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RESOLUTION
of the Third Eurasian Conference "Nuclear Science and its Application" (Tashkent, October 5-8,2004)

The Third Eurasian Conference on Nuclear Science and its Application was successfully organized
by Nuclear Physics Institute of Uzbekistan Academy of Sciences and Turkish Atomic Energy Authority
with Academy of Science of Azerbaijan, National Nuclear Center of Kazakhstan, National Academy of
Science ofKyrgyzstan as co-organizers and support of IAEA.

The organization of this conference is the result of joint decision to increase collaboration among
the scientists, and titled as the Third Eurasian Conference to enable the scientists from all Eurasia region
to participate.

In addition to the experts from Azerbaijan, Kazakhstan, Kyrgyzstan, Turkey and Uzbekistan,
experts from Belgium, Georgia, Iran, Korea, Poland, Russian Federation, Ukraine, United States, IAEA
and NA TO participated in the Conference.

There were total of 225 presentations submitted in plenary and parallel sessions. 32 report on the
plenary sessions and near of 190 reports on the five section sessions were presented. The total number of
abstracts submitted to the organizing committee of the conference is about 350.
The increasing part of young participants (42 people at the age below 35 years) of the Third Eurasia
Conference is indicative of good/promising prospective for this branch of sciences and technologies.

The topics discussed at the conference were:
Nuclear Energy: Present Status and Perspectives
Basic Problems of Nuclear Physics

- Radiation Ecology
- Application of Nuclear Techniques in Industry, Medicine and Agriculture
- Radiation and Materials

The primary objective of this conference was to enable scientists from the region to exchange views
in the field of nuclear science and its applications, for establishing collaboration among the respective
countries, such as carrying out joint projects, organizing conferences, seminars, training programs, and
related activities.
In this respect, the participants agreed upon the following points:
1. To accelerate and promote the activities concerning implementation of joint scientific research and

technology development projects and also organization of both joint interdisciplinary conferences,
and seminars and workshops on specific topics;

2. To support the organization of the "Fourth Eurasian Conference on Nuclear Science and its
Applications" that will be hosted in the second half of 2006 by the Azerbaijan National Academy of
Science;

3. To continue publishing joint Eurasia Nuclear Bulletin that was first published in the year 2001, the
advisory and program committee should recommend the best plenary or section talks for publishing
in the Bulletin.;

4. To focus special attention on preparation of joint fundamental and applied projects as well as expert
exchange on the base of mutual visits (IAEA, TUDNAEM, NATO, CRDF etc);

5. To pay particular attention on young scientists. Organize special contest of their talks within the next
conference and fund to award the best three presentations;

6. To joint efforts for search of support from international organizations in these activities;
7. We sincerely do believe that the Eurasian Conference is getting traditional and is on a way of

widening collaboration between the Eurasian countries in peaceful uses of nuclear energy.

We would like to thank the Nuclear Physics Institute of Uzbekistan Academy of Sciences and Turkish
Atomic Energy Authority for organizing Conference in an excellent manner. Thanks are also to the
national organizations, the IAEA and all individuals contributed to this event and sponsor organizations
given below:

Co- Chairmen Organizing Committee

BEKHZOD YULDASHEV NEVZAT BIRSEN
Institute of Nuclear Physics Turkish Atomic Energy Authority

of Uzbekistan Academy of Sciences
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INDUSTRIAL APPLICATIONS OF RADIOISOTOPES
AND RADIATION TECHNOLOGY AND AGENCY'S ROLE

Ramamoorthy N., Haji-Saeid M.
International Atomic Energy Agency, Vienna, Austria

II
ABSTRACT U Z ° 7 0 3 3 2 6

Applications of radioisotopes and radiation technology are contributing significantly in many
areas of science & technology, industry and environment, towards sustainable development,
improving the quality of life and cleaner and safer national industries. There are three major classes
impacting industrial scale operations, namely, (a) radiation processing/treatment, (b) radiotracer and
sealed source techniques to monitor industrial processes/columns/vessels and (c) industrial gamma
radiography & tomography.

Radiation processing applying gamma sources and electron accelerators for material
treatment/modification is an established technology. There are over 160 gamma industrial irradiators
and 1300 industrial electron accelerators in operation worldwide. Development of new materials,
especially for healthcare and environment protection, and advanced products (for electronics, solar
energy systems, biotechnology etc) are the main objectives of R&D activity in radiation processing
technology. The International Atomic Energy Agency (IAEA, Agency) is involved in supporting
both the development and transfer of radiation technology. Thanks to Agency's efforts, advanced
radiation processing centres have been established in many Member States (MS), e.g. Malaysia,
Egypt, Iran, Poland, Brazil, Hungary. Hydrogel dressing for wounds, radiation vulcanised latex,
degraded natural polymer are examples of useful product outcomes. Demonstration of effective
treatment of flue gas in pilot plant as well as industrial scale and industrial wastewater in pilot plant
scale has shown promise for tackling industrial emissions/effluents using electron beam machines.

Industrial radiotracer and gamma sealed source techniques are largely used for analyzing
industrial process systems. Initially used as trouble-shooting measures, they play a vital role in
process parameter optimization, improved productivity, on-line monitoring and could lead to even
pre-commissioning benchmarking. Gamma tomography for process visualization is a
complementary advanced technology for optimizing industrial process design and operation,
applicable for many industrial multiphase flow systems: distillation columns, packed beds with two
phase flows, risers, fluidized beds, and other multiphase processing units. New development is
expected in the preparation of radiotracers for harsh industrial conditions and radiotracers from
radioisotope generators for remote sites. Multi-tracer investigations for oil field characterization in
on-shore and offshore are under development.

Technology support to adopt conventional gamma radiography for non-destructive testing
(NDT) is an important contribution from Agency in strengthening MS capabilities for
industrialization. Considerable progress towards the development of procedures, and strengthening
education, training and harmonized certification in industrial radiography is notable. Digital
Industrial Radiography (DIR) is state of the art testing, involving electronic detection of X-rays and
gamma rays using radiation detectors. New development in radiation detector technology makes
DIR a method of choice for on-line NDT inspection.

INTRODUCTION
Radiation discovered more than a century ago has found many vital applications in medical and

industrial spheres. The attenuation and scattering of radiation by materials presented to the radiation
path has been used to monitor the interposed materials/systems. The radiation energy deposited on
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36. Chmielewski, A.G., Ostapczuk, A., Zimek, Z., Licki, J., Kubica, K.,2002, Reduction of VOCs in
flue gas from coal combustion by electron beam treatment. Rad.Phys.Chem., 63(3-6), 653-655.

37. Radiotracer applications in industry, A Guidebook, Technical Reports Series 423, IAEA,
Vienna, 2004

38. Radioisotope applications for troubleshooting and optimising industrial processes, IAEA-RCA
Booklet, 2002

39. Tracer applications in oil field investigations, IAEA-RCA Booklet, 2003
40. Gursharan Singh, Guest Editor, Industrial applications of radioisotopes, IANCAS Bulletin Vol.

16, IANCAS, Mumbai, India, 2004

FUTURE TECHNOLOGY CHALLENGES IN NONPROLIFERATION
(

Richardson J.H.
Lawrence Livermore National Laboratory, Livermore, USA

UZ0703327

INTRODUCTION
The proliferation of nuclear, chemical, and biological weapons (collectively known as weapons

of mass destruction, or WMD) and the potential acquisition and use of WMD against the world by
terrorists are extremely serious threats to international security.

These threats are complex and interrelated. Because of the complexity of this threat, no single
technology can solve the WMD proliferation and terrorism problem. Radiation detection
technologies are an important tool in the prevention of proliferation. A variety of new developments
have enabled enhanced performance in terms of energy resolution, spatial resolution, predictive
modeling and simulation, active interrogation, and ease of operation.

The Radiation Detection Center (RDC) at Lawrence Livermore National Laboratory (LLNL)
continues to adapt radiation detection devices for national security needs. The RDC's mission is to
provide a focal point for radiation detection activities across LLNL, bringing together the LLNL
community of radiation detection specialists and thereby creating a center of excellence in radiation
detection at LLNL.

The RDC's primary focus is the detection, identification, and analysis of nuclear materials and
weapons. Specifically, the RDC:

• Fosters the development and support of innovative radiation detection techniques.
• Serves as an institutional resource in radiation detection for LLNL.
• Provides special facilities for instrument development and experiments.
• Trains individuals in the use of radiation detection equipment and protocols.

Imaging Detectors: One of the challenges facing nuclear researchers today is developing
smarter detection systems that distinguish between radiation emissions from background and
legitimate sources and those from threatening sources. Advances in detection are being made in
semiconductor-based, gamma-ray imaging systems. These imagers use increased sensitivity and
spatial resolution to detect weak radioactive sources that would otherwise be masked by background
gamma-ray emissions. Gamma-ray imagers are particularly useful when searching for lost, stolen, or
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hidden nuclear material in a large area. Two gamma-ray imaging approaches are being pursued at
LLNL.

The first imager is a hybrid semiconductor-based, collimatorless Compton imaging instrument.
Gamma rays coming from all directions are tracked as they scatter inside the detector. The camera's
sensitivity is significantly higher than that of other imaging systems. Mathematical algorithms are
used to retrace the paths of the gamma rays within the detector, and the results reveal the direction
of the source. The initial hybrid system uses two double-sided strip detectors (DSSD) made from
high-purity silicon and germanium. This instrument has demonstrated imaging from energies of 120
keV to 1 MeV.

The second imager is based on a coded-aperture approach using Nal. This instrument uses an
imaging technique originally developed for high-energy astrophysics. The images are encoded on
the detector by placing a sheet of material opaque to the radiation in front of the detector. The sheet
is pierced with a carefully selected hole pattern that allows researchers to mathematically recover
the image with a simple computer program. Another version, the large-area imager, will be suited
for longer-range searches. This imager will be mounted in a truck and is capable of picking out
weak radioactive sources from as far away as 100 meters.

Active Interrogation to Detect Shielded Nuclear Material: LLNL is developing a concept for
the detection of highly enriched uranium that is suitable for use in inspecting maritime cargo
containers. A new radiation signature unique to HEU has been identified that uses high-energy (3- to
7-MeV), fission-product gamma-ray emission. This high-energy gamma signature is very distinct
compared to normal background radiation where there is no comparable high-energy gamma
radiation. It has a tenfold higher yield than delayed neutrons. The first experiment was done at the
Lawrence Berkeley National Laboratory's 88-inch cyclotron. Subsequently, an experiment was
configured at LLNL where a 14-MeV commercial D-T neutron generator (2 x 1010 neutrons/second)
was used to interrogate a 22-kg natural uranium target located inside a standard cargo container at a
distance of 3 meters.

Ultrahigh-Resolution Spectroscopy: LLNL is also developing spectrometers with ultrahigh
energy resolution using superconducting microcalorimeter thermistor technology. These
spectrometers are based on measuring the temperature rise that results from gamma-ray or neutron
absorption. They offer an order-of-magnitude improvement in energy resolution making possible
high-precision isotopic analysis of nuclear materials. We have developed spectrometers that have
already achieved a resolution below 0.1% for soft gamma rays (energies of 60 to 120 keV), which is
five times the theoretical best resolution for HPGe spectrometers and a resolution below 1% for
neutrons (2.3 MeV). Work is under way to increase spectrometer sensitivity by several orders of
magnitude by building detector arrays.

New Detector Material: LLNL is developing aluminum antimonide (AlSb) as a promising new
material for achieving germanium-like energy resolution in a room-temperature radiation detector.
Although there are several detectors that can operate at room temperature (e.g., CZT), they have
been limited by combinations of poor resolution, low efficiency, and degraded performance. Based
on theoretical band-structure calculations, the III-V semiconductor AlSb holds promise for ambient-
temperature, high-energy gamma detection. Our first processing breakthrough led to Czochralski
growth of large, undoped AlSb crystals with a resistivity of >106 ohm-cm. Our second processing
breakthrough was the use of a controlled atmospheric heat treatment to adjust crystal stoichiometry,
which led to the production of high-resistivity, undoped single crystals of AlSb. By combining these
two processing methods, we can produce single crystals of AlSb with resistivity of >107 ohm-cm.

Nuclear Detection Systems: Combining various types of radiation detection devices into a
network that maximized the benefits of each is a challenge to improving the use of radiation
detection for the prevention of proliferation. LLNL has several projects under way to develop
integrated systems for detecting nuclear or radioactive material.
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• Personal System: RadNet is a low cost handheld radiation detector that includes a cellular
telephone, a personal digital assistant with Internet access, and a Global Positioning System
locator. In addition to being ightweight and able to operate at low power, each RadNet unit
has sufficient energy resolution to eliminate alarms from background radiation. When it is
not measuring specific radioactive samples, a RadNet unit monitors the ambient radiation
field and communicates with a central processing system in real time.

• Road-Based System: The Detection and Tracking System (DTS) is a rapidly deployable,
reconfigurable network of sensors that can detect, characterize, and track ground-delivered
nuclear and radioactive threats. A 20-node system was demonstrated in April 2003. The
system featured a new tracking algorithm that uses spectral signatures for correlating events
detected throughout the network.

• Waterway System: LLNL has developed systems for detecting and characterizing
radioactive threats delivered by water routes. Two buoys containing a suite of gamma and
neutron detectors, telemetry systems, and solar- and wind-powered generators have been
deployed at the waterway entrance to a U.S. Navy base.

Technology Deployment and Commercialization: Several LLNL-developed radiation
detection technologies are being transitioned to the commercial sector. The Adaptable Radiation
Area Monitor (ARAM) uses Nal and increases detector sensitivity and specificity to both high-speed
moving sources and stationary sources through unique data analysis. The ARAM technology has
been licensed and will be used by the California Highway Patrol. A second technology has been
licensed and commercialized as the ORTEC Detective, a portable radionuclide identifier using a
HPGe detector.

International Cooperative Efforts: As part of our integrated approach to nonproliferation and
counterterrorism, LLNL is engaged in a number of projects addressing foreign border security and
improving the ability of foreign customs services to detect and interdict illicit trafficking of weapons
and weapons materials. This year, Phase 2 of a DTRA-funded project to provide radiation portal
monitoring system in Uzbekistan for the detection of smuggled nuclear materials was completed.

We are collaborating with the Institute of Nuclear Physics in Tashkent, Uzbekistan, via Science
and Technology Center of Ukraine (STCU) projects to develop enhanced fixed and mobile
radiological analytical capability to augment the indigenous scientific infrastructure in Uzbekistan to
detect illicit trafficking in nuclear, radiological, chemical, and high explosive materials. To expand
cooperation in nuclear forensics, LLNL is helping to expand the scope of the Nuclear Smuggling
International Technical Working Group (ITWG), presenting a concept for the ITWG Nuclear
Forensic Laboratories (INFL).

Radiation Detection Cooperation with the IAEA: LLNL is developing a new safeguards
tool—scintillator-based antineutrino detectors—that will provide a nonintrusive, near-real-time,
inexpensive way to measure changes in fissile content and total fission rates (i.e., power levels) at
nuclear reactors. Detector Monte Carlo calculations, reactor simulations, and previous antineutrino
detection experiments all demonstrate that a small detector placed a few tens of meters from a
reactor core can measure gross power and fissile content of the reactor fuel in real time at the few-
percent level or below. Experimental data are being acquired at the San Onofre California nuclear
generating station. Use of such a detector for reactor safeguards provides a direct, continuous, and
accurate measurement of changes in the amount of fissionable material in the reactor core.

Advanced radiation detection technology will enable the international community to more
reliability protect itself from the dangers inherent in illicit trafficking in nuclear materials. Such
technology will also enable a greater degree of safeguards to be negotiated with respect to nuclear
technology and the nuclear fuel cycle, thereby making an improved energy supply and hence
improved living standard more accessible on a global scale.
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CURRENT TRENDS IN AND PROSPECTS FOR DEVELOPMENT
OF RUSSIAN RESEARCH REACTORS a

^^ °°
Arkhangelsky N.V., 2Cherepnin Yu.S., 2Gabaraev B.A., S «

s
 2Khmelshchikov V.V., 2Kuznetsov Yu.N., 2Tretiyakov I.T. §§ o
Federal Agency of the Russian Federation for Atomic Energy, Moscow, Russia B °
Research and Development Institute of Power Engineering, Moscow, Russia H =3

ABSTRACT
Over more than fifty years, many research reactors were built to Russian designs both at home and

abroad, which is a considerable contribution to the world reactor engineering. Russian research reactors
proved to be successful to an extent that it was found possible to raise their capacity and to extend the
range of their application. Though having a fairly long operating record, the majority of Russian
research reactors are far from the end of their service life and are still in active use. In 2000 the
"Strategy of nuclear power development in Russia in the first half of the 21s' century" [Ij'was
elaborated and officially approved. The requirements of national nuclear power and the possible ways
of its development identified in this document called for assessing the existing research capabilities
The findings of such assessment are presented in this report. The main conclusion lies in the following.
On the one hand, the number and experimental capabilities of domestic research reactors are sufficient
for coping with the objectives of research in reactor materials, and on the other hand, retrofitting and
upgrading appear to be the most expedient way of managing the operation of research reactors in the
near term. Activities are under way to upgrade and extend the service life of multipurpose reactors such
as MIR-M1, SM-3, IRV-1M, BOR-60, IVV-2M, and others. The Federal Agency of the Russian
Federation for Atomic Energy (Rosatom) supports the development of reactors intended for
fundamental research with the use of neutron beams. To this end, Rosatom renders financial and
professional support with a view to complete the PIK reactor construction at PIYaF and the 1BR-2
reactor upgrades at JINF. In a longer term, the development of research reactors in Russia is expected to
have the following pattern:

- a small number of high-flux testing reactors with up-to-date experimental facilities located on the
sites of the existing research centers;

- PIK reactor, catering to domestic and foreign needs for beam experiments related to nuclear
physics, physics of condensed matter and other fundamental investigations;

- pulse reactors;

- look-out for ADS which has been increasingly attracting interest of late and may prove competitive
with research reactors as neutron sources for some applications.

This report discusses the results of new engineering developments for the reactors to be
retrofitted or upgraded, as well as for the associated various experimental facilities-

« IREN;
• Steam-water loop PVP-3 (reactor MIR-M1);
• Medical channel for BNCT (reactor IRT, MIFI).
Another problem faced by Russian experts lies in deciding on the type and design of a high-

powered versatile research reactor of the next generation. They have 5-10 years to solve this
problem. But Russia is also ready for cooperation in developing a new research reactor, which can
be built in Europe to replace the old facilities that will have to be decommissioned.
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1. INTRODUCTION
Use of research reactors dates back to late 1946, when the F-l reactor reached criticality. F-l

was a truly research reactor.
The world nuclear engineering and technology have made an enormous headway in

development since the time of their advent. On its way, this sector saw both a "nuclear boom" in the
1960-70s and the post-Chernobyl radiophobia in the late '80s. Being an integral part of nuclear
engineering, research reactors went through the same ups and downs. Russia has made a worthy
contribution to reactor engineering and has succeeded in preserving its potential and even
developing it under the difficult social and economic conditions of the last 10-15 years.

Chernobyl as well as social and political shocks left their imprints on the developments of the
1990s. A positive instance to mark that period was upgrading of the SM-2 reactor (now SM-3).
Other research reactors of the former USSR partly fell outside the jurisdiction of the new Russia
while those that remained within its limits either were shut down or had to labor under great
financial difficulties.

The slowdown of the research reactor development and operation enabled all the organizations
concerned - from Rosatom to utilities - to get adapted to new realities. Painful as it was, the
adaptation was an undoubtedly useful process, even if not really completed. Operating research
reactors have undergone or are still going through "natural selection" for their right to exist. At the
same time, safety standards were updated and became even more stringent. Besides, people need
time to get accustomed to new ways of life, and the 1990s were apparently the period of such
psychological assimilation.

Certain progress in development of Russian research reactors has taken shape in recent years,
which has manifested itself in preparations for commissioning of the PIK reactor, in upgrading
projects, as well as in activities aimed at extending the experimental capabilities and the applications
of the operating research reactors. Matters are also facilitated by an increasingly more sensible
public attitude towards nuclear technologies in Russia.

2. CURRENT STATUS OF RESEARCH REACTORS
The Russian Federation possesses 95 nuclear research facilities (NRF), of which 39 are research

reactors of various power, 41 are critical test rigs (CTR) and 15 are subcritical test rigs (SCTR). Of
this number, 64 installations are in operation (including those under upgrades), 1 is under
construction (PIK), and the remaining ones are either mothballed or under decommissioning.

Out of the 39 research reactors, the PIK reactor is under construction, 25 are in operation, 3 are
shut down for upgrading, and 10 are under decommissioning. Upgrading plans have been or are
being developed for some of the operating research reactors, and replacement equipment is being
manufactured. This will permit minimizing the reactor outage time required for dismantling of old
equipment and installation of new components.

The PIK reactor, the only one under construction in Russia, is expected to be ready for
commissioning in about two years.

All the Russian research reactors, except for the IRT-T, are located in the European part of the
country, with their majority found at research and educational centers which have a well-developed
infrastructure and highly competent personnel.

The reactors in service today operate with different use intensity. The utilization factor (UF) of
the most powerful research reactors falls within the range of 0.65-0.90. Nevertheless, Russian
research reactors taken together have a reserve in the time for use, scope of experiments and neutron
beams. Table 1 presents a list of the main research reactors in service.
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Table 1. Main research reactors* in Russia

Name Location Type of reactor Year of commissioning/ Power,
upgrading (MW)

VK-50
SM-3

MIR-M1
BOR-60
RBT-6

Dimitrovgrad
NIIAR

RBT-10/1

BWR-prototype
Tank

Pool/channels
Fast breeder

Pool
Pool

1965
1961/1992
1966/1975

1969
1975
1983

200.0
100.0

up to 100.0
60.0
6.0
10.0

RBT-10/2
IVV-2M
IRV-1M

IR-8
F-1
OP

VVR-M
VVR-TS

IRT-MIFI
IRT-T

IBR-30"
IBR-2
PIK

Zarechny
Moscow region

Moscow,
RRC "KI"

Gatchina, PIYaF
Obninsk
Moscow
Tomsk

Dubna, JINF
Dubna, JINF

Gatchina, PIYaF

Pool
Pool-type IRT
Pool-type IRT
Pool-type IRT
Graphite pile
Tank WWR
Tank WWR
Tank WWR

Pool-type IRT
Pool-type IRT

Fast Pulsed
Fast Pulsed
Tank, heavy

water

1984
1966/1982
1974/now
1957/1981

1946
1960/1989

1959
1964

1967/1975
1967/1984
1969/now
1984/now
2005 (?)

7.0
15.0

2.0/4.0
8.0

0.024
0.3
18.0
15.0
2.5
6.0

0.03/0.022
2.0/2.0
100.0

* Research reactors of low thermal power, including pulse reactors of aperiodic action, are omitted
in the Table.
** In the course of upgrading, the IBR-30 reactor will be transformed to an ADS facility (IREN) -
a resonance neutron source.
In 2002, the number of incidents at nuclear research facilities decreased by about 25 % as against
the figure of 2001, with all the events classed at Level 0 of INES.

3̂  PROSPECTS
On July 31, 2003, the President of the Russian Federation made an explicit statement at a

meeting with VNIIEF scientists in Sarov: "... Russia should and will remain a great nuclear power"
[4]. This means that the Russian nuclear industry and research reactors as its integral part have sure
prospects.

Research reactors support studies on the problems arising in:
• electricity and heat supply,
• basic research,
• areas of nuclear technology application ( in particular, biology, geology, medicine, education,

etc),
• and defense establishment, which is beyond the scope of our discussion.

All the above lines of research pertain to Russian industry as a whole.
Nuclear technology has also its own tasks, for which research reactors are an indispensable tool.

Of primary importance are the problems of safety, issues of the closed fuel cycle and the associated
challenges of radioactive waste management.
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3.1 Nuclear power
On May 25, 2000, the RF Government approved "The Strategy of Nuclear Power Development

in the First Half of the 21s' century" [1], which shows the prospects and identifies the lines of
nuclear power development in the coming 50 years.

Speaking at the 47th Session of the IAEA General Assembly, A.Yu.Rumyantsev, the RF
Minister for Atomic Energy, said: "This May, the Russian Government approved a fundamental
package of documents, to wit - the Energy Strategy of Russia to the year 2020, which defines,
among other things, the role of nuclear power and the parameters of its development...The Strategy
says, and I quote, '... it is deemed expedient to meet the increased demands of the country's
economy for electricity largely by stepping up electricity production at nuclear power plants'.

Under this optimistic scenario, electricity generation by Russian nuclear power plants is to grow
from 140 TWh in 2002 to 195 TWh in 2010 and to 300 TWh by the year 2020. Besides, heat supply
by nuclear energy sources is to rise to 30 million Gcal/year.

As a result, the share of nuclear electricity will grow from 15 % in 2003 to 23% by 2020 (to 32%
in the European part of the country).

In this connection, a whole package of actions is being undertaken in Russia to demonstrate the
feasibility and economic expedience of the work on enhancing the safety of operating nuclear
installations and extending their service life"[5J.

The above measures address a large number of problems ranging from operational safety and
optimization of NPP work cycles to research in reactor materials, which will not be solved without
studies at research reactors.

3.2 Basic research
One of the major factors to hamper development of basic research in Russia is related to

financial problems. However, a steady increase in the federal allocations for this purpose has been
observed in the last three years. Realizing the importance of basic research to Russia, Rosatom has
been rendering substantial financial support to the Russian Academy of Science (RAS) since 1999
with the aim of completing the construction of the PIK reactor which is expected to be ready for
commissioning by the end of 2005.

Since 2000, Rosatom has been providing some funds for upgrading of the IBR-2 reactor located
in Dubna (JINF). The reactor is intended mostly for studying the physics of condensed matter by the
time-of-flight method. Documentation is being developed in a step-by-step manner for individual
components of the reactor equipment. Their manufacture has been partially commenced. It is
planned to shut down the IBR-2 in late 2006 for replacement of components. The modified reactor,
named IBR-2M, is to be brought to power in 2010. It is also planned to replace the booster reactor
IBR-30 with an ADS-type facility, namely, IREN (a source of resonance neutrons) intended for
studies in nuclear physics.

3.3 Applied research
Russian research reactors are potentially able to render services in solving a tremendous number

of problems pertaining to applied research. Such investigations are, in fact, being conducted today,
but the long time taken to recoup the costs of this work and the limited free funds available to
potential customers are restraining rapid advancement in this area. The progress of Russian
economy in the last 2-3 years and optimistic projections for the future give grounds to expect a boost
in such studies. In medicine, for example, beam facilities for medical treatment have already been
designed for use in the WWR-Ts reactor in Obninsk and in the IRT at MIFI.
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3.4 Operation and fuel cycle safety issues
These objectives are of paramount importance to the country with a substantial nuclear

contribution to the total energy balance. That is why safety studies were never discontinued, even
during the most economically difficult period of the 1990s. The projected growth of electricity
generation at Russian NPPs will require new studies and tests with the use of research reactors.
These studies are related to the whole range of problems faced by nuclear power - from
improvement of the currently employed fuel to reprocessing of spent fuel and disposal of radioactive
waste.

For example, with the aim of demonstrating the safety of VVER reactors, the PVP-3 loop-type
facility is being developed for the MIR-M1 reactor. Using a mockup 19-rod fuel assembly (with real
VVER fuel), the facility will allow simulating design-basis and severe loss-of-coolant accidents.

For a number of reasons, disposal of spent fuel is not a problem of vital importance in Russia.
Spent fuel is treated as a strategic reserve for the future nuclear power rather than waste.
Nevertheless, Russia is ready to consider its participation in international projects both in the
capacity of a designer of facilities intended for this purpose and as a country that may offer its
services for conducting experiments at the domestic research reactors.

Lastly, development of the closed fuel cycle technology and of reactors based on the principles
of natural (inherent) safety necessitates extensive investigations, in which Russian research reactors
may also prove very useful.

4. TRENDS
The trends in development of research reactors in Russia are governed by many factors. Among

those, the following three seem to be most significant:
• nuclear power growth rates and direction of development;
» the country's economic status;
© public confidence in safety and usefulness of nuclear power and nuclear technologies.

4.1 Nuclear power growth rates and direction of development
The condition of Russian research reactors was reviewed by a group of Rosatom experts with the

aim of determining the trends and prospects of their development. The work was guided by the
provisions of "The Strategy...'" [1]. The main conclusions and recommendations of the group are as
follows:

• Research reactors are an integral part of nuclear science and engineering; their use is a
prerequisite for safe and efficient operation and development of nuclear power;

« Russia has a mix of various research reactors with a broad spectrum of experimental
capabilities. Russian research reactors are equal to the purpose of dealing with the current and
near-term problems of nuclear power and basic research. The PIK reactor commissioning will
strengthen this position;

• The universal tendency towards obsolescence of research reactors extends to Russia in full
measure.

• Russian research reactors proved to be successful enough to allow extending their
experimental capabilities through upgrading;

• The optimal approach to development of research reactors in the next 10 to 15 years is their
step-by-step retrofitting and upgrading aimed primarily at enhancement of operational safety
and adaptation to the requirements imposed by experiments.
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4.2 The country's economic status
Russian economy has been steadily growing in recent years. The current projections give a

favorable outlook for the future. If they come true, energy consumption will increase in Russia with
the ensuing growth of nuclear contribution to the energy balance of the country. On the other hand,
nuclear power has indisputable advantages in terms of environmental impacts, provided it is free of
severe accidents, which is bound to strengthen its case in Russia.

4.3 Public confidence in safety and usefulness of nuclear power and nuclear technologies
This factor is extremely important because nuclear technologies applied for meeting human needs

and requirements are very efficient and often irreplaceable. In addition to power and heat supply, there
is a wide spectrum of possibilities for solving specific problems, from seawater desalination in arid
regions to radiation medicine. Every success in using nuclear technologies for human needs works
towards building up positive public attitude to nuclear technologies. It goes without saying that any
accident with release of radioactive substances beyond specified limits and, especially, with public
exposure, causes almost irreparable harm to nuclear science and engineering.

4.4 Basic trends in development
In the foreseeable future, the research reactor mix in Russia will include a limited number of the

currently operating upgraded high-flux facilities plus the P1K reactor which will be able to meet the
domestic and foreign needs for beam experiments on the problems of fundamental physics. The
pulse reactor line will also keep on. The ADS facilities will be developed mainly within the
framework of international projects.
Thus, the main trends in development of research reactors may be defined as follows:

• Russian research reactors are fulfilling their current objectives and have a potential for
solving the near-term problems;

• Research reactors have encouraging prospects for development and improvement, which will
be updated depending on the NPP growth rate and the country's economic status;

• The problem of obsolescence of the operating research reactors and of ensuring their safe
operation is being addressed and will be solved in the next 5 to 10 years through upgrading;

• In addition to safety assurance, it is proposed to expand the experimental potential of the
facilities for applied research in the course of upgrading of the operating research reactors;

• One of the reasons for creating a new research reactor in the near future is associated with
the possible development of an energy technology involving a closed fuel cycle and power
reactors of inherent (natural) safety;

• Russian specialists are facing the problem of choosing the type and design of a powerful
research reactor of the next generation, but they have 5 to 10 years to solve it;

• Russia is ready to cooperate with the countries concerned both in the work related to use and
upgrading of operating research reactors and in developing and building research reactors of
the new generation in the future.

5. NEW DEVELOPMENTS FOR UPGRADING OF RESEARCH REACTORS
5.1 Neutron resonance source (IREN) as an example of profound upgrading

The IREN facility [6] is designed for research in nuclear physics by the time-of-flight method within
the resonance region of neutron energies. The facility is being installed in situ, inside the building of
the IBR-30 reactor under decommissioning. The IREN project fully relies on the existing
infrastructure of eight neutron beams with the flight length of 10 to 1000 m, including the
experimental hall and pavilions for measurements.
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The IREN facility operates in the booster mode. Primary energy is generated by the linear
electron accelerator (LUE-200), whose parameters are presented in Table 2. The fuel blanket and
tungsten target parameters are also found in this Table.

Table 2. IREN facility characteristics

Parameter Description/Value
Basic parameters of LUE-200 accelerator:

- electron beam power, kW; 10.0
- electron energy, MeV; 200
- pulse current, A; 1.5
- pulse duration, ns; < 250
- pulse frequency, Hz; 150
- average acceleration gradient, MeV/m; ~35
- number of accelerator sections . 2

Basic characteristics of subcritical assembly:
- maximum multiplication factor (Keff); <0.98
- fission power, kWth; up to 12
- fuel; Pu
- fuel rod diameter, mm; 11.2

fuel section height, mm; 180
- number of fuel rods in subcritical assembly; up to 180
- coolant; helium
- end reflector in fuel rods; . W(10B)2

- side reflector; Ta (10B)2

effective fast neutron pulse duration, (is; 0.42
- neutron generation rate, 1/s. 1015

Converter target parameters:
- target material; W
- target diameter, mm; 38
- target location; in SCA center
- thermal power, kW; <10.0
- coolant. £, helium

The general view of the facility is presented in Fig.l, while Fig.2 gives a 3-D image of the sub-
critical assembly with the target.
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Fig. 1. IREN facility
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5.2 PVP-3 steam-water loop (MIR-M1 reactor)
The PVP-3 loop-type facility [7] is planned for use in the MIR-M1 reactor located in

Dimitrovgrad. It is designed for integrated in-pile simulation studies on design-basis events
(including ultimate design-basis accident) and beyond-design-basis (severe) accidents initiated by
loss of coolant as applied to the VVER reactors. The purpose of the studies is to obtain reliable
experimental information for verification and validation of computer codes employed in
demonstrating safe operation of the VVERs. A conceptual sketch of the PVP-3 facility is given in
Fig.3.
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Charge/
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sample
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Electri
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towards radioactive
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Emergency heat
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Emergency
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Fig.3 The PVP-3 loop-type facility configuration

The equipment marked in yellow is located in free rooms available in the MIR-M1 reactor
building. The experimental channel is installed inside the reactor core. Technical characteristics of
the facility are given in Table 3.

Table 3. PVP-3 characteristics

Parameter
Location
Thermal power (DBA/SA), kW
Number of fuel rods in mock-up assembly
Height of active portion in mock-up assembly, mm
Fuel mass in mock-up assembly, kg
Experimental channel diameter, mm
Water loop parameters:

- pressure, MPa
- flow rate, m3/h
- water temperature at loop channel inlet, °C

Description/Value
MIR-M1 reactor

max. 500/max. 100
up to 19

1000
up to 15
up to 130

max. 16.0
up to 10.0
up to 290
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Gas loop parameters:
working fluid

- working pressure, MPa
working fluid flow rate, g/s

- maximum achievable temperature of working fluid, °C

superheated steam, helium
max. 3.5
up to 3.0

up to 2300
Simulated conditions:

normal operation
ultimate design-basis accident
severe fuel damage due to loss of coolant

NO
UDBA

SFD
Discharge tank capacity, m

The PVP-3 facility will add substantially to the MIR-M1 reactor capabilities in terms of investigating
the safety of W E R fuel.

5.3 NCT channel (IRT reactor at MIFI)
The purpose of setting up a neutron beam facility in the IRT reactor (MIFI) is implementation of the

neutron-capture therapy technology (NCT) for treatment of localized tumors in organs, which defy
treatment by other methods.

The NCT channel is located in the thermal column niche of the IRT reactor and is designed to bring
out a neutron beam of required parameters in a reliable and safe way to the irradiation room
(experimental hall) over a distance of 2.65 m from the core center:
F,= 3.6- 109cm'2-c:Fe t=l.l • 109cm"2 • c;Dn = 3.1 • 10'13 Gy cm :, ^Y

F t - thermal flux; Fet - epithermal flux; Dn - fast neutron dose; DY - photon dose.
The channel consists of the following basic components (Figs. 4 and 5):

beam formation area, including an aluminum-containing unit and a lead guard (50 mm);
- turning slide-valve with a neutron guide, covered with a lead shield (40 mm), in a thin (1 mm)

zirconium casing;
- emergency cut-off slide-valve;

collimating device.

Gycm2 ;DY = 15- 10'n • Gy • cm2.

Reactor con-

Graphite I - ' f M H

igfcj 20:'i mm

Fig.4. Horizontal cross-section
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Turning slide-valve Emergency slide-valve

Fig.5. Vertical cross-section

The current plan is to produce drawings for manufacturers and to start fabrication of equipment
before the end of 2004.
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NUCLEAR POWER PLANT ATTEMPTS IN TURKEY
AND THE FIRST LICENSED SITE

Bektur Y., Bezdegiimeli U.
Turkish Atomic Energy Authority, Ankara, Turkey UZ070332Q"

ABSTRACT
In this paper, detailed information regarding Turkey's past attempts for the construction of a

nuclear power plant (NPP) and site survey studies conducted for this plant is given. Also, some
important characteristics of the first licensed site, namely Akkuyu, are summarized.

There were four attempts made for the construction of an NPP in the past. However, all of them
failed due to technical, economical and/or some other reasons. Akkuyu site has been selected among
around 25 candidate sites for the reasons that bulky materials can be transported there by sea; it is
located near the major electricity demand centers; soil-structure interaction and slab stability are
suitable for the construction of an NPP; its surrounding is one of the most sparsely populated areas
of Turkey; and it is seismically the most stable region in earthquake-prone Turkey, e.g. Turkish
Electricity Authority (TEK) was granted a site license for the Akkuyu in 1976.

INTRODUCTION
Turkey is currently in a rapid industrialization process with a young population of 71 million.

Electricity is an inevitable need for Turkey as a fast developing country. Turkey's average annual
growth rates of electricity consumption have been 8% in the last two decades.
The installed electricity generating capacity of Turkey reached 36 GW; the annual gross power
generation was 140 TWh (23% lignite and coal, 44% natural gas, 25% hydro and 8% others); and
the annual gross per capita consumption of electricity is around 2.000 kWh as of end-2003.
According to forecasts prepared by the Ministry of Energy and Natural Resources (MENR), Turkey
will need about 60 GW of capacity by 2010, and about 100 GW by 2020. This implies power
demand growth rates of at least 8% per annum for the coming decade and at least 6% per annum for
the following decade. This means that there is a need for rapid build-up of 3 GW new capacities per
year for at least several years.

Turkey's experience with nuclear power dates back to the 1960s - a research reactor has been
operating in Istanbul since 1962 - and successive governments have had plans to introduce
commercial nuclear power to the country for three decades or more. Since 1965, four attempts were
made for the construction of an NPP in Turkey, but all failed. TEK (reorganized as TEUAS in 2002)
was granted a site license for the Akkuyu site in 1976. In spite of the fact that there is currently no
nuclear power station, MENR expects that Turkey's first nuclear power plant of about 2,000 MW
will come on stream by 2015. According to the MENR's latest forecast, Turkey is to construct 8,000
MW of nuclear capacity by 2030.

NUCLEAR POWER PLANT ATTEMPTS IN TURKEY
The first attempt of a commercial nuclear power plant was in 1965 by General Directorate of

Electricity Survey Institute. At that time, the installed capacity of Turkey was just over 2000 MW.
For this reason, it was suggested that a 300- 400 MW Pressurized Heavy Water Reactor be built and
operated by 1977. However, the first attempt was not be able to be realized due to technical
difficulties for site selection and incapable financial situation of the country.

In 1970's, TEK had made the second attempt for the building of the NPP. TEK started
comprehensive feasibility, site selection and bid specification studies for a 600 MW nuclear power
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plant. Site survey studies were carried out in a number of regions of Turkey. At the end of these
studies, Akkuyu Bay (see Fig 1) has been selected as the Turkey's first nuclear power plant site by
TEK. After some more detailed site investigations and preparation of the necessary site reports,
TEK applied for the site licence. In Turkey, the licensing process for nuclear installations is
completed in three phases; Site, Construction and Operating Licenses. After conducting necessary
regulatory review and assessment of the submitted site reports, General Secretariat of Atomic
Energy Commission (reorganized as TAEK in 1982) granted TEK a site licence for the Akkuyu in
1976.

In 1977, negotiations on construction of a 600 MW NPP were begun with a consortium of
ASEA-ATOM and STAL-LAVAL. However, this attempt was cancelled in 1980.

The third attempt was made in 1980's. An open bid for major NPP was issued in 1983. After the
preliminary evaluation of the bids, three letters of intend were given to AECL (Canada) and KWU
(Germany) for the Akkuyu site and to GE (ABD) for the Sinop site on Black Sea Coast. However,
because of the Sinop site investigations were not finalized and the design basis for the plant was not
firmly established, the negotiations with the GE were suspended.

The negotiations on "turnkey" basis projects were carried out by the KWU and AECL.
However, the projects, initially declared as turnkey, were subsequently altered from "turnkey" to
"built-operate-transfer" (BOT) model by the government. Therefore, both KWU and AECL were
invited to participate in projects based on BOT model. During this stage, While KWU did not
accept the BOT model, AECL agreed on the BOT and a preliminary agreement was signed between
AECL and TEK in 1985. Then, TEK and AECL made negotiations on the proposed model.
However, the Canadian government requested guaranties for the financing of the project and
submitted a proposal containing a credit package and certain conditions. The proposal was not
consistent with the requirements of the BOT model proposed by the Turkish side. Therefore, the
project was cancelled.

The Akkuyu nuclear power plant project was inserted once more into the State Investment
Programme in 1993. Following the release of revised bid specifications prepared with the help of
KAERI (Korea), an international tender was opened on 17 December 1996 for a fully credit-
financed turnkey plant. The main offer that bidders were expected to submit was for a nuclear plant
with a minimum capacity of 800 MW and a maximum of 1,400 MW + 5%, in one or two units
above or equal to 600 MW. Bidders were required to fully finance the plant themselves by loans and
to submit corresponding letters of intend from governmental agencies or financial institutions with
their bid. A second, optional tender for two or four units of at least 600 MW each, totaling at most
2,800 MW + 5%, modeled on the main offer, was also opened. The start-up date for the Turkey's
first nuclear power plant was set at 2005/2006. Offers were received from three different consortia
on 15 October 1997. The consortia were:

• AECL (Canada), Kuarner J. B., and Hitachi (Japan) with Guris., Gama and Bayindir of Turkey;
• Westinghouse (USA) and Mitsubishi (Japan) with Enka and MNG of Turkey; and
• NPI (comprising Siemens-Germany, Framatome-France, GEL-A, Campenon Bernard, Hochtief)

with Simko, Garanti Koza, STFA, and TEKFEN of Turkey.
After reception of the bids, selection of the winning vendors was delayed repeatedly. Upon the

request of TEAS, bidders extended the validity period of their bids several times. As the result of the
Cabinet meeting held on 25 July 2000, the Prime Minister announced the indefinite postponement of
the Akkuyu project, until economic conditions were better. Nevertheless, the agreements of the
natural gas power plants were done in this period.
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AKKUYU SITE CHARACTERISTICS
License for the Akkuyu site was given based on somewhat preliminary site survey investigation

results. General Secretariat of Atomic Energy Commission reviewed the submitted site reports and
decided that the site is suitable for the construction of an NPP, but more detailed investigations are
need to clarify some issues and to precisely define the design basis site parameters for the approval
of them. Prior to the application for the construction license, the final detailed information regarding
the site should be submitted after conducting all detailed site investigations in accordance with the
related IAEA and NRC documents and then defined design basis site parameters should be approved
by the Regulatory Body. Because of that reason, TEK started to conduct more detailed site
investigations in the middle of 1976. In 1983, TEK submitted a "Detailed Site Investigations
Report" (DSIR, ten volume document), comprising all site related information and evaluations, to
Turkish Atomic Energy Authority (TAEK). In the report, geological and seismic issues were given
the most important consideration. TAEK requested assistance from IAEA to review this document.
In 1983 an IAEA review team visited Ankara and Akkuyu for two weeks. This mission issued a
report on January 1984. The report agreed with the information and evaluations of the DSIR, but
also recommended further investigations to clarify some specific issues and to reduce uncertainty in
some calculated parameters. IAEA assistance in monitoring the follow up of the implementation of
these recommendations continued till the middle of 1986. These studies continued until 1987. TEK
had also received assistance from some foreign consultants, some Turkish Institutes and universities
during site investigations and site evaluations

The Akkuyu NPP site is a valley descends to the sea, and surrounded by small hills. With these
hills the site is naturally secluded from surroundings. This topography also provides a natural
exclusion zone. In the exclusion area there is no highway, railway or waterway. Studies show that
the aircraft crash probability is xlO'Vyear, and then it is neglected. Beside this, other potential
external events, such as sea accident with chemical explosion, evaporation (gas cloud, explosion)
and oil spill were evaluated. For the sea accident, the design basis events were determined at the
source and at the plant, then it is seen that probabilities for chemical explosion is xlO"8/year at the
source; for gas cloud explosion is xlO"7/year at the sources and xlO"9/year at the plant; and for oil
spill is xlO /year at sources and xlO"5/year at the plant. Using the acceptance criteria of 10-7/year
probability for an event affecting the plant, only oil spills should be given further attention in respect
to the determination of design basis events.

The valley in the middle of the hills is open to the sea in SW-W directions. A meteorological
station was set up at the site. Besides, wind and temperature measurements are taken at different
levels. Regional meteorological conditions for design and operation basis were also evaluated. In
addition, tornados, waterspouts, thunderstorms, ice, snow load, lightening, humidity, fog and
precipitation have also been considered within the on site meteorological monitoring program The
max. and min. temperatures recorded at the site are 39 and -1 °C.

The major body of water adjacent to the site is the Mediterranean Sea which serves as the
sources of cooling water and receives the rejected residual heat from the plant. Detailed
oceanographic measurements and analysis program have been carried out by Institute of Marine
Research Department

The detailed seismic safety evaluation was initiated in 1977 with the provision that extensive
work such as data collection, numerical analyses for seismic parameters, and regional geology, etc.
be carried out by Turkish Institutions and scientists while coordination and interpretation of the
results would be placed under the responsibility of ENG (a consortium of Swiss, French and
German firms). National Institutions involved in this effort were Istanbul Technical University,
Minerals Research and Exploration General Directorate, and Middle East Technical University. In
collaboration with national institutions, ENG produced a final report on the seismotectonics of the
site in 1980. National institutions separate final report to TEK was produced in 1983. This report
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contained somewhat more detailed information than the 1980 ENG report did. But, for the important
parameters of the earthquake effects (site intensity and the corresponding design spectra) to be
considered in the design of the facility, both documents were used.

Both deterministic and probabilistic methods have been used to calculate SL1 and SL2( Safe
Shutdown Earthquake). On the basis of deterministic and probabilistic evaluations SL2 level design
basis horizontal free field peak ground acceleration was determined. In connection with this SL2
value, SI level would be half of the SL2 g and the vertical peak acceleration of SL2 would be 2 of 3
of the SL2 g. Because the ratio value of 0.67 would be conservatively appropriate for the vertical
direction.

Borehole drillings, in-situ tests, geophysical methods such as seismic refraction and reflection,
rezistivity, gravity and cross-hole and down-hole surveys were carried out for the geological, soil
and foundation information. Drillings and in-situ tests investigations were performed by EIEA. TV-
Borehole camera survey was carried out by Directorate General of State Hydraulic Works and ENG.
In situ and laboratory tests were directed and evaluated by Bogazici University (BU). Cross-hole
and down-hole tests were carried out by BU. Upon the request of TAEK from TEK, cross-hole
survey was repeated by EIE

Most of the work related to seismic issues was done during the 1980s, in compliance with the
related IAEA and USNRC documents.

O

Fig. 1. Location of the Akkuyu Site.
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INTRODUCTION
The US, Department of Energy's Office of International Nuclear Safety and Cooperation

established the Integrated Research Reactor Safety Enhancement Program (IRRSEP) in February
2002 to support U.S. nonproliferation goals by (1) implementing safety upgrades, or (2) assisting
with the safe shutdown and decommissioning of foreign test and research reactors which present
security concerns.

IRRSEP's key objective is to resolve the highest-priority nuclear safety issues at the most
vulnerable foreign research reactors as quickly as possible. The prioritization methodology
employed identified which research reactors fell into this category. The corrective measures
mutually developed with the host facility are based on the premise of developing a sustainable
infrastructure within each country to deal with its own nuclear material safety, security, and
response issues in the future. IRRSEP also assists in creating an international framework of
cooperation and openness between research and test reactor operators, and national and international
regulators.

STRUCTURE OF THE PROGRAM
IRRSEP's key program components are:
Phase I: Self-evaluation by facility using provided checklists followed by prioritization to

identify the 20 highest risk facilities
Phase II: Site visits with technical evaluation to finalize a list of projects that will enhance safety

consistent with IAEA observations
Phase III: Corrective measures to implement the projects

Phase I, II and III are accomplished on a rolling basis, such that work is ongoing at three or four
reactors per year. The way this is accomplished is as follows:

• Yearl
- Information questionnaires/checklists are sent out to facilities to help identify in

advance the potential safety issues
- Based on a facility prioritization scheme and responses from the

questionnaire/checklists, technical visits at 2-4 facilities are conducted to identify
possible projects at the facilities

- Prioritize the projects using nuclear safety based grading criteria
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- Select projects to be completed the next fiscal year based on the prioritization and the
funding available

• Year 2 and beyond
- Complete the projects (most projects are 1 year projects, some may be multi-year)

Graphically, the program appears like this:
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The initial projects under IRRSEP were 'pilot' projects and are underway at research reactors in
Kazakhstan, Uzbekistan, and Romania. This paper focuses on the projects undertaken at the WWR-
K research reactor at the Institute of Nuclear Physics in Alatau, Kazakhstan and the WWR-SM
research reactor at the Institute of Nuclear Physics in Ulugbek, Uzbekistan. These projects
demonstrate the success and cost effectiveness of the IRRSEP program.

OVERVIEW OF IRRSEP ACCOMPLISHMENTS
At the end of the first year of IRRSEP (2002), the initial visits were made to Kazakhstan,

Uzbekistan, and Romania. Upon return to the U.S., the projects were prioritized based on impact to
nuclear safety. Based on the budget availability, the initial set of projects to be completed was
recommended to the host country and agreed to. Originally, there were 9 projects selected for
Uzbekistan, 16 projects for Kazakhstan, and 5 projects for Romania.

At the end of the second year of IRRSEP (2003), all of the initial projects for Uzbekistan,
Kazakhstan, and Romania were initiated. In addition, initial visits were made and projects identified
for facilities in Latvia, Poland, and Ukraine. Unfortunately, DOE also made notification that due to
budget shortfalls and new priorities that the IRRSEP was going to have to be terminated.
Consequently, multi-year projects in Uzbekistan and Kazakhstan were eliminated, resulting in the
number of projects being 7 for Uzbekistan, 9 for Kazakhstan, and 3 for Romania. Further efforts for
Latvia, Poland, and Ukraine were terminated.

