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ABSTRACT 

 
In this work a preliminary study on the utilization of thorium in light water reactor is made. The work compares 

the performance of a typical PWR fuel element, 17X17, Pitch = 1.43 cm, using UO2, 3 w/0 enriched(reference) 

with one seed blanket fuel element, consisting of the (Th0.9U0.1) O2 in the blanket, and UO2 in the seed, with 20 

w/0 of uranium enrichment and the same reference pitch. The parameters of the comparison were, i) the 

production of Plutonium, minor actinides (MA) and long lived fission products(LLFP) after 300 days of burn up 

in order to assess the radio toxicity of these two fuel elements, ii) the conversion ratio, iii) keff versus time. All 

the calculations were made using TRITON/NEWT modules of SCALE 5.1, with a library 238groupndf from 

ENDFB-VI. The results shows that the seed-blanket (Th-U)O2 produces less plutonium, MA and LLPP than the 

reference fuel element, demonstrating that it has a lower radio toxicity and therefore more attractive for spent 

fuel storage. Also the neutronic performance shows advantages for the (Th-U)O2. 

 

 

1. INTRODUCTION 

 

Since the beginning of Nuclear Energy Development, Thorium was considered as a potential 

fuel, mainly due to the potential to produce fissile 
233

U. Several Th/U fuel cycles, using 

thermal and fast reactors were proposed, such as the Radkwoski once through fuel cycle for 

PWR and VVER, the utilization in Gas Cooled High Temperature Reactors, the thorium fuel 

cycles for CANDU Reactors, the utilization in Molten Salt Reactors, the utilization of 

thorium in thermal (AHWR), and fast reactors(FBTR) in India, and more recently in 

innovative reactors, mainly Accelerator Driven System, in a double strata fuel cycle. All these 

concepts besides the increase in natural nuclear resources are justified by non proliferation 

issues (plutonium constrain) and the waste radiological toxicity reduction. Review of these 

studies may be found in the technical documents published by the International Atomic 

Energy Agency (IAEA), mainly the TEC-DOC 1319[1], TEC-DOC-1349[2], which gave the 

options and trends in thorium utilization, as well as the potential of thorium based fuel cycles 

to constrain plutonium and reduce  long lived waste toxicity. Also a review paper presented at 
ANES 2004[3] contains a review of these works. 

Brazil has one of the biggest natural reserves of thorium, estimated in 1.2 millions of tons of 

ThO2, and therefore R&D programs would be of strategically national interest. In fact, in the 
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past there was some projects to utilize Thorium in Reactors, as the “Instinto/Toruna” Project, 

in cooperation with France, to utilize Thorium in Pressurized Heavy Water Reactor, in the 

mid of sixties to mid of seventies, and the thorium utilization in PWR, in cooperation with 

Germany, from 1979-1988. Pinheiros [4], in a IAEA technical meeting in 1997, published at 

TECDOC 1319, made an excellent review on thorium utilization in Brazil. 

In this work we wish to report a preliminary study to return a research program on the 

Thorium utilization. The work compares the performance of a typical PWR fuel element, 

17X17, Pitch = 1.43 cm, using UO2, 3 w/0 enriched (reference) with one seed blanket fuel 

element, consisting of the (Th 0.9U0,1) O2 in the blanket, and UO2 in the seed, with 20 w/0 of 
uranium enrichment and the same reference pitch. The parameters of the comparison were, i) 

the production of Plutonium, minor actinides (MA) and long lived fission products(LLFP) 

after 300 days of burn up in order to assess the radio toxicity of these two fuel elements, ii) 

the conversion ratio, iii) keff versus time. 

