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ABSTRACT 
A new steady state neutron source is in operation on the Atomic Energy 

Commission Site of Saclay (France). It is a pool type nuclear reactor, using 
enriched uranium fuel elements together with a heavy water tank as moderator, 
and specially designed to provide neutron beams for fundamental and applied 
research. At full power of 14 Mw, the maximum unperturbed neutron flux reaches 
3><10'4n/cm s and the reactor is operated twenty four hours per day in a three 
months cycle. Twenty horizontal neutron beams can be used in the reactor hall 
or transmitted to a large external hall by cold neutron guides. Several verti
cal tubes allow radioisotope production and activation analysis. In a first 
stage nineteen experimental facilities are planed including thirteen spectro
meters for elastic scattering studies and six spectrometers for spectrometry 
studies. 
Why a new reactor ? 

A new steady state reactor, called ORPHEE, located on the Atomic Energy 
Commission (CEA) site of Saclay (France) is now in operation. It is operated 
by the CEA for the Laboratory Leon Brillouin (LLB) a joint Laboratory of CEA 
and Centre National de la Recherche Scientifique (CNRS), It provides the LLB 
and other French scientific institutions with a up to date medium flux neutron 
source for fundamental research in chemistry, physics and biology. 

When it was decided in 1972 to stop the old EL, reactor in operation since 
1959, it seemed obvious to replace this neutron source, in order to have in 
France neutron beams complementary to those given by the well known High Flux 
Grenoble Reactor (HFGR) : In effect high neutron flux are not always necessary 
for a good experiment, but medium flux are useful to gain some informations for 
experiments planned on the HFGR facilities. The decision to built a steady state 
medium flux reactor was taken in 1975 and based upon the great experience gained 
in the design and construction of the HFGR. This choice allows the recuse of 
experimental facilities set around the old reactor. The ORPHEE reactor is then 
the third modern reactor, built after those of Brookhaven (HFBR) and Grenoble 
(HFGR), specially designed to provide neutron beams for fundamental research. 
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Reactor description 
Basically the reactor design is identical to the HFGR : a core of very 

small size, in order to provide a high neutron density, surrounded by a heavy 
water tank to give a good thermal flux, is cooled by light water. The biologi
cal shielding is achieved by a light water pool and concrete shield. Twenty neu
tron beams are issued by nine horizontal beam ports. 

Construction started on the facility in June 1976 and the reactor first 
went critical on December 19, 1980. Full power operation of 14 Mw started on 
July 16, 1981. After a shut down of five months, from November 1981 to March 
1982, full power operation has resumed on April 5, 1982. 

1)Building and structure (the bracketed number', refer to ligure 1) 
The reactor is housed inside a confinement building (1). It is a reinforced 

concrete cylindrical building of 28 meters in diameter and about 30 meters high 
(wall thickness 0,6m). It is sufficiently tight to assure low leakage. Gasketed 
doors and shut off valves automatically closed, insure the confinement in case 
of emergency. The internal atmosphere, kept at slight negative pressure, is re
circulated and scrubbed to remove any radio-active contamination before exhausting 
it through the stack (8).In the basement are located équipements for control of 
light and heavy water, and Helium compressors for the cold sources. Beam tubes 
serve experimental facilities on the first floor level and the second floor 
provides access to the pool and the top of the reactor. 

Around this main building, there are : 
- three adjacent buildings: the control and office building (2) ;a ventila

tion building (4) ; the neutron guide hall (3) and neutron-radiography annex (10) 
- four separate structures : heavy water plant building (5) ; cooling tower 

for the main reactor system (6) ; air cooler for experimental facilities and 
auxiliary systems (7) {ventilation stack (8). 

2)Reactor core 
The high density core is contained inside a parallelipiped-shaped Zircailoy 

tank of 25 centimeters square section inclosed inside a Heavy water reflector 
tank. Comprised of eight plate-type fuel elements, containing aluminium-enriched 
uranium alloy fissile material cladded with aluminium, its active part is 90 cm 
hight. These elements are disposed on a square lattice, around a central Berylium 
element, and cooled by a downward flow of slightly pressurized de-ionized light 
water. 

