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I.  Introduction

Many states and governments have called global warming “the most pressing environmental concern of our time.”
  The rise in global temperatures is well documented and coincides with the rise of carbon dioxide in the atmosphere.
  The rise of carbon dioxide in the world’s atmosphere is a direct result of humans burning fossil fuels, such as coal, oil products, and natural gas, which we are dependant upon for energy. Another major source of energy that many countries, including the United States, are depend on, is the use of nuclear energy.  As opposed to coal, oil, and natural gas, nuclear energy emits much less carbon dioxide into the atmosphere when it is used for power generation.
  Because of this, there has been a renewed interest in the use and expansion of nuclear power in order to lower our dependency on fossil fuels for energy.  Many people believe nuclear energy should be used to fight global warming, including people like James Lovelock, a founder of Greenpeace, who said that “[o]nly nuclear power can halt global warming.”
  Expanding the use of nuclear power may lower the emissions of green house gasses and lower human reliance on fossil fuels for energy, but expanding nuclear power also means expanding risks associated with nuclear power.  In fact, the expanded use of nuclear power means a greater risk of radiation contamination, expanded problems with waste removal and storage, and nuclear weapons proliferation.  

Nuclear power is an integral source of energy generation in the United States.  With the threat of global warming, the United States cannot afford to turn its back on the benefits of nuclear power despite the substantial risks the use of nuclear power poses.  However, it is important that we understand that nuclear power is not the answer to global warming.  The rapid expansion of our dependency upon nuclear power will compound its risks to human life and health in the United States and around the world.  The purpose of this paper to is to discus how nuclear energy works; the legal issues pertaining to the use of nuclear energy within the United States; the potential risks and benefits of nuclear power; and the method in which the United State should use nuclear power to combat the threat of global warming.

II.  History of Nuclear Energy in the United States

On December 2, 1942, Dr. Enrico Fermi achieved the first controlled nuclear chain reaction with the first demonstration reactor, the Chicago Pile 1.
  A mere two and one half years later, the United States dropped two atomic weapons on the Japanese cities of Hiroshima and Nagasaki.  After World War II, the United States government was interested in harnessing the awesome power of the atom, not only for its destructive power as used in nuclear weapons, but used to produce “peaceful” energy.  On August 1, 1946, President Harry Truman signs the Atomic Energy Act of 1946, and several years later the U.S. Atomic Energy Commission first investigated the possibility of peaceful uses for atomic energy.
  On December 8, 1953, President Eisenhower presents his “Atoms for Peace” program and one year later he signs the Atomic Energy Act of 1954.
  The Atomic Energy Act of 1954 laid the foundation for the nuclear industry in the United States for the next 50 years.

After the Atomic Energy Act was signed in 1954, the civilian nuclear energy industry was born.  Several years later Eisenhower signed the Price-Anderson Act, which provided liability coverage to public utilities and also created a cause of action for injury as a result of a radiological accident.
  Over the next several decades the nuclear industry began to grow and thrive in the United States with overwhelming endorsement from the government.  In 1973, power utilities in the United States ordered a total of 41 new nuclear power facilities.
  This event coincided with the with oil embargo on the United States in the early 1970’s.  The nuclear industry continued to grow until March 28, 1979, when Unit II at Three Mile Island suffered a major accident resulting in a partial meltdown of the reactor.
  Seven years later a large accident occurred in the Ukraine, in which a reactor and its containment building were completely destroyed sending tons of highly radioactive material into the atmosphere.
 

During and shortly after the accidents on TMI and Chernobyl, growing concern about the safety and the environmental impact of nuclear power facilities began to change public opinion about nuclear power.  In addition to safety concerns, concerns about a solution to the long-term storage of high-level nuclear waste halted the expansion of the nuclear power industry in the United States.
  Recently, there has been renewed interest in once again expanding the use of nuclear power because of concerns over global warming and dependence on foreign energy sources.  In 2005, President Bush signed the Energy Policy act of 2005, which gives a number of incentives for utilities to expand its use of nuclear energy.
  Currently, there are a number of applications submitted to Nuclear
 Regulatory Commission (NRC) for new power plants, uranium mining operations, and uranium enrichment facilities.
  It is too early to tell if this newfound enthusiasm for nuclear power will have continued governmental support with the current administration under President Obama and the Democratically held majority in Congress.

III. How Energy is produced from Nuclear Power.
Before one can debate the advantages and disadvantages of using nuclear power as an energy source, it is important to understand how energy is produced from nuclear power.  The simplest explanation is that nuclear power generates electricity by heating water from the energy created by splitting uranium atoms, commonly referred to as nuclear fission. The heated water produces steam that powers turbines connected to generators, which create electricity in a manner similar to a coal fire plant or a hydroelectric plant.