 

2. THE UTILIZATION OF THORIUM IN LIGHT WATER REACTORS  

 

Due to this type of Reactor is the most commercially utilized, mainly in a “once trough fuel 

cycle”, many R&D programs had focused in the Th utilization in it. In the USA, in the sixties 

the PWR Indian Point Reactor number 1(270 MWe), was the first to utilize a core load with 

(Th0-0.9./U1-0.1)O2, with high enriched U (93w/0), achieving a maximum burn up of 32 

MWD/kg HM[1,2]. Also the last core of the Shipping port PWR( shutdown in 1982) was 

ThO2  and (Th/U)O2, operating as a Light Water Breeder Reactor( Seed-Blanket Concept) 

during 1200 effective full power days of operation ( 60 MWd/kg HM)[1,2].  

The seed-blanket concept proposed by Radwosky[5,6]offers an option for fuel thorium 

utilization in LWR, and a non proliferation fuel cycle.( Radwosky Thorium Fuel-RTF).. 

Basically, a typical fuel element, is divided into two regions( seed and blanket), with the seed 

consisting of U0.2/Zr alloy, 20 % 
235

U and the blanket (Th0.9-U0.1)O2,, 20% 
235

U, with different 
pitchs(Seed Vm/Vf=3.0; blanket Vm/Vf=1,8), in a 19x19 fuel element as illustrated in Figure 

1. 

 

 
 

Figure 1- RTF Fuel Element 

 

In this work we considered a different type of seed blanket fuel element concept. We keep a 

typical UO2, 17x17 PWR fuel element (pitch= 1.43 cm), divided in two regions, being (Th 
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0.9U0,1) O2 in the blanket, and UO2 in the seed, with 20 w/0 of uranium enrichment and the 

same reference pitch in both region, as illustrated in Figure 2, and for both fuel elements we 

use: fuel diameter=0.91100 cm, cladding diameter=1.0750 cm,  gap diameter=0.93000 cm. 

Also we considered a Burn Up of 36.0 [MW/MTU] and one cycle with 300 days. 

 

 

 

 

 

Figure 2- 1/4 of a seed (black pins) blanket (white pins) Fuel Element used in this work. 

 

 

 

 

3. CALCULATION METHODOLOGY AND RESULTS 

 

All the calculations were made using the modules NEWT/TRITON and ORIGEN-S from 

SCALE 5.1[7] with a library 238groupndf from ENDFB-VI. NEWT (NEW Transport 

algorithm) is a flexible 2-D mesh discrete ordinates code. Unlike traditional Sn codes, NEWT 

is not limited to Cartesian or cylindrical coordinate systems. NEWT’s arbitrary geometry, or 

flexible mesh, allows users to combine orthogonal, radial, and other more unusual geometry 
shapes in the same model. NEWT is unique in the domain of discrete ordinates methods 

because it is based on an flexible mesh scheme that allows accurate representation of 

complex geometric configurations that are normally impossible to model with discrete 

ordinates methods without significant approximations.12) Using a discrete ordinates 

approximation to the transport equation on an arbitrary grid, NEWT provides a robust and 

rigorous deterministic solution for non orthogonal configurations.  

The TRITON control module (originally developed as a prototype named SAS2D) performs 

the task of coordination of data transfer between various physics codes, and in invoking those 

codes in the proper sequence for a desired calculation. TRITON brings to NEWT the 

automated and simplified approach for setting up and performing complex sets of 

calculations, a hallmark of the SCALE system. TRITON provides multiple sequence options, 

depending on the nature of the problem to be analyzed, including a single NEWT transport 

calculation (with problem-specific multigroup cross-section generation) and a 2-D depletion 

calculation that iterates between NEWT-based transport calculations and ORIGEN-S 

depletion calculations. The rigor of the NEWT solution in estimating angular flux 

distributions combined with the world-recognized accuracy of ORIGEN-S depletion gives 

TRITON the capability to perform rigorous burn up-dependent physics data with few implicit 
approximations. 
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In this work, we modeled the two 1/4 fuel elements in NEWT with full symmetry boundary 

condition (total reflection), and give for the depletion calculation the heavy metal power 

density and the operation history (1 cycle of full power of 330 days). 

