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INTRODUCTION
The Institute of Atomic Energy emerged in 1983
as one of three independent research institutes
formed on the basis of the Institute of Nuclear
Research founded in 1955.
IEA operates and develops the only one in
Poland research reactor MARIA of 30 MW (th).
In 1998 the reactor was used mainly for the
production of radioisotope materials for medicine
and for neutron scattering studies. The Reactor
Centre of IEA continued also decommissioning of
the reactor EWA which was shut down in 1995
after 37 years of continuous operation.
Originally, the main task of IAE was the
research in the field of the nuclear reactor physics
and development of techniques needed for
nuclear power plants operation and maintenance.
Since nineties, the priorities of IEA were
broadened and at present they lie in areas of basic
and applied research relevant for sustainable
development of pro-ecological energy systems as
well as for applications of new nuclear
technologies in medicine and industry.
This includes nuclear and non-nuclear energy
research, energy-related ecology, radiation
protection, radioactive waste management,
material sciences, nuclear methods of condensed
matter physics and computer model calculations
for assessment of risk from industrial and nuclear
installations.
Looking forward to the possible construction
of a nuclear power plant in Poland, we have
reinforced the long-term component of our work
which concerns future concepts for nuclear
energy including eco-inventories of selected
electricity power supply systems of the future,
advanced fuel cycles, and safety features of
modern reactor concepts.
The highlight of the 1998 was the beginning
of Strategic Governmental Programme on
radioactive waste and spent fuel management in
Poland which was initiated in the end of 1997.
The programme is supervised by the National
Atomic Energy Agency and consists of three
main parts. The first part relates to updating of the
existing regulations with the aim to create a legal
and organisational systems that would be fully
consistent with the present standards accepted in
the European Communities. The second part is
devoted to preparations for major projects
concerning the waste and spent fuel management
in the future and includes several technical
undertakings. The third part is a research project
co-ordinated by the IEA with the following main
objectives:

-

development of the technology of liquid waste
treatment by use of the membrane techniques
i.e. reverse osmosis and ultrafiltration;
- studies on transmutation of radioactive
wastes.
- investigation of the present state of the spent
fuel stored in Poland and development of the
policy for future storage (carried out at the
IEA);
- investigations of materials used and foreseen
for construction of engineering barriers in
waste repositories (the main part carried out at
the IEA).
Like in previous years, the research and
development activities in the field of radiation
protection concerned mainly the dosimetry of
mixed radiation fields. In 1998, the achievements
on development of recombination methods for
dosimetry of high-energy radiation fields were
honoured with the annual award of the Polish
Society of Radiation Research.
Research in the field of condensed matter
physics were based mainly on the use of neutron
and X-Ray radiation scattering and Mossbauer
techniques.
Neutron scattering constitutes the main
research area of the Regional Laboratory of
Neutronography. Neutron scattering measurements provide information on an atomic scale
about the static and dynamical properties of
matter which, in many cases, is obtainable in no
other way. The instrumentation set up at the
horizontal channels of the nuclear reactor
MARIA is considered as a home base for Polish
research groups. It also constitutes a special
potential for training and giving opportunities to
the younger generation. A good example of the
research performed in 1998 in the laboratory are
the systematic experimental studies of the lattice
dynamics of the Feo.63Nio.32Coo.05 Super Invar
performed with the aim to investigate the role of
thermal phonons in anomalous physical
properties of the Invar alloy.
Within the program of extended studies of
magnetic excitations in itinerant antiferromagnetics, the presence of uniaxial spatial anisotropy
was clearly demonstrated for the fee Mn(38%Ni)
alloy. This was the first observation of anisotropy
in a system with full cubic symmetry of both the
crystal and magnetic structure.
Neutron diffraction technique was used for
successfully performed investigations of phase
transitions in some ionic conductors containing
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uranium ions and magnetic properties of rare
earth compounds. In particular, the magnetic
properties have been examined in ErGa3 in which
the exotic magnetic structure represented by a
sinusoidal modulation of magnetic moments has
been found. Moreover, detailed study of the
temperature evolution of magnetic ordering
revealed an abrupt reorientation of magnetic
moments resembling a first order transition.
Mossbauer spectroscopy at 161Dy and 57Fe
nuclei was used to study magnetism in rare earth transition metals compounds which are
intermetallics of both scientific and practical
interest. The most interesting problem in these
compounds is a coexistence between the 4f and
3d atomic electron shell magnetism. The
measurements were performed at low 4.2°K
temperatures for the Dy[(Feo.4Coa6)i-xAlx]2
system and other compounds. It was found that
the magnetic hyperfine fields measured at iron
and dysprosium nuclei treated as functions of an
average number of 3d electrons calculated per
transition metal crystal site, form two different
Slater - Pauling curves.
New modified semiconductors were studied
using synchrotron radiation based X-Ray methods
(white beam topography,
monochromatic
topography and diffractometry). The investigation
were performed for multicomponent AmBv
semiconductors modified by ion implantation and
post-implantation thermal treatment, multiple
epitaxial layers, porous layers and epitaxy
deposited on porous layers as well as structures
obtained by direct bonding.
Several structures of new potentially
biologically active organic compounds and their
complexes have been determined using X-Ray
diffraction methods. The investigation revealed
both conformation-reactivity relationships and
noncovalent bonding
features
influencing
pharmacological activity of studied molecular
assemblies.
In order to study with any success the safetyrelated operational problems or the movement of
atmospheric
pollution,
computer
model
calculations are needed. The method of the
probabilistic risk assessment for industrial
installations was developed for the prediction of
the impact of industrial accidents on environment.
The Institute is involved in the development of
the decision support system for nuclear
emergencies in Europe (RODOS), which is a joint
project of about thirty European institutions
supported by the European Commission.
Considerable progress was achieved in
development of linear algebra methods when a
new class of efficient iterative algorithms was
found for solving linear equation systems.
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Some important studies were performed for
improvement of the operation of the MARIA
reactor. Among them were investigations devoted
to detection of simulated boiling by neutron flux
measurements, thermal analysis of the 36% U235 enriched fuel and development of the
program package TRTREMA to assist reactor
operators in their decisions on fuel elements
reload.
Among the main achievements in the area of
new technologies were: development of
autoradiography of paintings at MARIA reactor,
upgrading of the Co0.92-Fe0.o8 crystal polarising
monochromators, grow of very large copper
crystals, development of neutron emission
method for measurement of fissile material
content in spent fuel and studies on removal of
volatile organic compounds from industrial off
gases by electron beam irradiation.
The scope of the accreditation of the Material
Research Laboratory in the Polish Centre for
Testing and Certification and in the Office of
Technical Inspection was extended to the nondestructive investigations.
As in previous years, IEA organised a number
of conferences and seminars. Among them were
already traditional International School and
Symposium on Physics in Material Science and
Seminar on Material Investigations for Power
Stations and Power Industry.
A significant part of the research in IEA is
performed in a collaborative effort with
international partners among which are:
International Atomic Energy Agency, CERN,
Joint Institute for Nuclear Research in Dubna
Gesellschaft fur Reaktor Sicherheit (Karlsruhe,
Germany),
Physikalisch
Technische
Bundesanstalt (Germany), Energy Centre of
Netherlands (Petten) and CECJoint Research
Centre in Ispra (Italy). In the area of neutron and
condensed matter physics ties are kept with:
DESY-HASYLAB (Hamburg), Paul Scherrer
Institute
(Switzerland), Laboratoire
Leon
Brillouin (Saclay, France), Institute of Metallurgy
and Metal Physics (Moscow).
Additionally to the research programme, the
IAE is responsible for radioactive waste
management in Poland and provides specialised
services in collection, treatment and storage of
radioactive waste for various customers. The
Radioactive Waste Management Department
(ZDUOP) of the IAE is in charge of all the above
duties as well as of the transport of conditioned
waste to the radioactive waste repository (KSOP)
in Rozan and of the operation of this repository.

Organization Scheme
Director

Research
Reactor
Center

Radioactive
Waste
Management
Department

Radiation
Protection
and
Dosimetry
Department

Deputy Director
for Science

Research
Groups
Quality

X

Assurance
Department
Laboratories

Deputy Director
for Investments

Investment
and Construction
Department

Deputy Director
for Finance and
Administration

Finance
Department

IAE ANNUAL REPORT 1998

General Information

MANAGING STAFF
Director

Jacek J. Milczarek, M.Sc.
till 16 October
Krzysztof Wieteska, Ph.D.
from 16 October

Deputy Director, Science

Krzysztof Wieteska, Ph. D.
till 9 November
Natalia Golnik, Ph.D., D.Sc.

Phone (22)718-0001

Phone (22)718-0004

from 9 November
Deputy Director, Investment

Phone (22)718-0003
Henryk Michalowski, M.Sc.

Deputy Director, Economy

Phone (22)718-0002
Jerzy Kaznowski, M.Sc
Wladyslaw Mieleszczenko, M.Sc.
Phone (22)718-0080
till 15 April
Grzegorz Krzysztoszek, M.Sc.
from 16 April

Director, Research Reactors Centre

Wlodzimierz Tomczak, M.Sc.

Director, Radioactive Waste
Management Department

Phone (22)718-0092

RESEARCH GROUPS
A-l

Dosimetry of Mixed Radiation

N. Golnik, Ph.D., D.Sc.

Phone (22) 718-0004

A-8

Mossbauer Research

L. Dajbrowski, Ph.D.

Phone (22) 718-0055

A-9

X-Ray Studies

J.K. Maurin, Ph.D.

Phone (22) 718-0148

A-10

Crystal Growth

S. Bednarski, Ph.D.

Phone (22) 718-0050

A-11

Methods of Radioactive and Hazardous
Waste Treatment

J. Oglaza, Ph.D.

Phone (22) 718-0027

A-12

Analysis of Pollutants Propagation and
Assessment of Risk from Industrial
Installations

M. Borysiewicz, Ph.D.

Phone (22) 779-9201

A-14

Numerical Linear Algebra in Reactor
Physics

Z.I. Woznicki, Ph.D.

Phone (22) 718-0205

A-16

Nuclear Power

J. Szczurek, Ph.D.

Phone (22) 718-0022

A-17

Nuclear Ractor Safety Research

E. Borek-Kruszewska, M.Sc.

Phone (22) 718-0008

A-21

Neutron Physics Calculations of Reactor
Core

K. Andrzejewski, Ph.D.

Phone (22) 718-0121

A-22

Nuclear Reactor Fuel Element Processes
Modelling

M. Szuta, Ph.D., D.Sc.

Phone (22)718-00:?
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LABORATORIES
L-l

Material Research Laboratory

W. Szteke, M.Sc.

Phone (22) 718-0061

L-3

CYFRONET Computing Centre

A. Czechowski, M.Sc.

Phone (22) 718-0130

L-4

Regional Laboratory of Neutronography

Prof. A. Czachor, Ph.D.,D.Sc.

Phone (22) 718-0060

K G. Kruszewski, M.Sc.

Phone: (22) 718-0005

OINTEA Scientific, Technical and Economic
Centre of Atomic Energy
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SCIENTIFIC COUNCIL (1995-1999)
The Scientific Council was elected on 23.05.1995 by the scientific, technical and administrative staff of
the Institute. The Council has the right to confer PhD degree in physics.
Krzysztof Andrzejewski, Ph.D.

Institute of Atomic Energy

Mieczyslaw Borysiewicz, Ph.D.

Institute of Atomic Energy

Prof.Andrzej G Chmielewski, Ph.D.,D.Sc.

Institute of Nuclear Chemistry
and Technology

Andrzej Cholerzynski, M.Sc.

Institute of Atomic Energy

Prof. Stefan Chwaszczewski, Ph.D.,D.Sc.

Institute of Atomic Energy

Prof. Ludwik Dobrzynski, Ph.D.,D.Sc.

Warsaw University

Natalia Golnik, Ph.D., D.Sc.

Institute of Atomic Energy

Zbigniew Haratym, Ph.D.

Institute of Atomic Energy

Andrzej Hofman, Ph.D.

Institute of Atomic Energy

Rajmund Janczak, Ph.D.

Institute of Atomic Energy

Edward T. Jozefowicz, Ph.D.,D.Sc.

National Inspectorate for
Radiation and Nuclear Safety

Grzegorz Krzysztoszek, M.Sc.

Institute of Atomic Energy

Zbigniew Kucharski, Ph.D.

Institute of Atomic Energy

Teresa Kulikowska, Ph.D.

Institute of Atomic Energy

Prof. Stanisiaw Kulinski, Ph.D.,D.Sc.

Sol tan Institute for Nuclear Studies

Aleksander Kurdej, M.Sc.

Institute of Atomic Energy

Janusz Licki, M.Sc.

Institute of Atomic Energy

Prof. Sylwester Ligenza, Ph.D.,D.Sc.

Institute of Atomic Energy

Edward Maliszewski, Ph.D.,D.Sc.

Institute of Atomic Energy

Prof. JacekMarecki,

Technical University of Gdansk

Ph.D.,D.Sc.

Zbigniew Michalski, M.Sc.

Institute of Atomic Energy

Henryk Michalowski, M.Sc.

Institute of Atomic Energy

Wladyslaw Mieleszczenko, M.Sc.

Institute of Atomic Energy

Andrzej T. Mikulski, Ph.D.

Institute of Atomic Energy

Prof. Andrzej Murasik, Ph.D.,D.Sc.

Institute of Atomic Energy
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Krzysztof Nowicki, M.Sc.

Institute of Atomie Energy

Jan Ogłaza, Ph.D.

Institute of Atomie Energy

Beata Paluchowska, Ph.D.

Institute of Atomie Energy

Janusz Piąstka, M.Sc.

Institute of Atomie Energy

Marek Sawa, M.Sc.

Institute of Atomie Energy

Prof. Zbigniew Strugalski, Ph.D.,D.Sc.

Institute of Atomie Energy

Prof. Jan Suwalski, Ph.D.,D.Sc.

Institute of Atomie Energy

Jan Szczurek, Ph.D.

Institute of Atomie Energy

Włodzimierz Tomczak, M.Sc.

Institute of Atomie Energy

Tadeusz Wagner, M.Sc.

Institute of Atomie Energy

Jan Wasiak, Ph.D.

Institute of Atomie Energy

Mariusz Wieczorkowski, M.Sc.

Institute of Atomie Energy

Krzysztof Wieteska, Ph.D.

Institute of Atomie Energy

Zbigniew Woźnicki, PhD.

Institute of Atomie Energy

Prof. Mieczysław Zielczyński, Ph.D.,D.Sc.

Institute of Atomie Energy

INVITED MEMBERS:
Prof. Andrzej Czachor, Ph.D.,D.Sc.

Institute of Atomie Energy

Prof. Janusz R Mika, Ph.D., D.Sc.

Institute of Atomie Energy

Prof. Bronisław Słowiński, Ph.D.,D.Sc.

Institute of Atomie Energy

Chairman of the Scientific Council: Prof. Stefan Chwaszczewski, Ph.D.,D.Sc.
Deputy chairmen:
Edward T. Józefowicz, Ph.D.,D.Sc., Prof. Stanisław Kuliński, Ph.D.,D.Sc.
Secretary Edmund Kmiotek, Ph.D., Deputy Jan Wasiak, Ph.D.
have been elected by the members of the Council.
Phone of the Secretary (22) 718-0001
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SCIENTIFIC STAFF
PROFESSORS:
Stefan Chwaszczewski, Ph.D., D.Sc

nuclear power and safety

Andrzej Czachor, Ph.D., D.Sc

solid state physics

Sylwester Ligenza, Ph.D., D.Sc

solid state physics

Janusz R. Mika, Ph.D., D.Sc

mathematical methods in physics

Andrzej Murasik, Ph.D., D.Sc

solid state physics

Bronislaw Slowinski, Ph.D., D.Sc

nuclear and radiation physics

Zbigniew Strugalski, Ph.D., D.Sc

experimental physics, nuclear physics
and particle physics

Jan Suwalski, Ph.D., D.Sc

solid state physics

Mieczyslaw Zielczynski, Ph.D., D.Sc

radiation dosimetry

ASSOCIATE PROFESSORS:
Jan Geisler, Ph.D.

analytical and radiochemistry

Natalia Golnik, Ph.D., D.Sc.

health physics, dosimetry

Ewa Hajewska, Ph.D.

metallurgy, corrosion of metals

Edward Maliszewski, Ph.D., D.Sc

solid state physics

Kazimierz Mikke, Ph.D.

solid state physics

Andrzej Strupczewski, Ph.D.

nuclear safety

Witold Szteke, M.Sc.

metallurgy, welding

Marcin Szuta, Ph.D., D.Sc.

technical physics

Wiktor Zyszkowski, Ph.D., D.Sc

nuclear energy and exchange of heat

SENIOR RESEARCHERS:
Krzysztof Andrzejewski, Ph.D.

reactor physics

Stanislaw Bednarski, Ph.D.

solid state physics

Waldemar Bilous, Ph.D.

materials science

Konrad Blinowski, Ph.D.

solid state physics
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Mieczysław Borysiewicz, Ph.D.

applied mathematics and systems
reliability analysis

Witold Bykowski,PhD.

reactor engineering

Ludwik Dąbrowski, Ph. D.

solid state physics

Ludwik Górski, P h D .

solid state physics

Zbigniew Haratym, P h D .

gamma spectrometry

Andrzej Hofman, P h D .

materials science

Jacek Janeczek, Ph.D.

radiation protection, medical physics

Henryk Jędrzejec, Ph.D.

nuclear physics

Krystyna Józefowicz, P h D .

radiation metrology

Edmund Kmiotek, P h D .

nuclear energy

Teresa Kulikowska, P h D .

reactor physics

Jan ICMaurin, Ph.D.

solid state physics

Andrzej T. Mikulski, Ph.D.

reactor physics and diagnostic systems

Jan Ogłaza, P h D .

radiochemistry

Beata Paluchowska, P h D .

solid state physics

Sławomir Potempski, P h D .

computer science and numerical analysis

Krzysztof Pytel, P h D .

reactor physics

Aldona Rajewska, Ph.D.

solid state physics

Elżbieta Strugalska-Gola, P h D .

experimental physics, nuclear physics

Jan Szczurek, P h D .

nuclear safety analysis

Jan Wasiak, Ph.D.

materials science

Krzysztof Wieteska, Ph.D.

solid state physics

Zbigniew I. Woźnicki, Ph.D.

numerical analysis

Piotr Zielczyński, P h D .

computer science, artificial intelligence
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RESEARCHERS:
Elżbieta Borek-Kruszewska, M.Sc.

nuclear energy and exchange of heat

Wojciech Czajkovvski, M.Sc.

nuclear energy and exchange of heat

Piotr Czerski, M.Sc.

nuclear energy and exchange of heat

Andrzej Furtek, M.Sc.

reliability analysis, nuclear physics

Joanna Jankowska-Kisielińska, M.Sc.

solid state physics

Tadeusz Kochański, M.Sc.

materials science

Marek Krasnowski, M.Sc.

materials science

Klemens G. Kraszewski, M.Sc.

radiochemistry

Janusz Licki, M.Sc.

new technology and engineering

Piotr Marks, M.Sc.

nuclear energy and exchange of heat

Jacek J. Milczarek, M.Sc.

solid state physics

Zdzisław Rusinowski, M.Sc.

radiation metrology

Leonard Strzalkowski, M.Sc.

nuclear energy and exchange of heat

Tadeusz Wagner, M.Sc.

materials science

Mariusz Wieczorkowski, M.Sc.

metallurgy, welding

Henryk Wojciechowicz, M.Sc.

computer science and numerical analysis

Andrzej Wojciechowski, M.Sc.

computer science and numerical analysis

Zygmunt A. Wojciechowski, M.Sc.

materials science

FINANCES AND PERSONNEL

Total revenues (MPLN)
Total costs (MPLN)
Total profit/loss (MPLN)
Investments (MPLN)
Total number of employees

1992
8.0
7.9
0.1
5.7
644

1993
9.8
10.0
-0.2
1.8
638

1994
10.5
13.0
-2.5
9.4
573

1995
11.7
15.3
-3.6
4.6
530

1996
15.2
17.4
-2.2
2.7
482

1997
17,3
20,7
-3,4
2,2
445

1998
20,0
22,6
-2,6
1,4
403

Technical Activity
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PL9902626
OPERATION OF THE MARIA RESEARCH REACTOR
Grzegorz Krzysztoszek, Adam Hryczuk, Alojzy Moldysz
Research Reactor Centre, Institute of Atomic Energy
The multipurpose high flux research reactor
MARIA is water and beryllium moderated with
graphite reflector reactor of a pool type with
pressurised channels containing concentric six-tube
assemblies of fuel elements. It has been designed
with a high degree of flexibility. A vertical crosssection of the reactor pool is shown in Fig.l. The

fuel channels are situated in a matrix made of
beryllium blocks and enclosed by lateral reflector
made of graphite blocks in aluminium cans. The
MARIA reactor is equipped with vertical channels
for irradiation of target materials, rabbit system and
six horizontal neutron beam channels.

H3,H8-135cm
H7-115cm
H4, H5, H6 - 95

12J

L3J

1. control rod drive mechanism
2. mounting plate
3. ionization chamber channel
4. ionization chamber drive mechanism
5. fuel and loop channels support plate
6. plate support console
7. horizontal beam tube shutter drive mechanism

8. beam tube shutter
9. fuel channel
10. ionization chambers shield
11. core and support structure
12. core and reflector support plate
13. reflector blocks
14. beam tube compensatorjoint

Fig. 1. Vertical cross section of MARIA reactor

The main characteristics and data of MARIA
reactor are as follows:
• nominal power
30 MW(th)
• thermal neutron flux
density
4.0 x 10'Vcm 2 s
• moderator
water and beryllium
• reflector
grapliite
• cooling system
channel type

fuel element:
— material
U-Al alloy
— enrichment
80%
— cladding
aluminium
— shape
six concentric tubes
— active height
1000 mm
output neutron thermal
flux of horizontal
channels
3+5 x 10s n/cnrs

16
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The MARIA reactor reached its first criticality
in December 1974. The reactor was in operation
until 1985 when it was shut down for
modernisation. The modernisation included refurbishment and upgrading of technological systems.
Especially, efficiency of ventilation and cooling
systems was improved. In 1993 the MARIA reactor
was put into operation again.
The main reactor features are as follows:
— production of the radioisotopes,
— testing of fuel and structural materials for
nuclear power engineering,

—
—
—
—

Technical Activity

neutron radiography,
neutron activation analysis,
neutron transmutation doping,
research in neutron physics.

In 1998 the reactor completed 31 fuel cycles on
power level from 30 kW to 20.4 MW, which gave
the overall operation time of 3109.9 h (see Fig.2).
The core configuration has been changed three
times during reported period and the last one is
shown in Fig. 3.

Fig. 2. Operational chart of the MARIA reactor in 1998

In 1998 the main activities carried out on the
MARIA reactor were as follows:
— irradiation of target materials in vertical
channels and in reactor rabbit system,
— experiments with utilisation of neutron beams
from horizontal channels .
The Isotope Research and Development Centre
was a main customer of irradiated materials and
schedule of the reactor MARIA operation in 1998
was accomplished to meet his requirements. For the
customer following target materials were irradiated:
S. TeO2? Yb2O3) KC1, Sb2O4, Co.
The others customers were: Institute of
Chemistry and Nuclear Technology, Institute of
Physics of the Polish Academy of Sciences,

Academy of Mining and Metallurgy. Many samples
of different materials were also irradiated for
research work at the Institute.
The experiments performed with the use of
neutron beams are described individually in this
Report.
The sterilisation of biological material samples
was accomplished by means of gamma radiation
emitted by the spent fuel elements. The work was
done for Microbiology Institute of Lublin
University.
In the first half of 1998 the reactor corrosion
loop was in operation. The purpose of the research
work was to determine the impact of radiation on
the corrosion phenomena for the samples made of
selected materials.

Technical Activity
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During the reported period, many tasks as
related to the safety reactor operation have been
accomplished. They include tests and refurbishment
of reactor systems, maintenance and upgrading of
some equipment.
Taking into account future needs and
requirements of safety operation the basic technical

V

VI

VII

PB
PAR
PK
%
£)
(J)
safety rod automatic compensation
control rod rod
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documentation of the reactor control system has
been actualised. The base for the new system are
digital modules of PROCONTROL manufactured
by ABB and analogue modules of Hartman-Braun.
In general it can be stated, the MARIA reactor
was safely and successfully operated in 1998

VIII

IX

f~A Q Q irradiation
channels

x
Q rabbit system
channel

o>
lucl
element

movable
I tic I ekni

hcryllium
nine

special aluminium
iiradiatiou block

Fig. 3. Reactor MARJA core configuration (December 1998)
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DECOMMISSIONING OF THE EWA REACTOR
Tadeusz Matysiak, Alojzy Moldysz, Adam Hryczuk
Research Reactor Centre, Institute of Atomic Energy
The pool type research reactor EWA was
constructed in 1958. At the beginning it operated
with nominal power of 2 MW(th). In 1964, 1968,
1970 it was upgraded and its nominal power was
gradually increased to 4, 8 and at end to 10
MW(th). After 37 years of safe and successful
operation EWA reactor was permanently shut
down in February 1995 and the decommissioning
process was started in April 1996.
In the reported period the activities focused on
the following tasks:
1. Surveillance of the reactor facility.
2. Elaboration of the decommissioning documentation.
3. Dismantling of the reactor components.
According to safety requirements in 1998 the
following systems were in operation:
— power supply system,
— ventilation system,
— system of measurements and control,
— system of warning and emergency signalling,
— system of demineralised water production,
— sewage system,
— radiation protection system,
— handling equipment,
— system of the physical protection.
The spent fuel was stored in the special
facilities located close to the EWA reactor. The
facilities consist of two buildings with water pools.
Within the framework of surveillance of the
reactor facility (Task No. 1) the following
controlling activities were being performed:
each week:
— checking of the devices measuring water levels
in reactor biological shield,
— state of the spent fuel storage facilities,
— state of the sewage system,
— concentration of Cs-137 in water of the storage
pools and reactor biological shield.
each month:
— stand-by of warning system,
— stand-by of power generation set in the reactor
emergency supply system.
Within the task No. 2 the following works have
been completed:
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— dismantling technology for the EWA reactor
tank and thermal column,
— technical design of the shielding container for
the reactor core separator and beryllium blocks,
— technical design of the shielding containers for
graphite disks of the thermal column,
— conceptual design for modernisation of ventilation and radiation protection systems of spent
fuel storage facilities,
— technological instructions for dismantling of
core separator and thermal column.
Within the task No. 3 the following works have
been performed:
— construction of the shielding containers for
core separator, beryllium blocks and graphite
discs,
— dismantling of the primary cooling heat
exchangers,
— dismantling of the thermal column and core
separator,
— dismantling of fans and pipes of secondary
cooling system,
— dismantling of the batteries of 220 V and 48 V.
After dismantling of the core separator the
activity of the samples being taken from its sockets
were measured and calculated.
Preliminary results of those calculation and
measurements are given in Table 1.
Table 1. Specific radioactivity of chosen radionuclides in the samples taken from the separator wall
Radionuclide

Calculation
[Bq/g]

Measurements
[Bq/g]

Zn-65

10.3x10"

17.6 xlO 4

Co-60

8.2 x 105

10.0 xlO 5

Every step of the dismantling process has been
performed under supervision of the inspector from
radiation protection group. The doses absorbed by
the workers were within the limits according to the
regulations being in power.
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ACTIVITIES OF THE DIVISION OF RADIATION PROTECTION SERVICE
Bogdan Filipiak, Zbigniew Haratym
Institute of Atomic Energy

The Division of Radiation Protection Service of the
Institute of Atomic Energy is responsible for
handling
all problems concerning radiation
protection in the Institute and in the vicinity of
Swierk Nuclear Centre and of Central National
Repository of Radioactive Waste located at Rozan.
The main tasks are:
- radiation control on the Swierk site
- surveillance of nuclear material safeguards
- radioactive waste control
- emergency radiation protection
improvement of radiation protection
measurements
- personal dosimetry
- sewage water activity measurements
- environmental radiation monitoring.
The following laboratories and facilities are
available in the Division:
- whole body counter
- counter of thyroid activity
calibration laboratory
- gamma spectrometry laboratory
- environmental measurement laboratory
- radiochemical laboratory.
An outline of the Division's activities is presented
below:
Whole body monitoring was carried out for
radiation workers from Nuclear Center (NC)
Swierk and for external customers. 318

measurements were made in 1998; 1 person was
registred with internal contamination more then
1% of ALI (1,12% ALI for 1-131). The results of
measurements of the Cs-137 concentration in
people between 1986 and 1998, are presented in
Fig. 1.
Regular monitoring of Radioisotope Center
radiation workers for iodine contamination of the
thyroid was carried out.
Individual monitoring of radiation workers was
carried out with film dosemeters. Individual dose
equivalents registered were well below the Annual
Dose Limit.
The environmental monitoring within or outside
of the
Center boundaries
includes
the
measurements of direct or stray radiation due to the
operation of reactors, accelerators etc. and the
measurement of radioactivity in samples of air,
river and underground water, precipitation, mud
and vegatation taken at and in the vicinity of the
Center. In 1998 more than 1000 environmental
samples were measured.
The results of measurements show that there is
no registrated influence on the environment and the
population living in the vicinity of the Center due
to the operation of its facilities.
On December 31, 1998 Division of Radiation
Protection Service employed 12 graduated staff
members and 14 nongraduated.

Fig. 1. The concentration of Cs-137 in population after the Chernobyl accident.
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MANAGEMENT OF RADIOACTIVE WASTE
Wlodzimierz Tomczak, Andrzej Cholerzyhski, Jerzy Switalski
Institute of Atomic Energy
In Poland, the Institute of Atomic Energy (IAE)
takes responsibility for the waste management,
activity disposal and for research and development.
The work is supervised by Director of IAE.
The Radioactive Waste Management Department (ZDUOP) of the IAE at Swierk is in charge
of the collection, treatment, conditioning and
interim storage of radioactive wastes arising at the
institute. ZDUOP also collects wastes from outside
laboratories, hospitals and industrial isotope users
for treatment at the IAE. It is further in charge of
the transport of conditioned wastes to the
radioactive waste repository (KSOP) in Rozan and
the operation of this repository.
There are 42 people working in the Radioactive Waste Management Department, five of
them are university graduates. R & D are
performed by people from various research groups
of the IAE and from other scientific institutes.
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Waste arisings
Radioactive waste come; from research reactors,
scientific and educational institutions, industrial
organisations and hospitals. At present there is one
20 MW reactor working at the Institute of Atomic
Energy. Second reactor - EWA is in the
decommissioning phase. More then two thousand
laboratories are scattered over the country. Only
low- and intermediate level waste is produced. The
spent high activity gamma sources are transported
back to the supplier abrod, but a number of them,
mainly of Soviet origin, still remain at the users
place.
About 70% of total amount of waste is produced at Swierk Centre. Rest 30% come from
isotope application, mainly for medical purposes
(diagnostics, therapy).
In 1998, about 505 m3 of low- and intermediatelevel liquid waste, 100 m3 of low- level solid waste
and 20 m3 of alpha contaminated waste were
collected, transported and treated at IAE-Swierk.
The diagram of the radioactive waste
management system is shown in Fig.l.
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Fig. 1. The diagram of the radioactive waste management system in Poland

Waste treatment and conditioning
ZDUOP is equiped with the following facilities
required for treatment, conditioning and storage of
all collected waste:
• chemical treatment station - 30 m3/d,
• hydraulic press 12 T,
• conditioning of spent ion- exchange resin unit
- 10 nr7y,

•
•
•

•
•

bituminization plant - 25 dm3/h evaporated
water,
cementation plant - 2,4 m3/d (12 of 200 1
drums),
low- and intermediate level liquid waste storage
farm consists of 6x50 m3, 2x4 m3, 3x1,6 m3 and
1x300 m3 tanks,
temporary storage facility at Swierk Centre,
central repository in Rozan.
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The low- level liquid waste were treated with
use of mixed synthetic inorganic sorbent composed
out of barium carbonate and copper ferrocyanide.
Decontamination factor achieved was 30.
Precipitate obtained was further subjected to the
bituminization. Intermediate - level liquid wastes
were concentrated by evaporation. The concentrate
was conditioned by cementation. The solid wastes
were sorted. About 60% of total volume of the
wastes were subjected to the bailing technics with
use of hydraulic press. Volume reduction factors
obtained were ranging from 3 to 5 depending on the
type of waste. Ion-exchange resins were
conditioned by dewatering, drying and mixing with
polyester resin. The solid and conditioned wastes
were packed into the standard metal drums, zinc plated or varnished on both sides.
In 1998 ZDUOP collected from different
enterprises more than 26.500 thousand smoke
detectors containing plutonium sources. Smoke
detectors were dismantled and plutonium sources
separately immobilized in 1 dm3 metal box with use
of polyester resin. Metal boxes were subsequently
placed in 50 dm3 zinc-plated metal drum and
grouted. Other parts of the smoke detectors when
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use of mixed synthetic inorganic sorbent composed
plutonium contamination did not exeed the
clearence level, had been released from the
radioactive material restrictions. ZDUOP has been
also collected 451 spent radium sources (226Ra)
which total activity was 78 GBq. Radium sources
were immobilized with the glass and placed into the
brass container. Subsequently the brass container
was located in the storage container and transported
to the repository. Storage container for spent radium
sources is shown in Fig. 2.

Diatornite
Carbon steel
overpack

Stainless steel
container

Fig. 2. Storage container for spent radium sources
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The diagram of the radioactive waste treatment
and conditioning at the Institute of Atomic Energy
is presented on Fig. 3.
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Fig. 3. Radioactive waste treatment and conditioning
at the Institute of Atomic Energy - Swierk
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Waste storage and disposal
The "National Radioactive Waste Repository
(KSOP) is located in Rozan, Ostroleka District, 90
km from Warsaw and is in operation since 1961. It
is superficial type repository and considered as a
final disposal site for low-and medium-level waste
containing beta and gamma isotopes and as a
temporary storage site for alpha bearing waste.
Total volume of the waste stored at Rozan
repository is about 3100 m3 (without backfill,
sealing and shielding materials) and is activity on
31.12.1998 was equal to 35,687 TBq.
In 1998 about 66 m 3 solid and solidified waste
were transported to KSOP for storage or final
disposal. Total activity of these wastes, including
more than 700 spent radiation sources, was 4,51
TBq before decay and 1,96 TBq after decay equal
with 2 ALI = 7.680.361. Activity of radioactive
waste stored in Rozan repository is demonstrated
on Fig. 4 and Table 1.
Technical developments and investment
A new evaporation plant is under construction. This
is forced circulation type evaporator of the capacity
of 300 dm3/h. Basic apparatus and auxiliary
installations have been tested. Results obtained
showed that cooling system must be improved.
Construction will be finished in the midle of '99, a
new dosimetric system and sampling system must
be installed. It is expected that evaporator will be
ready for commissioning by the end of year.
The method of organic liquid waste treatment
has been developed. This method is two stage
process:
• absorption of organic liquids (oils, solvents) on
silica gel
• immobilisation of absorbing material with
polyester resin.
Incineration has not been considered because of
relatively small volume of organic waste - 2 m3/y.
A new technology of conditioning of spent ion
exchange resin has been also developed. It is based
on use of portland cement modified with Ekobent
(retarding
agent),
polypropylene
fibers
(anticracking agent) and other additives.
Conditioning of spent ionexchagers will be
carried out with use of existing at IAE cementation
plant.
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Table 1. Activity of radioactive waste
stored in Rozan repository in the
years 1.01.1961-31.12.1998
Year

19R1
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

activity before
decay
/TBq/
n r>87
3,085
1,433
4,711
4,392
4,023
2,791
3,219
5,920
2.433
8,520
2,701
13,569
5,628
10,919
9.800
8,601
12.437
21,388
7,276
4,972
5.109
3,680
9.100
5,399
4,995
5,899
4,447
2,826
3.111
2,667
3,220
1,539
4.577
7,395
4.253
2.911
4.512
213,542

total activity after
decay
on 31.12.1998
/TBq/
n n??
0 255
0,528
1,145
1 805
2,238
2647
2,850
3,239
3,547
3,874
4,053
5 532
6 118
8,083
8,725
9,254
9,827
10,560
11,389
11,993
12,680
13,175
13,992
15,015
15,949
17,105
18.119
19 052
20,019
21,059
22,877
23,755
25,558
30,696
32,036
33,725
35 687
X

'10

35

30

25

><

20 15
10

BD.D.IIHIIIan.n.D.J.II.O.D.D
Years
imftiWfl activity in particular year
without decay

-total activity
calculated on 31.12.98r.

