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ABSTRACT

The Design of Reactor Pressure Vessel (RPV) shoelthat the height of pressure vessel is up toni@od
radius is up to 5.6m to ensure safe operation ofean reactor. The research conducted safety méggiron the
design dimension of RPV in terms of the height aadius, secondly safety margin test was carriedoout
applied high temperature on the reactor graphite aad thirdly, safety margin test were perforntimacooling
problem of the nuclear reactor core in relatiorfuel temperature. By applying Linear Regression Iygia
Techniques on some typical Reactor Pressure VER&V) models. The results of the statistical arialyms
these types of nuclear reactor models reveals tHeatRPV models promises stability under applicatidn
pressure vessel up to 16.0m height and radius 54rthis point the temperature seems at maximumtaad
reactor agrees to be more stable as the regregkibmas optimized, that is the least squares niefimals its
optimum when the sunf;, of squared residuals is at minimum. The safetygmaprediction of 3.1% was
validated for a typical RPV model as an advantager dhe current 5.1% challenging problem for plant
engineers to predict the safety margin limit.

Keywords. Reactor pressure vessel design, height and raliigis,temperature effect, fuel element, risk and
failure, reactor safety, safety factdf, optimization, stability margin, reactor presswessel design models,
selection of pressure vessel.

INTRODUCTION

The main drivers for reactor development are

* Improved safety (for example by the incorporatiépassive safety features)
¢ Reduced capital cost

¢ Reduced operating cost

« Improved efficiency and utilization

e Improved design effectiveness

* Reduced build-time

*  Minimize the risk of failure

These main drivers shall provide a good, novel apght and method for multi-objective decision-makimghe
development of the nuclear industry.

The reactor pressure vessels are designed with gaea to ensure safe operation when used witlgin tire-
scribed temperature and pressure limits. The seteaf pressure vessel must be the one which has th
capability, pressure rating, corrosion resistanue design features that are suitable for its inéendse. When
pressure vessel could not function as to supplemat gas in cooling the reactor the phenomenacease
hydrogen built-up within the reactor and this caargually melt down the reactor core, as in theecsdies of
nuclear accident in Japan when the pressure visked function, heat continue to built-up in theactor and
the reactor meltdown and was damaged [1]. Then &eawas being pumped into the reactor in an atteonp
cool down the radioactive core. Also, there wasseorded explosion which occurred, at the NDK Cilysta
manufacturing company in Belvidere, lllinois resditfrom Stress Corrosion Cracking of High-Pres&lessel
[2], and fatal accident at Goodyear Tire and Rulitlant in HoustonTexas following Pressure Vessel Codes,
the accident occurred, when an overpressure imbaxehanger led to a violent rupture of the exgkafi3].

There was a safety concern because counterfeibresguipment of the reactor pressure vessel atKiokulam
Nuclear Power Plant in the Tirunelveli districttbe southern Indian state of Tamil Nadu [4]. Sitluese also
include safety grade equipment, there is also anpiai for accident.
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In exercising the responsibility for the selectmfrpressure equipment, the prospective user is dfteed with a
choice between over or under-designed equipmer.hBzards introduced by under-designed pressuselges
are readily apparent, but the penalties that maigtaid for over-designed apparatus are often owkeldS].

The list of available nominal chemical compositiminpressure vessel construction materials are iigigteld in
Table 1:

Table I: Hghlighted the nominal chemical composition of gree vessel materials

Major Elements (Percent)
Material Typical Trade Name Fe Ni Cr Mo Mn Other
T316/316 L 65 12 17 25| 20 Si1.0
Stainless Steel
Alloy 20 Carpenter 20 35 34 20 25| 2.0 Cu 3.5, Cb 1.0 max
Alloy 400 Monel 400 1.2 66 Cu 31.5
Alloy 600 Inconel 600 8 76 15.5
Alloy B-2 Hastelloy B-2 2 66 1 28 | 1 Co 1.0
Alloy C-276 Hastelloy C-276 6.5 53 15.5 16| 1 W4.0, Co 2.5
Nickel 200 99
Titanium Commercially pure titanium Ti 99
Grade 2 min
Titanium Commercially pure titanium Ti 99
Grade 2 min
Titanium 99 0.15 Pd
Grade 7
Zirconium Zr + Hf 99.2 min, Hf 4.5 max
Grade 702
Zirconium Zr + Hf 99.2 min, Hf 4.5 max Nb 2.5
Grade 705

A pressure vessdl is a closed, rigid container designed to hold gaseliquids at a pressure different from the
ambient pressure.