By the end of the third year (2004), almost all the projects that remain have been completed. The
rest of this paper will discuss the details of these projects for Uzbekistan and Kazakhstan.

The fact that IRRSEP was terminated due to other U.S. budget priorities doesn't mean that the
program wasn't successful. The work that is being completed in Uzbekistan, Kazakhstan, and
Romania is making significant enhancements to the nuclear safety posture for those facilities in a
very cost effective manner. IRRSEP provides a template on how cost effective projects may be
completed and should be initiated again if budget funds become available.

IRRSEP DETAILED RESULTS FOR UZBEKISTAN
The research reactor in Uzbekistan is the WWR-SM reactor located at the Institute of Nuclear

Physics (INP) in Ulugbek, Uzbekistan, just northeast of Tashkent. The reactor is a 10 Mwt tank type
research reactor built in 1959. The reactor has operated virtually continuously making medical
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isotopes and conducting experiments. The key personnel at the INP are Dr. Bekhzod Yuldashev -
Director INP and Head of Uzbekistan Academy of Science, Umar
Salikbaev - Deputy Director of INP, Dr. Alexander Kist - Director General Councilor of INP,
Khusniddin Karabaev - Chief of WWR-SM, Akhror Rakhmanov - Deputy Chief Engineer WWR-
SM, and Ramses Bekbulatov - Head, I&C Group WWR-SM.

WWR-SM Reactor

Seven projects were ultimately undertaken:

Drs. Yuldashev, Salikbaev, and the US team

Project 1 - fire suppression. Fire is one of the greatest real risks at research reactors,
especially older reactors. Based on a joint assessment, the actions agreed to be taken
included:

- Provide immediate fire protection equipment (fire
extinguishers, etc.). As a result, new fire
extinguishers, fire hoses, and new fire system
valves were procured and installed.

- Perform joint fire hazard evaluation to identify
improvements for next year implementation. As a
result, a 'no cost' review was performed jointly
with US and INP fire protection specialists. The key
items identified included the need for fire protection
coating for wood walls, attic, and key electrical
conduits; new fire doors; additional fire detectors;
and to replace/improve fire hose standpipe system.

- Project IB was recently initiated as a separate project to implement the above
recommendati ons.

New Fire Extinguishers

Project 3 - Provide new 2 way radios and batteries. Emergency communications is extremely
important for response to any type of event. The radios at the facility were out of date and
new batteries could not be procured. Consequently, the action for this project was to provide
new radios, base station, chargers. The project is now in its final stage.

Project 4 - important spare parts. The parts of concern were important, including spare ion
chambers, signal cabling, and radiation resistant gasketing. At the current time, the contracts
with Russia for the parts are being finalized.
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Project 6 - emergency power. On loss of offsite
power, important reactor and primary system
instrumentation and equipment was lost. The action
identified to rectify the situation included adding
loads to new emergency diesel provided by US
MPC&A program (diesel capacity was upgraded for
this purpose), adding an uninterruptible power
supply for critical reactor protection loads (reactor
control instruments, dosimetry system), and adding

a new 'emergency cooling' pump that could supply a
source of recirculation cooling to the reactor primary
system in the event of a loss of power.

New Emergency Diesel

• Project 7 - Non-destructive Examination (NDE) Training and Equipment. It is very
important to have an internal capability to perform NDE examinations on important reactor
pressure boundary components. The actions identified to do this included providing training
for 3 engineers/technicians, procuring new NDE equipment , and requiring an inspection
plan to be written and demonstrated

• Project 8 - Provide for portable underwater lighting for surveillance of reactor tank. The
available lights were made at the facility and were not sufficient. A local manufacturer that
produces fountain lights was found that could produce high quality lights meeting
requirements.

IRRSEP DETAILED RESULTS FOR KAZAKHSTAN
The research reactor in Kazakhstan is the WWR-K reactor located at the Institute of Nuclear

Physics (INP) in Alatau, Kazakhstan - east of Almaty. The reactor is also a 10 Mwt tank type
research reactor built in 1967. The reactor was shutdown in 1988 due to seismic concerns. It was
restarted in 1998 with the power derated to 6 Mwt. Additionally, water makeup tanks were
expanded and seismic braces were added and seismic 'shields' were added to protect important
components in case of building superstructure collapse in a seismic event. The reactor is

WWR-K Reactor Dr. Kadyrzhauov, Petr Chakrov
and the US Team
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currently operating making medical isotopes, material testing, conducting experiments and seeking
new missions. The key personnel at the INP are Dr. Kairat Kadyrzhanov - Director of INP, Petr
Chakrov - Deputy Director of INP, and Vyacheslav Chernyaev -Chief Engineer of WWR-K

Nine projects were ultimately undertaken:

• Project 1 - 48v battery. The old battery and rectifier were not
functional and were important to provide a backup power to
key instrumentation (power level, etc). The solution decided
upon was to provide for an uninterruptible power supply.

• Projects 2 & 10 - provide control rod drive (CRD) and
instrumentation improvements. The old CRD cabling was not
per specification which required stainless steel cabling.
Actions decided upon included providing uninterruptible
power supplies to provide for more reliable power and to
provide for new cabling that did meet specification
requirements.

• Project 3 & 11- provide water intrusion monitors for new fuel and HEU material storage
areas, and portable neutron monitors. The water intrusion monitors replaced hand made
units. Portable neutron instruments are being provided (which the facility did not have
previously) are important for surveillance during fuel transfers

• Project 4 - provide new communications systems. As stated previously, good
communications is absolutely necessary for control of actions in an emergency. The actions
agreed to included providing for a new public address system, 2-way radios, and digital
tel eph on e equipment.

Projects 5, 6 (combined), 7 - fire detection and
suppression. As stated previously, fire is probably the
single greatest safety hazard at a research reactor. The
WWR-K facility needed both a new fire detection
system and high priority fire suppression equipment -
fire extinguishers, et. al.

Hi
New Fire Protection

Equipment • Project 8 - Non-Destructive examination (NDE) and
Welding Training and Equipment. Similar to

Uzbekistan, WWR-K needed equipment and training for surveillance and repair of reactor
pressure boundary. The actions agreed to were to pay for certified NDE training for 3 NDE
and 1 welding engineers (training provided in Russia) and provide for NDE equipment
(ultrasonic flaw detector and remote video inspection system). Development of an inspection
plan will also be required.

CONCLUSION
The methods IRRSEP employed in the execution if its program provided for cost effective safety

enhancements. The primary reasons for this are:
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• Close cooperation between US and the Kazakhstan/Uzbekistan technical experts in choosing
and scoping projects

• Requiring engineering and procurement to be accomplished locally. This maximizes the use
of INP staff and local contractors.

These two simple principles besides being cost effective enhance meeting the IRRSEP objective
of developing a sustainable infrastructure within each country to deal with its own nuclear material
safety, security, and response issues in the future, and also creating an international framework of
cooperation and openness between research and test reactor operators, and national and international
regulators.

Though IRRSEP is currently not being continued, IRRSEP provides a template on how cost
effective projects may be completed and should be initiated again if budget funds become available.

OVERVIEW OF THE INPRO PROJECT

Kupitz J., Depisch F.
International Atomic Energy Agency, Vienna, Austria

UZ0703331

ABSTRACT
During the last fifty years remarkable results are achieved in the application of nuclear

technology for the production of electricity. Looking ahead to the next fifty years it is clear that the
demand for energy will grow considerably and also the requirements for the way the energy will be
supplied.

Within INPRO the future of the energy demand and supply was explored and several scenario's
identified. A leading requirement for energy supply is coming up and will play a crucial role:
sustainability of the way the energy supply will be realized. Fulfilling the growing need for energy
in developing countries is as well an important issue.

Based on these scenario's for the next fifty years, an inventory of requirements for the future of
nuclear energy systems has been collected as well a methodology developed by INPRO to assess
innovative nuclear systems and fuel cycles. On the base of this assessment, the need for innovations
and breakthroughs in existing technology can be defined.

To facilitate the deployment of innovative nuclear systems also the infrastructure, technical as
well institutional has to be adjusted to the anticipated changes in the world such as the globalization.

As a contribution to the conference the main messages of INPRO will be presented.

1. INTRODUCTION
The International Project on Innovative Nuclear Reactors and Fuel Cycles, referred to as INPRO

was launched, following resolutions of the IAEA General Conference (GC(44)/RES/21). It followed
the Russian Federation's initiavive supported by a group of IAEA Member States to join forces in a
broad international effort to develop innovative reactor technology and a nuclear fuel cycle which
will, have the following basic features: unlimited fuel resources, exclusion of severe accidents,
environmentally safe energy production without disturbing the natural radiation balance, barring of
the nuclear weapons proliferation pathway associated with nuclear power, and economic
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Plenary Reports



Proceedings of the Third Eurasian Conference "Nuclear Science and its Application", October 5 - 8 , 2004.

competitiveness. In 2004 INPRO is partly included in the regular program of the IAEA and gets
special support of a growing number of members. Currently INPRO has 21 members: Argentina,
Armenia, Brazil, Bulgaria, Canada, Chile, China, Czech Republic, France, Germany, India,
Indonesia, Republic of Korea, Pakistan, Russian Federation, South Africa, Spain, Switzerland, The
Netherlands, Turkey and the European Commission. These members are contributing to the project
by providing funds, experts and studies.

The main objectives of INPRO are to:
- Help to ensure that nuclear energy is available to contribute in fulfilling energy needs in the 21st

century in a sustainable manner; and
- Bring together both technology holders and technology users to consider jointly the international

and national actions required to achieve desired innovations in nuclear reactors and fuel cycles.

The 21st century promises the most competitive, globalized markets in human history, the most rapid
pace of technological change ever, and the greatest expansion of energy use, particularly in
developing countries. For a technology to make a truly substantial contribution to energy supplies,
innovation is essential. It will be the defining feature of a successful nuclear industry and a critical
feature of international co-operation in support of that industry, co-operation that ranges from joint
scientific and technological initiatives, to safety standards and guidelines, and to security and
safeguards activities. Innovation is also essential to attract a growing, high-quality pool of talented
scientists, engineers and technicians of the calibre and size needed to support a truly substantial
nuclear contribution to global energy supplies.

In order to set out the boundary conditions for the desired innovations of nuclear energy systems
within INPRO several aspects of the future of nuclear systems where discussed:

Prospects and Potentials of nuclear power within the next 50 years;
User Requirements for innovative nuclear energy systems in the area of Economics,
Sustainability and Environment, Safety, Waste Management, Proliferation Resistance

- Methodology for Assessment of Innovative Nuclear Energy Systems.
Considerations on changes in the nuclear infrastructure

This Phase was completed in June 2003 and the results were published in a document: Guidance
for the evaluation of innovative nuclear reactors an fuel cycles (Report on Phase 1A of the
International Project on Innovative Reactors an Fuel Cycles (INPRO)-IAEA-tecdoc-1362). Now
several Member States are conducting case studies to apply the INPRO methodology to make a
judgment on the potential of selected innovative nuclear technologies under consideration for
development, to specify corresponding RD&D needs for their development, and to identify
improvements in the methodology.

The results of FNPRO are outlined below followed by a short description of the current
activities.

2. NUCLEAR POWER PROSPECTS AND POTENTIALS
In the area of Prospects and Potentials of nuclear power, three topics were evaluated in the

project: past developments and the current role of nuclear energy, issues surrounding the use of
nuclear power, and the potential role of nuclear energy systems in meeting the demand for energy in
the 21st century. Early developments in civilian nuclear power were characterized by the need to
keep pace with the high energy growth rates of the post-war period, which gave rise to ambitious
plans for thousands of GW of nuclear capacity to be installed by the end of the 20th century. But the
deployment of nuclear power slowed, primarily because of a decline in the growth of energy
demand in the developed countries. Other factors also contributed, such as serious accidents at
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Three-Mile Island and Chernobyl and concerns about the long term management of high level
nuclear wastes and about nuclear proliferation.

While expansion of the number of nuclear power plants has slowed, one very significant recent
development has been the steady improvement in availability factors worldwide, equivalent to the
construction of about 33 new 1000 MWe nuclear power plants. The result is that nuclear power has
retained its 16% share of global electricity production. Even though currently new additions to
nuclear capacity are centred in Asia, signs of revitalization in Western Europe and in the North
America are envisaged.

The results of a Special Report on Emission Scenarios (SRES), commissioned by the Inter-
governmental Panel on Climate Change (IPCC) in 1996, and published in 2000, have been used to
examine the expectations and potential for nuclear energy in the 21st century. The SRES presents 40
reference scenarios, grouped according to four storyline families, extending to 2100. Global primary
energy grows between a factor of 1.7 and 3.7 from 2000 to 2050, with a median increase by a factor
of 2.5 (see Figure 1). Electricity demand grows almost 8-fold in the high economic growth scenarios
and more than doubles in the more conservative scenarios at the low end of the range. The median
increase is by a factor of 4.7. Moreover, nuclear energy plays a significant role in nearly all the 40
SRES scenarios, including the four analysed in this project.

This contrasts with near-term projections by the IAEA, International Energy Agency and US
Energy Information Agency that show a declining nuclear share in global electricity production in
coming decades, and little or no nuclear movement into energy applications beyond electricity. The
difference between these more pessimistic near-term projections and a truly substantial future
contribution of nuclear energy - one that takes nuclear's percentage of the world's primary energy
supply well beyond today's modest share to 20%, 50% or more - is innovation.

Fig. 1. Range of future primary energy demand in SRES scenarios, 2000-2050

Innovative nuclear systems therefore can play an important role in meeting this rapidly
expanding world energy demand, consistent with the principle of sustainable development, i.e.
meeting the needs of current generations without compromising the ability of future generations to
meet their needs. To achieve this objective the issues on which debate concerning the future role of
nuclear energy is most often focused need to be addressed. These issues are: economic
competitiveness, safety, waste management, proliferation resistance and physical protection, and last
but not least sustainability and environment.
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3. USER REQUIREMENTS
3.1. Economics
In the area of Economics four selected scenarios from the SRES study have been analysed (see

Figure 2).
They cover a variety of possible future developments that are characterized by differing levels of

globalisation and regionalization and by differing views of economic growth versus environmental
constraints

Fig. 2. SRES Scenarios used in INPRO study

Provided innovative nuclear systems are economically competitive they can play a major role in
meeting future energy needs. Economic competitiveness depends on the learning rates (cost
reductions as a function of experience) achieved by nuclear energy relative to those of competing
technologies. Specific capital costs and electricity production costs (see Figure 3) have been derived
that would enable nuclear energy to compete successfully against alternative energy sources within
the four selected SRES scenarios chosen.

N7R- 2000 A1T A1T-N 81 B1-N A2 A2-N B2 B2-N

NTR = Nuclear Technology Review (IAEA)
2000 = SRES input in the year 2000

Fig. 3. Ranges for Electricity Production Costs in 2050 for Nuclear Power Plants

The bar in Figure 3 called AIT shows the SRES cost of electricity by nuclear power in this
scenario, the bar named A1T-N shows the necessary range of costs for nuclear to be competitive in
this scenario against alternative energy sources.
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These costs should be used with caution since they depend on the learning rates for competing
technologies implicit in the SRES scenarios. The important message is that for nuclear technology to
gain and grow market share it must benefit sufficiently from learning to keep it competitive with
competing energy technologies. For such learning to take place experience must be gained and to
gain such experience the energy from innovative nuclear systems must be cost competitive with
energy from alternative sources and innovative nuclear systems must represent an attractive
investment to compete successfully in the capital market place (for an example of the corresponding
INPRO Basic Principles, User Requirements and Criteria see Table 1).

Table I. Example for a Basic Principle, User Requirement and Criteria for Economics

Basic Principle 2: Innovative Nuclear Systems must represent an attractive investment compared with
other major capital investments

User
Requirement

The total investment
required to design,
construct, and
commission innovative
nuclear systems,
including interest
during construction,
must be such that the
necessary investment
funds can be raised.

Criteria
Indicator

Total
investment.

Project
construction and
commissioning
times.

Acceptance Limit

Investment in innovative nuclear systems enable a return
comparable with or better than that required to deploy a
competing energy technology of comparable size.
Times comparable to alternative projects.
Schedules met.

In total, INPRO defined two basic Principles, five User Requirements and several Criteria in this
area. To be cost competitive all component costs, e.g., capital costs, operating and maintenance
costs, fuel costs, must be considered and managed to keep the total unit energy cost competitive.
Limits on fuel costs in turn imply limits on the capital and operating cost of fuel cycle facilities,
including mines, fuel processing and enrichment, fuel reprocessing and the decommissioning and
long term management of the wastes from these facilities. Cost competitiveness of innovative
nuclear systems as well, as meeting the Principles and Requirements established by INPRO in the
areas of safety, waste management, sustainability, proliferation resistance and cross cutting issues
will contribute to investor confidence.

3.2. Sustainability and Environment
Internationally there exists strong interest and support for the concept of Sustainability. There is

a prima facie case that nuclear power supports sustainable development by providing much needed
energy with relatively low burden on the atmosphere, water, and land use. Further deployment of
nuclear power would help to alleviate the environmental burden caused by other forms of energy
production, particularly the burning of fossil fuels. INPRO has set out two Basic Principles (see
Table 2) related to sustainability, one dealing with the acceptability of environmental effects caused
by nuclear energy and the second dealing with the capability of innovative nuclear systems to
deliver energy in a sustainable manner in the future. In addition four User Requirements and several
corresponding Criteria were defined.
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Table II. Basic Principles for Sustainability and Environment

Principle 1- Acceptability of Expected Adverse Environmental Effects
The expected (best estimate) adverse environmental effects of the innovative nuclear system must be well
within the performance envelope of current nuclear systems delivering similar energy products.
Principle 2 - Fitness for Purpose
The innovative nuclear system must be capable of contributing to the energy needs in the future while
making efficient use of non-renewable resources.

Protection of the environment from harmful effects is seen to be fundamental to sustainability.
Adherence to the principle that the present generation should not compromise the ability of future
generations to fulfil their needs, requires that the future be left with a healthy environment.
Notwithstanding the major environmental advantages of nuclear technology in meeting global
energy needs, the potential adverse effects that the various components of the nuclear fuel cycle may
have on the environment must be prevented or mitigated effectively to make nuclear energy
sustainable in the long term. Moreover, efficient and effective use of resources will be necessary for
a nuclear energy system to fulfil its long-term potential. Environmental effects include: physical,
chemical or biological changes in the environment; health effects on people, plants and animals;
effects on quality of life of people, plants and animals; effects on the economy; use / depletion of
resources; and cumulative effects resulting from the influence of the system in conjunction with
other influences on the environment. Both radiological and non-radiological effects as well as trade-
offs and synergies among the effects from different system components and different environmental
stressors need to be considered.

To be sustainable the system must not run out of important resources part way through its
intended lifetime. These resources include fissile/fertile material, water (when supplies are limited
or quality is under stress) and other critical materials. The system should also use them at least as
efficiently as acceptable alternatives, both nuclear and non-nuclear. All relevant factors (sources,
stressors, pathways, receptors and endpoints) must be accounted for in the analysis of the
environmental effects of a proposed energy system, and the environmental performance of a
proposed technology needs to be evaluated as an integrated whole by considering the likely
environmental effects of the entire collection of processes, activities and facilities in the energy
system at all stages of its life cycle.

3.3. Safety of Nuclear Installations
In the area of Safety of Nuclear Installations, INPRO recognizes that extensive work has been

done prior to INPRO to establish safety requirements including the Advanced Light Water Reactor
Utility Requirements prepared by EPRI, the European Utility Requirements prepared by the
European Utilities, IAEA Safety Standards Series, e.g., Safety Guides, and documents of the
International Nuclear Safety Advisory Group (INSAG). The Safety Principles and Requirements
developed within INPRO are based on extrapolation of current trends and seek to encompass the
potential interests of developing countries and countries in transition. For nuclear reactors, the
fundamental safety functions are to control reactivity, remove heat from the core, and confine
radioactive materials and shield radiation. For fuel cycle installations, they are to control sub-
criticality and chemistry, remove decay heat from radionuclides, and confine radioactivity and
shield radiation. To ensure that innovative nuclear systems will fulfil these fundamental safety
functions, INPRO has set out five Basic Principles (see Table 3) but it is also expected that prior
work will also be used to the extent applicable.

In total, INPRO defined for these Basic Principles twenty-seven related User Requirements and
several Criteria.
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INPRO expects that innovative nuclear systems will incorporate enhanced defence in depth as
part of their basic approach to safety but with more independence of the different levels of
protection in the defence in depth strategy, and with an increased emphasis on inherent safety
characteristics and passive safety features. The end point should be the prevention, reduction and
containment of radioactive releases to make the risk of innovative nuclear systems comparable to
that of industrial facilities used for similar purposes so that for innovative nuclear systems there will
be no need for relocation or evacuation measures outside the plant site, apart from those generic
emergency measures developed for any industrial facility. RD&D must be carried out before
deploying innovative nuclear systems, using e.g., large scale engineering test facilities including
possibly pilot plants, to bring the knowledge of plant characteristics and the capability of codes used
for safety analyses to the same level as for existing plants. The development of innovative nuclear
systems should be based on a holistic life cycle analysis that takes into account the risks and impacts
of the integrated fuel cycle. Safety analyses will involve a combination of deterministic and
probabilistic assessments, including best estimate plus uncertainty analysis.

Table III. Basic Principles for Safety of Nuclear Installations

Principle 1: Innovative nuclear systems shall incorporate enhanced defence in depth as a part of their
fundamental safety approach and the levels of protection in defence in depth shall be more independent from
each other than in current installations.
Principle 2: Innovative nuclear systems shall prevent, reduce or contain releases (in that order of priority) of
radioactive and other hazardous material in construction, normal operation, decommissioning and accidents
to the point that these risks are comparable to that of industrial facilities used for similar purposes
Principle 3: Innovative nuclear systems shall incorporate increased emphasis on inherent safety
characteristics and passive safety features as a part of their fundamental safety approach
Principle 4: Innovative nuclear systems shall include associated RD&D work to bring the knowledge of plant
characteristics and the capability of computer codes used for safety analyses to at least the same confidence
level as for the existing plants
Principle 5: Innovative nuclear systems shall include a holistic life-cycle analysis encompassing the effect on
people and on the environment of the entire integrated fuel cycle.

3.4. Waste Management
The already existing nine principles defined by the IAEA for the management of radioactive

waste (see Table 4) have been adopted by INPRO without modification. Thus, waste management is
to be carried out in such a way that human health and the environment are protected now and in the
future, effects beyond national borders shall be taken into account, undue burdens passed to future
generations shall be avoided, waste shall be minimized, appropriate legal frame works shall be
established and interdependencies among steps shall be taken into account. These principles in turn
lead to the need to specify a permanently safe end state (s) for all wastes and to move wastes to this
end state as early as practical, to ensure that intermediate steps do not inhibit or complicate the
achievement of the end state, that the design of waste management practices and facilities be
optimised as part of the optimisation of the overall energy system and life cycle, and for funds to
cover the costs of managing all wastes in the life cycle to be accumulated to cover the accumulated
liability at any stage of the life cycle. In total, INPRO has defined six User Requirements and
several Criteria in this area. RD&D is recommend to be carried out in a number of areas including
partitioning and transmutation and long term human factors analysis to facilitate assessments of long
term risks for waste management systems that require long term institutional controls.
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Table IV. Basic Principles for Waste Management

Principle 1: Radioactive waste shall be managed in such a way as to secure an acceptable level of
protection for human health
Principle 2: Radioactive waste shall be managed in such a way as to provide an acceptable level of
protection of the environment
Principle 3: Radioactive waste shall be managed in such a way as to assure that possible effects on
human health and the environment beyond national borders will be taken into account
Principle 4: Radioactive waste shall be managed in such a way that predicted impacts on the health of
future generations will not be greater than relevant levels of impact that are acceptable today
Principle 5: Radioactive waste shall be managed in such a way that it will not impose undue burdens on
future generations.
Principle 6: Radioactive waste shall be managed within an appropriate national legal framework
including clear allocation of responsibilities and provision for independent regulatory functions
Principle 7: Generation of radioactive waste shall be kept to a minimum practicable
Principle 8: Interdependencies among all steps in radioactive waste generation and management shall be
appropriately taken into account
Principle 9: The safety of facilities for radioactive waste management shall be appropriately assured
during their lifetime

3.5. Proliferation Resistance
In designing future nuclear energy systems, it is important to consider the potential for such

systems being misused for the purpose of producing nuclear weapons. Such considerations are
among the. key considerations behind the international non-proliferation regime. INPRO set out to
provide guidance on incorporating Proliferation Resistance into innovative nuclear systems. The
INPRO results in this area are largely based on the international consensus reached in October 2002
at a meeting held in Como, Italy. Generally two types of proliferation resistance measures or
features are distinguished: intrinsic and extrinsic. Intrinsic features result from the technical design
of innovative nuclear systems including those that facilitate the implementation of extrinsic
measures. Extrinsic measures are based on states' decisions and undertakings related to nuclear
energy systems.

Intrinsic features consist of technical features that: a) reduce the attractiveness for nuclear
weapons programmes of nuclear material during production, use, transport, storage and disposal,
including material characteristics such as isotopic content, chemical form, bulk and mass, and
radiation properties; b) prevent or inhibit the diversion of nuclear material, including the confining
of nuclear material to locations with limited points of access, and materials that are difficult to move
without being detected because of size, weight, or radiation; c) prevent or inhibit the undeclared
production of direct-use material, including reactors designed to prevent undeclared target materials
from being irradiated in or near the core of a reactor; reactor cores with small reactivity margins that
would prevent operation of the reactor with undeclared targets; and fuel cycle facilities and
processes that are difficult to modify; and d) that facilitate nuclear material accounting and
verification, including continuity of knowledge. Five categories of extrinsic measures are defined, as
follows: commitments, obligations and policies of states, such as the Treaty on the Non-Proliferation
of Nuclear Weapons and the IAEA safeguards agreements; agreements between nuclear material
exporting and importing states; commercial, legal or institutional arrangements that control access to
nuclear material; verification measures by the IAEA or by regional, bilateral and national measures;
and legal and institutional measures to address violations of measures defined above.

INPRO has produced Basic Principles (see Table 5) that require the minimization of the
possibilities of misusing nuclear material in innovative nuclear systems; a balanced and optimised
combination of intrinsic features and extrinsic measures; the development and implementation of
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intrinsic features; and a clear, documented and transparent method of assessing proliferation
resistance.

To comply with these Basic Principles requires the application of the concept of defence in
depth by, e.g., incorporating redundant and complementary measures; an early consideration of
proliferation resistance in the development and design of innovative nuclear systems; and the
utilization of intrinsic features to increase the efficiency of extrinsic measures. RD&D is needed in a
number of areas, in particular, in developing a process to assess the proliferation resistance. In total,
INPRO defined five User Requirements and several Criteria in this area.

Table V. Basic Principles for Proliferation Resistance

Principle 1: Proliferation resistant features and measures should be provided in innovative nuclear
systems to minimize the possibilities of misuse of nuclear materials for nuclear weapons.
Principle 2: Both intrinsic features and extrinsic measures are essential, and neither should be
considered sufficient by itself
Principle 3: Extrinsic proliferation resistance measures, such as control and verification measures will
remain essential, whatever the level of effectiveness of intrinsic features.
Principle 4: From a proliferation resistance point of view, the development and implementation of
intrinsic features should be encouraged.
Principle 5: Communication between stakeholders will be facilitated by clear, documented and
transparent methodologies for comparison or evaluation/assessment of proliferation resistance.

4. METHODOLOGY FOR ASSESSMENT
INPRO has also developed a methodology for evaluating innovative nuclear systems, the

INPRO Methodology. It comprises the INPRO Basic Principles, User Requirements, and Criteria,
and a set of tables and guidance on their use that can be used to evaluate a given innovative nuclear
systems, or a component of such a system on a national, regional and/or global basis. The INPRO
Methodology is oriented more to identifying a range of technology alternatives that will fulfill Basic
Principles and User Requirements set out for innovative nuclear systems, rather than to selecting a
single best solution. It is recognized that the methodology will need to be applied iteratively, that the
INPRO User Requirements and Criteria may be supplemented by additional Requirements and
Criteria, e.g., taken from existing Standards and Guides. To assess a given nuclear energy system (or
a component thereof) the nuclear energy system and its components are specified together with
approaches for meeting all relevant Criteria, User Requirements and Basic Principles. Judgments are
then established of the potential of the approaches and their constituent components to meet the
Criteria, User Requirements and Basic Principles for the nuclear energy system, and a judgment of
the entire system is arrived at from the judgments for compliance with all of the Basic Principles,
User Requirements, and Criteria. Additional effort will be needed to develop the methodology
further for widespread use and to ensure consistency and credibility of the results. Prior to
committing to such an effort an assessment of the efficacy of the methodology should be obtained
by using it in a number of case studies. To test the methodology, several case studies are being
carried out by some INPRO Members for different types of innovative nuclear systems, including a
global system with components at the preliminary stage of development, a future system that is
already reasonably well developed, and systems being considered for application in different
countries or regions.

5. NUCLEAR INFRASTRUCTURE
Issues other than technical requirements are important to potential users of innovative nuclear

systems. Many of the factors that will either facilitate or obstruct the on-going deployment of
nuclear power over the next fifty years relate to nuclear power infrastructure, international
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cooperation, and human resources. Nuclear power infrastructure comprises all features/
substructures that are necessary in a given country for the successful deployment of nuclear power
plants including legal, institutional, industrial, economic and social features/substructures. The
SRES scenarios indicate that the growth of nuclear power will be facilitated by globalization and
internationalization of the world economy, and that the growth of demand in developing countries
will be a major consideration. Globalization and the importance of developing countries in future
world energy markets point to the need to modify infrastructures, both nationally and regionally, and
to do so in a way that will facilitate the deployment of nuclear power systems in developing
countries.

In a globalizing world with a growing need for sustainable energy, harmonization of regulations
and licensing procedures could facilitate the application of nuclear technology. Such harmonization
among different markets is in the interest of suppliers and developers of technology as well as users
and investors. The development of innovative nuclear systems to comply with the Basic Principles,
Requirements and Criteria set out in this project should facilitate such harmonization and could
make it possible to change the way the production of nuclear energy is regulated. When, for
example, the risk from innovative nuclear systems are 'comparable to that of industrial facilities
used for similar purposes,' and 'there is no need for relocation or evacuation measures outside the
plant site, apart from those generic emergency measures developed for any industrial facility,' the
requirements for licensing could possibly be simplified. In developing countries that do not have a
highly developed nuclear knowledge base and infrastructure, the development of regional or
international licensing and regulatory mechanisms and organizations could play an important role.
Additional factors that would be expected to favour the deployment of innovative nuclear systems,
particularly in developing countries include: optimisation of the overall nuclear energy system by
considering component facilities located in different countries as part of an international multi-
component system; recognizing the needs of developing countries that have a limited infrastructure
and a real but limited need for nuclear energy; vendor countries offering a full-scope service, up to
and including the provisions of management and operations.

The life cycle of nuclear power investments, including design, construction, operation,
decommissioning, and the waste management, extends well over fifty years in most cases and can
easily extend well beyond one hundred years. Thus, a firm long term commitment of the
government and other stakeholders is seen as a requirement for the successful implementation and
operation of a nuclear power investment and a condition for public acceptance. Clear
communications on energy demands and supply options are important to developing an
understanding of the necessity for and the benefits to be obtained from such long term
commitments. A clear enunciation of the potential role of nuclear energy in addressing climate
change concerns in a sustainable and economic manner, together with the performance of existing
plants can play an important role in such communications.

The development and use of nuclear power technology requires adequate human resources and
knowledge. Globalization brings with it the opportunity to draw on a much broader pool of
resources rather than striving to maintain a complete domestic capability across the many disciplines
of science and engineering that constitute the range of technologies on which nuclear energy
systems depend. International cooperation in science and development can assist with optimizing the
deployment of scarce manpower and, just as important, the construction and operation of large scale
research and engineering test facilities.

6. HIGHLIGHTS OF PHASE IB AND FUTURE OF INPRO
Six countries, participating in of INPRO offered to apply the results of INPRO as described in

the Phase 1A report. Five nuclear systems and their associated fuel cycles were chosen as well one
as fuel cycle concept with emphasis on the proliferation resistance. The main goal of these case
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studies was to get feed back on the proposed set of basic principles and user requirements and the
proposed methodology for assessment. The national case studies concentrated on various innovative
technologies (CAREM-X from Argentina, APHWR from India, BN reactor family from Russia,
MSR from Czech Republic, HTR-10 from China and the DUPIC fuel cycle from the Republic of
Korea). The outcome is currently being anallysed as a base for adjustments of the methodology and
their different parameters. Separately individual experts have worked on various aspects of future
nuclear systems, such as the role of multinational fuel cycle centers. The report was also presented
to various interest groups, amongst them the nuclear industry and national regulatory authorities.
These groups should be involved in the early stages of innovative developments. In a world where
the process of globalisation and internationalisation is ongoing it will be of advantage for suppliers
as well as users of nuclear systems to enhance cooperation on common issues. The growing number
of INPRO members is an indication of the international interest.

7. CONCLUSIONS
The results of INPRO Phase 1A have been documented in a report published in June 2003 by the

IAEA'l Phase 1A was an important first step to fulfil two objectives of INPRO: to ensure the
availability of nuclear energy to help meet growing global energy needs in the 21st century in a
sustainable manner and to bring together prospective buyers and sellers of nuclear technology to
jointly consider actions needed to achieve desired nuclear innovation for the future energy market.
The 21st century promises the most competitive, globalized markets in human history, the most rapid
pace of technological change ever, and the greatest expansion of energy use, particularly in
developing countries. For a technology to make a truly substantial contribution to energy supplies,
innovation is essential. It will be the defining feature of a successful nuclear industry and a critical
feature of international co-operation in support of that industry, cooperation that ranges from joint
scientific and technological initiatives, to safety standards and guidelines, and to security and
safeguards activities. Innovation is also essential to attract a growing, high-quality pool of talented
scientists, engineers and technicians of the calibre and size needed to support a truly substantial
nuclear contribution to global energy supplies.

To help co-ordinate and guide the development of innovative nuclear systems, INPRO Phase 1A
has set out initial Basic Principles, User Requirements and corresponding Criteria in the areas of
economics, the environment, safety, waste management, and proliferation resistance. A
methodology for assessing innovative nuclear systems has also been created. Several elements of the
nuclear infrastructure were reviewed and recommendations for future development made. It
complements and builds upon requirements and criteria set out in existing documents such as the
IAEA Safety Standards Series. All these outputs, from basic principles to the INPRO assessment
methodology, are expected to be steadily sharpened and adjusted based on feedback from early
applications and case studies being currently conducted by several IAEA Member States. In a world
where the process of globalisation and internationalisation is ongoing it will be of advantage for
suppliers as well as users of nuclear systems to enhance cooperation on common issues. The
growing number of FNPRO members is an indication for the international interest.

Based on results of the first phase of INPRO it can be expected that Innovative Nuclear Systems
will be assessed on the base of the basic principles and requirements formulated in INPRO. Need for
further R&D will be identified and cooperation to perform R&D can be sought for together with
international cooperation to demonstrate the innovations in the nuclear technology that can fulfil the
requirements of the society for sustainability of energy supply by nuclear technology.
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CURRENT STATUS OF RADIATION TRANSPORT TOOLS FOR
PROLIFERATION AND TERRORISM PREVENTION*

SaleK.E.
Lawrence Livermore National Laboratory, Livermore, USA

CO

ABSTRACT

We present the current status and future plans for the set of calculations! tools and data bases
developed and maintained at LLNL. The calculation^ tools include the Monte Carlo codes TART*
and COG as well as the deterministic code ARDRA3). In addition to these codes presently in use
there is a major development effort for a new massively parallel transport code

com
AlmPiT^ PaTl °v t h e C T b i l l t y W 6 ' r e d e v e l 0P i nS i s a sophisticated user interface, based on a

commercial 3-D modeling product, to improve the model develoment process. A major part of this
user interface tool ,s being developed by Strela<> under the Nuclear Cities Initiative St7eTa has
Trlm I h u ^ a n d - s P ° k e technology for code input interconversions (between COG TART and
MCNP) and will produce the plug-ins that extend the capabilities of the 3-D modeler for use as a
radiation transport input generator. The major advantages of this approach are the built-in user
interface for 3-D modeling and the ability to read a large variety of CAD-file formats

In addition to supporting our current radiation transport codes and developing new capabilities
we are working on some nuclear data needs for homeland security. These project are earned ou

RPtPl ^ f T M6, I ' ey,NatlOnal L a b ° r a t O r y 88" C y c l ° t r O n and at the ****** for NuclearResearch of the National Academy of Science of Ukraine under an STCU contract.

The Proliferation and Terrorism Prevention (PTP) Program at LLNL
The Proliferation and Terrorism Prevention (PTP) Program at LLNL is part of the

Nonprohferation, Arms Control and International Security Directorate (NAI). The work in PTP is

T ^ y V r a S P O n S O r S t f ^ 8 ™ 1 SP h US D
() TP is

sTcurUv f̂DHSrandPfF t f ^ 8 ™ 1 SP°nS°rS m the U S Departments of Homeland
Security (DHS) and of Energy (DOE). Nuclear nonproliferation programs have been part of DOE's
mission since it was created, the core mission of DHS is counter terrorism. Within PTP the
Radiation Technology Group works in areas relevant to both of these missions. Professor Prussin
will discuss a specific DHS project being conducted by PTP.
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Radiation Transport Modeling for FTP
Computational modeling is a crucial tool for many of the nuclear nonproliferation and

radiological/nuclear counter terrorism programs in that trusted computational tools, properly used
can save a treat deal of time, effort and costs. As an example, it would be prohibitively expensive
and time consuming to test a radiation portal monitor with respect to even a small fraction of the
innocent materials that cause nuisance alarms or threat items. It is feasible to create models of
items, predict detector signals and subject the predicted signals to the analysis algorithm used in the
instrument. Well planned testing with real materials along with careful and much more exhaustive
testing with calculated signals can provide reliable assessments of the performance of radiation
detection systems.

At LLNL we apply a large set of radiation transport tools to our problems. Some of these tools
have been developed at LLNL, some at other places. In this paper the LLNL-developed tools will
be discussed along with the future directions or our tools development plans.

The two time-tested, workhorse tools for radiation transport at LLNL are the codes TART15 and
COG2 .̂ COG is our "full physics" code; the default is that COG uses all the physics information
available in the databases. This means that the cross sections are pointwise defined and continuous
in energy and angle. The geometry description is a sophisticated combinatorial method, fully three
dimensional and including capabilities for handling multiple copies of sub-geometries, arbitrary
scaling, translation and rotations and a wide array of measurement units. An important capability of
COG is the ability to link to user-defined particle source and detector/tally routines at run-time. The
second widely used and well tested code maintained at LLNL is TART. This is a very widely used
code. The particle energies are continuous with groupwise cross sections (augmented by corrections
for neutron transport including a multi-band method to handle resonance self-shielding).

Codes presently under development and beginning to be used are Ardra3) and MERCURY, a 3-D
deterministic solver and a massively parallel Monte Carlo code respectively.

Example Applications
Each year 48 million cargo containers move among the world's sea ports and only a small

fraction are thoroughly inspected. This means that seaports are vulnerable to a terrorist attack.
Illicit radioactive or nuclear materials could be hidden and transported easily. At LLNL there is a
major effort to develop technology to counter this threat5 .̂ The method being developed is the
active interrogation of cargo containers with neutrons. A neutron generator floods the container
with a burst of neutrons. If the neutrons encounter any fissile material fission will be induced. The
telltale neutrons and gamma-rays produced, including beta-delayed emission, will be detected by an
array of detectors surrounding the container. Extensive modeling has been done to assess the
concept indicating that there is a substantial signal from beta-delayed emission which can be
detected. From the models it is clear that the detection will be challenging. Without the modeling
tools that have been developed and used it would have been impossible to determine that the
approach we feasible without a huge investment of time and resources to build and demonstrate the
concept. As the project progresses modeling is used to design and assess the safety of the facility
and to expand the range of the assessments far beyond the set of experiments and tests that can be
conducted. One of the challenges being faced now is the lack or inadequate quality of nuclear data
in the databases the codes use. As the range of problems being addressed grows data that has been
unimportant in the past becomes crucial and low-resolution data which was good enough before is
no longer satisfactory. The expanded data needs of counter-terrorism work are being addressed in
several ways, including cooperation on nuclear data measurements with the Lawrence Berkeley
National Laboratory 88" cyclotron facility and the Institute for Nuclear Research of the National
Academy of Science of Ukraine under an STCU contract.
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NEW TOOLS AND FUTURE DIRECTIONS
The development work going on at LLNL include work on Ardra, a fully-3D, time dependent Sn

code, and MERCURY, a new massively parallel Monte Carlo code, several helper tools and a major
effort with Strela4) to develop a next-generation input generation tool.

One of the very exciting developments underway now is the joint project between LLNL and
Strela to create a new input generator tool. This project has several goals. The first is to address the
tedious and error prone nature of generating input for radiation transport codes. There are two keys
to the new tool, a commercial geometry modeler (FormZ) with a very sophisticated user interface
and extensive capability to use common CAD file formats and a set of plug-ins to provide the extra
capabilities needed for generation of transport code inputs. When this project is complete it will be
far easier for a person to generate an accurate and error-free input for the common radiation
transport codes. An additional benefit of this approach to input generation is the ability to
interconvert among the code input formats that are supported, for example it will be possible to
convert input files to and from COG, TART, MCNP and MERCURY formats making code
intercomparisons much easier. Also the sophisticated geometry rendering and checking capability
of FormZ will be available making geometry debugging far easier and more reliable than at present.

A handful of other small tools have been or are being developed as well. These include a three
dimensional geometry renderer based on the Vislt6) visualization tool, a source specification tool
which generates input for a radioisotope and all daughters at an arbitrary age.

SUMMARY
In support of the Proliferation and Terrorism Prevention Program at LLNL several time-tested

radiation transport tools are being maintained, developed and supported. These tools include COG,
TART and nuclear data work. In addition we are preparing for the future needs of this and other
programs by developing a set of powerful new tools that will make higher fidelity, more complete
models and calculations possible at much lower cost in time and effort. The main new tools under
active development are MERCURY and a powerful and user-friendly input generator. The
continuing growth in parallel computing power together with the new tools being developed will
lead to a substantial improvement of the usefulness and usability of radiation transport tools in
proliferation and terrorism prevention.
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EXPERIMENTAL QUEST FOR NEUTRON MATTER
CO
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y Joint Intitutefor Nuclear Researches, Dubna, Russia

Henryk Niewodniczanski Institute of Nuclear Physics, Cracow, Poland
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resonance [8], see Fig. 2.
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Fig. 1. The invariant mass measurement at
GSI for the t+n+n system obtained in the
fragmentation of the 6He beam at 240MeV/n on a
carbon target. The symbols are for the
experimental data. The solid, dotted, and dashed
lines are a result of 3-body microscopic
calculations of the 5H system assuming l/2+, 3/2+

and 5/2+ states respectively, from Ref. [7].

Fig. 2. The missing mass spectrum of 5H from
the reaction p(6He,2p)5H with Dubna 6He beam at
36 MeV/n. The histogram is for the experimental
data. The curves 1-3 represent calculations of
various backgrounds forming t+n+n continuum.
The curve 4 is a fit assuming a Breit-Wigner
resonance and background folded with the
experimental conditions, from Ref [8].

In order to continue study of the 4H and 5H
systems, the transfer reactions in t+d and t+t

collisions respectively, have been applied at FLNR, Dubna. The 58~MeV triton beam, safe
cryogenic deuterium or tritium targets and European Neutron Array "DEMON", for neutron
detection, have been used there in kinematic complete measurements. For the 4H system the g.s.
resonance was obtained at a higher energy than that of GSI [9]. The parameters of the resonance are
consistent with the established ones. The results for the 5H obtained in the t(t,p)5H reaction occurred
to be not straightforwardly comparable with other data. A DWBA estimation of the 2-n transfer
process in this reaction indicates a large "angular momentum mismatch" effect. The reaction yield of
transferred angular momentum L=0 feeding the 5H g.s., is much reduced respect to those of higher
L. Therefore the energy spectrum obtained corresponds mainly to 5H populated by L=2 transfer. Fig.
3(c) shows a possible affect of the g.s. resonance at around of 2 MeV as a distortion of the 5H decay
angular correlation [10].

Fig. 3. The angular correlations of triton decaying
in CM of SH obtained in the t+t reaction at FLNR. (a):
solid line is for pure L=2 decay, dotted and dashed
ones for 5H decay of 3/2+ and 5/2+ states respectively.
(b): symbols are the experimental data for the 5H
excitation energy bin of 3.5-5.5 MeV, the line is a
model prediction for the interfering 3/2+ and 5/2+

resonances, shadow area is for the model folded with
experimental conditions, (c): the same as (b) but for
the energy bin 0-2.5 MeV. Deviation indicates a
presence of the g.s. at ~ 2 MeV, [10].

o 30 90 120
(dgr)

The 1-proton transfer reaction d(6He,5H)3He has been later studied at FLNR. This projectile-
target system was chosen because it gives opportunity to excite simultaneously also isobaric
analogue states T=3/2 of 5He nucleus by the analogues reaction d(6He,5He)3H.
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4 6
E(5H), MeV

Fig. 4. The 5H energy spectrum obtained in

the d(6He,5H)3He reaction at Dubna. Symbols are

for the 3He+t coincidences, the arrow is t+n+n

threshold, curves 1 and 2 are for an isolated g.s.

resonance and the phase-space shape (PS)

respectively. PS includes final state n-n

interaction, from Ref. IT 11.

The experimental conditions for the investigation T=3/2 states in 5H and 5He by the reactions in
question are practically the same. The result is shown in Fig. 4. One can see that without inclusion
of a prominent and rather narrow 5H g.s. resonance one is unable to describe the spectrum. It is
worth to mention that a similar spectrum have been obtained for the neutron transfer reaction
leading to high 5He excitation. The similarity of the H and 5He excitation energy spectra is the first
experimental evidence for the T=3/2 analogue state in 5He [11].

The question of existence of bound or quasi-bound tetraneutron system has attracted much
interest, and several attempts to observe such object were done in the past, e.g. compilation [12]. No
manifestation of bound or resonant 4-n system has been found. The subject became much discussed
after a suggestion that a bound tetraneutron could be formed in a break-up of 14Be projectiles [13].
Theoretical estimations of 4-n g.s. are generally in accord that the system is unbound, but do not
exclude existence of low laying resonance. Beams of 8He ions offer a new opportunity for study of
tetraneutron. 4n system can be produced from the He by the alpha transfer reactions on light
targets. Such experiment has been done at GANIL and preliminary results are shown in Fig. 5, [14].

Fig. 5. The tetraneutron spectrum obtained
from d(8He,6Li)4n reaction with a 8He beam of
15.4 MeV/n at GANIL. The black histogram is
for the inclusive yield of 6Li, the grey one for 6Li
in coincidence with neutrons, dotted line is for 5
body (6Li +4n) phase-space distribution (PS),
solid one is for the 5 body PS modified by the
inclusion of 2 pairs of n-n final state interaction,
from Ref. [13].

The obtained spectrum seems to follow phase-space shape with a 2a confidence level
enhancement around 2 MeV. A weaker enhancement one could see also at -1.5 MeV. It is the region
of bound 4n. However, even if true, the enhancement could be most likely explained as isospin
forbidden transition leading to the particle stable Lî T)̂  state at 3.56 MeV, not as a bound 4n. More
statistics is obviously needed to make conclusions.

The partial support by the in2p3-Poland accord No 02-106 is acknowledged.
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CONDITION OF RESEARCH REACTOR
SPENT NUCLEAR FUEL IN WET STORAGE1

'Lambert J.D.B., 2Maksimkin O.P.
1' Argonne National Laboratory; Chicago, USA.

institute of Nuclear Physics, Almaty, Kazakhstan

UZ0703334

INTRODUCTION
The Department of Energy established the Integrated Research Reactor Safety Enhancement

Program (IRRSEP) in 2002 to support U.S. nonproliferation goals by (a) implementing safety
upgrades, or (b) assisting with the safe shutdown and decommissioning of foreign test and research
reactors presenting security concerns. This review of spent nuclear fuel (SNF) grew out of IRRSEP
collaborative work with the Institute of Nuclear Physics, Kazakhstan (1).

SCOPE OF REVIEW
The condition of SNF in wet storage at ten Soviet-designed research reactors (Table 1) was

reviewed in the light of international experience in order to identify possible safety issues. These
ten reactors use Al-clad UO2-AI or U-Al alloy dispersion fuels of >20% enrichment fabricated in
Russia (2). The ten reactors began operation over 1957-74 and today five are shut down
permanently. Although SNF was originally sent to Russia for reprocessing much of it generated over
the last 25-30 years has been stored at the reactors in fuel storage pools (FSPs) of variable water

' Article created by the University of Chicago as Operator of Argonne National Laboratory under contract No. W-31-
109-ENG-S8 with the U.S. Department of Energy. The U.S. government retains for itself, and others acting on its
behalf a paid-up nonexclusive, irrevocable worldwide license in said article to reproduce, prepare derivative works,
distribute copies to the public, and perform publicly and display publicly, by and on behalf of the Government.
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quality. Table 1 includes research reactors in Brazil and Argentina of similar vintage, which use Al-
clad dispersion plate fuel of U.S. origin. Data on SNF condition was obtained from site visits for
IRRSEP and other programs, and workshops (3), conference proceedings and journal articles.
Particularly valuable information came from an IAEA Coordinated Research Project on research
reactor SNF performed over 1997-2003 (4).

The Al cladding of research reactor fuel irradiated in water at 60-80°C is rapidly oxidized to
give a layer of Boehmite or AI2O3.H2O (5), which will protect it from further degradation, Fig. 1 (6).
After discharge to an SFP, the condition of SNF during subsequent wet storage is then largely
determined by the stability of this Boehmite layer.