The Fission Process

 The nuclear fission process is only possible in certain rare elements, such as Uranium 235 (U-235), and Plutonium 239 (PU-239).
  These elements, like all elements, are made up of atoms comprised of protons, neutrons, and electrons.  U-235 and PU-239 atoms are highly unstable, and when the nucleus of such atoms are struck by a single neutron, the nucleus will split into two new atoms.
  When a single atom is split, it releases a large amount of energy in the form of heat and ionizing radiation.  In addition to energy, a split nucleus also releases neutrons, which in turn strike other unstable atoms, which also split, continuing the chain reaction.  It is the energy released from the split nuclei, repeated millions of times over, which is used to heat water to create steam that turn the turbines and creates electricity in nuclear power facilities.


There are many different variables to contend with in order to keep the nuclear chain reaction going.  The sustainability of a chain reaction is dependent on its nuclear properties, its density, its shape, its enrichment, its temperature, and its surroundings.  All of these factors must be taken into account when creating a sustained chain reation for purposes of nuclear energy.  The smallest amount of fissable nuclear material which can create this sustained reaction is called critical mass.  It is this critical mass, which determines how much uranium must be enriched in order to provide a suitable fuel source for a nuclear reactor. 

The Nuclear fuel Cycle in the United States


The generation of electricity using nuclear power does not begin and end at the individual power plant.  In the United States, the fuel used by nuclear power facilities is low enriched uranium.
  This low enriched uranium is primarily comprised of Uranium 235, and Uranium 238.  As discussed in the fission process section, elements capable of sustaining a chained nuclear reaction through the fission process are very rare.  Of the fuel used in the United State, only the Uranium 235 is fissable.  Despite the fact that Uranium 235 is the only fissible element in the fuel used by nuclear facilities, it only comprises 3 to 4 percent of the total fuel.
  The rest is primarily comprised of Uranium 238.
  In contrast, uranium used for nuclear weapons must be higly enriched, composing of 90 percent or more of fissable Uranium 235.
  This is an important distiction because the difference in enrichment illustrates how fuel for nuclear power facilities cannot be used for nuclear weapons, at least not without further enrichment.  As a result, the fuel used to generate electricity cannot generate the type of rapid uncontroled chain reaction resulting in a nuclear explosion like that of a nuclear weapon.


The fuel cycle begins with the mining process.  Uranium ore is mined from various places in the world, with much of it coming from Canada and the Western United States.
  The uranium content of the ore is often between only 0.1% and 0.2%. Therefore, large amounts of ore have to be mined in order to get a sufficient amount of uranium.
  The uranium ore concentrates go to a uranium mill and feed preparation plant.
  Ore that was mined in open pits or underground mines is crushed and leached in a uranium mill.  A uranium mill is a chemical plant designed to extract uranium from ore.
  At this point the milling product is commonly referred to as yellowcake because of the products bright yellow color.

After the yellowcake is produced at the mill, the next step is conversion into pure uranium hexafluoride gas (UF6).
 During this conversion, impurities are removed and the uranium is combined with fluorine to create the UF6 gas.
 The UF6 is then pressurized and cooled to a liquid.
  After the Uranium has been milled and converted into UF6, it goes to the enriching plant where a percentage of Uranium 238 is separated from Uranium 235, allowing for the fuel to reach beyond the critical mass necessary for a sustained chain reaction.
 


After the fuel has been enriched, it is transported to a fabrication facility.  The material is chemically processed into a powder, which is then pressed into pellets and sintered into ceramic form.
 The ceramic pellets are about the size of a thumbnail.  Each of these ceramic pellets are loaded into Zircaloy tubes, and constructed into fuel assemblies.  Once the ceramic pellets are loaded into the fuel assembly, they will be transported to one of the 104 nuclear reactors operating in the United States for refueling.
  As opposed to coal and natural gas, which can be used as fuel shortly after it has been mined or captured, uranium fuel undergoes a long and very complex process before it is suitable to be used as fuel at nuclear facilities.  

Spent fuel 


After the fuel has undergone the fission process in the reactor of a nuclear facility, the splitting of uranium atoms into lighter elements uses up the fissable uranium.  After a period of 12 to 18 months, the fuel must be replaced.  The spent fuel still contains the elements of uranium and plutonium.  As a result, the spent fuel is highly radioactive.  However, if these elements were separated from the waste, reprocessed, and fabricated into new, mixed “oxide nuclear fuel,” it would constitute a significant new source of energy.
 Repossessing spent fuel would not only alleviate the problem of safely disposing of radioactive waste, the recycling of plutonium would help conserve the world's limited uranium resources.
  

