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1 Introduction

A range of economic, political and environmental issues is expanding the demand for
alternative energy sources. Once viewed as a source of virtually unlimited energy,
nuclear-powered generation is now generally considered an undesirable alternative
energy source. But as the pressures to develop alternatives to petro-energy intensify,
nuclear energy cannot be summarily dismissed. However, the reliability concerns and

risks of nuclear power generation must be considered carefully.

2 Nuclear Power System Overview

Nuclear power plants come in different types and sizes. The most prominent type of
reactor used in the United States is the pressurized water reactor (PWR). The PWR
uses two separate closed-loop systems, whose fluids never come into direct contact, to
achieve the final goal, producing megawatts of electricity, which is sold by utility

companies to its customers.

2.1. The Primary

The “primary” system consists of four major components: the reactor vessel, reactor
coolant pumps, steam generators, and the pressurizer. With the exception of some
auxiliary systems, the primary system and subsystems are enclosed in containment
structure in which the walls are made of concrete, steel and other shielding materials to
protect plant workers and the civilian population from the radiation produced during
fission process and from radioactive contamination in the unlikely event of the

inadvertent release of coolant.
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Figure 1: Schematic of a Pressurized Water Reactor  (8)

In the reactor vessel sits the reactor core, which is loaded with fuel assemblies. These
fuel assemblies in the form of plates or tubes contain the fuel matrix of which a relatively
small percentage, roughly 8%, contains an element that will under go fissile reactions,
that is it will absorb a low energy neutron and fission. The most common fissile element
for loading at this time is U,3s. When U35 absorbs a neutron and undergoes fission it
will split into two fission products, release an average of 2.43 neutrons, and emit energy
in the form of gammas. These high-energy neutrons collide with water molecules,
imparting their kinetic energy to the water molecules. Since temperature is roughly
defined as the measure of a substances internal kinetic energy, neutrons colliding with
water molecules cause the waters temperature to increase. In a PWR, water serves as
both the coolant the moderator. A moderator is the substance that slows down
neutrons and thus making them available for absorption by the U,3s. The power and
temperature that a reactor operates at is determined by the amount of fuel cells that are
exposed to a population of neutrons and temperature of the moderator. As waters
temperature increases the density of water decreases, thus neutrons have to travel
further before hitting enough water molecules to slow down before being at the
appropriate energy level to be absorbed by the fuel. In traveling farther they are more

likely to escape the core and thus won’t be available for fission. By using water as a



moderator PWR’s are inherently stable, as temperature increases reactor power wants
to decrease due to less neutrons being available in the core to cause fission. The area
of fuel that is exposed to a neutron flux is managed by using control rods. The control
rods are made of materials that have a large cross section for absorption of neutrons.
As the control rods are lowered or raised in the core they will prevent neutrons from
reaching the fuel matrix thereby decreasing the number of fissions that occur.
Conversely as control rods are raised exposing a greater area of the fuel cells to the

neutron flux and allowing more fission reactions to occur.

Pressure is maintained in the primary by the pressurizer. The pressurizer is a large
tank that is half filled with water and half filled with steam that is piped into the system
downstream of the reactor. It serves to maintain pressure in the primary system above
saturation pressure to prevent vapor bubbles from forming and combining in the reactor
vessel and core and also serves as a surge dampener for the system. It accomplishes
this by having electric heaters in the bottom if the pressurizer which when cycled on at a
preset value causing additional vapor bubbles to form in the pressurizer, compressing
the steam bubble that exists in the top of the pressurizer. If pressure reaches a higher
preset level the pressurizer bubble can be sprayed down via spray nozzle at the top of
the pressurizer, which causes the steam bubble to contract and thereby lowering

primary pressure.

A reactor is nothing more than a heat source. The heat that is generated in the reactor
must be transported to the heat sink; in this case, the heat sinks are the steam
generators. The primary coolant is circulated through the system by reactor coolant
pumps. After the primary coolant has passed through the steam generator, it enters the
reactor coolant pumps where the coolant is pumped back into the reactor to start the
cycle over again. Typically a plant will have one reactor and three to four steam
generators with reactor coolant pumps in each of the primary loops.