Fig.4. Activity of radioactive waste stored in Rozan repository
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MATERIAL RESEARCH LABORATORY IEA
The Material Research Laboratory of the Institute
of Atomic Energy is engaged in the research works
covering all aspects of materials engineering and in
the technological processes developed in the
domain of powder metallurgy, welding, brazing and
soldering. The investigations are carried out on
both structural materials and their welded joints,
including the examinations of irradiated materials.
The Laboratory is equipped with modern devices
for the scientific and applied research of materials.
All work in MRL are carried out according to the
Quality Assurance Program.
The MRL incorporates the Hot Laboratory
which was put into operation in February 1993 after
the authorization by the National Inspectorate for
Radiation and Nuclear Safety. The facility was
designed to provide maximum flexibility for a
broad research programmes involving the
metallurgical, physical, and chemical testing of
irradiated reactor structural materials.
The main part of the laboratory is the set of 12
hot cells with the lead shielding suitable for
handling of radioactive materials up to 4 TBq
related to ^ C o . Every cell is equipped with up-todate sophisticated devices for the examination of
radioactive materials. The main equipment
includes:
- Instron 8500 Dynamic Testing System with
two 100 kN frames for testing of tensile strength,
compressive strengh, low cycle fatigue resistance,
fracture toughness, bend characteristics and crack
growth resistance at temperature range from 150°Ctol000°C,
- Instrumented Wolpert Pendulum Impact
Testing Machine PW 30/15 for dynamic tests of
Charpy-V type specimens carried out at
temperature range from 150°Cto 800°C
for
determination of significant force and deflection
values, partial energy values, characteristical
fracture mechanical values,
- Wolpert Hardness Testing Machine DIATESTOR 7521 for testing of hardness using
Brinell, Vickers and Rockwell procedures,
- X-Ray Diffractometer type DRD-4 for
structure analysis.
Above mentioned devices are fully automated,
remotely operated and instrumented, equipped with
the computer control systems for machine control

during the course of experiments, data acquisition
and analysis of results.
The remaining equipment of the hot cells
complex provides an opportunity to perform:
- cutting out of the samples from the irradiated
reactor components,
- samples preparation for metallographic and Xray examinations,
- thinning of metallic samples for transmission
electronic microscopy,
optical microscopy and microhardness
measurements,
- swelling control of materials and density
determination,
- thermal treatments and annealing,
- stereo macroscopic examination and stereo
photography,
- chemical analysis.
In the MRL the laboratory for non-destructive
testing of materials was organized and was put into
operation at the end of 1998. The range of test
methods applied includes:
- visual inspection,
- liquid penetrate inspection,
- ultrasonic examination,
- radiographic inspection, including X-ray and
isotope radiography,
- structure investigation using replicas method.
Material Research Laboratory IEA received
Certificate of Testing Laboratory Accreditation No
L 25/2/98. This Certificate supersedes No L
25/1/95 and confirms that Material Research
Laboratory at Institute of Atomic Energy is in
conformance with the standard PN-EN 45001 and
ISO/TEC Guide 25:1990.
In 1998 prolongation of the Certificate of
Testing Laboratory 2nd Degree Approval No L-II001/27 was granted to the MRL by the Office of
Technical Inspection. This indicates that Material
Research Laboratory IEA fulfilled the criteria as set
forth in PN-EN 4001:1993 and is in conformance
with the Specification of the Office of Technical
Inspection DT-L/9 5.
The both certificates are valid till the end of
2001 year.
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REGIONAL LABORATORY OF NEUTRONOGRAPHY (RJLN)
RESEARCH PURPOSE:
Investigation of structures and internal dynamics of
materials and devices, using horizontal neutron
beams of the 20 MW nuclear reactor MARIA and
neutron spectrometers installed there.
SCIENTIFIC STAFF:
Prof. Andrzej Czachor head of the RLN,
tel. 48-22-718-00-60, fax 48-22-779-3888,
e-mail eO8cza@cxl cyf.gov.pl.
Konrad Blinowski Ph.D.,
Joanna Kisielinska-Jankowska, M.Sc.,
Assoc. Prof. Edward Maliszewski
Krzysztof Maletka M.Sc, (till June 30)
Assoc. Prof. Kazimierz Mikke,
Jacek Milczarek M.Sc,
Prof. Andrzej Murasik
Aldona Rajewska, M.Sc.(working in JINR Dubna)
TECHNICAL STAFF:
Zdzislaw Jurkovvski
Jan Zola^dek
PROJECT SELECTION BOARD
Consists of the representatives of institutes and
universities involved in doing research using
neutron
scattering.
Chairman - Prof. Ludwik
Dobrzyriski from the Soltan Institute of Nuclear
Studies, Swierk. The Board selects and qualifies the
research projects to be performed on the neutron
spectrometers. The proposals should be sent to
Prof. Andrzej Czachor.
AVAILABLE INSTRUMENTS AT
HORIZONTAL CHANNELS (H 3-7) AND
CONTACT PERSONS
H3 - double axis diffractometer to study crystalline
or magnetic structures. It also enables one to do
spectrometric measurements, i.e. the energy
analysis of inelastically scattered neutrons.
Contact:
Prof. Andrzej Murasik, tel. 718-01-02
H4 - small angle spectrometer. Monoenergetic
neutron beam is obtained by the Bragg reflection
from the perfect Ge single crystal. The width at the
half maximum of the neutron beam intensity
distribution is 45". The angular distribution of
transmitted intensity may be measured in steps of
0.5". This instrument is suitable to determine the
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size of magnetic domains, atomic clusters, or other.
micro-objects which cause neutron scattering.
Contact:
Jacek J. Milczarek M.Sc., tel. 718-02-33
H5 - polarized neutron spectrometer. Polarized
neutron beam is produced by Bragg reflection, first
from the (200) plane of the Cu monochromator and
then from magnetized Co-Fe single crystal.
Contact:
Konrad Blinowski Ph.D., tel. 718-00-60
H6 - triple-axis spectrometer. The instrument is
destined to study the crystal and magnetic lattice
dynamics by inelastic neutron scattering. If
necessary it may be used as diffractometer with
analyzer set for measurements in the so called
elastic regime. Technical data: monochromator PYG (0.4°), neutron flux at the sample position:
5.1xlO5 n/cm2/s for X = 2.35 A.
Contact:
M. Szymariski Ph.D.,
Warsaw
University,
tel. 48-22-628-3031 ext 197
H7 - triple-axis spectrometer, destination as above.
Technical data: monochromator Zn (15'), neutron
flux at the sample position: 5.5 x 105 n/cm2/s for
X = 1.523 A.
Contact:
Joanna Jankowska-Kisielinska M.Sc.,
tel. 718-00-60
Each instrument is controlled by PC through the
CAMAC electronic system. In order to standardize
and facilitate measurements, the computer program
for running the instruments complies with rather
general operational requirements, including these
for the polarized neutron spectrometry. The
programs offer the window system with text mode
or graphics mode, with zooming for data extraction,
and vizualization of measurements.
H8 - The "Concept of stand construction for
neutron and gamma radiography at the MARIA
research reactor - design assumptions" has been
elaborated for RLN by L. Dabkowski, M.Sc.Eng.
Technical project and actual construction is to be
performed in 1999. Modern neutron and gamma
radiography facility at MARIA reactor will be
offering its diagnostic capabilities - displaying of
hydrogen containing parts in the thick material
objects - already in 2000.
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The diagram above shows the distibution of instruments in the MARIA reactor hall.

CYFRONET COMPUTING CENTRE

Convex computer system C-3220 is the basic
Computer of CYFRONET.

2.

C-3220 is a 100 Mflops computer system with:
•

•

•

•

•
•

Two 64-bits scalar-vector processors (40 us
cycle), 64 MB operating memory (800 MB
virtual) and 64-bits data bus (200 MB/s).
Three Sabre ST83220 disk stations, each has
the 2.71 GB capacity and 4.67 MB/s
transmission speed.
Two MTD-204 magnetic tape stations with
double speed (50ips/100ips), 1600 bpi and
6250 bpi density and 625 KB/s transmission
speed.
One DDS DAT tape drive specifically
designed as 5.25-inch, characterized by high
capacity and high performance - 1.3 GB (60
meter tape) or 2.0 GB (90 meter tape) of
storage with a transfer rate of 183
kilobytes/second.
Two high performance, VME Ethernet
connections.
One 600 1pm printer/plotter.

A list of software available at the CYFRONET
Computer Centre:
1.

Operational system: ConvexOS (UNIX type),
an extension of 4.2 and 4.3 BSD, compatible
with IEEE Posix P1003.ll standard, working
under the Bourne- and C -shell.

3.

4.
5.
6.
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Compiler:
Assembler,
CONVEX
FORTRAN
77
(ANSI
X3.9-1978),
CONVEX C (ANSIX3.159 1989) - both
with
automatic
vectorization
and
parallelization.
The
extensions
are
compatible with VAX/VMS, CRAY and
SUN products.
Utilites: CXdeb, Convex Consultant, CXpa
and the COVUE programs package with
COVUEnet, COVUEbinary, COVUEshell,
COVUElib, COVUEdit, COVUEbatch for
VAX users.
Libraries: CERN-Lib, VECLIB, SCILIB,
LSQPACK, MathAdvantage.
Communication Software: TCP/IP and with
applications Telnet, FTP, NFS, CXBatch,
CXwindows, EIA-RS-232.
Graphics: OSF Motif under X-windows.

Operation and services
C-3220 computer system is operating
5 days/week, 24-hours each day. The total
production CPU time from 01.01.1998 to
31.12.1998 is 6240 hours. User CPU time is equl
to 3931 hours what gives 63% of CPU efficeency.
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DATABASE SYSTEM FOR CHEMICAL INSTALLATIONS RISK ASSESSMENT
The calculation of the probability and
consequences of an accidental release of a
hazardous
substance from
manufacturing,
transport and storage, may be effectively
supported with appropriate computer data bank.
For these purposes the database system for
chemical installations risk assessment is created
and continuously updated. The system is
composed of six main components:
• dangerous substances database,
• process equipment failure database,
• selecting hazard evaluation techniques for
chemical installations,
• HAZOP-type procedure of analyses,
• review of computer programs for chemical
substances
atmospheric
dispersion
calculations,
• documentation,
each of which contains links to files with
databases distributed with respect to the sort of
data.
In each main component further detailed
information is available. Thus:

-

physical,
chemical
and
toxicological
properties for 1800 dangerous chemical
substances,
- equipment failure rate data for 70 kinds of
hardware (characterised as time-related and
demand-related),
- detailed flowchart for selecting hazard
evaluation techniques that may be used
directly or to assist develop own procedure,
- detailed algorithm of HAZOP analysis that
may be used directly or to be a guide for such
procedure,
- characteristics of 33 computer programmes
developed
for
modelling
atmospheric
dispersion of accidentally released gases
(model type, release type, consider or not
topographical data, terrain data etc.)
- zipped documentation (Word 6.0) to
download.
The data included in the database system are
continuously updated reviewed and verified
accordingly to the users suggestions and needs.
Database URL:
http://wyvvv2.cvf.gov.pl./chemia.html
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KERMA DETERMINATION IN NEUTRON FIELDS WITH ENERGY OF 44 AND 66 MeV
WITH A HIGH-PRESSURE GRAPHITE IONIZATION CHAMBER
Natalia Golnik1, Hein J. Brede2, Ulrich J. Schrewe2, Mieczyslaw Zielczyriski1
1
Institute of Atomic Energy
2
Physikalisch Technische Bundesanstalt (PTB), Braunschweig, Germany
A high-pressure C-CO2 ionization chamber was
used for the determination of the photon component
in neutron beams of nearly monoenergetic neutrons
of 44 MeV and 66 MeV. The chamber was
operated at low voltages, i.e., under conditions of
strong initial recombination in the tracks of highLET secondary particles. Anew method of
measurements was developed in order to extend the
applicability of the graphite chamber as a "neutron
insensitive" detector to the energy range above
20 MeV where the relative neutron sensitivity, ku,
(i.e. the ratio of its sensitivity to neutrons to its
sensitivity to photons) of ionization chambers and
other detectors was not known. Therefore, the ku
value was not a priori used in present work. Instead
of this, a relationship was found [1] between the
ionization current measured in a neutron field and
the experimentally determined ratio of ion
collection efficiencies for alpha particles and
photon radiation. Absorbed dose due to low-LET
radiation and photon kerma can be determined from
this relationship if the measurements of the
ionization current are performed at several
collecting voltages U.
A basic measurable quantity for the method is
the recorded dose rate D R (U) defined in this work
as the ratio of the ionization current i(U) measured
at the voltage U in the investigated radiation field
to the response of the chamber M(U) determined at
this voltage in the reference photon field by the
calibration procedure.

by plotting the measured values of the D R (U)

(1)

The method is of practical interest for radiation
therapy, as high-pressure C-CO2 chambers can be
used at much higher dose rates then commonly
used G-M counters. Specially constructed chambers
with small electrode gap (about 0.7 mm) enable
direct measurements in radiotherapy beams.

It was shown that D j ^ ( U ) can be expressed as:
D R (U) = a 1 ( b c ) I + a 2 f a > Y ( U ) ( D c ) h

(2)

where: (E>c)i and ( D c ) h are the absorbed dose
rates due to low-LET and high-LET radiation,
respectively. f^/U), is the ratio of ion collection
efficiencies for alpha particles, fa(U), and photon
radiation fY(U) and ai, a2 are the coefficients
constant for a certain chamber. The values of
f<x,T(U) were known from our earlier investigations
[2,3].
The absorbed dose rate due to low-LET radiation, ( D c ) j , can be obtained from the equation (2)

versus fa,r(U) and further linear extrapolation of
this function to the zero value of fa,Y(U). Finally,
the photon kerma can be calculated. Exact
information on the neutron spectrum is not
necessary.
Measurements were performed in two different
collimated beams of nearly monoenergetic neutrons
available at the injector cyclotron of the Paul
Scherrer Institute (PSI), Villigen, Switzerland and
at the accelerator facility of the Universite
Catholique de Louvain (UCL),
Belgium.
Experimentally obtained results (Fig. 1) confirmed
the linearity of the equation (2), theoretically
predicted in present work. The determination of the
value of the parameter a2 is not needed.

Fig. 1. Results of measurements performed at PSI
for neutrons with a peak energy of 44 MeV (solid
circles) and of 66 MeV (solid triangles). The results
are normalised to the total neutron fluence and
displayed versus the ratio of fa(U)/fT(U), according
to the equation (2) (see text). Open points represent
the results of the measurements at UCL (45.4 MeV
neutrons).
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AMBIENT DOSE EQUIVALENT NEAR A PHANTOM
IRRADIATED BY 200 MeV PROTON MEDICAL BEAM
1

2

PL9902635
1

Mieczyslaw Zielczynski , Evgenij P. Cherevatenko , Natalia Golnik ,
Aleksandr G. Molokanov2, Sergej V. Shvidkij2
1
Institute of Atomic Energy
2
Joint Institute for Nuclear Research, Dubna, Russia
Radiation beams from the JINR phasotron are used
for radiation therapy since several years. Patients
with cancers in oesophagus, lung or neck are
irradiated in therapy cabin No 1. The absorbed dose
to a tumor ranges from 5 to 10 Gy per one
irradiation at dose rate from 1 to 2 Gy/min. The
patient is alone in the cabin during the irradiation
because of radiation protection restrictions. This is
fully justified in case of X-ray or gamma-ray
therapy. Definite range and low scattering of proton
beams cause that the ratio of ambient dose near the
patient to the tumor dose is much lower in case of
the proton therapy as compared to the gamma
therapy.
The aim of present work [1] was to perform direct
measurements of the ambient dose and ambient
dose equivalent near the phantom irradiated by
200 MeV protons in cabin No 1 of the JINR
phasotron. A recombination chamber of REM-2
type was used as a detector. The ambient dose,
D*(10), and the recombination index of radiation
quality (RIQ, QR) were experimentally determined
and the ambient dose equivalent, H*(10) was
calculated as a product of D*(10) and RIQ. The
proton beam was fully stopped in a water phantom
(30x30x40 cm). The detector was placed at
distances 1=0.5; 1.0 and 2.3 m from the phantom
centre in the direction of the beam line (<p = 0°)and
at the distance of 1 m in the directions

perpendicular to the beam line (9 = 90°) and at the
angle of cp = 135°.
The results of the measurements are displayed in
the Table 1. The absorbed dose rate in the Bragg
peak, DBr, during in the measurements was equal to
1 Gy/min.
As it can be seen from the Table 1, the ratio of the
ambient dose equivalent at 1 m. from the irradiated
phantom to the maximum dose absorbed in the
phantom equals to (40±20) uSv/Gy and is
approximately proportional to the inverse distance
from the phantom. RIQ, which represents the
radiation quality factor, equals to (3.5±0.5) and
does not differ considerably for different distances
and angles. Its value indicates that the ambient dose
equivalent outside the phantom is created mainly
by neutrons.
The obtained data should be taken into account if
the possibility of presence of an accompanying
person in the cabin is considered for some medical
or psychological reasons.
REFERENCES
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Table 1. Dosimetric parameters of the radiation field near the phantom in proton therapy cabin No 1 in
Dubna.
Degree
0
0
0
90
135

1
m
0.5
1
2.3
1
1

D*(10)
mGy/h
0.83
0.36
0.15
0.97
0.87

QR

3.5
3.5
4
2.9
3.9

H*(10)
mSv/h
2.9
1.26
0.6
2.8
3.4

H*(10)/DBr
uSv/Gy
48
21
10
47
57
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MEASUREMENTS OF BACKGROUND RADIATION IN CERN-EU HIGH ENERGY
REFERENCE RADIATION FIELDS WITH RECOMBINATION CHAMBER
Natalia Golnik1, Marco Silari2, Thomas Otto2
'institute of Atomic Energy,
2
CERN, CH-1211 Geneva, Switzerland
A CERN-EC facility for calibration of dosimetric
devices in high energy stray radiation fields
(CERF) is set up at one of the secondary beams
(H6) from the Super Proton Synchrotron (SPS) and
provides reference radiation fields that are
sufficiently similar to the cosmic ray field
encountered at 10-20 km altitude. The reference
fields are produced by reactions of a primary beam
composed of 120 or 205 GeV/c hadron beam with a
copper target and moderated by a concrete or iron
shielding. The measurements described here
concern the positive hadron beam (about 2/3 pions
and 1/3 protons) with the momentum of 120 GeV/c.
The concrete and iron shields produce almost
uniform radiation fields (mostly neutrons) over four
experimental areas. The neutron spectral fluences
were calculated for all the reference positions by
Monte Carlo method. Some other dosimetric
parameters were determined in several international
measurement campaigns, using a number of
different techniques and at present, the facility
provides well-defined exposure locations [2]. The
radiation originating from the CERF target is,
however, accompanied by some low-LET
"parasitic" radiation composed mainly of highenergy muons and electrons. This background
radiation originates from pion decay in the H6 and
adjacent beam lines and cannot be controlled from
the CERF area. The information about the level and
stability of the background radiation is quite important for precise comparison of ionization chambers,
TEPC counters and other devices which have
considerable sensitivity to low-LET radiation,
especially when the response of the detectors
working at very different dose rates needs to be
compared.
In present work [2], the background contribution was experimentally determined by measuring
the absorbed dose and the recombination index of
radiation quality at different beam intensities
(Fig. 1-2). The measurements showed that the
component of background radiation, which could
not be related to the hadron beam intensity on the
target, was considerably large for the concrete and
iron roof shields. The measurements at the CT6
location on the concrete roof of the beam line were
repeated several times during a five year period.
The average value of the background dose rate
derived from these measurement cycles was equal

to D B = 130±20 nGy/pulse and the recombination
index of radiation quality Q4B = 1.2±0.2. It means
that for example at 5000 PIC counts per pulse, the
background component DB constitutes over 25% of
the total absorbed dose, almost 40% of the lowLET dose and about 10% of the total ambient dose
equivalent for the CT6 location on the concrete
roof. No influence of the background radiation was
observed for the CS2 location behind the concrete
side wall of the beam line (Fig. 1. The background
dose rate at the IT6 location on the iron roof was
measured only once and the value of
D B = 165±10 nGy/pulse was recorded at the time of
the measurements.

PIC counts per pulse

Fig. 1. Total absorbed dose per radiation pulse
measured at different intensities of the beam on the
target. The results are given for CT6 location on
concrete roof (solid circles) and for the CS2 side
location (triangles).

1000 2000 3000 4000 5000 6000 7000 S000
PIC counts per pulse

Fig. 2. Recombination index of radiation quality Q4
measured at different intensities of the hadron beam
on the target. Circles - CT6 location on the concrete
roof. Triangles - side location CS2.
The presence of the background radiation
increases the total absorbed dose and decreases the
radiation quality factor (or radiation weighting
factor). Because of this inverse correlation between
the two quantities, the influence of the background
on the ambient dose equivalent remains important
only at low beam intensities (Fig. 3). At hadron
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beam intensities above about 3000 PIC counts per
pulse, the total value of H*(10) can be considered
as being independent of the beam intensity for most
practical
applications.
Nevertheless,
the
information on the absorbed dose rate components
and the radiation background can be very important
in certain cases and should be taken into account
for proper interpretation of the results.

2000
4000
6000
PIC counts per pulse

8000

Fig. 3. H*(10) values (evaluated with the Q(L)
relationship of ICRP-21) for CT6 (solid circles, left
scale) and IT6 (open circles, right scale) locations
in dependence on the hadron beam intensity on the
target.
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Our measurements indicate that the background
component was stable in time within 20% but
generally possible variations of this component in
time are not sufficiently known. Most of the results'
of measurements performed at CERF in the past
years were reported in terms of H*(10) values. The
background component is not too important in such
presentation, and even considerable variations in
time could be interpreted as experimental
uncertainties of the measurements.
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COMPARISON OF NEUTRON CALIBRATION FIELDS
PART I: CALIBRATION FIELDS IN IAE, SWIERK

PL9902637

Krystyna Jozefowicz1, Natalia Golnik1, Miloslav Kralik2, Tomas
'institute of Atomic Energy,
'Czech Metrological Institute (CMI), Praqe, Czech Republic
The Polish - Czech intercomparison program
comprises a mutual check of neutron calibration
fields in Institute of Atomic Energy in Swierk
(IAE) and Czech Metrological Institute in Praha
(CMI). The work is limited to the fields generated
by radionuclide neutron sources.
The first part of intercomparison concerned the
calibration fields of IAE. The main standard
sources were 241Am-Be and 252Cf, manufactured by
Amersham International Ltd and calibrated in the
National Physical Laboratory, Teddington, Great
Britain (Primary Standard Laboratory). 239Pu-Be
routine source was also used. The sources were
exposed free in air and in the iron and paraffin
filters, to modify the spectra and neutron to gamma
ratio. The parameters of fields were described in
[1]. The measurements and calculations were
performed for the distances of 0.5 and 1 m.
Three kinds of area dosimeters were used for
measurements of the neutron components:
1) Studsvik neutron survey meter 2202 D, with BF3
tube inside a shield of polyethylene and boron
plastic. New calibration of Studsvik has been
done in 1997 at National Physical Laboratory in
Teddington, Great Britain in the fields of
standard sources 241 Am-Be and 252Cf.
2) REM-2
recombination
chamber
[2,3] a cylindrical, parallel-plate ionization chamber
with tissue-equivalent electrodes, filled with the
mixture of methane and nitrogen, calibrated in
reference field of 241 Am-Be source.

3) The Bonner Sphere Spectrometer of CMI (BSS),
consisting of 13 polyethylene spheres with the
nominal diameters: 2", 2.5", 3", 3.5", 4", 4.5",
5", 6", 7", 8", 10", 12", 15" and central
cylindrical proportional counter, filled with3He.
The response matrix of the BSS was calculated
[4] with the MCNP transport code [5] and
adjusted to the experimental calibration at the
beams of monoenergetic neutrons at PTB
Braunschweig.
The photon components of calibration fields were
estimated by means of:
1) GW2 hydrogen free ionization chamber, with
aluminum electrodes, filled with CO2.
2) REM-2 recombination chamber, by unfolding
the saturation curve [6].
3) An energy compensated Geiger-Muller counter,
indicating photon kerma in air Ka, having low
sensitivity to neutrons [7] and calibrated with
137
Csand 60 Co.
The calculations were performed with MCNP
transport code [5] for direct (non-scattered)
neutrons from the bare sources and sources in
filters, taking into account the air attenuation
between source and detector.
Dosimetric quantities derived from the measured
neutron spectra and measured with various
instruments
are summarized
in Table 1.
Comparison of the calculated H*(10) values with
the measured ones is given in the Table 2. A good
agreement of the results is observed.
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Table 1. Comparison of CMI and IAE measurements in IAE Swierk. Neutron ambient dose equivalent
H*(10)n in \i Sv/h for all neutrons (direct + scattered), in 1 m. Gamma dose DT and air kerma KY in M-Gy/h, in
lm.
Source
241

Am-Be
Am-Be in iron
241
Am-Be in par.
23y
Pu-Be
241

252 c f
252

Cfiniron
'2:>2Cf in paraf.

EEAH*(10)n
Studsvik REM-2
162 ± 2
139 ± 3
67 + 2
399 + 10
233+3
235 +15
189+4
54 ± 2

CMI H*(10)n
BSS
159 ±10
139 ± 8
65+4
397 ±24
243 ± 15
194 ±12
54 ± 3

Table 2. Comparison of CMI calculations and IAE
measurements (Studsvik neutron survey meter) in
IAE (Ewierk. Neutron ambient dose equivalent
H*(10), in jaSv/h, for direct neutrons in 1 m
Source
241

Arn-Be
Am-Be in iron
241
Am-Be in paraf.
239
Pu-Be
239
Pu-Be in iron
239
Pu-Be in paraf.
241

252 G f
252
2y2

Cfiniron
Cf in paraf.

Measurements
IEA
129 ± 2
114 + 5
51 ± 5
323 + 12
279 ±12
123+6
180 ± 3
151 ± 7
42 ± 3

Calculations
CMI
129
123
56
319
305
128
183
174
49

IEA/CMI IAE Swierk, Dv
GW2
REM-2
1.02
4.3+0.3 4.7 ± 0.7
1.00
1.4 ±0.1
1.03
4.3 + 1
1.01
10 ± 1
0.96
8.3 ±0.5 8.4 ±0.8
0.97
1.2 ±0.1
1.00
7.4 + 1.3

CMI Praha, K,,
GM
4.75 ±0.38
1.55 ±0.12
4.72 ±0.38
10.8±0.9
7.86 ±0.63
1.47 ±0.12
7.61 ±0.61
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THE GREEN'S FUNCTION APPROACH TO THE NEUTRON-INELASTIC-SCATTERING
DETERMINATION OF MAGNON DISPERSION RELATIONS
FOR ISOTROPIC DISORDERED MAGNETS
Andrzej Czachor, Housni Al-Wahsh
Institute of Atomic Energy

PL9902638

To determine the neutron inelastic coherent
scattering (NIS) cross section for disordered
magnets a system of equations of motion for the
Green functions (GF) related to the localized-spin

sphere approximation, OSA) we have found an
explicit analytic form of this function. Poles of the

correlation-functions

Co — co for elementary excitations, such as they
are seen in the NIS experiment - the positions of the
NIS profile maxima in the CO - Q space

{SRSR. ) ,

{SR SR,),

(SRSR.)
has been exploited. The higher-order
Green functions are decoupled using a symmetric
"equal access" (EA) form of the Random Phase
Approximation (RPA) decoupling scheme. The
quasi-crystal approximation (QCA) was applied to
construct the space-time Fourier transformed GF
(GQ~(CO))

co2 -coLco-col

=0

where
CO, r, =

related to neutron scattering, where Q

is the neutron scattering vector and CO is the
neutron energy transfer in the scattering process.
On assuming isotropy of the magnetic structure and
a short range coupling between the spins (on the

determine the dispersion relation

(GQ~(CO))

CO

=(<h2>-<(hy>)\

H is the external magnetic field along the direction

z,

A g =[l-sin(W)/(W)]/2 ;

and

36

IAE ANNUAL REPORT 1998

(h*), {{hz)2), (h2) are statistical characteristics
of the local fields at the spin positions, which are
due to the spin-spin interaction. This single
formula for the dispersion relations covers a variety
of isotropic spin structures: in particular disordered
"longitudinal" ferromagnets (CO ~ Q
,Q—>0),
disordered
"transverse"
spin
structures
(CO ~ Q , Q —> 0 ) , and some intermediate cases,
see Fig. 1.

h
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It should be emphasized that in particular it works
for transverse antiferromagnets. For the system of
spins coupled identically - the Kittel-Shore-Kac
model magnet - the magnetization and the
magnetic susceptibility calculated within the
present EA-RPA approach do agree with the results
of exact calculations. It provides an interesting
insight into the nature of the RPA- treatment of the
localized spin dynamics in magnets.

Fig.l. A family of magnon dispersion curves (more
precisely: the geometric place of the N1S peaks in
the (Q, CO) plane), local field characteristics being
given in brackets, for the longitudinal (with
respect to the external magnetic field H —» 0 )
magnetic structure L((hz)lh = 1, {(h'f)l(Ji)2 = 1),
transverse magnetic structure T (0, 0) , and an
intermediate spin structure (0.7, 0.75).

PL9902639
LATTICE DYNAMICS OF Feo.e Nio.32 Co0.os SUPER INVAR
Edward Maliszewski, Stanislaw Bednarski
Institute of Atomic Energy
The systematic experimental studies of the lattice
dynamics of the Nii_x Fe>c system by inelastic
neutron scattering were performed . for the
following concentration of Fe: x =12, 24, 35, 50,
65 at % and for pure Ni [1, 2].The aim of these
studies was the role of thermal phonons in
anomalous physical properties of the fee Ni-Fe
Invar alloys [3]. The principal anomaly is an
invariant thermal expansion in a broad temperature
range around the room temperature. Our
investigations lead to the determination of the
phonon frequency shifts A co(q) and the self-energy
2j (i> mj (q)) functions from the experimental
phonon dispersion curves co(q) for the alloys and
Ni crystals. The application of this method to the
Feo.65Nio.35 [2] classical Invar made it possible to
reveal, for the first time, the same
phonon
softening on longitudinal L [100] branch as is on
the transverse Ti [110] branch.
The reported study dealt with the lattice
dynamics of Feo.63 Nio.32 Co0.o5 ternary alloy single
crystal (Super Invar). From the measured phonon
dispersion relation along the [100], [110] and [111]
directions in Super Invar and Ni the phonon
Frequency shifts A co(q) and the self-energy

£j ( 4 ©j (q)) functions are determined for Feo.63
Nio.32 C00.05. These functions confirmed the
discovered softening of the longitudinal branches in
Feo.65 Nio.35 Invar single crystal. The dip on the
longitudinal [100] branch of the phonon frequency
shifts for Feo63 Nio.32 C00.05 is shown in Fig.l. The
structure of the determined functions seems to
contain a lot of essential information on interatomic
coupling and will enable testing of various
theoretical models proposed to explain the invar
effects.
REFERENCES:
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Fig.l. Phonon frequency shifts vs reduced wave vectors along the [100] direction in Feo.63 Nio.32 C00.05.
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ANISOTROPY OF THE INELASTIC NEUTRON SCATTERING IN Mn(38%Ni) ALLOY IN THE
ANTIFERROMAGNETIC AND PARAMAGNETIC PHASE
Joanna Jankowska-Kisielinska , Kazimierz Mikke , Jacek J. Milczarek
Institute of Atomic Energy
2
Laboratoire Leon Brillouin, CESaclay, France
The main object of the reported experiment was the
anisottopy of inelastic neutron scattering in the face
centred cubic (fee) Mn(38%Ni) alloy above and
below the Neel temperature.
The spatial anisotropy of the critical scattering
was reported quite a long time ago for fee Mn-Fe
alloys [1,2] and for fee Mn(38%Ni) alloy [3]. In the
last case the anisotropy was very pronounced. It
was shown recently [4] that the anisotropy axis is
parallel to this Q vector of the AF1 3-Q magnetic
structure which is connected with a given
reciprocal lattice point.

and Bernard Hennion

Till now there was no report on the significant
anisotropy of the inelastic neutron scattering away
from the critical region in the itinerant system with
the cubic symmetry (neither in the low temperature
spin wave region, nor in the paramagnetic region).
The reported measurements were performed by
means of the 1T1 3-axis neutron spectrometer in
LLB, Saclay at 3 temperatures above TJJ (401 K):
~ 406 K, ~ 421 K and ~ 500 K and at ~ 12 K and
-300K below T N . The analysis of the data obtained
above T N was performed using the simple formula
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for inelastic neutron scattering cross-section in the
hydrodynamic region:

400

-
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E=4THz
q || [001]

E = 5THz

q||P°i]
i

•oc-

dCldE

200

-

J

\

where
The values of the parameters were obtained by
fitting the above formulae folded with the
resolution function. The examples of the I(q) scans
measured at 421 K for energies 4 and 5 THz along
the [001] and [110] directions are shown in Fig. 1.
Anisotropy of inelastic neutron scattering above
T N is evident. The "stiffness" parameters Ay and
A± vary with temperature. There is no significant
difference between 406 and 421 K, but both
parameters decrease 1.5 times with temperature
increasing up to 500 K. The ratio A(| / A± = 1.8-2.0
from data obtained around the (110) rip does not
change with temperature and is significantly lower
than the value ~ 4 deduced from the ratio of the
correlation lenghts obtained from the critical
scattering. The ratio A|| / A± = 2.6 ± 0.2 measured
at 500 K around the (001) rip is a little higher than
that around the (110) rip.
The spatial anisotropy of the intensity
distribution is evident also for 300 K but data
obtained below T N are not accurate enough to
allow the reliable determination of the spin wave
velocity and damping parameter,

1

i • i '
E = 4THz
400 - q || [110]
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Fig.l.The examples of the I(q) scans measured at
421 K for energies 4 and 5 THz along the [001] and
[110] directions around the (110) rip
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INELASTIC NEUTRON SCATTERING IN THE PARAMAGNETIC PHASE
IN y-Mn(12%Ge) ALLOY
Joanna Jankowska-Kisielihska , Kazimierz Mikke , Bernard Hennion
1
2

Institute of Atomic Energy

Laboratoire Leon Brillouin, CE-Saclay, France

The inelastic neutron scattering (INS) in the
paramagnetic phase was intensively studied in
ferromagnetic 3-d metals and alloys during the
previous decades. Finally it was established that
INS in paramagnetic phase can be described by the
formulas for critical scattering, and parameters
determined in the critical region. For 3-d
antiferromagnets there are only a few published
data on INS in the paramagnetic phase. The subject
of the present investigation is the magnetic
dynamics in the paramagnetic phase in yMn(12%Ge) antiferromagnet.
The measurements were performed by 3-axis
neutron spectrometer 1T1 at ORPHEE Reactor in
LLB CEA Saclay, France. The data obtained in the

antiferromagnetic phase were reported earlier [1].
In the paramagnetic phase the INS was measured
for energy transfers 5, 8 and 13 THz at 4
temperatures. The Lorentzian-type formula for the
INS cross-section was used for data analysis. An
attempt to describe the spectral width by the Re
sibois - Piette function was not successful, probably
because this function was calculated for isotropic
antiferromagnets and the investigated system is not
isotropic. The final analysis was performed with the
simple hydrodynamic formulae for spectral width
generalised for anisotropic q dependence:
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Examples of the measured and computed
distributions are presented in Fig. 1, In Fig. 1 (a)
the solid line is the computed distribution and the
dashed line is the estimated background and
intensity of the incoherent scattering (ICS) level. In
Fig. 1 (b) the solid line is the distribution computed
with fitted constant contribution (thin dashed line),
the thick dashed line is the background plus the ICS
intensity estimated from the low temperature
measurements.
The values of the cross-section parameters were
obtained by fitting the cross-section folded with the
resolution function to the measured distributions.
The "stiffness constant" AM, determined from
distributons for 5 and 8 THz along [001] direction,
vary from 215+11 meV L at 500 K (1.04 T N ) to
180+10 meV L at 600 K (1.25 T N ). The values of
the "stiffness constant" A± determined from the
distributions for 13 THz along [110] direction are
very close to those for Ay and they depend on
temperature in a similar way.
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The intensity distributions for 13 THz indicate
some additional q-independent scattering, which is
absent at low temperatures. It is probably an
additional component of the incoherent scattering.
This work was partly supported by the "Human
Capital and Mobility - Access to Large Scale
Facilities" PECO Extention Program (contract no
ERB CIPD CT 940080) and partly by the State
Committee for Scientific Research, Poland ( KBN
contract no 2 P03B 071 13).
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Fig. 1. The intensity distributions I(q) measured at 600 K: for energy transfer 8 THz and q || [001] (a), and for
13 THz and q || [110] (b).

THE STRUCTURE OF POROUS GLASS VYCOR
PL9902642
Aldona Rajewska1, Aleksandr Ivanovich Kuklin2
''Institute of Atomic Energy
2
Joint Institute for Nuclear Research, Frank Laboratory of Neutron Physics, Dubna, Russia
Small angle neutron scattering experiment
investigating the structure of porous glass is
reported. Porous media have enjoyed increased
popularity as host structures for the study of a
variety of physical phenomena such as
hydrodynamic flow, viscous fingering and
interfacial instability, diffusion, supercooling of
liquids, electronic energy transfer, superfluidity
in Bose gases, and critical phenomena in binary

fluid mixtures [1,2]. It is produced by spinodal
decomposition on quenching a borosilicate melt
from high temperature, resulting in a phase
separation of a boron-rich phase and a silicarich phase. The sample for this experiment was
obtained from the Institute of Precision
Mechanics in St. Petersburg (Russia).
Measurements were carried out on the time-offlight small-angle-neutron scattering
(TOF

40

IAE ANNUAL REPORT 1998

SANS) spectrometer of the EBR-2 pulsed
neutron source [2], at FLNP Russia. JINR,
Dubna.The measurements were performed at
room temperature for the scattering vector
q=0.001 -T- 0.2A ~l. The sample was placed in a
1.4x2.5xO.lcm quartz cell. Here we report a
study of a few composition samples of various

Research

average pore sizes:a)NK (Na2O,K2O,B2O,SiO2)
al) 550°C and 24 hours, a2) 570° C and 72
hours b) 8B (Na2 O, B 2 O3, SiO2 ) in
temperature 550°C for 144 hours. The average '
diameters of the pores 65A (a) and 140A (b).
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Figure 1 shows a plot of the intensity scattered by
dry Vycor as a function momentum transfer q. The
dominant feature is a broad peak centered around
q=0.023 A (corresponding to length scales of about
2TX/0.023 = 273 A ). The structure of various porous
networks and associated internal surfaces have
been proposed [3-5]
to have fractal geometry,
although small direct structural evidence has been
presented. This is reminiscent of the structure
factor measured on two-component systems that
underwent spinodal demixing. A simple description
of such phenomena has been given by Cahn
[6],This model
predicts the wave -vector
dependence of the scattered intensity as a function
of time after a binary system has been quenched
into the unstable spinodal regime to evolve as

7(0,0)
,
,
Kq,x)= - ^ ~ 2 exp[-2q2T(-l+q2)] ,
\ +q
where q=qX/27r is dimensionless wave vector
involving the wavelength of composition

luctuations X. x is the time in dimensionless units
evolved since the quench. Whether our data are in
good agreement with the Cahn model or should
they be considered as evidence of the concept of
leached porous glasses fractal [7] will be known
from calculations planned in the nearest time.
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IS THE TmF3 COMPOUND A TWO LEVEL MAGNET?
Andrzej Murasik
Institute of Atomic Energy
In the compounds with rare-earth ions having
integral J in their ground state multiplets (i.e. Ho,
Tb, Tin), where the crystal-field-only ground state
of rare earth ion is a singlet, there is a treshold
value for the ratio of exchange to crystal field
interaction necessary for magnetic ordering even at
zero temperature [1-2].
In such materials the magnetic ordering occurs
through a polarisation instability of the crystalfleld-only singlet ground state wave functions. This
process markedly differs from that one occuring in
compounds where the paramagnetic rare-earth ion
has a degenerate ground state and the magnetic
ordering corresponds to removing the degeneracy.
The typical example of such a behaviour is the
case of TbF 3 which is known as two level magnet
with two closely spaced singlets, very well
separated from the remaining levels [3].
On contrary in ErF3, since Er is a Kramers ion,
even in presence of the low symmetry crystal
field the degeneracy of the J = 15/2 ground
multiplet cannot be fully removed leaving at least
Kramers doublets.

of the channel No 6 of the MARIA reactor in
Swierk. The prelimi-nary neutron data were
obtained at 8 K, in energy loss configuration with
costant Q = 2.5 L-1 scan, keeping the analyser
energy E A = 14. 7 meV cons-tant.
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The title compound, which is expected to be
isostructural with cited rare earth trifluorides is of
interest as the another possible model system for
studying the effect of interplay between the
exchan-ge and crystal field interaction.

