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Abstract

This paper carried out comparative analysis of nuclear power generation and other power
generation sources together with other social- economic development sectors in terms of accidents
frequency and magnitude based on the past experiences from a systematic assessment of major or
severe accidents. The work has been focused on the actual experience data as reflected in a
number of existing databases and in numerous other sources. Through analysis of the presented
data, an objective conclusion was drawn regarding the use of each energy technology for the
future. The results of the comparative studied showed that nuclear power plants (NPPs) have less
accident frequency and magnitude than other associated electricity generation sources together
with other social- economic development sector, therefore nuclear energy is safer. Further the
research showed that NPPs has more advantages over other associated electricity generation
sources and therefore, has more future investment opportunities such as employment provision,
industrial and educational development for economic growth than other associated electricity
generation sources today.

Keywords:Risk analysis, comparism of nuclear power plants and other power generation sources, plant accidents,
magnitude and frequency, safety aspects of nuclear power plants, nuclear power plants advantages.

1.0 Introduction

Risk can be seen as relating to the probability of uncertain future events. For example, according to factor analysis of
information risk, risk is the probable frequency and probable magnitude of future loss. In physics the study of risk can be
measure in terms of frequency and magnitude. In computer science this definition is used by the open group. Risk analysis is
the systematic use of available information to identify hazards and to estimate the risk to individuals or populations, property
or the environment. As in other industries, the design and operation of nuclear power plants aims to minimise the likelihood
of accidents, and avoid major human consequences when they occur. In nuclear industry risk is mostly taken as fear of
accident occurring. The development of Cars, Railways, Ships, Aircrafts, Guns, Nuclear Power Plants and other System with
risk factor implication pose concerns about their safety and this led to the development of the classical probabilistic risk
analysis. In this paper comparative analysis was conducted of nuclear energy, other energy sector and other social-economic
development sectors in terms of accident frequency and magnitude and seeks for more efforts in the development of nuclear
energy for national development.
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2. Aim and Objectives of the Research

The is to carry out a comparative analysis of power generating methods in terms of accident frequency and magnitude so as
to find a way of changing the prevalent belief that nuclear energy is prone to accident and should not be considered as an
option for energy production. The objectives are:

(i) To carry out extant literature review on accident frequency and magnitude of various energy generating systems including
nuclear energy and other social- economic development sectors.

(if) To assess energy sector and other social- economic development sectors in terms of accident frequency and magnitude
(iii) To take records of accident frequency and magnitude of various energy generating systems including nuclear energy for
the generation of electricity and other social- economic development sectors.

(iv) To compare accident frequency and magnitude of various energy sources and other social- economic development
sectors.

(v) To seek economic advantages of having nuclear energy as an option for national development.

(vi)To help Nigeria meet its international obligations to use nuclear technology for power generation means.

(vii) To provide a good, novel approach and method for multi-objective decision-making based on seven dissimilar
objectives attributes: evolving technology, effectiveness, efficiency, cost, safety, failure and economy.

3. Motivation of the Research
The interest of this paper is to assist Nigeria and other developing nations to embrace nuclear technology in meeting their
energy needs for greater economic development.

4. Research Problems

Most people develop negative opinion for development of nuclear energy sector and their perception is that nuclear plant has
high risk for accident which, if it occurs can cause huge damage like loss of lives, properties and environmental hazard. But
the use of nuclear power can be compared with other related sectors in terms of accident frequencies and magnitudes and it
would be discovered that nuclear energy is better and safer.

5. Research Questions

In physics risk is measured in terms of frequency and magnitude. Therefore, from the research problem we have derived the
following research questions:

(i) What is the accident frequency and magnitude of nuclear power plants compared to other electricity generation sources
and other social- economic development sectors?

(ii) What are the economic advantages of having nuclear energy as an option to electricity production as compared with other
electricity generation sources and other social- economic development sectors?

6. Nuclear Power Regulation

The International Atomic Energy Agency (IAEA) was set up by the United Nations in 1957. One of its functions was to act
as an auditor of world nuclear safety, and this role was increased greatly following the Chernobyl accident. It prescribes
safety procedures and the reporting of even minor incidents. Its role has been strengthened since 1996.

7. Accident Analysis of Nuclear Power Plants

There have been several reports analysis on the safety of reactors [1-6]. As in other industries, the design and operation of
nuclear power plants aim to reduce the likelihood of accidents, and avoid major human consequences when they occur. In
over 14,500 cumulative reactor-years of commercial operation in 32 countries, there have been only three major accidents to
nuclear power plants — Fukushima, Chernobyl and Three Mile Island.

The three significant accidents in the civil nuclear power generation are presented in Figure 1.
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Figure 1: The Three Major Reactor Years of Operation before Accident. Source: [7]

8. Methodology

In this work, probabilistic risk analysis™ (PRA), was used to assess risk of failures and comparative analyses techniques was i
ntroduced to measure the accidents frequency and magnitude of the past and recent accidents in energy sectors and other relat
ed sectors. The data obtained served as the instrument for results presentation.

9. Related Previous Works
Related previous works on the application of comparative analyses techniques of such accidents are available in literature [8-
12].

10. Results and Discussion

Risk results are often shown in a general form similar to Table 1, “There are two useful ways to interpret risk estimation resul
ts: determining expected risk values, Ri, and constructing risk profiles. Both of these methods are used in quantitative risk an
alysis”. The Table 1 highlighted general format of risk estimation results.

