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In the Federal Republic of Germany nine research reactors are presently 
in operation, three of which are TRIGA reactors. These are the TRIGA 
Mark I reactors at Hannover and Heidelberg with a steady state power of 
250 kW and the TRIGA Mark II reactor at Mainz with a steady power of 
100 kW and a peak pulsing power of 250 MW. 

The decommissioning of a number of research reactors, including the 
TRIGA Mark III reactor at Neuherberg near Munich, is reason enough to 
think about the present and future use of our reactors. 
The German TRIGA reactors met a lively interest of scientists, since 
they went into operation. Presently they are well used especially in 
biomedical (Hannover, Heidelberg) and basic research (Mainz). In the 
course of about 20 years of operation the techniques and requirements 
of experiments changed and consequently the use of the reactors too. 
Certainly this will be so in the future. But thanks to its versatile 
experimental facilities, this type of reactor can meet the various ex
perimental demands. 
So we are looking forward to a good utilisation of our German TRIGA 
reactors in future and taking into account the low costs for personal, 
energy and fuel, we are quite confident that they will be in operation 
still for many years. 
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With the program 'Atoms for Peace' of the American President Eisenhower the 
impetuous development of the peaceful use of atomic energy began, in West 
Germany marked by the foundation of the nuclear research centers. As main 
instruments research reactors were installed in these centers and also at 
some universities. These reactors have been operated safe and reliable for 
many years. 

Table 1 gives a survey of the research reactors presently in operation in 
the Federal Republic of Germany. Three of these nine reactors are TRIGAs. 
Furthermore those three reactors are listed in table 1, which have been 
decommissioned during the last years. One is again a TRIGA. The 
decommissioning was not due to a lack of use of the reactors, but resulted 
from financial reasons. New and other fields of research required the 
investment of considerable amounts of money, for instance, in the 
improvement or new construction of accelerators. This is reason enough to 
think about the present and future use of the TRIGA reactors. 

As the most intensive neutron sources the reasearch reactors were initially 
predominantly used for the investigation of material and components for 
power reactors. In the course of time they became more and more important 
for other applications, which partially developed parasitic. These 
applications are especially the production of isotopes, the activation of 
elements for material and trace analysis and the use of intensive neutron 
beams for basic material research (solid state research). For the TRIGA 
reactor many possibilities of application resulted from its various well 
planned irradiation facilities and the pulsing capability to high peak 
powers. 

Two of the research reactors presently in operation in the Federal Republic 
of Germany were installed at medical research centres. These are the TRIGA 
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Mark I reactors of the Division of'Nuclear Medicine of the Medical Center 
at Hannover and of the Institute for Nuclear Medicine of the German Cancer 
Research Center at Heidelberg.""These reactors have a steady state power of 
250 kW and cannot be pulsed. The third is the TRIGA Mark II reactor of the 
Institute for Nuclear Chemistry of the University of Mainz, which has a 
steady state power of 100 kW and a peak pulsing power of 250 MW. 

The installation of research reactors in hospitals was done for several 
reasons: (1) Isotope production for medical applications and for the 
synthesis of mean and short-lived radiopharmaceutics; (2) neutron activation 
analysis for the direct application in medical diagnostic and for the 
determination of human trace elements; (3) production of nuclides for 
therapeutical purposes. 
In the foreground stood the idea of keeping the exposition of patients as 
low as possible by the use of short-lived isotopes, which could be produced 

18 ?4 only in the own reactor. So for many years the radioisotopes F, Na, 
K, Cu, Br, mTe and several others were used for various medical 

investigations. 
Since 1970 the diagnostic in nuclear medicine changed considerably, because 
radionuclide generators of high purity became available, which were 
produced by use of reactors with high fluxes. Especially the Mo-*Tc 
generator must be mentioned. By means of-such generators short-lived radio
nuclides were now available in higher concentrations and at lower prices 
than they could be produced in a small reactor. The domain of the latter 
remained the activation analysis and the production of special 
radionuclides. 
At the TRIGA Heidelberg internal and external users perform irradiations, 
especially for activation analysis. Internal irradiations are made for the 
investigation of biological material in basic research. Here essential 
trace elements such as Cu, Zn, Mo, Se, Co and Mn are determined for 
instance in liver and blood of tumour patients or animals with implanted 
tumours. Furthermore the variation of the trace element composition in 
directed animal experiments is investigated, e.g. the influence of Cu, Fe 
and especially Mn on the chemical carcinogenesis. 