The current policy within the United States is to not allow civilian reprocessing of spent fuels because the plutonium byproduct, which does not exist in nature, and is much easier to make into nuclear weapons than Uranium.
  While plutonium proliferation may be a major concern to areas outside of the United States, it is not a sound policy for the United States government to ban reprocessing for all civilian nuclear facilities, so long as the government regulates all special nuclear materials.
  A premise of this paper is that if nuclear energy is going a viable midterm and long-term weapon in the fight against global warming, then all measures should be taken to minimize high-level waste and maximize fuel efficiency.
IV.  Congressional Promotion of Nuclear Energy 


Electric generation in the United States can be complicated process.  Since almost every community in the United States is fully dependant upon electricity in daily life, electricity generation touches nearly every jurisdiction.  While new forms of alternative energy may present new legal challenges in areas devoid of judicial precedent or statues, nuclear energy has sixty years of statutory, regulatory, and international laws to “provide a solid framework” for addressing issues facing nuclear power in the future.

Energy Act of 1954 and the Price-Anderson Act


The Energy Act of 1954 led the way for the civilian use of nuclear power for the generation of electricity within the United States.  The Act was created to promote nuclear power and encourage “the private sector to become involved in the development of atomic energy for peaceful purposes.”
  Before the Energy Act of 1954 was passed by congress and signed by President Eisenhower, civilians had virtually no access to nuclear technology, and did not have the legal right to develop and use nuclear technology.  After the passage of the Energy Act of 1954, the government allowed, and encouraged civilian power companies to develop nuclear power by “providing for the licensing of private construction, ownership, and operation of commercial nuclear power reactors for energy production.”
  However, despite encouraging privatization of nuclear technology, the Atomic Energy Commission was placed in charge of strictly regulating use and safety standards of nuclear power.  In 1974, all powers were transferred and vested to Nuclear Regulatory Commission (NRC), an agency still in charge of the regulation of nuclear power within the United States.


Soon after the Energy Act of 1954 was passed, private industry teamed up with the government in developing experimental power plants.  However, as research and development continued, it became apparent to private entities that potential liability of a nuclear accident would create a substantial risk to the investing companies.  Even though there were incentives to develop and use nuclear energy, liability was still a major problem because “the uniqueness of this form of energy production made it impossible [to] totally rule out the risk of a major nuclear accident resulting in extensive damage.”
  Because of the risk of a major accident, however slight, companies were unwilling to develop nuclear power because the industry and private insurance companies would be unable to absorb the cost of liability of a large nuclear accident.


In response to the private industry’s hesitation to adopt nuclear power because of potential liability reasons, Congress passed the Price-Anderson Act in 1957.  The Price-Anderson Act was passed to ensure that adequate funds would be available to the public for the payment of liability claims in the event of a nuclear power accident.
  The statute also eliminated much of the liability by providing public compensation for nuclear related incidents.
  As stated on the NRC’s official website, “[t]he legislation helped encourage private investment in commercial nuclear power by placing a cap, or ceiling on the total amount of liability each holder of a nuclear power plant license faced in the event of a catastrophic accident. Over the years, the "limit of liability" for a catastrophic nuclear accident has increased the insurance pool to over $10 billion.”
  In order for nuclear power entities to get the protection of the Price-Anderson Act, they must maintain the maximum amount of primary liability insurance coverage available per unit from private sources.


The Price-Anderson Act has received a fair amount of criticism from opponents of nuclear power.  They argue that the act limits the amount one can recover from a nuclear related accident.  In the late 1970s, the U.S. District Court in Western North Carolina in Duke Power Co. v. Carolina Environmental Study Group, Inc., held the Price-Anderson Act to be unconstitutional because it imposes a limitation on liability for nuclear accidents.  The plaintiff’s argued that such limitations violated the Fifth Amendment just compensation clause.  In The United States Supreme Court held that Price-Anderson Act was not unconstitutional.
  Despite limitations on compensations for injured parties as a result of a nuclear accident, “Congress will…take whatever action is determined necessary (including approval of appropriate compensation plans and appropriation of funds) to provide full and prompt compensation to the public for all public liability claims resulting from a [nuclear] disaster of such magnitude.”
  This basically means that the taxpayers will responsible for liability claims exceeding $10 billion dollars.  $10 billion dollars may seem like a lot of money, but considering uniqueness of a nuclear disaster involving radiation contamination, the liability for property and personal injury claims resulting from such contamination could be immense.


One of the most significant aspects of the Atomic Energy Act of 1954 is that it by its creation, nuclear regulation is almost completely controlled by the federal government.  It is interpreted that by passing the Atomic Energy Act of 1954, Congress meant to “occupy the entire field” in regards to nuclear regulations, especially in regards to safety concerns.
  However, states still retain “their tradition responsibility in the field of regulation of electrical utilities to determine questions of need, reliability, costs, and other related state concerns.”
  The Atomic Energy Act of 1954 precludes the states from enforcing their own nuclear safety regulations with regard to radiological and nuclear plant safety concerns.
  

