
Petya Panayotova, Vanya Tsvetkova and Mila Bogdanova from Bulgaria worked on this contribu-

tion. They didn’t find any textbooks, where the Chernobyl issue is treated. Vanya presents a Phys-

ics and Astronomy school book for 7th grade, a Chemistry and Environment Protection book for 9th

grade and a Physics and Astronomy book for 10th grade. Mila also worked on this last book and

contributed some additional pictures

Petya Panayotova

The topic isn’t covered in the Bulgarian textbooks at all. There aren’t any descriptions of the acci-

dents, the consequences or something else in connection with Chernobyl. The accident is mentioned

in some Physics or Chemistry textbooks in the lessons about ionization and radiation but there are

two – three words indeed and it’s written like the students already know what the case is. In fact, I

don’t think there are many people who don’t know the main point of what’s happened although

there is no information in the textbooks. The probable reason is that as Bulgaria is operating with

nuclear power plant, the topic is often mentioned in the media. That doesn’t mean there is no need

of studying about the accident because many of the important points and the details aren’t well –

known.

In my opinion the probable reason for the absence of the topic in the textbooks is the fact

that they were written before 1989 and the fall of the Berlin Wall. Bulgaria was depending on the

Soviet Union and we’ve already seen what a misinformation was about the topic of Chernobyl. So the

censorship was really strong at that time. Although the textbooks are republished sooner, they aren’t

“rewritten” and the content is the same.

- Schnitt



Vanya Tsvetkova:

Bulgaria-Official teaching plans concerning Chernobyl

Physics and Astronomy for 7th grade

lesson 41 – Uses of nuclear energy



Stability of the atomic nuclei

There is enormous energy in the bonds that hold atoms together. Nuclear energy can be used to make

electricity. But first the energy must be released. It can be released from atoms in two ways:

nuclear fusion and nuclear fission. In nuclear fission atoms are split apart to form smaller atoms,

releasing energy.

Nuclear fission of Uranium (Pic.1, Page 112)

During nuclear fission, a small particle called a neutron hits the uranium atom and splits it, releasing

a great amount of energy as heat and radiation. More neutrons are also released. A chain reaction

(Pic.2, Page 113) refers to a process in which neutrons released in fission produce an additional

fission in at least one further nucleus. This nucleus in turn produces neutrons, and the process

repeats. When this process is uncontrolled, it could cause a nuclear explosion (Pic.3, Page 113). The

possibility of creating a nuclear explosion is used for the make of the atomic bomb which has a

vast destruction effect. That’s why nuclear weapons are prohibited in every country.

Use of nuclear energy for peaceful purposes

The release of nuclear energy during fission could be controlled in reactors (Pic.4, Page 113) in

Nuclear Power Plants (Pic.5, Page 113). Nuclear plants use a certain kind of uranium, referred to as

U-235. This kind of uranium is used as fuel because its atoms are easily split apart.

The use of nuclear energy could cause serious ecological problems. In the event of a breakdown (as

it happened in Chernobyl in 1986) a large amount of radioactive substances is released in the atmosphere

and causes contamination to the soil, air, water and the entire environment.

The transportation of the reactor fuel requires a lot of safety precautions as well. A very serious

problem is the storage of the nuclear waste as its radioactivity remains for a lot of years.

Moreover, the materials used as fuel are found in nature but are not in unlimited amounts. They will

run out as oil and coal. That’s why scientists are looking for a way to produce ecologically clean

and cheap energy.

Nuclear fusion

Fusion is a process opposite to the fission. Fusion is a nuclear process in which two light nuclei combine

to form a single heavier nucleus (e.g. isotopes of Hydrogen – Deuterium and Tritium Pic.6, Page

114). The released energy during this process is much more than in the nuclear fission of the

Uranium and there’s no radioactive waste to deal with.

Fusion is a subject of ongoing research, but it is not yet clear that it will ever be a commercially viable

technology for electricity generation. Large-scale thermonuclear fusion processes, involving

many nuclei fusing at once, must occur in matter at very high densities and temperatures. It ’s

very hard to create the conditions for this yet.

Nuclear fusion naturally occurs in all active stars due to gravitational forces. 2





The human and the ionizing radiation

As you already know, the major types of radiation emitted during radioactive decay are alpha parti-

cles, beta particles, and gamma rays.

Alpha particles are relatively slow and heavy. They have a low penetrating power - you can stop

them with just a sheet of paper. Because they have a large charge, alpha particles ionize other at-

oms strongly. The health effects of alpha particles depend heavily upon how exposure takes place.

External exposure (external to the body) is of far less concern than internal exposure, because al-

pha particles lack the energy to penetrate the outer dead layer of skin. Internally (inhaled, ingest-

ed, absorbed into the blood stream) alpha particle can be very harmful.

Beta particles are fast, and light. They have a medium penetrating power - they are stopped by a

sheet of aluminum or plastics. Beta particles ionize atoms that they pass, but not as strongly as alpha

particles do.

Gamma rays have a high penetrating power - it takes a thick sheet of metal such as lead, or con-

crete to reduce them significantly. Gamma rays do not directly ionize other atoms, although they

may cause atoms to emit other particles which will then cause ionization.

X-rays also have ionizing ability.

