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ABSTRACT
This year, a new multi-purpose instrument was installed at the TRIGA reactor in Vienna:
the thermal white neutron beam facitlity. Its high thermal neutron flux of up to 107 cm−2 s will
be available for several very different new experiments. The accessible experimental site has a
size of ∼ 3.7×3.7×2.2 m3 , the cross section of the beam is up to 65×65 mm2 .
A biological shielding, made of a special kind of radiation absorbing concrete was necessary, it was designed especially for this purpose. The performance of this concrete was
simulated with MCNP 6 and also tested at the TRIGA reactor. Then, the shielding performance
of the chamber was simulated in MCNP 6 to prove feasibility. An interlock system was designed
to give access to the experimental site while the reactor is in operation.
A large variety of experiments can be performed with this new neutron instrument. Fundamental physics will be pushed by investigating new devices for neutron experiments as on
neutron beta decay. New tools like neutron detectors with µm-resolution or new kind of neutron optics can be developed further with this instrument. As an example of applied physics,
the radiation damage of semiconductors is currently investigated. The new instrument also can
be used as a station for neutron radiography. The wide variety of experiments shows the high
flexibility of the new instrument and the broad impact on neutron physics at the Atominstitut.
1

INTRODUCTION

The TRIGA research reactor of the Atominstitut in Vienna has celebrated its 55th birthday
this year but the research around the neutron source stays up-to-date and vivid. As a commitment to the future, new fuel elements were installed in 2012, the reactor instrumentation and
control system was renewed in 2016 and the whole radiation protection system was renewed
completely this year.
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Figure 1: External view of the thermal white neutron beam facility. The TRIGA-reactor is visible
in the back (yellow), the chamber made of movable concrete parts of the new beam facility is
shown in the front (red).
Until now, neutron beams at the TRIGA reactor in Vienna were prepared by installing a
monochromator crystal close to the exit of the beam tube. Hence, neutron beams with low
intensity (∼ 101 − 104 cm−2 s) and small diameter, but monochromatic and with small divergence are generated. In contrast, the target of the thermal white neutron beam is to provide a
neutron beam with a large diameter of 65×65 mm2 , with the highest possible flux by using the
whole beam coming out of the beam tube. A very flexible beam site to fulfil the requirements
of various experiments to widen the spectrum of possibilities around the reactor is essential.
High flux and a direct view to the core lead to high dose rates. Hence, perfect single crystals were installed inside the reactor beam tube to filter out fast neutrons and gamma radiation.
Further, it was necessary to install an accessible chamber as biological shielding (see Fig. 1).
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2

DEVELOPMENT OF THE SHIELDING

In designing the facility we had to take into account some limiting factors for the biological shielding:
The chamber shall be accessible for experiment adjusting, even during reactor operating time.
Optimal shielding and space properties for a various number of experiments and high flexibility shall be provided. Therefore, the chamber needs to be assembled and disassembled by the
reactor crew itself. The chamber must not exceed the maximum floor load of 5000 kg m−2 and
a solution without permanent connection to reactor or reactor building will make the legal processes considerably easy. It is crucial to not exceed a dose rate of 5 µSv h−1 , plus activation of
all used parts needs to be negligible.
The factors mentioned above lead to a chamber built of precast concrete parts, interconnected simply with bolts. For security reasons an interlock system was designed and installed
to provide access to the experiments while the reactor is running, see chapter 3.
2.1

Radiation Absorbing Concrete

Due to the mix of thermal neutrons, fast neutrons, reactor- and secondary gamma radiation it was necessary to develop a special kind of radiation absorbing concrete containing
three additives: boron carbide powder (B4 C ∅ < 1 mm) to increase the absorption of thermal
neutrons, serpentinite (a rock containing high amount of crystallization water, ρ ≈ 3 g cm−3 )
for moderation and hematite (ρ ≈ 5.3 g cm−3 ) to increase the density and therefore the gamma
radiation absorption. High hydrogen content as well as high density of the concrete are the
notable characteristics of the optimal concrete recipe. High prices of about 35 e/kg for B4 C
and the result of simulations showing that more than 1wt% of B4 C is not necessary (see next
section) lead to the concrete recipe shown in Table. 1.
Table 1: The recipe of the radiation absorbing concrete (ρ ≈ 3300 kg m−2 )
cement (CEM III/B 32.5N)
280 kg m−3
water
180 kg m−3
hematite
2164.3 kg m−3
serpentine
690.3 kg m−3
B4 C
34 kg m−3
The stability of this kind of concrete was tested by measuring the compressive strength
which is proved.
2.2

