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Abstract

There is no doubt now, that energy crisis, is thejor problem confronting
developing Countries and yet, these countries hemhtinued to embark on and
nurture a no-growth Program of energy supply sucls Mini-Hydro, Thermal, Solar,
Wind Power etc. Hence, there is over-dependencelmustrialized Nations for the
supply of essential goods and services and worsthéoquality of life. This research
work is meant to create an awareness of alternatarel sustainable source of energy
supply such as Nuclear Electricity, too cheap totere Uranium, which is the fuel used
in Nuclear Power Stations, is available in large gntities throughout the world.

The study delves into the mechanisms of Nuclear &mm, Radioactive
Substances, Radioactive Isotopes, and peaceful iappibn of Nuclear Science,
production of Nuclear Electricity, risk and proteicn.

A practical approach was also adopted, aimed tovgaize readers’ interest
towards Nuclear Electricity generation and enormoymtentials offered by Nuclear
Science.

1.0 Introduction

Many intellectuals must have been wondering abbetdifferent phenomenon taking place in our woddaty, in all
spheres of our everyday life. For instance, theetbgpment taking place in Aviation, Medicine, IndystAgriculture, Space
Science, Communication, Pollution Control and Eleity Production. | shall be touching very caréfulon the various
aspects of the proceedings but to lay more empbasdise later, which is electricity production.

By the method, the advancement in Nuclear Technotoday is of significant importance and its rokemnot be
underestimated. The Director-General of Internaigktomic Energy Agency, Dr Hanx Blix, at Annual i8gosium, at the
Uranium Institute in United kingdom in 1986, on@dsthat, we can’t disinvent Nuclear Science. Al need to do, is to
demystify it instead. That is, by making people enfamiliar not only with Nuclear Electricity butsal with the whole range
of Nuclear Techniques at work in today’s world taprove the lot of mankind, especially those linkeith Radiation and
Radioisotopes. Some people will disinvent Nucleaiegce altogether if they could but to do so, wobkl to block
improvements to the standard of living of a whadion and worse to their quality of life.

The reminder must be taken seriously that the ecamoe about our ability to harness and manipulaedrce of atom
and the general processes of Physics and Chenfistrihe benefit of our own species, need to be teg by some
individuals. In some people, the earlier optimisad liurned to pessimism. They appear to turn thekdimck when they
urge that we abandon Pesticides, Fertilizers, imtad foods and Nuclear Power Stations and switcBibdynamic
Agriculture, solar Power, Wind Power, Biomass andiMiydro.

A call for no-growth and change of life style, lsne from many young Intellectuals in the afflusotieties. They feel
with some justification that, application of modestience and Technologies have taken to severalkbrof disaster:
Thermonuclear war, Ozone Layer depletion, Globaiiag, Desertification, Genetic Diseases etc. Tiagmbsis of danger,
may be right but the therapies sometimes recomnteadenot so.

2.0 Theory
2.1 All About Nuclear Power Station

Nuclear-generated Electricity, can make a substhotintribution to conserving other fuel. Fossiliwill not last for
ever and it is vital that we do not waste them. €dibuld be conserved for our transport needs aatl witl be needed
increasingly to replace oil as an important rawariat for the production of chemicals, plastics éedlizers.
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Uranium, which is the fuel use to generate NucklEactricity, has no other significant use but available in large
guantities through-out the world. It is moreoveveay concentrated fuel. One Tone of Uranium, carpce as much energy
as 20,000 Tones of Coal. An added advantage ofillraris that, it can be reprocessed after use aetytled into more fuel.

Processing also allows for the recovery of a bydpod, plutonium which can be made into fuel fort fRgactors. In
addition to generating power, fast Reactors prodre=sh Fuel, thus increasing the energy obtainibla Uranium by about
sixty times. Nuclear Power has a major part to ptagreserving a balance energy policy; it offersedsity in the fuels used
in the generation of electricity and provides sdgwgainst shortage of supply due to internatiarahdustrial disputes.