Table 1: General Format of Risk Estimation Results

Undesirable Even | Likelihood Consequences Risk Level
t
= P, C, R, =P,C,

The work and data gathering performed for this study are presented in this section. Although information can vary from sourc
e to source, multiple sources are used to compare data and obtain an understanding of the relevant information. It's a matter o
f comparison: The chances of experiencing adverse health effects from radiation are slim for both nuclear and coal-fired pow
er plants—they're just somewhat higher for the coal ones.

1. Comparism of the Hazards of Using Nuclear Energy and Some Energy - Related Accidents in Terms of Frequency and M
agnitude
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In Table 2 we present the hazards of using energy in terms of accidents since 1975 to 2014

Table 2 Some energy-related accidents since 1975 to 2014. Source: [13]

S/n | Place of Accident Frequenc Magthde(Nu Comments
Y(Year) mber killed)

! EaHng:]Z%” SChr:m:ntan & other 1975 ggbo,gg(;ToTa(idlate hydro-electric dam failures (18 GWe lost)
2 |Machchu Il, Gujarat, India {1979 2500 hydro-electric and irrigation dam failure
3 |Ortuella, Spain 1980 70 gas explosion
4 |Donbass, Ukraine 1980 68 coal mine methane explosion
5 |lsrael 1982 89 gas explosion
6 |Guavio, Colombia 1983 160 hydro-electric dam failure
7 |Nile R, Egypt 1983 317 LPG explosion
8 |Cubatao, Brazil 1984 508 oil fire
9 |Mexico City 1984 498 LPG explosion
10 |Thilisi, Russia 1984 100 gas explosion
11 {northern Taiwan 1984 314 3 coal mine accidents
12 Chernobyl, Ukraine 1986 174+ E;Jiglr:ear reactor accident, massive radioactive poll
13 |Piper Alpha, North Sea 1988 167 explosion of offshore oil platform
14 |Asha-ufa, Siberia 1989 600 LPG pipeline leak and fire
15 |Dobrnja, Yugoslavia 1990 178 coal mine
16 [Hongton, Shanxi, China 1991 147 coal mine
17 |Belci, Romania 1991 116 hydro-electric dam failure
18 |Kozlu, Turkey 1992 272 coal mine methane explosion
19 |Cuenca, Equador 1993 200 coal mine
20 |Durunkha, Egypt 1994 580 fuel depot hit by lightning
21 |(Seoul, S.Korea 1994 500 oil fire
22 |Minanao, Philippines 1994 90 coal mine
23 |Dhanbad, India 1995 70 coal mine
24 |Taegu, S.Korea 1995 100 oil & gas explosion
25 |Spitsbergen, Russia 1996 141 coal mine
26 |Henan, China 1996 84 coal mine methane explosion
27 |Datong, China 1996 114 coal mine methane explosion
28 |Henan, China 1997 89 coal mine methane explosion
29 |Fushun, China 1997 68 coal mine methane explosion
30 |Kuzbass, Russia/Siberia 1997 67 coal mine methane explosion
31 |Huainan, China 1997 89 coal mine methane explosion
32 |Huainan, China 1997 45 coal mine methane explosion
33 |Guizhou, China 1997 43 coal mine methane explosion
34 |Donbass, Ukraine 1998 63 coal mine methane explosion
35 |Liaoning, China 1998 71 coal mine methane explosion
36 |Warri, Nigeria 1998 500+ oil pipeline leak and fire
37 |Donbass, Ukraine 1999 50+ coal mine methane explosion
38 |Donbass, Ukraine 2000 80 coal mine methane explosion
39 |[Shanxi, China 2000 40 coal mine methane explosion
40 muchonggou, Guizhou, Chi 2000 162 coal mine methane explosion
41

Zasyadko, Donetsk, 2001 55 coal mine methane explosion

E.Ukraine
42 |Jixi, China 2002 115 coal mine methane explosion
43 |Gaogiao, SW China 2003 234 gas well blowout with H2S
44 |Kuzbass, Russia 2004 47 coal mine methane explosion
45 |Donbass, Ukraine 2004 36 coal mine methane explosion
46 |Henan, China 2004 148 coal mine methane explosion
47 |Chenjiashan, Shaanxi, China|2004 166 coal mine methane explosion
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Frequenc i
S/n | Place of Accident q Magthde(Nu Comments
Y(Year) mber killed)
48 |Sunjiawan, Liaoning, China |2005 215 coal mine methane explosion
49 Sgﬁir::;)ng/ Fukang, Xinjiang, 2005 83 coal mine methane explosion
50 ;(lngnmg, Guangdong, Chin 2005 123 coal mine flooding
51 :?glngfeng, Heilongjiang, Ch 2005 171 coal mine methane explosion
52 |Bhatdih, Jharkhand, India {2006 54 coal mine methane explosion
53 ;JSIiZanoyskaya, Kuzbass, Ru 2007 150 coal mine methane or dust explosion
54 ﬁ]r;angzhuang, Shandong, Ch 2007 181 coal mine flooding
55 i 101
ﬁssyadko, Donetsk, E.Ukrai 2007 coal mine methane explosion
56 |Linfen city, Shanxi, China | 2007 105 coal mine methane explosion
57 |Tunlan, Shanxi, China 2009 78 coal mine methane explosion
o8 Sayano-ShL_Jshenskaya, Khak 2009 75 hydro power plant turbine disintegration
assia, Russia
59 gﬁ?::g city, Heilongjiang, 2009 108 coal mine methane explosion
60 [Sangha, Bukavu, Congo 2010 235 petrol tanker accident and fire
61 |Deepwater Horizon, Gulf of 2010 11 Oil well blowout, over 4 million barrels of oil ca
Mexico, USA used massive pollution in Gulf of Mexico
62 [Pike River, New Zealand 2010 29 coal mine methane explosion
63 |Taozigou, Sichuan, China | 2013 28 coal mine methane explosion
64 |Soma, Turkey 2014 301 coal mine methane explosion and fire

