Nuclear facilities and nuclear weapons

Pre-reading activities

I. In groups or pairs discuss these questions.

1. What do you think, is generation of energy in nuclear power plants cheap or expensive? State your reasons why yes/not.

2. Some people consider nuclear energy dangerous as the waste from reactors can be used in dirty bombs while others are threatened by the Chernobyl and Fukushima accidents. What is your opinion about this matter?

3. How should, in your opinion, nuclear waste be treated? Can it be recycled? Where should it be stored? 

II. Match the words with the explanations. 

Part I

1. poison

2. indivisible

3. maintain

4. fission

5. core

6. assembly

a) assert, claim, keep

b) complex

c) central part

d) venom, absorber

e) bundle, clump

f) process of dividing atom

Part II

1. coolant

2. dissolve

3. enhance

4. intersperse

5. equilibrium

a) improve

b) scatter

c) melt

d) balance, stability

e) substance that removes heat
The idea of an atom began with the Greek philosopher Democritus, who proclaimed all matter consisted of tiny particles. He called them ''atomos,'' the Greek word for ''indivisible.'' He couldn't prove they existed but centuries later other scientists did. That discovery heralded the nuclear power movement, which has been sparking controversy and debate ever since. Proponents maintain that nuclear power is an economical, safe and clean form of energy. Critics cite industry disasters, problems of nuclear waste and links to chronic and sometimes fatal diseases. Persuasive arguments can be made in favour of or against nuclear power.

Nuclear reactors

There are a number of different designs of nuclear reactors. All reactors of any type share a number of common features. The materials used in these features can vary considerably, however. The features are:

Fuel: Fissile material that generates heat.

Moderator: material that moderates the fast neutrons formed in the fission reaction to thermal energies.

Coolant: Substance that removes heat from the reactor core, both to maintain a safe operating temperature of the system and transfer the heat eventually to the turbine/generator system for the production of electricity.

Control rods: Fuel is maintained in long thin tubes arranged into a critical assembly (core); within the core other rods containing neutron poisons (typically cadmium or boron) are used to control (including rapidly shutting down) the nuclear reaction.

Reflector: Material placed around the core to reflect escaping neutrons back into the core (water, graphite, or beryllium, e.g.).

Pressurized Water Reactors (PWRs)

In a typical commercial pressurized light-water reactor (1) the core inside the reactor vessel creates heat, (2) pressurized water in the primary coolant loop carries the heat to the steam generator, (3) inside the steam generator, heat from the steam, and (4) the steam line directs the steam to the main turbine, causing it to turn the turbine generator, which produces electricity. The unused steam is exhausted in to the condenser where it condensed into water. The resulting water is pumped out of the condenser with a series of pumps, reheated and pumped back to the steam generators. The reactor's core contains fuel assemblies that are cooled by water circulated using electrically powered pumps. These pumps and other operating systems in the plant receive their power from the electrical grid. If offsite power is lost, emergency cooling water is supplied by other pumps, which can be powered by onsite diesel generators. Other safety systems, such as the containment cooling system, also need power. Pressurized-water reactors contain between 150-200 fuel assemblies. See also our animated diagram.
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Heavy Water  Reactors (HWRs)  uses heavy water ( D2O) instead of normal H2O. They are often referred to as CANADU (CANadian-Deuterium-Uranium) reactors. Heavy water absorbs fewer neutrons than ordinary water, so more thermal neutrons survive in the reactor environment. In these reactors, natural uranium fuel, consisting of (99.3%) 238U and (0.7%) fissionable 235U may be used., avoiding the expensive 235U fuel enrichment step (light water reactors need uranium fuel enriched to several percent 235U, and the separation of 235U from 238U is expensive and time and energy consuming.

Gas-Cooled Reactors (GCRs) may use carbon dioxide or helium as the coolant instead of water. Other reactors designs include Fast Breeder Reactors (FBRs) and Pressurised Heavy Water Reactors (PHWRs).

Fission Product Inventory

As a reactor operates and 235U atoms are fissioned, the fission product inventory builds up. The quantities of those with a relatively short half-life will build to an equilibrium level (as production = decay). The quantities of those with very long half-lives just increase linearly. After the reactor is shut down, the short-lived products will decay away, but the long-lived species remain radioactive for very long time, and emit significant quantities of mixed radiation. This constitutes “high level waste” or “spent fuel”.

Criticality Control

In facilities where fissile material is generated and manipulated, it is important to very carefully control the material so that criticality is not accidentally achieved and maintained, as this may result in the release of a significant amount of energy and radiation. Control of criticality in materials involving fissile material may be done by controlling:

· The quality of fissile material

· The concentration of fissile material

· The geometry of the systems

· The presence of neutron poisons.

