
RESEARCH PROJECTS AT THE TRIGA-REACTOR VIENNA 

J.Hammer, G.Zugarek, H.Bock 

Atominstitut - Vienna 

In 1985 the thermalizing column was modified to a beam tube with a conical 
collimator for neutron radiography. A highly sophisticated sample and 
cassette changer will be constructed in the next months. The central 
channel of the thermal column is also used for neutron radiography espe
cially for small objects. The four beam tubes of the TRIGA-reactor are 
intensively used for neutron spectroscopy, small angle scattering, neutron 
interferometry and investigations of magnetic structures with polarized 
neutrons. The neutron activation installation in the piecing beam tube is 
permanently used for various sample analysis using a ultrafast pneumatic 
transfer system. In addition to these experiments directly related to the 
TRIGA-reactor other research projects are carried out, some of them under 
an IAEA research contract which are mostly focused towards nuclear safe
guards such as the magnetic scanning of power reactor fuel assemblies or 
the laser surveillance system of spent fuel pools. 
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1. INTRODUCTION 

The TRIGA Mark II reactor incorporates the standard TRIGA research 
facilities which are four beam tubes, one thermal column, one neutron 
radiography facility installed in the previous thermalizing column, one 
standard and one ultrafast pneumatic transfer system and the central 
irradiation thimble. The rotary specimen rack is removed since 1980 and 
replaced by five irradiation tubes where up to ten samples can be 
irradiated. Although there is a continuous discussion among the 
institute's scientists about the advantages of a Lazy Susan, no decision 
has been made sofar. 

The principal research fields are neutron-, solid state- and low 
temperature physics, radiochemistry and reactor technology. Cooperation is 
continued with other national as well as international institutions such 
as the IAEA, the Institute Laue Langevin Grenoble, Kernforschungsanlage 
JUlich, Hahn Meitner Institut, Garching, etc. 

2. NEUTRON BEAM EXPERIMENTS 

In the field of neutron beam utilization, the major research areas are 
neutron radiography, polarized neutron physics and small angle 
scattering. 

Neutron Radiography: 

At the Vienna TRIGA reactor two facilities for neutron radiography have 
been constructed. Both use collimators of conical geometry for beam colli-
mation and Bi-filters to discriminate y-radiation. The first of of these 
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facilities has been built into the thermal column and it has a high 
L/D-ratio of 125 which results in an excellent resolution ( 15 urn). The 
second facility has been constructed at the thermalizing column in the 
experimental tank. It is designed mainly for industrial applications and 
has a relative large usable beam-diameter of 400 mm. Table 1 presents the 
characteristics of these two facilities. 

Facility Thermal Column Experim. Tank 

Neutron flux(cm"2s"1) 1.5 x 105 3.0 x 105 
Cd-ratio 20 3 
L/D-ratio 125 45 
y-background (r/h) 2 10 
Beam diameter (cm) 9 40 
Typical exposure time 
Structurix D7 (min) 20 10 
Structurix D4 (min) 80 40 

y-filter 4 cm Bi 10 cm Bi 
polycrystalline single-crystal 

Inlet aperture 
diameter (cm) 2 5 
material 3x5 mm Pb 2x40 mm Pb 

3x5 mm B4C 4x5 mm B4C 
6x.5 mm Cd 

Collimator lining B4C B4C 

Table l: Characteristic data of the neutron radiographic facili
ties at the Vienna TRIGA reactor. 

Most of the neutron radiographic investigations done in previous years in
volve the detection of H in metals. H uptake by different metals has been 
measured /l/ as well as the diffusion coefficients of H in Nb, V, Ta and 
0-Zr /2/. 

The topic of a current experiment is an investigation of the behaviour of 
He in metals /3/. The formation of He-bubbles and their enrichment at 
grain-boundaries especially at high temperatures causes drastic property 
changes of metals. In a ^T containing specimen | H e *-s produced by 
radioactive T-decay (jT-^He+e"+ve). The extremely high absorption 
cross-section of 2 H e f°r thermal neutrons (aa=5333 b) makes neutron 
radiography a very sensitive tool for the non-destructive detection of ^He 
in metals. 
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Typical other experiments with a more applied character such as the 
investigation of voids in the cast of encased multilayer capacitors, in
vestigations of fresh reactor fuel-elements or of an ancient roman bronce 
amulett were performed recently. 

