

Tell your new colleague about potential dangers and safety measures at your workplace.
- Tell about 3–5 potential dangers and safety measures to be followed.
- Provide one real-life example to illustrate the importance of following safety rules at work.
- Use the words and phrases from the Useful language.
- Make use of the text area to outline your ideas.
Read the task and prepare your 2-minute speech on the topic “An accident at my workplace”. Talk about an accident that happened at your workplace. Cover the following points.
1. When did you last have an accident at work?
2. What caused the accident?
3. What measures were taken?
4. What safety rules must be followed to avoid such accidents in the future?
UNIT 6
Types and sources of radiation
Vocabulary 
radon

decay

soil

cosmic radiation

natural radiation source

Х-ray

radiotherapy

radioactive fallout

ionizing radiation

inhalation

ingestion
Useful language

human tissue

non-ionizing radiation

a smoke detector

a glow-in-the-dark exit sign

terrestrial radiation

Match the words to the pictures: a baby monitor, a microwave oven, power lines, a nuclear power plant, a cell phone, a smoke detector, radon, a glow-in-the-dark exit sign, a radio antenna.
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Answer the questions.
1. What do you think is the most dangerous thing when it comes to radiation?

2. What other things around us can cause radiation?
Complete each definition with the correct term: non-ionizing radiation, cosmic radiation, ionizing radiation, ingestion, artificial radiation, natural radiation, terrestrial radiation, inhalation.

1. ______ is the radiation from the environmental sources, including soil, the atmosphere, cosmic rays and radioisotopes.
2. ______ is the radiation coming from man-made sources.

3. ______ is the radiation coming into the atmosphere from outer space. 

4. ______ is high energy that can change the structure of living cells in your body.

5. ______ is low energy that can’t change the structure of living cells in your body.

6. ______ is the radiation coming from soil, rocks and some building materials.

7. ______ is the process of breathing in.

8. ______ is the process of taking in food and drinking.

Choose the correct word to complete the sentences.
1. There are two types of radiation: man-made and natural / artificial. 

2. Natural sources of radiation include cosmic / terrestrial radiation coming from outer space, rocks and soil and uranium / radon, a radioactive gas.

3. Some radioactive minerals found in soil can get inside our body in the process of inhalation / ingestion.

4. Radiation damage to human organs / tissue depends on the dose of radiation we get.

5. Cell phones, radio, television stations, power lines, baby monitors, microwave ovens produce ionizing / non-ionizing radiation.

6. X-ray / Radiotherapy is used to treat cancer.

7. Ionizing radiation is used in baby monitors / smoke detectors and some glow-in-the-dark exit signs.

8. The amount of radiation exposure to radioactive fallout / radon is rather small.

Read the text. 

Radiation is naturally everywhere in our environment. One of the biggest sources of radiation in our daily life is radon. It is a radioactive gas that is produced by the decay of uranium underground. Radon gas gives about 200 millirems a year. It’s by far the largest source of radiation. There’s also some radiation coming up from the soil, mostly from uranium. 

Then, there’s cosmic radiation that comes in from outer space, coming down on us through the atmosphere every day. You may be surprised, but there’s more radiation coming from human tissue of the people sitting around you than that coming out of the earth or from space. So, natural radiation accounts for almost 300 millirems a year. 

In addition, you can be exposed to some artificial radiation. For example, during a chest X-ray, you will get around 10 millirems. If you receive some kind of radiotherapy, you’ll get a little radiation as well. As for the nuclear fuel and radioactive fallout, these are very small sources of radiation.

Put the radiation sources in the correct order, starting with the most dangerous one.
A. Nuclear plants
B. The person sitting next to you
C. Soil
D. Radon
E. Outer space

Answer the questions.
1. What information from the text surprised you?

2. What are the sources of natural radiation?

3. What are some examples of man-made sources of radiation?

Match the words to their definitions.
soil

decay

radiotherapy

radioactive fallout

an X-ray

human tissue

cosmic radiation

artificial radiation

natural radiation

radon

a radioactive gas

radiation that comes from space

groups of cells in our body with a similar structure working together for a specific function

radiation that comes from man-made sources

radiation that comes from the soil, rocks, outer space, etc.

the treatment of illnesses using radiation

a method of imaging used in medicine to see the inside of the body

radioactive material produced by a nuclear explosion or a nuclear reactor accident that enters the atmosphere and then falls to earth

the process by which a radioactive substance changes to a different form, producing radiation

the upper layer of earth in which plants grow

Complete the sentences with the correct words and phrases: artificial radiation, cosmic, human tissue, radiotherapy, natural radiation, radon, decay, radioactive fallout, X-ray.

1. The biggest source of background radiation is ______.
2. Radon is formed from uranium ______.

3. Radiation coming in from outer space is called ______.

4. There’s more radiation coming from ______ than from soil or space.

5. ______ accounts for almost 300 millirems a year.

6. We can be exposed to some ______, which is caused by man’s activity.

7. At low doses, radiation is used in ______ examinations to see the inside of your body.

8. ______ can help treat many types of cancer effectively.

9. ______ from the Chernobyl accident still impacts Scandinavian farmers.

Answer the questions.
1. How often do you have an X-ray taken?

2. Have you or anyone you know ever undergone radiotherapy?

3. In your opinion, how dangerous is radioactive fallout from nuclear power plants?

Read the text.
People are exposed to small amounts of natural radiation every day. Radiation dose is usually given in a unit called millirem.

The main sources of natural radiation are cosmic radiation, internal radiation from the earth, external radiation from the earth, often called terrestrial external radiation.

Cosmic radiation comes from space. It is more intense in the upper atmosphere and most intense in deep space beyond Earth’s magnetic field. People get exposure to this type of radiation through their skin. The average dose that people get is 34 mrem per year.

Exposure to internal radiation occurs through inhalation and ingestion of radioactive materials. Naturally occurring radioactive elements such as uranium and thorium can break down and change into gas, known as radon. It is in the air people breathe and it gives each person a dose of 226 mrem per year. Naturally occurring radioactive elements such as potassium, uranium, thorium and radium can be found in soil and enter the human body with food and drinking water. The ingested radioactive materials give a small dose of about 29 mrem per year.

Terrestrial external radiation is formed by the process of decay of radioactive materials found in rocks, soil, groundwater and vegetation, and the exposure occurs through the skin. Some naturally occurring radioactive elements such as uranium, thorium and radium give people a small external dose of 22 mrem per year.
Choose the correct options to complete the sentences.
1. The radiation exposure occurring through ingestion and inhalation is called internal / cosmic / terrestrial radiation.

2. The average dose that people get from cosmic radiation is 44 / 54 / 34 mrem per year.

3. Uranium / Thorium / Radon is a radioactive element found in the air.

4. The average dose that people get from radon is 262 / 226 / 206 mrem per year.

5. The average dose that people get through ingestion of radioactive materials is 21 / 20 / 29 mrem per year.

6. Naturally occurring radioactive elements give people an external dose of 202 / 22 / 222 mrem per year.
Read the text and match the headings with the correct paragraphs.
Exposure through ingestion

Natural background radiation
Terrestrial radiation

Industrial sources

Exposure through inhalation

Ionizing radiation

Non-ionizing radiation

Nuclear power plants

Medical sources

Cosmic radiation

Artificial sources of radiation

We can divide radiation into two different types: non-ionizing and ionizing. Although ionizing radiation can be harmful to your body, small amounts cannot hurt you. It is a lot like being exposed to sunlight: being exposed to small amounts is fine, but being exposed for too long can be harmful.

We use and are exposed to non-ionizing radiation sources every day. Microwave ovens, power lines, television stations, FM and AM radio, baby monitors, cell phones and garage door openers all use non-ionizing radiation.

We are constantly exposed to small amounts of ionizing radiation from the environment as we go about our normal daily activities; this is known as background radiation. We are also exposed to some radiation through man-made sources.

There are four main sources of public exposure to natural radiation.

Usually, it consists of fast-moving particles that are found in space and come from many different sources, including the sun. Some ionizing radiation comes into the earth's atmosphere and we take it in. The doses depend on our location and habits. Regions on higher ground get more cosmic radiation.

Terrestrial radiation comes mainly from rocks and soil. Some naturally occurring radioactive elements such as uranium, thorium and radium in the process of natural decay release small amounts of ionizing radiation. Uranium and thorium are also found in building materials.

Most natural radiation results from inhalation of radioactive gases that are produced by radioactive minerals found in soil and rocks. Radon is a radioactive gas that appears in the process of the decay of uranium. It is the largest source of natural radiation exposure.

Radioactive minerals are naturally found in food and drinking water. Vegetables are grown in soil and groundwater which contains radioactive minerals. When we eat and drink, these minerals get inside our body.

Radiation has many uses in medicine. The most well-known use is in X-ray machines, which use radiation to find broken bones and diagnose disease. Another example is nuclear medicine, which uses radioactive isotopes to diagnose and treat cancer.

Radiation is used in nuclear instruments which help build roads and measure the flow of material through pipes in factories. It is also used in smoke detectors and some glow-in-the-dark exit signs.

NPPs use uranium to produce electricity. As part of their normal activities, they release regulated levels of radioactive material which can expose people to low doses of radiation.

Find the terms to fit the definitions.

1. … – the radiation coming from naturally radioactive materials on Earth including uranium, thorium and radium.
2. … – the process of taking food and drinking.
3. … – the action of breathing in.
Mark the statements as True or False.
1. Even small amounts of ionizing radiation can cause serious health problems. 

2. Ionizing radiation includes natural and man-made sources of radiation. 

3. There are two main sources of natural background radiation. 

4. Most natural radiation results from ingestion. 

5. The dose of cosmic radiation depends on the location. 

6. Terrestrial radiation comes only from soil and rocks. 

7. X-ray machines are used to treat cancer. 

8. Nuclear power plants are industrial sources of radiation. 

Label the picture (fig. 2) with the given words: ingestion, terrestrial, cosmic, nuclear and other industries, inhalation, medicine.
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Fig. 2. Different types of radiation
Complete the sentences using the vocabulary of the lesson.
1. There are two main sources of radiation: … and …. 
2. The main sources of natural radiation are …, … and …. 
3. Most of the natural radiation results from … of ….
4. People living on higher ground … … … ….
5. We are also exposed to … radiation, coming from … and … … …. 
6. Besides, we can be exposed to radiation through … of …. 
7. The level of radiation from the … … is rather small.
Complete the text with the given words: ionizing radiation, background radiation, radiotherapy, soil, cosmic radiation, man-made, smoke detectors, non-ionizing radiation, inhalation, artificial radiation, ingestion, terrestrial radiation, glow-in-the-dark.
There are two main sources of radiation: … (which comes from … objects like microwave ovens, power lines, television stations, cell phones, etc.) and … (which includes natural … and …). There are three main sources of natural radiation: … coming from space, … coming mainly from rocks and … and internal radiation which we are exposed through … of radioactive gases and … of radioactive minerals naturally found in food and drinking water. Man-made objects producing artificial ionizing radiation are …, … exit signs, X-ray machines, equipment used in ….

Read the text and complete it with the missing parts: man-made sources, the distance from space, the annual radiation dose, even treat diseases, mainly from natural sources, over a long time.
All of us are exposed to a certain amount of radiation every day, ______ such as rocks and soil, radon and cosmic radiation. The environment accounts for up to 85 % of the annual human radiation dose.

The level of radiation depends on what is around us, our lifestyle and ______. For example, for people living on higher ground, the dose is higher than for people living at sea level.

Medical studies show that people may have health problems only if ______ is 100 mSv or more.

We are exposed to radiation from natural sources, including the sun and the earth. Small amounts of radiation are present in food and water. Radiation is also released from ______ such as X-ray machines, television sets and microwave ovens, nuclear power plants.

Radiation can cause serious illness or death. If you are exposed to small amounts of radiation ______, it makes the risk of you getting cancer higher. A lot of radiation over a short period can cause burns or radiation sickness.

Radiation can be dangerous, but it can also save lives. It can help diagnose and ______. It allows doctors to see inner parts of the body that they cannot see directly with their eyes.

Take part in a popular radio show. Answer the listeners’ questions.
You were invited as an expert to a popular radio show. Listeners want to know as much as possible about different sources of radiation and how much radiation they get every day, as some people are scared of having health problems because of radiation exposure. Give as many details as you can.
1. Should we be afraid of radiation?

2. What are the main sources of natural radiation?

3. What factors influence the level of radiation we get?

4. Where is the radiation dose higher?

5. What man-made objects around us cause exposure to radiation?

6. When are people exposed to artificial radiation in medicine?

7. When may people have health effects from radiation?

8. What can a high exposure to radiation cause?

9. How can we reduce the exposure to radiation?

Possible phrases to use for your role

Host (you): Thanks for coming and agreeing to tell our listeners about radiation sources.

Expert (student): Thank you for having me.

Host (you): We have received some audio messages from our listeners. I’m going to play them for you so that you can answer the listener’s questions.

Possible answers
1. Should we be afraid of radiation? – There are two types of radiation: natural and artificial. We are exposed to natural radiation every day. It is not dangerous to our body in small amounts.

2. What are the main sources of natural radiation? – Natural sources of radiation include cosmic radiation, rocks and soil, radon, which is a radioactive gas.

3. What factors influence the level of radiation we get? – The level of radiation depends on our environment, our lifestyle and our distance from outer space.

4. Where is the radiation dose higher? – The radiation dose for people living on higher ground will be higher than that of those living at sea level.

5. What man-made objects around us cause exposure to radiation? – Smoke detectors, cell phones, radio, television stations, power lines, glow-in-the-dark signs, etc.

6. When are people exposed to artificial radiation in medicine? – It is used in X-ray machines to see the inside of the body and in radiotherapy to treat cancer. 

7. When may people have health effects from radiation? – We may speak about health effects only if the annual radiation dose is higher than 300 millirems.

8. What can a high exposure to radiation cause? – It can cause serious illness or death.

9. How can we reduce the exposure to radiation? – Change the environment, lifestyle and live closer to sea level.

Read the task and prepare your 2-minute speech on the topic “The health effects of ionizing radiation”.
Read the article and talk about ionizing radiation impacts.
The following questions may help you.
1. What are the main sources of radiation?
2. What is ionizing radiation?
3. What are the main sources of ionizing radiation?
4. What is the difference between internal and external ionizing radiation?
5. What does the radiation damage to human tissue depend on?
6. When are the health effects of radiation higher?
7. How can we reduce radiation exposure?
UNIT 7
Nuclear application
Vocabulary
application

apply

provide

prevent

determine

remove

produce

Complete the sentences with the given words.
prevent; produce; determine; provide; apply

1. Nuclear technology helps to …​​​​​​​​ the world with more food.
2. Different countries try to …​​​ nuclear power for water desalination.
3. Radiation is used to … harmful insects from spreading.
4. Nuclear technology let archaeologists … the age of artefacts.
5. Nuclear technology helps to … new medicine.
Read the quotations of the experts and choose the options that you think are correct. Explain your choice.
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“Nuclear technology helps to provide the world with more food.” (Andrew, an agronomist)
I think it’s true / false because _______.

 

“Nuclear technology can fight against deadly viruses.” (Mary, a chemist) 

I would agree / disagree with this statement because ______.
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“Nuclear technology makes deep space exploration possible.” (Tom, a researcher)
I have a feeling that it’s true / false because ______.

 

“Nuclear technology allows archaeologists to determine the age of artefacts.” (Ann, a scientist)
I share / don’t share this view because ______.
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“Nuclear technology helps in producing new medicine.” (Nick, a pharmacist)
I share this opinion / doubt it because ______.

 

“Nuclear technology can provide us with drinking water.” (Lisa, an engineer)
I think / don’t think it's true because ______.
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Read the text and find the correct heading for each paragraph. Be careful as there are some extra options.
The environment

Archaeology

Space exploration

Agriculture

Medicine

Scientific research
In many parts of the world, radiation is used to keep away harmful insects. Reducing the number of insects protects crops, providing the world with more food. Radiation is used to control insect populations via the Sterile Insect Technique (SIT). It involves taking care of large populations of insects that are sterilized through irradiation and introducing them into natural populations. The SIT technique has been in use since the 1960s. In addition to agricultural insect control, SIT has found important applications in suppressing populations of disease-carrying insects. The most recent high-profile application of SIT has been in the fight against the deadly Zika virus.

Have you ever thought about how unmanned spacecraft can operate unattended for many years? The answer is RTGs. Radioisotope thermoelectric generators are used in space missions. They use heat from plutonium to generate electricity. A lot of spacecraft, like The Voyager, are powered by RTGs. Mars rovers have used a mix of solar panels for electricity and RTGs for heat. The Nuclear Energy Institute notes that Voyager 1, which was launched in 1977 to study the outer solar system, is still transmitting data today.

Researchers in nearly all fields of science use radioisotopes in their work. Do you know what radiocarbon dating is? It is a method for determining the age of an object containing organic material. The age could be estimated by measuring the amount of carbon-14 present in the sample and comparing this against an internationally used reference standard. Archaeology is just one of the examples. Other industries also use nuclear technology in their research. For example, more than 80 per cent of new drugs are tested with radioisotopes.

It’s not a secret to anyone that some people do not have access to safe drinking water. So, water desalination is required. Water desalination is the process of removing salt from salt water to make it drinkable. However, a lot of energy is needed for this process. Most desalination processes use fossil fuels and contribute to the increasing levels of greenhouse gases. Nowadays, the governments of different countries try to use nuclear power for this process. Nuclear energy facilities can produce the large amount of energy that desalination plants need to provide fresh drinking water. Countries such as India and Kazakhstan have already applied nuclear desalination. And some countries, e.g. China and South Korea have developed small nuclear reactor designs to generate both electricity and fresh water. Of course, nuclear energy has not completely displaced fossil fuels in water desalination projects, but it’s very likely to happen in the future.

Answer the questions using the information from the text.
1. How does nuclear technology help to provide the world with more food? 
2. How does nuclear technology fight against deadly viruses? 
3. How does nuclear technology make deep space exploration possible? 
4. How does nuclear technology allow archaeologists to determine the age of artefacts containing plant or animal material? 
5. How does nuclear technology help in producing new medicine? 
6. How does nuclear technology can provide us with drinking water? 

Read the text.
Food irradiation

What is food irradiation? It is a method of treating food in order to make it safer to eat and keep it fresh for a longer period. This process is similar to such processes as pesticide application, freezing and drying.

The purpose of this method is to stop the growth of microorganisms that cause spoilage or carry diseases. This makes food safer and allows to increase its shelf life.

Consumer perception of foods treated with irradiation is more negative than those processed by other means. However, the U.S. Food and Drug Administration (FDA), the World Health Organization (WHO), the Centers for Disease Control and Prevention (CDC), and U.S. Department of Agriculture (USDA) have performed studies that prove that irradiation is safe.

Food irradiation is permitted in over 60 countries. The Centers for Disease Control estimates that known pathogens, most of which can be reduced or eliminated by irradiation treatment, cause 14 million illnesses, 60,000 hospitalizations, and 1,800 deaths each year in the United States.

The regulations of food irradiation are different in different countries. For example, many European countries allow only dried herbs, spices, and seasonings to be processed with irradiation and only at a specific dose, while in Brazil all foods are allowed to be processed.

But why is irradiation necessary? About one-fourth of the world’s food production is lost because of insects or bacteria after crops have been collected. This problem is particularly common in hot countries. There are three different irradiation technologies that use three different kinds of rays: gamma rays, electron beams, and X-rays. Irradiation kills bacteria not just on the surface but inside the food.
Mark the sentences as True or False.
1. Food irradiation is a method of treating food in order to make it safer. 

2. Irradiation is not very different from the treatments like pesticide application, freezing and drying.   

3. Customers have negative associations with food irradiation.   

4. Scientists have proven that food irradiation is safe. 

5. Food irradiation laws are similar in all countries. 

6. Less than 15 % of the world’s food production is lost to insects, bacteria and rodents after harvesting. 

7. There exist two different irradiation technologies. 

Read the text.
Nuclear technology in medicine

Nowadays radiation and radioisotopes in medicine are widely used, particularly for diagnosis and therapy of various medical conditions.

Diagnostic procedures using radioisotopes are now routine in developed countries and radioisotope technology is being introduced in developing countries as well.

Nuclear medicine used for diagnosis works on the principle that different organs behave differently from the chemical point of view. So, a radioactive dose is given to the patient by injection, inhalation, or orally and the activity in the organ can then be studied. Radioactive tracers are used, which emit gamma rays from within the body. These tracers are generally short-lived isotopes linked to chemical compounds which permit specific physiological processes to be examined.

Although radiotherapy is less common than the diagnostic use of radioactive material in medicine, it is nevertheless widespread, important, and growing. Radiotherapy has been used for the treatment and pain relief of cancer. Radiation weakens or destroys particular targeted cells. Although radiation affects both cancer and normal cells, normal cells repair themselves more quickly.

But diagnosis and treatment are not the only applications of radiation in medicine. Radiation is also used for sterilisation. Many medical products today are sterilised by gamma rays.

Sterilisation by radiation has several pros. It is safer and cheaper because it can be done after the item is packaged. Not only syringes are sterilised using radiation, medical products like surgical gloves, heart valves, bandages, and surgical instruments are sterilised by radiation as well.

Doctors are still finding new applications of radioisotopes in medicine.
Mark the sentences as True or False.
1. Nuclear medicine uses radiation to provide diagnostic information about the functioning of a person’s specific organs or to treat them. 

2. Only rich countries benefit from nuclear medicine. 

3. Every organ in our bodies acts differently from a chemical point of view. 

4. Radioisotopes can be injected into a patient’s blood.   

5. Radiotherapy is as popular as the diagnostic use of radioactive material in medicine. 

6. Healthy cells are more resistant to radiation than cancer cells. 

7. Many medical products today are sterilised by beta rays. 

Watch the Video “Uses Of Nuclear Radiation | Radioactivity | Physics | FuseSchool” by FuseSchool — Global Education on YouTube, CC BY and put the uses for nuclear technology in the order they’re mentioned in the video.
A. Radiation is used in radiotherapy for the treatment of overactive thyroid glands.
B. Radiation is used in radiotherapy for the treatment of cancer.
C. Radiation is used as tracers.
D. Radiation is used in smoke detectors.
E. Radiation is used for food preservation.
F. Radiation is used for sterilising hospital equipment.

What have the Hulk and spiderman got in common? They both gained their superpowers because of radiation — well, in films and comics at least. In real life, radiation has never given anyone superpowers, but when used carefully, radiation does have many uses, which we’re going to look at in this video. Remember, the nucleus is found at the centre of all atoms, some nuclei are unstable and may emit alpha particles, beta particles or neutrons and electromagnetic radiation as gamma rays. Watch this video to understand exactly what these types of radiations are. Gamma radiation can be used in radiotherapy for the treatment of cancer. Gamma radiation is directed at the area of the body affected by cancer. At high doses, radiation kills cancer cells or slows down their growth by damaging their DNA. These dead cancer cells are broken down and removed by the body. Radiotherapy doesn’t work straight away, the cancer cells can take up to a few months to die and be removed by the body. Radiotherapy can also be used to destroy other tissues in the body that are not useful, for example, radiotherapy is often used in the treatment of overactive thyroid glands. If the thyroid gland produces too much thyroxine, it can result in heart palpitations, anxiety, tiredness and mood swings amongst other symptoms.

Radiotherapy can be used to destroy some cells of the thyroid gland and thereby reduce the amount of thyroxine that is produced.

Beta and gamma radiation can also be used as tracers. Tracers in the body can provide a useful alternative to surgery. A small amount of radioactive material is introduced to the body and a radiographer follows the passage of this material through the body using specialized equipment. Beta and gamma sources are used because they pass out of the body and so can be detected. Remember, alpha radiation can’t travel through anything thicker than a sheet of paper.

Barium meals or barium enemas are common examples of radiation used in this way. Smoke detectors emit a constant stream of alpha particles, a sensor continually detects these alpha particles causing a small current. If smoke particles come between the source and the detector, the current is decreased and an alarm goes off.

Gamma radiation is used to sterilise hospital equipment and is also used to kill bacteria, mould and insects from food before the food is packaged. This increases the shelf life of the food, the food is safe to eat and doesn’t become radioactive itself as it’s irradiation rather than consumption.

Mark the sentences as True or False.
1. Gamma radiation kills cancer cells or slows down their growth by damaging their DNA. 

2. Radiotherapy doesn’t work straight away, the cancer cells can take up to a few years to die. 

3. Radiotherapy is used to destroy other tissues in the body that are not useful, for example, overactive thyroid glands. 

4. Too much thyroxine can result in being in a bad mood all the time. 

5. Radiotherapy is used to destroy all cells of the thyroid gland. 

6. Alpha and gamma radiation can also be used as tracers. Tracers in the body can provide a useful alternative to surgery. 

7. Beta radiation can’t travel through anything thicker than a sheet of paper. 

8. Smoke detectors use alpha particles. 

9. Gamma radiation is used to sterilise hospital equipment. 

10. Gamma radiation is used to kill bacteria and insects in food after the food is packaged. 

Answer the questions.
1. Which facts were familiar for you?

