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ABSTRACT 

The feasibility of using lower than 93 % enriched fuel in the SAFARI-I 

research and materials testing reactor is reviewed. Metallurgical 

experiments show that, using standard U-Al alloy technology and keeping 
235 

the U loading per element constant without altering the fuel plate 

thickness, a maximum of 35 weight percent of uranium in the meat can be 
235 

achieved. This corresponds to using a minimum enrichment of 40 % U 
235 

in order to retain the same mass of U in the core. Even then a loss 

of 'v 3,3 % in reactivity is calculated, which is more than the 2,8 % 
xk 
° /k which is normally allowed for burnup. 

Using current U-Al alloy fuel technology, and an enrichment of approximately 

45 % 2 3 5U, no 

be necessary. 

235 
45 % U, no changes in core configuration or coolant requirements will 

The use of 20 % enriched uranium will require the development of a new fuel 

design and technology if drastic redesign and modification of the reactor 

and coolant curcuits is to be avoided. Without such new technology, the 

redesign and modification of the reactor will cost upwards of 3 million 

dollars and take up to 5 years to complete, requiring a complete shutdown 

of the reactor for approximately 2 years. 

I. REACTOR DESCRIPTION 

SAFARI-I*' is a 20 MW tank-in-pool, light water moderated and cooled 

research and materials testing reactor, fuelled with flat plate MTR type 
235 

fuel elements containing 200 gms U per element. The fuel enrichment 

is 93,15 % 2 3 5U. 

(1) Directory of Nuclear Reactors, Vol V, January 1963 
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The core box allows for 72 fuel element and control rod positions in a 

3x9 rectangular arrangement. The 30 circumferential positions are 

normally reserved for beryllium reflector elements, leaving 42 positions 

for fuel elements. Six control rods are provided. 

The reactor became operational in 1965 and was operated at 6/3 MW on a 

one shift per day, five days perweek, basis until 1968 when it was con= 

verted to 20 MW. Since February 1969 it was operated at 20 MW on a 3 

shift basis, five days per week in order to meet experimental and isotcpe 

production requirements. 

II. EXPERIMENTAL FACILITIES 

The main experimental facilites currently installed are listed below, 

the available flux at 20 MW at each of the facilities is given in 

brackets. 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

(vii) 

Chouca Irradiation Facility, 

used mainly for materials 

testing 

(2xl014n c n f V 1 thermal and 

l,8xl014n c n f V 1 , E>lMeV) 

Cryogenic Loop used for 

radiation damage studies 

(l,9xl012n ciir2s_1, thermal 

and 8xl99n c n f V 1 , E>lMeV) 

Neutron Diffractometer 
9 -2 -1 

(1x10 n cm s thermal, at 

monochrometor) 

Hydraulic Rabbit 

Pneumatic Rabbit 

(l,2xl014n c m ' V 1 , thermal) 

(3xl013n c n f V 1 , thermal) 

Pool side rack for activation 

analysis and isotope produc= 

tion 

Fast pneumatic rabbit system 

for uranium analysis using 

delayed neutron techniques 

(l,2-8,6xl013n c m ' V 1 thermal) 

(8,5xl013n cni'V1 thermal) 
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The beam tube facilities (6 radial and 2 tangential) are used for a 

variety of neutron and solid state physics experiments. Isotope 

production takes place mainly in hollow beryllium reflector elements 

and in the pool side rack. 

The isotope production centre now nearing completion will be able to 

provide most of South Africa's requirements for medical isotopes and 

radio-pharmaceuticals as well as radio-isotopes for industrial and 

agricultural applicions. 

III. FUEL REQUIREMENTS 

III.1 Highly Enriched Uranium (93 % 2 3 5U) 

The fuel elements consist of flat aluminium clad U-Al alloy 

MTR plates, 19 plates to an element. The dimensions of the 

fuel plates are given below: 

Thickness of fuel meat : 0,0508 cm 

ThicKness of aluminium cladding : 0,0381 cm 

Thickness of Water Channels between plates : 0,2946 cm 

Width : 6,33 cm 

Length : 60,01 cm 

The cadmium box type control rods are provided with fuel followers 

of 19 plates per follower (5,93 cm wide). 

The present core loading consists of 28 fuel elements of 93,15 % 

enrichment and 6 control rods, giving a core volume of 126 liters. 

The average thermal flux in the core at 20 MW is 1,04x10 n cm s 

and at the reflector positions it is 1,4 to 2,3x10 n cm s with 

an average fast flux of 4,0 to 7,0x10 n cm s - 1, E>lMeV. 