In addition to industrial compressed air receivansl domestic hot water storage tanks, other exampie
pressure vessels are: diving cylinder, recomprassimmber, distillation towers, autoclaves and mathner
vessels in mining or oil refineries and petrochexhiglants, nuclear reactor vessel, habitat of aespship,
habitat of a submarine, pneumatic reservoir, hyldraaservoir under pressure, rail vehicle airbragservoir,
road vehicle airbrake reservoir and storage vedseldiquified gases such as ammonia, chlorine ppre,
butane and LPG.

DESIGN AND OPERATION STANDARDS

In the nuclear industrial sector, pressure vesaedsdesigned to operate safely at a specific presand
temperature, technically referred to as the "De$lgessure” and "Design Temperature". The pressesseVis
designed to a pressure, there is typically a safalye or relief valve to ensure that this presssingot exceeded
in operation. A vessel that is inadequately degignehandle a high pressure constitutes a veryfiignt safety
hazard. Because of that, the design and certifinaif pressure vessels is governed by design cad#sas the
ASME Boiler and Pressure Vessel Code in North Aoad6], the Pressure Equipment Directive of the EU
(PED), Japanese Industrial Standard (JIS), CSA iB5Canada, AS1210 in Australia and other intermetio
standards like Lloyd's, Germanischer Lloyd, Det$%erVeritas, Stoomwezen and so on.

SHAPE OF A PRESSURE VESSEL

Theoretically a sphere would be the optimal shédfpe mressure vessel. Most pressure vessels are ohatieel.

To manufacture a spherical pressure vessel, fopgetd would have to be welded together. Some méaddan
properties of steel are increased by forging, beitlimg can sometimes reduce these desirable prepelrt case

of welding, in order to make the pressure vessdtnmernational safety standards, carefully selésteel with

a high impact resistance are be used. Most presgeseels are arranged from a pipe and two covers.
Disadvantage of these vessels is the fact thagdadigmeters make them relatively more expensivehat for
example the most economic shape of a 1000 lite3,bar (25,000 kPa) pressure vessel might be aetiarof
450 mm and a length of 6500 mm.
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No matter what shape it takes, the minimum massppEtssure vessel scales with the pressure antheadtu
contains. For aphere, the mass of a pressure vessel is

P e
M = §PV;, ................................................ Equation (1)
Where
M is mass
p is the pressure difference from ambient- the ggugsesure
Vis volume

p is the density of the pressure vessel material
o is the maximum working stress that material céeréde.

Other shapes besides a sphere have constants thageB/2 (infinite cylinders take 2), although soitanks,
such as non-spherical wound composite tanks camagip this.

CYLINDRICAL VESSEL WITH HEMISPHERICAL ENDS

This is sometimes called a "bullet" for its shagéhough in geometric terms it iscapsule.
For a cylinder with hemispherical ends,

i o2 i pP
M —2rit (It + W )PJ, ................................. Equation (2)
where

* Ris the radius, W is the middle cylinder widthyrdnd the overall width is W + 2R
CYLINDRICAL VESSEL WITH SEMI-ELLIPTICAL ENDS

In a vessel with an aspect ratio of middle cylindéith to radius of 2:1,

L Equation (3)

GAS STORAGE

In looking at the first equation, the factor PV,3hunits, is in units of (pressurization) energgr a stored gas,
PV is proportional to the mass of gas at a givenptrature, thus