2.2. The Secondary

The secondary system also consists of four major components: the steam generators,
turbines, condensers, and feed water pumps. The steam generators are large heat
exchangers that facilitate the transfer of heat from the primary coolant to the secondary
feed water in the steam generators. The heat transferred will cause the feed water to
boil in the steam generators. As the steam rises it will pass through inertial separators,
which will prevent water molecules that may be entrained in the steam from escaping
the steam generators, creating only “dry steam” for use in the high-speed turbines

downstream.

When the steam leaves the steam generators, it will travel through pipes to the steam
turbines outside of the reactor containment structure. The turbines are used to transfer
the internal energy of the steam into mechanical work by impinging on the turbine
blades and rotating the turbine shafts. The turbines shafts are connected to electrical
generators, which provide the end product, electricity, to the customer. The much lower
energy steam is then condensed in condensers and pumped by a series of feed water
pumps back into the containment structure only to be turned into steam once again in

the steam generators.

3 Failure Mode, Root Cause, and Effects Analysis

While there a variety of ways the system can fail, the most critical and severe failures
are the ones that result in loss of life, contamination of the environment, or
contamination and poisoning of people. The following paragraphs describe the potential

failures, causes, and effects in nuclear power plant operation.

One of the major potential failures is a loss of coolant accident (LOCA). Loss of coolant
can be caused by a reactor shutdown thus the reactor would cease to generate power.

This is a failure that is moderately severe but highly unlikely. The failure is relatively



undetectable but with safety systems and back up generators the reactor is able to be
shutdown and cooled.. Another potential cause of loss of coolant is poor design, which
could cause a containment breech. A containment breech is extremely severe,
because it could lead to contamination of the plant and it's personnel and it is not likely
to be detected before it happens. However a containment breech is very unlikely. In
nearly all nuclear power applications, there are relief valves and piping to mitigate the
potential risk of this failure. Material failure could also contribute to a containment
breech. Understanding the thermal aging of the piping and utilizing proper inspection
techniques help to mitigate this potential risk. A leak outside the reactor or a pipe
bursting has the potential to injure plant personnel. This makes it an extremely serious
failure especially because it is difficult to detect prior to occurring. Redundant
equipment and proper surveillance procedures help mitigate major risk and improve
detection. Containment failure can also lead to plant personnel being radioactively
contaminated as well as possible contamination of the civilian population, soil, and
ground water contamination. Proper preventative maintenance and surveillance helps

improve detection of potential issues that could cause containment failure (17).

Another major failure is a steam line rupture. A steam line rupture could cause the plant
to cease to generate power, plant personnel injury or death, and damage to equipment.
This steam line rupture is caused by material failure or improper valve lineup. To
mitigate material failure there is sufficient design margin, material certification as well as
period inspection and surveillance. To mitigate improper valve line up, sensors can be
used to let operators know when the valves are misaligned. Additionally, inspection of
the valve by trained personnel can lead to immediate action if necessary.

An electrical bus fire can cause damage to equipment and personnel injury. It is usually
caused by material failure, condensation in electrical cabinet, and improper
maintenance procedures. Humidity sensors in the electrical cabinets can help detect
the humidity conditions in the cabinets that would lead to condensation. Proper
maintenance procedures and training will also help mitigate this potential failure mode.

Material certification, inspection, and adequate testing will help reduce material failure.



Burn-in and adequate design margin will also minimize the amount of material failure on
the electrical bus. An electrical bus fire can also cause the plant to cease to generate

power.

Turbine failure can be caused by loss of lubrication, material failure, and auxiliary
system failure. These will cause the plant to either cease generating power or have a
degraded performance. Inspection and preventative maintenance on the bearings can
minimize loss of lubrication. Design margin, inspection, material certification, and
adequate testing can minimize failure from material failure. Redundant systems can

minimize the effect of auxiliary system failure.

A steam generator leak can be caused by material failure or poor chemistry control.
These failures can cause the plant to cease to generate power or secondary system
contamination or loss of coolant, personnel contamination, and equipment

contamination (17).

