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ABSTRACT

At the time of the design, the ORPHEE reactor has been equipped with a set of up-to-date
experimental facilities such as nine tangential and horizontal beam holes, one hot source, two
hydrogen cold sources and six neutron guides. After more than ten years of operations, all the
neutron beams are now used by about twenty five spectrometers. A modernisation program is
under progress with a two fold aim: upgrade of the existing facilities and creation of new
beams. Some details of the six following points will be described: 1) replacement of the flat
cold source cell by an hollow cylinder in order first to increase the cold neutron flux and
secondly to facilitate the extraction of new cold neutron beams. 2 replacement of the old
neutron guide elements coated with natural nickel by new elements with isotopic I nickel or
super nurror coating. 3 modification of the curvature of some existing neutron guides in order
to increase the wavelength band transmission. 4 creation of new cold neutron beams by
installation of beriders on the existing neutron guides. 5) design of new cold neutron guides
and a new guide hall. 6 design of a thermal neutron guide. The two last points will made
extensive use of super mirrors allowed by new technical developments done at the Laboratoire
LEON BRILLOUIN in connection with industry.

1. INTRODUCTION

The ORPBEE reactor is a medium flux neutron source for fundamental and applied research

using neutron beams. It was designed by the end of the seventies, few years after the

divergence of the I-Egh Flux Reactor of Grenoble (BFRG). In the design of the integrated

experimental facilities, special features of a modern reactor like the BFRG were used: pool

type reactor block of compact size, tangential beam tubes, hot and cold sources, neutron

guides. With all these up-to-date items,. the R-PBEE reactor is the best medium flux neutron

source and the ideal complement of the URG. After twelve years of operation, all the neutron

- 115-



beam positions are fully occupied with 3 experimental facilities including 25 scheduled

spectrometers. These facilities are operated by the Laboratoire LEON BRILLOUIN (LB) a

common laboratory of the Commissariat V Energie Atornique (CEA) and the Centre National

de la Recherche Scientifique (CNRS).

The lifetime of the source being expected to be greater than 'JO years, a modernisation

programme of the integrated facilities, defined in close collaboration between the LLB and the

operating reactor team, is under progress. In the context of the future development of an

European neutron source, the aim of this programme is to enhance the quality of the neutron

beams and to increase the number of beam positions. After a short recall of the ORPHEE

characteristics, the modemisation programme will be presented in details.

2. THE ORPBEE REACTOR.

The ORPBEE reactor is the third reactor built after those of BROOKHAVEN BFBR 1965)

and GRENOBLE 11FRG 1971) specially dedicated to provide intense neutron beams for

fundamental and applied research. The construction started on June 1976 and the reactor first

went ctical on December 19, 1980. Full power operation started on July 1981.

The reactor design [1] is similar to the HRG a compact core of fully enriched Uran�ium is

surrounded by a heavy water moderator to give a good thermal flux. The biological sielding is

ach�eved by a light water pool and a heavy concrete wall. Great care was taken to minimise the

distance between the source and the experiments and the overall diameter of the reactor block

is ordy 7 meters. The neutron beams are issued from the reflector tank by nine horizontal beam

ports in tangential position. The thermal power is 14 MW and the maximum thermal neutron

flux is 3 x 1014 cm2/S. The reactor is operated for 250 days per year in two and half cycles of

100 days each.

The reactor is designed as a medium thermal neutron flux source But many experiments

require lower energy (E < rneV) or high energy E > 00 meV). For tEs purpose the

thermal moderator is locally replaced by ither -a low temperature (cold source) or high

temperature (hot source) moderator.
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The cold moderator is liquid Hydrogen. Helium refrigerator continuously liquefies Hydrogen

gas inside a condenser. Liquid Hydrogen at 20 K circulates by thermosiphon between this

condenser and a lenticular shaped cell ("flat" cell) located inside a vacuum chamber in front of

the beam tube. In order to provide cold neutron beams to a large number of experimental

facilities, two cold sources are located inside the heavy water tank at a distance of 400 mm

from the core axis.

The hot source is a cylindrical Graphite block, 120 mm in diameter and 200 nun high, located

in a vertical tube at a distance from the core of 270 mm, which allows to obtain a temperature

of 1450 K by radiation heating only.

Nine horizontal beam tubes, made of aluminium alloy, penetrate the biological shielding and

provide seventeen neutron beams (figure 1). Seven beam ports are located in the reactor

experimental hall (figure 3, four located at the thermal source, two at the hot source and one

at the cold source. The total number of neutron beams is eleven, six thermal, two cold and

three hot. Two beam ports, located each on a cold source, provide six cold neutron beams to a

large experimental hall by means of curved neutron guides, using natural Nickel as reflector.