2. Which facts surprised you most?

3. In your country, is nuclear technology applied in the same areas?

4. What nuclear applications in medicine do you know?

5. Are there any hazards in using nuclear energy in medicine?

Click on the link, watch the video and tick the ideas mentioned in it.
Using nuclear science in food irradiation
The following ideas were mentioned in the video.   

- Electromagnetic radiation covers a broad spectrum of wavelengths.

- Radio waves let us communicate.

- Ultraviolet radiation gives us vitamin D.

- X-rays are used for diagnosing and checking our luggage.

- Gamma rays are used to sterilise medical equipment.

- Irradiation can change food quality.

- Irradiation does not make food radioactive.

- Irradiation is used to treat food.

- Irradiation prevents vegetables from sprouting.

- Irradiation kills harmful bacteria.

- Irradiation can prevent the spread of exotic insects through globalised trade.

- The FDA requires that irradiated foods bear the international symbol for irradiation.

- Food irradiation is better than heating because food keeps its unique flavours.

- More than 60 countries worldwide have introduced regulations allowing the use of irradiation for food products.

- Food irradiation offers a chemical-free and heat-free approach.

- There are three sources of radiation approved for use on foods.

Prove the statements by giving examples.
- Nuclear technology is used in many spheres besides electricity generation.

- Nuclear technology helps to provide the world with more food.

- Nuclear technology can fight against deadly diseases.

- Nuclear technology helps to provide people with drinking water.

- Nuclear technology makes deep space exploration possible.

Read the task and prepare a 2-minute talk on the topic “Other applications of nuclear energy”.
You’re a researcher who is preparing a talk for a conference. You need to research one of the topics, find information and answer the questions.

The list of topics.

- The application of nuclear energy in art;
- The application of nuclear energy in environmental tracers;
- The application of nuclear energy in industrial tracers.
The list of questions:
- What is the purpose of nuclear application in this sphere?
- How is nuclear technology used in this sphere?
- What are some problems with using nuclear technology in this sphere?
UNIT 8 
Benefits of nuclear energy
Vocabulary 
long-term

temporary

disaster

fossil fuel

exist

threat

reliable

benefit

Useful language

power output

Agreeing
Yes, I agree!

I totally agree!

I couldn’t agree more!

That’s right. That’s a good point.

Disagreeing
I don’t agree!

I totally disagree!

That’s not right!

Partly agreeing
I agree up to a point, but ...

I see the speaker’s point, but ...

That’s partly true, but ...

I’m not sure about that.

Put the advantages and disadvantages of nuclear energy into correct columns: advantages or disadvantages. Add your own ideas.
non-renewable source    high power output    low fuel price    reliable source
national risk    clean energy    fuel availability    expensive to build plants
Answer the questions.
1. Would you add more advantages or disadvantages?

2. Why is nuclear energy called clean?

3. Why is nuclear energy reliable?

4. What is understood by high power output?

5. Can you comment on the idea of fuel availability?

6. Why does nuclear energy present a national risk?

Match the two halves to make phrases.
to benefit

the benefits of

fossil

a threat

temporary

high power

long-term waste

a reliable source

the economy

nuclear energy

of a nuclear disaster

of energy

storage of waste

fuels

disposal methods

output

Complete the sentences with the correct words: reliable, temporary, exist, power output, disaster, fossil fuels, long-term, benefit, threat. Two words are extra.

1. The major source of energy is … like gas, coal and oil.
2. A natural … caused the Fukushima accident.

3. Before final disposal, radioactive waste can be stored in … storage buildings near NPPs.

4. In nature, uranium atoms … as several isotopes: uranium-238, uranium-235, and a very small amount of uranium-234.

5. Nuclear power plants have high … and need very little material for construction and fuel for operation.
6. NPPs are more … than other energy-generating plants because they do not depend on the weather.

7. Nuclear power plants are a big … to our national security.

Complete the sentences with the given words.
Disasters    exists    benefit    fossil fuels    reliable    threat    temporary

1. One of the methods of nuclear waste disposal is keeping it in … above-ground facilities.

2. There are different reasons for nuclear accidents including human factors and natural ….

3. NPPs are a big national … as they may become a terrorists’ target.

4. There … an opinion that nuclear energy is the safest and the most … energy.

5. Nuclear power plants don’t use … to produce energy. The world will … from such plants as they don’t pollute the air.

Put the phrases in the correct column: agreeing, disagreeing or partly agreeing:
I agree up to a point, but ...
I couldn’t agree more!
I don’t agree!
That’s right. 
That’s a good point.
I totally disagree!
I totally agree!
That’s partly true, but ...
I’m not so sure about that.
That’s not right!
I see the speaker’s point, but ...
Yes, I agree!
Read 5 people’s opinions about the disadvantages of nuclear energy.
1. The waste generated by nuclear reactors remains radioactive for up to hundreds of thousands of years. But there are no long-term storage solutions for radioactive waste, and most is stored in temporary, above-ground facilities.

2. I think we shouldn’t forget about the 1986 Chernobyl disaster in Ukraine which led to the death of 30 employees and has had many negative health effects on thousands in Russia and Eastern Europe.

3. The problem with nuclear power is that it needs uranium to produce energy. Unlike fossil fuels: coal, gas and oil which are found in most of the countries, uranium exists only in a few countries. And its supply is limited.

4. Nuclear power plants are a big threat to our national security. Terrorists may attack them to cause a disaster, and the uranium can be turned into a nuclear weapon if it falls into the wrong hands.

5. Nuclear power plants are rather cheap to operate, but they are very expensive to build. Besides, safe storage of nuclear waste is also costly.
Choose the one each speaker mentions.
1. Speaker 1 speaks about: 

a) accidents;
b) high cost;
c) fuel availability;
d) radioactive waste;
e) national risk;
f) non-renewable resources.

2. Speaker 2 speaks about:
a) accidents;
b) high cost;
c) fuel availability;
d) radioactive waste;
e) national risk;
f) non-renewable resources.

3. Speaker 3 speaks about: 

a) accidents;
b) high cost;
c) fuel availability;
d) radioactive waste;
e) national risk;
f) non-renewable resources.

4. Speaker 4 speaks about:
a) accidents;
b) high cost;
c) fuel availability;
d) radioactive waste;
e) national risk;
f) non-renewable resources.

5. Speaker 5 speaks about: 

a) accidents;
b) high cost;
c) fuel availability;
d) radioactive waste;
e) national risk;
f) non-renewable resources.

Answer the questions.
1. Which speaker(s) do you agree with? Why?

2. Which speaker(s) do you disagree with? Why?

Complete the sentences with the correct words: fossil, temporary, disaster, exists, long-term, threat.

1. There are no … storage solutions for radioactive waste, and most is stored in …, above-ground facilities.
2. I think we shouldn’t forget about the 1986 Chernobyl … in Ukraine, which led to the death of 30 employees.

3. Unlike … fuels: coal, gas and oil which are found in most of the countries, uranium … only in a few countries.

4. Nuclear power plants are a big … to our national security.

Type the words to complete the definitions.

1. … – continuing for a long period of time.
2. … – not lasting or needed for a very long period of time.
3. … – an event, often sudden, that causes great damage.
4. … – formed by natural processes and preserved in rock for a very long period of time.
5. … – to be present/to be found.
6. … – something that presents a danger or harm likely to happen very soon.
Answer the questions using the words.
long-term storage; temporary facilities; a disaster; fossil fuels; to exist; a threat

1. What methods of nuclear waste disposal do you remember?
2. What are the main reasons for accidents in a nuclear power plant?

3. What danger do nuclear power plants present?

4. Is uranium available in all countries?

5. What advantage does nuclear energy have over other sources?

Read the article and match the headings to the paragraphs. One heading is extra.
Reliable energy

High power output

Inexpensive electricity

Economic benefits

Clean energy

Fuel availability 
Most of the world’s electricity is produced by burning fossil fuels, which produces greenhouse gas emissions. Carbon dioxide and similar gases add to climate change. So, nuclear energy, which produces electricity without releasing greenhouse gas, is considered to be one of the cleanest energy sources.

Nuclear fission releases much greater amounts of energy than simply burning fossil fuels like gas, oil, or coal. A rather small amount of uranium can be used to fuel a 1000 megawatt electric plant, providing enough electricity to power a city of about half a million people. Renewable sources, such as solar and wind, provide only enough power to meet a small area or office needs.

The cost of building nuclear plants is high. But electricity generated by nuclear reactors is cheaper than that generated by gas, coal, or any other fossil fuel plants. Also, uranium is a rather cheap fuel source, and very little of it is needed to produce very large amounts of power. When you combine all that with an average lifecycle of 40–60 years, the low operating cost will cover the high construction cost.

Some energy sources depend on weather conditions, like sun and wind power. For nuclear power plants, it doesn’t matter if the wind isn't blowing or the day is cloudy. They can produce energy non-stop all year round. They are also reliable because we have enough uranium on the planet to generate energy for the next 70–80 years.

Nuclear power presents a lot of benefits to the economy. On average, one new nuclear plant creates from 400 to 700 jobs, and thousands more during its construction. Most nuclear sites have at least 2 plants. In comparison, one coal plant gives about 90 jobs, and a natural gas plant — about 50. Moreover, each plant makes up to $500 million per year in sales of goods and services. More workers at plants means more people who need lunches and more people with money to spend.

Answer the questions.
1. How can nuclear energy help battle global warming?

2. How powerful is nuclear energy in relation to other energy sources?

3. Why is nuclear energy extremely efficient?

4. What are the economic benefits of nuclear energy?

Click on the link, watch the video and choose the correct options to complete the sentences.
Before watching, check if you know the meaning of the words below.
a rally – a public meeting to protest against something
to stage a rally – to make a rally happen
to rally – to come together, or to bring people together, to support an idea
an anniversary – a date on which something special or important happened in a previous year
to urge – to strongly advise something
an embassy – a group of people who officially represent their country in a foreign country
Worldwide Movement Against Nuclear Power — REMEMBER FUKUSHIMA
1. Anti-nuclear protesters in Germany organised a demonstration to urge the Japanese / German government to completely move away from nuclear power.

2. About 100 / 1,000 demonstrators took part in the event, including local residents and Japanese living in Germany.

3. The demonstrators marched for about two / three hours and made their way to the Japanese Embassy.

4. Many of the protesters carried radiation signs / windmills and placed them in front of the embassy.

5. The German government has announced it will shut down all of the country’s nuclear power plants by 2020 / 2022.

6. Britain, France and many West / East European nations continue to promote nuclear power.

7. Thousands of people in Taiwan / Vietnam rallied against the construction of a nuclear power plant.

8. 10,000 protesters took to the streets in Taipei. People in four / three other cities including Kaohsiung also rallied.

9. The completion of Taiwan’s 4th nuclear power plant has been delayed by over 20 / 10 years.

Read the text about the disadvantages of nuclear energy.
4 disadvantages of nuclear energy

1. Radioactive waste
Nuclear energy plants do not produce any emissions. But they produce radioactive waste that must be securely stored so it doesn’t pollute the environment. While radiation might sound scary, we are constantly exposed to small amounts of radioactivity from cosmic rays or radon in the air we breathe. In small amounts, radiation isn’t harmful, but the radioactive waste from nuclear energy production is extremely dangerous. Storage of radioactive waste is a major challenge for nuclear power plants. Nowadays, nuclear waste is sealed securely in containers and stored deep underground where it can’t pollute the environment. As technology improves, we will hopefully find better ways of storing radioactive waste in the future.

2. Impact on the environment
Nuclear power plants have a greater impact on the environment than just the waste they produce. The mining and enrichment of uranium are not environmentally friendly processes. Open-pit mining for uranium is safe for miners but leaves behind radioactive particles, causes erosion, and even pollutes nearby sources of water. Underground mining isn’t much better and exposes miners to high amounts of radiation while producing radioactive waste rock during extraction and processing.

3. Limited fuel supply
There might be some important pros and cons of nuclear energy, but one of the most important considerations to keep in mind is that nuclear energy depends on uranium and thorium to produce energy. If we do not find a way to create nuclear fusion or build breeder reactors before our supply dries up, we will be unable to create energy with the nuclear power plants we’ve built for the future. So, nuclear power is only a temporary solution with a very high cost.

4. Expensive to build
NPPs are inexpensive to operate but are very expensive to build, and the cost is rising. In addition to the expense of building a power plant, the money is also spent on protecting the waste they produce and keeping it in cooled structures with security procedures in place. All of these costs make nuclear power quite expensive.

Match each paragraph to the idea it mentions.
The 1st paragraph

The 2nd paragraph

The 3rd paragraph

The 4th paragraph
mentions one of the causes of water pollution
mentions different sources of radiation

mentions that storing nuclear waste is expensive

mentions that nuclear power is not a long-term solution

Express your opinion on the statements starting your answer with one of the phrases below.
Agreeing
Yes, I agree!

I totally agree!

I couldn’t agree more!

That’s right. That’s a good point.

Disagreeing
I don’t agree!

I totally disagree!

That’s not right!

Partly agreeing
I agree up to a point, but ...

I see the speaker’s point, but ...

That’s partly true, but ...

I’m not so sure about that.
1. Nuclear power plants produce high air pollution emissions. 
2. Nuclear energy is reliable. 
3. The nuclear industry has a great impact on the economy of a country. 
4. Electricity produced by nuclear power plants is very expensive. 
5. Nuclear power plants are a big threat to our national security. 
6. Nuclear energy is a threat to the environment and human health. 

Take part in the debate and tick the points you have successfully used to persuade your opponent.
You are invited to take part in a TV debate. You support the idea of building a new nuclear power plant (NPP) in your region. Your opponent is going to give arguments against a new NPP. Try to persuade him/her by giving reasonable comments. Use the phrases below.
Read the task and prepare your 2-minute speech on the topic “The benefits of nuclear energy”.
Read the article and talk about the benefits of nuclear energy.
The following questions may help you.
1. Why is nuclear energy consumption growing fast?
2. What are its advantages over other sources of energy?
3. What are its positive effects on the environment?
4. What are the economic benefits of nuclear energy?
5. Do you agree that benefits far outweigh the disadvantages? Why (not)?
UNIT 9 
Future of nuclear energy
Vocabulary 
alternative energy

renewable energy

solar energy

wind energy

geothermal energy

solar panel

dam

wind turbine

geyser

probably

perhaps
Useful language

biomass energy

tidal energy

hydroelectric energy

Unscramble the words to complete the definitions.
1. ittleeavrna – different from the usual things of its kind
2. blewarnee – having an endless supply
3. simbaos – plant or animal material used for energy production
4. rhteoglema – relating to or coming from the heat inside the Earth
5. eedytlicrroch – using water power to produce electricity
6. netibru – a tall structure with blades
Complete the sentences with the correct words: biomass, geothermal, tidal, dams, solar, turbines, alternative energy, hydroelectric. Two words are extra.
1. The power of moving water, or … power, can generate electricity.

2. Local people can use naturally found … to heat buildings.

3. The plants powered by … could replace fossil fuel-driven power plants.

4. Modern … with lighter, stronger blades are harnessing wind power in this area now. 

5. People in Iceland are still heating most buildings using … energy.

6. … power plants use energy from the sun to produce steam for driving turbines to generate electricity.

Match the two halves to make sentences.
The biomass contained in garbage

Water falling through dams

Ocean thermal energy

Solar power plants

Hydrogen gas

Geothermal energy

Several hundred wind turbines
may operate together in open areas with steady winds.

uses the temperature change between the warmer surface waters and the colder deep waters to produce electrical power.

is the natural heat generated inside the Earth and released from volcanoes and hot springs or from geysers.

use energy from the sun to produce steam for driving turbines to generate electricity.

can be burned to produce heat energy or can be allowed to decay and produce methane.

is a potential source of fuel for automobiles, as well as a potential source of energy for heating buildings and generating electricity.

powers water turbines that are hooked up with electric generators.

Choose the correct option to complete each sentence.
1. Solar / Biomass / solar panels / dams / wind turbines / tide / Hydroelectric / Fossil fuels / Geothermal / Wind won't last forever and are causing environmental problems.

2. Solar / Biomass / solar panels / dams / wind turbines / tide / Hydroelectric / Fossil fuels / Geothermal / Wind energy comes from building dams on rivers.

3. Solar / Biomass / solar panels / dams / wind turbines / tide / Hydroelectric / Fossil fuels / Geothermal / Wind energy is produced by using the heat generated inside the Earth.

4. Solar / Biomass / solar panels / dams / wind turbines / tide / Hydroelectric / Fossil fuels / Geothermal / Wind energy comes from capturing the power of the sun’s rays.

5. Wave and Solar / Biomass / solar panels / dams / wind turbines / tide / Hydroelectric / Fossil fuels / Geothermal / Wind energy comes from the power of the ocean.

6. Solar / Biomass / solar panels / dams / wind turbines / tide / Hydroelectric / Fossil fuels / Geothermal / Wind energy comes from burning plants.

7. Solar / Biomass / solar panels / dams / wind turbines / tide / Hydroelectric / Fossil fuels / Geothermal / Wind energy is generated by huge turbines on the ground.

8. Some buildings have Solar / Biomass / solar panels / dams / wind turbines / tide / Hydroelectric / Fossil fuels / Geothermal / Wind on the roofs to collect the heat from the sun.

9. Engineers are now building Solar / Biomass / solar panels / dams / wind turbines / tide / Hydroelectric / Fossil fuels / Geothermal / Wind offshore where the wind blows most of the time.

10. Large Solar / Biomass / solar panels / dams / wind turbines / tide / Hydroelectric / Fossil fuels / Geothermal / Wind are built across the river to store water.

Read the dialogue of friends talking about energy and make notes about the advantages and disadvantages of each type of energy.
Amanda: Experts say we’re going to run out of fossil fuels in the next 40 years.
Ben: Hm. So, we’ll have to get our energy from other sources then?
Amanda: Yes. There are lots of forms of renewable energy.
Ben: Renewable energy? Do you mean energy from the sun?
Amanda: Yes, solar energy. That’s one example of renewable energy.
Ben: You know the sun doesn’t shine very much in some parts of the world.
Amanda: You’re right! That’s the disadvantage of solar energy. But the good thing is it won’t run out no matter how much we use it. So, some sunny countries could get a lot of their energy from the sun.
Ben: Yes. Some buildings have solar panels on the roofs to collect the heat from the sun. But they don’t produce electricity.
Amanda: You’re right. But there are solar power stations now that change the heat of the sun into electricity in Spain, Australia, Saudi Arabia, and the United States.
Ben: That’s great! I’ve heard that Iceland uses mostly green energy to produce electricity.
Amanda: Yeah, they use boiling hot water from geysers. It’s called geothermal power.
Ben: They are lucky. Such electricity is green and will never run out. By the way, we can also use the wind to give us energy. I’ve seen pictures of wind turbines. Do you think they produce much energy?
Amanda: Yes! In some European countries, they get a lot of energy from the wind.
Ben: But it’s the same problem as with the sun. The wind doesn’t blow all the time.
Amanda: Yes, but it’s renewable. Engineers are now building wind turbines offshore where the wind blows most of the time.
Ben: Hm... The weather can be bad as well. So, the turbines have to be very strong if they’re placed offshore.
Amanda: Yeah. Rivers and streams can also be used. There’s lots of energy in running water and we can use this energy to make electricity — hydroelectricity. It doesn’t cause any pollution.
Ben: That sounds like a good idea. Why don’t we produce more hydroelectricity?
Amanda: Well, engineers have to control the water in the river, so they build large dams across it to store the water. These dams cause damage to the environment.
Answer the questions.
1. Does your country use any types of renewable energy?

2. Which kinds of renewable energy are best for your country? Why?

3. What other types of renewable energy do you know? 

4. What are their disadvantages and advantages?

Read the text.
The United States is the world’s largest producer of nuclear power. Nuclear powerplants supply about 20 % of the nation’s electricity. There are 95 commercial reactors helping to power homes and businesses in 29 states. Illinois has 11 reactors — the most of any state. In 2019, nuclear power produced 809 billion kilowatt-hours of electricity. It supplied 55 % of America’s carbon-free electricity, making it the largest source of clean energy. Nuclear power plants do not release greenhouse gases while generating electricity. They produce power during a process called fission, which makes heat by splitting apart uranium atoms inside a nuclear reactor core. Nuclear energy turned out to be the most reliable energy source in 2019, as nuclear power plants operated at full capacity more than 93 % of the time. That’s about 1.5 to 2 times more reliable than natural gas (57 %) and coal plants (48 %), and about 2.5 to 3.5 times more reliable than wind (35 %) and solar plants (25 %). Nuclear power plants are designed to run 24 hours a day, 7 days a week because they require less maintenance and can operate for longer periods of time before refuelling (typically every 1.5 or 2 years).

Complete the sentences with the correct numbers.
29    2019    1.5 to 2    93    2.5 to 3.5    55    11    95    20    809

1. Nuclear power plants supply about … % of U.S. electricity.

2. There are … reactors which power homes and businesses in … states.

3. Illinois has … reactors – the most of any state.

4. Nuclear power produced … billion kilowatt-hours of electricity in ….

5. … % of America’s carbon-free electricity was generated by nuclear energy.

6. Nuclear power plants operated at full capacity more than … % of the time.

7. Nuclear power plants are … times more reliable than wind and solar plants.

8. Nuclear power plants typically operate for … years before refuelling.

Read the text. 
Nuclear power deserves better
Many environmentalists are against nuclear power because of its dangers and the difficulty of disposing of its radioactive waste. But some experts argue that nuclear energy is safer than most other types of energy.
What are the arguments for? First of all, nuclear energy is generated during the process of fission, with no release of carbon, so it doesn’t add to global warming. Switching from coal to natural gas is a step towards decarbonizing as burning natural gas produces about half the carbon dioxide of burning coal. But switching from coal to nuclear power is a huge step to decarbonizing, as NPPs release greenhouse gases only during their construction, mining, fuel processing, maintenance, and decommissioning. It is as much as solar power does and about 4 to 5 per cent as much as a natural gas-fired power plant.
Secondly, NPPs provide a 24/7 power supply, which is a problem for other energy sources. The sun doesn’t always shine, nor does water always fall through the turbines of a dam. Many NPPs operate at full power 336 out of 365 days per year. Even plants powered with coal or natural gas only generate electricity about half the time for reasons such as fuel costs and seasonal variations in demand. Nuclear power is a clear winner in terms of reliability.
What are the arguments against? In the public’s opinion, the main argument is related to the risk of accidents. However, the studies have shown that even the worst possible accident at a nuclear plant is less destructive than other industrial accidents. Two accidents can be remembered: in Bhopal, India, where 3,800 people died because of a leak of 40 tons of toxic gas from a pesticide plant; and in Henan Province, China, where at least 26,000 people drowned after the failure of a major hydroelectric dam.
So, what will happen to the energy industry in the near future? Nobody knows for sure. But we have to start thinking of alternatives to fossil fuels now as, according to experts, they are going to run out very soon. Environmentalists will definitely support clean sources of energy. And nuclear power will probably have a greater role. Perhaps, it will become the leading energy industry, especially in countries which lack sun, wind and water. Nuclear power deserves better, as it is a valuable, even an irreplaceable, part of the energy solution.
Mark the statements as True or False.
1. Two arguments for nuclear energy are mentioned. 

2. Nuclear energy releases more greenhouse gases than solar power. 

3. Nuclear energy can compete in reliability with renewables, but not with fossil fuels. 

4. In the public’s opinion, the main disadvantage of nuclear energy is the risk of accidents. 

5. The worst possible accident at a nuclear plant brings more deaths than other industrial accidents. 

6. The author of the article is sure that nuclear power will become the leading source of energy in the future. 

Answer the questions.
1. Was any information in the text surprising to you? Which?

2. Do you share the author's opinion about the future of energy?

Match the sources and types of energy to their advantages or disadvantages.
Solar panels

Nuclear power plants

Wind turbines

Alternative energy

Dams

Fossil fuels

Geothermal energy

They look horrible and damage the environment

Not all countries have geysers

They can be built offshore where the wind blows most of the time

It is renewable and cheap

They release greenhouse gases while burning

There’s a high risk of a nuclear accident

Sun doesn’t shine all the time

Read the podcast.
Today about 11 % of the world’s electricity comes from nuclear energy. It is thought to be the most reliable energy as nuclear reactors produce power over 90 % of the time. Nuclear energy is more powerful and efficient than other energy sources. The amount of energy released from uranium per gram is 8,000 times more than that of coal or oil. That is why many countries are investing a lot in this type of energy. This is not the only advantage of nuclear energy. It can also help us in our struggle against global warming. The thing is that during the operation, nuclear power plants produce zero greenhouse gases. The total amounts of carbon dioxide released during the process of mining and construction are much lower than those from burning coal, oil or gas. Moreover, nuclear power is cost-competitive with other forms of electricity generation. Nuclear fuel costs have been relatively stable. The price of energy generated from traditional fuels, on the contrary, constantly falls and rises, as it depends on the market very much. Another advantage of nuclear energy is that it’s quite compact. Unlike wind turbines and solar panels, a nuclear power plant doesn’t need a huge area of land. It is usually about the size of a football stadium. Besides, you might not believe it, but modern nuclear power plants are really safe. Their developers have learnt lessons from the worst nuclear accidents like Chernobyl, Three Mile Island, and Fukushima. They are designing reliable safety systems using the most advanced technologies.
Put the benefits of nuclear energy in the mentioned order.
- quite compact;  

- cost-competitive;    

- powerful and efficient than other energy sources;    

- carbon-free;   

- really safe.
Complete the statements with the words from the text.
1. Today about … % of the world’s electricity comes from nuclear energy. 
2. It is thought to be the most reliable energy as nuclear … produce power over 90 % of the time. 
3. The total amounts of carbon dioxide released during the process of … and construction are much lower than those from burning coal, oil or gas. 
4. The price of energy generated from traditional … constantly falls and rises as it depends on the market very much. 
5. Their developers have learnt lessons from the worst nuclear … like Chernobyl, Three Mile Island, and Fukushima.
Read the text.
Why we must phase out nuclear power

Nuclear energy is both expensive and dangerous, and if we don’t see nuclear pollution, it doesn’t mean nuclear energy is clean.

