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Germany) 

1. CHANGES OF THE TRANSIENT-ROD ATTACHMENT 

About three years ago we observed for the first time irregularities of 
the linear power recorder, when operating the reactor at low power levels 
as usual for performing pulses. The irregularities consisted in sudden 
changes of +10 to 15 % in power indication. 

The electronics of the linear power channel, recorder and servo 
amplifier and the regulating-rod drive meachnism were investigated. The 
compensated ion chamber of this channel, which was in the reactor since 
1965, was also tested. The search was made difficult by the fact that the 
variations occurred only randomly and no reason could be found. 

In 1974 the frequency of the irregularities increased. Incidentally it 
was observed that there were no deviations in the power indication, when 
the primary cooling circuit was switched off. A slight movement of the 
transient-rod cylinder, however, caused again a vigorous movement of the 
linear recorder. 

A Teflon piston was therefore mounted on the top of the cylinder, 
which moved in a tube screwed on the housing of the transient-rod, as 
shown in Figure 1. By guiding the cylinder, which is moved up or down for 
limitting the upward movement of the transient-rod, the rod assembly itself 
had a better guiding in its upper part. Observations fora longer period, 
however, showed no improvement. 
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Figure 1: Schematic diagram of 
transient-rod drive with 
Teflon piston and guide 
tube 

An inspection of the transient-rod guide tube showed also that it was 
in its proper position and fixed in the lower grid plate. 

In 1975 the linear recorder showed regular oscillations at low reactor 
power with the primary cooling circuit on. It was decided to unscrew the 
upper connection of the connecting rod and to take the transient-rod out 
of the core for a closer inspection. 

Figure 2 shows on the right hand side the transient-rod (A) in its 
original attachment to the extension-rod (C), which in turn is connected 
to the transient-rod drive assembly at the top of the reactor tank. The 
upper part of the transient-rod is a male threaded connection which screws 
into a connection piece (B). This piece is inserted with its upper part 
into the extension-rod (C) and fixed with three spring-steel bolts. The 
hole for these bolts in the extension-rod had been worked out in the 
course of 5,000 to 10,000 pulses, so that the connection-piece could move 
slightly in the extension-rod. This again allowed a movement of the lower 
part of the transient-rod itself by more than 1 cm, which was thought to 
be the reason of the power oscillations. 
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Figure 2: Original and changed attachment of transient-rod to 
extension-rod 

On the left hand side of Figure 2 the changed attachment of the 
transient-rod is shown. The extension-rod (C) was cut off at the upper 
bolt, the connection piece (B) was cut off at the second bolt. A male 
thread was cut on the connection piece (B) and screwed into a new produced 
second connection piece (D). This again was inserted into the extension-
rod (C) and connected to this by a welding seam. The screwed connection 
was secured by a spring-steel bolt: Then the transient-rod was set up 
again. After starting up the reactor no oscillation of the linear power 
recorder occurred under,any condition. 
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2. GROWTH OF FUEL ELEMENTS 

A thorough investigation of the correlations of the growth of aluminium 
clad fuel elements with different parameters was given at the last TRIGA 
users conference by COPIC et al. /I/. Some evidence for a correlation 
between burn-up and fuel element elongation was found and pulsing seemed 
to contribute only \/ery little. 

We measure once a year our fuel elements, using the GA fuel-element 
inspection tool, which we have modified in 1971 /2/. Table 1 shows a 
grouping of the aluminium clad elements according to their total elongation. 
It should be mentioned that we have steel clad elements in the B-ring 
since 1968. For ten years of operation (613 MWh, 10,100 pulses) these 
values seem to be quite good. This may be due to the fact that we exchange 
elements from inner rings as soon as they show an abnormal elongation. 

In Table 2 the results of the measurements since 1972, when the modified 
inspection tool was used, are summarized. The everage growth of the fuel 
elements in the different rings between the measurements cannot be 
compared because of the mentioned exchange of elements. Conclusions may 
only be drawn from the core average. Figure 3 shows a semilog plot of the 
total elongation of the fuel elements as function of the total number of 
pulses for the aluminium and steel clad elements. With exception of the 
first point a straight line is obtained in both cases, indicating an 
exponential increase in fuel element length as function of the number of 
pulses performed. This indication is all the more evident, as quite 
different numbersof pulses were performed between the measurements and the 
number of pulses performed is opposite to the energy generated in 100 kW 
steady state operation. However, this result cannot be regarded as 
conclusive, because other effects may be superimposed. 