The number of spectrometers is eleven in the reactor hall and eighteen in the neutron guide

hall. In addition a laboratory for non destructive testing by neutron radiography is located at

the end of a neutron guide (see figure 2.

3 TE MODERNISATION PROGRAMNffi.

Due to the modem design of the reactor and the fact that it is periodically and systematically

maintained there are no plans for modernisation of the source itself. The modernisation

programme described thereafter concerns orily the neutron beams for a more efficient use. Six

projects are under consideration and are at different level of achievement. The first one is

linked to the production of cold neutron beams. The five others are aimed to the improvement

of neutron beam transport by neutron guides afforded by new industrial developments of

mirror coating. These developments are the result of a joint research program of the LLB and

the CILAS, the company manufacturing the neutron guides 2].
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3.1 New cold sources.

In the original design of the reactor, the choice of liquid Hydrogen for the moderator has led to

two -small cells in order to produce enough cold neutron beams. Due to the geometry of the

beam tubes looking at the cold sources it was decided to design a "flat" cell in order to fully

illuminate the corresponding beam tubes. The cell size, made of stainless steel, is 205 mm

height, 125 mm large'and 50 mm thick 3].

After twelve years, about 68 per cent of the experimental facilities are using cold neutron

beams and the demand for such neutron beams is increasing. A preliminary study to give an

answer to such a demand has been done and is the so-called ORPHEE PLUS project,

presented in a following section. For this project it is necessary to modify the shape of the cold

source cell in order to illuminate two beam tubes at orthogonal positions (beam tube number 

and number 8, see figure 1). The best suitable shape is a cylinder of 130 mm in diameter. To

reduce the neutron absorption this cylinder must be hollow. The thickness of the liquid

Hydrogen layer was determined by calculations based on results of experimental studies done

for the High Flux Reactor of Grenoble 3 A value of 15 mm was determined for the best

neutron gain below 7 Angstroms, the wavelength range used by the majority of the

experimental set-up. The diameter is 130 mm and the maximum height 300 mm. The cell

(figure 4 is formed by an external envelope in alurninium-magnesium alloy 3% Mg) with an

external diameter of 130 mm and a thickness of 065 nun. The top and bottom are 07 mm

thick. The liquid layer is obtained by a very thin magnesium insert 05 mm thick The thickness

layer is kept constant by two thin cylindrical spacers with many holes to insure free liquid and

gas Hydrogen circulation. This insert is full of Hydrogen gas in normal operating conditions

(reactor at full power). The total quantity of liquid is around 14 itres. The total structure

weight not exceeds 250 g with 100 g for the liquid Hydrogen.

Full scale test experiment have been done during the summer 1991 in order to measure the

gain of the cylindrical cell in comparison with the flat one. Time-of-flight measurement at the

end of a neutron guide of the whole neutron flux with the flat and the new cells allows direct

check of this gain. The result is presented on figure 5. As predicted, the gain with the new
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geometry is always higher for the new cell than the flat cell I in the range 4 to 

Angstroms), but surprisingly the gain increases at both ends. For the long wavelength side the

gain reflect the fact that the Hydrogen thickness is smaller, leading to a smaller absorption. In

the short side the increase could be due to the better moderation by the two liquid Hydrogen

layers.

The new cell shape is designed in the frame of the ORPHEE PLUS project. But looking at the

increase in the neutron flux given by this geometry, the decision was taken to use the new cells

as soon as possible. Two new cells are manufactured in 1993 and it is planned to replace the

old cells by the end of 1994. This operation will be done with the total renewal of the old

cryogenerator in operation since 1981. The new cryogenerator is based on a screw

compressor, cryogenic turbine with gas shaft bearing and high quality electronic components.

It has been designed for a power of 1850 watts. The main characteristics are: complete

automatic operation system, automatic start-up after failure of electric power, no regeneration

of helium circuit before restart and posible remote control and diagnostic.