Neutron Depolarization Investigations of Magnetic Materials: 

Three dimensional neutron depolarization experiments serve as a very 
powerful tool to study the magnetic properties of bulk materials. 
Experimentally one measures the relative change of all three spatial 
components of the neutron polarization vector on passage through the 
sample. For ferromagnetic materials it is possible according to Rekveldt's 
theory of neutron depolarization /4/ to gain information about the mean 
size of the magnetic domains within a ferromagnet, the magnitude and 
direction of the mean induction within the sample, as well as the mean 
square direction cosines of the domain magnetization and even correlations 
between the magnetization of neighboring domains. Since sof(magnetic 
materials, especially amorphous ribbons, normally exhibit a relative 
simple domain structure, it is possible to check the validity of 
theoretical domain structure models by means of numerical simulations /5/ 
instead of calculating mean parameters using Rekveldt's analysis. 
Furthermore the capability of observing magnetic relaxational effects on a 
real time scale ranging from microseconds up to several hours /6,7/ allows 
to study e.g. the superparamagnetic time dependent behaviour of cobalt 
precipitates in fee copper single crystals and completes the analysis of 
the magnetic properties of a specimen by means of three-dimensional 
neutron depolarization. 
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Fig. 1: Schematic sketch of the neutron depolarization experiment 

VI-24 



Small Angle Neutron Scattering: 

Double crystal spectrometers (DCS) using Bragg diffraction at two perfect 
crystals in a nondispersive arrangement are used for many years for small 
angle neutron scattering (SANS) experiments. The sample is placed between 
the two perfect crystals and the small angle diffraction pattern is 
extracted from the broadening of the related rocking curve. 

Depending on the neutron wavelength the accessible Q-range lies between 
10"5 to 10"3 8"1. Therefore, such systems are well suited for the 
investigation of large objects, such as precipitates of ordered phases of 
hydrogen and its isotopes in metals. Similar to a technique used in x-ray 
small angle scattering multiple Bragg-reflections in perfect silicon-
channel-crystals are used to reduce the far-reaching tails of the single 
reflection rocking curves thereby facilitating the evaluation of the 
scattering data. 

CHANNEL 
CRYSTALS 

DETECTOR 

Fig. 2: Arrangement of the channel-cut perfect crystal SANS camera 

Fig. 2 shows the DCS for SANS-experiments installed at the Atominstitut. 
The perfect silicon crystals are cut parallel to their (331) plane and the 
maximal neutron beam cross section to be used is 35 x 35 mm. Three 

VI-25 



reflections occur at a Bragg-angle 2 eB = 90° and the wavelength used is 
1.76 8. Both crystals are mounted on an optical bench and they can be 
adjusted by proper goniometers to an accuray of 1/30 of a second of arc 
(e-axis). Between the two crystals is placed an oven with a metal-hydrogen 
sample for the study of phase transitions depending on temperature and 
concentration. The neutron beam traversing the sample will be broadened 
due to SANS if precipitates of ordered phases of hydrogen in metals exist. 
Experimentally the onset of precipitation, i.e. the transition from 
disordered to orderes phases can be detected by measuring the broadening 
of the rocking curve of the DCS. 

3. NEUTRON IRRADIATION OF SUPERCONDUCTORS 

Systematic research has been carried out on radiation damage in those 
superconductors considered to be candidate materials for the construction 
of superconducting magnets in future fusion reactors. The program is aimed 
at a comprehensive investigation of the changes of critical current 
density jc as a function of fast neutron fluence, in order to provide a 
solid data base for this particular application of superconductivity. For 
this purpose a broad spectrum of metallurgically different NbTi-supercon-
ductors was irradiated at ambient and liquid nitrogen temperatures in the 
central irradiation thimble of the TRIGA reactor and the critical current 
density measured in magnetic fields up to 11.2 T. Further experiments on 
the same materials were made at the spallation neutron source IPNS 
(Argonne National Laboratory), where the irradiation temperature was kept 
below 5 K, and at the 14 MeV-source RTNS-II (Lawrence Livermore National 
Laboratory). Additional low temperature irradiations on some Nb3Sn-
superconductors with small amounts of Ti were also made. 