Table 1: Research reactors in this review (in order of startup)

Country

Romania
Brazil

Poland

Yugoslavia
Hungary

Uzbekistan

Ukraine

Latvia

Bulgaria

Kazakhstan

Argentina
Poland

Reactor

WWR-S
IEA-R1

WWR-S
(EWA)

RA
WWR-

SM

WWR-
SM

WWR-M

IRT-5000

IRT-2000

WWR-K

RA-3
Maria

Startup
(Upgrade)

1957
1957

1958
(1968)
1959
1959

(1968)
(1992)
1959

1960

1961
(1973)
1961

(1985)
1967
1998
1968
1974

Permanent
Shutdown

1997

1995

1984

1997

1989

Power
(MW)

3.5
2

2
6-10
6.5
2
5
10
10

10

2
5
2
5
10
6
5
15

U-235

(%)
10,36
20, 90,

20
10
36

2(80)
10
36
36

90/36
20
36

10
90
10
36
36

20
80

IRRSEP
Interest

Yes

Yes

Yes

Yes

Yes

Yes

Assembly
Type

EK-10, S-36
Plate type

EK-10
WWR-SM

RA
EK-10

WWR-SM
WWR-M2

IRT-2M/3M
IRT-4M
WWR-
M2/M5
EK-10

IRT-2M/3M
EK-10
S-36

WWR-TS

Plate type
MR-5/MR-6

Spent Fuel Condition
The external condition of the wet-stored SNF assemblies from the reactors under review varied

from significant failure due to galvanic corrosion that was driven by poor water quality, through
gradual pitting caused by slightly impure water, to a stable condition of no observable change in the
oxidized Al alloy surface of the irradiated fuel. SNF stability in wet storage appears to depend on

58
Plenary Reports



Proceedings of the Third Eurasian Conference "Nuclear Science and its Application", October 5 - 8 , 2004.

Fig.l Reactor-formed Boehmite layer

three factors: (a) Al being the sole metal in the
FSP to avoid galvanic action; (b) good water
chemistry2 to suppress attack of the Boehmite
layer by aggressive ions, and (c) careful SNF
handling to limit damage to the Boehmite layer.
If one of these factors is not satisfied, SNF will
degrade; if more than one factor is not satisfied,
failure of the Al cladding may occur (see Table
2). But even SNF failure does not seem to raise
significant safety issues—for example, after
drying, failed SNF from the RA-3 reactor was
recently shipped to the U.S. for storage without
any difficulty (4). A possible exception is where
galvanic corrosion and very impure water has
caused massive fuel failure, as at the RA reactor.
Figure 2 shows the excellent condition of WWR-
K SNF, where water quality is high and the FSP
contains only Al.

Insight into the history of FSP water quality came
from the condition of the unalloyed Al liners used in
most FSPs. Unlike Al cladding which forms its stable
Boehmite layer in-reactor, Al liners remain unprotected
and prone to significant corrosion in impure water. In
the absence of much information regarding water
chemistry in the early years of reactor operation, the
condition of the FSP liners was used as an indication of
past water quality; i.e., where water quality was poor,
significant liner corrosion would occur, and vice versa.
Based on this interpretation of water quality, Table 2
summarizes our understanding of the condition of the
SNF reviewed here.

The condition of the FSP liner in several of the
reactors raises the safety issue of losing water from FSPs
due to liner failure. Where the risk of failure is high, the
pool liner should be replaced, as was done at the WWR-
SM reactor in Budapest in 1986 (after 27 years use) and
at the EWA reactor in 1997 (after 39 years use).
Meanwhile the Al liners at the WWR-M and WWR-SM
reactors are exhibiting significant pitting corrosion after
43 and 44 years of use and should be evaluated. Figure 3
shows the condition of the WWR-M liner.

Fig.2. Surface condition of WWR-TS
SNF from WWR-K reactor

2 IAEA recommended water chemistry values are:- electrical conductivity: 1-10 uS/cm; pH: 5.5-6.5; Cl" ions: <l-5 ppm;
SO4' ions: <10 ppm; Cu, Hg, Ag: <0.02ppm; Fe, Al, NO3 NO2 <1 ppm; and hardness: <60 ppm (4).
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Table 2: Summary of SNF condition in wet storage

Mode of Attack

Galvanic
corrosion
in impure

water

Pitting
corrosion
in impure

water

None
apparent

Reactor

RA
Yugoslavia

RA-3
Argentina
IER-R1
Brazil

WWR-SM
Uzbekistan
WWR-M
Ukraine

WWR-SM
Hungary
WWR-S
Romania
IRT-2000
Bulgaria
WWR-K

Kazakhstan

Water
Quality

Bad

Poor

Fair

Poor

Poor

Poor

Fair

Poor

Good

Dissimilar
Metals

Yes

Yes

Yes

No

No

No

Yes*

Yes

No

Cs-137 Activity
in FSP (Bq/L)

140,000
(1996)

-120,000
(1999)

<5
(2002)

NA

6,600
(1999)

NA

50,000
(1997)

NA

50-70
(2003)

SNF
Failure

Yes

Yes

Yes

No

No

No

No

No

No

Comments

Steel storage barrels
leak Cs-137 activity

Low Cs activity
due to cleanup

Cs activity from
WWR-M2 failures
in-reactor in 1991

Likely bad water early;
galvanic corrosion now

No failures in-reactor
or in wet storage

* Thermocouple elements

SUMMARY
The stability of SNF in wet storage depends on good water

chemistry, an absence of dissimilar metals in the FSP, and gentle
handling—measures that will minimize damage to a protective
layer of Boehmite (AI2O3.H2O) that forms on Al-clad fuel in-
reactor. Although departure from these measures occurred in the
early operation of some research reactors, their importance has
been stressed over the last decade at workshops and meetings and
is now well known. Degradation of SNF in wet storage is
therefore becoming a phenomenon of the past. In contrast, the
unalloyed Al liners of FSPs are not so protected by an oxide layer,
and their safety should be evaluated.

Fig.3. Pitting corrosion of the Al liner
of the FSP at the WWR-M reactor
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INTERNATIONAL TECHNICAL WORKING GROUP COOPERATION
TO COUNTER ILLICIT NUCLEAR TRAFFICKING

Smith D.K., Nieraeyer S.
Lawrence Livermore National Laboratory, Livermore, USA

The Nuclear Smuggling International Technical Working Group (ITWG) is an international
body of nuclear forensic experts that cooperate to deter the illicit trafficking of nuclear materials.
The objective of the ITWG is to provide a common approach and effective technical solutions to
governments who request assistance in nuclear forensics. The ITWG was chartered in 1996 and
since that time more than 28 nations and organizations have participated in 9 international meetings
and 2 analytical round-robin trials. Soon after its founding the 1TWG adopted a general framework
to guide nuclear forensics investigations that includes recommendations for nuclear crime scene
security and analysis, the best application of radioanalytical methods, the conduct of traditional
forensic analysis of contaminated materials, and effective data analysis to interpret the history of
seized nuclear materials [1]. This approach has been adopted by many nations as they respond to
incidents of illicit nuclear trafficking.

DEFINITIONS
Nuclear forensics is the analysis of intercepted illicit nuclear or radioactive materials and any

associated materials to provide evidence for identifying, attributing, and prosecuting those
responsible for their unauthorized diversion or use. The goal of nuclear forensics analysis is to
identify forensic indicators in interdicted nuclear and radiological samples or its surrounding
environment. These indicators arise from known relationships between material characteristics and
process history.

Nuclear forensic interpretation is the process of correlating the material characteristics with its
production history. The goal of nuclear forensic interpretation is to determine the method, time, and
source of production. The ability to match analytical data with existing information on methods used
to produce radioactive materials, and with prior cases involving smuggled and interdicted nuclear
materials, will aid in the analysis.
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THE INTERNATIONAL NATURE OF THE NUCLEAR TRAFFICKING PROBLEM
Nuclear terrorism remains a real threat due to the supply of radioactive materials in the

industrialized and developing world and the motivations of those individuals and groups intent on
using these unique supplies for malfeasant purposes. The nuclear fuel cycle generates an abundance
of radioactive stocks sourced in the extraction of uranium ores, milling and concentration steps,
isotope enrichment, fabrication into nuclear fuels, irradiation in a reactor, reprocessing of irradiated
nuclear fuels, fabrication into special nuclear materials and nuclear weapons, disposition of excess
supply, and disposal of radioactive wastes. Due to the complexity of the cycle, there is the chance
that materials might be diverted outside of channels authorized for their legitimate manufacture,
handling, and protection. The potential for the use of radioactivity in a terrorist act is further
compounded by the growing international nature of the problem. The end of the Cold War has
introduced many nations each with their own inventories of and controls over nuclear materials; in
other nations asymmetric political forces also contribute to global incidents of terrorism.
Circumstances that combine unsecured supplies of nuclear materials with international political
environments susceptible to trafficking are a destabilizing influence throughout the world.

AVAILABILITY OF NUCLEAR MATERIALS
The source and nature of the nuclear materials is varied. Nuclear materials may include uranium

with 235U enrichments greater than 20% and plutonium with less than 7 % of the 240Pu isotope that
can be used to construct a nuclear weapon. Other direct usable nuclear materials are unirradiated or
irradiated nuclear reactor fuels including uranium and plutonium oxides that can be used as part of a
radiological dispersal device (RDD) or so called "dirty bomb". Commercial radioactive sources
consist of chemically purified isotopes that decay by emission of alpha, beta, or gamma rays. They
are produced either as a product of the fission process, e.g., 137Cs, 90Sr, or as a result of neutron
capture, e.g., 60Co , 24IAm. These radioactive isotopes are useful sources of radioactivity for medical
diagnostics and therapy, non-destructive analysis of materials, sterilization of medical equipment
and food, and generation of electricity in remote locations. The significant level of radioactivity in
many commercial radioactive sources makes them attractive components of a RDD.

EPISODES OF ILLICIT NUCLEAR TRAFFICKING
The International Atomic Energy Agency (IAEA) has been maintaining its Illicit Trafficking

Database (ITDB) on cases of contraband with nuclear and other radioactive materials since 1995. It
includes incidents dating back to 1993. The ITDB records incidents, which have been officially
reported or confirmed by Member States, but also incidents, which are still awaiting confirmation.
As of December 31, 2003, the ITDB has recorded a total of 540 confirmed events involving illicit
trafficking in nuclear and other radioactive materials. 205 of those cases involved nuclear materials.
The annual number of confirmed nuclear trafficking incidents was highest in 1993-1994. Since then
it has stabilized at a lower level and further decreased in 2002 and 2003. In addition to confirmed
cases of nuclear trafficking, more than 90 incidents, which are yet to be confirmed, allegedly
involved nuclear materials.

Although it is difficult to predict the future course of illicit trafficking in nuclear and radiological
materials, increasingly such activities are viewed as significant threats that merit the development of
special capabilities. As early as April, 1996, nuclear forensics was recognized at the G-8 Summit in
Moscow as an element of the response to illicit nuclear trafficking. The value and need for nuclear
forensics addresses international non-proliferation and threat reduction goals.

INTERNATIONAL COOPERATION
The challenge associated with thwarting international illicit trafficking demands international

solutions. Nuclear forensics laboratories around the world are already cooperating to develop
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common technical strategies and databases to this end. The Nuclear Smuggling International
Technical Working Group (ITWG) was chartered in 1996 to foster cooperation in combating illicit
trafficking of nuclear materials. The ITWG has grown steadily since that time to include 28 member
nations and organizations. The technical priorities of the ITWG include the development of
accepted and common protocols for the collection of evidence and laboratory investigations, the
prioritization of techniques and methods for forensic analyses for nuclear and non nuclear samples,
the organization of inter-laboratory forensic exercises, the development of forensic knowledge bases
to assist in interpretation, and technical assistance for requesting countries. In addition the ITWG
regularly participates in nuclear trafficking cases.

The nuclear forensics laboratories participating in ITWG are committed to undertake the
characterization of nuclear or other radioactive materials, which have been confiscated and
submitted to analysis by legal prosecution authorities. These laboratories have pledged to cooperate
closely among themselves and with prosecuting authorities in order to facilitate the elucidation of
illicit events involving nuclear and other radioactive materials.

The ITWG works closely with the IAEA to provide requesting states with assistance in a nuclear
forensics investigation. A requesting state can contact the IAEA to evaluate the need for nuclear
forensics and to obtain information of ITWG capabilities. In addition to the evaluation, the IAEA
can provide additional support including transporting materials from holding sites to laboratories
capable of nuclear forensic analysis.

A core capability of the ITWG is a model action plan that specifies a consensus approach to
conducting nuclear forensics investigations. The model action plan provides recommendations
governing incident response, laboratory sampling and distribution of samples, radioactive materials
analysis including categorization and characterization of samples, traditional forensics analysis, and
case development including nuclear forensics interpretation of signatures. Participating countries -
recently including Poland and Hungary - have adopted the plan and used it successfully to prosecute
their own forensics investigations. Through the multi-lateral partnerships promoted by the ITWG,
response can be tailored. The ITWG offers requesting states a significantly larger collective pool of
expertise in radioactive and traditional forensic analyses and case development than an individual
nation pursuing an investigation in isolation.

The mission of the ITWG has expanded in recent years beyond just technical assistance to
nuclear forensics investigations. From its inception, ITWG members have included policy and
decision makers, law enforcement personnel, as well as scientists with expertise in, and
responsibility for, nuclear forensics. Support from the ITWG to policy-makers and law enforcement
officials have increased through the years. The ITWG remains an association of active practitioners
of nuclear forensics underwritten by funding from sponsoring countries and organizations. While its
primary mission continues to be advancing the science and techniques of nuclear forensics and
sharing technical and information resources to combat nuclear trafficking, the ITWG has recently
focused on improvements to its organization and outreach.

To promote the science of nuclear forensics within the ITWG, the ITWG Nuclear Forensics
Laboratories (INFL) was organized in 2004. The INFL is that piece of the ITWG where the core
nuclear forensics science capability resides distinct from other more administrative functions. The
INFL will promote technical development applied to the nuclear forensics problem including
guidelines for best practices in nuclear forensics, conducting international exercises, evaluation of
new isotopic and elemental signatures, identification of relevant international data and expertise to
aid in nuclear forensics interpretation, communications with external organizations and publishing
INFL reports, technical peer-review and mutual assistance in nuclear forensics investigations.
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CONCLUSION
By its very nature nuclear trafficking is a transboundary problem; nuclear materials may be

manufactured in one location, diverted at a second location, and detected at a third. By encouraging
the participation of those states where nuclear materials are interdicted, the ITWG brings nuclear
forensics expertise and capabilities closer to the states affected by these cases. Only by sharing
information about nuclear processes and materials can participants benefit from collective
experience and knowledge to evaluate and prosecute nuclear trafficking cases. Exchange of forensic
databanks of information and collaboration in the international nuclear forensic enterprise will
resolve cases faster and with greater confidence. Through a common approach to the problem and
the ability to draw on international experience, the ITWG is a significant force in the fight against
illicit nuclear trafficking.
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FUTURE COORDINATED RESEARCHES BY ARGONNE (USA),
TASHKENT (UZBEKISTAN) AND ALMATY (KAZAKHSTAN) NUCLEAR

CENTRES ON THE NUCLEAR REACTIONS AND ASTROPHYSICS

^rtemov S.V., 3Burtebaev N., 3Kadyrzhanov K.K., 2Rehm K.E.,
'Yarmukhamedov R., 'Yuldashev B.S.

'institute of Nuclear Physics, Tashkent, Uzbekistan
2Argonne National Laboratory, Argonne, USA

3 Institute of Nuclear Physics, AI maty, Kazakhstan

Main points of the report:
• Problems and Methods used for study of the nuclear astrophysical reactions
• Activity of scientists of the three Institutions in this field
• Experimental possibilities of these institutions
• Nuclear Astrophysics reactions which would be studied.

I. PROBLEMS OF NUCLEAR ASTROPHYSICS
An actual problem of modern nuclear astrophysics is realistic evaluation of astrophysical S-

factors and rates of the nuclear reactions, which is responsible for the energy generation and
nucleosynthesis in universe at different stages of its evolution. Essential progress in understanding
some of these processes has been made in the last decade [1-4]:
-development of the indirect methods for obtaining astrophysical relevant data;
-using Radioactive Ion Beams and inverse kinematics in measurements;
64 ,
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-development of methods of cross section extrapolation to the stellar energy region.
Remarkable amount of new data on the reaction cross sections at low energies have been

obtained now (see for example [3,4]) and steady progress achieved in reevaluation the rates of
different nuclear processes that are a way of nucleosynthesis and source of energy generation in the
universe. But, in spite of the considerable progress in accumulation of the necessary information, the
available experimental data, close to stellar energies, are insufficient, especially for unstable particle
interactions. The uncertainties, connected both with the experimental errors and extrapolation of
measured cross sections to the low energy region, remain rather remarkable. It influences the model
predictions for the production of elements and energy generation in quiescent and explosive stellar
nucleosynthesis [5].

The research in this field is pursued at many nuclear physical centers in the world including INP
AS RUz and INP NNC RKaz. Such investigations are also carried out at ANL (USA). We now are
looking forward to coordinate the research of three scientific groups in these institutions in the field
of nuclear astrophysics. The experimental possibilities of the "ATLAS" facility, at the U-150M and
UKP-II accelerators will be used as well as some new approaches for obtaining the astrophysical S-
factors and reaction rates.

What nuclear data are needed for nuclear astrophysics now? Firstly, there are precise
astrophysical ^-factors and reaction rates. The critical stellar features (energy production,
nucleosynthesis, etc.) depend directly on the magnitude of the reaction rate per particle pair <cru>
which is defined by the relative probability of the process. As one can see from the Figure 1 (taken
from [6]) that for the normal stellar gas this value has a relatively narrow energy peak around the
effective burning energy Eo, the so-called «Gamow window». It is situated within approximately
40-120 keV (T~2xl07-5xl07 K) for hydrogen burning, and -80-^450 keV (5X107H-3X108 K) for
helium burning.

Maxwell-Boltzman
distribution

Gamow peak

Tunnelling through
Coulomb barrier

Energy - E R O interaction energy, E

Fig. 2. Astrophysical 5-factor's behavior [6].Fig. 1. Relative probability as a function of the
charged particle energy.
The achieved lower boundary of the energy in the laboratory measurements is marked as EL in

Figure 2. Therefore extrapolations from higher laboratory energies to lower stellar energies are
needed.

The astrophysical 5-factor is commonly used, which (in contradiction to the cross section which
drops exponentially) is a smoothly varying function of energy, so the advantage of its use is
obvious. Commonly the 5(0) values are obtained and tabulated. However, the "E equal zero" limit is
disadvantageous compared to the more natural effective-energy limit. The latter is used in order to
modify the thermonuclear reaction rate formula in stellar evolution codes so that it takes into
account both plasma and laboratory screening effects.
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As one can see from the figure, several processes can contribute to the 5-factor (or cross
section), namely, the direct reaction component, broad resonances at higher energies, or at lower
energies (including the extrapolation region), and even below the reaction threshold as well as their
interferences. To take all these phenomena into account, the exact knowledge of reaction mechanism
as well as the spectroscopic data and the resonance parameters (spin and parity J1, strength, level
widths, etc.) is necessary.

II. METHODS OF OBTAINING DATA
Below we mention briefly two possibilities of the «laboratory» investigations of nuclear

astrophysical reactions which in use now. They are called as «direct» and «indirect» methods,
respectively.

Direct methods. These are laboratory measurements of the same reactions which occur in
astrophysical processes within the Gamow window or at somewhat higher energies. Direct
measurements are usually performed by using high intensity low-energy beams of the lightest nuclei
(for example, hydrogen and helium ions). But also heavy ion beams including radioactive ones are
now widely used. In order to reduce the relative kinetic energy, the measurements are performed in
inverse kinematics with heavy projectiles and light targets.

For reducing the uncertainties behind the extrapolation procedure, difficult problems associated
with background suppression, use of thin target thickness etc. shave to be solved when direct
measurements are used. Nevertheless, such measurements of cross sections in the subnanobarn
region are carried out at many nuclear centers.

Indirect methods. These methods measure cross sections, astrophysical S-factors and reaction
rates indirectly by a nuclear reaction such as a particle transfer reactions, the «Trojan horse» method
and Coulomb dissociation. The advantage of these methods is that the interaction energies are
relatively large (-tens MeV/N), so that precise input data can be obtained. A disadvantage is a
necessity of some model assumptions for the astrophysical cross section obtained from the data
which increases the uncertainty of the extracted information. Below we enumerate some of them,
i). Coulomb dissociation [7,8] is extensively applied to the investigation of astrophysical processes.
To study the radiative capture reaction A(x,y)B the nucleus B bombards a high-Z target and decays
onto two fragments A and x. Since the process is regarded as absorption of a virtual phonon, i.e.
B(y,x)A, the radiative capture (the inverse of the photo absorption) cross section can be extracted
from the dissociation yield.
ii). «Trojan horse» method [9,10] is based on the quasi-free reaction mechanism, which allows one
to derive indirectly the cross section of a two-body reaction A+x-»C+c from the measurement of a
suitable three-body process A+a->C+c+b. The effective energy of the reaction between A and x
should be relatively small
iii). Particle transfer reactions using (ANC method) [11-17]. This method is discussed in more
detail. The technique of Asymptotic Normalization Coefficients (ANC) provides an effective
method of indirect determination of the "direct capture part" of S-factors for the astrophysical
important reactions of particle capture A+a—>B.

The ANC for the nuclear system A+a-»B (or the nuclear vertex constant (NVC) of particle x
virtual separation) specifies the amplitude of the tail of the overlap function of the bound state B.
The ANCs can be extracted from differential cross sections of the peripheral particle transfer
reactions. It should be noted that ANCs obtained from the analysis of direct transfer reactions
depend very weakly on model parameters in contrast to commonly used spectroscopic factor.

The experimental differential cross section for the reaction A(x,y)B, x={y+a), {B=A+a} (which
is proposed to be a peripheral reaction) is calculated by the relations:
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(E,0) = (Cy^amM (E,0) /(by+abA+a)

Here C^+a, and Cy+a are the ANCs for {B—>A+a} and {x—+y+a} configurations, bA+a, by+a are the
model (single particle) ANCs (obtained by the "well depth" procedure, using Woods-Saxon
potentials.)
That is to say the cross section for direct peripheral reaction is calibrated by the product
(Cy+a)

2x(CA+a)
2.

The peripheral character of the reaction is checked by the conditions [12,13];

!)• R (K G \ = const for {r , a } within "physically reliable" intervals,
h+a V ' ^ peak ) o diff

}
iff

exp & (p n \ /
2). (CA+a) = p /n (v Q \=const at E values where the stripping

/ K b \ V a k )

mechanism is dominant. The cross section <J(E) for the direct radiative capture has the form

c(E) = N<

where O f ^ J - is the electromagnetic transition operator, *¥k
+ - is the scattering wave function of

the colliding particles A and a. For the peripheral A(<sr,y)B reaction the radial overlap integral is
replaced by its asymptotic expression which is calibrated by the ANC for the B—>A+a system.

What reactions are suitable for the ANCs method? It is clear that first of all the reactions with
loosely bound transferred particles should be taken into consideration because the reactions are
expected to be peripheral. The reaction A(3He,J)B is often used [14-16] for obtaining the ANC
B-»A+p since the energy of proton separation £3He->rf+p=5.49 MeV is not large and the ANC
3He—>d+/? is well known. An additional advantage is that the outgoing particle has not the excited
states.

III. EXPERIMENTAL FACILITIES OF THE INSTITUTIONS
Experimental set-up at the cyclotrons U-150-II INP AS RUzb (Tashkent) and the

isochronous cyclotron U-150 M INP NNC RKaz (Almaty). Accelerated particles in these
machines: 1>2H+ and 3'4He++ at the energies: -8-^15 MeV/nucleon.

A new experimental set-up (by analogy with the Tashkent set-up) has recently been installed at
the U-150-M (Almaty) accelerator ion line. It has been designed and manufactured jointly by
Tashkent and Almaty experimentalists. Both set-ups are intended for the detection of charged
particles - products of nuclear reactions.
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- necessary electronics and
Fig.3. INP AS (Tashkent) reaction chamber for the study of(p,n,a) software for identification
transfer reactions [19]. and treatment the

accumulated spectra.
Differential cross sections of the particle transfer reactions can be measured of the angular region at
2° -176° with an accuracy 6-f8%.

Experimental set-up at the INP NNC RKaz for the measurement of nuclear astrophysical
reactions by the direct method.

It is based on the electrostatic charge-exchange accelerator UKP-2-1. It has two beam lines for
beam transportation (see Fig. 4.). This peculiarity is very useful for parallel checking the accuracy
of the measurements. The proton beam energies is Eiab~200-f 1000 keV and beam current 7P is up to
60 mA at high energy stability. The machine provides heavy ion acceleration also. The experimental
set up includes a scattering chamber and the independent beams intersect in the chamber's centre.
Protection from carbon build up and target cooling are provided for. Ge-detectors provide for
measurements of the angular distributions of y-quanta within 0°+170°. Semiconductor detectors for
detection of the charged reaction products are available.

Argonne tandem linear accelerator system "ATLAS" (ANL, Argonne, USA) facility.
The superconducting ATLAS accelerator has two ion sources based on an electron cyclotron

resonance source and a tandem accelerator for the beam injection. It accelerates a wide spectrum of
ions (practically any stable nucleus) up to the energy of- 10 MeV per nucleon. A "converter" (a
liquid nitrogen cooled deuterium sell) for radioactive ion beam generation as well as some precise
detection set-ups are available.
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Fig. 4. UKP-II-1 facility. Fig. 5. Scheme of the ATLAS facility.

IV. ACTIVITY OF THE INSTITUTIONS IN THE NUCLEAR ASTROPHYSICS AREA
A number of interesting results were obtained by the INP AS of Uzbekistan and the INP NNC of

Kazakhstan. A large part of these investigations is correlated in the framework of the Agreement on
scientific-technical cooperation between these Institutions.

Below we enumerate some results of astrophysical reactions, which have been obtained by the
experimentalists and theorists within these collaborations. The theoretical approaches and
experimental techniques of the institutions have been used.

1. The 12C(p,y)13N proton capture reaction is the input reaction of the dominant CNO-cycle
chain:

12C(p,y)13N(e+v)13C(p,y)14N(^,Y)15O(e+v)15N(p,a)12C

Experimental data exist within the range of 72-̂ -541 keV. The discrepancy in the available
experimental data at the minimal energies is large (>40%). Differential cross sections of the
12C(p,y)13N reaction have been directly measured by the group of Prof. N Burtebaev (INP NNC,
Almaty) within the energy region Ep = 350 -H 1100 keV with experimental errors <10% using the
UKP - 2 accelerator.

The excitation function of the 12C(p,y)13N reaction is presented in figure 6. The errors are less the
sizes of experimental points. For the data of Rolfs: see ref. [17]. The isotropy of the angular
distribution was confirmed.
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Fig. 6. Excitation function of
the I2C(p,y)13N reaction

The calculation of the astrophysical S-factor for the 12C(p,y)13N reaction was fulfilled by R.
Yarmukhamedov at the INP AS RUz. The nuclear vertex constant [14,21] was used for the virtual
decay 13N—*uC+p (G2 = 0.34 fm) to fix the direct capture part within the R-matrix approach. The
resonance parameters from data referred in [22] were used:

r=0.67eV,rp=31.7keV
rY=0.64eV, Fp=62 keV

for 2.37 MeV;f=l/2+level,
for 3.51 MeV;r=3/r level.

A good agreement with the experimental astrophysical S - factor at extremely low energies was
achieved.

2. The 16O(p,y)17F proton capture reaction.
The measurements of differential cross sections of the reaction 16O(p,y)17F at 0°, 45°, 90° and

135° and excitation functions within the range 550 4- 1100 keV were carried out on the UKP-2-1
installation by Prof. N. Burtebaev and his group. Data on elastic scattering l6O(p,p)]6O were
obtained too. The excitation function for the 16O(p,y)17F reaction at 90° is shown in figure 7.

The astrophysical S-factor, penetrability of the potential barrier and reactions rates have been
calculated. Good agreement for calculated cross section of the 16O(p,y)17F reaction with experimental
values and results of the other theoretical works is achieved.

3. The T(a,y)7hi reaction. The experimental astrophysical S-factor measured at rather low
energies can be used as an independent source for getting the ANCs (inverse task). In this case
energy points should be used where the resonant contribution is negligible. The obtained ANCs are
used for the calculation S-factor at extremely low energies (including zero value) where
experimental values cannot be obtained.
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12C

This method, developed by R.Yarmukhamedov and S. Igamov, allows one to exclude the model
dependence of the calculated direct astrophysical S-factor on the geometric parameters of the
Woods-Saxon potential, and on the parameters of the optical model. The method has been applied
for the T(a,y)7Li reaction (see figure 8). A more accurate value of S(0)={0.097±0.01.0} keV-b is
obtained.

o,o 0,4 0,6 0,8

E(MeV)
1,0 1,2

Fig. 8. Astrophysical S factors
for T(a,y)7Li. The lower curve
is the S-factor for population
of the first excited state (0.478
MeV), middle - for G.S.), and
upper - the total. Filled points
are experimental data of C.R.
Brune et al., Phys. Rev. 1994
and the open points are the
calculated extrapolation. The
solid lines are the curves of
the polynomial fits to the
experimental and calculated
data.

4. ANCs obtained from (3He,rf) reactions.
A set of experiments for obtaining ANCs have been carried out with beams from the INP RUzb

U-150, INP NNC RKaz and Moscow State University INP cyclotrons using (3He,d) reactions by the
group of INP RUzb [14,15]. The values of ANCs obtained from the analysis of these and available
data in the literature were averaged over the used projectile energies and for the various acceptable
model parameters. The results are listed in the table 1.
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Table 1.

£*, MeV {/)

0.0 (3")
0.718 (I4)

1.74 (04)
2.16 (1+)
3.59 (2+)
4.77 (3^
5.11 (2*)
5.17 (2*)
5.92 (2+)
6.03 (4"1)

6.13(3")
6.57 (2+)

nlj

1/73/2

1/71/2

1/73/2

1/73/2

1/73/2

1/71/2

1/73/2

25i/2

1/71/2

1/7

1/7/2

1 4
1/73/2

e\frnJ ':
S.587M3B
5.26±0.37
5.50±0.41
2.98±0.30
8.0±0.6
1.46±0.17
0.26±0.06
0.029+0.006
0.099±0.017
0.33±0.10
-0 .3
~4xlO"3

-0.23
-350

11B-*ITJe+/> ' tjr 11 23 MsB
0.0 (O4)
l lc-» 1 05+p '.;.,'
0.0 (3/2")

2.00(1/2")
4.32 (5/2")
4.80 (3/2")
l2C->nB+p
0.0 (O4)
4.439 C24)
7.654 (0+)
9.641 (3")
12.71 (I4)
15.11 (I4)
l3N->12C+p. •

0.0 (1/2")

1/71/2

V;sp=8
I/73/2

1/73/2

i/7

I/73/2

I/73/2

1/71/2

1/73/2

1 4
1/71/2

lpi/2

1/71/2

27.5+3.0

.693 MsB , ;

29±5

0.078 ±0.013
1.8±0.25
0.107 ±0.010

=15.96 M3B
223+31
15.8 ±3.5
1.27 ± 0.42
0.58 ±0.11
1.88 ±0.24
-0.07

. 9 4 3 M 3 B •••••-••

3.26±0.25

£*.MeV(f)

0.0 (I4)

2.313 (O4)
3.948 (I4)
4.915(0")
5.106(2")
5.690(1")
5.83 (3~)
6.204 (1+)
6.444 (3+)
7.028 (2+)
15O-^14N+p
0.0 (1/2")
5.183 (1/24)
5.241 C5/24)

6.176(3/2")
6.793 C3/24)
17F_^160+j7

0.0 C5/24)
0.495 (1/24)
2ONe->19F+p
0.0 (O4)
1.634 (2+)

^Al-y^Mg+p
0.0 (5/2+)

0.844 (1/24)
2.981 C3/24)

1/71/2

I/73/2

1/71/2

1/71/2

251/2

1 4
251/2

1 4
1/71/2

1/7/2

1/73/2

1/7

251/2

1 4
1/71/2

2s,/2

1 4
251/2

C , ftnf J

7.549 MsB
18.8 + 1.7
-0.74
13.0 ±2.4
2.54 ±0.43
14.1 ±3.9
0.42 ± 0.06
9.3 ±3.1
0.18 + 0.04
-0.06
(22±7)xlO"5

0.22±0.06

'.291 IVbB
61 ±9
0.10 ±0.03
0.12±0.03

0.42± 0.08
18 ±4

).598M3B
0.89±0.10
5355+670

E P = 1 2 . 8 4 M 3 B

251/2

1 4
1 4

1 4
25i/2

1 4

245± 30
36±8
26±6
10±3

8.272 MsB
37±5

420± 37
21±2.5

It is preferable to revise these data. For obtaining these data the optical model parameters were used
without restriction on any criteria. In the analysis of most of the reactions effects of the channel
coupling were not taken into account. So some inconsistency exists for the collected data.

5.15O(a,y)19Ne and 18Ne(a,p)21Na reaction studies in inverse kinematics._These are the routes
for breakout from the hot CNO cycle into the rp process in accreting neutron stars:

15O(a,y)19Ne->
12C(p,Y)13N(p,Y)14O(e+v)14N(p,y)15O(e+v)15N(p,a)12C

14O(a,/?)17F07,Y)18Ne(_e+v)18F09)a)15O(e+v)15N(p,a)12C
NeNa hot cyclelSNe(a,p)21Na
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The astrophysical rates of the reaction 15O(a,y)19Ne depends critically on the decay properties of
excited states in 19Ne lying just above the 15O+a threshold. In [24] the /?(2lNe,0 and
3He(2ONe,a)19Ne* reactions in the inverse kinematics were studied for obtaining of the radiative
widths of these states. A high-precision measurement of excitation energies in 22Mg was performed
using the 25Mg(3He,6He)22Mg reaction to study his proton-rich, astrophysically interesting nucleus
[25] using the Enge split-pole spectrograph at Yale. The excitation function for the inverse
21Na(p,a)I8Ne reaction was measured [26] using in-flight facility of the ATLAS accelerator (ANL).
The 21Na beam was produced via the d( °Ne, Na)rc reaction. Excited states populated in 2lNa were
studied through a measurement of the 2]~Na(p,p') 'Na with the same set-up. To obtain the
astrophysical 18Ne(a,/?)21Na reaction rate, the principle of detailed balance was used.

V. POSSIBLE DIRECTIONS OF JOINT INVESTIGTIONS
Here we discuss the actual tasks of nuclear astrophysics guided by the ANC method which can

be solved by a united efforts within the framework of a ANL (USA)-INP AS RUzb-INP NNC RKaz
collaboration. It would be done by obtaining the ANCs with the highest accuracy as possible using:

- three-particle Coulomb dynamics within DWBA should be correctly taken into account;
- role of coupled-channel effects should be analyzed;
- "non peripheral" part of the reaction amplitude should be evaluated.
- more precise definition of the parameters of bound state (Woods-Saxon) potential as well as the

optical parameters should be done.
At the experimental aspect it is necessary to:

- choose the most preferable "projectile-outgoing" pairs in the nucleon and alpha transfer
reactions;

- increase the precision of the data measurement in the transfer and radiative capture reactions.
As stressed above, loosely bound nuclei are preferable to use as a reaction participants. It is

expedient to use the A(3He,d)B for obtaining ANC on the INP AS RUzb - INP NNC RKaz
cyclotron facilities. The proton separation energy £3He-*rf+p=5.49 MeV is relatively large but seems to
be admissible. The analogous reaction A(t,d)B (£3H-X/+«=6.26 MeV) for the ANC B—>A+n requires
a radioactive triton beam (or radioactive target 3H) which is more a complicated experimental
problem. From this point of view using of the heavy ion beams (including radioactive beams) of the
Argonne National Laboratory accelerator ATLAS is very promising. Two pairs of heavy ions
(projectile and outgoing particles) are convenient for ANCs from/j- and n- transfer reactions:

A(13N,12C)B or A(I7F,16O)B (e,3N->i2cV=L943 MeV; e17F^16O+p=0.6003 MeV) for ANC B->K+p;
A(13C,12C)B or A(17O,16O)B (e13c->i2c+n=4.946 MeV; Ei7o-»i6o*.=4.143 MeV) for ANC B->A+«.

The separation energies are significantly less at these cases, and corresponding ANCs are rather well
known [14,18]. Additionally, the first excited states of outgoing I2C or 16O particles lie rather high
(4.44 and 6.05 MeV respectively), so their interference with low lying states of the final nuclei B is
inhibited. The reactions with cluster nuclei 6>7Li and radioactive 7Be can be used for B->A+a ANCs
(e6u-o*pl.474 MeV, 87Li-a+r2.467 MeV and 87Be-a+3He=1.5866 MeV).

As an example the reactions are listed in Table 2, which would be used for obtaining ANCs
{B->A+(p, n or a)} Mostly stable (or long living nuclei) are included as a target, and all considered
nuclei have relatively small of transferred nucleon separation energies (SB-^A+N ^ 8 MeV).
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Table 2.

B->A+p

3He-Hf+p
'Be-*6Li+p *}

10B-9Be+/7
14N^13C+/>
"F-*16O+/»
"•F-V'O+p
21Na-+20Ne+p
22Na—"Ne+p
2 5Al^2 4Mg+p
26Al->2SMgfp
29P->28Si+p
12N+p->'30
14G-*13N+/>
i 8 Ne- 1 7 F+p
2 1Na- 2 0Ne+p

Reaction

2D( l 3N,"C)3He
6Li(1JN, I2C)'Be
*Be(13N,12C)1(jB
13C(13N,12C)14N
16O(13N,12C)17F
17O(13N,12C)1SF
2C>Ne(13N,12C)21Na
21Ne(13N,12C)22Na
24Mg( l 3N, l 2C)"Al
2iMg(13N,12C)26Al
28Si(I3N,12C)2yP
l4N(VO)13C
14N(13N,14O)13C
:4N(17F,1! iNe)13C
3He(2UNe,21Na)2D

£B->A+P>

MeV
5.49
5.61
6.51
7.55
0.601
5.61
2.43
6.74
2.29
6.31
2.75
1.514
4.63
3.52
2.43

B-»A+n

10Be^9Be+«
12B-"B+«
I6N-*l5N+«
17O-16O+»
18O^17O+«
20F-19F+«
27Mg->26Mg+«
B-»A+a
6U^d+a
"WLi+a
l8F—14N+oc
I 9 F - 1 5 N + a
20Ne->16O+a
1 8 Ne- 1 4 O+a
1 9 Ne^ 1 5 O+a

Reaction

9Be(I3C,12C)10Be
"B( I3C,12C) I2B
15N(I3C,12C)16N
16O(I3C,12C)17O
18O(13C,12C)I9O
19F(.3Q12C)2OF

26Mg(I3C,I2C)27Mg

2D(6U,d)6U
6Li(6Li,tf)10B
l4N(6Li,^)18F
15N(6Li,rf)19F
16O(6Li,^)20Ne
6Li(!4O,18Ne)2D
6Li(15O,19Ne)2D

£B—A+n,

MeV
6.81
3.37
2.49
4.14
3.96
6.60
6.44

1.474
4.462
4.42
4.013
4.73
5.11
3.54

SUMMARY
It is of great interest to carry out a study of peripheral one-particle transfer reactions at energies

of -10 MeV/nucleon for obtaining data for the calculation of S-factors and rates of radiative capture
reactions at the astrophysical relevant energies.

For this goal the joint use of existing facilities of the Institute of Nuclear Physics (Tashkent,
Uzbekistan), Argonne National Laboratory (Argonne, USA) and of the Institute of Nuclear Physics
of the National Nuclear Center of Kazakhstan (Almaty) as well as the development of the relevant
theoretical approaches would be highly encouraged.
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ON-SITE AND OFF-SITE FORENSIC ANALYSIS CAPABILITIES FOR
PROLIFERATION AND TERRORISM PREVENTION

Hart B.R., Whipple R.E., Nunes P.J., Reynolds J.G., Alcaraz A.
Lawrence Livermore National Laboratory, Livermore, USA

INTRODUCTION
With the clandestine proliferation of improvised weapons of mass destruction (WMD) becoming

a concern for global security and the need to adequately monitor our countries border to help
prevent WMD terrorist attacks, requires special technologies. The more information that is
available to identify WMD materials in the field can potentially provide law enforcement and first
responders with the necessary information to prevent these situations from occurring. This task is
becoming more demanding and complicated as we put more demands on our on-site chemical
screening and detecting systems to prevent attacks and protect the nation's borders. The Forensic
Science Center (FSC) at Lawrence Livermore National Laboratory (LLNL), with the assistance of
other DOE labs such as Savannah River National Lab and Sandia National laboratories are
providing the Department of Homeland Security (DHS) with such detection technologies. Examples
of the technical capabilities developed at LLNL's Forensic Science Center are on-site and off-site
chemical analyses include:

1. Having a deployment team in readiness to support DHS responders
2. Development of analysis techniques and protocols for field screening.
3. A coordinated network of LLNL analytical labs ready for response to WMD samples
4. A certified ISO-17025 quality control program to assure law enforcement sample handling

requirements.
Even with state-of-the-art monitoring and interrogative systems, coordinated and comprehensive
forensic analysis and response will be critical in both pre and post event involving WMD events.
Several LLNL developed on-site detection technologies have been utilized to address some of these
on-site screening and analysis needs:

• Portable thin layer chromatography kit (TLC)
• Colorimetric spot tests
• Portable gas chromatography-mass spectrometer (GC-MS)

Each on of these technologies is described in some detail highlighting its usefulness in an
emergency deployment or field-monitoring situation.
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PORTABLE THIN LAYER CHROMATOGRAPH
Thin-layer chromatography (TLC) is used extensively as a rapid separation and purification

technique for organic, inorganic, and biochemical mixtures in the lab. This technique often is one of
the best choices for rapid screening of large numbers of samples because it is cost-effective, requires
minimal sample cleanup, and several samples can be run in parallel. It is well known, however, that
identification of an unknown on a TLC plate is very difficult. For this reason, a set of analytical
standards is needed to compare their rf values to the unknowns. In addition, conventional
visualization reagents are used to increase the specificity of TLC, such as Griess reagent for
explosives. LLNL's portable thin chromatography kit utilizes various coloring reagents to provide
such a system for the fast screening of explosives in the field (Figure 1) and weighs less than 25 lbs.

Fig. 1. LLNL Portable Thin-Layer Chromatography (TLC) System

COLORIMETRIC DETECTION OF EXPLOSIVES
A number of different visualization methods or colorimetric detection techniques for explosives

are commercially available. However, some of these products are aerosol-based and are messy to
use, or difficult to use outdoors in windy conditions. For this reason, LLNL decided to develop the
Easy Litmus Test for Explosives (ELITE, Figure 2), it's a colorimetric system that detects over 30
explosives. It detects nitro aromatics, nitrate-esters, nitramines, inorganic nitrate compounds, and
picric acid. The system works by sampling a potential contaminated area with a provided swipe,
systematically exposing the swipe to reagents, and observing any color change. The system
incorporates two different separate coloring reagents and a heating step to enable the detection of the
30 different explosives.

Fig. 2. LLNL Explosives Colorimetric Test Kit
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PORTABLE GAS CHROMATOGRAPH-MASS SPECTROMETER (GC-MS)
LLNL has also developed portable spectrometers for the analysis of complex organic samples.

Gas chromatography-mass spectrometry is generally recognized as one of the most powerful
analytical separation and analysis methods available, and is widely employed in the forensic
community and environmental monitoring laboratories. The combination of GC and mass
spectrometry for field work can provide a great deal of information that can uniquely identify a
suspect compound, providing that the available is stored in a mass spectral database (e.g., sarin, VX,
sulfur mustard, etc.). The LLNL portable GC-MS system has been deployed to several locations to
support various law enforcement agencies (Figure 3).

Fig. 3. LLNL Portable gas chromatograph mass spectrometer (GC-MS)
Under the leadership the Department of Homeland Security and the cooperation of other DOE

laboratories, the framework to enable LLNL to assist local communities and federal agencies during
time of need will continue. Tn addition, as LLNL develops new and improved on-site detection
technologies, and they mature, they can be transition to the first responders units.

UZ0703338

TO QUESTION OF NPP POWER REACTOR
CHOICE FOR KAZAKHSTAN

Batyrbekov G.A., Makhanov Y.M., Reznikova R.A., Sidorenko A.V.
Institute of Nuclear Physics, Almaty, Kazakhstan

The specific feature of atomic engineering development in Kazakhstan is an absence of any
atomic power stations (" to start with a pure sheet); the unique power station with reactor on fast
neutrons BN-350 has been closed. Kazakhstan is free from building work already done,
constructional hobble and traditions of the modern atomic power stations as against Russia and
Ukraine. Therefore Kazakhstan can choose the optimal way of development of atomic engineering
from the very beginning. Kazakhstan should be oriented on construction of the most safe and
economically competitive atomic power stations meeting the highest international requirements of
XXI century.
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Basic requirements to reactors, being created in Kazakhstan:
1. Safety of NPPs (nuclear power plants) which meets the highest international requirements,

necessary for the nuclear power plants in the middle of XXI century
• probability of heavy accident with a core melt should not increase 10 /reactor years and

maximal emission of radio-activity into environment - not more than 10 /reactor years.
2. High requirements to the reactor technical parameters:

• service life of the considered reactors not less than 60 years;
• duration of a fuel cycle 18 - 24 months;
• high design core burn- up to 60 GW d/t U and more;
• practical exception of extreme emergency measures and reciprocal action (such as

evacuation or resettlement, restrictions in food stuffs) outside of the industrial zone of the
nuclear station at any heavy accident with a core melt.

3. Profitability and competitiveness of NPP with other alternative energy sources
4. Minima] import of materials and products.
5. Maximal use of own raw, industrial, technical and manpower resources of the Republic of

Kazakhstan.
6. NPP creation would initiate a development of other branches industries and sciences of

Kazakhstan.

Creation of atomic engineering means not only construction of a number of atomic power
stations. It needs to develop Kazakhstan science and industrial technology up to a level of
requirements of atomic engineering. It is necessary to create a required infrastructure, to provide a
professional high level training for the specialists for atomic engineering, to provide some
conditions for education of the population in spirit of understanding of atomic engineering
advantage, to exclude a radiophobia, to rehabilitate atomic engineering in opinion of the population.

Due to world experience, any country, intending to develop atomic engineering, studies the
compiled world experience. Moreover, the international market has created a number of magnificent
projects on nuclear power plant of high safety, reliability and economic competitiveness, meeting
licensing criteria of the projects in other countries. Works on further improvement of power reactors
are permanently carried out to increase their safety and economic competitiveness; international
cooperation of organizations and countries started development of reactors, called reactors of IV
generations with parameters, exceeding modern international requirements.

Due to the above-mentioned, the comparative analysis of projects of the most advanced atomic
power stations, developed in various countries of the world had been carried out. Primary we
projects of reactors with water under pressure with light and hard water coolant-moderator_(type
PWR and PHWR) have been considered. These reactor installations at the given stage are the most
widespread, developed and studied, having the best qualities from the view point of nuclear,
radiation and ecological safety, reliability and economic competitiveness. Moreover, it was
important to choose reactors for the initial stage of atomic engineering development in Kazakhstan.
Development of a long-term reactor strategy is a problem to be solved in the future.

The most advanced projects of reactors of the above- mentioned type of a different power range:
high power (700 MW el. and higher), medium (300 MW el. - 700 MW el.) and small power (a few
MW el. - 300 MW el.).

PROJECTS OF REACTORS HAVE BEEN SUBJECTED TO THE COMPARATIVE ANALYSIS
High-power:

• EPR- French-German reactor, development of "Siemens" and "FRAMAT" with their branch
"Nuclear Power International" (NPI);
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• CANDU-9 Canadian heavy water reactor, development of Atomic Energy of Canada, Limited
(AECL);

• System 80+ - evolving reactor, development of ABB Combustion Engineering company, USA;
• KNGR - Korean next generation reactor, development of Korea Power Engineering Company,

Inc.;
• APWR - Japanese advanced reactor, development of companies Japan Atomic Power Company,

Mitsubishi Heavy Industries, Westinghouse Electric Company,USA;
• WWER-1000 (V-392) - vessel type reactor, development of Atomenergoproect /Gydropress,

Russian Federation;
• EP 1000 - European passive station, development of companies Westinghouse, USA and

Genesi, Italy.
Medium power:

• AP-600 - passive P WR, development of Westinghouse company, USA;
• CANDU-6 - Canadian heavy water reactor, development of Atomic Energy of Canada, Limited

(AECL), Canada;
• AC-600 - passive PWR, development of the Institute of Nuclear Energy, China;
• WWER-640 - vessel type reactor, development of OKB "Gydropress", Russian Federation;
• MS-600 - PWR, development of Mitsubishi, Japan;
• KSNP-600 - PWR, development of Korea Power Engineering Company, Inc., Korea.

Small power (integrated, modular type):
• IRIS - reactor of IV generation, developed by the International Corporation of 13 organizations

from 7 countries;
• SMART - development of KAERI (Scientific Research Institute of Atomic Energy of Korea),
• CAREM-25 - development of the Argentina National Commission on Atomic Energy CNEA

and INVAP, Argentina;.
• MRX - Project of Marine Reactor X for civil applications, developed by the Japanese Scientific

Research Institute of Atomic Energy (JAERI);
• "UNITERM" - development of FGUP NIKIET, Moscow, Russia;
• ATEC-80 - AHEC (Atomic heat electric central ) development of GUP OKBM, Nizhni

Novgorod, Russia.

The International Project on Innovative Reactors INPRO has occurred essentially later than our
job performance; requirements of the atomic power station users with respect to the project have
appeared only in 2003. As we have begun the present job much earlier in 1999, so 15 most
important criteria including the requirements of nuclear and radiation safety and economic
competitiveness to analyze and compare of the listed projects of power reactors have been
developed by us. Appeared, that accepted by us in year 1999 comparative criteria of reactor
installations (RI) comply with INPRO requirements for RI of 2003 year from the viewpoint of
nuclear, radiating and ecological safety. They are a little bit simplified.

CRITERIA OF NUCLEAR AND RADIATION SAFETY AND ECONOMIC
COMPETITIVENESS FOR COMPARISON OF REACTORS

1. General characteristic of the power unit (type of a reactor, electrical power, fuel)
2. Peculiarities of barriers of deep separation protection.
3. Reactor self-protection while increase of the reactor power and reactivity, decrease of flow rate and

phase transformations of the core coolant (availability of negative feedback).
4. Systems of the reactor shut down, corresponding to the principles of the variety, independence and

reservation. Availability of passive means of initiation and operation of emergency protection.
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5. Emergency core cooling. Availability of passive means of cooling. Availability of reservation of
water provision of different safety systems.

6. Emergency electrical supply, it's reliability, availability and degree of reservation.
7. Measures of prevention of heavy accident. Decrease of probability of heavy accident with core

melt.
8. Account of the heavy accident, causing the core melt, while development of protection levels.
9. Measures for decrease of consequences of heavy accident; management on beyond design-basis

accident.
10. Protection from external destroying influences (earthquake, falling of the plane, explosions).
11. Results probable safety analysis (PSA), their conformity to modern requirements. Technological

criteria of safety for the 4th level of protection (for heavy accident).
12. Limiting radiation criteria for each level of protection, in particular for the 4th level of protection

(for beyond-project accidents).
13. Testing of safety means (principles, elements, technical decisions) under regular conditions,

former experience or tests.
14. Measures for reduction of construction cost, equipment, materials and operation of station.