The Energy Policy Act of 2005


On August 8, 2005, President Bush signed The Energy Policy Act of 2005 into law.  One of the major goals of the act was to decrease America’s dependence on foreign energy sources by encouraging domestic production of both conventional and alternative fuels.  Within the Act are numerous provisions indicating Congress’s intent to increase the Nation’s reliance on nuclear energy as a means to lessen reliance on foreign oil.
  There are a number of provisions that give incentives to private industry to built new reactors and develop new nuclear power technologies.


The first thing The Energy Policy Act of 2005 does, in regard to nuclear energy, is make amendments to the Price-Anderson Act.
  The Act extends the indemnification provisions of the Price-Anderson Act from 2003 and 2006 to 2025.
  The Act also increases the industries’ secondary insurance pool to $10 billion, and to $500 million outside the U.S.
 

In addition to extending the Price-Anderson Act, the Energy Policy Act of 2005 gives utilities huge tax incentives to invest in the construction of nuclear facilities.  The Act allows a 1.8 cents per kilowatt-hour production tax credit for energy generated from new nuclear facilities for the first 6 megawatts of electric generation capacity for up to eight years of operation, or $125 million.
  

Besides tax incentives, there are also provisions in the Energy Policy Act that provide financial incentives as well.  The Energy Policy Act provides for a federal guarantee of up to 80 percent of the total project cost for innovative technologies that avoid, reduce, or sequester for anthropogenic emissions of greenhouse gases.
  The Energy Policy Act interprets this to include new nuclear plant technologies in addition to other renewable energy products.  Finally, the Energy Policy Act also contains a provision that provides insurance coverage for 100 percent of any potential cost of delay in commencement of operations of an “advanced nuclear facility” for the first two reactors built since the passage of the Act.

Since the passage of the Atomic Energy Act of 1954 the United States government has helped to promote and sustain the use of nuclear power in America.  Without government promotion, regulation, and risk insurance, the nuclear industry would not exist in the United States.  By the passage of the Energy Policy Act of 2005, it is apparent that once again the government is promoting the expansion of nuclear power in the United States.  Despite the government’s most recent promotion of nuclear power to curb the United States’ dependency on foreign oil and global warming, all of the major problems that made nuclear energy unpopular during the 1980s and 1990s are still unresolved.  In order to decide whether the promotion of nuclear power in the United States is a good thing, one must understand the risks and benefits nuclear power offers.
V.  Risks of Nuclear Power


Despite the renewed interest in nuclear power as a form of electricity generation, there are many risks involved in its use.  Many of the risks and problems of nuclear power, such as operational safety, radiological pollution during mining and milling of nuclear fuel, and high-level waste disposal have yet to be sufficiently answered.  Before the use of nuclear energy is greatly expanded in the United States, these issues must be better addressed.

Radiation


Radiation is the biggest health risk involved in the use of nuclear power to create electricity.  The threat of radiation begins at the mining process and continues through the waste storage phase, and everywhere in between.  Generally, radiation describes any process in which energy emitted by one body travels through a medium or through space, ultimately to be absorbed by another body. Radiation can be in the form of heat or light.  For purposes of discussing the dangers associated with nuclear energy, the type of radiation that is of concern is ionizing radiation.  Ionizing radiation refers to any radiation process in which the individual quanta of radiated energy are able to ionize atoms or molecules of the substance in which the energy is absorbed.
  Ionizing radiation occurs in unstable atoms that release energy in order to become stable.  Ionizing radiation is also released during nuclear fission.

Unlike most dangers human beings encounter throughout their lives, ionizing radiation cannot be detected by our senses.  It cannot be seen, smelt, heard, felt, or tasted.  Because humans can’t sense radiation, the public poorly understands radiation, and because of this, radiation is subject to an uncommon fear.
  Many scientists knowledgeable in radiation injury believe that the magnitude of the public's fear is unreasonable.
  However, whether or not peoples’ fears in radiation is unreasonable or not, the more informed people are about how ionizing radiation occurs, what it is, what its effects are, and how it can be contained, the more the public can make an informed decision about whether or not nuclear energy’s expansion should be supported in the future.

There are three forms of ionizing radiation when discussing nuclear power, Alpha particles, Beta particles, and Gamma Rays.  Alpha and Beta particle are particles released by unstable atoms and can be easily contained.  However, if radioactive elements that emit these particles are ingested, they can be very harmful.
  As opposed to alpha and beta particles, gamma radiation occurs in the form of a wave that can travel long distances and can pass through barriers.  To protect against sources that give off gamma rays, it is necessary to secure them behind barriers such as lead, concrete or earth.  These heavy materials help absorb most of the gamma rays.