If the number of pulses is assumed to be the only reason for the growth 
of the fuel elements, an extrapolation could be made to estimate their 
lifetime. A total of 59,000 pulses could be performed with the aluminium 
clad elements, before reaching the limit of 6.35 mm (0.25") and 44,800 
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Figure 3: Elongation of the fuel elements as function of the total 
number of pulses 

pulses could be performed with the steel clad elements (in the B-ring) of 
course) before reaching the limit of 2.54 mm (0.1"). Subtracting from 
theses numbers the 12,000 pulses performed already and assuming a number 
of 2,000 pulses per year to be performed, the lifetime of the aluminium 
clad elements would still be 23.5 years and 16.4 years for the steel clad 
elements. 

3. POWER CALIBRATIONS 

The first power calibration of the TRIGA Mainz was made in 1965 after 
the start-up of the reactor. Starting from a pool water temperature of 
the reactor was operated at 10 kW for several hours. The temperature of 
the water was measured every 15 minutes and thus a temperature rise 
coefficient aR=0.0413 °C/kW was obtained. Compared to the coefficient 
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obtained from GA, namely o.=0.0525 C/kWh, this meant a power to low by 
21.3 %. By new positioning of the neutron chambers a sufficient agreement 
was obtained. 

On occasion of power calibrations in 1967 and 1968 we tried to 
remeasure the temperature rise coefficient for the pool system. Two 
immersion heaters of 5 kW each were put as far as possible under the 
reflector, the water was heated and the rise in temperature was measured. 
Readings of current and voltage were also taken, to calculate the accurate 
power generated. The results are given in Table 3. In 1967 a coefficient 
ct,,=0.0567 was obtained while a R was measured to be 0.0467 with the reactor 
on 10 kW power. The position of the ione chambers was somewhat corrected. 

A repetition of the measurement in 1968 gave a markedly lower value of 
an=0.0432. As compared to the measured value of aR=0.0474 the reactor 
power was to high, but no correction was made this time. 

Using two immersion heaters of 5 kW each, the temperature rise per 
hour was rather low (about 0.5°C) and this was regarded as a reason 
for inaccurate measurements. So in the following three power calibrations 
we used 6 immersion heaters with a total power of 30 kW. The obtained 
values of a,, show a rather good agreement, as can be seen from Table 3. As 
the deviations from the nominal power are in both directions,we are not 
sure, whether we measure real effects or if the changes of power are 
within the limit of error of our measurements. Therefore we measure since 
some time the neutron flux in connection with our monthly checklist to get 
a second information for power changes. 
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Table 1 

Grouping of aluminium clad fuel elements according to their total elongation after performance of 
10,077 pulses and a total energy generation of 612.6 MWh 

Total elongation ' 0 - 1.5 1.6 - 3.0 3.1 - 4.5 4.6 - 6.0 
[mm] [mm] [mm] [mm] 

Number of elements 37 17 4 1 

Without instrumented fuel elements 



Average increase in length of fuel elements 

Measure
ment 

Power generated Number of pulses 
[MWh] performed 

between total ; between total ' 

Average growth [mm] in ring ' 

B 2 ) C D E F 

Core average ' 
[mm] 

Al clad steel clad 

Core average ' 
total3) 

Al clad steel clad 

9/10 

10/11 

11/12 

12/13 

13/14 

48.7 352.4 1127 3828 

77.7 430.1 1378 5206 

55.8 495.9 2227 7433 

53.0 538.9 1914 9347 

37.7 612.6 730 10077 

0 0.42 0.18 0.08 0.01 

0.03 0.22 0.27 0.07 0.01 

0.03 0.25 0.27 0.14 0.18 

0.04 0.40 0.14 0.18 0.09 

0.01 0.09 0.21 0.04 0.05 

0.16 0 

0.14 0.03 

0.20 0.03 

0.19 0.03 

0.10 0.01 

0.88 0.15 

1.02 0.18 

1.22 0.21 

1.41 0.24 

1.51 0.25 

Without instrumented fuel elements ' Steel clad elements 'From first to this measurement 



Table 3 

Power calibrations of the reactor 

Year Power 
calibrated 

[kW] 

aH aR aR^ aH 
[°C/kWh] [°C/kWh] 

Deviation 
of power 

[%] 

After adjustment 
a R

 aR/ aH Deviation 
[°C/kWh] of power 

1955 

1967 

1968 

10 

10 

10 

0.0525^ 0.0413 0.787 

0.0567 0.0467 0.824 

0.0432 0.0474 1.097 

-21.3 
-17.6 

+' 9.7 

0,0533 1.015 +1.5 

0.0500 0.882 -11.8 

1971 

1974 

1976 

30 

30 

30 

0,0436 0.0470 1-078 

0.0472 0.0406 0.860 

0.0442 0.0538 1.217 

+ 7.8 

-14.0 

+21.7 

0.0446 1.023 + 2.3 

0.0462 0.979 + 2.1 

0.0456 1.032 +3.2 

mean value (1971-1976): 0-0450 
+0.0019 (4.3%) 

Obtained from G.A. 