Economic parameters.
15. Specific features of the reactor with respect to the previous reactors, increasing it's safety.

All considered reactors of high, medium and small power have been subjected to medium to the
careful analysis with respect to 15 criteria accepted by us. We have disintegrated all considered
projects of reactors by 15 criteria as on shelfs, and have compared them among themselves.

Unfortunately, I have no opportunity to stop on details of the analysis and comparison of
reactors by the accepted criteria because of limited time of the report. I can offer a pre-print in which
the comparative analysis is in detail submitted.

Further, analysis of a present status and prospects of development of energy production and
energy consumption, stations and networks in Kazakhstan till 2030 year, necessary for a choice of
reactor projects of the atomic power station for Kazakhstan has been carried out on the basis of
official documents. Some results are submitted below.

SOME PARAMETERS OF MODERN CONDITION AND PROSPECTS OF THE
KAZAKHSTAN POWER COMPLEX

1. Balance of energy manufacture and consumption at the level 59 billion kW/hour was received in
2002.

2. Misbalance in energy manufacture and consumption is available in different areas of RK, caused
by the USSR failure:
• Northern and Eastern regions of the Republic overproduce the electric power. Energy

surpluses from Northern regions are exported to Russia.
• Southern region imports up to 15 % of the electric power from the united Central Asia

electric system.
• Western Kazakhstan, having essential stocks of hydro carbonic fuel, imports up to 68 % of

the electric power from Russia.
• Despite of decrease of volume of the power consumption in 1999, 3.4 billion kW.h was

imported: 2.2 billion kW.h - from Russia, 1.2 billion kW.h - from Republics of Central Asia.
3. Development of own electric power sources to provide Kazakhstan by electric power is planned

to 2015. Capacities, generating electricity, will be introduced for these purposes: in 2005 year -
860.7 MW, in 2010 -1501.1 MW and in 2015 - 1725.5 MW.
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According to suggested data, balancing of the production and consumption of energy in the
country at a level 59 billion kW.hour is achieved. However, the strong disbalance on regions of
Republic takes place.

The atomic power can participate in indemnification of deficiency in manufacture electric and
thermal energy and in providing of the power safety and the power independence of the Republic.
Application of atomic engineering is promoted also by the following circumstances:

• Kazakhstan occupies one of leading places in the world on stocks of uranium. According to
accounts Kazakhstan has concentrated 923 thousand tons of the reconnoitered stocks of
uranium or about 25 % from world stocks, from which 70 % can be developed by the most
economic and non-polluting method - a method of a underground leaching

• Besides there are really basic components of the nuclear fuel cycle in the Kazakhstan,
excepting processing of the fulfilled fuel and the manipulation with highly radioactive waste
products.

Nowadays nuclear stations of medium and small power are considered to be the most
appropriate for construction in Kazakhstan because of limitation of power consumption capacity of
industrial - agrarian complex of the country, insufficient bandwidth of electric mains, and also
essential amount of small consumers removed from electric mains.

Therefore results of the analysis of reactor projects of medium and small power, performed with
respect to the above-mentioned 15 criteria of safety and economic competitiveness are given in the
report.

Following conclusions can be made while comparing results of the analysis on medium and
small power reactors:

(1) Results of the comparative analysis indicated that all considered reactors of medium and low
power corresponds, and in some cases surpass modern requirements on installations safety.

(2) Nevertheless, by our opinion, projects of the atomic power station of medium capacity with
passive reactor AR-600, heavy water reactor CANDU-6, PWR MS-600 are most attractive; among
reactors of small power, projects on reactors "IRIS are most preferential - project NPP of IV
generation, NPHS "UNITERM" and MRX - Project of Marine Reactor X for civil applications.
(Table 1)

These conclusions are made proceeding from the viewpoint of nuclear, radiating and ecological
safety, reliability and economic competitiveness according to 15 criteria.

Table 1. The Most Attractive Reactors for Application in Kazakhstan
Reactor Power Developer

Medium Power Reactors

AR-600 - passive reactor

CANDU-6 - heavy water reactor on natural
uranium

MS-600-PWR

600 MW (el)

665 MW (el)

600 MW (el)

Westinghouse (USA) H
GENESI(Italy)

AECL,Canada

Mitsubishi,Japan
Small Power Reactors

IRIS - reactor of IV generation

AS "Uniterm"

MRX - Project of Marine Reactor X for
civil application

100-335 MW (el)

30 MW

100 MW (heat)

Consortium of 13
organizations from 7

countries.
NIKIET, Russia

Japanese Scientific
Research Institute of

Atomic Energy (JAERI)
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French - German passive reactor EPR and Canadian heavy water reactor CANDY-9 will be the
most attractive if high-power reactors will be necessary further.

Further I shall tell shortly only about some the most important advantages of the specified
reactors.

THE MOST IMPORTANT FEATURES OF MEDIUM POWER REACTOR "AP - 600"
1. All safety systems are passive. Systems use only natural forces, such as gravity, natural

circulation and compressed gas no action of the operator within 72 hours after accident.
2. The minimal probability of risk of heavy accident with a core melt, emission of the big radio-

activity beyond containment is lower on more than twice order with respect to requirements of
IAAE.

3. The most tested and advanced reactor project ever considered by the Commission on Nuclear
Settlement of the USA.

4. Atomic power station with reactor AP600 can compete by electric power cost with the stations
having biggest power (nuclear or coal), developed nowadays.

THE MOST IMPORTANT FEATURES OF MEDIUM POWER REACTOR "CANDU-6"
1. Unique peculiarity - ability to prevent melt of the fuel channel after accident with loss of the

coolant even if the emergency system of injection of the coolant does not work.
2. Heavy water moderator in calandria can be used as the coolant device in a hardly probable case

of the emergency coolant loss in the heat transport system, accompanied with damage of the core
emergency coolant system. In case of circulation loss of heavy water moderator, heat can be
removed by light water of the protective tank around calandria for which both active, and
passive heat removal is provided.

3. Continuous overload of fuel (on natural uranium) on the power, excluding reactivity accidents.
4. Probability of heavy accident with melt of a core and emission of a limiting radio-activity is

lower on more than one order with respect to requirements of IAAE.
5. Fuel on natural uranium is used. It is important for the countries having no expensive

concentrating factories.

THE MOST IMPORTANT FEATURES OF MEDIUM POWER REACTOR "MS-600"
1. Low density of power of the reactor core with respect to the previous projects 600 MW (el).
2. Reactor Pressured Vessel is developed for the working period 60 years with the general fluence

19

of neutrons, not exceeding 10 nvt.
3. Reactor MS-600 has double containment, consisting of steel primary containment and secondary

containment, having structure of steel sheets filled with concrete.
4. Innovative hybrid systems of safety are applied on MS 600 reactor, passive systems are

expanded, and active ones are simplified to improve safety, reliability and profitability:
• Passive systems: automatic seal failure, advanced accumulators, mine of gravitational

injection, horizontal steam generators with providing of feedwater under action of
gravitation.

• Active systems of safety: consist of forcing pumps of injection, auxiliary pumps of a
feedwater; and system of removal of residual heat.

5. Emergency electrical supply of a reactor.
• Two lines by 440 V AC;
• Two diesel generators.
• Four systems of power supply by accumulators of direct current DC 4x4000 Ah.

6. "Leak- before- break" concept is accepted.
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7. "Secondary containment" should provide good protection against external shells.
8. Frequency of damages of the core is lower on more than one order with respect to working

nowadays PWRs.

THE MOST IMPORTANT FEATURES
OF THE SMALL POWER REACTOR «IRIS»

1. IRIS is the International Project of innovative and safe reactor of IV generation. It is developed
by 13 organizations from 7 countries.

2. Integrated configuration of the equipment of the first contour is applied.
3. "Safety provided by design" is realized by IRIS.
4. Totally passive reactor.
5. IRIS excludes core dewatering and accordingly core melt at any accident type LOCA.
6. Control rod drive mechanisms are located in a reactor vessel.
7. Long fuel cycle (8 years), direct burning of a core without reactor shut down or additional load

of nuclear fuel. '

THE MOST IMPORTANT FEATURES
OF SMALL POWER REACTOR UNITERM

1. Integrated, modular assembling of the equipment of the first contour.
2. There is the safeguard vessel (containment), locating flowing up water at LOCA. While

alignment of pressure between a reactor and the safeguard vessel outflow stops. The core
remains under water at any accident with heat-carrier loss (LOCA).

3. Completely passive reactor. The core is cooled by naturally circulating coolant of the first
contour.

4. Direct burning of a core without reactor shut down or additional load of fuel during service
period 20-25 years;

5. The concept of a reactor management due to negative temperature factors of reactivity at
absence in RI of mobile and automatically working system of regulation. Decrease of reactivity,
caused by fuel burning out and slag formation, is compensated by burning out by absorbers and
temperature effect, composing approximately 1 % per year.

6. Full manufacturing and test of RI industrially, delivery in the equipped condition on a place of
operation by large modules, exploitation with no overload of a core, removal of a reactor without
its opening, etc.

7. Ecological purity of station is provided by lack of any emission into environment, except for
thermal, directed into atmosphere.

CONCLUSION
In conclusion I would like to note that the given job is only a beginning one. It will be continued

with attraction of new projects of reactors, possibly with application of project INPRO requirements.

Kazakhstan is interested in cooperation with other countries and companies in a choice of
projects of power reactors, atomic power station and development of the atomic energy of
Kazakhstan.
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ACTIVITIES AND COOPERATION OPPORTUNITIES
AT CEKMECE NUCLEAR RESEARCH AND TRAINING CENTER

CanS.
Nuclear Research and Training Center, Istanbul, Turkey

INTRODUCTION

Turkey's familiarization with nuclear energy began in July 1955, when it signed a bilateral
agreement with the USA to cooperate in the "peaceful uses of nuclear energy". In 1956 the Turkish
Atomic Energy Commission was created. The Commission started the establishment'of the first
Turkish Research Reactor, TR-1 (1 MW) at Istanbul in 1959. The reactor commissioned on 27-May-
1962 and together with this occasion the establishment of the Cekmece Nuclear Research and
Training Center (CNAEM) completed.

Strong collaborations with national and international organizations have been achieved for the
promotion of the peaceful uses of nuclear energy and its applications in Turkey. The structure and
the name of the Turkish Atomic Energy Commission transformed to the Turkish Atomic Enerev
Authority (TAEK) to adopt itself to new -
administrative, scientific and technological
developments in 1982. The TR-2 reactor (5 MW)
was commissioned in 1984 (replacing TR-1
reactor) in order to meet the increasing demand of
radioisotopes.

Cekmece Nuclear Research and Training
Center is located beside the Kiicukcekmece lake
and covers an area of 2.5-million m2. The total
number of personnel currently employed at
CNAEM is 226; including 45 Ph.D.'s, 69
MS/BS's, 45 technicians and 67 administrative
support staff.

TR-2 Reactor Pool

A view ofQHAEMsite and Lake A view of a building at QNAEM
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ACTIVITIES
TAEK as a government agency is responsible for regulating, developing, promoting, executing

and coordinating the nuclear activities in whole country. CNAEM as a subsidiary of TAEK is
charged to perform R&D activities on whole area of nuclear science and technology, such as
research reactor, nuclear safety, nuclear fuel technology and fuel analysis codes, nuclear materials,
NDT, nuclear electronics, accelerator, radiobiology, cytogenetics (biodosimetry), radioecology,
marine radioactivity, radiation safety, dosimetry, radioactive waste management, calibration of
nuclear instruments, environmental monitoring.

R&D ON NUCLEAR TECHNOLOGY
• Research, design and development of model research reactors to gain experience in nuclear

technology transfer.
° Study of the technological and economic aspects of power reactors and nuclear fuel cycle.
• Safety analysis of research and power reactors.
• Experimental studies on thermalhydraulics of reactor channel.
8 Development of the technological capability required for the production of power reactor fuel,

UO2 and (U,Th)O2 based fuels.
• Process Development for thorium recovery from domestic complex ores.
• Design, construction and development of the nuclear fuel pilot plant.
• Fuel design, and performance analysis.

R&D ON NUCLEAR TECHNIQUE
APPLICATIONS
Development of sensitive analysis methods
based on nuclear techniques and principles.
Radioactivity measurement in different
matrix (environment, human body, water,
air, etc).
Development and construction of detectors
for use in the Network of Radiation Early
Warning System (RESA).

Smart probes
for RESA

RADIATION PROTECTION
Radiation monitoring in and around of CNAEM.
Personnel dosimetry of radiation workers (approx. 7,000) in western side of Turkey.
Calibration of radiation instruments (SSDL unique in Turkey).
Radiation Inspection for licensing and custom clearance in and around Istanbul.
Processing and storage of radioactive waste from hospitals and the industry (unique in Turkey).
Indoor radon measurements.

PRODUCTION
Ir-192 for use in industrial quality control.
Tc-99m for use in medical diagnosis.
Radiopharmaceutical kits (MDP for bone, DTP A for kidney)
Radiation measurement devices (survey meters, lab monitors, and radiation early warning
system).
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ANALYSIS
Analysis of all kind of uranium and thorium.
Radioactivity analysis of food products.
Radioactivity analysis of environmental samples
(water, sediment, soil, and biota).
Chemical analysis of environmental, and industrial
samples.
Metallurgical analysis of metal, powder and ceramic
materials.
Quality control of ingot, weld, and concrete by NDT
techniques.

Mass Spectrometer

TRAINING AND INFORMATION
• Training on radiation protection (staff and

public).
• Training on processing and storage of low level

waste (IAEA regional training courses).
• Training and certification industrial workers who

use non-destructive testing devices.
• Internships for university and/or vocational high

school students.
• Public information regarding nuclear energy.
• International cources, fellowships and scientific

visits.
• Conferences and seminars, reports, publications.

Practice at NDT Training Course

PROJECTS
The projects implemented in CNAEM, mainly use funds provided by the national budget and the
IAEA funds. IAEA supports are provided thru TC-project funds and research contracts. Recently
EU-JRC funds are also available for some projects.

POSSIBLE COOPERATION FIELDS BETWEEN CNAEM
AND OTHER INSTITUTIONS
• Measurements of radioactivity in the environment (water, sediment, soil, and biota),
• Indoor radon measurements,
• Radiation cytogenetics (biodosimetry),
• Development and construction of radiation measurement instrument,
• Development and production of radiopharmaceuticals,
• Production of UO2 and (U,Th)O2 based fuel material,
• Analysis of uranium and thorium,
• Training in NDT,
• • Training on processing and storage of low level radioactive waste.
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ON-GOING RESEARCH PROJECTS AT ANKARA NUCLEAR RESEARCH 5 j
CENTER IN AGRICULTURE AND ANIMAL SCIENCE

___l CO
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Nuclear Research Centere, Ankara, Turkey

ABSTRACT
The projects in progress conducted by the Center comprise nuclear-aided researches in soil

fertility, plant nutrition, plant protection, improvement of field crops, improvement of horticultural
plants and forest trees by mutation breeding, in vitro culture technique with mutagen treatments, use
of phosphogypsium in soil amelioration, sterilazation of medical supplies, wastewater treatment,
animal nutrition, animal health and productivity and accreditation. The on-going main projects
involving several sub-projects with the above subjects were summarized for possible future
collaborations.

INTRODUCTION
The research and development activities of Ankara Nuclear Research Center in Agriculture and

Animal Science (ANRCAAS) are concentrated on the contribution of atomic energy to peace by the
use of nuclear and related techniques in food, agriculture and animal science. Nuclear techniques
are used in the above fields in two ways: in vitro or in vivo radiotracing the substances and
processes of biological importance, and irradiation of biological materials for preservation and
quality modification. Research projects are carried out by interdisciplinary studies with well
equipped laboratories at the Center in close cooperation with other institutions. The projects are
supported by national and international funding organizations including Turkish Atomic Energy
Authority (TAEA), State Planing Organization (SPO), Science and Technical Research Council of
Turkey (STRCT), and Joint FAO/IAEA Division through Technical Co-operation Projects (TCP)
and Co-ordinated Research Projects (CRP). The projects in progress conducted by the Center
comprise nuclear-aided researches in soil fertility, plant nutrition, plant protection, improvement of
field crops, improvement of horticultural plants and forest trees by mutation breeding, in vitro
culture technique with mutagen treatments, use of phosphogypsium in soil amelioration, food
irradiation, sterilazation of medical supplies, waste-water treatment, animal nutrition, animal health
and productivity and accreditation. The results of these projects either have academic value or can
be transitioned into industrial applications. The on-going projects with the above subjects will be
summarized for possible future collaborations. The following are the main projects which involve
several sub-projects. Each summary contains the name of project leader(s) and appropriate e-mail
address for further information.

Nuclear and Modern Techniques Used in Soil Fertility and Plant Nutrition (AP2.B.1)

Project Coordinator and Principal Investigator: M. Basri Halitligil, Zafer Sagel;
basri@taek.gov.tr, zafer.sagel@taek.gov.tr

Objectives of the project are:
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• To determine the optimum rates of nitrogen which will increase the plant yields and their
quality,

• To determine the water and fertilizer use efficiencies of plants under different irrigation and
fertilization systems which will end up in water and fertilizer savings,

• To decrease or prevent the nitrate contaminations of plants, soils and ground waters which can
be hazardous to animal and human health,

• To attain the large scale farmer applications of the research findings,
• To train the researchers in nuclear techniques at other institutes .

The Use of Nuclear Techniques in Plant Protection (AP2.B2)

Project Coordinator and Principal Investigators: M. Basri Halitligil, Osman Tiryaki, Zafer
Sagel; basri(a),taekgov.tr, Osman.tiryaki&jaek.gov.tr, zafer.sagel(a),taek.gov.tr

Objectives of the Project:
• To obtain more quick and reliable result by using nuclear techniques in the biological,

physiological and toxicological study which is carried out to determine effect of insecticides on
arthropods .

• To set database related to control of stored pest by using gamma irradiation and to use of
nuclear techniques in biological control.

• To get resistant plant varieties against the plant diseases by using gamma irradiation.
• To inhibit mycotoxin production with gamma irradiation.
• To increase laboratory performance in pesticide residue analysis with validated analytical

methods.
• To get more reliable analytical residue data by working according to quality assurance / quality

control (QA/QC) and good laboratory practice (GLP) system and by using radyoisotope-tracer
techniques.

Improvement of Yield, Quality, Adaptation and Resistance to Biotic and Abiotic Stress
Conditions of Field Crops by Nuclear Techniques (A.P.2.B.3)

Project Coordinator and Principal Investigators: Zafer Sagel, Hayrettin Peskircioglu, M.Basri
Halitligil; zafer.sagel&.taek.gov.tr, hayrettin.peskircioglu(a),taek.gov. tr. basri(a),taek.gov.tr

Other Counterpart Institutions: Nigde Potato Research Institute, Department of Agronomy of
Agricultural Faculty-Ankara University

Objectives of the Project:
To determine the effect of different types and doses of irradiation on field crops grown in

Turkey (cereals, food legumes, industrial and fodder crops). Under this main project, basic
radiobiological research and determination of radiation dose rates for mutation breeding of main
variety and species have been conducted. As a result of these basic data, plant breeding projects
have been initiated for developing mutant cultivars for different environment conditions and
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demand of market and consumers. On the other hand, the methods and knowledges gained after
these extensive work have been transferred by publications, training courses, and symposiums.

Improvement of Agricultural Qualifications of Horticultural Plants and Forest Trees by
Mutation Breeding Techniques (A.P.2.B.4)

Project Coordinator and Principal Investigators : Zafer Sagel, Hayrettin Peskircioglu, Burak
Kunter, Yaprak Taner; zafer. sagel(a),taek. gov. tr, hayrettin.peskircioglii(a),taek. gov. tr,
burak. kunter(q),taek. gov. tr, yaprakt(a),taek. gov. tr

Other Counterpart Institutions: Ministry of Agriculture and Rural Affairs / Citrus Research Inst.,
Ataturk Horticultural Central Research Inst., Dpt. of Horticulture of Agricultural Faculty-Ankara
Univ., Dpt. of Horticulture of Agricultural Faculty-Cukurova Univ., Dpt. of Chest Trouble and
Allergy of Faculty of Medicine - Ankara Univ., Central Anatolia Forestry Research Institute of
Ministry of Environment and Forestry.

Objectives of the Project:
One of the main groups of plant oriented foods in human diet is horticultural crops (fruits,

vegetables and grapes) and decoration plants and rare forest trees. These species has many problems
that have been solved only by nuclear tecniques. Overall these problems, with our species and
varieties, basic radiobiological researches and efficient radiation dose determination researches have
been initiated. After our extensive research work we aim to transfer our knowledges by
publications, periodically arranged training courses, and by presentation at symposiums.

Determination of Culture Media Types and Culture Conditions, Imporevement of
Resistance to Biotic and Abiotic Stress Conditions under Laboratory Conditions and
Propagation Culture Plants by in vitro Techniques in Turkey (A.P.2.B.5)

Project Coordinator and Principal Investigators: Zafer Sagel, Hayrettin Pe§kircioglu, ihsan
Tutluer; zafer. sagel(a),taek. gov. tr, hayrettin.peskircioglu(a),taek. gov. tr, ihsan. tutluer(a),taek. gov. tr

Other Counterpart Institution: Dpts. of Horticulture and Plant Protection of Agricultural Fac-
Ankara Univ.,

Objectives of the project:
• Determinations of in vitro propagation methods of field crops and horticultural crops grown in

Turkey.
• Propagation and test of mutants that are handled by in vitro and in vivo physical and chemical

mutagens.
Handling of pure line plant species by doubled haploidy, embrio rescue and somatic embryogenesis.
• Application of some parts of field researches under laboratory conditions as stress tolerance

researches.
» Improvement of new cultivars in short time for farmers.
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Radiotoxicological Investigations of Phosphogypsium (a by-product of fertilizer industry)
in Ameloriation of Salt Affected Soils (AP2.B.8)

Project Coordinator and Counterparts: M. Basri Halitligil (General Coordinator), Ibrahim
Tiikenmez, Haluk Yiicel, Btilent Sonmez; basri&taek.gov.tr, ibrahim.tukenmez(altaek.gov.tr

Other Counterpart Institutions: Ankara Nuclear Research and Training Center, Fertilization
Researc Inst.

Objectives of the project are:
• to determine the additional radioactivity which may come from the radionuclides such as Ra-

226, K-40 and U-238 when phosphogypsium is applied to soils; and also to find out if this
additional radioactivity would be a risk for human health,

• to determine the risk of heavy metal (such as Cd, Pb and Hg) contamination of plants when
phosphogypsium is used,

• to determine the transfer of radioactivity from soil to plants when phosphogypsium is applied to
soils as an ameloriant for the improvement of sodium and salt affected soils,

• to determine the health effects of plants (which are grown after phosphogypsium application to
soils) for human and animal consumption.

Use of Nuclear Techniques in Animal Nutrition (AP2.B.6)

Project Coordinator:_Faruk Ildiz; faniki(a),taek.gov.tr

Other Counterpart Institutions: Faculty of Agriculture and Veterinary Medecine of Ankara
Univ., Kinkkale Univ., Fac. of Veterinary Medecine, Ministry of Agricultural and Rural Affairs,
Ministry of Health.

Objective of project: To improve animal productivity and feed utilization by the use of nuclear
and related biotechnological techniques in animal nutrition researches. The Project involves:
Evaluating feedstuffs for animals in terms of chemical composition and nutritive value; evaluating
animal response to different diets and nutritional factors in terms of changes in intake, digestion,
metabolism, utilization of feed, body weight, body condition, quality/quantity of products, and
interaction with other environmental factors; diagnosis of nutritional disorders; preparation,
treatment, mixing and conservation of feedstuffs; formulating ration, complete supplement, vitamin
and mineral premixes and feed additives; rumen fermentation, digestion and absorption of
nutritients, and manipulation of these processes; effects of nutrition on reproductivity and fertility;
environmental aspects of animal nutrition; nuclear and related technologies for animal nutrition
studies; mechanistic study and mathematical modelling of nutritional processes.
Support: UAEA CRP TUR-11891, SPO/ DPT 98K 120230
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Use of Nuclear and Biotechnological Techniques in Animal Health and Production
(AP2.B.7)

Project Coordinator: Zisan Emre; zisan.emre(cb,taek.gov.tr

Other Counterpart Institutions: Ankara Univ., Faculty of Veterinary Medicine, Kinkkale Univ.,
Faculty of Sciences, Ankara Central Wastewater Treatment Plant.

Objectives of the Project:
Through the use of nuclear and related and biotechnological techniques helping to solve the

problems on improvement of animal health, breeding, production, and reproductive performance,
hence, increasing food quality and security for the wellbeing of human population and the economy
in connection with the related sectoral institutions for the immense benefit of Turkey. The project
scope:
• Improvement of animal health, reproductive performance, productivity, and wellfare by using

isotopic and related techniques and biotechnology through researches and technology transfer,
• Development of disease diagnosis through refined biochemical and immunological methods to

produce the reagents which form the components of the specific and sensitive diagnostic kits.
• Detections and identifications of pathogens by using genetic materials to provide rapid, reliable

and accurate diagnosis of the infectious and parasitic diseases.
• Facilitate high productivity, well adaptation and disease resistancy in native breeds by using

genetic materials coding productivity measures.
• Improvement of animal health by eliminating the disease causing potential of some parasites and

vectors by using ionasing radiation to produce vaccines through the attenuation or tissue-culture
techniques,

• Increasing the productivity in local breeds through the development of feeding and
supplemention strategies to reduce methane production,.

• Improvement of efficiency of livestock production and health for food quality and security for
. the wellbeing of the people and the economy.

•• Dissemination of the outcomes of the studies by means of courses, seminars and publications.
Funds of the Project: IAEA/CRP-12673, IAEA/RER/5/012, SPO/ DPT 98K 120230, STRCT/
VHAG-2100

Implementation of Food Irradiation Technology in Turkey (AP.2.E.1)

Project Coodinator: Nurcan Cetinkaya; nurcet(a),taek.gov.tr

Other Counterpart Institutions: Ankara Univ.-Faculty of Eng.- Dpt. of Food Eng, Hacettepe
Univ.-Fac. of Eng.-Dpt. of Food Eng., Ministry of Agriculture and Rural Affairs, . General
Directorate of Protection and Control, Ministry of Health, General Directorate of Primary Health
Services, Secretary General of Aegean Exporters' Union, Gamma-Pak, TARI§, Malatya Apricot
Foundation, Eriist Tanm , Antalya Exporters' Union.
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Objectives:
• Implementation of food irradiation technology in Turkey.
• Research studies which need at the implementation stages
• Studies on integration of food irradiation technology to HACCP system
• Establishing of central reference laboratory for detection of irradiated foods

Targets:
• Establishing of a food irradiation facility in Aegean Region (Izmir)
• Transfering the available information such as regulations, standards, agreements ,trade of

irradiated foods and irradiation technology to producers and exporters for dried fruits and nuts
• Acceptance of food irradiation technology as an effective method for disinfestation of dried

fruits and nuts and pulses by food industry
• Increasing of food hygiene levels by using food irradiation technology
• Increasing of food quality and extention of self life
• Detectability of irradiated foods in Turkey
• Ensuring the consumers acceptance of irradiated foods in respect to food safety
• Harmonization of related regulations about food irradiation in Turkey and adaptation of

international standards and agreements.
• Inspection and certification of private sector food irradiation facility and endorsement of private

sector food irradiation facility by EU
• Solving the quarantine problems of cut-flower exporters and also improving their trade by

extention of vase-life of flowers.
• Publishing the obtained results at national and international journals.
Support: IAEA-TUR 5/0/22, IAEA-CRP-11650, SPO/ DPT 98K 120230

Radiation Sterilization of the Single Use Medical Supplies (AP2.E.2)

Project Coordinator and Principal Investigators: Galip Siyakus., Talat Aydm; ealips(a),taek.gov.tr,
talat. aydin(a),taek. sov. tr

Objectives: The aim of the project is to document the agreeableness acceptable of international
standards through irradiation and sterilization of the single use medical supplies, to increase the
irradiation capacity and the native input rate of this technology.

Targets:
• To document the international traceably of High Dose Dosimetry Laboratory, Gamma

Irradiation Facility and Dose measurements of industrial and experimental irradiation sources as
accurate and determine uncertainty levels, establish and realize experimental irradiation dose
measurements.

• To certificate of dose setting and sterility test in international acceptability performed at
Radiation Microbiology Laboratory, to serve the industry and to adapt the Laboratory
procedures to national regulations.
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• Use of routine radiation dose measurements at Gamma Irradiation Facility of prepared alanine
dosimeters, as standard and reference dosimeter at High Dose Dosimetry Laboratory. Thus,
increase of the national technological product rates at irradiation process.

• Calibration of the routine dosimeters.
• Determination of the Dmax/Dmin ratio in the foodstuffs and medical suppliers, irradiated at the

Gamma Irradiation Facilities by the alanine dosimeters.
• Decrease of external dependence on supply of the routine dosimeter.
• A dosimeter laboratory that will give service to provide sector a laboratory-scale irradiation

sources will be provided by the Gamma Irradiation Facility of the Department.
• It will be possible to apply one next Europe Union Standards as directed at irradiated foods

detection with the EPR equipment.
• To form knowledge and data background for the subject of effect of the irradiation and the

change of properties after irradiation of the polymers produced in Turkey. To search the
compatibility of domestic polymer to be used in the medical supplies.

• Research for compatibility of domestic polymers for dosimetry studies and dose measurement
studies by use of Chemiluminencence Analyzer.

• The generalization that sterilization method of radiation will be increased technical knowledge
and provide to support through single use medical producers.

• Research studies for the parameters of the production of highly biocompatible and having better
surface properties biopolymer by means of irradiation.

• The industrial irradiation income will increase above 180 billion TL at 2003, 2 times at 2005, 3
times at 2006, whenever increasing irradiation power of the Gamma Irradiation Facility. The
contribution to the country economy will become more than planned amount.

• Improving the1 conditions and facilities for material compatibility tests, dose measurement and
dose setting studies in accordance with the latest standards approved by developed countries.
Also, certification of those testing and measurement abilities to provide more prestigious,
reliable and high quality service in this field to the private export companies.

Supports: State Planning Organization

Radiation Processing Technology for Industrial Wastewater Treatment (AP.2.E.3)

Project Coordinator and Counterparts: Omer Kantoglu, Dilek §olpan Ozbay (counterpart),
Hiiseyin Sen (counterpart), Fevzi isbilir (counterpart); omer(a),taek.gov.tr

Other Counterpart Institutions: Univ. of Hacettepe- Faculty of Science, Dpt. of Chemistry,
Ankara Nuclear Research and Training Center, Turkish Grain Board-Bolvadin Opium Alkoloid
Plant, Ministry of Forestry and Environment-General Directorate of Environmental Managment.

Objectives: The aim of the project is to promote the radiation processing technology in the
treatment of industrial wastewater by using gamma rays and/or electron beam and also to
widespread the technology in this field. Development of the laboartory infrastructure and training of
the laboratory staffs, who will carry out the proposed activities and will transfer this modern
technology are also under the project goals due to the achievement of the project outputs.
Targets:
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• Obtaining of experimental data by using radiation processing technology in the treatment of
waste of Bolvadin Opium Alkoloid Plant, which has not been solved by conventional
technologies.

• Designing and feasibility study of wastewater treatment unit for the treatment of opium
manufacturing plant effluents by using the obtained experimental results in order to apply and
promote the radiation processing technology.

• Establishment of a basic knowledge and experience on the treatment method of radiation
processing to be applied the other fields such as textile and paint industry

• Project final report and publishing of scientific article(s).
Support: IAEA -TUR/0 8/017-Radiation Processing Technology for Industrial Wastewater
Treatment, State Planning Organization.

Accrediation Project of ANRCAAS (AP.5.C.2)

Project Coordinator and Principal Investigators: Ibrahim Tukenmez, Ahmet Demirel, Zafer
Sagel; ibrahim.tukenmez&taek.sov.tr, zafer.sagel(a),taek.gov.tr

Obj ectives of the Proj ect:
• To accredit ANTHAM laboratories according to TS-EN ISO 17025 standards.
• To get valid of laboratory national and international levels

94
Plenary Reports



Section I

NUCLEAR ENERGY: PRESENT
STATUS AND PERSPECTIVES





Proceedings of the Third Eurasian Conference "Nuclear Science and its Application", October 5 - 8 , 2004.

CALCULATION OF THE TEMPERATURE DISTRIBUTION IN A TRIGA
TYPE FUEL ELEMENT FOLLOWING
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Mugla University, Mugla, Turkey

ABSTRACT
Time dependence of temperature distribution in a TRIGA type fuel element following the

pulse operation was calculated by using the computer code TEMPUL for different coolant
velocities in the coolant channel.

The effect of the air gap produced between the fuel bulk and the cladding interface by
pulsing was considered in the temperature distribution calculations.

The code was developed for the analysis of boiling crisis and DNB conditions in TRIGA
core after the pulse operation and provided necessary database consisting of material properties
for several types of TRIGA fuel. It solves the diffusion equation for heat transfer in cylindrical
geometry using finite difference method.

The form of flow channel is equilateral triangle, bound by three cylindrical fuel elements.
The coolant in coolant channel has a constant velocity, which is an input data and that axial
power distribution is a cosine function.

The results from the calculation show that the fuel temperature will never be exceeded under
any conditions of after the pulse operation.

1. INTRODUCTION
Investigations of transitional processes in the pulsed type reactors are important for the safety

and reliability operation. Therefore a lot of theoretical and experimental studies have been
performed to check the ability of the reactor to operate at pulsing conditions with sufficient
safety margins [1-4].

The temperature distribution in a fuel element during pulsing conditions is completely
different from that which occurs during steady state operation. Adiabatic conditions persist over
most of the pulse duration and thus the peak fuel temperature during a pulse occurs near the fuel-
cladding interface where the thermal flux is a maximum.

In practice, the manner in which the reactivity is reduced may depend in detail on the reactor
design and on the rate at which the neutron population increases.

It is important to known time dependence of temperature distribution in fuel element after the
pulse since large power excursions are of interest in a variety of situations, both real and
hypothetical in TRIGA type reactors.

In this study, time dependence of temperature distribution in the fuel element of the TRIGA
Mark-II reactor at the Istanbul Technical University (ITU) following the pulse operation was
calculated by using the computer code TEMPUL [5] for different coolant velocities in the
coolant channel. The effect of the air gap produced between the fuel bulk and the cladding
interface by pulsing was considered in the temperature distribution calculations.

2. DESCRIPTION OF THE COMPUTER CODE TEMPUL
Time dependence of temperature distribution in a TRIGA type fuel element following the

pulse operation was calculated by using the computer code TEMPUL. The code was developed
for the analysis of boiling crisis and DNB conditions in TRIGA core after the pulse operation
and provided with necessary database consisting of material properties for several types of
TRIGA fuel elements.

It solves the diffusion equation for heat transfer in one-dimensional cylindrical geometry
using finite difference method. All coefficients used in the diffusion equation are functions of

97
Section I. Nuclear Energy: Present Status and Perspectives



Proceedings of the Third Eurasian Conference "Nuclear Science and its Application", October 5-8,2004.

temperature and also of the material. They are given in a form of tables in the code. The
temperature distribution immediately after the pulse is calculated by the code from known heat
generation in a pulse and with the assumption that temperature distribution in a fuel rod before
the pulse was uniform.

In TEMPUL code very similar boiling curve is used as it is used by "General Atomics". It is
divided into four heat transfer regimes. Each regime is characterized by different heat transfer
mechanism. The correlations for the heat flux are incorporated into the code in all four regimes.
They are derived with the assumption, that the coolant in coolant channel has a constant velocity,
which is an input data, and that axial power distribution is a cosine function. It is also taken into
account that at given flow velocity the coolant temperature is a function of core height and time.
Two different types of coolant channels can be used; first one is characterized by equilateral
triangular arrangement, while second one has fuel arranged in a square pitch. It is assumed that
all coolant channels in the reactor core are the same. All the thermal properties of coolant in the
coolant channel are bulk temperature dependent.

The gap between the fuel bulk and the cladding is treated as a perturbation, where the
temperature distribution has a discontinuity. The gap thickness is a function of average fuel bulk
and cladding temperature and gap conductivity is tabulated in dependence of temperature for two
gases: for air and helium. Gap thickness at room temperature is input data. The temperature
dependence of gap thickness is calculated by using the thermal expansion coefficients for fuel
bulk and cladding.

Two test cases are presented in this study. In both the conditions after the pulse, where
maximal fuel temperature achieved at 468 °C, are treated. This is the maximum fuel temperature
in the ITU TRIGA Mark-II reactor core after the pulse. It is calculated by the code PULSTRI [3]
that calculates maximum fuel temperature in a pulse using adiabatic Fuchs-Hansen
approximation. Before pulsing the reactor was shut down, so that the room temperature was
established all over the reactor tank. The form of coolant channel is equilateral triangle and three
standard TRIGA fuel elements with 8.5 w/o of uranium and 20% enrichment surround it, flow
velocity is 9 cm/s.

In first test case fuel bulk is in contact with the cladding, while in second case constant gap
resistance is assumed and it is filled with air.

Fuel element is divided into 100 mesh points in the calculations and there are 3 homogeneous
unit cells namely zirconium rod, fuel bulk and stainless-steel cladding beginning from the center
of the fuel element. Bulk coolant temperature is calculated at core height since the highest value
is achieved at the top of the core. The main input data are listed in Table 1 [6,7].

Calculated outer clad temperatures as functions of time after the pulse for different coolant
velocities are shown in Fig. 1.

To considering the effect of the air gap between the fuel bulk and the cladding interface, fuel-
cladding interface and outer clad temperatures as functions of time after the pulse are shown in
Fig.2 and Fig.3 respectively.

Table 1. Main input data used in the calculations

Explanation
Maximum fuel temperature at the
point of peak power
Initial coolant temperature
Radius of zirconium
Radius of fuel bulk
Radius of fuel element
Core height
Core height for bulk coolant
temperature calculation

Value
468 [ °C ]

33 [ °C ]
0.3175 [cm]
1.8161 [cm]
1.8669 [cm]
38.1 [cm]
38.1 [cm]
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Fuel element gap thickness
( gap is filled with air)
Fuel array pitch
Flow velocity
Pressure at the bottom of the core
Number of radial mesh points
Radial mesh interval

0.00381 [cm]

4.3564 [ cm ]
9 [ cm/s ]
1.6019 [bar]
100
0.0200 [ cm ]

3. RESULTS AND CONCLUSIONS
Time dependence of temperature distribution in the fuel element of the ITU TRJGA Mark-II

reactor following the pulse operation has been investigated by the code TEMPUL. Results of
calculation are shown in Fig.l to Fig.3. As seen in Fig.l at the beginning, the outer clad
temperature is increasing with increasing time for all coolant velocities in the coolant channel
since the adiabatic conditions are exist. And then, coolant velocity effect on the outer clad
temperature is seen when the adiabatic effect is lost.

The air gap between the fuel bulk and the cladding interface are produced by pulsing. This
gap causes the measured steady-state temperature increased significantly. On the other hand after
several pulses of the maximum reactivity insertion, the size of the air gap essentially stabilizes
[8].

Very small constant gap thickness is assumed in the calculations since the fuel elements in
the ITU TRIGA Mark-II reactor core are not used very much both steady-state and pulse
operation. To considering the effect of the air gap, fuel-cladding interface and outer clad
temperatures as functions of time after the pulse are shown in Fig.2 and Fig.3 respectively. The
gap,resistance effect on both fuel-cladding interface and outer clad temperatures can be seen
from the Fig.2 and Fig.3 respectively at the time heat transfer is started.

The results from the calculation shows that TEMPUL computer code with a simple analytical
model can be easily applied to calculate time dependence of temperature distribution in a TRIGA
type fuel element following the pulse operation.
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Fig. 1: Outer clad temperatures as functions of time after the pulse for different coolant
velocities
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Fig. 2: Fuel-cladding interface temperatures as functions of time after the pulse (v=9 cm/s)
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Fig. 3: Outer clad temperatures as functions of time after the pulse (v=9 cm/s)
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COMPARATIVE CHARACTERISTICS OF REACTORS KINI AND INP
AND THEIR USAGE IN THE MEDICAL PURPOSES

Dosimbaev A.A., 'Gritzay O.O., 'Kaltchenko O.I., Koblik Yu.N.,
Pikul V.P., Yuldashev B.S.

Institute of Nuclear Physics, Tashkent, Uzbekistan
institute of Nuclear Research, Kiev, Ukraine

The aim of this work is to provide neutron physics foundation and technical validation for the
development of a neutron source having parameters satisfactory for Neutron Capture Therapy
(NCT) in the treatment of human cancer tissues. Such treatment requires an epithermal neutron
flux of not less than 109neutron/cm2s and a fast to epithermal neutron ratio of less than 1:50. The
best way to achieve such a source at an existing nuclear reactor is to transform a thermal column
into an epithermal source with a neutron spectrum in the range of 1 eV - 10 keV. For this
purpose the main material of the thermal column, graphite, has to be replaced by light materials
such as aluminum, fluoride, lithium-7, and some others. In addition, special filters, reflectors,
and converters may improve the parameters of the beam. Taking into account last year's
international requirement of converting all research reactors to low enriched uranium (LEU) fuel,
it is necessary to estimate the possibility of creating such boron NCT (BNCT) neutron source
using both high-enriched uranium (HEU) and LEU fuel.

The first and most necessary stage of this work is the accurate physical calculations of all the
parameters of such a source. This problem demands detailed and rather intricate computer
calculations using the Monte Carlo method. The widely used MCNP computer package
developed at Los Alamos National Laboratory, USA is available for such calculations in
circumstances close to the real situation. Nevertheless, this work needs significant efforts of
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highly qualified specialists, using up-to-date computer techniques with long time calculation
times and a deep understanding of all the physical processes that take place in the area of the
neutron beam, as well as in the reactor core. This is connected mainly with nuclear safety
demands that have to be satisfied during all transformations needed for development of a new
source.

The specialists of the INR Neutron Physics Department (NPD) have experience with MCNP
for Kiev research reactor (KRR) calculations, up-to-date computer techniques, and acquaintance
with the development of neutron sources, as evidenced by their participation in international
BNCT conferences and meetings on this problem [1-4]. In NPD there also exists considerable
experience and practice in the development of the neutron filter beam technique and associated
experimental measurements that may be successfully used for testing some obtained intermediate
results.

As it is well known, the large interaction cross section of thermal neutron with B-10 isotope
leading to a splitting of B-10 nucleus onto He and Li together with absorbability of cancerous
tumors to take up the boron atoms much more than healthy cells, are the basis of Boron
Neutron Capture Therapy method. As ionization capability of He and Li ions is high, and their
runs are short, then the cells, preferably enriched by boron, are killed and the healthy cells are
damaged much less. However, as the penetrating capability of thermal neutrons is low, then to
reach the cancerous tumors, localized into several centimeter depths, the epithermal neutrons are
more suitable. In addition, the use of thermal neutrons carries attendant problems due to the
magnitude of the skin dose. Epithermal neutrons have the lower neutron capture rate in hydrogen
and it would result in reduction of a skin dose, and moderation of epithermal neutrons within the
head would give rise to thermal neutron peak at the cancerous tumor site. The most suitable
neutrons for BNCT are neutrons with energies from 1 eV to 10 keV, because their KERMA
factor and hence, the direct tissue damage, is smaller than for thermal or fast neutrons.

Such neutron beams may be formed at nuclear research reactors. The concept of the source
consists in transformation of the reactor radiation by means of neutron moderators and filters.
For this purpose reconstruction of the reactor thermal column will be necessary to convert it into
an epithermal neutron beam using specially selected moderators, filters, collimators and
shielding. The spatial configuration of these source elements and material compositions will be
selected to optimize the flux of epithermal neutrons with energies of leV - 10 keV, since such
neutrons are the most suitable for treating tumors in inner organs, and to minimize the
background of other energy neutrons and gamma rays. The Monte Carlo method neutron will
determine the beam parameters and photon calculations taking into account both the peculiarities
of the KRR and URR systems and nuclear properties of the source materials in the modified
thermal column.

Several epithermal neutron beams for BNCT have been constructed in various countries, e.g.,
in the USA (Brookhaven National Laboratory, Massachusetts Institute of Technology); in
Sweden (Studsvik); in the Netherlands (Petten); in Finland (Helsinki); in Japan (Tokaimura,
Kumatori); in the Czech Republic (Rez); in Argentina (Bariloche). The neutron sources for all of
these epithermal irradiation facilities are the reactor cores of the reactors. In order to obtain an
epithermal neutron beam having parameters satisfactory for BNCT, the modification of these
reactors have been carried out. Now most of these facilities have been or will soon be used for
experimental BNCT treatments. Both in Ukraine and in Uzbekistan the epithermal irradiation
facilities for BNCT are not yet created though demand for them is very big - concerning
information from the medical cancer treatment institutions in Ukraine from the total number of
all patients with first-identified cancer tissues about 5000 persons have the brain tissues, the most
perspective method of their treatment is the BNCT. Both in Ukraine and in Uzbekistan this
method can be advanced on existing research reactors.

Modifications of research reactors may be relatively straightforward and not prohibitive cost,
especially in comparison with construction of new reactors specialized for BNCT. But any
reactor modification should be forestalled the careful calculations taking into account of all

102
Section I. Nuclear Energy: Present Status and Perspectives



Proceedings of the Third Eurasian Conference "Nuclear Science and its Application", October 5 - 8 , 2004.

peculiarities of the specific reactor system. Using of the world experience in epithermal neutron
beam development is very important to say, that the research reactor in Kiev and Tashkent may
be reconstructed into epithermal irradiation facilities, to expedite selection of suitable materials
for moderator, collimator, shielding, etc., but a KRR and URR modifications demand carrying
out of calculations considering their peculiarities. Our preliminary MCNP calculations confirmed
that the epithermal flux, required by BNCT, might be achieved at the KRR.

Now it is necessary to carry out the detailed calculations of all system (moderator,
collimator, shielding, etc.) needed for transformation of existing thermal column into epithermal
taking into account both the actual structural features of the KRR and URR, and all demands
concerning parameters of epithermal beam, required by BNCT (intensity of epithermal neutron
flux, specific fast neutron and photon doses, etc.). The main calculation results we plan to test by
means of experimental measurements.

The results obtained for the development of epithermal neutron beams for BNCT at the KRR
allow one to say that we can improve the beam parameters using some different from wide-used
materials for collimators and filter (e.g. using of the nickel-60 filter) and our results may be used
as in our future work on thermal column transformation at KRR and URR, as for beam
improving at another reactor system.

The results of filter calculations and typical construction of thermal column is shown on
Fig.l.

1 2 3

Fig.l. Construction of neutron filters of thermal column. I- beryllium moderator; 2 -
horizontal channel tube; 3 - preliminary collimator; 4 - beam shutter disk; 5 - filter-
collimator assembles; 6 - outside collimator; 7 - filter components; 8 - sample for
activation; 9 - device for samples removing.
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THE SOLUTION OF THIRD FORM OF THE TRANSPORT EQUATION
USING THE SINGULAR EIGENFUNCTION METHOD: CONSTANT

SOURCE PROBLEM

Kaskas A., Giillesyuz M.C., Tiireci G.
UZ0703343 Ankara University, Ankara, Turkey

ABSTRACT
The third form of the transport equation has been solved using CN method. In this method the

infinite medium Green's function which has been obtained from Fourier transform technique
was used. The singular eigenfunction method is based on the use of the infinite medium Green's
function. The method which we want to use in this calculation is based on the infinite medium
Green's function. This function can be written in terms of singular eigenfunctions of the Case's
method. This method leads to obtain analytical expression of the problem easily. The numerical
results are in good agreement with FN method.

INTRODUCTION
The neutron transport equation is employed to solve some physical problems as albedo,

constant source problem, criticality, extrapolation lengths for Milne problem for isotropic and
anisotropic scattering cases. There are three forms of neutron transport equation. The first form
which is also known as Boltzmann equation is solved by using the methods of Case, FN, PL. The
second form is solved by using variational method and the third form of the neutron transport
equation is solved by using CN method.

The CN method is based on Placzek lemma in which the finite medium is converted into the
infinite medium. An integral equation is provided for the angular flux at the boundaries of the
various media which allows the fluxes to be calculated at any point [1,2]. For plane geometry
CN equations can be written as

r i i
n (m)= T dxyr S(xy,ni)G(O,n%xy,mo)drr\)+ T G(m,m,)n {m^m^drr^

(1)
+ T G{v%n%)n {m^rn^dm^ m< 0

r I
0= T dxyj S(xymo)G(O,m>xymo)dmo+ j

0 ° (2){ , ^ ) { Q ^ ^ m> 0

These are the Fredholm equations of the second and first type respectively. Where G is the
infinite medium Green's function and G{x,m,m^) is angular flux at x in the direction p.

produced by a plane unit source at the origin, emitting in the direction n\. It is obtained from

Fourier transformation technique as

c r e^dk- ^ T . (3)

0- ikft | ^

In our method, the infinite medium Green's function which is obtained from the solution of the
Boltzmann equation is used to solve CN equations [3]. The Green's function G(x0 —> x;ju0 —» fj)

represents the angular flux at x,ju due to a unit plane source at XQ'/^O . For isotropic scattering,

[4] .
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m<l<Kx.Zr.n9*+ G(Xo 9 x.H m m)= c> G(Xo m x.

+ d(x- xo)d(m-

G«(x0® x;^® m ̂ / K ^ ^ , ^
# ( H ) °

where the upper sign is for x < XQ , the lower is for x > XQ and

0- m
(6)

(7)y
are known as the discrete and continuous singular eigenfunctions corresponding to the discrete
and continuum eigenvalues n0 and n respectively. The following equations

3
0

2
c

2 1
H±vo)=±^ ^ - - A (8)

ny nil- entanh"'n) 2 + ̂ ^ - * (9)
$ } 4 I

correspond to the normalization constants of the discrete and continuum modes.

