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Politics Trumps Science is not a technical review of nuclear waste. It is a partial social history of
nuclear waste management and the 70-year failure of the U.S. government to develop and
implement a disposal program for the growing massive inventories of both high-level defense
nuclear waste and commercial spent nuclear fuel. There should always have been parallel
processes that destroyed the waste as it was produced. An argument is presented that the
massive inventories have turned America into a nuclear waste minefield and is also destroying
the nuclear power industry through erosion of public support. Deep geological repositories, such
as Yucca Mountain, are revealed to be continuously changing open systems of matter and
energy which are unpredictable and cannot be controlled. They are unsafe for storing nuclear
waste, which is the government's plan. Politics Trumps Science also describes the critical need
for research and development to build technologies that will reduce nuclear waste's volume,
radioactivity, and half life to supplement nuclear waste storage systems. It is also predicted that
without such technologies, America will become nuclear power free as uranium ore becomes
depleted or excessively expensive and the industry's profits decline. However, America will be
forever left with the indestructible 75,000 plus tons and 30,000,000.000 curies of nuclear waste
that have already been produced, threatening public health, safety, and environmental pollution.
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tireless researcher, selfless scientist, loyal citizen, role model for all time, and one of the first
campaigners against the glass ceiling barring female intellectuals from universities and the
pursuits of science. In spite of being banned from academia and science in the Russian empire,
because of her gender and because she was a Polish national, she was the first woman to earn
a doctoral degree, the first woman to hold a faculty position at the Sorbonne, and the first
woman to be awarded a Nobel Prize. In fact, she eventually won two. For her contributions to
mankind, she was also the first, and only woman, to be buried in the Paris Pantheon. Her
successes in the face of prevailing societal views speaks loudly to the potential cost of
discrimination on such thin grounds as gender, ethnicity, and religion.Madame Curie would also
want this work dedicated to Lise Meitner who was instrumental in explaining the theoretical
mechanism that causes fission of uranium. She was denied sharing the Noble Prize in
Chemistry with her male colleagues because, when asked to work on the Manhattan Project
Lise Meitner said, “I will have nothing to do with a bomb!”One other woman of note must be cited
in this dedication, Dr. Ruth Patrick, fellow Kansan, botanist and limnologist, and the recipient of
numerous awards for her scientific contributions to greater understanding of America’s water
resources. The Ruth Patrick Science Education Center in Aiken, South Carolina is named after
her. The mathematics and science classroom at the Center is dedicated to my late husband
and mathematician, Stewart Bell Fox, Jr.AcknowledgementWork on this work was made
possible by the tireless assistance of Patrick Wayne Hayes, MS., who spent hours researching
the files of the Johnson and G. H. W. Bush presidential libraries and drawing sketches for the
book. Without his help, the writing process would have been delayed by months spent traveling
and studying presidential Central Files. The book would also not have been complete without the
assistance of Carol Everhart Ek, who spent long hours conducting documents research and
escorting me to sites which signal the folly of the Atomic Energy Commission’s 1970s attempt to
locate the nation’s nuclear waste repository beneath the Kansas prairie, including the old Bevis/
Carey Salt Mine of Lyons, KS. Carol was also an immense help in understanding and
photographing the standard equipment of prairie oil companies and wind farms. It would be
remiss of me not to mention the assistance given me by staff members in the Carter Presidential



Library of Atlanta, the Eisenhower Presidential Library in Abilene, KS. and the Historical
Museum of Lyons, KS.I am indebted to the mathematician and my late husband, Stewart Bell
Fox, Jr., for his continuous support during the writing of this work and for the hours he spent
reading the manuscript pages “for flow”. Stewart also dealt with the inevitable computer
problems encountered by writers dependent on the microchip. Politics Trumps Science was
edited by Ree Fox Brannigan. Her editorial capabilities helped make the book literally correct
and leant it the perspective required to make a manuscript focused on complex scientific and
technological issues more readable for the lay public.John D’Agata (author of About a Mountain)
advised me to “keep it personal”. I tried and, for the most part, failed. Thanks anyway, John.I am
also indebted to David Lochbaum of the Union of Concerned Scientists, MIT, who read and
commented on the early pages of my manuscript. Being a notable leader in the field of nuclear
safety, his comments were significantly helpful in the final revision of this work.PrefaceI did not
begin my career as a social scientist with any particular interest in nuclear power and its deadly
issue, nuclear waste. My professional work had always focused on public health and finally
intersected the nuclear waste management issue in 2009. In the spring of that year the
Department of Energy (DOE) appointed me to the Site Specific Advisory Board for the
Savannah River Site (SRS). The SRS is a former production center of weapons-grade plutonium
in support of the Cold War nuclear arsenal buildup. The site houses the majority of America’s
defense radioactivity for which DOE is responsible. The Advisory Board was set in place by
Congress to protect the First Amendment rights of Americans to protest issues that are not in
the public’s best interest. SRS is now part of the DOE mission to “clean up” nuclear
contamination within its complex of facilities. It was inevitable that by overlaying my public health
background onto a growing familiarity with federal government failures to develop an effective
nuclear waste management program I would write this book as an attempt to red-flag this
menace to our health and environment. IntroductionA Social Science Perspective of U.S.
Nuclear Waste ManagementThe failure of the American government to develop a nuclear waste
disposal plan has destroyed the future of the nuclear power industry. In addition to the
destruction of the nuclear industry, that failure has converted America into a minefield of deadly
radioactive dump sites and landfills, some of which are slowly polluting the groundwater, soil,
and air we breath and some of which, in the event of a catastrophic event, could kill masses of
people and render their communities and environments uninhabitable for centuries. It is
important to point out that this book was not written as a form of protest over the production of
nuclear energy per se. The book has multiple purposes. Its first purpose is to convey the
message that it is irresponsible of the federal government for not requiring parallel processes for
nuclear power production and nuclear waste destruction. That failure has been described as
building buildings without toilets. Whether building bombs for national security or producing
energy for sale to rate payers, nuclear power production leaves behind a legacy of poisonous
curies that is hazardous to public safety, health and the environment. As it turns out, that legacy
has also become the undoing of the nuclear industry. The second purpose of the book is to



convey that message. The massive inventories of lethal waste that have accrued as a result of
nuclear weapons and energy production waste has become the subject of media headlines and
public fears. Thomas Jefferson advised that public opinion is the ruler of the universe. Years of
public opinion polls indicate that the public now prefers every other source of energy before
building new nuclear power plants and the old plants are reaching the end of their productive
and licensed lives.The third purpose of this work is to describe the sound arguments by earth
and social scientists against the deep geologic repository concept. These arguments are being
ignored to the detriment of public health and safety, as well as the environment.There is also a
fourth purpose of Politics Trumps Science. For decades, the government has been advised by
its own agencies and outside organizations that procedures which can technologically
transmute high-level nuclides are needed to control the growing tide of radioactive nuclear
waste inventories. Research and development of these technologies continue to receive low to
no congressional and administrative priority. Politics Trumps Science is a partial social history of
nuclear waste management, beginning with the description of how early atomic researchers
gifted mankind with radiation to heal his afflictions and how politicians and the military
transformed the gift into a massive weapon with the power to annihilate every person on the
planet. Politics have continually trumped science in the course of radiation’s evolution until it has
become a scourge rather than a benefit. The military harnessed radiation and developed
nuclear arsenals with enough fire power to destroy our world as we know it. Corporations also
benefitted from the gift, coupling atom splitting with reactor technology to build multi-billion dollar
industries based on the production of nuclear energy and sales to rate payers. With the blessing
of politicians, the military and the corporations that profited from utilization of nuclear power left
behind billions of gallons and thousands of tons of lethal radioactive waste, which are treated
with benign neglect. The massive inventories of military and commercial waste must now be
isolated for centuries from the public and the environment at tremendous expense to taxpayers.
There is no return on investment from the billions of dollars spent each year in this
endeavor.Further, there is no technological way to destroy or neutralize the deadly refuse. It will
gradually degenerate (transmute) to more stable states over time but the time required for
transmutation can take hundreds, thousands or even millions of years. For some inexplicable
reason, the government steadfastly clings to the belief that the nuclear waste dilemma can be
resolved by the singular approach of constructing a deep geologic repository, despite its
disastrous failed attempts, scores of wasted years, and billions of sunk taxpayer dollars with no
results. This ill-conceived strategy began in the 1950s in the dangerously unpredictable salt
beds beneath the Kansas prairie, continued through the partial construction and early closure of
Nevada’s Yucca Mountain, and now waves in the wind as a far distant promise that the
Department of Energy threw on the table in a recent sad and transparent attempt to kick the can
down the road.In its monolithic focus on the “one size fits all” solution of a deep geologic
repository, the government has ignored the counsel of others. According to earth scientists, the
government’s own 1970s Interagency Review Group’s (IRG) Briefing Book, and social history,