LPG and oil accidents with less than 300 fatalities, and coal mine accidents with less than 100 fatalities are generally not sho
wn unless recent.

e Serious Nuclear Reactor Accidents
Serious accidents in military, research and commercial reactors. All except Browns Ferry and Vandellos involved damage to
or malfunction of the reactor core. At Browns Ferry a fire damaged control cables and resulted in an 18-month shutdown
for repairs, at Vandellos a turbine fire made the 17-year old plant uneconomic to repair. The Table 3 highlights some serious
nuclear reactor accidents between 1952 - 2014 of the reactors years.

Table 3: Serious nuclear reactor accidents between 1952 — 2014. Source: [14]

- . Magnitud
" INuclear Reactor (Yrgg:;ency e(Immediate Environmental effect Follow-up action
Deaths)

1 |NRX, Chalk R., Can f
ada (experimental, 4|1952 Nil Nil gRZepalred (new core) closed 19
0 MWt)

2 - Widespread contamination. Farm
\Windscale-1, UK
military plutonium(- Nil s affected (c 1.5 PBq Entombed (
1957 filled with concrete) Being demo
producing pile) lished.

released)

3 [SL-1, USA (experi

mental, military, 3 |1961 Three operator

s \/ery minor radioactive release  |Decommissioned

MWt)
4 |Fermi-1 USA (exper .
imental breeder, 66 1966 Nil Nil Repal_red and restarted, then cl
osed in 1972
MWe)
5 |Lucens, Switzerland
(experimental, 7.5 (1969 Nil Very minor radioactive release  [Decommissioned
MWe)
6 [Browns Ferry, USA
(commercial, 2 x 10 {1975 Nil Nil Repaired
80 MWe)
7  [Three-Mile Island-2 1979 Nil Minor short-term radiation dose (|Clean-up program complete, i
, USA (commercial, within ICRP limits) to public, del|n monitored storage stage of d
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Magnitud
SN INuclear Reactor | heauency Envi tal effect Foll ti
uclear Reactor (Year) e(Immediate |ENVironmental effec ollow-up action
Deaths)
880 MWe) ayed release of 200 TBq of Kr-8 [ecommissioning
5

8 [Saint Laurent-A2, F
rance (commercial, {1980 Nil Minor radiation release (80 GBq)|Repaired, (Decomm. 1992)
450 MWe)

9  |Chernobyl-4, Ukrai 47 staff and fir |Major radiation release across E.
ne (commercial, 950(1986 efighters (32 i |Europe and Scandinavia (14 EBq|Entombed
MWe) mmediate) or 5.2 EBq I-131 equivalent)

10 |Vandellos-1, Spain (
commercial, 480 M |1989 Nil Nil Decommissioned
\We)

11 |Greifswald-5, E.Ger
many (commercial, {1989 Nil Nil Decommissioned
440 MWe)

12 |Fukushima 1-3, Japal
n . significant local contamination (6 .
(commercial, 1959 2011 Nil 30 PBq 1-131 equivalent) Decommissioned
MWe)

3. Comparism of NPPs and Coal Power Accidents in terms of Frequency and Magnitude

The magnitude of deaths in coal power is 4000 times per kWh than nuclear power. That is for every person killed by nuclear
power generation, 4000 die due to coal. The Table 4 showed comparism of accident frequency and magnitude in coal power
generation industry and nuclear power plants(NNPs) industry.

Table 4: Statistics of Coal Power and NPPs Accidents between 2000 to 2009. Source: [15]

S/n Frequen_cy(Numb I(:’\:S%ubeer;cgf accidents |Magnitude(Deaths ggltellwgsnilr;[ul\?ﬁg)s) ?I/Ijzgtnr:t;(tj: per million to

RE ol Aeits in NNPs) in Coal) ns of coal power acciden
in Coal) )

1 2000 {2,863 Nil 5,798 Nil 5.80

2 2001 3,082 Nil 5,670 Nil 5.11

3 2002 4,344 Nil 6,995 Nil 4.93

4 2003  |4,143 3 6,434 Nil 4.00

5 2004  |3,639 Nil 6,027 Nil 3.01

6 2005 [3,341 5 5,986 Nil 2.73

7 2006  |2,945 8 4,746 Nil 1.99

8 2007 1,645 Nil 3,770 Nil 144

9 2008 |1,531 Nil 3,210 Nil 1.18

10 [2009 (1,616 Nil 2,631 Nil 0.89
Total (29,149 Nil 51,267 Nil 31.08

4. The Major Hydroelectric Power Failures in terms of Frequency and Magnitude
The frequency and magnitude of the accident in hydroelectric power failures is higher when compared to the records of nucle
ar power failures. The Table 5 highlighted some major world hydroelectric power generation failures.

