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INTRODUCTION

Since 1986 in the Frank Laboratory o f Neutron Physics o f the Joint Institute for Nuclear 
Research in Dubna, research and design work to create a cryogenic moderator for the IBR-2 reactor 
using solid methane as a moderating substance has been carried out.

Figure 1. The prototype o f a solid methane cold moderator

In 1994, the prototype o f a solid methane cold moderator (SMCM) (see Figure 1) was 
constructed and installed near the reactor core in place o f a grooved water moderator for 
experimental channels 4 to 6. It had operated for about 270 MWh before the damage of the methane 
chamber forced us to remove the moderator for inspection.

The description of the SMCM prototype and the investigation results were published in the 
proceedings of "International Collaboration o f Advanced Neutron Sources (ICANS) XI and XII" and 
the journal o f "Neutron Research", vol. 3, 1996.

The results of operation and investigation o f the SMCM prototype are used as a basis for 
creation of a regular moderator for the IBR-2 reactor.

In 1995, the project for creation o f a regular cryogenic moderator for the IBR-2 reactor (see 
Figure 2) was elaborated.
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Figure 2. The regular cryogenic moderator.

Table 1. Characteristics of the cryogenic moderator for the IBR-2 reactor
Moderating material 
Cooling substance
Moderating material of a premoderator 
Thickness o f a water chamber 
Volume of a methane chamber 
Thickness o f a methane chamber

Temperature o f methane in the operational 
"Cold" mode 
"Warm" mode

Operation life (for the reactor power up to 2 MW) 
Number o f thermocycles in operation life

The cryogenic moderator consists of
a) W ater premoderator
b) Methane-helium chamber
c) Vacuum jacket
d) Shielding block.

methane (CHt) 
helium gas 
light water 
90 mm 
1.2 liters 
25 mm

25-32 K 
55-75 K

5000 hours 
100

The water premoderator has the thickness 90 mm, which according to calculation, reduces 
generation of hydrogen in methane by 4 times almost without loss of cold neutron flux density. The 
walls o f the water premoderator are made from aluminum alloy and have the thickness 5 mm.
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The methane-helium chamber (see Figure 3) is the determining unit o f the whole structure. It 
is flat and has a methane cavity thickness o f 25 mm. The vertical and horizontal cross sections o f the 
methane-helium chamber are the squares 240 mm by 240 mm.

Figure 3. The methane-helium chamber.

The outer side o f the methane-helium chamber has six 25 mm high edges o f rigidity on 
which 12 beryllium blocks hang.

The basic purpose o f the beryllium blocks is to compensate for the absence o f the methane 
grooved structure. Beryllium works as a reflector for neutrons with energy over “cu t-o ff edge, but 
permits cold neutrons to get through without a loss of intensity. The gain factor value of the 
beryllium reflector fdter was checked by experiment on the mock-up o f the moderator (see Figure 4). 
In the sketch o f the experimental facility (Figure 5) one can see:

• Liquid nitrogen cryostat with a polyethylene block inside imitating solid methane; combed
beryllium and polyethylene blocks could be installed in cryostat as well.

• Fast neutrons from a reactor were slowed down inside a polyethylene block which was
installed at the front wall o f the cryostat.

• Neutron detector was distanced 20 m from moderator enabling to do time-of-flight
measurements up to 6.3 A. It should be noticed that grooved structure o f Be reflector enables 
to increase “over cut-off’ neutrons intensity compared to a solid block, permitting them to 
leak between the ledges. Results o f experiments have confirmed preliminary estimations. As 
one can see in Figure 5, beryllium reflector is a good substitution for the grooved methane. It 
has lower intensity o f neutrons in the range 1.5-4 A only.

Heat, the result o f radiation heating o f the beryllium blocks, forms a slit gap between solid 
methane and the aluminum wall o f the methane chamber. This gap o f 2-3 mm creates most 
favorable conditions for release of radiolytic hydrogen from solid methane and prevents 
accumulation o f radiolytic hydrogen inside the chamber.
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Figure 4. The gain factor o f Be.
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Figure 5. The sketch o f the experimental facility

Inside the chamber there are 492 heat conductors made from pure aluminum. The heat- 
conductors are the rods with the diameter 2 mm and the height 23 mm in methane which have a 
threaded connection with the wall o f a helium heat-exchanger. The heat conductors are arranged with 
a step o f 10 mm. The basic purpose o f the heat-conductors is to provide the most uniform 
temperature field in the methane cavity and reduce its temperature.