MCNP6 simulations

To check the shielding properties of the newly designed concrete and to find the right
amount of B4 C for sufficient neutron absorption simulations were done in MCNP 6. These simulations were compared to measurements.
In MCNP 6 the thickness of a concrete wall and the amount of B4 C in the concrete was
varied to estimate the required amount of B4 C. Fig. 2 reveals two important points: First,
adding more than 0.5-1 wt% B4 C has no advantage because few more neutrons get absorbed.
Because of the high price of B4 C this is an important finding. Second, for thicker walls the
positive effect of B4 C is less than for thinner walls because neutrons also can be absorbed by
other isotopes (mainly 1 H, 54 Fe and 56 Fe).
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Figure 2: Simulated neutron flux after concrete slabs of a certain thickness and with a varying
amount of B4 C.

Figure 3: The three possible floor plans of the variable concrete chamber. The version to the left
is the version currently installed. The dimensions are: 5.2×4.1×2.2 m3 (L×W×H). The smaller
chamber on top is the prechamber where the shutter system is located. The experimenting
chamber can be accessed over the labyrinth entrance which can be locked with a safety lattice
door which is connected to the shutter.
Nevertheless, adding B4 C has an enormous effect on the production of secondary gamma
radiation. As it can be seen in Fig. 2 adding B4 C leads to neutron absorption closer to the
internal surface of the concrete shielding. Generated secondary gamma radiation on its way
to the outside has a longer path through the shielding as the radiation generated further inside
of the shielding. Furthermore, secondary gamma radiation of 10 B is less energetic (478 keV)
than the radiation of 1 H (6.3 Mev) or 56 Fe (up to 7.6 Mev) which improves the efficiency of the
shielding.
After the efficient absorption properties of the new concrete were shown, a concept of the
chamber layout was designed where space properties, wall thicknesses and a system for access
control (the so called interlock system) were defined. The chamber can be assembled in different
ways to gain high flexibility for different experiment proportions (see Fig. 3). This detailed
model of the chamber was simulated in MCNP 6 to check the shielding properties. Results are
shown in Fig. 4.
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Figure 4: simulated meshtally for neutron flux in MCNP 6 of the whole chamber. The neutron
beam with its properties can be seen as well as the performance of the labyrinth. Values given
in [n/cm2 s].
2.3

Cobalt measurements

Due to the relatively high neutron absorption cross section (σabs ≈ 37 barn) of 59 Co, the
high gamma radiation energies of 1.17 MeV and 1.33 MeV and the half life of 5.27 years of
60
Co special attention was paid to this element. Traces of cobalt in parts made of ordinary construction steel (concrete reinforcement, edge protection, steel angles) could lead to activating
the steel and therefore to an unwanted source of experimental background or dose rate. It would
also lead to higher dismantling costs due to unwanted nuclear waste in the future. Therefore,
samples of the different construction parts were taken and cobalt traces were measured. This
was done via ICP - MS (inductively coupled plasma mass spectrometry). The cobalt trace was
less than 5.2 · 10−3 wt% for all samples. To estimate the saturation activation of the steel parts
inside the chamber the relation
A = σΦ

m
NA ,
n

(1)

was used. Φ is the neutron flux on the inner surface of the chamber where the metal parts are
mounted (Φ ≈ 103 n/cm2 s - estimated by MCNP 6 simulations, see fig. 4), m is the mass of the
cobalt inside the chamber, n is the molar mass of cobalt and NA is Avogadro’s constant.
Cobalt contamination of the metal parts (≈ 700 kg) used inside the chamber leads to a
saturation activity of less then 15 kBq which is equivalent to a specific activity of ≈ 0.02 Bq g−1 .
This specific activation is less than the release limit of 0.1 Bq g−1 according to the Austrian law
[1].
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2.4

Argon activation
40

Ar is the only component of air with a noteworthy absorption cross section of
σabs = 0.68 barn and a significant amount of about 1.28 wt% to get activated:
40

Ar + 1 n →

41

Ar.

