
COMMISSARIAT A L'ENERGIE ATOMIQUE 

CENTRE D'ETUDES NUCLEAIRES DE SACLAY 
Service de Documentation 

F9II91 GIF SUR YVETTE CEDEX 

UPGRADING CF THE BUDAPEST REACTOR 

CEA-CONF— 8631 

R4 

CEA-DPh. G .LLB-SDN—86-42 

R03TA, L. Central Research I n s t i t u t e for Physics, Budapest 
^Hungary) 

Communication présentée à : Workshop on neutron physics 
Budapest ^Hungary) 
8-10 Oct 1986 



UPGRADING OF THE BUDAPEST REACTOR 

L. BOSTA 
Central Research Institute for Physics* 

1525 Budapest, P.O.B. 49, Hungary 

IimODOCTIOfl 
The WWR-SK reactor at the Central Research Institute for Physics 

(KFKI) was stopped for a two years period of reconstruction at the 
end of April, 1986. This steady state research reactor played a 
pioneering role in establishing reactor physics and nuclear engineering 
in Hungary, and it was successfully used for different research, 
application and training purposes during nearly three decades. 

The Soviet designed reactor was started at 2.5 MW power in 1959 ; 
then the core was reconstructed in 1967 s 5 MW power and 4.5 x lO^n/cm-3 

flux was developed by using WWR-SM type fuel elements of 36 7. 2 3 5 U 
enrichment and H2O + Be combined reflector. 

The increasing importance of neutron sources, high demand for 
irradiation and experimental facilities as well as improved safety 
requirements in the 'eighties, necessitate not only a technical 
modernization of the Reactor but an overall upgrade including 
instrumentation. Such a reconstruction was decided by the Hungarian 
gouvernement in 1983. 

REACTOR 
*-A complete renewal of the Reactor and its equipments will be carried 

out. The water tank, core-tank with Be-reflector, primary and secondary 
water circuits with pumps, electric power system, emergency electric 
power supply, control and safety rods and their mechanisms, water 
treatment and ventilation equipments will be entirely changed. New 
safety cooling system will be installed. Overall renovation of the 
environment (buildings, electricity, etc ...) is under way. 

* Presently at the Laboratoire Léon Brillouin, 
CEN-Saclay, 91191 GIF/YVETTE (France) 
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The multipurpose utilization of the Reactor claims a rather extended 
core (l m diameter) to achieve at the same time important volumes 
for irradiation facilities and reasonably high neutron flux. The thermal 
power may increase over 20 MW, but at the restart, the core will be 
composed with 134 -actually available- 36 7. enrichment fuel elements, 
and the Reactor will be operated at 12-14 MW power. Later new type 
(WWR-M5) 22 7. enrichment fuels will be introduced and the same neutron 
flux will be provided at 20 MW level. The active zone will be surrounded 
by a 180 mm Be-reflector inserted into the H2O pool. The Reactor 
will be operated by 17 B4C control and safety rods as well as an 
automatic B4C control rod. 

The core will contain irradiation holes with different geometrical, 
flux and spectral characteristics, for example 6 neutron traps (thermal 
neutron flux 9cj, » 2.1 x 10** n/cm2 s), 1 fast neutron pneumatic post 
hole (6 f - 8 x 10 1 3 n/cm2 9>» e t c ••• 

For neutron beam experiments different types of horizontal channels 
have been designed. Seven of the old beam tubes will be kept as radial 
channels, five of them starting from the Be-reflector to give a thermal 
neutron flux at the outside of about 8th • 2 x 10^ n/cm2 s ; and 
two of them will directly look at the fuel elements to provide fast 
neutrons Of ^ 1.8 x 10* n/cm2 s). A new hole will be drilled for 
a tangential thermal neutron beam, and the former thermal column hole 
will be used -also in tangential position- to install a moderator 
cell to provide cold neutron beams for scattering experiments. Extra 
Be-packing has been designed for the take-off position in the core 
of these tangential channels to achieve a flux of 
about 8 th • 10 l* n/cm2 • ) . 

USE! ACTIVITIES 
As Che most important application of the upgraded eactor, 

radioisotop production (performed by the Institute of Isotops of the 
Hun. Ac. Scl.) will be continued by using the irradiation facilities 
increased as much as ten times relative Co the previous core. Another 
industrial application, homogeneous dopping of silicon by neutron 
irradiation is planned for microelectronic devices (Microelectronic 
Res. Inst.). 



The upgrading aimed essentially to improve basic and applied 
research possibilities. The major activities are planned as follows : 

- activation analysis laboratories are planned to be modernized, 
especially the pneumatic post system will be renewed (Atomic 
Energy Res. Inst.) ; 

- irradiation damage investigations of materials will be continued 
(Atomic Energy Res. Inst.) ; 

- as applied research program non-destructive test ' of materials and 
construction elements by neutron scattering and neutron radiography 
will be carried out (Solid State Physic* Res. Inst, instrumentation : 
see last chapter) ; 

one of the fast neutron channels will be used for nuclear spectros
copy experiments by n,n'-gamma reactions (Institute of Isotops) ; 

the other fast neutron channel is destinated to biological 
investigations using a large diameter sample cavity and a filter 
system to attenuate different components of the beam (Atomic Energy 
Res. Inst.) . 
Beside the mentioned projects reactor physics, nuclear physics 

(fission), safeguard experiments and training are also envisaged. 