2.2 The First Nuclear Reactor.

The following are some of the reactors widely iedisoday: The Pressurized-water Rea@®WR), the advance gas-
cooled ReactofAGR), the Magnox Design, the Boiling-water ReadBWWR) andRBMK- the unique Russian Design. The
process that leads to the mentioned designs, wstsdémonstrated by Mr. Ferni (Italian physicidtuclear fission was
discovered in 1939 by 1942, in a Swatch Court atUhiversity of Chicago in U.S.A, demonstrated with Team that the
Atom of Uranium is capable enough to undergo Nudkéssion [1].

The Uranium Atom was self- sustained in a chaindiesn, in a reactor, built with a thick concrete Imghield, far
different from the modern Reactors in use todayhdugh the reactor worked for only 28 minutes, tbutas brought
enormous potential toward the advancement in Nudleahnology [2].

HOW A NUCLEAR POWER WORKS
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Fig 1: How a Nuclear Power Station Works

2.3 How Nuclear Power Station Produces Electricity

Electricity from Nuclear Power Station, is genedaés much the same way as that of Coal or Oil-Aeder Station. Heat
converts water to steam which drives a Turbo Géoeta produce electricity. The only difference,tiee source of heat.
With coal and oil, the heat comes from burningftied. As for Nuclear Power Station, the heat igaskd by the splitting of
Uranium Atom (see Fig. 1). This splitting is knows Nuclear Fission and within a nuclear Reactarcéurs in a controlled
way.
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2.3.1  Nuclear Fission

When the Nucleus of Uranium Atom is hit by a tréawvgINeutron, it split into two parts, releasing enein the form of heat.
At the same time, several Neutrons are releasedhwhay go on to strike the Nuclei of other Atoroausing further fission
and setting up a chain Reaction. Energy producdisnwvay, is controlled in a Nuclear Reactor toyile a steady supply of
heat. The heat produced, is transferred to a Bobiea coolant, either gas or liquid, and from tleen a Nuclear Power
Station will operate like any other Thermal Powtti®n. The amount of heat produced, is massivelation to the quantity
of fuel required within the Nuclear Reactor.

24 Mechanism Of Nuclear Reactions.

Radioactive substances, give three types of Raditi (Alpha),

B (Beta) andy (Gamma) Rays. They all cause certain substan@dsaguZinc Sulphide to luminize and they all ionjsses
through which they pass. They differ in their rasg®to an electric field, in the manner shown o Bi The uncharged rays,
vy (Gamma), are similar to X-Rays. They have high epexting power, being able to pass through 0.1mmetal.
Measurements of e/m identified(Alpha) Rays as the Nuclei of Helium Atom amdRays can penetrate no more than 0.01m
of metal.

Soreen detects radistion
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Fig 2: Emission o#, p andy particle
24.1 Mechanism Of Nuclear Reactions For Spontanas Processes

A brief insight into the mechanism of Nuclear Reagtiboth for Spontaneous and Non-Spontaneous Pesesgl the
enabling equations, have been articulated to explaanium Isotopes as they occur in Fission Praseds detailed analysis
of the Fission of Uranium Atom and the advantagdseutron over Alpha and Beta particles, will beatlissed in the future.

There are three naturally occurring series of Ractive Elements. The Uranium Serisgrts WithzggU and decays through
a series of unstable isotopeszﬁng. The first two steps in the decay are:
238U — 233Th + SHe (a — decay) (1)

*50Th = %51Pa+ _je (B — decay) (2)

When an Isotope undergoesdecay (with the emission of an particle), its Proton Number decreases by 2 enbicleon
Number, decrease by 4. The isotope produced, igtaaps to the left in the Periodic Table. Wherismmtope undergods
decay (with the emission of an electron), its Pmokumber increases by 1 and its Nucleon Numbeunihanged. The
isotope produced, is one group to the right inRedodic Table.

The other naturally occurring series, is thetinium Serieswhich decays frongg’U to 2g%Pb and the Thorium Series,
which starts with?32Th and ends wittf 35 Pb.

