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ABSTRACT 

Previously calculations of reactivity void coefficient of 
I.T.U.* TRIGA Mark-II Reactor was done by the second author et 
al.. The theoritical predictions were afterwards, checked in 
this reactor alright experimentally. 

In this work an analytical approach is developed to evaluate 
rather quickly the reactivity void coefficient of I.T.Ü. TRIGA 
Mark-II, versus the size of the void inserted into the reactor. 

It is thus assumed that the reactor is a cylindrical, bare 
nuclear system. Next a belt of water of 2TTrArH is introduced 
axially at a distance r from the center line of the system. r 
here, is the thickness of the belt, and H is the height of the 
reactor. The void is described by decreasing the water density 
in the belt region. A two group diffusion theory is adopted to 
determine the criticality of our configuration. The space 
dependency of the group fluxes are, thereby, assumed to be 
J0 ( -2--M05r, ) cos(J[-l_)j -the same as that associated with the 
original bare reactor uniformly loaded prior to the change. A 
perturbation type of approach, thence, furnishes the effect of 
introducing a void in the belt region. 

The reactivity void coefficient can, rather surprisingly, be 
indeed positive. To our knowledge, this fact had not been 
established, by the supplier. The agreement of our predictions 
with the experimental results is good. 

* 

* I.T.Ü. : Istanbul Technical University 
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INTRODUCTION 

Many of us still find tiresome to go through conventional 
spectrum and. multigroup diffusion codes in order to establish the 
physics characteristics of a reactor, no matter what the sise of 
this may be. It is naturally desirable to predict various 
features of a given reactor, without having to deal with fancy 
and uneasy tools, if this were ever possible. This is the 
philosophy behind the work presented here. 

Of course, the supplier (G.A.) did the necessary reactor 
physics calculations of TRIGA Mark-II prior to, and surely, after 
the commisionning. 

Following the decision in regards to the erection of a TRIGA 
Mark-II at I.T.U., Institute for Nuclear Energy, the second 
author and al., neverthless, undertook, as a local exercise, the 
reactor physics and dynamics calculations of this reactor (1-10). 

By the time, we did not have access to the supplier's 
constants or computational tools. We thus aimed to determine few 
group cross-sections of I.T.Ü. TRIGA Mark-II, quite separately 
from the supplier's methods. 

For this purpose, based on the actual configuration of the 
reactor, we dressed up a two dimensional (r,s) equivalent reactor 
configurations. 

Next, as an acceptable approximation, the Bondarenko set of 
cross-sections was used (11). 

Further refinements were achieved through the use of the 
spectrum and few group cross-section calculation codes GGC-4, 
ANISN and LEOPARD (4,5,6). 

The calculated few group homogenised cross-sections were 
input to a 2-D multigroup diffusion code, TWENTY-GRAND (12). 

The results of the calculations in question were presented 
to the previous TRIGA meeting held in 1982 in Istanbul (9,10). 

It is worthwile to note that the work we had done apart from 
the supplier, can not be considered as a duplication. This, for 
at least two reasons. The first one is that the prediction of 
the supplier had been a failure. Î.T.U. TRIGA Mark-II reactor 
was, in effect, guessed to become critical with 63 fuel elements. 
Yet our criticality was achieved with 69 fuel elements. 

The second reason in question is that our approach predicted 
features of I.T.Ü. TRIGA Mark-II that were rather unknown to the 
supplier as well as the TRIGA users. 
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Here, we should namely cite the likely positive 
void coefficient of the reactor(8,9). 

reactivity 

REACTIVITY VOID COEFFICIENT OF TRIGA MARK-II 

Let us summarise the previous findings about the 
void coefficient of I.T.Ü. TRIGA Mark-II reactor. 

reactivity 

2-D, two-group diffusion calculations were performed based 
on the equivalent core configuration that we had originally 
drawn. The void is thus described by decreasing the water 
density in the central water region. Additional computations are 
performed where an outer fuel ring region is removed and the 
region is supposed to be filled with water to form a water belt. 
The void is, here again, simulated by decreasing the water 
density in the belt region. 

It was found that the reactivity void coefficient can 
essentially be positive in the central region. This is shown in 
Fig. 1 (8,9). Thus the reactivity void coefficient, first, 
gradually increases with respect to the void diameter, then 
abruptly decreases. 

-P(D) x io5 

D (cm) 

Figure 1 Reactivity values computed in 2-D when voids 
with various diameters are inserted to 
central water region (3,9) 
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When void is inserted, absorption in water is decreased. 
This is a negative effect. But moderation is increased. This is 
a positive effect. Leakage is also increased, which is a 
negative effect too. 

