TECHNICAL ADVANTAGES OF CANDU®

Why should a country consider using nuclear energy to produce electricity? 

· Population growth and industrialization will create a need for massive amounts of energy, particularly in the Asia-Pacific region. 

· Nuclear energy is a sustainable energy supply that can meet large electrical demands safely, reliably, economically and with significantly less impact on the environment than other forms of energy. It does not produce the gases that cause the greenhouse effect or acid rain. 

      What are the safety advantages? 

· The CANDU design ensures that the fuel can be cooled even if there is no coolant in the pressure tubes, a very unlikely event requiring the failure of both the normal coolant system and the emergency core coolant system at the same time. 

· The CANDU built-in detection system gives early warning that a part may fail and allows for remedial action prior to component failure. 

· CANDUs have two separate shutdown systems. 

· Shutdown and control devices are located in a low pressure area of the core and are not affected by a loss of coolant. 

· In CANDU there is no potential for criticality with new or spent fuel stored in air or water. 

What are the reliability advantages? 

· CANDU is a proven product. It is the most efficient of all reactors in using uranium resources. 

· Advanced computerized control systems provide superior operator/machine interface. 

· There is easy access in a CANDU system for maintenance and repair. 

What are the economic advantages of CANDU? 

· CANDU has a natural uranium fuel cycle that uses about 15 per cent less uranium than a pressurized water reactor for each megawatt produced. 

· The CANDU's pressure tube design was developed with careful attention to neutron economy. The moveable fuel bundles in the pressure tubes allow maximum burn-up of all the fuel in the reactor core. 

· Use of natural uranium widens the source of supply and makes fuel fabrication easier. Most countries can manufacture the relatively inexpensive fuel. 

· Fuel reprocessing is not needed so costs, facilities and waste disposal associated with reprocessing are avoided. 

· CANDU reactors can be fuelled with a number of other low-fissile content fuels including spent fuel from light water reactors. This reduces dependency on uranium in the event of future supply shortage and price increases. 

· The CANDU on-power refuelling system eliminates the need to shut the reactor down for refuelling, offering operational flexibility not provided by other reactor types. 

· All power plants, including nuclear plants, require regular maintenance to remain efficient and safe for many years. Maintenance in CANDU power plants is straightforward because all critical components and systems either have a very long service lifetime or can be replaced in situ extending the life of the reactor. 

· Each component has a service life. In-service inspection ensures its "fitness for service" as operating time passes. When a component no longer meets the fitness test, it is replaced, often with an upgraded replacement part, owing to advances in materials and components. 

· CANDU components can be manufactured in any country with reasonable technical capability. 

· Heavy water used in CANDU reactors is readily available. It can be produced locally, using proven technology. Although it is expensive, heavy water lasts beyond the life of the plant and can be re-used. 

ECONOMIC BENEFITS OF 
CANADA'S NUCLEAR INDUSTRY 

Is it true the Canadian nuclear industry is heavily subsidized by taxpayers? 
COST

· Canada's nuclear industry receives no taxpayers subsidies. The federal government, which owns Atomic Energy of Canada Ltd. (AECL), has provided it with an annual appropriation of $174 million. In 1997, this drops to $132 million, and in 1998 to $100 million. 

BENEFITS

Job creation
· 25-30 thousand direct jobs in the Canadian nuclear industry. 

· 10,000 additional indirect jobs in supplies and services. 

· A large number are high quality engineering and scientific jobs. 

· Over 150 Canadian companies benefit directly or as sub-contractors to the major corporations. 

Exports from Canada
· In 1994, exports exceeded $800 million. 

· Canada is the world's leading exporter of uranium (more than $1 billion per year). 

Financial impact
· $700 million is generated each year in federal income and sales tax by the nuclear industry. 

· Canada's nuclear energy industry contributes almost $6 billion annually to the GDP. 

Foreign exchange savings to Canada
· Approximately $1 billion per year in foreign exchange benefits is achieved by not importing fuel for electricity generation. 

Industrial spin-offs from the Canadian nuclear industry
· Robotics, telecommunications, software and engineering consulting, with companies such as CAE Electronics Ltd., and Spar Aerospace, have grown out of the technology and expertise generated from within the Canadian nuclear industry. 

NUCLEAR POWER 
AND THE ENVIRONMENT

Do radioactivity and nuclear energy harm the environment? 