After the terrible nuclear accidents in Chernobyl and Fukushima, people became less enthusiastic about nuclear energy and more aware of its dangers. Although nuclear engineers have developed new reactor designs which are much safer, there is no guarantee that the reactors will be built and operated correctly or that a natural disaster will not cause the reactor to fail, resulting in an accident. Moreover, there is still no safe, reliable way to dispose of the radioactive waste produced by nuclear plants. Radioactive materials kept in the storage facilities may leak, which can damage water supply, crops, animals, and humans. In addition, the spread of nuclear technology and nuclear weapons is a threat to national security and the safety of the whole world. The catastrophic risks of nuclear power are greater than the potential benefits.

Nuclear energy has a negative impact not only on the environment but our economy as well. Nuclear power plants are very expensive to build. The costs of decommissioning and waste disposal are also huge. Besides, it takes more time to construct new nuclear power plants than to build wind turbines or solar panels. The planning-to-operation time of a nuclear plant is 10–19 years or more. For example, the construction of the Olkiluoto 3 reactor in Finland was approved in 2000. Its planned completion date is 2020.

To prevent the most damaging impacts of climate change, we need solutions that are fast and affordable. Nuclear power is neither.

Choose the best option to complete the statements below.
1. The author of the article thinks: 
a) nuclear energy isn’t clean;
b) nuclear energy is clean.

2. New reactor designs:  

a) can’t guarantee that a natural disaster will not cause the reactor to fail;
b) can guarantee that a reactor will not fail due to natural disasters.

3. The catastrophic risks of nuclear power are:  

a) as great as the potential benefits;
b) greater than the potential benefits.

4. It takes:  

a) more time to build wind turbines and solar panels than to build an NPP;
b) less time to build wind turbines and solar panels than to build an NPP.

5. According to the author, nuclear power is:  

a) not affordable and slow;
b) fast and affordable.

Read the text.
The city of the future
In the United Arab Emirates, they are building a new green city where renewable energy is at the heart of the development. The city project designed by the British company Foster and Partners is called the Masdar Initiative. It is going to be the first newly built city in the world, provided only with renewable energy sources with minimal carbon dioxide emissions.
Masdar City is a walled city, located 17 kilometres from the capital, Abu Dhabi. The first residents moved there in 2009, but the city probably won’t be finished until 2025 or 2030. Masdar City is a very big project. According to the initial plan, it is going to cover 6 square kilometres. The creators hope that when the city is finished, about 40,000 people will live there, and about 50,000 will come to work daily from across the United Arab Emirates.
The new hi-tech Masdar City will use only clean renewable energy sources, e.g. sun and wind. The energy use will be reduced as much as possible. Shade and wind will be used to keep the buildings and streets cool when the air temperature rises to over 40 degrees, so the city will definitely use less energy. It will also recycle most of its water and waste. One of the most important things is that in Masdar, people won’t be able to drive normal cars. Citizens are going to use small podcars that travel on magnetic tracks around the city. Perhaps, this technology will be used around the world in the future.
Mark the statements as True or False.
1. The city project was designed by British architects. 

2. Masdar is situated in the middle of the capital, Abu Dhabi. 

3. It has about 40,000 residents at the moment. 

4. The city will use only solar energy. 

5. It will recycle most of its waste. 

6. There will be no transport in Masdar, people will only walk. 

Use the mind map (fig. 3) to make predictions about the future of the nuclear industry.
I think nuclear energy prices will fall in 2050.

According to specialists, nuclear energy prices are going to fall in 2050.
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Fig. 3. Predictions about the future of the nuclear industry

Read the task and prepare your 3-minute speech on the topic “The future of nuclear and renewable energy sources”.
You were asked to give a talk about the future of nuclear and renewable energy. In your speech, answer the following questions.
- What are the advantages and disadvantages of nuclear energy?
- What do you think the future of nuclear energy in your country will be like?
- Which kinds of renewable energy does your country use? 
- How do you think renewable energy sources can influence the future of the nuclear industry?
You may click on the link to read the article and get more ideas.
Vocabulary test
NPPs, Job responsibilities and safety

Complete the sentences with the correct words. There are two extra options:

PPE    face shield    to monitor    reactor vessel    Milling    specific    coolant    

human error    Mining    respirator    Fission    responsible

1. I’m … for maintaining the reactor.

2. My job is … system performance data.

3. You should possess … skills to do this job.

4. … is a nuclear reaction or a radioactive decay process. 

5. A … is the container that surrounds and protects the core of a nuclear reactor.

6. A … is used to keep the temperature of the reactor low.

7. …, which is usually carried out close to a uranium mine, is the process of extracting the uranium from the ore.

8. A … is a device used for protection from falling objects, chemical splashes, or potentially dangerous materials.

9. You must not use inappropriate … when performing operations.

10. There are three main reasons for accidents at work: …, mechanical error, bad management.

Types of radiation and nuclear waste

Choose the correct option to complete each sentence.
1. Decommissioning / burial is a series of actions taken after the permanent shutdown of a nuclear facility.

2. Sealed / Solidified means closed with a lid, cover, etc. so that nothing can get in or out.
3. Shallow land burial / Geological disposal is the disposal of LLW within the upper 30 meters of the earth’s surface.
4. Low-level / high level waste comes from the “burning” of uranium fuel in a nuclear reactor.
5. Disposal / shielding is the process of getting rid of something.
6. Non-ionizing / Ionizing radiation is used in microwave ovens, power lines, FM and AM radio, cell phones, etc.
7. Non-ionizing / Ionizing radiation is high energy that can change the structure of living cells in your body.
8. Terrestrial / Artificial radiation is the radiation coming from soil, rocks and some building materials.
9. X-ray / Radiotherapy can help treat many types of cancer effectively.

10. Ingestion / inhalation is the process of taking in food and drinking.
Nuclear advantages and disadvantages

Complete the sentences with the suitable words.
1. Before final disposal, radioactive waste can be stored in … storage buildings near NPPs.
2. NPPs are more … than other energy-generating plants because they do not depend on the weather.
3. Nuclear power plants are a big … to our national security. 
4. A natural … caused the Fukushima nuclear accident.
5. There are no … storage solutions for radioactive waste.
6. Radiation is used to reduce insect populations in agriculture via the … Insect Technique.
7. Food … is a method of treating food in order to make it safer to eat and keep it fresh longer. 
8. … dating is a method for determining the age of an object containing organic material.
9. … thermoelectric generators (RTGs) are used in space missions.
10. Water … is the process of removing salt from salt water to make it drinkable.
Part 2
UNIT 1
Nuclear energy
Vocabulary 
renewable

access

afford

kilowatt
Useful language

non-renewable

decarbonisation

carbon-free

GWe (gigawatt electrical)

an installed capacity

Choose the correct options to complete the sentences.
1. The temperature of the Earth increased by about point six degree / dot six degrees / point six degrees (0.6°) centigrade over the twentieth century.

2. About three quarters / three over four / three quarts / three quarter (¾) of manmade carbon dioxide emissions are due to fossil fuel combustion.

3. The nineteen nineties / nineteen hundred and nineties (1990s) were the hottest decade recorded in the last ten centuries.

4. The world cow population has doubled / twiced in the last 40 years from six hundred and fifty million / six hundreds and fifty millions (650,000,000) to one dot three billions / one point three billion (1,300,000,000).

5. Adding urea to cattle feed can lower methane production by 25 till 75 per cents / 25 to 75 per cent (25–75 %).

6. A lightbulb of hundred watts / hundred-watt (100W) consumes 2.4 kilowatt-hours of electricity per day.
Choose the correct options to complete the sentences.
1. Nuclear energy has generated one over three / one third (⅓) of the world’s carbon-free electricity.

2. In the low projections, by year two thousands thirty / twenty thirty (2030) the world’s net installed nuclear capacity is going to decrease.

3. The global net installed nuclear capacity is expected to be three hundred and seventy-one point six / three seven one dot six (371.6) GWe by 2050.

4. Electricity from renewable sources is expected to experience the largest growth of up to two one point six six / twenty-one point six six (21.66) trillion kilowatt-hours in 2050.

5. Three billions / Three billion (3 bln) people are living without electricity.

6. Nuclear plants generated around twenty-eight per cent / twenty-eight per cents (28 %) of the electricity in the EU-27 in 2018.

7. Globally, nuclear power output is currently achieving eighty till ninety / eighty to ninety per cent (80–90 %).

Read the text and do the tasks.
The energy industry includes the petroleum, gas, electrical, coal, nuclear, and renewable energy sectors. Recently, renewable energy sources have become more important than non-renewable energy sources such as oil and coal. This is because of rising concerns about global warming and government policy to reduce pollution. Although both the renewable energy sector and the non-renewable energy sector are growing, they are also facing some challenges at the moment. The main challenge is meeting decarbonisation targets. In 2015, at the Paris Climate Conference, about 200 countries signed the COP21 agreement. Now, these countries are making laws to decrease CO2 emissions and encourage businesses with lower or no carbon release. Numerous reports show that 41 % of the world’s total CO2 emissions are caused by the energy industry companies. So, the countries following the COP21 agreement are trying to decarbonise their energy supply with renewable energy sources. The UAE has promised to phase out their fossil fuel-based electricity production and have invested US$163 billion in renewable energy projects. Another issue which is still presenting a big challenge to the energy industry is energy accessibility and affordability. Energy access is mainly limited to the developed and urbanized parts of the world. Today, 840 million people are living without electricity and hundreds of millions more don’t have enough access to it. About 3 billion people heat their homes by burning wood. Right now some of them are cooking food on a fire adding to air pollution which causes health problems. So, some actions must be taken to provide developing countries with reliable and clean electricity. In developed countries, the issue of affordability seems to be more important as it drives the prices of all other goods. For example, Germany has the highest rate for a kilowatt-hour of electricity at 28.8 euros, which is forcing some companies in the country to move their production to the low-cost region.

Tick the mentioned challenges.
According to the text, the challenges that the energy industry is facing are the following:   

- running out of fossil fuels;

- meeting the COP21 goals;

- supplying developed countries with electricity;

- energy accessibility;

- high energy cost in developed countries.

Mark the statements as True or False:
1. The energy industry includes non-renewable and renewable energy sectors. 

2. Because of environmental concerns, the petroleum, gas, and coal energy sectors aren’t growing and are facing huge challenges. 

3. Now all countries are making laws to decrease CO2 emissions and encourage businesses with lower or no carbon release. 

4. The UAE have decided to replace their fossil fuel-based electricity with renewable energy sources. 

5. 840 million people don’t have enough access to electricity. 

6. People in developing countries heat their homes and cook food by burning wood, which causes air pollution. 

7. In the urbanised world, accessibility is a more important problem than affordability. 

Read the text.
450 nuclear power reactors are in operation worldwide, totalling 398.9 GWe in net installed capacity. There are 53 nuclear power reactors under construction with 54.7 net installed capacity. Nuclear power is generating around 10 % of the world’s electricity, or almost ⅓ of all low carbon electricity, and it remains the second-largest source of low carbon electricity after hydropower. Currently, 30 countries (the top 5 leaders — the US, France, China, Russia, South Korea) are generating nuclear power, and 28 are considering, planning, or actively working to include it in their energy mix. Four of these countries, Bangladesh, Belarus, Turkey and the United Arab Emirates, are building their first nuclear plants, with the plants in Belarus and the UAE nearing completion. Globally, capacity factors for nuclear plants are higher than they have ever been, achieving 85 %-90 %. Lifetime can be 60 years. The economics of such stations compete well with other technologies, especially now when the fossil fuel prices are rising and the CO2 emissions from the energy industry are increasing. Waste volumes produced from modern plants are just a small amount of those of some earlier power stations, and the technologies are in place to deal with them safely and effectively. Although some countries, such as Germany, Belgium, Spain, Switzerland, are planning to phase out their nuclear power plants by 2030, there is growing confidence that internationally available competitive designs of nuclear power plants will provide part of the solution to the world’s long-term energy needs.
Complete the chart (fig. 4) with the missing information.
54.7    450    30    398.9    Germany, Belgium, Spain, Switzerland    28    53    Bangladesh, Belarus, Turkey, the UAE
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Fig. 4. The 2nd largest source of global low-carbon electricity
Answer the questions.
1. What are the top 5 nuclear power-generating countries?

2. What countries are building their first nuclear reactors?

3. What is the average lifetime of a nuclear reactor?

4. Why is nuclear energy competitive with other alternative energy sources?

5. What has changed in NPPs with new technologies?

6. What countries are going to phase out their nuclear power plants?

Read the text.
The world is transforming and the energy industry is changing too. With an increased demand for renewable electricity, the energy sector is changing at a high speed. Environmental concerns have brought clean energy goals to centre stage, as we look for ways to replace fossil fuels and reduce our dependence on energy sources that pollute our planet. New technologies help us overcome the challenges of integrating large amounts of renewable energy onto our grid while promoting energy storage and efficiency. The system has become less centralized over time, as distributed energy sources join the grid. Market influences demand competitive prices to promote investment, while renewable energy policies evolve at the government level. Consumers are not only users of energy but also producers generating their own power. Today’s consumers are more informed and demand more options at lower prices for their energy needs. The global energy industry is facing the challenge of controlling these influences to create a reliable system that can meet the energy needs of the changing world. We need an adaptable energy industry. But where do we go from here? How can we predict the energy demands of the future? The decisions we make today are necessary to succeed tomorrow. There is no one universal solution but rather a mix of solutions working in harmony to create the energy industry of the future.

Match the sentence halves.
Today’s consumers are more informed and

Our rapidly changing world

There is no one universal solution but

New technologies help us

We look for ways to

Market influences
demand more options at lower prices for their energy needs.

rather a mix of solutions working in harmony.

overcome the challenges of integrating large amounts of renewable energy onto our grid.

demands an adaptable energy industry.

demand competitive prices to promote investment.

replace fossil fuels and reduce our dependence on energy sources that pollute our planet.

Click on the link, read the article and mark the statements as True or False.
Nuclear power
1. Nuclear energy is quite cheap. 

2. Building nuclear reactors is more expensive than building wind power facilities. 

3. The Finnish reactor Hinkley Point C is the only reactor which was completed in time. 

4. If there are no accidents, nuclear energy is not dangerous. 

5. Nuclear energy will help cut emissions much faster than solar or wind power. 

6. The author of the article does not believe that nuclear energy is a solution to the energy problems. 

Read and follow the instructions to talk about the current situation and challenges in the nuclear industry.
Your colleague had to talk about the current situation in the nuclear industry before the students at a local school but suddenly got ill and asked you to replace him. He has prepared a presentation and you can use it while giving your speech.

Use Present Continuous and the figures below:
- 450 nuclear power plants;
- 398.9 net installed capacity;
- 10 % of the world's electricity;
- ⅓ of the world's carbon-free electricity;
- by 2030.
Read the task and prepare your 3-minute speech on the topic “What is happening to the nuclear energy industry worldwide and in Russia”.
Global temperatures are rising leading to climate change and global disasters. The COP21 countries are insisting on replacing fossil fuels by greener options. Describe what is happening in the world energy industry. Use the Present Continuous tense to talk about changes that are taking place. Use the following questions to help you and feel free to add your own ideas and forecasts.
1. Which countries are following the COP21 agreement?
2. What energy types are considered green?
3. What role is the nuclear energy playing in the transition from traditional energy sources?
4. What is the current situation in the global and Russian nuclear industry?
5. What steps are being taken to improve the nuclear industry safety?
UNIT 2
Fission vs fusion
Vocabulary 
fusion

fission

harness

strike

split

initiate

spin

sustain

tritium

helium

deuterium

hydrogen

Useful language

a tremendous amount

to join together

fission products

Complete each sentence with the correct term: hydrogen, splitting, sustain, tritium, fusion, fission products, uranium, harnessing, fission, initiate, tokamak, spin, helium.

1. Nuclear … is the process of … apart large atoms to release energy, whereas … is joining together very small atoms in the process that also produces energy.
2. The problem with fusion is that it is very hard to do, very difficult to start and ... but, on the other hand, very easy to stop safely.

3. At the core of a star, fusion reactions between … atoms take place within the dense plasma, with temperatures over 10 million degrees Celsius.

4. A … is a doughnut-shaped fusion reactor.

5. In most power plants, you need to … a turbine to generate electricity.

6. One of the disadvantages of fission is the release of …, which are highly radioactive.

7. … and plutonium are most commonly used for fission reactions because they are easy to … and control.

8. One of the greatest challenges of our time is … the energy of thermonuclear fusion reactions.
Complete the sentences with the correct words.
1. Nuclear energy is the second-largest … source of energy.

2. The new strategy aims at an energy mix that combines …, nuclear and other clean energy sources to meet the UAE’s economic requirements and … targets.

3. Nuclear ... is the splitting of a large atomic nucleus into smaller nuclei.

4. Fusion reactions occur in stars where two … nuclei fuse together under high temperatures and pressure to form a nucleus of a … isotope.

5. Making a fusion power reactor is hard because you have to create and … pressures and temperatures similar to those inside the sun.

6. A tokamak is an experimental machine designed to … the energy of fusion.

7. Nuclear fusion involves heating atoms to such … temperatures that they fuse together to create a different element.

Choose the appropriate category: comparing, showing small difference with comparative adjectives, showing big difference with comparative adjectives for each phrase.
the same as    not as + adjective/adverb + as    similar to    far    different from    

a bit    not much    much    as + adjective/adverb + as    a lot    slightly    a little    even
Complete the sentences with the given structures: as often as, as much energy as, as much data as, as low as, as good a design as, as far as.

1. A typical PWR fuel pellet produces ... 1.45 tons of coal.
2. Staff working with toxic materials should have a health check … possible.

3. The ZZ900 reactor doesn’t have … the XX800 reactor.

4. These new companies can store twice … the previous models.

5. … I know, the company has never broken any safety rules.

6. The employer has a duty to reduce accidents to … reasonably practicable.

Use the given words to complete the sentences.
similar, slightly, not as … as, different, even, as ... as, much, far

1. We’re working … fast … possible to meet the production goals.
2. I made a good presentation but my colleague’s was … better.
3. Nuclear fission is … from nuclear fusion.
4. She is … more demanding than our last manager.
5. I think solar energy is … … reliable … nuclear energy.
6. Operating capacity was only … lower at the end of this year compared with the previous one.
7. There are safer, better alternatives to nuclear power that are … less harmful to the environment.
8. The crisis at the Fukushima Daiichi nuclear power plant is … to the terrible events in Chernobyl.
Choose the correct option to complete the sentences.
1. Doses might be well less than 20 mSv but if an inspector feels they could be: 
a) even more powerful;
b) even less;
c) even fewer;
d) even further;
e) even worse;
f) even lower, 
he’ll encourage you to reduce them.

2. The nuclear energy industry produces relatively little waste and by recycling spent nuclear fuel, it can produce: 

a) even more powerful;
b) even less;
c) even fewer;
d) even further;
e) even worse;
f) even lower.
3. Second generation nuclear reactors are very powerful, but advanced reactors are:
a) even more powerful;
b) even less;
c) even fewer;
d) even further;
e) even worse;
f) even lower.
4. Hungary has only four power reactors and Mexico has:
a) even more powerful;
b) even less;
c) even fewer;
d) even further;
e) even worse;
f) even lower.
5. The future point when we get most of our energy from renewables is far away; the point when we get all our energy from nuclear fusion is: 

a) even more powerful;
b) even less;
c) even fewer;
d) even further;
e) even worse;
f) even lower.
6. The research laboratory’s safety review was bad but the main factory’s was: 

a) even more powerful;
b) even less;
c) even fewer;
d) even further;
e) even worse;
f) even lower.

Complete the sentences with the given phrases.
even better    as hard as    different    similar    far less    
not as safe as    slightly lower    even more

1. There are safer, better alternatives to nuclear power that are … harmful to the environment.

2. Countries are trying … possible to meet the decarbonization targets.

3. We created a good design but the design of our competitors was ….

4. Nuclear fusion is … from nuclear fission.

5. Our new manager is … demanding than the previous one.

6. Many people believe that nuclear energy is … solar energy.

7. Total net installed capacity was only … at the end of this year compared with the previous one.

8. Much of nuclear chemistry is … to the nuclear physics.

Read the text.
Fission and fusion are two physical processes that produce massive amounts of energy from atoms. 

Fission occurs when a neutron strikes a larger atom, forcing it to split into two smaller atoms, also known as fission products. Additional neutrons are also released that can initiate a chain reaction. When each atom splits, a large amount of energy is released. Uranium and plutonium are most commonly used for fission reactions in nuclear power reactors because they are easy to initiate and control. The energy released by fission in these reactors heats water into steam. The steam is used to spin a turbine to produce carbon-free electricity. The amount of energy released during fission is a million times greater than from other energy sources.

In addition to fission, scientists are learning how to control another type of nuclear reaction called fusion, which is quite different from fission. Fusion occurs when two very light atoms join together to form a slightly heavier atom, like when two hydrogen atoms fuse to form one helium atom. This process is similar to the one that powers the sun and creates huge amounts of energy, far greater than fission. At equal mass, fusing atoms together in a controlled way releases three to four times as much as nuclear fission reactions. It also doesn’t produce highly radioactive fission products. Fusion reactions are being studied by scientists, but are difficult to sustain for long periods of time because of the tremendous amount of pressure and temperature needed to join the nuclei together.

Label the picture (fig. 5) with the missing information.
used nuclear fuel    Uranium    in energy production    3-4 times    splits    joins    Hydrogen    under development    Plutonium    Helium (He)    1 million times
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Fig. 5. Fission vs fusion
Complete the sentences with the correct words.
sustain, strikes, initiate, helium, nuclei, split, spin, hydrogen, tremendous, fission products

1. Fission occurs when a neutron … a larger atom, forcing it to … into two smaller atoms, also known as ….
2. Additional neutrons are also released that can … a chain reaction.
3. The steam is used to … a turbine to produce carbon-free electricity.
4. Fusion occurs when two very light atoms join together to form a slightly heavier atom, like when two … atoms fuse to form one … atom.
5. Fusion reactions are being studied by scientists but are difficult to … for long periods of time because of the … amount of pressure and temperature needed to join the … together.
Match the two halves to make phrases.
to initiate

to strike a larger

fission

to spin

to join

a tremendous

difficult

split
amount

a chain reaction

to sustain

atom

a turbine

products

together

into two smaller atoms

Complete the sentences using the phrases from the previous exercise.
1. Fission and fusion are two physical processes that produce a … of energy from atoms.
2. Fission occurs when a neutron …, forcing it to ….
3. During fission, additional neutrons are also released that can ….
4. The energy released by fission in nuclear reactors heats water into steam which is used … to produce carbon-free electricity.
5. Fusion occurs when two very light atoms … to form a slightly heavier atom.
6. Nuclear fusion doesn’t produce highly radioactive ….
7. Fusion reactions are … for long periods of time.
Read the text.
Despite a slowdown driven by concerns about economics and safety, nuclear energy remains a central part of the power mix. Its importance has only increased since the international community signed an agreement to limit carbon emissions in Paris in 2016. There are currently over 450 nuclear reactors in operation producing around 11 % of the world’s electricity. More than 60 plants are currently under construction and a further 158 are planned.

Concerns about the safety of nuclear energy increased after the 2011 Fukushima accident. Many countries decided to phase out nuclear energy, and yet it remains an important source of low-carbon power and there are countries where demand is increasing rapidly. Most power plants operate at efficiency levels of well under 50 %, but nuclear power plants can reach efficiency levels of over 90 %. Twelve countries produce at least one quarter of their electricity from nuclear energy. France gets around three quarters of its electricity from nuclear energy, while more than half of the electricity used in Hungary, Slovakia and Ukraine is generated by nuclear power. Belgium, Sweden, Slovenia, Bulgaria, Switzerland, Finland and the Czech Republic get one third of the energy from nuclear sources. South Korea normally gets more than 30 % of its electricity from nuclear power, while in the USA, UK, Spain, Romania and Russia about one fifth of electricity comes from nuclear. Japan used to rely on nuclear power for more than one-third of its electricity and is expected to return to somewhere near that level.