We thence observe that the net effect of introducing an 
axial void in the central region of TRIGA Mark-II can be 
positive. 

After the positive reactivity void coefficient was 
established in I.T.Ü. TRIGA Mark-II, it was proposed to check 
the finding experimentally (13). The result was that, the 
prediction was quite correct. 

The experiment was undertaken with an empty Al tube of 6 cm 
in diameter which was introduced at different locations of the 
reactor, in different depths. The reactivity thus becomes as 
positive as 1x10" (about 15 cents). 

Note, first of all, that experimentally, the diameter of the 
void could not have been varied at a given location. Instead a 
void with the same diameter was axially introduced from different 
places to the core. 

Neverthless, by varying the depth in the reactor, to which 
the empty tube is introduced, one can hypothetically vary the 
diameter of the void volume. This way if we wish, we can hope 
(by extending the depth of the void to the height of the reactor 
core and still keeping constant the volume of the void 
introduced) to develop an idea of how the diameter affects the 
reactivity, for a void created from the top to the bottom of the 
reactor core. 

Secondly, what is measured is the actual reactivity void 
coefficient. What we predict, however, is a slightly different 
quantity. In effect, in our model, void was simulated by merely 
decreasing the water density in a uniform way. 

Another point is that the mentioned measured value is 
obtained by introducing the empty tube in the place of a fuel 
element in ring B. Whereas Fig.1 is (theorettically) obtained in 
the central region without the removal of any fuel elements. 

It should be for these reasons (mainly perhaps the last 
reason) that, 2-D prediction of the void effect is a little lower 
than the measured value. Note that creating a larger volume of 
water around the central water region should enhance the 
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subsequent void effect. In this case, indeed, the .introduction 
of the void leads a lesser negative effect of moderation, whereas 
the effects due to the decrease in absorption and increase in 
leakage do not pratically change when we switch from the initial 
central water region to the enlarged water region in question. 

* 

Now we aim to predict the reactivity void coefficient of 
I.T.U. TRIGA Mark-II in a much simpler manner. 

AN ANALYTICAL APPROACH TO THE TRIGA REACTIVITY VOID COEFFICIENT 

Here we propose to present I.T.U. TRIGA Mark-II as a bare 
cylindrical reactor having a central water region (Fig.2). 

Figure 2 (r,s), bare model for I.T.Ü. TRIGA Mark-II, 
R = 24.6 cm, H = 38. 1 cm, Ar = 5.968 cm 

Void is introduced in the central region. The introduction 
of the void is simulated by the uniform decrease of various 
macroscopic cross-sections associated with this region. 
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Cross-sections are obtained through ordinary homogenisation 
of the cross-sections, previously established, over the space 
(8,9). 

We thus obtain two-group macroscopic cross-sections for the 
configuration shown in Fig.2 (Table 1). 

Table 1 Cross-sections for the simple 
(r,a) core configuration 

Core 

Water 

"a.2. 

6.98E-2 

1.97E-2 

^-"SÂ 

6.19E-2 

7.75E-2 

3.51E-1 

2.95E-1 

— irl 

1.81 

2.09 

8.36E-2 

To describe the behaviour of the space and energy dependent 
neutron flux, we now adopt a two-group diffusion scheme. 

We thus have with the familiar notation: 

V-D,(r) V(p,(r) -2_(r)(p,(r) + - L v2f2(r)(D,(r) = 0 (i) 

V. D,(r) V(D,(r) - 2 a J (r) (D2(r) + S T ( r ) 0,(r) = 0 . (2) 

Here for simplicity, we neglect absorptions in the first 
group. Thus 2(r), alsoZ(r) are taken to be zero. 

Furthermore: 

a(r) = — 1 
32., (r) 

(3) 

We assume that,<£(r) can be expanded, again with the familiar 
notation, * 

0,(r)= q), J.(2^)cos(Jîf)-, g = 1.2. 
R H 

(4) 

This expansion is of course an approximate one. <$Kr) is thus 
different from d)(r). 3 V 

7-66 



If now we go back to Eqs. (1) and (2) with the approximate 
expansion of Eq.(4) we obtain residuals. We can restore the 
broken equalities in a weighted residual sense., We thus weigh 

2.405 r 
T 

the residuals in question by the function, J-. (• •) cos(^-); 
integrate the weighted residuals over the reactor volume and set 
the products to aero. These.manipulations gives us an equation 
for \ , the unknown (approximate) eigenvalue of the reactor. 