deep geologic repositories are inappropriate for storage of nuclear waste.. Earth scientists warn
that deep geologic repositories are “open systems” of energy and matter whose components are
continuously interacting and altering their environment. Therefore, “open systems” are not
predictable or controllable and are dangerous sites for disposal of nuclear waste. The IRG report
criticized mathematical computer modeling programs which purport to predict the general
reliability of deep geologic repositories for permanent storage of nuclear materials. That report
rests on the basis of the natural variability of rock mass properties and geologic heterogeneities
which preclude transferring earth science data, or assessments performed with such
information, from one site to another. The report also points out that the success of such
theoretical models cannot be tested or demonstrated and are therefore only assessments.Social
history describes the inextricable relationship between the maintenance and security of deep
geological repositories and the social organizations that build them. This inextricable
relationship dooms to failure the incompatible life span of radioactivity in nuclear waste versus
the longevity of social organizations. For example, the ancient complex of tombs (repositories)
cut into the mountains of Egypt’s Valley of the Kings and Queens have all been raided, robbed,
and ransacked because the repositories were left unprotected and vulnerable. The social
organizations which built them either evolved or dissolved. Human societies are short lived
compared to the life span and required monitoring of such engineered environments as deep
geologic repositories. Social organization longevity is also ill-matched for the length of time it
takes radioactive nuclides in defense high-level waste (HLW) and spent nuclear fuel (SNF) from
commercial reactors to transmute into stable states. There is also the issue of container design.
The containers in which HLW and SNF are packaged are not projected to last for the length of
time it takes some nuclides in nuclear waste to stabilize. Corrosion of barrels containing
HAZMAT, including nuclear waste, is not an unknown problem. Therefore, geologic repositories
would be challenged to contain over time both the containers of radioactive materials and leaked
radioactivity from breached containers, as the recent failure at the government New Mexico
Waste Isolation Pilot Plant (WIPP) demonstrated. Some of the several thousands containers
there were breached and the discharged radioactivity bypassed all shielding to contaminate
workers and escape 2,000 feet to the surface from the depths of the salt bed where the facility is
located. The facility, now closed, is a mere 26 miles from a city of over 26,000 people, Carlsbad,
NM. The Nuclear Regulatory Commission has expressed the view that licensing additional
nuclear plants should be reconsidered until adequate long term disposal of nuclear waste is
assured. President Carter’s Council on Environmental Quality reported that since the future
growth of the nuclear industry affects the amount of waste that must be managed, the ability of
our technical, political and social institutions to manage nuclear waste safely and on the required
scale should have been analyzed.The most recent government plan to yet again attempt
construction of a deep geologic repository would not make such a disposal site available until
2048, almost 100 years after the first failed attempts. Organizations such as the National
Academy of Sciences, the Government Accountability Office, and universities renowned for their



leadership in nuclear research have recommended approaches to nuclear waste management
that involve advanced technologies. Such technologies would involve chemical separation,
technological transmutation, incineration, acceleration, and other radionuclide transformation
techniques. By changing the characteristics of nuclear waste through technological reduction of
its radioactivity levels, volume, and half-life the advanced procedures would be complimentary
to, rather than competitive with, the deep geologic repository concept. Government resistance
to research and development of complimentary advanced technologies is therefore
inexplicable. The excuse always given is that the research would take too long and cost too
much. A hundred years and billions of dollars later with no results suggests that the government
needs to learn to think outside the deep hole.Few communities sit very far from a minefield of
nuclear waste. Commercial reactors, their fuel, and their waste, or an off-limits federal facility
housing radioactive hazards, or a commercial contractor site where “near surface” nuclear waste
is buried in trenches, are commonly found near heavy populations centers. The waste lurks in
shallow trenches dug to create nuclear waste burial grounds; fields of aging and leaking tanks,
some of which are suspended in the groundwater; tons of polluted soil; masses of barrels
warehoused in temporary enclosures; multi-million gallon pools of chemically treated water
needed to control the heat generated by thousands of used fuel rods discarded from operating
reactors; thousands of subsurface cement vaults containing waste that is so high-level it has
been vitrified into glass logs; a salt bed cavern thousands of feet beneath the surface where tens
of thousands of containers housing radioactive material sit waiting for destruction by natural
forces or maintenance by future generations which unknowingly fell heir to the cache of deadly
curies; and other locations too numerous to mention.To its credit, the government has attempted
to develop a series of programs to resolve the nuclear waste dilemma. However, the failure of
these programs underlines the incompetence with which the programs have been conceived,
designed, implemented, and/or managed.Research and development of nuclear technology has
been retarded due to its domination by military and government authorities. The form and
function of earlier nuclear power applications was driven by the singular goal of building
powerful weapons of war. As David Lochbaum has written, “Throughout the 50s, 60s, and 70s,
national priorities eclipsed interest in and resources for nuclear waste management (personal
correspondence, 2014). According to Lochbaum, in the 50s and 60s, the US raced to maintain
its nuclear lead, both on the weapons side and on the power side. When the U.S.S.R. ramped up
its Obinsk nuclear reactor around 1954 and the United Kingdom opened its power reactor at
about the same time it sent shock waves through the U.S. federal government. Developing and
funding programs involving waste disposal would only have slowed U.S. frantic catch-up efforts.
In the 70s, President Nixon introduced Project Independence which sought to lessen U.S.
reliance on foreign oil. Among other things, the project called for 1,000 nuclear power reactors
to be in operation by the year 2000. Lochbaum indicated that, again, facing the problems of
nuclear waste disposal would have impeded Nixon’s attainment of his energy independence
goal and simply wasn’t going to happen. Nuclear power never escaped the parameters of that



mental set. Freeman Dyson concluded that commercial nuclear power’s problem was the fact
that scientists had not been allowed to indulge their creative instincts in pushing the power’s
boundaries. Such creative license had resulted in the success of computer technology where a
continuum of experiments and new ideas supported a Darwinian process leading to the
microchip-based world. Dyson contended that if society had treated nuclear technology
development the way it had treated chip design, nuclear power’s history could have been very
different. He advised nuclear technology to follow the path of the chip and become the
beneficiary of such Darwinian processes.However, military and government control has stultified
creativity in that area of technology. The result has been, along with the production of nuclear
energy, massive inventories of nuclear waste and spent nuclear fuel for which there is no
ultimate disposal capability. At present, the inventories are predicted to be the death knell of the
nuclear power industry. Nuclear waste stockpiles have reached the tilting point in the arena of
public preference. Years of public opinion polls consistently indicate that all other forms of power
and energy, including oil, coal, natural gas, and renewables are preferred before government
funding of new nuclear power plants.Rachel Carson (1962) was concerned with nuclear waste
management on a number of levels, including its lethal qualities and the pollution of the sea due
to dumping practices. In her book, Silent Spring, she wrote:In unlocking the secrets of the atom,
modern man has found himselfconfronted with a frightening problem – what to do with the
mostdangerous materials that have ever existed in all the earth’s history,the by-products of
atomic fission….By its very vastness and itsseeming remoteness, the sea has invited the
attention of thosewho have the problem of disposal, and with very little discussionand almost no
public notice, the sea has been selected as a “naturalburying place for the contaminated
rubbish….To dispose firstand investigate later is an invitation to disaster, for once
radioactiveelements have been deposited at sea they are irretrievable. Themistakes that are
made now are made for all time.The social burden of nuclear waste was brought to President
Jimmy Carter’s attention in 1977 when the Blue Ribbon Panel, sponsored by the Ford
Foundation, criticized the government’s “poor record of waste management to date.” In that
same year the Oak Ridge National Laboratory indicated that advanced transmutation
technologies could be develop in two to three decades to treat nuclear waste More recently,
organizations, such as the Union of Concerned Scientists warn that nuclear power presents a
series of problematic issues, including the risks of radioactive waste (Shulman et al.,
2012:194). Given the indisputable facts of nuclear waste risks to the environment and public, the
arguments against deep geologic repositories, the failed federal attempts to develop a geologic
repository, and the knowledge that the public prefers all other sources of energy to the building
of new nuclear plants, there is no longer any excuse for delaying research and development of
advanced technologies that can be the basis of a sound nuclear waste management plan. It is
also incumbent on the government to ban production of nuclear waste until such technical
capability is available. Our legacy to future generations should be confined to the millions of
gallons, 75,000+ tons, and 30,000,000,000+ deadly curies we have already created. The Road



to Yucca Mountain.In the 1950s the Atomic Energy Commission (AEC) had unsuccessfully tried
to force Kansas to convert an old Carey Salt Mine into the national deep geologic repository for
nuclear waste. Other zany proposals such as shooting it into space, shoving it under the now
melting ice caps, dumping it into the Gulf of Mexico at a point equidistant from U.S. and Mexican
shores, and injecting it directly into bedrock at the Savannah River Site (SRS) failed on the altar
of public opinion. When the 1982 Nuclear Waste Policy Act (NWPA) was passed, several
potential sites for the nation’s deep geologic repository were designated, including Deaf Smith,
TX, Hanford, WA, and Yucca Mountain, NV. The very powerful and senior Congressional
representatives from TX and WA were determined that their states would not become the
nuclear waste dumping ground of America. The junior senator from NV, Harry Reid, lacked the
political clout to oppose selection of Yucca Mountain for the task and what was humorously
referred to as the “Screw Nevada Bill” was passed. Years later, Harry Reid had become a senior
senator with considerable treasure in his war chest to trade for votes in the 2008 campaign for
America’s 44th president. Rumors persist that he traded his support of Barak Obama in
exchange for cancellation of the plan to convert Nevada’s Yucca Mountain into the nation’s
disposal site for nuclear waste. Although some 30 years had been spent studying and testing
the site, and billions of dollars had been spent developing it, the Obama administration withdrew
its funding in 2010 and the plan went into mothballs. With the cancellation of Yucca Mountain,
no repository will be available for at least another 34 years, if then. As a result, the waste largely
remains where it was generated. Some of it has awaited disposal for almost 70 years.SNF and
HLW production.As a result of this monumental federal failure, America now faces an almost
insurmountable nuclear waste management challenge. The waste is bifurcated into two types;
defense high-level waste (HLW) and commercial spent nuclear fuel (SNF). HLW represents the
bulk of radioactivity captured in the country’s nuclear waste inventories. SNF represents the
greatest volume of the waste. HLW is officially considered to be a candidate for permanent
disposal. SNF is considered to be used but still a potentially useful material. Following
irradiation in a reactor, SNF still contains some 95% of its energy. In order to control its
remaining fissile capacity most SNF is racked and geometrically spaced in a multi-million-gallon
cooling pool. In certain quarters, including the for-profit nuclear industry, it is thought that SNF is
a wealth of backup material which could be retrieved, reprocessed and transformed into fresh
reactor fuel in the event that uranium becomes unavailable or too expensive. The fact is, both
types, HLW and SNF, are refuse. Page seven of the DOE 2013 Strategy For The Management
And Disposal of Used Nuclear Fuel And High-Level Radioactive Waste cites the findings of an
Oak Ridge National Laboratory (ORNL) report:The ability to retrieve used nuclear fuel and high-
level radioactive wastefrom a geologic repository for safety purposes or future reuse has beena
subject of repository design debate for many years. A recently completedtechnical review by
Oak Ridge National Laboratory found that approximately98 percent of the total current inventory
of commercial used nuclear fuelby mass can proceed to permanent disposal without the need to
ensurepost-closure recovery for reuse based on consideration of the viability ofeconomic