CONSTANT SOURCE PROBLEM
We consider the half space constant source problem in Eq.(l), for c< 1, and the constant

source is defined by [5,6]
S(x,mo)=a (10)

the outgoing angular flux is defined by

n (my e n}ni (11)
/=o

the incident angular flux is
n+ (my 0 . (12)

a = 1 yields the usual constant-source problem, the half-space albedo problem is obtained by
taking a = 0. Writing Eq.(l) as (where G replaced by G*)

r ~ ' ~ '
ri (ni)= np dxYY 1 '̂(XSM^)G" (0,^x^0^)dmo+ -p G+ (n%n^)n+ {m^n^dmQ

V -1
 ft ° (13)

T fG (m,n^)n (m^n^dn^ m< 0

using the infinite medium Green's function given in Eq.(5) and multiplying this equation by
nf+] and integrating over me{- 1,0), we obtain

e v(- IV? ]
 + £! i^o)4K) + £l

~o ' gw+/+1 4 JV(«0) 4
c v n s

m ( " o ) « c ' 2 Bin)

2 A^(n0) 2 Xo JV(»)

*

where
2 '

) T ^ + 1 / ( - z,w>//« , (15)
c z o
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dm,

1 + 1
1

with C, = v0 or v. We give our results for the parameter of

0 N (- l V v ;
b - - 2j mri (m)dm= Q -——'-

(16)

(17)

(18)

(19)

(20)

(21)

We can also use Eq.(2) to calculate b multiplying by nf+] and integrating over me(0,\).

Table 1: b for the selected c values for a= 1

N
0
1
2
3
4
5

Siewert

c=0.1
1.08687
1.08687
1.08687
1.08687
1.08687
1.08687
1.087

c=03
1.32221
1.32224
1.32225
1.32225
1.32225
1.32225
1.322

c=0.5
170664
1.70690
1.70691
1.70692
1.70692
1.70692
1.707

c=0.7
2.47642
2.47807
2.47814
2.47815
2.47815
2.47815
2.478

c=0.9
5.20568
5.21946
5.21974
5.21975
5.21976
5.21976
5.220

CONCLUSIONS
The purpose of the present work is to solve the half-space albedo and the half-space constant

source problem for isotropic scattering kernel by using CN equations. Some of the results are
compared with those already existing in literature. In general one can see that some exact results
are obtained in the lowest order approximations. This procedure gives us an analytical
expression for solving numerically easily.
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COMPARATIVE ANALYSIS OF THE CHARACTERISTICS OF FISSION
PROCESS ACTINIDES BY THERMAL NEUTRONS INDUCED

Kazantseva T.G., Koblik Yu.N., Pikul V.P., Khugaev A.V., Yuldashev B.S.
Institute of Nuclear Physics, Tashkent, Uzbekistan

1. INTRODUCTION UZ0703344
Despite of large achievements in theory of fission process of heavy nucleus and huge

experimental data, till now there is no unified picture of this process. The nuclear fission
represents composite nuclear reaction, including practically all nuclear interactions known in low
energy physics. This process is characterized by huge quantity (about 800) output channels. For
analysis of dynamics of this reaction the experimental data is required, containing as much as
possible information on an output channel. It is necessary with a high accuracy to know mass-
energy and charge distributions, excitation energy, independent yields, odd-even effects,
multiplicity of prompt neutrons.

On the basis of this data it is possible to observe dynamics of descent of a fissionable nucleus
about a saddle point to a scission point within the framework of existing models to define shapes
of a nuclei for different modes of fission.

The analysis of spontaneous and low energy fission is of concern from the point of view of
analysis of a nuclear matter, as in this case the analysis of nucleon - nucleon interplays actually
in vivo, i.e. without an external force.

The purpose of the present paper is the comparative analysis of the characteristics of fission
process of uranium and plutonium isotopes by thermal neutrons induced with utilization of
experimental data obtained for the last three decades. The values of total kinetic energies (TKE),
kinetic energies of light and heavy fragments (EKL, EKH), half-width of mass and charge
distributions (AA, AZ), odd-even effects on all mass distribution and separately for light and
heavy groups were compared.

2. MASS DISTRIBUTIONS OF FISSION PRODUCTS
Mass distributions of fission products (FP) is one of the major characteristics of fission

process. The main experimental data on mass fission yields FP was obtained by a radiochemical
method with accuracy, of 10-15 %. The mass-spectrometer technique has allowed considerably
increasing measurement accuracy. The known precision installations LOHENGRIN [1] and
COSI-FAN-TUTTE [2] Grenoble (France), a mass analyzer in Tashkent [3] allow alongside with
mass yields to measure EK and Z of FP. In [4] the mass yields in a wide range of mass number
compiled on all available experimental results and advised for use. Table 1 summarizes the
average value of mass distributions FP and their dispersion of the U, U, Pu and
241Pu(nth,f) obtained from [4]. Average values A and Z in heavy group for these divided systems
are about identical. Probably, it is connected to the fact that a heavy fragment at first is reshaped.

Table 1

AL

Ah

CJAL

ZL

zh

2JjU
93.27
138.29
5.37

5.57

37.78
54.22
1.99

2.70

95.12
138.49
5.17

5.06

38.1
53.9
2.04

2.20

ZjyPu
99.87
137.37
5.17

5.04

40.23
53.77
2.08

2.21

/4IPu
101.29
137.77
4.92

4.77

40.415
53.583
1.95

1.99
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In fig. 1 the values of half-widths AA for 233U, 235U (a), 239Pu, 241Pu (b) are given as a
function of charge of FP.
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Fig. 1. The half-width A (A) as a function Z.

Increase of half:widths A(A) can be observed for Z=43, Z=49 in case of fission 233U, 235U
and for Z=45 , Z=49 in case of fission 239Pu, 241Pu. It means that number of isotopes for these
elements is very large as contrasted to by other ones. The formation of heavy fragments with
Z=49 descends equally.

In fig. 2 FP mass yields of a heavy group with A= 130-148 are given taken from [5](a)
and [6](b). The form of these curves is practically identical to these divided systems.
FP with A=136 has anomalously low yield and maximum yield with A=134.
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Fig. 2. Mass distributions of heavy FP. (a) -233U, 235U; (b) - 239Pu, 24IPu(nth,f).

In fig. 3 the values of mass distributions dispersions o(A) are given at different values of EK
235U and 239Pu for light (a) [1] and heavy (b) [5] groups.
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Fig. 3. Dispersions CT(A) as a function of kinetic energy

At large EK. values the considerable decrease in a (A) is observed. This can be possible
because of a shorter time of descent from a saddle point to a scission point and small sizes of a
neck. Besides our measurements [6] demonstrated increase in A with rise in EK for same Z.

3. CHARGE DISTRIBUTIONS
FP charge distributions is another major characteristics. Measurements of charge

distributions are much more complex and labour-intensive problem as contrasted to by
measurement of the mass-energy characteristics. Besides, it was supposed that influencing of
charge distribution on dynamics of fission process is much easier than that for mass-energy
distributions. There is less information on charge distributions than on mass-energy distributions.
Such parameters as the most probable charge Zp, dispersion CTZ and AZ=ZP-ZUCD are usually
estimated. ZUCD - Unchanged Charge Density.

With increase of EK the decreasing ZLP and AZ for the same mass number for all considered
divided systems is observed. Probably it is connected to the fact that the proton subsystem in the
beginning is formed and the neck consists of neutrons. At large EK the breaking of a neck
becomes closer to a heavy fragment, in a consequent that quantity of neutrons for a light
fragment is augmented.

Dispersions of charge distributions CTZ in light group FP (fig. 4) have an oscillating type with
the period ~5 a.m.u. The minimum values correspond to even-even nuclei, maximum values
correspond to odd-odd nuclei.

70. 75 80 85 90 95

Fig. 4. oz values as a function mass number A.
100 105 110 115.
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Parameter AZ=Zp - ZUCD also has an oscillating behaviour similar to az. With increase in EK

the value AZ decreases. Therefore, at small excitation energies the charge distribution in FP
comes nearer to charge distribution in a compound nucleus. The calculations of deformations [7]
for the most probable values EK and A have shown that the form of heavy fragments in a scission
point is approximately identical, and form of light fragments notably differs.
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ADSORPTION OF URANIUM FROM AQUEOUS SOLUTIONS USING
ACTIVATED CARBON PREPARED FROM OLIVE STONES

Kutahyah C , Eral M., Altas Y., Tel H.
Ege University, Institute of Nuclear Sciences, Izmir, Turkey

ABSTRACT
Adsorption of uranium from aqueous solutions using activated carbon was investigated.

Olive stones were selected as a starting material for the preparation of activated carbon.
Adsorption experiments were carried out by batch technique. Starting material/activating agent
(ZnCb) ratio of 1:2 and 600°C carbonization temperature were used for the preparation of
adsorbent. The adsorption of uranium was studied as a function of shaking time, pH, initial
uranium concentration and temperature. The optimum conditions were found as 5 minutes
shaking time, pH 6, 25 ppm uranium concentration, and 30°C temperature. The uranium
adsorption efficiency was found to be 94±5 % applying these determined optimum conditions.

INTRODUCTION
Separation and purification processes based on adsorption technique are important in nuclear

industry where activated carbon is often used for the separation of metal ions from solutions, due
to its selective adsorption, high radiation stability and high purity [1]. Activated carbons are
unique adsorbents because of their extended surface area, microporous structure, high adsorption
capacity and high degree of surface reactivity [2].

Aegean Region of Turkey is famous with its olive trees. Therefore, there is considerable
amount of olive stones as an agricultural by-product. Activated carbon can be produced using
every kind of carbonaceous material including agricultural by-products. Taking into
consideration of its importance as an agricultural by-product, it can be widely used as starting
material for the preparation of activated carbon.

EXPERIMENTAL
The starting material was mixed by stirring with ZnCk solution in the ratios of (starting

material/activating agent) 1:1 and 1:2. The resulting chemical-loaded samples were heated to
HO ; 1
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different carbonization temperatures in the range of 500-700°C and held at that temperature for 1
hour [3-8].

The adsorption of uranium was studied as a function of shaking time, pH, initial uranium
concentration and temperature. Adsorption measurements were carried out by batch technique.
Uranium solutions were prepared using uranyl nitrate hexahydrate (UO2(NC>3)2.6H2O) (Merck).
Before and after adsorption, the concentration of uranium was determined by the Inductively
Coupled Plasma-Optical Emission Spectrometer (IGP-OES).

RESULTS AND DISCUSSION
In this study olive stones were used as the starting material for the preparation of activated

carbon. Effects of carbonization conditions on the properties of the resulting activated carbon
were examined. Figure 1 shows the preparation conditions and adsorption capacities of the
activated carbons. From the results of figure 1, starting material/activating agent (ZnCb) at ratio
of 1:2 and 600°C carbonization temperature were used for the preparation of adsorbent.
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Fig 1. Adsorption Efficiencies of Activated Carbons

The parameters which affect the uranium adsorption were investigated by using activated
carbon prepared in determined laboratory conditions. Different intervals of time ranging from 5
minutes to 240 minutes were examined to determine the effect of shaking time. Effect of pH was
examined in the pH ranges of 2 to 7. Then, the effect of concentration was studied by using five
different uranium solutions, varying initial concentrations from 25 to 300 ppm. 15, 30, 40, 50
and 60°C were applied to observe the effect of temperature. As a result, the optimum conditions
were found as: 5 minutes shaking time, pH 6, 25 ppm uranium concentration, and 30°C
temperature. These determined conditions were applied and the uranium recovery efficiency was
found as 94±5 %.

In order to understand the adsorption capacity of the adsorbent, the equilibrium data were
evaluated according to the Langmiur isotherms. Fig. 2 shows the Langmiur isotherm of uranium
adsorption on activated carbon prepared from olive stones. The Langmuir equation, which has
been successfully applied to many adsorptions, is given by [9]

Ce 1 Ce
I (1)
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where Ce is the equilibrium concentration (mg/L), Qe is the amount absorbed at equilibrium
(mg/g), nm and b is the Langmuir constants related to monolayer capacity and energy of
adsorption. A linearised plot of Ce/Qe versus Ce is obtained for activated carbon as shown in Fig.
2. The fits are well for the activated carbon (correlation coefficient is 0.99). nm and b was found
as 57.8 mg/g and 0.095 L/mg, respectively.

1,5

20 40 60

Ce(mg/L)

80 100

Fig 2. Langmuir plots for the adsorption of uranium on activated carbon.

The results show that activated carbon prepared from olive stones in our laboratories can be
treated for uranium recovery from aqueous solutions. In addition, matrix effects and desorption
behaviour of adsorbed uranium on activated carbon should be studied. We are of the opinion that
the method can be used for preventing environmental contamination and adsorption of uranium
from wastes in various stages of nuclear fuel production depending on uranium fuel cycle.
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THE CRITICAL SLAB PROBLEM FOR REFLECTING BOUNDARY
CONDITIONS WITH THE HN METHOD

T e z c a n C . Ill III II III
Baskent University, Ankara, Turkey

UZ0703346

ABSTRACT
The recently developed HN method is used to solve the critical slab problem for a slab which

is surrounded by a reflector. In the special case for R=0 (the reflection coefficients) the problem
reduces to the one under vacuum boundary conditions. It is shown that the method is concise and
leads to fast converging numerical results. The presented numerical results are given in tables
and compared with the data available in literature.

INTRODUCTION
The angular density, for the neutrons which are introduced into the system only through

fission with no extraneous fources obeys the homogeneous time independent, one velocity, linear
transport equation [l - 3J.

An
where, iy\f,Qj is the angular density or the single particle distribution function giving the

average number of particles within unit volume around the space point r and moving within unit

solid angle along the direction Q, f[fl' -» QJ is the probability distribution function for a

particle after collision moving in the direction Q, assuming that it was moving in the direction

Q' before collision, c is the average number of secondary particles produced by collision and
distances are measured in mean free paths.

For isotropic scattering in plane geometry Eq.(l) becomes

')d{i'. (2)

The solution of Eq.(l) is given by the normal mode expansion as
X X

y/(x,/i) = A(v0)$(V0,/j)e "° + A(-V0)fi(-vo,p]ev°
1 X 1 X

+ J A{vp(v, fj)e v dv + \A{- vp(- v, jj)ev dv. (3)

±v0) and A(±v) represent the expansion coefficients, 0(±vQ,/j) and ^(±v,/u) are the
discrete and continuous eigenfunctions corresponding to discrete and continuous eigenvalues
±v0 and ±v respectively.

2 v - n

if v does not lie on the real line between -1 and 1 then

(4)

(5)

1i-0 (6)
v

leads to discrete eigenvalues. P denotes to Cauchy principle value.
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THE CRITICAL SLAB PROBLEM
Consider a homogeneous slab of half thickness a which is centered at the origin [l,2,3].
We have the symmetry condition

Eq.(3) can be written as
(7)

{votM)e *>

\A(A Av>M)e dv. (8)

The slab surrounded by the same reflecting medium from both sides can be represented with the
following boundary conditions,

{a-fi) =Ry/(a,fj), for/i > 0

a,/j)=Riy(-a,-fi). for^i>0 . (9)
If R = 0 then boundary conditions reduce to the boundary conditions of a slab surrounded by
vacuum.
In the criticality problem we consider c> 1; that is, a reactor can not be critical if c < 1. These
kind of solutions will exist only when there is a definite relation between c and the size of the
slab. This relation is called the criticality condition. Then the problem is to obtain this condition
with the reflecting boundary conditions Eq.(9).

THE USE OF THE HN METHOD
To obtain the criticality condition and, therefore, the variation of the critical slab thickness

with the number of secondary prticles we consider the angular flux at the boundary of the slab.
The angular flux at x = a is

<j>(vo,M)

+0(v,ju)e dv. (10)

3.1 Calculation of the Coefficients A(v0) and A(v)

Multiplying Eq.(lO) by ju0(vo,ju) and //^(v,//) respectively and integrating over ju e (-1,1)

and using the following full range orthogonality conditions

(11)

(12)

(13)

(14)

-1

N(Tva) = T ^
vz~l v0

N(v)=v

and defining the following expansions

(, ' , -i V\l-cvtonh v) +\

(15)

we obtain
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A(c) = ̂ £^faj-AAC)+RBAC)] (16)

(17)

(18)

(19)

= v0 or v (20)

Now we consider the entering angular flux at x = a

dv, ju>0 (21)

similarly, one can write the entering angular flux y/(- a, ju) at x = ~a,for // > 0.

To get the criticality condition we multiply Eq.(21) with /im+1 and integrate over // e (0,l),

The resulting equation together with Eqs.(15), (16) lead to

+ -

= R -

(22)

2 H -.2 2a 1 . . 2

To calculate the critical slab thickness, since c> 1, v0 should be replaced by vo/i.

CONCLUSIONS
HN method [4J which we have used to solve the critical slab problem for reflecting boundary

conditions leads to the exact criticality condition given in Eq.(22). Using this equation we have
calculated the numerical values of the critical half thicknesses corresponding to different values
of the reflection coefficients R for c = 1.1 and 1.2. The results are presented in tables (1) and (2)
together with the numerical results given by the Case's method [5]. It is shown that the HN
method provides fast converging numerical results.

Finally we may conclude that the method is very effective because it leads to an exact
criticality equation and because lower order approximations need to be considered.
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Table 1: The slab critical thickness for c=l.l

N
0
1
2
3
4

Atalay

R=0
4.22483
4.22661
4.22662
4.22662
4.22662
4.22653

R=0.25
3.54384
3.54014
3.54066
3.54063
3.54060
3.54352

R=0.5
2.56541
2.56659
2.56652
2.56651
2.56680
2.27212

R=0.75
1.31663
1.30847
1.30745
1.30749
1.30765
1.31222

R=0.99
0.06313
0.04861
0.04867
0.04866
0.04868
0.04887

Table 2: The slab critical thickness for c=l .5

N
0
1
2
3
4

Atalay

R=0
1.21009
1.21012
1.21011
1.21011
1.21011
1.20928

R=0.25
0.87649
0.87600
0.87594
0.87603
0.87604
0.86761

R=0.5
0.55295
0.54430
0.54423
0.54416
0.54417
0.54481

R=0.75
0.26493
0.24612
0.24617
0.24617
0.24616
0.24650

R=0.99
0.01185
0.00876
0.00878
0.00878
0.00878
0.00880
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MOTION OF AIR BUBBLES IN STAGNANT WATER CONDITION

'Bezdegiimeli IL, 2Ye§in O., ^zdemir S.
1 Turkish Atomic Energy Authority, Ankara, Turkey
2Middle East Technical University, Ankara, Turkey

ABSTRACT
In this study, air bubble motion in stagnant water condition in a vertical pipe of 4.6 cm

diameter is investigated experimentally. For this purpose, a test set-up was designed and
constructed. Motion of single bubbles, having different diameters in the range of 3.0-4.8 mm,
were recorded by using a monochrome camera, an image capture card and a PC. Recorded video
images were processed to analyze bubble motion and to obtain the necessary data.

The purpose of the study is to determine the variation of bubble axial velocity and bubble
drag coefficient as a function of the equivalent bubble diameter and the bubble Reynolds
number, Ret,. Therefore, detailed information for this range of bubble diameters was obtained.
The results have shown good consistency with the previous studies found in the literature.

116
Section I. Nuclear Energy: Present Status and Perspectives



Proceedings of the Third Eurasian Conference "Nuclear Science and its Application", October 5 - 8 , 2004.

INTRODUCTION
Bubbly two-phase flows appear in many industrial facilities such as nuclear power plants and

chemical reactors. Especially in a boiling water type nuclear power reactor, bubbly flow
characteristics affect the coolant circulation rate and consequently the other important reactor
parameters. Therefore, in order to reach the desired level of safety and to obtain high operating
efficiency at those facilities, understanding of the bubbly flows is important.

The behaviour of a single bubble is regarded as one of the basic elements characterizing the
bubbly flow. So, analysis of single bubbles is very useful to understand basic flow mechanisms
and to make the phenomenon of bubbly flow clear. On the other hand, it is very complicated to
perform fully satisfactory theoretical analyses of the subject due to internal circulation of the
bubble, shape deformation and oscillations causing bubble geometry change, secondary motion
resulting in non-linear bubble path, and irregular rotation causing projected area change.
Although we may get some useful quantitative and qualitative information from theoretical
models [1-6], it is usually not sufficient for many cases, especially for deformed bubbles. Then,
it is necessary to conduct experimental studies to fully understand the issue and to obtain the
necessary data. Hence, we mostly rely on the experimental studies.

TEST SET-UP AND EXPERIMENT PROCEDURE
The design details of the test set-up are shown in Figure 1. Distilled water is used in the

system. Air is supplied to the system from a tank that is connected to an air compressor. The
stored air is given to the system by a regulator that
adjusts the pressure in the air supply line.
Afterwards, air is injected into the test section
through the bubble injector after passing through a
needle type valve used for the adjustment of the
bubble generation frequency.

The main part of the test section is the
cylindrical transparent plexiglas pipe enabling the
visualization of the bubble motion. To minimize
optical deformations to a negligible level, a
plexiglas aquarium was fixed onto the plexiglas
pipe region where the camera shots were taken.
Bubble injectors are cylindrical hollow brass pipes
of 5.9 mm outer diameter drilled at seven different
diameters (1.0-1.8 mm) to generate bubbles of
different sizes. To be able satisfy the negligible wall
effect conditions {{db I Dh)<0.\2, [2]), the generated
bubble diameters should be less than 5.5 mm.
Bubbles, having diameters less than 4.2 mm, keep
their spheroid shapes. For greater diameters surface
oscillations begin and bubbles get a rather irregular
shape for diameters over 4.8 mm. Therefore, it has

Buffer
tank

I
h Plexiglas observation test section

Do = 5.0 dm

10x10 cm plexjgl
aquarium to reduce
optical deformation

Fig. 1. Test set-up

been decided not to investigate the bubbles having diameters greater than 4.8 mm. Since the
maximum resolution the available image capture card (384x288 pixels) was not suitable, bubbles
having diameters less than 3 mm were also not studied. A monochrome camera with 1/5000
shutter speed was used for the visualization of the experiments. Camera shots (25 frames/see)
were recorded to computer hard disc by using a capture program and a capture card. Then,
recorded video images were processed to analyze bubble motion and to obtain the necessary
data.
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RESULTS AND DISCUSSION
3.1 Bubble Path, Bubble Shape Behavior and Bubble Axial Relative Velocity Change
In the observed bubble diameter range, all bubbles move upward linearly for a few cm after

being detached from the bubble injector surface, then show a planer zigzag motion similar to a
sinusoidal shape. These observations are in a good consistency with observations given in Refs.
5 and 8. According to Refs. 2 and 8, the cause of this secondary motion mode is wake shedding
behind the moving bubble which occurs at Ret higher than 200.

The shapes of the bubbles are almost prolate spheroid (£«1.18) when they are mature and
about to detach from the bubble injector surface [7]. Once they detach from the injector surface,
the shape begins to be distorted due to the effect of the hydrodynamic pressure force which
increases with the increasing bubble velocity. The shape of the bubble becomes like a spherical
cap and then oblate spheroid while following a linear path. Then, the bubble follows a zigzag
path and begins to change its shape from sphere to disk with irregularly changing orientations or
spherical cap. Careful examination of the recorded images showed that the magnitude of shape
oscillations seems to be increasing with the increasing diameter.

Figure 2 shows the bubble relative velocity change in the vertical upward direction for three
sample cases. Since the buoyancy force is much greater than the drag force, the bubble shows an
accelerated motion with an increasing bubble velocity during the initial phase of the bubble
motion after its detachment from the bubble injector. The increase in the bubble velocity and
also the shape deformation cause an increase in the drag force, hence the magnitude of the
bubble acceleration decreases until it reaches a maximum velocity. The decrease in the slope
seen for the initial phase of the bubble motion is the result of this decrease in the acceleration.
Thus, the experimental results are in good agreement with the theoretical expectations.

—x — Series 1

• Series 1

• Series 1

vertical distance (cm)

3.23

4.06

de
(mm)

Fig. 2. Bubble velocity change with the vertical distance

The bubble velocity drops a certain value after passing a maximum velocity value, and then
starts to oscillate within a band of 25-30 cm/s. The slope of this band is small and also decreases
slightly with the increasing vertical travel distance. The reason of this bubble velocity drop after
passing through a maximum value is the change of bubble path from rectilinear to zigzag. While
the bubble velocity vector had one component in the vertical direction during it is initial
rectilinear motion, with the beginning of the zigzag motion the bubble velocity vector has two
components; one in the vertical direction, the other in the horizontal direction. Also, during the
zigzag motion, the bubble shows irregular orientations and increased shape oscillations that may
contribute to this bubble velocity decrease. The results are consistent with Ref. 5 which is the
unique in the literature.

3.2 Bubble Average Velocity and Drag Coefficient
The bubble velocity measurement technique used in this study is based on images recorded

by a camera. The recordings were taken for the first 10 cm distance from the inlet due to the
optimization of accuracies for the bubble velocity and bubble diameter measurements, which are
both of the same importance for the study. Ref. 5 concludes that the bubble terminal velocity
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values are approximately equal to the average values of the bubble velocities measured between
the initial vertical distance 5 cm and 10 cm.

Figure 3 gives the bubble average velocity as a function of bubble diameter and compares the
results with Refs. 5 and 10. Bubble velocity values of this study are the average values calculated
from the test data corresponding to the bubble travel distance between 5 to 10 cm.

It is seen that the velocity decreases from the value, 30 cm/s, to the value, 27 cm/s, between
the bubble diameter range 3 mm to 4.2 mm and then this decrease becomes very slight for the
rest of the bubble diameter range.

36,0
_ 32,0
| 28,0
2. 24,0
>5 20,0

16,0

12,0

1ft
/ /

***

0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0

de(mm)

O Ref.10

+ Ref.5

D this study

——Ref.10

—Ref .5

— this study

Fig. 3. The bubble average relative velocity change as a function of equivalent diameter

The velocity decreases from the value, 30 cm/s, to the value, 27 cm/s, between the bubble
diameters range 3 mm to 4.2 mm and then this decrease becomes very slight for the rest of the
bubble diameter range. According to Refs. 2, 5 and 6, the rate of the bubble shape change
(characterized by E) is decreasing with the increasing bubble diameter and the aspect ratio, E,
decreases more rapidly for smaller diameters. Therefore, while the buoyancy force, having
positive contribution to the bubble velocity, is increasing with the bubble diameter in the range
of 3 mm to 4.2 mm, the drag force is also increasing more rapidly due to relatively rapid bubble
deformation. As the rate of deformation decreases for de>4.2 mm, the rate of drag force increase
versus the rate of buoyancy force increase is almost balanced. This velocity behavior observed in
the experiments shows a good consistency with the data found in Refs. 2, 5, 6, 8, 9, and 10. For a
certain bubble diameter, the bubble average relative velocity values of this is 1.5-3 cm/s higher
than the ones given in these references.

Figures 4 and 5 show the drag coefficient data of this study and compare the results with
results of Refs. 5 and 10. As it is seen from Figure 4, CD.av increases with the increasing
diameter. It is a consequence of bubble deformation which also increases with the diameter.

Similar Co.av behavior is seen in Figure 5 which shows the change of Co.av as a function of
Ret,. Since Reb gives the ratio of the pressure forces to viscous forces and viscous effects are
negligible for this range of bubble diameter, the main contribution to drag force comes from the
pressure drag (form drag) component. Because of that reason, the level of the bubble
deformation is important for the drag force. If it is considered that the bubble velocities are
approximately constant for the investigated range of bubble diameter (Fig. 3), from the bubble
Reynolds number formula, Reb = piUdJiii, it can be assumed that Reb is only dependent on the
bubble diameter and is a linear function of the bubble diameter as seen from the formula.
Therefore, Co,av behavior is very similar to the one seen in Figure 4.
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CONCLUSIONS
For the studied range of diameters, all the bubbles are accelerated to a maximum velocity in a

rectilinear motion, then the velocity decreases and starts to oscillate in a slightly decreasing band
with the change of bubble path from rectilinear to zigzag. The bubble velocity decreases from 30
cm/s to 27 cm/s for the bubble diameter range of 3 mm to 4.2 mm and then this decrease
becomes very small for larger bubble diameters, possibly due to the fact that the rate of drag
force increase versus the rate of buoyancy force increase is almost balanced as the rate of
deformation decreases for de>4.2 mm. Drag coefficient values increase almost linearly with
increasing bubble diameter or Reb.

Nomenclature

Co,av drag coefficient based on Vav

db bubble diameter, m
equivalent bubble diameter, mde

Dh

L

hydraulic diameter, m

plexiglas pipe length from the
bubble injection point

Reynolds number based on Vav and de

U relative velocity of the bubble, m/s
Vav bubble average velocity between the

distance 5-10 cm, m/s
fit dynamic (absolute) viscosity of the

surrounding liquid, kg/m.s
liquid density, kg/m3
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ABOUT RADIATION HARDNESS OF THE NUCLEAR TECHNIQUE
ADVANCED CONSTRUCTION OXIDE MATERIAL

Abdukadirova LKh.
Institute of Nuclear Physics, Tashkent, Uzbekistan |

A12O3 oxide (as of some oxide metals) is one of the perspective high-k electro-insulators and
c o n ^ c t C o x i d e materials, in particular, for the ceramicalfuel material - ^ o r a first waU
thermonuclear arrangement. Besides, this oxide is widely used as an « ^ e ^ OT ™ f ^
at creation of laser and MOS systems, as a film coating and receiver of IR-radiation. lims this
work dms at investigation of radiation stability of the physical properties and a structure of
AbCK oxide after irradiation in the reactor of a high fluence.

In this connection the peculiarities of radiation effect on lattice parameters ( ac ), form and
p o s U o n X T e r a reflections, reflection coefficient and frequency of valence and deformation
S a t i o n s of Al-0 bonds, electric characteristics of the oxide were studied with techniques of
X-diffraction, dielectric and IR-reflection spectroscopy.

For example, in present communication the results of X-ray structure investigation of o after
irradiation^high neutron doses (F) are reported. X-diffraction patterns were obtained using an

! CO

i CO
CO

o
; O

N

S T ^ o a was given to dynamics of form and positions some representative
wtth hkl = 014, 110, 03.12 and etc. The diffraction patterns exposed essential changes of

p e X t o s i t y and position depending upon F, the Bragg angle 20 decreases with an increase m
d o t the regularitycan be observed if Ka, and Ka2 doublet is splintered. For example, figure 1
d e m o t e s to radiation dynamics of the function 20 (F) for this doublet (Kc, and Ka2) in the

r e f lOnI I ' s e e from fig. 1 that the displacement of this peak is A(20) ~ 40-50* at dose FH0»-
1021 cm2 (for the reflexes 02.10 - see table 1). At high doses the reflexes at 20 > 70 are eroded
and Takened and doublets are not splitting, the lattice parameters of crystals (a c, d/n) undergo
a l o T o t y expansion (table 1), at very high dose this parameter does not change more than
Ac= 0,0038 nm and Aa = 0,0014 run.

Table 1. Influence of neutrons on some parameters of crystals.

Besides, it is shown that at such doses some halo appears at the diffraction patterns In table 1
dose dependence of generation in the absorption spectra bands at 257 and 358 nm (F- and F-
aggLgldefects) is given. The mechanism of atom displacement out of lattice knots plays the
main role in radiation damage of high doses irradiation crystals.
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Fig. 1. Dose dependence of the function 20 (F) for
the doublet Ka, (1) and Ka2(2) of reflexes 03.12

The optical characteristics - a reflection coefficient and frequency of valence (736, 614 cm"1)
and deformation (464 cm"1) oscillations of Al-0 bonds of the oxide were studied with techniques
of IR-reflection spectroscopy in region of 400-1200 cm'1. The partial decrease of intensity ( R )
and frequency ( v ) of this modes at fluence 8.1019 cm"2 was observed. The change of these
parameters was observed at a neutron fluence (6-8). 1019 cm"2.

Some change of these optical (valence and deformation oscillations of Al-0 bonds ) and
structural parameters ( the lattice parameters of crystals ( a, c, d/n ) and positions of some
representative reflexes, peak intensity and the Bragg angle ), a density and a linear size of
irradiated samples were found near a neutron fluence 1020 cm"2 and 1021 cm"2, but the structure

T I T

state remained stable at the following increase of the irradiation dose ( at F= 1.10 cm and
7.1021 cm'2 and higher).

Features of dose and temperature dependencies of electric properties (a, s, tg5) were
determined after irradiation at different doses of ionizing radiation. Increase of the dielectric
permittivity and IR-transmittance was found near temperatures (25-400 °C) and high doses.
Besides, at a gamma-dose of 103-105 Gy the electric conductivity decreases.

The opportunity of describing dependence a(T,D) in irradiated AI2O3 oxide through the
analytic equation, consisting of the exponential and power functions with corresponding
coefficients has been showed. The values of those coefficients in the temperature range where
the a (irradiation stimulated) is prevailing, were calculated. It was determined that the
coefficients of UF-46 alumina ceramics are in acceptable agreement. It is clear that the result is
very interesting, because it certifies that the a in reactor irradiated ceramics was determined
mostly by the gamma-irradiation, influencing on the crystal phase of ceramics.
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Fig 2. The dependence <?(T) of samples before (1) and after(2) irradiation

Irradiation to dose D=104 Gy leads to a decrease, however the shapes of the ai(T)
dependencies for samples N 1 and N 2 type (cut parallel and normal on the main optical axis)
after gamma-irradiated are alike (table 1, fig. 2).

Table 2. Temperature dependence of the electric conductivity of the samples before (a0) and
after (en) irradiation

T,°C
100
150
250
350
400

ao,Q'W
9,6.10"12

3,9.10""
9,6.10"'"
1,1.10s

2,4.10'8

1,4.10""
2,9.10-12

1,2.10"'°
9,5.10-](J

7,7.10-y

Activation energies (E) of conductivity for the low- and high-temperature regions were
calculated for samples - Ei and E2 respectively (table 3).

Table 3. Activation energy for the electrical conductivity of gamma irradiated corundum

Dose, Gy
O
104

T,°C
< 150
<150

Ei,eV

0,29
0,20

T,°C
> 150
>150

E2,eV
0,68
0,78

Experimental dependence of o(T, D) for single crystals of AI2O3 oxide at T<150°C and
T>150°C gamma-irradiation demonstrate no practical influence on the activation energy. This
indicates on retain at the irradiation of character conductivity of the crystals.

As to some increase in E2 for irradiated samples (in the high temperature region) we can say,
that in the case of T>Tb apart from low-temperature conductivity there is the conductivity
conditioned by, for example, the motion of oxygen ions via the lattice vacancies, which
according to Dince makes the conductivity mechanism better at the temperatures higher then
room temperature.
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The proximity of gained results for activation energy of conductivity for gamma-irradiated
crystals E2 to the activation energy of the reactor irradiated UF-46 ceramics indicates on the
additional fact certifying the most contribution to conductivity of crystalphase.

The dose dependencies of the conductivity in this plates were found to be nonmonotonic. For
example, the minimum on the curve a(D) in samples N° 1 and N° 2 at D=105 Gy is marked.
These temperature-dose kinetics of the dependence o(T, D) for the temperatures 25-100°C were
established.

So, for the first time it is established that the a(D) curve has the extremums, because of at 10
5 Gy dose it passes though the minimum. It is interesting that at the doses of D>10 6 Gy initial
conductivity behaviour of samples is restoring.

The problems connected with the possible causes are established based on the peculiarities of
kinetics in the position of the existing models and discussed on the base of these characteristics
analysis.

Based on the obtained results we draw the conclusion that the discovered unusual effect of
radiation modifications of AI2O3 oxide crystals electric properties, when the a increasing till the
105 Gy, i.e. electroinsulators properties are improved and at the dose >106 Gy - initial
conductivity behaviour of samples is restored -indicates the reason to propose to use the AI2O3
oxide based electronic materials in the high radiation environment.

Thus, such thermal-radiation treatment may serve as a method leading to the permittivity
growth at elevated irradiation doses and temperatures, decrease and imorovement of several
electric, mechanic and optic characteristics. This is testified to prospect of application of this
high-k oxide ( AI2O3 oxide ) in a composition at other oxide metals in the quality construction,
insulation and fuel materials in the reactor, cosmic and semiconductor technique, under the
condition of irradiation influence.

UZ0703349

NEUTRON DIFFRACTION STUDY OF ORDERING OF ATOMS AND
ANTIPHASE DOMAINS IN TITANIUM CARBOHYDRIDES

Khidirov L, Mirzaev B.B., Sultanova S.Kh., Mukhtarova N.N., Gctmanskiy V.V.
Institute of Nuclear Physics, Tashkent, Uzbekistan

Hydrogen effects greatly both on properties and on structure of refractory titanium carbide
which is essential in technique [1]. To obtain carbohydrides involving the largest concentrations
of hydrogen and 77 carbides having given service characteristics, the knowledge concerning the
structure features of these materials is necessary. In the present work the Ti carbohydrides of a
number of compositions at the lower limit of homogeneity range were studied by means of X-ray
and powder neutron diffraction.

Neutron diffraction patterns were obtained using the neutron diffractometer mounted at the
thermal column of the atomic reactor of the INP AS RUz (K = 1.085 A). The treatment of
neutron diffraction patterns was carried out by the Rietweld full-profile analysis (program of
DBW 3.2) [2]. Samples of carbohydrides TiCxHy were prepared by mean sintering [3].
Treatment of samples was carried out in evacuated and sealed quartz ampoules, thus preventing
the exit of hydrogen out of the samples. Concentration of carbon and hydrogen atoms in the
samples was controlled by chemical and neutron diffraction analysis.

According to the results of X-ray analysis, the samples were homogeneous and mono-phase
and had the NaCl - type structure (face-centered cubic unit cell) with the average lattice
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parameter ao = 0.4301 ran, after quenching from temperature of 1200 °C. The minimum values
of the divergence factors (no more than 4 %) and satisfactory agreement between experimental
and calculated peak intensities may be obtained only in framework of space group Fm3m, where
carbon atoms occupy statically the octahedral sites 4 (b) and hydrogen atoms - tetrahedral
interstices 8 (c). After annealing from temperatures of 1100 - 1000 °C Tio.47Co.22H and
Tio.51Co.21H still had the disordered structure described in the framework of sp. gr. Fm3m, but the
transition of a part of hydrogen atoms from tetrahedral to octahedral interstices and interchanges
them by carbon atoms were observed.

I, arb. units
i

244 226 « 5 355 446 266 119 fff 666
222 115 13S 335 117 137 337 555 357 46« 339 22*0

022 113 004 133 224333 044 026 444 246 088 066157049 249 139 268 377

10 20

Fig. 1. Neutron diffraction pattern of the sample TiC0.50H0.21 after annealing at temperature
of 900-800 °C. Solid line and dots - calculated and experimental values of diffraction intensity.
Above peaks Miller indexes of the reflecting planes are indicated.

After the 48 h annealing of the samples at temperatures of 900 - 800 °C in their neutron
diffraction patterns some superstructure maxima were observed (fig. 1). The crystal structure of
the ordered phase can be described in the framework of the sp. gr. Fd3m in which 70 % of
carbon atoms arrange in an ordered configuration over the octahedral interstices 16 (c) and
hydrogen atoms - over the other type of octahedral interstices 16 (d). The sizes of antiphase
domains [4] in titanium carbohydrides seems to be near and the average, is D = 115 A after the
annealing at the temperature of 600 °C. After annealing of samples at temperatures of 750 - 600
°C during 48 h in the neutron diffraction patterns the traces of a-Ti were observed in addition to
the basic cubic phase.

Then initial samples were annealed at 450 °C during 400 h. After this annealing the
superstructure reflections corresponding to sp. gr. Fd3m arose in the neutron diagrams. One
should note the splitting of the superstructure reflections. Fig. 2 shows the neutron diagram of
TiCo.5oHo.2i after the annealing at 450 °C during 400 h. Splitting of the super-structural
reflections at the Bragg angles 20 > 30° into three symmetrically located reflections indicates
that there is a long-period ordered antiphase domains (APhD) structure formed in the sample [5].
It should be noted that at Bragg angles 20 > 30° almost all superstructure reflections are splitted.
Hence, in the carbohydrides APhD ordering occurs in different directions. Using the distances
between satellites of superstructure reflections the period of the ordered APhD structures P has
been determined according to [5]. The values of APhD structures P determined by
superstructural reflections were within the interval of ~ 10-12.
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Reflexes 133 and 024 of X-ray patterns (indices for initial Fm3m structure) indicate some
distinctions in structure of the initial and annealed samples. For these reflexes of all samples a

40 50 20, deg.

Fig. 2. Neutron difraction of TiC0.50H0.21 annealing at temperature 450 °C during 400 h.

noticeable shift of 20 towards smaller angles is observed after heat treating. Fig. 3 shows
fragment of X-ray pattern corresponding to reflection (133) for TiC0.50H0.21 initial (a) and
annealed at 450 °C during 400 h, that is after appearance of periodic APhD structures (b). The
lattice parameter of carbohydrides having the ordered APhD structure increases markedly (Ao «
0.009 A). Besides, after low-temperature annealing of TiC0.47H0.22 and TiC0.50H0.21, some
fuzziness of K^\ - K^ - doublet is observed. It is known, that change of the cell dimension and
arising of the microdistortions, resulting in degradation of doublet, is a result of formation of the
long-period APhD structure.

Absence of APhD ordering in samples annealed at higher temperatures (T < 600 °C) may be
explained by the formation of ordered and randomly oriented APhD. At lower temperatures a
slow formation of fine and oriented (ordered) APhD is observed. As the APhD
size at temperature of 600 °C is ~115 A, one can suppose that sizes of the ordered domains

200 -i

ISO

160

140

120

SO

60

a-initial
b-treated

101.4 101 .6 101.8 102,0 1022 102,4 102.6 102.B 103.0 1032 103,4

Fig. 3. Fragments
of the X-ray

diffraction pattern
of reflection 133.

2 teta.grad

should be considerably smaller than 100 A.
Thus, at the lower limit of the carbon homogeneity region five temperature ranges of

temperature of structural changes are found.
1. T > 1200 °C, at which titanium carbohydrides have disordered cubic structure, is described

within the framework of sp. gr. Fd3m, where the carbon atoms occupy octahedral interstices
and the hydrogen atoms - tetrahedral ones.
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2. 1000°C < T < 1100 °C: the disordered cubic structure is still observed in which the hydrogen
atoms are arranged statistically on both octahedral and tetrahedral interstices. It should be
noted that filling up tetrahedral interstices by hydrogen atoms in the disordered titanium
carbohydride is found for the first time.'

3. 800°C < T < 1000°C: formation of long-range order is observed. Crystal structure of the
ordered phase is described within the framework of sp. gr. Fd3m, where the carbon atoms
occupy one type of octahedral interstices 16 (c) and the hydrogen atoms - the other type of
octahedral interstices 16 (d).

4. 600 °C < T < 800 °C: the decay of ordered cubic phase with segregation of a-Ti is observed.
5. T < 475 °C: the formation of metastable ordered cubic phase with the formation of periodic

antiphase domains is observed. At these temperatures the process of decay is hindered. It
should be noted that the formation of ordered periodic antiphase domains (long-period
structure) in the interstitial phase is found for the first time. This work was supported by the
Center of Science and Technology of Uzbekistan (contract N° F - 2.1.2).

REFERENCES
1. Gusev A. I. Disorder-order transformation and phase equilibrium in heavily non-

stoichiometric compounds.// Uspekhi fizicheskikh nauk. 2000. V. 170. N° 1. P. 3-40.
2. Yang R. A., Wiles D. B. Profile. Scape Functions in Rietveld Refinements//J.Appl.

Crystallogr. 1982. V. 15. P. 430-438.
3. Khidirov I., Mirzaev B. B., Mukhtarova N. N. Neutron diffraction investigation of titanium

carbohydride at lower limit of homogeneity range//Uzb. Fiz. Zh. 2004. V.6 .JV2 2. P. 106 -109.
4. Gorelik S. S., Rastorguev L. N., Skakov Yu. A. X-ray structure and electronooptic analysis.

M.: Metallurgiya. 1970. 368 p.
5. Boyarshinova T. S., Shashkov O. D., Sukhanov V. D. Phase transformation L h o Llo in the

gold - copper system // Fizika metallov i metallovedevie, 1994. V.78, Issue 5. p.85-90.

UZ0703350

THE MEASUREMENT OF EFFECTIVE CROSS SECTIONS OF 7Be
FORMATION AT IRRADIATION OF LIGHT NUCLEI BY FAST

NEUTRONS IN SUBCRITICAL NUCLEAR SYSTEMS

V.S., 2Korbut T.N., 3Korneyev S.V., 2Martsynkevich B.A., 2Khilmanovich A.M.,
3 ^

y , y
3Chigrinov C.E., ^hultem D.

1 Joint Institute for Nuclear Researches, Dubna, Russia,
2 Institute of Physics, Belarus,

3Joint Institute for Power & Nuclear Research-Sosny, Belarus.

INTRODUCTION
The concepts of nuclear energy systems based on the synthesis of high-energy reactions of

decay and fission of heavy nuclei (ADS) have been extensively developed the last years [1]. The
basic feature of this technology is the use of subcritical systems (keg<\) driven by high energy
proton accelerators (Ep~1...2 GeV). Such a approach supposes that high-energy protons interact
with a neutron-producing target (Pb, Bi, W and Pb-Bi) and the neutrons, formed as a result of
development of nucleon-meson cascade, are multiplied by the subcritical reactor system by a
factor of M=l/(l-&e#)«50. It is assumed that in such systems it is possible to achieve the density
of neutron flux about F ~ 1015 n/cm2c, which allows both the energy production, and large-scale
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transmutation of long-lived fission products and minor actinides. There are approaches based on
the usage of fluorides of light and heavy metals such as LiF, NaF, BeF2, ZnF2, NaF-ZnF2, Li-Pb
to transfer heat as well as to produce energy [2].

The distinctive feature of ADS technology is the formation of neutrons in the wide energy
range from one electron-volt up to several hundred megaelectron-volts. This leads to formation
of a wider spectrum of radioactive nuclei with long half-life in comparison to that of critical
systems due to spallation reactions. The formation of such isotopes results in an additional
expousure of radioactivity, especially for molten salt systems. An example of these reactions,
taking place on light nuclei, is the formation of a nucleus 7Be (7VJ=53,3 days). Its transition to
the ground state is accompanied by y-quantum emission (£^=477,6 keV).

In the experiments on measurements of the yield of neutrons from lead target irradiated by
900 MeV protons the cross section of 7Be formation in the water was measured [3]. This work is
the prolongation of a series of ADS technology experiments and is dedicated to experimental
measurement of the cross-section of yield of 7Be on light nuclei (C, O, F, Na, Cl, K). Table 1
shows the threshold energies of formations of 7Be on nuclei 12C, 16O, 19F, 23Na, 35C1, 39K. It
should be noted that threshold energies change in a wide energy range from 15...27 MeV.

Table 1. Threshold energy T of 7Be formation reactions at interaction of neutrons with
carbon, oxygen, fluorine, sodium, potassium and chlorine nuclides

Reaction

1on+23i1Na^7
4Be+17

7N
1

on+35
17Cl-»7

4Be+29i3Al
1

on+39
19K->74Be+33,5P

T,MeV
27,40

26,61
27,10
26,19
19,03
15,56

The measurement of the 7Be yield cross section from light nuclei is also useful to understand
the mechanism of nuclear reactions when heavy fragments are formed in the finite state because
there is no logical theory to describe such reactions.

THE EXPERIMENT
The experiments were performed at the phasotron of the Nuclear Problems Laboratory of the

JINR (Russia). The proton beam (Ep=660 MeV) stroke a cylindrical lead target 8 cm in diameter
and 40 cm in length. The diameter of the proton beam was 3 cm. The protons fluence was equal
to 5.5-1013 after a 25-hour exposure. Irradiated H2O, D2O, CH2, C, CF2, NaCl, KC1 targets were
located on the lateral surface of the lead cylinder.

The monitoring of neutrons leakage, formed in fission reactions, was carried out by the
following reactions: 209Bi(n,3n)207Bi, 209Bi(n,4n)206Bi, 209Bi(n,5n)205Bi, 209Bi(n,6n)204Bi and
209Bi(n,7n)203Bi, with thresholds of 14,44 MeV, 22,45 MeV, 29,62 MeV, 38,09 MeV, and 45,31
MeV, respectively. The density of the neutron flux F above the threshold energy was determined
by activation method and the known cross sections of reactions 209Bi(n, xn). The experimental
values of threshold reaction rates on bismuth and density of the neutron flux agree well with the
theoretical calculations by Monte Carlo method [4].

The irradiated substances were located at a height 10 cm above the detector. The time to
register the activity was selected to be 1 to 3 days. To take into account the possible influence of
the background on photopeak (Ey=477,6 keV) in the similar conditions, we registered the y-
spectrum of non-irradiated substances.

RESULTS OF EXPERIMENT
We measured the value of specific activity A of 7Be in the chemical substance at the end of

the irradiation
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l-exp{-Atm)\/A

where S is the number of countdowns in the analytical peak, m - mass of substance, e is the
efficiency of registration of y-quantum (Ey = 477,6 keV) taking into account self-absorption,/? is
the number of y-quantum per one decay of 7Be, ts is the time of the substance's endurance
(delay), and tm is the time of measurement.

ANALYSIS OF RESULTS
The rate of the reaction of 7Be formation

/ = \o(E}p(E)dE
T

is connected with specific activity AQ, which is determined by the following ratio

M

(2)

(3)

The value we are looking for, is the cross section averaged on neutron spectrum, <a(E)> is
calculated as

HE)) = J. (4)
where F is the neutron flux density above the threshold energy T (Table 2). As it has been shown
in [5], the shape of nuclear reactions' cross sections does not depend significantly on the mass
number of the target nucleus. Therefore the densities of neutron flux F above the threshold
energies of 7Be formation were determined by the interpolation of flux densities values for
threshold reactions on bismuth with close energies.

In this work, the results were interpreted according to the following model. We assume that
when a fast neutron with energy E, exceeding the threshold by -10 MeV, interacts with the
nucleus (A, Z), the section of 7Be formation can be represented as

where R is the radius of nucleus, and rj, is the probability of the reaction along channel i. The
probability t), was expressed in a form analogous to [6]

r\ (. = cp(R, \xt, z,, Z, E). (6)
In this formula D(...) is the penetrability of the effective potential barrier of the nucleus (A, Z)

for 7Be with a charge z\ = 4 and reduced mass û -, c; is the probability of formation the compound
nucleus in /-configuration. The averaged 7Be formation cross section for fast neutron spectrum of
versus the irradiated elements is shown in Table 2.

Table 2. The averaged 7Be formation cross section on fast neutrons spectrum for carbon,
oxygen, fluorine, sodium, chlorine and potassium.

