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Introduction 

The research reactor TRIGA Heidelberg II in the Institut für 
Radiologie and Pathophysiologie of the Deutsches Krebsfor
schungszentrum Heidelberg is of the type TRIGA Mark I (without 
irradiation tubes) with a thermal power of 250 kW. 

The reactor is in operation since the beginning of 1978. It is 
the second TRIGA reactor of the Deutsches Krebsforschungszen
trum, since in the first stage of completion of the research 
center, a TRIGA MARK I (1966-1977) has been in operation. On 
the base of the working experience gathered during that time 
employing the TRIGA in biomedical research, especially the ir
radiation units have been extended or newly developed. 

On the occasion of the TRIGA Users's Conference in Rome in 
1986, several TRIGA users reported about difficulties they had 
encountered using the rotary irradiation system. It became ob
vious to us that the alternatives to the original Lazy Susan 
are not commonly known. Therefore, in this speech the open ro
tary system fed by a hydraulic rabbit system, which has proved 
successful in this form during the past ten years, shall be 
presented. 

Core Configuration 

The core of the TRIGA Heidelberg II is that of a Mark I to 
which a G-ring has been added (Fig.l). On the whole, the core 
has 121 positions, which are, for core-symmetrical reasons, 
arranged in a hexagon. Presently, the core is loaded with 99 
fuel elements (about 3.5 kg 235U) , of which 56 elements are c a n 
ned by aluminum (former TRIGA HD I elements), and 43 elements 
are caned by stainless steel. For the operation of the reactor 
and for the shut-off, four absorber elements with fuel element 
followers have been integrated. Meanwhile, nine fuel elements 
with aluminum cans have been eliminated due to their excessive 
bending and are presently stored in a rack inside the water 
pool of the reactor. 
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Irradiation Devices 

The TRIGA HD II is the first TRIGA reactor furnished with a 
hydraulic rabbit system with an open rotary specimen rack and 
special in-core irradiation stations. As irradiation facili
ties, seven in-core stations and 40 stations in the rotary sy
stem are available. Five in-core stations and all of the ro
tary stations are fed with a hydraulic rabbit system, and two 
of the in-core stations are fed with a pneumatic rabbit sy
stem. All of the irradiation stations are constructed such 
that during the irradiation the rabbit is situated in the sym
metry plane of the core, i.e., in the region of the highest 
neutron flux density (Fig.2). 

For the activation of inert gases, an aluminum in-core irra
diation facility with a volume of 0.651 is available. This 
station has been designed for a pressure of 4 bar. 

In contrast to the normal TRIGA construction, the rotary sy
stem runs in a pervading gap between core and graphite reflec
tor, so that the pool water directly cools the samples. During 
the development of the rotary system special attention was gi
ven to easy accessibility and serviceability. The rotary sy
stem is supported by five bearing stands, which can easily 
been positioned or dismounted from the platform. The in-core 
stations of the hydraulic rabbit system can readily be lifted 
or displaced inside the core. 

Hydraulic Rabbit System 

The hydraulic rabbit system has six loading tubes, one for the 
rotary system, and the remaining five for the five in-core ir
radiation stations. These six tubes lead from the core upward 
and inside a shield over the edge of the pool, from there (in
side the biological shield) into an underground duct to the 
reactor engine room, where they end in a shielded box in the B 
laboratory (Fig.3). Along the entire length of the transport 
tubes, radiation protection is assured. The system has a pres
sure and a suction pump for loading and unloading the diffe
rent stations of the core and in the rotary system. Above the 
reactor pool and below the shielded box of the B-laboratory 
with the loading station, sensors have been installed which 
signal the passage of a rabbit. 
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The distance between the core and the loading station is about 
30m; the travel time of the rabbits between the station and 
the reactor core is about 30 sees. For the hydraulic rabbit 
system, a special rabbit has been constructed. For reasons of 
radiation protection, the handling of the irradiated rabbits 
and the removal of the secondary irradiation rabbits is possi
ble only behind shielded walls and with the aid of a manipula
tor. 

Operation of the Reactor 

Production of isotopes and neutron activation analysis are the 
major applications of TRIGA. During the period from Feb.28, 
1978 to Dec.31, 1987 TRIGA has produced 3.6 MW. During this 
time there were over 4,500 different experiments with nearly 
22,000 individual samples being irradiated. The reactor is in 
operation on about 180 days per year. 30 days are needed for 
government mandated inspections. About 15 more days are re
quired for maintenance. The daily irradiation time has in
creased from 4.7 h/d in 1978 to 10.7 h/d in 1987. 

Our TRIGA is meantime the only research reactor in southwest 
Germany for activation analysis and production of shortlived 
isotopes. Besides using the reactor extensively ourselves, we 
have many users from universities, Max-Plancfr-Institutes and 
industry who irradiate samples for physical, biological and 
material investigations. 

