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Introduction:                

SAFARI-1 is currently the only nuclear  research reactor in South 
Africa, and it is approaching its end of life.
SAFARI-1 is used for research and isotope production purposes.
There is a need to investigate the possibility of extending SAFARI-
1 operating lifetime for as long as it is economical and safe.
A possible way of extending the operating lifetime of SAFARI-1 is 
to reduce its operating power.
This is achieved by reducing the average neutron distribution and 
reshaping the neutron distribution.
Hence various alternative SAFARI-1 core design are 

     proposed and their neutronic properties are evaluated.
As mentioned before, the safety must be maintained and also the 
utilization must not be compromised.



Objective:                                 
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This work aims to propose and evaluate various core geometry 
configurations in order to find an acceptable optimal core layout 

operating at a reduced power. 

 Study

                         Proposed Core:

     1. Determine the metric for core evaluation

     2. Core Size (how many fuel assemblies)

     3. Core power

     4. Core arrangement

?



Methodology: Core evaluation metric                
                The following set of SAFARI-1 performance               

   and safety objectives are defined and                             
quantified via numerical analysis with the                           
    OSCAR-4 code system. 
     

1. Core reactivity 

2. Fluxes      φ = n v (                      )            

3. Power peaking factors. (1 objective)

4. Fuel economy

  These objectives are a function of the                           
 neutron distribution within the reactor core.
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Methodology: Core evaluation metric                
           

 Existing SAFARI-1 operating cycles are 
analysed in order to quantify the current SAFARI-
1 performance. Although highly realistic, this set 
of reference values proves difficult to utilize for 
theoretical comparison, given the non-constant 
nature of the actual operating schedule.

 An idealised equilibrium core model is 
developed, based on a typical, repeatable 
SAFARI-1 cycle and loading definition.

 This equilibrium core performance and safety 
objectives values must match those of actual 
operating performance parameters in order to 
use it as an acceptable reference for evaluating  
alternative core.         
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Comparison of SAFARI-1 and equilibrium model



Methodology: Parametric study                      
     

 A parametric study is performed to investigate                          
 parameters such as: 
1. Minimum core size
2. Minimum power level
3. Number of fuel elements and
4. Required number of production facilities. 

Given a core size and power level we propose a realistic core 
arrangement.
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Modelling Tools:                            

The OSCAR-4 code system, which is the dedicated code to     
model SAFARI-1 reactor, is utilized as a modelling tool in this 
study. 

OSCAR-4 solves for the neutron flux distribution within the 
reactor in a multi-step deterministic fashion. It uses the 
integral transport equation for assembly calculation and the 
nodal diffusion method for full core calculation.
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Results:  Obtaining an equilibrium core                     
       

Equilibrium utilizes the 
3 fresh, 0 control        
3 fresh, 1 control loading 
pattern.

This implies 30 fuel elements 
per year and 5 control 
elements.

12

0 5 10 15 20 25 30 35
59

60

61

62

63

64

65

Cycle No

C
o

n
tr

o
l r

o
d

 p
o

si
tio

n
 (

cm
)

Results of the parameter used to 
determined when the equilibrium is 
reached. 



Results: Results of the Parametric study                   
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Results:                     
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Current SAFARI-1 
core layout

Proposed 17 MW core utilizes the
3 fresh, 0 control  2 fresh, 1 control 
loading pattern.
This implies 25 fuel elements per year 
and 5 control elements, saving 5 fuel 
elements.

Proposed 17 MW core layout



Results:                      
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Summary results of safety and utilization parameters



Conclusion:                                               
                       

The results show that an alternative core with a power of    
17 MW can achieve similar performance as the current    
20MW SAFARI-1 design, by simply rearranging 
components in the core.
This design saves 5 fuel elements per year
 
Additional power reduction may only be possible if more 
significant core design changes are allowed, but studies 
concerning such core concepts are still underway.

Some lost flexibility is noticeable due to decrease in cycle 
length.
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