The reactor core shroud can crack, which reduces the structural capacity of shroud.
This could be due to high carbon content in the material, poor heat treatment, and poor
weld treatment. Appropriate heat treating, welding and minimizing the susceptibility to
IGSCC in the material can help to reduce the probability of this failure occurring (17).

If the containment spray system were unavailable the system would not be able to cool
the containment and lower pressure if hot fluids are released from a pipe or valve. This
could be caused by the containment spray system being inoperable, deficiency in the
power supply to the pump motor, or the system trains are inoperable because the
valves are closed. Personnel training and analyzing the technical documentation helps

to minimize the probability of this error occurring (17).

If a control rod withdraws inadvertently, the rods would not be inserted to decrease
power, which could result in major safety issues. This is caused by an error in coupling

the power to the bus that supplied the drive motors. Review of the maintenance



procedures and adequate quality assurance could help mitigate this potential failure
7).

Partial insertion of the control rod in the reactor can be caused by deformities in the fuel
assemblies including swelling of the control rod. The effect of this failure could be
cracking of the control rod and contamination to the coolant. Furthermore, the
deformation causes a reduction in the rigidity of the elements and can even induce
bowing in the whole core. It also means that the reactor may not be able to be
shutdown on demand which could have serious safely consequences. These causes
and effects are also true in the case of the control rod being inserted too slowly.
Maintenance and replacement of rods will help minimize the probability of this failure
7).

In the case of diesel generator failure the site would not be able to cope with loss of
power. This failure could be caused by a valve failure in the air start system.
Additionally, using the wrong fuel or changing the fuel without the proper investigation
and design considerations could lead to failure of the diesel generators. Preventative
maintenance, redundant systems and design change considerations reduces the

probability of failure in the diesel generators (17).

Pipe failures can cause a sudden rupture of the pipe or cracks and leaks which can
cause system degradation. The causes of pipe failures are typically wall thinning or
flow-assisted corrosion. Wall thinning can be caused due to the velocity of the water
and also the chemical composition of the water in the pipes. Thermal fatigue is also a
cause of pipe failure. Proper temperature control, inspection and redundancy in the
system can help reduce the probability of pipe failures. Design margin on the pipe walls
can help reduce the risk of pipe rupture from wall thinning in the pipes. Monitoring the
chemical composition of the water in the pipes will reduce corrosion inside the pipes
7).



A circuit breaker explosion can cause an explosion of an oil and air mixture, which can
damage equipment and injure personnel. The cause of this failure mode is the circuit
breaker did not open which caused overheating in the housing and eventually caused
the housing to fail. Sensors that detect failures in the breakers or overheating can help

alert operators of the potential failure, which improves detection of the failure (17).

Due to the number of valves in a nuclear power plant the potential for a failure
associated with a valve is high. One cause of valve failure is the valve locking due to
pressure build up and thermal expansion. If a valve fails the plant cannot properly
control flow or isolate flow if necessary. However, with strict quality control standards

and redundant systems will help minimize the effect of valve failure (17).

Vessel head penetration cracks can be caused by material fatigue. Proper in-service
inspection helps improve detection of these cracks and minimizes the probability of
major failure in the vessel head. If these cracks are not dealt with, an instantaneous
failure can occur; loss of coolant can occur and ejection of the control rod can occur
7).

In case of the famed Three Mile Island, a control operator blocked a safety circuit. This
rendered all the trains in the system inoperable. The major cause of this failure was
human error. Proper procedures and operator training could have reduced the

probability of this failure reoccurring (17).

A complete FMEA can be found in the appendix of this report.