There are two types of fuel elements : four control fuel elements with 
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18 plates and two vertically-operated absorbing plates (hafnium) to control 
reactivity, disposed at the corner of the square lattice and four 24-plates 
standard fuel elements on the remaining places. The core lattice is then 
divided in thin (1,27mm) fuel plates separated by narrow (2.1mm) coolant 
channels. This provides a large heat transfert area per unit volume (about 

2 3 0,6m /dm ) and consequently a high specific power, which in turn determines 
neutron flux output. The enrichment used (93Z U-235) yields a high mass of 

3 
U235 per unit volume (104g of U235/dm ). The reactor operates twenty four 
hours per day in about 100-day cycle. The total core is then replenish and 
other maintenance performed during the week that the plant is shut down. 

3) Cooling system - There are two cooling circuits 
- the primary coolant system, which removes heat generated by the 

fissioning Uranium-235 in the reactor core. It is a closed recirculating 
light water circuit. Temperature is about 35°C at the inlet and increases 
by 14°C.with a flow of 810 m3/h. 

- the secondary coolant system, which uses heat exchangers to cool the 
primary system, as well as the heavy water in t'.e reflector tank. This secon
dary system of light water transfers its heat .0 the atmosphere via evaporation 
from a cooling tower. 

4) Reactor shielding 
Biological shielding is achieved by a de-ionized light water pool 4,5 

meters in diameter and 15 meters high, the heavy water tank containing the 
core being located in the middle. The pool is surrounded by a 1.5 meters 
thick heavy concrete wall, reducing the remaining radiation to biological 
and instrument tolerance levels. The overall diameter of the reactor block 
is 7.5 meters. 

5) Neutron sources (bracketed symbols refer to figure 2) 
The ORPHEE reactor is designed to be a medium flux, thermal neutron 

source. But many experiments require low energy (E < 5 meV) or high energy 
(E > 100 meV) neutron beams. For this purpose the thermal moderator is lo
cally replaced by low temperature (cold source) or high temperature (hot 
source) moderators. 

Thermal souTce - It is the heavy water reflector tank(2), 2 meters 
diameter and 2 meters heigh, surrounding the Zircalloy tank. The front end 
of thermal beam (T) arc located near the maximum of the thermal flux 
(360mm from the core axis). 
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cold source (4) - The moderator is liquid hydrogen. An helium refrigerator 
liquefies continuously hydrogen gas inside a condensor. Liquid hydrogen at 20°K 
circulates by thermosiphon between this condensor and a lenticular shape cell 
in stainless steel, hanged inside a vertical tube in front of the beam hole. 
The cell size is small (205mm high, 150mm large and 50mm thick). In order to 
provide cold neutrons to a large number of experimental facilities, two cold 
sources are located inside the heavy water tank at a distance of 400mm for the 
core axis (4). 

Hot source(3) - It is a cylindrical graphite block, 120 mm diameter and 
200mm heigh, located in a vertical tube, at a distance from the core (270mm) 
sufficient to reach a temperature of 1400°K only by radiation heating. 

6) Beam holes (bracketed symbols refer to figure 2) 
Nine horizontal beam holes, tangent to the core (1) are going through 

the biological shielding and provide twenty neutron beams : two per standard 
beam hole (9) and four in a double beam hole (11). 

Due to the relatively small size of the reactor block, there are only 
seven beam ports inside the reactor hall : 

- four located on the thermal flux (T) 
- two located on the hot source (H) 
- one located on a cold source (C) 

The front window in Aluminium alloy is a vertical rectangle (150mm heigh, 80mm 
large), and the distance between source and exit window is about 4.5 meters. 
Beam holes are filled with Helium gas at a pressure slightly above the atmos
pheric pressure. Biological shielding is achieved by heavy concrete plugs 
where horizontal holes (collimators) defining the neutron beam size and diver
gency. These plugs include a beam shutter. 