3.2 Improvement of existing neutron guides.

In the design, the ORPHEE reactor was equipped with six cold neutron guides. The beam size

was a compromise between mechanical constraints and maximum beam desirable. The size is

the same for all guides defining a rectangular beam of 15 centimetres high and 25 centimetres

large. The first step of the modemisation progranune is to use the new results obtained in the

processing of the mirrors for neutron guides. This allows to increase the transmission with the

same geometry or allows to share the beam by using benders to extract new beams. When

designed, more than twelve years ago, the neutron guide reflector was polished glass (with or

without boron oxyde) coated with natural Nickel. Since that time a precise study of the surface

structure 4 revealed by the new neutron reflectivity method used at the Laboratoire LEON

BRILLOUIN [5], has shown that the near surface is perturbed by the mechanical processing

used up to now. A new process has been designed to reduce the roughness of the glass surface

and to minimise the perturbation of the near surface. Together with the use of isotopic Nickel
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(Nickel 58) this led to an increase of the neutron guide transmission. Another new fact is the

industrial production of efficient super mirrors with a characteristic critical angle twice that of

natural Nickel 6]. These improvements were used or will be used to increase the cold neutron

flux received in the guide hall.

3.2.1 New coating.

The reflectivity curve measured with the EROS reflectorneter of Saclay for a natural Nickel

coating and a new super mirror is depicted on figure 6 This is an example of the gain expected

by the use of such a device. The reflectivity value in the range of the super mirror is at the

present time around 90 per cent and is not enough for a very long guide but, compared to a

"normal" guide, the increase in the transmitted intensity is significant. A first application of this

new coating will be the replacement of the neutron guide elements of the existing highly curved

guide GI and G2 see table I). The characteristic wavelengths are respectively 6 A and 4 A.

These values were defined at the time of the guide design to be fitted with the small angle

spectrometers. By now, shorter wavelengths are commonly used. In the past the only way to

change the characteristic wavelength was to increase the radius of curvature. With the use of

super mirror coating, it is now possible to extend the transmission in the short wavelength

range without modifications of the geometry. The figure 7 present the result of a calculation

for the neutron guide G2. Two cases are compared to the present natural Nickel mirror, the

isotopic Nickel and the super irror. The gain given by the last case is evident. It is planned to

replace the two guides GI and G2 by super r-drrors in the near future.

3.2.2 New geometry.

Another way to increase the transmitted flux is to replace the curved guide by a straight one.

This operation has been done in 1991 for the guide G5 (characteristic wavelength 2 A, see

table I) together with a replacement of the natural Nickel coating by a Nickel 58 coating. This

operation was done together with the installation of a bender (see below). The guide elements

in the guide hall were all replaced by a smaller guide height 85 mrn) in straight line. The only
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curved part are the first 12.5 meters from the beam port up to the exit of the confinement

building. After this modification an increase of 30 per cent of the total flux at the end of the

guide (total length 56 meters) has been recorded.

3.2.3 New beams.

There is a tremendous demand of neutron guide ends. All the six ends are My occupied (see

table I), and the only way to get new neutron guide end is to graft benders on the existing

gu ides. The beam is then shared in the vertical dimension between normal guide with a reduced

size and a bender. Three benders have been installed on the guides GI, G3 and G5 (see table

II). Due to the shorter radius of curvature, the transmitted beam is less intense in the short

wavelength side. This is shown on figure where the measured flux for the new guide G5 (see

above) and the bender set at the beginning of this guide (see figure 2 are compared. This

bender is based on the new super mirror coating: the vertical convex face is coated with a 2 C

super mirror, the other faces are coated with Nickel 58. The flux transmitted by such a mirror

compared with the classical multichannel bender G3 bis is presented on figure 9 7 The

multichannel bender is set on guide G3 with the same characteristic wavelength as the guide

G5 2 A) and it is composed of five channels of 46 mm each. the dividing walls are coated

with Nickel 58 on both side.

Another way to get a new neutron guide end is to use a multilayer monochromator. Contrary

to the bender, this device gives a fixed monochromatic beam adapted to a specific experiment.

Such a monochromator with a wavelength of A and a resolution of 10 % has been included

in the new guide G5 (figure 10) in 1992. The monochromatic beam will be used for a small

angle machine, with a igh monochromatic flux due to the fact that there is no mechanical

selector.

3.3 New neutron guides.

Due to the complete use of all experimental positions, the only way to increase the number of

experimental devices is to built a new neutron guide hall. The new development in the super

mirror coating open now new possibilities for cold neutrons and even for thermal neutrons.
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a) cold neutrons.