Fig. 1. Low energy transfer spectrum of neutrons
scattered from polycrystalline TmF3. Note the
asymmetry in the peak shape at AE = 0. The
dotted lines indicate the splitting of the observed
spectrum into two Gauusians, assumed in the leastsquares fitting procedure.

The key contribution to its magnetic properties
would be the neutron diffraction in the ordered
stay.
Unfortunately,
recent
susceptibility
measurements performed on
polycrystalline
sample did not show a magnetic ordering down to
1.7 K. The question then arises whether the
exchange interaction can over-come the moment
quenching tendency of the crystal field and to
induce a magnetic ordering at low temperature.
The chances increase if in proximity of the lowest
singlet there is a closely spaced another level (or
group of levels), admixture of which can induce
the magnetic moment.

Results are shown in the Fig. 1. The energy
spacing between two levels is about 1 meV, which
can be compared to those deduced for HoF3: 0.5
meV and 0.3 meV for TbF3. Since the anticipated
first excited level in T1T1F3 could only be deduced
from a small asymmetry of the observed peak and
its somewhat larger halfwidth as compared to the
width of vanadium peak, results are not strongly
con-vincing and clearly additional experiments
with improved resolution and better statistics are
called for.

To examine this, a neutron inelastic scattering
experiment has been performed aiming at the
obser-vation of crystal field transitions at low
energy trans-fer.The experiment has been carried
out on the triple axis spectrometer installed in front
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INCOMMENSURATE MAGNETIC ORDERING IN ErGa3
Andrzej Murasik *, Andrzej Czopnik 2, Lukas Keller 3 and Peter Fischer 3
1
Institute of Atomic Energy,
2
Institute for Low Temperature and Structure Research, 50-950 Wroclaw, Poland
3 Paul Scherrer Institute Laboratory for Neutron Scattering CH-52-32 Villigen, Switzerland
In rare earth REX3 metallic system, the inter-play
between the long range exchange interactions of
the RKKY-type, and the crystal-field, dipolar or
quadrupolar interactions, very frequently leads to a
large variety of magnetic behaviour, complex phase
diagrams and magnetic phase transitions driven by
temperature, pressure or applied magnetic field.
Among the REGa3 compounds between heavy
rare earth and gallium, only Er- Tm- and LuGa3
crystallize within the cubic AuCu3-type structure.
Recent magnetisation measurements performed on
a single crystal, revealed that even in absence of
external magnetic field, ErGa3 undergoes two successive transitions at T t = 2.6 K and T 2 in vicinity
oftheNeel temperature T N = 2.83 K.

been found to be about 0.3 K higher than that
determined in [1]. The detailed results will be
published soon.
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This behaviour has motivated us to undertake
the present study on both polycrystalline and
single crystal sample of ErGa3. The initial
experiments were carried out at the spallation
source SINQ of the Paul Scherrer Institute at
Villigen, Switzerland. The diffraction data were
collected on the DMC powder spectrometer
installed at the cold neutron guide.

A set of scans performed
at different
temperatu-res revealed some fine but noticeable
differences in the behaviour of satellite intensities,
which might be attributed to the anomalies
observed in magnetisa-tion measurements. The
most puzzling ones are shown in the Fig. 1. These
results have been obtai-ned on the single crystal
ErGa3 oriented with [001] axis vertical, allowing
one to observe the temperatu-re variation of the
group of four satellites centered at the (3/2, 1/2, 0)
position. From T = 1.94 K to about 2.7 K, the
intensities of four satellites decrease smoothly with
increasing temperature. The picture drastically
changes at 2.78 K where (cf: Fig. 1) the 'outer'
satellites have lost much of their intenstity. At
2.84 K they appear to be completely immersed in
the background whereas the two 'inner' satellites
persist up to the
Neel temperature which has

I
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On the 1.96 K diagram the appearence of new
peaks confirmed the AF ordering of the Er
moments. They appeared in vicinity of scattering
angles where magnetic reflections
for k =
{1/2,1/2,0) should be visible. The observed
magnetic peaks have been
fitted for the
propagation k = {l/2±x, l/2±rt, 0} using a pattern
matching fitting procedure. The obtained value x =
(0.021 + 0.0002) is in a close accordance with the
earlier finding [1].
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Fig. 1. Evolution of the (3/2±T,1/2+T,0)

'
3.20

satellite

inten-sities with temperature, (a) Note a drastic
change at ~2.8 K. The intensity scale applies to
2.78 K data, (b) The dashed line shows the
evolution of the outer doublet. The solid lines: the
variation of the inner doublet and (upper curve) the
temperature course of the overall intensity. The
lines serve as a guide to eye.
The work was supported by Polish State Committee
for Scientific Research under KBN grant 2P0 3B
026 12
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SEARCH FOR THE CRYSTAL STRUCTURE OF T111F3
Andrzej Murasik
Institute of Atomic Energy
The trifluorides of all the rare earth elements from
samarium to lutetium exist with the YF 3 type
structure.
Their
lattice
dimensions
and
orthorhombic space group Pnma have been
reported many years ago by Zalkin and Templeton
[1]. Besides authors observed, that SmF3, EuF 3 ,
H0F3 and TmF 3 can also crystallize in the
hexagonal structure of LaF3.type. Apparently the
form of crystalization depended on the way of
synthesis. In the so-called dry method, the
appropriate sesquioxide is inserted into platinum
crucible and after evacuation a dry mixture of
hydrogen and fluoride is passed at temperature of
-1000 K. In the wet method, the appropriate oxide
is dissolved in hydrochloric acid. Then hydrofluoric
acid is added twice to the clear solution and
evaporated to the dryness. After evaporation, a fine
powder is heated to break ternary fluoride and
remove the NH4F.
The thulium trifluoride
prepared by the dry method was orthorhombic, the
dried unheated product of the wet method was
cubic. The wet method yielded the orthorhombic
form after drying [1].
The present neutron study of this compound,
which is expected to be isostructural with cited
rare earth trifluorides, was undertaken, because it
might be a good candidate to test unique model of
two level magnet system for studying the effect of
the interplay between the exchange and crystal field
interaction.
The sample is a commercially available product
and 10 g of 99.9% TmF 3 , has been supplied by a
Johnson Mattey Company.
The neutron diffraction data were collected at
the MARIA reactor at Swierk, on the triple-axis
spectrometr (channel N° 6) working in the elastic
regime. The neutron wavelength was 2.451 L and 3
cm pyrolytic graphite filter was used throughout the
experiment. To suppress the atomic thermal vibrations the sample was contained in the close-cycle
helium refrigerator and cooled down to 8 K.
Results are shown in the Fig. 1. The diagram of
TmF 3 , in comparison to other compounds studied
earlier, (TbF3, H0F3, ErF 3 and YbF3) [2-4],
showed a close similarity suggesting a single
orthorhombic form. Hence, the diagram was tried
to fit by the FULPROF fitting procedure adapting
Pnma space group and lattice constants after [1],
However, in spite of many efforts no satisfactory
agreement was achieved.

From the Fig. 1 it appears that except of one
small peak at 28 « 31 deg., the remaining peaks are
satisfactory indexed. Nevertheless, the obtained
conventional Rietveld realibility factors Rp, Rwp
and %2 were so large that the applicability of the
assumed model of the crystal structure must rise the
doubts.
The reason for the observed discrepancy might
be threefold: (i) There is a strong effect of
preferred orientation, due to the presence in the
powder of some amount of small single crystals (ii)
The sample is not a single phase, some unidentified
yet phase is present, (for example: hexagonal or
cubic form of TmF3). (iii) The structure has to be
describe in another space group. These three
possible sources of discrepancy observed in the
fitting of experimental data will be successively
examined.
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Fig. 1. Neutron
diffraction
pattern
of
polycrystalline sample of TmF 3 . The small vertical
bars at the bottom of the diagram show the peak
positions in the Pnma space group (lattice constants
after [1]).
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INTERFERENCE FRINGES IN PLANE-WAVE TOPOGRAPHY
OF A^Ga^As EPITAXIAL LAYERS IMPLANTED WITH Se IONS
Wojciech Wierzchowski^ Krzysztof Wieteska2, Walter Graeff3, Andrzej T"™
'institute of Electronic Materials Technology, Warsaw,
2
Institute of Atomic Energy,
3
HASYLAB at DESY, Hamburg, Germany
The MOCVD (metal organic chemical vapour
deposition) grown Al0 45Ga0 55As epitaxial layers
with low dislocation density, implanted with
1.5 MeV Se+ ions to the doses 6xlO13 - 4xlO 14
ions/cm2,
were studied using a multicrystal
arrangement and applying synchrotron X-ray
radiation. The investigations of similar material
were described in [1-3]. Two important
precautions were introduced for better recognition
of implantation induced effects. Firstly, the
dislocation density was significantly reduced by
using a highly indium doped substrate material
with low dislocation density. Secondly, the use of
multicrystal arrangement and synchrotron X-ray
source enabled reducing the probe beam to a very
small size of 30 urn. The 1.1 L radiation was
selected and 400 symmetrical reflection was set in
the investigated crystals. Due to the curvature of
the samples, the interference maxima were
revealed in plane wave topographs as interference
fringes and the high intensity of the source enabled
studying of the fringes also in these regions of the
curve where the reflected intensity is very low.
The investigated Ao.45Gao.55As epitaxial layers
were deposited with MOCVD method on (100)
oriented substrates. The layers were 3 urn thick
and 0.2 um of undoped GaAs buffer layer was
initially deposited. The substrates allowed growth
of the layers with similar low dislocation density.
As it was revealed by means of X-ray topography
only single misfit dislocations occurred locally in
some areas of the samples. The implantation with
1.5 MeV Se+ ions was performed at Rossendorf
Research Centre at room temperature. The ion
doses covered the range from 6xlO13 to 4xlO14
ions/cm2. The 6° inclination of the sample was
applied to eliminate channelling effects.
The synchrotron investigation included also the
plane
wave
topography
with
wide
monochromatized beam. Due to crystal curvature,
we obtained distinct fringes corresponding to the
interference maxima in the rocking curves. The
high intensity of the beam enabled taking
topographs corresponding to the region of the
curve where the reflected intensity is very low.
The numerical simulations based on the
Takagi-Taupin theory were used for analysis of the
results. In the calculation, we took into account the
chemical composition, epitaxial layer profile and
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presence of the buffer layer. The approximation of
the strain by vacancy distribution profile obtained
using TRIM-95 program, which was very
successful in the case of high-energy implantation
into silicon [4], was inadequate and produced less
distinct
implanted layer maximum.
The
appropriate profiles were obtained from the
vacancy profiles using two following operations. In
the first operation the vacancy profile was modified
solving numerically one-dimensional diffusion
equation. The second operation consisted on taking
the sine function of the modified profile. Here we
assumed that the depth distribution of lattice
parameter change had the similar behaviour with
the dose as macroscopic change of lattice
parameter.
As may be seen in Fig. la, the general feature
of the recorded rocking curves was the presence of
an additional distinct maximum corresponding to
the implanted layer. The second maximum
corresponds to a not penetrated part of epitaxial
layer while the third one to the substrate. The
rocking curves exhibit distinct interference
maxima especially well pronounced in the region
between the first and the second maximum. The
maxima are, however, present even in the tail
behind the third maximum being not well resolved
in the curves but they are very well visible in the
plane-wave topographs as the interference fringes.
As it is illustrated in Fig. lb the formerly
described procedure was quite successful in
obtaining simulated curves reproducing many
features of experimental ones. It was also possible
to use it for explaing the change of the rocking
curve with the dose. The strain profile used to
simulate the curve lb is shown in Fig. lc together
with initial vacancy depth distribution profile and
the intermediate profile obtained after the first
step.
The representative synchrotron plane-wave
topograph is shown in Fig. 2. It allows resolving of
more details than the rocking curves. The worth
noting is almost complete correspondence in the
fringe position on both sides of implanted area
boundary for the high angle side of the second
main maximum. According to a well known theory
of diffraction in thin layers [5] this fact may be
explained as follows. Far from the maximum due
to implanted layer the most important phenomenon
is the reflection of the wave-field from the

Research

IAE ANNUAL REPORT 1998

boundary between the epitaxial layer and substrate.
This phenomenon is enhanced by the presence of
the buffer layer with the reflection maximum
moved toward higher angles.
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Fig. 1. a - The synchrotron 400 rocking curve in
1.1 A for ALxGaj.xAs epitaxial layer implanted
with 1.5 MeV Se ions to the dose 2.4xlO14
ions/cm2 - b - The simulated rocking curve, c Lattice parameter depth distribution profile with
assumed in calculation with initial vacancy
distribution and the intermediate profile obtained
by solving one-dimensional diffusion equation
denoted with thick, dashed and thin lines,
respectively.
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Fig. 2. The synchrotron plane wave topograph in
400 reflection of 1.1 A of ALxGai-xAs epitaxial
layer implanted with 1.5 MeV Se ions to the dose
1.8xlO14 ions/cm2. The left part of the topographs
reveals the implanted area and the glancing angle
increases towards the top of the topograph.
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LATTICE DEFORMATION IN AL x GA lx AS EPITAXIAL LAYERS CAUSED
BY IMPLANTATION WITH HIGH DOSES OF 1 MEV SI IONS
Krzysztof Wieteska1, Wojciech Wierzchowski2, Walter Graefi3, Andrzej Turos2, Reiner Grotzschel
'institute of Atomic Energy,
2
Institute of Electronic Materials Technology, Warsaw, Poland
3
HASYLAB at DESY, Hamburg, Germany
PL9902647
Forschungszentrum Rossendorf Germany
The effects caused by implantation with 1.0 MeV
silicon ions in MOCVD (metal organic chemical
vapour deposition) grown Alo.45Gao.55As are
studied for a wide range of doses. The effects of
other types of implantation were studied in
AlGaAs by a number of authors [1-3]. The present
type of implantation was realised for comparative
studies with the implantation with 1.5 MeV
selenium performed by present authors in
analogous epitaxial layers [4]. For effective use of
X-ray diffraction methods a high perfection of
epitaxial layers was provided by using a substrate
with low dislocation density.
The implantation with 1.0 MeV silicon ions
was performed at room temperature in the
Rossendorf Research Centre. This energy should
provide the same penetration range of ions as the
1.5 MeV selenium ions. The ion doses were in
range
7 x l 0 1 3 - l x l 0 1 5 and the maximal dose was more
than two times larger than the amorphising dose
for pure GaAs.
The implanted layers were studied with the white
beam synchrotron section and
projection
topography, he section topographs were exposed
using a 5 \xm narrow linear beam. The section
method reveals the effects connected with
tetragonal deformation present in the implanted
and non implanted part of epitaxial layer and the
effects of depth location. The separation of this
two effects is easily achieved comparing the
topographs taken at different film-to-crystal
distances. The present investigation included the
recording of conventional double crystal rocking
curves for two different asymmetries of 511
reflection in the investigated samples. The
methods allowed to evaluate both the lattice
parameter
difference
and
the
tetragonal
deformation caused by lattice misfit. The obtained
rocking curves were also used for determination of
the strain profiles by fitting of the theoretical
rocking curves obtained by numerical integration
of the Takagi-Taupin the equation
It was found that the dependence of
implantation induced lattice parameter change on
the dose was analogous to observed previously by
us in the case of Se implantation [4]. As may be
observed in Fig. 1 the implantation induced lattice
parameter change increased with the dose
apparently reaching the maximum at 7 x 10 '
ions/cm2.

The presently recorded rocking curves were
very similar to those obtained in the case of
1.5 MeV Se implantation and it was possible to
simulate them assuming analogous strain profiles.
The investigation did not reveal any signs of
lattice amorphisation for all used doses. Also the
measurements of rocking curves with different
asymmetrical reflections did not point any strain
relaxation.
The authors are greatly indebted for the
financial support by the Polish Committee for
Scientific Research (Grant 8 TUB 049 13) and by
the Polish-German Agreement co-operation
POL-GER-N-100-95/BO (204/P).
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Fig. 1. The dependence of the implantation
induced lattice parameter change on the dose in
AlxGa^As with x=0.45 for implantation with
1 MeV Si ions.
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SYNCHROTRON TOPOGRAPHIC CHARACTERISATION OF SILICON DIRECTLY
BONDED BY OXIDE LAYER
Wojciech Wierzchowski^Krzysztof Wieteska 2 , Walter Graeff3, Grzegorz Gawlik1, Marta Pawlowska1
institute of Electronic Materials Technology, Warsaw
2
Institute of Atomic Energy
3
HASYLAB at DESY Hamburg, Germany
The direct bonding is a new technological method
widening the possibility of manufacturing different
layered structures which is also an object of
intensive studies in view of interesting physical
and material phenomena [1-3]. In the present work
we studied three types of structures obtained by
direct bonding of oxidised silicon wafers which
may have perspective application in SOI (silicon
on insulator) technology, namely:
1. Structures formed by bonding of two 400 um
thick double-side oxidised silicon wafers.
2. Structures made as the previous one but with
major part of one wafer removed by mechanicalchemical polishing and only 40 um of the wafer
left.
3. Structure formed by direct bonding of one
400 um double-side oxidised silicon wafer with
silicon implanted to a very high dose 50 keV
protons. In this case the implanted crystal is
decomposed leaving 0.5 um thick shot-through
layer bounded to the oxidised wafer.
The most important results were obtained by
means of synchrotron section topography both in
back-reflection and transmission geometry. The
section topography was completed by micro-Laue
method and projection topography. All X-ray
experiments were performed using synchrotron
white beam. In addition we performed the
observation of the selective etching pattern with
SEM and optical microscopy with Nomarski
contrast in the second type of samples.
The present investigation revealed the
significant difference between the first two types of
investigated structures and the third one. In the
first two cases X-ray topographic methods
indicated a relatively high concentration of defects
in both wafers forming the structure. This result is
in particular illustrated by section topograph of the
second type of structure shown in Fig. 1. This
topograph evidently points that the defects are not
uniformly distributed in the whole thickness of the
bonded wafers. The presence of defects was
confirmed by selective etching pattern. The white
beam section and micro-Laue topography were also
used for determination of mutual disorientation of
the bonded layers. The reduced thickness of the
polished wafer resulted in much smaller width of
the corresponding stripe in Fig. 1.

Fig. 1. The Bragg-case section topograph of the
structure formed of two directly bonded 400 um
thick oxidised silicon wafers, one of them thinned
by mechano-chemical polishing to 50 um.
The different situation was observed in the case
of third type of structures where the thin layer
separated by proton implantation accommodated
all strains caused by direct bonding. The second
thick wafer was free of additional defects as it was
proved by the Bragg-case section topograph shown
in Fig. 2. Here the interference fringes
characteristic for bent crystal indicate high
perfection of the wafer. We can only indicate some
irregularities of the fringe pattern connected with
the strain at the boundaries of the thin bonded
layer.

Fig. 2. The Bragg-case section topograph of the
structure formed by direct bonding of 400 um thick
oxidised silicon wafer with 0.5 um thin layer
separated by high dose proton implantation.
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THE USE OF NUMERICAL SIMULATION IN ANALYSIS
OF BRAGG-CASE SECTION TOPOGRAPHIC IMAGES
Wojciech Wierzchowski1, Krzysztof Wieteska2, Walter Graeff3
institute of Electronic Materials Technology, Warsaw,
2
Institute of Atomic Energy,
3
HASYLAB atDESY, Hamburg, Germany
One of the advantages of the Bragg-case section
topographic method is the possibility of the image
simulation based on numerical integration of the
Takagi-Taupin equations, which was firstly
performed by Bak-Misiuk et al. [1] and by
Chukhovski an Petrashen [2] for the fringes
appearing in the elastically bent wafers. To our
best knowledge the attempts of image simulation of
individual defects were up to date presented by
Wierzchowski et al. [3] for misfit dislocations and
dislocations in diamond by Wierzchowski and
Moore [4].
The experimental Bragg-case images were
obtained at HASYLAB using white beam limited
by 5um slit. The relatively small glancing angle
was chosen to produce the images selecting the
wavelength smaller than 1 A, when the
interference fringes are better visible.
The images of dislocations were studied in a
700)j.m thick, low boron-doped Czochralski-grown
sample with a small 102/cm2 density of dislocations
in the middle area. The sample allowed choosing a
number of regular straight dislocations for analysis
of their image.
The present simulations were performed using
programs described by Wierzchowski et al. [3,4].
The revealed programs enabled taking into account
the presence of an epitaxial layer and the curvature
of the sample. The procedures used for calculation
the contribution of the displacement field of
oblique dislocations were written basing on the
paper by Shaibbani and Hazledine [5].
The topographs contained well pronounced
Uragami fringes as may be noticed in the
representative pattern shown in Fig. 1.

Fig. 1. The representative section pattern of a
silicon sample with regular configuration of
dislocations in 533 reflection selecting 0.6 A.
The images of particular dislocations were
changed in different reflections but their main
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component was a kind of complicated rosette
formed with strong black contrast sometimes
containing by some tails of interference fringes.
The whole dislocation image is black as it is
formed by additional portion of radiation.
The described character of the image is to great
extent confirmed by the performed image
simulations shown in Fig 2. By the visualisations
of the Phi 2 and |D 0 | 2 in the plane of diffraction it
was also confirmed that in the flat sample most of
the black contrast is formed in the vicinity of the
incident beam.

M

Fig. 2 (a, b) -The representative simulations
corresponding to the 60 and 30
marked in Fig. 1 by frames.

dislocations

It was confirmed that the black rosette it is not
directly corresponding to the disorientation
contour. The rosette and the whole image in flat
crystals is practically insensitive to the inversion of
Burgers vector, but it strongly affects a set of
fringes in the bent crystal. In the last case the
change of Burgers vector sign is equivalent to the
change of the sign of curvature.
The authors are greatly indebted for the partial
financial support from the Polish-German
Agreement co-operation POL-GER-N-100-95/BO
(204/P-3).
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MORIN TRANSITIONS IN SOME SINGLE CRYSTALS
Jan Suwalski1, Anna Maryanowska2
institute of Atomic Energy
institute of Physics, A. Mickiewicz University, Poznań, Poland
In the vicinity of the Morin transitions, the new
Móssbauer experimental data are obtained for the
geological hematite and single crystal of
strontium-iron—vanadiumperovskite.
The magnetic properties of cc-Fe2O3 (hematite)
have been studied by many authors, and widely
different conclusions have been drawn concerning
its magnetic structure. At room temperature a very
pure samples show the weak ferromagnetic
properties, which disappear above 950K. This
Curie temperature is suspiciously close to that of
Fe 3 O 4 (magnetite). Neel has been supposed that
observed ferromagnetism is parasitic and the basic
magnetic structure is that of an antiferromagnetic
materials [1]. Morin has shown the room
temperature ferromagnetism to disappear sharply
at a temperature 256 K [2], and below this
temperature the magnetic susceptibility can be
accounted for on the basis of an antiferromagnetic
lattice. Furthermore, Morin has found no
crystallographic transition (by x-ray) in vicinity of
this transformation temperature.
On the other hand, neutron diffraction patterns
taken by Shull at al. [3] indicate the existence of an
antiferromagnetic - magnetic transition with
temperature change. Comparison of x-ray and
neutron diffraction (ND) patterns show that the
inter most reflections are antiferromagnetic in
origin and are absent in the x-ray case. The
magnetic ND intensities of hematite indicate a
considerable rearrangement of reflection below
room temperature. By the Móssbauer technique
Van Der Woulde [4] has demonstrated that the
quantization axis of spins of the iron ions in
hematite changes direction by 90° at T t = 260 K.
The jumping change of spins direction results in
the changes of sign and magnitude of the
quadrupole splitting and abruptly drops of the
effective magnetic field at iron nucleus Heff during
the heating. Furthermore, the curve of Hefr against
T shows the temperature hysteresis around Tt.
Spectra of the hematite powdered mineral from
south Poland have been run at different

temperatures in the Morin transition range from
180 to 308K. Fig.l shows one of these measured at
240 K.
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Fig. 1. Móssbauer spectrum at 240 K for the
hematite mineral.
A spectrum in Fig.l composed of two overlap
sextets of nearly equal intensity visualize a drop in
Heff. The most striking results in experiments on
geological hematite is that the Morin transition
region is much broader than in synthetic a-Fe 2 O 3
(Merck) [4]. The changes in H,,ff , Q.S. and
intensities I], I 2 of both sextets appear slowly with
T and indicate no temperature hysteresis.
Móssbauer spectra of powdered single crystal of
strontium-iron~vanadium perovskite Sr 2 FeVO 5 . 6
have been taken in temperatures from 78 to 500 K
[5]. The temperature dependence of the effective
magnetic field at iron nucleus Heff deduced from
these spectra is shown in Fig.2.

Fig. 2. The temperature dependence
of the
effective magnetic field at iron nucleus in
perovskite Sr2FeVO5 6.
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Distinct separation of the sextets in region of
Morin transition 265<T<380 K as well as the
hanges in the value and sign of the quadrupole
splitting indicate the coexistence of magnetically
ordered phases with spins oriented at the 0° or 90°
to the b axis of crystal. Thermal hysteresis of all
Mossbauer parameters has been not observed.
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SLATER-PAULING DEPENDENCE OF Dy[(Fe0.4Co0.«)i-1[AlI]2 INTERMETALLICS
Jaroslaw Pszczola1, Barbara Winiarska1, Zbigniew Kucharski2, Jan Suwalski2
1
Solid State Physics Department, AGH, Krakow, Poland
2
Institute of Atomic Energy
It was previously found, that the magnetic
hyperfine fields of the D(Mn-Fe)2 and Dy(Fe-Co)2
series form the two-branches of Slater - Pauling
curve based on the average number of 3d electrons
per sites of the transition metal sublattice. This
curve results from the 3d-metal/3d-metal
substitution. The compound Dy(Fe0.4Co0.6)2
corresponds to the right branch of this curve. The
Al-dilution of 3d-sublattice of this compound was
experimentally tested in the present paper. For this
purpose
new
intermetallic
compounds
Dy[(Feo.4Coo.6)i-xAlx]2 were prepared and data of a
detailed X- ray analysis are presented (300 K).
57
Fe
Mossbauer
studies
of
the
Dy[(Fe0.4Coo.6)i-xAlx]2
intermetallics
were
performed (4.2 K). The hyperfine interaction
parameters were determined and presented in
Fig. 1.

It was found that, as a result of the
(Feo.4Co0.6)/Al substitution, the hyperfine field
forms a new 3d4s/3sp branch of the above
mentioned Slater - Pauling dependence. It is
shown in Fig. 2.
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Fig. 2. The Slater - Pauling dependence
(4.2 K): (1) Dy(Fe-Mn)2, (2) Dy(Fe-Co)2 [2,3], (3)
the 3d4s/3sp branch of the Slater - Pauling curve
of the Dy[(Feo.4Co0.6)]-xAlx]2 compounds.
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Fig. 1. Hyperfine interaction parameters of the
Dy[(FecuCoo.6)]-xAlx]2 series (4.2 K).

The possible influence of the Al-substitution on
the 3d-band structure is qualitatively discussed.
It should be emphasized that the substituting of
an Al-atom for a 3d-atom for Mn, Fe or Co
removes two 4s electrons and five, six or seven 3 delectrons, respectively. Instead three 3sp electrons
are introduced. The Al-substitution causes change
in the 3d-metal sublattice: it increases the lattice
unit parameters with x, increases the average <MM> distance between the neareast neighbours of
transition metal atoms caused by the lattice
parameter
expansion
and
the
statistical
displacement of atoms and reduces the average
number of 3d-metal nearest neighbours. These
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changes influence the band structure and all the
observed physical properties.
The electronic structures of the certain R-M
intermetallics were previously studied theoretically
and the band structures were proposed.
Nevertheless, systematic theoretical studies of the
band structure of the 3d/3d substituted series and
especially of the Al-substituted series were not
performed yet.
Since the electronic band structure of the Alsubstituted compounds is unknown, it is not an
easy task to discuss the new Slater - Pauling
branch. However, for a qualitative discussion, to
apply the Stoner model for the 3d-sublattice, seems
to be enough.
The Stoner model is described in detail
elsewhere [1], The substitution changes n and the
Fermi
energy
shift
E F (n),
the
nearest
neighbourhood. Consequently, the energy shift
AE(n)~JM-Mu(n)niM between the subbands are
gradually modified and thus the average magnetic
moment mM (particularly mFe) per 3d-atom and
approximately proportional to it the magnetic
hyperfine field Hhf are modified too. JM-M is the
exchange integral and u(n) is the number of
nearest neighbours.
It is expected that there is no dramatic changes
in the Dy(M-M)2 series. It seems that both the n
parameter and parameters EF,
AE, change
moderately and as a result the 3d-3d Slater Pauling curve for the Hhrfield is observed [2,3],
In the Dy[(Fe0.4Coo.6)i-xAlx]2 series, however, all
parameters change considerably. At first, the
number n can change between zero and 6.6 across
the series. Additionally, the number u(n) of the
magnetic nearest neighbours falls down with x
from six to zero, moreover, the exchange integral
JM-AI = 0.

The band structure of the Al substituted
intermetellics and particularly of their 3d-metal
sublattice, can be treated as a result of an interplay
between the number n, energy E F and energy shift
AE [1]. It seems, that even a small Al-substitution
influences these parameters so strongly and by a
different manner (as compared to the 3d/3d
substitution) that the new branch of the HhXn)field cannot be treated as a simple replica of the

3d-3d Slater - Pauling curve. For instance, there is
no maximum of the Hhf(n) for this branch
(see Fig. 2.).
There are two electronic subsystem in the 3 dmetal sublattice; the 3d4s electrons and the 3sp
electrons. It seems that the 3sp elecrons do not fill
considerably, if any, the 3d-band and thus do not
change directly the number n and related to it
properties. Therefore, a continuation (or a
following) of the 3d-3d Slater - Pauling curve as a
result of the Al-substitution is not observed. In
other words, a Slater - Pauling mechanism between
the 3d and the 3sp electrons is practically not
observed. The 3d-bad state corresponding to the
Dy[(Fe0.4Coo.6)i-xAljj2 compound is presumably
gradually modified by a
simple
dilution
mechanism. The number n decreases across the
series as a result of this simple dilution introducing
gradual changes of the 3d-band.
In effect,
unexpectedly, relatively moderate changes of the
magnetic hyperfine field with n as compared to the
left branch of the 3d-3d Slater - Pauling curve
appear. As a consequence, a new Slater - Pauling
branch is observed. There is no possibility to give a
more detailed discussion because the relations
between n and the density p 3d of the 3d electrons at
Fe atom, the 3d electron densities p + 3d , P~3d
corresponding to the 3d-subbands (with spin-up
and spin-down, respectively) are not known. The
above approach is only a tentative qualitative
discussion. Without knowledge of the band
structure of the Al-substituted intermetallics more
detailed discussion is rather impossible. For this
purpose sound theoretical and numerical studies
would be useful.
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Dy SLATER-PAULING DEPENDENCE OF Dy(MnxCoi.x)2 INTERMETALICS
Jaroslaw Pszczola1, Bogdan Gicala2, Jan Suwalski 3
'Solid State Physics Department, AGH, Krakow, Poland
2
Center for Research and Development Reducers and Motoreducei
Bielsko-Biala, Poland
Institute of Atomic Energy