Two beam holes, each located on a cold source (10 and 11), provide six 
neutron beams to a large external experimental hall (13 and figure 3) by means 
of curved neutron guides. They are rectangular tubes (inside size 15 an heigh, 
2,5 cm large) built with thick, nickel coated, glass plates. The characteristics 
of these neutron guides are given on table 2. 

The reactor can also be used to produce radioisotope and to perform neu
tron activation analysis in thirteen vertical tube (12) disposed inside and 
outside the reflector tank. 



- 5 -

Experimental facilities 
The ORPHEE medium flux source will be used in the following research 

fields : 
- collective motions (phonons and magnons) 
- soft modes and phase transition 
- liquids and amorphous materials structure 
- polymer physics 
- nuclear and magnetic structures 
- electronic structure of magnetic alloys 

In a first stage only "classical" spectrometers are built, and special 
efforts have been done do gain intensity on the sample. For example by 
shortening the sample-source distances, use df large vertical beam size 
and vertically bent monochromators. A great care has also been taken in the 
design and building of the biélogical shieldings in order to reduce the back
ground. Data acquisitior and spectrometer control is done by small computers, 
linked to a main computer for data reduction. By the end of 1982, nineteen 
experimental facilities will be in use on various neutron sources, the layout 
of which is shown in figure 3. Their characteristics are briefly described 
below, bracketed numbers refer to beam holes number. Some of them are built 
in collaboration with foreign scientists. 

1) Elastic scattering instruments 

Thermal source 
- powder spectrometer (3T) - This spectrometer is at present used to 

study nuclear antiferromagnetism. A large choice of incoming wavelength is 
achieved by use of four monochromators. 

- High resolution powder spectrometer (3T) - A large Bragg angle is 
used (with Ge monochromator) together with low divergency collimators. The 
data acquisition time is reduced by the use of a bank of 10 Helium-3 detec
tors. 

Hot source 
- Polarized neutrons difractometer (5C) - Polarization is achieved by 

Heussler alloy monochromator. The used of short wavelenght give access to 
large momentum transfer. 

- Four-circle spectrometer (5C) - Built by german scientists from the 
KARLSRHUE center. Intensity can be recorded at large momentum transfer value 
with low absorption and small extinction corrections. 
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- Liquid and amorphous materials study spectrometer (7C) - The use of 
short wavelength together with a set of three monochromators (two Ge and Copper) 
gives access to a wide range of scattering vector. Data are recorded with a 
large linear detector (26 - 128 degrees). 

Cold source 
- Neutron diffraction under high pressure (4F) - Use of cold neutron beam 

and double graphite monochromator allows data recording with continuously va-
e o 

riable wavelength (2A < X < 6A) at fixed scattering angle. This avoids bragg 
scattering from the high pressure cell (P < 35 Kbar). 

- Powder diffractometer (G4) - Classical double axis spectrometer with 
e 

graphite monochromator (incident wavelength 2-6A),set on neutron guide, Good 
resolution is related to the guide collimation. 

- Polarized cold neutrons spectrometer (G5) - It will be used for deter
mination of spin dependent scattering amplitude by interaction of polarized 
cold neutrons with polarized nuclei. 

- Diffractometer for texture studies (G5) - It is a classical four-circle 
spectrometer. 

- Diffuse scattering spectrometer (G3) - It is designed to study local 
order and moment distribution in ferromagnetic alloys. It can be used with 

o 

polarized or non-polarized cold neutron beam (wavelength X * 5A) in order to 
avoid bragg scattering. The scattered intensity is recorder with a linear 
detector (400 cells). 

- Isotropic sma11 angle scattering spectrometer (Gl) - Using long wave
length (X > 6A) and a flight path of 5 meters, spatial organization in the 

-3 °-i -i o_i 
range 3,5 * 10 A to 2 x 10 A will be studied. A ring shaped multide-
tector (30 rings) allows fast data acquisition. 

