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Abstract  
In the present paper, three-dimensional neutronic calculations were performed in order to calculate 

the dependency of CRW on the Xe effect in TRR. Calculations were performed using the known 

computer codes package MTR_PC in the core configuration 61 of TRR. The calculations were 

based on methods named A and B. By the results, the changes in total CRWs is about 2.6 And 2.2 

percent in each methods A and B. Although the changes in the CRW are small but increasing the 

CRW respect to Xe build up is very important considering in the safe operation of  reserch reactor . 
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Nomenclature 
TRR           Tehran research reactor 

 k                multiplication factor 

 keff             effective multiplication factor 

CR              control rod 

CRW          control rod worth 

 

 

LEU           low enriched uranium 

HEU          highly enriched uranium 

ρ excess           excess reactivity 

HFP           hot full power 

HFPXE   hot full power with Xe 

 

Introduction  
The reactivity worth of control rods (the efficiency of 

absorbing excess reactivity) is an important parameter in 

the designing and analysis of a nuclear reactor core [1]. 

The reactivity of the cores are adjusted by control rods 

which are made of neutron absorbing materials. The 

control rods can be designed and used for coarse and 

fine control or fast shutdowns. They are also employed 

to compensation of short term reactivity effects due to 

fission product poisons, etc. [2]. 

The CRW is affected by the control rods positions in the 

core, their operational time, surrounding materials and 

fuel burn up as well as the concentrations of fission 

products such as Xenon and Samarium.  

The effect of fuel burn-up on the CRW has been 

investigated by comparing the results of a fresh and 

irradiated core of Ghana's MNSR for both HEU and 

LEU cores. The results showed that CRW decreased 

with the burn-up for the LEU while the rod worth 

increased with burn-up for the HEU core [3].  

Various conditions in TRR core affect the reactivity 

worth of the control rods. The dependency of CRW on 

the fuel and moderator temperature and the moderator 

percent void in TRR has been done in my perivius work 

[4]. The main purpose of this work is investigation of 

the control rod worth dependency on the Xe effect. In 

the reference core No: 61 of TRR. MTR_PC package is 

used to calculate the CRW in the reference core [5]. 

 

Material and methods  
The rod worth is calculated using the excess reactivity 

of the core configuration. Excess reactivity in each run 

is calculated according to global multiplication factor. 

The CRW and ρexcess are calculated using following 

formula:  

                                                                                                                    

                                                                                                         
where subscripts fw and fi indicate fully withdrawn and 

fully inserted, respectively, and  ρfw and ρfi are the 

excess reactivity of the core with the control rod fully 

withdrawn from the core and fully inserted in it. In this 

work two different procedures named method A and B 

are used for the determination of the CRW.  

Method A: one-step full insertion of one of the control 

rods while keeping the others fully withdrawn. 

Method B: one-step full withdrawal of the examined rod 

while keeping the other rods fully inserted. 

In all cases, the core power level is kept at 5 MW in the 

Xe poisoning equilibrium condition. The bank position 

of CRs in the equlibrium condition are about 65% out of 

core. 

 

Results and discussion  
The Results of method A and B are shown in Table 1 

and Table 2. By the results, the control rods worth in 

method B is greater than method A. It is due to the fact 

that in method B, all the control rods except the 



 

examined one are fully inserted which leads to 

increasing of the thermal and epithermal neutron flux in 

the position of the control rods respect to method A. The 

more neutron flux leads to the more absorption in 

control rods, and so increasing of the control rods worth. 

Columns 2 and 3 of Tables 1 and 2 show the value of 

each CRWs in HFP ( without Xe ) and HFPXE ( with 

concidering Xe). Both cases of HFP and HFPXE 

incloud burn-up. Column 4 shows the CRW changes 

percent. The results show CRW of each control rods  

increse with concidering Xe effect in each two method 

A and B. The reason for the increase CRW in the 

presence of Xe, is absorption of thermal neutrons. the 

change in the neutron spectrum toward hardening   

increase the CRWs. Although the growth in the CRW is 

not significant, but negative feedback of this effect very 

important from safety aspects.  

 

 

 

 

Table 1. The CRW in method A 

 

CRS HFP HFPXE % relative difference 

SR1 2373 2433 2.5 

SR2 2241 2304 2.8 

SR3 2372 2428 2.4 

SR4 1713 1761 2.8 

RR 263 269 2.3 

Total CRW  8962 9195  2.6 

 

Table 2. The CRW in method B 

 

CRS HFP HFPXE % relative difference 

SR1 3866 3948 2.1 

SR2 3351 3430 2.4 

SR3 4057 4138 2.0 

SR4 3094 3165 2.3 

RR 532 541 1.7 

Total CRW 14900 15222 2.2 

 
 

Conclusions  
The Xe dependency of CRW of  TRR has been 

examined quantitatively. As the power level is 

increased, Xe starts to build up and  eventually reaches 

an equilibrium level. By the results, the totall CRW of 

TRR increse about 233 and 322 pcm with Xe build up 

in 5 MW. Although the CRW dependency on Xe shows 

a minor increase in CRW, but negative feedback of 

increasing the value of control rods due to the Xe 

production is very significant meaning in the safety of 

research reactors like TRR. 
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