A preliminary study started in 1988 was based on the fact that a hole was provided in the

confinement building in front of the third cold beam tube (beam tube 4F, see figure 3 giving

the possibility to extract a neutron guide without modifications of tis building. In this project,

called ORPHEE PLUS, a important modification of all experiments located in the reactor hall

will take place. Preliminary design of this project has been presented at the first IGORR

meeting [8]. Since that time a precise study of the modifications was undertaken. In short,

nearly all the beam tubes have to be modified, in particular the beam size will be increased from

40 x 80 mm.2 to 50 x 120 MM2 A part of implantation of the new neutron guide it is necessary

to create a new cold neutron beam tube in order to maintain in operation the two cold neutron

three axis spectrometers. This will be done by extending the tube of beam number (see figure

1) up to the cold source number 1. This beam tube is nearly perpendicular to the beam tube

number 8. In order to ftflly illuminate these two tubes, a new shape for the cold source cell has

been designed as defined in section 3 .

In this project, two straight neutron guides coated with a 2 Oc super irror, will be extracted

from the cold beam tube. The in-pile collimator is under design. It will include a converging

part in isotopic 58 Nickel in order to fully illuminate the super mirror neutron guide section.

The beam size will be 160 m eight and 50 mm large from the reactor up to the containment

wall. After tis wall the two guides will be split in two guides each (see figure I ). The first

one is split in the vertical dimension, leading to two neutron guides of same dimensions (50

mm width 70 mm height), one with a radius of 148 metres and one straight. The second guide

is divided in the horizontal dimension, giving one straight guide of 25 mm large and 60 mm

1�gh and a curved guide with the same dimension and a radius of 209 metres. A new neutron

guide hall will be built. The number of experimental positions will be increased by 30 per cent.

The project is now under design and the decision to built will be taken after the restart of the

BFRG and is linked to possible participation of European laboratories.

b) thermal neutrons.

Another hole was provided in front of the thermal beam tube number six (see figure 3 In a

preliminary design study, the possibility to extract thermal neutron up to the external adjacent
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building has been evaluated. This will be possible with the use of highly efficient super mirror

coating as depicted in figure 12 for the case of the thermal neutron guide H25 of the ILL.

4. CONCLUSION

Due to a possible future shortage of neutron beams in Europe and the predicted lifetime of the

ORPBEE reactor (greater than 30 years), an increase of the experimental facilities is essential

to prov'de neutrons beams in complement of the BYGR and the spallation source ISIS. The

modernisation progranune in progress concerns first the improvement of the production of

cold neutrons. This will be achieved at the beginning of 1995 by the replacement of the present

cold source cells and the cryogenerator. An immediate increase in the number of beam position

has been done by setting three benders on the existing guides: GI bis in 1986, G3 bis in 1988

and G5 bis in 1992. The change of the existing mirror guide elements by a super mirror coating

will lead to a direct increase of the transmitted flux. This will be realized in the near future for

the two most curved guides GI and G2. The next important step will be the creation of a new

cold neutron guides. Tis project (the ORPBEE PLUS project) under design, will increase the

experimental facilities of the LLB by about 30 per cent with the installation of 7 to new

spectrometers. This increase will give to new scientific communities the opportunity for the

access to neutron beams. Discussions with foreign laboratories for a possible participation to

this project are in progress. Linked to this project, a major refurbishment of the collimator

plugs in the reactor will increase the neutron flux on the spectrometers set around the reactor.

This operation will take 3 years for the realisation of the components (collimator plugs, new

biological shielding, new neutron guide, new guide hall .... and needs a rather long shut-down

of the reactor three months). It is not yet decided and could be done in 1997 A future

possible extension could be the setting on the beam tube 6 of a thermal neutron guide, using

very efficient super mirror guides under development.
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TABL L Characteristics of the ORPHEE neutron guides.

The total neutron flux measured at the end of the neutron guide by Gold foil activation is given in unit
109 n/cm2/s.

Cold Guide Radius Characteristic Curved Straight Experimental End guide total flux at
source (m) wavelength length length (m) positions experiment the end

(A) W
I GI 463 6 13.4 20 1 Small Angle 1.15
1 G2 1042 4 23.3 16.2 2 Small Angle 1.26
1 G3 4167 2 39.6 10 I Spin Echo 1.61
1 G4 4167 2 42 21.2 5 Neutronography 0.91
2 G5 4167 2 12.5 43.3 5 Small Angle 1.88
2 G6 4167 2 27.2 12.5 2 Time-Of-Flight 2.07

TABLE 11. Characteristics of the benders,

Bender beam size type radius (m) length (m) Total flux date of
(w x h) cm operation

GI bis 2.5 x 5 Multichannel 46.3 8 0.64 1986
G3 bis 2.5 x 5 Multichannel 46.3 9 0.73 1988
G5 bis 2.5 x 35 Supern-drror 15 5 10 1.22 1992
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Figure 1. Horizontal section of the ORPHEE reactor with the nine beam ports
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