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Result of case studies 

(JMTR and JRR-2) 

A. Bases of +udies 

The undt ying assumtions set up for the studies are 

as follows: 

(1) The use of alternative fuel shculd not affect, 

even to a small extent, research and development programs 

in nuclear energy utilization. Hence the use of lower 

enrichment fuel should not cause any reduction in reactor 

performances, i.e. excess reactivity, neutron flux levels, 

reactor operation mode and irradiation spaces. 

(2) The fuel cycle cost for operatig the reactor with 

alternative fuel, excepting R/D cost for such fuel, should 

not increase beyond an acceptable limit. 

B. Modifications and results 

JMTR 

1. The case of no change in fuel element design. 

The effective multiplication factor is estimated to be 

0.82, by a nuclear calculation, assuming that the loading of 

fuel elements is increased from present 27 elements up to 

48 ones, without changing the uranium content in a fuel 

element. 

This means that even the number of elements is increased 

at the c st of many irradiation holes in the grid plate, the 

effective multiplication factor would be less than unity. 

Therefore, the reactor could never be operated under the 

given conditions. 

2. The case of modifying reactor 

The following three measures can be considered to 

regain reactivity lost by the use of less-than-highly-

enriched uranium; 

a) the use of higher uranium-loading fuel, 

b) increasing the number of the fuel elements in the core, 

c) the use of higher performance reflector material. 

Nuclear calculation was made under the conditions of 

increasing; 
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1) the uranium density in the fuel meat from 22 w/o to 40 

w/o, 

2) the fuel meat thickness from 0.51 mm to 0.82 mm, and 

3) the number of fuel elements in the core from 27 to 42. 

The results show that the available maximum flux levels 

of fast neutrons and thermal neutrons decrease by factors 

of five and two, respectively. 

The significant reduction of the fast neutron flux 

level is mainly due to the lack of in-core irradiation 

positions in the 20% enriched-fuel core. 

Beryllium elements are used as reflector and loaded 

around the core in two lattice-rows. Increasing the number 

of beryllium elements around the core would gain only about 

2?54k/k --'n reactivity. Therefore, this increasing is not 

practical from the viewpoint of cost-effectiveness. 

A bit of reactivity could be added by substituting 

heavy water for beryllium. However, irradiation spaces 

required would be narrowed in this case. If we provide a 

lot of thimbles in heavy water reflector in order to keep 

sufficient irradiation spaces, then we will again lose 

reactivity. 

JRR-2 

1. The case of no change in fuel element design. 

The resctor will riot attain criticality in this case. 

The present fuel element of JRR-2 contains approximately 

195 g of U-235. If 20% enriched uranium is applied, U-235 

content in a fuel element will be lowered to 41.94 g. 

Twenty-four fuel elements can be loaded in the JRR-2 core, 

so the total U-235 content in the reactor core will be 1006 

g. This quantity of U-235 is much smaller than the critical 

mass of approximately 2600 g. 

2. The case of modifying 

Following reviews were done in order to simplify the 

evaluation; 

(1) Could fuel element which contains the same amount 

of U-235 (195 g) as current fuel element be designed 

and fabricated by using 20% enriched ? 
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(2) When 2056 enriched uranium is used in the JRR-2 

reactor core, how much degradation of reactivity is 

induced in it ? 

(3) Is it feasible to compensate the degradation of 

reactivity by increasing uranium content in the fuel 

element ? 

ANSERS: 

(1) It is not feasible with in current state-of-the-art 

Al-plate fuel technology in Japan to design and 

fabricate fuel element with the same performance as 

current fuel by using 20% enriched uranium. 

According to our reviews, it is necessaty to charge 

more than 59 w/o of uranium for keeping 195 g of 

U-235 in a fuel elem nt of which meat is 0.508 mm 

thick. 

Necessary dimensions and percentages to load 195 g 

of U-235 in a fuel element are shown in the follow

ing table; 

fuel meat thickness 

(in) (mm) 

0.02 0.508 

0.03 0.762 

0.04 1.016 

(2) Use of 20% enriched uranium induces approximately 

7%Ak/k excess reactivity degradation in the JRR-2 

reactor core. Our experimental data show that it is 

possible to keep about l5.5%Ak/k of excess reactivi

ty at the cold clean reactor core by using 93% 

enriched uranium fuel. 

(3) By means of increasing uranium content .in fuel, for 

instance, when 220 g of U-2 35 is loaded in a fuel 

element, the reactivity increase is expected by only 

1.3%Ak/k, which is not enough to compensate the 

coolant gap 

(mm) 

2.94 

2.73 

2.52 

U content 

(w/o) 

59 

47 

40 
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reactivity degradation. 

If higher-uranium-density fuel could be developed 

and used in the JRR-2 reactor core, it is estimated 

that the thermal neutron flux around the exposure 

facilities would be low. For example, when sub

stitute 20% enriched 220 g U-235 for 93% enriched 

195 g U-235 fuel in the JRR-2 reactor cor, the thermal 

neutron flux reduction is estimated about 15%. 

Therefore, even high density uranium might be loaded 

in fuel, it is very difficult to compensate the whole 

impacts, particularly the reduction of excess reac

tivity of the core must be compensated by increasing 

the number of refueling elements. 

C. Implications (also economics) 

The reactor performances would be significantly degraded 

if 20% enriched-fuel is used. Therfore, it is infeasible 

to modify the reactor to operate with such a ruel. 