recovery of nuclear materials, research and development (R&D)needs, time frames in which
recycling might be deployed, the wide diversityof types of used nuclear fuel from past
operations, and possible uses to supportnational security interests. 3 This assessment does
not preclude anydecision about future fuel cycle options, but does indicate that retrievabilityis
not necessary for purposes of future reuse.SNF inventories are the dark corners of the nuclear
power industry, hidden from public view and given only lip service by the federal government.
SNF is generated when fuel rods of uranium are used to power a nuclear reactor. Over time, the
rods lose power and are unable to maintain an efficient chain reaction (fission). Periodically,
reactors are shut down and about one-third of the SNF is replaced with fresh fuel. The spent
fuel must be stored in giant pools of water to shield workers and the public from lethal exposure.
Although the pools are located within the plant’s protected area, they are not located under the
massive cover protecting the reactors. This leaves them highly vulnerable and in the U.S. they
collectively contain more than 75,000 tons of SNF. Lochbaum (ibid.) points out that while the fuel
remains within the core of the reactor it is so hazardous that the government has provided
federal liability insurance to plant owners through the 1957 Price-Anderson Act. This act
became law as part of the amendments to the 1954 Atomic Energy Act and sets a limit on the
monetary liability of nuclear utility companies for a nuclear accident. Essentially, the act holds
nuclear operators harmless from the costs of their own accidents and transfers the financial
burden for risk to taxpayers. Corporations are left responsible for approximately two percent of
costs resulting from a serious accident and can therefore largely ignore the financial dangers
which reactors represent to American communities. On the other hand, under Price-Anderson,
taxpayers could be responsible or the public could be inadequately compensated for hundreds
of billions of dollars in costs resulting from an operator mistake or a terrorist attack. The NRC
probabilistic risk assessment model estimates that damages from a severe nuclear accident
could cost in excess of $600 billion. When removed from the core, spent nuclear fuel is
dangerously radioactive and, as indicated above, must be geometrically spaced in cooling pools
to avoid fissile accidents and pool fires. In spite of the obvious danger, the cooling pools in
which spent nuclear fuel is held for decades are outside the protective dome housing the
reactors and vulnerable to several levels of attack by land, sea, and air.Engineering computer
models now calculate the length of time that high-level nuclear waste and spent nuclear fuel
need to be secured in a deep geologic repository. The common increments of time are 10,000,
100,000 and 1 million years. Billions of taxpayer dollars have been spent in unsuccessfully
attempting to develop and make available a deep geologic repository, beginning with efforts to
utilize and old Carey Salt mine in Kansas in the 1950s and ending with the closure of Yucca
Mountain in 2010. There are obvious inconsistencies in government positions which see the
need for the Price-Anderson act on the one hand, a multi-billion dollar deep geologic repository
to safeguard nuclear waste for 10,000 to 1 million years on the other hand, and extant policies
and practices which treat the waste with benign neglect in between.Some older SNF has been
stored in separate dry casks on above-ground cement pads. Although this SNF has become



less lethal through decay over time (transmutation), it is still deadly and must be isolated from
workers, the public, and the environment until the government provides a permanent disposal
site or it is destroyed. For example, the half-life of plutonium-239, contained in SNF, is 24,000
years, It is still lethal to humans at this point. Some argue that dry cask storage is safer than
cooling pool storage. However, there is still cognitive dissonance in the insistence that cooling
pools and dry cask storage are safe while simultaneously renewing the Price-Anderson Act year
after year and spending billions of taxpayers dollars attempting to develop a deep geologic
repository to permanently safeguard nuclear waste. The second kind of nuclear waste (HLW) is
also some of the world’s most dangerous material. Massive inventories of defense HLW were
generated during the Manhattan Project’s production of the atomic bomb and the subsequent
Cold War when the U.S. and the U.S.S.R. each built nuclear arsenals immense enough to
assure each other’s mutual destruction (M.A.D.). The path of all HLW is long, exorbitantly costly,
environmentally polluting, and a deadly threat to humans and other animals. About 88 million
gallons of the defense HLW is in liquid form. Additionally, tens of thousands of tons of defense
waste are left in dry forms. A $300-billion 40-year Department of Defense (DOE) environmental
cleanup program is attempting to address the problem of processing and permanently storing
defense waste. However, due to Congressional internecine warfare, technical obstacles, and
growing financial exigencies, the cleanup programs and projects are now almost two decades
behind schedule with no repository for the waste in site.Defense waste is also associated with
over 10,000 containers of excess plutonium and uranium, over 5,000 contaminated facilities,
millions of cubic meters of contaminated soil and billions of gallons of contaminated
groundwater. In Congress, politics has often trumped public health and safety where nuclear
weaponry and power production is concerned and the end result is an eternity worth of deadly
radioactive waste and a continuous lack of any facility for its eternal containment. Combined,
SNF, HLW, and other forms of nuclear waste have turned the American landscape into a nuclear
minefield.The government also subsidizes nuclear waste production through its support of the
nuclear power industry which is predicting a “nuclear renaissance.” However, that appears to be
wishful thinking since there have been no new reactors brought on line since the 1979 Three
Mile Island disaster. A few are under construction but plagued by cost over-runs, malfunctions,
schedule slippage, and growing public opposition. Although there are over 100 reactors in the
U.S. fleet, aging reactors are progressively taken off-line. Four were permanently closed in 2013
before their licenses expired due to high maintenance and repair costs. Somewhere in between
the nuclear renaissance prediction and the closing of aging plants lies truth. Regardless,
America has been put at risk by the government and the nuclear power industry through
continuous and knowing production of radioactive waste for which there is no disposal
solution. Although SNF and HLW are officially meant to be divergent, their paths converge at
their origins with the mining of uranium ores. Good ores are mostly found in Australia, Canada,
Namibia, Niger, and South Africa. Minimally, mining is followed by milling and other intervening
steps before uranium is enriched to become reactor fuel and plutonium is produced as a result.



Plutonium is not a naturally occurring element. Each juncture along the path forms waste. As
indicated, the Oak Ridge National Laboratory (ORNL) found that SNF has no economic or
national security value and, at least functionally, is therefore also high-level waste. Considering
SNF as high-level waste is hotly debated in some quarters but the term waste is used in this
book as a vernacular shortcut for referring to either or both types, SNF or HLW. The path of
SNF can fork two ways, one way leading to storage facilities and the other leading to
reprocessing plants. Reprocessing involves treatment whereby useful materials in the spent fuel
are recovered. The recovered material can be converted to new reactor fuel through
reprocessing. Reprocessing can also produce weapons grade plutonium. Some interests
consider reprocessing to be an acceptable form of nuclear waste management and the source
of huge profits. Others view reprocessing as the road to a “plutonium industry” and the
dangerous risks of nuclear proliferation. Either path, whether ending in stored or reprocessed
SNF, must ultimately lead to isolation from the environment and its inhabitants. The claim by the
nuclear industry that nuclear energy is safe, cheap, and clean will only bear up under close
scrutiny if the fact of nuclear waste is ignored. When the realities of nuclear waste are
considered, the claim proves to be inherently false. A significant difference in the path of SNF, as
opposed to defense HLW, is the terminus. Defense HLW is largely confined to facilities within
the Department of Energy’s (DOE) nuclear complex. DOE is currently conducting a 40-year
program to clean up the HLW and pollution within its nuclear complex. Like SNF, it too must
ultimately be contained and stored indefinitely where it can be held harmless to the public and
the environment. Taken together or separately, the production of nuclear energy and nuclear
weapons has left a hellish heritage to future generations -- 75,000+ tons and 30,000,000,000+
deadly curies. It is a heritage that technology cannot safely contain over time and which cannot
be neutralized or destroyed by currently available technologies. The International Atomic Energy
Agency (IAEA), nuclear watchdog of the United Nations, summarized nuclear waste generation
and its containment for both commercial and defense as follows:The production of electricity by
nuclear means has created radioactive residues which have to be carefully managed and
accounted for because they are potentially hazardous to human health. Similar residues have
been generated as a result of the defence programmes in several countries. The residues
include solid and liquid radioactive waste from civilian nuclear power production and from the
production of nuclear weapons and residues from the above surface or underground testing of
nuclear weapons.In some countries, high-level liquid waste has been solidified and is currently
being stored in purpose-built containments pending disposal deep underground. In many
countries, some lower activity waste containing mainly comparatively short lived radionuclides is
being disposed of in near surface repositories (trenches).Liquid radioactive waste is generally
converted to a solid form suitable for disposal, but there are some exceptions. In certain cases,
mainly in the past and in the absence of safer management solutions, some liquid radioactive
waste considered too active for environmental dispersal has been pumped underground within
enclosed aquifers. Such waste has also been mixed with cement and injected as sludge in a