X°

1
2
3
4
5
6
7
8

Substance

C(CH2)

C
O(H2O)

0 (D2O)

F(CF2)

Na (NaCl)

Cl (NaCl, KC1)

K (KC1)

Cross sections of reaction, b;
(Relative error, %)

l,0-10-2 (23)

6,4-10"3 (23)

2,0-10"3 (25)

l,9-10-3 (25)

l,4-10'3 (27)

*1,5-1O"3(3O)

* l,5-10"4(30)

* 5,7-10'5 (30)
Note. The reaction cross sections calculated by the formulas (5) - (6) are marked with an asterisk (*).

Specific activities for the substances NaCl and KC1 were determined in the experiment.
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CONCLUSION
The averaged on fast neutrons spectrum cross section of 7Be formation on carbon, oxygen,

fluorine, sodium, chlorine and potassium (Table 2) decrease as the mass number of the target
nucleus increases. The reaction rate of 7Be formation in the -10% error do not depend on the
presence of deuterium or tritium in water. Similarly, the presence of hydrogen in polyethylene
within the measurement's errors does not affect on the rate of 7Be formation at the interaction of
fast neutrons with carbon. When we compare the value of the cross section of 7Be formation on
oxygen obtained in this work and equals 0,002010,0005 b at the energy of protons Ep =660 MeV
with cross section at Ep=900 MeV (a=0,0015±0,0003 b), we can see that they, are equal within
the error. This conclusion was confirmed by the Monte Carlo calculations of neutron spectra at
the irradiation by the protons of different energies. The calculated spectra, normalized per one
neutron, are practically the same. This means that the averaged on fast neutron spectrum cross
sections of 7Be formation must be close for different proton energies.
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ABSTRACT
The preliminary results for Monte-Carlo simulation of the experiment on total external reflection

(TER) of hard (Ex » 100 keV) y-radiation are presented. These results allow us to hope for successful
performance of the experiment.

In 1923 Compton discovered the effect of total external X-ray reflection (TER) [1]. This
well-known effect is observed when soft X-ray radiation (Ex < 10 keV) is incident on the smooth
boundary between two media provided the incidence angle is less than the critical angle ac:

ac^feh/EJ-fZNap/nAm)1'2 . (1)
here, e and m are the electron charge and mass, respectively, Z, A and p - atomic number, atomic
mass and density of surface substances, respectively, Ex - energy of radiation, h - Planck's
constant and Na - Avogadro's number.

The TER is used in many X-ray optical systems such as Kumakhov's optics [2]. At present,
the focusing of high-energy X-radiation and y-radiation is an important direction of research. The
creation of an optical system for high-energy (Ex > 100 keV) radiation will open new frontiers in
such areas as astronomy and X-ray lithography. Here, however, the researchers are to face many
experimental challenges due to small wavelength of rays and, thus, their high penetrating ability.

One of the possibilities to guide hard X-rays is through the TER effect. So far, we are aware
of only one work that was carried out in this area [3], where authors reported the TER angle of
2.64-10"4 radian for 122 keV 57Co y-quanta scattered from a glass surface. Apparently, the
studies of TER for Ex » 100 keV require very long flight basis for the quanta. Such flight
channel (length ~ 300 m) together with a powerful source of y-radiation (bremsstrahlung from
microtron MT-22C) is available in Nuclear Physics Laboratory (NPL) of Samarkand State
University. The experimental data obtained at NPL so far is summarized in [4].

In this paper, we report the preliminary results on the simulation of TER experiment for hard
y-radiation by Monte-Carlo method.

The experimental setup is shown on fig.l (detailed) and 2 (simplified). The obtained beam of
electrons (Ee - 13 MeV, Ibeam ^ 3 0 uA, pulse duration x = 2.5 us, repetition rate/= 396 Hz is
supplied by HFG - high frequency generator, beam cross-section - 0 5 mm) is transported to
the converter T (horizontal tungsten wire 0 1 mm) by dipole d and quadruple q magnet lenses.
Collimators K1-K4 and magnets M1-M4 are used to reduce the background from non-interacting
electrons, secondary charged particles and scattered y-quanta. The obtained bremsstrahlung
radiation (BR) is incident on the slit collimator G (two lead-doped glass plates polished by 14l

grade of accuracy, dimensions 30x270x800 mm, adjustable slit width 0-1000 u). After the G
(vertical aperture of the beam 5 >15 uradian), the formed bremsstrahlung beam impinges on the
surface of the reflector R (the same type of glass as in G, dimensions 30x300x500 mm). The
angle of inclination is adjusted in the range a = 0 - 1,5 mradian with the increment Act > 15
uradian). The lower part of the beam (0 < 0) is absorbed in the front plane of the reflector while
the upper part is reflected if 0 = 0 -4- a or does not interact if 0 > a. At 300 m, y-quanta are
registered by the set of three detectors - Ds (spectrometric detector, Nal(Tl) 63x63 mm), Dc (fast
counting detector, POPOP 5x50x100 mm), and Dm (beam monitor, Nal(Tl) 63x63 mm). The

; ; 1 3 3
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operation of the microtron and the shift of detectors in vertical direction together with the
acquisition of the data are done remotely from rooms VI and V, respectively.

10 0 10 20 "320 330 Z, m
Fig.l. The experimental setup for studies of TER for high energy y-radiation (see explanation
in the text).

The detection angle 8 can vary in the range 0 ± 30 mrad. D$ and Dc detectors have horizontal
slit collimators KQ with the slit width AXK - 1 mm. These detectors can be moved in the vertical
direction in the range hp = -20(M300 mm with the step Aho - 1 mm. Depending on the beam
current, several hundreds of y-quanta are passed through the detectors in one acceleration cycle

0 10 320 330 L,m

Fig. 2. The simplified scheme of experimental setup (see explanation in the text).

The simulation model was developed using Mathematica ©® Software. The energy
distribution of y-quanta after the target is taken as the Schiff s spectrum [5]. In the target plane,
the quanta are described by normal distribution with standard deviation of 1.5 mm. The quantum
is considered to disappear if its trajectory crosses any part of the setup except the reflector. Upon
the incidence of the quantum on the surface of reflector, the angle of incidence is calculated. If
this angle is smaller than ac, the quantum is considered to reflect from the surface and its further
trajectory is simulated. In the case when the angle of incidence is bigger than ac, the quantum is
considered to disappear. The detection efficiency is taken to be 100%. The front part of the
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reflector R is vertically aligned with the lower plate of the collimator G. The distance between
the exit slit of G and the front part of R is 30 cm.

In fig.3, the simulated spectra of bremsstrahlung radiation in the absence of the reflector are
shown for slit width of 50 u and for the case of vacuum and various positions of the detector
along OZ axis. As it is seen from the figure, the program correctly describes the suppression of
the spectrum upon increasing collimator-detector distance.

Counts

8000

6000

4000

2000

0
0 4 5

Energy, MeV
10

Fig. 3. The simulated spectra of BR without the reflector at 5 = 62 uradian (1 - in vacuum, 2
- at L = 120 m, 3 - at L = 330 m).

The simulation results obtained after the introduction of the reflector R are shown on fig.4.
Here, once again, the simulation correctly describes the suppression of the spectrum when
placing the detector farther from the reflector (spectra 4 and 5). The change in the inclination
angle of the reflector does not significantly influence the spectra. There is, however, a slight
decrease in the low-energy part of the spectrum when increasing the angle a (spectra 5 and 6).

^Mr—mi—lit—ft—d=^i£f— xb—*— i—a— £z—tx—£s—£*— xs— £

0,5 1,5 2,0

Energy, MeV

2,5 3,0 3,5 4,0

Fig.4. The simulated spectra in the presence of the reflector R at 5 = 62 uradian (4 - a = 40
uradian, L = 120 m; 5 - a = 40 uradian, L = 330 m; 6 - a = 20 uradian, L = 330 m).

In the future, the upgrade of the developed program is planned. The new simulation program
will take into account such effects as Compton scattering of radiation on setup's parts and in the
air as well as the detector's efficiency (response function) for registering the quanta.

Despite the simplicity of the program, the obtained computer simulation results create
promising prerequisites for the successful experiments on the possibility of TER phenomenon
for high-energy y-radiation.
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In this study, the properties of collective I"K = l+0 states in doubly even deformed nuclei 150Nd and
l76Hfare investigated in the framework of the Random-Phase Approximation (RPA). Spin-spin interactions
have shown that the spectroscopic 1+ states (up to energies on the order of 4 MeV) are weakly correlated
and are characterized by small values of B(MI). The collective 1+ states with the largest values of B(M1)
are expected in the region of energies of 9-11 MeV (K=0). The dipole sum rule for Ml transitions are also
investigated in this work. Our results show that B(M1) transition probabilities which have been calculated
theoretically are in good agreement with the experimental data.

INTRODUCTION
The study of nuclear excitations with low multipolarity, in particular collective magnetic

dipole ones, gives valuable information about nuclear structure and nuclear- nuclear forces at
low energy. At present magnetic dipole resonances (I*=l+) have been found experimentally in a
wide region beginning from light spherical nuclei up to actinides [1]. For example, contrary to
the well known El response of stable nuclei, the Ml response in a total of 12 open-shell nuclei
could only be measured in recent years through recombination of differed high- resolution
probes, i.e. inelastic electron, photon and proton scattering experiments. These experiments show
that in heavy spherical and deformed nuclei there exists a very broad Ml resonance at energies
between 7 and 11 MeV centred around 44A"13 MeV. Magnetic dipole excitations in deformed
nuclei have been found to give Ml strength with major peaks corresponding to K=0 and K=l
mode of 1+ excitations. In spherical nuclei, appearance of the collective 1+ states is connected
with transitions between levels of the spin-orbit doublet [2]. Recent experimental and theoretical
investigations show, as a rule, that the spin part of the residual interaction in odd nuclei leads to
polarization effects that influence the magnetic moments and the probabilities of the allowed /?
transitions greatly. These effects cause the gs factors of the nucleons in the nucleus to differ
noticeably from the corresponding values for free nucleons. This is in fact equivalent to the
renormalization of the single-particle matrix elements of the odd nuclei.

In spherical even-even nuclei 1+ excitations are connected with particle- hole transitions
between the neutron-neutron (proton-proton) levels of the spin-orbit doublets. In spite of
spherical nuclei, in deformed nuclei the picture is more complicated, owing to the mixing of
states with different j . The selection rules with respect to the / and j can be strongly violated.
Besides, in axial symmetric deformed nuclei the 1+ states split into excitations characterized by
the angular momentum projection on the symmetry axis K=0 and K=l with each of them being
formed independently. Strong Ml transitions can occur in the case of A K=0 and A K-l .

In this paper, we investigate the spin-vibration I*K = \+0 excitations for i50Nd and 176Hf
nuclei at deformed region, using the QRPA, with the deformed Wood-Saxon potential, and
single particle energies and wave functions.

HAMILTONIAN
The Random Phase Approximation is a successful method to describe many-body systems.

In nuclear physics, RPA has been extensively exploited to calculate intensities of various nuclear
reactions, decay probabilities of electromagnetic, beta and double beta decay transitions
including ground state correlations. For the nuclei away from closed shells there appear static
pairing correlations between nucleons giving rise to the energy gap in the excitation spectra. In
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this case one uses the quasiparticle version of RPA (QRPA). In this work QRPA method is
responsible for the investigation of I"K - TO spin-vibration states in deformed nuclei
(150<A<178).

In QRPA method, the model Hamiltonian of the system can be written as

sap tjT \1)

where Hsqp is the single- quasiparticle Hamiltonian with pairing interactions, Vaz takes into
account the isovector spin-spin interactions. These interactions generating the 1+ states in the
deformed nuclei are written as

V = V™L + VcoIL (A\
or err or V /

where V™"~ generates the collective I" = V states in even- even deformed nuclei and V™' takes

into account the collective state-quasiparticle interactions of odd nuclei.

Assuming the generation of high lying 1+ states due to the isovector spin-spin interactions,
hamiltonian of the system can be written as

In Quasi Particle Random Phase Approximation (QRPA) collective 1+ states are considered as
one-phonon excitations described by

where Q* is the phonon creation operator, % ) is the phonon vacuum which corresponds to the

ground state of the even-even nucleus, XM and Y^ are the two-quasiparticle amplitudes.
Employing the conventional procedure of RPA and solving the equations of motion

^ ^ Q f (7)

we obtain the dispersion equation

D K ) = 1 + M F , " K ) + ^ ( « , ) ] = O (8)

for the excitation energy coi of 1+ states. Where

j

E^- Es + Es. are two-quasiparticle energies of nucleons, coi equals to the energy of the phonon

state and aA is the single-particle matrix element of the spin operators.

.—, 137
Section II. Basic problems of nuclear physics



Proceeding of the Third Eurasian Conference "Nuciear Science and its Application", October 5 - 8 , 2004.

The most characteristic quantity of the state is the reduced Ml transition probability, which can
be written in the form;

B(M\,0+ ->r) = ]±[Ydms,Lss,g>ss, ^m^L^gl,] (11)

The value of B(M1) for individual excitations indicate, as a rule the degree of collectivity of the
given state. On the other hand, only qualitative conclusions concerning the degree of collectivity
of all the generated levels are possible from the sum rules.
We can write the energy-weighted sum rule for Ml transition operator as; ^

^ ^ (12)

Behavior of this friction enables us to assess the contribution of the different states to the sum
rule and to determine the region of saturation. The sum rule

2XX^ (13)
ss'

is independent from model.

RESULTS AND DISCUSSION
In numerical calculations, the experimental value of deformation parameter was taken from

Ref.[3]. The Nilson single-particle energies were obtained from Warsaw deformed Wood-Saxon
potential [4]. All energy levels from the bottom of the potential well to 6 Me V were considered
for neutrons and protons. The pair-interaction constants A and A were chosen in accordance with
Soloviev [5]. For the strength parameter of the isovector spin- spin interactions we used %ff=40/A
MeV, which has been obtained from the magnetic moments calculations. In the calculation we
used a scheme of single-particle levels including 294 neutron and 208 proton levels. The
calculations have shown all the 1+ states with K=0, up to the order of 6-7 MeV, Table I shows an
example of spectroscopically observed low-lying 1+ states of 150Nd and their interpretation.
Table II lists the characteristics of a number of collective l+0 states in 176Hf. The group of
strongly collective 1+ states with B(Ml)>0.45 is found in the energy interval of 9-11 MeV.
Besides, we have calculated the magnetic dipole sum rule for a number of rare-earth nuclei. The
diagrams of the transition energies con, of the values of B(Ml,0 -> 1), and the sum rule for the

1+ states with K=0 in the nuclei 150Nd and I76Hf are shown Fig.l and Fig. 2. The dashed line
(13) shows the single-quasiparticle estimate of the sum rule. The solid curves show the saturation
function xn • The 1+ states in this region contribute about 70% to the sum rule. Here, the B(M1)

value may be as large as a few single-particle units. The state of this region gives the main
contribution to the sum rule. As seen from Fig.3, in heavy 176Hf isotopes there are several orbital
collective levels in the energy interwal of 0 = 4-12 MeV with a large probability
B(M1)=(O.45-1.4)//^ . The group of strongly collective 1+ states is found in the energy interval

of 8-10 MeV. This figure only illustrates B(Ml)>0.1 n\ .
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Table I. The properties of 150Nd nuclei for
I7tK=l+0 excitations in spectroscopic region

Table II. The properties of 176Hf nuclei for
rK=l+0 excitations in high energy region

CO,

MeV

3.028

3.677

4.164

4.784

B(M1),

Ml
0.027

0.041

0.031

0.072

If
-0.032
0.011
-0.011
-0.011
-0.706
0.015
-0.013
0.011
0.011
0.703
0.021
-0.018
-0.022
-0.014
0.011
-0.029
0.025
-0.026
-0.014
0.032
-0.027
-0.018
0.013
0.019
0.010
-0.019
0.028
0.705
-0.037
-0.017
-0.070
0.025
0.096
0.021
-0.013
0.029
-0.046
-0.692
0.018
0.019

H i i S 8

nn 521-510
nn 640-660
nn 640-651
nn 521-512
nn 523-512
pp 550-550
pp 420-411
pp 422-411
nn 530-521
nn 521-510
nn 640-660
nn 640-651
nn 521-512
nn 651-651
nn 651-642
nn 523-512
pp 550-550
pp 420-411
pp 541-532
pp 422-411
nn 521-510
nn 640-660
nn 640-651
nn 521-512
nn 651-651
pp 550-550
pp 420-411
pp 422-411
nn 530-521
nn 521-510
nn 640-660
nn 640-651
nn 521-512
nn 651-651
nn 651-642
nn 514-503
nn 550-550
pp 420-411
pp 541-532
pp 422-411

CO,

MeV

5.751

6.898

6.913

7.719

7.744

8.146

8.180

8.860

9.060

9.503

9.719

9.943
10.813
11.016

B(M1), /in
2

0.267

0.117

0.116

0.213

0.449

0.177

0.418

0.119

1.215

0.987

0.671

0.267
0.126
0.212

w
0.138
0.189
0.642
-0.254
-0.476
-0.361
-0.175
0.520
-0.138
-0.337
-0.584
-0.201
-0.209
-0.137
0.396
-0.275
-0.127
-0.341
-0.118
0.119
-0.187
0.586
0.298
0.103
-0.390
-0.141
0.389
0.187
0.172
0.161
-0.361
0.274
0.258
0.110
0.257
0.174
-0.290
-0.165
0.233
-0.359
0.382
-0.227
-0.133
-0.130
-0.621
0.158
-0.125
0.686
-0.694
0.117
0.685

"HP
nn 640-651
nn 651-651
pp 550-550
nn 521-501
nn 512-752
pp 541-532
nn 521-501
nn 512-752
nn 642-622
pp 541-532
nn 512-501
nn 651-642
nn 523-514
pp 422-413
nn 512-501
nn 651-642
nn 642-622
nn 523-514
pp 550-530
pp 541-532
pp 422-413
nn 510-501
nn 523-514
pp 532-523
nn 510-501
nn 651-642
nn 523-514
pp 422-651
pp 532-523
pp 413-404
nn 532-512
pp 541-521
nn 532-512
nn 523-514
pp 541-521
pp 431-411
pp 532-523
pp 413-404
nn 532-523
nn 523-503
nn 514-505
pp 431-640
pp 532-523
nn 530-501
nn 532-523
nn 514-505
pp 431-422
nn 431-422
pp 532-512
nn 541-521
pp 550-521
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ABSTRACT
The interactions between nuclei are commonly described using a potential which consists of

the well-known repulsive Coulomb and the attractive nuclear potential which is usually taken to
be of Woods-Saxon form. For the elastic scattering problems, the value of the diffuseness
parameter of Woods-Saxon potential extracted by fitting precise fusion cross sections is
considerably larger than the value of ~ 0.63 fm usually accepted as a typical value. Having
obtained exact solutions of the Schrodinger equation with a standard form of the deformed

140
Section II. Basic problems of nuclear physics



Proceeding of the Third Eurasian Conference "Nuclear Science and its Application", October 5 - 8 , 2004.

single-particle Woods-Saxon potential by referring Nikiforov-Uvarov method, energy
eigenvalues for different values of this parameter are calculated numerically and effects on the
bound states of the energy spectrum of it are discussed in heavy-ion fusion. In addition, the
energy eigenvalues of the Woods-Saxon potential are investigated within the framework of
complex quantum mechanics formulation.

INTRODUCTION
The interaction between two nuclei is regulated by the well-known repulsive Coulomb

potential and the attractive nuclear potential, which is often described by a Woods-Saxon
potential:

V(r) = -Vo {l + exp[(r - Ro [Af + Af ))/a] }~l (1)
where r denotes the center - of-mass distance between the projectile nucleus of mass number^
and the target nucleus of mass number AT- The standard Woods-Saxon potential (WS) is defined
by three parameters in the literature for Vo, Ro and a. The latter parameter is the surface
diffuseness parameter that is around 0.663 fm for scattering processes [1]. The shape of the
Woods-Saxon potential given in Eq.(l) is plotted in Fig.l, by the parameters Vo = 61,A
MeV, Ro = 10,1 fin and a = 0,663 fm for 19F + 208Pb for example. For the different values of the
diffuseness parameter, exact solutions of the Schrodinger equation with a standard form of the
deformed single-particle Woods-Saxon potential by referring Nikiforov-Uvarov (NU) method
can be obtained in an analytical manner and effects on the bound states of the energy spectrum of
it can be discussed in heavy-ion fusion [2].

Fig. 1. A schematical representation
of the standard Woods-Saxon
potential for three different values of
the deformation parameter q.

a 10 12
r (ftn) "the distance from center"

14

The NU method is based on the solutions of general second order linear differential equation
with special orthogonal functions. In this method, for a given real or complex potential, the time-
independent Schrodinger equation in one dimension is reduced to a generalized equation of
hypergeometric type with an appropriate coordinate transformation.

• It is the aim of the present study to investigate via NU-method real and complex Woods-
Saxon potentials for which the corresponding energy eigenvalue problem can be solved exactly.
The Schrodinger equation is solved by using the NU method so as to ensure the energy
eigenvalues of the bound states for real and complex forms of the standard spherical Woods-
Saxon potential, which is used widely in analyses of heavy-ion reactions [3].

METHOD AND NUMERIC CALCULATIONS
We will use the Nikiforov-Uvarov method by getting the hypergeometric or confluent

hypergeometric form of the Schrodinger equation with the WS potential for s-states only. The
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radial part of Schrodinger equation with the deformed WS potential in the spherical coordinates
is given by

dr2
• + —

r dr
• + • E +

I-I

At this point, we assume that R(r) - (l/r)F(r) is bounded as r -> 0 , consequently, radial
Schrodinger equation given in Eq.(2) becomes

qe 2
2ar

F(r) = 0 (3)

where the conversions r-R^Ap3 +A]
T

/3)=r and \/a = 2a are done by inserting an arbitrary

real constant q within the potential. By introducing the following dimensional parameters, we

apply a transformation to s = - e which leads to the generalized hypergeometric type

equation given by NU method:

s(l-qs)

mE

s\\-qsf

• = -s > 0

x(-eq2s2 + {2sq - y q)s + y - s)F{s) = 0 (4)

mVn = y>0.

Second order differential equation according to the NU method is given by Ref.[2]

a(s)
(5)

and after the comparison of Eq.(4) with Eq.(5), one can immediately determine the energy
eigenvalues En as

E=~
2ma2

ma2V0
(6)

Here, the index n is non-negative integer with oo < n < 0 and Eq.(6) indicates that we deal with a
family of the standard Woods-Saxon potential. The index n describes the quantization of the
bound states and the energy spectrum. The shape of the Woods-Saxon potential given in Eq.(l)
is plotted in Fig.l, by the parameters Vo = 67,4 MeV, Ro = 10,1 fm and a = 0,663 fin for 19F +
208Pb for example. Fig.2 shows the energy eigenvalues as a function of the discrete level n for
different values of the parameter a. Some of the initial energy levels for q =1 value are
presented by choosing a - 0,663 fm and a = 1,07 fm.

B = 0.663 ftn
a = 1.070 fin Fig. 2. The variation of the energy

eigenvalues with respect to the discrete
levels n for the standard Woods-Saxon
potential ( q ~\). The curves are plotted
for the two values of the surface
diffuseness parameter a.

n "discrete levels"
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If we take the potential parameters in Eq.(l) as Vo -> Vo and a -^ia,, energy eigenvalues are
obtained as [4]

E =
2h 2 ma,V0 (n + l)

m _2h\n + l) 4a,
(7)

Although energy eigenvalues of Woods-Saxon potential are negative, a positive energy spectrum
within the framework of complex quantum mechanics formulation is obtained.

CONCLUSION
In this work, the exact solutions of the radial Schrodinger equation with the Woods-Saxon

potential for the s-states are obtained by using Nikiforov-Uvarov method. If surface diffuseness
parameter is chosen complex in the Woods-Saxon potential, it is found that the energy levels of
the single particle are positive on the contrary to expectation.
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INTRODUCTION
The reaction 13C(p,y)14N is the important one for the astrophysics, not only for nuclear

synthesis of CNO elements, but also for nuclear synthesis of elements participating in
subsequent combustion of helium [1]. The predominant yield of the reaction occurs at protons
energies of less than 1 MeV. However, the clearness of the capture mechanism in this energy
region is made difficult because of the superposition of the contribution of the low - energy part
of the resonance 1320 keV onto the cross section. Last experimental data for a wider energy
region, informed in the work [1], and results of previous works, mentioned in that work, give
reason for further continuation of the study of the reaction 13C(p,y)14N. Measured data of the
work [1] in the region of EP = (320 - 900) keV at the angles of 0° and 90° are obviously
insufficient.

In the present work measurements of differential cross sections of the reaction were carried
out at protons energies Ep = 991 + 365 keV, the accuracy is not worse than 10%. There was
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studied the most (from the astrophysical point of view) important process of protons capture by
13C nuclei onto the ground state of the 14N nucleus.

The theoretical investigation of the given reaction included calculation of cross sections. The
cross sections were calculated within the framework of model of direct capture with the using of
optical potentials for the description of a channel of scattering. The wave functions of a bound
state were generated in a potential reproducing binding energy of a proton in 14N nucleus.
Results of calculations were compared with the experimental data.

EXPERIMENT
Proton beams of 10 uA were provided by the 2 MV "RAC-2-1" accelerator at the Institute of

Nuclear Physics of Almaty.
The differential cross sections of the reaction 13C(p,y)I4N at the proton energy EP= 991, 558

and 365 keV were measured there. The distance from the detector to the target was equal to 4cm.
The beam current on the target was 10 uA. The target was placed in the high-vacuum chamber
(Fig. 1). Details concerning arrangement and the conducting of experiment are described in [2].

In Fig. 2 there is shown the gamma-rays spectrum from the reaction 13C(p,y)14N, measured at
the proton energy Ep - 365 keV.

The 13C (99%) targets, used in the experiment, were sprayed onto copper base. The target
thickness was determined by incident protons energy losses in the target. The energy losses were
clearly reflected in the corresponding spreading of transitions of radiation capture, as it is shown
in Figs. 3 a) and 3 b). The statement about the gamma-lines spreading is valid in this case,
because energy losses in the target are here significantly higher, than the energy resolution of the
detector. The peak width of the radiation capture gamma-line at half-height corresponds to
energy losses of incident protons in the target. From the Table of brake values for protons in
carbon [3] there was determined that the thickness of the target was 140 ± 5% (ig/cm2. The upper
part of gamma-lines in Figs. 3 a) and 3 b) repeats the course of excitation function curve of the
reaction 13C(p,y)14N in this energy region.

At every energy there was measured the angular distribution of cross sections of the reaction
at the angles of 9y = 0°, 90° and 135°. The correction for protons effective energy, during the
measurements of excitation function at the expense of energy losses of protons in the target, was
carried out by the formula Eeff = Ep - 0,5 Aiab (Ep)..

In Fig. 4 there are shown results of measurements of angular distributions, differential cross
sections of radiation capture of protons by 13C nuclei onto the ground state of the 14N nucleus
calculated from the present measurements.

LN, COOLED M E T A L " ™IONBEAM " | S £ f FLANGE WATERCOOLED
TARGET

COLLIMATOR 1 PUMP GATE COLLIMATOR 2 111 cm2 GEM20P LEAD SHIELD
DETECTOR
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Fig. 1. The diagram of the high - vacuum chamber of reactions.
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Fig. 2. The example of the gamma - spectrum of the reaction 13C(p,y)14N, obtained by
the GEM20P detector of the volume of 111 cm3, placed at the distance 4cm from the
reaction region.
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Fig. 3. The line spreading of gamma-transition of the radiation capture of the reaction
13C(p,y)14N at the expense of the target thickness.
a) (R/DC -> 5689 keV) 5 Ey = 31 keV, at EP= 991keV, corresponds to the thickness of (140
± 8) ug/cm2.
b) (R/DC -> 0 keV) 8 EY = 62 keV, at EP = 3 65 keV, corresponds to the thickness of (140
± 8)ug/cm2.
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Fig. 4. Angular distributions of differential cross-sections of radiation capture of
protons by 13C nuclei onto the ground state of the I4N nucleus.

ANALYSIS OF EXPERIMENTAL DATA
The analysis of experimental data on elastic scattering of protons on 13C - nuclei was carried

out in the protons energy range of Ep= 7-̂ 200 MeV.
With the use of above-chosen geometrical "OP"-parameters there were carried out optical-

model calculations of protons elastic scattering on nuclei 13C in wide energy range and there was
determined the energy dependence of the depth of the real part of the optical potential "VR".

For protons elastic scattering on the 13C-nucleus the construction energy dependences of the
"VR" have the linear character:

VR=(52.93-0.26.-EP), in the energies range of from 7 MeV to 71.8 MeV;
VR=(51.09-0.2 l.-Ep), in the energies range of from 7 MeV to 200 MeV.
There were calculated differential and integral cross-section of the 13C(p,y)14N reactions with

the use of phenomenological potentials. The spectroscopical factor for the separation of proton
from the 14N-nucleus was taken from the work [4]. In Fig. 5 there are shown total cross sections
of the reaction l C(p,y)14N. Obtained values of cross-sections are by 50% less than experimental
data of the work [1]. This difference may be connected with the fact that the proton binding
energy in the 14N-nucleus is large enough (E=7.6 MeV), analogously with the case of the nB-p
system, and besides, in all probability, the capture takes place microscopically on neutron of the
13C-nucleus 13C-»12C+n, which has the high centrifugal barrier and is surrounded by the
Coulomb barrier of the 12C - nucleus. The consideration of these effects was not in the present
work. This difference may be eliminated with the help of the introduction of orbitally-depending
potentials.
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o (SABA) J.D. King, R.E. Azuma, J,B. Vise etal.

// Nucl.Phys. A567 (1994) 354.
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E (keV)

Fig. 5. Results on total cross-sections of the reaction 13C(p,y)14N, calculated from our
measurements (black points) in comparison with data of the work (J.D. King, R.E.
Azuma, J.B. Vise et al. // Nucl.Phys. A567 (1994) 354. (SABA)) (light points).

CONCLUSIONS
There were carried out measurements of differential cross sections of the reaction 13C(p,y)14N

of the direct capture (R/DC -» 0) at the proton energies Ep = 991, 558 and 365 keV, respectively.
At every energy there were measured angular distributions of the reaction at the angles 0 , 90
and 135°. The measurements at the angles of 0°, 90° and 135° were carried out for the first time.
From the measurements of differential cross sections there were calculated total cross sections of
the reaction 13C(p,y)14N. There was obtained a good agreement with results of the work [1].
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DIFFRACTION SCATTERING OF nBe AND *B ON 12C
TAKING INTO ACCOUNT THE COULOMB INTERACTION
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The differential cross sections for scattering of 1 Be and 8B nuclei on nC nuclei are
calculated in the framework of general theory of diffraction interactions of nuclei consisting of
two charged weakly-bound clusters. Available experimental data are analyzed.
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During the last decade, the significant progress in theoretical description of nuclei consisting
of two weakly-bound clusters with only one charged has been achieved in the framework of
diffraction approach [1]. As it was shown by calculations, the Coulomb interaction (CI) of
charged cluster and target nucleus when taken into account, "fills" the characteristic diffractive
minima and significantly improves theoretical description of experimental data. Generalization
of the theory to the case of two charged clusters leads to appearing of divergences. The detailed
analysis of appearing divergences in diffraction amplitudes taking into account the CI in general
case was carried out in ref [1], where these divergences were shown to be related with not only
the CI, but also with small violation of momentum conservation law in diffraction nuclear model
[2].

In present paper we focus on the following two-cluster nuclei: 1Be, consisting of two

weakly-bound 3He and a charged clusters, and %B, consisting of p and ''Be clusters. Our
calculations are based on ref. [3], where we obtained general formulas for amplitude and
differential cross section of elastic scattering of nuclei within diffraction two-cluster approach. In
this approach the charged clusters of incident nucleus are treated as structureless in first
approximation, but nevertheless some of their individual properties are taken into account - the
mass, the charge, their contribution into radii of nuclear interaction as well as their extent,
described by surface diffuseness parameter A of target nucleus. We also add two more physical
parameters to the profile function, related to the interaction of each cluster of incident nucleus
with target nucleus. They are the transparency parameter B < 1 (/? = 1 for absolute black,

absorbing nucleus) and the refraction parameter y (\y < 1), which characterize target nuclear

matter with respect to waves of moving cluster, so that in this case the profile function gets
additional factor B(\ - iy). For the sake of simplicity, we assume that the parameters A , B and

y are the same for the both clusters, i.e. we have together with r0 four physical parameters of

interaction, whereas in the optical model of nucleus [5] the number of parameters can be
significantly larger. Relative motion of the both charged clusters in incident nucleus are
described by Hulten wave functions with parameters for 7Be and %B taken from ref. [4, 5].

The amplitude of elastic scattering and diffraction dissociation of incident weakly-bound
two-cluster nucleus in nuclear and Coulomb fields of atomic nucleus can be written in the
following symmetrical by the both clusters form:

i 2 ) } 2 i l l f t W > + 1 h W l , (1)
where iGu (q) is the amplitude taking into account only nuclear interaction:

n,, n.2

ik r
H \d gO u 0 (g ) / J ( | / ? ] q-g )^ ( | / 5 2 q + g ) . (2)

Ink\k2 •*
Form factors of incident nucleus for elastic scattering and diffractive dissociation are defined as

>; ( 3 )

fuo(q) and ^ ^ ( q ) are the contributions of the single and double scattering of two charged

clusters to the amplitude /G,fo(q) correspondingly, taking into account the CI:
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« 2 ( q ) = ^ r r j^(2)g «VO(B) {-fa 1 (\M - g|) h

(5)

The functions Pj(q) (/=lj 2) can be written in the following convenient for numerical

computations form [3]:

PM) =

(6)

2
q

0

TQ + irij)

. • \
1 ( 1 - irij)

exp 2in In
qRJ

j In x

The angle dependence of calculated ratio of elastic scattering differential cross section

<j(q) = iG^ (q) to corresponding Rutherford cross section trR depending on angle 0 (in the

center-of-mass reference frame) for the scattering of "Be on 12C with the energy E =280 MeV
is shown on fig.l. Experimental data are taken from ref. [4, 5]. The solid and dashed lines
represent our calculations of the ratio in two cases respectively: 1) the CI is taken into account,
and 2) only nuclear interaction is taken into account. Both curves are obtained with the following
values of parameters: r0 =1.4 fm, A =0.25 fin, /3 =0.56, y =-0.3. Taking into account the CI

significantly improves the description of experimental data, so that our theory satisfactorily
describes data in broad range of angles 1°< 6 < 10°. It seems that in the diffraction model better
description of the data for angles 0 > 10° can be achieved if one takes into account (at least
approximately) the structure of lHe and 4He clusters forming the 'Be nucleus. For the
comparison in fig. 1, the dash-dotted line represents the calculations made using the microscopic
optical model [4]. As it was shown in ref. [4], the contribution of inelastic scattering processes, if
taken into account, can somewhat improve an agreement with experimental data, especially in
the vicinity of minima.

In fig. 2, the calculated angular dependencies of the ratio <j/aR for elastic scattering of

unstable exotic 8 5 nucleus on nC are presented (the binding energy of lH and 1Be clusters is
0.137 MeV [4]) with energy E = 320 MeV.

The solid line (taking into account the CI) and dashed curve (without the CI) correspond to
the following set of parameters: r0 =1.4 fm, A = 0.3 fm, /? = 1, y = - 1 . Taking into account the

CI slightly shifts maxima and minima towards small angles. The dash-dotted line is taken from
the ref. [4] for the comparison. In the vicinity of maxima of calculated ratio of cross sections,
there is some agreement with experimental data [4], in general, confirming the existence of the
proton halo of 8J5 nucleus.
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The contribution of inelastic processes [4, 5] being taken into account, slightly improves an
agreement with experiment in the vicinity of minima in both optical and diffraction models, but
in contrast to the case with 7Be nucleus (fig.l) it doesn't significantly change the situation for
the better. This means, apparently, that for better description of the experiment with SB in the
framework of diffraction model the internal cluster structure of heavy ' Be cluster should be
correctly taken into account, i.e. practically it is necessary to use more complicated three-cluster
model (p+3He+AHe) for SB .

Finally, we would like to emphasize that the presented theory allows one to calculate cross
sections for any nucleus that can be treated as consisting of two weakly-bound clusters (one or
both clusters can be charged) and correctly takes into account the Coulomb interaction.
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ENERGY DISTRIBUTION OF RECOIL PROTONS PRODUCED
BY FAST NEUTRONS SCATTERING

Mukhammedov S., Khaydarov A.
Institute of Nuclear Physics, Tashkent, Uzbekistan

INTRODUCTION
The traditional neutron activation analysis (NAA) based on (n, y )-neutron capture nuclear

reaction has been developed into a reliable and powerful analytical technique, allowing the
determination of over 60 chemical elements with good accuracy and low detection limits [1].
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Considering all possibilities of activation and a radiochemical separation of the indicator
radionuclide, the majority of the elements of this group can be determined at the ppb
concentration level and below. However, for solving a number of analytical problems NAA
technique does not suit well or it cannot be used at all[2].On such instances, several non-
traditional reactor activation analysis methods can be used which have increasingly been
developed and applied to several fields of semiconductor industry, biology, geology in recent
years. These techniques can be named as the nuclear reactor based charged particle activation
analysis.

The purpose of this article is to estimate the analytical possibility of activation analysis
technique based on the use of nuclear reactions excited by the flow of protons produced by fast
nuclear reactor neutrons. The recoil protons are produced as the result of (n, p) elastic and
inelastic scattering interaction of fast neutrons with nucleus of hydrogen. We have investigated
the number ore the energetic distribution of the recoil protons produced on hydrogen-containing
target.

THEORY
When a neutron collides a nucleus three important types of interaction can occur: elastic

scattering, inelastic scattering and nuclear reaction. The (n, p)-collisions on hydrogen or other
light elements are applied for the producing of secondary recoil protons applied for the
development of proton activation analysis technique. The elastic scattering of neutrons is 5- 4,5 b
in the energy range of reactor fast neutrons [6]. The number of recoil protons can be expressed
by

(1)
o

where, n is the number of hydrogen atoms in a target; CTnp(Ej-The excitation functions of

elastic scattering process, cm2; Nn(E)-the function of energy distribution of fast neutrons, MeV"
WV;

We estimated differential value of the number of secondary recoil protons by the use of the
following formula:

E) M E ) N (2)
The excitation function ^rm^EJ of elastic scattering of fast neutrons on hydrogen can be

expressed as the sum of two exponential functions:

where, ax = 4,23 -> a2 = 1,245 -> # = 0,4 -> J32 = 0,0608
It is well known that the fast neutron spectrum of a nuclear fission reactor is placed in wide
energy range - from several eV to 25 MeV which could be expressed as following:

where, Nn(E)-The multiplicity of fast neutrons with the energy of E on the unit of energy

interval, n/cm2.c.MeV; sh — Hyperbolic sinuses;E-Neutron energy;
a,b,c-the characteristic constants for every U isotopes which satisfied the following

correlation: <2 = 2b (TTC) e
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It is showed that for 235U a=0.453, b=l,035; c=2.29.
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By the uniting formulas (3) and (4) we can obtain the following expression for the proton
distribution

dE
+ l,24f°'060S?) (5)

RESULTS AND DISCUSSION
The recoil protons with energy of more 2 MeV are of importance for activation analysis,

because the useful nuclear reactions can be excited at these energies of particles. Therefore by
the using of the computers program we carried out the numerical calculation of energy
distribution of fast neutrons. Results obtained for the nuclear reactor fast neutrons of WWR-SM
type are presented in Table 1.

Table 1. The energy
neutrons

distribution of nuclear reactor fast neutrons producing by thermal

Eo,
MeV
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

*N0(E)

0,203
0,269
0,308
0,332
0,347
0,355
0,358
0,357
0,354

**Nn(E)

0,989
0,965
0,936
0,904
0,870
0,835
0,799
0,763
0,728

Eo,
MeV
1
2
3
-4
5
6
7
8
9

*N0(E)

0,348
0,240
0,139
0,742.10"'
0,377.10"'
0,185.10"'
0,886.10"2

0,415.10"2

0,191.10"2

**Nn(E)

0,693
0,396
0,210
0,106
0,517.10"'
0,246.10"1

ojis.io'1

0,529.10"2

0,240.1Q-2

Eo,
MeV
10
11
12
13
14
15
16
17
18

*N0(E)

0,868. W5

0,389.10"3

0,173.10"j

0,761.10"4

0,332.10"4

0,144.10"4

0,619.10°
0,265.10-5

0,113.10°

**Nn(E)

0,107.10"2

0,476.10"J

0,210.10"J

0,910.10^
0,393.10"4

0,168.10"4

0,704. 10°
0,286.10°
0,107.10°

10"4 -

*No(E)-multiplicity of fast neutrons with the energy Eo;
**Nn(E)-the sum of fast neutrons with the energy higher than 2 MeV;
Multiplicity of fast neutrons with energy of higher than 10 MeV is very small (of order of
10"6). Therefore these are of least importance for .the producing of recoil protons.
By the use of the expression (5) we calculated the energy distribution of recoil protons for the
case of the use of lg polystyrene target and the 1 MW WWR-SM nuclear reactor. Our results are
presented in Table 2.

Table 2. The energy distribution of recoil protons (protons/s.MW)
Eo

2
3
4
5

• 6

7

3.0
2.3
1.8
1.5
1.2
1.0

FP(E)

4,0.10lu

l,8.10'u

7,4.10y

3,1.10y

l,3.10y

5,1.10*

Eo

8
9
10
11
12
13

0.9
0.8
0.7
0.64
0.60
0.54

FP(E)

2,1.10s

9,3.10'
3,7.10'
1,6.10'
7,0.106

2,7.106

It is shown that the number of recoil protons is sufficiently high.The energy distribution of recoil
protons satisfies the exponential law:
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-0.873£F' (E)= 2.29-10ne (8)

Preliminary investigations showed that the detection limits of proton activation analysis for light
elements could be better than 10 ppm.

CONCLUSION
The analytical possibility of activation analysis technique based on the use of nuclear

reactions excited by the flow of recoil protons was estimated.The numerical calculations are
carried out for fast neutrons and recoil protons distributions. It is shown that the detection limits
of proton activation analysis, for light elements could be better than 10 ppm.
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TOTAL REACTION CROSS SECTIONS OF 4He+28Si
INTERACTION AT 2-50 AMeV
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2Penionzhkevich Yu.E., 2Kukhtina I.N., 2Sobolev Yu.G., 2Ugryumov V.Yu.,

3Slyusarenko L.I., 3Tokarevsky V.V.
Institute of Nuclear Physics, Almaty, Kazakhstan

2Joint Institute for Nuclear Research, Dubna, Russia
Institute for Nuclear Research, Kiev, Ukraine

Analysis of energy dependencies for experimental total He+ Si reaction cross section
employed various parameterizations. In order to describe them in the energy range of 70-200
MeV one should introduce a parameter that considers transparency of a nucleus. At energies Ea <
50 MeV there is a discrepancy in total reaction cross section for theoretical and experimental
data. The value <JR decreases from 400 mb down to 60 mb when a-particle's energy increases
from 10 to 40 MeV.

Experimental data on reaction cross sections for nuclear-nuclear interactions provide
important information on parameters of the potentials and structure characteristics of the nuclei
contributing considerably to data on elastic and inelastic scattering. Since a-particle is a core for
light exotic nuclei (6'8He), it is of interest to analyze systematically the empirical energy
dependence for total 4He+28Si reaction cross sections (TRCS) in the energy range from the
Coulomb barrier (Bc ~ 6 MeV) to medium energies of about 200 MeV. Looking up into
published experimental data one can reveal that the reaction 4He+28Si is the only with thoroughly
measured TRCS excitation function (OJO in this wide energy diapason. Experimental data on
TRCS from Bc up to 101.2 MeV were obtained by us at the isochronous cyclotron of the Institute
of Nuclear Physics (Almaty, Kazakhstan) [1,2] and at the cyclotron K-130 of the University of
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Juvaskyla, Finland [3]. The energy dependencies of CTR on the nuclei 28Si at average energies of
69.6 - 192.4 MeV were studied in the works [4,5]. The work [6] presents data on <JR for the
nucleus 28Si obtained at the accelerator U-240 of the Institute of Nuclear Research in Kiev,
Ukraine at energy Ea = 96 MeV and studies thoroughly the mass-dependence of a-particle TRCS
at the energy Ea = 96 MeV.

At low energies TRCS are proportional to nuclear sizes only within a limited diapason of
mass numbers making this band wider at higher energies of accidental particles. TRCS
behaviour at low energies is determined by the ratio of the Coulomb barrier and energy of ''He-
particle. Further increase of Ea results in decreased wavelength of an a-particle with increased
role of nucleon-nucleon interactions (their interaction sections decrease at higher energies)
making TRCS lower at higher energies of 4He-particles.

The following parameterization of TRCS has been accepted at low energies:

0)
where Rm - interaction radius. In case of 4He-particle Rin = r0 (At

1/3 + Aa
 1/3), At - mass of the

target nucleus, Aa.- mass of a-particle, r0 - parameter of radius.
At higher energies with E a » B c TRCS achieve the geometrical limit of the effective cross-

section at the energy Ea ~ 60-70 MeV. Upon achieving this geometrical limit and at further
energy increase there is decrease in TCS [7, 81. Section OQ? minimum is localized at energy ~
(250-300) MeV/nucleon [7, 8] for nuclei 12C, *Ca, 64Cu; probably, the same values should be
observed for 28Si. De Broglie wave length of a medium-energy 4He-particle is several times less
than size of a target nucleus and is compared or smaller than average distance between nucleons
of a nucleus. Therefore a particle "feels" the nucleons in a nucleus and interacts with them. So,
interaction character is now different, and a particle does not interaction of with a nucleus as a
whole, but it interacts with separate nucleons. A nucleus becomes partially transparent for
incident particle accompanied with nucleus "blooming" that starts, probably, far before
achieving the geometrical limit. Introducing into the Eq. (1) a factor (1-T) where T denotes
transparency of a nucleus one can take into account the "blooming":

(2)

In (2) the interaction radius R,-n depends not only on the mass numbers At and Aa, but on
energy asymmetry as well.

Discrepancy in calculated and experimental parameterizations can be explained as follows.
First, parameter of the radius r0 for 4He-particle differes from its value for the nucleus 28Si.
Second, in the energy range beyond the geometrical limit CTR (>70 MeV) influence on TRCS of
Coulomb field of the nucleus is poorly described by the factor (1-Bc/Ea). Above the 4He-particle
energy of about 20 MeV/nucleon one could probably neglect the Coulomb factor (1-Bc/Ea) in
Eq. (2) and use the following:

There are other ways to take into account transparency of nuclei, for instance:

, (4)
where the term ARla considers overlapping of densities for colliding nuclei and may be assigned

to radius of any of the nuclei in the Eq. (4). If ARla is referred to radius of an incident 4He-

particle, then decrease of its radius Ra at increasing energy Ea may be considered as "blooming"

of target nuclei. Introducing Ra ~ ^Rla — Ref one can obtain another expression for TRCS:
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(5)

Fig. 1 presents energy dependence of TRCS for 4He+28Si. Symbols denote experimental data
[1-6] and solid curves - parameterizations [8-12].

1600

.n
urn

. 1*RJU

a.

1200

1000

800

600

400

200

i • i

4| !_ .28
MB*"

Jtft
ff '
\

>

Bc
. i . i

• i * i • i • i

CM
Si |

jg*T""""^jJ""--

1 x

[91, TO
- - [1Qig, T=0

[11], TO

[8], TO

—19

1 . 1 ! 1 . 1

1 ' 1 • 1 ' 1

. ~

•••---..4 .

X
X

•

•

•

•

-

. 1 . 1 . 1 . 1

1600

n.
.1400

1200

1000

800

600

400

200

H&fr Si

•

/ • • ' /

!IL
: • • / I

M

' '

)m+ r x ?'••
IP I x7 X
I— rrn T-A
"^ [9|, I=U

[10,12], T=0

[11],T=0

[8]
[9] '

0 20 40 60 80 100 120 140 160 180 200 10 100

I^AfeV

Fig. 1. Energy dependence of TRCS for 4He-particles at their interaction with the nucleus
28Si. Black squares denote experimental TRCS from works [1,2]; black dots - from [3];
daggers - from [4,5]; triangles - from [6]. Curve represents parameterization of energy
dependence with expressions from the works [8-12].

Analysis of energy dependencies for obtained experimental TRCS employed their various
parameterizations. Parameterizations from the works [8-12] satisfactorily describe TRCS energy
dependence; at that the parameter r0 should be within the limits (1.38-1.44) fermi. In order to
describe TRCS in the energy range of 70-200 MeV one should introduce a parameter (1-T) that
considers transparency of a nucleus. It should be noted that at higher energies when E a » B c

experimental TRCS achieve their maxima at energy Ea ~ 60-70 MeV and maxima in the
parameterizations [8-12] are achieved at energies E a= 40-50 MeV.

We have performed analysis of experimental angular distributions of elastic scattering for a-
particles and of tendencies for TRCS changes for the nucleus 28Si for the energy range Ea =
14.47-240 MeV within the macroscopic optical model (MOM) [13] and semi-microscopic
folding model (SFM) [14]. As initial values for the parameters there were taken ones
recommended in [15] for a-particle scattering. On Fig.2 one can see quite good description of
experimental angular distributions for elastic scattering within the MOM and SFM models.

Obtained within these models potentials were used for calculations of total reaction cross
sections. As one can see from fig.3, in the energy range of 50 - 240 MeV MOM and SFM
describe well the energy dependence of TRCS. At energies Ea < 50 MeV there is discrepancy in
TRCS for theoretical (MOM) and experimental data, which decreases from 400 mb down to 60
mb when a-particle energy increases from 10 to 40 MeV.
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Fig. 2. Angular distributions of differential cross sections of elastic scattering for a-particles
with energies of 14.47-240 MeV on nucleus 28Si. Dots denote experimental data; solid
curves - MOM, dash curves - SFM.
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Fig. 3. Energy dependence of TRCS for 4He-particles at their interaction with the nucleus
28Si. Black squares denote experimental TRCS from works [1,2]; black dots - from [3];
daggers - from [4,5]; triangles - from [6]. Solid curves represent MOM, dash curves - SFM.

At analysis of discrepancies between experimental and theoretical TRCS on should take into
account the following. Within MOM two main values are calculated: differential section of

elastic potential scattering
dQ.

and absorption section aa, while in experiments one
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?,(0)
measures differential sections of elastic scattering —— and reaction section <7R. At that one

dd
should take into account the following:

da3
a{&) d<rT

el(e) dacj(0) d<rcj(0)
a. for differential sections: ——= ——+ —— , where —— - differential cross

dQ. dQ. dQ dQ
section for elastic scattering with formation of a compound nucleus;
b. for absorption sections and reactions: <TR = <ra - <jce, where ace - integral section of elastic
scattering with formation of a compound nucleus.

