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ABSTRACT 

In this work, the static calculation of the (I.T.U. TRIGA Mark-Il) 
flux distribution has been made. 

The three dimensional, r-9-z, representation of the core has been 
used. In this representation, for different configuration, the flux 
distribution has been calculated depending on two group theory. 

The thermal-hydraulics, the poisoning effects have been ignored. 

The calculations have been made by using the three dimensional and 
multigroup code CAN. 
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3-D FLUX DISTRIBUTION AND CRITICALITY CALCULATION 
OF 

TRGA MARK-II 

INTRODUCTION 

In this work, the core flux distribution and criticality of the 
research reactor TRIGA MARK-II of Technical University of Istanbul is 
calculated. 

Formerly, some other work has been performed in relation with the 
flux distribution and the criticality of the core. In these works, one 
or two dimensional models of the core have been used (1,2). 

In a two dimensional model, r-z, the control rods were placed in 
the form of rings and it was assumed that the core has the azimuthal 
geometric symmetry. Moreover, the fuel elements within the "F" ring 
(most of which were full of graphite, thus dummy elements) were also 
assumed to be within the "E" ring (1,2). 

In this paper, a three dimensional model of the core is undertaken 
according to the present core configuration and the flux distribution 
is calculated. The calculations are repeated for different position of 
the control rods in the core. 

PHYSICAL MODEL 

The core of the TRIGA has a circular grid pattern, thus a simple 
way to identify core loading is by reference to specific rings ("A" 
through "F") in the core and the loadings within each ring (3). 
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"A" ring, the central thimble, is filled only with water There 
are six fuel elemtns in the "B" ring, eleven fuel elements and the 
transient control rod in the "C" ring, seventeen fuel elements and the 
safety control rod in the "D" ring, twenty-three fuel elements and the 
regulating control rod in the "E" ring, sixteen graphite elements, 
twelve fuel elements, the source and the rabbit system in the "F" ring. 

For the calculations of the flux distribution, it is required that 
the above mentioned heterogeneous core model is changed into an 
equivalent core imbodying homogeneous regions. This core model is 
shown in the Fig. 1. 

Equivalent homogeneous regions are described as following: 

It has been assumed that A ring is filled with only water; B ring 
has five regions, in axial direction, as water, top reflector, fuel, 
bottom reflector and, again, water. 

It can be noted that the bottom reflector of the core is taken 
into consideration as single region and, also, under this reflector 
there is a water region. It has been assumed that each region has been 
ordinarly homogenized depending on structural materials. On the other 
hand, B ring has been considered as a single region at the azimuthal 
direction. 

C ring looks like B ring in the axial direction. But, since there 
is a transient rod in the C ring, this ring is taken into consideration 
as made of three regions at the azimuthal direction. 

D and E rings look like C ring at the axial and azimuthal 
directions. But, each region of these has different nuclear 
parameters. 
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F ring has two homogeneous regions in azimuthal direction: These 
are fuel and the reflector regions. 

In the F ring, the effect of the source and the rabbit system is 
ignored. It has been assumed that their emplacements are filled with 
water. The effects of these elements have been taken into consid
eration through the homogenization of the graphite region. 

There is a water region outside of F ring and in the axial 
direction, there are three regions outside of this water region: These 
are water, graphite reflector and, again, water. 

Thus, an equivalent core model has been established to be made of 
thirty-eight homogeneous regions. 

CALCULATIONAL METHOD 

The calculations were performed by a computer code that we call 
CAN which is a multigroup, three dimensional, r-0-z, multiregion code. 

This code uses the "finite difference" approximation form of the 
continuous group diffusion equations. 

For the solution method of the related eigenvalue problem 
"inner-outer iteration technique" has been used. 

The inner iterations have been accelerated with the line 
successive over relaxation method. The outer iterations have been 
accelerated with the Chebyshev method. 

In this work, two neutron energy groups were used. 
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The nuclear group parameters, dimension of each ring and the 
volume fractions of the various components in each region have been 
taken from Ref. 1 and Ref. 2. 

Thermal-Hydraulic effects were ignored and it was assumed that the 
core was at room temperature. 

RESULTS 

First, a core, which had sixty-four fuel elemtns and twenty-one 
graphite dummy elements is undertaken via its equivalent form. 

The regulating rod was at the C ring in that core. It was assumed 
that all of the control rods were out of the core. 

Formerly, the flux distribution and criticality were calculated by 
Yarman et al. through TWENTY GRAND, a two dimensional code, for that 
core in question (1,2). 