low- permeability formation. Cases exist where HLW and higher activity low and intermediate
level waste (LILW) in liquid form have been stored in near surface underground tanks and, after
some decades, are still being kept in that form.Gaseous and liquid waste containing very low
levels of radionuclides are discharged to the environment in the same way as other low level
industrial pollutants. This practice is subject to close regulatory control and environmental
monitoring to ensure that the hazards to the public are minimal.Finally there are sites, either
above or below the ground, used in the past for either nuclear weapons testing or other
purposes, or with significant amounts of radioactive materials, that are considered to require
continuing surveillance and monitoring to control access to the radioactive material.
Accumulations of radioactive material can be considered a burden for human society, both at
present and in the future, since they require some level of continuing control… Due to their very
high concentrations of radionuclides and high heat generation rate, spent fuel and HLW require
to be managed with the greatest care (IAEA 2008).Worldwide, the IAEA estimated that the total
amount of SNF generated from the beginning of 2003 was close to 255,000 metric tons which
has been reduced by reprocessing to about 170,000 metric tons remaining in storage. The need
for the atomic bomb and massive nuclear weapons arsenal will be debated across time in the
history books. General Eisenhower argued against dropping the atomic bombs on Japan,
advising the politicians in Washington that the bombing runs out of China were winning the war
in the Pacific. That plea for humanity will forever hang suspended “O’er the Land of the Free, and
the Home of the Brave”. Aside from strategic and moral views, use of the split atom for those
purposes has left the world in a perpetual state of pollution, risk, and costly guardianship due to
HLW, from which there is no foreseeable escape. While those who bear responsibility for HLW’s
guardianship insist that it is safely contained or can be cleaned up, the fact is that such claims
are affectations of truth.Computer modelers calculate probability levels which predict that
nuclear waste can be securely contained by current technologies for up to 10,000, 100,000, or
even 1,000,000 years. Others argue that depending solely on probability causes us to overlook
the possibility. Earth scientists advise that deep geologic repositories are unpredictable and
uncontrollable environments. Social scientists advise that the radioactivity in nuclear waste and
the predicted life span of geologic repositories are incompatible with the longevity of human
social organizations. Therefore, those responsible for the production and/or disposal of nuclear
waste inventories are turning a blind eye to the deadly heritage they are leaving behind for future
generations. There has been approximately 7,500 generations of humans since the emergence
of Homo sapiens (modern man). Civilization emerged around 500 generations ago. Currently,
environmental geographers estimate the length of a social generation living in a developed
nation to be about 25 years (Dillard). Given these figures, 40,000 generations will have come
and gone by the time 1,000,000 years has passed and the last dangerous radioactivity in today’s
nuclear waste has decayed to a level safe for human beings and their environment. Even the
most ambitious computer model could not predict the variables spawned by 40,000 generations
of human beings and their species-specific behaviors. The original plan for this book involved



describing another path - the path our nation took that led to its massive buildup of SNF and
HLW. As research for the book broadened to a quest for answers to why the American
government allowed the massive buildup of SNF and HLW, without a waste resolution, a greater
imperative was revealed. That imperative has global implications since immense inventories of
nuclear waste now exist across the planet. The imperative that emerged is the critical need for
development of scientific and technological options, other than deep geologic repositories, to
disposition the world’s nuclear waste. Options are needed which will reduce the radioactive
levels, volumes, and half-lives of SNF and HLW inventories. Such technologies could support
rather than compete with the currently favored deep geologic repository approach. Detractors of
research on such technologies as separation/partition, incineration and/or acceleration claim
that the required cost and time is unwarranted. Three-quarters of a century will soon have
passed since the race began to build the atomic bomb. There have been no successful efforts
to permanently store or eliminate the waste during this time period. Billions of dollars have been
spent on failed programs seeking to develop deep geologic and other repositories. It is time to
think outside the box, focusing on alternative technologies.The argument brought forth in this
book, simply put, is that a successful nuclear waste management plan should be anchored on
these advanced technology options, not deep geologic repositories. These alternative options
are a long way down the path and will carry a high price tag. Currently, there are none that will
work on the industrial level. For over half a century, the U.S. government has joined the
monolithic focus of most other nuclear countries - deep geologic repositories. Yucca Mountain
has become America’s poster child for this concept. As alluded to earlier, engineering computer
models predict that such repositories can permanently shield the environment and its
inhabitants from nuclear waste. Earth scientists point out that any deep geologic repository,
such as Yucca Mountain, will ultimately fail because they are nature’s “open systems” of energy
and matter which cannot be predicted and controlled. The compounding factors for such
systems include, at a minimum, evolving climate, volcanism, and chemical dynamics. The
length of time that these engineered environments can safely store nuclear waste is not only
debatable but cannot be demonstrated. Even if the functional length of time were subject to
demonstration it cannot be proven that nuclear waste storage containers would endure for an
appropriate time period.Finally, there is the previously mentioned critical social component to
designing and planning for permanent disposal of nuclear waste. Engineered environments
cannot endure over indefinite periods of time without the support of the social organization
required to monitor and maintain them. Societies and their culture evolve and devolve in tandem
and over time. No human society and its culture has ever endured for the length of time required
by the dangerous radionuclides in SNF or HLW to transmute to more stabilized harmless
forms. Ancient Egypt is a case in point. It was one of mankind’s longest-lived societies.
Hieroglyphic records indicate that the ancient Egyptian civilization began around 3,500 BCE and
entered its decline with the invasion of Alexander the Great and Greek rule around 350 CE. At
times, Egypt was contemporaneous with other great civilizations that are now records in the



history books. During the approximate 4,000 years of Egypt’s dynastic existence, their
engineering knowledge and technical skills allowed them to create the basis of many modern
technological traditions: complex mathematical concepts, the calendar, hydraulic engineering,
hydro-agriculture, maritime travel, and massive monuments to honor their gods, as well as
complex deep geologic repositories. Egyptian repositories were meant to function as eternal
resting places for their Pharaohs, members of the royal family, and their worldly goods. These
sanctuaries, cut deep into and beneath the mountains of Egypt’s Valley of the Kings and Valley
of the Queens, have been invaded, raided, and vandalized over time because the social
organization that created them evolved or dissolved. There can be no assurance that modern
geologic disposal sites for nuclear waste will not suffer the same fate. History indicates that they
will. Sophisticated as today’s technologies are, they cannot be used to engineer a social
organization that will endure for 10,000, 100,000, or even 1,000,000 years to safeguard future
generations from today’s SNF and HLW and its billions of curies. Acrylic Model: Deep Geologic
Repository Complexes In The Valley Of The Kings, BuiltAs Eternal Disposition Sites For Ancient
Egypt’s Pharaohs.The Egyptian repositories are now remnants of a long extinct society and
culture that had planned to maintain them. The passage of time has transformed them into
antiquities that now serve as tourist attractions. The remains and riches that were meant to be
permanently preserved within them have long since vanished at the hands of intruders, leaving
the locations of the looted material unknown. There is no way to ensure that a modern deep
geologic repository for nuclear waste, meant to succeed over thousands or a million years,
would not suffer the same fate when the social organization that constructed it follows the path
of human history and disappears into the mists of time. This book follows the story of early
European pioneers in atomic research and how they gifted mankind with the medical miracles of
X-ray and the split atom. It continues with the sojourn of those gifts as they morphed into
massive deadly inventories of HLW. In the U.S., the inventory originated with building the almost
$22,000,000,000 atomic bombs and segued into thousands of Cold War nuclear weapons.
Paralleling the weaponry programs, hundreds of contemporaneous nuclear energy plants began
to dot the continent. These now make available carbon-free nuclear energy with the mother of
all price tags and the seeds of the industry’s own destruction—indestructible SNF. Originally,
nuclear waste was treated casually with a softly defined plan to eventually recycle it (through
plutonium separation or reprocessing) to provide additional fuel for the nation’s fleet of nuclear
reactors. However, the prospect of recycling the waste was resisted during the Gerald Ford
administration. Instead, he sought to determine the feasibility of recovering residual energy left
in spent nuclear fuel without conducting plutonium separation. During Jimmy Carter’s
administration legislation was passed which prohibits reprocessing in order to avoid what Carter
referred to as a “plutonium industry”. He feared uncontrollable proliferation of radioactive
material. Recycling also produces a more problematic variant of the current disposition
challenge, an even deadlier waste. The U.S. government has no realistic nuclear waste
management program. There is no available technology that can obliterate either form of the



radioactive trash. Without a way forward to safely and permanently store or destroy the poison,
it waits, like the country’s aging dams, to become weapons of mass destruction distributed
across hundreds of America’s backyards.Allison Macfarlane (2006), appointed by President
Obama to chair the Nuclear Regulatory Commission, describes the dangers of SNF as
follows:Spent fuel is highly radioactive. One year after discharge from a reactor the dose rate
measured one meter from the fuel assembly is one million millisieverts per hour. A person
exposed to this radioactivity from one meter away would absorb a lethal dose in less than a
minute, and would incur a 5 percent chance of developing a fatal cancer in less time than that
(Hedin 1997). For comparison, the exposure from natural background radioactivity is on the
order of three millisieverts per year. The dangerously intense radiation from a spent fuel
assembly necessitates remote handling either underwater or in shielded hot cells. Currently,
storage is accommodated through the use of water pools and shielded casks.Due to the variety
of factors making prediction of repository behavior over geologic time difficult, Macfarlane
concludes that the optimal path for SNF is to continue storing it on-site or where it is generated
until a permanent repository is available.If Thomas Jefferson was right about public opinion
ruling the universe, it may ultimately be the force that depresses SNF production until a reliable
and practical solution is found for its final disposition. The Sierra Club Nuclear Free Campaign is
an example of stakeholder reaction to U.S. nuclear energy production and the “marching in
place” track record for SNF disposition. “We oppose all aspects of the nuclear fuel chain from
the environmental justice tragedy of uranium mining andreprocessing to the relicensing of old
nuclear plants, and thepublic subsidies involved in the construction of new plants. Wewant safe,
secure transport and storage of radioactive waste. Most of all, we want the United States to stop
generating nuclearpower, weapons and the unavoidable radioactive waste that is theresult of the
fuel chain. We are convinced that renewables andenergy efficiency are the future of energy
generation. We supportdiverting the billions of dollars budgeted for nuclear projects toresearch,
to create energy efficiency in industry and to developstorage capacity for renewables.We are
concerned after the disaster in Fukushima [Japan] that we havereactors with similar designs on-
line in the United States. Manyof these reactors are located in seismic and flood zones that
provideadditional risk of disasters to people and the environment. We needto replace the power
generated by these plants in order to protectour families and our economies” (Sierra Club
2013).The enormity of cleaning up the defense HLW left behind by the Manhattan Project which
constructed the atomic bombs and the U.S. Cold War arsenal buildup is best understood when
described by the Department of Energy. On March 19, 2013 David Huizenga, Senior Advisor for
Environmental Management (EM), United States Department of Energy provided a “Written
Statement before the Subcommittee on Energy and Water Development Committee on
Appropriations. United States House of Representatives.”,EM’s mission is to complete the safe
cleanup of the environmental legacy resulting from five decades of nuclear weapons
development and government-sponsored nuclear energy research. This environmental legacy
includes 88 million gallons of the world’s most dangerous radioactive wastes, thousands of tons



