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Abstract:

It is a conventional practice in the design of nuclear reactor to introduce calculation of

hot points to determine spatial variation for energy generated and then determine power
distribution .The study had been carried out for core of a reactor type (MTR) by the neutronic
code SQUID. In this study, we replace the reflector of the reactor by H,O instead of D,O as
originally the reactor designed .
From the study we conclude that the reactor can operates safely ,to make sure of that we
calculate the multiplication factor where their values ranged from (1.0854) when all control
rods are up to (1.001)when three control rods are up . Also the values of hot points were
calculated and compared with French documents results with D,O as a reflector where the
difference is (0.19%),and with light water as reflector instead of heavy water was calculated
. For different cases according to control rod position , the values of hot point ranged between
( 0.46) to (1.64) in case all control rods are up also the values of the average power
distributed on different fuel cells were calculated in case of light water as reflector firstly
with three control rods are down and the maximum value (2.13*10Mw) .Secondly in case of
four control rods are down, the maximum value (1.925*10*Mw) We notice almost coincidence
between the neutron flux distribution through the core of reactor and in different positions of
control rods.
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1. Introduction:

A great deal of effort is devoted to
ensure the nuclear reactors operators safety
[1] , the core thermal design is usually
based on the introduction of safety factors
such a hot channel and hot spot factors
The fuel assembly having the maximum
power output is defined as the hot
assembly. The hot spot in the core in the
point of maximum heat flux or linear
power density, while the hot channel is
defined as the coolant channel in which the
hot spot occurs or along which the
maximum coolant enthalpy increase
occurs.

The nuclear hot channel is defined to take
into account the variation of flux and fuel
distribution within the core.

The radial nuclear hot channel factor is

EN_ averageheat. flux.of .hot.channel
R averageheat.. flux..of .channelin..core

defined as the following:

The Nc here is the total number of
channels in core , H is channels height
and q~(r) is the heat flux distribution.

In similar manner , the axial nuclear hot
channel factor is defined as the following

N _ maximum. heat flux..of .hot.channel_ A CGTI))
Z " average.heat flux.of .the.hot.channel H

12 = d
ﬁIQ(rHC)Z

2

The total nuclear hot channel factor or
nuclear heat flux is then

FN:maximum..heat.flux.in.the..core: N
q average.heat. flux..in..the.core R
The nuclear hot channel must not exceeds
2.6 Such factors are in general the result of
local deviations in behavior from strictly
adherence to that predicted by theoretical
predictions of the fuel and coolant
temperatures , fuel dimensions , coolant
flow , local fuel and core heat generation
etc. Such deviations are due to many
factors, such as flux distribution and
mechanical factors. Local deviations are

N
-Fz
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caused by so many factors such as non-
homogeneity of fuel , the presence of
structural materials , control rod position
in core , non-homogeneity of moderator
[2].

Our main goal in this study is to calculate
the hot points power distribution, the
multiplication factor and flux distribution
when we replace light water instead of
heavy water as reflector. The neutron flux,
multiplication  factor  and power
distribution in principle can be obtained as
a solution of linear Blotzmann equation

[4].

2. Description of Reactor [7]:

The MTR reactor is a research
reactor for material testing with a
maximum power of 0.5 MW. The
maximum fast and thermal neutron fluxes

are on the order of 10® and

10N /cm?®.sec respectively outside the
core tank , one of the reactor sides
accommodates light water instead of heavy
water as in the design of osiris reactor as a
reflector tank .

The core tank is made of zircoloy 2. The
1% load of the core contains four types of
fuel elements each with enrichment 90%
normally

Besides these fuel elements the core
contains six control an safety elements,
which consist of fuel part and a neutron —
absorbing part.

The fuel part of the control elements
contains 13.21 gm U235/plate and B*
contain 605 z.gm/cm® . The number of
fuel plates in the fuel elements is 24 and in
the control elements are 20. in additions to
the standard fuel elements and control
elements the core tank is designed to
contain such other components as
Beryllium reflector elements , aluminum
element and in-core water chambers as
shown in fig(1).



JOURNAL OF KUFA — PHYSICS Vol.7/ No.1 (2015)

Type of | weight of | Boron -10

fuel U235 per | contents in

element plate  in| ,gm/cm?
gm

A 16.27 580

B 13.18 440

C 11.56 440

D 9.2 0

3.Methodology:

The core under consideration is cold and
clean (fresh fuel , no xenon) one .In order
to perform  neutronic  calculation,
homogenization and group constants for
homogenized regions for all reactor
material were made using cell computer
code WIMS_D4 by Askew eta'l [8] .unit
cell calculation based on wigner _seitz cell
modeling i.e. lattice structure of the core
were represented in form of a cylindrical
super _cell . As seen in the following table
,group energy structure based on energy
limits for inelastic scattering ,un-resolved
resonance and neutron up-scattering was
chosen as 10MeV , 0.821MeV ,5.530Kev
and 0.625ev(upper energy boundaries).
The 69 group library was collapsed to
obtain a four — group self -shielded cross-
section data set.