Table 5: List of the past world major hydroelectric power failures from 1952 — 2009. Source: [16]

Frequency . Magnitude Magnitude
(Year) FLEm Location (Description of loss) (Deaths)

Savano — Shus 2009 Sayano — Shushenskaya hydro accid 75
2009 henskaya Dam| Russia ent, 6 GW power generation loss, 75 fatali

ties, due to turbine failure
. . 18 GW power generation loss due to storm i

2009 | el damage of transmission lines

Biedron Hydro 1269 MW loss, penstock rupture, three fat [
2000 electric Power | Switzerland alities, flooding and loss of generating cap

Station acity
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26,000 dead from direct flooding, 145,000 {171,000
dead from subsequent famine and epidem
ics, 11 million homeless. Caused loss of g
eneration, dam failed by overtopping

Destruction of the plant as it fell from the |-
gorge wall and collapsed into the river, ca
Schoellkopf P | Niagara Falls, N used by water seeping into the back wall o

1975 Bangiao Dam | China

1956

ower Station | Y f the power station. One worker was killed
and damage was estimated at $100 millio
n USD.
S [FEs, Due to enemy bomb_lng,_attacked during th
e Korean War resulting in the loss of appr
1952 Kyosen and C | Korea h \
: oximately 90% of North Korea's energy ge
hoshin Dams - -
neration capacity
1943 Herdecke Ruhr 132 MW power generation loss, dueto ov [

ertopping after failure of Mohne dam

Let us also see the past serious injury claims by accident types five year average in oil & gas
The Figure 2 presents oil & gas industry statistical overview (2008-2012)

Serious Injury Claims by Accident Type
Five Year Average (2008-2012)

Other, 21% .

Struck by, 24%

Caughtin, 8%

A — Qverexertion, 19%
Fall on same level, 13%

|
Fall from elevation, 15%

Figure 2. Oil & Gas industry statistical overview (2008-2012). Source: [17]

6. Risk of a Poison Gas Attack Using Gas Cylinders in World War |

Chemical weapons in World War | were primarily used to demoralize, injure and kill entrenched defenders, against whom the
indiscriminate and generally slow-moving or static nature of gas clouds would be most effective. The types of weapons empl
oyed ranged from disabling chemicals, such as tear gas and the severe mustard gas, to lethal agents like phosgene and chlorin
e. This chemical warfare was a major component of the first global war and first total war of the 20th century. The killing cap
acity of gas, however, was limited — only four percent of combat deaths were caused by gas. TheTable 6 presented statistics of
gas casualties in the World War 1.

Table 6:Statistics of Gas Casualties in the World War I. Source: [18]

Estimated gas casualties

Nation Magnitude (Fatal) [Magnitude (Non-fatal)
Russia 56,000 419,340
Germany 9,000 200,000
France 8,000 190,000
British Empire (includes Canada) 8,109 188,706
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Austria-Hungary 3,000 100,000

USA 1,462 72,807
Italy 4,627 60,000
Total 88,498 1,240,853

7. Comparism between Nuclear Power and Transportation Accidents

The Geneva-based Aircraft Crashes Record Office (ACRO) compiles statistics on aviation accidents of 5. Statistics for Oil
& Gas Industry

aircraft capable of carrying more than six passengers, not including helicopters, balloons, or fighter airplanes. It should be not
ed that ACRO is not a government or official organization. The ACRO announced in 2008 that the year 2007 was the safest y
ear in aviation since 1963p; in terms of number of accidents. There had been 136 accidents registered (compared to 164 in 20
06), resulting in a total of 965 deaths (compared to 1,293 in 2006). Since then, both 2009 and 2010 saw fewer registered acci
dents, 122 and 130, respectively. The year 2004 was the year with the lowest number of fatalities since the end of World War
11, with 771 deaths. The Table 7 showed the statistics of aircraft accident as at 30 January 1999 to 30 December 2011.

Table 7. Statistics of aircraft accident as at 30 January 1999 to 30 December 2011. Source: [19]

Magnitude Magnitude Frequency Frequency
Year (DeathsAircraft Accide|(Deaths/LossNNPs Accide [(Number of accidents in Ai |(Number of accidents in N
nt) nt) reraft) PPs)
Japa_n nuclear accident caus
011 808 ?c'j3 g(;;r;éa;:sg 2: \tri]r(:)l:]srigﬂia(l) 117 4 number of NNPs affected
defect
2010 (1,115 Nil 130 Nil
2009  [1,103 Nil 122 Nil
2008 884 Nil 156 Nil
2007|971 Nil 147 Nil
2006 1,294 Nil 166 Nil
2005 [1,459 Nil 185 Nil
2004 771 Nil 172 Nil
2003 1,230 Nil 199 Nil
2002 [1413 Nil 185 Nil
2001 (4,140 Nil 200 Nil
2000  |1,582 Nil 189 Nil
1999 1,138 Nil 211 Nil
Total 17,928 Billions of dollars loss 2,179 4

In Table 5 it is clear that the year with most fatalities and magnitude was 2001, with 4,140 deaths. Thus, yearly aircraft accide
nts fatalities are recorded in which the frequency is greater than one hundred times. Those numbers may be less than the total
aircraft accidents fatalities as ACRO only considers accidents in which the aircraft has suffered such damage that it is remove
d from service.