M = 2nRT? |
2 o SRR Equation (4)
The other factors are constant for a given vedsabes and material. So we can see that there ibeuydtical
"efficiency of scale”, in terms of the ratio of pseire vessel mass to pressurization energy, aresspre vessel
mass to stored gas mass. For storing gases, "tamfgency" is independent of pressure, at léarsthe same
temperature.
So, for example, a typical design for a minimum snemk to holdhelium (as a pressurant gas) on a rocket

would use a spherical chamber for a minimum shamstant, carbon fiber for best possiﬁgc’_, and very
cold helium for best possibe'?'!'ffpv.
STRESSIN THIN-WALLED PRESSURE VESSEL S

Stress in a shallow-walled pressure vessel inhbpes of a sphere is

pr

Ta = (F = —
¢ e T R Equation (5)

where@4 is hoop stress, or stress in the circumferentiabdon,gfﬂﬂﬂ is stress in the longitudinal directigm,
is internal gauge pressureis the inner radius of the sphere, arsl thickness of the cylinder wall. A vessel can
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be considered "shallow-walled" if the diametertiteast 10 times (sometimes cited as 20 times)gréaan the
wall depth.

Stress in a shallow-walled pressure vessel intthpes of a cylinder is

L e, Equation (6)

e e e e e e e e e e e aaaas Equation (7)

whereTd is hoop stress, or stress in the circumferentiatcton, lon g is stress in the longitudinal directiqm,
is internal gauge pressureis the inner radius of the cylinder, anid thickness of the cylinder wall.

Almost all pressure vessel design standards conrtmiations of these two formulas with additionatpgrical
terms to account for wall thickness toleranceslityueontrol of welds and in-service corrosion alances.

For example, the ASME Boiler and Pressure VessdeGBPVC) (UG-27) formulas are:

Spherical shells:

B _ plr+0.2¢)
76 = Tlong = 2HE Equation (8)
Cylindrical shells:
_ p(r+0.61)
70 = tE Equation (9)
_ p(r—0.4t)
Tiong = 2LE Equation (10)

Where E is the joint efficient, and all others variablesstated above.

The factor of safety is often included in thesenfaolas as well, in the case of the ASME BPVC thigntés
included in the material stress value when sol¥imgPressure or Thickness.

LINEAR EXPANSION

To a first approximation, the change in length meaments of an object ("linear dimension" as opgdsee.g.,
volumetric dimension) due to thermal expansion atated to temperature change by a "linear expansion
coefficient". It is the fractional change in lengtlr degree of temperature change. Assuming nblgigffect of
pressure, we may write

1L

aL
where L is a particular length measurement "aa?rjds the rate of change of that linear dimensionyrét change

al = vieeen......EqQuation (11)

in temperature.
The change in the linear dimension can be estinmated:

L
AE: AL AT Equation.(12)

This equation works well as long as the linear-esjan coefficient does not change much over thaghan
temperature\T. If it does, the equation must be integrated.

EFFECTSON STRAIN

For solid materials with a significant length, likeds or cables, an estimate of the amount of theexpansion
can be described by the material strain, givennuydefined as

gthermal = (Lfinal — Linitial)/Linitial.......................... Eqation.(13)
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where Linitial is the length before the changeevfiperature and Lfinal is the length after the cleanfy

temperature.

For most solids, thermal expansion is proportidodhe change in temperature:
gthermal®CAT..........cooiiiiii i e ee ... EQuation (14)

Thus, the change in either the strain or tempegatan be estimated by:
Ethermal =aL AT.....coviiii e, Equation (15)
Where AT = (Tfinal — Tinitial) .............coooeveiiiiinnnns Equation (16)

is the difference of the temperature between tleeregorded strains, measured in degrees Celsikislgin, and
oL is the linear coefficient of thermal expansior'jrer degree Celcius" or "per Kelvin", denoted By or K™,
respectively.

