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ABSTRACT

In this article we like to report on building up and running a cryogenic moderator sys-
tem for JESSICA, a full scale model of the target-reflector-moderator system for the Euro-
pean Spallation Source (ESS). The cryogenic moderator system can be charged with different
fluids, solids and pellets in fluids at cryogenic temperatures.

I. INTRODUCTION

Common cold sources for neutron research experiments are operated with cold
hydrogen moderators. However, a study by Inoue et al. [I] shows that e.g. solid methane
yields 3 to 4 times more low-energy neutrons than conventional sources with liquid hydrogen
at the same temperature of about 20 K (Eig. 1). The problems of operating the moderator
system with a solid methane block are its very low thermal conductivity at low temperatures
(removal of deposited energy), the spontaneous exothermal recombination of radiolysis
products (H+, CHj") that can easily destroy the moderator vessel, and the deterioration of the
slowing-down properties of methane (formation of higher alkane homologues) due to
radiation damage.
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Figure 1: Neutron beam intensity and neutron energy of different moderator materials |
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JKSSICA (Juclich Hxperimental Spallation Target Set-up In COSY Area) has been built
up at the COSY proton aceelerator in Juelich to investigate the neutronic performances of
advanced cold moderators in a realistic environment |2 | . The JKSSICA experiment is
performed in the framework of an international collaboration among 12 neutron research
laboratories:

• ANL, Argonne National Laboratory, USA,
• F'/J, Forschungszentrum Jiilich GmbH, Germany
• JAKRI, Japan Atomic Knergy Research Institute, Centre for Neutron Science, Japan,
• JINR, Joint Institute for Nuclear Research, Russia.
• KKK, High Knergy Accelarator Research Organisation, Japan,
• LANL, Los Alamos National Laboratory, USA,
• ORNL, Oak Ridge National Laboratory, USA,
• PSI. Paul Scherrer Inslitut, Switzerland,
• RAL, Rutherford Appleton Laboratory, UK,
• SORKQ, Israel,
• Technical University Graz, Austria,
• University of Hokkaido, Japan.
This international collaboration was formed to study science and engineering aspects of

high-power pulsed neutron spallation targets, namely the neutron intensity and pulse shape
optimization upon varying the target and reflector material, geometry, moderators and proton
beam energy [3],

2. JKSSICA ASSKMBLY

The reflector is a stainless steel construction, completely filled with lead rods except of
the positions for the target, the proton beam line, the neutron beam lines and the moderators.
Figure 2 is an overview of the JKSSICA hall where the proton beam line coming from the
COSY proton accelerator onto the target (pipeline in the background including WCM and
ICT) can be seen. The pipeline going to the left side on Fig. 2 is the neutron beam line in-
cluding neutron measurement facilities.

Figure 2: View into the JKSSICA hall. WCM: Wall Current Monitor. ICT: Integrating Current Trans-
former in the proton beam line.
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During beam time the target which is positioned on a trolley has to be moved into the
reflector horizontally. To receive neutrons out of the proton beam coming from COSY the
target is filled with 35 dm1 (liters) of mercury.

Above and below the target the reflector has recesses for two mcxlerators above the tar-
get and two moderators below the target. Both moderators above the target and one of the
moderators below the target are water moderators at room temperature. A machine-cooled
cryogenic moderator with temperatures below 10 K can be positioned below the target.

3. CRYOGKN1C MODERATOR SYSTEM

The moderator materials to be tested are namely water, solid methane as a block (CH4)
and in form of pellets, liquid hydrogen (H2), methane hydrate (clathrate) and a combination of
either methane pellets in liquid hydrogen or methane hydrate in liquid hydrogen. Thus the
design of the cryogenic system has to allow very different materials to be used in the
moderator vessel. It has to be suitable to put e.g. water into the moderator vessel at ambient
temperature and to put in e.g. methane hydrate at cold temperatures as liquid nitrogen
temperature (77 K). Furthermore it has to allow the condensation of a gas such as hydrogen
from a storage container into the moderator vessel at temperatures below 20 K. Additionally,
a technical solution has to be found which avoids the formation of explosive gas mixtures
when using methane or hydrogen as moderator materials.
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Figure 3: Design of the moderator on the cold head including surrounding vacuum chambers and
double lid system
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The moderator system consists of the moderator vessel on a cold head, insulated by two
vacuum chambers surrounding the moderator vessel (see Fig. 3). Other main components are
two storage containers for the gas to be condensed in the moderator vessel, a vacuum
pumping system with three vacuum pump stations, each including a roughing pump and a
high-vacuum pump to evacuate the storage containers or the vacuum chambers or the
moderator vessel.