Radiation absorption is called “dose.”  Dose can be measured in a number of ways.  In the United States dose is measured primarily in units called rem or millirem.  1000 millirems equal 1 rem.
  Every person receives radiation dose from a number of sources, such as from medical x-rays, natural radon, the sun, and various consumer products.
 According to the Department of Energy website, “the U.S. average dose to people from natural and man-made radiation sources is about 360 millirem.”
 The NRC allows some workers at nuclear power plants to receive a maximum dose of 5 rems per year.  Most utilities will allow workers to receive a maximum of 2.5 rems per year.

Health Concerns over Radiation Exposure

When discussing radiation, two questions become prevalent, what amount of radiation is safe, and what are the health consequences for receiving too much radiation?  In reference to the first question, there is still scientific debate about the health effects from exposure to low-level radiation.
  As a result, the prevailing theory accepted by government and medical officials is the assumption that “no amount of radiation [is] certifiably safe,” and the lower the dose received by humans the better.

Health concerns over radiation exposure is the primary concern when considering nuclear energy as a power source.  Many anti-nuclear groups argue that low-level radiation should be considered dangerous because the health effects upon humans is unclear.  It is a fact that nuclear power facilities produce a great amount of low-level nuclear waste such as tools, clothing, equipment parts, cleaning materials.
  Nuclear power facilities also regularly release wastewater containing low-level radiation in the form of tritium.
  Without knowing for sure what the long-term health effects of low-level radiation are on humans, low-level radiation contamination from nuclear power plants should be considered a risk.  The health risk of low-level radiation should be taken into consideration when considering whether or not nuclear power is safe, and whether its use should be expanded in America to help reduce our dependency on fossil fuels.

When it comes to the question of whether a large amount of radiation has adverse health effects, there is no debate.
  A large amount of ionizing radiation absorbed by humans can cause a number of adverse health effects.  Adverse heath effects from receiving high level radiation dose come in two different forms, acute radiation poisoning, and late radiation injury.  Acute radiation poisoning occurs because high doses of radiation kill so many cells that tissues and organs are damaged immediately.
  According to the NRC, “it is generally believed that humans exposed to about 500 rem of radiation all at once will likely die without medical treatment. Similarly, a single dose of 100 rem may cause a person to experience nausea or skin reddening (although recovery is likely), and about 25 rem can cause temporary sterility in men.”
  Acute radiation poisoning is very rare because it requires such a high dose all at one time, and generally should not be a primary concern for the public when considering adverse health effects of radiation.

The area of primary concern when considering the adverse health effects from radiation dose for humans is what is called late radiation injury.  Late radiation injury occurs when humans receive doses of radiation over an extended period of time.  It is considered scientific fact that significant radiation dose can cause late injuries in humans such as Leukemia and cancer.
  Certain tissues in humans, such as thyroid and breast tissues are considered extra sensitive to radiation-induced cancers.
  The amount of radiation dose that causes late radiation injury is generally unknown and differs greatly from person to person.  It is very difficult to prove late radiation injuries because cancers and leukemia induced by radiation are indistinguishable from those occurring naturally or from causes other than radiation exposure.
  This can make proving injury difficult after a nuclear accident even if Congress stated that nuclear facilities would stand strictly liable for an extraordinary nuclear occurrence.

 Because radiation cannot be detected by human senses, and because adverse health effects can be delayed for years after a person’s exposure to radiation, it almost impossible for humans to protect themselves against expose if they are not alerted to the threat before hand.  The threat of radiation contamination, which can lead to exposure to doses high enough to create late injury to humans, occurs at every level of the nuclear fuel processing cycle, from mining to waste disposal.  Out of all electricity generation systems, the risk of high-level radiation contamination is exclusively limited to nuclear power.
  Because the half-life of many of the radioactive elements used in, or byproducts of nuclear power can last for exceptionally long periods of time, the threat of adverse health effects due to radiation contamination may last for hundreds, thousands, or even millions of years into the future.

High-level Waste


Probably the largest inhibiter to the expansion of nuclear power in the United States is deciding what to do with the high-level nuclear waste produced by nuclear facilities.  As stated earlier, the majority of the high-level nuclear waste comes from spent fuel that is no longer efficient to power reactors but is still highly radioactive.  Fuel from nuclear reactors lasts about 3 to 4 years before it is no longer efficient.
  High-level waste is currently held in more than 120 different locations within the United States, mostly at currently existing nuclear facilities.
  There are two main types of storage for on site nuclear waste, storage in spent fuel pools and in dry storage.
  Spent fuel pools keep the spent fuel cool enough so the fuel does not reach critical mass, and also to help insulate the radiation given off by the spent fuel.  After the fuel is adequately cooled, it may be transported to dry cast storage, in which the fuel is entombed in cast of metal and concrete.
 