In table 1, we show the variation of the multiplication factor versus burn up, for the two 

cases, the reference and the seed-blanket. The same results are illustrated in Figure 3. The 

production of HLW at EOL, are illustrated in tables 2(TRU), and 3(LLFP), and in Table 4 we 

illustrate the amount of Uranium and Thorium at BOL and EOL.  

Finally, the conversion factor, defined by: C=(number of fissile atoms at EOL)/(number of 

fissile atoms at BOL),was calculated for both fuel elements, and the results were: 
Creference=0.7977 

Cseed-blanket=0.8964 

We notice that the conversion factor for the reference case was calculated as: 

Creference=[(NU-235)EOL+(NPu-239)EOL]/ (NU-235)BOL, 

and for the thorium mixed fuel, as: 

Cseed-blanket=[(NU-235)EOL+(NPu-239)EOL+(NU-233)EOL]/ (NU-235)BOL 

 

Table 1:  Numerical results for the multiplication factor with time of burn up 

 

time  

(days) 

k 

seed-blanket 

k 

reference 

0 1.18948137 1.10554000 

75 1.13998972 1.05260000 

225 1.09218509 1.00716000 

 

Table 2:  TRU at End of Life 

 

Final 

TRU 

Seed-

blanket 

(g) 

Reference 

(g) 

Pu-238 9,00E+03 9,18E+03 

Pu-239 2,29E+06 4,03E+06 

Pu-240 1,88E+05 7,28E+05 

Pu-241 9,03E+04 3,21E+05 

Pu-242 3,79E+03 3,14E+04 

Np-237 1,06E+05 8,67E+04 

Am-241 9,41E+02 3,35E+03 

Am-243 2,60E+02 2,09E+03 

Cm-242 6,68E+01 3,89E+02 

Cm-243 5,73E-01 3,11E+00 

Cm-244 2,10E+01 1,71E+02 

Cm-245 4,64E-01 3,17E+00 

Cm-246 4,93E-03 6,66E-02 

Cm-247 2,32E-05 2,06E-04 

Am-242 1,35E+01 5,12E+01 

Total 2,68E+06 5,21E+06 
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Table 3:  LLFP at End of Life 

 

 

Final 

LLFP 

Seed-Blanket 

(g) 

Reference 

(g) 

Se-79 4,05E-01 1,61E+00 

Zr-93 4,06E+01 2,51E+02 

Tc-99 3,63E+01 2,74E+02 

Pd-107 2,37E+00 4,25E+01 

Sn-126 9,66E-01 4,86E+00 

I-129 7,40E+00 4,24E+01 

Cs-135 2,47E+01 1,15E+02 

Total 1,13E+02 7,32E+02 

 

 

Table 4:  Uranium and Thorium at End of Life 

 

 

Final 

Fuel 

Seed-blanket 

(g) 

Reference 

(g) 

Th-232 6,22E+08 2,35E-02 

Th-233 2,35E+02 4,39E-08 

U-233 2,94E+06 1,01E+00 

U-234 1,56E+05 2,13E+05 

U-235 6,17E+07 2,00E+07 

U-236 2,98E+06 1,83E+06 

U-238 2,95E+08 9,61E+08 

Total 9,85E+08 9,83E+08 

 

 
 

 

                      Figure 1.  Variation of the multiplication factor with time 
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3. CONCLUSIONS  

 

From the results obtained we may conclude that the neutronic performance shows advantages 

for the (Th-U)O2 seed blanket concept (k vs time and the conversion factor). But the main 

conclusion is that the seed-blanket (Th-U)O2 produces less plutonium, MA and LLPP than 

the reference fuel element, almost by a factor of 10, demonstrating that it has a lower radio 

toxicity and therefore more attractive for spent fuel storage. As continuation of this work we 

intend to make a calculation for a full core, and analyzing the safety (thermal hydraulics) and 

reactor physics parameters in order to demonstrate the technical feasibility to use mixed 

thorium oxide fuel in Light Water Reactors.  
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