AREA EXPANSION

The area thermal expansion coefficient relateckiamge in a material's area dimensions to a change
temperature. It is the fractional change in araadpgree of temperature change. Ignoring presswgenay
write:

A—lﬁ Equation.(17
o _A(a:r) quation.(17)

g4
where A is some area of interest on the object,éarnit the rate of change of that area per unit chamge

temperature.
The change in the linear dimension can be estimeged

A
H=aAAT......................................................Equation (18)

This equation works well as long as the linear esgpgan coefficient does not change much over theghan
temperaturéT. If it does, the equation must be integrated.

VOLUMETRIC EXPANSION
For a solid, we can ignore the effects of pressarthe material, and the volumetric thermal expamsi
coefficient can be written:

V—lﬁ Equation (19
a _V(c’:'?") guation (19)

av
where V is the volume of the material, agTq is the rate of change of that volume with tempeeat

This means that the volume of a material changesonye fixed fractional amount. For example, a shémtk
with a volume of 1 cubic meter might expand to 2.@@ibic meters when the temperature is raised BYC50
This is an expansion of 0.2 %. If we had a bloclstefl with a volume of 2 cubic meters, then uridersame
conditions, it would expand to 2.004 cubic met@gain an expansion of 0.2 %. The volumetric expansi
coefficient would be 0.2 % for 50 K, or 0.004 %/K.

If we already know the expansion coefficient, thencan calculate the change in volume

V
AE: AV AT Equation.(20)

”

Where,AV

is the fractional change in volume (e.g., 0.002) am is the change in temperature (50° C).

The above example assumes that the expansionaiesffilid not change as the temperature changeslisTh
not always true, but for small changes in tempeeattiis a good approximation. If the volumetrigpansion
coefficient does change appreciably with tempeeatilren the above equation will have to be integrat

AE = _,rTD 20 (THdT ... Equation (21)

v TO

where To is the starting temperature #hl7 (T]is the volumetric expansion coefficient as a fumctdf
temperaturd.
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The temperature of the fuel varies as a functiothefdistance from the center to the rim. At disteshfrom the
center the temperature JjTis described by the equation wherés the power density (W) and K is the
thermal conductivity.

Ta=Trim+ P (penef =) (4 K) ™ oeeiiiii i, Equation.(22)

When the nuclear fuel increases in temperatureraiel motion of the atoms in the fuel causes &ceknown
as Doppler broadening. When thermal motion causearicle to move towards the observer, the emitted
radiation will be shifted to a higher frequencykéwise, when the emitter moves away, the frequavitybe

lowered. For non-relativistic thermal velocitielse tDoppler shift in frequency will be
v

f=h(1+2) |
e Equation (23)

wheref is the observed frequenaf!} is the rest frequency; is the velocity of the emitter towards the
observer, and is the speed of light.

Since there is a distribution of speeds both toward away from the observer in any volume elemérth®
radiating body, the net effect will be to broadea bbserved line.

If Pﬂ(t})dt} is the fraction of particles with velocity componé?to U + dv along a line of sight, then
the corresponding distribution of the frequencges i

duv
Pr(f)df = pv(t}f)ﬁdf

where

................................. Equation (24)

g = (— — 1)
Jo Equation (25)
is the velocity towards the observer corresponthindpe shift of the rest frequenf)ﬂ to

f

Therefore,

- ; A
P =5 (e(£-1))

...... Equation (26)

We can also express the broadening in terms ot/ﬂmlength)\. Recalling that in the
A=A T=1
non-relativistic limit Ao fo ., we obtain

Py(N)dA = ipv (c (1 - %)) d)\'
...Equation (27)

In the case of the thermal Doppler broadeningyéiecity distribution is given by the Maxwell digtution

P,(v)dv =\

v

2kT

_m axp (
2wkT L Equation (28)
where,

112 is the mass of the emitting partic@, is the temperature arltlis the Boltzmann constant.
Then,

ey m (e
Fr(f)df — (ﬁ) \/ e B ... Equation (29)
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We can simplify this expression as

. mc? mc [ f — fo)*)
P(f)df = 1| ——— exp (—% | df
27kT fy 2kTfo ) 7, Equation (30)

which we immediately recognize as a Gaussian grefith the standard deviation
kT
—fo