There is a fourth series of Radioisotopes, whicimatooccur in nature but have been made by Nuéteactions.
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2.4.2 MECHANISM OF NUCLEAR REACTIONS FOR NON SPONTANEOUS PROCESSES

Some Nuclear Reactions are not spontaneous. Thay ethen stable Isotopes are bombarded with pestislch as-
particles or Neutrons. Rutherford was the firstsparto bring about a Nuclear Reaction. He was éxgeiting on the
bombardment of Nitrogen witl- particles in a Cloud Chamber of the type inverigdC T R Wilson. The diagram below
shows the kind of photograph he obtained.

Fig3: Bombardment of nitrogen wité pa-rticle

1. The cloud chamber is filled with air which is sugesiurated with a water vapor. If any ions are pecedy they cause
condensation.

2. Radioactive source of- particle.

3. This track is a trail of condensation produced by-apatrticle.
4. Long, thin track of 1H

5. Short, thick track of 120

Fig. 3 shows the track of a®- particle coming to an end and being replaced Biait, thick track and a long, thin track.
Rutherford realized that two particles had beeméat in a Nuclear Reaction. He attributed the slioidk track tolgO and
the long, thin track téH. He proposed that, they had been formed by thieauceaction.

YN + 3He - 30 + {H (a,p) 3)

(o, p) This is classified as afu, p) reaction since the projectile is an particle and a Proton (p), is produced in the
reaction. Other bombarding particles were usednamice Nuclear Reactions were observed. Examples are

(a,n) 3Be + 3He - 12C + In (4)
(p,a) iLi + 1H - 23He (5)
(n,a@) 150 + in > 13C + 3He (6)

Neutrons (n) have the advantage oweparticles and protons in that, being unchargeely ire not repelled by the positive
Nuclei of the bombarded Atoms. Since 1940, a seeef elements with Proton numbers greater thamh@2Proton Number
of the heaviest naturally occurring Element, Uramitnave been made. They are calledTttensuranium Elements.

( Ramsden, 1985).

2.4.3 BALANCING NUCLEAR EQUATIONS

In the equation for a Nuclear Reaction, the surthefNucleon Numbers (mass numbers), is the sanb®mitnsides and the
sum of the Proton (Atomic Numbers), is the saméath sides of the equation. For example, Nitrogemergoe$- decay
in the following way:
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N > 50 + e @)
And it is clear from (7) that a =16 and b= 8, hetleeisotope produced &0
The final Equation is thus;

N - 150 + e (8)

2.5 Effect:

The miracle of life is possible because the célig aire present in all living matter, can grow agproduce themselves.
Radiation is one of many ways in which these preegs<an be affected. It does so as a result dEnieegy of Radiation
being absorbed by the cell. This can produce éatteffect called lonization, which in turn leaidschemical changes in the
cell. Such changes are happening all the time hadobdy has a very effective way of repairing thém.adult person,
contains about 6.18cells, several billions of these die every day arelreplaced by new ones. Most of the cells dfedki
by a low moderate dose of Radiation. However, 10@i6 or more, can kill so many cells, that theyodnnot replace them
rapidly enough. This result in serious effect sastskin burns and vomiting. At about 10,000 unitex@r, death will occur
within days or weeks as a result of Nuclear Powgrasure.

Genetic Disease such as Cancer and Leukemia, farnopdelayed Effect, resulting from excessiveeadosf Radiation.
For instance, children whose parents receive hage af Radiation from the two atomic Bomb, Hiroshiemd Nagasaki in
Japan in1945, hardly live above 20 years.

The negative health Effects of the Fukushima Nud#saster, include a moderately increased risktofroid cancer (a
comparatively rare form of cancer) for girls, frahe most contaminated area and a slightly increaskdf other cancers
for infants, from the most contaminated areas. ®mely found that, more than a third (36%) of clatdiin Fukushima
Prefecture, have abnormal Growths in their Thymglghds, which are not attributed to the effectRafliation alone. In
particular, a WHO report found that, there is a 7@iger-risk of developing Thyroid cancer for gigxposed as infants, in
the most contaminated area, a 7% higher- riskeafkemia in males exposed as infants in the mosaoonated area, a 4%
higher- risk, overall, of developing solid cancinsfemales.

