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ABSTRACT

One of the major causes of global warming, the production of electricity through oil and coal burning power plants, can be eradicated through the use of nuclear power facilities. However, because the large annual yield of nuclear waste from these facilities, the concept of improving our environment by the use of nuclear energy is negated by the drawback of storing its hazardous waste.  An alternative to long-term storage that could increase the environmental value of nuclear energy production is reprocessing the spent nuclear fuel

The purpose of this research is to analyze the development of Thermal Oxide Reprocessing to assess claims that such processing will not damage the environment and will permit 97% of spent fuel to be reused, and that only a minimal amount of hazardous waste will be stored in a solidified (glass) state.  Furthermore, it will survey public opinion and understanding of nuclear power and reprocessing to determine if the US population will accept commercial reprocessing.  Initial responses have demonstrated an acceptance of the process.

INTRODUCTION

Over the past century our actions have caused an escalating impact on our environment.  The production of energy through burning coal, oil, and the use of combustion engines have all contributed to global warming (Brown et al. 1999).  The increase in temperature over the last half of the 20th century has made this issue a major concern to our welfare.  If continued, we may severely impact our future.  We may soon see an impact in the following areas (United States Environmental Protection Agency, 2001 and Union of Concerned Scientist, 2001):

· Increased risk in human health
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· Reduction in crop yields

· Severe stress on large forested areas 
· Rise in sea level

· Loss of biodiversity
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The United States has, over the past few decades, became more dependant on the production of electricity.  Each year, the use of electricity has steadily increased.  Over the past decade, electricity usage has reached almost one billion kilowatthours per year (Figure 1)(U.S. Department of Energy, 1999).  This energy is mainly produced through coal power plants (Figure 2)(U.S. Department of Energy, 1999).  The combustion of coal damages to the environment the most by producing the largest amount of greenhouse gases of all currently used energy sources (Figure 3)(U.S. Department of Energy, 1999).  

[image: image3.wmf]Total Electricity Produced

0

1000

2000

3000

4000

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

Billion Kilowatthours

One of the major causes of global warming, the production of energy through coal burning power plants, can be limited through the use of nuclear power plants.  However, due to the large annual yield of nuclear waste from these facilities, the concept of improving our environment by the use of nuclear energy production is negated by the drawback of its hazardous nuclear waste.  The cumulative amount of spent nuclear fuel is expected to reach 78,690 metric tons (metric tons of heavy metal) by the year 2020 [image: image4.wmf]Emissions, Based on Global Warming 
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(Figure 4)(U.S. Department of Energy, 1996).  We are currently at a standoff between polluting our air from coal burning electrical plants or polluting our soils from the storage of nuclear waste.  The United States has decided to turn away from nuclear energy as a viable means of alleviating environmental stress.  Yet, there is an alternative to discarding the nuclear waste that could increase the environmental value of nuclear energy production.  It is through [image: image5.wmf]Cumulative Spent Fuel
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recycling the nuclear waste from power plants in a process called “reprocessing.”  Reprocessing is currently being performed in the United Kingdom and France.  The only reprocessing that is been conducted in the United States has been for the production of nuclear weapons.  President Carter restricted any commercialization of reprocessing in the late 1970’s. Instead, the U.S. has been accumulating its nuclear waste on the sites of nuclear power plants (figure 6)(U.S. Department of Energy, 1996) while they are developing Yucca Mountain in Nevada as a disposal site.  In 1987, the United States Congress amended the Nuclear Waste Policy Act and directed the Department of Energy to study Yucca Mountain as the only site for long-term storage of nuclear waste from commercial nuclear power plants and high-level waste from defense facilities.  Meanwhile, the country is going through an energy crisis, as well as running out of room to store its nuclear waste.  Many nuclear power plants are at or exceeding 50% of their storage capacity (United States Department of Energy, 1996).
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What can be done about this?  One possible solution is to continue developing reprocessing in the U.S., but is it feasible?  Will the people of the United States accept reprocessing?  Is it viable for the U.S. to reconsider its current stand on the issue?  The type of reprocessing that has been conducted in the United States is called PUREX (United States Atomic Energy Commission, 1959).  In the first step of the two-step process, the spent fuel is removed from the aluminum casings by dissolving them in a sodium nitrite solution and sodium hydroxide.  This is followed by dissolving of the fuel tabs in a solution of nitric acid.  Once it is dissolved, the solution is heated and then dried.  From here, the dried substance undergoes a process that ends in the separation of uranium and plutonium (United States Atomic Energy Commission, 1956).  The issues associated with this process are the contamination caused by the solvents used during the process.  They have been collected and stored in many underground tanks that have started to decay and leak into the surrounding ground and groundwater.  