Contribution from the compound nucleus mechanism at energies Ea > 20 MeV is negligible
in comparison with error in determination of GR and does not influence the agreement between
the theory and experiment.

What other mechanisms can explain such difference in TRCS? Possibly, one would introduce
additional terms into optical potential, in particular, L-splitting potential, etc.
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INFLUENCE OF THE DENSITY DEPENDENCE FACTOR
IN EFFECTIVE NUCLEON-NUCLEON FORCES AND INTERACTION

OF 4He-P ARTICLES WITH STABLE NUCLEI

!Kuterbekov K.A., 'Zholdybayev T.K.,' Mukhanibet/han A.,
2Kukhtina I.N., 2Penionzhkevich Yu.E.

Institute of Nuclear Physics, Almaty, Kazahstan
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Based on semi-microscopic folding model there has been studied influence of the density
dependence factor for effective nucleon-nucleon forces on analysis of angular distributions for
elastic scattering and total reaction cross-sections at interaction of 4He-particles with stable
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nuclei (A = 12-208) within the energy range of 21.0-141.7 MeV. Within the double-folding
model 4 possible force variants with various density-dependent forces were considered.

INTRODUCTION
At low and medium energies the most popular method for joint analysis of experimental

angular distributions (AD) and total reaction cross-sections (TRCS) is semi-microscopic folding
model (SFM) [1]. Since 4He-particle is a core for light exotic nuclei 6|8He, it is of interest to
continue systematic study at various variants of effective nucleon-nucleon forces.

For the first time in [2] we have investigated energy and mass dependencies for SFM
parameters for 4He-particles at low and medium energies. In those studies complete M3Y-
interaction [3] was used as effective forces between nucleons of colliding nuclei and nucleon
densities were calculated employing density functional method [4].

Present work based on SFM considers influence of density dependence factor for effective
nucleon-nucleon forces (4 force variants considered) on AD and TRCS calculations for 4He-
particles interaction with stable nuclei (A - 12-208) at energies of 21.0-141.7 MeV.
Corresponding experimental data (AD and TRCS) used for model verification are of high quality
and low errors both with regard to angular and energy diapasons. Therefore, conclusions made
upon the present study include important quantitative information and are valuable for further
comparative analysis of experimental data on interaction of light exotic nuclei with stable nuclei.

EXPERIMENTAL DATA FOR ANALYSIS
To ensure unity of experimental conditions and reliability of analyzed cross-sections for

interactions of 4He-particles the experimental data on AD and TRCS previously used and
verified by us in [2] were used. In order to investigate energy dependence of SFM parameters
there were analyzed 15 AD at a moderate-weight nucleus 90Zr at energies of 4He-particles in the
range of 21.0-141.7 MeV. Mass dependence was studied at two energy values (low and
medium) of 4He-particles ~ 50.5 and 141 MeV for nuclei A = 12-208. Errors of differential
cross-section absolute values for elastic scattering comprised in AD 1-5% and only in several
cases (minima of AD at large angles) achieved 6-10 %.

Experimental values TRCS used for investigations of energy and mass dependencies of PFM
parameters are described in details in [2] and their errors comprised 4-7 % in this investigated
energy region.

EFFECTIVE NUCLEON-NUCLEON FORCES AND APPROACH FOR
CONSTRUCTION OF FOLDING-POTENTIALS
Factorization approach for density and coordinate dependencies of effective nucleon-nucleon

forces is presented in [5, 6]:

y°(E) /y( Q\ - y°(E> M p/p\ n\

where s - module of a radius-vector that binds two nucleons in colliding nuclei, superscripts D
and E indicate "direct" and "exchange" components of effective forces.

As a part of forces that does not depend on matter distribution density throughout nuclei a
complete M3Y interaction [7] based on G-matrix elements of Reid and Elliott interactions can be
considered. Form of applied in this case isoscalar and isovector components of the M3Y-
interaction is presented in [5].

Factor of density dependence is chosen in the standard form:

FD(p)=C[l+dexp(-yp)], (2)

(3)
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Here, FD(p) corresponds to DDM3Y-interaction and FB(p) - to BDM3Y one. We use M3Y-
interaction without consideration of density dependence for further analysis as well as one of the
variants of DDM3Y-interaction and two variants of BDM3Y-interaction with parameters,
defined in [8]. These parameters are presented in table 1.

Table 1. Parameters of effective nucleon-nucleon forces.

Force
M3Y
DDM3Y1
BDM3Y1
BDM3Y2

C
1

0.2845
1.2253
1.0678

D
0

3.6391

y,fm3

2.9605

a, fm3p

0

1.5124
5.1069

P

1
2

A procedure for construction of folding-potentials in the double folding model with a factor
of density dependence and an approach for construction of nucleon densities are described in
details in [5].

ANGULAR DISTRIBUTIONS AND TOTAL REACTION CROSS-SECTIONS FOR
4He-PARTICLES
There are presented calculations of AD for elastic scattering of alpha-particles using four

types of effective nucleon-nucleon forces (see Table 1) for 15 light, moderate and heavy nuclei
at two energies of-50.5 and -141 MeV. Similar calculations were made for a-particle scattering
at the nucleus 90Zr at energy range of 21.0-141.7 MeV.

For investigations of the influence from the factor of effective force density dependence we
took in consideration the same values for PFM parameters and used various nucleon-nucleon
forces (BDM3Y1, BDM3Y2 and DDM3Y1). These values were obtained for the parameters at
fitting of theoretical curves to experimental ones using M3Y-effective nucleon-nucleon forces in
[2]. Parameters of PFM are presented in tables 2-4.

Table 2. Optimal values of SFM parameters and total reaction cross sections (mb) at nucleus
90Zr for 4He-particles at energy range of 21.0-141.7 MeV.

Ea, MeV

21.0
23.4
25.0
31.0
35.4
40.0
50.1
59.1
65.0
79.5
99.5
118.0
141.7

0.010
0.020
0.020
-0.017
0.050
0.045
0.052

0
0
0

-0.20
0

0.013

0.10
0.10
0.10
0.18
0.10
0.12
0.11
0.25
0.18
0.26
0.35
0.35
0.30

-0.010
-0.010
-0.010

0
0

-0.012
-0.010
-0.015
-0.025
-0.030
-0.032
-0.024
-0.022

TRCS, mb
M3Y

1007.6
1107.0
1181.7
1481.0
1583.3
1830.9
1881.4
1829.8
1982.4
1968.6
2049.4

2034.3
1972.4

BDM3Y1

1027.3
1126.5
1201.4
1500.4
1620.3
1878.1
1922.2
1848.9
1905.3
1987.7
2067.3
2002.2
1945.8

BDM3Y2

1013.3
1112.6
1187.2
1485.3
1597.3
1852.4
1897.3
1832.4
1888.5
1970.2
2049.3
1984.6
1927.9

DDM3Y1

1033.4
1132.6
1207.5
1505.7
1632.9
1892.0
1935.6
1854.2
1910.7
1993.3
2072.8
2007.2
1033.4
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Table 2. Optimal values of SFM parameters and total reaction cross sections (mb) for 4 H e -
particles at Ea ~ 50.5 M e V for nuclei A=12-124 .

nucleus

i2C
" M g
""Si
4*Ti
i 0Ti
i SNi
b8Zn
/ uZn
yuZr
y4Zr

12USn
U 4 S n

(P,

0
0
0
0
0

-0.011
-0.015
-0.010
0.052
0.053
0.051
0.051

0.37
0.27
0.26
0.25
0.26
0.22
0.21
0.24
0.11
0.13

0.104
0.13

<P,

0
-0.012
-0.010

0
-0.021
-0.012
-0.022
-0.023
-0.010
-0.010
-0.007
-0.007

TRCS, mb
M 3 Y

911.0
1200.8
1251.6
1477.2
1616.6
1550.6
1742.3
1776.4
1881.4
1968.2
2014.1
2084.4

BDM3Y1

937.78
1226.4
1272.2
1502.7
1673.3
1567.7
1765.8
1801.1
1922.2
2014.8
2060.5
2123.8

B D M 3 Y 2

921.8
1209.4
1258.9
1482.7
1652.1
1552.4
1748.5
1783.4
1897.3
1987.2
2032.9
2095.4

DDM3Y1

939.3
1228.8
1276.2
1503.8
1676.5
1571.9
1770.7
1806.2
1935.6
2029.5
2075.2
2139.0

Table 2. Optimal values of SFM parameters and total reaction cross sections (mb) for 4 H e -
particles at Ea ~ 141 M e Y for nuclei A = 1 2 - 2 0 8 .

nucleus

[1C
4 UCa
4 6Ti
4 8Ti
6UTi
5l iNi
y uZr

m?b

<PV

0.045
0

0.02
0.026
0.026

0
0.013
0.0

0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30

-0.012
-0.030
-0.030
-0.025
-0.022
-0.030
-0.022
-0.027

TRCS, mb

M3Y

725.8
1442.1
1596.8
1589.1
1590.6
1694.1
1972.4
2892.5

BDM3Y1

731.01
1464.2
1621.9
1613.4
1614.0
1713.8
1945.8
2924.7

BDM3Y2

710.1
1444.4
1602.4
1594.1
1594.7
1694.6
1927.9
2900.6

DDM3Y1

731.9
1466.1
1624.4
1615.8
1616.3
1716.8
1950.0
2930.5

Fig. 1 presents curves for AD of elastic scattering (a-particles at 90Zr-nucleus) in energy
range of 21.0-141.7 MeV. From the figure one can see that at low energies of 21.0-25.0 MeV
BDM3Y2-forces poorly describe experimental AD compared to the other three force types.
Effective nucleon-nucleon forces M3Y, BDM3Y1 and DDM3Y1 provide equally satisfactory
description of AD. With energy growth in the range of 31.0-141.7 MeV discrepancy in
description of experimental AD using different effective forces vanishes. In [2] it was shown that
effective M3Y-forces produce a good description of experimental TRSC. TRSC values were
calculated with all 4 types of effective nucleon-nucleon forces (table 2) and practically don't
distinguish from each other (the difference is equal to 2-3% per cent). Therefore, experimental
TRCS (see Table 2) are described equally well by all 4 types of effective nucleon-nucleon
forces.
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1x10
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Fig. 1. Angular distributions of differential cross sections of elastic scattering for a-particles
ar°Zr. Triangles - experimental data, lines - SFM: solid - M3Y, dash - BDM3Y1, dotted -
BDM3Y2, dash-dotted - DDM3Y1.

Figure 2 presents AD for elastic scattering of a-particles at various nuclei at energy ~ 50.5
MeV. From the analysis one can see that at energy ~ 50.5 MeV calculated curves for AD at
different effective nucleon-nucleon forces are similar up to 30-40 degrees. In general, theoretical
curves that correspond to different types of effective forces describe experimental AD of elastic
scattering equally well at energy of about 50.5 MeV.

AD of elastic scattering for 4He-particles at different nuclei at energy -141 MeV are
presented in fig. 2. For investigated nuclei-targets ( C to Pb) elastic scattering AD looks like
rainbow at scattering angles of 40-80 degrees. In elastic scattering AD For nuclei 12C and 40Ca
one can get quite good agreement between theoretical and experimental curves for those angles
where the rainbow is observed and in case of consideration of BDM3Y2 effective nucleon-
nucleon forces. At the same time we were not able to improve description of experimental AD
for nuclei I2C and 40Ca at scattering angles exceeding 40 degrees when used M3Y effective
forces. For other angles (46Ti to 208Pb) considerable discrepancy in description of various types
of effective forces is not revealed.

As in case of energy dependence, for mass dependence at energies -50.5 and -141 MeV the
experimental TRCS (tables 3 and 4) are described equally well by all 4 types of effective
nucleon-nucleon forces.
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Fig. 2. Angular distributions of differential cross sections of elastic scattering for cc-particles
with Ea ~ 50.5 MeV and 141 MeV at nuclei A=12-208. Triangles - experimental data, lines
- SFM: solid - M3Y, dash - BDM3Y1, dotted - BDM3Y2, dash-dotted - DDM3Y1.
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QUADRUPOLE DEFORMATIONS OF
FISSION FRAGMENTS IN SCISSION POINT

'Khugaev A.V., 2Ioannou P.D., 'Koblik Yu.N., 'Pikul V.P.
Institute of Nuclear Physics, Tashkent, Uzbekista

2University of Athens, Athens, Greece

UZ0703359
ABSTRACT
In the presented paper we discuss the possibility to extract the magnitude of quadrupole

deformations for asymmetric fission fragments in the scission point from experimental data
about their total kinetic energies and excitation energies of fission fragments and target nucleus.
We start from the simple case of two coaxial ellipsoids of revolution with uniformly distributed
charge and nuclear matter density. Influence of nuclear forces between fission fragments in the
scission point was neglected. Shell model corrections and contribution from nuclear part of
interaction in scission point are discussed. Separate attention was paid to the connection between
total kinetic energies of fission fragments and their time of flight from scission point up to point
of their detection.

MOTIVATION
The whole picture of the nuclear fission can be roughly divided into the three important

stages:
» First — from initial state of target nucleus and projectile particle (like y quanta,

thermal neutron and etc.) up to the classical threshold of fission - saddle point.
® Second - from the saddle point up to the scission point.
• Third - from the scission point up to the detection of fission fragments.

From this simple consideration we can conclude, that last stage of fission process is a
reflection of fission dynamic and our aim is to extract all possible information about shapes of
fission products from their total kinetic energies (TKE), excitation energies, and mass and charge
distributions.

MODEL ASSUMPTIONS
Our assumptions are:

• Both fission fragments have uniform distribution of mass and charge
® They have simple configuration consisting from two coaxial ellipsoids of

revolution with axis of symmetry along their line of fission.
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GENERAL APPROACH AND NUMERICAL RESULTS
Introducing notations: Ex ,E2- kinetic energies in the cm., Z,, Z2- electric charges and

Ax, A2 are mass numbers of fission fragments, a,, cx, a2, c2 are their corresponding semiaxes. In
the first approximation, if we neglect the influence of nuclear forces between fission fragments,
we can write from conservation law following expression [1]:

Hx,y) (1)
2) Do

where D0=d0 + ci+ c2 and x, y and F(x,y) are defined as in [1]:

1 1
F(x,y) * 0.75

\. 1 + x 1 1 |. \ + y
In + r I n — -

l-x [y y3 \-y
[0.24 + 0.257(x2 + y2)+ 0.26(x4 + / ) + 0.5 Ux2y2 \c2y2 - (2)

, a2<c2.

Introducing new parameter of ratio k = — finally we have:

ax ahcZxZ2
F(x,y) (3)

where a is fine structure constant, c - speed of light and r0 = . This last equation (3) can be
m*c

solved numerically relatively variable ax and after that we can determine all values, including c,,

a2, c2, eccentricities and quadrupole deformations of fission fragments. After realization of

numerical procedure for two different set of input parameters: d0 = 0.0 (0.5), k = 0.5 (0.8) at

£, =90 MeV and some probe values Z, = 48, Ax = 100, Z, = 50, Ax = 152 we have:

Table 1

3.93
4.83

c i

18.1
12.0

* i

0.98
0.91

A
6.81
3.47

a2

7.87
6.04

c2

6.88
11.67

0.9
0.86

A
-0.42
2.372

At the end we want to underline that in this approach it is possible to obtain different results for
the one set of input parameters, which means that above obtained procedure is ambiguous. To
avoid it we must to use additional information about excitation energies of fission fragments. In
this case, for spontaneous fission (s.f) it is well established that prescission kinetic energy of
fission fragments is close to zero [2,3] and we can directly present the excitation energy at s.f. as:
AEexc = [Mo - (M, + M2)]c2 - Eo , where Mo is the mass of initial nucleus, A/,, M2 are masses
of fission fragments and Eo is their TKE. Using [4], we can write that AE^ = AEexcX

where, by neglecting proximity forces in scission point we have:
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,4 tan -
l -£,

- 1

Atan
W-s\

^1/3 2s,
(4)

xn

x 1 / 3

Is,
(5)

here cr, and o"2 are surface tensions of fission fragments and e], s2 are their eccentricities:

f, = 11 — and s2 = 1 — . Using simple modification of (3) we can

simply to write for determination of a} and Rvalues following set of algebraic equations:

a, ahcZ]Z2

+ a,V0

(6)

(7)[A/o - (M, + M2)]c2 -Eo= AEexcl + AEexc2

As a numerical example we can calculate parameters of shape for s.f. of 25^Cf '^>

reaction for two sets of initial parameters at £, = 90 MeV and Ex = 50 MeV. In both cases

we take dn = 0.5 fm.

Table 2

6.6
4.49

c\
6.7
14.46

e\
0.17
0.95

0.046
4.765

a2

7.49
12.96

C2

7.4
2.47

0.15
0.98

A
-0.036
-4.46

CONCLUSION
From the above obtained results one can see that the values of quadrupole deformations are

more preferable at energy of detected fission fragment of £, = 90 MeV. Physically it is obvious,
because in this case the energy is distributed between their TKE and fission fragments
deformation energy. Iteration procedure for the solution set of algebraic equations (6),(7) is
numerically stable, and in the case at Ex =90 MeV we have rather good convergence. These
investigations are not yet complete and above obtained results are preliminary.
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EFFECT OF NUCLEAR STRUCTURE ON VECTOR ANALYSING
POWER OF n+ SCATTERING ON 7Li NUCLEUS

IN THE REGION OF THE A33 -RESONANCE
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ABSTRACT
Within the framework of the Glauber diffraction theory vector analyzing power iTu is

calculated for two values of TI+ -meson energy: 134 and 164 MeV. These energy values lie in the
region of the A33 - resonance of u^-interaction with the maximum at 180 MeV. iTu have been
calculated using several model wave functions of Li nucleus (at- cluster and shell). Sensitivity
of 7i-7Li scattering parameters to structural characteristics of the target nucleus was studied. A
comparison of the calculations results and experimental data have lead to conclusion on validity
of wave functions and adequacy of potentials used in calculations.

Progress in understanding of pion-nuclear interactions during last decades is associated with
experiments at meson laboratories. However, those experiments based on measurements of
differential cross sections (DCS) are sensitive only to the spin-independent (i.e. central) part of
the amplitude. The experiments where spin-dependent quantities are observed could be more
useful for a well-founded verification of theoretical models. Due to the fact that pions have a
zero spin, observation of spin-dependent variables can be realized only by application of
polarized targets that can be produced using a special technique.

For nucleons lp-shell nuclei, such as 6Li, 7Li, are most convenient for theoretical estimation.
On one hand, they have low number of nucleons that allows WF calculation for such systems
with a good accuracy in frames of different models (shell, cluster, MRG, and other models). On
the other hand, this approach can be used for simulation of heavier nuclei properties when it is
important to take into account such factors as the Pauli principle, spin-orbital level splitting, and
interaction of valence nucleons with a-particle core.

In this paper we have calculated the vector analyzing power iTu and DCS in the framework
of the Glauber theory for two iC -meson energy values: 134 and 164 MeV. These energy values
lie in the region of the A33- resonance of n'N - interaction with the maximum at 180 MeV. The
resonance is characterized by strong %"- absorption through the elastic channel that leads to
predominant interaction in the surface layer of nucleus.

We compared results of our calculations with experimental data (DCS and iTu) from paper
[1]. This experiment had both some advantages and disadvantages. The advantages come from
rather large cross section (~102 mb/sr) and high polarization of the target (-50%). The
disadvantages were low resolving capacity of the magnetic spectrometer SUSI (the energy
resolution in the lost-energy spectrum was -1,8 MeV in target depth); and a limited range of
angle measurements (50-110°). The latter is essential in the Glauber diffraction theory used in
calculations, since the most accurate results can be obtained in this theory for the region of lower
scattering angles.

The main objective of this work is to find out how sensitive are the characteristics of 7t-7Li
scattering in respect to structural features of a target nucleus. In this connection we have
calculated DCS and iTn using several models WFs of the 7Li nucleus: WFs obtained in at-
cluster [2] and shell models [3]. Comparison of results with experimental data [1] is the base for
conclusions on WFs validity and adequacy of the potentials used in calculations.
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Fig.l. Differential cross section (a) and vector analyzing power iTu (b) at E^=134 MeV.
Solid and dash curves - calculation using cluster WFs with different potentials of at-
interactions, dotted curve - calculation using oscillatory WF. Dots - experimental values
[2].
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Fig.2. The same as Fig.l for EK=l64 MeV.

Figs. 1 and 2 demonstrate results of DCS (a) and iTu (b) calculations for E^=134 and 164
MeV together with experimental data taken from the paper [1]. Solid and dash curves illustrate
calculations using cluster WFs with different potentials of at-interactions: solid - WF calculated
on the base of Woods-Saxon potential, dash - WF calculated on the base of Buck potential.
Dotted curve represents calculations with a shell WF computed with the harmonic oscillator
potential.

All the calculated curves of DCS adequately reproduce experimental data. Differential cross
sections with cluster WFs are smoother and have filled minima, generally they are closer to
experimental values. It is apparent that solid and dash curves are close to each other for all
energies that testifies to low DCS sensitivity to the type of potential used in cluster WFs
calculations. The difference in cluster WFs computed with Woods-Saxon and Buck potentials is
negligible as it was shown in the paper [2]. The calculation using shell WF has deeper DCS
minimum and more pronounced second maximum in both cases that does not correspond to
experimental data. There are some minor differences in curves behavior at small scattering
angles and considerable differences at greater angles. The cross section at 0° calculated using
oscillator WF has a lower absolute value than that with a cluster WFs, therefore dotted curve lies
lower than solid and dash curves up to the angles 8-25°. Such behavior is explained by different
forms of cluster and oscillation WFs at distances far from the nucleus center (asymptotic). In the

; ! : 1 6 7
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momentum space this asymptotic corresponds to low transferred momentum and, therefore,
small scattering angles. Asymptotic of the oscillator WF is characterized by its rapid decrease
that does not correspond to the real behavior of the nuclear WF. Cluster WFs have not this
defect, they are more expanded in asymptotics. Thus DCSs determined by means of cluster WFs
are greater than those using oscillatory WF. Discrepancies in calculations for large values of
scattering angles, that correspond to small distances in the coordinate space, are explained by the
fact that oscillator WF (on contrast to cluster WFs) does not take into account short-range
nucleon correlations inside the nucleus.

Generally, analysis of characteristics calculated in the framework of Glauber theory for large
scattering angles is not quite acceptable since the theory is limited by small scattering angles; the
observed coincidence of calculations and experimental data could be accidental. As a basement
for calculations at relatively low energies (under 200 MeV) we can use a fact that the front peak
is available in the elementary Tt^N-amplitude. This peak is responsible for predominantly forward
scattering that provides validity of the main condition of the Glauber theory - the eikonal
approach allowing an expansion of energy and angular ranges of its application.

Now we shall proceed to consideration of the vector analyzing power iTjj, shown in Figs, lb
and 2b. Description of experiment is not so accurate in this case as that illustrated by a-Figs
(especially for E^=164MeV where experimental data are monotonous and theory predicts a curve
with maxima and minima). Compared with DCSs all the three curves noticeably differ from each
other. Solid and dash curves are not quite identical now. Although their first minimum is near the
value 0-60° for all energies (that correlates with DCS minimum), however, behavior of the
curves becomes different for the angles 0>7O°. This fact visually demonstrates the higher iTu
sensitivity to the nucleus structural characteristics (represented by different WFs), compared
with DCSs. Dotted curve differs from the first two curves in the whole angular range: its maxima
are higher and minima are deeper and are shifted to the region of forward scattering angles.

Analysis of theoretical calculations and their comparison with experimental data lead to the
following conclusions.
- Glauber theory adequately describes DCS (in contrast to iTu) in the range of 7r+ - meson
energies from 134 to 194 MeV even for large values of scattering angles, that can be explained
by strong front peak in the elementary rc^N -amplitude. However, theoretical description of iTu
is not quite satisfactory, so it needs some further improvements.
- Calculations using cluster at-WFs of Li7 nucleus describe experimental data better than
calculations using oscillatory WF. It is known that ^-mesons are subjected to strong absorption
in the region of the A33-resonance where scattering proceeds. It causes predominant interaction
on the nucleus surface, and the latter can be better described by cluster WFs with extended
asymptotic.
- Vector analyzing power iTu is more sensitive to the nucleus structural characteristics than DCS
that explains its dependence not only on central but also on spin orbital interaction.
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The reaction 7Li(p,a)4He is the key one in the cycle of hydrogen combustion into helium and
is not passed over by an attention of experimenters. But, as the estimation [1] had shown, the
contradictoriness of available experimental data requires additional measurements. At present
there are several sets of data on measurements of total cross sections of the reaction 7Li(p,a)4He
in the region of Ep = 0.01 - 10 MeV [ 2 - 8 ] . Data of works [7,8] differ from those of others by 2
times. In the present work there were carried out measurements of yields of cross sections of the
reaction 7Li(p,a)4He and their angular distributions. The accelerated proton beam passed through
the solid target with thin carbon base, and the Faraday cup, disposed behind the target detected
the beam current. Theoretical investigation of reaction included the calculation of differential
cross section within distorted wave Born approach.

Experiments on determination of 7Li(p,a) He reactions cross sections in low-energy region
were carried out by means of the extracted beam of the complex recharged accelerator RAC-2-1
(INP NNC RK) at proton energies Ep = 350, 550 and 750 keV and beam currents of up to tens
mkA. The spread of proton beam energy is not more than 1.5 keV.

A performance of experiments was realized with the use of special complex of equipments,
allowing an irradiation of targets of different isotopes by accelerated particles beam and
detection of nuclear reaction products. A peculiarity of measurements at super-low energies of
the beam makes rather strict demands to the technique of an experiment: investigations are
carried out with very fine targets (of up to several ug/cm2); because of this circumstance there
are sharply increased requirements to the purity of materials and to vacuum system, because the
high vacuum is necessary to prevent a formation of carbon deposit on targets; small cross
sections of second products emission dictate a necessity to use several gamma-radiation
detectors of high efficiency; a duration of experiment on time requires the high stability of
detecting spectroscopic apparatus.

At the end of proton accelerator's ion-tube there is the central reaction chamber,
manufactured in the octahedron-shapes with the distance between parallel walls of 560 mm and
with the height of 330 mm. Side walls have 8 hermetically-closed flanges. This allows a proton
beam to pass through the chamber and hermetical windows at the flanges, to observe an internal
state of the chamber and to detect reactions products by radiation detectors at different angles to
the direction of the incident beam. In the centre of the chamber, on the axis of the beam the
targets are placed. Inside the chamber the in devices for attaching of charged particles detectors
are mounted. With help of external control, without a disturbance of vacuum inside of a detector
may be moved around the target and installed at any angle to the direction of the accelerated
particles beam. During beam current measurements the electrically isolated from the ion-tube
central reaction chamber body is used as the Faraday cup. For formation of transverse
dimensions and of beam shape, and for stabilization of its position on the target, in front of the
chamber, there are installed two copper diaphragms in the distance of 2 m from each other with
the set of collimators with diameters of 1, 2, 3 and 5 mm. An installation of necessary collimator
is carried out from the outside through the gland vacuum seal.

7Li targets of different thicknesses (several tens of micrograms) were prepared by means of
spraying of lithium isotope onto thin carbon films. Measurements of spectra were carried out
with the help of the charged particles detector at energies of protons Ep= 350, 550 and 750 keV.
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At every energy there was measured the angular distribution of alpha particles (products of
nuclear reaction) in the range of from 20° to 170° with the step of 15°. During the measurements
the lithium - targets was placed at the angles of 45° or 135° to the incident protons beam
depending on the angle of the detector location. During the measurements there was an intensive
background from elastic scattering of beam protons. In order to eliminate this background,
between the detector and the target, close to the detector there was placed the 3.5 mg/cm2 thick
aluminum foil. By such thickness of the aluminum foil the threshold of the proton energy
absorption was ~ lMeV. As a result, the background from protons disappeared completely, but
there was taken place the spreading of the spectral line of alpha-particles. However, this did not
influence on the value of the count of detected alpha-particles.

The obtained results of angular distributions from the present measurements are well
approximated by A(l + B*cos2(0)) type functions. Data were obtained in relative units. The
course of the excitation function curve of the reaction 7Li(p,a)4He obtained from the present
measurements corresponds to the data of work [4],

The calculations of theoretical cross sections were conducted within the framework of a
method of the distorted waves with the using of the program DWUCK5. The scattering wave
functions were calculated with the using of optical potentials. During the calculations of
scattering states wave functions of the potentials calculated within the framework of the cluster
folding-model were used. The potential of the input channel of the 7Li-p - system was
constructed by the convolution of ap- and tp-interactions on cluster at-density. The potential of
the output channel of the a-4He-system was taken from the literature. As the vertex function of
the p-3He - subsystem, alpha-particle form-factors in the Sheffard's potential were used. As the
wave function of the bound state of the at-system the the two-particle wave at-function of the
7Li-nucleus was used. Calculated values of total cross-sections in the energy ranges of E=4.(H5.0
MeV occurred to be 12% larger than experimental values of the work [4].

10
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• C. Rolfs and R.W. Kavanagh, Nucl. Phys. A 455, 179(1986).
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Fig. 1. The course of the excitation function curve of the reaction Li(p,a) He in comparison
with data on absolute cross sections
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Fig. 2. Dependence of differential cross-section of the reaction 7Li(p,a)4He at various energy.
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MEASURING ANGULAR DISTRIBUTION OF PROTONS ELASTIC
SCATTERING DIFFERENTIAL CROSS-SECTIONS BY Ip-SHELL

NUCLEI AT ASTROPHYSICAL ENERGIES

Baktybayev M.K., Burminskii V.P., Burtebayev N., Jazairov-Kakhramanov V.,
Zazulin D.M., Zarifov R.A., Kadyrzhanov K.K., Satpayev N.K., Hassan S.F.

Institute of Nuclear Physics, Almaty, Kazakhstan

INTRODUCTION
Low and ultra-low energy nuclear physics is becoming more important because of the rapid

development of nuclear astrophysics [1] where both differential and total cross-sections of elastic
scattering are used actively alongside the optical potential parameters derived from their
analysis.
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Today nuclear astrophysics faces two major problems: 1) generation of chemical elements,
from hydrogen to uranium, during evolution of the Universe and individual stars (cosmological
nucleosynthesis), and 2) stellar energy dynamics during the light elements synthesis into nuclei
of. In order to create adequate nucleogenesis models for proton-nuclear and helion-nuclear
collisions, and exothermic synthesis at low and ultra-low energies, which are characteristic of the
synthesis and other nuclear reactions in evolving stars, accurate total cross-sections a t and total
cross-sections of elastic scattering ae\ and non-elastic processes ain at low and ultra-low energies
are needed. Parameters of nucleus-nucleus interaction potentials are applied in virtually all such
calculations.

There is no information on elastic interaction of protons with light nuclei near and below the
Coulomb barrier; moreover it is resonant.

Therefore, the purpose of this research was to study angular distributions of differential
cross-sections of elastic scattering of protons by a number of lp-shell nuclei at low energies with
a high accuracy of measuring the angle and energy, and determining the optimum parameters of
optical potentials by analysis of data for a wide range of energies, with further calculation of
integral and total cross-sections. Another purpose was to determine how the cross-sections are
influenced by structural peculiarities of light target nuclei.

EXPERIMENT
The angular distribution of differential cross-sections of elastic scattering of protons by 12C,

7Li and 16O nuclei was measured using a beam in a UKP-2-1 accelerator at a projectile proton
energy of Ep = 350H-1050 keV (at 350, 400, 450, 550, 750 and 1050 keV), which are of interest
for nuclear astrophysics. At every energy level the angular distributions were measured at angles
ranging from 30 to 170° with an increment of 10°.

Experiments to obtain angular distributions of elastic scattering differential cross-sections of
protons by lp-shell nuclei and further calculation of optical potentials for the nuclei require thin
self-supporting targets of the corresponding isotopes (carbon, lithium and oxygen). A number of
targets with C, Li and 16O layers with a thickness of -20 ug/cm2 were made using the
technique of vacuum evaporation by local heating of the specimen with a spot electron beam or
direct heating of the spray.

Carbon was sprayed onto glass plates with previously placed layers of salt. After annealing
for 12 hours at 150°C, the carbon films were removed from the glass plates and placed to
specially prepared frames. For depositing zirconium oxide (to make oxygen targets), a
magnetron target of high-purity metal (99.99 weight % Zr) was used; with the metal being
produced by electron-beam melting. Zirconium was sprayed onto the support in an efflux, of
oxygen (20%) and argon (80%). The lithium targets were made by spraying on a carbon support
and further transfer to the central chamber through a special vacuum lock.

The thickness of the targets was measured using a special resonant chamber in the proton
tube of the accelerator UKP-2-1, where the energy loss of the proton beam was measured when
the beam passed through a self-supported target in the central chamber. The reaction
27Al(p,y)28Si with a narrow resonance at ER=992 keV was used and y-quanta having an energy of
Ey = 1779 keV were registered. The thickness of the targets was determined by the shift of the
resonance due to the energy lost by protons passing though the target placed before the
aluminum film. This method allows the thicknesses of 10 -̂100 u.g/cm2 to be measured with a
minimum accuracy of 5%.

ANALYSIS OF EXPERIMENTAL DATA ON ELASTIC SCATTERING
The general approach to obtaining information on the potential of interaction of complex

particles with nuclei is phenomenological analysis of experimental data on elastic scattering
based on the optical model of a nucleus. Such approach reduces the process of scattering by a
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multiparticle nucleus system to a simple process of scattering in a field of a complex optical
potential U (r) having the following form and value with the radial Woods ~ Saxon relation:

U{r)=-VRf(xR)-i dfWvf(xv)-4WDaDf(xD)
dr 0)

where VR and Wi are the depths of the real and imaginary parts of the potential with the radial

relation / ( x j = (l + exp(x,)) , x,. = (r - U.J / a,, Rf =riA
l/3

! Vc (r) is the Coulomb

potential of a uniformly charged sphere with a radius of R=\,28A1/3 (fm). The potential depends
on the relative distance between the colliding nuclei and only does not depend on the position of
nucleons in the target nucleus.

Experimental data on elastic scattering of protons by such nuclei were analyzed applying the
optical model and the standard software SPI-GENOA 111. The parameters of the potential where
the experimental and theoretical cross-sections match are found by minimizing the following
value:

(2)

where TV is the number of experimental points in the distribution, <JT(Q\) and ae (9j) are the
calculated and measured differential cross-sections, correspondingly, for the angle 0it and 8<7e

is the uncertainty of ae (dj).
In the research, experimental data on elastic scattering of protons by 7Li nuclei were analyzed

for the energy ranging from 0.45 to 155 MeV, by 12C nuclei for energy values of 0.35-61.4 MeV
and by l6O nuclei for energy values of 0.35-135 MeV provided in 13-11. The initial values of the
optical potential parameters were the values provided in the above-mentioned studies.

Global studies of the real and imaginary parts of the nuclear potential were done to find the
relationships with the energy of incident protons and mass numbers of the target nuclei. The
optimal values of the radii of the optical potential were found (optical potential of protons on
light nuclei). It was also shown that description of experimental data on elastic scattering of
proton at energy values below 50 MeV is optimal with the surface absorption. The optimal
depths of the spin-orbit potential were found. It was shown that the spin-orbital interaction, if
taken into account, effects on cross-sections at large angles only. Tables 1 to 3 give the values of
optimal parameters of optical potentials for lp shell nuclei for low energy levels, as found using
the relationships, which are of interest for astrophysics.

Table. Optimal parameters of potentials of interaction between protons and light nuclei

EP,
MeV
0.45
0.75
1.0

0.35
0.40
0.45
0.55
0.75
1.05

Nucl
eus

Li

VR,
MeV
55.84
55.73
51.77
62.23
61.15

Jffl.89
55.26
54.83
51.16

Hi,
fm
1.17
1.17
1.17
1.15
1.15
1.15
1.15
1.15
1.15

fm
0.571
0.873
0.933
0.584
0.695
0.698
0.858
0.861
0.972

wD ,
MeV
1.819
3.423
1.890
9.651
9.651
11.10
11.99
12.36
12.98

fin
1.8
1.8
1.8

1.25
1.25
1.25
1.25
1.25
1.25

fm
0.137
0.202
0.491
0.320
0.24.1
0.208
0.164
0.178
0.268

Vso,
MeV
12.98
13.45
16.15
6.656
6.656
8.272
7.774
7.814
8.992

rso,
fm
1.17
1.17
1.17
1.15
1.15
1.15
1.15
1.15
1.15

aso,
fm

0.613
0.648
1.254
0.296
0.316
0.306
0.288
0.888
0.612
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EP,
MeV
0.350
0.553
0.834

1.1

Nucl
eus

lbo

VR,
MeV
58.92
57.68
57.37
55.92

TR,
fm
1.25
1.25
1.25
1.25

HR,

fm
0.43
0.35
0.44

0.630

WD,
MeV
1.61
1.21
1.10
1.81

TWD,

fm
1.25
1.25
1.25
1.25

fm
0.47
0.43
0.49
0.77

Vso,
MeV
10.74
10.07
8.08
9.79

rso,
fm
1.25
1.25
1.25
1.25

aso,
fm

0.40
0.38
0.37
0.41

Figures 1 -3 show the comparison between experimental and theoretical angular distributions
of differential cross-sections of elastic scattering of protons; with the theoreticaJ values being
derived from the optical models for the 7Li, 12C and 16O nuclei. The comparison shows a
satisfactory match between the theoretical and experimental values, thus allowing their
dependence on the energy and mass number to be considered with an adequate confidence.
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Fig. 1. Angular distributions of differential cross-sections of elastic scattering of protons by
the 7Li nucleus. The characters show the experimental data, and the solid line shows the
values computed using the optical model
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Fig. 2. Angular distributions of differential cross-sections of elastic scattering of protons by
the 12C nucleus. The characters show the experimental data, and the solid line shows the
values computed using the optical model
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Fig. 3. Angular distributions of differential cross-sections of elastic scattering of protons by
the 16O nucleus. The characters show the experimental data, and the solid line shows the
values computed using the optical model
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Both international data and that received by our team were systemized by total cross-sections
of the studied nuclei using the optimal parameters of the optical potentials. With the energy level
moving from low and especially ultra-low values, sharp anomalies, such as narrow and wide
resonant peaks, appear (e.g. see the total cross-sections of elastic scattering of protons by lithium
and carbon nuclei in figure 4.) In the upper part of the figure the excitation levels of compound
nuclei 8Be and 13N are shown. It is clear that the resonances generally match the energy levels of
the compound nuclei, apparently being the main mechanism for forming the resonance in the
excitation function.

Analysis of the specifics of the angular distribution of protons scattered by lightest nuclei
shows that the angular distributions have the Fraunhofer form, except for the lowest energies.

In the study of the relationship between the tangent angular momentum and the dependence
between the trajectory and energy of the incident protons on the nuclei under consideration, a
new phenomenon was revealed—a jump of the tangent angular momentum in the ultra-low
energy range (Figure 5). This phenomenon can be explained by influence of the Coulomb
barrier. Indeed, calculation of the Coulomb barriers gives the value which matches the energy
value at which the jump occurs.
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Fig. 4. Total cross-sections of angular distributions of elastic scattering of protons by Li
(upper diagram) and 12C nuclei (lower diagram)
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Fig.5. Relationship between the tangent angular momentum and the energy of incident
protons
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CONCLUSIONS
Experimental study of the differential and total cross-sections of elastic scattering of protons

was conducted using an accelerated beam of protons in the heavy-ion accelerator UKP-2-1. By
gathering, analysis and summarization of international data on elastic scattering of protons,
regularities in the behavior of the mentioned cross-sections and parameters which characterize
the structure and mechanism of the nuclear interaction were found. They are the following:

- For the first time experimental data on cross-sections of elastic scattering of protons by
7Li, C and 16O nuclei (angular distributions and excitation functions) were obtained for an
energy range of 350-1000 keV.

- The optimal parameters of the nuclear potential for protons elastically scattered by lp-
shell nuclei were obtained; the general relationships between the optimal parameters of the
optical model and the incident particle energy levels were approximated for the ultra-low energy
range (100-1000 keV) taking account of the mass number of the target nuclei.

- Anomalies in total cross-sections and their dependence on the energy of incident particles
(resonances) were found; they are explained both by the presence of quantum levels of a
compound nucleus system and cluster specifics of the nuclear potential form.

- A new phenomenon of a jump in the angular momentum on the tangent line against the
interaction trajectory surface was discovered, which is connected with the anomalous
dependence of the radius of interaction between an incident proton and nuclei from the incident
particle energy near the Coulomb barrier.

The results of this research may be used for obtaining of systematic information on the
differential and total cross-sections for energy levels from 300 keV to 155 MeV for any energy
value by interpolating the optical model parameters taking account of the new data.
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APPLICATIONS OF THE DUFFIN-KEMMER-PETIAU
EQUATION FOR THE DEFORMED WOODS-SAXON

POTENTIAL IN NUCLEAR PHYSICS

Ya§uk F., Berkdemir C, Berkderair A.
Erciyes University, Kayseri, Turkey

ABSTRACT
There has been a recent revival of interest in the Duffm-Kemmer-Petiau (DKP) equation,

and its relevance to some problems in nuclear and particle physics. DKP equation is the Dirac-
like first order relativistic equation and it can define both spin-zero and spin-one particles.

: 177
Section II. Basic problems of nuclear physics



Proceeding of the Third Eurasian Conference "Nuclear Science and its Application", October 5 - 8 , 2004.

Recently the first-order relativistic DKP equation has been used to study the interactions of
spinless mesons with nuclei. In this study, energy eigenvalues are obtained for DKP equation
with the deformed Woods-Saxon potential, defined by three parameters: the depth, the radius and
the surface diffuseness, for spin zero representation by using Nikiforov-Uvarov method. This
method gives the solution of second order linear differential equations whose solutions leads to
hypergeometric type equations. The energy spectrum numerically calculated for different values
of surface diffuseness parameter of the potential at some discrete levels.

INTRODUCTION
The problem of a relativistic particle with an arbitrary spin has a long history. Following the

Dirac equation [1], the search began for similar equations for higher spins. Apart from spin one-
half, none of the other spins obeys a single relativistic wave equation [2]. For instance, it was
generally believed that for spins zero and one, the Klein-Gordon [3, 4] and Proca [5] equations
were unique. But, after that the Dirac-like first order relativistic Duffin-Kemmer-Petiau
equations were found and it can define both spin-zero and spin-one particles [6-8].

Great deals of important problems in relativistic quantum mechanics as well as non-
relativistic quantum mechanics have been solved by using Nikiforov-Uvarov method (NU) [9].
This method depends on the solution of second order linear differential equations whose
solutions leads to hypergeometric type equations.

The goal of this study is to obtain energy eigenvalues of Duffin-Kemmer-Petiau equation in
the presence of the deformed Woods-Saxon potential for spin zero representation by using
Nikiforov-Uvarov method. Firstly, we talk about Duffin-Kemmer-Petiau formalism briefly and
derive second order radial differential equations with general vector potential. After that, NU
method is given in terms of hypergeometric polynomials. Finally, deformed Woods-Saxon
potential is substituted in DKP equation and then energy eigenvalues are obtained.

DUFFIN-KEMMER-PETIAU FORMALISM
In this section, the Duffin-Kemmer-Petiau formalism is given briefly. The solution of the

DKP equation for a particle in a central field needs consideration since earlier work [10]. It is
convenient to recall some general properties of the solution of the DKP equation in a central
interaction for spin zero particles. The central interaction consists of two parts: a Lorentz scalar
(Us) and a time-like vector (Uv) potential. The stationary states of the DKP particle in this case
are determined by solving

p.pc + mc2 +US + /?°t/v° VO) = /?°£y(r) (1)

The most general solution of Equation (1) is

Snj(r)YJM(Q) (2)

where YM (Q) are the spherical harmonics, Yj^(Q) are the normalized vector spherical

harmonics, and f^O"), gnJ(r)and hnJL(r) are radial wave functions. Inserting vj/^r) as given in
Eqn.(2) into Eqn.(l) by using the properties of vector spherical harmonics one gets the following
set of first-order coupled relativistic differential radial equations

) (5a)
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dr r a
J

( 5 b )

(5c)

dr dr

= j - {me1 + Us )f(r) - ( E - ^ }}(r))
( 5 d )

with the definition of ccj =T](J + 1)/(2J + 1), £j=Jj/(2J + l) and

CALCULATIONS WITH NIKIFQROV-UVARQV METHOD
For the DKP equation with a spherical deformed Woods-Saxon potential can be used

l + qe
where VQ is the potential depth, RQ is the width of the potential, q is the deformation parameter
and a is the surface thickness. At the presence of vector potential and while scalar potential is
zero, radial DKP equation is given as follows

by letting U° as the deformed Woods-Saxon potential and choosing J=0 (s-wave case)

E2+2VnE
-2ar

Vn -m (8)

is obtained. The Nikiforov-Uvarov method [9] is reduced to a generalized equation of
hypergeometric type with an appropriate - s = e~2ar coordinate transformation

Fq(sy+-^-Fq(s)' + - l—^[s\r2 -q2s2 -qP2) + s(p2 +2qe2)-e2Yq(s) = 0 (9)
s{\-sq) [s(l-sq)Y

where dimensionless parameters are :

Afi2c2a2 4h2c2a2 4h2c2cc2

Using NU method, Eqn.(9) is solved and the exact energy eigenvalues of DKP equation with
deformed Woods-Saxon potential are derived as

\6q2y2
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where C = -jq2 -Ay1 -q(2n +1).

CONCLUSION
In this study, we obtained the energy eigenvalues for DKP equation with deformed Woods-

Saxon potential by the method of Nikiforov-Uvarov. It is seen that exact solutions of first order
Dirac-like DKP equation with deformed Woods-Saxon potential contain the solutions of Klein-
Gordon equation for spin zero. Since DKP equation holds for spin zero and one particles unlike
KG equation, it is interesting to solve DKP equation in the case of spin one by applying NU
method.
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INTRODUCTION
The studies of super allowed nuclear beta decays play an important role in determining the

value of weak coupling constant Gv because there is a simple relation between the measured ft
values for such decays and the weak coupling constant when isospin is a conserved quantum
number. These studies also provide data for a stringent test of the electro-weak interaction
properties [1-3]. It is possible to determine the Cabibbo-Kobayashi-Maskawa (CKM) mixing
amplitude between u and d quarks [1] if the vector coupling constant of nuclear P decay is
combined with that of muon P decay. Thus, for the calculation of the weak coupling constant
with a great accuracy, it is needed to measure experimentally the ft values for such decays very
precise and to determine the isospin impurities, in the nuclear states caused by the
electromagnetic interaction or by possible other interaction components violating charge
independence. However, the greatest contributions to the uncertainty in Gv come not from the
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experimental ft values, but from the theoretical correction terms [4]. The test of the calculations
done for the theoretical correction terms can be provided by the measured decay matrix elements
for the isospin forbidden Fermi p decays to non-analog 0+ states in the daughter nuclei [5-7].

In the present study, based on Pyatov-Salamov method [8], the Log(ft) values for the isospin
forbidden 0+-»0+ Fermi (3 decay in some nuclei have been calculated and the dependence of the
Log(ft) values on the isovector (r|) and pairing correlation (C) parameters of the average field
potential. The details of Pyatov-Salamov method and the formalism used in numerical
calculations have been given in Ref. [8,9].

RESULTS AND DISCUSSION
In the calculations, the Woods-Saxon potential with the Chepurnov parameterization [10]

was used. The basis used in our calculation contains all neutron-proton transitions which change
the radial quantum number n by An=0, 1, 2, 3. The single quasi particle Fermi sum-rule is
fulfilled with the approximately ~0.1% accuracy.

In our study, we have calculated the energies for the Isobar Analog Resonance (IAR) state
and Anti Analog Resonance in 60Mn, 64"66Ga and 78Rb isotopes, and the Log(ft) values for the
isospin forbidden 0+—>0+ Fermi P decays in these nuclei. It has been shown in Ref. [11] that there
is a strong dependence of the p decay matrix elements from the anti-analog states of the 64"66Ga
isotopes to the ground states of the 64"66Zn isotopes on the Coulomb radius. The dependence of
our results on the Coulomb radius has been removed because the Coulomb potential has been
treated self-consistently in our calculations.

Figure 1 shows the dependence of the average Coulomb energy shift (AEc) for the single
quasi particle and the energies of the analog (©IAR) and anti-analog (WANT) states in 66Ga on the
strength of the isovector potential, r| with (a) and without (b) pair interaction among nucleons.
As expected, the energy of the analog-state (COIAR) weakly depends on the isovector correlations
in our self-consistent approach in both cases. This is because such energy is physically
determined by the Coulomb potential (with respect to the parent nucleus). On the other hand, the
energy splitting of the analog and anti analog states is directly proportional to the strength of the
isovector potentials when there is no pairing interaction among nucleons. In the r\^0 limit, these
two states are close to each other and become strongly mixed in isospin by the Coulomb
potential.

Fig 1. The r\ dependence of the quantities AEc,, WJAR, and WANT in 66Ga,(a) without
and (b) with pairing (Cn=Cp=12/A1/2) interaction among nucleons.
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If the pairing interactions among nucleons are considered, the IAR state energy decreases at
an amount of approximately ~ 100 KeV although there is no considerable change in the value of
AEc, and the dependence of the energy of the anti analog state on the isovector parameter
disappears. (See Fig. lb). The value for the energy of the anti analog state almost remains
constant at OC>ANT=5.6 MeV. This value is very close to mass difference in 66Ga and 66Zn isotopes
(4.669 MeV).

Fig.2. The r) dependence of the Log(ft) value for the isospin forbidden 66Ga-»66Zn decay.
Full (dashed) curve-and solid line with a boldface correspond to the cases of with (without)
pairing interaction among nucleons (Cn=Cp=12/A1/2) and the experimental values [12],
respectively.

