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INTRODUCTION 

The present cooling system of the TRIGA MAINZ reactor consists 
of a primary cooling circuit, from which a part of the water is 
taken into the purification system (fig 1), and an open 
secondary cooling circuit with an evaporation cooling tower. 
The heat transfer from the primary to the secondary cooling 
circuit is performed by a tubular type of heat exchanger, which 
contains U-shaped stainless steel tubes, through which the 
demineralized primary cooling water flows. Normal water from 
the secondary cooling circuit, replenished from the public 
water system, flows on the shell side. Supporting and 
deflecting plates as well as the shell, which is inside clad 
with neopren rubber, are made of normal steel. 

In 1978 we learned from the TRIGA HEILDELBERG I reactor, where 
exactly the same heat exchanger was used for the same period of 
time that the supporting and deflecting plates were severely 
corroded. We therefore did not dare to clean the secondary side 
of the heat exchanger, because we were afraid to destroy these 
plates and to damage the tubes. 

As a result of the returning inspections of the reactor 
facility by the competent authority, it was advised already in 
1979 to install a new heat exchanger.- At the same time it was 
recommended, to separate the primary cooling circuit and the 
water purification system, to prevent a waste of energy by 
heating up the primary cooling circuit and the pool water by 
the primary water system pump; the latter must be in operation 
even with the reactor shut down, because of the water 
purification system in this circuit. 

Probably due to the deposition of lime and organic matter on 
the shell side of the tubes, the heat transfer rate decreased 
in the following years, as can be seen from table 1 . At the 
same time the advise to replace the heat exchanger became more 
urgent. Meanwhile, in 1984, a new KTA-rule became effective. 
According to this rule, the pressure in the secondary cooling 
circuit must be permanently higher than in the primary cooling 
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circuit, tö prevent radioactive water from passing from the 
primary into the secondary cooling circuit in the case of a 
leak in the heat exchanger. Otherwise the water in the 
secondary cooling circuit must be permanently monitored, which 
reqires the investment of expensive apparatus or manpower. 

Table 1 HEAT TRANSFER FROM PRIMARY TO SECONDARY COOLING CIRCUIT 

The poo l -wa te r was heated to 32 °C with the r e a c t o r in 
ope ra t ion a t 100 kW, primary cooling c i r c u i t on, secondary 
cooling c i r c u i t off. Outdoor temperature 5 'C. 

Test 1 : reactor shut down, secondary cooling circuit on 
Test 2: reactor in operation at 100 kW, secondary cooling 

circuit on 

Year Test 1 Test 2 
degrees/hour degrees/hour 

1979 6,0 2,8 

1984 3,7 1,6 

1988 2,4 0,4 

DESIGN 

So we started to plan new cooling circuits, the design of which 
is shown in fig. 2. The essential differences between the old 
and the new water system are: 
1 The primary cooling circuit and the water purification sytem 
are in separated circuits; 

2 the secondary cooling circuit is provided as a closed system, 
allowing to keep a higher pressure than in the primary 
cooling circuit; 

3 the heat will be delivered to the environment by means of a 
cooling tower, using ventilation, which may be enforced by 
sprinkling water on the tubes; 

4 a plate-type heat exchanger will be used instead of a tubular 
type; 

5 all parts of the water system which are essential or due to 
exchange are provided twice; 

6 all piping and valving will be of stainless steel instead of 
aluminum, also the heat exchanger. 
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PRIMARY COOLING CIRCUIT 

The layout of the primary cooling circuit is shown in fig. 3. 
The system consists of stainless steel piping and valving, a 
stainless steel-type heat exchanger and two pumps, which are 
used alternatively, thus making possible an exchange of a pump 
during reactor operation. The tank-inlet stream of the water is 
directed towards the core to delay the upcome of N-16, formed 
in the core during reactor operation. Temperatures and water 
pressures are measured before and behind the heat exchanger. 

WATER PURIFICATION SYSTEM 

The water purification system, also shown in fig. 3, forms an 
independent circuit. The intake of this circuit is a surface 
skimmer, which collects at the same time foreign particles, 
floating on the water surface. Piping, valves and vessels are 
made of stainless steel. Again two pumps are provided, one of 
which is in opereation, pumping the water through the 
purification system. 

