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INTRODUCTION 

In PHWRs Thorium bundles (ThO2) mainly used for flux flattening in initial loading. Pure thorium can’t be used as 

fuel but Thorium mixed with other fissile material can be used as fuel. After irradiation, fuel bundle become 

radioactive due to formation of radioactive fission products and actinides. These activities are estimated using 

isotope generation and depletion code like ORIGEN2. One energy group cross-sections are used in these code 

systems. These one group cross-sections are different for different fuel type as flux spectrum is different for 

different fuel.  One group cross-sections for few actinides have been estimated for natural Uranium and Thorium 

fuel bundles.  

The basic data required for calculating the one group cross-section is Evaluated Nuclear data file (ENDF) such as 

ENDFB-VI.8, ENDFB-VII.1, JEFF etc. One group cross-sections have been estimated with computer code based on 

Monte Carlo method coupled with isotope depletion and generation code ORIGEN2 [1]. One group cross-sections 

for Uranium and Plutonium isotopes have been estimated for Nat-U fuel bundle and experimental results of U and 

Pu inventories have been compared with theoretical estimations using these cross-sections. Same methodology has 

been adopted for generation of one group cross-section for Thorium fuel bundle. One group cross-sections for (n, γ), 

(n, f), (n, 2n) reactions, for Th
232

, Pa
231

, Pa
233

 ,U
232

 and U
233

 isotopes and few more actinides have been estimated. 

These cross-sections are compared with the cross-sections given in ORIGEN2 cross-section file for CANDU 

reactor. It is observed that these cross-sections are different from that we have estimated. Estimated content of U
232

 

in Thorium bundles irradiated in KAPS is also compared with measured value. 

 

RESULTS AND DISCUSSIONS 

One group cross-sections of isotopes of Uranium and plutonium have been estimated for 19 pin natural UO2 bundle 

of PHWR, at an average in-core burn-up of 4000MWD/T. One group cross-sections are varying with burn-up 

because flux spectrum changes with burn-up. While estimation of radioactivity and concentration of actinides and 

fission products, effect of burn-up is being taken care by the ORIGEN2 code. With updated cross-section ORIGEN2 

library, isotopic ratios for uranium and plutonium have been estimated for 19 element Nat-UO2 bundle and 

compared with data obtained for NPD reactor [2]. These results are given in table-1. It is observed that results are 

well matched. 

Table-1 Isotopic ratios in NPD fuel 

 

Atom Ratio Measured 
ORIGEN2 With Old 

cross section 

ORIGEN2 With new 

cross section 
235

U/
238

U 2.85E-03 2.77E-03 2.78E-03 

Pu/U 3.13E-03 3.59E-03 3.45E-03 
239

Pu/Pu 7.33E-01 7.23E-01 7.20E-01 
240

Pu/Pu 2.20E-01 2.30E-01 2.23E-01 

 

One group cross-sections of actinides have been also estimated for 19 pin thorium fuel bundle. Cross-sections for 

few actinides such as Th
232

, Pa
231

, Pa
233

, U
232

 and U
233

 are different from the cross-sections given in ORIGEN2 

library. Radioactivity of actinides and concentration of U
233 

and U
232

 has been estimated using ORIGEN2 code with 

old cross-sections and updated cross-sections. Estimation has been done for Thorium bundle which was irradiated 

for 508 FPD and with subsequent decay of 3 years. The estimated radioactive inventory of irradiated thorium bundle 

is given in table-2a and 2b.  
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Table-2a radioactive inventory in Thorium bundle with old cross-sections 

Irradiation flux 

(n/cm2-s) 

Actinides 

(Ci/Bundle) 

233
U 

(gram/bundle) 

Amount in ppm  

of 
232

U in 
233

U 

1.70E+14 5.11 208 115 

1.50E+14 4.50 199 100 

1.30E+14 3.89 187 86 

8.60E+13 2.54 153 54 
 

Table-2b Radioactive inventory in Thorium bundle with updated cross-section 

Irradiation flux 

(n/cm2-s) 

Actinides 

(Ci/Bundle) 

233
U 

(gram/bundle) 

Amount in ppm  

of 
232

U in 
233

U 

1.70E+14 9.16 120 544 

1.50E+14 7.58 112 474 

1.30E+14 6.09 103 406 

8.60E+13 3.20 77 259 
 

It is observed from table 2a and 2b that there is increase in radioactivity of actinides and amount of U
232 

with 

updated cross sections. This is because of (n, 2n) cross-section for Th
232

 increase. U
233

 with old cross-sections is 

more than with updated cross-sections because (n, γ) cross-section of Th
232

 is more in ORIGEN2 libraries. Estimated 

content of U
232

 present in the irradiated thorium bundle is closer to the experimentally observed value of around 

500PPM given in ref [3] at irradiation flux 1.70E+14 n/cm
2
-s.    

 

CONCLUSIONS 

One group cross-sections of actinides have been estimated for both 19 element Nat-U bundle and 19 element 

thorium bundle with computer code based on Monte Carlo method coupled with isotope depletion and generation 

code ORIGEN2. For Nat-U fuel bundle, cross-sections of uranium and plutonium isotopes have been estimated. 

With these cross-sections isotopic ratios of uranium and plutonium have been estimated for 19 element Nat-U 

bundle of NPD reactor and results are compared with measured values. They are in good agreement.  

One group cross-sections of (n, 2n), (n, γ) and (n, f) reactions for isotopes of Thorium, Protactinium and uranium 

also have been estimated for thorium bundles irradiated in PHWRs. With the help of these cross-sections, actinides 

activity and production of U
233

 and U
232 

has been estimated. These cross-sections were required to generate because 

cross-sections of these elements given in ORIGEN2 library for CANDU reactor are for Nat-U fuel and cannot be 

used for irradiated thorium bundle. Th
232

 (n, γ) cross-sections are very large in ORIGEN2 library because of this 

more U
233

 is being estimated with these libraries. Th
232 

(n, 2n) cross-sections is less in ORIGEN2 library which leads 

to less estimation of U
232 

in Thorium bundle. After updating these cross-sections estimated value of U
232 

is closer to 

experimentally observed value.  
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