Radiation Protection and Radioactive Wastes during Routine 
Operation 

In compliance with the conditions for the permit of the rese
arch reactor TRIGA HD II, and to establish proof of protection 
against ionizing radiation, a number of radiation protection 
measurements are taken periodically. The staff is monitored 
with personal dosemeters. For the control of the research re
actor, the activity in the pool water is measured weekly, and 
both the gamma dose rate just above the pool surface and the 
activity in the exhaust air are monitored continuously. The 
activity inside the ion exchanger resin of the purification 
circuit is measured before it is treated as radioactive waste. 
In the following, the results of our measurements will be pre
sented. 
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The personal doses are small. They are below 10 man-mSv per 
7 staff members and per year (operation of the reactor: 3 em
ployees; engineering workshop: 4 employees). A repair of the 
ball race of the rotary system which was due in 1984 resulted 
in an increase of the personal dose to 17 man-mSv. 

The mean concentration of radioactive nuclides in the pool wa
ter at the end of an operating week is shown in Fig.4 (power: 
250 kW, operation: maximum of 10 hours per day on 5 days per 
week). Tritium is produced by the (n,1)-reaction of the deute
rium, 24Na by the (n,or) -reaction of the aluminum, and 41Ar by 
the (n,?) -reaction of the argon solved in the pool water. The 
remaining radioactive nuclides having significantly smaller 
activities are produced by activation of the impurities in the 
aluminum and in the metal components of the stainless steel of 
the fuel cans, screws, and ball bearings. In the table, the 
radioactive nuclide 14C does not show up. It is produced by 
the (n,p)-reaction of 14N and by the (n,a)-reaction of 170 and 
is found in small concentrations as 14C02 in the pool water. 
The activity was measured in the exhaust air from the pool wa
ter surface (P. Gesewsky, Bundesgesundheitsamt, Neuherberg, 
1985). The results of these measurements will be explained in 
the chapter treating the air activities. 

The activity concentrations of 24Na and 41Ar in the pool water 
mainly produce the dose rate above the pool surface with a ma
ximum value of 40 juSv/h after an operating time of about 
10 hours at 250 kW. The remaining activities do not contribute 
significantly. In contrast, the 16N activity in the pool water 
(160 (n,p) 16N , not listed in the table) and the direct irra
diation from the core do contribute to the dose rate; their 
contribution to the above dose rate is about 5 /xSv/h. 

The air space above the pool water surface is separated from 
the reactor room by aluminum gratings with pane of plexiglas 
and is purified at a rate of flow of 1,000 m3/h. The gas acti
vity in this exhaust air mainly contains 41Ar as well as tra
ces of Tritium and 14C. The 41Ar concentration is monitored con
tinuously with a gas. flow-through counter tube in a by-pass 
system and is about 23 MBq/h-250 kW. Additional measurements 
by drawing air samples in a pressure bottle and gamma 
spectroscopy measurements yielded a value of (10 kBq/m3•1,000 
m3/h =) 10 MBq/h-250 kW. A conservative overall balance of the 
exhaust air activity of 41Ar for 1,500 operating hours per year 
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at 250 kW yields an emitted 41Ar activity of (23 MBq/h-1,500 h 
=) 34.5 GBq per year. The evaporation of a maximum of 10 m3 of 
the pool water results in an emission of activity of Tritium 
(see Fig.4) of 40 MBq per year. The UC activity in the ex
haust air above the pool water surface has been measured to be 
1.82 Bq/m3 and therefore results in an emission of activity of 
WC of (1.82 Bq/m3 • 1,000 m3/h 1,500 h =) 2.7 MBq per year. 
Monitoring the aerosols in the air above the pool, only traces 
of 24Na, ^Co, and 109Cd are found (i.e. some hundred Bq per week 
and aerosol filter) . Since the exhaust air is being lead over 
absolute filters, no aerosol activities can escape. These re
marks show that only 41Ar has to be taken into account for dose 
calculations in the reactor environment. 

Two ion exchangers, each with 240 kg of resin, are integrated 
in the purification cycle. They are operated alternatingly in 
order to be able to carry out the regeneration for the washing 
of carbon dioxide. After decay times of more than a year, two 
fillings have been treated as radioactive waste up to date. 
The activities in the barrel are ^Co with a maximum of 15 MBq, 
Mn with a maximum of about 2 MBq, and 65Zn and 58Co with less 
than 1 MBq. The additional small Caesium activities in the se
cond barrel are traces of the Chernobyl accident. 
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TRIGA HD II 

Fig. 1 
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Fig. 2 
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TRIGA HD I! 
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Fig. 4 

1-94 