4 Waste Disposal and Transportation

Of all the issues dealing with nuclear power, none has a greater impact in prohibiting
the growth of civilian nuclear power plants than finding an environmentally friendly

solution to harmful waste disposal. Spent nuclear fuel can be chemically reprocessed

to recover useable uranium and plutonium. Some of the countries that employ



reprocessing technology for spent nuclear fuel include France, the United Kingdom,
Japan, Russia and India (6). The United States does not currently reprocess spent
nuclear fuel. Even though countries that have reprocessing capabilities can reuse some
spent fuel, commercial nuclear power still generates high-level waste that must be
safely disposed of. This waste presents a difficult problem for nuclear power generation
since it has an extremely long half-live, and it emits intense levels of radiation during the
first 50 years after removal from the reactor (4). No permanent solution to this problem
of nuclear waste disposal has been implemented successfully. Currently in the US, the
most harmful nuclear waste is being stored on site at nuclear power facilities in 39
states (5). The practice of storing nuclear waste at power plant facilities is common in
other countries as well. This is only a temporary solution to waste disposal, and a more
permanent and safer solution must be reached before nuclear power can once again

expand as an alternative to petro-energy.

The current method for storing harmful nuclear waste is unsafe and simply not feasible
as a long-term solution to nuclear waste disposal. Currently in the US today, 161 million
American civilians live within 75 miles of temporary storage sites of harmful nuclear
waste. Some of these sites are adjacent to rivers or sit atop water tables (5). These
sites also pose a threat to national security in the current age of terrorism. Multiple
solutions have been considered regarding this question that has remained unanswered
since the start of the nuclear energy era over fifty years ago. Some of these solutions
include containing waste at the bottom of the ocean, launching it toward the sun, and
burying it here on earth (5). There is no easy answer to this question, and each
solution has significant risks and cost attached to it. In 1978, the US Department of
Energy began to study Yucca Mountain in the Nevada Dessert (4). America’s nuclear
waste in one centralized location is still the most likely to succeed as a long-term
solution to the problem of storing harmful nuclear waste. In 2006, the US Department of
Energy announced that it plans on accepting nuclear waste into the Yucca Mountain
repository in March 2017 (4). As expected, there is much resistance to this solution

from the state of Nevada and its residence. There is no perfect solution for the disposal



of nuclear waste, but this problem must be addressed and solved if nuclear power is to

succeed as a source of energy in the future.
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Regardless of what solution is reached for the disposal of nuclear waste, transportation
remains another major concern in dealing with waste from nuclear power generation.
Whether the final resting place for nuclear waste product is at the bottom of the ocean,
in space, or in the rocky depths of Yucca Mountain, this harmful radioactive material
must be transported to one central location. The waste must be relocated from current
temporary storage locations around the country to one or more centralized disposal
locations. This transportation of extremely hazardous material is both expensive and
dangerous. Current transportation methods for nuclear waste products include guarded
transport convoys on US interstate highways and rail car transports. Both these
methods are considered vulnerable to terrorist attacks. Waste is transported inside
stainless steel casks that are insulated and extremely impact and heat resistant (4).
However it would only take a very small amount of material to escape for the
environmental impact to be catastrophic. These proposed truck convoys and rail cars
would be in transit though some of the most populated US cities including Cleveland,
Pittsburg, Chicago, Atlanta, St. Louis, Nashville, Las Vegas, and many others (5). If the
current waste is to be relocated from temporary holding facilities, a massive
transportation effort cannot be avoided. There are significant risks in transporting
nuclear waste material across the country, but the US congress is spending millions of
tax dollars to mitigate these risks (4). Once a long-term disposal solution is reached
and cross country transportation is proven safe, then the stage will be set for successful

expansion of commercial nuclear power generation in the United States.



5 The Problems with Nuclear Power

In the last 30 years, there has been a strong resistance to nuclear power from both the
public and corporations. The reasons are numerous, but in general, businesses resist
nuclear power because of the economic impacts. The public resists nuclear power
because of the risks and high-loss of life in the case of an accident. With the rise in
terrorism, there is a risk that both the fuel and the waste will end up in the wrong hands.
The following paragraphs discuss in more detail the economic, political, environmental,
and social considerations of nuclear power. The figures below represents and high-
level view of why there is resistance to nuclear power and the basic impacts of nuclear

power.



