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MCNP code, based on Monte Carlo Method, is used to design a three dimensional 

model for a BWR fuel assemblies at a typical operating temperature and pressure 

conditions. A test case was considered to compare with a benchmark problem and good 

agreement was found. The model is used to calculate the distribution of pin by pin 

power and flux inside the assembly.  The effect of axial variation of water (coolant) 

density and of control rods motion on the neutron flux and power distribution is 

analyzed.   

 
INTRODUCTION 

 
Inside the Boiling Water Reactor (BWR) core a steam water mixture is produced 

when pure water (reactor coolant) moves upward through the core absorbing the 
generated heat. The major difference in the operation of a BWR from other nuclear 

systems is the steam void formation in the core. The steam water mixture leaves the 

top of the core and enters the two stages of moisture separations where water droplets 
are removed before the steam is allowed to enter the steam line. The steam line in turn 

directs the steam to the main turbine causing it to turn the attached electrical generator. 

The unused steam is exhausted to the condenser where it is condensed into water.  The 
resulting water is pumped out of the condenser with a series of pumps and back to the 

reactor vessel. The circulation pumps and jet pumps allow the operator to vary coolant 

flow through the core and change reactor power [1]. 
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The behavior of BWR core is very difficult to analyse, because both void production 
and the use of control rods during core depletion produce axial variation in the power 

and flux. This requires that the neutronic code always be connected to a thermal 

hydraulic code to provide the thermal hydraulic feed back to the neutronic behavior. 

       BWR core calculations must be three dimensional providing the core model as a 

functions of control positions, and coolant flow rate through the core during depletion.  

There are several parameters that are usually calculated by the code packages  and they 

relate to the safety of the design [2,3,4,5,6,7,8] such as : 

– The ability of the design to produce the rated power for the defined duration of time      

( the economy of the design )                         –   Attainable  discharge  burnup          

– Axial power  and flux distributions                          –   Pin by pin power distribution          
– Reactivity coefficient                                             –   Burnable   absorber   effects      

– Reactivity worth of control elements  

The purpose of this paper is to simulate four BWR assemblies. The evaluations are 

directed to determine the pin by pin power and flux distributions. The effect of axial 

variation of water density on the flux and power and the effect of control blades are 

determined and analyzed. 

 
Figure 1. Layout of BWR assembly 
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SIMULATED BWR UNIT 
 

Figure (1) shows a typical fuel unit of BWR reactor, the unit contains 4 fuel 

assemblies, the fuel assembly contains 8x8 fuel rods, and each fuel assembly contains 

2 water tubes. Table (1) contains fuel rods composition and dimensions, dimensions of 

fuel assembly and control blade are provided in table (2). For more details about the 
design see reference [9]. 

  
Table 1. Fuel rods composition and dimensions 

 
 
 

Fuel Rod Data Properties 

Fuel material UO2 

Burnable poisons Gd2O3 

Pellet density 95 % of Theoretical Density 

Pellet outer diameter 1.0414 cm 

Pellet length 1.0414 cm 

Cladding materials Zircalloy -2 

Cladding tube inner diameter 1.0643 cm 

Cladding tube outer diameter 1.2268 cm 

Cladding tube wall thickness 0.0813 cm 

Cladding tube length 4.05765 m 

Pellet to cladding diametric 
gap 

0.0229 cm 

Active fuel length 381 cm 

Stacked density of fuel pin 10.32 g/cm3 

Fission gas plenum length 24.079 cm 

End plug material Zircaloy -2 

Plenum spring material Stainless steel wire 

Fill gas material helium 

Table 2. Dimensions of 

fuel assembly 
 

 

Dimension 
related to 

Fig.1 

Length 
(cm) 

A 0.2032 

B 13.40612 

C 0.9652 

D 0.08128 

E 1.22682 

F 1.06426 

G 1.0414 

H 1.50114 

I 1.34874 

J 4.0132 

K 12.3825 

L 0.6604 

M 1.6256 

N 0.39878 
O 0.40132 
P 0.26162 
Q 0.71374 
R 0.71374 
S 30.48 

T 2.8575 
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MCNP GEOMETRICL MODEL AND ASUMPTIONS 

 

MCNP (Monte Carlo N-Particle) computer code package [10] is used to model the 

BWR four fuel assemblies illustrated in Figure (1). No geometry approximations are 

considered in the MCNP model. The active fuel height (381cm) is divided into 25 axial 

zones, where the water density variation along the axial channel was taken into 
consideration in determining axial flux and power inside the fuel rods. Figure (2) 

illustrates typical variations of the water density with axial core height. The water 

enters the core inlet as sub-cooled water with density  0.76 g/cm
3
 and the density 

decrease up to 0.24 at core   top [9]. Each assembly contains two water tubes for 

neutron moderation and slowing down.  Ten millions of neutron histories are used to 

simulate neutrons and accumulate the output tallies.  The tallies representing power are 
normalized to 4.35 MW (average power per assembly) which corresponds to total 

thermal power for BWR core 1931 MW  in  444 assemblies [9]. Neutrons are divided 

into five energy groups, with boundaries 0.625 ev, 100 keV, 555 keV, 2 MeV, and 20 

MeV.  Figure (3) illustrates a typical horizontal layout of the four BWR reactor 

assemblies simulated using MCNP code. 
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Figure 2. Water density variation along the axial core height [9]. 
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Figure 3. MCNP computer model of BWR reactor bundles. 
 