A second form of reprocessing has been developed and is being used in the United Kingdom today.  This process is known as Thermal Oxide Reprocessing and is being conducted at the British Nuclear Fuels Limited, Thermal Oxide Reprocessing Plant (THORP) in Sellafield, England (Marr, 1997).  THORP is acclaimed to be the most advanced reprocessing plant in the world.  The facility has five main operational areas: used fuel receipt and storage; the feed pond; the head end plant; the chemical separation plant, and uranium and plutonium finishing.  THORP has claimed to be able to recycle 96% of the uranium and 1% of the plutonium from spent fuel for a total recycle rate of 97%.  This leaves only 3% remaining to be disposed of as waste.  It is the disposal method that further sets THORP aside.  In its chemical separation plant, it turns the waste into solidified glass, not leaving much liquid for disposal or contamination.  The end product from this process is claimed to eliminate 25% of the disposal material that will be placed into hazardous storage.  THORP further claims that it can complete the reprocessing cycle without damaging the environment.

This research will look into the claim made by THORP to verify that the process can be completed without damaging the environment.  Furthermore, a written survey will be utilized to analyze individual perspectives on nuclear energy, heuristics of individual risk analysis, perceptions of safety, technology, and regulations as well as an approval rate of both the Purex and THORP reprocessing methods.

METHOD

Subjects

One hundred fifty-seven undergraduates students from the University of California, Irvine were surveyed from a sample of convenience.  The subjects volunteered to take a written survey pertaining to nuclear energy.  The subject pool comprised of sixty-four percent female and thirty-six male.  Their standing was: Freshmen 35%; Sophomore 20%; Junior 24%; Senior 21%.  They were from the following majors: Applied Social Ecology 7.1%; Psychology and Social Behavior 15.4%; Criminology Law and Society 7.1%; Psychology 17.9%; Biology 23.7%; Undecided 9.0%; Economics 5.8%; Other 14.0%.  The mean age was 20 years old with a range of 18 to 27 years of age.  The subjects were born in: United States 62%; Asia 21%; Europe 2%; Mexico 3%; Other 12%.

Materials and Procedures

Perception, knowledge and approval

To uncover individuals’ perceptions and knowledge of the nuclear industry, subjects were given a written survey.  The survey was administered to groups containing up to 15 individuals.  They had one and one-half hours to complete the survey that consisted of 119 questions, both open-ended and closed-ended.  The survey of questions focused on the following areas: General information about the nuclear energy industry; trust; safety; environmental ethics; economics; environmental knowledge; security; perceptions of nuclear energy; approval rate of reprocessing.

Environmental damage

To assess if there has been any environmental damage caused from THORP, a literature and news release review will be conducted and has not been completed at the time of this writing.

RESULTS

Analysis of individual critical questions

An in-depth data analysis has not been completed on the data.  Initial and descriptive statistics are presented and have been calculated using SPSS 10.  Results of selected questions from the research survey are presented in the Results Table. To clarify the stated results without giving detailed statistical analysis, a description of the possible answers is needed.  The survey responses were formulated around four categories.  First, statement style questions had answers that were on a scale of 1 to 5 representing: 1 = strongly disagree; 2 = disagree; 3 = neutral; 4 = agree; 5 = strongly agree.  These questions are designated in the scale column of the results table as “Disagree – Agree” on the results table.  Secondly, rated style questions were also done on a scale of 1 to 5 with 1 being low and 5 being high.  These questions are designated as Low – High on the results table.  Third, direct questions were formulated with Yes; No; Don’t Know answers and are designated on the results table as “Yes/No/DK.”  The fourth category of question styles are designed with varied numbered ranged with added responses such as: don’t know; none; not at all; or would not approve.  An example of this form is: 

	How many nuclear power plants are in the United States?

	
a.  40-64
b.  65-89 
c.  90-114
d.  115-140
e.  Don’t know


This category of questions is designed on the results table as “Other.”

