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ABSTRACT

Nuclear technology is a scientist venture that is used for the development of mankind. The accident

of that venture can be devastating and catastrophic. This paper considers the safety aspect of it.

Mathematical approach is used to structure the safety. Specifically, Conjugate Gradient Method

(CGM) is used as the modeling algorithm for the elements of energy equations associated with the

reactor of nuclear rod. It is proved that a reactor can be programed for optimal performance with

minimum accident if the theoretical and the numerical processes of CGM are employed.

1. INTRODUCTION

As the nation of the world seek to meet the
increasing demands for energy which lead to
increases in environmental pollution from the
burning of coal, oil and natural gas. The use of
fossil fuels for transportation, generating
electricity, heat and industrial production
account for 85 percent [ 1] of the world's energy
consumption. The environmental
consequences of this heavy reliance on fossil
fuel are only being fully realized.
Sulphurdioxide emissions are said to cause
acid rain. Nitrous oxide are said to cause smog.
Particles in the air, from the burning of coal and
oil, cause all manners of human lung ailments.
The scientific community now believes that
emissions of carbon dioxide, resulting from
the burning of fossil fuels, is the leading
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contributor to global warming. Accordingly,
the leaders of almost every nation in world met
in Kyoto, Japan in December 1997 to establish
aggressive limits to future use of fossils fuels.
In spite of these concerns, fossil fuels are
necessary to meet the world's energy demand.
How long can the planet's environment
continue to withstand the pollutant load caused
by the emissions from these fossil sources?
The answer is not certain, but the leaders of the
world concluded in Kyoto that dramatic action
is necessary even without having all the
scientific data because the consequences of
being wrong are too severe. Improvements in
every efficiency, conservation and decrease in
the use of fossil fuels will all be required if
there is any hope of achieving the aggressive
targets established by the political leaders. It is
also necessary to develop non-carbon
alternatives for energy production. Solar, wind
and hydro-power are often mentioned for
electric generation as they have been for many
years. One of the sources of energy that has
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provided many nations of the world with vast
amount of electric power. The United States
depends on nuclear energy for 20percent of its
electricity. France, Japan, Germany, Korea,
Taiwan, Sweden, Iran to name but a few, also
have high reliance on nuclear energy [2]. The
expanded role for nuclear power of many
nations in their energy portfolios is driven by
concerns about global warming, growth in
energy demand and relative costs of alternative
energy sources. In 2008, 435 nuclear reactors in
30 countries provided 16percent of the world's
electricity. In January 2009, 43 reactors were
under construction in 11 countries, with several
hundred more projected to come on line
globally by 2030 [3].

2. NUCLEARREACTORPROCESS
Nuclear reactors produce energy through a
controlled fission chain reaction. While most
reactions generate electric power, some can
also produce plutonium for weapons and
reactor fuel. Power reactors use the heat from
fission to produce stream, which turns turbines
to generate electricity. In this respect, they are
similar to plants fuelled by coal and natural gas.
The components common to all nuclear
reactors include a fuel assembly, control rods, a
coolant, a pressure vessel, a containment
structure and an external cooling facility.
Thermal reactors operate on the principle that
uranium-235 undergoes fission more readily
with slow neutrons than with fast ones. Light
water() OHz, heavy water ()OD, and carbon in
the form of graphite are the most common
moderators. Since slow neutron reactors are
highly efficient in producing fission in
uranium-235, they use fuel assemblies
containing either natural uranium (0.7percent
U-235) or slightly enriched uranium (0.9 to
2percent U-235) fuel. Rods composed of
neutron absorbing materials such as cadmium
or boron are inserted into the fuel assembly. The
position of these control rods in the reactor core
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determines the rate of the fission chain reaction.
The coolant is a liquid or gas that removes the
heat from the core and produces stream to drive
the turbines. In reactors using either light water
or heavy water, the coolant also serves as the
moderator. Reactors employing gaseous
coolants ()HeorCO2 use graphite as the
moderator. The pressure, made of heavy-duty
steel, holds the reactor core containing the fuel
assembly, control rods, moderator and coolant.
The containment structure, compose of thick
concrete and steel, inhibits the release of
radiation in case of an accident and also secure
components of the reactor from potential
intruders. Finally, the most obvious
components of many nuclear power plants are
the cooling towers, the external components,
which provide cool water for condensing the
stream to water recycling into the containment
structure. Cooling towers are also employed
with coal and natural gas plants[4].