Activation analysis is used in the German Thorotrast Study for the 
determination of the concentration of Thorium in the organs of dead 
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Thorotrast patients and for the determination of Thorium and similar acting 
substances in organs of animals. - Special radionuclides are produced for 
the diagnostic. Highly purified krypton or copper-foil are irradiated to 
produce mKr for the investigation of the function of the lung and Cu 
for the diagnosis of the homozygous Morbus Wilson. Other nuclides are 
produced for labeling experiments, for the production of radiopharmaceutics 
and for the use in radiochemistry. 

External scientists use the reactor predominantly for activation analysis 
of alloys, steels, ashes, ores, clays or for investigation of metal 
surfaces and geological samples, for the determination of ruthenium in 
pharmaceutics and for experiments in recoil chemistry. One industry firm 
uses reactor operation at low power for testing in-core ionisation chambers 
for power reactors. 

The TRIGA Heidelberg is operated for 10 hours per day and 40 weeks per 
year. This good utilisation of the reactor is not expected to change within 
the next time. It is rather expected that the number of users will increase 
in future, because after the decommissioning of the reactor at Karlsruhe, 
Heidelberg is the only one in southern Germany besides the reactor in 
Garching near Munich. 

The use of the TRIGA Hannover is very similar to that at Heidelberg. Here 
we have also internal and external groups performing irradiations. For the 
internal users the activation analysis is of specific significance in 
special cases, where conventional methods of analysis as atomic absorption 
or flame photometry cannot be applied. A typical example is the 
determination of whole-body iodine by activation analysis in serum during 
investigations with application of contrast media containing iodine as in 
intravenous urograms, angiography, gall presentation, lymphography or 
deranged function of the thyroid gland, because an uncontrolled feed of 
iodine would be life threatening. 

Radioisotopes are also produced for therapy. For the percutanous 
transluminal irradiation of gall way carcinoma, iridium needles are 

192 irradiated in the reactor to produce Ir. Other isotopes are produced for 
medical research and for the development of new measuring devices, for 

64 example Cu for the development of new positron emission thomography 
instruments by means of time of flight measurements. Phantom measurements 
support this development. 
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External groups use the reactor especially for activation analysis, e.g. in 
the investigation of environmental samples, the spreading of aerosols doped 
with dysprosium, which "is activated afterwards, in geochemistry for the 
determination of the composition of soil layers and for trace element 
determination in biological samples. One group irradiates crystals for the 
development of special lasers. The quality of the laser is investigated in 
dependence of kind and number of defects in the crystal. 

This type of application of the reactor will not change within the next 
future. Essentially will be the medical questioning, the engagement of the 
physicians working in the program and the cooperation of physicians and 
scientists in the team. 

Only at two universities a reactor is operated for scientific research. 
Besides the Technical University of Munich this is the University of Mainz. 
The TRIGA Mainz has certainly a special position, because it is operated by 
an Institute for Nuclear Chemistry with its special type of questioning. 

Five groups work in this institute with about 50 scientific and 35 
technical members. Investigated are the phenomena of nuclear fission, 
especially by studying short-lived, neutron rich nuclides far of the line 
of 6-stability, which are only accessible by nuclear fission. For this 
purpose discontinuous methods for the rapid chemical separation of fission 
products have been developed;,,r..using, pulse mode operation of the reactor 

" 1 5 -'-'■' -2-1 with a peak neutron flux of 10 neutrons cm s . Continuous methods are 
used for the on-line separation of fission products in combination with 
gas-jet systems. Besides the interpretation of fission phenomena the decay 
properties of ^jery neutron rich nuclei in the mass region A = 100-118 are 
of great interest since they are expected to form a new region of 
deformation. 

One group investigates the delayed neutron emission, because the results 
yield fundamental data in nuclear physics for astrophysical calculations of 
the synthesis of heavy elements in nature. Besides that the results are 
also important for the layout of emergency cooling circuits of power 
reactors. 