Because of the variety of experimental conditions a significant amount of 
new information on radiation damage in superconductors has been obtained. 
From these aspects only one will be discussed in the following, namely the 
damage energy scaling of critical current densities in NbTi-supercon-
ductors. This concept is based on the assumption that fast neutron damage 
in the superconductor is introduced primarily by a single mechanism 
(cascade formation) and, hence, the change of critical parameters depends 
essentially on the total damage energy ED deposited per atom in the 
material. The calculation of this quantity requires a complete knowledge 

VI-26 



of the neutron spectrum <t>(E), the f luence <t>t accumulated during the 
irradiation cycle, the elastic and inelastic neutron scattering cross 
sections a(E), and the primary recoil distribution T(E) of the irradiated 
material. The damage energy ED per atom is given by 

do(E) 
Ja(E).T(E) "5f- dE 

I 
d»(E) 
dE 

*t 
dE 

Therefore, irradiation experiments on the same materials in radiation 
sources of different, well defined flux density distributions, combined 
with calculations of the damage energies are ideally suited to study the 
concept of damage energy scaling in superconductors. 

The results of this analysis, which is reliant on careful neutron 
dosimetry experiments of the radiation sources, are shown in Fig. 3. They 
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Fig. 3: Change of critical current densities versus damage energy per atom 
for three multifilamentary NbTi-superconductors. 
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pertain to ambient temperature irradiations of NbTi-superconductors made 
in the TRIGA reactor, the spallation and the 14 MeV-source, respectively. 
In all cases we find perfect scaling with damage energy, although the 
actual neutron fluences differ by as much as a factor of 4. This first 
direct proof of the damage energy concept, which was found to fully apply 
in 17 different superconductors, is also considered to be valuable from an 
applied point of view, because the radiation response of these 
superconductors can be evaluated easily for any neutron spectrum that may 
result from different fusion reactor designs /8/. 

4. RADIOCHEMISTRY 

Neutron Activation Analysis methods have been used to investigate trace 
element content in geological samples from cretaceous-teriary boundary 
layers. Instrumental and radiochemical neutron activation analysis had 
been applied to study the iridium content of these layers to obtain 
information about the meteoritic event at a period 66 millions years ago. 
For that purpose long irradiation at high neutron flux had been necessary 
making use of the central core position of the TRIGA reactor to obtain the 
necessary detection limits for iridium trace amount contents. 

Neutron activation analysis had also been applied for geological survey 
problems. For these investigations large numbers of samples had to be 
handled for analysis. Surprisingly enough there had been a lot of interest 
from mining companies to make survey analysis for gold on a rather large 
scale. Also some waste materials from old mining deposits had been 
analyzed to answer the questions regarding economic processing of old 
mining wastes using modern enrichment techniques e.g. for copper ores. 

In cooperation with archeological research groups instrumental neutron 
activation analysis had been applied for the investigation of ancient 
pottery and building materials. Computer aided data evaluation like 
cluster analysis should help to get information about regional differences 
in archeological materials in Austria. Cluster analysis had also been 
applied for data evaluation from the results of trace elements analysis of 
amber samples by neutron activation analysis. No really significant 
differences in trace element content in these materials depending on age 
and local origin could be found until now. 
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5. REACTOR TECHNOLOGY 

Some of the projects mentioned within this chapter are carried out with 
close cooperation and technical support of the IAEA. Generally these 
projects are related to nuclear safeguards and deal with the development, 
test or improvement of safeguard methods or instruments. As an example, 
two projects are described in more detail, namely the Laser Surveillance 
System (LASSY) and the magnetic scanning of BWR fuel assemblies. 