3. TYPE OF THERMALREACTORS
Most of the nuclear power plants in the world
are water-moderated thermal reactors. They are
categorized as either light water or heavy water
reactors. Light water reactors use purified
natural water ()OHz as the coolant/moderator,
while heavy water reactors employ heavy water
deuterium oxide ()ODx. In light water reactors,
the water is either pressured to keep it in
superheated form (in a pressurized water
reactor employ heavy water reactor, PWR) or
allowed to vaporize, forming a mixture of water
and stream (in boiling water reactor, BWR). In
PWR, superheated water flowing through tubes
in the reactor core transfers the heat generated
by fission to a heat exchanger, which produces
steam in a secondary loop to generate
electricity. None of the water flowing through
the reactor core leaves the containment
structure.

Other thermal reactors are Boiling Water
Reactor (BWR), Heavy Water Reactor (HWR),
Gas Cooled Reactor, Pebble Bed Reactor and
Fast Neutron Reactor.
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4. DIFFERENT TYPES OF NON-
NUCLEARELECTRIC POWER PLANTS

We have different types of non-nuclear electric
power generation. Some are Windmills, Hydro-
electric power (falling water) plants, Fossil-
fuels plant and Solar cell plants.

5. WIND-MILL PLANT

This plant is a device for tapping the energy of
the wind by means of sails mounted on a
rotating shafts. It is generally less reliable than
the water power, but where water is deficient
wind power is an attractive substitute. Wind-
mill plant can be used in areas that suffer from
draught or from a shortage of surface water and
also in a low-lying area where rivers offer little
energy. They were mostly used, converting the
energy of the wind into mechanical energy for
grinding grain, pumping water and drainage.
They produced less energy for electricity[5].

6. HYDRO-ELECTRIC POWER

It is the electricity produced from generators
driven by water turbines that convert the
potential energy in falling or fast-flowing water
to mechanical energy. They are usually located
in dams that impound rivers; especially in areas
with heavy rain fall and hilly or mountainous
region. In generation, water is collected or
stored at a higher elevation and led downward
through large pipes or tunnels to a lower
elevation. At the end of its passage down the
pipes, the falling water causes turbines
mechanical energy into electricity [6].
Although hydro-electric power plants are not
hazardous as the fossil fuels, but it may not
meet the electricity demand of a country as
fossil fuels would. Also if there is not enough
water impounded in reservoirs during the dry
season, the falling water would not be enough
to cause the turbine to turn to generate
electricity.

7. FOSSIL-FUELS

The production of stream by fossil-fuels,
produce the greatest amount of electrical
energy compared to hydro-electric and wind-
mills. Fossil-fuels are coal, petroleum, natural
gas, oil shale, bitumen, tar sands and heavy oil.
All contain carbon and were formed as a result
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of geologic processes acting on the remains of
organic matter produced by photosynthesis. All
fossil-fuels can be burned in air or with oxygen
to provide heat. The heat may be utilized to
produce steam to drive generators that can
supply electricity [7]. The use of fossil-fuels is
very hazardous to human health as a result of
environmental pollutant from burning of the
fuels.

8. SOLAR CELLPLANTS

This is the best plant that can only be
conveniently used on satellites and space where
the flow of energy out of the sun (the solar
wind) can be harnessed without interference
from the atmosphere or the rotation of the earth
[8]. Although this type of non-nuclear power
plant can also be used on earth, but cannot
produce the desire electricity because of the
changes in atmospheric conditions and rotation
of'the earth.