The groups working in the field of heavy ion reactions and production of 
superheavy elements use the reactor for developing separation procedures of 
synthetic elements, which are formed by nuclear fusion at the heavy ion 
accelerator, by means of fission products as the homologues. 
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In collaboration with scientists from the University of Marburg at one 
beam-tube a mass separator is operated in combination with a gas-jet 
system. With this device, which has a delay time of 1 s, a number of 
short-lived nuclides could be measured. A second mass separator installed 
at another beam-tube is used for the separation of alkali isotopes with 
half-lives down to the milliseconds range. Using laser techniques, their 
radii, spins and magnetic moments are then determined. 

This researchwork of the institute would not be possible without national 
and international cooperation, by which a considerable financial support is 
also obtained. In 1985, e.g., 18 guest scientists worked in the institute, 
ten of them from other countries. 

External experimenters from other universities, the Max Planck Institutes 
and federal and state institutions use the reactor especially for neutron 
activation analysis. Here the determination of trace elements in 
meteorites, moon samples and various materials and of toxic elements in 
environmental samples are the main applications. 

Corresponding to the limited personal capacity the reactor is operated one 
shift per day and five days per week and under these conditions well used. 
No change is expected in the next future, because no fundamental changes in 
research and investigation programs are expected, and by the 
decommissioning of other reactors the number of users may rather increase. 
On the other hand the different modes of operation and the versatility of 
irradiation facilities can meet such changes in experimental programs 
quite easily. Here the TRIGA Mainz is a good example. As fig. 1 shows, the 
reactor was operated until the middle of the seventieth predominantly in 
the pulse mode. For some years 2000 and more pulses per year were 
performed, which summed up until today to more than 13000. Then with the 
introduction of gas-jet systems and the installation of mass separators 
on-line procedures were applied for the separation of short-lived fission 
products mainly, leading to a nearly steady state mode operation of the 
TRIGA Mainz. - So we are looking confidently in the future. 

After the Tschernobyl accident questions of safety will be of fundamental 
importance not only for power, but also for research reactors, expecially 
in Germany. Here the great advantage of the TRIGA reactor is the large 
prompt negative temperature coefficient, which guarantees the inherent 
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safety of this reactor type. About sixty TRIGA reactors, which are in 
operation all over the world, make an experience of many hundered years of 
safe TRIGA reactor operation?''■''" -V*:\wv 
The low enrichment of 20% in U-235, used in the standard fuel element, can 
be used unchanged in future, while most of the other research reactors must 
reduce the enrichment of their fuel from 90% to this level. 
Fields of research and experimental techniques have changed in the past and 
will do so in future, but the TRIGA reactor with its various experimental 
facilities will satisfy these demands also in future. Besides that this 
reactor is low in costs for personal, energy and fuel. 

All these points are advantages for the. future use of our TRIGA reactors. 
But most essentially will be the ideas of the users, the cooperation 
between different branches of science and that we tell others the various 
possibilities of scientific research this reactor offers. - Under all these 
aspects we are expecting a good use of our TRIGA reactors in future too. 

II-9 



Table 1: Research Reactors in the Federal Republic of Germany 

Designation Location Initial 
Criticality 

Power Neutron 
Flux 

-2 -1 [nxcm xs ] 

Decommissioned 

FRJ2 Julich 1963 23 MW 1014 

FRG1 Geesthacht 1958 5 MW 1013 

FRG2 Geesthacht 1963 15 MW 1014 

BER2 Berlin 1973 5 MW 1013 

FRM MLinchen 1957 4 MW 1013 

FRMB Braunschweig 1967 1 MW 1012 

TRIGA M II Mainz 1965 100 KW -
(250 MW)1 

1012 

TRIGA M I Heidelberg 1978(1966)" 250 KW 1012-1013 

TRIGA M I Hannover 1973 250 KW 1012-1013 

FR2 Karlsruhe 1962 44 MW 1014 1981 
TRIGA M III Neuherberg 1972 1 MW . 

(2000 MW)1 
1013 1982 

FRJ 1 Julich 1962 10 MW 5xl013 1985 
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Fig. 1: Operating data of the TRIGA Mainz 
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