U’ J—
d T e, Equation.(31)
and full width at half maximum (FWHM)

8kT In 2

A 1=
fewnn e

]
e e Equation.(32)

The fuel then sees a wider range of relative nauspeeds. Uranium-238, which forms the bulk ofuhenium

in the reactor, is much more likely to absorb faseépithermal neutrons at higher temperatures. fdiaces the
number of neutrons available to cause fission, eedlices the power of the reactor. Doppler broadenin
therefore creates a negative feedback becauseehdefmperature increases, reactor power decreddes.
reactors have reactivity feedback mechanisms, ¢xamme gas reactor such as pebble-bed reactor vidich
designed so that this effect is very strong and chm¢ depend on any kind of machinery or movingspar

FAILURE AND ACCIDENT ANALYSIS

Several reports on the safety of pressure vessajrthese include “Reactor Pressure Vessel Takigbft
Water Reactor Sustainability Program,”[7] “Preventdf Catastrophic Failure in Pressure Vessels and
Pipings,”[8] “Pressurized Thermal Shock PotenttdPalisades,”[9], “Stress Analysis & Pressure Vis4&0]
“AS 1200 Pressure Vessels”[11] and "Stress Analg&siressure Vessels”[12].

These accidents may perhaps be as a result ofndesicept process of some of these reactors (wigald

involve novel technologies) that have inherent nékailure in operation and were not well studigdierstood.
In avoiding such accidents the industry has been sieccessful. As in over 14,500 cumulative reayears of
commercial operation in 32 countries, there havenbenly three major accidents to nuclear powertplan
Fukushima, Chernobyl and Three Mile Island. Astineo industries, the design and operation of nugleaver

plants aims to reduce the likelihood of accideats]l avoid major human consequences when they occur.

However, recent study of the reactor fuel underidgstt conditions, reveal that after subjecting fhel to
extreme temperatures — far greater temperaturesittheould experience during normal operation ostptated
accident conditions — TRISO fuel is even more rohbhian expected. Specifically, the research revdetiatat
1,800 degrees Celsius (more than 200 degrees Celsius greater than ptestubccident conditions) most fission
products remained inside the fuel particles, wigiabh boast their own primary containment system [8]

METHODOLOGY

In this work, Ordinary Least Square (OL&gthodologywhich is largely used in nuclear industry for maug!
safety, is employed. Some related previous workshenapplication of regression analysis techniquéude
“Statistical Analysis of Reactor Pressure VessalehRte Calculation Benchmark Data Using Multiple
Regression Techniques’[13], “Simplified modelingaaPWR reactor pressure vessel lower head faitutbe
case of a severe accident’[14]. Others are, “Areysf loads on reactor pressure vessel internala in
pressurized water reactor due to a loss-of-cookartident considering fluid-structure interactiorB]l
“Regression analysis of gross domestic productiarfdctors in Lithuania,”[16] and “Investigatinge Effect of
Loss-of-Pressure-Control on the Stability of Watamled Reactor Design Models,”[17].
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THE RESEARCH OBJECTIVES

To apply the linear regression techniquereactor pressure vessel design models for the determination of their
safety margin that is to examine the effect of pues vessel height and radius on the stabilitysaidty of the
nuclear reactor during operation.

THE RESEARCH MOTIVATION

The purpose of this work is to assist countriesimig to include nuclear energy for the generatibalectricity,
like Nigeria, to secure a reactor that is betted aafe. Also, the studies intended to provide quidain
developing practical catalytic materials for povgeneration reactor and to help researchers make @mgte
recommendation for Nigeria nuclear energy propmsitas one of the solutions to Nigeria energy crisis
Moreover, the study is to provide a good, novelrapph and method for multi-objective decision-mgkirased
on six dissimilar objectives attributesvolving technology, effectiveness, efficiencystosafety and failure.
Furthermore, this is to help Nigeria meet its in&dional obligations to use nuclear technology geaceful
means. Finally, the achievement is to make worlévadntribution to knowledge.