9. ADVANTAGES OF NUCLEAR
PLANT OVERNON-NUCLEARPLANT
All the non-nuclear power generation
discussed above produced low electricity
compared to the nuclear reactors. The nuclear
reactor released a large amount of energy
during the process of fission. Most of this
energy released takes form of heat, which is
used to produce steam. The steam drives a
turbine, the mechanical energy of which is
converted to electricity by a generator. The
whole process takes place in a safety
environment that is not hazardous to the
human. The nuclear reactor eliminates most of
the disadvantages of the non-nuclear energy by
generating enough energy for consumption;
does not emission of carbon which is very
dangerous to the environment; does not involve
burning of coal and oils that are the causes of all
manners of lung ailments and also does not
dependent on fossil-fuels.

10. SOME NUCLEAR ACCIDENTS

There were three major nuclear reactor
accidents they are the three moles island in
Pennsylvania, USA in 1979 [3], the Chernobyl
RBMK in Soviet Union in 1986 [10] and
Fukushima nuclear reactor accident in Tokyo,
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Japanin2011[11].

With the above analysis on nuclear accidents,
nuclear technology is necessary for power
generation if the safety concerns can be
adequately addressed and that is why this work
is purely devoted to the safety aspect and not to
the weapons production. Power from the
reactors produce energy in form of heat that
releases steam to turn turbine to generate
electricity, therefore it is necessary to find
equations for rate of heat that can be used for the
purpose of our work.

1. MAINRESULT]|

a. NOMENCLATURE

The following nomenclatures are the elements of nuclear reactjor

A=heat transfer area

;= concentration of species j

€ ;= feed concentration of species j

C ;= steady-state concentration of species j
C,= constant-pressure heat capacity

C p; = partial molar heat capacity

C .. = heat capacity per volume

n
C'r= constant-pressure heat capacity per mass

A
Cr = constant-volume heat capacity per mass
AC ;= heat capacity change on reaction, AC,= Z FV.Cy

E=total energy

a

E=total energy per mass

H ;= partial molar enthalpy

A

H = enthalpy per mass

AH p;= enthalpy change on reaction, AH p,=>" :,I’i:-ﬁ

k= reaction rate constant for reaction i

k,,=reaction rate constant evaluated at mean temperature T,
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K= equilibrium constant for reaction i

i‘[= kinetic energy per unit mass

m; = total mass flow of stream &

n = reaction order

n, = moles of species j, V,C,

1= number of reactions in the reaction network
1= number of species in the reaction network
P= pressure

F'; = partial pressure of component j

- (22 Ir
'E- | E ; |
0= volumetric flow rate
Q = feed volumetric flow rate

O, = heat transfer rate to reactor

r.= reaction rate for ith reaction

R, = production rate for jth species

= time

T = temperature

T,= temperature of heat transfer medium

T,,= mean temperature at which & is evaluated

[7,= overall heat transfer coefficient

[7= internal energy per mass
v;= velocity of stream

7= reactor volume variable
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V = reactor volume variable

v ;= partial molar volume of species j
Vg = reactor volume
AV;= change in volume upon reaction i, Zj. Vi v,

W = rate work is done on the system

a = coefficient of expansion of the mixture, « = (%X%)Pry

7 = reactor residence time, 7 =V, /O,
V, = stoichiometric coefficient for species j in reaction ;
V=%V,

£ = mass density

P = mass density of stream X
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b. THE ENERGY BALANCE FOR REACTORS

The following gesults.. which are to be used in our control operator in our CGM were

obtained through energy balance equation and were arranged in terms of rate of heats of the

reactors (i.e. batch, continuous stirred tank, semi batch and plug flow). See [15].
duv

-—-W -W, 121
0,-% (121)
dU  dV
Q,=—+p—=L 122
% = ‘Ddt ( )
dH  dP
O =— Vr— (123)
dr dP 7 dn,
Q. -v,,c,E—aTV,E+;H,.?/ (12.4)
, oo dl dP
Qs =V,, C;E—aTV,E+ .- AH 1V, (12.5)
Q, =V, c,.‘g+ZAH v, (12.6)
Q. =AH, 1V, (12'7)
0 = AHKCV, (12.8)
0., =V, cy£+zlw mzv [j:} ]ry, (12.9)
17TV
=V éy_+Z(AH ~RIV. )V, (12.10)
du W_w (
Ou =—-- O,HH,+QPH- -, 12.11)
dau  _dv,
Q‘G-E P— Q,,,,Hf+Q H (12.12)
dH dP . : ’
03,_7 -V, — o o,,,,H,+Q,,H : (12.13)
;. dl
Qs =V, Cr —-— oV, — +ZH, -Q,,,H,+Q,, (12.14)
. dl . (— 7)
Q, =V, C,E-m — ZAH V,+3.C,Q,\H;-H; (12.15)
QM=umb,7+zwmry;+ch,Q,(17,,-ﬁ,-) (12.16)