of spent nuclear fuel (SNF), over ten thousand containers of excess plutonium and uranium,
over five thousand contaminated facilities, millions of cubic meters of contaminated soil and
billions of gallons of contaminated groundwater. As the largest environmental cleanup program
in the world, EM was charged with the responsibility of cleaning up 107 sites across the country;
an area equal to Rhode Island and Delaware combined. EM has made significant progress in
this cleanup mission, completing work at 90 of the 107 cleanup sites through the end of
2012.The price tag for cleaning up that legacy waste is estimated at over $300 billion, with a life
span of at least 40 years. Budgetary issues continuously obfuscate the cleanup efforts. Federal
funding becomes problematic for each Congressional budget call due to the scale and
complexity of the challenge, combined with the country’s increasing financial exigencies. Such
issues as the expanding national debt and growing political pressures to reduce federal
spending add to the funding challenges annually faced by DOE as it struggles to keep the EM
legacy cleanup program above water.Contrary to David Huizenga’s claim, DOE’s track record on
nuclear waste cleanup is wanting. DOE officials acknowledged that several multi-billion dollar
“big ticket” projects are mired in difficulties largely due to the agency’s previous practice of
allowing contractors to proceed on complex first-of-a-kind projects when their designs were only
partially completed. New DOE regulations have been implemented requiring that 90 percent of
a project’s design must be completed before cost and schedule baselines are set and work can
get underway. Other than external influences there can be no explanation of why this
requirement was not put into place before any multi-billion dollar projects were given the green
light to ramp up on the dime of U.S. taxpayers. Unfortunately, the new requirements are a dollar
or so too little and a day or so too late for some of DOE’s more gigantic projects.The waste
management problem is not just in America. Following the atomic bombing of Japan and
subsequent research and development of more powerful nuclear weaponry, Albert Einstein and
Robert Oppenheimer, as well as many other nuclear physicists became convinced that there
was no defense against such weapons and believed that they should never again be built. They
cautioned governments to put nuclear power under the control of an international peace-keeping
body. The problem was globally exacerbated when the U.S. and other “Big Five” nuclear powers
ignored this advice. Following a speech by U.S. President Eisenhower to the UN General
Assembly on December 8, 1951 the U.S. launched a program named after his presentation -
The Atoms for Peace program. The Atoms for Peace program essentially put a new face on
nuclear power, heretofore highly secretive and fearful. The program meant to convert a fearful
dilemma into a solution for using nuclear power to make a better world. In spite of the warnings
by Einstein, Oppenheimer, and many Manhattan Project scientists, the Atoms for Peace
program proliferated nuclear technology to “friendly” nations for commercial and political
advantages. In effect, the program opened the Pandora’s box of a nuclear epidemic. The
epidemic brought the constant threat of nuclear strikes between hostile countries, thousands of
reactors on every corner of the globe, and the immeasurable radioactive waste from this frenzy
of activity. This is yet another story of how, as Bill McKibben (2010:29) suggested, we have



allowed our historical disease of letting technological knowledge outstrip our ability to use it
wisely. The nuclear epidemic now holds nations prisoner to the overwhelming costs and
hazards of securing their deadly, long-lived, waste inventories. As a result, around the world
nations are declaring their intention to become nuclear free.Finally, while describing the problem
of nuclear waste management as a widespread global challenge, this book more narrowly
focuses on the failed attempts of the U.S. to develop disposition programs for its HLW and the
SNF. HLW and SNF is backlogged at aging nuclear complex facilities and commercial reactors
where there have been radioactive leaks and releases. Disposition programs should revolve
around alternative advanced technologies to eliminate or at least diminish the energy emanating
from the waste. Funding for research and development of environmentally sustainable
renewable energies which harmonize with human safety and health should also be given priority.
The extent to which this is possible is amply demonstrated by the wind farms stretching across
state after state, from California to Kansas, co-existing with agriculture and animal
husbandry. Midwestern Wind FarmBlack Angus cattle grazing on modern wind farm. Traditional
windmill and milo field on wind farm.II. The Atomic Pioneers: Beneficent Gifts to
MankindDiscovery follows discovery, each both raising and answering questions. Each ending a
long search and each providing the new instruments for new search.Robert OppenheimerX-
raying the Sudan.In the winter of 1969 I joined an interdisciplinary team of scientists specialized
in international technology transfer. The team was tasked with traversing the Nile River through
the Sahara Desert from Khartoum, Sudan to southern Egypt for the purpose of surveying the
area’s health levels and medical practices. Deep geologic repositories have a history in this
valley stretching back some 6,000 years.The ancient Egyptians were skilled at mathematics,
architecture, and mining and made heavy use of the massive rock resources along the river bed,
converting them into a variety of repositories meant to last for perpetuity. Much of today’s mining
technologies have roots in the Valley of the Nile. Throughout the valley, these vestiges of human
history harbor a message for 21st century designers who are attempting to construct similar
environments for the permanent storage of nuclear waste. Our trek began in Khartoum and
traveled north along the river through what was once Nubia. Our final destination was Wadi
Halfa, at the Egyptian border. Wadi Halfa’s population had been displaced to accommodate the
filling of Lake Nasser. Engineering miscalculations had set the once riverine people back into
the desert, anticipating that when the lake was full the displaced population would once again
have a riverine-based economy. However, due to a combinations of errors including higher than
predicted evaporation rates, the lake finally filled many years behind schedule. As a
consequence, health issues were rampant among the former Wadi Halfites. Conveyance of our
team and equipment was largely dictated by the desert and consisted of lorries, Russian Land
Rovers, and camels. When tracks in the desert ran out, we were forced to take to feluccas and
sail with the river’s current. By mid-December our convoy had reached Jebel Barkal, the fiery
red granite inselberg rising a thousand feet from the desert floor at the 4th cataract of the Nile.
There are six immense cataracts (rapids) in the Nile which obstruct river travel. The cataracts



are formed by massive granite boulders which the ancient Egyptians quarried for construction of
their temples, tombs, and monumental statuary. Boulders at the Third Cataract of the Nile with
team members as scale.The ancient Egyptian civilization, and their Egyptianized Nubian
neighbors had once built temples and military forts in the Jebel Barkal area. All had had long
since faded into the annals of history and, as a result of geopolitical evolution, Jebal Barkal is
now located in the nation state of Sudan. Jebel BarkalIf one climbs Jebel Barkal, the panorama
below is an architectural history of Nile Valley civilization. Spread across the desert floor are
pyramids that housed the remains of Nubian kings and queens who ruled late dynastic Egypt
and Kush from about the sixth century BCE to the fourth century AD.Overlooking pyramids of the
Kings of Kush from the top of Jebel BarkalDirectly below the east face of the mountain are the
even older ancient Egyptian ruins of a temple dedicated to Amun-Ra sometime around 1500
BCE. (Note members of survey team at temple entrance for scale.) Inside Jebal Barkal, two
huge geologic repositories contain temple complexes dedicated to the Sun God. Overlooking
Temple of Amun-Ra from top of Jebel Barkal.Ancient Egyptian civilization began developing
around 3,500 B.C. and flourished until Alexander the Great’s invasion and the establishment of
Greek rule. Upon Alexander’s death his generals divided the areas under his domain and
established independent regimes. General Ptolemy inherited Egypt. The reign of the Ptolemy’s
ended when the infamous Cleopatra (the VIIth) was dethroned in 44 B.C. and Egypt came under
Roman rule. The Egyptians favored deep geologic repositories for many uses. In addition to the
temples that were carved into mountains, they constructed spectacular subterranean sites for
burial of their rulers and the ruler’s riches. The practice began at least as early as 2500 BCE in
the Old Kingdom when deep geologic secret chambers were topped by pyramid complexes as
permanent royal burial sites. Beginning around 1500 BCE the rulers of the Middle and New
Kingdoms were buried in the rock-cut tombs of the Valleys of the Kings and Queens, a short 3
miles from the capital at Thebes. These tombs gave new meaning to the concept of deep
geologic repository. Their builders mined entryways into the mountains and then breached
downward into their depths via vast subterranean passageways and chambers. The interiors
contained long dead-end shafts leading off of great main corridors, meant to defend or mislead
tomb robbers. The central aisles and chambers were richly furnished and decorated.
Somewhere, sunk well below the main complex, a secret chamber was built for the king’s
sarcophagus. The tomb of Ramses II is composed of 95 chambers, multiple passages, pillared
halls, and a hidden burial chamber.Today, a thousand or so years later, one can visit the
monumental vestiges of the Egyptian repositories and derive a sense of what becomes of such
engineered environments following the demise of their caretakers. They have fallen prey to
invaders or encroaching natural forces. None retained unscathed the materials they were built
to protect for eternity. Schultz and Seidon (2007) describe their failures,“Neither the massive
stone structures of the Old Kingdom pyramids, nor the ingenious systems of corridors within
those of the Middle Kingdom, had been able to fulfill their main purpose, namely to guarantee
the protection of the royal mummy and the burial equipment”.In the 20th century A.D., Western