It was previously foud, that the magnetic hyperfine
field at 161Dy nuclei in the Dy(M-M)2 (M-M=MnFe, Fe-Co and Co-Ni) pseudobinary intermetallics
behave in accordance with the Slater-Pauling curve
related to the average number of 3d electrons per
transition metal atom. This curve was obtained by
3d-metal/3d-metal
substitution,
performed
systematically across a transition metal series. In
the present paper, the series Dy(MnxCoi_x)2 is
studied, for which the number of 3d electrons per
atom of the transition metal constituent differ by
two. A preparation method of the compounds
Dy(MnxCoi.x)2 and data of a detailed x-ray analysis
(300 K) are described. The ]61Dy Mossbauer effect
measurements of the Dy(MnxCo!_x)2 intermetallics
were performed (4.2 K) and the hyperfine
parameters were determined from the experimental
Mossbauer spectra. It was found that, as a result of
the Mn/Co substitution, the magnetic hyperfine
field shows a new Slater-Pauling dependence,
analogous in some degree, to the mentioned one.
The possible influence of the Mn/Co-substitution
on the 3d-band structure is qualitatively discussed.
The Mossbauer spectra were obtained by means
of a standard transmission technique with a 161Tb
source, using the y-line with an energy of 25.65
keV and a high-velocity spectrometer. The 161Dy
Mossbauer spectrum obtained for dysprosium
metal at 4.2 K was used for calibration of the
velocity scale.
The starting material for the source preparation
was about 30 mg of fluoride 16° Gd 0.5163 Dyo.sFs in
which the isotopes of Gd and Dy were 90%
enriched. This material was closed in an
aluminium capsule and irradiated in the nuclear
reactor for two weeks with a flux 2x1014 n cm'2 s*1.
The source prepared from such material has an
unsplit Mossbauer line at room temperature. The
details of the source preparation and detection
method are described elsewhere [1].
Since the samples were prepared from Dy
composed
of natural abundance dysprosium
isotopes, the amount of the 161Dy isotope in the
absorbers equals 18.9%
of the dysprosium
content. For all absorbers the Mossbauer thickness
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used for the 161Dy isotope was close to its optimal
value, 8 mg cm"2.
The 161Dy Mossbauer spectra recorded at the 4.2
K are presented in Fig. 1 for compounds with x=0
to 0.8. The probed Dy atom can have different
Mn/Co nearest-neighbour surroundings as a result
of a statistical distribution of atoms in the Msublattice. Nevertheless, after a number of fitting
trials it can be concluded that practically no
composite Mo'ssbauer spectra have been observed.
The fitting procedure was given in detail elsewhere
[1]. Every experimental spectrum was satisfactorily
fitted with one pattern, meaning with a single set
of the hyperfine parameters. Thus it can be
carefully concluded that a direct influence of the
local nearest-neighbourhood created by the
transition metal atoms on the Dy hyperfme
parameters is eventually of secondary importance.
From a numerical analysis the hyperfme
parameters corresponding to the different samples
were obtained. The determined
hyperfine
parameters are presented in Fig. 2. These comprise
the isomer shift IS h'1 (with respect to GdF3 source
at 300 K), the magnetic hyperfine field parameter
gNu.NHhf h"1 (gN is the nuclear Lande factor, uN is
the nuclear Bohr magneton, Hhf is the magnetic
hyperfine field at Dy nuclei, h is Planck's constant)
and the quadrupole interaction parameter e2qQ/4h
(q is the electric field gradient at the 151Dy nuclei,
Q is the electric quadrupole moment at the ground
state of the nucleus, e is the electron charge). The
isomer shift IS h"1 equals 75.9(29.3) MHz for x=0
and seems to be constant across the rest of the
intermetallic series within experimental error. The
IS-value of Dy-metal at 4.2 K equals 84 MHz [2],
The magnetic hyperfine field gN^NHhf h"1 equals
878.8(6.3) MHz for DyCo2. It increases to
900.6(14.5) MHz for x=0.4 and then decreases.
The quadrupole interaction parameter e2qQ/4h
equals 705.6(22.4) MHZ for x=0 and slightly
decreases with x. Data for x=l are taken from Ref.
[3]. The value of Dy-metal at 4.2 K equals 650
MHz [4]. The lines through the experimental
points correspond to linear fits.
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Fig. 1. Dy Mossbauer effect spectra of the
Dy(MnxCoi_x)2 intermetallics (4.2).
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A MOSSBAUER STUDY OF Sr 3 FeVO 65 NEAR MAGNETIC PHASE TRANSITION
Anna Maryanowska1, Joanna Latosinska1, Jan Suwalski2, Jerzy Pietrzak2
'institute of Physics A.Mickiewicz University, Poznah, Poland
''Institute of Atomic Energy
The Mossbauer spectroscopy has been commonly
applied for distinguish between the first and the
second order phase transitions.
Although
discontinuities in the hyperfme
structure
parameters occur at both phase transitions, a rapid
change in intensity of the line in Mossbauer
spectra appears only at a first order transition [1].
Mossbauer spectra of 57Fe in perovskite
compound Sr3FeVO6-5[5»](SFVO) have been
measured in temperature region from 78K to
500K. At the Morin transition temperature
TM=256K we observed broadening of the first
order transition in SFVO [2]. It is shown that
fluctuation of the concentration of V3+ and V4"1" ions
in the crystal lattice of SFVO leads to a broadening
of
the Morin
type phase transition. The
temperature dependence of the SFVO in
Mossbauer spectrum for the low- and hightemperature phases were in agreement with

experimental data for the first order phase
transition. So one of the possible reasons for the
observed broadening of the first order phase
transition in SFVO is fluctuation of concentration
of V3+ and V4"1" vanadium ions. The study reported
in this paper was undertaken to check this
possibility on the basis of the theory of probability
assuming a certain function of distribution of
mesodomains
relative to different
Morin
temperatures.
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STUDY OF LOW-TEMPERATURE REDISTRIBUTION
OF CARBON TNTERSTITIALS IN MARTENSITE
Ludwik Dajbrowski and Stoyko Neov
Institute of Atomic Energy
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According to the model of Kurdiumov [1], carbon
atoms occupy octahedral sites Oa (1/2,0,0), Ob
(0,1/2,0) and Oc (0,0,1/2) in a-martensite lattice
with a preference to fill O c interstitial positions.
From the calculations, [2], it follows that the
tetrahedral sites can be occupied only temporarily
during the diffusion of carbon atoms between
octahedral sites. The inequality of O c sublattice in
relation to Oa and O b is the cause of tetragonality.
According to the well known empirical law, the
tetragonality increases linearly with the carbon
concentration in the solution. However, the
tetragonality depends also on the long range order
parameter r\ [1,3], which determines the carbon
concentration in different sublattices: O a , O b and
Oc. It was found by neutron diffraction method that
only 80 % of carbon atoms are situated in O c
sublattice, while the remaining 20% are distributed
in O a and O b sublattices, [4]. Following the
definition of long range order parameter given in
[1], we obtain T\= 0.7. If all carbon atoms are in O c
sublattice, the martensite tetragonality will be
considerably higher and r\ parameter would be
equal to 1. Using for calculations the formulae
given in [3], the tetragonality must increase with
about 45 %. Such a value is inherent to martensite
with anomalous tetragonality. For pure Fe-C
martensite, it is not possible to obtain so high
tetragonality. When a part of atoms of the Fe matrix
is replaced, for example by nickel atoms, the
martensite phase will possess anomalous high
tetragonality. The model proposed by Kurdiumov
[1] gives a numerical description of this
phenomenon. On the other hand it is not capable to
explain why at the substitution of Fe by Ni all or
almost all atoms of C remain in O c sublattice and
whether it will be possible to obtain an anomalous
tetragonality in pure carbon martensite.
The sample for X-ray measurements, containing
0.87 wt % C, was prepared of pure Armco iron in
the form of 30 \xn thick foil. It was sealed in an
evacuated quartz ampoule heated up to 950 °C and
quenched in water solution of NaCl. After the
ampoule breaking, the water, which is at
atmospheric pressure, gets very quickly into contact
with the sample placed in vacuum. Immediately
after cooling, the sample was immersed in liquid
nitrogen for 10 minutes.
The sample taken out from the liquid nitrogen
was subjected
to ten successive
X-ray
measurements of (112) reflex by Co Ka source,
X=l.7889A and SiO2 monochromator for Kp. The
duration of each measurement was 20 minutes. At

termination of the experiment, the sample was put
again in liquid nitrogen. The same procedure was
repeated every day for four days. Successive c/a
ratio pulsations, irregular by amplitude and period
(in order of few hours) were registered. Their
characteristics are identical of the observed firstly
by us c/a ratio pulsations in martensite [5]. Five
typical spectra measured in a time sequence: 16 h
20 min, 17 h, 18 h, 18 h 20 min and 18 h 40 min
after quenching are presented in Fig. 1. The
corresponding c/a ratio values deduced from them
are: 1.046, 1.047, 1.048, 1.055 and 1.044.
Two well expressed effects were registered on
the experimental spectra, shown in Fig. 1: the first is
the enhanced tetragonality of the martensite and the
second is the characteristic time pulsations of c/a
ratio. From the observed spectra, it follows that the
values of (c/a-1) are from 10 to 35 % higher in
comparison with the same expression for martensite
with normal tetragonality. They are very close to
the value for martensite with anomalous
tetragonality, which is about 45 % higher than the
normal one.
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Fig. 1. X-ray doublet intensity measured at
T=100 K as a function of the time after quenching.
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On the basis of X-ray experiments, we draw the
following conclusion: By fast quenching (much
faster than the critical value), a martensite with
enhanced tetragonality has been sinthesized.
According to the calculations carried out, the long
range order parameter r\ can exceed the normal
value 0.7 and reach to 0.94. In this case, the number
of carbon atoms passing from O c sublattice to O a
and Oj) is 5 times less. The course of this process is
not uniform and is accompanied by time pulsation
with period of few hours at temperature of 100K.
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CLUSTERS IN CARBON MARTENSITE: THERMODYNAMICS AND KINETICS
Ludwik D^browski
Institute of Atomic Energy
An original method of evaluation of the cluster
population in carbon martensite has been
developed. Using this method it is shown that the
Kurdjumov's model of a carbon redistribution
within the different octahedral site sublattices can
quantitatively account for both observed normal
and abnormal tetragonality in carbon martensite. It
is also shown that the existence of the internal
strains in martensite constitutes a necessary and
sufficient condition for the energetic preference of
tetrahedral over the cubic one. The presence of the
residual tetragonal distortion in the quasi-cubic
phase of K-martensite is associated with the
presence of the mixed clusters formed of the atoms
belonging to O c sublattice as well as to remaining
ones.
By using a computer simulation of the dynamical
behavior of carbon martensite approaching the
thermodynamical equilibrium, it was found that the
ultimate state of this system is strongly beyond the
thermal equilibrium. Even after long-term aging,
the free energy is far beyond the minimum value
allowed for this system. The reason for such a
behavior and the possible aging processes
proceeding in this system are discussed on the
molecular level. All of the ordering parameters are
affected by aging process. The evolution proceeds
in the distinctly different time intervals for different
parameters. At first, the long-range ordering
parameter which determines the tetragonality of
martensite evolves and reaches the stable value. In
the next stage, a formation and then disintegration
of the two-particle clusters occurs. Disintegration
of two-particle clusters coincides with the stage
when three-particle cluster formation occurs at a
high rate. Three-particle clusters also disintegrate
when some time elapses. The same pattern repeats
as regard four-, five-, six-, seven-, and eightparticle clusters. To simplify the calculations, the

nine-particle clusters are assumed to be the largest
possible and are identified with an existence of
superstructure. The formation of 100% of nineparticle clusters with no contribution of free atoms
in an alloy ceases all aging process. The evolution
of these processes is illustrated graphically in the
time range from 16 seconds to 1500 years, as
estimated on the basis of experimental data.
Conclusion of this work are as follows:
1. Normal and abnormal tetragonality of a
martensite can be quantitatively explained
within the frame of the Kurdiumov and
Khachaturyan model of carbon atoms in
different sublattices of octahedral sites. There is
no necessity to include in the considerations of
the tetrahedral sites.
2. The necessary stimuli for the tetragonal
distortion in martensite are the internal strains.
3. The a martensite transforms into K-martensite
after a complete annealing of the internal
strains. The presence of the residual
tetragonality in K-martensite is brought about by
the formation of a small amount of mixed
clusters, composed of carbon atoms occupying
O c and O a or O b sublattices.
4. The thermodynamically equilibrated phase of
martensite will be a phase containing
completely
clustered
carbon
in
the
superstructure form.
5. At the beginning in a- phase all carbon atoms
are distributed in Oc sublattise. It has been
found that in the first few hours after quenching
they form a clusters. At first the clusters are
two-particle, but afterwards they grows larger
and have a tendency to form a superstructure.
6. One of the most important mechanism of the
martensite aging is the process of multiparticle
(3,4,5 and more) clusters formation, while the
number of isolated carbon atoms remains on the
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10% level (it has been confirmed by
experiment)
7. At particular temperature, martensite with the
same chemical composition can exhibit various
tetragonality. This can be observed as a
tetragonality hysteresis.
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OSCILLATOR COUPLING IN SELF-ASSEMBLE
CELLULAR MAGNETIC STRUCTURE IN Li-Ti-Zn FERRITE SYSTEM
Sylwester Ligenza
Institute of Atomic Energy
The magnetic structure of Li-Ti-Zn ferrite
exhibits a presence of magnetic clusters of the selfassembled magnetic cellular structure, which arise
due to the thermal diffusion of ions [1,2,3]. This
self-assembled magnetic structure belong to the
thermodynamic
self-assembling
structures
observed in nature [4]. The present magnetic
cellular structure discovered in the solid state
physics is connected with condensation of
paramagnetic ions in some regions of spinel crystal
structure. The linear dimension of particular cell is
about 14 nm. The magnetic cells are separated by
the walls of the average dimension to 1 nm [1,2].
These magnetic cells have enriched content of
paramagnetic ions relative to walls, containing
mainly the diamagnetic ions. Taking into account
these data and the information from neutron
measurements, the average value of magnetic
moment of cells was calculated as ^ = 6 3 5 0 ^ .
The
phenomenon of appearing of selfassembled magnetic cellular structure in Li-Ti-Zn
ferrite, was discovered by neutron scattering and
Mossbauer effect measurements [1-3]. The
appearing of the self-assembled magnetic cellular
structure is observed for the first time in the
crystal structure of magnetic materials.
The magnetic induction was studied of this
cellular structure system as a function of external
magnetic field H e x by polarised neutrons [5]. The
behaviour of determined
parallel magnetic
induction curve was explained in paper [5] basing
on the Langevin function, assuming the existence
of the dipole magnetic field Hj induced by
external magnetic field, defined as [5]:
H^yMcHj3,
(1)
where y and p are the fitting parameters. As a
result, the interaction parameter X of the Langevin
function was taken as:
X = Mc (Hd + Hex)/kT
(2)
During the analysis of the neutron
depolarisation measurements the perpendicular
magnetisation induction <B>j_ is observed and
interpreted
due to
appearing of correlated
interactions between magnetic moments of cellular
The external magnetic field induced the correlated

magnetic oscillator coupling between particular
cellulars. It was established that maximum of
<B>j_ appeared at H,,x =44 Oe. The determined
components of <B>u and <B>_^ versus external
magnetic field H.x are presented on Fig. 1. The
appearing of correlated magnetic oscillator
coupling between magnetic cellulars in crystal
structure of solid state was observed for the first
time and is similar to the oscillator coupling
observed in biology [6],
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Fig.l. External field dependence of parallel <B>||
and perpendicular <B>± magnetic induction (denoted
as <B>pp in Fig.l) for cellular magnetic structure in
Li-Ti-Zn ferrite.
The polarised neutron transmission studies in
applied external magnetic field indicate the
resonance spin flipping of neutrons due to
correlated magnetic oscillator coupling of particular
magnetic cells [6]. This resonance spin flipping has
been noticed for the first time on a dynamic
magnetic cluster system. The ..magnetic cellular
waves", induced by external magnetic field have
been observed. It has been found mat the generated
"cellular waves" in a coupled magnetic cells
system propagate with the velocity of vf ~ 344m/s.
The mean gyromagnetic ratio ycof magnetic cells
was also determined as yc «-2.18 105rad/s mT
or y c « - 3 . 4 7 104 Hz/mT.
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OXIME AND CARBOXYL GROUPS AS HYDROGEN BOND DONORS AND ACCEPTORS
Jan K. Maurin
Institute of Atomic Energy
For the long time we have been interested in
structures of organic compounds having two
functional groups which may form hydrogen bonds
in crystal structures. The main reason for these
studies was to establish new
so-called
supramolecular synthons for crystal engineering.
Since both oxime and carboxyl groups have one
donor and two acceptor functions (see Fig. 1), they
could be used as tools for multiple hydrogen bonds
formation.

for carboxylic acids, with the exception that N is
replaced by a carbonyl O-atom. Below in Fig. 2 the
histograms for oximes and carboxylic acids are
collected.
Oximes as hydrogen bond donors:
When one functional group acts as an
intermolecular H-bond donor, the most common
acceptors in organic structures are oxygen or
nitrogen atoms of the other molecules. Fig. 2a
shows a histogram of D—A distances from oxime
hydroxyl oxygen to either O (rear plot) or N atoms
(front plot) with the mean value of 2.71 A for 0---0
and 2.80 A for O—N distances, respectively.
Oximes as acceptors:
Fig. 2b shows the histogram of D—A distances
when oxime N atom acts as an acceptor (148
structures in CSD). The mean d(D-A) is 2.82 A
and median 2.80 A.

Oxime group as H-bond donor (H-bond to O, N acceptor sites)
O...N (front plot), 0...0 (back plot)

Fig. 1. Hydrogen bond donor and acceptor sites in
oxime (left) and carboxyl group (right)
The survey through the CSD (Cambridge Structural
Database) [1] has been carried out to establish the
mean values of hydrogen bonds donor-acceptor
(DA) distances, which are characteristic for
carboxylic acids and oximes when both groups
serve as either donor or acceptor or as both of them
at the same time.
Oximes structures can be divided into 7 classes [2].
The first three involve different isolated functions
of oximes: donors, acceptors where N is the
acceptor site, and acceptors where O is the acceptor
site [3]. The remaining four are the combinations of
the first three. A similar classification can be used

d(D..A)
Oxima group as H-bond acceptor (N acceptor site)

d(D..N)

Oximes as donors and acceptors.
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In 113 structures, the oxime group acts as both
donor and acceptor (where N is acceptor site). In 79
centrosymmetric oxime-oxime dimers were formed.
Fig. 2c shows the histogram for D—A distances
(front plot correspond to the oxime-oxime dimers).
In both cases the mean value of D—A distances is
ca. 2.80 A.
Oxime as acceptor with O as acceptor site:
Only in 27 structures does the oxime oxygen atom
act as an acceptor. The D--A distances are here
much longer: the mean value is 2.92 A and the
median about 2.86 A. hi nine cases those H-bonds
are OHOXime"'OOXime hydrogen bonds where the
maximal number of contacts have ca. 2.71 A.
Because of paucity of structural data corresponding
to this class it is hard to draw any statistically
valuable conclusions.
<=}
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Carboxyl group as H-bond donor (H-bonds to O-acceptor site)

d(o...o>
Carboxyl group as H-bond acceptor (O-carbonyl acceptor site)

Oxime group as H-bond donor and acceptor (N acceptor site)
front plot O...N in oxime-oxime dimers

d(D...O)

a

a

a

a

s.

Carboxyl group as H-bond acceptor.

d(O...Nj
Carboxyl group as H-bond donor (H-bond to N-acceptor site)

Carboxyl group as H-bond donor:
Among the large number of structures where
carboxyl group acts as a H-bond donor there are
only 97 of them where the OHoarbOxyi"1N linkage is
formed. The mean value of the D—A distance for
this subgroup is 2.71 A (Fig. 2d). Most carboxyl
groups (1457 entries in CSD), however, are Hbonded to O atoms where the mean value of the DA
distance is 2.64 A (Fig. 2e).

The plot on the Fig. 2f shows the values of D—A
distances when carbonyl oxygen atom of carboxyl
group acts as the acceptor. The mean value in this
group is 2.77 A, whereas the median is 2.72 A. One
can see the large number of distances in the range
2.61-2.67 A which correspond to the maximum on
Fig. 2e. This might be ascribed to the carboxylcarboxyl contacts and more particularly to the
carboxylic acid centrosymmetric dimers (Fig. 2g)
where the mean value of D—A distances is 2.66 A
and the median 2.65 A. Highly asymmetrical
distribution of D-A distances on Fig. 2f suggests
the existence of well defined sub-classes of
interaction. The plot (Fig. 2h) shows very
interesting, but not so populated group of contacts
where the hydroxyl oxygen atom of carboxyl group
serves as an acceptor for the H-bond. Only 81
entries of this type are recorded in the CSD. The Hbond lengths are here much longer - the mean value
of D—A distances is 2.84 A and the median 2.87 A
is almost the same as the median value for oximes
when the oxime hydroxyl oxygen serves as an
acceptor.
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H-bonds in carboxylic acid dimers
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CRYSTAL STRUCTURE OF 5(3—CHOLANIC ACID 3—OXTME
Jan K. Maurin
Institute of Atomic Energy
The survey of the Cambridge Structural Database1
led to the following conclusions: The carboxyl
group is one of the most common groups having
both donor and acceptor functions (3180 entries for
organic, error free structures with R factor less then
10%). The oxime group is much less common
donor-acceptor group (370 entries). Both groups,
however, are similar because of their dual function
in hydrogen bond formation - both have one donor
function (OH) and two acceptor atoms (nitrogen
and hydroxyl oxygen for oximes or carbonyl
oxygen and hydroxyl oxygen for carboxylic acids).
This dual character very often results (550
structures of acids and 79 structures of oximes) in
dimeric structures where the functional groups from
neighboring molecules are linked with pairs of
centrosymmetric hydrogen bonds. The statistical
analysis (based on CSD) for different classes of
hydrogen bond interactions in carboxylic acids and
organic oximes has been performed [2,3,4]. The
situation where both groups coexist is rather rare
(only few occurrences in CSD). If both groups are
present in the same or in different molecules, one
could foresee either homologous binding (carboxylcarboxyl and oxime-oxime) or formation of
hydrogen bonds between carboxyl and oxime
groups. The homologous scheme nu'ght result in
centrosymmetric hydrogen bonds for achiral
molecules. The alternative can not contain
1

CSD release October 1996

centrosymmetric hydrogen bonds. This could result
in polar chain formation in the structure when both
groups are in single molecule [5]. For several years
we have been interested in formation of chain
structures [6,7,8] as well as in co-crystallization of
oximes with carboxylic acids [9]. Our studies have
shown the preference for
oxime-carboxyl
interactions. The only homologous binding has
been presented by Heathcock and co-workers for 3t-butyl-5-hydroxyimino-2>6,6-trimethylheptanoic
acid [10,11]. ]. Same authors, however, presented
structure
of
3-ethyl-5-hydroxyimino-2,6,6trimethylheptanoic acid [10,12] where the usual
polar chains of molecules were observed.
The present structure of /}—cholanic acid
3—oxime is the second structure of chiral molecule
where both groups of interest are present. We
anticipate that this chiral structure will have polar
axis parallel to the molecular chain direction.
Structure of /?—Cholanic acid oxime
(C24H39NO3, A/r=389.56) is hexagonal: space group
P6ua=b = 14.564(3) A, c = 20.282(5) k,a = p =
90°, y= 120°, V= 3725.7(14) A3, Z= 6.
Fig. 1 shows the conformation and the numbering
of the molecule.
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Fig. 1. Conformation and numbering scheme of /?—cholanic acid 3—oxime. The non-hydrogen atoms are
shown as 20% probability ellipsoids
Structure is composed of molecular chains forming
dual helices along the 65 screw axes (Fig. 2). For

the clarity of the drawing only one of such helix is
visualized along each edge of the unit cell.

Fig. 2. Stereo view of crystal packing shown along c axis. Only hydrogen atoms involved in hydrogen bonds
formation have been included. Hydrogen bonds are shown as the thin lines.
The dominant intermolecular interaction controlling
crystal packing is "oxime-cctrboxyF' hydrogen
bonding between the neighboring molecules. The
structure is chiral and polar with the polar axis
parallel to the chain direction. The OHcaibOxyi'"NOxime
DA distance [2.679(12) A] is a little bit shorter than
the mean value observed for all DA distances with
carboxyl donor and N-atom acceptor [2.71 A] (see
Maurin [2]). Conversely, the OHoximfOcarboxyi DA
distance [2.820(11) A] is somewhat longer than the
mean value expected for OHoxime'^Ocarbonyi [2.80 A].
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GENISTEIN COMPLEXES WITH AMINES STRUCTURE AND PROPERTIES
Aleksander. P. Mazurek1, Lech Kozerski12, Joanna Sadlej1-3, Robert Kawęcki2, Elżbieta Bednarek1'4,
Jerzy Sitkowski1'2, Jan Cz. Dobrowolski1"4, Jan K. Maurin5, Krzysztof Biniecki6, Janina Witowska1'4,
Andrzej Fiedor7, and Jan Pachecka8
'Drug Institute, Warsaw, Poland
'Institute of Organic Chemistry, Polish Academy of Sciences, Warsaw, Poland
3
Department of Chemistry, Warsaw University, Warsaw, Poland
'Industrial Chemistry Research Institute, Warsaw, Poland
'Institute of Atomic Energy,
"National Institute of Science, Department of Chemistry, Montreal, Canada
7
Department of General and Transplantation Surgery, Warsaw School of Medicine, Warsaw; Poland
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Warsaw School of Medicine, Department of Biochemistry, Warsaw, Poland.
Genistein, 5,7-dihydroxy-3 -(4-hydroxyphenyl)-4Hl-benzopyran-4-one is a natural isoflavone.
Recently genistein attracts much of attention in
medical research due to its diverse activity on
topoisomerase II DNA cleaving agent [1], as
inhibitor of tyrosine-specific protein kinase [2] or
in vivo checked immunosuppressant [3].
Recent studies have shown that tyrosine kinase
inhibitors were also employed as antiproliferative
agents in vitro. Genistein selectively discriminates
normal and malignant mononuclear cells in large
animals and man through the inhibition of DNA
topoisomerase synthesis [4].
As a prelude to possible clinical use, we have
investigated [3] the efficacy and safety of genistein
derivatives in rodent recipients of heart allografts
and started to investigate the mechanisms of
immunosuppressive action of these compounds at
the cellural and molecular level.
During our investigations of the biological
activity of various genistein derivatives we have
found
that
amine
complexes
exhibit
immunosuppressant activity [3 a]. This finding
triggered the interest to explore the structure of
such complexes in order to aid in the evaluation of
the pharmacophore of the genistein moiety.
Despite of wide interest in biological activity of

04'

genistein and its derivatives, scarce data exist
regarding their electronic and geometrical
parameters. However, some data concerning X-ray
structure of genistein [5], 1-H [6,7], 13-C [6,8]
NMR and quantum mechanical calculations [9]
have been recently published.
This is a report of part of research program
which is devoted to the investigation of molecules
that mediate immunosuppression by affecting the
mitogen-induced transition of lymphocytes, and are
very interesting candidates for the use in the
immunosuppression therapy [3b],
The aim of the present study is to examine the
structure of the genistein complexes with
morpholine, piperazine, and triethylamine, by Xray diffraction, NMR spectroscopy and quantum
mechanical calculations. The comparison of
structure and properties of the parent compound
with its amine complexes may yield a rationale for
the understanding of domains contributing to its
pharmacophore.
The reaction of genistein with morpholine is the
standard acid base reaction, where the most acidic
proton is transferred from the acid to the base (in
this case the proton from O7 hydroxyl group,
(Fig. 1).

IC5 1

Fig. 1. Conformation of genistein complex an the numbering scheme.
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All hydroxyl and amino hydrogens are involved in
inter- and intramolecular hydrogen bonding
formation (see Fig. 2). The benzopyranone skeleton
is planar and makes a dihedral angle with phenyl
substituent of 64.97(5)°. The structure found differs
significantly from the structure of pure genistein [4]
in both molecular geometry of genistein and
hydrogen bond pattern. Transfer of proton from 0 7
hydroxyl oxygen causes the shortening of the C-0
distance (1.356 and 1.312 A in genistein and the
present structure, respectively). The negative
charge on the oxygen and the shortening of the C-0 _
bond lead consecutively to the lengthening of both
adjacent C-C bonds of the ring. The other
fragments of the molecule stays almost the same
including the dihedral angle between both ring
fragments. In the crystal packing the main
difference is caused by the morpholinium cation
which donates two hydrogens for the hydrogen
bonds. In both structures the 0 7 oxygen atom acts
as the acceptor in the hydrogen bond with O4'-H4'
hydroxyl. The oxygen atom 0 5 , apart from being a
donor in intramolecular hydrogen bond, acts also as
the acceptor for O7-H7 hydroxyl in genistein and
for N4"-H4" amino group in morpholine,
respectively. In that structure there are no CH--0
hydrogen bonds visible what is an additional
stabilizing factors in crystal of pure genistein.
The results described above were aimed at
characterization of the domains of genistein
pharmacofore and disclosure of the changes
induced by complexation with amines. Using
relevant techniques we have established the
structure of a crystalline complex with morpholine,
bond lengths and angles along with a electronic
charge distribution and the nature of the intra- and
intermolecular processes regarding the hydroxyl
proton exchange and protonated amine in a
complex.
The summary of these data disclose three major
motifs which may contribute to the genistein
pharmacofore in various biological configurations:
-planar motif consisting of condensed aromatic and
unsaturated pyrone rings and a six membered ring
created by strong intramolecular hydrogen bond
between carbonyl group in position 4 and O5-H5
proton,
-flexible />-hydroxy phenyl in position 3, twisted
from a plane of benzopyranone by ca. 64°,
-dynamic protons on oxygen 07 and 04' capable of
facilitating exchange of bound protons or amine
cation in aqueous media.
The complexation with amines does not alter
the condensed aromatic rings appreciably except
mat the C7-O7 bond is shortened and the negative
charge is increased on C6 and C8 carbon atoms as
disclosed by quantum mechanical calculations and
crystallographic measurements, even though these
data refer to gas phase and solid state, respectively.
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Fig. 2. View of crystal packing. Hydrogen bonds
are shown as the dashed lines.
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X-RAY DIFFRACTION STUDIES ON Mn(TI) 2-THIOPHENCARBOXYLATE (Mn2T)
AND Mn(TT) 3-FURANCARBOXYLATE (Mn3F)
STRUCTURAL ASPECTS OF MANGANESE-MULTIDENTATE O S AND O-O
LIGANDS INTERACTION
Beata Paluchowska, Jan Maurin1, Janusz Leciejewicz2
l
Institute of Atomic Energy
^Institute of Chemistry and Nuclear Technology, Dorodna 14, Warsaw
The structural studies of the title compounds were
determined as a part of continuing studies of
complexes formed by the interaction of 3-d metal
ions with the heterocyclic carboxylic acids. There is
a sound evidence from the electronic structure of
five-membered heterocyclic ring, that heteroring
atoms like nitrogen, oxygen, sulphur, selenium act
as potent electrodonors in binding metal cations
during complexation reactions. This was observed
in the case of 2- and 3-furancarboxylate complexes
of alkaline earth metals. There is, however, little in
the literature on multidentate O -S ligands
possesing thiophene ring and carboxylic groups as
ligating sites. Altough having the same valence
orbital configuration as oxygen, the sulphur
heteroatom was reported as not showing any
bonding interactions with metals in the process of
coordination by thiophenes.
It is well known that thiophene has more aromatic
character than furan and pyrrole, also the
electronegativity according to Pauling is lower for
sulphur (2.5), whereas it is 3.0 for nitrogen and 3.5
for oxygen. There are the main reasons why
thiophene shows many similarities in its nature as
benzene. Although the lone pair of electron occupy
in sulphur the same p orbitals as in oxygen, it was
suggested that thiophene differs from furan by
having low lying empty d-orbitals that could take
part in the binding. The ab initio calculations
clearly shows that sulphur in thiazole ring has a net
positive charge which results from donation of pz
electrons to the % system of the heterocycle. The
extra d-orbital on sulphur may act as an extra
polarization function.
Also the molecular
electrostatic isopotential map calculated for sulphur
and oxygen contained heterocyclic rings in some
molecules shows a region of positive potential
about the heteroatom sulphur and a region of
negative potential about heteroatom oxygen. Thus
S-metal interaction can be interpreted as an
electrostatic repulsion between positivgly charge
thiazole sulphur atom and metal cation. These
results explained also close contacts between the
tiazole S or selenazole Se heteroatoms and the
furanose
oxygen
observed
during
the
crystallographic
studies of tiazofurin
and
selenazofurin and are attributed to the biological
activity of the diverse array of thiophene contained
compounds.

In many of its features, the chemistry of
manganesell spans that of magnesium. The Mn2T
is 3-d polymeric showing close similarity to the
Mg3F structure (Fig. 1). The asymetric unit
consists of one manganese cation, two thiophene
carboxylate ligands and four water molecules (three
of them are directly bonded to the cation, one is a
solvation water). Mn2+ cations are bridged by
thiophencarboxylate group in the c direction.
Bridging ligands show, however,
different
conformation for binding to the metal cations (Fig.
2). Mnl-021 binding represents syn mode but
Mnl-022 is rather anti. The chain was maintained
by the hydrogen bonds network. Thiophene sulphur
does not show any bonding interactions with
manganese cation and also seems not to effect any
interaction of C-H—S hydrogen bond nature
between thiophene rings (the closest H---S distance
in C-H-S contacts is above 3.46 A). The Mn3F is
dinuclear (Fig. 3.). Both nuclei are triply bridged by
3-furancarboxylate anions and by water molecules.
Mnl and Mn2 coordination sphere consists of four
carboxylate anions and two water molecules.
Ligands are monodentately bonded to the
manganese, forming along b axis the ribbon of
furan rings linked via C-H-Ofaran hydrogen bonds
(Fig. 4). The Unking of the chains is maintained by
hydrogen bonds formed by the coordinated water
molecules and also water of solvation. The
heteroring oxygen seems not to take part in any OMetal interactions, although Ofi^ -O-H contacts
points out on electrondonor abilities of heterorins
oxygen. It resembles the molecular packing in
crystal structure of 3-furancarboxylic acid, in which
case the Ofuran-C-H contacts appeared to be crucial
in lending the stability of the structure. Interesting
feature of Mn3F structure is arrangement of
furancarboxylate ligands in chains. They are
stacked in pairs (Fu2-Fu4 and Ful-Fu3) exhibiting
the interring distance 3.46 (1) and 3.49(1) A
respectively and inclined to each other by 44.5(3)°.
Mn3F exhibits nearly the same range of Mn-0
bond length as Mn2T. It does not suggest any
significant difference between this sort of
interactions in other manganese complexes, where
metal - ligand bonds are rather strong and thus
determine the coordination sphere within the
complex. In both compounds the coordination
number 6 is well defined, however, the octahedron
around manganium in Mn2T is more distorted than
inMn3F.
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Fig. 1. Molecular stracture of Mn2T.

Fig. 2. Packing arrangement of Mn3T. The view along b axis.
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Fig 3. Molecular structure of Mn3F.

Fig 4. Packing arrangement of Mn3F. The view along c axis.
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QUANTUMMECHANICAL MOLECULAR MODELING AND SIMULATIONS TOWARDS
UNDERSTANDING OF SELF-ASSEMBLY OF MACROMOLECULES.
NONCOVALENT BONDING INTERACTIONS ASSISTED WITH O,furan*
Part 1. Ab initio studies of furancarboxylic Iigand electrodonor abilities
Beata Paluchowska, Jan Maurin
Institute of Atomic Energy
The class of heterocyclic compounds received
nowadays considerable attention in the literature
due to their wide spectra of biological activity. 2and 3-substituted furans are substantial building
blocks in many compounds of interesting physical
and chemical properties. Few of them are well
known as a natural antibiotics exerting antibacterial
antifungal and antiviral' activity with selective
cytotoxicity, some others show antiallergic or
antitumor potency. Extensive studies of these
compounds show also that their activity increases
markedly during complexation with certain metals
[2, 3, 4, 5] The structure-activity relationships in
some cases are recognised but still need intensive
analysis especially of noncovalent bonding
interactions between and within molecules in the
context of supramolecular crystal packing.
Molecular modeling offers unique methods to
preliminary assay some essential structural features
which are crucial to gain distinct effects of
molecular activity. Hence, building certain drug
with expected abilities or just moderate it, one can
take into consideration in a easy way the
conformational and electrostatic features of several
derivatives of modeled structure. These features
can be important for increasing potency or optimal
substitution which extends the activity area. In
majority the proposed structural pattern of modeled
structure receive substantial support through
experimental verification.
Presented
work
comprise
completed
quantummechanical studies on electrondonor
activity of oxygen from the furan ring within the 2and 3-furancarboxylic ligands (2-FA and 3-FA) in
binding some alkaline earth metal cations (Mg+2
and Ca+2). Starting from the individual molecules
of acids and ending with the molecular surrounding
representative to the crystal formation, we have
shown, in terms of ab initio molecular calculations,
some general features of noncovalent interactions
between molecules specific for furancarboxylate
complexes of Ca and Mg. Each of these compounds
was designed to reflect some unique, from the
chemical point of view, structural features. As we
were particularly interested in Ofuran binding
affinity in comparison to some other more common
and more often examined strong electrondonor
groups, we decided to study the properties of 2- and
3-furancarboxylic acids as ligand moieties. The
cations Mg+2 and Ca+2 as a coordination centres
were chosen due to their various charge to the

atomic radius ratios which determine the type of
coordination polyhedron around cation (highly
symmetrical in the case of Mg+2 and more flexible
in the case of Ca+2 and thus can differentiate Ofuran
binding ability to the cation.
The ab initio calculations were performed using
Gaussian 92 [H] and Gaussian 94 programs on the
base of HF methods. In each case the 6-31G**
basis set was applied. Several models of ligands
were proposed and tested to find a molecular
structure of lowest energy and its most stable
configuration. The geometry optimizaton of the
molecule was performed in close proximity to the
specified starting structure, to avoid non-physical
effects of minimization procedure. Also the same
modeling process was applied to the acid dimers to
examine how intermolecular hydrogen bonds
system between molecules of each acid can
influence the stability of the 2-FA and 3-FA
packing arrangement The analysis of the most
stable form of 2-FA molecule indicate that each
oxygen atom in the carboxylic group is of well
defined character(the carbonyl and hydroxyl
oxygen could be distinguish). The hydroxyl oxygen
is attached in cis position in respect to the Ofuran. In
the case of 3-FA the lowest energy state points to
the model which may suggest that in this molecule
carboxylic group is stabilised by resonance. It may
be because of the Ofuran electron charge do not
affect the Ocarboxyiate due to the geometrical reasons.
However, comparison of the total bonding energies
of the most stable form of both acids molecules
leads also to the conclusion that generally 2-FA
molecule can be considered as slightly more stable
than the 3-FA isomer. The molecular modeling of
simple dimeric systems of both acids allowed to
elucidate the Ofuran character in intermolecular
hydrogen bonds creation. As we can expected, both
acid isomers most willingly create centrosymmetric
dimers with carboxyl groups connected via
0Carboxyr-H-0 bonds. Unexpectedly, however, in
the case of the 3-FA dimers, among other possible
models of dimer formation, proved to be stable also
the one, which was built by the Ofuran"'Hcai.boxyr
Ocarboxyi hydrogen bonds. Moreover, the other
models suggest also the possibility of existence of
0niran"'H-0 and Oforan—H-C bonds in 3-FA packing
arrangement. Generally, the stabilisation energy of
2-FA dimers is significantly lower than in the case
of 3-FA dimers.
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Fig l.a) RHF/STO-3G single point calculations for 2-furancarboxylic acid crystal packing fragment.
3
E(RHF/STO-3G) = -1546.475092*10 kcal/mol.

O--

H-o

O--

H-o'

Fig 1. b) RHF/STO-3G single point calculations for 3-furancafboxylic acid crystal packing fragment.
3
E(RHF/STO-3G) =-1547.405239*10 kcal/mol.
The RHF/STO-3G single point calculations for
molecular systems illustrated on Fig. 1 implied the
estimated energy gain of 0.930147 kcal/mol in the
b) case. Obviously it can be ascribed to the
OfiW'H-C contacts between the 3-FA dimers.
X-ray diffraction experiments
The 2-FA crystal structure was determined by
Gilmmore et al.[7] (space group P). Our crystal
structure studies, carried out for 3-FA [8] indicated
that 3-FA crystalize in different space group - P2]/c
2-FA. The difference steamed from specificity of
molecular packing. In the case of 3-FA, apart from
common 0carbOxyr"H-0 interactions leading to
dimers formation, the Otunm—H-C contacts can be
observed. Although the range of Oforan-Cjuran
distances [3.387(4)-3.410(4) A] are longer than
donor-acceptor distances in hydrogen bonds within
dimers [2.673(4) A], the geometry of contacts
suggests noncovalent bonding interactions.
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QUANTUMMECHANICAL MOLECULAR MODELING AND SIMULATIONS TOWARDS
UNDERSTANDING OF SELF-ASSEMBLY OF MACROMOLECULES.
NONCOVALENT BONDING INTERACTIONS ASSISTED WITH furan*
Part 2. Semiempirical studies of Ca 2+ , Mg*+ 2- and 3-furancarboxylate
Beata Paluchowska, Jan Maurin
Institute of Atomic Energy
The semiempirical calculations carried on the
models of constituent species of
2- and 3furancarboxylate complexes of magnesium and
calcium were the step forward to elucidate the
recognition phenomena in the context of real
crystal packing. Results of ab initio molecular
modeling studies of self-organisation of 2-FA and
3-FA provided the fundamental understanding of
bonding interactions between ligand molecules.
Studies on Mg 2-FA, Mg 3-FA, Ca 2-FA and Ca 3FA models, which had been constructed taking into
account gained knowledge about ligand binding
preferences, enabled us to discern some general
features of ligand-metal interactions.
All the calculations were carried out using
HyperChem [1] program on the base of PM3
method. In order not to introduce to many
unnecessary free variables to the optimised system,
the geometry of furan rings, once optimised, has
been kept unchanged during calculations. The
modeled systems have been composed of one metal
cation (the coordination centre) and two
furancarboxylate ligands. To make all the results of
binding energy comparable between models of
particular complex, a number of solvation water
molecules have been introduced to complet the
modeled system.
The results of molecular modeling of Mg 2- and 3furancarboxylates
indicates that the most
energetically favourable systems are those, in
which all ligands surrounding the coordination
centre create high symmetrical octahedra. The
furancarboxylate
ligands
seems to
prefer
monodentate way of binding Mg 2+ cation,
occupying the opposite positions in respect to the
coordination centre. All the starting models, in
which Ojuran-Mg contact have been assumed,

proved in reality to be most doubtful because of
relative high energy. Also the bidentate binding
seems to be not preferred in these case, most
probably due to the strains which it may introduce
to the system. Some models show, however, that
Mg 2- and 3-furancarboxylates can also adopted the
scheme in which 2- and 3-FA ligands are bonded in
a second coordination sphere via hydrogen bonds.
Semiempirical calculations of Ca 2-FA geometry
indicated distinct tendency of O&ran to be bonded in
the first coordination sphere of complex.
Optimisation of a few Ca 2-FA models had led
most frequently to such rearrangement of molecules
which resulted in simultaneous binding OcarbOxyiate
and Ofuran to the calcium cation.(model 5,2,1,6, on
fig. 1). Although the range of Ca2+ -Ofuran distances
(2.55-2.78 A) were longer than Ca2+ -Ocarboxyi (2.392.50 A), but there are also at the range of Ca2+ -O
interaction. The coordination sphere of
calcium is not so regular as those of magnesium.
From the energetical point of wiew the systems
with a bidentate 2-furancarboxylate bindings are
also stable. Possible coordination numbers seem to
be higher than 6.
The most favourable way of Ca2+ coordination by
3-furancarboxylate ligands is the symmetrical
monodentate binding. In this case, the main factor
determining the arrangement of molecules is flstacking of furan rings affording possibilities to nelectron interactions. From the sferical point of
view this sort of arrangement is only possible while
one of the 3-FA ligand is directly bonded to
calcium and the second one, via intermolecular
hydrogen bond, to the water molecule linked to the
coordination centre.
REFERENCES
[1] HyperChem, Molecular Modeling System,
Hypercube Inc., 1993

1 The value of 3.14 A as a sum of van der Waals radii has been arbitraly chosen as a criterion for Ca-0 bond
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E=-3181.1

E=-3175.4

Fig. 1. Real crystal structure of Ca 2-furancarboxylate and quantummechanical models of molecules. The
energy for each model is given in kcal/mol.

