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1) Uranium: 

Uranium is the key to nuclear weapons. During the operation of a reactor, some uranium-238 is converted to plutonium-239. Periodically spent-fuel is removed from reactors and after storing for a year or more it can be treated in a reprocessing plant to recover the plutonium, the essential ingredient of the nuclear bomb. Only 8 kilograms of plutonium (the size of a large orange) is needed for an explosion. 

Uranium mining has scarred the landscape and affected areas in 16 countries with millions of tons of dangerous dirt called tailings. Uranium is the principal fuel for nuclear reactors and the main raw material for nuclear weapons. Traditionally, uranium has been extracted from underground and open pit mines. Over half of the world's production of uranium from mines is in Canada and Australia. Uranium is also mined in Niger, Namibia, Uzbekistan, Russia, USA, Kazakhstan, South Africa Czech Republic, France, China, Ukraine, Gabon, Spain and India, 

There are 92 naturally occurring elements but only one, uranium, has become the key to the operation of the nuclear fuel cycle. Natural uranium consists of three isotopes: uranium-238, uranium-235, and uranium-234. Uranium isotopes are radioactive. When uranium is mined from the earth it contains only about 0.7% uranium-235. Industrial processes enrich uranium by concentrating the amount of U-235 to 3% or more for use as reactor fuel. Uranium with more than 20% U-235 is called highly-enriched uranium (HEU). 

An atom can be pictured as a small universe with a nucleus at its centre and electrons orbiting around it. The nucleus contains protons and neutrons. Each electron has a negative charge and each proton a positive charge; since there are an equal number of protons and electrons the atom the atom is neutral. Atoms of the same element have the same number of protons (the atomic number). However, the same element can have atoms with varying numbers of neutrons in their nucleus giving atomic species of different atomic weights known as nuclides. Thus for the key element uranium, the nucleus of uranium-235 has 143 neutrons and 92 protons and uranium-238 has 146 neutrons and 92 protons. 

The nuclei of radioactive elements are unstable, meaning they are transformed into other elements, typically by emitting particles (and sometimes by absorbing particles). This process, known as radioactive decay, generally results in the emission of alpha or beta particles from the nucleus. It is often also accompanied by emission of gamma radiation, which is electromagnetic radiation, like X-rays. As radioactive atoms decay, alpha, beta and gamma rays are emitted. Alpha rays are heavy positively charged particles travelling at high speed (several kilometres a second). These rays emanate from heavy elements such as uranium, plutonium and americium. Beta rays are negatively charged electrons seven thousand times lighter than alpha particles. Gamma rays are electromagnetic radiation which emanates from most though not all radionuclides. 

These three kinds of radiation have very different properties in some respects but are all ionizing radiation--each is energetic enough to break chemical bonds, thereby possessing the ability to damage or destroy living cells. Uranium-238, the most prevalent isotope in uranium ore, has a half-life of about 4.5 billion years; that is, half the atoms in any sample will decay in that amount of time. Uranium-238 decays by alpha emission into thorium-234, which itself decays by beta emission to protactinium-234, which decays by beta emission to uranium-234, and so on. The various decay products, (sometimes referred to as "progeny" or "daughters") form a series starting at uranium-238. After several more alpha and beta decays, the series ends with the stable isotope lead-206. (Source: Institute for Environment and Energy Studies)
Uranium mining on indigenous and tribal peoples' lands has devastated local communities and environments in North America, Australia, Africa and Asia. Uranium ore, mined from large open pits and underground mines, is processed so it can be used as fuel in nuclear reactors. For every ton of uranium oxide produced, thousands of tons of wastes, or tailings, are left behind. Often the tailings are simply dumped on the land near the mine and left to the effects of the elements. Wind carries radon gas and radioactive dust from these tailings for many miles. Contaminated rainwater enters the soil, the watershed and, eventually, the food chain, endangering health. Indigenous peoples' lands have also been used to dump radioactive wastes and to test (explode) nuclear bombs both above-ground and below-ground, resulting in massive radioactive contamination. 

l In Northern Saskatchewan, Canada, where the world's largest and most concentrated known uranium reserves are located, routine releases and accidental spills of contaminated water from mining and milling operations have poisoned major fisheries and threatened the health and livelihood of indigenous communities. 