Many ideas have been considered when deciding what to do with high-level nuclear waste.  Experts throughout the world have studied many options for permanently disposing of nuclear waste, including, leaving the material at current storage sites; burying it in the ocean floor; putting it in polar ice sheets; sending it into outer space; and placing it deep underground in a geologic repository.
  Most of these ideas are not financially practical or extremely dangerous.  Obviously things like burying the waste in polar ice sheets is not practical given the recent studies of global warming and the accelerated speed of melting polar ice caps.  The nuclear waste could mix with melted water, becoming highly radioactive and flow into the oceans.  Also, the sending the waste into space may be feasible except the majority of waste is comprised of uranium, which is extremely heavy.  Also, the threat of a rocket exploding in the atmosphere would create a highly toxic, “super dirty bomb.”  These constraints make it impractical to utilize methods, such as mentioned, in order to solve the nuclear waste problem.


When considering a solution for long-term storage of high-level waste, one must also be concerned with logistical risks involved in the transportation of such materials.  As mentioned earlier, after the fuel has been used in a reactor, it becomes highly radioactive and unstable.  In effect, transportation on the “back end” of the nuclear fuel cycle, after the fuel is spent, is when it is the most hazardous.  If radioactive material escapes, the health risks are extreme and the cleanup extremely difficult and costly.

As a result, many states want to forbid movement of nuclear wastes through states.
  The 7th Circuit, in Illinois v. General Electric Co. decided that state laws prohibiting the movement of nuclear materials was preempted by federal under the Atomic Energy Act of 1954.


As a result of the increased problem of high-level nuclear waste, Congress enacted the Nuclear Waste Policy Act of 1982 (NWPA).
  Under this plan, the Secretary of the Department of Energy was to nominate several sites for long-term storage of high-level nuclear waste, of which Yucca Mountain was the only site considered for study, partially due to environmental concerns, but also due to strong political opposition by officials in other locations originally considered.
  The NRC website states, 

On June 3, 2008, the U.S. Department of Energy (DOE) submitted a license application to the U.S. Nuclear Regulatory Commission (NRC), seeking authorization to construct a deep geologic repository for disposal of high-level radioactive waste at Yucca Mountain, Nevada. The NRC's review of that application will require evaluation of a wide range of technical and scientific issues. The NRC will issue a construction authorization only if DOE can demonstrate that it can safely construct and operate the repository in compliance with the NRC's regulations.

Currently there are a number of issues that must be resolved before Yucca Mountain can be used as a long-term storage facility.  Issues such as potential ground water contamination, seismic events such as volcanic or earthquake activity must also be considered.  The problem is that experts must consider and predict regional changes hundreds and thousands of years into the future because of the long half-life of the spent fuel elements.
 

It has been over 26 years Congress has enacted the NWPA and there is still no long-term solution to the storage of high-level nuclear waste.  It seems mystifying how the U.S. government and proponents of nuclear power can advertise and promote substantially increasing the use of nuclear power in the United States and around the world without considering a long-term solution to high-level nuclear waste.
  Without a comprehensive plan for what to do with high-level nuclear waste, expansion of nuclear facilities in the United States is problematic and should not increase more than 20 percent.  

Other Risks of Nuclear Waste and Byproducts


As discussed earlier in this paper, there are risks from nuclear waste beyond just high-level waste transportation and storage.  The milling process also produces radioactive waste.  Leaching of uranium, used in the milling process, “can result in releases of radioactive compounds, radon, and possibly other toxic metals into groundwater.”
 In addition, “[t]ailings piles and mill waists, with radioactive materials, are often stored in poor containment conditions which result in contamination of surface [water], ground water, and blowing dust.
  Milling and tailings are regulated under the Uranium Mill Tailings Radiation Control Act of 1978.
  

In addition to mining and milling operations, low-level nuclear waste, as discussed earlier, should also be considered a threat because health effects on humans are not yet understood.  It should be noted that currently, “low –level nuclear waste may be disposed of in several ways:  transfer to a facility licensed by the NRC; burial pursuant to a license granted by the NRC; disposal at sea; incineration; or discharge into a sanitary sewer,” pursuant to state and federal law.