· Everyone is exposed to natural background radiation. The level of exposure changes depending on where you live and work . For example many airline crews receive radiation doses four times that received by the general public because they are exposed to cosmic radiation. However, the thousands of airline personnel around the world do not suffer from increased cancer rates or any other health effects associated with radiation. 

· Nuclear power does not produce greenhouse gases which contribute to global warming, or gases which cause acid rain. 

· A 700 megawatt coal station needs about three times as much land as a nuclear power plant of the same size. The nuclear plant uses about 100 tonnes of fuel a year, compared to about 2 million tonnes for the coal-fired plant. Coal plants also produce more than 5 million tonnes of airborne wastes in the form of ash, carbon dioxide, sulphur dioxide and nitrous oxide. Nuclear power plants produce 100 tonnes of spent fuel each year and about a thousand tonnes of uranium mine tailings. 

· One fuel bundle, which is about the size of a fireplace log, supplies the electrical needs of a home for 100 years. 

· All natural substances contain radioactive material. Beer contains 13 times as much radioactivity as water discharged from a nuclear power plant, and typical salad oil has a radioactivity level 500 times as large. Even our bones contain radioactive material

HEALTH EFFECTS 

Does radiation from nuclear plants cause cancer, birth defects in people or deformities in animals? 

· The United Nations Scientific Committee on the Effects of Atomic Radiation, (UNSCEAR), after examining information on cancer in people living near nuclear plants in the U.S., the U.K., France, Germany and Canada said there has been no increase in cancer deaths in those people. 

· Canadian studies show no significant increase in leukemia near Canadian nuclear facilities. They also show no association between birth defects or infant deaths and tritium releases. 

· In Canada, the Durham Regional Health Department conducted a study around the Pickering and Darlington nuclear generating stations in 1996 and found no evidence that emissions from CANDU stations have any adverse health effects on nearby residents. 

· Birth defects in animals such as dogs or cows occur generally the world over. These defects are well-known and are not related to radiation exposure. They occurred long before there were nuclear facilities and in countries that do not have nuclear facilities. 

· A person living at the fence line boundary of a nuclear power plant has the same additional risk of harm as a person who smokes two cigarettes per year. 

What are the risks of a birth defect occurring? 

· UNSCEAR estimates the risk of a hereditary defect in human beings is possibly 15 per million births for a radiation dose of one millisievert. A millisievert is a unit of measurement and is the amount of radiation a person would receive with 10 chest x-rays. Hereditary defects from radiation have not been detected in human beings. 

· The risk of a spontaneous hereditary defect in human beings from all causes is one chance in 10 births. 

How much radiation are people exposed to? 

· Radiation from the earth, food, water, air, the sun and the stars accounts for 87 per cent of the natural background radiation received by people. Twelve per cent comes from medical applications such as x-rays. Radiation received from the nuclear industry is less than one per cent. 

BENEFITS OF NUCLEAR SCIENCE 

MEDICAL 

· Every year, millions of lives around the world are saved through the use of nuclear medicine. Nuclear technology helps with early diagnosis and treatment, often preventing the need for surgery, and helping to lower medical costs. 

· Canadian nuclear reactors currently produce about 85 per cent of the world's Cobalt-60 which has been used to treat cancer for more than 30 years. 

· Radiation is used to sterilize medical products such as sutures, surgical gloves and masks. It is also used to sterilize everyday materials such as bandages. 

· Irradiation, because it is a cold process, is used to sterilize heat sensitive materials such as plastics. Until the introduction of disposable syringes sterilized by radiation, for example, hepatitis was often accidentally passed on to patients. 

AGRICULTURE 

· Radiation is an important tool for farmers in Canada and around the world, producing high-yield crops that are disease and weather resistant. Nuclear technology also helps control insects and pests and improve health in domestic animals by early detection of diseases. 

INDUSTRY 

· Nuclear technology in smoke detectors helps save thousands of Canadians each year from smoke inhalation and death. The radioactive device in ionizing smoke detectors is less than half the size of a dime and emits less radiation than a color television set. 

· Many little known uses of radiation make day-to-day activites safer. For example, nuclear techniques are used to check the thickness of steel in cars, trucks and trains, and to measure the effects of rust and wear and tear on bridges. Radiation sources are also a key element in control systems for many chemical plants and in testing devices used to ensure the safety of equipment such as airplanes and off-shore drilling platforms. 