5.1. Economic Considerations

Over a half a century ago on December 20, 1951 on the high plains of southeastern
Idaho, Experimental Breeder Reactor-1 produced enough energy to illuminate four light
bulbs in a remote testing facility. Currently in the United State there are 104 nuclear
reactors providing over 20% of the countries demand for electricity (8). Atomic energy
was once thought of as an answer to the worlds need for clean power. This was
especially true in the early 1970’s when many nations felt handcuffed by the Middle
Eastern countries oil embargo. As the price for oil skyrocketed, so did the cost of
electricity as the oil-fired power plants guzzled down fuel. As a result, the number of
nuclear power plants being acquired by utility companies rose sharply. But as oil prices
subsided, so did the pursuit of atom splitting power.

Utility companies have steered clear of building nuclear plants in the past 20 years.
Relatively cheap oil prices are one reason behind this. Other factors were the
unwillingness of companies to invest the capitol that is required build a plant coupled
with an inept licensing process that was in place at the charge of the Nuclear
Regulatory Commission (NRC). The process left the utility companies open to
reactionary start and stop planning, construction, and operations due to civil injunctions.

This meant that not only did the companies invest huge amounts of capitol, but they



also risked having to service that capitol due to delays imposed by various groups that
were opposed to nuclear power. Additionally, the licensing process did not resolve
safety issues that the NRC may have had until after the plant was constructed.
Therefore after the plant was built, the NRC could come in with a laundry list of issues
to be addressed. This servicing of unplanned and costly issues has the potential to
cause significant delays in plants becoming operational and providing a return on

investment for the companies’ stockholders.

The Energy Policy Acts of 1992 and 2002 are aimed at fixing these inefficiencies. The
new and untested licensing plans have set up three distinct areas which should allow
utility companies to adequately plan, build, and operate plants without the fear of major
delays due to numerous injunctions. First, “Early Site Permits” allow utility companies to
purchase and conduct environmental surveys and localized safety evaluations on a
proposed site. These lands may be undeveloped or may be the site of another nuclear
power facility in which the company seeks to add an addition reactor. Secondly, the
“Design Certification” portion is where that NRC dives deep into a particular plants
construction and subsequent operational capabilities. During this process, all safety
related issues are resolved. The idea is that once a company gets a design approved
there is no use in having to repeat the same certification process all over again for the
exact same plant. The last portion of the licensing reform comes in the “Combined
License for Construction and Operation.” Consider the following hypothetical scenario:
a utility company, such as Wisconsin Power and Light, would like to build and operate a
nuclear power plant outside of Cheese City, Wisconsin. The company could apply for
an Early Site Permit, conduct environmental and exploratory studies to define which
plant would best provide the electricity to its customers, and then submit their plans to
the NRC. Wisconsin Power and Light then decides that they would like to purchase,
build, and operate a plant that has already been approved by the NRC, the “Mega-Nuke
1000,” or acquire a new design. They could then apply for a Combined License for
Construction and Operation. During each phase of the process, public groups are
allowed hearings to address fact-based issues that pertain to that particular phase. The

new process has not yet been fully put through its paces, and in an effort to jumpstart



the industry through the Energy Act of 2005, the U.S. Department of Energy put in place
financial incentives for the first six reactor plants built under the new policy in the form of
partial funding and for loan guarantees if the processed is unduly delayed (11). The
change in policy appears to be working. After a drought of over 20 years, there are

currently 32 new proposed nuclear power plants in the U.S. (10).

5.2. Political Considerations

The fact that there is only a limited supply of uranium on earth creates issues of equity.
Currently, the US consumes the majority of the fossil fuels being mined on the planet,
and this would likely also be true in the case of uranium. This could lead to political
conflict with other countries, especially if there are large uranium reserves in parts of the
world that are not controlled by the US.

Another major political concern with nuclear power generation is nuclear proliferation
and terrorism concerns. Nuclear reactors can be used to develop nuclear weapons,
because they convert uranium to plutonium. Several countries have procured nuclear
technology for civilian purposes and then used it to develop nuclear weapons, and

many other have been accused of doing such things.