Complete the sentences with the missing figures.
2011    60    50 %    ⅕    158    ¼    ½    30 %    2016    ⅓    90 %    ¾

1. The international community signed an agreement to limit carbon emissions in Paris in ….

2. More than … plants are currently under construction and a further are planned.

3. Concerns about the safety of nuclear energy increased after the … Fukushima accident.

4. Most power plants operate at efficiency levels of well under …, but nuclear power plants can reach efficiency levels of over ….

5. Twelve countries produce at least … of their electricity from nuclear.

6. France gets around … of its electricity from nuclear energy.

7. Hungary, Slovakia and Ukraine get more than … of their energy from nuclear.

8. Belgium, Sweden, Slovenia, Bulgaria, Switzerland, Finland and Czech Republic get … or more.

9. South Korea normally gets more than … of its electricity from nuclear energy, while in the US, UK, Spain, Romania and Russia about … of electricity is from nuclear.

Read the article.
Nuclear fusion — the way forward?

The nuclear industry has a number of challenges to overcome to compete with renewables. The first one is to make the technology as safe and secure as possible. Environmentalists make us remember nuclear catastrophes like the Chernobyl accident in 1986, the aftereffects of which can still be seen today, with radioactive fallout contaminating large areas of Ukraine, Russia and Belarus. There is also another important issue — managing the waste from the nuclear fission process. Most countries which generate nuclear power still haven’t found the way to dispose of their waste adequately.

Can such waste be avoided in the first place? Nuclear fusion could be the answer. In this process, isotopes of hydrogen – deuterium and tritium are fused together by being heated up to over 100 million °C. The thermal energy released during this process could then be harnessed to produce electricity. There are a number of advantages. No greenhouse gases are released, very little radioactive waste is produced and moreover the fuel for fusion is available in large amounts on earth.

The science and physics of nuclear fusion started becoming clear in the 1920s when the British astrophysicist Arthur Eddington suggested that stars draw their energy from the fusion of hydrogen and helium. Since then, nuclear fusion has been under theoretical and experimental investigation. Several countries have built and are experimenting with their tokamaks. However, none of them has been able to create fusion. The EU, USA, China, India, Russia, Japan and South Korea have set up a project called ITER (the International Thermonuclear Experimental Reactor), which includes an experimental reactor in Cadarache, France. The goal of the project is to make fusion commercially viable. But experts say it will take more than 5 years to achieve the target and there is also no guarantee of any success. ITER has other critics too. Some environmental groups claim that the money invested in the project (around €15–20 billion) should be used to develop renewable energy because it is available, safe and clean.

Put the ideas in the order they are mentioned.
A. The process of fusion and its benefits
B. Two challenges in the nuclear industry
C. ITER
D. The history of fusion development

Answer the questions.
1. What challenges are there in the nuclear industry?

2. What are the main conditions for fusion?

3. What are the advantages of energy produced by fusion?

4. When did the scientific researches of fusion begin?

5. How many fusion nuclear reactors are in operation in the world?

6. What is ITER?

7. Why is ITER sometimes criticised?

Discuss the questions.
1. Do you think nuclear fusion can be developed successfully? State your reasons.

2. Should countries cooperate to develop new technologies concerning energy production? Give your reasons for and against.

3. Do you think the money invested in the ITER project should be spent elsewhere?

4. Do you agree that renewables have a proven track record?

Read the text.
Nuclear fission was discovered in late 1938 by a pair of German researchers. The discovery led to the development of the atomic bomb in the United States. The global nuclear stock grew after the bombings of Hiroshima and Nagasaki and during the period of the Cold War between the United States and the Soviet Union. However, in 1953, President Eisenhower’s Atoms for Peace program attempted to shift the focus of nuclear power toward peaceful energy generation. The private industry developed quickly, especially in the United States, and by 1991, the U.S. had twice as many operating nuclear power plants as any other country.

As of 2019, about 450 reactors worldwide operate in 31 countries. Some countries, such as France, Hungary, Slovakia and Ukraine, get more than half of their power from nuclear energy. But over the decades, a number of nuclear disasters have stopped the growth of the industry. In 1979, the partial meltdown at Three Mile Island in Pennsylvania cost about 1 billion dollars to clean up. The disaster caused public fears to rise, and stricter safety standards were demanded. Reactors became more expensive to build and fewer were constructed.

The level of social acceptance of fission is not very high. The process is quite expensive, and because of large amounts of radioactivity in the equipment, people are scared of it. The current state of the industry remains uncertain. Countries such as China, India, and Russia are building new reactors at a fast speed. But in the United States, more than one third remain unprofitable or face closure. Only one new nuclear reactor has come online in the U.S. since 1996, as costs and construction times in developed economies have increased. In today’s Europe, a typical nuclear plant costs well over 10 billion dollars and generally takes 10 years to build. Still, some scientists claim that with the use of next-generation fission technologies, which are much safer than reactors of the past, we will be able to get cheaper nuclear energy.

Put the ideas in the order they are mentioned.
A. In 1979, the partial meltdown at Three Mile Island in Pennsylvania cost about 1 billion dollars to clean up.
B. Next-generation fission technologies are much safer than the reactors of the past.
C. By 1991, the US had twice as many operating nuclear power plants as any other country.
D. President Eisenhower’s Atoms for Peace program shifted the focus of nuclear power toward peaceful energy generation.
E. Fission is also quite expensive, and people are scared of its radioactivity.
F. Nuclear fission was discovered in late 1938 by a pair of German researchers.
G. As of 2019, about 450 reactors worldwide operate in 31 countries.
H. China, India and Russia are building new reactors at a fast speed, but in the United States more than one third remain unprofitable or face closure.
I. The atomic bomb was developed in the United States.
J. Only one new nuclear reactor has come online in the USA since 1996.

Read the text.
Nuclear fusion: a potential energy source

While nuclear fission involves the splitting of a heavy atomic nucleus, nuclear fusion is the process of combining two light nuclei to form a more massive nucleus. In the core of the Sun, at temperatures of 10–15 million °C, hydrogen is converted to helium, providing the energy that sustains life on Earth.

The possibility of producing energy from fusion has been researched for decades. The nuclei of two isotopes of hydrogen, one (deuterium) having one neutron and one proton, and the other (tritium) two neutrons and one proton, combine to form helium and a neutron, releasing energy in the process. Deuterium can be extracted from ordinary water. Tritium could be produced by the fusion reactor itself.

The fuel for a fusion reaction is in the form of a plasma, a state of matter where all the electrons have been stripped from atoms, leaving only nuclei. The understanding and control of plasmas is a major challenge in the development of fusion power. The main problem in designing a fusion reactor is the containment of the plasma fuel, which needs to be kept at very high temperatures to initiate and sustain the reaction. One of the most promising means for achieving this is a tokamak – a doughnut-shaped magnetic confinement system. The other is inertial confinement. If they become practicable, fusion reactors could offer several advantages, including:

- an unlimited fuel supply (deuterium and tritium);

- production of only small amounts of mostly short-lived radioactive waste;

- no possibility of an accident, as the fuel load would be just a few grams at any time and collapse of the plasma would immediately stop the fusion reaction;

- no requirement for materials and technologies of concern for the proliferation of nuclear weapons.

Existing magnetic confinement fusion test facilities include the European Union’s Joint European Torus (JET) in the United Kingdom, the Princeton Plasma Physics Laboratory in the United States, and the JT-60U Tokamak of the Japanese Atomic Energy Agency. The next step in the development of fusion will be the international thermonuclear experimental reactor (ITER), now under construction in France. ITER is expected to have a 20-year operating life. The earliest date for its start is likely to be around 2040.

At the same time, projects investigating laser-driven fusion or fusion by inertial confinement are being performed in the National Ignition Facility in the United States in the frame of the LIFE project, and in Europe in the frame of the HiPER project. Demonstration of power generation is not foreseen before at least two decades, and commercial use is even further away.
Choose the best option.
1. At the temperatures of 10–15 million °C, hydrogen is converted to:   

a) deuterium;
b) helium;
c) tritium.

2. Tritium can be:   

a) produced by the fission reactor;
b) produced by the fusion reactor;
c) extracted from ordinary water.

3. A tokamak is a device in the shape of:  

a) a doughnut;
b) a sandwich;
c) a mushroom.

4. The advantage of fusion not mentioned in the text is:   

a) plentiful fuel;
b) no threat of a nuclear accident;
c) carbon-free production.

5. JET is situated in:   

a) the USA;
b) the UK;
c) the UAE.

6. ITER is:  

a) likely to start its operation in 20 years;
b) sure to start its operation by 2040;
c) expected to start its operation in a decade.

Take part in a popular radio show. Answer the listeners’ questions.
You are invited as an expert to a popular radio show. The topic of the programme is “Is fusion the way to clean energy?”. Some listeners sent audio messages. Answer their questions, giving as many details as you can.
1. In what way is fusion different from fission?

2. What are the advantages of nuclear fusion over nuclear fission?

3. Is it a new technology?

4. What countries are producing energy by means of fusion?

5. What is used as fuel for nuclear fusion?

6. If it is safe and efficient, why aren’t we using this technology for harnessing energy?

Read the task and prepare your 3-minute speech on the topic “Fusion is the way forward”.
You have attended the conference “Fusion is the way forward” and your boss has asked you to share the information with your colleagues. Cover all the points discussed at the conference.
- Difference between fusion and fission
- The history of fusion
- Achievements made in the field
- The advantages of nuclear fusion over nuclear fission
- The future of fusion
UNIT 3
Fuel types in the nuclear fuel cycle
Vocabulary 
ore

fission

pellet

rod

disposal

mill

extract

fabricate

Sequencers

to begin with

firstly

first of all

initially

next

after that

What’s going to happen next?

then

meanwhile

simultaneously

at the same time

subsequently

Match the words with their definitions.
to fabricate

disposal

a rod

fission

a pellet

ore

to extract

to mill

a thin straight bar, especially of wood or metal

a mineral that contains valuable metal to be mined

to produce a product, especially in an industrial process

a small, rounded, compressed mass of a substance

to remove or take out something

division or splitting into two or more parts

the action or process of getting rid of something

to grind something in a mill into a powder

Complete the sentences with the given words: fabricate, extract it, fission, milling, disposal, ore, rods, pellets.

1. Uranium … is found in rocks and soils, in rivers and sea water.
2. Heat is released as a result of ….

3. Reactor fuel has the form of cylindrical … that are about 1 cm in diameter and 1 cm long.

4. Fuel is loaded inside a fuel reactor in the form of … that are about 4 meters long.

5. Uranium is not mined separately. It is necessary to … from the uranium ore.

6. Uranium … is a series of mechanical and chemical processes.

7. To use nuclear fuel in a reactor, first, it is necessary to … it from the uranium ore.

8. Deep geological … is considered to be the best solution for dealing with the most radioactive waste.

Choose the option that suits the meaning best.
1. Nuclear fuel is loaded in a reactor in rods / pellets.

2. Fission / Disposal is the process of splitting isotopes, thus releasing energy.

3. Uranium ore is crushed and treated chemically to extract / fabricate uranium from it.

4. After the spent fuel is cooled in a reactor pool, it is either recycled or disposed of / milled.
5. Rod / Ore is a naturally occurring solid material containing valuable metal. 

6. As a result of milling / fission, we get a yellow mass called yellowcake.

Match the words to make the word combinations.
uranium

fuel

cylindrical

geological

to mill

to extract

to fabricate

nuclear

fission

disposal

ore

uranium

fuel

pellet

rod

plutonium

Choose the category: first, next, meanwhile or finally for each sequencer.
At this stage    Subsequently    Then    At the same time    In the end    First of all    Eventually    Simultaneously    To begin with    Initially    After that    

What happens next is    Following that
Cross out the odd sequencer in each line.
- First of all; subsequently; to begin with

- Meanwhile; in the end; finally

- What happens next is; after that; simultaneously

- Eventually; initially; in the end

- At the same time; simultaneously; following that

- What happens next is; secondly; subsequently
Choose the sequencer that suits the context best.
1. …, the uranium ore is mined.

2. …, it is necessary to mill it to get pure uranium.

3. …, it is enriched to increase the concentration of the U235 isotope.

4. …, nuclear fuel is fabricated.
5. …, fuel is used in a reactor.

6. …, the fuel is placed in a reactor in the form of ceramic pellets.

Put the steps of the nuclear fuel cycle in the logical order (fig. 6).
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Fig. 6. The steps of the nuclear fuel cycle
Production of electricity from nuclear reactions is a process that consists of a number of activities known as the nuclear fuel cycle. Let’s look at all the steps in more detail.

a) The fuel rods are loaded inside a nuclear reactor, where controlled fission can occur. As a result, energy is released that is used to heat water and produce high pressure steam that turns a turbine connected to a generator, thus producing electricity.
b) The spent fuel is stored in a reactor pool, where water serves both as a coolant and radiation shield. After a few years, the spent fuel can be taken to a storage facility. Spent nuclear fuel and high-level waste can also be safely disposed of deep underground.
c) To extract the uranium, the ore is crushed and chemically treated in a mill. The result is uranium oxide concentrate, a yellow powder, which is commonly known as yellowcake.
d) The fuel spends 3–6 years in the reactor. About once a year, part of the fuel is replaced with fresh fuel. The used fuel still contains about 96 % uranium, 1 % plutonium and high level waste products – about 3 %. So, next, it either goes to storage or reprocessing and recycling. During reprocessing, the uranium and plutonium are separated from the waste products. The uranium recovered from reprocessing can be reused as fuel after conversion and enrichment.
e) Uranium is a common metal that is present throughout the world in abundance. There are three ways to mine uranium ore: open pit mines, underground mines, and with the help of in situ techniques.
f) Yellowcake cannot be directly used as a fuel for a nuclear reactor, so after milling, the yellowcake concentrate is delivered to a conversion facility where it is converted to the uranium hexafluoride gas. Then the gas is filled into large cylinders where it solidifies. The cylinders are then loaded into metal containers and shipped to an enrichment plant.
g) The nuclear fuel used in a nuclear reactor needs to have a higher concentration of the U-235 isotope than that which exists in natural uranium ore (0,7 %). That is why the U-235 isotope is enriched to about 3–5 %.
h) In the next step, the fuel is fabricated. Reactor fuel generally has the form of ceramic pellets. They are formed from pressed uranium oxide (UO2) which is sintered at a temperature over 1400 °C. After that, the cylindrical pellets are placed into metal tubes to form fuel rods.

Answer the following questions.
1. Is uranium a rare metal?

2. What is yellowcake?

3. Why is enrichment necessary?

4. In what form is uranium used in a reactor?

5. Why is nuclear fuel reprocessed after it has been used?

6. What happens to the spent fuel?

Read the expert’s view about nuclear fuel types.
What I’d like to talk about today is nuclear fuel, types of nuclear fuel, to be exact. To begin with, natural uranium is a mixture of isotopes: U-238, U-235 and U-234. The isotope U-235 is the only one that is fissile, so under certain conditions it can readily be split and produce a lot of energy, but it amounts to only 0.7 %. Enrichment increases the proportion of the U-235 isotope from its natural level of 0.7 % to 3-5 %.

Well, depending on the type of reactor, different types of nuclear fuel are used. For example, for light water reactor fuel, the uranium needs to be highly enriched, up to 4.5 % of U-235. Highly enriched uranium fuel is also necessary for weapons. At the same time, pressurized heavy water reactors do not require enriched fuel, so they usually use fuel with unenriched natural uranium or slightly enriched uranium.

I would also like to mention another type of nuclear fuel: Mixed Oxide Fuel (or MOX), which is a mixture of uranium and plutonium.

Whereas the U-235 atom is fissile, the U-238 atom is said to be fertile. This means that it can capture a neutron and become (indirectly) plutonium-239, which is fissile. Pu-239 is very much like U-235.

When used fuel is reprocessed, both plutonium and uranium are usually recovered separately. Then, plutonium recovered from used reactor fuel can be mixed with depleted uranium. MOX can then be used to substitute for fresh uranium oxide fuel, increasing the energy derived from the original uranium by some 12 %.

You may probably be surprised, but there is also nuclear fuel which is thorium-based, not uranium. Thorium, as well as uranium, can be used as a nuclear fuel. It is not fissile itself, but when Th-232 absorbs slow neutrons, it produces uranium-233 (U-233), which is fissile. Some believe thorium is a key to developing a new generation of cleaner, safer nuclear power. It is found in a much greater abundance on Earth than uranium. It also has superior physical and nuclear fuel properties and reduced nuclear waste production. However, there are still some specific disadvantages of such nuclear power, one of which being it is quite an expensive process.
Choose the correct options.
1. The isotope U-235 is the only one that can split / capture neutrons and thus produce heat.

2. Different reactors require different elements / amount of U-235 in the nuclear fuel.

3. Weapons need highly enriched / unenriched uranium.

4. Several types of fuel are fabricated due to enriching / mixing uranium and some other metals.

5. MOX is a mixture of fresh uranium / recovered plutonium and depleted uranium.

6. Thorium nuclear fuel is a result of mixing Th-232 and U-232 / Th-232 producing U-232.

7. Thorium-based fuel is seen as an alternative to the uranium one due to its advantages / low cost.
Read the text about thorium-based fuel. 

Thorium – the key to future nuclear power?

Thorium was discovered in 1828 by the Swedish chemist Jöns Jakob Berzelius and was first used as a nuclear fuel source in the 1980s. The isotope uranium-233 produced from thorium is used to produce nuclear fission. Due to its advantages, thorium is considered by many to be the key to the future of nuclear fuel development. Let us look at its advantages and drawbacks.

What makes thorium so attractive is mostly its abundance in the earth’s crust. The slightly radioactive metal is nearly three times more abundant than uranium. Also, thorium can be used as nuclear fuel in several types of nuclear reactors. Moreover, thorium nuclear power reactors produce less waste compared to other nuclear fuels, so a huge storage facility is not needed. Besides, the radioactivity levels of thorium waste drop in a much shorter period of time. As for mining thorium, it is also considered to be safer and more efficient since it is mined in open pits, which is safer than uranium mining.

However, there are still some disadvantages that prevent using thorium as a basic nuclear fuel source, and one of them is high start-up costs. A thorium nuclear power reactor requires thorough testing, analysis and licensing work, so huge investments are needed. The reactors also involve high fuel fabrication and reprocessing costs. Also, the melting point of thorium oxide is much higher compared to that of uranium oxide, so high temperatures are needed to make high-density thorium-based mixed oxide fuels.

What is more, the presence of uranium-232 in irradiated thorium or thorium-based fuels in large amounts is one of the major disadvantages of thorium nuclear power reactors. It can result in significant emissions of gamma rays.

To sum up, though thorium is seen as a potential possibility for nuclear power production, we still need to find ways to cope with problems associated with thorium-based fuel production and use.
Mark sentences as True or False.
1. Thorium was first used as nuclear fuel in 1828 by the Swedish chemist Jöns Jakob Berzelius. 

2. Thorium is more abundant in nature than uranium and its mining is safer and more efficient. 

3. It is easier to handle thorium-based waste since it is produced in fewer amounts and is less radioactive. 

4. The disadvantages of thorium as nuclear fuel prevent its use in the majority of reactors. 

5. High initial and production costs are one of the disadvantages of thorium-based fuel. 

6. Thorium emits significant amounts of gamma rays, which is its main disadvantage. 

7. Despite its advantages, we won’t use thorium as basic nuclear fuel until we find ways to cope with its disadvantages. 

Watch a video about nuclear fuel and tick the points you have heard.
The following things were mentioned:   

- Fuel assemblies, also known as fuel bundles, may contain 200 or more fuel rods.
- The amount of energy in a fuel pellet is the same as in thousands of barrels of oil or tons of coal.
- To shield the leftover radiation concrete is used in a storage facility.
- Standing near unshielded spent fuel could be fatal due to the high radiation levels.
- The spent fuel is kept in a solid form and doesn't go to the atmosphere.
- Once the fuel bundle is used, no more than 1 % of the energy has been harvested.
- A new type of thorium-oxide fuel is being developed now by researchers of CANDU laboratories.
- 3 Rs standing for Reduce, Reuse and Recycle are the slogan for future nuclear fuel development.
Read the task, answer the questions and give detailed answers.
You are invited to a school science lesson as an expert to tell children how electricity is produced. Children are really interested in the whole process and they have prepared some questions for you. Now it’s time to answer their questions.
1. Where is electricity produced? What do we need for its production?

2. What raw material is used for nuclear fuel? Can I find it in nature myself? Do we have a lot of it in the world?

3. Is uranium ore used directly to produce electricity?

4. What is a nuclear fuel cycle? Tell me about it, please.

5. What is nuclear fuel like? Is it a liquid? How is it made?

6. I know there are several types of nuclear fuel. Are they made from other raw materials?

7. Which fuel is better? 

8. How long is the nuclear fuel kept in the reactor? Is it thrown away?

9. Is nuclear waste dangerous to us?

Read the task and prepare a 2-minute speech on the topic “Nuclear fuel production”. Use sequencers if possible.
You are invited to give a short interview as a nuclear power expert in a TV program devoted to nuclear fuel production. Before delivering your speech, you need to have some practice. In your speech, cover the following points.
- Raw material for nuclear fuel;
- What fuel is like;
- The types of nuclear fuel;
- The known advantages and disadvantages of each fuel type;
- How fuel is fabricated.
UNIT 4 
Reprocessing debate
Vocabulary 
contribute

execute

oppose

dispose of

store

proliferation

ground

contamination

utilization
Agreeing
I entirely agree with you.

That’s exactly how I see it.

I fully support this idea.

Disagreeing
I’m afraid I don’t agree because ...

I see your point, but …

I’m quite of the opposite opinion. I personally think that ...

Interrupting
Sorry to interrupt you, but ...

May I interrupt for a moment?

I’d like to add that ...

Introducing your argument
The first reason why I am supporting this is …

I want to emphasise that …

Most importantly, I’d like to mention …

Asking for opinions
Could you clarify what you mean by …?

Don’t you think that …?

Could you explain it in more detail …?

Complete the sentences with the words that suit the meaning best: stored, proliferation, contamination, contributes, executed, dispose, oppose, reprocessing, utilization, ground.

1. Reprocessing … to the decreasing volume of high-level nuclear waste.
2. All the processes must be … extremely carefully in order to avoid the risk of …. 

3. I definitely … reprocessing since benefits do not overweigh risks.

4. So that nuclear waste can be … in a special facility, it is first cooled in water pools.

5. Currently, there is no facility for high-level waste to … of.

6. As a result of …, plutonium and uranium are separated from fission products for the sake of their further ….  

7. Nuclear … risk is the key … to oppose reprocessing.

Choose the words that suit the meaning best.
Proliferation    
Contamination    
To execute    
To contribute    
To oppose    
Ground
Utilization
- is the synonym to the phrase result in.

- is the same as to carry out.

- has the same meaning as to resist.

- stands for multiplication.

- can be used instead of reason. 

- is synonymous to pollution.

- means the use of something.

Two phrases in each line have the same function. Cross out the odd phrase.
1. That’s exactly how I see it. / I’d like to add that … / I fully support this idea.

2. Could you clarify what you mean by …?  / I’m afraid I don’t agree because ... / I see your point, but …

3. I want to emphasise that … / Most importantly, I’d like to mention … / Don’t you think that …?

4. Sorry to interrupt you, but ... / May I interrupt for a moment? / The first reason why I am supporting this is…

5. Don’t you think that …? / Sorry, but may I add? / Could you explain it in more detail …?
Reprocessing of spent nuclear fuel is an issue that evokes debate in the nuclear industry. To be able to participate in a debate on this topic and at the same time to sound polite, it is useful to know special phrases.

Look at the phrases that might be used in debate and сhoose the correct category: agreeing, disagreeing, interrupting, introducing your argument or asking for opinions for each phrase.
May I interrupt for a moment?
Could you clarify what you mean by …?
I’m afraid I don’t agree because ...
I absolutely/entirely agree with you.
I fully support this idea.
Sorry to interrupt you, but ...
I’m quite of the opposite opinion. 
I personally think that ...
I see your point, but ...
The first reason why I am supporting this is …
I’d like to add that ...
Don’t you think that …?
That’s exactly how I see it.
I want to emphasise that …
Most importantly, I’d like to mention ...
Could you explain it in more detail …?
Tick the expression that can be used instead of the given phrase.
1. I entirely agree with you.   

a) I am of the same opinion;
b) I want to emphasise that …;
c) May I interrupt for a moment?

2. I see your point, but …   

a) Could you clarify what you mean by …?

b) The first reason why I am supporting this is …;
c) I’m quite of the opposite opinion. I personally think that …

3. Sorry to interrupt you, but ...   

a) My main argument for it is ...;
b) Do you really believe that …?

c) Sorry, but I’d like to add that ...

4. Most importantly, I’d like to mention …   

a) The first reason why I support the idea is ...;
b) Sorry, but I cannot agree with you here;
c) That’s exactly how I see it.

5. Could you explain it in more detail …?   

a) I’m afraid I disagree because ...;
b) What did you mean by saying that …?

c) Also, I’d like to mention that ...