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

l In the Southwestern U.S., mining wastes abandoned on indigenous peoples' land have damaged the health of their communities. It is little known that the second worst nuclear disaster in U.S. history was the spilling of uranium mine tailings in the Rio Puerco River in New Mexico in the 1980s.

l Dineh (Navajo) and other uranium miners in the U.S. have contracted cancers at a much higher rate than the general population (including a lung cancer incidence forty times greater than normally expected). They were not told about the dangers of radioactivity.

l Tibetan people have been, without their knowledge, radiation-tolerance test victims at sites of Chinese-operated uranium mines and waste dumps. (Source Plutonium Free Future )

2. Processing and Reprocessing Uranium - for weapons or power plants

After mining the uranium mineral is refined to uranium oxide, called yellowcake. This natural uranium is processed and then enriched. Numerous technologies have been developed to enrich uranium, such as gaseous-diffusion, centrifuges, and electromagnetic separation. All of these technologies require a large initial investment and large amounts of energy to operate.

Yellowcake has two forms of uranium: uranium-235 and uranium-238. Uranium-235 fissions (splits) readily. Its concentration in yellowcake is only 0.7%. For the common reactor (light-water) yellowcake is enriched to 3 % uranium-235. To make bomb-grade fuel yellowcake is enriched to 90 %. Before enrichment, yellowcake is converted to a volatile material called 'hex' (uranium hexafluoride).

In the diffusion process hex vapour passes through thousands of membranes along a two kilometre tunnel. In the other process the vapour passes through hundreds of small ultra-high-speed centrifuges. Centrifuge plants are compact and so readily concealed. They allow a country possessing a plant to switch quickly from the production of reactor-grade to bomb-grade fuel. (Source THE SUSTAINABLE ENERGY and ANTI-URANIUM SERVICE INC.) 

Reprocessing is probably the dirtiest operation in the nuclear fuel cycle. Reprocessing is also the option that generates the largest amount of radioactive waste. The most dangerous of this waste is called high-level waste -- a liquid waste stream carrying chemicals used in reprocessing along with many radioactive isotopes from the spent fuel or other material. This high-level waste would be added to over 30 million gallons of liquid waste from past reprocessing already stored in underground tanks at SRS. Some of these tanks have leaked, and storage of the waste in this form poses risks of fire or explosion resulting from chemical reactions inside the tanks. Moreover, in January 1998, SRS officials acknowledged -- after over a decade of warnings and a half billion dollars in expenses -- that one of the techniques intended to help remove waste from the tanks is unsafe. A replacement technology may not be ready until 2005.

Reprocessing is a chemical reaction, which separates plutonium and uranium from fuel which has been irradiated in reactors. The plutonium is important for weapons production, while the uranium is basically a byproduct that can be recycled as fuel. Because reprocessing is also part of the civilian nuclear fuel cycle, reprocessing is a key link between civilian nuclear power and nuclear weapons production. Thus, the existence of a reprocessing plant is what gives a country the ability to produce plutonium for nuclear weapons. Therefore, any country that has operating reprocessing plants can be classified as a potential nuclear-weapons power (Makkhijani, Hu, and Yih, 1995, p 47-48). 

Reprocessing is also extremely costly. The overall costs of spent fuel management and disposal ranges from approximately $130 billion to $240 billion for commercial reprocessing (Makhijani and Saleska, 1999, p 9). 
The countries that have commercial reprocessing plants include UK, France, USA, Russian Federation, Japan, and India. All five of the reprocessing programs are governmentally owned or subsidized. ( Makhijani and Saleska, 1999, p122)
The countries with military plutonium separation sites include USA, Russian Federation, UK, France, China, India, Israel, and Pakistan.