3.0 Benefits of Nuclear Science.

The benefits of Nuclear Science cannot be overersipé@ Uranium Nuclear Power Station, now accoanabout 70% of
the utilities in America and European Communitiesproved Medical Research, Diagnosis and Treatnastalso being
facilitated by this Science for effective Healthreaystem. The following are fields in which Nucl@&chnology is used.

3.1 Medicine:
» Radioactive materials are use to produce brainsSgtgpical of Alzheimer’s diseases).
» Radioactive Techniques to mark materials, are usednany field including genetic Research and Geneti
Engineering.
» Medical items like Surgical Gloves and Syringesstegilized by Irradiation on a large scale. This nadically cut
the risk of infections in clinics and hospitals.

3.2 Agriculture

» lrradiation of certain foodstuffs, is used insteddchemical treatments in some countries to enhaeterioration
and food-borne diseases. Foodstuffs so treatedptithemselves, become radioactive nor do the econessireceive
any Radiation.

» Insects that cause excessive damage to Agricultnogds, can be controlled by releasing large numlbémale
insects that have been sterilized by Irradiatidmusl breaking the breeding cycle. For instancepthm of harmful
insect like the screw-worm, the Mediterranean fflyitand the Tsetse Fly, can be irradiated to poadsterile but
otherwise normal insect. So, when the sterile maiagses, there are no offsprings. That is how thst pwly
dwindles in number and eventually disappears. IreAca, the screw-worm which can have a devastatifegt on
cattle and even on humans, has been pushed bas&uthern Mexico. A rearing factory there, producB@p
million sterile screw-worms every week, keeps tlwrdry from being re-infected from South AmericeheT
Economic Benefits are in Multi-Billion Dollar rang&he Ecological ones, are that, no residues dtebé&hind
(contrast that with pesticides). The spread ofdtreew-worm, has now spread to Libya without a peogne of
instant Sterilization through Irradiation; this atere could bring great suffering to cattle andiifie of all Africa.
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» Radiation is use to provoke Mutation in seeds aratlyce new kinds of food crops. In 1960, there wse
Radiation- induced Mutants varieties and todayrettere over 130 breeds for richer harvest, highadity and
better resistance to pest and illnesses. In Chiitgat Million Hectares or 10% of the country’s d¢uétted land are
planted with seeds of this type, offering a benaffikbout 1000 million US Dollars in a year to tBeinese Society.
Sixty Percent (60%) of the Durum Wheat, grown alyito make pasta, come from this type of grain.

» A Nitrogen Isotope has been used to work out thet vaysof applying Nitrogenous Fertilizers. This save mpne
and spares the environment surplus NitrogenousdiZertwhich has negative Effect. For example, @rdwater,
Rivers, and Lakes.

» Whiskey is made from the Golden- Promise type ofld8a a favorite among Scottish distillers, for madaking,
and a pure Gamma Ray induced Mutant.

3.3 Industry and Pollution Control

» Underground leaks in water or fuel pipes, can leded by introducing a short-lived Radioisotopt ithe pipe.
Radioactivity on the surface, can be monitoredudden increase of surface Radioactivity, shows a/heater or
fuel is escaping.
Radioactive materials are used in luminous signs
Smoke Detector work by sensing changes in the atmfuRadiation reaching a detector from a radia@ctiource
in the presence of smoke.
Radioactive materials can be used to produce phajbgc Image of the combustion chambers withiredgines.
Radioactive materials, are use to measure cylimggar in car engines. Engine wear can be measuragsing
Radioactive Piston Rings. As the piston rings waaay, the lubricating oil becomes radioactive.His way, the
Efficiency of various lubricating oils can be tekte

VV VYV

3.4 Research

Carbon-14 dating, can be used to calculate theoAg#ant and animals remains. Living plants andveis take in
carbon, which include a small proportion of theioadtive Isotope, carbon -14. When a plant or ahifies, it takes in no
more carbon -14 and that which is already presiatays. The rate of decay, decreases over the gedrthe activity that
remains, can be used to calculate the age of tre pt animal material. Carbon-14 dating, is alsedutto measure the age of
Archeological, Geological and other specimens, fifiew hundred to about fifty thousand years oldisTtechnique was
used to date a body found in a pit bog in Chedhngland.