RESEARCH DESIGN/APPROACH

Theory and experiment have shown that for someaaoeabe design of pressure vessel plays significale in
the safety of the reactor during operation in préivg overheating of the reactor and reactor meftdduring
accident. Hence, in this work, a statistical analg$ a design input parameter of a typical reaptessure vessel
was investigated for safety. More specifically, theidies concentrated on technical factors thatt ltive
achievement of higher burn-up of fuel in variousida of reactor pressure vessels, such as theupeeksight
and radius mechanical interaction. Furthermore sthdy examined the temperature of the fuel behauviader
reactor accident conditions are also included.

The research approach involves adjusting the paeamef a model function to best fit a data sesirple data

set consists oh points (data pairs(Iir y’i), i =1, ...,.n, whereli is an independent variable alilis a
dependent variable whose value is found by observalhe model function has the forn(x,), where them
adjustable parameters are held in the ve3oiThe goal is to find the parameter values for riimlel which
"best" fits the data. The least squares method fitsdoptimum when the sur§, of squared residuals

S = i ri

i=1
IS @ MINIMUM ... e e e e e e e e e ves e (25)

Table 2:Input data for safety margin against pressure Véssght and pressure vessel
diameter in a typical graphite moderated reactsigtemodel Sour ce : [18]

Nos. of trial (j) Pressure vessel height (m) Pressure vessel radius (m)
1 4 5
2 8 5.1
3 12 5.2
4 16 5.6
5 20 5.9
6 24 6.3
7 28 6.6
8 32 6.8
9 34 7.5
10 36 7.9
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1. Pressure Vessel Design (PVD)

The results of the application of the linear regi@s analysis of the data in Table 6 of a typicasBure Vessel
Design (PVD) models are presented as foltows

(i) Empirical Expression for Safety Factor, Y

In assessing the effect of pressure vessel heightradius on the Stability and Safety of the nuclemctor
during operation, the data obtained in Table 6 Wwhipresents a typical parameter for Pressure VB&Es#gn
(PVD) models was used in order to obtain the hiesvif the model. The new conceptual fuel designréactor
operation could optimize the performance of theewaboled reactor.

The linear regression model equation to be solsegivien by

Y =By+BiXj+ g Equation (33)

Where, ................................................
By is an intercept, Bis the slope, Xis the rate of increase in fuel volume

g = error or residual, j = 1,2,3,...,k and k is thst feerm.

Empirical Expression for Safety Factor, Y for Normal Pressure Reading
The model empirical expression is the equatiorhefstraight line relating heat in the reactor drevwolume of
fuel in the reactor as a measure of safety factimated as

Y = (4.3231) + (0.0872)%(X)) + § Equation (34)

- the equation (34) is the estimated model or ptedi

where,

Y = Dependent Variable, Intercept = 4.3231,

Slope = 0.0872, X = Independent Variable,

e = error or residual, j = 1,2,3,...,10 and 10 isl&st term of trial.

The Figure 1 shows the linear regression plot secti

(ii) Linear regression plot section
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(i)  F-test Result

Table 3: Summary of F-test Statistical Data

Parameter Value
Dependent Variable Y (Decay heat or temperature)
Independent Variable X (fuel volume)
Intercept(B) 4.3231
Slope(B) 0.0872
R-Squared 0.9392
Correlation 0.9691
Mean Square Error (MSE) 6.999824 x 10
Coefficient of Variation 0.0427
Square Root of MSE 0.2645718

Table 4: Descriptive Statistics Section
Par ameter Dependent Independent
Variable Heat{c) Fuel (g)
Count 10 10
Mean 6.1900 21.4000
Standard Deviation 1.0115 11.2368
Minimum 5.0000 4.0000
Maximum 7.9000 36.0000
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The Table 5 is the regression estimation sectisnlt®that show the least-squares estimates ohtbeeept and
slope followed by the corresponding standard eraosefidence intervals, and hypothesis tests. Thesdts are
based on several assumptions that are validatedebifey are used.