 Mixed Oxide Fuel (MOX):
MOX is part of the nuclear fuel cycle which is used in the civilian branch of nuclear industry. Plutonium is converted into uranium-plutonium oxide fuel (called Mixed Oxide Fuel) to use it in existing commercial reactors or in new reactors. Used nuclear fuel can then either be disposed of as waste or recycled. A nuclear reactor uses enriched uranium fuel to produce heat, which in turn generates electricity. MOX fuel is manufactured by blending uranium and plutonium powders to include 3-10% plutonium. 

The conversion of MOX into weapons-grade plutonium metal is feasible (Kuppers and Sailer, 1994, p85). This use creates a new commercial - military link creating dual-use reactors. The companies such as BNFL are hiding this direct connection by claiming to partially destroy (or "burn") rather than create military plutonium (Makhijani and Saleska, p10, 1999). 
The use of MOX has huge setbacks due to the high cost of creating MOX fuel. In addition to a serious security liability the majority of independent studies done in the US have indicated that plutonium is not an economically viable energy resource. These studies have found that it is cheaper to use uranium fuel instead of MOX fuel. Uranium has turned out to be far more plentiful and far cheaper than predicted at the dawn of the nuclear era (Makhijani and Saleska, 1999, p 166). 
Furthermore, there are inherent conflicts of interests. The corporations involved in the disposition of plutonium by using it as MOX fuel are the very same corporations that have a stake in the commercial production of plutonium (Makhijani and Saleska, 1999, p175). This is clearly indicated by BNFL which both creates and cleans up nuclear materials. Westinghouse (BNFL owned) runs the majority of nuclear power plants in the US while Bechtel National Inc (BNFL owned) is involved in massive nuclear clean up in the US. 

3. Weaponisation

There are currently around 36,000 nuclear weapons in the world's arsenals, primarily in the five Nuclear Weapon States - USA, UK, Russia, France and China. 

These states possess what is estimated to be 2,667 times the firepower experienced in the entire six years of World War II*. 

At the height of the Cold War there were around 65,000 nuclear weapons. 

Current data on nuclear weapons and tests are distributed as follows:

l NUCLEAR WEAPON STATES: 
UNITED STATES ~ 12, 070 weapons, 1030 tests total 

RUSSIA ~ 22, 500 weapons, 715 tests total 

CHINA ~ 400 weapons, 45 tests total 

UNITED KINGDOM 260 weapons, 45 tests total 

FRANCE 450 weapons, 210 tests total 

l NUCLEAR WEAPON CAPABLE STATES:
ISRAEL 100 - 200 weapons (approximately), number of tests not known 

INDIA 65 weapons (median approximates only), 6 tests

PAKISTAN 39 weapons (median approximates only), 6 tests

NOTE: while there are reportedly a number of other countries pursuing nuclear weapon programmes, to date there is insufficient evidence to conclude that any countries other than those listed here have fulfilled this goal. 

References & Information sources:
* Is Everything Secure? Myths and Realities of Nuclear Disarmament. IPPNW Publication 1998
** data provided by Coalition to Reduce Nuclear Dangers „ last updated February 1999 : www.clw.org/coalition/nukelev.htm 
ï* approximates are those of the Federation of American Scientists: http://www.fas.org/nuke/guide/israel/index.html 
ï* ï approximates are those of ISIS in the report titled: India's and Pakistan's Fissile Material and Nuclear Weapons Inventories, end of 1999 by David Albright http://www.isis-online.org/)

4. Nuclear Power

All of the more than 400 nuclear power plants now operating in 32 countries produce large quantities of plutonium that, when chemically separated from spent (used) fuel rods, can be used to make reliable, efficient nuclear weapons of all types. Irradiated fuel rods, when not regarded as waste, are seen as a resource for use in breeder reactors (to produce more plutonium), or for direct conversion into weapons. Until we phase out all nuclear power world-wide, we continue to support "latent proliferation" of nuclear weapons, since any government acquiring nuclear reactors for energy production may change its mind about nuclear weapons (or be replaced by one that does), or may secretly prepare nuclear explosives ready for assembly and use (Feiverson 1977). Moreover, alarmingly large quantities of uranium and plutonium can no longer be legally accounted for, either through record-keeping errors, careless handling, or theft. Only when we stop regarding radioactive material as a resource and more accurately categorize it as the dangerously toxic substance it is, can we hope to limit the escalating contamination.