The water passes through a water monitor box, where 
conductivity and activity are measured, then through a filter, 
a mixed-bed ion-exchanger and again through a filter. Filters 
and ion-exchangers are provided redundant, to allow an exchange 
during reactor operation. At the outlet of this circuit is 
again a conductivity probe and a flow meter. Pressure 
differences are measured parallel to filters and ion-
exchangers . 

All piping, immersing into the pool-water of the tank, has 13 
mm vent-holes below the water surface to prevent a drainage of 
the pool-water in the case of a broken pipe. 

SECONDARY COOLING CIRCUIT 

In fig. 4 the secondary cooling circuit is shown. Stainless 
steel piping makes the connection between heat exchanger -
cooling tower - heat exchanger. Two parallel pumps are again 
provided, one of which is used to transport the water in this 
circuit. Two motor-valves may be used to close the piping 
against the heat exchanger. As this circuit is closed, an 
expansion-vessel with safety-valve is provided. 

The cooling tower operates as air- or evaporation-cooler, 
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whatever i s demanded by the heat to be removed from the 
c i r c u i t . - Water from the public system wi l l be fed in to the 
c i r c u i t automatically to maintain the demanded higher pressure . 
At the same place the c i r c u i t may be emptied into the sewer 
system. 

Temperature and pressure are measured before and behind the 
h e a t - e x c h a n g e r , a l s o t he f l o w - r a t e of t he w a t e r . The 
d i f f e r e n t i a l pressure between primary and secondary cooling 
c i r c u i t i s measaured and used to e s t a b l i s h the prescribed 
higher pressure of the secondary c i r c u i t . 

SURVEILLANCE AND SAFETY 

The position of all valves in fig. 3 and 4 will be indicated on 
an illuminated diagram in the controll room and in the machine 
room. For this purpose the valves are equipped with end-
position switches, indicating on the switching diagram the 
position "open" or "closed". The pumps will be indicated as 
operating or not. 

A redundant temperature probe in the pool water will at 
preselected temperatures switch on and off the secondary 
cooling circuit and the different steps of the cooling tower.-
A redundant water-level meter in the reactor tank will indicate 
the water level and will give an alarm on reaching the lower 
or upper limit. 

All temperature and pressure measurements of both cooling 
circuits will be indicated and the temperatures will be 
registered in the controll room. The differential pressure 
measurements will be indicated in the controll room and will 
give alarms on reaching lower or upper limits. 

If a leak occurs in the heat exchanger, water will pass from 
the secondary into the primary cooling circuit because of the 
higher pressure in the former. The following will occur.-

1 Water will be fed into the sedcondary cooling circuit, 
because the differential pressure between secondary and 
primary cooling circuit is falling; this will be done only 
for a preselected limited time; 

2 increasing conductivity will be indicated in the primary 
cooling circuit; 

3 on reaching the upper limit, the water-level meter in the 
reactor tank will a) stop the feeding of water into the 
secondary circuit, b) switch off the pumps of the primary and 
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secondary cooling circuit, c) close the motor valves of the 
secondary cooling circuit before and behind the heat 
exchanger; 

4 on reaching the lower limit the differential pressure 
indication between secondary and primary cooling circuit 
a) the pumps of the secondary and primary cooling circuit 
will be switched off and b) the motor valve s of the 
secondary cooling circuit before and behind the heat 
exchanger will be closed. 

CONCLUSION 

The detail planning of this project was completed in December 
1987. In response to regulatory requiremnets a motion for 
replacement of the cooling system was proposed to the 
authorities, to obtain the necessary licenses. The money for 
the performance has been granted meanwhile. About one year 
after obtaining the licenses, for which we are currently 
waiting, we can start with the performance, which makes 
necessary a shut-down of the reactor for about eight month.- It 
should be mentioned finally that in planning all these changes 
a later upgrading of the steady state power of the reactor to 
300 kW was taken into account. 
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Fig. 1 Present Reactor Water System 
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