The Table 8 showed worldwide ship accidents datasheet as at September 2002 to April 2010 from various source.
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Table 8. Worldwide ship accidents datasheet as at September 2002 to April 2010. Top of Form
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8.Compared the Magnitude of Accidents of Nuclear Power and Other Sectors

Risks from reactor accidents are estimated by the rapidly developing science of "probabilistic risk analysis" (PRA). A fu
el melt-down might be expected once in 20,000 years of reactor operation. In 2 out of 3 melt-downs there would be no deaths
, in 1 out of 5 there would be over 1000 deaths, and in 1 out of 100,000 there would be 50,000 deaths. The average for all mel
tdowns would be 400 deaths. Since air pollution from coal burning is estimated to be causing 10,000 deaths per year, there w
ould have to be 25 melt-downs each year for nuclear power to be as dangerous as coal burning. Of course deaths from coal bu
rning air pollution are not noticeable, but the same is true for the cancer deaths from reactor accidents. In the worst accident ¢
onsidered, expected once in 100,000 melt-downs (once in 2 billion years of reactor operation), the cancer deaths would be am
ong 10 million people, increasing their cancer risk typically from 20% (the current U.S. average) to 20.5%. This is much less
than the geographical variation- 22% in New England to 17% in the Rocky Mountain States.

The Bhopal disaster (commonly referred to as Bhopal gas tragedy) was a gas leak incident in India, considered one of the
world's worst industrial catastrophes. It occurred on the night of December 2—3, 1984 at the Union Carbide India Limited (U
CIL) pesticide plant in Bhopal, Madhya Pradesh, India. A leak of methyl isocyanate gas and other chemicals from the plant r
esulted in the exposure of hundreds of thousands of people. The toxic substance made its way in and around the shantytowns
located near the plant. Estimates vary on the death toll. The official immediate death toll was 2,259 and the government of M
adhya Pradesh has confirmed a total of 3,787 deaths related to the gas release. Others estimate 3,000 died within weeks and a
nother 8,000 have since died from gas-related diseases. A government affidavit in 2006 stated the leak caused 558,125 injurie
s including 38,478 temporary partial and approximately 3,900 severely and permanently disabling injuries.

9. Compared Radiation Risks of Nuclear Power and Other Sectors.

The principal risks associated with nuclear power arise from health effects of radiation. This radiation consists of subato
mic particles traveling at or near the velocity of light-186,000 miles per second. They can penetrate deep inside the human bo
dy where they can damage biological cells and thereby initiate a cancer. If they strike sex cells, they can cause genetic disease
s in progeny. Radiation occurs naturally in our environment; a typical person is, and always has been struck by 15,000 particl
es of radiation every second from natural sources, and an average medical X-ray involves being struck by 100 billion. While t
his may seem to be very dangerous, it is not, because the probability for a particle of radiation entering a human body to caus
e a cancer or a genetic disease is only one chance in 30 million billion (30 quintillion).

Nuclear power technology produces materials that are active in emitting radiation and are therefore called "radioactive".
These materials can come into contact with people principally through small releases during routine plant operation, accident
s in nuclear power plants, accidents in transporting radioactive materials, and escape of radioactive wastes from confinement
systems. Since natural radiation is estimated to cause about 1% of all cancers, radiation due to nuclear technology should eve
ntually increase cancer risk by 0.002% (one part in 50,000), reducing life expectancy by less than one hour. By comparison, |
oss of life expectancy from competitive electricity generation technologies, burning coal, oil, or gas, is estimated to range fro
m 3 to 40 days.

Robert Finkelman, a former USGS coordinator of coal quality who oversaw research on uranium in fly ash in the 1990s,
says that for the average person the by-product accounts for a miniscule amount of background radiation, probably less than 0
.1 percent of total background radiation exposure. According to USGS calculations, buying a house in a stack shadow—in thi
s case within 0.6 mile [one kilometer] of a coal plant—increases the annual amount of radiation you're exposed to by a maxi
mum of 5 percent. But that's still less than the radiation encountered in normal yearly exposure to X-rays.

There has been much misunderstanding on genetic diseases due to radiation. The risks are somewhat less than the cancer
risks; for example, among the Japanese A-bomb survivors from Hiroshima and Nagasaki, there have been about 400 extra ca
ncer deaths among the 100,000 people in the follow-up group, but there have been no extra genetic diseases among their prog
eny. Since there is no possible way for the cells in our bodies to distinguish between natural radiation and radiation from the
nuclear industry, the latter cannot cause new types of genetic diseases or deformities (e.g., bionic man), or threaten the "huma
n race". Other causes of genetic disease include delayed parenthood (children of older parents have higher incidence) and me
n wearing pants (this warms the gonads, increasing the frequency of spontaneous mutations). The genetic risks of nuclear po
wer are equivalent to delaying parenthood by 2.5 days, or of men wearing pants an extra 8 hours per year. Much can be done
to avert genetic diseases utilizing currently available technology; if 1% of the taxes paid by the nuclear industry were used to
further implement this technology, 80 cases of genetic disease would be averted for each case caused by the nuclear industry.

Very high radiation doses can destroy body functions and lead to death within 60 days, but such "noticeable™ deaths wou
Id be expected in only 2% of reactor melt-down accidents; there would be over 100 in 0.2% of meltdowns, and 3500 in 1 out
of 100,000 melt-downs. To date, the largest number of noticeable deaths from coal burning was in an air pollution incident (
London, 1952) where there were 3500 extra deaths in one week. Of course the nuclear accidents are hypothetical and there ar
e many much worse hypothetical accidents in other electricity generation technologies; e.g., there are hydroelectric dams in C
alifornia whose sudden failure could cause 200,000 deaths.
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10. Short term severe accident fatalities

In Table 9 the risk assessments considered only short term severe accident fatalities, the reported data indicate that hydroelect
ric and gas fuel cycles have led to the largest single event fatality numbers. However, to draw conclusions about the relative s
afety of the various energy systems, fatalities and morbidity - occupational as well as public - over the longer term must be co
nsidered and this is parts of the discussion. Equally important are the maturity of the technology, the quality and maintenance
of equipment and the safety and environmental controls. The Table 9 is the short-term fatalities for various energy technolog
ies betweenyears 1970 — 1992.