civilization has also come to favor deep geologic repositories as the sole solution for disposing
of certain materials requiring permanent security. However, these materials have nothing to do
with royalty or the gods. It is the left-over garbage from warfare and energy consumption --
nuclear waste. Yucca Mountain is the poster child for the modern repository concept, composed
of a 5-mile U-shaped tunnel and an off-shoot tunnel that is 2 miles in length.Computer modeling
is now in vogue which purports to predict the probability of deep geologic repositories to safely
store nuclear waste out to 10,000, 100,000 and even 1,000,000 years. The models deny the
lessons of the ancient Egyptian engineered environments which demonstrate that the
maintenance and protection of such disposal sites are inextricably connected to the longevity of
the social organizations which built them. No social organizations in human history have
survived longer than the Nile Valley civilization which fell dramatically short of most nuclear
waste’s life-span. That is the fallacy of modern probability models.As well as deep geologic
repository technology, radioactivity also has a long and unique history in the valley. The world’s
first military application of X-ray technology (the forerunner of radiation science) occurred in a
19th century field hospital along the Nile. Egypt’s current experiment with nuclear power points
out the folly of proliferating what began as a radioactive medical miracle but became a threat to
the world and its inhabitants.Egypt’s nuclear program was first planned in 1954 and the country
received its first nuclear reactor in 1961. The U.S.S.R., which provided the reactor, was
scheduled to control its waste. The U.S.S.R. is now part of history. In 1968, Egypt joined 190
other nations in a Nuclear Non-Proliferaion Treaty (NPT) which provided the signers with “the
peaceful atom” in exchange for a commitment to use the power of the atom for civilian use only.
Egypt breached the NPT agreement. In the Nile River’s delta at Inshas, two research reactors
and a hot-cell laboratory were built. The hot-cell laboratory reportedly extracted at least six
kilograms of plutonium per year, enough for one nuclear bomb. In 2007 and 2008 the
International Atomic Energy Agency (IAEA) found traces of highly-enriched uranium at Inshas.
Egypt’s governments continue to refuse to ratify the NPT’s additional protocol which permits
spot inspections of nuclear facilities. Egypt also withdrew from the NPT talks in Geneva on Aril
29, 2013. Ambitious plans to build four nuclear power plants along the Mediterranean coast
have waxed and waned for over half a century but politics and finances have always defeated
those intentions. On November 7, 2013 the Egyptian government announced that it was
restarting its nuclear power program in El Dabaa. If this effort is successful, Egypt will add to the
ranks of unstable nations in the Middle East with nuclear capability and nuclear waste.At the
time of our medical survey, Sudan was the third poorest country in the world and a major target
of international technology transfer programs, established and funded by the Western World to
modernize the so-called Third World. By combining X-ray technology with the medical
discoveries and embalming techniques developed by the early Nile civilization our team was
eventually able to develop a 7,000-year time line of diseases and disorders that had
accompanied the Nile River Valley’s human inhabitants during that expansive time span.The first
team to utilize X-ray technology up the far reaches of the Nile was a British medical group.



Shortly after the discovery of X-ray in 1895, that group had struggled southward along the river's
shores, transporting from Cairo to Khartoum the tubes, batteries, and plates that comprised the
19th century apparatus of the miraculous new technology. Their goal was to use the new
technological gift to mankind for X-raying wounded soldiers in order to locate otherwise
undetectable bullets. The wounded had fallen during the battle to reclaim Khartoum from the
zealous jihad forces of the self-proclaimed el Mahdi, Mohammed Ahmed. Mohammed Ahmed's
forces had overrun General Charles "Chinese" Gordon's troops in 1885, slaying the general on
the steps of the British headquarters and cutting off his head for public display in a tree.Three
quarters of a century had passed since that first team had transported X-ray technology south to
Khartoum. The technology had evolved considerably and our team had the advantage of a
portable 20th century X-ray machine. Now, in the field, we could look behind the veil of skin that
guards the body's inner secrets and examine human remains from pre-dynastic and dynastic
periods, through the early Christian and Muslim eras, modern cemeteries, and living riverine
populations. We also had the advantage of shielding technology to avoid radiation exposure,
unlike our 19th century counterparts. Our route along the mighty Nile was long and winding. At
Khartoum, the Blue and White Niles wed to form a powerful northward roaring torrent that
divides the Sahara from the Red Sea Desert for its twisting run to the Mediterranean. In flight
miles it is approximately 1,000 miles from Khartoum to Cairo at the neck of the river's delta.
Following the river and depending on how many cutoffs one takes, crossing the desert from one
bend in the river to another, it is well over 3,000 miles. At six points along the river, major granite
cataracts block navigation and for this reason overland traffic has always been a critical
mechanism for the valley’s commerce. Lorries, Land Rovers, donkeys, and camels share what
passes for roads. If rain comes, disaster strikes.Boulders at the third cataract of the Nile with
team members for scale.Desert tracks following rainfall.Track along the Nile past ancient slag
heaps left from iron production.At the Egyptian/Sudanese border Lake Nasser must be crossed.
Navigation is again blocked at the north end of the lake by the Aswan High Dam that impounds
the lake waters. Unfortunately, in the design and construction of the High Dam to capture
hydraulic energy the engineers failed to account for the negative effects of slowing the river’s
waters, which had previously lain down a rich blanket of silt over the fields each year during flood
season. Fertility of the fields was renewed by the added silt. The dam now causes the river to
drop its silt on the upriver (south) side. Lake Nasser is gradually filling up with silt while the
fields on the downriver (north) side are slowly being eroded. The Egyptians have gone from
building massive stone pyramids and deep geologic repositories in honor of their dead to lining
the river with massive stone walls in failing attempts to save their disappearing fields. Chemical
blankets are now spread across the fields as a substitute for the rich silt that is now blocked by
the dam. Chemical run-off is polluting the river. In most ways, the High Dam is an environmental
disaster and there is increased talk of the need for nuclear power in the valley. Egypt’s
population has grown from approximately 24 million in 1954, when nuclear technology first came
to the country, to 84 million in 2014. It is the most populous country in the Middle East and



college graduates are 10 times more likely to be unemployed. Prophetically, due to the damage
caused by the dam and the heavy population growth, the country is once again planning to
develop a nuclear energy base, with the inevitable nuclear waste in an area which is in constant
economic and political turmoil. Nuclear technology in Egypt can only add to the threatened
peace of the region.On our slow trek north to Lake Nasser we were forced to take to the less
preferred river when the desert tracks disappeared. This required loading our gear and
equipment onto feluccas and relying on the powerful constant northward current. Travel by river
is treacherous since it is loaded with low-lying islands whose steep edges can overturn the
round-bottomed feluccas, dumping cargo and passengers into the powerful current and its
heavy population of huge crocodiles.There is probably a treasure trove of accidently dumped
granite blocks and statuary, meant for temples and tombs, at the bottom of the Nile. It was
apparently the Egyptian practice to finish statuary and granite blocks at the quarries before
shipping them north on the river. Many of the quarries were located at the cataracts where
granite was abundant. Unfinished blocks and statuary were found there by our team. The blocks
appear to have cleaved incorrectly during dressing to lighten their weight. Statuary were found
which were completed with the exception of the face. Mistakes were apparently made during
their preparation. Unfinished 3rd cataract granite block with trenches for wooden pegs used in
cleaving.Unfinished 3rd cataract granite statue with incomplete face.Traditional wooden felucca
with survey team and equipment.As slow and rigorous as our travel was, the historical medical
evidence we were gathering, thanks to the early atomic researcher’s gift of X-ray technology,
was well worth the effort. We were advancing the data base on disease etiology. Sometimes
knowing the origins and historical associations of a disease contributes significantly to the hunt
for its cure. The Trail Blazers.X-raying wounded British soldiers in the Sudan came at the end of
a long and controversial struggle by scientists to expose and explain the dynamics of planet
Earth. It was not until the 18th century that scientists began to peel away the layers of its inner
mysteries. They started by first discovering and documenting most of the actual elements
comprising the planet. By 1704, Sir Isaac Newton reported his conclusion that when God began
forming the earth, he did so by forming "solid, massy, hard, impenetrable, moveable particles,
and in such proportion to space, as most conduced to the end which He formed them.". In
1766, Henry Cavendish discovered hydrogen. By 1789, Martin Klaproth had announced his
discovery of a new element called uranium. In the next year, A. Crawford discovered strontium.
By 1803 the atom was known but John Dalton announced that "Thou knowest no man can split
the atom." By 1816, William Prout postulated that all atoms are made up of multiples of the
hydrogen atom. Thorium was discovered by John Berzelius in 1828. In 1839, M. Daguerre
discovered photography, which became the basis for personnel dosimetry and the discovery of
radioactivity in uranium. H. von Helmholz concluded in 1847 that energy may be converted to
other forms but may not be destroyed or lost. By 1869, E. Goldstein introduced science to the
cathode ray and Hittoff demonstrated that cathode rays could be blocked by a solid object.
Scientists began questioning the fogging on photographic plates, unaware that they were