On the upper side wall, the methane chamber has a pipeline for introducing methane into the 
chamber and the release of gases.

The walls of the methane-helium chamber are made from aluminum alloy. The thickness of 
the outer wall relative to the neutron flight direction is 5 mm.

Over the volume o f the methane chamber there are 9 thermocouples for the continuous 
control o f temperature in the operational mode in the interval from 10 to 350 K. Another 
thermocouple is on the outer wall o f the chamber.

The helium heat exchanger maintains the necessary thermal mode o f operation o f the 
cryogenic moderator. The heat exchanger is made from aluminum alloy with a comparatively high 
thermal conductivity at cryogenic temperatures, i.e., 270 W/m*K for 20 K. In the heat exchanger 
(see Figure 6), cooling helium is divided in two equal flows which move upwards along slit flutes in 
two central sections cooling the wall o f the methane chamber as well as methane by means o f heat- 
conductors. Then the flows turn by 180°, move along the slit flutes in the peripheral sections o f the 
heat exchanger and leave the exchanger through outlet pipes.

Helium can be heated to provide condition suitable for H2-release during annealing.
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Figure 6. The flows of cooling helium.

2. DESCRIPTION OF THE MODES OF OPERATION

The calculated time of life of the cryogenic moderator is 5000 hours for the reactor power 
2 MW. It is planned to use the cryogenic moderator for 3-4 reactor cycles a year.

The reactor cycle is 250-280 hours. Thus, the operation life o f the moderator is 5-6 years. 
Then, it must be buried.

The modes of operation o f the cryogenic moderator at the reactor power 2 MW are:
• Formation of a slit gap, which includes the use o f radiation heating o f the aluminum wall of

the methane-helium chamber and beryllium blocks. According to calculations, for the 
temperature o f the aluminum wall T-119.6 K we have the boiling temperature o f methane 
T-111.5K at which the methane ice melts and gradually evaporates from the chamber 
making a 2 mm gap between solid methane and the wall. The process is controlled with the 
help o f thermocouples.

• The "warm" operational mode. The temperature o f methane is 60 K. The reactor power is
2 MW. The mode lasts 120 hours. Then, methane is reloaded.
The "cold" operational mode. The temperature o f methane is 25-32 K. The reactor power is 

2 MW. The mode lasts 12 hours. After that we go to the "warm" operational mode in which the 
methane temperature o f 60-75 K is held for an hour. During this period radiolytic hydrogen diffuses 
from the methane chamber.

In Figure 7, two typical operational modes o f the cryogenic moderator are schematically
shown.
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Figure 7. Operational modes o f the cryogenic moderator.
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3. SAFETY CONSIDERATIONS

The main factors representing risk in the process o f operation of the cold methane 
moderator are:
• the use o f an explosion hazard gas, methane, as a moderating material;
• methane radiolysis accompanied with accumulation o f hydrogen and hydrocarbon in

methane, which may result in an increase o f pressure in the methane chamber;
• radiation activation o f construction materials and methane;
• malfunctioning.

The project stipulates the following security measures. The methane chamber is flat and has 
a slit gap on the side of the wall with beryllium reflectors through which the gases formed in 
consequence o f radiolysis are released. In the pipeline connecting the methane tank and the methane 
chamber a safety membrane is installed. It is broken at the pressure P > 0.9 atm. This secures the 
chamber from destruction if  the pressure in the chamber increases above the safe level.

The methane pipeline is made o f double-wall tubes. The emergency shut down of the reactor 
takes place by the signal from the manometer if  the pressure in the pipeline connecting the methane 
chamber and the receiver is P > 0.1 MPa.

The cooling mode and the working mode o f the moderator at reactor power are designed to 
ensure the pressure in the methane chamber to be below the atmospheric pressure. This, in addition 
to low operation temperatures, excludes the risk o f fire or methane explosion.

According to estimates, in 10 days after the expiration date o f the moderator the dose rate of 
y-radiation in the immediate vicinity o f the structure elements o f CM will be up to 70 R/h.

In connection with a high expected level o f induced y-activity the CM design includes an 
additional protection for transportation and storage to avoid exposure o f the personnel to hazardous 
radiation.
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