Table 9: Short-Term Fatalities for Various Energy Technologies. Source: [21]

Short-Term Fatalities ( 1970 — 1992)

S/n Energy Events Fatalities Average Facilities per GW(e)
Description Per annum

Range Total

1 Coal 133 5-434 6418 0.36

2 Oil 295 5-500 10 273 0.32

3 Natural gas 88 5-425 1200 0.09

4 Liquid Propane gas 77 5-100 2292 3.1

5 Hydro 13 10 - 2500 4015 0.8

6 Nuclear 1 31 31 0.01

The total is sum 10 times higher if accidents with less than five fatalities are included

Nuclear power has the lowest number of short term fatalities per unit of electricity produced out of all the energy technol
ogies studied in [22], with 0.01 average fatalities per year per GWe produced. Coal electricity generation has a value of 0.32
average fatalities per year per GWe produced. Note too that the value for coal is in the 3.0 range if accidents with less than fi
ve fatalities are included. This means that coal electricity generation results in 30 times to 300 times the average fatalities per
year per unit of electricity produced as nuclear electricity generation[23].

On March 11, 2011, Japan was hit by a 9.0 magnitude earthquake followed by a 14-foot tsunami. The earthquake caused
the Fukushima Daiichi nuclear power plants, owned by Tokyo Electric Power Company (TEPCO), to shut down. This is a no
rmal response to an earthquake; the plants were in the process of safely shutting down, and the plant was receiving power fro
m the onsite diesel generators. Future cancer deaths resulting from the radiation release during the accident are estimated to b
e between 100 and 1000 deaths, although statistically significant evidence of increased cancer deaths due to this event is not e
xpected to be realized since the radiation exposure for the majority of the population living near the Fukushima site is small
when compared to background radiation. In a separate study conducted by Eisenbud and Petrow[24],when comparing only ra
dioactive emissions, assuming a 97.5% fly ash capture, it was found that coal plants released more contaminants to the atmos
phere than nuclear plants. That study was later updated to account for a 99% capture of fly ash and the creation of As Low As

Reasonably Achievable (ALARA) requirements. ALARA is a regulation controlling the amount of radiation that workers are
exposed to. The Table 10 explained the results of that study.

Table 10: Comparing only radioactive emissions. Source: [25].

Summary of Maximum Individual Doses from Airborne Rele
ases of a 1000 MWe Plant Energy Technology

Whole Body (Sv x 10- 5

Bone (Sv x 10- 5)

Coal- Fired Power Plant 1.9 18.2
BWR 4.6 5.9
PWR 1.8 2.7

This study concluded that Americans living near coal combustion plants actually are exposed to higher radiation doses th
an those living near nuclear plants. Total expected radioactivity release from coal combustion from 1937 through 2040 is proj
ected to be 477,027,320 millicuries. It is found that 1000 MWe coal-fired power plants expose the population to 490 person-r
em/year, and 1000 MWe nuclear power plants expose the population to 4.8 person-rem/year. Figure 6 shows this comparison
graphically. The Figure 3 presents radiation exposure to the public from 1000 MWe power plants.
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Figure 3: Radiation Exposure to the Public from 1000 MWe Power Plants

The radiation exposure to the public from a coal-fired power plant is an order of magnitude higher than the radiation exp
osure to the public from a nuclear power plant. Additionally, the total population dose for the complete nuclear fuel cycle is o
nly 136 person-rem/years. This includes mining, reactor operation, and waste disposal. The total population dose for the com
plete coal fuel cycle is unknown [26]. Report found that the external health and environmental costs are much higher for coal -
fired power plants than nuclear power plants [27]. It can be inferred from this conclusion that coal-fired power plants are mor
e detrimental to the environment and public health than nuclear power plants.

Studies have shown that in the absence of a nuclear power plant accident, the coal-fired plant industry has a higher leuke
mia incidence risk when compared to the nuclear industry [28]. It would require an additional 40 nuclear reactors in the US f
or the nuclear industry to expose the public to the same risk of leukemia incidence as the US coal industry back in the late 19
80s. A concern of nuclear power plants is the potential for nuclear accidents, such as the Three Mile Island (TMI) and Fukush
ima accidents. Studies on the TMI accident indicated an increased cancer rate of 2 lifetime cancer incidences for the 2.2 milli
on people within 50 miles of the plant. However, the additional 2 lifetime cancer incidences are indiscernible from the expect
ed 540,000 incidences of cancer for 2.2 million people.

In the energy sector, dam failures and overlapping have caused thousands of deaths and massive disruptions in social and
economic activities with the displacement of entire towns — the Variant dam overlapping in Italy and dam failures in Gujara
t and Orissa in India are three such examples, each with several thousand fatalities. Explosions and major fires in the oil and
gas industry have involved both occupational and public fatalities and injuries. A pipeline gas leak explosion in the Urals inv
olved 500 fatalities. Energy sector accidents have also led to severe environmental damage, such as the 1989 “Exxon Valdez'
" oil-tanker accident in Alaska.