actually looking at X-rays which were the result of radiation. In 1870, James Maxwell explained
through mathematics the earth's magnetic field and its related electric effects as Dmitri
Ivanovitch Mendeleev presented the Periodic Table of the Elements. Nine years later, W.
Crookes showed that cathode rays are solid matter with sufficient energy to drive a small wheel.
A portrait of the earth had been painted. Early Atomic Philosophy.At one point in time there was
a convergence of scientific creativity and prevailing social ethics. The early atomic pioneers
held humanitarian philosophical views on the purpose and proper use of scientific discoveries.
They declined personal gain from such discoveries as radiation, splitting the atom, and other
revelations which became the building blocks of the atomic bomb and the nuclear energy
industry. They refrained from patenting their discoveries, believing that their work products
should belong to mankind and used for its betterment. The altruistic originators of atomic
research, who explored the mysteries of the atom and its energy, could never have predicted or
sanctioned the path their work was to take. The path has ended in stockpiles of nuclear
weapons massive enough to bring about planetary sterilization, thousands of unsafe aging
nuclear energy plants built for profit, and nuclear waste stockpiles that, uncontrolled or
catastrophically released, could poison the environment and its inhabitants.Most of the 20th
century designers and builders of the atomic bomb returned to center after the Hiroshima and
Nagasaki bombings, converting to the belief that such devices should be under the control of a
world government and berthed at university labs where nuclear physics had been born. Upon
witnessing the first successful test of the atomic bomb, detonated in the Jemez Mountain basin
of northern New Mexico, Robert Oppenheimer realized the prophetic truth of the Manhattan
Project’s work and softly murmured a fragment from the Bhagavad Gita, "I am become Death,
the destroyer of worlds." Ultimately, no world government evolved to control the new weapons of
human destruction and nuclear power research did not return to its nursery in university labs.
Social transformations increasingly eroded earlier ethics. Some who possessed esoteric
knowledge further violated the golden calf of scientific neutrality, assuming the powers of the
deities by using their expertise to test and build the son of the atomic bomb, the “Super Bomb”.
As a result, the world became ruled by the U.S./U.S.S.R. Cold War policies of mutually assured
destruction (MAD). In Ancient Egyptian mythology there existed a two-headed snake named
Nehebkau which was very powerful because it could strike in both directions. To control it, and
prevent world chaos, the god, Atun, had to keep his finger on it. Nuclear technology began as a
beneficent gift to mankind, but became a two-headed snake capable of bringing both peace and
destruction. Scientists, who played God, took their fingers off the nuclear snake and lost control
to politicians and the military. The X-ray morphed into weapons of mass destruction which leave
the world filling up with nuclear waste burial grounds. The world is now at the mercy of the two-
headed snake, constantly teetering on the brink of terrorism or nuclear warfare. The Atomic
pioneers, holding beneficent philosophies as they did, would most probably have destroyed their
work for the good of mankind had they been able to foretell the future of the powerful little
atom.The Atomic PioneersWilhelm Conrad Roentgen discovered X-rays on November 8, 1895,



thirty years after the American Civil War had ended. As described earlier, the new technology
quickly became applied as a diagnostic tool in a military field hospital deep in the Sudan.
Roentgen called his discovery "X" because nothing was known at the time about the nature of
rays (Mould, 1993). He demonstrated the unique capacity of X-rays by immobilizing the hand of
his wife over a photographic plate and in the path of X-rays. The results revealed the bones of
her hand and the ring that she was wearing, as well as the fainter shadow of flesh, which is more
permeable to the rays. This demonstration was the first "roentgenogram" ever taken. In 1896,
Edwin Frost took an X-ray of an American school boy’s fractured wrist.In that same year,
Thomas Edison reported injuries to the eye from X-rays and N. Tesla cautioned experimenters
not to get too close to X-ray tubes. In the 19th century, the laws governing gravity, electricity and
magnetism were understood. The nature of energy and matter remained mysterious. Roentgen
had provided the scientific world with the power to penetrate and study matter. Einstein was
later to prove that matter and energy are one and the same. Roentgen’s device revolutionized
medicine and opened the door to such new technological diagnostic tools as EEGs, PET scans
and MRIs. It is now no longer necessary to invade the body to look beyond its skin for
pathologies or to observe the brain's reaction to various stimuli. Prophetically, "X" could have
also been used as a symbol for the less beneficent path down which this discovery was also to
take science and the whole human race: the path to massive nuclear waste burial grounds.The
first 19th century military application of X-ray technology was under Commander H.H.
Kitchener's campaign to regain Khartoum from el Mahdi jihad troops. Using the technology,
wounded British soldiers could be saved in the field. The campaign Surgeon General, J.
Battersby, recorded his experiences in the Archives of the Roentgen Ray. He presented
photographs and radiographs shortly afterwards in a lantern slide lecture to the Roentgen
Society of London, entitling it "The present position of Roentgen rays in military surgery" (Mould:
1993).Battersby’s presentation included instructions on how to successfully take radiographs in
the extreme heat of the Sahara desert where the temperature ranges between 100-120 degrees
Fahrenheit in the shade. While our team was working, temperatures ranged from a low of 110 in
Khartoum during the winter to as high as 135 up in the vast rocky area of the Batn-el-Hagar (the
belly of rocks). The Batn-el-Hagar is south of the Nile’s second cataract and site of ancient
Egyptian Middle Kingdom fortresses. Battersby described the necessity of covering his coils
and storage batteries under thick felt covers which were wet every two hours while they
transported his equipment up river to Adadieh (outside Khartoum) to set up his surgical
hospital. Our survey team always encountered the same problems and regularly stored
processed and unprocessed film in the cooler waters of the Nile after sealing them in water-tight
canisters.Dr. Roentgen, like most of his colleagues, was a scientist's scientist. He never
patented his discovery of X-ray or his work on the radioactivity of uranium, believing that such
discoveries should be freely available for the benefit of society. He also believed that scientific
discoveries should never be exploited for personal gain. His love of nature, his reticence, and
modesty led him to spend his summers mountaineering from his home at the foot of the



Bavarian Alps. Much of the apparatus that he used in exploring the Alps were his own
inventions, stemming from his great ingenuity and mechanical skills. Ironically, his work with X-
rays apparently exposed him to the deleterious effects they can have on living tissue. Dr.
Roentgen died from carcinoma of the intestine in 1923 at the age of 78. Mould (1993) reports
that Roentgen was aware of the harmful biological effects that rays had inflicted on some early
researchers. In early 1898, he met with A.W. Isenthal, a London instrument manufacturer, and
asked him to convey a warning to the scientists in London. Roentgen showed Isenthal
photographs of "skin affections" caused by working with X-rays. Upon his return to England,
Isenthal reported Roentgen's warning to the Roentgen Society of London. Little interest was
generated. However, the Society did appoint a Committee of Inquiry to study the alleged
injuries. Like so much information on initial radiation research, Roentgen's photographs were
lost to posterity when the Department of Physics at the University of Wurzburg moved from its
original site in the center of the city to its outskirts. Much of his laboratory equipment and records
did not survive the move.Antoine-Henri Becquerel.In 1896, the year after Roentgen discovered
the X-ray, Becquerel accidently discovered natural radiation (radioactivity) in uranium. His
expertise with phosphorescent materials, familiarity with uranium compounds, general
laboratory skills, and photography had paved the way to this breakthrough.Dr. Becquerel was
born in Paris in 1852 to a distinguished family of scholars and scientists. His grandfather had
invented the electrolytic method for extracting metals from ore. His father was a professor of
Applied Physics at the Paris Museum's Department of Natural History. In 1878, after holding a
number of other distinguished positions, Henri took over from his deceased father as the
museum’s Chair of Applied Physics. By 1888, Henri had acquired a doctoral degree in Applied
Physics and also extended his father's work on the relationship of light and emission of
phosphorescence in some uranium compounds. In 1889, he was elected to the Academie des
Sciences de France and was made an Officer of the Legion of Honour in 1900. The unit of
radioactivity, the becquerel (Bq), is named for him. Henri's doctoral thesis was on the absorption
of light by crystals. He also worked on terrestrial magnetism and conducted experiments into
the penetrating strength of X-rays, finding that they could penetrate aluminum and copper.
However, his earlier work was overshadowed by his discovery that uranium was naturally
radioactive. The discovery occurred when, in February of 1889 he found that uranium salts
emitted rays which resembled Roentgen's X-rays in their power to penetrate (Nobel
Lectures:1967). He had tightly wrapped two photographic plates in black paper and put them in
a desk drawer in preparation for later exposing them to sunlight. A supply of uranium salts had
been inherited from his father and, knowing that it phosphoresces on exposure to light, he had
placed crusts of the salts on the plates before storing them in the drawer. Poor weather delayed
his light exposure test and he did not remove the plates for days. When he did so, he found a
silhouetted image of the phosphorescent mineral on the photographic plates and he concluded
that ultraviolet light was not necessary to produce the effect. The radiation had come from the
uranium in the salt. His discovery raised the question of where the mysterious power of the