PHASE TRANSITIONS IN SOME ZIRCONIA COATINGS

PL9902658

Ludwik Gorski
Institute of Atomic Energy

The compositions of high temperature resistant
plasma sprayed coatings have shown some new
effects. The stability of ceramic coatings based on
ZrO2 with stabilising additions of Y2O3 in the
result of different types of high temperature action
has been studied. These types described in details
elsewhere are listed as follows [1.-4]:
1. Coatings deposition by plasma spraying process.
2. Long time annealing (up to 100 h) in the
temperature range up to 1500 K.
3. Thermal shocks with the use of furnace
4. Thermal shocks with the use of special
experimental arrangement described earlier with
heating by burner and cooling by air blow [1,2].
The observed effects are connected with occurence
of so-called non -transformable tetragonal
modification of ZrO2 (f). This modification forms
in the result of coatings deposition by plasma
spraying of powders containing 1 0 - 1 5 weight %
of Y2O3. Phase t? is more stable to annealing and
thermal shocks
than ,,normal" tetragonal
modification (t) and therefore is called non transformable. Crystal structure of this phase is
described elsewhere [5]. Diffraction pattern with
the existence oft' phase is shown in Fig. 1. The
phase t' decomposes however after at least 60
thermal cycles and sometimes after 100 h
annealing
with forming cubic
(with little
tetragonal splitting) and monoclinic phases (Fig. 2)
according to relation

t' => (c + t) + m
The following symbols are used for different
crystal forms of ZrO 2 :
c - cubic
m - monoclinic
t - tetragonal
t' - tetragonal (non - transformable)
The effects of occurence and decomposition of t'
phase for bulk zirconia ceramics were observed
earlier [6,7].
Furher works connected with described effects are
still in progress.
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Fig.l. Diffraction pattern of the plasma sprayed coating from ZrO2 + 14% Y2O3 Co radiation.
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SEARCH FOR NONNUCLEONIC DEGREES OF FREEDOM USING TtXe INTERACTIONS
AT 2.34 AND 3.5 GeV/c1
Bronislaw Slowinski
Institute of Atomic Energy
The problem of experimental searching for other
then simple nucleonic intranuclear objects is
considered at present as one of the most important
and interesting in (relativistic) nuclear physics (for
example, [2-4]). In this work we are pursuing to use
for this purpose the so-called quasi-free channels of
TtXe interactions at 2.34 and 3.5 GeV/c [5]. Since
such interactions are predominantly the one-step
intranuclear collisions (or, otherwise, the so-called
quasi-free collisions) only, therefore a possible
correlation between the measured?: emission angles
G-rcand total energies ETC of it mesons produced in
these interactions, and, in particular, in quasi-twobody channels, may give information about the
intranuclear target's mass [5]. Our results presented
in the form of two-dimensional scatter plots (9TT VS.
ETT) show a clear concentration of v. experimental
points around the kinetic curve corresponding to an
intranuclear target of pion's rest mass [2]. As an
example Figs. 1 and 2 demonstrate such twodimensional distributions for 7i°mesons from two
channels of the reaction 7i"Xe at 3.5 GeV/c [1].
Background effects, which may simulate the
observed correlation, are also discussed

of interactions of iC mesons with free protons:
n++p->n°+n++p and n++p->n+-hi++n at 2.34 GeV/c

[1], even when a constraint following from the
condition of applicability of one pion exchange
mechanism of the interaction was taken into
consideration.
Finally it should be noted that in all examined
cases the observed correlation may also be
influenced, at least to some extent, by the effect of
intranuclear quasi-elastic re-scattering of observed
neutral pions since this effect reduces energy of
emitted pions remaining them within a narrow
enough cone of emission angles what may suggest
the n%->n% kinematics of the reaction.
Other probable effect consists in many-body
intranuclear collisions leading to the emission of
slow fragments and neutrons which are not
registered in the experiment. The evaluation of such
background effects is feasible only by means of
computer modelling of intranuclear cascadeevaporation process but our preliminary results
seem not to confirm this suggestion.
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Fig.l.
Scatter plot of experimental points for
7T° mesons from the reaction 7r~+Xe->rto+7i"+A at 3.5
GeV/c [1]. Two solid curves correspond to
kinematics of two-particle reactions given in the
figure. Crosses mark out the regression curve for
experimental points. N and a are respectively the
number of analysed events and the cross-section of
the examined reaction.
One can notice that we do not observe any
collimation of experimental observations around the
kinematics curves for -KK->-KK scattering in the case
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Fig.2. Same as in Fig. 1 but for the reaction pointed
in the figure.
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CURRENT PROBLEMS AND NEW POSSIBILITIES
OF SWIFT HEAVY IONS IMPLANTATION INTO MATERIALS2
Bronislaw Slowinski
Institute of Atomic Energy
The ions of high energy (>1 MeV/amu),
penetrating into amorphous materials, reveal
many remarkable differences in comparison
with the ions of traditional implantation energy
range [3,4] (i.e. between several tens and a few
of hundreds of keV kinetic energy). We
mention briefly the most important and typical
of them:
1. Projected ranges of such ions in irradiated
materials exceed ~10 nm and this makes
possible to avoid an influence of surface
effects of flowing down of point defects and,
as a consequence, to consider the relevant
implanted layers as macroscopic buried
metastable structures. So, for example, the
projected range of C
ions of energy of
8.25 MeV/amu in iron and silicon are equal
to 70.1 and 185.0 urn respectively, whereas
the similar ranges for
Kr
equal 11.1
and 27.4 um.
2. The newly created buried layers have, as a
rule, electric, optical, thermal, chemical etc.
properties different from those of former
substrate materials.
3. Owing to the intense energy deposition along
the ion trajectory and in the implanted layer
2

the temperature around the individual ion
track may exceed the melting temperature
of the substratum material and the process
of (re)crystallisation may there occur much
more easily creating required spatial
configurations
which
have
expected
properties as well as quasi-macroscopic
channels allowing to penetrate outside and
to stimulate the process of purification.
Fig. 1 illustrates such a phenomenon for dia1 9Q

mond exposed to
Xe ions of energy
equal to 124MeV[5],
At high energies of ions their inelastic
ionisation losses, at least within a large
enough first part of their trajectory, exceed
the elastic ones, i.e. (dE/dx)in > (dE/dx)ei,
changing the process of accumulation and
evolution of defects during implantation,
especially in the case of dielectric and
semiconductor materials when the lifetime
of local overheating around "tracks" may
turn out to be sufficient in order to stimulate
processes of diffusion and recrystallization.
For some problems high energy ions proved
to be a unique tool, for example, for
modelling a spectrum of cosmic rays which
produce damages in electronic devices and

This work contains the main ideas which have been collected for presentation in the form of an invited
paper at the II International Symposium "Ion Implantation and Other Application of Ions and Electrons"
ION'98 [1] and as an invited lecture delivered at the III International School and Symposium on Physics
in Materials Science [2].
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living tissues exposed to high energy
radiation in different space programmes of
investigation [6].
6. Such ions cause considerably less damages of
the surface layers of implanted solids than
do ions of much lower energy.
7. The energy losses of heavy ions for
excitation of electronic subsystems of a
substrate material reach their maximum
value at the energy of ions around ~1
MeV/u. A direct observation "in-situ" of
luminescence increased in such a way
makes possible to investigate in more detail
the process of evolution of defected
structure of irradiated materials [7].
Owing to the above listed advantages of
swift heavy ions application one can outline
briefly the main trends in the relevant
investigations:
1. Modification of characteristics (electric,
optical, thermal, chemical etc.) of materials
themselves (i.e. not only their surfaces).
2. Change of diffusion processes in materials.
3. Purification, passivation, hardening and
increasing radiation resistance of materials.
4. Modelling of some (physical, chemical,
biologic) properties of materials and

Region of high electronic
stopping power with the
temperature higher than

complex structures, such as, for instance,
microelectronic devices.
Below we mention some examples
demonstrating the usefulness of various
application of swift heavy ions which have the
illustrative significance only and, of course, do
not exhaust all the diversity of the use of deep
ion implantation.
Modification of temperature dependence of
manganin resistance [8,9]
Manganin is commonly used as a
convenient pressure gauge within the large
range of values above about 100 MPa owing to
the linear dependence of its electric resistance
on pressure. Nevertheless, the manganin
resistance reveals acceptable weak temperature
dependence within too narrow temperature
interval only what may cause some systematic
errors, difficult to be taken into account. So,
attempts have been made to widen this interval
using ion implantation techniques and some
promising results were obtained so far at
comparatively rather low doses of Ar and Xe
ions, equivalent to the implanted ion
18

Fig.l. Implantation of 124 MeV energy

3

concentration of about 10 cm" within the
layers of thickness of 0.25 and 0.34 jam,
respectively [8,9].
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Xe ions into diamond. Dpit«3|xm (after [5]).

Observation of diffusion through latent
tracks [10]
In order to increase the diffusion constant DAr
of argon gas through polymer foils the authors
of [10] irradiated stack of Makrofol KG foils,
each consisting with 5 layers of 30 p.m, with
uranium ions of 11.4 MeV/u, perpendicularly
to the surface. The fluence was between 3' 10
and 5' 10
ions/cm . The results of
measurement of the diffusion of argon through

all foils at 21 C as a function of ion range R
have been obtained and the relevant calculation
of energy loss of such ions vs. R performed.
The conclusion is that D^r rapidly increases
with increasing R, at least up to RslOO \xm.
Defect evolution in nanostructured materials
[11]
In order to search for enhanced radiation
resistance materials the authors of [11] have
studied the correlation between defect density
and the grain size of nanocrystalline Pb and
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ZrO2 with different initial grain sizes from 10
to 300 nm. They irradiated these materials
using 4 MeV Kr ions with fluences from 1'
10 1 5 to X 10 1 6 Kr/cm 2 . As a result the effect
of saturation of defect density starting from
-100 nm was clearly observed in the case of
ZrC>2. Similar investigation for nanocrystalline
Pb demonstrated quite a linear dependence
between defect density and grain size. The
conclusion of the authors of [11] is that both
nanocrystalline Pb and ZrO2 show enhanced
radiation resistance and are suitable materials
for applications in irradiation environments
and space research.
Numerous applications of swift heavy ions
of practically all the periodic table implanted
into a large variety of materials create several
problems and needs. In the first place there is
the further investigation, both theoretical and
experimental, of stopping power of different
ions (swift and slow, light and heavy, bare and
screened) in miscellaneous targets: elemental
and compound, amorphous and crystalline or
polycrystalline, insulators and conductors (see,
for example, [12]). Furthermore, of particular
importance, mainly from the practical point of
view, is also the search for scaling (or
similarity) properties which may occur in the
process of ion implantation, for example, the
similarity of stopping number in various media,
as observed in the case of protons [13], as well
as analogues feature of implanted profiles
(energy, defect and mass deposition). The
relevant findings, if successful, would permit to
reduce considerably a huge number of
necessary measurements of systems of target
materials and implanted ions, which are of
potential interest.
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DEPTH PROFILES OF ELECTROMAGNETIC CASCADES IN LEAD GLASS
Bronislaw Slowinski1, Andrzej Furtek1, Nassef Comsan2
'institute of Atomic Energy
2
Nuclear Research Center, Cairo, Egypt
The most universal approach to the description of
main shower characteristics, such as average
electron-photon showers (or cascades) is based at
profiles and corresponding fluctuations, which are
present on Monte Carlo (MC) numerical modelling
necessary for quick evaluation of energy deposition
of the process [1], This way it makes possible to
etc. But by now there exists rather fragmentary
take into account practically all variety of specific
information about the parameterisation of even
features of the physical phenomena making up the
simplest cascade feature, i.e. the longitudinal (or
cascade. Nevertheless, for many purposes it is quite
depth) shower profile (LSP) performed using both
enough to have simple formulas describing the
MC code systems and experimental data [1]. The
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aim of our work is to compare the LSP description
obtained with the help of different MC methods in
the case of showers produced in lead glass by
gamma-quanta of energy E r between 0.1 and 10
GeV.
It is rather commonly accepted that the LSP
can be parameterised satisfactorily by the gamma
function:
f(E,,E c |t) = A t a e x p ( - J 3 t )
(1)
where Eo is a threshold energy for cascade
electrons (usually Eo ~1 MeV) and t is a shower
depth. Parameters A, a and p are to be determined
as a result of statistical procedure of parameter
estimation.
In Table 1 presented are the numbers of shower
events generated by Longo and Sestili (L&S) [2],
de Angelis [3] and by us using the EGS4 Code
System [4]. Table 2 contains the results of the LSP
parameterisation done by different authors and by
us when the same procedure of parameter
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estimation is applied for all data. These results
refer to the range of shower depth up to 15 in
radiation length.
Table 1. Numbers of events of showers produced
in lead glass by gamma quanta of energy E,
generated using different MC approaches.
This work
Ev (GeV)
[2]
[3]
0.1
1500
1000
12500
5000
0.2
0.3
1500
1000
0.5
1900
5000
2000
0.7
1300
2000
1.0
2500
2000
1700
2.0
1250
1500
5.0
650
500
2000
150
1500
10.0
-

Table 2. The results of parameterisation of the LSP for showers produced in lead glass by gamma quanta of
energy ET.
de Angelis [3]
Data of L&S [2]
Our data
E v (GeV)
our estimation
our estimation
L&S [1] our estimation de Angelis [3]
GEANT3.11
EGS4 [4]
L&S
MC code syst.
1.00
0.1
a
1.32 ±0.09
1.46 ±0.08
0.52
0.57+0.03
0.65+0.03
P
3.3
7.8
%2/3
1.45
±
0
.
0
1
1.50
±0.04
0.2
1.59+0.06
a
0.529
±0.003
0.53+0.02
0.56
±
0
.
0
1
P
1.8
2.9
X 2 /3
1.45
0.3
1.76 + 0.05
a
1.94 ±0.05
0,49
0.58 ± 0 . 0 1
0.51 ±0.01
P
2
1.4
5.9
X /3
1.65
1.87 ±0.02
0.5
1.99 ±0.04
2.02 ± 0.04
a
2.08 ± 0.03
0.48
0.524 ±0.003
0.55 ± 0 . 0 1
0.50 +0.01
0.54 ± 0 . 0 1
P2
0.7
2.1
1.4
X /3
1.84
0.7
2.24+0.03
a
2.28 + 0.03.
0.47
0.51 ±0.01
0.33 ± 0 . 0 1
P2
0.6
1.8
X /3
2.25 ±0.02
2.03
1.0
2.42 ±0.05
a
2.45 ±0.04
2.50 ±0.03
0,47
0.526
±0.003
0.52
±0.01
0.52
+0.01
0.56
±0.01
P2
3.5
1.0
1.6
X /3
2.60 ±0.02
2.0
a
2.80 ±0.04
2.89+0.03
0.521
±0.004
0.55
±0.01
0.52
±0.01
P
2.4
2.6
X 2 /3
2.74
3.13 ±0.03
5.0
a
3.18 +0.05
3.32 ±0.06
3.44 ±0.02
0.52
±
0
.
0
1
0,454
0.50 ± 0 . 0 1
0.55 ±0.01
0.520 ±0.003
P
1.4
4.9
10.0
X2«
3.56 ±0.08
10.0
a
3.88 ±0.03
3.89 + 0.06
0.55 ±0.01
0.59 ±0.01
0.525 ±0.003
P2
5.8
23.9
X /3
•
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One can conclude that the values of parameters
a and p differ significantly depending both on the
concrete version of MC code system used and on
the parameterisation procedure applied, too. These
differences are visualised in Fig.l where the
energy behaviour of a and p is presented. Further
investigation is in progress.
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ANALYTICAL CALCULATION OF HEAVY ION REACTIONS CROSS-SECTIONS FOR
REALISTIC NUCLEAR MATTER DISTRIBUTIONS
Valerij Lukyanov1, Bronislaw Slowinski2, Elena Zemlyanaya1
1
Joint Institute for Nuclear Research, Dubna, Russia
2
Institute of Atomic Energy
The precise and complete knowledge of the energy
dependence of total cross-sections for reactions
between heavy ions in the intermediate energy
range, i.e. from about one hundred of MeV up to
several GeV, is very important both from cognitive
and practical point of view, in particular, for
experimental investigation of transmutation of
radioactive waste (see for example, [1]). The recent
2Im

100
200
300
E(MeV/nucleon)
Fig. 1.Energy dependence of crR for the collision
1:
C+57F

calculations of such cross-sections have been made
[2, 3] in the framework of Glauber approach based
on the following expressions:
&R

(1)

=

-

fT),

(2)

Unfortunately, it is difficult to perform
numerically many-dimensional integration in (2)
for arbitrary density distribution functions pp and
Pr . As a consequence, to get an analytical
expression for aR two cases were considered only
[2]: Gaussian functions for both density
distributions and a Gaussian function for pp, and a
uniform distribution for pr, [3] instead of Fermitype ones with parameters taken from electron- and
proton-nuclei scattering data which are more
realistic for medium and heavy nuclei.
Here we have avoided
these numerical
problems by using a Gaussian distribution function
for light nuclei as a projectile, pp , and the Fermi
one for target nuclei, i.e. for pp . The method
developed in [4,5] was applied to obtain the
corresponding profile function for the Fermi
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distribution. This way the energy dependence of
total cross-sections of interacting nuclei was
evaluated and this led to much better agreement
with experimental data. An example of the
calculated energy dependence of a R for the
collision 12C+57F is shown in Fig.l by a solid
line. The dashed curve corresponds there to the
uniform nuclear density distribution [3]. Presented
are also experimental points taken from [6]. From
simple inspection of the figure one can conclude
that inclusion of more realistic density functions of
colliding nuclei turned out to bee significant for
the appropriate description of their total crosssection energy dependence. Further estimations
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taking into account Coulomb distortion effects,
being important at lower energies, are in progress.
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EXPERIMENTAL STUDIES OF MECHANISMS OF INTRANUCLEAR PROCESSES INDUCED
BY HADRON-NUCLEUS AND NUCLEUS-NUCLEUS COLLISIONS
Zbigniew Strugalski
Institute of Atomic Energy
A nucleus massive enough employed as the target
in hadron-nucleus or in nucleus-nucleus collisions
may be applied as a subnuclear detector or
indicator of mechanisms of various processes
induced in target by the collisions [1-2].
In next section all of the processes will be
shortly considered.
Let us start with the most important process which manifests itself in any of the hadron-nucleus
collisions.
1. The mechanisms of the hadron-nucleus
collision processes at high energies
Four phenomena are usually observed when
hadrons collide with atomic nuclei:
•
The passage of hadronic projectile through
intranuclear matter, accompanied • by the
emission of nucleons with kinetic energy from
about 20 up to 500 MeV from the strong
interaction region of the hadron with
intranuclear matter around it; it is the main
phenomenon [3].
•
The production of hadrons by the projectile in
the background of its passage through the
target nucleus [4-6].
•
The evaporation of the target fragments [7].
•
The fission of the residual and excited target
nucleus into few pieces [8-10].
At least three stages of the hadron-nucleus
collision reaction may be distinguished:
I. Fast stage of the collision reaction lasts about
10"24- 10"22s. Pure passage, without particle
process, may occur in it or the passage with the
particle production process on its background; the

passage is always accompanied by the fast nucleon
emission, 20 - 500 MeV of kinetic energy.
The particle production goes through intermediate objects called "generons" created in 2=>2
type hadron-nucleon endoenergic reaction and
decaying into so called "produced" particles and
resonances, after having left the parent nucleus.
As the result, due to incident hadron energy
loss, the damaged and excited residual target
nucleus appears.
II. Slow stage - the transition of the excited
residual target nucleus into some stable stage through the evaporation of the nucleons and light
target fragments - D, T, oc, ... is realized due to
internal nuclear forces.
It lasts about 10*22-10"16s. The average multiplicity
nb of the evaporated charged fragments is
connected with the multiplicity np of the emitted
fast protons - ejected in the fast stage of the
collision reaction:
nb = 1.25(np+(A-z)/Z
III. The last stage - the transition of the
quasistable residual target nucleus into smaller
stable pieces - the fission of the residual target
nucleus.
Other intranuclear processes may be simply
revealed and discussed:
1. The nuclei disintegration mechanism - from
hadron-nucleus
and
nucleus-nucleus
collisions
experimental
investigations
[10-12].
2. The mechanism of the hadron-nucleus
collision process and of the intranuclear
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reactions induced by it — in the light of
experimental data [9-12].
3. The mechanism of nuclear energy release in
hadron-nucleus
and
nucleus-nucleus
collisions [10,11].
4. The mechanism of nuclei transmutations by
collisions with hadrons [12].
5. The mechanism of total disintegration of
heavy nuclei by fast hadrons and nuclei [12].
The mechanism of the nuclei disintegration
process in collisions of high-energy hadrons with
nuclei
is
revealed
experimentally.
The
disintegration appears as a complicated nuclear
process developing in time and space in
intranuclear matter, consisting at least of three
stages which last together about 10"24-10"17s after
the impact.
In the fast stage of the collision, the target
nuclei are damaged definitely and locally, and the
configurations of the nucleons in them became
unstable. This configuration must transit into
stable stages of the nuclear transition reaction
products. The difference between the initial
internal energy of the unstable residual nucleus
and total final energy of the stable products of the
nuclear transition reaction may be released in some
cases [12].
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THE MECHANISMS OF THE NUCLEAR ENERGY RELEASE IN HADRON- NUCLEUS
AND NUCLEUS-NUCLEUS COLLISIONS
Elzbieta Strugalska-Gola
Institute of Atomic Energy
In 1919, E. Rutherford bombarded gas by fast
a-particles from the radioactive sources and found
that occasionally an a-particle reacts with
nitrogen nucleus to produce a proton, i.e. nuclear
reactions occurred [1].
A nuclear reaction is a process in which
nucleons are added to, removed from, or
rearranged within a target nucleus under
bombardment bv energetic nucleons or bound
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group of nucleons (D, T, cc - e.g.). Many products
from the nuclear reactions are energetic. But, at
that time, mam- of physicists stated that "the
outlook for gaining useful energy from the atomic
nuclei by artificial processes (or reactions) of
nucleon's configuration transformation in a
nucleus does not look very promising". But, in
1939 Otto Hahn, in collaboration with Fritz
Strassmann, bombarded uranium with neutrons
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[2]. They found that among the products of
neutron absorption by the uranium-target there was
radioactive barium (Z=56), the element much less
massive than the original uranium. Lise Meitner
and Otto Frisch suggested [3] that neutron
absorption by uranium produced a breakup of the
nucleus into two light fragments: U(Z=92) ->
Ba(Z=56) + Kr (Z=36). This nuclear reaction
showed that it was possible to split a nucleus into
two massive energetic parts. The nucleon binding
energies in the emitted two new nuclei, barium and
kriptonium, are approximately 8.5MeV per
nucleon; this energy in the uranium nucleus is
about 7.5 MeV per nucleon. The decrease in
binding energies per nucleon with increasing the
mass numbers means that a heavy nucleus can
break up into two light fragments with the release
of a substantial amount of energy.

It cannot be stated a priori that the energy
released in the observed reactions is smaller that
the energy of the projectile hadron AEh lost inside
the nucleus. The portion of the intranuclear energy
released in the residual unstable target nucleus
transition into it stable final state may be larger
than the portion of the energy lost inside the target
nucleus. Remarkable, it may be stated that in this
case one has to do with a single-nucleus energy
amplifier, and the portion AEt energy released in
the residual nucleus transition may be
AEt > AEh
It means that the energy-overcompensating
hadron-nucleus collisions should be looked for.
It may exist, really!
Such a reaction may form a basis for future
accelerator - controlled nuclear energy plants.

In analyzing hadron-nucleus nuclear collisions
at higher energies it has been observed that the
target nucleus is always damaged locally - within a
small part of it, around the projectile course. The
damaged part is a tube with a radius as large as the
nuclear interaction range Rn
which
is
approximately equal to the nucleon diameter ND ,
Rn~ ND. As the result of this damage, the
configuration of the nucleons inside the residual
target-nucleus became unstable, and it must transit
into stable one [4-7].
It has been evaluated [8] that the interaction of
the incident hadron with a massive nucleus
(depending on the kinetic energy of the projectile)
lasts from about 10"24 up to 10"22s; it is the first
stage of the hadron-nucleus collision process. After
this stage, there is no more influence of the
hadronic projectile. The transition of the residual
target nucleus to a stable state is realized only by
the intranuclear energy of this nucleus and
proceeds with emission of light nuclear fragments
of the residual target-nucleus and of its heavier
fragments. As it is observed, the fragments are
relatively energetic; it means that as the result of
the residual-target transmutation into some stable
state nuclear energy is released.
In fact, nuclear reaction is similar to the fission
reaction observed in the Hahn-Strassmann
experiments, but in the reaction observed and
described in this work, the damaged target nucleus
is transiting not into two its relatively heavy
fragments but predominantly into many light
nuclear fragments. The decaying of the residual
nucleus into two heavier fragments is, however,
also not excluded.
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OPERATIONAL SAFETY AND MANAGEMENT OF THE IGNALINA NPP
Jan Szczurek, Piotr Marks
Institute of Atomic Energy
The Ignalina NPP (INPP) is a power plant with
two RBMK-1500 type reactors. This is one of the
most advanced versions of the RBMK design
series. There are presently RBMK- type plants at
Ignalina, Chernobyl, Leningrad, Kursk and
Smolensk. All operating RBMKs represent three
generations of reactors having significant
differences with respect to their safety design
features. Six units of the first generation were built
as RBMK-lOOOs. Of the ten second generation
units, eight were RBMK-lOOOs and two were
RBMK-1500s. Unit two of RBMK-1500 at
Ignalina contains safety features beyond those
other second generation units. One unit of third
generation RBMK-1000
has been build at
Smolensk as unit 3. The most advanced RBMK
unit is currently under construction at Kursk.
Safety management and safety culture at the
Ignalina NPP is in the early stage of emergence
from the Soviet situation into a very different
situation based more on Western practice. This is
being assisted by Western organisations but is
progressing slowly. Maximum benefit is not being
gained from operational experience of RBMK
units. Plant configuration control is inadequate.
Current management practices mean that some of
the responsibility for safety is still implicitly shared
by organisations other than the NPP. The
management does not appear to encourage and
promote an adequate safety culture.
The venting capacity of the reactor cavity that
is the most significant safety factor is limited, even
though it has been recently improved. Multiple
pressure tube rapture (MPTR) can cause severe
consequences if the venting capacity is exceeded.
Any general fuel temperature excursion while at
high pressure has the potential to rupture fuel
channels. The probability of MPTR is low but
needs to be further reduced by several of the
improvements currently being instituted. Failure of
the shutdown system can also cause MPTR, and
this gives the recommendations associated with it a
high priority. Enhancements to ECCS initiation
logic are also needed to protect against early, local
temperature excursions following specific pipe
breaks and some other initiators affecting a group
of pressure tubes.
Post-Chernobyl modifications made to the
reactor have reduced the void coefficient to the
point that there is no longer a significant power
pulse during accidents caused by break of large
pipework. This combined with relatively slow
depressurisation rates means that the existing
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shutdown system is fast enough to cope with all
design basis accidents.
The existing control and protection system
(CPS) is structured in a way which makes
complete separation of the control and protection
functions impossible. Furthermore instrumentation
associated with the CPS does not meet accepted
requirements for segregation. Failure of shutdown
for some accidents leads to unacceptable
consequences and therefore requires addition of a
secondary shutdown system and the use of
compensatory measures to reduce the risk until the
second shutdown system is implemented. A
convincing case is also lacking that the existing
protection system cannot be disabled by any single
failure. This needs to be demonstrated urgently
because of the potential consequences of failure to
shut down when required.
There is not adequate demonstration that the
reactor coolant circuit has been built and
maintained to ensure high levels of integrity. This
lack of integrity demonstration is particularly
important for the dram separators, because there is
no defence in depth. If a drum separator would
were to rapture there is no engineered safety
feature which is designed to protect against core
damage and a large release of radioactivity. This
situation is similar to that of the pressure vessel of
a PWR for which a comprehensive safety case is
required.
The lack of Western style containment at INPP
is somewhat offset by the results for design basis
accidents which show that all LOCAs where
significant fuel failures could occur from fuel overheating are located within confinement. However,
the structural integrity of the confinement in
accident conditions is not demonstrated and the
leaktightness of unit 1 is poor.
The fundamental design of this reactor relies
on the operator to undertake essential safety
actions is heavily dependent on the operators
memorising the required actions. The Emergency
Operating
Procedures
require
substantial
improvement or new development in regard to
content and reference material essential for
response in accident situations.
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Fig. 1 Probability of the severe accident at Unit 1
oflNPP (HS frequency)
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OPERATION OF DIAGNOSTIC SYSTEM FOR THE MARIA
Andrzej T. Mikulski
Institute of Atomic Energy
The vibration diagnostic system for the research
reactor MARIA was put in operation in April
1995. Previously the system was in operation since
1991 in the EWA reactor and moved when it was
permanently shut down [1]. It is used for vibration
surveillance of pumps and electric motors
operating in the fuel channel cooling system. The
basic signals to the system are coming from 12
accelerometers located at these equipments at
position of bearings. During these four years of
operation additional signals were connected as:
temperature of bearings, thermal neutron flux
measured by start-up pulse ionisation chamber,
thermal power measured by N channel and signal
from automatic power control unit (so called
'epsilon'). Also, the binary signals were provided
giving information about two of four operating
pumps of fuel channel cooling system at 3000 or

1500 rpm and three of four operating pumps of
pool cooling system.
The system hardware is based on the PC
computer with two data acquisition cards for
analogue and binary signals. The special
conditioning and transmitting units for signals
from accelerometers were constructed in the
Institute.
The software was prepared specially for this
system and is well suited to the needs of
surveillance for this reactor and habits followed by
reactor operators. It consists of main programme:
• for on-line data acquisition and elaboration
which is used for:
- calculations of mean and root mean square
(RMS) values,
- searching of maximal and minimal values.
- recording of measured signals,
- analysis of stored values during a fuel cycle.
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- presentation of information for the operator in
the form of tables and/or plots
and additional, off-line programmes:
• for full analysis of diagnostic data in various
aspects analysis and presentation possibilities
performed normally at the end of full fuel
cycle,
•
for analysis of vibration signals from
accelerometers used for calculation of power
spectral density (PSD), correlation functions
etc.
The software is still in developing stage and new
options are included. As an example a special
calculational procedure was developed for
following changes in RMS value and used for
triggering of recording of measured signal when
specified limits were crossed.
The measurements were performed for all 31 fuel
cycles in 1998 at fixed intervals (at present every 5
minutes, i.e. 12 times per hour) and in special
conditions or upon request by an operator.
The most interesing results obtaind in this year are
as follows:
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for giving suggestions for verification of
alignment or change of specified bearing,
2) the RMS values for bearing of electric motor
located at side toward a pomp are showing
decreasing phase during first few hours after
start-up and some short time disturbances
(increases up to 100% of normal value) during
further operation which are correlated with
measured temperature of this bearing (Fig.l),
3) the strong correlation between decreasing
RMS value and increasing temperature of
specified bearing was observed (Fig.2).
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(b) temperature for outer bearing of engine no 4
Fig.2. Example of long-term behaviour
(February 2- 7, 1998; file: m980202.ndz)
The system is still in developing stage in order to
increase the number of measured signals, connect
additional some technological
signals as
temperature and flow rate of fuel channel cooling
system, etc. Finally the system should be used by
operators to increase operational safety of the
reactor.

(b) temperature for inner bearing of engine no 2
Fig.l. Typical results for one-week operation
(Januaiy 12-17, 1998; file: m980112c.ndz)
1) the strong correlation between calculated RMS
value and misalignment of motor-pump shaft
was observed and some criteria was elaborated

REFERENCES:
[1] A.T. Mikulski: Vibration Diagnostic System for
EWA Research Reactor, Annual Report '93,
p.54-55.
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DETECTION OF SIMULATED BOILING BY NEUTRON FLUX MESUREMENTS
Andrzej T. Mikulski
Institute of Atomic Energy
The aim of this work was experimental
investigation of possibility of coolant boiling
detection in the MARIA research reactor. Boiling
was simulated by injection of neutral gas which
caused changes in neutron moderation process and
in turn in neutron flux measured by in-core and excore detectors. For this very small disturbances,
according to theoretical calculations, the sensitive
metod of its detection was developed during
elaboration of measured signals performed in the
amplitude and frequency domains. For this purpose
the best parameter was, so called, moving standard
deviation calculated for fixed time period with
starting point moving every specified number of
measurements.
According to investigations
performed the change of this parameters was
confirmed, however very small, with change in
intensity of simulated boiling.
Fig.l is presenting typical example of directly
measured four signals from accelerometer, in-core
rhodium emission detector and two thermocouples
(starting from the top) during openning of gas valve
(identified as s950518j). Fig.2 shows the onset of
simulated boiling observed by vibration of
simulating device. After about 30 sec the signal
from neutron detector is also changing (Fig. 3) and
an inrease of RMS value is clearly observed in the
range from 90 to 120 sec. This result was confirmed
during other experiments both when simultated
boiling was switched on or off. At the same time
the applicability of the methodolgy for diagnostic of
boiling was confirmed.
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The development of this problem is very important
for reactor safe operation and should be further
investigated, both from theoretical and experimental
points of view.
This work was supported by the State Committee
for Scientific Research under the Grant No 9-S603031-07.
REFERENCES:
[1] A.T. Mikulski: Investigation of early detection
of coolant boiling in nuclear research reactor
with tubular fuel elements by neutron flux
measurements. Report IAE No B-70/98.
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Fig.l. Measured signals: accelerometer,
rhodium SPN detector and two thermocouples
(from the top).
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DESIGN OF TEST SECTION FOR EXPERIMENTAL RESEARCH OF
MAXIMUM ADMISSIBLE THERMAL LOAD FOR MARIA
REACTOR CONTROL RODS
Elzbieta Borek-Kruszewska
Institute of Atomic Energy
The experimental research planed for 1999 in the
WIW-300 test facility for maximum admissible
thermal loads of MARIA reactor for control rods
requires designing of new test section.
This investigations should form the basis of
safety analysis important for reliable operation of
the reactor accidents following one when control
rods was broken in 1995.
The new test section which accurately models
the MARIA reactor control rod has been designed
according to the technical specifications of the
project. The test section consists of two concentric
pipes with 23/20 mm Oil diameters and of 1000
mm length. The 1.5 mm gap will be filled with
water from the top of the section. The external tube
is made of glass will allow to watch the
phenomenon and record it on video tape. As the
heating element an internal tube made of stainless
steel, will be used. The nuclear heating will be
simulated by the Joule effect from the DC
generator of 300 kW power.
The test section will be equipped with the
OITECH Daq-Board 200A data acquisition system
system.
The detailed information about the test section
is included in [1].
The following procedure of the experimental
run was assumed: at the fixed inlet coolant
parameters of temperature, differential pressure
and power supply, the flow will be decreased untill
the critical heat flux parameters will be obtained.
The experiments should be performed at the
following inlet coolant parameters:
• inlet pressure: 0,2 MPa;
• inlet temperature: 50H-60°C;
• inlet flow : 4-r5 m-Vh.
Scheme of test section was presented on Fig. 1
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Fig.l. Scheme of test section
REFERENCES:
[1] E.Borek-Kruszewska, I. GlaszcTka:.Design of
test section for experimental research of
maximum admissible thermal load for iVMRIA
reactor control rods. Report IEA B-27/98.
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PL9902669
DESCRIPTION OF HYDRODYNAMIC PHENOMENA BASED ON EXPERIMENTS CARRIED
OUT IN WIW-300 INSTALLATION
Piotr Czerski
Institute of Atomic Energy
Some phenomena connected with two-phase flow
were observed in experiments performed in WIW300 installation.
The object of research were specially the
pressure oscillations. There are four types of flow
oscillations: buoyancy waves, density waves, waves
due to compressible volumes, and flow oscillation
coupled with thermal hysteresis.
The first type of flow oscillation (buoyancy
waves) usually occurs in a natural circulation loop.
The buoyancy force which instigates this instability
is connected to void distributions in the loop. The
void distributions in turn are functions of the local
heating and cooling rates and the fluid velocities
within the loop. The pump head is the buoyancy
head for the natural circulation loop. The
oscillatory nature of the flow is caused by the
system seeking a stable operating point. In doing
so, the system tends to both over and undershoot
the equilibrium point.
The second type of flow oscillation (density
waves) occurs when a downstream restriction
exists at the exit of a heating section and the
volume flow rate passing through the restriction is
affected by the local density of the fluid. When a
liquid slug passes through the restriction, the flow
is slowed down. The fluid stays in the heating
section longer and developes more void. The
expansion builds up pressure, which may force the
flow toward both up- and down-stream directions.
After the liquid slug is pushed through, the volume
flow rate is suddenly increased. Fresh fluid with a
low void rushes through the heating section at very
high velocity. The heating of this liquid slug
causes the cycle to begin again. Throughout the
cycle, the flow rate and the pressure fluctuate
between high and low values. Such an oscillation
is generally referred to as a density fluctuation
wave.
The third type of flow oscillation (waves due to
compressible volumes) is due to the interaction
between the inertia of fluid in the channel and the

compressible volume in the two-phase flow. In this
wave the fluid inertia and compressibility interact
in a similar fashion to the classic spring-mass
system. In two-phase flow, the compressibility of
system can be very large for several reasons:
a large compressible volume is present
somewhere in the system such as in a surge
tank, a plenum chamber, etc.
a large void is present, especially in slug flow
where Taylor bubbles are dominating.
the vapor bubbles, being near saturation, are
more compressible than gas bubbles.
Vapor bubbles are highly responsive to pressure
perturbations because condensation effects add to
the volumetric changes.
The
effect
of
compressibility on critical heat flux is very
pronounced. It was showed that in slug flow the
critical heat flux was drastically reduced. The
critical heat flux reduses with an increase in the
compressible volume. Premature burnout may
result from a compressibility wave which causes
strong flow fluctuations. Although all the various
oscillation vaves mentioned previously are directly
or indirectly affected by the heat flux, in many
instances the wall temperature only fluctuated
around the mean value during the oscillations.
However, if the magnitude of the wall temperature
is such that the critical AT is achieved, a small
change in flow rate can move the operating point
to the negative slope region of the boiling curve
and a strong wall temperature change will set in.
The thermal excursion in turn then causes a wave
oscillation [1].
REFERENCES:
[1] Yin-Yun Hsu, R.W. Graham: "Transport
Processes in Boiling and Two-Phase Systems",
. ANS, La Grange Park, Illinois, USA, 1986.
[2] P.Czerski :The study of flow resistances in
nuclear reactor MARIA under coolant boiling
conditions. ", Report IAE A-41/98
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THERMAL ANALYSIS OF THE 36% U-235 ENRICHED FUEL FOR MARIA REACTOR
Witold Bykowski
Research Reactor Centre, Institute of Atomic Energy
In order to meet the non-proliferation requirements
the operation of MARIA research reactor will be
shifted for a new type of nuclear fuel with 36%
enrichment of U-235 denoted as MR-6/36%. The
new fuel element has the same geometrical shape
as the previous one but differs much in
composition of the fuel matrix and the content of
U-235. In this connection the thermal-hydraulic
calculations of the MR-6/36% channels with
different thermal powers under various transients
were performed by means of ARGUS-M code.
The
longitudinal
cladding and water
temperature distributions for all six fuel tubes in
the fuel channel for 1.6, 1.8, 2.0, 2.2 and 2.4 MW
fuel subassembly rated power and the coolant flow
rate through the channel corresponding to 0.9 of
the rated flow rate (warning signal) i.e. Q=26.1
m3/h were calculated and plotted in Fig. 1.