 
 

 
Figure 4. Fuel assembly and MCNP model for test case. 

1- Uranium (0.711 wt % U235)   2- Water tube. 
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VALIDATION OF THE MODEL 
 

To validate MCNP calculations a test case is considered.  Keff, calculated in the 

benchmark problem for the lattice type illustrated in figure (4) [9], is compared with 

the result of MCNP value calculated for the simulated assembly of the same lattice. 

The results are shown in table (3). The MCNP calculated value for Keff shows very 

good agreement with the benchmark problem result. 
 

 
  Table 3. Validation result 

                                                                                               

 

 
                              

   

RESULTS AND DISCUSSION 
 

Figure (5) illustrates the thermal neutron flux (E < 0.625 eV) distribution across 

the fuel assembly where symmetry is assumed, the results are divided by 1013. The 

thermal flux increases at the assembly periphery and maximize at the corner of the 

assembly where the fuel are subject to thick layers of moderator and coolant.  The 
thermal flux decreases towards the assembly interior because of the self shielding 

inside fuel rods. The thermal flux also increases in fuel rods near the water tubes. The 

results also show that the thermal flux peaks inside the water tube. 

                              

Figure (6) illustrates the pin by pin power distribution through the assembly; the 

results are normalized to the average value in the assembly. The power peaks near the 

assembly periphery and decreases in the assembly interior. No power is produced at 

water holes. 

 
Figure (7) illustrates the axial neutron flux distribution versus distances along the 

core height, where different cases of control blade insertion from the core bottom are 

considered to study the effect of control rods on both the flux and power mapping 
inside the core 

 

Case 1: Without control blades: The flux at the lower part of the core is higher than the 
upper part, because the density of moderator (coolant) at the lower region of the core is 

higher than at the upper regions. For core zone  at distances -144.3 cm , -83.82 cm  

from the core center , the values of the flux (n/m
2
.s)  are 5.237 ×10

13
 , and 8.55 ×10

13
 , 

while at  same distances of the upper region  144.3 cm , 83.82 cm  , the flux values are 

2.154 ×1013  , and 4.955 ×1013, respectively. 

 

 Present MCNP Model Reference value [9] 

Keff. 0.83263±0.00017 0.83026 
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Figure 5.  Map of thermal neutron flux  distribution across the assembly  

(values are divided by 10
13

 ) (n/m2.s) 

 

 
 

Figure 6. Normalized power distribution across the assembly. 
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the upper regions. For 25 % insertion, the ratio of the flux peak with control blades to 
without blades is 1.13. The maximum flux peaking occurs at 50 % insertion. 

 

Figure (8) illustrates the axial power distribution normalized to average value 

versus the axial core distances. For case 1: the distribution is similar to the flux for the 

curve without control blades insertion, the power generated at lower part is higher than 

the upper zones. For core zone at distances -144.3 cm, -83.82 cm from the core center 

the value of power ratio is 0.924 and 1.491, while at 144.3 and 83.82 it is 0.036 and 

1.079, respectively. In the case of 25 % control rod insertion the power peaking  

increases from 1.56 (in the case of 7% insertion) to 1.903 with ratio 1.219. The 

maximum power  peaking occurs at 50 % insertion with value 2.59 which should be 
considered in the safety of reactor design. 
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Figure 7. Axial neutron flux due to different control blade insertion. 
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Figure 8. Normalized axial power due to different control blade insertion. 
 

 

CONCLUSION 
 

• MCNP code package is used to model BWR and simulate the behavior of 

power and neutron flux under different operating conditions such as coolant 

density axial variation, and the effect of control rod insertions in the reactor 

core. 

 

• Model results are found in very good agreement with previous studies. 

 

• The results indicated that flux and power distributions are non-uniform and 

heterogeneous through the axial fuel distances, with the tendency to increase at 

the core bottom and fuel assembly peripheries, and maximizes at the corners. 

 

• The model could be extended to simulate case of full core calculations. 
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 نيوترونى لمجمعة وقود بمفاعل ماء مغلى باستخدام اسوبىتحليل نموذج ح
MCNP شفرة    

 

حسنمصطفى عزيز و  مهجة   

للأمان النووى و الرقابة الإشعاعيةالمركز القومى   
 

  على طريقة مونت كارلو،  لتصميم نموذج ثلاثىة المعتمد، MCNP أستخدمت شفرة
تم  .الأبعاد لمجمعة وقود بمفاعل ماء مغلى فى نفس ظروف الضغط و درجة الحرارة

م النموذج خدِتُسإِ.  التحقق من صحة النموذج بمقرنة نتائجه بنتائج دراسة مرجعية
كما . ةحساب توزيع الفيض النيوترونى و القدرة المولدة فى كل عنصر وقود على حدل

تم دراسة تأثير الكثافة المتغيرة لماء التبريد و كذلك حركة قضبان التحكم على التوزيع 
  . الطولى للفيض النيوترونى و القدرة المتولدة
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