The basic idea of IASSY is to cover the fuel assemblies in the spent fuel 
storage pool with a sheet of light, produced by two HeCd lasers (x=442 
mm),which are sweeping under water across the pool (sweeping time about 
30 s) and which are normally reflected from the pool liner. Whenever the 
laser beams are interrupted by some manipulation in the pool the 
reflectivity is changed and this is detected in the emitter-detector eye 
(Figs. 4,5). By tringulation, the position in the pool can be determined, 
thus giving the IAEA inspector a complete list of positions and times when 
fuel was moved, instead of viewing several thousands of camera frames. 

SP6WT PUSL POOL 

Fig. 4: Schematic diagram of the laser surveillance system 
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Fig. 5: Basic construction of the laser eye 

The emitter detector eye was developed at the Atominstitute and the 
complete system was tested successfully in the spent fuel pool of the Paks 
Nuclear Power Plant during fuel reshuffling in July 1986. More than 100 
fuel assembly movements were monitored by LASSY during this field test. 
Presently the IAEA evaluates a continuation of this project in order to 
develop LASSY beyond laboratory design /9/. 

The second project aims at the detection of magnetic inclusions in fresh 
BWR fuel assemblies. 

Previous analysis showed, that commercial U02 for LWR's contains from the 
production process minute amounts of iron, which are distributed randomly 
in the fuel matrix. By drawing the fuel through a coil system, a 
measurable signal can be expected which is unique for each fuel bundle, 
similar to a fingerprint. This signal is independent of fuel burn-up and 
gives, therefore, valuable information to safeguard inspectors. 

Experiments started in early 1984 with LWR mock-up rods and with actual 
rod samples. Furthermore, the magnetic coil configuration, which is 
designed to accept a full LWR bundle, was calculated and constructed. 

Experiments with fresh fuel assemblies from the Zwentendorf nuclear power 
station were carried out in late 1984. Although no magnetic inclusions 
were detected within this fuel, deliberate additions of small amounts of 
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magnetic materials in spherical shape allowed to determine the detection 
limit of this method to be approximately 3 mg of magnetic material. A new 
series of experiments with BWR fuel assemblies took place in fall 1985. 
The pick-up-coils were redesigned to avoid influences from mechanical 
stress and an additional coil-system was mounted perpendicular to the main 
axis. With a 1 ktf power source, magnetic fields up to 12 mT and 
frequencies from 45 to 180 Hz were applied. A remotely controlled 
lock-in-amplifier produced the real and imaginary components of the 
pick-up-signal, which were transferred via a microcomputer to a 
floppy-disc mass storage. Due to the effect of seven steel spacers within 
the BWR-fuel-assembly, the sensitivity of the lock-in had to be reduced, 
so that only 25 mg of deliberately added iron in spherical form could be 
detected in the 8x8 fuel assembly /10/. 

In addition to these two projects other research programs deal with the 
development or improvement of in-core detectors, radiation effects on 
glassfiber cables and failed fuel element detection. 

6. EDUCATION 

In addition to the research activities presented above the Atominstitute 
offers a large number of lectures and training courses on various 
technical levels in the nuclear field. Further regular courses are carried 
out for the IAEA in the training of safeguards inspectors. Finally the 
staff of the Atominstitute also cooperates with a large number of colleges 
and high-schools in Austria to assist physics- and chemistry teachers with 
information material. In this connection two projects have been completed 
recently which are an experimental suitcase for teachers. This suitcase 
contains all necessary material including a GM counter unit and two 
radioactive samples to carry out 12 simple but very instructive nuclear 
experiments ranging from electron deflection in a magnetic field to 
shielding and level gauging. The second project was the development of 
multicoloured transparencies on about 80 different subjects of atomic-, 
nuclear- and radiation physics to be used in teaching and training /ll/. 
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7. SUMMARY 

The Atominstitute has proved successfully in the last 24 years that even a 
low power research reactor with an adequate infrastructure can be used 
effectively in applied research and education. This is also reflected in 
the scientific output of approximately 850 publications, 200 PhD and. 220 
Master thesis works. It has however to be emphasized that close 
cooperation with national and international organizations is of utmost 
importance in order to keep in touch with worldwide scientific progress 
and to adjust the direction of research according to the needs of its own 
country. 
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