(2)

41

Ar has a half-life of about 109 minutes. Due to the fact that 41Ar is a noble gas, incorporation
does not need to be considered in the dose estimation.
To estimate the activation of the air inside the chamber, the volume of the chamber was
divided in two parts: the small volume of the direct beam where the neutron flux is high and the
remaining big volume of the chamber where the flux is low, see Table 2.
Table 2: Division of chamber volume in a high and a low flux volume for estimation of argonactivation. The flux is taken from MCNP 6 simulations (see Fig. 4).
in beam volume off beam volume
flux φ
107 n/cm2 s
104 n/cm2 s
volume
0.013 m3
18.7 m3
mass of Ar in volume
0.22 g
312 g
The saturation activation can be calculated by:
A = σabs NA (Φin

mAr
mAr
of f
in
+ Φof f
).
nAr
nAr

(3)

This activity concentration is converted to a dose rate by using the conversion factor for
Argon-41 [2]:
1 Bq/m3 = 2.2 · 10−4 µSv/h.

(4)

This conservative estimation leads to an activity concentration of 2900 Bq/m3 equivalent
to 0.6 µSv/h. Although, the dose caused by 41Ar is quite low compared to gamma and neutron
dose in the chamber, a ventilation system was installed in the sense of the ALARA (meaning As
Low As Reasonable Achieveable) principle.
3

THE INTERLOCK SYSTEM

Due to a dose rate of 1 − 10 Sv/h (at a rough estimate) in the direct beam an interlock
system was designed and installed to be able to set up experiments while the reactor is running
and to prevent radiation accidents.
The radiation protection system consists of a shutter block made of concrete with B4 C
and lead inlays (∼ 1300 kg) standing on the hydraulic lift table, see Fig. 5. This block has got
a through-hole which can be aligned with the neutron beam tube of the reactor by lifting the
block using the lift table. In the upper position the neutron beam does not get absorbed in the
block and can enter the experimental chamber. In the lower position the beam get absorbed in
the block, see Fig. 5.
The block can be lifted (hence, the beam gets activated) only, after the search button inside
the chamber is pressed to assure that nobody is inside. Then the lattice door at the entrance can
get locked and the shutter can be opened, see Fig. 5. This procedure assures that it is impossible
to get in touch with the neutron beam unintendedly.
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Figure 5: Left: The shutter block ((L×W ×H) 74×67×70 cm3 ) for opening and closing the
neutron beam is positioned on a hydraulic lift table inside of the opened prechamber. The end
switches for position control are visible on the right. Right: The entrance door and the control
panel of the interlock system
The interlock system consists of an ordinary hydraulic lift table with end switches to
assure that it stops at the proper upper and lower position, an electronically lockable door and
a programmable logic controller (PLC PNOZmulti 2 from Pilz) for controlling the interlock
system, see Fig. 5.
4

APPLICATIONS

The installation of a neutron beam with much higher intensity and a Maxwell-Boltzmannspectrum and its high flexibility offer new opportunities in neutron research at the Atominstitut.
Currently three different neutron detection systems are developed in house: an online neutron
detector with the lowest background count rate for ultra cold neutrons [3], a neutron detector
with µm-resolution [3] and a diamond detector with pulse shape analysis for excellent discrimination of varios particle interactions within [4]. In future, these three detector types will be
tested at the white beam. Its high flux and the easy access to the beam will fasten the development.
The neutron resonator MONOPOL [5] will be tested for the first time on a thermal white
beam. This resonator is developed in the context of the PERC project for high precision studies
of neutron beta decay [6]. The development of neutron instrument components and techniques
connected with this project is also foreseen. In principle, the new instrument can also be used
for radiography since the flux at the regular radiography station at the reactor is lower by one
or two orders of magnitude [7]. Currently, tests of radiation hardness of solid state electronic
components are performed. For these experiments high flux in the thermal regime and low flux
in the fast regime are essential to distinguish between different effects.
Further, the new reactor instrumentation offers the possibility to pulse the reactor for
achieving a peak flux of ∼ 1010 cm−2 s with this instrument.
5

CONCLUSIONS AND OUTLOOK

An new kind of radiation absorbing concrete containing B4 C was developed, simulated
in MCNP 6, and tested at the TRIGA reactor in Vienna. The superior shielding properties of
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this concrete, which are based on the better absorption of thermal neutrons on one hand and in
producing less energetic secondary gamma radiation on the other hand, were shown. Another
advantage is that the gamma radiation is produced farther inside of the chamber which yields in
better gamma ray absorption. It was additionally found that more than 1 wt% B4 C added to the
concrete is not required.
Afterwards, this new shielding was installed at the reactor, and tested by both the internal
radiation protection team and also by an external expert regarding operation safety and radiation
dose levels. All tests were satisfactory. Hence, the instrument is now on duty for different
experiments. Detailed analysis of beam properties like flux, divergence and spectrum are being
measured and are going to be published soon.
6
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