Let us define the following quantities for the central water 
region and the rest of the core. (We denote with "M" the water 
region and "F" the core region.) 

D, = D, (f ) 

D, = D,(r) 

2 i r ^ ( r ) 

a2 a2 
(£) 

D = D, (r) 

D: = D, (D 

21 21 

= 2.,(r) 

r < A r0 

r > Ar, 

(5 ) 

(6 ) 

(7 ) 

(8 ) 

( 9 ) 

( 1 0 ) 

( 1 1 ) 

( 1 2 ) 

Using these quantities A is found as follows 

A = 
I,* ( i . ^ ; * ! ^ ; ) 

[I,(D:B^P + I 2 ( D ; B ^ : ) ] x 

x [ I , ( D ; B 2
+ 2 : ) + I 2 ( D ; B 2

+ 2 : 2 ) ] 

(13) 
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Here 1̂  and lz are given as, 

I, = (ArJ2 [J0
2 UAr0) + J,' «Arj] 

r2 = (0.519 R)
2 - I, 

with o<=2.405/R . 

It is thus question of modifying the water region 
macroscopic cross-sections in order to describe the introduction 
of the void into this region. 

Let than 21 be a macroscopic cross-section of interest. 
Suppose we introduce an axial void (of height H) having the 
diameter D, into the water region. The new macroscopic 
cross-section X'(D)'is thus supposed to be; 

(16) 
2'(D) = 2(1-qD2) , 

^ = 4(ArJJ ' (17) 

Calculations are performed by varying D, and A each time, is 
determined through Eq.(13). 

Let us further define ^P(D) to be the reactivity due to the 
introduction of the void in question: 

ß[D) -- ^(0)-A • (18) 
A(D).A 

A is the eigenvalue of the reactor with no void in the water 
region, whereas A(D) is the eigenvalue of the reactor in the 
central region of which an axial void of diameter D is 
introduced. 
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The behaviour of J>(D) with respect to D is sketched in 
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Figure 3 Effect of the introduction of a void of 
various diameters into the central water 
region of the bare model 

This result seems quite satisfactory as compared, chiefly to 
the experimental result. The maximum of Fig.3 is about the same 
order of magnitude as the measured value for an empty tube of 6 
crn in diameter. The maximum of Fig. 3 occurs at around 4 cm in 
diameter. 

In fact two opposite effects should really make our 
analyticaly approach work all right. The first one is that the 
analytical approach is applied to a core configuration where the 
original central region is enlarged after the removal of fuel 
elements in ring B. As discussed earlier this enhances the void 
effect, if now void is introduced in the central ring, A. 
Because of this fact the analytical approach should furnish a 
result higher than that of 2-D calculations (Fig.l). 

However there is another effect that should also be 
cosidered. In our analytical approach we overestimate the group 
fluxes around the central portion of the reactor. 

The result should be that we overestimate the negative 
effects due to the introduction of the void. The positive effect 
due to the decrease in neutron absorptions is also overestimated 
within the frame of our analytical approach. Perhaps the balance 
absorption-moderation is not altered much. But we conjecture 

7-69 



that an important extra leakage effect is created. Anyway the 
net effect due to the introduction of the void is softened. 
Thus, because of this reason, the perturbation type of approach 
achieved, somewhat underestimates the effect of the void. 

The result of the two contradictory effects we just 
described is that the analytical approach we performed, at last 
furnished a rather satisfactory output. 

CONCLUSIONS 

Throughout the exercise presented here, we have established 
a rather simple method to determine the reactivity void 
coefficient of TRIGA Mark-II. The method predicts quite 
correctly the reactivity void effect with respect to the diameter 
of the axial void inserted to the reactor. 

The prediction also turns to be quantitatively satisfactory. 
The method we presented is, on the other hand, in an acceptable 
aggreement with the results of a previous detailed computation 
achieved by the second author et al.. 

Note that the positive occurance of the reactivity void 
coefficient of TRIGA Mark-II had by then newly established. 

The reactivity due to the insertion of a void to TRIGA 
Mark-II can thus become as positive as lxlO"3. 

The reactivity void coefficient can become positive around 
only the central region of the reactor. 

The maximum reactivity shown in Fig.3 decreases as the void 
insertion location moves away from the center. 

This fact is obviously due to the increasing leakage effect. 

Such features too, can be analyticaly predicted through 
rather easy further elaborations. 
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