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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 OH 2  instead of OD2  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 OD2  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 )10*13.2( 2 Mw .Secondly in case of 

four control rods are down, the maximum value )10*925.1( 2 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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 SQUIDباستخدام البرنامج  MTRختبار المواد تحليل نموذج حسابي نيوتروني لقلب مفاعل ا

 محمد حيدر الطويل

جامعة الكوفة -كلية العلوم   

 الخلاصة :

أن من المناسب عند تصميم أي مفاعل  ولي ي اذ لح ابالااان النالاا البلادي لتبدرلد تليلقان التاللة المتيللدي  ملن  لم 

, في هحه الدداسة SQUIDااستخدام البقوامج النييتق وي  MTRتبدرد تيزرع الاددي , أجقرت الدداسة لالب مفاع  ويع 

تم استبدال العاكس للمفاع  الني ي االماء الخفيف ادلا من الماء الثاي  الحي هي مصمم لالب المفاع  الني ي أصلا حيل  تلم 

لال حااب عامل  التكلا ق النيليتق وي اللحي تتلقا ت ليمتل  الاستنتاج اإمكاوية عم  المفاع  الني ي اصيدي آمنة  ذلك من  

فلي حاللة  لا لة أعملدي سليتقي مقفيعلة إللى  001.1في حالة أعمدي الايتقي جميعها مقفيعة إلى اذعللى    0854.1اين 

 ليدوت مع النتائج المنشيدي في الي لائ  الفقوالية الاعلى كحلك فان ليم النااا البادي لد حابت ايجيد الماء الثاي  كعاكس 

, كحلك حابت النالاا البلادي فلي حاللة الملاء الخفيلف كعلاكس  لعلدي حلالان حالب مي لع  )19.0(% كان الفقق اينهما 

الة جميع أعمدي الاليتقي مقفيعلة  إللى الاعللى كلحلك في ح )64.1(إلى  )46.0(أعمدي الايتقي  كاوت الايم تتقا ت اين 

فان ليم معدل الاددي ميزعة على  لارا اليليد المختلفة لد حابت في حالة  جيد الماء الخفيف كعاكس أ لا في حالة أعملدي 

)13.2*10(الايتقي  لا ة منها منزلة إلى اذسف   كاوت أعظلم ليملة للالددي فلي  2 Mw للة أعملدي الاليتقي   اويلا فلي حا

)925.1*10(أداعة منها منزلة إللى اذسلف  فلان أعظلم ليملة لمعلدل الالددي هلي  2 Mw  كلحلك ريجلد تتلاا  متالادب الين.

 تيزرع الفيض النييتق وي  لال للب المفاع  في حالتي الماء الخفيف  الماء الثاي   لعدي حالان من أعمدي الايتقي .

 حاااان النااا البادي, عام  التكا ق النييتق وي , م للب المفاع  الني يصمت: المفتاحية الكلمات
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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 

defined as the following: 

 The Nc  here   is the total number of 

channels in core , H  is channels height 

and )(rq  is the heat flux distribution. 

In similar manner , the axial nuclear hot 

channel factor is defined as the following 
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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 

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 1310  and 

sec./10 214 cmN  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 

1st 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 
10B  

contain 605 2/. cmgm  . 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). 
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Type of 

fuel 

element 

weight of 

U235 per 

plate in 

gm 

Boron -10 

contents in 
2/. cmgm  

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

p no. 

Region Upper 

energy 

level 

Lower 

energy 

level 

1 Fast 10Mev 0.821Me

v 

2 1/E 0.821Me

v 

5.53Mev 

3 Resonanc

e 

5.53Kev 0.625ev 

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 

, 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 OD2  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 OH 2  we can notice that 

the values of hot points are less than that 

when the reflector is  OD2 ,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 OD2  as reflector . 

* Ref.results [5] . 

** Our 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 OD2  as reflector . 

* Ref.results [5] . 

                       ** Our 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 OD2  as reflector . 

* Ref.results [5] . 

** Our results . 
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Table (4) : Represent values of hot points in case of all control rods are up with OH 2  as 

reflector 
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Table (5) : Represent values of hot points in case of control rod (6) is down with 

OH 2  as reflector . 
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Table (6) : Represent values of hot points in case of control rods (3) and (6) are down 

, with OH 2 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 OH 2 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 

)( 2OH  as reflector . 

 

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 * Mw210 ) to ( 2.29 * Mw210 ) 

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 values ranged from 

)10*02.1( 2 Mw  to )10*955.1( 2 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 

OH 2  instead of OD2  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 

 

 

 

 

 

 

 

5.Conclusion: 

From the above tables (4,5,6)were OH 2  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 

OD2  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 

OH 2  instead of OD2 . Also the 

computational model for the core carried 

out by the SQUID code is efficient .  
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Control rod situation Multiplication 

factor 

All control rods are up 1.0854 

Control rod (6) down 1.059636 

Control rods (3) and (6) 

down 

1.02487 

Control rods (1) , (3) and 

(6) down 

1.001 
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Table (9) : Represent power distribution and its percent on fuel rods when control rod 

(1) , (3) and (6) are down , with OH 2  as reflector . 
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Table (10) : Represent power distribution and its percent on fuel rods when control 

rod (1) , (3) , (4) and (6) are down , with OH 2  as reflector . 
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Fig (2) : Relation between thermal flux and distance in case of D2O or H2O as 

reflector in case all control rods are up . 
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Fig (3) : Relation between thermal flux and distance in case of control rods (3) and 

(6) down , with D2O or H2O 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 D2O or H2O as reflector 
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Appendix (1) : Represent the composition 

 