— characteristic of coolant flow alteration in
compliance with data given in the work [1]
Q(t) / Q(0) = 1 / (1 + 0.28 t)
— variation of fuel element thermal power after
scram according to the data of work [2].
For the pump trip coefficient ocp « 0.28 the flow
rate reduces from the value 26.1 m3/h in an
interval of -0.45 sec. Due to time response of the
emergency signal (0.9-7-2 sec) and the delay time
caused by the drop of safety rods (~0.17 sec.) it has
been assumed that the reactor will be shut down
with a delay of ~ 1.27 sec as related to the loss of
basic power supply.
In the first second after reactor scramming the
thermal power of the fuel subassembly diminishes
to 7.6% of its initial value.
Further drop of power is described by:
— for 1.27 < t < 2.27 sec

P = P0\l-0.924(t-1.27)]
— for 2.27 < t < 8.5 sec

P = P o (o.O76-r 02013 )
— for 8.5 < t < 150 sec

P = P 0 -0.08532(M.27)~ a2646
The results of calculations are depicted in Fig.
2. In the channel power range from 1.6 to 2.17
MW the maximum cladding temperature of the
fuel tubes doesn't exceed the coolant saturation
temperature in any channel slot.

Power [MW].

Fig. 1. Relation between the fuel subassembly
power and maximum cladding temperature
(solid line: Q=29 m3/h, broken line: Q=26.1 nr7h)
Similar calculations were performed during the
transient simulating the collapse of basic power
supply on the main circulation pumps.
The input data used in calculations were as
follows:
— initial coolant flow rate through the fuel
channel Qk = 26.1 m3/h [2],
— water inlet temperature T^ = 50°C [2],
— initiation of the ECCS after decreasing of the
flow rate in the fuel channel to the value of
0.8 Qnom, i.e. Qk=23.2 m3/h which takes in
average 1.27 sec. and simultaneously the
reactor is getting scrammed,
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Fig. 2. Maximum temperature on the fuel tube
surface after power supply loss on the main
circulation pumps.
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For the higher values of thermal power in the
fuel tube No 6 the cladding temperature may be
greater then the water temperature but it doesn't
mean that the bubble boiling will occur at once.
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EXPERIMENTS ON CORROSION PRODUCT MIGRATION
IN A MULTI-LOOP FACILITY IN MARIA REACTOF
Piotr Marks, Alina Koziel
Institute of Atomic Energy.
A test facility based on one of the SBM loop [1]
systems was installed in the MARIA reactor. The
facility comprised two parallel loops, one with the
SBM heat exchanger, the other with an out-of-pile
test section built instead of a formerly designed
mechanical filter [2]. Stainless steel samples were
placed into the section and taken away once a
week, apart from -100 cm3 water samples taken
from a drainage valve. All the samples were
measured in a calibrated gamma spectrometer with
germanium detector housing.
The measurements [2, 3] were undertaken on
Dec.8, 1997, and completed by April 1998. They
were conducted without any disturbance of
MARIA operation cycle. All the water flow
circulated through the out-of-pile section except
the last week of the measurements. On April 9 the
facility was decommissioned.
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The main results of the experiments are shown in
Figs. 1 - 2 . Beside them, a lot of comparative
studies were made in course of the experiments.
- The first steel sample was occasionally brought
under water string so its activity decreased by
-30% for iron and much more for other metals.
- Starting the circulation pump (March 2)
increased the corrosion product activity as
expected but quite irregularly, depending on
a given nuclide.
- From March 23 till 27 water samples were
taken daily to check short-term process changes.
- The same was made the next week but with
opening the heat exchanger pipeline. As it could be
expected, the long-lived product activity rose but
the short-lived ones' diminished.
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He-3 AND Li-6 POISONING OF THE MAEIA REACTOR BERYLLIUM MATRIX
T. Kulikowska, K. Andrzejewski
Institute of Atomic Energy
The process of beryllium poisoning occurs when
beryllium gets irradiated by neutrons. The work
performed in 1997 [1] has shown strong influence
of He-3 and Li-6 build-up on MARIA reactor
physical characteristics. The investigation of
beryllium poisoning continued in 1998 as a part of
the development of the TRIREMA program
package [2],
The (n,a) reaction with threshold energy of
about 0.7 MeV leads to the set of reactions with
number densities of beryllium, helium, lithium and
tritium defined by the following equations:
dN

Be _

dt
dNT
dt
dNT

N

rRrn

= NBe-{RR}Be-NL-{RR}I

~dT • =

NL-{RR}L-XT-NT+NHe

(1
He

dN He

= AT-NT-NHe-{RR}He
dt
The subscripts: Be, L, T, and He denote
respectively Be-9, Li-6, H-3 and He-3.., The
constant XT is the tritium decay constant equal to
1.78-10"9 sec"1. {RR} stands for the isotope
reaction rates: (n,T) for Li-6, (n,p) for He-3, and
(n,a) reaction for beryllium. In general:

{RR}X= Jcp(E,t)ax(E)dE
p
where a x (E) is the relevant neutron-induced cross
section for isotope x. The above set of equation has
to be solved with the neutron flux calculated from
the actual characteristics of the reactor.
To calculate the coefficients of equations the
effective group microscopic cross sections have to
be known. They have been obtained by the
WIMSD-5 and WIMS-ANL versions of the WIMS
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code. In the former case the \vinrntn norary 'Sb',
in the latter the newly developed ANL library
based on ENDF/B-VI have been used. The twodimensional group fluxes have been calculated for
actual reactor configurations using the transport
program TRITAC and the three-dimensional ones
using the diffusion program REBUS. The neutron
flux spectrum and level depend on position, burnup and power level, and so do reaction rates. In the
space domain, the approximation consists in
dividing the beryllium blocks in groups with the
same average values of the neutron group fluxes.
In the time domain, the reaction rates have been
assumed constant over certain periods of time. The
lengths of these periods have been chosen short
enough to minimise the associated error.
The system of equation (1) has been solved
analytically using a suitable numerical program
[3]. The program starts from given initial number
densities of Be-9, Li-6, H-3 and He-3 and either
given reaction rates or given 7-group fluxes. In the
latter case the respective reaction rates are
calculated for effective microscopic cross sections
typical for the MARIA reactor lattice. The
program has two parallel subroutines based on the
full set of equations or on an approximate solution
assuming no change in Be-9 number density. The
solution has been tested by comparison with a
numerical solution of the system of equations using
the Runge-Kutta method. The program allows for
an arbitrary number of cycles composed of an
irradiation period followed by a reactor shutdown
period. The results contain number densities of
Li-6, H-3 and He-3.
The level of Li-6 and He-3 concentrations in
beryllium blocks of the MARIA reactor has been
evaluated at different times during the reactor
lifetime [3], It has been shown that the amount of
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those isotopes accumulated during the reactor
history leads to a significant decrease in reactivity.
The magnitude and spectrum of the neutron
flux have a direct influence on the Li-6 and He-3
build-up through the respective reaction rates. The
values of reaction rates depend on several factors
of which the most important are the position in the
reactor and the contents of Li-6 and He-3
accumulated in a beryllium block. Thus, the exact
prediction of the reactor poisoning requires the
solution of a non-linear problem. However,
evaluation of discrepancies caused by the 'quasistatic' approach, consisting in modifications of
reaction rates only after a major He-3 content
modification, shows that it is acceptable for
practical applications.
It has been shown that shutdown periods in
reactor operation may not be neglected in the
analysis, as they influence significantly the He-3
build-up from tritium decay. In case of the MARIA
reactor the shutdown periods are a very important
factor in beryllium matrix poisoning and,
consequently in the reactivity predictions, since
N(H-3) » N(He-3). The comparison of the He-3
reduction in the period 1993-95, i.e. after the 7year reactor shutdown is shown in Fig. 1 for 3
modes of reactor operation:
•
The detailed description of reactor operation
and shutdown periods (actual operation).
•
The lumped total hours of operation followed
by the lumped shutdown period.
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The lumped shutdown period followed by the
lumped operating time.

•—actual oper.
"—oper.-shutd.
^"* shutd.-opef.

days

Fig. 1. Changes in He-3 number density
atoms/b-cm] in the period 1993 - 95.
It is worth noting that in case of MARIA
reactor the time evolution of spatial beryllium
matrix poisoning is one of important factors
determining conditions of reactor operation and
fuel burn-up. The irradiation history of beryllium
blocks has an essential effect on MARIA reactivity.
The 7-year shutdown consequences will be felt
during the whole lifetime of presently used
beryllium blocks. Reduction of the number of
operating hours of the reactor results in an increase
of beryllium He-3 poisoning and a subsequent
reduction of excess reactivity, cf. Table 1.

Table 1. Effect of reduction of MARIA operating hours from 3700 to 2000 per year

He-3 number density
Li-6 number density
K-inf

Operation/Shutdown
3700/5060
1.0051E-7
1.2647E-6
1.62
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2000/6760
1.4511E-7
1.2946E-6
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Krzysztof Andrzejewski, Teresa Kulikowska, Andrzej Frydrysiak
Institute of Atomic Energy
The program package TRIREMA has been
developed to assist reactor operators in their
decisions on fuel elements reload. The
computations start from a given state of the
reactor core and give the expected reactor physics
parameters after a definite operator decision. The
possible decisions are: the reload of a fuel element
or beryllium block, running the core without any
change in its configuration for a given time and
movement of the control rods. Thus, the input of
TRIREMA consists of the reactor core description
and the decision taken. Its output includes the
change of reactor reactivity and the new power
distribution. On request, a map of burn-up levels in
fuel elements after a required burn-up interval can
be given. The package is based on two-dimensional
representation of the reactor to assure reasonable
computing times, with special provision for the
control rod movement in the third dimension. The
description of the chosen reactor configuration and
the intended change can be specified by the
operator in a simple way due to a special set of
auxiliary
programs
enabling
the
visual
presentation of the core on the computer monitor.
The package TRIREMA is composed of five main
elements:
1. The data bases [1] describing the reactor core
and its past configurations which, on the
operator request, can be presented in the form
of the core horizontal cross section on the
monitor. The example of such presentation is
shown in Fig. 1 where the format for loading a
fuel element from the pool storage is given.
Similar formats are used to load fresh fuel
elements, to unload fuel elements, to update the
structure of beryllium matrix or positions of
control rods, etc.
2. The library files [2,3,4] contain the 6-group
cross sections for all zones of the rector core
and reflector. The cross sections have been
calculated bv the WIMSD-5 code. Fuel cross

sections are given at the chosen burn-up values
to enable interpolation to a given burn-up value
for each fuel element. Cross sections beryllium
blocks take into account the number and size of
the irradiation channels.
3. A set of programs [5,6] which generate input
data for the 2D transport code TRITAC using
data given in 1 and 2. They take into account
the chosen configuration including burn-up and
power level of each channel as well as the
current poisoning of the fuel (with or without
Xe-135).
4. A 2D transport code TRITAC [7], The code
takes the input prepared in 3 and executes
calculation of the k-eff and flux distribution in
the reactor.
5. A set of programs for editing the results and
their presentation on the monitor. An
additional program enables the estimation of
burn-up levels in each channel after a requested
operation period. It should be stressed that all
these files and programs are connected by
automatic links.
The system is fully operational. On the basis of
the actual experience in its application several
extensions seem worthwhile. The most important
one is concerned with the beryllium poisoning
described in [8]. The present version of the library
includes only 2 levels of beryllium poisoning (for
old and new beryllium blocks). The amount of Li-6
and He-3 in old blocks has been assumed equal to
that estimated for the year 1995, as the system has
been tested for a configuration from this year. It
has been found that the contents of He-3 and Li-6
in the beryllium matrix are subject to complicated
changes with the reactor lifetime and the library of
beryllium cross sections should take it into
account. The methods of determination of He-3
and Li-6 concentration have been refined recently
[9] and results obtained by those refined methods
should be implemented into the TRIREMA library.
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Fig. 1. Menu shown on the PC monitor for loading a partially burnt fuel element from the pool storage.
The second problem is a constant bias in the keff values calculated by the system. The source of
that bias has to be clarified and suitable
modifications introduced to the system.
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ALGORITHM OF SOLVING THE AMPLITUDE-SHAPE EQUATIONS FOR A NUCLEAR
REACTOR
Krzysztof Andrzejewski, Janusz R. Mika*
Institute of Atomic Energy
Let us consider a simple model of reactor kinetics
with one group of delayed neutrons:
du
dt
dw
= -X.w + BFu,
dt
where: u - vector of the density of prompt
neutrons, v - vector of the density of delayed
neutron precursors, D - matrix of neutron
streaming, A - matrix of neutron absorption,
F - matrix of neutron fission, B - delayed neutron
fraction, 1- delayed neutron decay constant.
The application of the amplitude-shape
method leads to the following equations:

dcp
1r
~dt~ ~ ^ ~ Ii
"dt

i
^

dv
cp

dz
dt"
where

The

Bv--P(Bv)-z|,
B = pF and C = D + A + (l-fl)F.
numerical solution is performed in two

stages. First, the system for —— and —— is
dt
dt
solved with the implicit Runge-Kutta method:
9 n+1
At

1

n

(3)

2 •H

V n+1 " V n
At

1

(4)

2 •r\

*
dv
,
where v n + j = v n + At • g, and — = g is taken for
the H-th step.

cp n+1

where

f = (p( C•v*

)+A-ri-

H/

"-1) .—

*Honorary Research Fellow of the University of Natal,
Durban. South Africa

In the second stage the system of equations for

— and — is solved with the explicit
dt
dt
Runge-Kutta method:

zn+1

, dv
, dz ,
,
_,
and — = gn and — = hn are the values of the
dt
dt
derivatives for the n-th step.
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The method was examined for a slab reactor
model with one energy group and one group of
delayed neutrons.
The material data were taken for a typical
pressurized water reactor and vEf was chosen to
make the reactor subcritical.
Extensive
numerical
experiments
were
performed to test the applicability of the method
for reactor systems. Here we give only those which
show that it works also when the shape function is
not so slowly varying function of time. To model
such a situation a perfect absorber was introduced
in the centre of the reactor.
First the solution for a uniform reactor was
computed and then an absorber was introduced in
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the centre. As can be seen from the figure the
solution is at t=0 represented by the quarter of a
sinusoid. After only 1CT2 sec the shape of the
solution is rapidly changing and becomes close to a
half of a sinusoid. This shows the robustness of the
amplitude shape method which may be used also to
model reactor processes with rapidly changing
neutron distribution.
The fact that the amplitude-shape method can
be used for kinetic processes with rapidly changing
neutron flux makes far more attractive than the
classical quasistatic approach which in such
situation cannot be applied.

Evolution of neutron flux

10

20

30

40

10"2 sec.

Distance (cm)
Fig.l. Flux shape
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HOW CAN WE ACCELERATE THE CONVERGENCE IN THE SLOR METHOD?
Zbigniew LWoznicki, Henryk A.J^drzejec
Institute of Atomic Energy

PL9902675

The paper is devoted to the description of a new class of efficient iterative algorithms
for solving linear equation systems
A(f> = c.
(1)
These algorithms, called modified SLOR algorithms (or for brevity MSLOR algorithms),
are derived from the line versions of the standard SOR method by means of a preliminary
elimination. As can be seen from results of numerical experiments these algoritms provide
solutions with the rate of convergence increased in comparison to the standard 1-line SOR
method.
The idea of such modifications and their implementation will be demonstrated only on
the example of a five diagonal matrix A, appearing at the discretization of elliptic partial
differential equations in two-dimensional rectangular geometry. The mesh points are shown
in Figure 1
m-1

m-1

(*)

w

w

(*)

•(*+!)

771 + 1

m +1
ra + 1

7i — 1

Figure 2.

Figure 1.

for which the equation (1) is represented by means of the following five-point difference
formula

K4>n = C + C C i + C C " 1 + < C + i + C + •

(2)

The above equation is normalized in such a way that the coefficient at <^™+1 is equal to unity,
so that the coefficients k, /, e, 1 and w are the entries of five diagonals of A and 1 < m < M.
and 1 < n < Af.
The algorithm of the point Gauss-Seidel method is realized by the following formula
«)(i+1) =

SjL J1

Wn

-

km

"+1

,

(3)

where t > 0 is an iteration index. The point SOR method is derived from the above point
Gauss-Seidel algorithm, as follows
Um

(4)

In the case of the line Gauss-Seidel method (4>™pt+l> is expressed by the following
formula
am

i rmlA-m

\(t+l)

i wm

(Am

\[t + l)

, {Am +

l\(t+\)

(5)
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where
and
As can be seen in the equation (5) visualized in Figure 2, the iteration index (t + 1) appears
at the mesh point (m,n-l) which does not allow to compute the value of (<£™)(4+1) directly
from the equation (5). However, we can solve this problem by postulating that
(8)
writing the above formula at the mesh point (m,n-l), that is,
( rm \(i+l)

\ln-l)

T Wn-

5^

r

n-l

and substituting it into the equation (5). After some algebra one obtains

where

m

Thus, the values of (7™)(t+1), Q™ and P™, with (7lm)(*+1) = /?f + (<^ +1 ) (<+1) > QT = ° a n d
P™ = D™, can be calculated recursivelly for increasing indices n\ and the values of (4>™F+l'-,
with ( ^ ) ^ + 1 ^ = (l/})(t+iyP]\f, c a n be calculated recursively for decreasing indices n by
means of the equation (8).
Writing the equation (5) for the mesh point (m-l,n) but without iteration indices, that
is,
._ m _ i
m_i

and substituting it into the equation (2), one obtains

After equating coefficients the equations (5) and (11), one obtains

f]

{)

(12)

and
where (^™)^t+1^ is computed by means of the equations (9) and (8). Thus, in the above
algorithm, representing the modified line Gauss-Seidel method or M1LGS algorithm,
the values offi™are computed recursively by means of the equation (19) line by line from
top to bottom, where /3* = c\ for all 1 < n < A/", and the values of (<^™)^+1^ are computed
line by line from bottom to top. In the case of the line Gauss-Seidel method the values of
^m^(t+i) m a y bg c o m p U ted line by line from top to bottom or from bottom to top.
The application of the overrelaxation process leads to the increase of convergence rate
and different schemes of overrelaxation are actually under development.
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MODIFICATION OF RE-CRYSTALLIZATION TEMPERATURE OF URANIUM DIOXIDE
ASA FUNCTION OF BURNUP
Marcin Szuta 1 , Moustafa S. El-Koliel 2
1 Institute of Atomic Energy, 05-400 Otwock-Swierk, Poland
2
Atomic Energy Authority, Reactors Department, Cairo, Egypt.
Out of pile experiments show that during
annealing the irradiated UO2 samples bursts of
fission gas release occur. After a small burst
release at relatively low temperature, a large burst
release appears at high temperature. The critical
temperature for high temperature burst release is
about 1800°C for low burn-up (about 7 MWd/kgU)
and decreases to about 1500 °C for high burn-up
(30MWd/kgU).
The process of strong binding of the fission gas
fragments with the irradiation defects is described
in the literature as a process of chemical
interaction with UO2. Significant part of fission
gas product is thus expected to be chemically
bound in the matrix of UO2.
The critical temperature decrease with burn-up
suggests that the re-crystallization temperature of

dD_
dt

, . 1
k (—

UO2 is changed by the process of chemical
interaction. It is clear that during irradiation the
grain growth should be observed above the recrystallization temperature.
We assume that all the retained gas atoms in
the lattice are released from the volume of recrystallized grains.
Assuming that the Vitanza curve describes the
change of uranium dioxide re-crystallization
temperature we can say that the grain growth rate
depends on the burn-up in the way given by the
best fit of the grain size change with the curve.
Two opposing effects of enhancement and
inhibition of irradiation damage introduced by
fission effect on grain growth are used to modify
the grain growth equation of Ainscough:

1 + 0.00002

D
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D

B .
)

jam

I h

with

2.67x10"

: = 5.27 xlO 7 exp(--

'/• +37 l ( l - e x p (

where, D - grain diameter (p.m), Dm -limiting
grain size (um) at which grain growth
ceases, R - the
gas
constant
equal
to
8.314 J/mol/K, T - temperature (K), B - burnup
(MWd/tU), t - time (h).
Solving numerically the differential
equation (1) with help of the modified RungeKutta integration method
we obtain a
reasonable agreement with the experimental
data of in-reactor grain growth versus
temperature - see Fig. 1. 10 % of grain size
increase for burnup B = 6560 MWd/tU occurs

2700

-)

jum2/h

40000

at about 1300 °C. This correlates very well with
the Vitanza curve [1].
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Fig.l. Comparision of measured and calculated fuel grain growth results

PL9902677
CLASSIFICATION AND RECORDING OF SPENT FUEL CLADDING DAMAGES IN VISUAL
TESTING REPORT
. Marek Dobrowolski
Institute of Atomic Energy
During underwater, remote visual inspection (VTCCD) of the spent fuel elements, a large number of
the TV images was recorded. The assessment and
correlation of the inspection results with burn-up
factor and storage condition should be done using
convenient data basis.
The analitic classification of the visual
inspection indications, with adequate notation
system were elaborated, to facilitate interpretation
of the inspection results and putting them into data
basis. Three levels of the visual test and reporting,

as. well as classification of the cladding damages
detected by means of visual testing were proposed.
The work was accomplished under Strategic
Governmental Programme SPR 04.3 for
management of spent fuel and radioactive waste.
REFERENCES
[1] M.Dobrowolski: Classification and recording
of spent fuel cladding damages in visual testing
report. Report IE A B-2 9/9 8.
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TENTATIVE VISUAL TESTING OF SPENT FUEL ELEMENT OF MR-6 TYPE
Elzbieta Borek-Kruszewska, Stefan Chwaszczewski,
Marek Dobrowolski, Wojciech Czajkowski
Institute of Atomic Energy
Underwater, remote visual testing of spent fuel
elements by means of TV-CCD camera and image
processing system is one of the inspection
techniques selected under Strategic Governmental
Programme SPR 04.3 for management of spent
fuel and radioactive waste.
Inspection procedure and visual testing
parameters were determined during preparatory
tests using the fuel "mock-up".
Visual testing of external surface of MR-6 fuel
element, which has been charged in reactor
MARIA until 1985, was performed.
The following equipment was used for visual
inspection performed in the technological pool of
reactor MARIA:
•
Video camera PANASONIC type
GP-KS162H

Fig 1. Typical image of corossion damage of
outer surface

PL9902678

•

Professional video cassette recorder
PANASONIC type AG-4700EY
The provisory mast for TV camera
was
prepared to follow the inspection procedure.
External surface of the spent fuel element
MR-6 (serial number 013/82) was inspected in 6
sectors, each of them covering 1/6 of inspected
surface.
In each sector the TV camera was moved, step
by step, along the full length of the element, and
23 images (frames) in each sector were examined.
In this way the whole outer surface of the element
was thoroughly inspected. Each individual image
was recorded on video tape and CD-ROM, using
digital image processing system- LUCIA.
The examination results, presented below on
Fig.l and Fig. 2, were taken into consideration
during assessment of the possibility of the future
operation of this element

Fig 2. Typical image of mechanical damage of
outer surface.
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QUALITY OF VIDEO PICTURE REGISTERED IN
THE INTENSE GAMMA RAY FIELD

PL9902679

Stefan Chwaszczevvski, Tadeusz Ostrowslu
Institute of Atomic Energy.
The video camera was planed to use for inspection
of spent fuel cladding after a long period storage in
the wet conditions. The picture of the spent fuel
cladding surface are registered in the intense
gamma ray field. The gamma ray induce the
electric pulses in the semiconductor of the video
camera. Its give the dark spots on the TV monitor
picture. These spots deform of the picture and in
the case of high intensity make impossible to its
interpretation.
For verification of possibility of the
professional CCD video camera application for
inspections of the spent fuel , the relation between
dose rate of gamma rays and quantity of TV picture
registered by the video camera in this condition was
investigated. The measurements were performed
for two video camera: B&W camera type TVLENS
Ernitec and colour camera PANASONIC type GPKS162. As a source of high intensity of gamma ray,
the spent fuel element of MR-6 type from MARIA
research reactor with burn up of about 2 000 MWh
and cooling period of one month was used.
Measurements were made in the MARIA reactor
technological pool. The video camera was canned
in special container which enable to it use under
water. The dose rate of gamma ray was varied by
variation of the distance between fuel element and
video camera.
The TV picture generated by the camera was
registered in the video recorder. In the case of
B&W camera the VHS recorder was used. In the
colour PANASONIC camera the PANASONIC
SVHS AG-4700EY video recorder was applied.
The number of dark spots in the all TV picture was
counted in the stop picture mode. The dose rate of
gamma ray was measured using calibrated
ionization chamber of KMPG-3 type • and
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electrometer type VA-J-51 The camera was
connected to high voltage (900 V) supplying
device. The electrometer was calibrated by the
standard current source KEITLEY Mod 261 type.
It is shown, that number of dark spots in the TV
picture is proportional - in both cases - to the dose
rate of gamma ray. In the figures 1 and 2 the
relation between dose rate of gamma ray and
number of dark spots in the TV picture was shown.
The limits of gamma ray dose rate in the case of
B&W camera
TVLENS Ernitec type was
estimated to the 4-5-6 Gy/h and in the case of
colour PANASONIC camera type GP-KS162 was
estimated on the 15 Gy/h. Taking into account the
dose limit for damage of semiconductor devices the
estimated time for live time for camera was
estimated to 1000 hours. The results of
measurements with B&W TV camera were
presented in [1]. The results for colour TV camera
were presented in [2].
Using the ORIGEN[3] code, the gamma power
of spent fuel elements was calculated. Taking into
account the real dimension of the fuel element and
the burn up distribution the gamma dose rate for
MR-6, WWR and Ek-10 fuel elements were
calculated as a function of fuel cooling time and
distance from fuel elements. It is shown, that for
MR-6 fuel elements, with the nominal burn up
(about 2 500 MWh) and 5 year cooling time the
measurements with colour camera can be
performed with distance bigger than 30 cm. The
WWR-SM and WWR-M2 fuel assembly, the
distance from TV camera to fuel should be more
than 10 cm. For the Ek-10 fuel rods no limit for
registration on TV picture.
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Fig. 1. Spots number in the B&W TV picture versus intensitj'
of the gamma ray intensity.
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Fig. 2. Spots number in the colour TV picture versus of the
gamma ray intensity.
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ANALYSIS OF INVENTORIES, NEUTRALISATION AND DISPOSAL OF THE RADWASTE AND
SPENT FUEL FROM NUCLEAR POWER REACTORS IN POLAND
Stefan Chwaszczewski1, Mieczyslaw Kwiatkowski2, Andrzej Jastrzebski3, Ryszard Krochmalski3,
Stefania Stankiewicz3, Wlodzimierz Tomczak1, Andrzej Cholerzynski1, Jerzy W. Switalski1,
Alojzy Moldysz1, Jerzy Kaznowski1
1
Institute of Atomic Energy
2
Polish Power Grid Company
3
Institute of Power Engineering
This analysis was done in the assumption, that
nuclear power plant construction would be
undertaken in Poland after 2010. Basing on the
analysis of two options o macroeconomics
development of Poland the two scenarios of electric
energy demand in the time interval 2000-2050 have
been considered. Using the available economical
data, availability and prices of energy raw materials
as well as the requirements of environment the
forecaster quantities of individual energy raw
materials encompassing hard cool, brown cool,
natural gas, water energy and nuclear fuels to be
used in production of electrical energy was
determined. Results of these analyses are presented
in Fig. la and lb for the lower and upper scenario
of the country s macroeconomical development.
Since with the credibility of is getting lower with
the time extension of its realisation term one
assumed that the nuclear power constructed till
2050 will be operating for a period of 60 years with
a load factor 85%. The electrical energy
manufactured in that time by the nuclear power
plants is assessed oh 9500 TWh in lower scenario
and over 12600 TWh in- upper scenario.1 For
comparison, the amount of electrical energy
manufactured in Poland till now is assessed on ca.
4000 TWh.
A review of new constructions of nuclear power
plants was accomplished. It is proposed to consider
those power facilities that are in compliance with
the EUR document as the reactors of the new
generation [1]. To the facilities meeting the EUR
belongs: nuclear power plant with a boiling reactor
of power 1310 MW(e) - ABWR [2] launched
recently into operation in Japan and the nuclear
power units
AP-600 of Westinghouse with
pressurised water reactors of 600 MW(e) being
constructed [3], the EPR power unit with a
pressurised water reactor of 1500 MW(e)
constructed by the consortium NPI of Framatome

and KWU Siemens [4] and BWR-90+ nuclear
power unit with a boiling reactor of power 1500
MW(e) whit is being designed by ABB Atom [5],
These units are featured by a significant usage of
uranium fuel (with fuel burn up-s up to 60 GWd/t).
All these reactors produce rather low quantities of •
operation waste: 10-30 m3 intermediate level
radwaste and 20-50 m3 of low level radioactive
waste (after conditioning) for 1 TWh of the
electrical energy manufactured.
An analysis of accessed technological procedure
pursued with nuclear spent fuel was performed:
1. periodical storing of spent fuel in the fuel
storage and then final disposal in the deep
geological formations;
2. reprocessing of the spent fuel, use of the
recovered uranium and plutonium for
manufacturing of MOX-type fuel and then
solidification the high level radioactive waste
and their disposal in deep geological
formations.
The option 1 of the spent fuel management is to be
implemented in Sweden, Canada, Finland, Spain
and Germany. Option 2 is foreseen to be employed
in France and Great Britain. For collation an
analysis of the spent fuel management from the
CANDU reactors in Canada was conducted.
The characteristics of radioactive waste and the
analysis of their technological handling such as:
filtration
technique,
flocculation,
chemical
purification, ionic exchange, evaporation , ionexchanger membrane technique, concentration
technique and others.
Based on forecast of nuclear power reactors
commissioning,
their
operation
and
decommissioning the amount of spent fuel and
radioactive waste has been estimated. The amount
of the radioactive waste and spent fuel is shown in
Fig. 2 and 3.
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Using the available data on technology and
expenditures related to the management with
radioactive waste and spent fuel an analysis of the
technologies
and
management
costs was
accomplished. By means of methods of
determination of discounted costs for separate
activities associated with management of spent fuel
and radioactive waste the evaluation of costs for
particular activities related to the 1 MWh electrical
energy sold was performed. Two options of the
nuclear spent fuel management were analysed: an
option without reprocessing of the spent fuel when
employing one or three periodical spent fuel
storage's before its final disposal and the second
one with reprocessing of the spent fuel and use of
plutonium and uranium for the MOX fuel

101

fabrication with and without accounting for savings
by substituting uranium fuel with, that one. For
spent fuel arisen from CANDU reactors with three
time - limits of final repository commissioning and
storing of spent fuel in dry storage containers up to
this fixed time, has also been accomplished. An
analysis of the two options nuclear waste handling
was also conducted. An evaluation of the
discounted costs of the nuclear power plant
decommissioning has been done in assumption that
the decommissioning costs are 250 US $ /kW(e) of
the installed power (875 zl/kW(e)).
The results of these analyses are presented in tables
1,2 and 3.

Table 1. Discounted costs of spent fuel management in production of 1 MWh electrical energy sold (in
zloty)
Lower scenario
Upper scenario
5%
10%
0%
5%
10%
0%
Discount rate
LWR reactors:without reprocessing of the spent fuel
3,345
3,314
2,917
3,431
3,512
2,964
Option with 1 dry storage
Option with 3 dry storage
4,652
2,113
2,128
4,291
2,239
1,823
CANDU reactors:
Final disposal from:
2070
8,146
2,617
0,721
9,191
3,024
0,797
0,307
1,275
2090
1,304
8,593
0,279
8,254
0,736
2110
0,770
0,224
8,481
0,204
8,503
LWR reactors with reprocessing and MOX
Without consideration of
9,654
10,107
uranium saving
11,866
10,178
11,540
9,432
With uranium saving
8,839
7,558
7,426
8,513
7,486
7,205

Table 2. Discounted costs of radioactive waste management related to lMWh of electrical energy sold (in
zloty)
Discount rate
Lower scenario
Upper scenario
5%
10%
0%
0%
5%
10%
Option 1
0,733
0,699
0,932
0,718
0,677
0,952
Option 2
0,738
0,832
1,039
0,731
0,862
1,106

Table 3. Discounted costs of nuclear power plant decommissioning related to lMWh of electrical energy sold
(in zloty)
Lower scenario
Upper scenario
5%
10%
Discount rate
0%
0%
10%
5%
2,304
0,214
0,014
0,214
2,304
0,014

The work has been accomplished on order of
the National Atomic Energy Agency in compliance
with the contract Nr 18/SPR/97 of the 3 October

1997 within the frame of realisation of the
Governmental Strategic Programme SPR-04:
..Management of radioactive waste and spent fuel".
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Fig. lb. Fuel share in electricity production. Upper scenario.

Fig. la. Fuel share in electricity production. Lower
scenario
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Fig, 2. Amount of radioactive waste from exploitation Fig. 3. Amount of spent fuel from exploitation of
and decommissioning of NPP. Lower scenario.
NPP.Lower scenario.
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EXPERIMENTAL VERIFICATION OF NEUTRON EMISSION METHOD
FOR MEASUREMENT OF FISSILE MATERIAL CONTETN IN SPENT FUEL
1

Attya A. Abou-Zaid1, K. Pytel2
Reactors Department, Atomic Energy Authority, Cairo,Egypt
2
Research Reactor Centre, Institute of Atomic Energy

A nondestructive method using neutron emission
technique for determination of the fissile isotopes
content within the fuel assemblies of the MARIA
reactor has been experimentally verified. The method
is based on detection of fission neutrons emitted from
external neutron source and multiplied by fissile
isotopes: U-235, Pu-239, and Pu-241 in the fuel.
Prior to ultimate design of the measuring facility
a Monte Carlo (MC) simulations [1] have been
performed to optimize the measuring equipment
geometry (Fig.l), i.e. neutron source, moderator
container, collimator, and neutron detector.

2

4
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6

8
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Distance, cm
Fig.2. Experimental fuel-detector spacing
optimization
Direct comparison between measurements and
MC simulations required some reprocessing of
calculation results to adjust the output data to real
experimental conditions (neutron source intensity,
neutron detector efficiency). Results shown in Fig.3
demonstrate a good agreement between Monte Carlo
simulation and experiment (dashed lines above and
below the solid one correspond to MC standard
deviation).
400

fuel-detector
spacing
Fig. 1. Sketch of the experimental equipment
Basing on the calculation results a special
experimental stand, allowing to measure the fresh
fuel assembly and fuel mock-up, has been designed
and manufactured. The source-collimator spacing as
well as the fuel-detector one were variable during
measurement and the neutron flux was detected by
fission chamber.
The neutron flux difference Acp between the
measurement with fuel and with its mock-up being in
fact the net signal proportional to the fissile isotopes
content within the fuel, has been chosen as an
objective function. In Fig.2 are shown the results of
neutron flux difference measurements versus fueldetector distance. The optimum distance was found
at 4 cm compared with 4.5 cm deduced from Monte
Carlo simulation [1].
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Fig. 3. Comparison between experimental
and MC results (output neutron flux
versus fuel detector distance)
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AUTORADIOGRAPHY OF PAINTING AT MARIA REACTOR
Krzysztof Pytel1, Beatrycze Pytel1, Alina Koziel1, Leonard Strzałkowski1
Tadeusz Ostrowski1, Bożena Sartowska2, Ewa Pańczyk2, Antoni Kalicki2, Maria Ligęza3
'Research Reactor Centre, Institute of Atomic Energy
2
Institute of Nuclear Chemistry and Technology
3
Cracow Academy of Art
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Neutron induced autoradiography, one of the
most refined nondestructive testing methods of
investigations of paintings were performed at
MARIA research reactor [1]. In this technique a
painting is exposed to thermal neutrons scattered
from the neutron beam. Selected elements in the
pigments form radioactive nuclides emitting
gamma rays and beta particles. They act upon the
sensitive film held in close contact to the surface
of painting during successive exposures to a
series of films over a period of about three
month. The obtained images of activated
elements depend on their half-lives.