Read the following statements and agree or disagree with them. Use the phrases from the previous exercise to help you.
1. Reprocessing of spent fuel threatens the world’s security.
2. Reprocessing contributes to national energy security.

3. Reprocessing is supported by countries that are interested in nuclear weapons development.
4. The key advantage of reprocessing is that as a result much less waste is produced.
5. Reprocessing is just necessary to reduce the radioactivity of the spent fuel, especially for high-level waste.
6. Disposing of spent fuel directly is much safer than recycling it.

Read the following sentences from the text and explain what the words in bold mean.

- Reprocessing used fuel contributes to national energy security.
- All the processes must be carefully executed.
- They must be executed in advanced facilities so as not to pose contamination risks.
- Some countries oppose reprocessing on non-proliferation grounds.
- Fuel utilization can be increased and waste volumes decreased.
Read the text about nuclear waste reprocessing.
What is reprocessing like?

The idea of trying to get maximum from a used product is not a unique phenomenon. You do it every time you recycle household waste, for example. Spent fuel is still 97 % energy resource, so why throwing it away? It may be reprocessed to recover fissile and fertile materials in order to provide fresh fuel for power plants. Reprocessing the spent fuel is literary breaking it down into its component parts (uranium — about 96 %, plutonium — up to 1 %, and fission products — about 3 %) in order to use potentially useful elements again.

The current standard method used to separate the elements is called PUREX, which is an acronym standing for Plutonium and Uranium Recovery by EXtraction. The spent fuel is first chopped up and completely dissolved in nitric acid. Then solvents are added for separating the uranium and the plutonium from the fission products. In the next step, another portion of organic solvents is used for uranium to separate from plutonium. A significant amount of recovered plutonium is almost immediately recycled into MOX fuel. Reprocessed uranium needs to be enriched so that it can be used again. All the processes must be highly controlled and carefully executed in advanced facilities by highly qualified personnel, so as not to pose contamination risks.

Reprocessing nuclear waste is nowadays a matter of a worldwide debate. Some countries oppose it, while others have actively reprocessed spent fuel for many years. The principal reason for reprocessing used fuel is that this contributes to national energy security. Fuel utilization can be increased and waste volumes decreased. On the other hand, originally reprocessing was developed during the Second World War for extracting plutonium for atomic bombs, and it is still opposed on non-proliferation grounds.
Mark the sentences as True or False.
1. Spent nuclear fuel is reprocessed in order to separate fissile material from fertile one. 

2. As a result of reprocessing, up to 97 % of original nuclear fuel can be recycled again. 

3. An organic solution is used for separating uranium from plutonium. 

4. PUREX is the name of the facility designed for reprocessing spent nuclear fuel. 

5. All the processes must be carefully executed since recovered plutonium must be almost immediately recycled into MOX fuel. 

6. The advantage of reprocessing spent nuclear fuel is gaining more energy from it and decreasing the volumes of waste. 

7. Initially, reprocessing was developed to produce nuclear weapons. 

8. Opponents of reprocessing claim it poses nuclear proliferation risk. 

Answer the questions.
1. What is the result of reprocessing?

2. What is the process like?

3. Why do you think reprocessing is considered to be a dangerous process?

Read the dialogue from the radio programme.
Presenter

Since the late 1970s, there has been an intense global debate over how to manage spent nuclear fuel – whether to dispose of it directly deep underground, or reprocess it disposing only of the wastes from reprocessing and recycling. Today, in the studio, we have two experts engaged in a nuclear industry who will say what they think about it. Meet Christian, who comes from France, and John, who is a member of the American nuclear association!

Christian

Good afternoon!

John
Hello!

Presenter

The United States is among the countries who decided not to reprocess spent fuel so as not to pose nuclear proliferation risks. At the same time, such countries as France, Japan, and Russia have firm pro-reprocessing policies. Well, John, whose position do you support?

John
I am definitely against reprocessing. Most importantly, it would make it easier for terrorists to take over nuclear weapons materials – just imagine – less than 20 pounds of plutonium is needed in order to make a simple nuclear weapon.

Presenter

I know that Christian supports the opposite opinion, so Christian, don’t you think that John’s argument is worth considering?

Christian

I entirely agree with you, John, regarding proliferation issues, however, we must weigh the risks and benefits here. And the first reason why I am supporting reprocessing is that it is necessary for guaranteeing national energy security.

John
Sorry to interrupt you, but could you clarify what you mean by energy security? In an era of cheap uranium, which is present in nature in abundance, fuel produced from recycled plutonium is more expensive than standard fuel produced from enriched uranium.

Christian

Probably, yes, but, for example, for Japan, with limited land area the reprocessing policy is based solely on the desire to have some energy independence. I want to emphasise that reprocessing is also needed in order to reduce the volume of waste, high-level waste primarily.

John
I’m afraid I don’t agree here because reprocessing would not reduce the need for storage and disposal of radioactive waste, and a geologic repository would still be required. Moreover, there is no spent fuel storage crisis that might be a sound ground overweighing the risks. Nowadays we must focus on finding the ways to make interim storage of spent fuel more secure.

Christian

I see your point, but the level of radioactivity in the waste from reprocessing is much lower and after about 100 years it falls much more rapidly than in used fuel itself, so reprocessing contributes to the protection of the environment.

Presenter

Well, thank you very much for sharing your opinions. We will continue after a short break. Keep it right here!
Choose the correct options.
1. What is the essence of the debate?   

a) If reprocessing poses risk of contaminating the environment;
b) Whether the current way of reprocessing spent fuel overweighs the risks or not;
c) Whether to reprocess the spent fuel or dispose of it in geological repositories.

2. What countries that do not reprocess nuclear waste were mentioned by the presenter?   

a) France;
b) Russia;
c) The USA.
3. Why does reprocessing pose nuclear proliferation risks?   

a) Terrorists might steal nuclear weapons materials in order to make nuclear weapons;
b) Reprocessing facilities handle too much of this material, so it can be, for example, secretly sold to terrorists;
c) Reprocessing is necessary for countries to develop nuclear bombs.

4. Why did John disagree that reprocessing is needed to guarantee national energy security?   

a) Uranium is found in nature in abundance, and it is relatively cheap nowadays, so there is no need to worry about it;
b) Standard fuel produces more energy than reprocessed fuel;
c) Some countries have limited uranium resources, so it is impossible to guarantee energy independence with the help of reprocessing.

5. What arguments were given by Christian in favour of reprocessing?   

a) Reprocessing is needed in order to reduce the volume of waste;
b) It is going to be spent fuel storage crisis soon if we don't reduce the volume of wastes;
c) The level of atmosphere contamination as a result of nuclear waste reprocessing is much lower than as a result of its direct disposal.

6. What should we focus on now according to John?   

a) Making the process of nuclear waste disposal less expensive;
b) Finding land suitable for the disposal of nuclear waste;
c) Creating secure interim storage of spent fuel.

Summarise the pros and cons of nuclear waste reprocessing that were mentioned in the programme. Give arguments for and against reprocessing.
Read the text about reprocessing technologies. 

Reprocessing technologies

A technology known as the PUREX (Plutonium URanium EXtraction) is the most common technology used while reprocessing for uranium and plutonium separation. PUREX is a chemically based separation – nitric acid and solvents are added in successive separation steps. However, there are other separation technologies, though all are in various stages of research and development. The UREX (URanium EXtraction) is an alteration of the PUREX process, but the key difference being that the plutonium is not separated but rather retained in the high-level waste stream with almost all the fission products. PUREX and UREX are both aqueous (wet) separation processes. There are also dry processes variously called “pyrometallurgical processing”, “pyrochemical processing”, and “electrometallurgical processing”. That is the electrolytic separation of elements. The basis of pyroprocessing is that elements are converted into charged particles called ions when a certain voltage is applied. This allows a selective separation of groups of elements by electrolysis. The electrolytic process can be supplemented by further chemical separation if desired.
Mark the sentences as True, False or Not mentioned.
1. PUREX is the only chemical wet technology. 

2. UREX technology is practically the same as PUREX, but its aim is to extract uranium only preventing the extraction of plutonium. 

3. Pyrometallurgical processes are the main alternative to “aqueous” processes and are now the focus of development on an international scale. 

4. Dry technology involves converting elements into ions and separation is executed with the help of electrolysis. 

5. Dry technology can not be mixed with chemical technology.  

6. Super-DIREX (supercritical fluid direct extraction) is another alternative reprocessing technology that is currently being developed by Japanese scientists. 
IAEA, which stands for International Atomic Energy Agency, is an intergovernmental organisation that works for the safe, secure and peaceful use of nuclear science and technology. Exactly this organisation controls all the processes performed at nuclear plants all over the world, including reprocessing and managing nuclear materials obtained as a result of it. Watch a video to find out more information about it.

Read the text about the effect of uranium mining.
Uranium mining — the hidden side

Uranium is the principal fuel for nuclear reactors generating nuclear energy all over the world. However, while some countries participate in a debate about reprocessing spent nuclear fuel made from uranium, other countries oppose the use of nuclear energy at all. Here are some facts about uranium mining that are not commonly shared.

Uranium mining has affected areas in 16 countries, leaving millions of tons of dangerous dirt called tailings, or mine dumps, that have destroyed environments in North America, Australia, Africa, and Asia. Thousands of tons of tailings are left behind for every ton of uranium oxide produced. The tailings are often simply dumped on the land near the mine. Wind carries radioactive dust from these tailings for many miles. Indigenous peoples' lands have also been used to test nuclear bombs both above-ground and below-ground, causing massive radioactive contamination.

In Canada, for example, where the world's largest and most concentrated known uranium reserves are located, accidental spills of contaminated water from mining and milling operations have poisoned major fisheries and threatened the health of local communities.

In Niger and Namibia, uranium tailings are simply dumped on the desert sand, contaminating the air, food, and drinking water of nomadic tribes.

It is little known that the second-worst nuclear disaster in US history was the spilling of uranium mine tailings in the Rio Puerco River in New Mexico in the 1980s.

Uranium miners in the U.S. Navajo have been ill will cancers at a much higher rate than the general population. They were not told about the dangers of radioactivity.

Also, Tibetan people have become radiation tolerance test victims without their knowledge. The horrible facts show the necessity of finding alternative sources to substitute nuclear energy with another energy resource that could be safe for both people and nature. In this respect, some steps have already been made. For example, Germany is working now on implementing in life the use of wind energy plants, which might be a solution for future generations.
Mark the sentences as True or False.
1. The main idea of the article is that reprocessing spent nuclear fuel made from uranium is bad because it is dangerous for people and nature.  

2. Tailing is dangerous refuse left after mining activity. 

3. Uranium mines have been used to test nuclear bombs. 

4. Contaminated water and air, people’s diseases are the results of mining and milling operations in some areas. 

5. Uranium tailings are sometimes simply left outside the mining facility on the desert sand. 

6. Tibetan people took part in radiation tolerance tests as volunteers, but they did not know about the dangers of radioactivity. 

7. An alternative source of energy might be energy produced by wind energy plants. 
Watch the video about inspecting nuclear facilities and tick the points that were mentioned in it:
Video: When IAEA Inspectors Return
The following things were mentioned:   

- Experts of IAEA monitor all the processes across the entire nuclear fuel cycle.

- Alongside special cameras and radiation detectors, other manual tools are used.

- Experts collect samples so as to process them in a laboratory and verify the declared quantities of nuclear material.

- The samples are collected with the help of simple cotton clothes to collect dust particles in order to find any traces of undeclared nuclear activities.

- The inspection is done to make sure that plutonium remains in the civilian nuclear cycle.

- The measurement is done with the help of very precise measuring systems that detect minor diversion.

- The process of sampling is one of many ways IAEA verifies that countries are honouring their international legal obligations.
Read the role card and do the task.

You are invited to participate in an international congress devoted to the problem of reprocessing spent fuel. You are meeting people from different countries who provide their arguments for and against the problem. Think about your position in this issue and share your point of view with the opponents.

Choose a card I am for reprocessing or I am against reprocessing and participate in a debate with an opponent. Look through the information given in the card. Use the given ideas as well as your own ones to present your arguments. Don’t forget about the useful language we have learnt before to sound polite.

The advantages of reprocessing:
- proliferation – real or potential risk?

- the volume of high-level waste;
- national energy security;
- uranium resources;
- the level of radioactivity in nuclear waste;
- economical issues.
The disadvantages of reprocessing:
- the cost of recycled fuel;
- proliferation issues;
- advantages vs risks;
- political issues;
- need for storage.
Read the task and get ready to express your opinion on some statements about reprocessing.

- Imagine that you’re attending an international conference devoted to reprocessing and managing nuclear waste.
- You will read 3 opinions of representatives of the IAEA organisation. You’ll have to comment on them.
1. “You can guarantee that mining uranium will lead to nuclear waste. You can’t guarantee that uranium mining will not lead to nuclear weapons.”
2. “It is useless to talk about the reprocessing ban today. We must talk today about banning producing nuclear fuel in general, since it is a bad, dirty, dangerous fuel.”
3. “It is clear that no international safeguards system can physically prevent diversion or developing an undeclared or secret nuclear programme.”
UNIT 5 
Nuclear waste disposal
Vocabulary 
seal

detect

ship

utility

shielding

withstand

geological repository
Useful language

a dry cask

a disposal site

a shipping cask

Match the terms with the definitions.
low-level waste

intermediate-level waste

high-level waste

nuclear power plant waste that includes shoe covers, mops, filters, used outfit and other materials, which contain small amounts of mostly short-lived radioactivity;
nuclear power plant waste that includes spent fuel, which is highly-radioactive and often very hot;
nuclear power plant waste that contains higher amounts of radioactivity compared to low-level waste and generally requires shielding, but not cooling.

Read the sentences. 
1. Low-level radioactive waste is sealed in containers and shipped to a disposal site.
2. The site is monitored with sensors that can detect radiation.
3. Some nuclear plants use dry cask storage for spent fuel that has already been cooled in the spent fuel pool.
4. Utilities will ship spent fuel assemblies to a central storage site or a permanent repository.
5. Engineers design spent fuel shipping casks with heavy shielding and thick walls that prevent radiation from getting into the environment.
6. A spent fuel shipping cask must be strong enough to withstand even the worst transportation accidents.
7. Nuclear technicians can seal high-level waste (HLW) in heavy metal canisters and then store them deep underground in a geological repository drilled into a dry, stable rock formation.

Match the words and phrases with their meaning.
a geological repository

to withstand

a shipping cask

shielding

a utility

to seal

to detect

to ship

a dry cask

a disposal site

to close (a container) securely

an organisation supplying the community with electricity

an underground facility constructed for safe permanent disposal of HLW

a container that holds HLW after it has been removed from water

to discover

to transport

a container used to store goods during transportation

physical barriers designed to protect from radiation

to be able to resist or remain unaffected by something

a place where waste is buried

Complete the sentences using the lesson vocabulary. The first letter of the word is written.

1. Spent nuclear fuel s… c… are used to transport spent nuclear fuel used in nuclear power plants.
2. Some apps on phones can d… radiation.
3. Every nuclear u… has nuclear waste on site.
4. Before shipping to a g… r…, nuclear waste needs to be in solid form.
5. Components in fusion devices have to w… up to 10 times the heat of the centre of the sun.
6. Time, distance, and s… will minimise your exposure to radiation.
7. Spent fuel is normally stored underwater for at least five years and then it is often put in d… c….
Complete the sentences with the correct words: supports, prediction, evidence, data, research, position, reasons.

1. I don’t think there is any … for saying that nuclear power will be phased out.
2. I don’t think the research … the view that nuclear efficiency is lower than that of renewables.

3. Scientific … does not support the view that the risks of nuclear accidents are extremely high.

4. There are good … to believe that nuclear energy will be able to replace fossil fuels.

5. I don’t think the research supports the Green … that nuclear industry produces huge amounts of radioactive waste.

6. All the … collected show that electricity consumption has increased recently.

7. This doesn’t appear to be an accurate ….

Choose the correct options to complete the sentences.
1. As a rule, short-lived waste is buried in shallow repositories, while long-lived waste is deposited in geological repositories / withstand / sealed / shipment / detect / dry casks / shielding.

2. Intermediate-level waste contains higher amounts of radioactivity compared to low-level waste. It generally requires geological repositories / withstand / sealed / shipment / detect / dry casks / shielding but not cooling.

3. A few accidents occurred when casks were damaged during geological repositories / withstand / sealed / shipment / detect / dry casks / shielding.

4. Generating electricity from fusion reactors requires the reactor walls to geological repositories / withstand / sealed / shipment / detect / dry casks / shielding enormous temperatures.

5. After the spent fuel has been cooled in the spent fuel pool, it is often stored in geological repositories / withstand / sealed / shipment / detect / dry casks / shielding.

6. High-level waste is usually geological repositories / withstand / sealed / shipment / detect / dry casks / shielding in heavy metal canisters and then stored deep underground.

7. The disposal site is monitored with sensors that can geological repositories / withstand / sealed / shipment / detect / dry casks / shielding radiation.

Choose the correct words to complete the sentences.
1. I don’t think there is any evidence / reasons for saying that all countries will phase out their nuclear power plants.

2. This doesn’t appear to be an accurate data / prediction.

3. I don’t think the research supports the view / view that we are going to generate less electricity from nuclear power.

4. There are good predictions / reasons for believing that the countries which signed the Paris Agreement will try to replace fossil fuels with cleaner sources of energy.

5. I don’t think the research supports the green position / view that the nuclear industry produces huge amounts of radioactive waste.

6. All the data / datas collected show that nuclear power is the most efficient alternative source of energy.

Choose the correct category: to express absolute certainty, to express strong probability, to express less strong probability, to express weak probability, to express zero probability for each word or phrase. 
be bound to    will never    will definitely    be unlikely to    be likely to    might    could    could (might) well    probably won't    will not/won't    will    will probably    may
Choose the correct option to complete each sentence.
1. Nuclear power has generated about 11 % of the world’s electricity this year, and I think this figure is bound / is unlikely / will definitely to increase.

2. If we don’t refuse fossil fuels, we probably won’t / won’t probably / will not probably manage to prevent global warming.

3. In this economy, it is unlikely / unlikely / we are unlikely to build more NNPs.

4. In this economy, it’s unlikely to / unlikely that we’ll / not probably to build more NNPs.

5. He definitely will / will definitely / is bound be one of our best nuclear engineers.

6. Tomorrow’s meeting definitely will / is sure to / will likely last longer than usual.

7. Sales likely / It’s likely that sales / Sales are likely will increase again next year.

8. It’s likely sales / Sales will likely / Sales are likely to increase again next year.

9. The new technology is bound to / definitely / unlikely become out of date very quickly.

10. Some countries will probably not / won't probably / are unlikely build new power plants.
Choose the correct option to complete each sentence.
1. It’s likely that they will / likely to / definitely that they will include nuclear power in their energy mix.

2. It’s likely to / They will likely / They are likely to include nuclear power in their energy mix.

3. This definitely won’t / won’t definitely / definitely will not be their last attempt to create fusion.

4. Floods, earthquakes, and tsunamis are bound to / definitely will / are likely happen more frequently in the future.

5. Some people think nuclear energy is the most likely to / is most likely / will most likely replace fossil fuel.

6. Mainland China has about 45 nuclear power reactors in operation, 12 under construction, and more are unlikely to / are bound to / definitely will start construction.

7. Nuclear waste isn’t probably going to / is probably not going to / will not probably be sent to space.

8. Japan will unlikely / Japan is very unlikely that will / It’s very unlikely that Japan will build a deep geological repository for nuclear waste.

9. Japan is very unlikely to / It’s very unlikely Japan to / Japan is very unlikely that will build a deep geological repository for nuclear waste.

10. According to the 2016 Paris Agreement, it’s bound that most countries will / most countries definitely will / most countries are bound to reduce their CO2 emissions.

Make some predictions based on the given ideas. Use the new structures to express probability.
1. Russia wishes to launch more floating nuclear plants.

2. About 200 nations adopted 2015 Paris Agreement.

3. All nuclear power plants must be phased out in Germany by 2030.

4. Only 15 % of the French would like to see France get out of nuclear power “in the German way”.

5. The performance of nuclear plants is expected to improve by 5 % compared to the last year.

6. 18 out of 27 NPPs under construction are in Asia.

Complete the following phrases with the correct words: seem, reasons, convinced, evidence.

1. “... the vast majority of the professionals ____ to be ____ that geological disposal does offer a safe, long-term solution ...”  
2. “There is a lot of ______ for saying ...”
3. “There are no good ______ for believing ...”
Put the words in the correct order to make sentences to present an argument.
1. show that / collected / the data / All / the total installed capacity of nuclear power plants has increased.
2. nuclear waste is the most hazardous type of waste / support / not / does / research / the view that / Scientific.

3. think / supports / don’t / the Green / I / nuclear energy is unsafe and dangerous / the research / position that.
Make some predictions based on the given ideas. Use the new structures to express probability.
1. The vast majority of the professionals seem to be convinced that nuclear energy …
2. There is a lot of evidence for saying that nuclear fusion …
3. There are no good reasons for believing that energy consumption …
4. All the data collected show that 10 % of the world’s electricity …
5. This doesn’t appear to be an accurate prediction that more nuclear accidents ..
6. Scientific research does not support the view that national security …
Read the text and match the questions to the paragraphs. Then answer the questions.
How is HLW stored?

How can we isolate HLW for thousands of years?

How do we dispose of LLW?

Why is reprocessing not accepted by some countries?

How will we transport the waste?
Nuclear waste management

There is a special way for disposing of each type of waste. The way it is disposed of depends on how radioactive the waste is, the half-life of the waste, physical and chemical form of the waste.

Most of low-level radioactive waste comes from hospitals, research labs, industry, and nuclear power plants. It is sealed in containers and shipped to a disposal site. The containers are put in the ground and covered with soil. The site is monitored with sensors that can detect radiation.

High-level waste is the highly radioactive by-product produced inside a nuclear reactor. Spent fuel produces a lot of heat during the first year as radioactivity decays. It is stored near the reactor in a pool of water called the spent fuel pool. After one year, 99 percent of the radioactivity decays away. But there is a lot of evidence for saying that spent fuel remains radioactive for thousands of years. Some nuclear plants use dry cask storage for spent fuel that has already been cooled.

Eventually, utilities will ship spent fuel assemblies to a central storage site or a permanent repository in special spent fuel shipping casks. Some anti-nuclear activists insist that these containers are bound to be damaged during transportation to a repository. But there are no good reasons for believing that an accident will definitely happen. Engineers design spent fuel shipping casks with heavy shielding and thick walls that prevent radiation in the spent fuel assemblies from getting into the environment. So spent fuel shipping casks are likely to withstand even the worst transportation accidents.

Some parts of the spent fuel can be reprocessed. At present, not many countries have decided to do nuclear fuel recycling. One reason is that a by-product of reprocessing is plutonium, which could be used to make weapons and might well become a terrorists’ target. Another reason is that reprocessing is expensive.

Nuclear technicians can seal high-level waste in heavy metal canisters and then dispose of them deep underground in a geological repository drilled into a dry, stable rock formation. The vast majority of the professionals seem to be convinced that geological disposal does offer a safe, long-term solution. However, the Green position is that the packaging around the waste will probably corrode, releasing the radioactive contents, and radioactive gases will leak out from the containers and be released at the surface. Moreover, local communities are unlikely to support the construction of a repository in their area.

 

Answer the questions.
1. Why do many people oppose building repositories for HLW deep underground?

2. What is your attitude to a geological repository?

Read the text.
Radioactive waste management has sometimes been called the “Achilles’ heel” of nuclear energy because of the absence of social and political confidence in radioactive waste disposal strategies. Technical experts are sure that disposal of high-level waste in deep geological repositories is ethically and environmentally sound, and that the technology is both well developed and trustworthy. However, many people do not believe it is safe. Communicating with the public remains a key issue and a challenge to nuclear energy. Many people think that high-level nuclear waste represents a threat to future generations. Others tend to regard the risks as quite low. This conflict of attitudes is slowing down the adoption of disposal solutions.

The alternative to final disposal of spent fuel in a repository is its long-term storage above ground. This is generally considered to be technically feasible and represents existing practice. However, long-term storage is often regarded as a less preferable solution. The need to maintain security and environmental monitoring of the site increases costs. The inevitable long-term decay of the storage facilities and the waste packages leaves to future generations the costs and risks of their periodic replacement. This option also leaves open the question of waste disposal. Nonetheless, it remains a workable option.

Another aspect of waste disposal currently under debate is the building of repositories that would serve several countries. The amount of waste requiring geological disposal is small enough to make the concept of international repositories attractive in principle, especially to smaller countries for whom the fixed costs of developing a repository would be significant, or to those with difficult geological or environmental situations. Studies suggest that there are unlikely to be any technical or environmental objections to the development of an international repository. However, the ethical and political problems associated with siting, and public unwillingness to accept another country’s waste, seem to pose major obstacles to progress, at least in the near future.
Choose the right answers.
1. What remains a key issue and a challenge to nuclear energy?   

a) technical confidence in radioactive waste disposal strategies;
b) the development of a trustworthy technology;
c) communicating with the public.
2. What idea is not true about the long-term storage of waste above ground?   

a) it is a workable option;
b) it represents existing practice;

c) it is regarded as a more preferable solution.