Table 5: Regression Estimation Section

Control Theory and Informatics
ISSN 2224-5774 (Paper) ISSN 2225-0492 (Online)
Vol.4, No.1, 2014

Par ameter I nter cept B(0) Slope B(1)
Regression Coefficients 4.3231 0.0872
Lower 95% Confidence Limit 3.8904 0.0691
Upper 95% Confidence Limit 4.7558 0.1053
Standard Error 0.1876 0.0078
Standardized Coefficient 0.0000 0.9691
T-Value 23.0392 11.1158
Prob Level (T-Test) 0.0000 0.0000
Reject HO (Alpha = 0.0500) Yes Yes
Power (Alpha = 0.0500) 1.0000 1.0000
Regression of Y on X 4.3231 0.0872
Inverse Regression from X on'Y 4.2022 0.0929
Orthogonal Regression of Y and X 4.3221 0.0873

In Table 6 the analysis of variance shows thatRHeatio testing whether the slope is zero, the ekgrof
freedom, and the mean square error. The mean squaire which estimates the variance of the resgjumas

used extensively in the calculation of hypothes$ts and confidence intervals.

Table 6: Analysis of Variance Section

Source DF Sum of M ean Squares F-Ratio Prob Level | Power(5%)
Squares

Intercept 1 383.161 383.161

Slope 1 8.649014 8.649014 8.649014 | 123.5605 1.0000

Error 8 0.5599859 | 6.999824X310

Adj. Total 9 9.209 1.023222

Total 10 392.37

S = Square Root(6.999824X)0= 0.2645718

In Table 7 Anderson Darling method confirms thesecépn of H at 20% level of significance but all of the
above methods agreed that Bhould not be rejected at 5% level of significantlence the normality
assumption is satisfied as one of the assumptibtiseoLinear Regression Analysis is that the varéaof the

error variabled has to be constant.

Table 7: Tests of Assumptions Section

Assumption/Test Residuals Test Prob Level Isthe Assumption
follow Normal Distribution? Value Reasonable at the 20% or
0.2000 L evel of
Significance?
Shapiro Wilk 0.8901 0.169812 No
Anderson Darling 0.5842 0.128324 No
D'Agostino Skewness 1.0600 0.289166 Yes
D'Agostino Kurtosis -0.5545 0.579233 Yes
D'Agostino Omnibus 1.4310 0.488954 Yes
Constant Residual Variance?
Modified Levene Test | 0.3515 | 0.569628 | Yes
Relationship isa Straight Line?
Lack of Linear Fit F(0, 0) Test | 0.0000 | 0.000000 | No

Notes:
A 'Yes' means there is not enough evidence to niagkessumption seem unreasonable.
A 'No' means that the assumption is not reasonable
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(iv)  Residual Plots Section

The plot section is used as further check on thiditsaof the model to satisfy all the assumptiarfsthe linear
regression analysis.

Amir D. Aczel (2002, P528) have stated that themmadity assumption can be checked by the use of gfiot
errors against the predicted values of the depéndeiable against each of the independent variabteagainst
time (the order of selection of the data points) an a probability scale.

The diagnostic plot for linear regression analysia scatter plot of the prediction errors or reald against
predicted values and is used to decide whethee ibexny problem in the data at hand Siegel F (2057 8).

The Figure 2 is for the plot of errors against thder to selection of the data points (e = 1,2,.).,1&Ithough
the order of selection was not used as a variabthe mode, the plot reveal whether order of sieleatf the
data points should have been included as one o¥dhi@bles in our regression model. This plot shaws
particular pattern in the error as the period iases or decreases and the residuals appear tondeny
distributed about their mean zero, indicating iretefence. The residuals are randomly distributedh wi
pattern and with equal variance as volume of foeldases.