Results Table

	Questions from survey
	Mean
	Scale

	Trust

	A nuclear facility would communicate its status to the public in a truthful manner.
	2.82
	Disagree - Agree

	Nuclear facilities follow all federal and other applicable regulations.
	3.2
	Disagree - Agree

	When a nuclear facility finds, if any, a potential problem, they communicate such problem to the public in an open and truthful manner.
	2.49
	Disagree - Agree


	Questions from survey
	Mean
	Scale

	When a nuclear facility finds, if any, a potential problem, they will take all necessary actions to prevent such a problem from becoming a hazard to the public or environment.
	3.67
	Disagree - Agree

	Safety

	Proper and adequate safety measures are in place at nuclear facilities to protect the public from harm.
	3.46
	Disagree - Agree

	A nuclear facility would be able to detect potential problems before they become a hazard to life or the environment.
	3.27
	Disagree - Agree

	The production of electricity through nuclear power plants is dangerous.
	3.29
	Disagree - Agree

	All accidents at nuclear power plants cause a release of radioactive material.
	3.2
	Disagree - Agree

	Nuclear power plants are safe.
	2.46
	Low - High

	How safe do you feel about nuclear power plants?
	2.22
	Low - High

	At what level of safety (that a nuclear accident would not occur) would you require?
	4.33
	Low - High

	Knowledge

	How many nuclear power plants are in California?
	3-4*
	Other

	How many nuclear power plants are in the United States?
	40-64*
	Other

	What year was the last nuclear power plant built?
	1980-1990*
	Other

	How many sever accidents have occurred at nuclear power plants in the United States?
	Don’t Know*
	Other

	Does the United States currently reprocess spent fuel from nuclear power plants (exclude any nuclear weapons production)?
	2.34
	Yes/No/DK

	Are you aware of any accidents involving spent fuel within the United States?
	1.98
	Yes/No/DK

	Has reprocessing spent fuel caused any damage to the environment within the United States that you are aware of?
	1.99
	Yes/No/DK

	Has reprocessing spent nuclear fuel caused harm to any public population (excluding employees of the facility) inside of the United States?
	1.95
	Yes/No/Dk

	Individual involvement

	I would be more likely to approve of a nuclear facility if I were informed of the safety and hazards of such facility?
	3.82
	Low - High

	If reprocessing spent nuclear fuel creates nuclear weapons grade plutonium that could be used to make a nuclear bomb, would there be a national security concern?
	4.31
	Low - High

	How much of an impact would there be on your approval rate if your opinion were to be considered in the designing and building processes of a nuclear facility?
	3.18
	Low – High

	How angry would you be in a nuclear facility were built near you (50 miles away or more) in secrecy and you were not aware of it?
	4.55
	Low - High

	Environment

	Should society do something to stop global warming?
	3.3
	Low - High

	Does the production of greenhouse gasses contribute to global warming?
	4.29
	Low - High

	Is global warming an environmental issue that we should be concerned about?
	4.55
	Low - High


	How much greenhouse gases are produced from the following power plants?
	
	

	
Nuclear power plants? 
	3.33
	Low - High

	
Hydroelectric power plants?
	2.49
	Low - High

	
Coal power plants? 
	4.03
	Low - High

	
Oil power plants?
	3.84
	Low - High

	
Natural gas power?
	3.26
	Low - High

	
Wind generators?
	1.94
	Low - High


	Questions from survey
	Mean
	Scale

	On a day-to-day basis, which power plants damage the environment more?  Rank in order from most damage to least damage  (number represents % of responses).

	
	Hydroelectric
	Coal
	Wind generated
	Natural gas
	Nuclear
	Oil

	Most
	.6
	30.6
	1.9
	3.8
	43.3
	19.1
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	Does generating electrical power contribute to a current problem with the environment?
	2.12
	Yes/No/DK

	Nuclear power generation is not hazardous to the environment.
	2.11
	Disagree - Agree

	Other

	How catastrophic would an accident at a nuclear power plant be?
	4.55
	Low - High

	I would be willing to pay more money for nuclear power generated electricity.
	2.23
	Disagree - Agree

	Nuclear power cost more then electricity generate by other forms (wind generated, hydroelectric, natural gas, oil, coal?)
	3.04
	Disagree – Agree

	Approval of Reprocessing

	The United States should be involved with nuclear power generation
	3.41
	Disagree – Agree

	Situation 1

	For 50 years, reprocessing would produce over 34,000 gallons of liquid, radioactive waste that would be stored in underground storage tanks.  These tanks will started to leak into the surrounding ground and contaminate the local ground water.  No public population would be harmed.  No radioactive waste would be released into the air.  The end product would be reusable Uranium, Plutonium, and non-usable radioactive waste.