Grou | Region Upper Lower

p no. energy energy
level level

1 Fast 10Mev 0.821Me

\Y

2 1/E 0.821Me | 5.53Mev
\Y

3 Resonanc | 5.53Kev | 0.625ev

e
4 Thermal 0.625ev 0.0

Group energy structure and limits

Core calculation was made using detailed
two-dimension (X, y) neutronic model for
reactor has been built using the neutronic
computer code SQUID [6] .

The two dimensional diffusion code
SQUID is an Italian computer program
which is used to calculate the neutron flux
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, power distribution and multiplication
factor for the MTR reactor . to carry out 2-
D neutronic calculation the reactor (core ,
tank , reflector) is represented in
coordinates , each in core components fig
(1) represented with the necessary detail
by a zone pattern distinguishing different
types of compositions .

The MTR reactor to be calculated by two
dimensional diffusion code SQUID is
divided into (26) homogenized regions .
These regions are given numbers for each
composition , then macroscopic cross
sections for the (26) composition for
diffusion calculation for neutron flux and
power distribution addition to
multiplication factor , these factors are our
goal in this study.

4.Results and Discussion :

All required group constants were
generated and made available , the
calculation of hot points , flux
distribution, power distribution and

multiplication factor were made using the
neutronic 2-D diffusion SQUID code.
Table (1) and (2) represent a comparison
of hot points as calculated by SQUID code
and French documents result [5] with tank
of reactor filled with D,O as reflector and
the difference is (0.19%) between our
results and French documents which
means that the 2-D diffusion SQUID code
is a good computational model for the core
of MTR reactor.

Table (3) represent a comparison for
average power between French document
and the calculated average power by
SQUID code, it's ranged from (0.57) to
(1.55).

Table (4) , (5) ,(6) and (7) represent the
values of hot points with the tank of the
reactor filled with H,O we can notice that
the values of hot points are less than that
when the reflector is D,O ,it is more safe.
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Fig (1) : Composition distribution for MTR reactor core for the computation model of
SQUID code .
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Table (1): A comparison of hot points between our results and ref.results in case of

control rods (2) and (5) are up ,with D,O as reflector .

* Ref.results [5] .
** Qur results
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Table (2) : Comparison of hot points between our results and ref.results in case of

three control rods up , with D,O as reflector .

* Ref.results [5] .
** Qur results
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Table (3) : Comparison for the average power between ref.results and our results in
case of of control rods (3) and (6) are down with D,O as reflector .

* Ref.results [5] .
** Qur results .
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Table (4) : Represent values of hot points in case of all control rods are up with H,O as

reflector
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Table (5) : Represent values of hot points in case of control rod (6) is down with
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H,O as reflector .



JOURNAL OF KUFA - PHYSICS Vol.7/ No.1 (2015) Mohammed Haider Al-Taweel

(TR T ) LT T [ L LT T 1] W ous e RTH  Wim W s
(L T L] L LT T L I b ] o ug LF-UO S L T - oI ] LU L T
LT VT . [ I LE N B i WL (T i W®owm L (L T I
WM m [TE T i W M N iw 1 1}
wowW o LF ¥ T [T (LT T [0 S .
LA L B ] [ LU T ] s L (R ] (L T 1]
Ll {3
L S ] E;I L W LM [ R R ﬂ L s
oo | W W o ’ TR T T™ y TR
Lt T T TN
W (NN T LTI TR A I T T
im e BE Uy (I I [ ] (5T ]
LU T b | L L] (I I -|I ur L (5 S R
LRI T I & [T T L 13 4 e . oo o e
L T o o s 1M oW (] LT T
(T I" TR v TR ¥ TR
L L5 14 u

(T TIT T WS o o o [ BN e
LT T O T O T O T T L T O U I BN T S T S L IO T T (O T R L T
L LU e [TL I LI T T (LU ST CLT T [ VLT LE Wt s
L T L] (T L 1. K- - I 14 14 (LIS LT [ . (RN T ]

Table (6) : Represent values of hot points in case of control rods (3) and (6) are down
, with H,O as reflector .
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Table (7) : Represent values of hot points in case of control rods (1) , (3) and (6) are

down , with H,O as reflector .
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Table (8) gives the values of multiplication
factor for four cases and these values
ranged from (1.0854) when all control rods
are up to (1.001) when control rods (1,3,6)
are down , these values gives an indication

that the reactor operates safely with

(H,0) as reflector .

Control rod situation Multiplication
factor

All control rods are up 1.0854

Control rod (6) down 1.059636

Control rods (3) and (6) | 1.02487

down

Control rods (1), (3) and | 1.001

(6) down

Table (8) : Represent values of
multiplication factor vs control rod
situation .

table (9) represent the power distribution
and it's percent on fuel rods ranged from
(1.81%) to (4.58%) and the power ranged
from (0.7 * 10°Mw) to ( 2.29 * 10>Mw)
when control rod (1) , (3) and (6) down .
Table (10) represent the values of power
distribution and it's percent on fuel rods
when control rods (1),(3),(4) and (6) are
down, the wvalues ranged from
(1.02*10%Mw) to (1.955*10°Mw) and
the power percent from (1.76%) to
(3.91%) and from these values we
conclude that reactor operates safely if we
replace the reflector of the reactor by
H,O instead of D,O as reflector .