There are two possibilities to fill the moderator vessel with moderator material: if the
moderator material is liquid or solid at ambient temperature it can be filled into the vessel
through a double lid system (Fig. 3); if the moderator material is gaseous at room temperature
the moderator vessel will be filled by condensing the gas into the vessel. For this purpose a
piping system including gas storage containers has been installed.

The moderator vessel is being cooled by a cold head in conjunction with a compressor
unit to generate cryogenic temperatures. Temperatures down to 10 K are achieved with this
double-stage cold head.

Two tubes had been built for gases to be condensed into the moderator vessel. One of
the tubes is twisted around the first refrigeration stage with about 80 K to precool the gases to
be condensed in the moderator vessel (Fig. 4). The other tube is surrounded by a heater for
gases to be condensed which have a boiling point above 80 K. Methane would even become
solid at the 80 K refrigerator stage and the lube twisted around the first refrigeration stage
would be blocked without additional heating.

Figure 4: Moderator vessel M on the cold head. The first stage of the cold head C delivers about 80 K,
the second one 8 K. B: Bottom flange to fix the cylinders for the vacuum chambers. S: warm gear
spindles for elevating the moderator head to the final position close to the target.
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The moderator vessel including its vacuum chambers and the cold head are installed on
a small lifting platform. This platform can be moved vertically by a lifting device. Thus the
moderator vessel can be positioned vertically directly below the target. The lifting platform
including its lifting device driving system, the three high vacuum pumps and several valves
and measuring instruments are fixed on a trolley (Fig. 5). The trolley can horizontally be
moved between the reflector and a glove box. The glove box with a helium atmosphere inside
is beside the targct-reflector-assembly (Fig. 2, right). At the bottom of the glove box the
moderator vessel can be connected and the double lid system can be opened (Fig. 3). So it is
possible to fill methane pellets or methane hydrate under He-atmosphere into the moderator
vessel at liquid nitrogen temperatures without getting any water or ice or oxygen respectively,
into the moderator system.

Figure 5: Vacuum housing (V) of ihe moderator comprising insulation, cold head, lifting platform (I,),
vacuum pumps (P) and valves (v) on the trolley

JESSICA is operated in a nuclear control zone. Thus, volatile gases like methane and
hydrogen have to be monitored while venting to the atmosphere. Because the monitoring
system is not explosion resistant, the following precaution has been implemented at
JESSICA: by checking the concentration of hydrogen and/or methane in the moderator
system so much nitrogen will be added in front of the gas outlet that the outcoming gas
mixture is not explosive.

During the first trial the moderator vessel had been filled with 850 ml water and
refrigerated down lo temperatures of 9 K at the bottom and 13 K at the top of the moderator
vessel. With a heater that had been integrated on the top plate of the cold head, we were able
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to change the temperatures and to provide moderator temperatures up to 90 K. Figure 6 shows
the measured temperatures at the bottom and at the top of the moderator vessel first without
heating the top plate of the cold head, secondly by heating the cold head more and more. All
the time the temperature difference between the top and the bottom of the vessel was about
4.0 K.
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Figure 6: Temperatures at the moderator vessel

4. CONCLUSION

It has been demonstrated which engineering efforts were necessary to install the
cryogenic moderator system for JHSSICA, a full scale model of the targel-reflector-moderator
system for a large spallation source. The cryogenic moderator system has been installed and
improved. The moderator system can be operated with different moderator materials like
water, ice, methane hydrate, methane, hydrogen, and a combination of different moderator
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materials. This is possible because (he moderator system can be operated both as a closed
system and as an open one, where a liquid or solid medium can be filled into the moderator
vessel under helium atmosphere.

So far, experiments at JESSICA have been performed with water, ice and methane
hydrate as moderator material. The measured energy spectra of these moderator materials are
documented in [4] and [5|.

Additional experiments at JKSSICA will be made with moderator material which has to
be condensed from storage containers into the moderator vessel. These experiments with
hydrogen and methane will take place in 2003.
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