Having nuclear weapons provides powerful security for a country against the threat of
nuclear war. This security fueled the original nuclear arms race between the U.S. and
the Soviet Union, but now the nuclear arms race is occurring in third world countries
with violent histories in order to increase their security against their neighbors or hostile
countries. Some argue that countries, such as North Korea, are able to create nuclear
bombs with their own physicists. This implies it would be easy for any country to do the
same. Furthermore, it is becoming easier for countries to attain access to the
technology and material for enriching uranium and reprocessing plutonium as a means
to create nuclear weapons. Still others argue that creating a nuclear bomb requires
advanced technology and industrial infrastructure not present in most third world

countries. Thus the international community should have sufficient warning if a country



is proliferating. The majority of these countries have not made any effort in nuclear

proliferation though many have the capabilities to do so (1).

An additional concern is the vulnerability of nuclear power plants to terrorism attacks.
The plants have the ability to scram in less than 5 seconds while to restart a plant takes
several hours. The plants also have to abide by a “Design Basis Threat” criteria created
by the NRC. Additionally, high fences and armed guards protect plants. Plants are
required to have robust structures that can withstand an attack by an airplane. The
NRC has also required plants to be able to handle large fires and explosions. All of
these safeguards should hamper a terrorists attempt to attack a plant and release
radioactivity into the environment or steal nuclear materials. However as technology
evolves, older plants will be more and more at risk for new methods of attacks and

weapons (15).

Finally, the nuclear waste generated from nuclear power generation could be used as a
weapon. Transportation of nuclear waste provides opportunities for attacks and thefts.
In the past, workers have been caught trying to sell nuclear material to be used as a
weapon. Because of these issues, the UN has called for increased security of

radioactive and nuclear waste.

5.3. Environmental Considerations

Many arguments against nuclear power claim that it requires yet another nonrenewable
resource. Not only is there a limited supply of uranium on the planet, but it also requires
destructive and dangerous mining to acquire it. Furthermore, pollution comes from

burning fossil fuels to mine, enrich, and transport uranium (14).

Another argument against nuclear power is the risk of environmental contamination.
Storing and transporting radioactive waste poses a huge risk to the environment in the
event of an accident or sabotage. Improvements in technology and research help

reduce these risks to the environment. Leaks in the containers and degradation in the



containers can lead to contamination of the soil and water. Furthermore, equipment in
plants can also be contaminated in the case of a leak, so that equipment must be dealt
with safely (14).

An additional environmental concern is the thermal pollution from nuclear waste. The
high temperature of water discharged from the plant can adversely affect aquatic life.
Pollutants such as metals and salts can build up in the water and harm life in the

streams and lakes (14).

Moreover, plants use a large amount of water that must come from the surrounding
community. Usually water is removed from streams and lakes, which can affect aquatic
life (14).

Plants require large amounts of land, and the building and operating of a plant can harm
the ecosystem of the wildlife in the area as well as contaminate the soil with toxic waste.
Even once a power plant ceases to operate, the land it stands on or the land that the

waste is stored on will never be able to be used again (14).

In the case of an accident, such as Chernobyl, radioactive material could be released
into the environment ruining that land for centuries and potentially killing and harming
people for years to come. However, on average a plant puts out radioactive effluent
emissions amounting to about 0.01mrem in a person and the average dose to a person
from all other sources including background radiation and medical procedures is
360mrem (16).

On the positive side, nuclear power generation produces far less carbon emissions than
burning fossil fuels. Additionally, nuclear power plants do not emit other common
pollutants such as sulfur dioxide, nitrogen oxides, and mercury.



5.4. Social Considerations

The social considerations around nuclear power involve the risks and public perception.
In general, the public fears the risks associated nuclear power accidents. While no one
was seriously injured in the Three Mile Island incident, there was some contamination
released into the environment, and ultimately the plant was shut down further
supporting the public’s perception that nuclear power was too risky. Furthermore, the
accident at Chernobyl is infamous. Several people died immediately and many more
have died over the years from radiation poisoning, increased in leukemia, cancer, and
birth defects. The land around Chernobyl is completely contaminated and will not be
available for use for hundreds of years. The discussion and fear around nuclear
radiation began with the dropping of the atom bombs in Japan which killed over 100,000
people and left enough radiation to risk the lives of many more. If there was a disaster
and people were exposed, it would be impossible to cure all those who would develop
cancer due to radiation poisoning. Many believe it's just not worth the risk (1).

