
3. Core Layout3. Core Layout
The core loading pattern for the proliferat ion 
resistant advanced transuranic transmuting 
design (PRATT) was opt imized to obtain an even 
power distribut ion which increases the cycle 
length and improves safety.  

The periphery of the core is loaded with the 
highest enriched assemblies while the inner 
region is composed primarily of two dif ferent 
assemblies, both with lower enrichments in a 
modif ied checker board pattern. 

Figure 3: Core loading pattern.

Thorium- Based Mixed- Oxide Fuel for the Thorium- Based Mixed- Oxide Fuel for the 
Consumption of Transuranic Elements in Consumption of Transuranic Elements in 

Pressurized Water ReactorsPressurized Water ReactorsJason Haas, Brock Palen, Crystal ThrallJason Haas, Brock Palen, Crystal Thrall

10.09.012.0245

15.012.018.0167

15.012.018.082

16

57

8

4

60

Assemblie
s 

per Core

13.015.018.08

10.08.012.06

13.012.012.04

13.015.018.03

10.09.012.01

235U wt%  
Pin 3

Pu wt% 
Pin 2 

Pu wt%   
Pin 1

Assembly 
Number

resistance by burning reactor grade plutonium 
and other long lived radioisotopes taken from 
spent nuclear fuel.  The plutonium- thorium-
uranium fuel is designed for ex ist ing 
Westinghouse pressurized water reactors to 
ensure economic feasibility and short  term 
implementat ion. 

1. 1. 
Object iveObject ive The goal of this fuel 

cycle is to reduce 
both the t ime and 
size requirements on 
nuclear waste storage 
facilit ies while 
increasing 
proliferat ion

2. Assembly Design2. Assembly Design
Each assembly design is similar to the 
f igures below with only slight enrichment 
and pin posit ion modif icat ions.  Integral fuel 
burnable absorber (IFBA) coat ings were 
placed on some pins to even the power level 
throughout the cycle length.  The design is a 
heterogeneous 17x17 array.  

Figure 1: Map for 
assemblies 1, 2 and 

4.

Figure 2: Map for 
assemblies 6 and 

7.

 (235U, 238U, Th)O2 pins with low enriched 
235U.

 (Th, Pu)O2 pins with low enriched reactor 
grade Pu.

 (Th, Pu)O2 pins with moderate enriched 
reactor grade Pu.

 Minor act inide ox ide pin

 Guide tubes

4. Cycle Length and Inventory 4. Cycle Length and Inventory 
ChangeChange
Soluble boron is added to control excess 
react ivity and ensures a mult iplicat ion factor 
of 1.  The maximum cycle length is 
determined by zero boron concentrat ion.  
Minimizing the boron concentrat ion increases 
operat ional safety.  The PRATT design is 
compared below with the current 
Westinghouse reactor the AP1000.
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Comparison of the isotopic inventory change 
in units of kilograms over one cycle length, 20 
MWd/ kgHM, shows the PRATT design 
accomplishes its goals of a net consumption 
of transuranics, Pu and Np specif ically.

The hot channel factor is def ined as the 
rat io of the maximum to average heat f lux  
in the core.  Regulat ions state that this rat io 
needs to be less than 2.5.
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The overall relat ive power, shown below, 
depicts the movement of radial and ax ial 
power throughout the cycle length.  The 
radial power distribut ion is nearly uniform at 
the beginning of the fuel cycle and moves 
inward while the ax ial power rises with 
burnup.

5. Relat ive Power 5. Relat ive Power 

6. Conclusions6. Conclusions
- Net reduct ion of long- lived radioisotopes.

- 885 kg of Pu destroyed per cycle.

- 256 kg of 237Np destroyed per cycle.

- Operat ional safety increase by a low boron 
concentrat ion and low hot channel factors.