	
Would you approve of this PUREX form of reprocessing?
	2.13
	Low - High

	Situation 2

	For 30 years, this process will produce 8 bus size loads of radioactive waste that will not leak into surrounding grounds or ground water.  No public population will be harmed.  No radioactive waste will be released into the air.  The facility will be designed and built with the intention of protecting the environment, and not allow any seepage or leaks.  It will also be designed with the intention of being able to sustain any severe accident.  The end product is reusable Uranium, Plutonium, and non-reusable radioactive waste.

	
Would you approve of this THORP form of reprocessing?
	3.28
	Low - High

	* Number represents MODE.


DISCUSSION

The preliminary analysis of the data has shown several distinctive trends regarding the nuclear energy field and spent fuel reprocessing.  The individuals surveyed require a high level of safety ( a mean of 4.33 on a scale of 1 to 5) from the nuclear industry.  Even though a high level of safety is required, respondents were not sure of the current safety levels or standards.  They only slightly agree that proper and adequate safety measures are currently in place at nuclear facilities.  They also agree that the production of plutonium by reprocessing poses a slightly high national security concern from the possibility of its proliferation.  They are also not sure if the United States can properly address this concern.  However, to put this concern in proper light, they were also unsure if the United States could safely secure nuclear weapons; a task in which the United States is currently a world leader.

On issues related to trust, individuals are not sure if the public would be fully advised of any potential nuclear hazards or problems.  They only slightly agree that a nuclear facility would take all necessary actions to prevent a hazard or problem from causing harm to the public or environment.  This demonstrates a general lack of trust for the nuclear industry.  

These results may be influenced by a general lack of knowledge on the individuals’ part about the nuclear energy field.  It is unknown at this time if education individuals on current standards and the safety history of the nuclear field would affect their level of trust.

The individuals surveyed have demonstrated a high level of concern for global warming as well as a belief that society should work on preventing it.  However, situational questions have demonstrated a lower concern for isolated environmental issues.  Overall, the individuals have shown a general lack of knowledge of nuclear related environmental issues as well as how power plants impact the environment.  This can be seen in the inaccurate responses regarding nuclear power plants and the environments.  The responses also indicated that nuclear power plants caused the most environmental damage of the six types of power production (Nuclear, Hydroelectric, coal, oil, natural gas, wind); and they produce a high level of greenhouse gasses.

The survey results indicated a split on the approval level for PUREX and THOR reprocessing.  The results indicate that there are environmental concerns related to PUREX reprocessing techniques.  This concern resulted in a moderately low approval rate with a mean of 2.13, a mode of 1, and a standard deviation of 1.13 on a scale of 1 to 5.  This indicates society may not approve large scale commercial PUREX reprocessing without technique modifications.  Individuals responded differently to THOR reprocessing techniques.  The results indicate a moderate approval rate with a mean of 3.28, a mode of 4, and a standard deviation of 1.26.  This indicates society may approve commercialized THOR reprocessing within the United States.  An initial analysis of the data indicates a significant correlation at the 0.01 level between the approval rate and the solidification of the radioactive waste as an end state.  

Caution is indicated, as this is only an initial analysis.  Further statistical analysis is needed.  Furthermore, further research is needed with a dichotomous answer scale.

In conclusion, the general lack of knowledge on the nuclear history and the current standards may have a direct affect on society’s perception and approval rate for nuclear reprocessing development in the United States.  Further research is needed to provide clarity on this issue.

Research limitations

As a university research project utilizing college undergraduate students, the results may be effective for representing a student body.  However, in order to achieve more externally valid results, the subject pool should be expanded to include the following:

Age group

Individuals with a wider age range would allow the inclusion of following: Individuals who may have witnessed or received news of nuclear power accidents/ incidents while they occurred; Individuals who may have developed more specific attitudes towards nuclear environments from the cold war.