- Anisotropic small angle scattering spectrometer (G2) - Equipped with 
2 . . — — — . 

multidetector, 64 * 64 cm in area, with 16000 counting cells each 5 x 5nt 
in a planar square matrix arrangement, this spectrometer is designed for ex-

-3 °—1 8-l périments in the scattering vector range 8 x 10 A to I A , 

- High resolution small angle scattering spectrometer (G2) - It is a 
double axis spectrometer with pyrolitic graphite monochromator at X"5 A, and 
fine collimation before and after sample. Accurate scattering vector depen
dence of the scattered intensity can be studied. 



- 7 -

- Neutron Laue spectrometer (G3) - The laue technique is a good net hod 
to detect transitions in function of temperature or pressure : appearence of 
new spots in the reciprocal lattice are recorded a photographic nethod using 
2nS-FLi scintillators. 

2) Inelastic scattering spectrometers 

Thermal source 
Triple axis spectrometer (1T)~ 
Triple axis spectrometer (2T)-
These two machines will be used for studies of energy transfer in 

the range 0.3 to 20 THZ (1,5 to 80 meV). The second one is built by german 
scientists from Karlruhe. 

Cold source 
Triple axis spectrometer (4F) 
Triple axis spectrometer (G4) 
These spectrometers are designed for the study of soft modes and low 

energy phase transition. The second one is built by Austrian scientists 
from the O.A.W. 

Time of flight spectrometer (G6) - A good wavelength determination is 
achieved by the use of six choppers. This spectrometer, specially design for 
studies of low energy transfer interactions, is built by belgian scientist 
from the CEN/SCK Mol. 

3) Special facility 
Cold neutron beam provided by the neutron guide GA is used in an external 

laboratory (number 10 figure 1) for non destructive testing on industrial 
materials (neutron radiography). 

Six other spectrometers are planned : 

on thermal source : two powder diffractometers (6T) 

on cold source - triple axis spectrometer on neutron guide (G4). 
- elastic neutron scattering spectrometer, with mono

chromatic laue and Weissenberg method (G3). 
- neutron spin echo spectrometer for quasi elastic scat

tering studies (G3). 
- Diffuse scattering spectrometer (G4). 



TABLE I 

CHARACTERISTICS OF NEUTRON GUIDES 

(A) 
R 
(•) 

neutron 
guide 

L T 
(•) 

use 

2 4167 G3 
G4 
G5 

49,5 
63,2 
55,9 

Diffraction, inelastic scattering 
diffuse scattering, polarised neutrons 

4 1042 G2 
G6 

39,5 
39,7 

Inelastic scattering, small angle scattering 

6 463 Gl 33,3 Small angle scattering 

X cut off wavelength ; R radius of the curved part ; L_ total length 



FIGURE CAPTIONS 

1 - Buildings and structures 

1 - reactor building ; 2 - control and offices building ; 
3 - neutron guide hall ; 4 - ventilation building ; 5 - heavy 
water plant ; 6 - cooling tower ; 7 - air cooler ; 8 - stack ; 
9 - pneumatic rabbit channels ; 10 - neutron radiography annex. 

2 - Cross section of the bean holes 

1 - core ; 2 - heavy water reflector (thermal source) ; 3 - hot 
source ; 4 - cold source ; 5 - pool ; 6 - reactor tank ; 
7 - vacuum annulus ; 8 - pool liner ; 9 - standard beaa hole ; 
10 and 11 - neutron guide beam holes ; 12 - vertical beaa holes ; 
13 - to neutron guide hall ; 14 - reactor hall. 

3 - Lay-out of experimental facilities 

Beans are numered froa 1 to 7 in the reactor hall. The letters 
corresponds to the neutron source (T thermal, F cold, C hot). 
Neutron guides are numbered from Gl to G6. 
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