11. Deaths from energy-related accidents per unit of electricity

The main metric used to assess reactor safety is the likelihood of the core melting due to loss of coolant. These new desig
ns are one or two orders of magnitude less likely than older ones to suffer a core melt accident, but the significance of that is
more for the owner and operator than the neighbours, who - as Three Mile Island and Fukushima showed - are safe also with
older types. The Figure 4 explained the deaths from energy-related accidents per unit of electricity considering 1943 accident
s with more than five fatalities.

1000+
800

deaths per 500
TW.yr 400 -

200

coal hydro gas nuclear

Figure 4: Deaths from energy-related accidents per unit of electricity
One TW.yr is the amount of electricity used by the world in about five months. Coal-fired power generation has chronic,
rather than acute, safety implications for public health. It also has profound safety implications for the mining of coal, with th
ousands of workers killed each year in coal mines.
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with 18 GWe lost. In 1979 and 1980 in India some 3500 were killed by two hydro-electric dam failures, and in 2009 in R
ussia 75 were killed by a hydro power plant turbine disintegration.

A major reason for coal's unfavourable showing is the huge amount which must be mined and transported to supply even
a single large power station. Mining and multiple handling of so much material of any kind involves hazards, and these are r
eflected in the statistics. The Table 11 is the summary of severe accidents in energy chains for electricity 1969-2000.

Table 11: Summary of severe accidents in energy chains for electricity 1969-2000. Source: [29]

S/n D

1 Energy chain Fatalities Wy Wy

2 Coal 2259 157 18,000 597

3 Natural gas 1043 85 1000 111

4 Hydro 14 3 30,000 10,285
5 Nuclear 0 0 31 48

In Table 12 present a compassing of accident statistics in primary energy production
Table 12: Comparison of accident statistics in primary energy production. Source: [30]

S/n Fuel Immediate fatalities \Who? Normalised to Cje_aths
1970-92 per TWy electricity

1 Coal 6400 workers 342

2 Natural gas 1200 workers & public |85

3 Hydro 4000 public 883

4 Nuclear 31 workers 8

Basis: per million MWe operating for one year, not including plant construction, based on historic data which is unlikely to re
present current safety levels in any of the industries concerned. In the UK, Friends of the Earth commissioned a study by the

Tyndall Centre, which drew primarily on peer-reviewed academic literature, supplemented by literature from credible govern
ment, consultancy and policy sources. It concluded in January 2013 that “Overall the safety risks associated with nuclear pow
er appear to be more in line with lifecycle impacts from renewable energy technologies, and significantly lower than for coal

and natural gas per MWh of supplied energy.”

12. The Advantages of Having Nuclear Power Plants

Advantages of civil nuclear power have made it a significant part of the energy mix in most industrialized countries since the
1960s. U.S. government statistics show that in 2009, nuclear reactors produced 20.2% of the nation's electricity, worldwide, it
was 13.8 percent. The following are the advantages of NPPs.

(a)Environmental Friendliness

Under normal accident-free conditions, nuclear power generation is comparatively friendly to the environment and is reliable

as regards both fuel supply and power delivery. Nuclear power plants can help preserve the environment by lessening the dep
endence on fossil fuels as a source of energy. The burning of gas, oil and coal is believed by some environmentalists to contri
bute to atmospheric problems such as global warming and acid rain. Since nuclear plants produce power without relying on t
hese resources, they can help create cleaner air for plants and animals especially. Increased awareness of global climate chan
ge and fossil-fuel dependence issues brought increased favorable attention to civil nuclear power in the decade before the 201
1 nuclear power plant accident in Japan.

(b) Safety

Despite well-publicized accidents such as Three Mile Island and Chernobyl, nuclear plants have proven to be relatively safe.

According to Ecolo.org, the chances of dying as the result of a nuclear power plant disaster is lower than dying from heart dis
ease, fire, homicide or motor vehicle accident. The website also indicates that the burning of coal could lead to a widespread

virus due to the chemicals produced and set free in the environment.

© Energy Supply

Since the energy produced by nuclear power plants is man-made, it means that there is less of a need to depend on natural res
ources. This eliminates the concern about running out of energy due to exhausting the world's resources.

Uranium, which is the primary source of nuclear fuel is used for no other primary purpose and exists in abundant quantities, e
nough to last for billions of years.

(d) Cost Savings

Nuclear power plants can produce energy in a more cost-effective manner. According to Public Broadcasting Service (PBS.or
g), the cost per kilowatt-hour of nuclear electricity is N192. By comparison, natural gas costs N268 and the cost of oil is N37
7. Nuclear electricity is only slightly more expensive than coal-fired electricity, which costs N188 per kilowatt-hour.
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(e) Waste Disposal

Though nuclear waste can be dangerous if not disposed off properly, it has the advantage of being small in quantity and can b
e buried deep under the ground. This virtually eliminates the danger caused by possible exposure. Nuclear power plants cons
ume uranium, which differs from coal energy production which produces uranium as a waste product that stays at the surface.
(f) Environmental Impacts

An overwhelming advantage of civil nuclear power is that, except during severe accidents, there is almost no release of pollut
ants into the environment. A comparative assessment of alternate energy sources by the International Atomic Energy Agency
(IAEA) enumerates comparative advantages of civil nuclear power over other fuel sources. Coal-fueled power plants continu
ously release huge amounts of pollutants that degrade air quality, acidify lakes and produce slag heaps that must be remedied.
Hydroelectric developments submerge large areas of land under water, causing population displacements and ecosystem ch
anges.

