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Abstract
The Yucca Mountain Project is designed as the consolidation point for the nuclear waste that is scattered throughout the United States.  Twenty-five years of government planning, testing and studies have been conducted to provide us with a safe containment facility.  Risk assessments prove that under current DOE, EPA and NCR guidelines that Yucca Mountain is a viable option for long-term nuclear waste storage.  Despite these finding, much controversy surrounds the mountain project including the current administration's desire to dismantle the four previous administrations' work. Discussions on current events as well as radiation studies are included in this paper.

Yucca Mountain:  Radiation risk or secured graveyard?
I. INTRODUCTION
A. Radiation Exposure in Daily Life

Radiation exposure is not limited to just nuclear plants and nuclear waste.  Every day we are exposed to numerous sources of radiation.  Radiation originates from natural sources.  It is a part of our daily lives.  We are exposed to radiation sources from our television sets and microwave ovens, from medicine, from the energy industry, from atmospheric nuclear weapons testing and numerous other sources in our daily lives. 

The average American's receives 82% of their exposure to radiation from natural sources. Fifty-five percent comes from radon, which is given off by radium, a component of soil and rock. Americans receive a smaller percentage of radiation from other terrestrial sources, such as uranium in the soil and from cosmic rays. Eleven percent of natural radiation exposure is internal, primarily from radioactive potassium in our bodies. Eighteen percent of American's radiation exposure comes from manufactured sources such as x-rays, nuclear medicine, and consumer products.  Much of this radiation is the necessary byproduct of beneficial products and procedures. 
Americans receive only 0.1% of their total radiation exposure from nuclear energy production. This figure includes exposure from mining, milling, reactor operation, transportation, and waste storage. Interestingly, Americans receive 0.5% of their total radiation exposure from the radioisotopes released into the atmosphere from coal-fired power plants. We actually receive five times as much radiation from coal-fired power plants as we do from nuclear power plants. (Taylor, 1996)

B.  The Yucca Mountain Project
Yucca Mountain is a government project with a long history of controversy.  Four administrations have overseen the making of America's nuclear waste repository at the current total of $13.5 billion. (AP, 2009)  Fifty-three years ago, a plan was set into motion to establish a graveyard for nuclear waste. (Inhofe, 2006) Twenty-five years of research and development has gone into the construction of this repository.  Local Native American tribes, influential Las Vegas casino owners and many other special interest groups have vociferously voiced their objections toward the Yucca Mountain Project. (United States v. Sioux Nation of Indians, 1980; Western Shoshone Claims Distribution Act, 2001)  Despite all these cries, the Department of Energy (DOE) forged onward.  Their confidence in the need for a single repository site has lead to the development and construction of the Yucca Mountain facility.  Initial loads of nuclear waste have already begun to arrive. 
Yucca Mountain is in the final stages of approval before officially opening in 2010.  A rail line planned for the purpose of waste transport through Nevada is currently under review.  In an effort to gain support, the DOE has offered joint usage promoting the economy of local villages in which the rail line will pass.  The NRC (2009) has to provide official approval for the DOE to accept and manage a nuclear waste facility as their final act.   

The DOE submitted their application on June 3, 2008.  The NRC approved a final rule incorporating the Environmental Protection Agency's (EPA) radiation protection standards for the proposed high-level waste repository at Yucca Mountain.  The initial period of storage was slated for 10,000 years.  After review by the Atomic Safety and Licensing Boards in January 2009, the containment period rose to 1 million years.  "The final rule retains EPA's standard dose limit for individuals of 15 millirem for the first 10,000 years after disposal and adopts EPA’s 100 millirem dose limit for the period after 10,000 years and up to 1 million years," per the NRC. (2009)   Upon conclusion of these final phases, the Yucca Mountain Project will officially be a reality.