NEUTRON SCATTERING 
The main research activity will remain the neutron scattering, 

which is a uniquely powerful tool for the study of the structure, 
elementary excitations and phase transitions in condensed matters. 
The Reactor upgrade makes possible to continue the KFKI traditions 
in this research field at higher level due to such improvements as 
the gain in flux (a factor of five), and the new installations e.g. 
the cold source, tangential channel, neutron guides, etc ... 

The future neutron scattering activity -as required by new trends-
will assentionnaly concentrate on cold neutron facilities. A liquid 
^-moderator introduced horizontally into the thermal column hole 
(Fig. 1) will provide cold neutrons taken off by three glass mirror 
guide tubes (25 x 100 m 2 ) . The in-pile part of the guides will be 
coated by isotop 5 8Ni. A 14 x 25 mm2 new building will join to the 
reactor hall to install equipments on the neutron guides. 



The lay-out of the Reactor hall experimental arrangements are 
shown in Flg.l indicating the destination of the horizontal channels 
(beam tubes 1 and 9 will be closed for geometrical reasons, while 
channels 6 and 8 are free for different kinds of experiments). The 
neutron guide hall geometry and equipments are represented in Fig.2. 

mSTtPMEBTATIOa 

At the tangential channel (T) a modernized version of the previously 
used "Edina" two-axes device will be installed, aiming basicly to 
structural studies of polycrystalline, amorphous and partially ordered 
systems. As main improvement on this diffractometer, a multidetector 
will be adapted (either a "banana"-type detector or a home developed 
linear position sensitive counter bank). 

Channel N° 2 will be equipped by a dynamic radiography instrument 
providing process recording in closed volumes by neutron and/or gamma 
ray transmission. This device will mainly serve for non-destructive 
industrial investigations. 

The reinstallation of the existing three-axes spectrometer for 
diffraction and classical inelastic measurements is foreseen on the 
guide 1 coated by ^°Ni up to this monochromator (pyrolitic graphit). 
The monochromator shielding will be redesigned for the guide position 
and also to build-in a mechanical velocity selector for harmonic 
filtering. 

The end position of this guide 1 will be occupied by a cold neutron 
radiography equipment deatinated mainly to high contrast imaging of 
the inside of metallic objets in the absence of Bragg-scattering. 
(Free positions will be available on this guide to install monochromator 
devices). 

High Importance will be given to the construction of a small angle 
scattering instrument on the guide 2. Structural features in the 10-
10* A spatial range of condensed systems, different objects for 
application in metallurgy, chemistry, etc ... are planned to be 
investigated. The cold monochromatic beam will be supplied by a 
mechanical velocity selector (KFKI) placed into the shielding 
compartment of the guides in the reactor hall. A guide section, 



collimator system, sample chamber and f l ight path wi l l be followed 

by a 64 x 64 cm2 XY area detector (LETI, France). 

For high energy resolution studies a neutron spin echo (NSE) 

spectrometer wi l l be constructed in cooperation with the Leningrad 

Nuclear Physics - i s t i t u t e . On the guide 3 a velocity selector wi l l 

be followed by a Co-Fe polarizing guide. The NSE components for a 

vert ical ly polarized beam wi l l be as follows : supermirrors as polarizer 

and analyzer, hard magnetic f o i l s as n and ir/2 f l ippers, electromagnets 

for precession f i e lds , and a detector bank of 20 3He counters. 

To sum up : as a result of the current upgrading a medium size 

multipurpose reactor wi l l be restarted in 1988 offering wide 

experimental and irradiation p o s s i b i l i t i e s open for any form of 

s c i en t i f i c and application cooperation. 

FIGURE CAFTIONS 

TiguAZ 1 - HorUzorvtoJL beam zquipmznt* at thz ZO MW Budapest Reactoi. 
C i cold iouAcz ; / : nzutAon guide* ; 2 : ikizlding ; 3 : beam 
hhuXtex ; 4 : velocity izlzctoA* ; 5 : cold IOUA.CZ installation* ; 
6 : ain conditioned n.oom* ^on. electronic* ; - 7 : Boiic acid tank 
shielding/, ; S : beam capture*. ln*Vumznt* at thz channel* : 2 -
nzutAon/garnma-AadiogAaphy, 3 - thermal channel [gAopkiXz block*), 

4 - n, n' -p nuclear 4pe.ctA.oicopy, 5 - biological irradiation, 7 - nuclear 
(i*ilon reaction zxpzrimznt*, X - tangential channel, di^Aactomzter. 

figure 1 - The. ichemz oi the new guidz hall ion cold neutron 
InitrumzntA. 1,2 i neutron guide* ; 3 : polarizing goûte ; 4 : velocity 
*zlzcton* ; 5 : thrzz-axe* ipzctromzter ; 6 : $AZZ munochromatoA 
position* ; 7 : neutron AadiogAaphy ; 8 : tmall anglz scattering ; 
9 : neutron Spin echo spzctAomzter. 
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