On Site Accidents


In the United States, no one has ever been killed as a result of a radiation accident at a nuclear power facility.  Improvements to nuclear safety are always occurring.  However, just because power plants are statistically safe, it does not mean there no potential for an accident.  Nuclear power can be compared to air travel, in that it is statistically very safe but when an accident occurs, the results can be catastrophic.  The two major on site accidents that occurred at nuclear power plants are the accidents of Three Mile Island, and Chernobyl.  Both of the accidents resulted in either a partial or full meltdown of the reactor core.
 Both accidents occurred partially due to human error and partially because of equipment failure. 

The accident at Chernobyl occurred in 1986 and was due to an experiment that was conducted on one of the units in which the reactor overheated and a steam explosion blew the top of the reactor vessel.  As a result, the core heated up rapidly turning the fuel into a magma like substance.  A second large explosion tore the roof off of the containment building sending tons of nuclear material and radioactive steam into the atmosphere.
 
Overall, about 50 people died directly from the accident, but thousands

more have had cancer related death attributable to the accident.



The accident at Three Mile Island, unit II was the worst nuclear accident in U.S. history and occurred in march of 1979.
The result of the accident led to half the core melted inside the reactor vessel, resulting in the contamination of radioactive water into areas of the facility.  Approximately 43,000 curies of krypton were vented from the reactor building the following year.
  A small amount of nuclear material was released into the surrounding environment resulting in an average dose of 1 millirem to about 2 million people in the area.
  No one was killed as a result of the accident.  Despite better technology and substantial safety improvement at nuclear facilities in the United States and around the world, one cannot rule out the possibility of the occurrence of another accident sometime in the future, somewhere in the world.

Nuclear Energy in Developing or Unstable Nations

In the United States, nuclear power is highly regulated under the NRC and codified at 10 CFR.  However outside the United States, federal regulations do not apply and this can be problematic when considering the safety standards outside the U.S. and considering the proliferation of nuclear materials to hostile state or terrorist organizations.  

The primary actor for international nuclear cooperation is the International Atomic Energy Agency (IAEA).
  Many nations adopt the IAEA Safety Standards for national nuclear health and safety legislation.
  The problem arises when quickly industrialized countries want to add nuclear power to their electric generation portfolio but do not have the legal infrastructure or political power to enforce adopted safety legislation.  Countries that have problems with corruption may not the power of oversight to ensure the adopted safety standards provided by the IAEA.  Without strict oversight of safety procedures, corners may be cut to save on cost, which is also a problem in developing counties that do not have the financial capital to construct nuclear facilities and also provide for safety oversight.  

Countries outside the United States do not have the same requirements for security measures at nuclear power facilities.  While the NRC, and DOE have strict security requirements in relation to the protect of nuclear plants and special nuclear materials, countries outside the United State do not have the same regulations.

Finally, the expansion of Nuclear energy around the world may encourage some nations to adopt nuclear energy just as a means to create nuclear weapons.  The creation of nuclear weapons by state that previously do not possess nuclear weapons is a violation of the Nuclear Non-Proliferation Treaty of 1968, of which 170 nations have signed.
  However some nations may decide to violate the treaty for military or political reasons.  The expansion of nuclear energy gives nations that want nuclear weapons an excuse for acquiring the special nuclear materials needed to construct nuclear weapons.  Even though the fuel for nuclear electricity generation cannot be used directly for nuclear weapons, it may be used for “dirty weapons” or further enriched and refined until it is enriched enough to be weapons grade material.
  When weighing the benefits of risks of nuclear energy, it is important to consider the consequences of expanding nuclear energy into developing nations that many not be able to provide for all the political, physical, and regulatory safeguards necessary to safely use nuclear power.
VI.  
Benefits of Nuclear Energy 


Even the most arduous supporter of nuclear power cannot deny there are a number of serious risks involved with its production and use. However, despite the health and environmental risks of nuclear power, there are also benefits of its use.  While many risks associated nuclear power are complex and difficult to grasp in their entirety, the benefits of nuclear power are much more straightforward.

Carbon Dioxide Emissions 


The most debated benefit of nuclear energy appears to be the amount of Carbon Dioxide (CO2) emissions are released into the atmosphere as a result of using nuclear power.  When it comes to issue of CO2 emissions, figures are all over the board, depending whether the citing source are in the pro-nuclear or anti-nuclear camp.
  

When discussing CO2 emissions from nuclear plant while generating electricity,

many experts have concluded that nuclear power plants emit just a fraction of the green house gasses emitted from fossil fuel power plants.
  It has been predicted that “the replacement of 103 of the country's operating nuclear power plants with coal-fired power plants would increase the United States' annual CO2 emissions by 700 million metric tons, sulfur dioxide (SO2) by three million tons and nitrogen oxide by one million tons.”
  These figures only measure the difference in the actual electric generation process.