One of the most spectacular result have been
achieved with a painting Portrait of a Venetian
Admiral by Jacopo Tintoretto (Fig.l). Earlier
investigation by means of X-ray radiography and
stratigraphy of painted layers showed that
Portrait hides in its bottom layer the image of a
man with different facial features, in secular
clothes and a biretta [2]. Neutron induced
autoradiography performed in the MARIA
reactor fully confirmed those conclusions (see
first autoradiograph on Fig.2).
The blackening of this first film was caused
mainly by the 5 6 Mn and M Cu isotopes.

Mi

i lilii

n

Fig.l. Jacopo Tintoretto, Portrait of a Venetian
Admiral, painting
Consecutive exposures to films were followed
by the y spectrometric measurements allowing for
more precise identification of main radionuclides
- emitters of gamma and beta particles.
After series of investigations of test paintings
the optimum neutron irradiation conditions have
been established as well as autoradiograph
exposure times and duration. The fluence of
thermal neutrons of 3-^5-1012 n/cm2 was found
satisfactory' to produce an activity which was
sufficient to blacken a sensitive X-ray film. Such
a fluence can be achieved at MARIA reactor
within 15-^24 hours depending on the size of
painting.
Next six paintings representing the Venetian
school between the 14lh and 17* century and
owned by the National Museum in Warsaw
underwent neutron induced autoradiographic
investigations. Paintings were selected in the
Conservation Studio of the Museum.

Fig.2. First autoradiograph with exposure time 3
hours
Further studies of autoradigraphs continued
by the restorers and historians go far beyond the
traditional attributive ones.
This work was supported by the State
Committee for Scientific Research in the frames
of KBN research target project Serenissima.
Light of Venice, No. 1H01E001 96C/3009.
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UPGRADING OF THE Co092-Feo.08 CRYSTAL POLARISING MONOCHROMATORS
Stanislaw Bednarski, Konrad Blinowski, Mariusz Wieczorkowski
Institute of Atomic Energy
The Co-Fe(8% at.) single crystals applied as the
neutron monochromators and polarisers for the
neutron diffraction purpose must fulfil two practical
requirements: high intensity of reflected beam and
high polarisation. Intensity is even more important,
as the neutron absorption in cobalt is fairly high.
Transmission through the 3 mm thick plate
decreases intensity 2,5-3 times depending on the
neutron wavelength. Therefore any attempt to
increase reflectivity for the Co-Fe single crystals,
deserves attention. One of the parameters
responsible for reflectivity is the mosaic spread.
The higher the mosaic spread, the more neutrons
are reflected from the incoming beam. The usual
mosaicity for the Co-Fe single crystal grown by the
Bridgman method is about 5'. As the practice
shows, the desired mosaic spread in the neutron
polarising monochromator should be three or four
times as much. In order to increase the mosaic
spread, the crystallographically oriented Co-Fe
plates were hammered at the use of the fine teeth
matrices and pneumatic press.
Fig. 1 shows the rocking curves for the (200) Bragg
reflection from a single crystal of a thickness 1 mm
before and after hammering, respectively.
Integrated intensity is increased by 50 %. From the
rocking curves obtained for the plates from 0.8 mm
to 3 mm thick we can conclude, that hammering is
most effective for the thinner plates. Therefore we
have made some polarisers from the three plates 0.8
mm or 1 mm thick, stacked together. Typical
rocking curves measured for such polarisers are
shown in Figs. 2 and 3. Integrated intensity gain for
the set of three plates is about 100% as compared to

the intensity from one 3 mm thick plate, without
hammering. The gain due to the hammering of the
3 mm thick plate is about 20 %.
It is important to have in crystal after hammering
the uniform mosaic spread otherwise the neutron
reflectivity and polarisation will be different for the
different parts of the monochromator. The quality
control, as far as the mosaic spread is concerned,
was performed for each plate six times at least. The
rocking curves were measured for the full neutron
beam 35 mm wide and 45 mm high, for the centre
through the circular aperture 20 mm in diameter,
for the upper and lower halves and for the left and
right halves of the plate. If the plate was 40 or 50
mm long, and the neutron beam did not cover the
whole surface, the same measurements had been
repeated for the plate shifted 1 cm or 2 cm with
respect to the neutron beam. In total 300 rocking
curves were obtained for 33 Co-Fe single crystal
plates and their various combinations at the use of
polarised neutron spectrometer SSN 2.
Another
series of
measurements
yielded
information about polarisation efficiency. Obtained
results indicate that in most cases the higher
polarisation goes together with higher peak
reflectivity. Polarisation values that were calculated
from the measured flipping ratios vary from 92% to
99%. In some cases the plates, although cut from
the same piece of ingot, have different polarisation.
We suppose this irregularity may be due to the
crystal structure damage caused by the cutting
process, in which the spark erosion method was
used. This problem requires further investigation.
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Fig.l. Rocking curve for the Co-Fe single crystal set in transmission. Dimension of the plate: 1x35x50 mm1.
1 - plate not hammered, 2 - plate after hammering.
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Fig.2. Rocking curves: 1 (full circles) for the set of three Co-Fe single crystals; 2 (open circles) - for a single
plate. Each plate 1 mm thick. Reflection (200) in transmission. Plates not hammered.
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Fig.3. Rocking curve for hammered plates: 1 - single plate, 2 - set three plates stacked together.
Reflection (200) in transmission. Dimension of the plates: 1x35x50 mm3
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THE GROWTH OF VERY LARGE COPPER SINGLE CRYSTALS FOR APPLICATION
AS MONOCHROMATORS FOR NEUTRON SPECTROMETRY
Stanislaw Bednarski, Waclaw Ziubinski, Janusz Bojarczuk, Piotr Radzio, Jan Zolqdek,
Zdzislaw Jurkowski
Institute of Atomic Energy,Crystal Growth Laboratory
Very large copper single crystals of diameter 140
mm and the length of 150 - 160 mm have been
grown using modified Bridgman method. For
growing crystals a reconstruction of high
temperature furnace was done and the furnace has
been adapted for growing copper crystals of
diameter 140 mm. The graphite cylindrical heating
element and graphite radiation shield system were
applied in furnace to obtain a more symetrical and
homogenic radial distribution of temperature in the
heating space of furnace. Copper of purity
99,99%Cu was melted in a high density and purity
graphite crucible. After melting process the
crucible with the copper melted was annealed at a
suitable temperature for 2 hours and next the
furnace power was slowly lowered and
simultaneously crucible was pulled down about 5
mm/h into lower temperature of the furnace heating
space.
Experiments lasting long time (ca. 40 hours ) with
growing crystals were carried out. The structural
perfection of obtained crystals was tested using
chemical etching, X- ray technique and neutron
diffraction method and the best quality single
crystals have been selected. The half width of
rocking curve (FWHM) for these selected crystals
were between 10 and 13minutes of arc. (see Fig.l).
Neutron beam (^=1.21 A) used for testing crystals
was monochromatized by (311) Si monochromator
having mosaic spread below 1 minute of arc. The
best single crystals (No.4) from the selected ones
have been cut into (311) oriented large plates of
width about 11 mm. From these large plates 89
cylindrical (311) oriented discs of 38 mm diameter
have been cut off. For cutting crystals wire
electroerosion spark machine Robofil 310 was
used. Neutron diffraction study of" these large Cu
(311) oriented single crystal plates and (311)

cylindrical discs has demonstrated that crystal
cutting by means of wire electroerosion spark
machine, in the case of copper single crystals,
introduced deep damages (from 0,5 to 0,8 mm) into
crystal near the surface of cutting crystal.
The observed change of the shape of rocking curve
(asymmetry, trains and widening of rocking curve
(FWHM) from 10 minutes up 19 minutes) caused
by this crystal structure damage at (311) surface of
single crystal plates are shown in Fig. 2.
The procedures used in our laboratory for
removal these defects from (311) surface of single
crystal discs ( by very delicately turning a fixed
crystal surface by rotated turning knife and next
polishing the crystal surface) were not effective and
introduced a new defects at crystal surface. A
number of tests were performed with mechanical
processing of the (311) surface of Cu single crystal
discs to remove these deep damages and then the
study was done by means of neutron diffraction in
order to check the influence of this surface
mechanical processing on the shape of crystal
rocking curve. Applied method to get rid of
damaged layer on the crystal surface was much
more effective
when damaged surface of a
cylindrical plate is turned around in machine tool
and properly sharpened cutting knife removes very
delicately from the damage surface of crystal a thin
(0.05 mm) layers, and next the crystal is polished
and chemically etched.
This new procedure for mechanical treatment of
damage surface of crystal discs resulted in a
symmetrical rocking curve without trains. The half
width of rocking curve returned to original, primary
values of 10 -13 minutes of arc (see Fig. 3) which
were obtained for non cutting, as grown crystal No.
4 as it is shown in Fig. 1.
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Fig.l. Rocking curve of neutron beam reflected from
(311) crystallographic plane of selected cylindrical single
Cu crystals (diameter 140 mm) befor crystal cutting. The
mosaic spread of as grown cu crystals (FWHM) is from
10-13 minutes of arc.
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Fig. 2. The observed distortions of rocking curves of
neutron beam ferlected from Cu (311) oriented single
crystal large plates and discs caused by damages of Cu
crystals which were introduced spark during cutting
crystals by wire electroerosion speack machine. (These
large plates and discs has been cut-off from Cu single
crystal No. 4 and No. 5).
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reflected from (311) oriented three Cu single crystal discs
after application a new mechanical crystal processing to
remove the damage from (311) planes of crystal discs.
The half width (FWHM) of rocking for these discs return
back to primary values 10-13 minutes of arc which were
obtained for non cutting (as grown) Cu single crystal No.
4 as is shown in Fig. 1.
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REMOVAL OF VOLATILE ORGANIC COMPOUNDS FROM INDUSTRIAL OFF GASES
BY ELECTRON BEAM IRRADIATION - CHOICE AND PREPARATION
OF SAMPLING SYSTEM FOR PILOT PLANT AT EPS KAWE.CZYN
Janusz Licki
Institute of Atomic Energy
Off gases containing Volatile Organic Compounds
sampling train, presented in Figure 1, was chosen.
(VOC) are emitted from industrial solvent
The sample probe is installed at inlet to the spray
applications, automobiles, combustion processes
cooler. The probe should be fitted with gas filter.
and incineration processes. Several kinds of VOC
Two coaxial ceramic filters are used for removal of
are very harmful to human health because of
particulate matter from sample gas. Gas filters
carcinogenic effects and also produce toxic
should be heated to the temperature of gas at
substances by photochemical oxidation in the
sampling point. After the filtration sample gas is
atmosphere. During the last decade the emission
transported to the gas adsorption tubes. The
limits for VOC have been reinforced in Germany
sampling line is made from stainless steel and is
and other countries of the European Union. This
heated to the same temperature as ceramic filters.
has initiated a rapid development of cleaning
The gas adsorption tubes are used for preprocesses for off gases and is leading to a change of
concentrating, storing and transporting organic
production processes to avoid or minimize the
samples before its analysis on gas chromatography.
gaseous emissions.
The sample gas contains organic compounds with
different adsorbing properties so that two different
Off gases containing VOC are cleaned by
adsorbing materials should be placed in series to
conventional methods such as many kinds of
catch different sets of organic compounds. The
scrubbers, active carbon adsorption, thermal and
stronger adsorbent should be placed after the
catalytic oxidation and biological methods. In
weaker one. The highly concetrated organic vapour
general these methods achieve the required
obtained from an adsorption tubes should be
emission limits, but some problems still exist. The
introduced to the inlet of column of gas
cleaning processes are rather expensive, especially
chromatography.
for off gases containing only low concentration of
VOC. Sometimes new waste is generated by
adsorption processes when the adsorbent is
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This study is planned at pilot plant at EPS
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should be measured. For these measurements the
1-duct
2-sainple probe and gas filters
3-coiled condenser
4-adsorbent tube with Tenax-GC
5-impinger
6-adsorbent tube with Tenax-GC
7-active carbon
8-empty impinger
9-impinger filled with silica gel
10-flowmeter
11 -manometer
12-pump
13-dry gas meter
14-outlet

Fig. 1. The sampling train of volatile organic compounds.
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EXPERIMENTAL STAND FOR GAS PERMEABILITY DETERMINATION
OF THE HYDRAULIC BINDERS
Jan Oglaza, Elzbieta Borek-Kruszewska
Wojciech Czajkowski, Jerzy Switalski
Institute of Atomic Energy
The technical device has been designed and
constructed for determination of gas permeability
of hydraulic binder based compounds used for
immobilization of radioactive waste. These
compounds can be hardened pure cement, mortar or
concretes containing or not containing, embeded
wastes.
The method is based on the Darcy low of the gas
flow through a porosity substances. A suitable
measuring equipment is proposed according to ISO
recommendation. Fig. 1 shows a diagram of the
equipment which includes:
— a high pressure gas bottle with a reducing valve
system to control the permeameter pressure in
the range 0-5 MPa,
— a cylindrical cell (stainless steel) in which the
sample with a resin gasket is set up,
— auxiliary equipment to extract the sample,
— a permeameter including a stainless steel belljar fitted with a pressure pick-up and a data
acquisition capability,
— in addition a thermohardening resin as epoxy
resin is available for setting up the sample.

PL9902686

All this equipment is located in a room with
temperature at 20 ± 20°C.
The measurement methodology consists of
following steps:
— placing the sample in to the sample holder with
a sealing gasket,
— placing the sample holder on to the device and
pressurizing the permeameter,
— measuring and recording the time dependent
pressure,
— data calculation and permeability determination.
At the pressure of 1 MPa, the slope of the curve
P=f(t) i.e dp/dt calculated for pressure range from
1.0 to 0.9 MPa as function of time.
The permeability (K) at a relative pressure (P) of
1 MPa is:

K=

2V-rj-H

dP
dt

(n?)

where all values are known; namely: V - is the
volume of the permeameter (m3), -q - is the gas
viscosity (Pa-s), H - is the thickness of the sample
(in), Po - is the atmospheric pressure (MPa).

connection and
isolation valve
pressure pick-up
for visual monitoring
pressure pick-up
for recording
high adherence
sealing- gaskef
sample
HP. gas bottle
with reducing
valve
Fig.l. Gas permeameter - scheme

continuous recording of
pressure versus rime
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CRACK FRACTURE TOUGHNESS OF LOW ALLOY STEEL
MEASURED BY THE CTOD METHOD ACCORDING
TO BSI STANDARD 4515 AND 5762
Wtold Szteke, Waldemar Bilous, Jan Wasiak, Ewa Hajewska,
Tadeusz Wagner, Martyna Przyborska
Institute of Atomic Energy
In the Material Research Laboratory of IAE the
complex
nondestructive
and
destructive
investigations of the X56 steel tube for the long
range gas pipelines were carried out [1]. The
specimens for all type of the tests applied were
cutted out from the pipe sector of the dimensions:
length - 1000 mm, external diameter <>
j 711 mm and
wall thickness - 10,2 mm, including the base metal,
the heat affected zone and the weld line
respectively. In this paper the resistance to fracture
toughness of parent material and its welded joints is
presented.
The multiple
specimen technique
for
determining COD (crack opening displacement) at
initiation of slow crack growth was used in
accordance with the requirements of BS 5762 [2].
The beam type bend test pieces of thickness B =
8mm, length L = 70 mm and width W = 16 mm
were prepared with the mechanical notches
produced by milling. Than the fatigue cracks on all
types of the samples were propagated using the
INSTRON 8501 System. The length of fatigue
crack shall be not less than 1,25 mm; the ratio of
the effective crack length "a" to the width "W" of
the specimen was a/W=0,48.
The test samples in which a sharp crack has
developed were subjected in sequence to loading
by different values of the force, recording the
applied force against the clip gage displacement
(Fig.l).
The tests on the samples cutted out from the
parent material were carried out at room and
negative temperatures: -10cC and -20°C. The
samples of the heat affected zone of circumfeential
welded joint were examinated at room temperature.
After completion of the tests the fracture surface
of the sample was heat tinted and the real fatigue
crack length and the stable increase of the crack Aa
were measured.
The crack opening displacement 8 m for each
masuring point was calculated using the following
relationship:

0,4{W-a)Vm
}

where:
W
a
RQ 2
E
v
Vm

- width of the sample,
- effective crack length,
• yield point,
- Young's modulus,
- Poisson's ratio,
- clip gage displacement at the first
attainment of the maximum force plateau,
- distance of clip gage location from test
piece surface,
- stress intensity factor calculated using the
equation:

z
K

P.
BW2
where:
. applied force at maximum force plateau,
m
B
- test piece thickness,
f(a/W) - compliance function for bend test piece
three-point loaded with overal
span
2L=4W.
On the basis of calculated values of 8 m and
L

measured values of Aa the diagram
8 m = f(Aa) was made for determination of the
critical, value of crack opening displacement 5 C
(Fig.2).
The critical value of the stress intensity factor
Kj c has been calculated using the equation:
The obtained results of the critical values of
crack opening displacement 8C and of the limiting
values of stress intensity factors Kj c for steel X56
are shown in Table 1.
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Table 1. Critical values of the crack opening displacement 8C and the stress intensity factors Kj c
for steel X56

Material

Temperature
°C

8 c [mm]

K i c [MPam°>5]

-20

0,24899

157

-10

0,20100

141

+20

0,20461

142

+20

0,20040

140

Parent
material

Heat affected
zone

The obtained results demonstrate that the pipe
parent material resistance to fracture toughness
determinated by CTOD method fullfilled the
requirements of BS 4515 standard (p.37,fig.l3[3]),
Fig. 3. The measurements at room and at negative
temperatures -10°C and -20°C indicated no
significant changes of the steel X56 resistance to
fracture toughness in dependance of temperature.

0.0

0.5

1.0

The determinated fracture mechanics factors for the
heat affected zone of welded joint confirms the
corectness of welding technology applied.
REFERENCES:
[1] INVESTGAS. Sprawozdanie LBM IEA,
Otwock-Swierk 1997.
[2] BS 5762, 1979.
[3] BS 4515, 1984.
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Fig.l. Autographic plot offeree versus displacement of the
base metal steel X56 at temperature -20°C.

Fig. 2. COD 8m versus slow crack growth Aa.
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Fig.3. Required minimum level of CTOD for pipelines with
diameters <>| 700 -^ <)| 799 mm [3].
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EVOLUTION OF STRUCTURAL DAMAGE IN ALUMINIUM
IRRADIATED WITH KSENON IONS
Andrzej Hofman
Institute of Atomic Energy
Aluminium is considered to be a useful material for
fusion ractor technology, because of its low
rdioactivity and well known fundamental point
defect properties. The evolution of radiation
damage during ksenon ion irradiation for Al of
99,99 % purity and the ion flux dependence on the
evolution of microstructure have been examined.
Foils of the material were annealied at 800°K
for 3h in high vacuum furnace and then polished
electrolytically for electron microscopy (mixed
solution of ethanol and perchloric acid in the ratio
4:1). Fig.l. shows electron micrographs of pure Al
irradiated with 124 MeV X c ions at temperatures
300°K and 473°K. For irradiation at 300°K
intersitial type dislocation loops were observed.
The loops grow with the irradiation and finally
convert to dislocations. When a specimen was
irradiated at 473°K no loops were observed but the
number of bubbles were found. The number
densities of bubbles was 3-10^ cm~^.
REFERENCES
[1] A. Hofman, T. Kochariski, A. Malczyk:
Influence of the Fission Products on the
Cladding Material of Fuel Elements. Raport
IEA B-54/97.

Fig.l. Microstructure of pure Al irradiated at 300°
Kand473°Ktofluencesof: (a) 3-1014emf2,
(b) 3-1015cm"2, (c) M O 1 6 cm' 2 .
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INVESTIGATIONS IN THE FRAME OF STRATEGIC GOVERNMENT PROGRAMME Nr 4.4a
Ewa Hajevvska, Antoni Malczyk, Zygmunt A. Wojciechowski,
Martyna Przyborska, Mariusz Wieczorkovvski
Institute of Atomic Energy
In the Material Research Laboratory, in the past,
investigation of the materials used in the
technology of processing of radioactive solid
wastes destined for long-time storage have been
performed [1-5]. These materials, particularly the
classical cement concrete, were applied for
solidification of radioactive wastes at the Institute
of Atomic Energy and for the in-container
deposition at its Central Repository of Radioactive
Wastes (CSOP).
In 1998 the following were done:
"Investigation of the interaction of the materials
composing the barriers with radioactive wastes"
[6] The interaction of the liquid radioactive wastes
with the materials composed the consolidated
materials. The chemical composition of the model
wastes as well as the shape and the dimensions of
specimens were determined. The results of the
static compressive strength tests are also done.
General conclusions of the investigation are as
follow:
- The maximum contents of the wastes in the
specimens should be 60%.
- It will be preferable to modify the method of
consolidation of liquid radioactive wastes,
especially with the epoxy resin used as basic
material.
"Investigation of the new materials used for
consolidation of radioactive solid wastes and as a
insulating coatings and studies of the influence
of irradiation on its properties" [7]. The
properties, density and compressive strength in
static conditions, of specimens epoxy and polyester
resins before and after irradiation, without as well
as with radioactive wastes, were studied.
General conclusions of the investigation are as
follow:
- The consolidation technology of radioactive
solid wastes applied to prepare the specimens
is correct - the results obtained indicated no
significant changes of properties of each
material sample.
- The influence of radiation heating on the
examinated composites was observed. In
normal operational condition the studying
composites the dose of lOOOkGy will obtain in
the very long time. The influence of radiation
heating in reality will be smaller.
- The modification of technology used to the
consolidation of cellulose wastes will be welladvised
"Investigation of the changes in properties of
several barriers and character of its reaction in
the long time storage" [8]. In the Central
Repository in Rozan the radioactive wastes are
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stored since about 40 years. In the report the
results of the investigation of the metallic
containers after long time storage are done.
It was found that the properties of the container,
studied in the frame of this work, are worse than
the properties of the container after 30 years of
using.
The main conclusion of the work is: the
properties of the containers used for storage of the
radioactive wastes must be controlled.
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STRUCTURE AND FUNCTIONS OF SWD-WJ/RODOS - THE DECISION SUPPORT SYSTEM IN
CASE OF NUCLEAR ACCIDENT
Mieczyslaw Borysiewicz 1 , Andrzej Furtek 1, Slawomir Potempski l , Henryk Wojciechowicz l ,
Roman Zelazny2
'institue of Atomic Energy
2
Institute of Plasma Physics and Laser Microfusion

The paper [1] describes the fundamental structure
and functions of the decision support system
SWD-WJ/RODOS which is to be used in case of
nuclear emergency. The system has been
implemented in the Institute of Atomic Energy and
will be installed in the Centre for Radiological
Events (CEZAR) of the National Atomic Energy
Agency. The system is based on the RODOS
system ("Real-time on-line decision support
system") which is being developed within the
consecutive European Union programmes by some
30 European institutions from the most European
countries. The system has been designed as a
comprehensive system incorporating models and
databases for assessing, presenting and evaluating
accident consequences, over all distances, taking
account
of
the
mitigating
effect
of
countermeasures. Its flexible coding enables it to
cope with differences in site and source term
characteristics, in the availability and quality of
monitoring data, in national regulations and
emergency plans, etc. Two modes of operation are
possible: automatic and interactive. The first one is
to be used just after release for evaluating a very
short-term countermeasures in the nearest
surrounding of the nuclear plant. In this mode only
minimal operator's input is required, as usually in
such cases there is need for a very fast response. In
the interactive mode a more detailed analysis can
be performed including evaluation of both shortterm and long-term countermeasures. The
following countermeasures are taken into account:
evacuation, sheltering, relocation, food banning,
decontamination and distribution of iodine tablets.
Both early and late health effects as well as the
economic aspects are considered. In order to
perform all these tasks the system is divided into
three
subsystems:
Analysing
(ASY),
Countermeasure (CSY) and Evaluating (ESY). The
interconnection of all program modules, the input,
transfer and exchange of data, the display of results,
and the interactive and automatic modes of
operation are controlled by the specially designed
Operating subSYstem (OSY) (Fig. 1). Each of the
subsystem consists of a variety of modules
developed for processing data and calculating

endpoints belonging to the corresponding level of
information processing. The modules are fed with
data stored in four different databases, comprising
real-time data with information coming from
regional or national radiological and meteorological
data networks, geographical data defining the
environmental conditions, program data with
results obtained and processed within the system.
and facts and rules reflecting feasibility aspects and
subjective arguments.
The aim of the analysis subsystem (ASY) is to
calculate concentration of radionuclides, doses and
doserates. The countermeasure subsystem (CSY)
takes into consideration all possible ways of
exposure and countermeasures as well as calculates
doses under the condition the relevant action is
performed. The evaluating subsystem (ESY)
assesses applicability of countermeasures and finds
the most optimal strategy. All the main elements of
the system needed for operation in both modes.
including description of the input and output data,
have been described and presented in graphical
form.

rz

data base
A S Y analysing subsystem

OSY
operating
subsystem

|

| C S Y countcrmcasure subsyslen
E S Y evaluating subsystem

communication interface

users with different capabilities

Fig.l. Structure of SWD-WJ/RODOS
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S. Potempski,
H. Wojciechowicz, R. Zelazny, Structure and
functions of SWD-WJ/RODOS - the decision
support system in case of nuclear accident, to
appear as IEA Report
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MODELS AND PROGRAMS FOR CALCULATING FOOD CHAINS AND DOSES
FOR DECISION SUPPORT SYSTEM SWD_WJ/RODOS
Mieczyslaw Borysiewicz 1, Andrzej Furtek *, Pawel Krajewski2
'Institute of Atomic Energy
PL9902691
2
Central Laboratory for Radiological Protection, Warsaw
The variety of phenomena in ecosystem makes
experimental materials and measurements collected
mathematical description of physical and chemical
for Poland.
processes taking place in such complex and not
Basing on the deposition rate in the air close to
exactly known medium very difficult and
ground level and data for atmospheric condition the
complicated. Many simplifications and using
module calculates deposition quantity on the
phenomenological parameters must be employed in
ground surface. Then estimates radionuclide
such situation. Too far a simplification of the model
concentration as a function of time for different
as well as the reduction of very complex ecological
elements of ecosystems i.e.: soil, plants, animals
phenomena to only one global computational
and animal products like milk and meat and for two
coefficient of type "Deposition -> Dose" may lead
time intervals: short and long lasting exposure. The
to not very reliable radiation dose predictions.
most relevant dynamic processes taking place in
Computer models of the environment are
ecosystem are considered in the model. They are:
usually a compromise between requirement of
pollution capture by plant leaves, pollution
real description of phenomena happening in
reduction due to atmospheric processes, rate of
ecosystem on the one hand and necessity of very
growing for different plants, pollution transport
quick assessment of the population exposure on
from soil to plant through roots, pollution washout
the other hand.
and radioactive decay. These dynamic processes
vary depending on the season of the year. The
Models should predict radiation doses coming from
change of plant bio-mass, change in farm animals
two main exposure sources:
diets, different harvest periods and different ways
•
External radiation from radioactive cloud and
of soil cultivation influence the model output
ground deposition,
results.
Using the model it is possible to obtain the
•
Internal radiation from inhalations and
dose
assessment
in time interval defined by user
contaminated food.
for:
These tasks are realised successfully in the
•
external radiation from ground contamination,
SWD_WJ / RODOS system by two modules: FCM
• radiation from inhalation,
- Food Chain Module and DM - Dose Module,
further referred to as FCDM.
• radiation from contaminated food .
The FCDM Module simulates radioactive
The computational module FCDM is one of the
substances transport in human food chain and gives
most important in the system SWD-WJ/RODOS.
a broad assessment of doses from different
The module is to provide information about
exposure ways. The dose quantity strongly depends
radiological situation on affected area defined by
on radioisotope transport processes and ways in
grid 4 1 x 4 1 points (1681 locations) in the case of
human ecosystem. For external exposition the
emergency release of radioactive isotopes to the
ground dose depends on deposition intensity (dry
atmosphere. It distinguishes in computation cycle
and wet) and radioisotope migration rate in the
10 different radiological ecosystem regions.
ground. For internal exposure the dose quantity is
Work on creating database for radiological
function of very complex ways of radioisotopes
ecosystem regions in Poland considering different
transport in human food chains i.e.:
partition criteria like soil type, consumption
practice, building characteristics, type of plant and
Deposition -> pasture -> milk -> human being,
animal production is in progress. Data will be
Deposition -> pasture -> animal -> human
formed for macroregions and then for smaller
being,
subregions.
Deposition -> plants human being, etc.
During
computations
the
FCDM
acts
simultaneously with two others relevant modules:
REFERENCES:
- the module for calculating pollution expansion in
[1] The RODOS System; Documentation of the
water (aquatic mode) and
Foodchain
and Dose module FCDM:
- the module for calculating pollution expansion
RODOS(B)-Tn(94)07; draft: Jan 96.
(dispersion) in atmosphere (terrestrial mode).
[2] Model parameters of the Food Chain and Dose
The output results of these modules form initial
Modules
in the RODOS
data base.
input diita for the FCDM. Additionally the FCDM
RODOS(WG3)-TN(96)-04, GSF, draft, July 7.
uses a large variety of parameters characterising
1997.
structure and dynamic of ecosystem. The
parameters in the database were assessed basing on
the original FCMD data after their modification in
1996/1997 [2], as well as on well-documented
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SIMULATION OF TRANSPORT OF ATMOSPHERIC TRACERS FOR DECISION SUPPORT
SYSTEM SWD-WJ/RODOS: MODELS AND COMPUTER CODES
Mieczyslaw Borysiewicz ', Andrzej Galkowski2, Slawomir Potempski 1 ,
^nstitue of Atomic Energy
2
Institute of Plasma Physics and Laser Microfusion
This report present the work aimed at
implementation of computer codes serving for
modelling of transport of nuclides and other tracers
in the atmosphere in the decision support system
SWD-WJ/RODOS [1]. A single dispersion model
does not cover satisfactorily all possible dispersion
scenarios of different release type, meteorological
conditions, terrain type and scale of interest.
Therefore a series of dispersion models have been
investigated and ranked with respect to their
suitability for real-time calculation under various
circumstances. A comprehensive analysis has been
made also from the point of view of their
applicability for specific Polish conditions. The
ATSTEP, NPS
(LINCOM)/RIMPUFF
and
HYPACT programs have been presented in more
details as those codes have been selected for use in
SWD-WJ/RODOS system. The ATSTEP code,
based on segmented plume model can be used for
short range calculation in the automatic mode of
SWD-WJ/RODOS when a very fast response is
required. More detailed analysis from short range to
mesoscale can be performed by the RIMPUFF code
coupled with the simple flow model NPS
(LINCOM). The RTMPUFF model is based on
stochastic puff model with bifurcation, which
allows for performing simulation even up to 150-

200 km. For long range simulation of transport of
tracer in the atmosphere the HYPACT code can be
used. The HYPACT model is of the hybrid
Lagrangian and Eulerian type and is able to
perform full 3-dimensional simulation. It utilises
the output of the RAMS flow model [2], so it can
be also used in a complex terrain. Results of
computer tests with all those codes are presented in
the report [3], in particular results of an
international experiment INEX2 performed in
November 1998.
REFERENCES
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B. Zelaziriska, RAMS - numerical weather
forecasting for the decision support system
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Models and computer codes for simulation of
transport of atmospheric traces for the decision
support system SWD-WJ/RODOS, to appear as
JEA Report

RAMS - REGIONAL ATMOSPHERIC MODELLING SYSTEM FOR DECISION SUPPORT
SYSTEM SWD-WJ/RODOS
Mieczyslaw Borysiewicz 1 , Andrzej Galkowski2, SJawomir Potempski *, Barbara Zelaziriska3
J
Institue of Atomic Energy
2
Institute of Plasma Physics and Laser Microfusion
3
Institute of Geophysics, Warsaw University
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Presented is report aimed at implementation of
RAMS (Regional Atmospheric Modelling System)
to the decision support system SWD-WJ/RODOS
[1]. To make the forecasting of contamination and
resulting doses more realistic and reliable the
decision support system must be able to accept
meteorological data starting from the place of the
accident (emission) and in the direction of the
traveling radioactive clouds. Such emergency
dispersion calculations then require continuous
numerical weather forecasting capabilities which
can be dynamically adapted to an emergency
situation developing in real time. This requirement
means that the decision support system must be
able to produce, in real time, numerical forecasting
of meteorological conditions, taking into account:

•

the dynamics
of emergency
situation
development,
• the dynamics of the meteorological processes in
regions which may be traversed by the
radioactive clouds,
• specific properties of the potential regions of
concern which may require more detailed and
more sophisticated forecasting calculations.
All these elements lead to the conclusion that the
optimal solution is to supply the decision support
system with continuous delivery of global weather
data produced repetitively and routinely by
National or Regional Meteo Services. They are,
first of all, used for coarse, first calculations but and this is much more essential - might be used as
the basis for embedding more detailed, downscaled
local forecasting calculations, as discussed and
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stressed above, to be organized and carried out in
real emergency situations.
A comprehensive analysis has been made of
different meteorological codes, both local and
regional. The RAMS code, developed at the
Colorado State University and Aster Division of
Mission Research Corporation, has been selected
for reasons presented in the report [2]. The RAMS
has been adjusted to polish conditions. Most
necessary data like topography and surface
characteristics (roughness, land percentage, see
surface temperature, land cover, soil type, etc.)
have been obtained from the US Geological Survey
and NOAA ARL, Washington DC. Numerical tests
have been performed on two nested grids, one
covering large part of Europe and the other one
covering Polish territory. The RAMS requires
meteorological input from global model and/or
from local meteorological stations. Use has been
made of data from the Institute of Meteorology and
Water Management, Warsaw and from the
European Centre for Medium Range Forecast
(ECMWF, Reading UK). For the latter RAMS
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acted operationally what means that global data
were delivered every 12h from Reading via Internet
to Swierk and subsequently 12h weather forecast
was calculated by RAMS. In a separate experiment
RAMS forecast has been benchmarked with a
forecast by UMPL code operated routinely at the
Interdisciplinary Centre for Modelling of Warsaw
University. Results of all of those tests are
presented in the report [2]. Finally, some
suggestions concerning further work has been put
forward.
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V.A. Udovenko, J.J. Milczarek, et al.: Struktura domenowa i właściwości magnetosprężyste stopów
Fe-Al i Fe-Cr dużej zawartości żelaza (Magnetic domain structure and magnetoelasic properties of
iron rich Fe-Al. And Fe-Cr alloys). Raport IEA B- 39/98.

49. A. Moldysz, A. Hryczuk et al.: Program Badań cieplno -przepływowych kanału z paliwem MR-6
(36% U-235) w reaktorze MARIA (Program of thermal-hydraulic experiments for the fuel subassembly
of 36% enrichment (Mr - 6/36%)). Raport IEA B- 22/98, -in Polish.
50. A. Moldysz: Ocena możliwości wykorzystania stanowiska badawczo-modelowego elektrowni jądrowej
do eksperymentów korozyjnych i wytrzymałościowych ( Evaluation of the possibilyty of using the
reactor test facility for corossion and strength research). Raport IEA B- 23/98, -in Polish.
51. B. Pytel: "Napromienianie próbek CuGeOs oraz YBa2 Cus Oy w reaktorze MARIA (Irradiation
CuGeO3 and YBa2 Cu3 O7 samples in MARIA reactor.) Raport IEA B- 26/98, -in Polish.
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52. K. Pytel, B. Pytel et al.: Autoradiografia neutronowa malowideł w reaktorze MARIA. Sprawozdanie z
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reactor. Raport on experimental stand investigation and irradiation of paintings). Raport IEA B20/98, -in Polish.
53. K. Pytel, B. Pytel.: Metoda kalibracji wydajności detektora półprzewodnikowego z płaskim źródłem
(Efficiency Calibration Method of Germanium Detector with Surface Source). Raport EEA B- 46/98.
54. K. Pytel, B. Pytel: Badania wpływu oddziaływania produktów rozpadu na koszulką elementów
paliwowych. Część U.(Influence of the fission products on the cladding material of
fuel
elements). Raport IEA B- 43/98, -in Polish.
55. K. Pytel: Wychwyt radiacyjny przy interferencji neutronów. Projekt doświadczenia( Radiative capture
and the interference neutron structure. Proposal of experiment). Raport IEA B- 14/98, -in Polish.
56. A. Rajewska, A. Jabłonka i in.: PAA - dwuosiowy nematyczny ciekły kryształ czy nematyk z silnymi
efektami przejściowymi? ( PAA - biaxial nematic liquid crystal or with strong pretransition
effects?). Raport IEA B- 56/98.
57. Z. Rusinowski: Przyrząd do precyzyjnych pomiarów promieniowania mieszanego przy pomocy komory
rekombinacyjnej (Device for precision measurements of the mixed radiation using a recombination
chamber). Raport IEA B- 41/98, -in Polish.
58. W. Szteke et al.: Badania odporności na pękanie rur stalowych, przeznaczonych na rurociągi
przesyłowe gazu, metodą CTOD wg zaleceń normy prEN 1594 (Resistence to fracture totoughness of
the low alloy steel tubes for a gas pipe lines supply systems, measured by CTOD method according to
standard prEN 1594). Raport IEA B- 44/98, -in Polish.
59. E. Z. Vintaikin, W. Bilous et al.: Umocnienie stopów Fe-Co-Cr przy rozpadzie spinodalnym podczas
obróbki zapewniającej wysoką koercję (Strengthening of Fe-Cr-Co alloys at spinodal decomposition
occuring during the treatment assuring the high coercivity state). Raport IEA B- 57/98.
60. W. Wierzchowski, K. Wieteska et al. : Prążki alterferencyjne dla obrazów topograficznych w fali
płaskiej warshv epitaksyjalnych ALxGai.x.As implantowanych jonami selenu (Interference fringes in
plane-wave topography ofALJJai.^As epitaxial layers implanted with Se ions). Raport IEA B- 59/98.
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61. W. Wierzchowski, K. Wieteska et al.: Badania warstw krzemowych łączonych bezpośrednio warstwą
tlenkową za pomocą synchro tronowej topografii w wiązce białej ( White beam synchrotron topographic
characterisation of silicon wafers directly bonded by oxide layer). Raport EEA B- 62/98.
62. W. Wierzchowski, K. Wieteska et al.: Deformacja sieci w warstwach epitaksyjalnych ALxGai_x.As
wywołana przez implantację dużymi dawkami jonów Si o energii 1 MeV ( Lattice deformation in
ALxGa;.x.As epitaxial layers caused by implntation with high doses of 1 MeV Si ions). Raport IEA B63/98.
63. W. Wierzchowski, K. Wieteska et ał.: Zastosowanie symulacji numerycznej do analizy obrazów w
odbiciowej topografii przekrojowej (The use of numerical simulation in analysis of Bragg-case section
images). Raport IEA B- 61/98.
64. K- Wieteska, W. Wierzchowski et al.: Obraz dyfrakcji białej wiązki punktowej dla warstw
implantowanych (White beam pin-hole patterns of implanted layers). Raport IEA B- 60/98.
65. A. Wocial, W. Szteke et al.: Organizacja Laboratorium Badań Nieniszczących w Laboratorium Badań
Materiałowych IEA (Organization of the non- destructive Laboratory in the material reserach
laboratory of the Institute of Atomic Energy). Raport IEA B- 34/98, -in Polish.
66. Z.A. Wojciechowski et al.: Laboratorium pomiarów pełzania wysokotemperaturowego
temperature creep testing laboratory). Raport IEA B- 38/98, -in Polish.
67. Zb. Woźnicki: Warunki dla zbieżności i porównania
Comparison 1997r.). Raport EEA B- 4/98.