Still there are those in power who disapprove of the consolidation of the United States' current 77,000 tons of nuclear waste.  On July 30, 2009, after the fifth administration gained control of this project, the Associated Press announced, "The Senate on Wednesday [July 29, 2009] passed a $34.3 billion energy spending bill that backs up President Barack Obama's promise to close the Yucca Mountain nuclear waste facility in Nevada."   (AP, 2009)

This leaves us with nuclear waste distributed throughout the country at 131 separate locations instead of properly contained in one specially designed facility.  Instead of continuing support for the containment and concealment that this facility would offer, this President decides to leave the American citizen exposed to the potential of radiation leakage from long-term usage of a short-term holding tank system.  The 39 states that house spent nuclear matter in this fashion place local residents at risk via potential air borne contamination.  Wide spread contamination is expected to occur as these tanks age and crack spreading their liquid contents into the ground water system. (NRC, 2009)
President Obama and the Senate Energy Committee members fail to recognize that nuclear waste from these reactors and military sources must be contained.  These byproducts of energy production and weapons do not decompose over time like most garbage.  They require specialized handling and long-term storage facilities.  
If the Nuclear Energy proposal for 2010 moves forward in our quest for clean, natural energy more byproducts will result. Even with approval for continuance, Yucca Mountain's capacity is equal to the US' current tonnage of nuclear waste.  The opening of the mountain does not offer an immediate solution.  Transport of nuclear waste is a twenty-four year project.  Fuel rods must cool in short-term water casts for 5-30 years prior to transport or risk meltdown inside the Mountain facility. (Sussex, 2003)  Even though, "hot packing" would offers a more expeditious means of clean up; the risk does not outweigh the gain. (DOT, 2002)
Nuclear Energy is a viable option for the future and one we must consider as fossil fuels diminish.(CEA, 2002)  Moving forward in the Nuclear Energy realm requires us to consider a cradle to the grave solution.  One nuclear plant produces 20 tons a year. (Page, 2006)  Nuclear power plants in current operation generate approximately 2,000 metric tons of spent nuclear fuel per year. (Moens, n.d.)   The United States needs a centralized nuclear disposal site until U.S. nuclear recycling technology is adapted.  That site is Yucca Mountain, Nevada.
II. UNDERSTANDING THE YUCCA MOUNTAIN PROJECT


A. Facility Storage Design

Yucca Mountain is a 1200-foot high flat-topped volcanic ridge extending six miles north to south.  It is comprised of tuff, a rock made from compacted volcanic ash formed approximately 13 million years ago.  The nuclear waste repository is built approximately 1000 ft. below the land surface and 1000 ft above the water table.  The repository is design to house the current nuclear waste of 77,000 tons.  This tonnage is composed of highly radioactive material from 72 commercial and 43 research sites in 43 states.  The material would come from commercial nuclear power plants and government’s weapons programs. (Dickerson, 2003)
The nuclear waste is to be stored in emplacement tunnels. (Office of Civilian Radioactive Waste Management, n.d.)  These tunnels are bored into the mountain, sealed by doors and back filled with rock material.  Inside the tunnels, robotic observation gantries monitor waste packages for possible leaks or disturbances from natural occurrences.  According to government engineers, waste packages can be removed and the process reversed, in emergencies.
The design of the facility is such that waste materials will pose no significant risks for a period lasting beyond 10,000 years.  The bulk of the disposed material is to be 90% inactive within 100 years. Opponents are concerned by the area’s seismic and volcanic history, erosion and other natural geologic events.  They say that if a natural disaster were to happen in the area and compromise the repository’s design, water passing through Yucca Mt. and storage tunnels might pick up radioactive elements and carry them to the aquifer water table below.  This flows southeast into the Amargosa Valley where there are people and agriculture. (A Closer Look at Yucca Mountain,n.d.)     