Scientist hotly debate CO2 emissions when considering construction and fuel cycle emissions.
  It may be true that the energy used in one pellet of uranium is equivalent to one ton of coal, but significant energy is expensed in producing that one pellet of uranium.  One source states that “the use of nuclear power causes…approximately one-third as much carbon dioxide (CO2) emission as gas (from) electricity production.”
  However other studies by the IEA conclude, “that the entire nuclear energy life cycle resulted in the second-lowest emissions of greenhouse gases next to wind, which is not a base load electricity source.”
  Also a “a United Kingdom government's 2007 paper, which “factored in everything from uranium mining to plant decommissioning and determined that nuclear power emits 2%-6% of the carbon per kilowatt-hour as natural gas, the cleanest of the fossil fuels.”

It is still unknown exactly how much CO2 is emitted by using nuclear energy.  However, by looking at the difference of data, it is plausible that nuclear power emits substantially less CO2 than fossil fuel plants.  Despite the total CO2 emissions in the nuclear cycle, it should be note  that a large amount of energy is also used in the extraction and transporting of fossil fuels, along with building power plants.  

Nuclear vs. Coal

In addition to CO2 emissions, there are also huge environmental and health impacts in the use of coal as an energy source.
   The EPA state that, “coal-fired plants in the United States annually cause 24,000 early deaths, including 2,800 from lung cancer. . .. Emissions of fine particle pollution (or soot) resulted in an average loss of 14 years of life for the victims, along with 38,200 non-fatal heart attacks and 534,000 asthma attacks each year.” 
  According to scientists from Los Alamos and Oak Ridge National Laboratories, a 1,000 megawatt-electric coal-fired power plant releases about 100 times as much radioactivity into the environment as a comparable nuclear power plant.
  In addition, “[a]ccording to 1982 figures, 111 American nuclear plants consumed about 540 tons of nuclear fuel. . . . During the same year, about 810 tons of uranium alone were released from American coal plants.”
  While it is true that the use of nuclear power brings risk to the environment and human health, this is also the case with using coal as an energy source, and in many cases, much more damaging to human health and the environment than nuclear power as a whole.

Nuclear Jobs

Another major benefit of the use of nuclear power is the creation of jobs.  The nuclear industry is a very specialized and technical industry.  Even with limited expansion of nuclear power, it can create thousands of high paying jobs.  Building new nuclear plants would employ many engineers, scientists, construction workers, and utility workers.  Upon completion of the plant, hundreds would need to be employed in each plant built as engineers, electricians, control room operators, radiation protection technicians, physical security forces, and support staff just to name a few.  It is estimated that “each of today's 104 reactors generates an estimated $430 million a year in total output for the local community and nearly $40 million per year in total labor income.”
  Even by modestly increasing the use of nuclear power within the United States, substantial numbers of jobs can be created, thereby helping to end the current recession while provided much needed additional energy to the nation’s electric grid.

VI.  Conclusion:  Looking toward the Future

Nuclear power is an integral source of energy generation in the United States.  There are 103 functioning nuclear power reactors that provide 20 percent of total electricity in the United States.  Because of the threat posed by global warming, and the need to lessen the United States’ reliance on foreign energy, there has been renewed interest in the expansion of nuclear energy.  However, when it comes to nuclear power, like all major sources of energy there is no such thing as a “free lunch.”
  There is substantial risks involved using nuclear power, specifically the threat of contamination of ionizing radiation from high-level radioactive sources.  This risk multiplies when considering promoting nuclear energy in nations that may not have the infrastructure to ensure safety or security needed when using nuclear power for energy.  Currently, most people appear to be strongly pro-nuclear energy or anti-nuclear energy.  Realistic analysis is needed in order to determine what the future of nuclear power should be.

The proposition of this paper is that the United States should support a modest increase in dependency upon nuclear power.  Global warming may be progressing faster than previously predicted.  As a result, the U.S. cannot abandon 20 percent of its electric energy source in exchange for fossil fuels.  However, because of unanswered questions of what to do with high-level nuclear wastes in conjunction with other risks nuclear power poses, the U.S. should not rapidly increase its dependency on nuclear power.  Over the next 20 years, the United States should build no more than 20 new nuclear power plants.  The United States should not support the expansion of nuclear energy in developing nations around the world because of the increase risks to safety and oversight, along with the risk of nuclear weapons proliferation.

In conclusion, there is no magic bullet for attacking global warming.  Nuclear energy should not be considered a solution to global warming, but instead used as a temporary tool until new energy technologies lower our dependence on fuel that emit greenhouse gasses.  Hopefully, one-day mankind will be in position to bring nuclear power to an end in safe, clean, and peaceful way.  Until then, nuclear power remains a necessary risk so long as humans thirst for electricity.  
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