Property owners

The inclusion of property owners is necessary to include individuals who may have specific attitudes and experiences towards incidents that may affect the value of their home or property. 

Professional fields

Individuals from wider professional backgrounds would include specific attitudes, perceptions and beliefs towards nuclear environments that are developed from their specific trade.  Such professions would include: public policy development and nuclear related professions.

Furthermore, in order to develop a better understanding of individual reaction and approval rate for reprocessing, a survey should be developed describing additional reprocessing situations with responses limited to simply “approve” or “disapprove” to better distinguish the approval rate.
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		Carbon Dioxide from Other		CDOTPUY		st		4092090		4710502		3756428		4332527		3361888		3414896		3321850		3607706		4003225		897000		0

		Sulfur Dioxide from Other		SDOTPUY		st		4254		5305		4113		4131		2639		7059		9841		2122		2112		1000		0

		Nitrogen Oxide from Other		NIOTPUY		st		7616		8818		7653		7869		5963		6044		5832		5996		6658		7000		0
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				Year		Coal		Petroleum		Natural Gas		Total Fossil Fuels		Other Gas		Nuclear Power		Pumped Hydroelectric		Conventional Hydroelectric		Geothermal		Wood		MSW and LFG waste		Other waste		Wind		Solar		Total Renewable Energy		Total Energy Used

				1989		1,583.80		163.9		363.9		2,111.60		NA		529.4		-12		273.7		14.9		27.7		7.9		2		2.3		0.6		329.1		2,971.90

				1990		1,590.30		124		378.3		2,092.70		NA		577		-3.5		293		15.8		30.4		10.8		2.3		3		0.6		356.1		3,024.90

				1991		1,589.90		119		392.6		2,101.50		NA		612.6		-4.5		289.5		16		33.2		12.4		3.3		3		0.8		358.2		3,071.30

				1992		1,621.10		99.4		418.3		2,138.80		NA		618.8		-4.2		253.1		16.4		35.6		14		3.8		2.9		0.7		326.5		3,083.40

				1993		1,690.00		112.4		428.4		2,230.80		NA		610.4		-4		280.5		17		36.8		14.5		4.1		3		0.9		356.7		3,196.90

				1994		1,691.70		105.5		465.9		2,263.10		12.1		640.5		-3.4		260.2		16.8		37.8		15.5		3.6		3.4		0.8		338.1		3,253.80

				1995		1,710.20		75.3		498.5		2,284.00		13.5		673.4		-2.7		311		14.4		36.4		16.9		3.4		3.2		0.8		386		3,357.80

				1996		1,795.70		81.7		455.8		2,333.20		14.2		674.7		-3.1		347.4		15.1		36.8		16.4		4.3		3.4		0.9		424.3		3,447.00

				1997		1,844.10		93		485.4		2,422.60		11.2		628.6		-4		358.9		14.6		34.2		17.6		3		3.2		0.9		432.4		3,494.20

				1998		1,873.90		126.9		540.6		2,541.50		8.5		673.7		-4.4		323.3		14.7		31.8		18.1		3.2		3		0.9		395		3,617.90

				1999		1,890.70		115.6		545.8		2,552.10		9.1		727.9		-6.1		311.7		14.2		41.8		19.6		3.4		3.6		0.3		394.7		3,677.70
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				U.S. Nuclear Fuel Cycle Projections, Reference Case, 1999-2020

				Year		Spent Fuel

						Annual		Cumulative

						(Thousand MTHMc)

				1998				38.38d

				1999		1.96		40.34

				2000		2.36		42.7

				2001		1.63		44.33

				2002		2.45		46.78

				2003		2.27		49.05

				2004		1.64		50.69

				2005		2.32		53.01

				2006		2.11		55.12

				2007		1.99		57.11

				2008		1.61		58.72

				2009		2.02		60.73

				2010		1.91		62.64

				2011		1.78		64.42

				2012		2.09		66.51

				2013		1.73		68.24

				2014		2.03		70.27

				2015		1.66		71.93

				2016		1.67		73.6

				2017		1.38		74.98

				2018		1.46		76.44

				2019		0.97		77.41

				2020		1.27		78.69
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