B. Radiation Sickness

Radiation sickness is a valid concern.  Radionuclides are introduced into the food chain naturally from mineral deposits beneath the surface or from atmospheric ultraviolet and cosmic rays. (Moore, p.315)  However, human induced radionuclides are generally tens to hundreds of time higher than those found in nature.  Exposure to high-level radiation has potential irreversible damaging effects to the human body.  The general population fears that nuclear waste leakage will create this situation.
C. Public Perception 

Residents of NV fear for their safety due to the possible distribution of nuclear radiation through ground water into their drinking and irrigation waters thereby contaminating their crops and farm animals. Environmentalists fear for radioactive fallout and contamination of crops, land and water from potential nuclear waste spillage.   Extensive government studies have been conducted proving the storage methods are secure. (U.S. Department of the Interior U.S. Geological Study, n.d.)  There remains a cloud of public distrust surrounding this controversial project.
Lack of understanding and media hype has caused great confusion and panic over the Yucca Mountain project.  When the term nuclear is stated, everyone thinks of Japan during WWII.  There is a difference between energy and weapons grade Pu.  Weapons grade is not what is used in nuclear energy.  The public needs proper education on this project in order to help it gain acceptance.  
III. NUCLEAR ENERGY and RADIATION POSIONING


Due to the potential danger of radiation exposure, nuclear energy continues to be a highly controversial generation method of energy.  Unlike other sources of energy, nuclear energy contains elements that must be cared for long after the creation of energy.  Plutonium (Pu) is created from Uranium (U) inside a reactor. Uranium is the basic fuel of nuclear energy.  Pu, a transuranic element, formed in a nuclear reactor through neutron capture, has several isotopes, some of which are fissile and some of which undergo spontaneous fission, releasing neutrons. About one third of the energy in a light water reactor comes from the fission of Pu-239.  This is the main isotope of value recovered from reprocessing used fuel. As is the case with uranium, plutonium can also be recovered from spent fuel and recycled to create fresh reactor fuel. (WNA, 2005) Pu is also the ingredient of a nuclear bomb.  Though a different grade of Pu, this cross of potential usages of the element, combined with the fear of radiation poisoning is the basis for the controversy over nuclear energy.
A. Health Effects from Radiation Exposure

Radiation from the generation of nuclear energy or from a nuclear waste facility corresponds to a reduction in our life expectancy by 2 minutes. A similar reduction in our life expectancy is caused by: 
· crossing streets 5 times (based on the average probability of being killed while crossing a street) 

· taking a few puffs on a cigarette (each cigarette smoked reduces life expectancy by l0 minutes) 

· an overweight person eating 20 extra calories (e.g., a quarter of a slice of bread and butter) (Cohen, 1979)

Some scientists assert that low levels of radiation are beneficial to human health.  This idea is known as hormesis; however, there do appear to be threshold exposures for the various non-stochastic effects.


[image: image1.emf]
 (Please note that the acute affects in the above table are cumulative. For example, a dose that produces damage to bone marrow will have produced changes in blood chemistry and be accompanied by nausea.) (EPA, 2006)
B. Radiation Poisoning

Nuclear waste; radiation, is solid material. It is not like the normal chemical or agent that is liquid or gaseous. It cannot leak out into the environment like the normal toxin.  Professor Emeritus Bernard L. Cohen, PhD, University of Pittsburgh, reminds us in his book The Nuclear Energy Option, that, "…there is no simple mechanism for spreading it over a large area even if it did get out of the cask. … hence the number of people exposed would be relatively small." (Cohen, 1990)

Understanding Plutonium and its properties is the first step to protecting yourself from radiation poisoning.  Radiation "sickness" comes from radioactive waves in Pu and other radioactive substances. Radiation can be ionizing or non-ionizing.  Ionizing radiation is the damaging type.  It damages cells because it creates ions when it strikes something, which can then affect matter such as human tissue.   The two main types of ionizing radiation are electromagnetic and particle radiation. Ionizing electromagnetic radiation includes x-rays, gamma rays, and cosmic rays. Ionizing particle radiation involves alpha particles, which are helium nuclei, beta particles or electrons and neutrons. Gamma rays, alpha particles and beta particles are the main forms of radioactivity associated with nuclear power. (Taylor, 1996)   Pu emits primarily alpha radiation and some low energy gammas/x-rays with disintegrations. 
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C. Radioactive Waves


Radioactive waves are measured in four forms.  There are alpha, beta, gamma and x-rays. 