3. Why is the concept of international repositories attractive to smaller countries?   

a) the fixed costs of developing a repository would be significant;
b) they have difficult geological or environmental situations;
c) they don’t want to have a repository on their territory.

4. What poses major obstacles to the development of an international repository?   

a) the ethical and political problems associated with choosing a site;
b) public unwillingness to accept another country’s waste;
c) both the reasons mentioned above.
Match people’s anti-repository arguments with the scientific facts which counter them.
Packaging materials corrode.

Climate change leads to groundwater change.

Casks can be damaged during shipment.

Local people can be affected by radiation.
Radioactive gases can leak from containers.
1. Over the last couple of decades, no spent fuel shipment in any country has resulted in an injury through the release of radioactive material.
2. The outer material of the containers used for spent fuel is expected to corrode 0.0762 cm in 10,000 years.

3. Even if the containers corroded, radioactive gases would be absorbed by minerals in the rock.

4. The repository is located far away from the nearest population centre.

5. Groundwater conditions have changed little for millions of years.

Use the scientific facts from the previous exercise to persuade anti-repository activists that their predictions are wrong.
Example: This doesn’t appear to be an accurate prediction that future generation will definitely be affected by the nuclear waste we produce today.

Expressing an argument 
The vast majority of the professionals seem to be convinced that

There is a lot of evidence for saying that

There are no good reasons for believing that

All the data collected shows that

This doesn’t appear to be an accurate prediction that

Scientific research does not support the view that

I don’t think the research supports the Green position that

Expressing probability 
will

bound to

likely to

could (might) well

will probably

may/might/could

unlikely to

probably won’t

will never

will not/won’t

Read the task and prepare your 3-minute speech on the topic “Nuclear waste storage and disposal problems”. Read the article and summarise the main ideas in your talk. Cover the following points.
1. Why is it difficult to deal with nuclear waste safely?
2. Where is nuclear waste stored?
3. How different is the disposal of LLW from the disposal of HLW?
4. Can we recycle nuclear waste?
5. What is the current solution to the nuclear waste problem?
UNIT 6
Decommissioning
Vocabulary 
decontamination

dismantling

demolition

licensee

shutdown

closeout

decommissioning

submit

Useful language

SAFSTOR (Safe Enclosure)

DECON (Immediate Dismantling)

ENTOMB (Entombment)

a decommissioning plan

Make the words out of the given letters to complete the definitions.
1. lidoapss – when you get rid of something;
2. sack – a container that holds waste;
3. etniirm – another word for “temporary”, used when we talk about waste storage;
4. lgideihsn – a physical barrier designed to protect from radiation;
5. gtoraes – the process of keeping things in a special place;
6. oer – rock from which metal can be obtained.
Write terms which fit the definitions.
1. … – an option of decommissioning when a nuclear facility is left untouched for several years so that radioactivity decays considerably.
2. … – is an option of decommissioning when buildings and infrastructure are moved and decontaminated relatively soon after shutdown.
3. … – is an option of decommissioning when a nuclear facility is permanently sealed to shield any leftover radiation from the environment.
4. … – is a decommissioning activity that is used to reduce radiation levels in the plant.
5. … – means carefully taking the components apart.
6. … – is the action of destroying the object, usually without taking it apart first.
7. … – is closing a plant and stopping operations permanently.
8. … – is the stage of decommissioning when the spent fuel is recovered from the reactor.
9. … – is the process of removing a commercial nuclear power plant from service so that the land may be used for something else.
Complete the sentences with the correct words: SAFSTOR, Enclosure, ENTOMB, decontamination, shutdown, immediate, dismantling, submit, demolition, decommissioning, DECON.

1. After the … of a nuclear power plant, the nuclear operator has to reduce the leftover radioactivity to safe levels.
2. Once the nuclear power plant has stopped operations and removed the fuel from the reactor, it has up to 2 years to … a decommissioning plan to the NRC.

3. A power company has 3 options for …: Entombment, Dismantling and Safe ….

4. … is sealing the facility permanently to shield any leftover radiation from the environment.

5. … is removing buildings and infrastructure and decontaminating almost immediately after closeout.

6. … is leaving the property untouched for several years so that radioactivity decays considerably.

7. … is a major decommissioning activity that is used to reduce radiation levels in the plant.

8. … is the action of destroying the object, usually without taking it apart first, whereas … means carefully taking the components apart.

Match the words to their definitions.
dismantling

decommissioning

ENTOMB or Entombment

DECON or Immediate Dismantling

shutdown

decontamination

SAFSTOR or Safe Enclosure

closeout

demolition

leaving the property untouched for several years so that radioactivity decays considerably

the process of removing a commercial nuclear power plant from service

the stage of decommissioning when all the remaining structures are destroyed and removed

the stage of decommissioning when the spent fuel is recovered from the reactor

the stage of decommissioning when all working equipment and buildings are taken apart and monitored for any remaining radioactivity

closing a plant and stopping operations permanently

the stage of decommissioning when all surfaces are washed with water or treated by other means to remove radioactivity

removing buildings and infrastructure and decontaminating the land to levels safe for public use

sealing the facility permanently to shield any leftover radiation from the environment

Label the picture (fig. 7) and name the main stages of decommissioning.
demolition and site clearance    closeout      decontamination and dismantling
non-nuclear industries      shutdown      a decommissioning plan
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Fig. 7. The main stages of decommissioning
Choose the correct category: to give an example, to add information, to contrast ideas, to give a reason, to generalize ideas or to give a result for each word or phrase.
as a rule    whereas    due to    overall    such as    however    thus   namely    as
in addition    in particular    also    in general    in most cases    so    owing to
therefore    for instance    because of    unlike    moreover    consequently    
although    as well as
Read the extracts and choose the functions of the linkers in bold.
1. Contaminated materials, such as concrete, piping, metals, even soil, are generally disposed of in a low-level waste disposal facility.   

a) to add information;
b) to give a reason;
c) to give an example.
2. All surfaces are washed with water or treated by mechanical, chemical or electrochemical means to remove radioactivity. In addition, all working equipment and buildings are removed and monitored for any remaining radioactivity.   

a) to add information;
b) to give a result;
c) to generalise ideas.
3. In some cases, it may not take place until a very long time, perhaps 100 years after shutdown. However, with the introduction of robotic and telemanipulation techniques, this phase of decommissioning is often performed earlier.   

a) to give an example;
b) to contrast ideas;
c) to give a result.
4. The benefits of waiting half-century to do decommissioning is that the radiation levels will be significantly reduced. Because of it, the workers dismantling the plant will be exposed to a much lower radiation dose.   

a) to give a reason;
b) to give a result;
c) to generalise ideas.
5. As a rule, closeout takes place very soon after shutdown.   

a) to add information;
b) to give a result;
c) to generalise ideas.
6. Most operators combine the SAFSTOR and DECON approaches, therefore the decommissioning process can take up to 60 years.   

a) to add information;
b) to give a reason;
c) to give a result.
Cross out one odd linker in each group.
1. Adding information: also, as well as, as a rule, too.
2. Giving examples: such as, in particular, for example, in general.
3. Giving a reason: due to, unlike, because of, as.
4. Giving a result: although, so, therefore, consequently.
5. Contrasting ideas: owing to, but, whereas, however.
6. Generalising: as a rule, moreover, in general, in most cases.
Choose the best option to complete each sentence.
1. Unlike / Owing to / Whereas a traditional coal-burning power plant, a nuclear power plant uses the energy produced by the fission of uranium.

2. Reactors built with extra safety features and more robust cooling systems to avoid Fukushima-like disasters are expensive, in particular / therefore / while the costs of wind and solar power continue to decrease.

3. In addition to / Due to / Owing to the risk of terrorist attacks, human error and natural disasters can lead to dangerous and costly accidents.

4. Although / Unlike / As renewables, nuclear costs are on the rise, and many plants are being shut down for economic reasons.

5. Whereas / Although / Unlike most of the time the waste is well sealed inside huge drums of steel and concrete, sometimes accidents can happen and leaks can occur.

6. Due to / Because / Owing its radioactivity and highly hazardous properties, nuclear waste must be carefully stored and disposed of.

7. There are ways to solve the nuclear waste problem, so / as / but the solutions offered so far are expensive and unpopular.

Complete the sentences with the correct linkers: as, however, because, unlike, but, owing to, as a result, namely, although, as well as.
1. A nuclear reactor works best when the core is really hot, … if it gets too hot, it will cause a meltdown.
2. There are two problems with nuclear reactors, … expense and time.

3. We must be interested in safety … costs.

4. … the fact that the workers have gone on strike, the company has been unable to fulfil all its orders.

5. Nuclear energy is extremely efficient. …, many people oppose it of a high risk of accident.

6. … Asia, some countries in Europe have decided to phase out their nuclear power.

7. … the facility is going to be decommissioned, more staff is needed.

8. … nuclear power cannot substitute fossil fuel entirely, it can play a significant role in decarbonizing the production of electricity.

9. Floating foundations could simplify the installation and decommissioning operations, and …, reduce the decommissioning costs.

Paraphrase the sentences using a different linking word or phrase.
1. A nuclear reactor works best when the core is really hot, but if it gets too hot, it will cause a meltdown.
2. There are two problems with nuclear reactors, namely expense and time.
3. We must be interested in safety as well as costs.
4. Owing to the fact that the workers have gone on strike, the company has been unable to fulfil all its orders.
5. Nuclear energy is extremely efficient. However, many people oppose it because of a high risk of accident.
6. Unlike nuclear power, which is carbon-free, the energy produced by burning fossil fuels releases huge amounts of CO2.
7. As the facility is going to be decommissioned, more staff is needed.
8. Although nuclear power cannot substitute fossil fuel entirely, it can play a significant role in decarbonizing the production of electricity.
9. Floating foundations could simplify installation and decommissioning operations and, as a result, reduce the decommissioning costs.

Read the lecture and tick the questions the lecturer answers.
Decommissioning is the process of removing a commercial nuclear power plant from service to return the nuclear site to an unrestricted condition or state so that the land can be used for suitable alternative uses. After decommissioning, some sites may be reused for non-nuclear industrial activities, but not for habitation.
Once the company decides to close the plant, it certifies to the Nuclear Regulatory Commission that it has shut down or permanently stopped operations and removed the fuel from the reactor. The company has up to two years to submit its decommissioning plan to the NRC. A power company has three options for decommissioning: Immediate Dismantling, Safe Enclosure and Entombment. Entombment (or ENTOMB) is sealing the facility permanently to shield any leftover radiation from the environment. Safe Enclosure (or SAFSTOR) is leaving the property untouched for several years so that radioactivity decays considerably, making final cleanup easier and safer. Immediate Dismantling (or DECON) involves removing buildings and infrastructure and decontaminating the land to levels safe for public use. Most operators combine the Safstor and Decon approaches, therefore the decommissioning process can take up to 60 years. The benefit of waiting half-century to do decommissioning is that the radiation levels will be significantly reduced. Because of it, the workers dismantling the plant will be exposed to a much lower radiation dose.

Decommissioning usually consists of three stages.
Stage 1, closeout. The spent fuel is recovered from the reactor. It is transferred from the spent fuel pool to the dry casks on-site until another option, such as a permanent disposal facility, becomes available. Contaminated materials, such as concrete, piping, metals, even soil, are generally disposed of in a low-level waste disposal facility. As a rule, closeout takes place very soon after shutdown.

Stage 2, decontamination and dismantling. All surfaces are washed with water or treated by mechanical, chemical or electrochemical means to remove radioactivity. In addition, all working equipment and buildings are taken apart and monitored for any remaining radioactivity. All of these activities may occur 10, 20 or more years after shutdown.

Stage 3, demolition and site clearance. All the remaining structures are destroyed and removed, and the site is made available for new uses. The timing of this final phase is determined in each country by economic, technical and regulatory factors; in some cases, it may not take place until a very long time has passed, perhaps 100 years after shutdown. However, with the introduction of robotic and telemanipulation techniques, this phase of decommissioning is often performed earlier.
The lecturer answers the following questions:   

- What is decommissioning and why is it needed?

- What does a decommissioning plan include?

- How can a nuclear facility be decommissioned?

- How long does decommissioning last?

- What are the challenges associated with the decommissioning process?

- What are the main stages of decommissioning?

- What is the role of the NRC (Nuclear Regulatory Commission)?

Read the text about the main points of a decommissioning plan and the role of the NRC.

Decommissioning is the safe dismantling and decontamination of a nuclear facility. After the shutdown, a power plant has two years to submit to the NRC a decommissioning plan, which should include three things. First, the strategy which the licensee is going to use to decommission the plant. Secondly, the schedule for decommissioning and the estimated cost of the radiological decommissioning of the site. And finally, the information on whether the decommissioning process will negatively affect the environment close to the plant. The NRC oversees each stage of the cleanup and conducts final surveys to check that the site has been cleaned to the strict specifications. Once the NRC terminates the license, the bulk of the site may be used for other purposes, such as a new non-nuclear power plant or even a public park. The NRC holds public meetings near the site to explain the agency’s review process and receive public comment on the decommissioning plan. The NRC will hold additional meetings to update the public on the company’s progress. The public is invited to provide comments at two specific points during the decommissioning process. The first one is when the utility submits the post-shutdown decommissioning activities report. The second opportunity for public involvement is when the license termination plan is submitted for a reactor.
Mark the statements as True or False.
1. A decommissioning plan is submitted before the shutdown. 

2. A decommissioning plan includes the estimated cost of the decommissioning process. 

3. The bulk of the site may be used for other purposes after the NRC approves the license to decommission the plant. 

4. The NRC holds meetings with the public near the nuclear site. 

5. The public has an opportunity to provide comments only after the utility submits the post-shutdown decommissioning activities report. 

Read the text. 

The decommissioning of a nuclear power plant or other nuclear facility generates a significant amount of radioactive waste, most of it is low-level waste. According to the European Commission, decommissioning of an “average” nuclear power plant produces up to 10 000 cubic metres of radioactive waste. In terms of volume, the bulk of radioactive waste is concrete or other building materials that contain very small amounts of radioactivity. The spent fuel in the reactor is the largest source of radioactivity and with its removal the total radioactivity inventory of the site is reduced by about 99 %. Large components such as the reactor pressure vessel and the steam generators are also treated as radioactive waste, though their size presents unique issues. They can be reduced by cutting them into smaller parts or can be removed and transported to low-level waste repositories. One decommissioning issue currently under discussion is an internationally agreed criterion below which slightly contaminated materials can be released from radiological regulatory control. On one side of this issue, free-release and recycling of large volumes of slightly contaminated materials from decommissioning would reduce the cost of disposal of these materials and present very low radiological hazards. On the other side, the public assessment of radiological risks has made most governments decide against the free release of such decommissioning waste.
Choose the correct options.
1. Most of the radioactive waste produced during the decommissioning of a nuclear power facility is:  

a) low-level waste;
b) high-level waste;
c) intermediate-level waste.

2. The amount of radioactive waste which an average nuclear power plant produces is:   

a) over 10 000 cubic metres;
b) about 10 000 cubic metres;
c) more than 10 000 cubic metres.

3. Concrete and other building materials contain:   

a) large amounts of radioactivity;
b) huge amounts of radioactivity;
c) very small amounts of radioactivity.

4. The largest source of radioactivity is:  

a) the spent fuel in the reactor;
b) the reactor pressure vessel;
c) the steam generators.

5. The decommissioning issue under discussion is:   

a) related to the free release of slightly contaminated materials;
b) cutting the cost of decommissioning;
c) reaching the public approval of decommissioning.

Read the text. Five sentences have been removed from it. For each gap, choose the number of the sentence that fits it.
1. Decommissioning is an expensive process.

2. Personnel training in decommissioning is, therefore, one of the key factors for successful decommissioning.

3. The process of decommissioning is quite different from that of operation.

4. So, all the decommissioning activities have to be carefully planned, analysed from the point of view of safety and controlled by the application of different safety measures to minimize the exposure of the workforce, the general public and the environment.

5. Some of the material generated during decommissioning is not radioactive and may be reused or recycled.
Challenges of decommissioning

The safe deconstruction of a facility which is no longer needed is called decommissioning. During the facility’s operation, a significant portion of the components, materials and structures become radioactive, so radiological risks for decommissioning workers represent the first challenge.

Moreover, there is also a risk of releasing radioactive substances into the environment during the process of decommissioning. ______. Continuous radiological monitoring of the workers, workplaces, materials, and the environment is performed during decommissioning to ensure that safety objectives are met.

During decommissioning, large amounts of radioactive waste are generated in a relatively short time, so that adequate storage, treatment and disposal facilities need to be available to support this process. ______. During the decommissioning process, constant, precise measurements are taken to separate radiologically clean materials from those that are radioactive.
______. In this phase of its lifetime, the facility no longer generates any income, therefore financing provisions for decommissioning need to be established while the facility is operational. The funds are generally collected in special funds to be used for decommissioning, or operators are required to demonstrate that they have made appropriate provisions. 

______. Many of the activities are unique, the situation at the facility is continuously changing as systems are dismantled gradually. ______. Changes in the organizational and managerial structure are needed to ensure proper project management and to maintain the appropriate safety culture throughout the project.

Read the task and prepare your 3-minute speech on the topic “The history of the decommissioning process”.

Imagine that you work at the Calder Hall nuclear power plant and have to report on the decommissioning process of your nuclear facility. Use the given dates and verbs in the correct tenses (Past or Future) to present the information.
- 1956 – go online;
- for 47 years – be in operation;
- 31 March 2003 – shut down;
- 2008 – demolish 2 of the station’s cooling towers;
- 2008–2011 – remove parts of the physical structure of the station;
- 2011 – transfer 40,000 fuel rods from the station’s 4 reactors to the fuel handling plant;

- 2016 – empty one of the four reactors;
- 2019 – complete the initial post-operational clean-out work;
- by 2027 – dismantle the reactor buildings;
- by 2063 – demolish the remaining structures and to clear the site.
UNIT 7 
Types of nuclear reactors
Vocabulary 
containment

control rod

coolant

moderator

reflector

barrier
reactor vessel

fuel assemblies

reactor core
Useful language

to sum up

conclude

in conclusion

in summary

in brief

in a nutshell

in short

all in all
Complete the sentences by choosing the correct options.
1. A pressurized heavy water reactor uses heavy water (deuterium oxide) as its coolant and neutron barrier / moderator.

2. The heavy-water coolant / reactor vessel is kept under pressure to avoid boiling, allowing it to reach a higher temperature.

3. The containment / reflector structure also protects the reactor against external events and provides radiation shielding in accident conditions.

4. Corrosion is the biggest challenge for the fuel assembly / reactor vessel.

5. A series of fuel assemblies / control rods can be quickly inserted into the reactor core to absorb neutrons and rapidly stop the nuclear reaction.

6. Fission takes place in the control rods / reactor core.

7. The fuel assembly / containment is usually a rectangular block of fuel rods containing uranium or uranium-plutonium mixes.

8. LWRs typically use reflectors / coolant made of graphite or beryllium, which return neutrons that would otherwise escape the core.

9. Three barriers / moderators are used in a nuclear reactor to ensure that the risk from sources of radiation is minimised for people and the environment.

Complete the sentences with the correct words.
Coolant    Reflector    Reactor vessel    Moderator    Control rods    Containment    Fuel assemblies    Reactor core    Barrier

1. … is a component of a nuclear reactor that serves as a final barrier to prevent radiation released into the atmosphere in case of emergency situations. 

2. … is the largest component that contains fuel assemblies and coolant.

3. … serve to regulate the intensity of the nuclear reaction.

4. … contain fuel rods with fuel pellets. 

5. … is one of the key components that transmits heat to create steam and cools the reactor core.

6. … is designed to slow down the neutrons produced as a result of fission.

7. … prevents the leakage of neutrons.

8. … is the main part of a nuclear reactor, which contains the fuel assemblies, moderator, control rods, and support structures.

9. … aims to prevent radiation release.

Label the picture (fig. 8) with the given words. Then complete the sentences.
reactor vessel    reactor core    containment    moderator    fuel assemblies    

reflector    control rods    barrier    coolant
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Fig. 8. A nuclear reactor

1. … encloses a nuclear reactor and serves as a final layer to reduce the release of radioactive material in case of failure of primary and secondary barriers. 

2. A … is the largest component designed to contain the fuel assembly and coolant.

3. … aim to regulate the intensity of the nuclear reaction. 

4. … contain fuel rods with uranium pellets which produce fission energy.

5. A … absorbs and transmits heat to create steam and cools the reactor core.

6. A … helps slow down the neutrons produced by fission.

7. A … controls the movement of neutrons that leak from the core and returns them back.

8. A … is the central part of a nuclear reactor, which contains the fuel assemblies, moderator, control rods, and support structures.

9. A … is a structure designed to prevent radiation release.
Read the information.

Talking about nuclear reactors, we often present a large amount of information, so, at the end of a talk or a piece of writing, it is a good idea to make a short summary that covers the main points or opinions. To introduce the summary, we use special phrases:
- To sum up, ...
- To conclude, ...
- In conclusion, ...
- In summary, ...
- In brief/briefly ...
- In a nutshell, ...
- In short, ...
- Taking everything into consideration, ...
- All in all, ...
- In a word, ...
Examples:

To sum up, the components of a nuclear reactor may vary depending on the reactor type, but several components form the basics of the reactor and they are characteristic of any reactor type.

Taking everything into consideration, it is impossible to say which reactor type is the best since each has its advantages and disadvantages.

Tick the sentences in which summary is introduced correctly.
1. The correct examples of summarising are:   

a) To conclude, safety, efficiency and cost-effectiveness are the key criteria for the advancement and development of nuclear reactors.

b) Finally, in the case of Magnox, its safety and low thermal efficiency are the key disadvantages that do not allow using it on a larger scale.

c) In summary, the key purpose of civil nuclear reactors is electricity generation but they serve other purposes too.

d) In a nutshell, a PWR is the most popular reactor in the world because it is easy to operate and the design of its core makes the reactor safe and controllable.

e) In contrast, the use of water as a moderator represents LWR’s main safety benefit.

f) In brief, breeder reactors are a type of nuclear reactor which produce more fissile materials than they consume.

g) To clarify the point, though molten salt reactors are not currently operated, there is ongoing work in their development around the world since they are seen as a promising technology.

e) In conclusion, fast neutron reactors have been developed for decades primarily for reprocessing spent fuel and also as high-level waste burners.

Read the text.
Now, look at the stand with the nuclear reactor, which is the heart of a nuclear power plant. There are different types of nuclear reactors, but they all have some common components. Look here! A nuclear reactor core is the central part of a nuclear reactor. The fission energy in a nuclear reactor is produced in the core. It contains the reactor vessel, control rods, fuel assemblies, coolant, and moderator.
Inside the reactor vessel, there are nuclear assemblies, as well as control rods that are inserted to reduce the reaction rate or withdrawn to increase it. The moderator helps slow down the neutrons produced by fission. The coolant absorbs and transmits heat from the reactor to create steam for turning the turbines and cools the reactor core so that it doesn't reach the temperature at which uranium melts. Both coolant and moderator are substances that are good conductors of heat. In most cases, it is ordinary water.

Have a look at the reflector now! It is a component that surrounds the nuclear core. Its function is to scatter (or reflect) neutrons escaping from the core, thus returning some of them back into the core. In most types of power reactors, a reflector is less important than other components.

For safety reasons, multiple fission product barriers are used in the nuclear reactor. As a final barrier, the reactor is placed in a containment structure, often referred to as the containment. It is a big, heavy, usually cylindrical structure with a spherical dome made of steel and concrete that keeps radioactive gases and liquids inside, where they can't hurt anyone.
Mark the sentences as True or False.
1. Atoms split and release energy in the nuclear core. 

2. Nuclear fuel is located in control rods. 

3. Nuclear assemblies control the reaction rate. 

4. The moderator is used to slow down the neutrons that appear as a result of fission. 

5. Water is usually used as a coolant and as a means to transfer heat to generators. 

6. Reflectors surround the reactor core and help neutrons leaking from the nuclear core to move farther. 

7. Containment is a protective structure designed for the purpose of safety. 

Answer the questions.
1. What is containment like?

2. Which component may not be present in a nuclear reactor?

3. Is water the only substance that is used as a coolant and moderator? What can be used instead of water?

Read the task. Ask your teacher questions to complete the table about gas-cooled reactors. Then answer the questions of your teacher.

You and your teacher have secret blocks with information about two different nuclear reactors. You have a text about molten salt reactors (MSRs), and your teacher has information about gas-cooled reactors (GCRs). Ask the teacher the correct questions to find out the information about gas-cooled and complete the table. Then answer your teacher’s questions about molten salt reactors by finding the correct information in the text.
Examples:

Are gas-cooled reactors safe? – Gas-cooled reactors seem safer than water-cooled reactors.

What material is used as a coolant in molten-salt reactors? – Molten fluoride salts are used as a primary coolant.