Radioactive techniques to mark materials, are mseany fields including Genetic Research and Ge&igineering.

Investigations of isotopic Content of water, cahus if Groundwater in the arid Region like, Mali Niger, came from
rainfall thousands of years ago or whether it cofr@s a system still being recharged, such astamtisnountain range.

4.0 Risk and Protection

In discussing the risk resulting from the developtef Nuclear Science, it is important to involMeetsources of
Radiation in order to bring the readers to fullaist of the subject matter, to prevent the autheerbmisjudge of facts
hoarding. The following are sources of radiation

4.0.1 Natural:
This includes Cosmic Radiation, air (Radon anddahprfood and drinks (nuts, tea, coffee and breadain more radio
activities).

4.0.2 Man-made:
This include medical (diagnostic x-ray), Falloudrfr Nuclear Explosion, Nuclear Power Stations.

Miscellaneous
These include watches and clocks ionized with 1&dtige Materials, Tv Sets and Smoke Detectors diolyair travel

4.1 Risk

As previously mentioned, like any man’s discovetyhas potentials for both good and for harm. Tegelbpment of
Nuclear Science, has brought about the evolutiohheffrmal- Nuclear war. For example, the 1945 inuide Japan, which
lead to the deployment of Atomic Bomb in two citldsoshima and Nagasaki, in Japan, by the Americ@hss incident
was made to discourage the advancement of Nuct#an&. However, the Security Council of the Uniléation and The
International Atomic Energy Agency Programme ofdbmament and Testing of Long Range Nuclear Weagmynsiember
states, had enabled world peace and eroded Therroledt war. (Ramsden, 1985).
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Few cases of Nuclear Accident, world over, suchBdgpal Incident in 1958,in the United Kingdom, American
Nuclear Accident in 1983, Chernobyl in USSR in 1886l Fukushima Daiichi Disaster in Japan in 20&a¥etbrought about
apprehension, not minding the enormous Potentiavet® from the application of Nuclear Science. Fastance, the
Chernobyl Nuclear Accident in USSR in 1986, wascdbed by many as the worst Nuclear Accident emayur planet. The
Accident was seen by many as the worst Nucleard&etj not because of inadequate operation but beaafusafety Test.
After all, the Reactor had operated several yeaefsrb the Accident. What happen was that, the Rnd3esigrRBMK , has
a cooling power embodied in the Reactor, shouldRbactor loses power and the electricity supptéocooling pump fails.
The standby Generators are Diesel Generators aa#tes 50 seconds to reach full power, too longttier Reactor to be
without fully working pumps. The Experiment wassee whether the Inertia, the latent Mechanical Pamvéhe spinning
Turbines, would bridge the gap. Contrary to theragpenal instructions, the engineers, set the Reatlow power output
and made some fatal errors. After that disasteclédm Science is seen by many as particularly senwoblem.( Alexey et
al, 2007).

The Fukushima Daiichi Nuclear Power Plant Accidémtlapan, occurred on 11 March 2011 as a restitiofan Error,
just as Chernobyl in USSR in 1986. It is the bigdésclear Disaster in recent time after Chernolbyle Accident occurred
after the Tohoku Earthquake and Tsunami, havinglléwating in the International Nuclear Event ecalames and Mark,
2012).