"The alpha particle is the heaviest. It is produced when the heaviest elements decay. Alpha and beta rays are not waves. They are high-energy particles that are expelled from unstable nuclei. In the case of alpha radiation, the energy particles leave the nucleus. The alpha particle is a helium atom and contains two neutrons and two protons. It leaves the nucleus of an unstable atom at a speed of 16,000 kilometers per second, around a tenth the speed of light. Alpha rays are not very penetrating and are easily absorbed. The alpha particle emitter will not penetrate the outer layer of our skin but is dangerous if inhaled or swallowed. The delicate internal workings of the living cell forming the lining of the lungs or internal organs most certainly will be changed (mutated) or killed outright by the energetic alpha particle. The number of lung cancer cases among uranium miners from inhaled and ingested alpha sources is much higher than those of the public at large." (ABGX, n.d.)
D. Measuring Radiation Exposure 

Radiation, is measured in rems and millirems.  One mrem of exposure corresponds to being struck by approximately 7 billion particles of radiation, but it takes into account variations in health risks with particle type and size of person. Doses below about 10,000 mrem are commonly referred to as low-level radiation. (Cohen, 1990)  The U.S. National Academy of Sciences Committee on Biological Effects of Ionizing Radiation (1990) and the United Nations Scientific Committee on Effects of Atomic Radiation (UNSCEAR, 1988) has found that one mrem of radiation, received by the body, will increase that person's risk of dying from cancer by 1 in 4 million. 

E. Potential for Developing Cancer

Comparison of Inhaled vs. Ingested Pu in Different Grades:

	Entrance Mode
	239-Pu
	Reactor-Pu

	Inhalation (dust in air)
	1300
	200

	Ingestion with food or water
	6.5 x 10^6
	10^6

	Cancer Doses in Micrograms


*The results are given are for the most important isotope of Pu, 239-Pu, which contains 1 curie of radioactivity for each 16g, and for the mixture of Pu isotopes that would be commonly found in power reactors, which is 6 times more intensely radioactive (1 curie in each 2.5 g).  (Otto & Spinard, 1985)
F. Plutonium Exposure and Cancer


Plutonium's most know heath risk is from inhalation.  When inhaled, Pu can produce about 19 fatalities per pound or one eventual cancer for every 24g of Pu. This number can be reduced to three per pound if the exposed persons breathe through a folded handkerchief to filter out the Pu particles. (Cohen, 1990)  The risk is lessened because Pu dust particles tend to stick to each other and therefore are not easily dispersed.  Additionally, the particles are readily collected on filters which are in use anywhere Pu powder is used.  Professor Cohen (1990) explains, "…the air is exhausted through filters, which catch all but about one part per billion of the dust suspended in air."  Dermal hazard of Pu is practically non-existing. (Norbert Page, personal communication, August 1, 2006)  You can shower off the Pu dust and remain virtually unaffected.  Ingested Pu is rarely discussed and highly improbable.  (See Table1)
G. EPA Protection Plans


The EPA has issued guidelines to quantify the allowable amounts of radioactive material in our water, soil, air and daily life through the Clean Air Act, Clean Water Act and other provisions.  Pu ingestion is rare.  If ingested, 

…the stomach does not absorb plutonium very well and most plutonium swallowed with food or water passes from the body through the feces. When inhaled, plutonium can remain in the lungs depending upon its particle size and how well the particular chemical form dissolves. The chemical forms that dissolve less easily may lodge in the lungs or move out with phlegm, and either be swallowed or spit out. But, the lungs may absorb chemical forms that dissolve more easily and pass them into the bloodstream. (EPA, 2006b) 


Plutonium is easily absorbed by bone marrow. "Once in the bloodstream, plutonium moves throughout the body and into the bones, liver, or other body organs.  Plutonium that reaches body organs generally stays in the body for decades and continues to expose the surrounding tissue to radiation."(EPA, 2006b) 