Gas-cooled reactors

	Coolant and moderator
	

	The most popular reactors of the type
	

	Basic characteristics 
	

	Used fuel 
	

	Popularity
	

	Key advantages
	

	Key disadvantages
	



Read the text and choose the best summary.
From generation to generation

Since the appearance of nuclear power on an industrial scale in the mid-20th century, reactor designs have been improved so as to maximize their efficiency and safety on the basis of lessons learned from previous designs. In this respect, four reactor generations can be distinguished. Generation I refers to early prototype reactors built in the 1950s and the 1960s. They were the first industrial-scale reactors used for commercial purposes.

Generation II refers to a class of commercial reactors designed to be economical and reliable. They began operation in the late 1960s and were built until the end of the 1990s. Prototypical generation II reactors include PWR, BWR, AGR and CANDU. Most nuclear power plants in operation today use generation II reactors.

Generation III nuclear reactors focus on safety and security requirements. They are revolutionary improvements to the existing designs. These improvements are in the areas of fuel technology, thermal efficiency, construction, safety systems. Only four generation III reactors are in operation today.

Several countries are currently planning generation IV nuclear power plants called “next-generation nuclear plants” (NGNPs) that might be already built in the second quarter of the 21st century. They all must meet several requirements among which being highly economical, guaranteeing enhanced safety, producing minimal waste, and being proliferation-resistant.
What is the best summary?   

a) To conclude, there are currently 4 types of reactors, each having their own advantages and disadvantages, but the most popular reactors are generation II reactors.

b) To sum up, generation I reactors are prototype reactors, generation II reactors are reactors working in the present, reactors of generation III are mostly under construction, and generation IV reactors are now researched and developed.

c) In summary, generation I reactors were not as efficient as reactors of the following generations. The most advanced reactors are reactors of the third generation, while reactors of generation IV are only theoretical reactors that may never be finally built.
Read the text again and mark the sentences as True or False.
1. The efficiency and safety of every new generation are higher than in previous designs. 

2. Generation I reactors are not built anymore. 

3. Generation II reactors are currently used and still built all over the world. 

4. Only four generation III reactors are being built today. 

5. NGNPs are planned to be built in the nearest future. 

6. The efficiency of NGNPs is the main criteria for their development. 

7. Nowadays generation II reactors are the most popular nuclear reactors in the world. 
It is commonly thought that nuclear reactors are used solely to produce electricity. However, there are other types of reactor that serve absolutely different purposes. One of them is a research reactor. You are going to watch a video and learn how this type of reactor is connected to agriculture and product quality.

Watch a video about research reactors and choose the correct answers to the question.
1. What is a nuclear research reactor?   

a) a nuclear reactor that serves as a neutron source;
b) a reactor used to generate radiation to study its components;
c) a reactor used as an experimental power reactor.
2. What is the purpose of research reactors?   

a) to study radiation and how it affects the environment;
b) to produce radioactive substances for medical and scientific utilization;
c) to research radiation and find ways to minimise its negative effects.
3. What distinguishes research reactors from power reactors?   

a) they are the same but they are designed for a different purpose;
b) they are smaller in size, but their purpose is mostly the same;
c) they are smaller, need less fuel and do not generate power.

4. In which counties are they usually found?   

a) in 55 countries where power plants are researched, developed, and tested;
b) worldwide, including the countries where no power plants are operated;
c) in poor countries for agricultural needs and trade.
5. Why do scientists use research reactors in Jamaica?   

a) to support agriculture and trade;
b) to improve the quality of produced products;
c) in medicine.
6. How can a research reactor help in testing coffee?   

a) neutrons are used in the production of the best Jamaican coffee;
b) neutrons are used to find new components for existing brands;
c) neutrons are used to check the composition of coffee to verify its authenticity.

Read the task and prepare your 3-minute speech on the topic.

You are invited to participate in a webinar about nuclear power and your task is to speak about nuclear reactors. You have limited time and you have to speak briefly. Here is a list of topics that you can cover. Choose 2 of them and practice your speech giving the most important information and summarizing the key points.
- the components of a nuclear reactor;
- the criteria for classifying nuclear reactors;
- comparing PWRs and BWRs;
- the types of reactors by coolant;
- research reactors.
UNIT 8 
Reactor safety
Vocabulary 
consequence

impact

error

meltdown

malfunction

shutdown

blackout

release

leakage

explosion

total loss
Useful language

because

as

for

since

as a result of

as a consequence of

due to

due to the fact that

owing to

because of

thanks to
Speaking about reactor safety we often deal with the terms “accident” and “incident” They both mean some damage caused as a result of an unintended nuclear event. However, there is still some difference.
Examples:

A nuclear accident is an event that led to significant consequences for the environment and serious harm to people’s health or even their death.

An incident is minor damage caused to the environment and people and it doesn't involve any human deaths.
Choose the correct aspect: technical, hydrological, meteorological, geological or human factor for the accidents and incidents.
blockage of water intake by ice
earthquake
break in a pipe
tsunami
destruction of the reactor due to floods
loss of pressure control in the reactor
failure in the core-cooling system due to a sudden reduction in water flow
reactor damage due to extreme weather conditions
operator’s incorrect actions
inadequate safety analysis and reactor maintenance
Answer the questions.
1. Which cause of nuclear events is the most common, in your opinion? Why?

2. What examples of undesirable nuclear events caused by the aspects listed above do you know?

Complete the definitions with the given words: a malfunction, a blackout, an impact, a shutdown, an error, a consequence, a meltdown, a total loss, a leakage, an explosion, a release.
1. … is a result or effect that is typically unwelcome or unpleasant.

2. … is a marked effect or influence.

3. … is a mistake.

4. … is an accident in a nuclear reactor in which the fuel overheats and melts the reactor core or shielding.

5. … is a failure to operate normally.

6. … is a complete inability of a certain element or system to perform their purpose resulting usually in a reactor core damage.

7. … is the act of closing a system due to a fault or in case of emergency.

8. … is a failure of an electrical power supply.

9. … is the uncontrolled flow or move of some substance resulting in its escape.
10. … is the accidental escape of liquid or gas.

11. … is a violent bursting with noise, as is caused by a bomb.
Complete the text with the correct words: release, impact, error, malfunction, meltdown, consequences, total loss, explosion, shutdown, blackout, leakage.
Any critical event that happens in the reactor may lead to undesirable …. Depending on their… on people, the environment and facility, those events are classified into 7 levels: Levels 4–7 are considered to be accidents and Levels 1–3 are called incidents. Both words mean events that may result in some damage, however, incidents do not lead to a human’s injury or illness.
There are many causes of reactor accidents or incidents, the most common of which being the … of operational systems, that can also be the result of a human …. The most common reason for nuclear accidents is a nuclear …, which results in core damage. It happens when the reactor core overheats and cannot be sufficiently cooled down mostly because of the … of coolant or pressure due to the … of power supply units or other technical issues.
However, when the core of the reactor melts down, it stops the reaction, so there is no possibility of an atomic ….
Also, a special process of automatic reactor … is designed to prevent any … of contaminated air or … of liquids into the environment. Nevertheless, despite all protection measures, history knows level 7 nuclear accidents that caused damage to the environment and people.
Match the words with their synonyms.
consequences

impact

shutdown

blackout

error

total loss

effect

mistake

results

blockage

complete failure

power cut

Complete the sentences with the correct words.
1. The partial or complete shutdown / meltdown of the reactor core is caused by its overheating.

2. A 100-feet-high tsunami caused a blackout / explosion at Units 1, 2 and 3, thus disabling emergency diesel generators.

3. The meltdown of some fuel elements in the Fermi 1 Reactor caused a minor radiation malfunction / leakage into the environment.

4. The terrible error / impact of radiation release on people’s health could be observed for many years after the accident.

5. A release / total-loss-of-coolant situation occurs when the coolant flow is reduced.

6. Alternatively, an external fire may endanger the core, leading to its consequences / explosion.

Match the words to make word combinations.
undesirable

emergency

power

radiation

human

component

significant

partial

impact

shutdown

malfunction

consequences

blackout

meltdown

release

error

When we speak about nuclear accidents or incidents, we can use special phrases that help to introduce the result or cause. Those phrases help to organize your ideas in a logical order.

Read the examples and choose the correct category: cause or result for each phrase.
Due to internal erosion in a feedwater pipe, there was a break in it causing an explosion, and 4 workers were killed.

Internal erosion in a feedwater pipe caused a break, so, there was an explosion, and 4 workers were killed.

As a result of the accident, approximately 220,000 people had to be relocated from their homes.

An accident took place, therefore 220,000 people had to be relocated from their homes.

due to the fact that    so    for    thanks to    as a result of    as    since    

as a consequence of    therefore    consequently    thus    due to    owing to
because of    because    as a consequence    as a result
Complete the sentences with the correct options.
1. An estimated 70 to 80 tons of radioactive materials were released into the air so / because of a fault in the cooling system.

2. A fire in the graphite-core reactor led to the release of radioactivity, as a result / due to the fact that the reactor was shut down and the site was decontaminated.

3. One of the reactors exploded after an experiment at the power plant, therefore / since two people died immediately and another 28 died from radiation sickness afterwards.

4. Workers broke safety regulations. As a consequence of / Thus, they got multiple burns and toxic poisoning.

5. Due to the fact that / Thus operators failed to diagnose the problem, they couldn’t properly respond to the anticipated reactor shutdown.

6. An extremely hot fuel interacted with cooling water, because / so it caused multiple reactions resulting in pressure increase.

7. As a consequence / Thanks to the timely detected faults in the coolant circulation, no harm was done to the facility and people.

Study the example. Then make full sentences using the given words and the phrases from the list.
earthquake / failure in power supply

As a result of the earthquake, there was a failure in the power supply at the nuclear power plant.

because of, as a result, thanks to, consequently, due to
1. Break in a pipe / leakage of coolant; 
2. Earthquake / blackout;
3. Personnel’s inadequate training / inability to prevent incident; 
4. Timely measures / no radiation release; 
5. Increased pressure / explosion in the reactor core.
Tick the sentences in which cause and result are presented correctly.
1. The loss of reactivity control can cause a barrier failure thanks to the fact that there is a potential for substantial release of radioactive material into the environment.

2. Despite the advanced design of reactors, nuclear events can still occur. Consequently, one or more of the barriers can still fail to perform their function.

3. Because the earthquake in Japan followed by a tsunami, one of the most severe nuclear accidents occurred in 2011.

4. Due to the energy released during fission, heat continues to be produced in a reactor core even if the fission process is stopped.

5. As a result of insufficient training, the personnel made a number of mistakes during the emergency reactor shutdown resulting in a partial core melt.

6. Only very small amounts of radioactive substances were released into the environment, owing to the integrity of the containment was preserved.

7. Thanks to the lessons learned from similar incidents in other nuclear power plants, a potential reactor accident was prevented.

Cross out the odd phrase in each line.
1. because, as a result, thus

2. as, since, therefore

3. as a result, due to, thanks to

4. for, so, as a consequence

5. because of, due to the fact that, consequently

Read about nuclear events.
A major nuclear accident is one in which a reactor core is damaged and significant amounts of radioactive isotopes are released, such as in the Chernobyl disaster of 1986, which is considered the worst nuclear disaster in history and is rated as a Level 7 accident. Improper reactor design and the errors of the personnel during a safety test caused an uncontrolled nuclear chain reaction in the reactor. As a result of the accident, approximately 220,000 people had to be relocated from their homes, and because of the radiation release, up to 4,000 cancer deaths were registered over the following years.

Here is another example of what consequences a Level 7 accident has. On March 11, 2011, the earthquake and tsunami hit eastern Japan, and, therefore, a serious accident at the Fukushima Dai-ichi nuclear power plant took place. Due to the cut-off of external power to the reactors, backup diesel generators were disabled. As a result, the malfunction of the cooling systems caused the meltdown of reactor cores in three reactors, which led to the radiation release. Thus, a wide area surrounding the plant was contaminated and nearly half a million residents were evacuated.

One more accident with a certain impact on people and the environment took place at Three Mile Island Station in 1978. Since the plant operators failed to correctly identify the problem of coolant loss and partial core meltdown, there was a small release of radioactive gases. In 1966, The Enrico Fermi power plant located in the American state of Michigan, had partial meltdown of two fuel assemblies, owing to the coolant flow blockage by a metal object. As a consequence, there was a minor radiation leakage into the environment. The accident investigation showed that the metal object might have been a beer can.
Among the examples of minor nuclear accidents is the one that happened in the USA at Surry Nuclear Power Plant. Due to internal erosion, there was a break in a feedwater pipe, and so, an explosion took place. As a result, four plant workers were killed.

Fortunately, history doesn’t know many serious nuclear accidents, and thanks to the stories you’ve just heard, future catastrophes can be prevented.
Choose the correct options.
1. The drawbacks of the reactor design and inadequate actions of personnel during a safety test resulted in an uncontrolled nuclear chain reaction. 

a) the Surry Nuclear power plant accident;
b) the Enrico Fermi power plant accident;
c) the Chernobyl power plant disaster;
d) the Fukushima Dai-ichi power plant accident;
e) the Three Mile Island accident.
2. An earthquake and tsunami caused a blackout at the plant and, as a result, the loss of coolant and the meltdown of reactor cores took place. 

a) the Surry Nuclear power plant accident;
b) the Enrico Fermi power plant accident;
c) the Chernobyl power plant disaster;
d) the Fukushima Dai-ichi power plant accident;
e) the Three Mile Island accident.
3. Operators failed to correctly detect the problem of coolant loss and partial core meltdown. 

a) the Surry Nuclear power plant accident;
b) the Enrico Fermi power plant accident;
c) the Chernobyl power plant disaster;
d) the Fukushima Dai-ichi power plant accident;
e) the Three Mile Island accident.
4. The coolant flow blockage by a metal object in two fuel channels caused a partial meltdown of two fuel assemblies. 

a) the Surry Nuclear power plant accident;
b) the Enrico Fermi power plant accident;
c) the Chernobyl power plant disaster;
d) the Fukushima Dai-ichi power plant accident;
e) the Three Mile Island accident.
5. Internal erosion resulted in the breakdown of a feedwater pipe, which led to an explosion. 

a) the Surry Nuclear power plant accident;
b) the Enrico Fermi power plant accident;
c) the Chernobyl power plant disaster;
d) the Fukushima Dai-ichi power plant accident;
e) the Three Mile Island accident.
Answer the questions.
1. What were the consequences of the two most severe nuclear accidents?

2. What is the most common cause of the described accidents?

3. Why do you think accidents still take place despite the thorough worldwide attention to nuclear safety?

Read the text.
Reactor safety measures

In case of radiation release, its impact on the people in the area can be significant. To stop it, a combination of preventive and mitigating measures has been developed and adopted. Preventive measures are designed to avoid accidents, and mitigating measures are those that decrease the adverse consequences.

Preventive measures are a set of rules for reactor design and operation processes that are aimed to guarantee reactor safety. Among preventive measures are also making reports, inspections and analysis to ensure that a plant is properly constructed, as well as doing qualification tests for operating personnel to make sure they perform their work properly.

As for mitigating measures, after the accident at the Fukushima power plant in 2012, the NRC issued the Mitigation Strategies Order demanding all nuclear power plants to apply strategies that will allow them to function properly in case of an emergency situation even without permanent electrical power supply for a long period of time. These strategies must keep the reactor core and spent fuel cool, as well as protect the containment buildings that surround each reactor. According to the mitigation strategies, a combination of installed equipment, additional portable equipment that is stored at the facility, and equipment that can be carried from support centres will be used.
Mark the sentences as True, False or Not mentioned.
1. Mitigating measures are those that are taken not to allow any consequences take place in case of a nuclear event. 

2. Preventive measures include creating construction rules, monitoring operational processes, and testing the plant personnel. 

3. All nuclear power plants must follow mitigation strategies issued by a corresponding authority that will allow them to operate properly in case of a critical event. 

4. A basic design philosophy of nuclear reactors is called “defence-in-depth”, which provides multiple independent levels of protection against the release of radiation. 

5. Ability to keep the reactor core cool in case of a blackout is a preventive measure. 

6. The mitigation strategies include switching on multiple protective systems, e.g. barriers, all of which function independently. 

7. Additional portable equipment can be delivered to the facility in case of an emergency to mitigate consequences. 
Read the text.
In order to have cleaner and safer energy sources, NGR, a Dutch nuclear research company that carries out nuclear research, started experimenting with a kind of nuclear fission that uses thorium salts.

A thorium salt reactor is a kind of molten salt reactor, and it promises a safer type of nuclear power. According to its design, it will protect itself against meltdown, and it’s also much more difficult to use it as a weapon than uranium-based reactors. For making this kind of nuclear reaction work, thorium is made to absorb neutrons that convert it to an artificial uranium isotope. Several small-scale reactor designs are being currently tested. The first experiments include a setup of a molten salt fast reactor that burns thorium salts. It could, at least in theory, consume used nuclear fuel from ordinary uranium-based fission reactors. It’s also possible to use thorium in a liquid form, and reactor designs built according to the program could be self-regulating and safe.

NRG is not the only company that is interested in developing this kind of reactors. There are also several startups in the U.S.A. testing the technology. China sees constructing thorium salt reactors as part of its big plans for the improvement of its nuclear industry. The Chinese expect to have a thorium salt reactor plant generating power within 15 years. The molten salt reactor technology, including the one using thorium, is also being studied by Canada, France, the U.K., India, and Japan.
Mark the sentences as True or False.
1. The only purpose of NGR’s experiments with thorium salts is to develop a more efficient type of nuclear reactor. 

2. The advantages of a thorium salt reactor are its resistance to meltdown and a smaller chance of thorium salts being used as nuclear weapons. 

3. The reaction that makes thorium salt reactors work involves thorium absorbing neutrons that turn it into an artificial uranium isotope. 

4. The NGR’s program is already intensively testing a variety of reactor designs. 

5. Due to this technology, used nuclear fuel from ordinary uranium-based fission reactors might be used. 

6. Since thorium can be used in a liquid form, thorium-based reactors could fail to be self-regulating and safe. 

7. The molten salt reactor technology is currently being tested by a number of companies from different countries. 

Watch the video about reactor safety tests and choose the correct options.
1. What is the most important thing to consider when it comes to reactor safety?   

a) pressurized pipes;
b) heat;
c) fuel bundles.
2. What do thermohydraulic analysts monitor?   

a) the flow of coolant and heat;
b) the temperature of the reactor core;
c) the condition of the coolant.
3. What is tested by thermohydraulic analysts?   

a) extreme pressure in the reactor core;
b) extreme temperatures of fuel bundles;
c) extreme limits of the reactor in an emergency situation.
4. How are water temperature and pressure related to each other in a reactor?   

a) they do not depend on each other;
b) they are interdependent;
c) pressure depends on water temperature.
5. What happens when the temperature of the fuel bundle increases?   

a) it will deform, and the subchannels will close up;
b) nothing will happen because of the coolant;
c) it will explode.
6. What does the special apparatus study during the experiments in the lab?   

a) the behaviour of water coolant;
b) the behaviour of pressure;
c) the behaviour of the heat.
Read the task and write an overview of the nuclear safety measures.

The editor of a university website asked you to write a short overview of the problem of nuclear plant safety. Write what is done nowadays in this respect, cover the following points:
- the assessment of the nuclear reactors’ safety;
- preventive and mitigating measures;
- what result can be achieved thanks to the measures;
- tests conducted in laboratories;
- what must be improved.
UNIT 9
International nuclear organizations
Vocabulary 
a reactor vendor

an operator 

a nuclear waste management company

a brokerage company

an insurance company

a uranium mining company

a uranium conversion company

a uranium enrichment company

a nuclear engineering company

a nuclear construction company
Useful language
WNA (World Nuclear Association)

WANO (World Association of Nuclear Operators)

IAEA (International Atomic Energy Agency)

NEA (Nuclear Energy Agency)

ICRP (International Commission for Radiological Protection)

OECD (Organisation for Economic Co-operation and Development)
Complete the text with the given words: Commission, Association, Operators, Organisation, Co-operation, Agency, Energy.
WNA, or the World Nuclear …, is the organization which represents and controls the world’s nuclear industry.

WANO, or the World Association of Nuclear …, is the international organization that unites countries that own and operate NPPs.

IAEA – the International Atomic Energy … – is an international organization that promotes the peaceful use of nuclear energy.

ICRP – the International … for Radiological Protection – is an international organization which provides recommendations and guidance on radiological protection.

OECD (the … for Economic … and Development) is an international organisation that stimulates economic progress and world trade.

NEA –  the Nuclear … Agency – is an intergovernmental agency, part of the OECD, that unites all nuclear countries to improve all aspects of the nuclear industry.
Read the introduction to the text about the WNA and answer the questions.

The mission of the WNA is to promote a wider understanding of nuclear energy among key nuclear leaders by producing reliable information, developing common industry positions and contributing to the energy debate.
The members of the World Nuclear Association are:
- Almost all of the world’s uranium mining, conversion, enrichment and fuel fabrication companies;
- All major reactor vendors;
- Nuclear utilities or operators, which provide 70 % of world nuclear generation;
- Major nuclear engineering, construction and waste management companies; research and development organisations;
- Companies providing international services in nuclear transport, law, insurance, brokerage and finance.
Answer the questions.
1. What is the main role or mission of the World Nuclear Association?

2. What companies are the main members of the WNA?

3. What do uranium mining, conversion, enrichment and fuel fabrication companies do?

4. What is meant by reactor vendors and nuclear operators?

Choose the correct options to complete the definitions.
1. R&D / Insurance / Brokerage / Reactor vendors / Nuclear waste management / Operators are the companies which manufacture nuclear reactors.
2. R&D / Insurance / Brokerage / Reactor vendors / Nuclear waste management / Operators are the companies that use nuclear power to generate electricity.

3. R&D / Insurance / Brokerage / Reactor vendors / Nuclear waste management / Operators companies are responsible for safe and secure disposal and storage of radioactive fission byproducts.
4. R&D / Insurance / Brokerage / Reactor vendors / Nuclear waste management / Operators organisations are the companies that conduct research and development.

5. R&D / Insurance / Brokerage / Reactor vendors / Nuclear waste management / Operators companies are the companies whose main responsibility is to arrange transactions between a buyer and a seller.

6. R&D / Insurance / Brokerage / Reactor vendors / Nuclear waste management / Operators companies are the companies which provide a guarantee compensation for specific loss or damage in return for the payment of a specified premium.

Complete the definitions of different companies.
1. … are the companies that extract uranium ore from the ground.
2. … are facilities where yellowcake is processed and turned into uranium hexafluoride gas.
3. … are facilities where the U235 isotope is made about 3–5 % more concentrated.
4. … are facilities where nuclear fuel rods are produced.
5. … are the companies which deal with design, planning and analysis of a nuclear construction project.
6. … are the organisations which build nuclear facilities.
Match the halves to complete the sentences.
Nuclear construction companies

Operators

Brokerage companies

Nuclear waste management companies

Uranium enrichment facilities

Nuclear engineering companies

Uranium conversion facilities

Reactor vendors

Fuel fabrication companies

Uranium mining companies

Insurance companies
deal with design, planning and analysis of a nuclear construction project.

extract uranium ore from the ground.

provide a guarantee compensation for specific loss or damage in return for the payment of a specified premium.

use nuclear power to generate electricity.

are responsible for safe and secure disposal and storage of radioactive fission byproducts.

produce nuclear fuel rods.

build nuclear facilities.

process yellowcake and turn it into uranium hexafluoride gas.

arrange transactions between a buyer and a seller.

make the U235 isotope about 3–5 % more concentrated.

manufacture nuclear reactors.

Choose the correct options to complete the definitions.
WNA – World Nuclear Association / Agency
WANO – World Association of Nuclear Organisation / Operators
IAEA – International Atomic / Atom Energy Agency

NEA – Nuclear Energy Agency / Association
ICRP – International Committee / Commission for Radiological Protection

OECD – Organisation for Energy / Economic Co-operation and Development

Choose the correct names of organisations to complete the descriptions.
1. … is the organisation which represents and controls the world nuclear industry.

2. … is the international organisation that unites countries-producers of commercial NPPs.

3. … is an international organisation that promotes the peaceful use of nuclear energy.

4. … is an international organisation which provides recommendations and guidance on radiological protection.

5. … is an international organisation that stimulates economic progress and world trade.

6. … is an intergovernmental agency, part of the OECD, that unites all nuclear countries to improve all aspects of the nuclear industry.

Read the text.
The World Nuclear Association (or the WNA) is the only industry organisation that has the authority to promote nuclear energy globally, working alongside partner organisations: the IAEA, the inter-governmental body for technical and scientific cooperation in nuclear energy; WANO, the industry’s reactor safety organisation; and other regional and national nuclear associations around the world. There are three main strategic areas of the WNA. The first is nuclear industry cooperation.

The WNA acts as a global forum and commercial meeting place for leaders and specialists from all the spheres of the nuclear industry. The Association represents the industry in key world forums that influence the nuclear industry’s regulatory and policy environments, such as the IAEA and NEA advisory committees on transport and all aspects of nuclear safety; the United Nations policy forums focused on sustainable development and climate change, and the ICRP consideration of radiological protection.

