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ABSTRACT 

A description is given of a cold neutron source and neutron guide 
tubes of the JRR-3M. 

The installation of the cold neutron source (CNS) together with the 
neutron guide system is one of the principal objectives of the remodeling 
project of the JRR-3 and this CNS is the first one that was installed in 
the high neutron flux reactors of 14 orders of magnitude in Japan. 

The CNS is a liquid hydrogen moderator and vertical thermosyphon type. 
It mainly consists of a hydrogen plant for liquid hydrogen and hleium 
refrigerator plant for cold helium gas. 

Five neutron guide tubes are installed to get thermal and cold neutron 
beams in the beam hall. 

The CNS and the guide tubes have been operated very well since August 
1990. 

I. INTRODUCTION 

The cold neutron source (CNS) together with the neutron guide system 
in the JRR-3M is one of the most important experimental facilities because 
it is first one to be installed in a high power research reactor in Japan. 

Primary goal for construction and operation of the CNS was to design, 
construct and operate an efficient system which can be operated safely and 
increase the cold neutrons significantly for neutron beam experiments. 
The project to develop a CNS and guide tubes for the JRR-3M started in 
1979. Since then feasibility studies, coceptual design, detailed design, 
assembly and mockup tests, licensing review, fabrication, construction and 
several kinds of functional tests had been carried out together with the 
reactor itself, and the CNS and the guide tubes have been working very well 
since August 1990. 

The CNS uses liquid hydrogen as cold moderator for cold neutrons which 
is circulated vertically by thermosyphone and cooled by cold helium gas 
from gas to liquid. The strength of cold neutron flux is about 2*10° 
n/cm2,s/20MW at the end of the longest cold neutron guide tube C2. The 
cold neutron source gain for neutron wavelength of 4A becomes about 10. 
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II. LAYOUT OF THE COLD NEUTRON FACILITY 

Fig. 1 shows the whole diagram of the cold neutron facility. This 
consists of a cold neutron source and neutron guide tubes. 

The cold neutron source mainly consists of a hydrogen plant, in the 
reactor building and a helium refrigerator plant, in the compressor build
ing, furthermore, the hydrogen containment of the hydrogen plant is set 
in the reactor pool and the sub pool. 

Five neutron guide tubes are stretched from the reactor to the beam 
hall through the guide tunnel and the guide tube room. 

The compressor building is located about 50m apart from the beam hall 
and about 100m apart from the reactor building, in order to provide wider 
space for the beam hall and the reactor room. 

III. COLD NEUTRON SOURCE 

A. HYDROGEN PLANT AND REFRIGERATOR PLANT 

The main part of hydrogen plant is a cryostat, which consists of 
moderator cell, cold transfer line and condenser, and contains about 1.4£ 
of liquid hydrogen at approximately 20K at 1.2 ata as cold moderator.* The 
moderator cell located in the maximum thermal neutron flux area where is 
about 50cm far from the reactor core is an flask shape vessel, 20cm high, 
13cm wide, 5cm thick and 0.85. in volume, and made of 0.8mm thick stainless 
steel. The cold transfer line is a three walled piping structure, 4m long 
in horizontal 3.5m long in vertical. Liquid hydrogen flows down from the 
condenser to the- moderator cell through the inner pipe and gas hydrogen 
flows back to the condenser through the inner annulus. Thus, the cold 
hydrogen, mixture of liquid and gas, circulates by means of thermosyphon 
through condenser, cold transfer line and moderator cell removing about 
300W of the nuclear heat and about 150W of the thermal radiation heat from 
the moderator cell to the condenser. 

Other systems of the hydrogen plant are helium dump system, hydrogen 
and nitrogen gas supply system, vacuum system and gas analyzer. The helium 
dump system enables the reactor to be operated in the event that the helium 
refrigerator plant stops accidentally. Namely, the helium dump system 
fills both the vacuum space and the hydrogen space with helium gas in order 
to prevent the temperature of the moderator cell from exceeding more 400°C. 

A Brayton cycle type helium refrigerator plant consists of a cold 
box, a control heater, two oil screw compressors, two staticgas bearing 
turbo expanders, refrigerant transfer lines, a cooling water system and a 
helium tank. One pair of a compressor and a turbo expander is for standby 
duty. This plant is capable of supplying the coolant of about 1360W at 
14.5K to condenser and control heater including the heat loss of the 160m 
long refrigerant transfer lines themselves. 

Cold helium g?s is obtained by reducing pressure of the helium gas 
from about 19 bar to 2 bar through a turbo expander, and the gas is previ
ously compressed to standard temperature at 19 bar using a compressor. 

B. SAFETY ASPECTS WITH HYDROGEN 
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Safety aspects with hydrogen are based on a double containment struc
ture for hydrogen with a vacuum blanket and complete immersion of the 
hydrogen container both in the reactor pool and the sub pool. 