According to the Report of the inquiry by the cormasidbn set up by the Japanese Diet, stated thatidlzard was
foreseeable and that the plant was incapable tisteinding the Earthquake and Tsunami and thakethdatory Bodies, all
failed to correctly develop the most basic safeggiRrements such as, assessing the probabilitheoflamage, preparing
collateral damage from such a disaster and dewvejopiacuation plans for the public in the case skdous radiation
release.

Pessimist has argued that it was time to disinierear Science and the whole range of its operafio do this, is to
lower the standard of living of a whole Nation amolrse to the quality of life of the people

4.2. Protection

The International Atomic Energy Agency (IAEA), iadslled with the responsibility of regulating theeogtion and
management of Nuclear Industries and providingehabling legislature. Such laws were first adopted959 and are
regularly reviewed in the light of the availabldamation on Radiation and its Effect. Particul&teation is given to the
recommendations of International Commission on &adical Protection (ICRP). The banning of toys atems of
Jewelries, watches and clocks, are no longer makinbus by Radium, since alternatives are availédé gives much
smaller doses of Radiation. Nearly everyone agtieggismedical uses of Radiation and Radioactive Nt are justified
but often, more could be done to reduce dozes witmeducing the benefits to patient. Smoke Detsctopbntaining
Radioactive Materials, are justified because tlesedives and only give extremely small dose ofathoh.

4.3 Waste Disposal

This is not a problem that is unique to the Nucleatustry. Although, some Radioactive waste remaotentially
hazardous for very long time. Many other industrgste such as toxic chemicals, may also affeatréutenerations.
Nevertheless, Radioactive Waste Disposal, is sganany as a particularly serious long- term risll anrrespondingly high
standards of safety have been set.

Conclusion

Evidently, about 60% of the Nuclear Reactors thakenup the utilities in the US, are runned by gev@ectors and no
known case of Nuclear Disasters have been recaided the 1983 Episode in USA. | believe Nucleangm is necessary
because of the damage the alternatives of coadndilgas-fired Station, do to the environment. &lietittle doubt now, that
‘Global warming,” due to ‘The green house effeet’e real problems which will have far reaching etffen the climate.
These Fuels, make Carbon Monoxide (Co), Carboniadko§Ca), Sulphur dioxide (S9 and other Green-House Gases, can
also produce Acid- Rain, but Nuclear Power Statdmsot.

Having gone through this Research Work, you coakdl that the advantages in Nuclear Technology, lgleatnumber
the risk. A better quality of life would not com®im turning our back on Science and Technology thdreBiotechnological
or the peaceful application of Nuclear Science.

It is important to be sure that if you reject a Riezlogy, you were doing it for the right reasoneTdeplorable state of
the Chernobyl Nuclear Accident and the subsequehkti$hima Daiichi Nuclear Disaster, cannot be usethisjudge the
enormous Potentials offered by Nuclear ScienceiBsigpeaceful application. After all, the two majanderlined world-
worse Nuclear Disaster, occur as a result of hueneor and lacking the major basic safety Standaehning, the Chernobyl
and_Fukushimaccident could have been avoided. With respeResearch New-Knowledge, | think political obstasléhe
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major constraint of the Nuclear Industry in recimie. Review of a design project in line with praws Historical data on the
environment for foreseeable Harzards and the pmvisf funds for the execution of such projectsgliunot to be
politicized. Absolute monopoly on the design operat management and regulation of Nuclear Indusfryestricted to
experts discretion alone, devoid of Governmentrfatence, would have solved the former problem.hWhe recent
challenges in the Nuclear Industry around the wdrtink also, that we have recognized and puirgkhs, the problem of
proliferation of quacks, operational randomnesshavit ethics among experts and have embraced kasiqes as the only
road-map that will take the Industry to a greatgight. Experiment has shown that the Radiation Bdzem Nuclear Power
Station, are far less than natural Radiation pemgteived daily from their homes and environmenicldar science remains
the safest, too cheap to meter and should be espedor the advancements and benefits to mankimdconfident of the
benefits of Nuclear Power and the whole range afl®ar Technology and the safety of its operation.
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