The second strategic area is nuclear information management. The Association provides full, reliable and easily accessible information on nuclear power via the website, which serves as the world’s baseload nuclear information source, and via World Nuclear News, the leading online news service on developments related to nuclear power.
The third strategic area of the WNA is nuclear energy communication. By coordinating on key messages with its partners, the WNA delivers targeted information to decision-makers and influencers, including the media and international organisations that have an interest in energy-related issues.

Put the ideas in the order you hear them.
A. The WNA represents the nuclear industry in key world forums, including the United Nations policy forums.
B. The WNA works alongside partner organisations, such as the IAEA, the WANO, and other regional and national nuclear associations around the world.
C. The WNA communicates with other organisations that have an interest in energy-related issues.
D. The WNA website provides full and reliable information on nuclear power.
E. There are three main strategic areas of the WNA.

Complete the summary of the text with the given options.

WNA — the World Nuclear Association
WANO — the World Association of Nuclear Operators
IAEA — the International Atomic Energy Agency
NEA — the Nuclear Energy Agency
ICRP — the International Commission for Radiological Protection
the United Nations     The WNA    the IAEA    the IAEA and NEA    the ICRP
the WANO    World Nuclear News    media
______ is the only industry organisation which has an authority to promote nuclear energy globally.

It cooperates with ______, the inter-governmental body for technical and scientific cooperation in nuclear energy and ______, the industry’s reactor safety organisation. The WNA represents the nuclear industry in key world forums, including the ______ advisory committees on transport and all aspects of nuclear safety; ______ policy forums focused on sustainable development and climate change; and ______ concerns about radiological protection.

The Association provides full, reliable and easily accessible information on nuclear power via its website and ______, the leading online news service on developments related to nuclear power.

The WNA delivers targeted information to decision-makers and influencers, including the ______ and international organisations that have an interest in energy-related issues.

Answer the question.
What are the main activities of the WNA?

Read the text about one of the activities of the WNA.
The Harmony Programme

The WNA coordinates the Harmony Programme to identify the measures that need to be taken to deliver a low-carbon future to which nuclear energy fully contributes.

To meet the growing demand for sustainable energy, we will need the nuclear industry to provide 25 % of electricity before 2050 as part of a clean and reliable low-carbon mix. To achieve this, nuclear generation must triple globally by 2050. The Harmony Programme is a global initiative of the nuclear industry that provides a framework for action, working with key industry leaders.

Access to electricity and clean air are vital needs. Currently, one in six people in the world has no access to electricity. As electricity demand continues to rise, greenhouse gas emissions must fall. To slow down climate change we must choose cleaner sources to reduce air pollution. This will require large increases of all low-carbon energy sources, of which nuclear is an important part. It is proven, available today and can be expanded quickly.

Nuclear generation is a cost-competitive low-carbon generation option. According to the IEA’s World Energy Outlook 2018, the cost of electricity in China from onshore wind, solar PV and offshore wind is respectively 16 %, 50 % and 140 % higher than that from nuclear.

The nuclear energy industry is in a strong position to deliver on the Harmony goal of generating 25 % of electricity before 2050. This is an ambitious target, but the rate at which new reactors will have to be built is no higher than what has been historically achieved.
Choose the best options.
1. To achieve the Harmony Programme target by 2050, the nuclear industry must generate:   

a) two times more nuclear power;
b) three times more nuclear power.

2. What is more important today is:   

a) to provide all people with electricity and clean air;
b) to give access to electricity to all people who do not have it.

3. According to the IEA’s World Energy Outlook 2018, the cost of electricity in China from offshore wind is:   

a) 140 % higher than that from nuclear;
b) 16 % higher than that from nuclear.

4. The rate at which new nuclear reactors will have to be built to meet the Harmony Generation is: 

a) not higher than what has been historically achieved;
b) higher than what has been historically achieved.

Watch the video about the IAEA and mark the statements as True or False.
1. The International Atomic Energy Agency helps countries to keep nuclear material secure and provides training to police. 

2. The IAEA has trained more than 10,000 in the last six years and has given countries over 30,000 devices for detecting nuclear and radioactive material. 

3. The IAEA advises on nuclear security at major sporting events such as the Olympic Games and international tennis tournaments. 

4. The organization helps countries to securely manage radioactive material when used in nuclear power production. 

5. The IAEA works in cooperation with its partners in the industry who develop the technology to prevent nuclear terrorism. 

6. Little progress has been made in improving nuclear security throughout the world. 

Read the instructions and do the task.
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You and your newly hired colleague are going to take part in the Scientific Forum on Nuclear Power and the Clean Energy Transition. Representatives from all nuclear-related companies and members of the WNA are going to attend it. Your colleague seems to feel not very confident about the names and activities of some companies. Answer your colleague’s questions to make them better understand nuclear organisations and companies.
Questions to answer.
1. Who are the main members of the World Nuclear Association?

2. What is the difference between nuclear operators and reactor vendors?

3. Can you explain what brokerage and R&D companies do?

4. How can I distinguish between the WNA, the IAEA, the WANO, the NEA?

5. Where can I find more reliable information about the nuclear industry?

Read the task and prepare your 3-minute speech on the topic “World Association of Nuclear Operators”.

Use the link to explore the website of the WANO and prepare a talk about this organisation. Cover the following points:
1. What is the mission of the WANO?
2. What kind of company is it?
3. How does it help its members?
4. What is its brief history?
UNIT 10
R&D in the nuclear industry
Vocabulary 
partitioning

transmutation

eliminate

collaborative
Useful language

Introducing the topic
The subject of my talk is …

I’m going to talk about ...

My topic today is…

Overview (outline of a presentation)
I’m going to be covering a number of issues.

I’ve divided the talk into three parts.

There are a number of points I’d like to make.

First, I’m going to talk ...

I’d like to begin/start by ...

Then, I’m going to describe …

And finally, I’ll be talking about ...

Invitation to discuss/ask questions
I’m happy to answer your questions.

Don’t hesitate to interrupt me if you have any questions.

Please feel free to ask questions after my presentation.

Starting a new section
The next issue/topic/area I’d like to focus on …

Now we’ll move on to ...

I’d like now to discuss ...

Let’s look now at ...

Giving examples
As an illustration, ...

To give you an example, ...

To illustrate this point ...

Summarising and concluding
To sum up, ...

In conclusion, ...

In short, ...

I’d like now to recap ...

Paraphrasing
In other words, ...

So what I’m saying is ...

To put it another way ...
Signpost language – the words and phrases that people use to tell the listener what has just happened and what is going to happen next. Signpost language guides the listener through the presentation.
Complete the lists of signpost phrases with the correct headings.
Overview    Introducing the topic    Giving examples    Paraphrasing
Invitation to ask questions    Starting a new section    Summarizing/concluding
1. The subject of my talk is …
I’m going to talk about ...
My topic today is …
2. To sum up ...
In conclusion, ...
In short ...
I’d like now to recap ...
3. The next issue/topic/area I’d like to focus on …
Now we’ll move on to ...
I’d like now to discuss ...
Let’s look now at ...

4. I’m going to be covering a number of issues.
I’ve divided the talk into three parts.
There are a number of points I’d like to make.
First, I’m going to talk ...
I’d like to begin/start by ...
Then, I’m going to describe …
And finally, I’ll be talking about ...
5. As an illustration, ...
To give you an example, ...
To illustrate this point ...
6. I’m happy to answer your questions.
Don’t hesitate to interrupt me if you have any questions.
Please feel free to ask questions after my presentation.
7. In other words...
So, what I’m saying is ...
To put it another way ...

Match the signpost phrases that have similar meanings.
To put it another way …

I’d like now to recap ...

To illustrate this point ...

I’ve divided the talk into three parts.

I’d like to start by …

The next issue I’d like to focus on ...

First, I’m going to talk about …

In conclusion, I’d like to say ...

So, what I’m saying is …

I’m going to be covering a number of issues.

Now we’ll move on to …

To give you an example …

Answer the questions.
1. Why is an overview essential in a presentation?

2. When is the best time to invite the audience to ask a speaker questions: after or during the presentation? Why?

In each group, cross out one odd phrase.
Introducing the topic
- The subject of my talk is …

- Let’s now look at ...

- I’m going to talk about ...

Overview (outline of a presentation)
- I’d like to begin/start by ...

- Then, I’m going to describe …

- I’d like now to recap ...

Invitation to discuss/ask questions
- The next issue/topic/area I’d like to focus on …

- Don’t hesitate to interrupt me if you have any questions.

- Please feel free to ask questions after my presentation.

Starting a new section
- Now we’ll move on to ...

- I’d like now to discuss …

- So what I’m saying is ...

Giving examples
- As an illustration, ...

- To conclude ...

- To illustrate this point ...

Summarising and concluding
- To sum up ...

- In short …

- And finally, I’ll be talking about ...

Paraphrasing
- In other words ...

- To put it another way ...

- I’ve divided the talk into three parts.

Choose the best option to complete each sentence.
1. I’ve divided the talk into three issues / parts.

2. And finally, I’ll be describing / talking about trends in nuclear R&D.

3. Don’t hesitate to stop / interrupt me if you have any questions.

4. The next issue I’d like to focus / talk on is a new approach to nuclear waste management.

5. Now we’ll move on to / at the second point of my presentation.

6. I’d like now to sum / recap what I have been talking about.

7. To put it another words / way, we require collaborative research.

Add appropriate signpost phrases to improve the text for the conference presentation.
______ is trends in research and development in the nuclear industry.
______.
______ advanced reactors and fuel cycles. My focus will be on more innovative nuclear energy technologies developed by some international projects, which are collaborations between several countries.

______ a fairly new approach to nuclear waste management that has the potential to change the nature of the waste requiring geological disposal.

______ some national and international programmes to support the safe operation of nuclear power plants.

That completes my overview, and I’d now like to go into these points in more detail.

______ advanced reactors and fuel cycles.

New reactor designs under development represent an evolution of existing concepts in order to improve their safety, operational economy and flexibility. Concepts under investigation include liquid metal reactors, high-temperature reactors, reactors that use thorium as fuel, and improved recycling technologies to better utilise the uranium and plutonium resources ...

______ a new approach to advanced treatment of waste called P&T – partitioning and transmutation. This process involves the transmutation of long-lived radionuclides into shorter-lived ones through neutron capture or fission, thereby eliminating those parts of high-level waste that contribute most to its radioactivity ...

______ nuclear safety R&D. At the international level, the NEA manages a number of research projects, some of them being in operation for a long period of time. 

______ the Halden Reactor Project in Norway has been in operation since 1958 and is supported by approximately 100 organisations in 20 countries. Research is conducted on, among other things, fuels and materials, the improvement of plant performance and operational safety …
______ I would like to focus on the importance of nuclear R&D, both on the national and international level ...

And now ______.
Tick the functions of the signpost phrases you used in the previous task.
I used the signpost phrases to:  

a) introduce the topic;

b) give an overview;

c) invite to ask questions;

d) start a new section;

e) move to a new section;

f) give examples;

g) conclude;

h) paraphrase ideas.

Complete the sentences with the correct words.
vendors    mining    construction    research    management    engineering    

fabrication    Operators

1. Uranium … companies are companies that extract uranium ore from the ground.

2. Fuel … companies are facilities where nuclear fuel rods are produced.

3. Nuclear … companies are companies which deal with the design, planning and analysis of a nuclear construction project.

4. Nuclear … companies are organisations which build nuclear facilities.

5. Reactor … are companies which manufacture nuclear reactors.

6. … are companies that use nuclear power to generate electricity.

7. Nuclear waste … companies are responsible for safe and secure disposal and storage of radioactive fission byproducts.

8. R&D organisations are companies that conduct … and development.

Choose the correct options to answer the questions.
1. Which phrase is not used to introduce the topic?   

a) The subject of my talk is …

b) I’m going to talk about ...

c) I’d like to begin/start by ...

2. Which phrase is used to start an overview?   

a) I’m happy to answer your questions.

b) I’m going to be covering a number of issues.

c) So, what I’m saying is ...

3. Which is the best phrase to start a new section?   

a) To illustrate this point ...

b) Now we’ll move on to …

c) In other words ...

4. Which phrase does not introduce examples?   

a) As an illustration, ...

b) To give you an example, ...

c) To sum up, ...

5. Which phrase can be used to summarise ideas?   

a) In short …

b) I’d like now to discuss ...

c) Let’s look now at ...

6. Which phrase is used to paraphrase ideas?   

a) I’d like now to recap ...

b) To put it another way …

c) To conclude ...

Read the information about the conference.
The conference is organized in order to exchange experience and knowledge and to discuss the scientific and technical readiness of many prospect technologies which will influence the sustainable development of the nuclear energy industry in the future not only in a specific country but also globally.

The conference will feature such topics as emerging reactor technologies of Generation 3+ and 4, spent nuclear fuel reprocessing and nuclear material recycling, safe management of radioactive waste, nuclear fuel supply for advanced nuclear energy systems, non-energy applications of nuclear science.

The discussions will not be limited to scientific research but will also consider the safety of nuclear technologies, their public acceptance, efficiency and innovativeness. Thus, the conference will be a subject of interest for both the members of the scientific community and representatives of state and regulatory bodies, nuclear societies and business entities.
Mark the statements as True or False.
1. The conference is organized in order to discuss technologies which these days influence the nuclear energy industry not only in a specific country but also globally. 

2. The conference will feature only energy applications of nuclear science. 

3. The discussions will not be limited to scientific research. 

Answer the questions.
1. Which section of the conference would you like to attend? Why?

2. It is an international conference. The main language is English. How would you prepare yourself before attending it?

Read the extract from a presentation on nuclear R&D.
Let me once more welcome you to the conference. The subject of my talk is trends in research and development in the nuclear industry. I’m going to be covering a number of issues in my talk, so please, don’t hesitate to interrupt me if you have any questions.
I’ve divided my presentation into three parts.

First, I’m going to talk about advanced reactors and fuel cycles. My focus will be on more innovative nuclear energy technologies that are being developed by some international projects, which are collaborations between several countries.

Then, I’m going to describe a fairly new approach to nuclear waste management that has the potential to change the nature of the waste requiring geological disposal.

And finally, I’ll be talking about some national and international programmes to support the safe operation of nuclear power plants.

That completes my overview, and I’d now like to go into these points in more detail. 
First, let's take a look at ...

Choose the correct options to complete the sentences.
1. The subject of the talk is:  

a) main directions in research and development in the nuclear industry;
b) problems which the nuclear industry faces in research and development.

2. The speaker asks the audience:  

a) not to interrupt her with questions during the presentation;
b) to interrupt her if they have any questions.

3. The first part of the presentation focuses on:  

a) innovative nuclear energy technologies developed by certain countries;
b) international projects on innovative nuclear energy technologies.

4. The second part of the presentation is devoted to:  

a) quite a new approach to the management of nuclear waste requiring geological disposal;
b) a fairly new approach to the management of all nuclear waste.

5. In the final part of the presentation, the speaker is going to talk about:   

a) international programmes on safety issues in the nuclear industry;
b) national and global programmes on safe operation of nuclear power plants.

Tick the phrases the speaker is using.
1. Introducing the topic   

The subject of my talk is …

I’m going to talk about ...

My topic today is …

2. Overview (outline of a presentation)   

I’m going to be covering a number of issues.

I’ve divided the talk into three parts.

There are a number of points I’d like to make.

First, I’m going to talk ...

I’d like to begin/start by ...

Then, I’m going to describe …

And finally, I’ll be talking about ...

3. Invitation to discuss/ask questions   

I’m happy to answer your questions.

Don’t hesitate to interrupt me if you have any questions.

Please feel free to ask questions after my presentation.

Read the text. 

There are few skills that will bring more opportunity into your life than the ability to speak well in public. Follow some tips to make the difference between those speakers who leave a powerful, positive impression and those that are quickly forgotten.

1. Know what you want your audience to do immediately after hearing your speech. If nobody does anything different than they would have done before you spoke – the value of your speech is zero.

2. A personal story, a quote from an expert or a shocking statistic – something that takes a hold of your audience and gets them hooked and opens their mind to your message. Give the audience a chance to see your personal connection to the topic.

3. Know your material. Get really interested in the topic. Find good stories.
4. Rehearse out loud with all equipment you plan on using. Work to control filler words. Practice, pause and breathe. Use a clock to check your timings and allow time for the unexpected.

5. Try to speak to one or two people in the audience as they arrive – they will be your allies in the audience – it is easier to speak to friends than to strangers.

6. Arrive in good time to check out the speaking area and get practice using the microphone and any visual aids.

7. Begin with a well-prepared grabber. A relevant personal story is a great start. It establishes your credibility. It connects you to the audience and creates the right emotional atmosphere (and calms your nerves).

8. See yourself at the end of the speech surrounded by people asking questions, visualize the applause.

9. Include 3-8 second pauses at key moments – just before key statements or just after a story – this really brings the audience into the speech.

10. If the audience don’t feel that it is important to you, it will be really hard for them to feel that it should be important for them.

11. Take every opportunity you can to get to speak (and listen to other speakers). Prepare well ahead of time. Experience builds confidence, which is the key to effective speaking.

Put the tips in the order you hear them.
A. Gain experience
B. Make pauses
C. Show your involvement
D. Know the audience
E. Visualize your success
F. Know the setup
G. Tell a personal story to attract the audience’s attention
H. Practice and practice more
I. Structure your material
J. Relax
K. Speak with intent to move people to action

Read the text and choose the best heading for each paragraph.
Nuclear R&D

Among many areas of R&D interest, three dominant themes are the following: advanced reactors and fuel cycles; advanced treatments of waste; and support for safe operation. Research is conducted by academics, governments and industries with a growing emphasis on international collaboration in nuclear R&D.

Waste treatment

Reactors and fuel cycles

Nuclear safety R&D

Other areas of R&D

New reactor designs under development represent an evolution of existing concepts in order to improve their safety, operational economy and flexibility. Concepts under investigation include liquid metal reactors, high-temperature reactors, reactors that use thorium as fuel, and improved recycling technologies to better utilise the uranium and plutonium resources. At present, there are a number of international projects which are seeking to make advancements in nuclear energy systems and fuel cycles. One of them is the International Project on Innovative Nuclear Reactors and Fuel Cycles (INPRO), which includes specialists from the European Commission, Argentina, Canada, China, Germany, India, the Netherlands, Russia, Spain, Switzerland and Turkey.

Waste treatment

Reactors and fuel cycles

Nuclear safety R&D

Other areas of R&D

A fairly new approach that has the potential to change the nature of the waste that will require geological disposal is partitioning and transmutation (P&T). This process involves the transmutation of long-lived radionuclides into shorter-lived ones through neutron capture or fission, thereby eliminating those parts of high-level waste that contribute most to its radioactivity. P&T has the potential to reduce the time that waste needs to be kept isolated from several thousand to several hundreds of years. Numerous countries including Belgium, China, France, Italy, Russia and the United States are investigating P&T. Small-scale collaborative efforts currently come from France, Japan, the Republic of Korea, the United States and the European Commission.

Waste treatment

Reactors and fuel cycles

Nuclear safety R&D

Other areas of R&D

At the international level, the NEA is an agency that manages a number of research projects, for example, the Halden Reactor Project in Norway. This project has been in operation since 1958 and is supported by approximately 100 organisations in 20 countries. Research is conducted on, among other things, fuels and materials, the improvement of plant performance and operational safety.

 

Read the text again and answer the questions.
1. What are the main areas of nuclear R&D?

2. Who conducts R&D in the nuclear industry?

3. What are the new reactor designs like?

4. What concepts are currently under investigation?

5. What is a new approach to nuclear waste treatment?

6. What is the advantage of P&T?

7. How old is the Halden Reactor Project? What is its role?

Read the text.
A new generation of reactors and fuel cycles

The present status of nuclear technology is the result of over 55 years of continuous development. The latest designs of nuclear power plants that are available commercially, known as Generation III or III+ designs, incorporate the lessons learnt from this experience to enable more efficient construction methods and offer higher levels of safety and performance, improved fuel efficiency and reduced radioactive waste production.

Altogether, several designs for large Generation III/III+ light water reactors have been fully developed, with the first examples of most designs now in operation or under construction in several countries. Small modular light water reactors have also been developed, though none has been licensed to this date.

More innovative nuclear energy technologies and fuel cycles, known collectively as Generation IV systems, are being developed through international cooperation. The most important initiative to coordinate R&D efforts on advanced reactors and fuel cycles is the Generation IV International Forum (GIF). Formed in 2001, GIF includes Canada, China, France, Japan, the Republic of Korea, the Russian Federation, South Africa, Switzerland and the United States, plus Euratom. Its aim is to develop systems that offer improved sustainability, economics, safety and reliability, proliferation resistance and physical protection.

The most mature Generation IV concepts are the SFR (the sodium-cooled fast reactor) and VHTR (the very-high-temperature reactor), which are based on proven technology. These are the leading candidates for large-scale demonstration projects, the first of which could be in operation in the 2020s. The R&D on sodium-cooled reactors draws on a long experience of operation of various prototypes in the United States, the United Kingdom, France, the Russian Federation and Japan.

The first commercial Generation IV systems are not expected to be available before the 2030s, with their full introduction unlikely before the 2040s. Hence, Generation IV reactors are not expected to be a major part of installed nuclear capacity until well after 2050.

As well as the development of reactors, R&D on advanced fuel cycles is an important aspect of the GIF programme. Of the six Generation IV systems, four would use advanced fuel cycles involving the recycling of spent fuel. Their widespread commercial deployment would have important implications for the long-term sustainability of nuclear energy, as it could multiply by between 30 and 60 times the amount of energy extracted from each ton of uranium, thereby making available uranium resources sufficient to power fast neutron reactors for several thousands of years.

Other benefits of advanced fuel cycle technologies could include increased proliferation resistance by avoiding the separation of plutonium, and reduced volumes of long-lived radioactive waste requiring very long-term isolation in a repository.
Choose the correct options to answer the questions.
1. Which reactor designs are in operation?   

a) Generation III/III+ light water reactors

b) Small modular light water reactors

c) Generation IV systems

2. Which of the abbreviations is not the name of a reactor design?   

a) SFR

b) GIF

c) VHTR

3. When are the first commercial Generation IV systems likely to be introduced?   

a) Before the 2030s

b) After the 2040s

c) Before the 2040s
4. How many Generation IV systems would use advanced fuel cycles involving the recycling of spent fuel?   

a) Four

b) Six

c) Two

5. What are the benefits of the Generation IV systems?   

a) They can make available uranium resources sufficient to power fast neutron reactors for 30-60 years.

b) Their widespread commercial deployment could multiply by several times the amount of energy extracted from each ton of uranium.

c) They could increase the separation of plutonium and reduce the volumes of long-lived radioactive waste.

Choose the correct options to answer the questions.

Imagine you’re giving a presentation to a large group of people working in your industry. To perform your task well, you need to use some of the phrases we have discussed today. Remember to get the level of politeness and friendliness right!
1. How do you start your presentation?  

a) Is everyone here? Good! Well, if you look at the first slide, you’ll see the total capacity of all research nuclear reactors worldwide.

b) Hello everyone. Thanks very much for coming along today. My name is Jack Richards and today I’m going to talk about some of the work we’ve been doing in the R&D sphere.

c) Hello ladies and gentlemen. My name is Jack Richards and today I’m going to talk about some of the work we’ve been doing in the R&D sphere.

2. What do you say next?  

a) First, I’m going to talk about the priorities in R&D. Then, I’m going to look at some challenges we are facing and finally, I’m going to present the results of our recent research. Please feel free to ask questions after my presentation.

b) Okay. Well, as I said, this presentation is all about the R&D strategy and when we first started looking at this, none of us was really sure where to start, but I’ll talk about that in detail in a minute or two. Er... and then, I’ll tell you about some of the problems we had setting this up. Actually, I remember one particular incident very clearly, which I’ll quickly relate...

3. Later in the presentation, you begin to go through your slides. What will you say?  

a) Well, as you can see from the diagram, CO2 emissions have been reduced significantly as we used our new technology …

b) Here’s the next slide. OK? And on the next slide …

c) Oh, dear! I’m awfully sorry, but we seem to be having some technical problems with the projector. At this point, I was supposed to show you a slide with the CO2 emissions reductions ...

4. Suddenly, someone asks you a question. How do you respond?  

a) Look, I said in the beginning that I’d be happy to answer questions at the end of the presentation.

b) That’s a very interesting question …

c) Would you mind if I came back to your question at the end of the presentation? It’s just that I’m rather conscious of the time...

5. You have reached the end of your presentation. What do you say?  

a) I’m terribly sorry but I seem to have run out of time. However, if you grab me after the session, I’ll be happy to answer your questions.

b) If you have any questions, I’d be happy to answer them now …

c) Any other business?

Read the task and prepare your 3-minute speech.
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You have decided to attend the conference as a speaker. Choose a topic related to any of the following conference sections.

- Emerging reactor technologies of Generation 3+ and 4;

- Spent nuclear fuel reprocessing and nuclear material recycling;

- Safe management of radioactive waste;

- Nuclear fuel supply for advanced nuclear energy systems;

- Non-energy applications of nuclear science.

Structure your presentation using signpost language. 
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