Sources of ionizing radiation

Humans are primarily exposed to natural radiation from the sun, cosmic rays, and naturally occurring

radioactive elements found in the earth’s crust. Cosmic rays from space include energetic pro-

tons, electrons, gamma rays, and x-rays. Radon gas, which emanates from the ground, comes from

the decay of naturally-occurring radium and is a major source of radiation exposure. The primary radi-

oactive elements found in the Earth’s crust are uranium, thorium, and potassium, and their radioac-

tive decay products. These elements emit alpha particles, beta particles, and gamma rays.

Ionizing radiation application

Medical – for diagnosis; cancer treatment (Pic I-3); Weapon – isotopes of uranium and plu-

tonium are used for weapon production (atomic bombs) (Picture I-4); Nuclear energy production;

Agriculture – to preserve foods (Pic I-5). Ionizing radiation has a very important application in scien-

tific research, chemical industry, engineering, archeology and others.

Nuclear Power Plants

NPPs are potential source of irradiation which is the reason for the ongoing fierce debates. NPPs are

just a part of the cycle, which starts with the Uranium mining. Our environment is in jeopardy in

every step of nuclear fuel production.

Accidents such as in Three Mile Island (U.S.) and especially in Chernobyl (Ukraine) show the threat

of irradiating thousands of people.



A very big problem is the spent nuclear fuel form the NPPs. The spent nuclear fuel is left for a few

years under water to lower the content of the rapidly decaying isotopes. After that they are processed

to take out the unused Uranium. The waste is mixed with sodium carbonate and quartz sand (sili-

ca) and then buried.

It is very important the nuclear waste to be buried in geologically stable areas (in old mines or special

storages). Well-packed they are also dropped to the ocean floor. It is presumed that the buried radi-

oactive waste is not a source of irradiation to the people.

Sometimes manmade radiation could be thousands of times more intensive than the natural. It is

almost impossible to be controlled. This is why the experiments with atomic bombs, even though

rarely, are executed under the ground.

Protection

When working with radioactive substances, protective screens should be assured. Harmful radiation

could be absorbed by substances such as lead, thick glass, thick layer of water, and others. In some

cases robot hands (Pic I-3), firewalls and wearing protective clothing are required. There’s a legal

prohibition on working in an environment of ionizing radiation for women and people less than 18

years of age.

Physics and Astronomy for 10th grade





Uranium fission. Nuclear reactors

Nuclear reactions

In the first observed nuclear reaction in 1919, Rutherford became the first person to transmute one

element into another when he converted nitrogen into oxygen through a certain nuclear reaction.

Nuclear fission of Uranium

Two German scientists, Otto Hahn and Fritz Strassman, demonstrated nuclear fission in 1938. They

found they could split the nucleus of a uranium atom by bombarding it with neutrons, the uncharged

part of atoms. As the uranium nucleus split, some of its mass was converted to energy. This dis-

covery was made on the eve of World War II in Berlin, and launches the nuclear age in the history of

mankind.

In the U.S. during the war, great physicists (mostly emigrants from Europe) actively developed nuclear

technology. In 1942, Italian physicist Enrico Fermi supervised the design and assembly of an “atomic

pile” a code word for an assembly that in peacetime would be known as a “nuclear reactor.” On 16

July 1945, in New Mexico, U.S., was conducted the first nuclear weapon test of an atomic bomb

(code name Trinity). Then the tragedy of Nagasaki and Hiroshima followed.

Nuclear reactors

In this part is described how the VVER type reactors (the ones we have in Kozloduy NPP) work.

The nuclear fission of uranium releases powerful gamma radiation. Moreover, most of the fission

products are radioactive. This is why it is very important to have very reliable radiation protection

around the reactor core. This includes obstruction of steel, concrete and water which absorb the radi-

ation. The reactors of Kozloduy NPP have three successive protections. There ’s also automated

control system in the NPP and in 110km radius around it. After the breakdown of Chernobyl

(Ukraine) in 1986, safety measures have raised in every NPP.

Our environment is endangered not only in the event of a breakdown, but also when the nuclear

waste is not being stored the right way. The nuclear reactors are loaded with fresh fuel period-

ically. The spent fuel contains highly radioactive materials. They are being processed and the waste

is buried in special repositories. Measures are taken to eradicate possible contamination of

soil and water.

P h y s i c s a n d A s t r o n o m y f o r 7 t h g r a d e i s a mandatory school book. Secondary educa-

tion starts from 8th grade. Chemistry and Environment Protection 9th grade and Physics and As-

tronomy 10th grade school books are mandatory for Secondary education in Bulgaria.



Mila Bogdanova







It was hard to find anything about Chernobyl in Bulgarian textbooks. As it turned out, there is no

book which reveals what actually happened in Chernobyl. The only information I found is in a Chem-

istry book for 9th grade. The lesson is called “The human and the ionization”. I attach photos of the

whole lesson but all that is said about Chernobyl is the picture above. Here is the translation:

Accidents like those in Tree Mail Island (the USA) and especially in Chernobyl (Ukraine) show the real

danger of ionization of thousands of people.

Never in my school years had I had a lesson about Chernobyl. And this one is in the green pages of

the textbook which means it is not obligatory to be read because it does not cover the mandatory

knowledge for 9th grade.