At a burnup of 40 % for the fuel,(60 % in the control rods) 

52 fuel elements and 8 control rods are required per annum. 
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III.2 40-45 % Enriched Uranium, Current Technology 

According to our laboratory experiments a maximum of 35 weight 

percent of uranium in U-Al alloy can be obtained using current 

technology, without running into difficulties in rolling and 

cladding of the fuel plates. Above 35 weight %, difficulties 

such as "dogboning" and inhomogeneity in uranium distribution was 

experienced, which would result in a high rejection rate with 

attendant higher manufacturing cost. 

A maximum of 35 weight percent of uranium in the fuel alloy 

corresponds to using a minimum of 40 % enriched uranium in order 
235 

to retain the same mass of U in the core. The loss in excess 
238 

reactivity due to the higher U content is approximately 3,3 per 

cent, which is more than the 2,8 % /k normally allowed for burnup. 
235 

An enrichment of approximately 45 % U would thus be required if 

the present core configuration is to be maintained. The small 

reduction in fast to thermal flux ratio resulting from the use of 
235 

45 % U fuel would not present any significant difficulties. 

235 
The use of less than 45 % U fuel would require a larger core 

with attendant reduction of the neutron flux at all the experimental 

facility positions, leading to increased irradiation times per 

experiment. The cost per experiment will thus be increased due to 

both operating time and additional fuel requirements. Preliminary 

estimates indicate that the cost of fabricating a fuel element would 

be approximately $11 000, which is a factor of 3 to 4 higher then for 

the highly enriched fuel* '. 

III.3 20% Enriched Uranium, Current Technology 

As mentioned above, the loss of reactivity due to the use of low 

enriched uranium cannot be compensated for by simply keeping the 
235 

U per fuel plate constant. The loss of excess reactivity which 
results from reducing the enrichment for 93 % to 20 % is approximately 

R A Lewis, Argonne National Laboratory - Private Communication 



Page 5 

6,6 % with the same core configuration, and increasing the 

uranium loading in the fuel meat to about 55 %. It would thus 

seem necessary to increase the plate thickness or to increase 

the uranium loading to more than approximately 60 % weight 

percent uranium. 

This cannot be achieved with current technology. Even if 35 

weight percent, which can be achieved, should be employed, the 

required number of fuel elements to operate the reactor would 

be excessive and would require a major modification of the reactor 

core. This would most probably require replacing the whole reactor 

tank and coolant circuits. The flux reduction for the required 

larger core at the same power would be a tcv-tor of more than 2, 

which is unacceptable. According to preliminary estimates, the 

modification needed would cost upwards of $3 million and take up 

to five years to complete, and complete shutdown of the reactor 

for nearly 2 years would be required. 

III.4 20% Enriched Fuel, Advanced Technology 

If a development program on advanced fuel, using a powder 

metallurgical route is launched, indications are that the uranium 

weight fraction could be increased to approximately 0,55 to 0,60' '. 

With such a fuel, SAFARI-I could probably be operated without major 

modifications but with a still acceptable flux to power ratio. 

However, such a development program could take several years to com= 

plete. No estimate of the cost of the development program can be 

made with any certainty. 

IV. CONCLUSIONS 

1. Using 40-45 % enriched uranium, the SAFARI-I reactor could be 

operated without design changes at approximately the same flux levels as 

with the present highly enriched fuel. Fuel costs might however be a 

factor of 3 to 4 higher than at present. 

(3) RSS-TM-7 (October 1, 1977) 
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2. The use of 20 % enriched uranium in current fuel fabrication 

technology would entail a major modification of the reactor core, tank 

and coolant circuits and would cost upwards of $3 million, requiring a 

complete shutdown of approximately 2 years and a total of five years to 

complete. 

3. With advanced technology, the modification to the reactor would 

probably be unnecessary, but it would entail several years of development 

with attendant high cost. During this development period some arrangement 
235 

as to the supply of intermediate enrichment (M5 % U) would have to 

be made in order to keep the facility in operation. 

4. It would thus seem that whatever route is to be followed, operating 

costs would in any event be trippled or quadrupled. The cost of fuel for 

SAFARI-I in 1975 prices was approximately $160 000 per annum(fabrication 

cost alone). The use of low enrichment fuel would thus entail an extra 

expenditure of more than $480 000 per annum for fuel fabrication costs alone. 