H. Risk Assessment for Cancer Deaths from Yucca Mountain

The Yucca Mountain Project was not conceived and constructed over night.  Years of planning and environmental impact studies occurred. (As shown in Table 2)  The risk factor for exposure to radiation from the Yucca Mountain Project based on the current design criteria is 1,000 (cancer) deaths over 10,000 years.  This is based upon current treatment methods and not the assumption that cancer may be curable in the future, which will greatly reduce these figures. (Page, 2006)
I. Lethal Dose

Fatalities from nuclear waste are not as common as most people fear.  Air pollution from coal energy generation plants kill 10,000 people per year in comparison to one fatality every 300 years from Pu in the nuclear energy industry. (Cohen, 1990)  Nuclear waste looses toxicity with time due to radioactive material decay.  When reviewing the toxicity of nuclear waste, we need to consider toxicity of common chemicals.  Lethal doses for less feared substances occur in more minute quantities.  Unlike, radioactive waste, these four chemicals retain their toxicity forever. (Cohen, 1977)
	
	Arsenic trioxide
	0.1 oz.

	
	Copper
	0.7 oz.

	
	Selenium compounds
	0.01 oz.

	
	Potassium cyanide
	0.02 oz.


IV. DISPOSAL OF NUCLEAR BY PRODUCTS

A. Classification of Radioactive Waste
Radioactive waste is classified into four different levels with each type determining the proper disposal and handling method.  High Level Radioactive Waste (HLRW), which contains Uranium and Plutonium, the main components in the creation of nuclear energy are designated to be stored at the Yucca Mountain facility.  Weapons grade Plutonium is generated from the Uranium Nuclear weapons program that will also be stored here as well as the water used to cool the fuel rods. This type of nuclear waste has the longest half-life, 10,000 to 1 million years, and requires the greatest amount of specialized handling when being disposed of in a storage facility.  

Transuranic Radioactive Waste (TRW) is the next classification of radioactive waste.  This type of waste was generated through the weapons program.  TRW's contain alpha-emitting radionuclide's heavier than uranium with half-lives longer than 20 years. The concentration of this waste is >100 nCi per gram with Uranium ore containing ~10 nCi/g. TRW can be further classified as contact (emits little or no gamma radiation) and non-contact (emits gamma radiation) types.  The 2.64 million Curies of waste began transport to the Waste Isolation Pilot Plant (WIPP) facility in NM in 1999 (DOE, 2009) under funding of the Superfund Cleanup Program. (EHC, 1997)
Low Level Radioactive Waste (LLRW), which is subcategorized into three divisions, results from nuclear plants, medical treatment and research facilities.  They are generally in the form of contaminated clothes, tools, metal parts of the nuclear facility and filters.  Current estimates place this type of waste totaling approximately 500,000 Curies.  LLRW is the least hazardous and decays to safe levels in 100-500 years depending on which Class the waste belongs.  This waste is buried in carefully engineered facilities to isolate radioactivity with more facilities being planned for the future.  LLRW is the most common type of radioactive waste that the general public will come into contact with outside of Household Radioactive Waste.  Risk assessment studies show that the risk of fatality to the general public is 1 death in 300,000 people where as the risk to workers in said facilities is 1death in 30.  However, this risk calculation is all-inclusive as it includes radiation and non-radiation activities such as construction, operations and closure that pose the greater risk to the worker.

Household Radioactive Waste is a grouping of day-to-day items that contain some form of radiation.  These include smoke detectors, watches, cell phones, microwave ovens and lantern mantles.  Proper disposal would lessen the risk but most of these items are simply disposed of in sanitary landfills or incinerated. (Page, 2006)
B. Transport of Nuclear Waste