PLUTONIUM AND 
MIXED OXIDE FUEL (MOX) 

What will happen to surplus plutonium in the U.S. and Russia? 

· The U.S. and Russia have surplus weapons-grade plutonium from dismantled nuclear weapons. 

· Canada supports disposal to ensure the plutonium is not used for bombs. 

· The U.S. disposal program includes an option to burn the plutonium by manufacturing mixed oxide fuel (MOX) bundles and transporting them to Ontario Hydro's Bruce A nuclear generating station for use in place of ordinary CANDU fuel, to generate electricity. 

What are plutonium and MOX fuel? 

· Plutonium is produced as a result of fission in nuclear reactors. It is not dangerous if handled with care in a contained facility, just as we handle other hazardous chemicals. 

· MOX is a mixed oxide fuel containing one to three per cent plutonium. The fuel consists of ceramic pellets enclosed in metal and assembled into a fuel bundle. 

· Once burned the plutonium in MOX is useless for weapons. 

· Spent MOX fuel is not more hazardous than spent natural uranium fuel. MOX fuel produces between 15 and 50 per cent less waste because it has a higher burn-up. 

What is the first step? 

· Any project involving the use of MOX fuel in CANDU reactors in Canada has to meet all licensing, environmental assessment and public review requirements of federal and provincial legislation before it can proceed. 

· The U.S. and Russia plan to send a small amount of MOX fuel manufactured in their countries to Atomic Energy of Canada's Chalk River Laboratory for testing in the NRU reactor. 

· The tests are needed to determine under simulated CANDU reactor conditions whether performance standards for the fuel have been met. 

· AECL has made and tested MOX fuel over the past 25 years. MOX fuel from weapons-grade plutonium has to be tested because it contains impurities not previously studied. 


SAFETY 

How safe are CANDU® nuclear reactors? 

· CANDU reactors are very safe. It's impossible for a CANDU power plant to explode like an atomic bomb. 

· CANDU reactors have independent safety systems whose sole function is to automatically shut down the reactor in a matter of seconds, cool the fuel and prevent release of radioactivity. These safety systems take into account human error, equipment failure and any other risk such as earthquakes and severe weather. Even if a safety system fails, there will be no 'meltdown'. 

· Control room operators spend about eight years in training and must pass a series of examinations before receiving their license. They receive ongoing training throughout their careers. 

· A containment system surrounds the nuclear reactor preventing the release of any radioactive material to the outside environment in the event of an accident. 

· Each component, such as valves, pipes, or electrical systems, must meet stringent qualifications. All important sensing instruments and the main control computer are duplicated. Some components even have three independent sets of safety monitors. Therefore safe operation of a station is not jeopardized if one component or one whole system fails. 

· Safe operation of any nuclear facility and handling of any nuclear material in Canada is strictly regulated by Canada's regulatory agency, the Atomic Energy Control Board. It scrutinizes the activities, not only of nuclear power plants, but hospitals, uranium mines, and any industrial user of nuclear material. Regulators in other countries owning CANDUs do the same. 

NUCLEAR WASTE MANAGEMENT 

· The total amount of used nuclear fuel in Canada to date would fill three hockey rinks to the height of the boards. 

· The used fuel is in the form of solid ceramic pellets sealed in corrosion resistant metal, forming a bundle. When used fuel bundles are removed from the reactor, they are stored in pools of water at the plant. The water is constantly recycled and does not become radioactive. About three metres of water above the fuel prevents the radiation from reaching the surface. 

· After five years in water, the used fuel can then be transferred to reinforced concrete storage silos on the plant site. A one-metre thickness of concrete prevents any radiation release. 

· The Atomic Energy Control Board licenses sites where nuclear wastes are stored, and has published regulatory guidelines for disposal. The basic requirement of these guidelines is to minimize the burden of nuclear waste for future generations. 

· Canada is an active participant in international efforts to safely store and manage radioactive wastes. The Nuclear Energy Agency (NEA) of the Organization for Economic Co-operation and Development (OECD) promotes co-operation among its members on the safety and regulatory aspects of nuclear and on assessing the role of nuclear energy's contribution to economic progress. 
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