A TTIATE Y
Q35=V,Pépg+Z(AH —alV va 'V, ZC!QI(IT;—ﬁj)—a?V,Z};(ciQ/:ij)
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(12.17)

0, =V é,_+z(AH —RIT.}¥, zc,o,(H,-H )—RTZP c,2,-c,0)

Qu =ZAHm’:~Vx =9/ é’(ff 'f)

Q. =0,,CrAT

dau
Qu = ?—Q,,,H/ W,-W,
@ P e
dH dP
dt
Vo

Q,

[

“

Q.

Vn_ pr/H/

dr
Y ZH L-9,, Hy
J

Cu dt

o dT - _—
Qs =Vuc’5‘mng+zwm’in-ZCJIQ/(H”_Hf)

» dT — —_
0y =V,, C;—+ZAH,,,J;V, —ZC,,Q,(H,'/ —Hj)

Q,3=V,P£'pdT+ZAH 1Ve-0,,,CT,-T)

0. =0, é,%+g(1 af)£+zwmr,.
0,=0, é,£+zw,‘,

k() , N
0, =—l+k(T)tC"AH" where k(T )=k _e [r ’]
C
O =_”(T’T/)
T

00 -207(,-1)

Qu=U"2RA, (I, -T)

On =K{c‘ —Kil(c,, -c, ))AH,V, -9, C+(r, -1)

o-2fe)

143

(12.18)
(12.19)

(12.20)

(12.21)
(12.22)

(12.23)
(12.24)
(12.25)
(12.26)
(12.27)
(12.28)
(12.29)

(12.30)

(12.31)

(12.32)

(12.33)

(12.34)

1239 |

ACTIVATE N
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If the above thirty-six parametric equations and nuclear tokens can be used for the structure
model for the construction of nuclear reactors, then the safety will be maximized and disaster
minimized. This will later be structured into mathematical model in form of quadratic
functional. The model will be solved using Conjugate Gradient Method algorithm, with
MATLAB as support software.

In particular, we shall use the following quadratic functional for further work.
1

f(X)=fy+{a.X), +5(X.AX),

where X eR®ie X = (xx,xx,x.x, ) ,a=(111111), f, =land

r()ll Ql: 013 014 Qli Qlﬁ )
Qtl Qh‘ Qﬁ Qﬂ Qﬁ 926
031 QSI 033 034 QS: 036
Q4l Q42 Q43 QM Q45 Q“
QSI QSI 053 4 QSS

Q
kQGl Q&‘ 063 Q“ Qﬁ

Q0 0
2
-

Where Q, are the rate of heat of the reactors, and /,j=1,234,56
Example. .
Minimi

]

1 2
Flx)=1+x +X,+ X, +X, +X, +X, Ex, + XX, XX, XX+ XXy +2X, X, XXy + Xy X + XX+ X X,

3 3 2 2 2
+ X3 Xg + Xy Xo +2X5 +5x3 +X 4+ X5

(111110
141211
PHLIR IR IR
121210
011141
1110 1 2
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Table 1: Numerical Example

N[ MV OBJ | NITR

| o]

& x, = — 0.5465, ¥, = —0.4135, x; = —0.0906, | 0.23

x, = —0.3425,x, = —0.1614,%, = —0.1645

PARAMETER DESCRIPTION OF TABLE 1
N=the dimension of the vector x

x = the minimizing vector

OBIJF = the minimum wvalue of the objective functional

NITR = the number of terations for the convergence of CGM for a particular problem

ANALYSISL OF TABLE 1.

It can be seen in Table 1. That the method converges inthe second iferation, The implication
15 that 1f the elements of the reactor are well structured, according to the capacity N, we

would achieve optimal result. Observe that N 1s the size of the reactor.
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