These aspects are focussed on preventing a contact between hydrogen 
and air in case of an accidental loss of leaktightness. The whole outer 
containment of hydrogen is strong enough to withstand the pressure of 
detonation that is the severest phonomenom of oxygen/hydrogen reaction, 
that was verified by qualification tests performed on the full-scaled 
models. ̂  

The 3.3m deep sub pool is completely separated from the reactor pool 
so that independent maintenance works for the CNS from the reactor pool can 
be carried out. 

C. OPERATION AND CONTROL 

The CNS used to start its operation one day before the reactor opera
tion and stop its operation one hour after the reactor shut down. It 
takes about 24 hours to get steady operational state and about 20 hours to 
become complete stop. During a steady operation cycle of four weeks, it 
is no need to control the CNS manually even at the time of the reactor 
start up and shut down because the CNS is fully automatic. 

Fig. 2 shows the control system of the CNS. The control loop 1 and 4 
work to keep helium pressure at the delivery and the suction point of the 
compressor constantly to 18.6 and 1.6 bar respectively. The control loop 2 
keeps temperature, pressure and flow rate of cold helium gas constant at 
the delivery side of the turbo expander by regulating the by-pass valve. 
Then the effective power output of the refrigerator is always kept to 1200W 
consequently. The control loop 3 works to keep the hydrogen pressure in 
the buffer tank within 1.2+0.1 ata by the control heater compensating the 
heat load variations in the cryostat. 

IV. NEUTRON GUIDE TUBE 

Fig. 3 shows the layout of the neutron guide tubes. Five neutron 
guide tubes, Tl and T2 for thermal neutrons and CI, C2 and C3 for cold 
neutrons, are installed efficently to extract neutron beams from the heavy 
water reflector and the liquid hydrogen moderator in the D2O tank through 
the horizontal beam hole 8T and 9C respectively to the beam hall. 

16 neutron beam ports of which 8 are set on the thermal neutron guide 
tubes and another 8 on the cold neutron guide tubes, are available in the 
beam hall, 30m wide x 50m long, which is located next to the reactor build
ing. 

Each of the guide tubes consists of three sections. The first 
straight section is inbedded inside the reactor biological shield plugs. 
The curved section has a radius of curvature correspond to the critical 
neutron wavelength of the guide tubes and installed in the guide tunnel 
and the guide tube room. The second straight section is installed in the 
beam hall. 

The curved section permits very efficiently to separate thermal and 
cold neutron beams from fast neutron beams and y rays, and the second 
straight section works to make good cross-sectional homogeneity of neutron 
flux at the beam ports. 
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Each of the neutron guide tubes is a line-up of the neutron guide 
elements and each of the elements has rectangular cross-section, 20*200mm2 

for thermal neutrons and 20x120mm2 for cold neutrons, and 850mm long for 
both one. The walls of the elements are made of borosilicate glass plates 
polished opticaly and coated in pure natural nickel of 2000A thick. The 
glass plates are 19mm thick and themselves make up the vacuum enclosure to 
reduce neutron losses due to air scattering. 

Tl and T2 are for the critical neutron wavelength of 2^ with the 
radius of curvature of 3340m and have the overall length of about 60m. CI 
and C2 are for with the radius of 834m and have the length of about 41m 
and 51m respectively. C3 is for 6K with the radius of 370m and has 31m 
long. 

Autocollimator enabled to install the neutron guide elements with 
tolerance of ±0.01mm and within 1". 

V. CHARACTERISTICS 

The neutron fluxes and their distributions were measured by gold foil 
activation method at the beam port C2-3, during the reactor commissioning 
test period in 1990. 

Mean neutron fluxes are 1.9*108n/cm2,sec in case of liquid hydrogen 
and 1.9x107n/cm2,sec in case of no liquid hydrogen. Neutron flux devia
tions over the cross section of the neutron guide tube are about 10% in 
both cases. 

Fig. 4 shows two neutron spectra measured by means of time-of-flight 
method at the beam port C2-3 at the same time when the neutron fluxes and 
distributions were measured. The top one is obtained in the case of liquid 
hydrogen, and the bottom one is no liquid hydrogen. These spectra indicate 
the effectivness of the existence of the liquid hydrogen because the 
counts with liquid hydrogen is larger than those without liquid hydrogen 
on the longer neutron wavelength than 2A. 

A cold neutron source gain curve for various wavelength is obtained 
as the ratio of neutrons, top one divided by bottom one, and the results 
plotted on Fig. 5. The cold neutron source gain at wavelength of 5A and 
10^ are 15 and 28 respectively. These gains are large enough to satisfy 
the primary goal for the construction and the operation of the CNS. 
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