Results are given in the Table-1. As can be seen from the 
Table-1, the agreement between the two set of calculations are good. 
(The difference between the results of two calculations is 0.77%, for 
the effective multiplication factor, keff. For these calculations, it 
has been used 980 mesh points in TWENTY GRAND and 810 mesh points in 
CAN.) 

In a second calculation, the present core configuration has been 
taken into consideration. 
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This core has sixty-nine fuel elements and sixteen graphite dummy 
elements. The transient rod is at the C ring, safety rod is at the D 
ring and regulating rod is at the E ring. There are twelve fuel 
elements at the F ring. 

It was considered that all of the control rods were at their 
critical positions and the places of the withdrawn control rods were 
fully filled with water. 

It has thus been found that the value of keff which is given in 
Table-1, was 1.1342. 

The axial, radial and azimuthal flux distributions of the various 
regions in the core are shown in the Fig. 2, Fig. 3 and Fig. 4. 

The value of keff which is calculated in this case was chosen as 
reference value. That is, it is assumed that if keff is equal to 
1.1342, the reactor is critical. 

In a third calculation, it was assumed that the core has 
sixty-nine fuel elements, the same way as in the second calculation. 
But, the transient rod is completely inserted in the core at the C ring 
and other two control rods are out of the core. 

The results are given in Table-1. The calculated value of keff is 
1.1324. In this case, it can be seen that the reactor is subcritical 
according to the reference value of keff. This result has been seen 
experimentally. The latter core has approximately twenty cents of 
negative reactivity according to the calculated result. 
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In a fourth case, the calculations were repeated when the 
transient rod is completely in the core at D ring. 

In this case, keff is found to be equal to 1.1377. According to 
this result, the reactor is supercritical. That is, if the transient 
rod is completely in the core at the D ring, then the reactor can be 
made critical using the other two control rods. 

In a fifth case, the calculations were repeated when the transient 
rod is completely inserted in the core at the C ring. 

It was considered that the safety rod was at the E ring and the 
sarety and the regulating rod were out of the core. 

keff is found to be equal to 1.1332, in this case. The reactor is 
subcritical. The core has approximately eleven cents of negative 
reactivity according to the result. 

In a sixth case, it was assumed that it has been put a single fuel 
element instead of the graphite dummy element within F ring in the 
present core and all of the control rods were at their critical 
positions. 

kel:f is found to be equal to 1.1357. The reactor is supercritical 
and it has approximately 16.6 cents of positive reactivity. This value 
is approximately equal to measured value. 

As a result, when the transient rod is completely inserted in the 
core at the C ring, two fuel elements must be additionally put instead 
of two graphite elements within F ring in the core. 
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CONCLUSION 

It can be seen from the calculational results related to the 
second case that the value of keff was greater than requird value. 

The major source of error is from the calculations of the 
homogeneous nuclear group parameters. 

With the equivalent homogenized nuclear group parameters obtained 
by transport mean, the error in question should be reduced. 

Another source of error may be the consideration of all of the 
core at the same temperature of 25 C. 

However, the results obtained in this work show relatively the 
reality. 
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TABLE- 1 The Results 

CORE 
CONFIGURATION 

CAM CODE r-3-z 
TWENTY GRANDE CODE 

r-z 

CORE 
CONFIGURATION k ef f 

Max.flux at C.T 
xl0 1 2n/(cm 2-sec) k e f f 

Max.flux at C.T 
xl0 1 2n/(cm 2-sec) 

CORE 
CONFIGURATION k ef f 

Fast Thermal 

k e f f 

Fast Thermal 

64 Fuel Elements 
Reg R atC Ring, 
a l l Control Rods 
are out of the 
Active Core 

1.1289 6.033 9.169 1.1212 7.5 8.98 

69 Fuel Elements 
Reg.Rod at E 
Ring a l l Control 
Rods are at the 
cr i t i ca l 
positions 
(Ref>core) 

1.1342 5.815 8.772 

69 Fuel Elements 
Tr.Rod at C Ring 
and in the core 
Saf.Rod and 
RegRod are out 
of the Active 
Core. 

1.1324 5.73 8.62 

69 Fuel Elements 
Tr.Rod at D Ring 
and in the core 
Saf.and Reg Rod 
are out of the 
Active Core 

1.1377 5.84 8.80 
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Fig. 1. Equivalent multi-shell core (The numbers show the regions and 
the letters show the rings) 
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Fig. 2. The axial distribution in the central thimble 
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Fig. 3. Radial flux d i s t r ibu t ion 
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Fig. 4. Azimuthal flux distribution 