Fig (2) represent the flux distribution in
case all control rods are up .

Fig (3) represent the flux distribution in
case control rods (3) and (6) are down .
Fig (4) represent the flux distribution in
case control rods (1) , (3) and (6) are down
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5.Conclusion:
From the above tables (4,5,6)were H,O is

a reflector we notice clearly that values of
hot points are less than the hot points of
and figures for the hot points in case of
D,0 as reflector and the multiplication

factor is in critical state in different
situation of control rods also we can say
that the reactor can operate safely if we
replace the reflector of the reactor by
H,O0 instead of D,0. Also the

computational model for the core carried
out by the SQUID code is efficient .
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Lattice No P% Power(MW)* 10~
87 1.81 .55
77 236 1.8
67 2,61 1.303
57 2.53 1.265
a7 2.25 1125
37 209 1.045
&6 2,14 107
76 2.87 1435
&l 2.52 1.26
56 311 1.555
46 - -
36 296 148
85 2.34 117
65 ik 1.8
55 - -
15 136 213
35 3.66 1.83
#4 2.33 1,165
T4 296 1.48
54 4.03 2.015
44 318 1.59
34 4.13 2,065
8 2.17 400
63 326 000
54 - -
43 4.58 229
33 3.84 1.92
5 .77 0.885
72 229 1.145
(¥ - -
52 365 1.825
42 284 142
32 i35 1.72

31 1.4 0.7
T 1.91 0.9535
1] 231 1.155
51 278 1.39
41 3.03 1.515
3l 291 1453

Table (9) : Represent power distribution and its percent on fuel rods when control rod
(1), (3) and (6) are down , with H,O as reflector .
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Lattice No. P% Power(MW)*10™
87 2.26 1.13
17 2.87 1435
67 3.03 1515
57 217 1.385
47 2.31 1.155
37 2.31 1.02
36 267 1.335
16 344 1.72
&b 2.4 1.42
56 3.20 1.6
36 2.66 1.33
85 2.88 1.44
65 3.85 1.925
33 = -
45 3.53 1.765
35 299 | 495
84 2.6 143
74 3.43 1.715
H & a
34 354 1.77
3 3.26 1.63
83 267 1.335
63 3.41 1.705
33 - -
13 391 1.955
33 3.25 1.625
82 2.2 1.1
12 2,72 .36
32 3.68 1.84
42 2.73 1.365
32 33 .65
] 1.76 0.88
7 231 1.155
6l 2.63 1.314
31 2.98 .49
4] 3.12 1.56
il 2.93 1.465

Table (10) : Represent power distribution and its percent on fuel rods when control
rod (1), (3), (4) and (6) are down , with H,O as reflector .
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Fig (2) : Relation between thermal flux and distance in case of D20 or H20 as
reflector in case all control rods are up .

88



JOURNAL OF KUFA - PHYSICS Vol.7/ No.1 (2015) Mohammed Haider Al-Taweel

s
—
p
e
—— ] \\
o \ /
4
(=3 \\ Hh\‘ - \
= e
-] o ‘L_. sJ-L‘——?_‘ .:'-‘\ ~ a
— as g - ”R‘J b )
preg L w wr Ny £ o«
= < - . ’\: =
- o = = prs
= -
—d 1 s - — —_ -~ ] w - o wr [
e = slzlizsfzsle|lzs]|s|2): =
g = w w w = o = o [ [ =
=
o
w
=
w2
o~
P
S /
(=]
[=3 T T T T T 3
C.ao0 20 .00 40.00 68 .00 8a0.00 100 .60 120.00 14G.0

DISTANCE ( cC™ ]

Fig (3) : Relation between thermal flux and distance in case of control rods (3) and
(6) down , with D20 or H20 as reflector .
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Fig (4) : Relation between thermal flux and distance in case of control rods (1)
, (3) and (6) down , with D20 or H20 as reflector
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No of composition
compasition

1 9.2gm U253,/fuel plate fuel type4

2 11.56gm U253,/fuel plate fuel type3

3 13.18gm U253 /fuel plate fuel type2

4 16.27gm U253/fuel plate fuel typel

5 13.21gm U253 /fuel plate fuel of control role

6 Coffer of reactor core

7 Beryllium reflector

g Qutside region of control rod

10 Mock up experiment

11 Outside region ~fuel typed
12 Outside region fuel type3
13 Outside region fuel type2
14 Outside region fuel type1
- 15 - Qutside region for control rod-up
16 Absorbing region for control rod-town

18 Water region- control rot-down
20 Aluminum Block

21 Boron region —fuel typed
22 Boron region fuel type3
23 Boron region fuel type2
24 Boron region fuel typet
25 Boron region for control rod- up
26 Light water

Appendix (1) : Represent the composition
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