Proper disposal of radioactive waste includes provisions for transport. Transport of the nuclear waste to Yucca Mountain is a concern to many.  Both truck transport and rail transport is used. (Riddel, M., Dwyer, C., Shaw, W.D., 2003) The routes for entrance to this facility were carefully thought out and designed.  (Subcommittee on Railroads and Subcommittee on Highway and Transit , 2002) This is to insure the least amount of access to people or natural disasters such as an earthquake en route.  Flight plans from Nellis Air Force Base were also examined. (State of Nevada Nuclear Waste Project Office, 1996)  The potential for terrorists' attacks upon the shipments and various acts of man or nature were taken into consideration.  (State of Nevada Nuclear Waste Project Office , n.d.)  Specially equipped facilities and personnel specifically trained in the handling of high-level radioactive waste operate this facility.  The public generally fails to realize that the employees of this project are taught to respect the product.  They desire their own personal safety and will be subjecting themselves to great personal harm should they not remain diligent in their work. (U.S. Department of Energy Nuclear Transportation Program, 1999)
V. CONCLUSION
Globally, nuclear energy is alive and well. (GNEP, 2006)  It is in use by many nations such as Europe and Asia.  Rene de Preneuf, VP of International Development, Asia, explains how France receives 80% of its energy from nuclear power while Germany, Switzerland, Belgium and Japan obtain more than 30% of theirs from clean, safe nuclear generation. (De Preneuf, 2006) They have learned how to harness the power of plutonium, recycle its attributes and provide their citizens with an inexhaustible source of clean, recyclable energy.  Combined with their recycling techniques, nuclear energy is an economically feasible solution.
Former President Bush acknowledged the benefits of nuclear generated energy over fossil fuel. "…Yucca Mountain is important for our national security and our energy future. Nuclear energy … must remain a major component of our national energy policy in the years to come. ... nuclear power has none of the emissions associated with coal and gas power plants." (NEI, 2006) 
Transport of nuclear waste is highly regulated, well contained, extensively planned and highly organized. Only highly trained safety professionals may haul the waste thereby making nuclear transport safer than that of general chemicals, which pass through our neighborhoods every day. Nuclear waste is transported safely around the globe every day.  It is recycled and viewed as an environmentally friendly product due to its lack of byproducts and negative side effects. 
People need a chance to view the casks and understand how the burial process works. (Tour Yucca Mountain, 2006)  They need education not intimidation about nuclear energy.  Fossil fuels will run out.  Nuclear energy is a clean and viable option that will live on.  With recycling, nuclear energy will provide a non-exhaustible source of energy for future generations.  Yucca Mountain will provide a stop-gap in the storage of nuclear waste until we transition to recycling.
Chernobyl and Three Mile Island were sad learning experiences.  Nuclear energy has evolved greatly in the past 30 years.  The nuclear energy industry is expanding in Europe, Australia and Asia (WNA, 2009).  They are enjoying the benefits of clean, safe, modern nuclear technology.  By joining our colleagues, North America can share in these same benefits.  Through recycling, they have found an energy source that will virtually last forever unlike fossil fuel (coal) that will be gone in a few decades.  Only media hype and hysteria is preventing the US from joining the rest of the world in a smooth progression to nuclear energy.  The Yucca Mountain project is desperately needed.  Despite the current administration's desire to close down the Yucca Mountain Project, combined with hysteria and confusion from the public, the project must forge onward.  Yucca Mountain will provide a secure graveyard for today's nuclear waste with minute risk for radiation contamination to the surrounding area.
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Table 1 - Probability of Ingesting or Inhaling Plutonium

Professor Bernard Cohen (1984) of the University of Pittsburg addresses the hazards and possibilities of ingesting vs. inhaling Pu.  
We inhale about 20 cubic meters (m3) of air per day, or 7,000 m3 per year. Dust levels in air from materials on the ground becoming suspended are about 35 x 10-6 g/m3. Thus we inhale (20 x 35 x 10-6 =) 0.7 x 10-3 grams per day of material from the ground, or 0.25 grams per year.

The area of the United States is about 1013 m2, so the volume of the top inch (0.025 m) of soil is (.025 x 1013 =) 2.5 x 1011 m3. Since the density of soil is 2 x 106 g/m3, this soil weighs (2 x 106 x 2.5 x 1011 =) 5 x 1017 grams. Since each person inhales 0.25 g/yr of this soil, the quantity inhaled by the U.S. population (240 x 106) is (240 x 106 x 0.25 =) 6 x 107 g/yr. The probability for any one atom in the top inch of U.S. soil to be inhaled by a human in one year is therefore (6 x 107/5 x 1017 =) 1.2 x 10-10, a little more than 1 chance in 10 billion.