(9) High Energy Density

The IAEA assessment cites the statistic that 30 tons of uranium and 2.6 million tons of coal contain equal amounts of energy.

The extremely high energy content of nuclear fuel brings many advantages. Large rail transport networks for fuel delivery, or
pipelines cutting across environmentally fragile areas are not needed. The volume of waste produced is minute compared wit
h the other alternatives; this leads to one of the principal cited advantages of civil nuclear power -- waste is confined rather th
an dispersed. Since transport of fuel -- or waste -- is easy, civilian nuclear reactors can be built close to where the power is to

be used, eliminating the need for long transmission lines.

(h) Reliability

According to the IAEA assessment, the world's proven uranium reserves would last well past year 2060 at the current consum
ption rate. The largest deposits are in reliable and politically stable Canada and Australia. These nuclear energy reserves can

be extended far into the future with the use of advanced technologies such as reprocessing of used fuel or the introduction of t
horium as an alternate to uranium. Civil nuclear power plants produce very large amounts of electricity with almost perfect re
liability, a primary requirement for heavy industry. Solar and wind power lack this advantage.

(i) District Heating, Propulsion and Desalination

Civil nuclear power has applications other than production of electricity. Low-temperature heat, a byproduct of nuclear powe
r plants, is used in many countries for directly heating buildings and supplying process heat to industry; it is also used for des
alinating sea water in many arid regions. Russia operates a fleet of about a half-dozen nuclear-powered icebreakers: they requ
ire refueling only about once every four years. Russia is also considering smaller "floating" nuclear power reactors, which ca
n be moved to smaller coastal settlements to provide electricity.

13. Conclusion

The research aim to carry out comparative analysis of power generating methods in terms of accident frequency and magnitu

de so as to find a way of changing one negative believed that nuclear energy is pro to accident and should not be consider as a

n option for energy production and in line with the objectives, the following have being achieved;

(i) Extant literature review has been carried out on accident frequency and magnitude of various energy generating system inc

luding nuclear energy and other social- economic development sectors.

(i) Assessment of energy sector and other social- economic development sectors in terms of accident frequency and magnitu

de

(iii) Record taken of accident frequency and magnitude of various energy generating system including nuclear energy for the

generation of electricity and other social- economic development sectors.

(iv) Accident frequency and magnitude of various energy sources and other social- economic development sectors have been

compared

(v) Economic advantages of having nuclear energy as an option have been highlighted.

(vi) This study provides a good, novel approach and method for multi-objective decision-making based on seven dissimilar o

bjectives attributes: evolving technology, effectiveness, efficiency, cost, safety, failure and economy.

In almost every aspect, nuclear power plants appear to be the more desirable technology for the future when compared to coal

-fired power plants, hydro energy chains, natural gas, oil and others. As it is better safe in terms of accident frequency and ma

gnitude, especially when taking into consideration the rate of a death and loss in of failure; if future government regulations a

re ever enacted to control radiation release for coal-fired power plants, electricity generation from nuclear power plants woul

d become an even more attractive option. coal-fired power plants physically produce more waste per unit of electricity produc

ed than nuclear power plants; nuclear power plants have been shown to be much safer to the environment, to the workers, and

to the surrounding population than coal-fired power plants. The safe operation of a nuclear power plant is generally acknowl

edged as contributing to society's success and promoting economic performance within those member states that have a
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nuclear electricity generation capacity. No technology that is perfectly safe. Chasing perfection can cause us to ignore just im
proving and trading worse for a lot better. Non-roof installations of solar are safer than roof installation. Nuclear, wind, solar

and hydro energy chains is a lot safer than coal and oil. Natural gas is safer but not as much as nuclear and those others. The f
ocus needs to be on getting rid of the most dangerous energy sources which are coal and oil first.

Developing country like Nigeria will require a secure electricity supply to meet expected future demand which is an essential

requirement for economic development as envisaged under the government’s growth and poverty reduction strategy. Althoug
h preparatory works to attain Milestone 2 are being put in place, it is evident that the government has shown some commitme
nt at least to an extent in the actualisation of the nuclear power programme given its short time from 2006 when NAEC beca
me operational. Nigeria is presently in phase two of the development of the infrastructure for a nuclear power programme get
ting ready to invite bids. With the signing of international and bilateral agreements with countries like Russia and South Kore
a and the signing and ratification of treaties, conventions and protocols, it shows that the country means it to use nuclear pow
er for peaceful socio-economic purposes only. NAEC, NNRA and ECN are putting in place programmes to relate with the pu
blic on its various activities in order to address public perception during the successful implementation of the nuclear power p
rogramme.

Suggestions for Overcoming Risk Challenges:

Nuclear option is needed in the energy sector not only for power generation but for socio-economic development, industr
ial revolution and educational development of the nuclear technology. Nigeria and other developing nations need awareness i
n the following areas of nuclear power development strategy;

Selection of type of reactor for nuclear power plant, Human resource needs, Extent of the uranium resources in the coun
try and impact on the fuel policy, Public Acceptance of Nuclear Power Plant, Nuclear Security and Safety Assurance and Ins
urance, Life and Environmental Protection, Radiation Protection.

Comparing the use of nuclear power with other related sectors in terms of accident frequencies and magnitudes it was dis
covered that nuclear is safer. So while electricity production through hydro energy chains, natural gas, petroleum, coal-fired p
lants and others may be necessary due to the sheer magnitude of global energy requirements, it is clear that nuclear power sho
uld play a much larger role in the future energy development.
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