The entire concept of designing a functioning nuclear reactor or nuclear weapon is to bring enough enriched fissile material together in the presence of a moderator in a geometry that will maintain criticality. Should such a configuration occur, accidentally, unwanted criticality may occur, and a significant radiation hazard may exist. This may occur from a sudden accidental movement of material, or from the very gradual buildup of material over time (e.g. at the bottom of a storage tank or in the elbow of a pipe through which solutions are flowing). 
Reading activities

III. Answer the following questions.

1. Which are the basic parts of nuclear reactors and how do they function?

2. Explain the principle and function of pressurized water reactors.

3. How do the heavy water reactors differ from PWRs?

4. How is the high level waste created?

5. What is the control of criticality and what does it include?

6. In which situation does an unwanted criticality occur and what can it cause?

IV. Find the oposites to the following expressions.

1. proponents

2. against

3. cool st.

4. offsite

5. used

6. enrich

7. short half-life

V. Combine the words in the first group with those in the second one logically and explain what they mean.

Group 1: 

Industry, storage, neutron, fuel, safety, fission, reactor, equilibrium, steam.

Group 2.

System, level, disaster, tank, poison, process, core, rod, generator.

VI. Turn these sentences into passive voice.

1. Some reactors use pyrolytic graphite as the neutron moderator .

2. That discovery heralded the nuclear power movement .

3. The steam line directs the steam to the main turbine.

And these ones into active voice.

4. The resulting water is pumped out of the condenser with a series of pumps.

 5. Fuel assemblies are cooled by water, using electrically powered pumps.

6. Emergency cooling water is supplied by other pumps. 

Post- reading activities

VII. Divide into pairs/groups that contain both proponents as well as critics of the nuclear energy. Put down your arguments (the following material can help you http://www.discovery.com/tv-shows/curiosity/topics/pros-cons-nuclear-power-pictures.htm). Then discuss your arguments and try to come to some useful conclusions.
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VIII. Read the text and put down a short ummary. 

Oklo Reactor
The world's first and only natural nuclear reactor

Many people think nuclear power is an invention of mankind, and some even think it violates the laws of nature. But nuclear power is in fact a naturally occurring phenomenon, and life could not exist without it. That's because our sun (and every other star for that matter) is itself a giant power plant, lighting up the solar system through a process known as thermonuclear fusion. 
Humans, however, generate power through a different process called nuclear fission, which releases energy by splitting atoms rather than combining them as in the fusion process. No matter how ingenious our race may seem though, even fission reactors are old news to Mother Nature. In a singular but well-documented circumstance, scientists have found evidence that naturally occurring fission reactors were created inside three uranium ore deposits in the west African country of Gabon.

Two billion years ago, the uranium-rich mineral deposits became flooded with groundwater, setting off a self-sustaining nuclear chain reaction. The energy that was subsequently released then raised temperatures enough to begin boiling away the water, but when the mineral deposits eventually cooled down the nuclear reactions would start back up again. By examining the levels of certain isotopes of xenon gas (a byproduct of the uranium fission process) in the surrounding rock, scientists have determined the natural reactor proceeded in this start-stop fashion at intervals of about two and a half hours.

In this manner, the uranium deposits in the Oklo region of Gabon created a natural nuclear power plant that operated for hundreds of thousands of years until most of the fissile uranium was depleted. While a majority of the uranium at Oklo is the non-fissile isotope U238, only about 3% needed to be the fissile isotope U235 for the chain reaction to start. Today, that percent of fissile uranium in the deposits is around 0.7%, indicating that the deposit had sustained reactions for a relatively long period of time. But it was this exact characteristic of the rocks from Oklo that first puzzled scientists.

The low levels of U235 were first noticed in 1972 by employees of the Pierrelatte uranium enrichment facility in France. During routine mass spectrometry analysis of samples from the Oklo mine, it was discovered that the concentration of the fissile uranium isotope differed by three thousandths of a percent (%0.003) from the expected value. This seemingly small difference was significant enough to alert authorities, who were concerned that the missing uranium could be used to develop nuclear weapons. But later that year, scientists found the answer to the two-billion-year-old secret: the world's first, and only natural, nuclear reactor.
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Glossary

assembly – sestava

common – společný
coolant – chladicí směs
core – jádro
dissolve – rozpustit
enhance – zlepšit
equilibrium – rovnováha
fission – štěpení
indivisible – nedělitelný
maintain – provádět údržbu, starat se o
offsite – mimo
pipe – trubka, potrubí
poison – absorbent, pohlcovač
proponent – zastánce
short half-life – krátký poločas rozpadu
to cool st. – ochladit něco
to enrich – obohatit
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