% & (1!

However, some argue that reactors are much safer than the reactors at Chernobyl.
With advances in technology, safety increases. Furthermore, other industries emit large
amounts of pollutants such as automobiles producing smog, chemical plants producing

their own toxic waste, and the burning of fossil fuels (1).



6 Recommendations and Potential Solutions

Recent advances stemming from active research and development have made the
nuclear waste scenario a bit more pragmatic to handle safely. An initial IP scan and a
brief search have painted a more realistically achievable picture of securely storing,
handling, and disposing of nuclear waste for immediate deployment. Some of the recent
developments in these areas that offer enormous research and applicative potential
include cryogenic cold freezing of unusable spent fuel by-products, storing in tamper-
proof, self-sealing, self-adhesive, crack-proof containers made from nuclear-absorbent
materials, and the use of advanced synthetic polymer based materials for transportation

and disposal (4).

A more distinct and diverse development related to better handling the waste has its
origins in reprocessing, recycling, and irradiation technologies. “Reprocessing” as
developed by the United States,, France, and England, today stands at actively
reprocessing/reenergizing (via enrichment) upwards of 50% of waste accumulated after
the initial fuel is depleted (11). This repossessed fuel can be used as input fuel for
power generation. The end waste can be exponentially reduced; this is primarily
weapons grade enriched material that is of active concern today given proliferation and
terrorism issues. “Recycling” on the other hand, aims at isolating reusable radioactive
isotopes of the fission or fission-fusion reactions for alternate uses. These alternate
uses include nuclear medicine, radiological therapy, and space applications.
“Irradiation” promises to develop into a science that works as an anti-nuclear
mechanism designed toward capturing, subduing, and potentially diffusing the
radioactivity of nuclear waste. Advanced research into polymer science, metallurgical
engineering, nuclear physics, and material technology promises captive use of naturally
occurring and abundantly available elements like Lead, Sodium, Barium, Cadmium and
Bismuth coupled with synthetic polymers to attract and absorb low level (to begin with)

radioactive emissions from the waste (11).



A geo-social-political cultural encouragement is bringing about a complex harmonization
of these individual technologies, and modern production skills promise a greener and
safer future for us to competitively rely on nuclear fuel as an alternate, cheap, green,
and mass energy supplying source yielding a more balanced and assured power
situation for tomorrow. Building dedicated spent fuel recycling, irradiation, and
reprocessing plants requires massive funding in advancing the R&D and S&T
processes. However, these solutions would in due course ensure maximum reliability

and safety to nuclear power applications by using and re-using nuclear fuel and waste.

7 Conclusion

The trends of society that cannot be ignored are that population continues to rise as
does energy consumption. As our thirst for power and increases companies will jump
on to ensure that the demand is met as long as a profit can be made. As oil prices
skyrocket and stability in the region that possess the oil continue to be an issue and
sources of coal that are relatively easy to extract are depleted, other forms of power
become more financially attractive to utility companies. The utility companies wanted to
be assured that their enormous projects involving the expenditure of vast amounts of
capital would be allowed to be completed on a reasonable timeline and would produce
an acceptable return. Economically, utility companies see nuclear power as a way to
provide a product to their customers. This is clearly evident by the rapid acceleration in

number of plants that are currently on review by the NRC.

Environmentally we are not solving our issues, but rather depleting one natural resource
for another and trading one byproduct for another. With current technology we are
merely trading greenhouse gases for nuclear waste. Although an effective public
relations tool for power companies is that they are not pumping greenhouse gases into
the atmosphere that may be contributing to global climate change Yet, at the end of the

day they are still left with an undesirable byproduct.



Many years have passed since the accident at Three Mile Island and much was learned
by the nuclear power industry from the accident. Since then, nuclear plants have a
proven track record of operating safely throughout the country. If technology in
symbiotic fuel cycles and the Generation IV reactors are successful, along with other
technologies that will eliminate or drastically reduce nuclear waste, we will then have a

much “greener” source of power that can satisfy the consumers’ need for the next era.
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Appendix

1. FMEA Attached.