1997r. (Conditions for

( High

Convergence and

68. Zb. Woźnicki : Zasady splitting'u macierzowego 1997(Matrix Splitting Principles). Raport IEA B5/98.
69. Zb. Woźnicki: Uwagi o pewnych wynikach dla splittingów macierzowych (Remarks on Some Results
for Matrix Splittings). Raport IEA B- 3/98.
70. M. Zielczyński, N. Golnik: Udział dawkowy cząstek o niskim LET wyzwolonych neutronami o energii
44MeV i 66 MeV (Dose Contribution of the Low-LET Particles Generated by 44 MeV and 66 MeV
neutrons in carbon). Raport IEA B- 37/98, -in Polish.
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"Pomorzany" in Szczecin." II Forum Inzynierii Ekologicznej, Naleczow, Poland, 20-22 November 1998.
26. A. Maryanowska, J. A. Latosiriska, J. Suwalski, J. Pietrzak: "A Mossbauer study of Sr2FeVO6 near
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University of Technology. November 27, 1998.

134

IAE ANNUAL REPORT 1998

Publications

9. B. Slowinski: Electromagnetic cascades in amorphous, polycrystalline and crystalline media. Institute
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Russia, August 1998.
14. Z. Strugalski: The mechanism of nuclear energy release in nucleus-nucleus collisions. JINR (HEL),
Dubna, Russia, June 1998.
15. Z. I. Woznicki: Iterative solution of multigroup neuton diffusion equations Institute of Numerical
Mathematics, Russian A. Sc, Moscow, June 1998.
16. Z. I. Woznicki: Iterative solution of multigroup neutron diffusion equations. Laboratory of
Computational Techniques and Automatization, JINR, Dubna, Russia, June 1998.
17. Z. I. Woznicki: Iterative solution of multigroup neuton diffusion equations. Institute of Atomic Energy,
Obninsk, Russia, November 1998.
18. Z. I. Woznicki: Iterative solution of multigroup neuton diffusion equations. Moscow Institute of Physics
and Engineering, Moscow, Russia, November 1998.

LECTURES AT UNIVERSITIES
1. J. R. Mika: Mathematics, Technical University of Lodz
2. B. Slowinski:. General Physics, Nuclear Physics and Nuclear Reactor Physics, Thermodynamics and
Statistical Physics. Warsaw University of Technology.
INVITED LECTURES
1. T. Kulikowska: Reactor Physics International Centre for Theoretical Physics, Trieste, Italy:
Introduction to the Neutron Transport Phenomena.
Reactor Lattice Transport Calculations.
Reactor Lattice Codes.
RADIOLOGICAL PROTECTION TRAINING
Division of Radiation Protection Service of the Institute of Atomic Energy organized the specialised
training, which consisted of:
• preliminary instructions for workplaces,
• courses of radiation protection on basic level (2 groups),
• courses of radiation protection on the advanced level (2 groups),
• individual training on the nuclear safety and radiation protection for the reactor staff; advanced level
(18 persons),
• course of radiation protection - basic level for the National Fire Guard from Otwock (2 groups),
• lectures for Warsaw University Students (Environment Protection Studium) (2 groups).
Radiation Protection Handbook for Border Guard Functionaries was elaborated and sent to Border Guard
Headquarters.
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GRANTS - by State Committee for Scientific Research
STRATEGIC GOVERNMENT PROJECTS
1. Radioactive waste and spent fuel management
(SPR -4); November 1997-December 1999
Research part of the project co-ordinated by IAE; Co-ordinator K. Wieteska
Research projects realized in the IAE:
— Examination of spent fuel condition from polish reactors EWA and MARIA in the wet storages
facilities ofSwierk
Chief Investigator: St. Chwaszczewski
— Engineered and natural barriers during long term storage of radioactive waste
Chief Investigator: J. Oglaza
2. Safety and protection of human health in labour environment
(SPR-1); October 1998-September 2001
Research projects realized in the IAE:
— Tools for computer aided risk assessment of human health and environment connected with major
chemical accidents of process installations and other forms of activities with dangerous substances
Chief Investigator: M. Borysiewicz
RESEARCH PROJECTS
1. Phase transitions in some ionic conductors containing if*
Ph. D.grant for K. Maletka, Supervisor Prof. A. Murasik
Grant No 2P0 3B 025 012- finished in 1998.
2. Optimization study of the electron - beam process for removal ofSC>2 and NOX from flue - gas with high
concentration ofSC>2.
Ph. D.grant for J. Licki, Supervisor Prof. A. G. Chmielewski
Grant No 3 T 09C 02610; January 1996 - December 1998.
3. Package of Computational Programs for Increased Operational Safety of the MARIA Reactor.
Chief Investigator: K. Andrzejewski
grant No 8T10B 009 95 C/2766; May 1996 - November 1998.
4. Recombination Method for Microdosimetry.
Chief Investigator: N. Golnik
grant No. 4 P05D 033 11; November 1996 - September 1999.
5. Transport and activation of corrosion products in an independently operating multi-loop nuclear
reactor.
Ph. D.grant for P. Marks, Supervisor Prof. A. G. Chmielewski
Grant No 8 T 10B 014 12; June 1997 - June 1999.
6. Application of amplitude-shape method to reactor kinetics.
Chief Investigator: J. R. Mika
grant No N8T 10B 05513; July 1997 - December 1998.
7. Magnetic inelastic neutron scattering in the antiferromagnetic Mn(12%Ge) alloy.
Ph. D.grant for J. Jankowska-Kisieliriska, Supervisor Prof. A. Czachor
grantNo2P03B071 13:
8. Safety Research of the MARIA Reactor Fuel Assembly Operation at Increased Power.
Chief Investigator: E. Borek - Kruszewska
grant No 8 T10B008 95C/2767 ; July 1996-July 1998
9. Hydromechanical study of flow boiling phenomena in nuclear MARIA reactor.
Chief Investigator: P. Czerski, Supervisor Associated Prof. A.Rasmus Ph.D.,D.Sc.
grant No 8 T10B 024 12; January.97 - June 1998
10. Study of magnetic properties of some rare earth compounds with Audi^-type structure by elastic and
inelastic scattering of neutrons .
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Chief Investigator: A. Murasik
grant No 466/PO3/97/12 ; March 1997 - Junel999

SPECIAL PROGRAMMES AND RESEARCH DEVICES - "SPUB"
1. Title of the Project: "The financial support for the Hot Laboratory in the Material Research Laboratory
of MET,
Head of the Project: W. Szteke
project No 624/E-80/SPUB/T-10/730/98

INTERNATIONAL RESEARCH PROJECTS
RESEARCH PROJECTS GRANTED BY EUROPEAN UNION
Associated Contract to the EC-Contract No F14P-CT95-0007
- Enhancement of the EU Decision Support System RODOS and its customisation for use in Eastern
Europe.
Contractor: Forschungzentrum GmbH, Technik und Umwelt, Karlsruhe
Polish side partner: M. Borysiewicz.
Contract No ERBJC15 CT 96 0318 in frame of EU Project Copernicus
- Decision Support System for Nuclear Emergency in Europe
Polish side partner: M. Borysiewicz.

RESEARCH PROJECTS GRANTED BY INTERNATIONAL ATOMIC ENERGY AGENCY
Research Contract No 10523/Regular Budget Fund, December 1, 1998 - November 30, 1999
- WIMS-D library update project: benchmark formulation and analysis with necessary
modifications.
Polish partners: T. Kulikowska (Chief Investigator), K. Andrzejewski.

WIMS-D

Participation Co-cordinated research Programme F2.30.14 on Modification of Non-electronic Materials by
Ion Treatment for Industrial Applications
- Investigation of the coating of type: metallic layer - interlayer (Ti)- ceramic layer (TiN), produced with
use of Modified Plasma Gun.
Chief Scientific Investigator: J. Kuciriski

SCIENTIFIC AND TECHNOLOGICAL CO-OPERATION JOINT PROJECTS
CERN
Common CERN-CEC project
- Measurements of Dose Equivalent in Relativistic Stray Radiation Fields.
Polish side partners: N. Golnik, M. Zielczynski.
- Development and tests of recombination methods for
Polish side partners: N. Golnik, M. Zielczynski.

dosimetry

in mixed radiation

CZECH REPUBLIC
Czech Institute of Metrology, Praha, dr M. Kralik
- Intercomparison of dosimetric parameters determined in standard fields of mixed radiation.
Polish side partners: K. Jozefowicz, N. Golnik.

fields.
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Nuclear Physics Institute of the Academy of Science of the Czech Republic, dr R. Mach
- Nuclear reactions of intermediate energy in extended heavy targets
Polish side partner - B. Slowinski.
EGYPT
Nuclear Research Center (Cairo), Prof. M. N. H. Comsan
-Radiation materials investigation using beams of heavy ions, neutrons and gamma rays.
Polish side partner: B. Slowinski.
FRANCE
Laboratoire Leon Brillouin, CEN Saclay, B. Hennion
Experiment No 4932
- Temperature dependence of the parameters of the spin wave dispersion relation in the intermetallic
compound MnNi.
Polish side partners: K. Mikke, J. Jankowska-Kisielinska.
Laboratoire Leon Brillouin, CEN Saclay, B. Hennion
Experiment No 4513
- Temperature dependence of the parameters of the spin wave dispersion relation in Mn(38%Ni)
alloy. Polish side partners: K. Mikke, J. Jankowska-Kisielinska, J .J. Milczarek.
GERMANY
Polish-Germany Governments Co-operation 244/R96/R97/R98 N-1000 95 BO.
Joint IAE Research PRoject with DESY-HASYLAB, Dr. W. Graef
- Topographic studies of planar structures and highly doped crystals.
Polish side partner: K. Wieteska.
Physikalisch Technische Bundesanstalt (PTB), Braunschweig, Neutron Physics Division, dr H. J. Brede
- Development and tests of recombination methods for dosimetry in mixed radiation fields.
Polish side partner: N. Golnik.
GRS mbH
- Software licence agreement for A THLET system code.
Polish side partner: J. Szczurek.
IAEA
Europe TC Division IAEA, dr M. Samiei, Head of the Division
- Design of the measuring systems for industrial demonstration plant for electron - beam flue gas treatment,
according with the requirements of the ISO, BCD, EPA and JIS standards.
Polish side partner: J. Licki.
JAPAN
Japan Atomic Energy Research Institute (JAERI), Takasaki Radiation Chemistry Research and
Establishment (TRCRE), Takasaki Japan dr Okihiro Tokunaga, Direktor of Department of Radiation
Resarch for Environment and Resource TRCRE.
- Experimental optimization studies of the radiation technology for SO2 and NOX removal from flue gases
carried out at pilot plant at EPS Kawqczyn, according to the bilaterial programme and with the
participation of a Japanese specialist.
Polish side partner: J. Licki.
JOINT INSTITUTE FOR NUCLEAR RESEARCH, DUBNA, RUSSIA
Laboratory of Nuclear Problems, JINR, Dr O. V. Savchenko
- Radiotherapy with the JINR Phasotron Beams.
Polish side partners: M. Zielczyriski, N. Golnik.
Laboratory of High Energies, JINR, Prof. A. I. Malachow, Dr M. I. Krivopustov
-Applications of beams ofrelativistic nuclei from Nuclotron (project ENERGIA)
Polish side partners: Z. Strugalski, E. Strugalska-Gola, A. Wojciechowski.
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REPUBLIC of SOUTH AFRICA
University of Natal, Durban
J. R. Mika - "Honorary Research Fellow" of the University of Natal.
RUSSIA
Bauman State Technical University, Moscow, B. E. Vintaykin and
Institute of Metal Physics, Moscow, E.Z. Vintaykin
-Investigation of atomic and magnetic microdynamics, structural peculiarities close to martensitic phase
transitions and kinetics of the decomposition, connected to physico- mechanical features of 3d metal alloys.
Polish side partners: J. J. Milczarek, K. Mikke, J. Jankowska-Kisielinska.
Institute of Metal Physics, Moscow, V. A. Udovenko, S. Y. Makushev, I. B. Chudakov
- The studies of the physical basis of technological processes of developing high damping alloys with
peculiar elastic properties.
Polish side partners: J. J. Milczarek, K. Mikke, J. Jankowska-Kisielinska.
Oil and Gas Research Institute, Russian Academy of Science, Moscow and JTNR, Dubna, V. P. Voronov,
V. A. Levchenko, A. I. Kuklin
- Investigations by SANS method of the phase transitions in liquid crystals, thin films and polymers.
Polish side partners: A. Rajewska, IAE Swierk, A. Jablonka, Warsaw University of Technology,
R. Dabrowski, Z. Stolarz, Military Technical Academy, Warsaw.
SLOVENIA
VUJE, Trnava a.s.
- Safety analyses ofWWER-440/213 reactors with RELAP code.
Polish side partner: J. Szczurek.
USA
Argonne National Laboratory
- Methods and Codes for Neutronic Calculations of the MARIA Research Reactor, in frames of Reduced
Enrichment for Research and Test Reactors program.
Polish partners: K. Andrzejewski, T. Kulikowska.
Armed Forces Radiobiology Research Institute, Bethesda, prof. H. Gerstenberg
- Dosimetry ofTRIGA Reactor Fields using High Pressure lonization Chambers.
Polish side partner: M. Zielczynski.
LONG TERM VISITS OF IAE STAFF MEMBERS TO FOREIGN COUNTRIES
T. Kochariski

A. Hofman

A. Rajewska

Joint Institute for Nuclear Research

Contract

Dubna

February 1995 - February 1999

Joint Institute for Nuclear Research

Contract

Dubna

February 1995 - Februaryl999

Joint Institute for Nuclear Research

Contract

Dubna

July 1995-July 1998

FELLOWSHIPS at the IAE
Fellowships granted by Polish National Ministry of Education on the basis of the Agreement on Cultural
and Technical Cooperation between the Governements of Egypt and Poland: - Mr Al-Wahsh Housni Awad
Alia Awad Alia Ph.D., student from Egypt; period of study -4 years, starting from 1 November 1994,
supervisor prof. A. Czachor - Mr Moustafa Saleh Moustafa El - Koliel Ph.D., student from Egypt; period of
study - 4 years starting from 15 September 1995, supervisor assoc. prof. M. Szuta
-Mr Ahmed Attya Abou Bakr Ph.D., student from Egypt; period of study - 4 years starting from 1 April
1996, supervisor prof. S. Chwaszczewski
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CONFERENCES ORGANIZED BY IAE AND WITH IAE COOPERATION
INTERNATIONAL SCHOOL AND SYMPOSIUM ON PHYSICS IN MATERIALS SCIENCE
ISSPMS'98
Modification and Characterization of Materials using Nuclear Methods
September 13 -19, 1998, hotel "Gwarek", at Jaszowiec by Ustrori, Poland.
Organized by the Institute of Atomic Energy, Swierk,
in collaboration with the Andrzej Soltan Institute of Nuclear Problems, Swierk.
Honorary Chairman: J. Auleytner, Warszawa
Program Committee
Julian Auleytner, Warszawa
Andrzej Czachor, Swierk
Tomasz Goworek, Lublin
Dariusz Kaczorowski, Wroclaw
Krzysztof J.Kurzydlowski, Warszawa
Jerzy Loskiewicz, Krakow
Jacek Milczarek, Swierk
Kazimierz Mikke, Swierk
Wojciech Nawrocik, Poznan
Henryk Rzewuski, Warszawa
Bronislaw Slowiriski, Warszawa
Izabela Sosnowska, Warszawa
Wojciech Suski, Wroclaw
Andrzej Szummer, Warszawa
Andrzej Szytula, Krakow
Robert Troc, Wroclaw
Andrzej Turos, Warszawa
Lech Walis, Warszawa
Krzysztof Wierzbanowski, Krakow
Krzysztof Wieteska, Swierk

Advisory Board:
Marton Balasko, Budapest
Tomasz Giebultowicz, Corvallis
Andrzej Hrynkiewicz, Krakow
Jerzy Janik, Krakow
Siegfried Klaumunzer, Berlin
Kell Mortensen, Risoe
Guenter Schatz, Konstanz
Ziemowid Sujkowski, Swierk
Jan Suwalski, Swierk
Organizing Committee:
Andrzej Czachor - chairman
Ludwik Dobrzynski
Housni Al-Wahsh
Krzysztof Maletka
Beata Paluchowska - treasurer
Marek Rabiriski - secretary
Andrzej Szarek
Publication Board:
Andrzej Czachor
Ludwik Dobrzyriski- chairman
Beata Paluchowska
Marek Rabiriski

" nothing twice"
W. Szymborska
transl. S. Baranczak
PREFACE
Science opens mysteries of the world to the
service of mankind. It resulted in the amazing
development of human civilization and
culture. Alas, it has also turned out to be the
opening of the Pandora box of opposite good and
bad winds - of always exciting, usually powerful,
often opposite and sometimes devastating
forces. There appears, therefore, a new task for
scientists - to harness and tame these powers, to
turn the enormous wealth of accumulated
knowledge into materials, devices and ways of
life friendly to men and to the planet, helping an
affluent and healthy existence, as well as
spiritual and intellectual enlightenment, of as
many people as possible.
The philosophy of highest profit for any price
is dangerous to the mankind. It becomes obvious
that another attitude, aimed at long-lived,
recyclable,
safe,
healthy
nature-friendly,
inexpensive utilities, sendees and systems would

be beneficial to our civilization - that the world
expects it from the contemporary science and
technology. It is in such a global perspective, that
the ISSPMS'98 should be looked at and valued.
Nuclear physics has given the mankind not
only an understanding of nuclei and the nuclear
power. Also, several unique techniques and
machines, primarily designed to accomplish
goals of fundamental research. Soon they have
shown merits useful for the Materials Science they can be used to investigate and modify
materials and devices needed for development of
our civilization.
Powerful accelerators of protons and electrons
can either be applied to irradiate materials, or
serve as means of producing strong beams of
photons or other,
more exotic particles,
applicable for diagnostics of matter. Nuclear
reactor radiation is commonly used to upgrade
the properties of semiconductor materials, to
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enhance the beauty of jewels, to display the
internal structure of engines, art objects, plant
root systems, welds, etc., to produce radioactive
isotopes. The isotopes can then be used for
medical, technical and research purposes. Plasma
beams are used to cut thick metal plates, to
upgrade
the
hardness
of
mechanical
tools. Thermal neutron beams are widely used to
determine the crystal and magnetic structures
and internal dynamics of materials; more
recently, also for therapeutic purposes.
First " International School and Symposium
on Physics in Materials Science" took place in
1993, and dealt with implementation of nuclear
methods in the study of materials and
devices. The second one, in 1995 concentrated on
the physical and technical aspects of the surface
of materials. Both were organized by the Institute
of Atomic Energy, with a generous support of
several other institutes and institutions; both
enjoyed the hospitality of the "Gwarek"-hotel at

Publications

Jaszowiec; the Materials of both have been
published, in the "Nukleonika" (vol.39, 1994)
and in the Acta Physica Polonica (vol.89, 1996).
The purpose of the "III International School,
and Symposium on Physics in Materials Science"
has been to review the essential developments
accomplished in last years in above mentioned
fields, in order to open a wide gate between the
needs of the Materials Science, aimed at new
stable materials of special merits, and the
opportunities created by nuclear and solid state
physics, allowing one to characterize, understand
and modify the properties of matter. It has been a
general opinion of the participants that the
ISSPMS'98 has well served this purpose. We do
hope that also the Readers will find this
publication of its Lectures and Papers interesting
and useful.
J. Auleytner, A. Czachor, L. Dobrzyriski

School Lectures:
1. M. Balasko, Budapest: "Characterization of segregations by dynamic neutron radiography."
2. L. Dobrzynski, Swierk, Biahystok: "Neutron and X-ray scattering in the studies of metals."
3. A. Dunlop, Palaiseau: "Materials modifications with cluster beams: bulk and surface modifications."
4. J. Dutkiewicz, Krakow: "Superelasticity and shape memory effect in copper based alloys."
5. Takeshi Kawai, Kyoto: "Multilayer neutron mirrors and their applications.", "Cold neutron
interferometry using multilayer neutron mirrors."
6. M. Kopcewicz, Warszawa: "Moessbauer study of nanocrystalline alloys."
7. K. J. Kurzydlowski, Warszawa: " Structure and properties of metals."
8. Ch. Niedermayer, Konstanz: " Muon spin rotation studies of doping in high-T c superconductors."
9. D. Oleszak, Warszawa: " Mechanical alloying - a novel method for synthesis and processing of
materials."
10. J. Pszczola, Krakow: "Magnetic properties of 4f-3d intermatalics studied by
Moessbauer effect."
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11. W. Reimers, Berlin: " Analysis of residual stress states."
12. B. Slowinski, Warszawa: "Possibilities of swift heavy ion implantation in materials - science and
technology"
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Symposium (papers to be published)
1. Th. Blasius, Ch. Niedermayer, J. I. Tallon, D. M. Pooke, A. Golnik, C. Bemhard; Konstanz, Lower
Hutt, Warszawa, Stuttgart: " Evidence for a two-stage melting transition of the vortex matter of
Bi2Sr2CaiCu2Og+<5 single crystals obtained by muon spin rotation."
2. A. Grabias, M. Kopcewicz, Warszawa: " Transmission and conversion electron Moessbauer study of
crystallization of amorphous Fe-Zr-B alloys."
3. M. Kulik, F. F. Komarov, Lublin, Minsk: " Effect of thermal annealing on optical constants of
implanted GaAs."
4. N. M. Alexandrova, Moscow: " Special structures of graphite steels after high-energy electron
irradiation."
5. L. Datsenko, V. Machulin, V. Klad'ko, V. Melnik, I. Prokopenko, T. Czosnyka, D. Zymierska,
J. Auleytner, Kiev, Warszawa: " Structure changes in Cz-Si single crystals irradiated with fast
oxygen and neon ions."
6. M. Szuta, Moustafa S. El-Koliel, Warszawa, Cairo: "Modification of recrystallization temperature of
uranium dioxide in function of burnup and its impact on fission gas release."
7. A. Bieri, W. Szachnowski,
structure layer."

Olsztyn, Warszawa: "Evaluation of properties of the laser modified

8. L. Gorski, Swierk: "Thermal resistance and phase transition studies for some composite materials
based on AI2O3."
9. W. Wierzchowski. K. Wieteska, W. Graeff, G. Gawlik, M. Pawlowska,
Warszawa, Swierk,
Hamburg: " White beam synchrotron topographic characterization of silicon wafers directly bonded
by oxide layer."
10. K. Wieteska, W. Wierzchowksi, W. Graeff, A. Turos, R. Grotschel, Swierk, Warszawa, Hamburg,
Rossendorf: "Lattice deformation in A^Ga^As epitaxial layers caused by implantation with high
doses of 1 MeV Si ions."
11. J. Godlewski, R. Signerski, G. Jarosz, S. Stizza, M. Berettoni, Gdansk, Camerino: "Charge carrier
generation caused by X-rays in organometallic materials."
12. V. A. Udovenko, N. A. Polyakova, I. B. Chudakov, J. J. Milczarek, K .Mikke, Moscow, Swierk:
"Application of neutron refraction for characterization and optimization of high damping iron based
alloys."
13. V. A. Udovenko, N A .Polyakova, T. A. Turmambekov, Moscow: "Structural Mechanism of the high
damping state formation in the Fe-Mn-Si shape memory alloys."
14. P. Oramus, R, Kozubski, M. S. Cadeville, V. Pierron-Bohnes, W. Pfeiler, Krakow, Strassbourg,
Wien: "Kinetics of "order-disorder" chemical reactions in Ni3Al studied by Monte Carlo
simulations."
15. M. Rabiriski, K. Zdunek, Swierk, Warszawa: "Influence of plasma dynamics on material synthesis
product of EPD process."
16. G. Wroblewski, K. Skalski, R. Piekarski, Warszawa: "Changing properties of metal surface layers
during thermo-chemical treatment."
About 70 physicists and engineers participated in the ISSPMS'98. In the School part 17 lectures have
been given. 23 Symposium papers have been presented. Materials of the ISSPMS'98 will be published
in the Acta Physica Polonica in 1999.
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V SEMINAR
"MATERIALS INVESTIGATION FOR POWER STATIONS AND POWER INDUSTRY1
24-26 June 1998, Zakopane
Chairman: E. Hajewska
„.„.„„
...
o
Scientific Program Committee:
E. Hajewska, IAE Swierk
J. Pilarczyk, Institute of Welding
S. Szpilowski,
National
Atomic
„
,
Energy Agency
rs XXT * I

T A TJ 6 • i

K. Wieteska, IAE Swierk

_
. . _.
Organizing
5
& Committee

chairman
!*' , . , c n a i r m a n
w^lou "
"_ ,u ,
M. Przyborska
,
T „, . . ,
J- Wojciechowska

_ _, *
..
B. Zubowski

This was the fourth seminar on the subject covered a wide range of application areas occurring during
the exploitation of power plants including the pipelines, heat exchanger and other processing equipment
as well as the exploitation of gas transport pipelines. There were three session:
New Regulation of Technical Prescriptions
Materials and its Protection
Diagnostic Methods
The integral texts of papers were published in Report IAE-35/A and the short presentations in the
second part of the proceedings.
The seminar was organized by Material Research Laboratory in IAE and sponsored by Institute of
Atomic Energy.
PROGRAMME
Lectures:
1. M. Walczak: European System of Technical Prescription Harmonization, Directives for Pressure
Equipment.
2.
3.

M. Zdankiewicz: Requirements of EC Directives Concerning Materials for Pressure Equipment.
A. J. Tkacz: The New Energy Low - Regulation for Gas Engineering.

4.

J .St. Michalik: New Polish Law Regulations Concerning Major-Accidents Involving Dangerous
Substances and their Implementation in Fuel and Power Industry.

5.

R. H. Kozlowski: Up-to-Date Subject Matter of World Research in the Field of the Materials for
Power Plants.

6.

J. Wiedermann, K. Pogoda, H. Jonderko: Characteristic of Pipes Produced by Polish Metallurgy
from H9AMFNb Steel.
7. W. Bokszczanin: Zinc-Rich Paints. Properties and Range of Use.
8.

A. Wocial, J. Ginalski, M. Rusinek, D. Dudek: Non-Destructive Diagnostic Testing on Derivation
Pipes in Pumped - Storage Water Power Station in Dychow.

9.

J. Bielanik, J. Wawszczak, T. Rodakowski, K. Glowka, F. Spirito: Problems of the Authorisation
Studies for Welding Technology of High Pressure Pipelines According to the "UDT" and "ASME".

10. M. Zeman, J. Brozda: Selected Problems Connected with the Execution of Mixed Welded Joints of
Creep Resistant Steels.
11. M. fomozik: Some Properties of Welded Mixed Joints ofP91 Steel with the 13HMF Steel in the
State of Delivery and After Long Term Service.
12. W. Szteke, W. Bilous, J. Wasiak, E. Hajewska, T. Wagner, M. Przyborska: Crack Fracture
Toughness of Low-Alloy Steel using CTOD Method, According to BS Standard.
13. J. Okrajni, W. Nowak, K. Mutwil, M. Ciesla: The Pipeline Effort and its Life Assessment.
Short presentations:
1. C. Dybiec. S. Wlodarczyk: Diagnostic by Eddy-Currents Method in Power Industry.
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NATIONAL SEMINAR ON NEUTRON SCATTERING
1 8 - 2 0 October 1998, Madralin near Otwock
Organized by:
prof. A. Szytula, Jagiellonian University, Krakow and Polish Neutron Scattering Society;
prof. A. Czachor, Institute of Atomic Energy, Swierk.
About 30 researchers from Krakow, Swierk, Warszawa, Poznan i Wroclaw participated in the
Seminar. 19 lectures on neutron and related research, carried in Poland and abroad, were
presented. There were 4 lectures related to IAE, given by K.Mikke, A. Czachor, J.JankowskaKisieliriska and A.Murasik, see below.
General Meeting of the Polish Neutron Scattering Society took place. Discussion has shown poor
perspectives of development for Swierk neutronography, in view of low financing of sciences by the
State in last decades, and because of a dumping of polish neutronographers by better equipped foreign
research centers.
CONFERENCES ORGANIZED WITH IAE COOPERATION
The OECD seminar: "New Developments in Emergency Preparedness and Response"
Lappeenranta, Finland, November 1998.
1st International Conference on Inhibitors of Protein Kinases
Warsaw, Poland, 15-20 September 1998.

EXPERT ACTIVITY
ACCREDITATION OF THE MATERIAL RESEARCH LABORATORY IN THE POLISH
CENTRE FOR TESTING AND CERTIFICATION
Witold Szteke, Ewa Hajewska, Martyna Przyborska
Institute of Atomic Energy
Since 1995 the Material Research Laboratory
of the Institute of Atomic Energy have the
Certificate of Testing Laboratory Accreditation,
valid up to May 1998.
In 1998 the new documentation of assurance
system was prepared. The scope of certificate
is
extended
to the non-destructive
investigations, in particular:
visual inspection - procedure N-l,
the liquid penetrate inspection - procedure
N-2,

-

ultrasonic investigation - procedure N-3,
radiographic testing - procedure N-4,
structure investigation using replicas method
- procedure N-5.
After the audit done by the Polish Centre for
Testing and Certification Auditors in April 1998
MRL
obtained the Certificate of Testing
Laboratory Accreditation Nr L 25/2/1998 valid
up to 09.05.2001.
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ACCREDITATION OF THE MATERIAL RESEARCH LABORATORY IN THE OFFICE OF
TECHNICAL INSPECTION
Witold Szteke, Ewa Hajevvska, Martyna Przyborska
Institute of Atomic Energy

Material Research Laboratory since 1995 was
holding II Degree Approval according to the
specifications of the Office of Technical
Inspection DT-L/95. The approval was registered
under number L-II-001/27.
In 1998 the new documentation of assurance
system was prepared. The scope of the approval

was
extended
to
the
investigations, like in the
accreditation in PCTC.
After the audit performed by the
in December 1998, the approval
up to 2001.

non-destructive
case of the
POTI Auditors
was prolonged

ORGANIZATION OF THE NON-DESTRUCTIVE LABORATORY
IN THE MATERIAL RESEARCH LABORATORY
Adam Wocial, Witold Szteke, Martyna Przyborska, Ewa Hajewska
Institute of Atomic Energy

In the Material Research Laboratory of
LEA a laboratory for non-destructive testing of
materials was organized and was put into
operation at the end of 1998 [1]. The range of
test methods for structural materials and their
welded joints applied includes :
- visual inspection,
- liquid penetrate inspection,
- ultrasonic examination,
- radiographic inspection, including X-ray and
isotope radiography,

- structure investigation using replicas method.
The research procedures and
instructions of the non-destructive tests methods
have been prepared, involving the extension of
MRL accreditation for this type of
investigations.

REFERENCES:
[1]. Report IEA, Nr B-34/98.

EXPERT OPINIONS MADE IN MATERIAL RESEARCH LABORATORY
Witold Szteke, Ewa Hajewska, Waldemar Bilous, Jan Wasiak, Tadeusz Wagner,
Mariusz Wieczorkowski, Martyna Przyborska, Zygmunt A.Wojciechowski, Antoni Malczyk
Institute of Atomic Energy
In 1998 in Material Research Laboratory 8
experts opinions were made for external
customers.
Most of them were complex, that is,
consisting in the investigations of the chemical
composition of materials, mechanical and
corrosion properties as well as structure.
The properties of the gas pipelines steel tubes
after exploitation including the welded joints
were investigated, especially their toughness,
impact and structure changes. The changes in the
properties of parent material of the long range

gas pipelines tube after long-time exploitation
were also studied.
Material Research Laboratory has the
Certificate of Testing Laboratory Accreditation
Nr L 25/1/95 and the II Degree Certificate of
Recognition of the Office of Technical Inspection
Nr L-II-001/95. These certifications give MRL
the license to prepare experts opinions and
reports for materials.
All work is carried out according to the
Quality Assurance Program described in the
Quality Books, General and
Operating
Procedures.
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ACTIVITY OF RADIATION PROTECTION EXPERTS
Bogdan Filipiak, Natalia Golnik, Zbigniew Haratym, Krystyna Jozefowicz,
Kazimierz Mlicki, Mieczysiaw Zielczynski
Experts from Research Group A-l (K. Jozefowicz and M. Zielczyriski) participated in the work of
Normalisation Commission No 246 for Radiological Protection (Polish Committee for Normalisation).
At the meetings of the Commission the general policy for normalisation as well as particular documents
were discussed.
The opinions were written by experts from Radiation Protection Department and Research Group A-l
about eight drafts of ISO documents concerning: ISO strategic statement, neutron radiation shielding,
reference beta radiation, reference neutron radiations (two drafts), leakage of radiation sources and the
shielding for gamma and X-rays, components of radiation detectors, warning, safety and protection
systems and assemblies of a nuclear reactor, tests, errors of measurements and various parameters
concerning nuclear instrumentation.
The opinions were also written about the translation into Polish of two European Standards - about beta
activity of water and about tests of rubber gloves.
M. Zielczynski being the member of ISO Working Group WG5/SC2 took part in a meeting of ISO
Working Group in Geneva in October 1998 and wrote the expert opinions about documents concerning
the neutron shielding and the instruments for the radiological protection.
B. Filipiak being the member of ISO Working Group WG16/SC2 took part in a meeting of ISO
Working Group in Geneva in October 1998 and wrote the expert opinion concerning working document
on beta dosimetry.
B. Filipiak, Z. Haratym, K. Mlicki: "Measurements and estimate of radiological protection in
"Verbus" Trade Company in Klucze." Expert opinion made for Nuclear and Radiation Safety
Department of National Atomic Energy Agency, July 1998.
There is an agreement between European Commission Directorate General DGXI and DGXII and
Institute of Atomic Energy which enables our experts to use and develop:
1. Computer System Codes PC-COSYMA for assessing the potential consequences of accidental
releases of radionuclides. The System, available through the European Commission, is now used in
40 different countries.
2. Personal computer package PL-CREAM to calculate the radiological impact of routine discharges
from the nuclear installation in Europe called. This System was obtained from CEC, Directorate General, Environment Nuclear Safety and Civil Protection (DGXI), and is treated now as a standard
code for EC countries.
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POPULARIZATION ACTIVITY
OF NUCLEAR SCIENCE AND TECHNOLOGY
Klemens G. Kruszewski
Institute of Atomic Energy
To meet the permanent need of information about
atomic energy and nuclear techniques and their
application in industry, agriculture, health and
environment protection, science, and other fields
of human activity the Institute of Atomic Energy
continued the popularization of atomics in the
year 1998.
About 80 groups (over 2900 persons) of visitors
came to the research centre at Swierk from
universities, secondary schools and technical and
paramilitary organizations to get acquainted with
nuclear equipment and facilities here with the
MARIA research reactor in the first place. The
principles of the reactor operation with the
essentials of nuclear physics necessary for its
better understanding were presented during a
short lecture and illustrated by a film about
the reactor construction and operation together
with safety measures. Neutron radiography of
paintings as a research tool of art conservators
and historious enjoyed a great interest of the
visitors.
Numerous publications popularizing atomics
were available freely, among them the booklets of
the "Radiation and life" series and brochures and

folders designed for schools and edited by the
National Atomic Energy Agency such like "The
World of Particles", "What Should We Now
about Ionising Radiation?", "How Does Nuclear
Power Plant Work?", "How Is the Safe Operation
of Nuclear Power Plant Secured", and also
"Radiation" issued on the occasion of the
centenary of radioactivity discovery.
Material Research Laboratory with its research
for power stations and power industry was
included into a standard route around the Swierk
centre.
At individual request some special facilities and
laboratories could be visited as the POLATOM
centre where radioisotope medical preparations
are produced, radiological protection equipment
and systems, a whole-body counter for the
estimation of absorbed radiation dose, research
labs of the Soltan Institute for Nuclear Problems,
and so on.
In October an exhibition was rendered accessible
for the public at the Soltan Institute to get them
acquaited with the troublesome problems of
radioactive waste, its originating, processing, and
storage.
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