The probability for an atom in a river to enter a human is very much larger. The total annual water flow in U.S. rivers is 1.5 x 1015 liters, whereas the total amount ingested by humans is (2.2 liters/person per day x 365 days/year x 240 x 106 = 1.8 x 1011 liters per year. Thus the probability for an atom in a river to be ingested by a human is (1.8 x 1011/1.5 x 1015 =) 1.2 x 10-4, or a little more than 1 chance in 10,000 per year. 
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Toxicity of high-level radioactive waste versus time.  The ordinate is the number of cancer deaths that would be expected if all the waste produced by one large nuclear power plan in one year were eaten by people. The individual curves show the toxicity of the individual radioactive species in the waste (as labeled), and the top black curve shows their sum, the total toxicity. The horizontal dashed line shows the number of deaths expected if the uranium mined out of the ground to produce the fuel from which this waste was generated was fed to people. The scale on the right shows the deaths per year expected according to the risk analysis. (Cohen, 1990)

Table 2- Summary of potential preclosure impacts of the Proposed Action
	Resource area 
	Summary of all preclosure impacts (all preclosure impacts from the repository, national transportation, and Nevada transportation) 
	Summary of repository and Nevada                 transportation impacts in overlapping regions

 of influence 

	Occupational and public health and safety

	Public, Radiological MEI (probability of an LCF) 
	3.2 × 10-4 (repository) 1.3× 10-4 (transportation) 
	2.9 × 10-4 (repository) 1.3 × 10-4 (transportation)

	Population (LCFs) 
	8.7 to 8.8 (total) 
	8.0 

	Public, Nonradiological

	Fatalities due to emissions 
	Small; exposures well below regulatory limits. 
	Small; exposures well below regulatory limits. 

	Workers (involved and noninvolved) 

	Radiological (LCFs) 
	13 to 14 
	4.4 to 4.9 

	Nonradiological fatalities (includes commuting traffic and vehicle emissionsfatalities) 
	64 to 66 (total) 
	56 to 59 

	Maximum reasonably foreseeable transportation accident (LCFs) 
	0.012 (rural area) to 9.4 (urban area) 
	0.012 (rural area) to 9.4 (urban area) 

	Accidents

	Public, Radiological MEI (probability of an LCF) 
	2.6 × 10-10 to 2.1 × 10-5 (repository accidents) 
	2.6 × 10-10 to 2.1 × 10-5 (repository accidents) 

	Population (LCFs) 
	9.0 × 10-7 to 1.9 × 10-2 (repository accidents) 
	9.0 × 10-7 to 1.9 × 10-2 (repository accidents) 

	Workers, Radiological 
	5.8 × 10-4 to 3.5 rem (3.5 × 10-7 to 2.1 × 10-3 LCF) (repository accidents) 
	5.8 × 10-4 to 3.5 rem (3.5 × 10-7 to 2.1 × 10-3 LCF) (repository accidents) 


*Table 1 compiles all preclosure impacts resulting from the repository and national and Nevada transportation. The table indicates the aggregation of impacts in each resource area that overlap in the repository region of influence.  (EIS, 2005)
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EPA - Health Effects (EPA's Radiation Protection Program: Understanding Radiation)

Exposure Health Effect Timeto Onset
(rem)

radiation burns;
More severe as exposure iNCreases.

5-10 changesin blood chemistry

50 nausea hours

55 fatigue

70 vomiting

75 hair loss 2-3 weeks
90 diarrhea

100 hemorrhage

400 death from fatal doses within 2 months

1,000 destruction of intestinal lining

internal bleeding

death 1-2 weeks

2,000 damage to central nervous system

|oss of consciousness minutes

death hours to days
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