Note:
1. Residual = original value for heat (Y) minors prdd value for healy
2. Count = the design number (design 1, 2, 3, ..., 12)
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Figure 2 Residuals of HeafC) versus Fuel (g)

Figure 3 shows the histogram of residuals of gggrand this is nearly
skewed to the right but the software used indicéttatithe plot is normal.
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While Figure 4 is the result on plot graph of expental errors. The residuals are perfectly noryndiktributed
as most of the error terms align themselves albagitagonal straight line with some error termssiolgt the arc
above and below the diagonal lirighis further indicates that the estimated modehig.
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2. SUMMARY/CONCLUSION

In conclusion the research conducting safety mategh on the design dimension of graphite corerapljte
moderated reactor in terms of the height and diamsecondly safety margin test was carried ouamplied
high temperature on the reactor graphite core airdly, safety margin test were perform on the oupl
problem of the nuclear reactor core in relatiorfuel temperature. By applying Linear Regression Ipsia
Technigues on some typical Pressure Vessel De§lgiD) models. The results of the statistical analys
these types of nuclear reactor models reveals tteatPVD models promises stability under applicatain
pressure vessel up to 16m height and radius 5.@nthié point the temperature seems at maximum had t
reactor agrees to be more stable as the regregkibmas optimized, that is the least squares niefimals its
optimum when the sung of squared residuals
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i=1 is a minimum at the given dimension of PV heighDbgetre and radius 5.6metre.
Meanwhile, at anything below height of 16metre eadius of 5.6metre the fuel element seems to b&biasin
the reactor as the regression plot could not firmgbiimal.

The research implication is that the design dinmmeif graphite moderated reactor core could beifgignt to
the nuclear fuel temperature and safety of thetoeaturing operation or accident. Secondly, thetyafargin
prediction of up to 3.1%as been validated for reactor design models oerveaioled reactor regarding the
design dimension of graphite moderated reactor parameter, core temperature and fuel temperafire.
research effort served as an advantage over thents.1% challenging problem for plant engineerpriedict
the safety margin limit. According to Xianxun Yué2007, P49) in “Stochastic Modeling of Deterioratim
Nuclear Power Plants Components” a challenging Iprolof plant engineers is to predict the end of bf a
system safety margin up to 5.1% validation.

The current design limits for various reactors safie a nuclear power plant, defined by the rekiivcrease and
decrease in the parametric range at a chosen oepaint from its original value, varies from stat to station.

However, the finding in the work would suggest tthegt design of the plant should ensure that operagactor
core are made up of large graphite coreorder to minimize core melting in an extreme thigmperature
condition which can damaged the reactor.

The Design of Reactor Pressure Vessel (RPV) shioelthat the height of pressure vessel is up toni@od

radius is up to 5.6m are maintained in their camion and possibly provision for extra pressurssetin the

design to ensure safe operation of nuclear reaBtdrthe final responsibility for selecting a reactw pressure
vessel that will perform to the user’s satisfactiomny particular reaction or test must rest wlith user.

If pressure vessels technology solution must beremdéd properly then the following areasapiplicable
pressure technology needs to be well study thededa dynamic and seismic analysis; equipment ficetiion;
fabrication; fatigue and fracture prediction; faniand boundary element methods; fluid-structureraution;
high pressure engineering; elevated temperaturlysasiand design; inelastic analysis; life extensilifeline
earthquake engineering; PVP materials and thepeptyg databases; NDE; safety and reliability; aedfication
and qualification of analysis with relevant softeiar

Finally, the discoveries on high temperature eftecgraphite moderated reactor safety either imsesf design
graphite dimension parameter or fuel temperaturtherpower reactor stability and safety factor $thquovide
a new method for reactor design conceptualizafidwis shall also provide a good, novel approach aethod
for multi-objective decision-making based on sixsdiinilar objectives attributesevolving technology,
effectiveness, efficiency, cost, safety and failufae implication of this research effort to Nigesi nuclear
power project drive.

It is therefore recommended that for countries imiglto include nuclear energy for the generatioelettricity,

like Nigeria, the design input parameters of theaed nuclear reactor should undergo test andysisalising
this method for optimization and choice.
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