All nuclear power reactors (both uranium- and plutonium-fueled) produce waste materials containing plutonium, as well as other radioactive substances that can be used to make nuclear bombs. Thus every nation that has nuclear power is a potential nuclear weapons state. How to make a nuclear bomb is no longer a secret. The hardest part of making a nuclear weapon is getting the plutonium. Four-fifths of the plutonium in the world today has been produced by commercial nuclear power reactors. This spread of plutonium through nuclear power has increased the number of potential nuclear weapons states to 44. The five declared nuclear weapons nations -- the United States, Russia, the United Kingdom, France and China -- are only one-ninth of the real "nuclear club." (Source: Plutonium Free Future)

The 44 countries with nuclear power plants and research reactors are: Algeria, Argentina, Australia, Austria, Bangladesh, Belgium, Brazil, Bulgaria, Canada, Chile, China,Colombia, Democratic People's Republic of Korea, Democratic Republic of Congo, Egypt, Finland, France, Germany, Hungary, India, indonesia, Iran, Israel, Italy, Japan, Mexico, Netherlands, Norway, Pakistan, Peru, Poland, Republic of Korea, Romania, Russia, Slovakia, South Africa, Spain, Sweden, Switzerland, Turkey, Ukraine, UK, USA and Viet Nam.


5) Radioactive waste 

By the year 2000, the nuclear industry had created 201,000 tons of highly radioactive irradiated (used) fuel rods. If liquid and solid wastes, uranium tailings and all they have come in contact with are included, the volume is, of course, much larger. Many ideas for "final" disposal have been put forward, but none has proved even remotely adequate. One problem is that the plutonium in the waste will remain radioactive for up to 240,000 years (12,000 generations) or more. For that entire time it must be isolated from all living organisms and from the water, land and air upon which they depend. Deep underground burial of wastes is currently the favored policy of most nuclear nations. However, changing water tables, earthquakes and other geological factors will eventually disturb the buried waste and lead to contamination of soil, water and air. No container exists that will last as long as the radioactivity of its contents. Nor can we be confident that our descendants will not dig into burial sites hundreds or thousands of years from now, out of curiosity or lack of information. None of the 44 countries with nuclear reactors has a solution to the waste problem. Meanwhile, the wastes are either kept in "temporary" storage facilities or buried in shallow pits. Wastes have been dumped directly into the ground, lakes and oceans of the world (for example: into the Irish Sea near Sellafield, England; into the Pacific Ocean near the Farallones Islands off San Francisco, California; and into Lake Karachay, near Chelyabinsk, Russia). A growing number of sites have been abandoned by humans due to radioactive contamination. Yet wind and water, microbes, insects, seeds, birds and other life forms which cannot read posted warning signs move freely from one ecological niche to another. The question of how to isolate radioactivity enduringly from life remains unanswered. (Source Plutonium Free Future)

The weapons branch of the worldwide industry has repeatedly disregarded the environmental consequences of dumping. Radioactive liquids have been dumped into the ground and waters at the Hanford Nuclear Reservation, contaminating the ground water and the Columbia River. Lake Karachi, in Russia, by the Chelyabinsk complex is so toxic with abandoned radiation that to stand next to it only a few minutes would provide a lethal human dose of radiation, and the water level is dropping, reaching toward the ground water. Sellafield, in England, now and in its former life as Windsacale, pipes radioactive waste a mile into the Irish Sea. This is the state of radioactive waste disposal in the 20th century. 

A definitive study of the accumulated costs of the U.S. nuclear power, Fiscal Fission: The Economic Failure of Nuclear Power (Komanoff and Roelofs 1992) revealed half-a-trillion dollars as a conservative figure for resources spent through 1990. Excluded costs, such as health effects of radiation, accidents, adequate insurance, could well total another $375 billion. These figures do not include the almost certain escalation in future waste and decommissioning costs. (Source Plutonium Free Future)
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