radiation (rays) came from. Becquerel went on to prove that part of uranium radiation could be
deflected by a magnetic field and therefore consisted of charged particles. The significance of
this finding was not evident to the scientific world until Marie Curie discovered the radioactive
element radium in 1902. Bequerel then presented his findings before the French Academy of
Sciences and published a paper entitled “On Visible Radiations Emitted By Phosphorescent
Bodies." For the next two years he continued to study radioactivity and finally demonstrated that
uranium itself was the source of the radiation. In 1903, he jointly received the Nobel Prize for
Physics with Pierre and Marie Curie. In his Nobel lecture, Becquerel indicated his suspicion that
the observed radiation involved the modification of atoms and release of a large amount of
energy. Becquerel also became aware that radiation could effect living tissue. Richards (1915)
reported that Becquerel had carried a small tube of the Curie's impure radium preparation
(described below) in his vest pocket for six hours and observed within days that the abdominal
epidermis opposite the tube had reddened. The inflammation became pronounced and
developed into an ulcer. Becquerel died of unspecified cause in 1908.Marie Sklodowska
Curie.Madame Curie discovered the mysterious element radium, driving deep changes in
contemporary scientific perspectives on matter and energy. Her work also ushered in a new era
of medical knowledge and disease treatment protocols. She was truly a self-made woman. In
her penetrating biography of Curie, Pasachoff (1996) tells us that she was born in Warsaw in
1867 when it was a provincial city of the Russian Empire. Curie was the youngest of five children
and her mother died tragically of tuberculosis when Marie was only 15. Her family's financial
circumstances became difficult when the father, a math and physics teacher, was forced from
his teaching job due to his pro-Polish loyalty and activities. Although Marie excelled at math,
physics, and chemistry, she was forced to study at a "floating university" which continuously
changed venues to avoid the czar's police since the Russian authorities forbade Poles to teach
and conduct laboratory science. She was also barred from study at the University of Warsaw
because she was a woman. Marie began secretly studying chemistry at a "Museum" in Warsaw,
which was actually an illegal lab for training Polish chemists.Eventually, she saved enough
money to travel to Paris. In the fall of 1891, she enrolled at the Sorbonne University where she
completed master's degrees in physics (1893) and math (1894) in the short space of three
years. Following the master’s programs, she managed to win a scholarship for her superior
academic performance and began to study the magnetic properties of different steel types for
the Society for the Encouragement of National Industry. Mould (1998) tells us that after returning
to her native Poland she was subsequently denied a position at Krakow University because she
was a woman. She returned to Paris where a colleague introduced her to the French physicist,
Pierre Curie. Marie began work in Pierre’s laboratory at the Paris Municipal School of Industrial
Physics and Chemistry and the two brilliant scientists soon developed a romantic relationship.
The couple were married in July of 1895. She then began looking for a research subject to earn
a doctoral degree in science. No other woman in the world had yet earned that degree.Although
Becquerel had announced his findings that minerals containing uranium gave off rays these rays



did not produce pictures of bones equal to the quality that could be obtained using Roentgen X-
ray. As a result, scientists of the time largely ignored them. In addition, minerals containing
uranium were difficult to acquire. Marie was challenged by the mysterious uranium rays. She
became a doctoral student of Becquerel and the origin of the mysterious uranium rays became
her doctoral research. Her investigation resulted in the remarkable, for the time, proposed
explanation that rays similar to the Roentgen rays but much more penetrating are constantly
crossing space. However, they could only be absorbed by some elements with heavy atomic
weights, such as uranium and thorium.She realized that the discoveries by Becquerel could be
measured using techniques based on the ionization effect. An ion is an electrically charged
atom or atom group. Her husband and his brother had invented an electrometer which proved to
be a viable alternative to photographic plates when equipped with an ionization chamber.
Utilization of this equipment allowed Marie to make exact measurements of the tiny electrical
changes caused by uranium radiation as it passed through air. She began by measuring the
strength of the rays contained in different amounts of uranium and discovered the direct
correlation between the strength of the rays and the size of the piece of uranium being tested.
That is, a certain amount of uranium or a certain number of uranium atoms gives off a certain
intensity of radiation. Additionally, scientists of the time believed that the rays came from the
interaction of an element's molecules. Marie concluded that the source of the rays was the
element's atom, not realizing that she had unlocked the secret door of horrendous power to be
used for good and for evil. Marie had laid the first stone on the path to the atomic bomb.
Uranium atoms can go critical and become fissile (the process of splitting into parts), given their
volume and proximity to each other. That is why a certain geometry must be maintained in spent
nuclear fuel cooling pools. Overcrowding can lead to disaster.She also invented the word,
“radioactivity.” Stienke (1987) reports that for the next several years Marie tested the source of
the ray strength in other elements, finding that thorium also emitted rays, or radiation.
Pitchblende and chalcolite gave off even stronger radiation in smaller amounts of the element.
The radiation in pitchblende ore was four times stronger than in pure uranium. Marie realized
that there was an undiscovered substance at issue, which was far more active than uranium
itself. Further experiments eliminated all other known elements and finally left her with two
unknown substances. The first one was 150 times more active than uranium. When heated, this
element produced a black powder that was 330 times more radioactive than uranium. Marie
named the substance polonium (after her homeland, Poland). She named the second unknown
substance "the other." By then, Pierre was collaborating tirelessly with her in an abandoned
shed where they had established a laboratory. When her work on polonium was finally
completed she and Pierre began investigating "the other." Using chemical procedures to
separate out the different substances in pitchblende, they discovered that the radioactivity of
"the other" was 900 times higher than uranium. On December 26, 1898, they announced their
findings in a paper before the Proceedings of the Academy, calling the new element radium from
the Latin word for ray. Radium is a rare radioactive metal of the alkaline earth series. Their work,



discovering that a speck of radium spontaneously and perpetually emits energy, unveiled the
existence of what is now called nuclear energy. By that time, the Russian chemist Dmitri
Mendeleev had created a chart to organize the known elements according to the weight of each
element's atoms. An element's atomic weight was established by comparing a specified number
of its atoms with the same number of hydrogen atoms (the lightest of the elements). Pierre and
Marie's discovery upset a world of acquired knowledge and it contradicted firmly established
ideas on the composition of matter (Curie: 1937). The scientific community of the time was
skeptical and demanded that the new substance not be listed on the Periodic Table of Elements
until the Curie's could identify its atomic weight. The Curies were required to show that the
atomic weight of radium was different from the weight of any other known element.For the next
four years (1898-1902) the Curies labored over tons of pitchblende, separating out radium and
polonium and measuring each element's radiation. It was a daunting task. These elements are
found in such small quantities in minerals that they are invisible and if not for their radiation no
one would know that they exist. A sample of pitchblende may contain up to 30 chemical
elements. Radium is only one millionth part of pitchblende ore. Two tons of pitchblende were
processed before the Curie's eventually obtained 1/10 gram of radium. A 1960s treatment of
cervical cancer often involved the same amount of radium. Massive quantities of uranium ore
must be mined to obtain the necessary quantities of uranium required for nuclear energy
production. By definition then, nuclear power is an extraction energy like petroleum and the
necessary ore is largely obtained from foreign resources, such as the Congo, Canada, and
South AmericaUnder the supervision of Henri Becquerel, Marie was awarded a doctoral degree
from the University of Paris in 1906. Regrettably, Pierre had died in 1903 of a badly fractured
skull sustained when he was struck down on the rue Dauphine of Paris by a horse-drawn wagon
filled with military uniforms, leaving Marie to work on alone. Grief stricken, she took up Pierre’s
post at the Sorbonne and became the first female to be assigned a position on the university’s
faculty. By 1910 she had isolated the pure radium metal. The exhausting work had also
revealed the atomic weight of radium--225 (now recognized as 226). Radium was finally
accepted as an existing element by the scientific community. Marie and Pierre's work provided
strong building blocks for atomic research. Scientists came to understand that atoms were not
the smallest possible bits of matter. There are even smaller subatomic particles within atoms.
The atoms of the various elements are different because they have different numbers of these
subatomic particles within them. Most significantly, scientists came to understand that each
atom contained an amazingly large reserve of energy.The environment from which Marie and
Pierre's work emerged was one of enlightenment, "science for the sake of science." Their
arduous research was not conducted for profit but rather to extend scientific knowledge, to gain
further insight into the mysteries of the unknown properties and dynamics of the physical world.
Even though Marie's family had earlier lost their property and fortunes through patriotic
involvements in Polish national uprisings, she and Pierre had no desire to improve their financial
situation as a result of their labors. When Marie, Pierre, and Becquerel were jointly awarded the



Nobel Prize in Physics by the 1903 Royal Swedish Academy of Science, the Curies shared their
financial award with their students and other scientists needing support. Marie was the first
woman to ever be awarded a Nobel Prize. In 1911, she received her second Nobel Prize, in
Chemistry, for the discovery of radium and polonium. Although the prize was awarded singularly
to her, she shared the honor jointly with Pierre in her acceptance lecture. At the onset of World
War I, she donated her valuable gold Nobel Prize medals to the war effort.In that same year,
Marie experienced the pressure of becoming a public figure. She was derided in the press for
her relationship with Paul Langevin, Pierre’s former student, and blamed for the breakup of
Langevin’s marriage. Turning her back on the negative press and public criticism, she continued
her work. Just as Wilhelm Roentgen had declined to patent the discovery of X-ray, Marie
deliberately refrained from patenting the radium process, leaving it open to all scientists and
their endeavors. In reality, she could have become extremely wealthy. By 1915, radium metal
was a valuable commodity and the U.S. Bureau of Mines, in conjunction with the National
Radium Institute, had begun producing it. The U.S. Secretary of the Interior authorized the
statement that "The cost of one gram of radium metal produced in the form of bromide during
March, April, and May of the present year was $36, 050. When you consider that radium has
been selling for $120,000 and $160,000 a gram, you will see just what the Bureau of Mines has
accomplished along these lines" (Science: 1915). There was no mention of the accomplishment
of Dr. Marie Curie. 
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Suzanne in South Carolina, “Nuclear waste dilemma. Great piece of history and politics
regarding long-forgotten facts of the development of 'Atoms for Peace' and other programs
which, despite original peaceful goals, have turned out to have promoted proliferation of nuclear
weapons, nuclear power, and nuclear waste. She clarifies the responsibility for waste
management (a US federal responsibility since the 40s), which has been alternatively ignored
and obfuscated. Dr. Hayes is ending a 6-year term on the Savannah River Site Citizens
Advisory Board, and considers the geologic challenges to be technically unresolveable. She
proposes an alternative to a geologic repository. Very easy reading, even for those who have not
been following nuclear waste policy or technical issues. Essential reading for those who are
convinced the solution to nuclear waste storage is around the corner.”
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