Figure 2 show the dependence of the Log(ft) values for the isospin forbidden Fermi decay
between the ground states of 66Ga and 66Zn on the strength of the isovector potential. As seen
from figure, the probability of having the isospin forbidden (3 decay decreases with the increase
of the r| value in case of having no pairing interactions (namely, the Log(ft) values increase).
The following interpretation for the reason of such a tendency of the Log(ft) values occurring in
case of no pairing interaction can be given: The degree of the isospin symmetry violation is
maximum at T|=0 and, accordingly, the Log(ft) values become very small (-3.8). However, the
competition between the Coulomb and isovector potential increases and the degree of the isospin
symmetry violation decrease as the influence of the isovector forces increases. Therefore, the
isospin forbidden p decay probability shows a tendency of decreasing. In case of having pairing
interactions among nucleons, the number of the interactions which compete with the Coulomb
potential causing to the isospin symmetry violation increases. Namely, pairing interaction,
isovector interaction and the Coulomb interaction will compete with each other. Thus, it can be
seen from Fig. 2 that in this case (with pairing interaction), the isospin forbidden p decay
probability decreases and the Log(ft) values fluctuate in the range of 7.3-9.5 as the r\ value
increases. The calculated Log(ft) value at r)=0.63 (standard value of the isovector parameter) is
larger than the corresponding experimental value by one unit. The dependence of the Log(ft)
values for the isospin forbidden p decay on the parameter of the pairing correlation among
nucleons has been depicted in Fig. 3. In this numerical calculation, the standard value of the
isovector parameter (r)=0.63) has been used.
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Fig. 3. Dependence of the Logft values for the isospin forbidden 66Ga—»66Zn decay on the
pairing correlation (C-A1 ) among nucleons. Points show the calculated Log(ft) values and
the solid line with a boldface correspond to the experimental value[12].

As seen from Fig. 3, this dependence shows fluctuation characteristics and the calculated
Log(ft) values for Cn=Cp=C=8/A1 2-10/A1/2 are closer to the experimental values.
In Fig. 4, the dependence of the Log(ft) values for the isospin forbidden 78Rb—» Kr decay on the
pairing correlation parameter has been given. This dependence has also a tendency of fluctuating
as it was in Fig. 3.
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Fig. 4. Dependence of the Log(ft) values for the isospin forbidden 78Rb-»78Kr decay on the
pairing correlation (C-A1/2 ) among nucleons. Points show the calculated Log(ft) values and
the solid line with a boldface correspond to the experimental value[12].

Let us note that all the calculated Log(ft) values for the 78Rb-»78Kr decay are smaller than
the corresponding experimental values.
The calculated Log(ft) values for isospin forbidden 0+~»0+ beta decay in some nuclei has been
compared with the corresponding experimental values in the following table. The first three
columns of this table show nuclei which make isospin forbidden beta decay, the calculated
Log(ft) values for Cn=Cp=0 and Cn

=Cp*0, respectively. The last column gives the corresponding
experimental values. The calculated Log(ft) value for the ™Mg^>]\Al decay is close to the

experimental value when no pairing interaction among nucleons is considered. The Log(ft) value
for this decay in case of pairing interaction has not been shown in table because it is not an
isospin forbidden P decay. Moreover, it can be said that for some decays in table, there is a
disagreement between the calculated and experimental Log(ft) values with the inclusion of the
pairing interaction among nucleons. The reason for this disagreement can be attributed to the fact
that these isotopes are deformed.
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Table. The comparison of the calculated Log(ft) values for some isospin forbidden p decays
with the experimental values [12]

SSMn->SFe

3Rb-»2Kr

cn=cp=o
8,001

6.79

6.62

6.93

5.21

Cn—Cp^
-

6.80 (12/A1/2)

6.32 (12/Ai/2)

7.87 (8/Ai/2)

6.95 (10/A1")

Exp. [12]

7,96

6.70

6.57

7.89

7.93
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ASYMPTOTIC NORMALIZATION COEFFICIENTS
FOR MIRROR NUCLEI 27A1,27Si AND NUCLEUS 28Si FROM ANALYSIS

OF ONE NUCLEON TRANSFER REACTIONS

Nie G.K., Artemov S.V., Zaparov E.A.
Institute of Nuclear Physics, Tashkent, Uzbekistan

INTRODUCTION
The experimental differential cross sections of one nucleon transfer reactions 27Al(fl?,f)26Al,

27Al(3He,^)28Si and 28Si (J3He)27Al at beam energy of about several MeV/nucleon have been
analyzed by method combining DWBA and Dispersion theory to obtain the values of vertex
constants (VC) of single particle bindings 27Al->26Al+«, 28Si->27Al+p. In the frame of DWBA
VC is defined by square asymptotic coefficient of bound state function b\2 multiplied by
spectroscopic factor (S).

The shell model spectroscopic factors of proton and neutron bindings in mirror nuclei as well
as spectroscopic factors of bindings of proton and neutron in nuclei with N=Z are supposed to be
equal. So the relation between the VCs of corresponding states is to be defined by the relation of
values of their b\}

2, which have been found in independent research on base of /w-pairs
interaction approach with using Shrodinger equation formalism. Knowing the values of VC of
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bindings Al—*• Al+n, Si—• Al+p and b\j one can obtain empirical values of their S and VCs
of the other states 27Si^26Al+p, 28Si-^27Si+/7.

METHOD COMBINING DWBA AND DISPERSION THEORY
A long standing problem in using DWBA approach is that one has to use too many model

parameters to obtain the values of spectroscopic factor of the single particle bound state from
analysis of one nucleon transfer reactions, which make the obtained values not reliable. In the
method called Combining Method (CM) [1,2] the problem was partly solved by introducing VC
in the wave function approach. The notion of VC comes from dispersion theory of direct nuclear
reactions. The VC has meaning of asymptotic normalization coefficient (ANC) of overlap
function of A and B nuclei in reaction A(a,b)B and it is an important characteristic of bound
state of nucleus. In frame of Shrodinger equation wave function approach the value of VC refers
to S6ij2

\G\2 =Sbu2/[(2iic/h)2nl (1)

The CM allows one to select among direct reactions pure peripheral ones with the domination of
one-step mechanism of nucleon transferring (pole diagram in reaction amplitude). In such kind
of a reaction the empirical values of Sft//obtained in frame of classic DWBA is a constant value
and depends on neither geometrical parameters of bound state potential used in the analysis nor
the energy initiating the reaction. Therefore empirical values of VC's obtained from analysis of
experimental data by CM are free from uncertainty in bound state potential parameters used in
calculations. The consideration of pure peripheral reactions is helping in diminishing uncertainty
in choosing optical potentials to describe elastic channels too, because asymptotic part distorted
waves are mostly defined by Coulomb potential. In this case different optical potentials used in
calculation give deviation in outgoing values within 10-20%. Our previous work showed that the
reactions (d,f) and (3He,J) are just of such kind and are appropriate for the analysis. For a set of
\p shell nuclei the values of VC have been obtained with error of about 10-20% [1,2].

OBTAINING VALUE by
A model based on an idea that proton-neutron pairs interactions are responsible for the

nuclear structure is proposed recently [3]. In the approach it was established that proton and
neutron of one pair have equal nuclear potentials. The principle of equivalence of belonging to
one pair proton and neutron nuclear bound state potentials was used in obtaining Coulomb
energy, surface tension energy from analysis of radii and binding energy of nuclei with N=Z.
The rules were spread for heavier nuclei to calculate charge radii with average deviation in 0.05
fm and binding energy with average deviation in 0.5% of the most abundant isotopes or nearest
to them of all elements (only isotopes with even number of excess neutrons are considered) [3].

The bound states of belonging to the same pair proton and neutron were considered in
Shrodinger equation formalism to obtain the value by [4]. The principle of equivalence of
neutron and proton potentials (EPN) in mirror nuclei and in nuclei with N=Z has been used to
obtain single particle bound state potential on values of root mean square radii of nuclei <rA

2>V2.
In such calculations root mean square radius of proton's distribution <rp

2>m always slightly
bigger than radius <rn

2>V2 of neutron's one. Using the EPN principle makes Coulomb radius R^
a crucial parameter to fit radius of proton positioning <rp

2>1 to get agreement between
experimental value of radius of the nucleus <r^>V2

exp and the value of root mean square radius
m m ^U2of nucleus A <rA>m. The values of <r\>m are calculated according to shell model <r^>U2 =

(Z'<rA-2> + nij<rp
2>)/Z, where Z' and A' denote nucleus with completed shell, ny stands for

number of protons above the shell. In the case Z' = 10, the geometrical parameters of nuclear
potential, those are radius r0 and depth Vo, are searched with fixed a = 0.55 Fm under the
demand of well-depth procedure and EPN principle. Deviation of <rp

2>m in dependence on
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value of diffuseness varied within a = 0.50 4- 0.65 Fm is less than 0.5% and deviation of values
of bi,is within 3% [4].

RESULTS OF ANALYSIS
In the model of/w-pairs interactions for the nucleus 28Si —> 27A1 + p the values <rp

2> = 3.58
Fm and <r& > - 3.13 Fm were found in [3]. In Shrodinger formalism of using experimental
single particle binding energy to describe potential of Woods -Saxon form taking into account
spin-orbital interaction under the condition of EPN principle the value <rp

2> has been fitted with
Re =3.300 Fm. The values of parameters of the potential together with the values of <rn

2> and by
28 27,of neutron binding in Si —» Si + n are given in the Table below.

Table.
Nucleus A

1
"Al->26Al+»
27SiV6Al+p
28Si^27Si+«

28Si->27Al+p

Vo [MeV],
r0 [Fm], a

[Fm]
2

-47.405
1.355,0.55

-50.381
1.393,0.55

blp
[Fm-

m]
3

7.44
12.2
14.3

23.4

<rp/n >
[Fm]

4
3.50
3.60
3.49

3.58 [3]

[Fm]

5

3.144

3.13 [3]

|G2|
[Fm]

6
6.54[7]; 5.65+7.33[5,6]

17.6; 15.2+19.7
56.0[ll], 57.8[10];64.5[12],

65.3[8],66.8[9]
150., 155., 173.,

175., 179.

C'S

1
0.79;

0.68+0.89
1.8 4-2.2

27C 26,Using the same value of Coulomb radius Re the values of <rp/n > for bindings Si —>• Al + p
and Al—» Al + n were found under the condition of EPN. The obtained values together with
parameters of the potential are given in the Table.

Some experimental data on measurement of differential cross sections of the reactions
21A\{d,t)26k\ [5-7], 27Al(3He,J)28Si [8, 9] and 28Si (</3He)27Al [10-12] at the beam energy of
about several MeV/nucleon have been analyzed to obtain values of VC \G2\ by the CM method.
Taking into account the fact that the spectroscopic factors of single particle binding states of
mirror nuclei are supposed to be equal one can obtain the values of missed \G2\ from equation

\G 27Si by 27Si (2)

The same way is used for proton and neutron bound states in nucleus Si. The obtained values
of VC are given in the Table in accordance with the values of VC estimated by the CM method
on data from the works given in references. The empirical values of S obtained in the work are
given in the Table in accordance with the values of VC's.

From the Table one can see that the difference in the values of VC is within 20 %, which is
defined by the experimental errors of measurement and uncertainty in chosing parameters of
optical potentials. So all obtained values in the works are supposed to have the same reliability.
For the spectroscopic factors the 3% of uncertainty of used diffuseness a = 0.55 Fm should be
taken into account too.

27, 26, 28C 27,
CONCLUSION
Vertex constants of Z/Al—>ZDAl+« and Z0Si—S'Al+p have been found by means of CM

method providing a reliable value of VC with errors estimated within 20% defined by
measurement errors and uncertainty in optical potentials used. The values of by of bound states
27Al->26Al+rc, 28Si->27AJ+p and 27Si-> Al+p, 28Si->27Si+rc have been obtained in approach of
ptt-pairs interactions model, where the principle of equivalence of proton and neutron nuclear
potential is used. Then the values of VC of bound states of Si—• A\+p and Si—• Si+« and
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spectroscopic factors of all states under consideration were obtained with error expected to be
about 20%.

The work is supported by the grant of Academy of Sciences of Uzbekistan #7-04.
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ROLE OF pn-PAIRS INTERACTIONS IN NUCLEAR STRUCTURE

NieG.K.
Institute of Nuclear Physics, Tashkent, Uzbekistan

ABSTRACT
A phenomenological model based on an idea that proton-neutron pairs interactions are

responsible for the nuclear structure is proposed. Also it was established that proton and neutron
of one pair have equal nuclear potentials. The model leads to the classical alpha cluster liquid
drop model with some additions, which helps in obtaining values of energy of inter alpha
clusters adherence and some important equations to calculate Coulomb energy and surface
tension energy from analysis of experimental binding energies of nuclei with N=Z. Here some
results of the approach are presented.

THE ALPHA CLUSTER MODEL
The classic model of alpha cluster liquid drop has been developed recently with an

assumption that proton - neutron pn - pairs interactions are responsible for building alpha
clusters and for inter clusters adherence with assumption about equivalence of proton and
neutron nuclear bound state potentials [1,2,3]. Then the value of difference between single
proton and single neutron separation energies AEpn can be considered as Coulomb energy of the
proton of the last pair in the nuclei with N=Z. The value is known from experimental binding
energies with good accuracy. Taking into account that liquid drop is such a material that pn -
pairs are put to each other with the highest possible density, the Coulomb energy is supposed
to be a sum of the values of AEpn of all pairs consisting the nucleus ZAEpn. Coulomb repulsion
energy between two nearby a clusters has been estimated in frame of the model as sc

a—1.925
MeV and Coulomb repulsion energy between pn -pair and 3 cc-clusters of its close vicinity has
been estimated as EC

pn3a-3.003 MeV.
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The values of Coulomb energy obtained empirically as ZAEpn is in agreement with the
values calculated according to the cluster model for nuclei with few clusters 6Li, 8Be, 10B, 12C,
14N and 16O with accuracy of 0.001 MeV (For 6Li with 0.006 MeV). The energy of Coulomb
repulsion between two alpha clusters in nucleus 8Be is estimated as 1.887 MeV. For nuclei with
Z <30 the Coulomb radius can be obtained by sum ZAEpn( for nuclei with 22< Z <30 AEpn was
estimated in [2]).

16

Fig. 1 The pn-pair interactions in alpha cluster model.

Coulomb energy of last proton in nucleus consists of a short range part, which comes from
interactions with alpha clusters of its close vicinity, and long range one due to interactions with
protons standing in a some distance. This logic allows one to estimate value positioning of last
proton Rp on value of AEpn and on value of Z. The values obtained different ways are close for
nuclei with N = Z > 16 and binding energies calculated with these values are close with
difference in 1-2 MeV. For nuclei with Z > 30 the 2nd way of obtaining radius Rp =1.720(Z-
8)1/3Fm is used. Coulomb radius is defined by the number of alpha clusters on the surface of
the liquid drop and for nuclei with Z > 30 the Coulomb energy is calculated as an energy of
charged sphere with radius Re =1.865 Na

1/3Fm.
A shell model is used to estimate radius of nucleus Rch- It is based on the idea of molecules

existing in the liquid drop, which are considered in the approach as completed shells. The
obtained values are in agreement with experimental values of root mean square radii R^p with
the accuracy in several 0.01 Fm. Here it should be mentioned that root mean square radius RCh,
Coulomb radius of corresponding charge sphere Re and radius of positioning last proton Rp are
not considered versus mass number A, but versus number of pn - pairs disregarding to the
number of excess neutrons. The average values per one nucleon are to be calculated relatively to
the number of nucleons in the pairs. So rCh/c/p

 = Rch/c/p/(2Z)1/3. In such consideration the values
of rch/c/p for middle and heavy nuclei are not changed crucially from nucleus to nucleus. For
nuclei with Z < 20 rch = 1.1 Fm, rc = 1.35fm, rp =1.14-5-1.3 fm. For nuclei with 20 <Z < 30 rch

=1.01 Fm, rc = 1.2 Fm, rp = 1.2Fm and for nuclei with Z > 30 rch s 1.01 Fm, rc = 1.175 Fm,
rp = 1.2 -s- 1.3 Fm. So for nuclei Z > 20 rch =1.01 Fm and Rch < R c < Rp.
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CALCULATION OF BINDING ENERGY
Nuclear forces energy of alpha cluster is estimated as en

 a = 28.296 MeV + 0.764 MeV=
29.060MeV. The energy of nuclear forces of adherence between 2 alpha clusters is estimated
equal to en

aa = 4.350 MeV. Odd - odd nuclei with N=Z have proton and neutron tied in the pair
with energy spn, which can vary within spn =1.7 4-2.5 MeV in dependence of Z. The pair has
energy of nuclear binding with three nearby clusters estimated as e n

 pn3a = 13.0 4-15.2
MeV. So total nuclear binding energy of single pn-pair in odd nuclei is estimated as en

pn3a +
spn = 15.5 4- 16.9 MeV. The pair is stuck to the clusters and it's positioning radius differs from
the radii of the clusters on small value of about 0.08 Fm, which explains the fact that radius of
nucleus with odd Z is close to the value of the radius of nucleus with Z-l.

Binding energy of nucleus is calculated as sum of nuclear attraction forces energy, Coulomb
repulsion energy, surface tension energy and energy of excess neutrons.

E b = E n - E d + EST + En, (1)
where En = Nasn

a + 3 (Na -2) sn
aa, E

c = 3/5 (Ze) 2/Rc, EST = ZNa0.471Rp
2 (for Na < 5 EST= 0,

for Na > 15 Rp= Re), En = £ Em,,- (Emi indicates empirical value of binding energy of z-th nn-
pair. Enn/ - 23 MeV for nucleus 58Ni). Here the particular feature of nn-pairs of excess neutrons
to have quite stable values of binding energy smoothly decreasing with value of / is used.
Therefore in the approach only even - even or odd - odd nuclei are to be considered. The nuclear
binding energies of the most abundant isotopes (or nearest to them) of all known nuclei and their
isotopes with big and small amount of excess neutrons calculated in frame of the model are in
agreement with experimental values with accuracy in 0.5% in average.

To test the equation (1) in independence from excess neutron binding energy the deutron's
and alpha particle's separation energies have been calculated. The agreement with experimental
values is in most of the cases within 1-2 MeV deviation.

CONCLUSIONS
In the approach proposed in [1, 2, 3] even-even nuclei are considered as alpha clusters liquid

drop. In case of odd-odd nucleus there is one single pn -pair on the drop's surface. Most of the
elements of such a structure are spinless objects (those are the alpha cluster, nn-pairs and there
is only one pn-pair with spin equal to 1), which allows one to reduce the approach to simple
terms like those used in the Weizsacker formulae [4]. Principle of equivalence of proton and
neutron nuclear bound state potentials helps one to obtain the main formulas to calculate
Coulomb energy, surface tension energy and all inter-cluster interactions energy from analysis
of nuclei with N=Z. The rules were spread for heavier nuclei to calculate charge radii with
average deviation of 0.05 fm and binding energy with average deviation of 0.5% as well as
alpha particle and deuteron separation energies for nuclei of the most abundant isotopes (or
nearest to them) of all known elements with deviation of 1-2 MeV.
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The experimental data on the charge (mass) distributions of reaction products with heavy
ions [1] and on the yields of light particles at collisions leading to formation of compound nuclei
[2] showed that at the formation and evolution of dinuclear system the individual particularities
of nuclear shell structure are conserved. The shell structure of the atomic nuclei is observed in
the mass and excitation energy distribution of the reaction products in the nucleus-nucleus
collision at near barrier energies [3] and at fission of nucleus [4]. The microscopic model should
be applied to study these effects. Its composite elements are - realistic schemes of single-particle
states, separating energy of nucleons, single-particle matrix elements of damped nucleon
transitions in nuclei caused by influence of field of projectile and matrix elements of transitions
of nucleons from nuclei to nuclei. One of such kind models was developed and applied to
describe and interpret the experimental data [5, 6]. In calculations of matrix elements of nucleon
transfer, eigenvalues of the Woods-Saxon potential was used as single-particle energies in the
interacted nuclei. But to simplify the calculation authors of above mentioned model used wave
functions of the spherical symmetric well in internal part of nuclei [7]. Nevertheless, the results
obtained in the framework of this model are in good agreement with experimental data and allow
an understanding of excitation energy non-equilibrium distribution between the reaction
products. In this talk, we present results which were obtained by using of eigen energies and
wave functions of the single-particle states in the Woods-Saxon potential for both of the
interacted nuclei. The calculated widths of the charge distributions of the reaction products were
compared with the experimental data to estimate whole contribution of the matrix elements
under discussion Another physical quantity depending on the relative distance between centers
of nuclei, which reflects correctness of calculation of the matrix elements. In Section 1, the
method of calculation of matrix elements describing nucleon transfer between nuclei is
presented. Comparison of the results of this work with the results obtained in [7] for the matrix
elements and dispersion of charge distribution of products of deep inelastic collisions is
discussed in Section 2.

CALCULATIONS OF NUCLEON TRANSFER MATRIX ELEMENTS
Let us consider matrix elements of nucleon transfer from projectile to the target, which is

influenced by the mean field, from single-particle state characterized by set of quantum numbers
p=(np j p lp mp) into single-particle state t=(nt j t lt mt) of the target. The colliding nuclei suggested
to be spherical and wave functions were found by solving equations with the Woods-Saxon
potential. Since these wave functions describe single-particle states of nuclei better than other
wave functions approximated as harmonic oscillator's wave functions or wave functions of
potential well, particularly at periphery of nuclei. These wave functions are of the following
form:

WnlJ(r)=Rni(r).Y^(r/r) (1)

v2

where Rn(r) = ^Hn(S(r))-exV(-^-), S(r) =
(-) r<a

f
b • ln(—) r> a

a
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and, Y.'m (r/r) - is the spherical (function. The coefficients Nn, b, bi, a, and energies of single-

particle states are found by numerical solving of the Schrodinger's equation with a Woods-Saxon

potential [8].
In the coordinate presentation the matrix elements of nucleon transfer has the following

form:

gPT (R) = \d3r • % (rU {UT (r) + Up(r- R)} jp p (r - R) (2)

where {UT(r) + Up(r-R)}- is a total single-particle potential of dinuclear system (DNS), R - is a
distance between centers of DNS nuclei. Using Fourier images of wave functions

r 7 ,1 /2
(3)

and approximation correlation A + UP(T) (r)
I I ISM ^ '2m

* 1 — SP(T)*P(T){ (4)

we can get the following expression for matrix element of nucleon transfer.

2 " - S " Pp(p) (5)

After integrating (5) over angular variables we get

™r~-

\sp 2m' '^nP

(6)

<PL u (P)

The integral (6) can not be integrated analytically because of complexity of wave functions
(1) and results of numerical calculations of (6) are presented in Section 2.

RESULTS OF CALCULATIONS AND THEIR ANALYZES
Matrix elements of the transition of nucleon from the state lf7/2 of projectile-nucleus and on

the state lp3/2 of target-nucleus calculated by the Esq. (6) and corresponding equation of Ref. [7]
are compared in Fig. 1. The matrix element calculated by realistic wave functions of the
spherical Woods-Saxon potential (solid line) has not depression at the relative distance
corresponding to the sum of radii of half nucleon density in nuclei. The depression of the matrix
elements calculated according to method of Ref. [7] is caused by join of solutions of the
Schrodinger equation in internal and external parts of nucleus for the spherical well. The
difference in some factors between absolute values of gpj calculated by the two methods under
discussion is explained by the fact that different wave functions were used.
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Fig. 1. Comparison of matrix elements calculated as

a function of distance between nuclear centers by the calculated charge distributions of the reaction products
wave functions of spherical well and the Wood-Saxon in deep-inelastic collision on the interaction time.
potential.

Fig. 2. Dependence of dispersion of the measured and

As one can see from Fig. 2, our result obtained for the dependence of dispersion of the charge
distribution of reaction products in Ar + Mo on interaction time are in good agreement with
the corresponding experimental data. The experimental interaction time is estimated from the
angular distribution of the reaction products.

CONCLUSIONS
We estimate correctness of the approximation of the mean-field of nuclei interacting at low

energy heavy ion collisions by the spherical well which is widely used in the model based on
dinuclear concept due to its simplicity. It was performed by comparison of the calculated matrix
elements for the nucleon transfer between single-particle states of the projectile and target nuclei
at deep-inelastic collisions of heavy ions by using the wave functions obtained by the numerical
solution of the Schrbdinger equation for the Woods-Saxon potential. The absolute values of the
matrix elements calculated as a function of the relative distance between nuclei centers by the
latter method occurred to be several times lower those that obtained by wave functions of
spherical well. The depression inherent to the matrix elements at the value of the relative
distance corresponding to the sum of radii of the interacting nuclei is not observed in case of
calculations with the wave functions of the Woods-Saxon potential. This is an expected result.
Used matrix elements for calculation of dispersion of the reaction products charge distribution at
deep-inelastic heavy ions collisions by the both methods under discussion allowed us to reach a
good agreement with the experimental data.

We conclude that the approximation by spherical well of the mean-fields of interacting nuclei
in the dinuclear system concept is acceptable in spite of its simplicity.

The authors thank the Foundation of Fundamental Science Support of the Uzbekistan Academy of
Sciences for partial support. We are grateful for Dr. Shirikova presentation of the FORTRAN code for
numerical calculations of wave functions of Woods-Saxon potential.
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The basic reason of usages theory of repeated diffraction scattering for analysis of nuclear -
nuclear scattering serves it success in description of processes of hadron - nuclear interactions.
At the nuclear-nuclear scattering theoretical analysis we use the same approximations, that at
hadron - nucleon scattering [1-15].

In the basic of hadron-nuclear scattering theory in the eikonal approximations there are three
physical assumptions: first of all, that during the time of flight of relativistic particle through
nucleus the nucleon does not change its position inside the nucleus, which means that we have
scattering on the system of fixed scattering centers; secondly, we suggest that the phase shift of
impact parameter in the space takes place, thirdly, usage of the completeness of wave functions
of target nucleus final states [1-8].

Using previous notations in [1-3, 7, 8, 15], results of scattering cross-section of Ai nucleus on
the target nucleus A2 can be present as:

/ , \q,el / \ 2

0)

jdb}db2 expiqfa - b 2 ) • f[PAl (?>h)drk. •
k=\

•exp [-

[\a){bx -7;{sjjeo*(b2 -7;{s])TAi(s)ds\-l}

For calculation of cross-sections of quasielastic scattering it is necessary to elaborate
approximated procedure calculation. One of probable possibilities consists of simplifications in
the decomposition values in series, on so-called multiplicities of quasielastic scattering,
mathematically corresponding to the exponent expansion in series in curly brackets of
expressions ( 1 )
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) ®[
I) 5® •

where

f\co{b - s;W)exp[- J«(6-?; W)-r(?)j2?] (4)
* = i 1=1

Such procedure is possible, if in the sum (2) the main contribution comes from the low order
terms (n= 1,2,3,...). As it follows from the analysis of proton-nuclear quasielastic scattering of
[7,8], this condition is valid only at small values of transferred momentum. Relative role of the
n- multiplicities of quasielastic scattering, corresponding to backing-out from target nucleus of n-
nucleons is determined by the factor [12]

n l B q \ £ = -^L = —L~ (5)
1 B

q\
n at 1 OTTB

where ot- total cross section of NN-interactions, 5- slope parameter of elastic NN-scattering.

From general reasons leads that for the qualitative estimations of the contributions of
different terms in the sum (2) one can use relationships (5). After trivial transformations
am ^ ^ B=Etm _ ^ w a n d n e g l e c t e ( j b y ^ e f f e c t s of 3 and 4 multiplicities screening the

profile function can be presented as a sum of two terms [12,15]

(6)
co2 =2ja>\t>-s-sl)-a)(b-s-sk)

i*k

According to (6) an amplitude F(1) can be presented as difference of Fi(1) and F2(1)

amplitudes and in the case of aA - scattering we have

F , ( l ) (# ,? )=- — £(g) \db • exp iqbG)x(b - 5, {,$})•

•exp '" ~ ' "~ '~^ ''"~*~T- \co(b - J,{s})TA(s)d2sY\ Pa (rk )drk

• exp[- \co2 (b - J, {5})exp[- \co{b - s , {s})TA ( ? ) t / 2 ? |

Let's remind, that in the approximation of rigid projectile nucleus an expression for cross-
sections of all processes of light nucleus Ai scattering on heavy nucleus A2 has the form which
coincides with expression for similar values of hadron - nuclear scattering processes but only
with difference that hN-scattering amplitude therein should be replaced by AiN- scattering
amplitudes. Technically it means that the procedure of composite functions averaging for
G)AN(b-1, {s}) operators over Ai coordinates is reduced to their replacement by functions from

mean values of these operators, which can be coincideres as profile functions of elastic AjN
scattering. In particular, total cross-section of quasielastic scattering in the approximation of hard
a- particle is given by expression

^ = -Lf^V262exp/^1-62)-exp[-O(61)-O*(^2)]-[expQZ)lZ)2-ll (9)
dQ An J
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where

^fa -s)a>'(b2-s)TA(s)d2s

If, as usual, the density distribution of nucleons in a - particle is chosen to exponential, then
the profile function co^ can be written as linear combinations of Gauss exponents. Partial cross-
sections of n-multiplicities of quasielastic aA - scattering are obtained in [11,12].

Let's consider the process of Ai and A2 nuclei interaction in the result of which Ai nucleus
remains in its ground state and A2 nucleus can be arbitrary excited. In this case it is convenient at
first to proceed to optical limit on the nuclear to a number of conserved A] nuclei and to write the
profile function of A1+A2-> A1+A2* process in the form [ 1,7,8]

.. W).
(10)

The sum of Ai nucleus scattering cross-sections, accompanying by possible excitations of
nucleus A2 with completeness condition for wave functions is given by expression

-exp[- \coAlN(s,{s})TAl(b -s)d2s\-exp \O)*A2N(SS,$})TA] (b{-s)d2s-
(11)

-exp[- \o)A2N(s,{s])TAl(b -5y25J--exp[- \co*A2N{S;{S})TAI (b2 - s)d2s\

Condition for real values a>A N = coA N of operator coA^ is equivalent to the neglection of real

part of NN- scattering amplitude in comparison with imaginary part that at high energies is a
good approximation. By excluding from the total cross-section (11) the cross-section of elastic
scattering, it is possible to obtain the cross-section of Ai nucleus quasielastic scattering on target
nucleus A2 in optical limit of atomic numbers for both nuclei in the following form:

^- = {{-\ \db]db2exViq(bl-b2)-Q(b1b2),
ail \2TTJ Jail

where

-exp— \a's ^Tx{b2-s)-V-T2{s)

(12)

From (12) one can see that of A1A2 quasielastic scattering cross-section calculation in
optical approximation over atomic numbers of colliding nuclei requires operations of five-time
integration that, in general, is a simple problem at the presence of oscillating factor
exp/g(6, -b2). However on the base of qualitative analysis carried out in [8-14], it is possible to
restore cross-sections of quasielastic scatterings by integral characteristics of a q el and <q2>
types, which are determined in [12] As an example, the cross-section of quasielastic aA-

scattering can be calculated by using formula (12) and reduced values of — ( 0 ) and BaA

dt
parameters and adding to it a cross-section of elastic scattering, calculated in [12]. As a result we
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can obtain the total cross-section. It is possible to ^ V ^ ^ t i ^ Z T
experimental data [2,8,11]- Results of such comparison are shown on the Fig. 1 and Fig.2.
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The model of an inelastic overlap function (IOF) of elastic scattering of hadrons at high
energies outgoes from a task of an IOF determination and versions of this model differ from each
other by particular kind of (IOF). This model is based on the usage of S-channel condition of a
unitarity. In this model absorptive nature of diffraction elastic scattering is obviously exhibited.
According to this picture, the diffraction scattering is a shadow of absorption conditioned by
existence of many inelastic reaction channels at high energies [1].

In the present approach initial is IOF is set, and the elastic overlap function (EOF) is
determined from a condition of a unitarity at given IOF and EOF corresponds to the corrections
of rescattering. IOF and EOF represent the contributions of inelastic and elastic reaction
channels into the imaginary part of elastic scattering amplitude in consistent of unitarity
condition.

Sometimes a reasonable question arises, why it is necessary to set IOF, or, we shall say an
eikonal (eikonal of model), instead of scattering amplitude itself, because these values are inter
connected among themselves. The answer can be presented by the following statement. At the
absence of consequent theoretical approach it is possible to set that physical quantity, which is
the most simple kind and carriers a physical meaning, which can be a better base theoretically.
For example, considered IOF has a more simple kind than scattering amplitude calculated with
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its help [1], the square module of which gives an experimentally measured cross - sections of
elastic scattering. IOF has a simple physical meaning: it causes a shadow effect of an absorption
on diffraction elastic scattering. Though there are different simplified models for calculations of
IOF, they are mainly based on the Feinman diagrams, which are suitable only for the direct
description of experimental data [1,2].

From experimental features oipp and pp elastic scattering discovered recently and till now
can not be understood theoretically, we shall mark a diffraction picture with one fall in
differential cross-section and evolution of this picture with energy, in particular, the transition of
frame "minimum"-maximum" in "brachium", and also increase of cross-sections and relations of
material and imaginary parts of a scattering amplitude with definite energy [1-3]. With increase
of energy the nucleon becomes more black, (so-called BEL-effect [1-3]). The profile function
becomes close to stepwise, corresponding to the Fruassar-Marten limitation.

We used the IOF model earlier for the successful description of differential cross-section of

pp and pp scatterings at separate energies [3,4]. Since then old and obtained new experimental
results were updated. In particular, recently have been appeared first measurements of
differential cross-sections pp scatterings at Vs =1800 GeV on the Fermilab Tevatron collider
[1,2].

Earlier we systematically studied the differential cross-sections of elastic pp and pp -

scatering in the wide region of energies Vs = 4-1800 GeV and transferred momenta
0<t<10(GeV)2[l,2].

In the given work in the IOF approach frame the total cross-sections of/^-scattering at the

energies from 6,2 up to 62 GeV and for pp - scattering in the energy region from 4,6 till 1800
GeV in the field of transferred momentum square 0<t<10(GeV)2 were calculated. At these
energies the ratio of real and imaginary parts of elastic scattering amplitude in the field of small
scattering angles were calculated. The analysis show that values of ael, at, crin and 5 are in a

good agreement with existing experimental data.
The dependence of scattering amplitude from the transferred momentum is given by the

Fourier - Bessel transformations of scattering amplitude (p(s, p) in the representation of impact
parameter/?.

(1)
o

where /„ (x) - is Bessel function. Scattering amplitude is normalized so that differential cross -

section of elastic scattering is equal to:

\F{t)\\ (2)

and total cross - section at (s) according to the optical theorem is:

<yt(s) = 4^ImF(s,0). (3)

The unitarity relationship in terms of overlap functions in the t - representation is:

4^ImF(s,t) = E(s,t) + G(s,t), (4)

where E(s,t) and G(s,t)- EOF and IOF respectively. In the impact parameter representation
unitarity condition can be presented as

2Rl<p(s,p) = (pl(s,p) + <ps(s,p), (5)

where <p, = \<p\ and cpg - EOF and IOF in the impact parameter representation. Physical solution

of equation (5) has the following form:
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(p(s, p) = \- exp(2 Jor(.s, p))^\ - <Pg(s, p), (6)
Here a - is phase shift of pure elastic scattering. Solution (6) shows that elastic diffraction is a
shadow of absorption, caused by the existing many open inelastic channels of reactions.
Therefore, absorptive corrections or effects of rescattering (first term in (5)) play a very
important role at the study of diffraction of elastic scattering. From (5) and (6) one can see, that
only at small values of cpg, and therefore at small <p\, in (5) the squared term can be neglect.

Effect of rescattering can be easily see from the solution (6), if we put that a = 0 and
rewrite it as:

r <Pe(s,p) (p.2{s,p)

Relationship (5) can be written in the form:
0 < (1 - Rl(p{s,p))2 + (Imcp{s,p))2 = l-<pg(s,p)<l. (7)

IOF <pg (s, p) is limited by ranges
0<<pg(s,p)<l, (8)

and characterizes blackness and inelasticity.
We outgo from the following dependence of IOF from impact parameter

cpg (s, p) = 2a exp - £- - ca2 exp - •£ -1 (9)

here a,bx,c- are model parameters, generally speaking, depending on the energy, where phase
shift of pure elastic scattering we take in the form [5-7]

2b2

(10)

where d and Z>2- are parameters, depending on the energy. At c = 0 (9) passes into the Van Hove
model, taking into account only kinematics correlations of secondary particles (conservation
rules of energy and momentum). Expression (9) at c * 0 is phenomenological and takes into
account effects of the absorptive corrections, dynamic correlations of secondary particles and
destructive interference conditioned by phases of matrix elements of inelastic processes. In the

(9) dependence from p is expressed over combination —, which by Fourier-Bessel
b\

transformations leads to the G(s,t) dependence of the transferred momentum via the b\t value.
If a and c parameters in (9) don't depend on the energy, then IOF has properties of geometrical
scaling and we have b\ (s)t as scaling variables.
At given <pg (s, p) and a(s, p) imaginary and real parts of scattering amplitude are determined by
Fourier-Bessel integrals

F(s, t) = V^](l - Jl-<pg(s,p))I0 (p\t\% )pdp +

(ID
00 / \

-(pg(s,p)%m2 a{s,p)lj\p\ty2 jpdp,

R,F(s,t) = 4n \^\-(pg(s,p)sin2a(s,p)I0(p\t\y2]pdp
0 ^ '

(12)

At small transferred momentum the general behaviour of differential cross-section is
determined by a collective phenomenon of a diffraction, which in turn is determined by a
multiparticle unitarity condition. With increase of a transferred momentum there is a relevant
dynamics of interplay of constituents of hadrons and at very large -t the interplay of hadrons is
reduced to interplay of their constituents. From the idealized point of view the greatest
difficulties arise at intermediate transferred momentum. Different mechanisms play role in this
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area. They should explain originating of frame such as «a dip-secondary maximum» and its
turning into "«brachium" at energies of a SPS-collider [1,2, 5]. In the model of Islam [8] this
frame is determined by an interference between a diffraction and hard scattering. In model of A.
Donnachie and P.V. Landshoff [9] an interference takes place between single and double
pomerons by the contributions at intermediate values -t, and at very large values -t dynamics is
determined by trimonial exchange. This model can explain various types of behavior of pp and

pp scattering in the dip area, because the trimonial exchange is equivalent to effective odderon.
This model results in disappearance of dip in pp scattering and its conservation in pp-scattering
at high energies. However it is necessary to mark that such phenomenon is not asymptotic, in
accordance with the general theorem [1] at asymptotic energies pp and pp the scatterings should
behave by an identical way. In accordance with formulae (9) and (12) IOF contains five
parameters a, b;, b2, c and d, depending from energy. We will use our model for the description

of experimental data on the;?/? - interaction at the energies 4s = 6, 2; 13,8; 19,4; 31; 53; 62 GeV

and on the/?/? - interaction at the VJ= 4, 6; 7,6; 9,8; 53; 546; 630 and 1800 GeV [1,2].
Values of model parameters at these energies are shown in the Table 1. They are of a little

difference from those used by us [1, 2, 7 earlier], which are shown in the Table 2. As
demonstrate results of the present work, at low energies a parameter value is less than unit, and
at high energies this value becomes more than unit. The unitarity equation for amplitude of
elastic scattering with given as in the (9) IOF has three hardly distinguished solutions depending
on a parameter value c: 0 < c < l , c=0, c> 1. The first solution corresponding to the c < 1
describes experiment on scattering on large angles better than in case of c = 0 corresponding to
the model of uncorrelated Van - Hove jets. However, in case of 0 < c < 1, though it is possible to
receive a quantitatively correct parameter of an exponent, the factor before exponent is very
small and it is impossible to describe quantitatively the experiment. The second solution (c=l)
does not describe the scattering on large angles. The experimentally measured angular
distributions at very high energies are adequately described by the third solution (c > 1). This
solution corresponds to outcome of the theory of complex angular momenta. The strong
difference of the first and third solutions is conditioned by the fact that in the first case the
amplitude is determined by of constant signs series, while in second by alternating. Thus, there is
a conformity between outcomes obtained within the framework of a condition of a unitarity for
elastic scattering at large transferred momenta, and results of model of repeated exchange of
reggeons. These cases pass one in to another at change of a parameter value (with c < 1 and c >
1) [1,2].

Table 1. Model parameters for pp and pp - interactions accepted in present paper.

PP

pp

V^,GeV
6,2
13,8
19,4
31
53
62
4,6
7,6
9,8
53
546
630
1800

A

0,62
0,77
0,76
0,81
0,70
0,69
0,80
0,81
0,92
0,73
0,78
0,66
0,66

bi, (GeV)*

11,7
9,9
10,2
10,2
12,2
12,9
13,6
11,7
10,1
12,1
16,8
18,1
20,0

b2, (GeV)"
2

3,7
3,5
3,2
3,2
4,1
4,4
4,1
3,4
2,7
3,8
6,8
6,6
6,7

C

0,86
0,99
1,01
1,01
1,05
1,07
0,94
1,08
1,003
1,05
1,22
1,04
1,10

D

0,64
-0,18
-0,22
-0,12
-0,26
-0,31
1,3-10"'
-0,63
-0,093
-0,32
-0,98
-0,62
-1,40
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As it is shown in the Table 1, the ratio of parameters — is close to 3 at all energies for pp

and pp - interactions. Unfortunately, it is difficult to extract from the Table 1 some well defined
values relatively to other parameters.

In the Table 2 the characteristics of forward elastic scattering are presented computed with
the help of values of parameters, reduced in the Table 1: total cross-sections and ratio of real and

imaginary part of a scattering amplitude at energies in an interval of 4,5 < Vs < 1800 GeV.

Table 2. Calculated values of total cross-sections of at, ain and ael and ratio of 5 •.

for pp and pp -interactions.

pp

pp

6,2
13,8
19,4
31
53
62
4,6
7,6
9,8
53
546
630
1800

cr,, mb

38,0
37,9
37,7
39,2
41,7
42,4
54,7
44,8
45,0
42,6
62

60,6
70,5

ain, mb

30,8
30,3
30,6
31,3
34,3
35,3
43,1
36,1
35,0
35
49

49,7
52,5

crel,mb

7,2
7,3
7,1
7,9
7,1
7,1
11,6
8,7
10,0
7,6
13

10,9
18

5 ~
 R>F(°)

V(0)
-0,17
0,03
0,04
0,02
0,06
0,08

-2-10"s

0,09
7-10"3

0,06
0,25
0,20
0,3

In Table 3 theoretical and experimental values of ——,

dependence of parameters c and S2 are shown.

Table 3.

— and at V7 = 546 GeV iin

c

1

1.1

s2

0,04
0,07
0,04
0,07

0",

theor.
0,215
0,240
0,202
0,227

exp.
0,215±
0,005

0,215±
0,005

a,

b
theor.

9,4
9,5
9,3
9,8

b
exp.

10,5±
0,3

105±
9,3

0"*.

b
theor.

7,66
7,79
7,43
7,60

Gm

b
exp.

8,2±
0,3

8,2±
0,3

theor.
1,23
1,21
1,21
1,29

<jel

exp.
1,28±
0,06
1,28±
0,06

From this Table one can see that the theoretical and experimental relations of total cross-
sections are well self-consistent, the calculated values of total cross-sections to slope parameter
are in a good agreement within the limits of two standard deviations. The value 8 - 0,20 - 0,27
reduced in the table is in agreement with experimentally measured on spps - collider value for
this relation 5 = 0,24 ± 0,04.
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PRINCIPLES AND ALGORITHMS OF INFORMATION
SECURITY MAINTENANCE FOR NUCLEAR MATERIAL PROTECTION

IN E-MAIL SYSTEM

Gurvich L.G., Kabulov V.K., Tillaev T.S.
Institute of Nuclear Physics, Tashkent, Uzbekistan

The important component of nuclear material protection is maintenance of authorized usage
of information about them and, in particular, about their protection. One of channels of
unauthorized usage of information can arise at its transfer via an E-Mail without the conforming
the sanction of the proprietor of this information and its writers, and also without its design
pursuant to the rules adopted in organization, information, being the proprietor. The mailing
programs are not designed for the control of the E-Mail contents, and for this purpose designed
software complexes are developed, for example «Picket Jet» [1] and other which detain and do
not send any letter, which contains words brought in a data base of the consulting model, used at
a filter. As the correspondence between scientific and technological organizations has the
pronounced problem related nature, the system such as [1] will detain a large part of the
electronic letters. These letters will require a review of the security manager, considerations by
the proprietor of the information, and only upon acceptance conforming solution can be sent to
them. This will cause an unjustifiable delay in correspondence.

For elimination of these delays the principles of a selective filtration of information and
algorithm conforming to them were designed. The method of a selective filtration is designed so
that for each electronic letter additional conditions are predetermined, which allow it to pass
through the filter. It considerably reduces the number of the letters held back by the filter. The
example of possible algorithm of a selective filtration of the information sent via E-Mail is
presented for an object being a research organization. For information filtration the algorithm is
suggested based on the analysis on a fitting of information to its proprietor and on keywords
significantly reducing amount of information required of realize of the semantic control, to hold
back and send with the help of the security manager.
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The algorithm guesses that the proprietor of the information being a scientific entity on
behalf of its head or authorized persons who determined concretely for each report if it should be
sent to a target passing the filter. The described further algorithm is one of the possible examples
of a selective filtering system of the information sent via E-Mail. The example of the algorithm
of information selective filtering system is elaborated for object being scientifically - research-
scientific institution. The suggested algorithm is designed so that the person whose name appears
on mail box is responsible for the contents of the letter. Though without a digital signature such
letter will not be a document, but the information will be transferred to the address of recipient.
According to this algorithm the letter intended for dispatch upon "send the letter" command
enters the name in an intermediate CACHE of an analyzer and is contained there before check of
conditions of its dispatch to the indicated address of the recipient.

For the analysis of a letter the following information arrays are formed and continuously
updated:

KA1- Names of mail boxes of the authority persons of institute;
KA2- The pairs of addresses related to divisions of institute, leading joint researches with
external organizations, and persons;
KA3- E-mail addresses of employees who are in business trips, the correspondence with
which is authorized by management of institute;
KA4- Placed in section "SUBJECT" conditional words and sets of digits UCN,

allocated to the scientific articles and other materials, adopted by institute, are prepared for
dispatch via E-Mail for the publication in the scientific editions, workshops and conferences.
The CACHE of an analyzer is subdivided into files, where one the following information of the
parsed electronic letter is contained:

The file NS - names of E-Mail senders;
The file AS - e-mail address of the sender of the letter;
The file AR - e-mail address of the recipient of the letter;
The file CL - contents of the letter;
The file AM - attached material;
The file SL - subject of the letter.
The scheme of the letter analysis is presented in figure 1. The algorithm of the letter transit

reflects traditional documenting regulations of the INP AS RUz elaborated for materials
submitted for publication, or related to business correspondence.

The proposed system does not limit correspondence of the management of organization.
Either by the contents of the letters and materials, sent with them, or the address of the recipients
of these letters. The materials interchanged by division of institute with divisions of other
organizations with which the official scientific communications are established, can be also sent
without limitations.

The same rules are established for correspondence with the employees located in long-lived
business trips, and issued a mail box on its name there. For materials directed for the publication
and scientific conferences, composed pursuant to the rules, adopted in institute, at their
registration to the sender the conditional number is determined, which is introduced to
"SUBJECT" section and the employee composing the material is transmitted in the SL file. At
processing of the letter on coincidence to these numbers the letter departs without the semantic
control.

All letters which do not conform to the listed above privileges, are transmitted to the
semantic control, where they are analyzed by the consulting model. The database of this model is
based on thesaurus with the truncated endings, which requires the use of concepts and rules of
indistinct sets at the analysis of the text.

If a letter at the semantic control, can not be assigned to one of the four privileged groups, it
does not depart and is transferred to a special CACHE of the security manager who together with
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qualified employees comes to conclusion upon the problem on realization of indispensable
padding design of the letter, sufficient for its dispatch to the indicated addresses.

The proposed system should ensure protection against unauthorized sending of information,
distribution of which can make a threat to security at usage of nuclear materials.

The work was supported by the grant CSTRUz P-20.56.
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INFRARED SYNCHROTRON DIAGNOSTICS AS A NEW PERSPECTIVE
DIRECTION IN THE PHYSICS AND TECHNOLOGY OF

ACCELERATOR AND APPLIED EXPERIMENTS

Mal'tsev A.A.
Joint Institute for Nuclear Research, Dubna, Russia

Infrared synchrotron diagnostics of relativistic charged particles is a well-known effect
observed in ring accelerators and storage systems and is widely used in various experiments and
investigations, in particular, for passive, nondestructive diagnostics of charged-particles bunches
204
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during their formation and acceleration. Synchrotron infrared radiation (SIR) can be used to
measure the current, energy, and geometrical of electron and proton beams and bunches without
affecting the accelerated particles, as well as for nondestructive studies of fast processes [1].

Analysis of the SIR spectra of proton ring accelerators at the leading accelerator laboratories
around the world shows that the bulk of the spectral distribution of the radiation for protons with
energies of up to 1 TeV lies in the infrared region [2]. Estimating the intensity of the proton
radiation and comparing it with that of the SIR of low-energy electrons at, for example, the JINR
accelerator - compressor electron-ring bunch, we find that the techniques and systems of infrared
synchrotron diagnostics developed for the JINR accelerator and later used in accelerator
experiments may be also useful for the diagnostics of proton beams with energies above 100
GeV. So far there are no cases of diagnostics of proton beams with energies above 400 GeV. The
calculation of the SIR characteristics and the choice of techniques and diagnostics systems have
been made and demonstrated for the ring-shaped bunches during bunch compression in the high-
current low-energy accelerator - compressor of ring-shaped electron (electron-ion) bunches and
are based on the measurements of SIR. Based on these methods there were elaborated
measurement systems for the diagnostics of bunch parameters [3].

NUMBER OF CHARGED-PARTICLES
The electron number measurement method is based on the direct dependence of the SIR

intensity on the electrons number and the SIR registration is made in the spectral region X>XC (kc

is the critical wavelength) when the radiation intensity is independent of the energy of electrons.
If the total power W of the radiation of the e-bunch is proportional to the number Ne of electrons
in the bunch, for a given number of electrons the total power of the radiation is W= Ne • w. The
electrons number Ne in the bunch can be calculated if one-electron SIR power w is known and
SIR total power W is measured. The total SIR power can be determined if we know: the signal
on the radiation detector - TJSIR; the calibration constant of the detector - S; the energy of

electrons - E; the orbit radius - R; the coefficient of SIR flow using from G - geometrical factor
determined by solid angle of the SIR detector; relative spectral characteristic e (X) of the
detector; the coefficient of spectral passing x(X) of interval pass limits environment (window,
filters, optics) and the SIR polarization properties.

GEOMETRICAL PARAMETERS
Since a bunch of charged particles in an accelerator can be considered as an ensemble of

oscillators with three degrees of freedom (longitudinal (synchrotron) and two transverse
(betatron)-radial and axial ones), the diagnostic set must provide the measurements of the
corresponding geometrical parameters of the bunch and possibility of observing the bunch
dynamics. The method of measuring the sizes of the bunch and its location inside the accelerator,
as well as studies of the bunch dynamics during the compression involves the facilities for
extraction of SIR from the accelerator chamber, its transportation, and detection. The
appropriately reduced image of the bunch cross section is focused on and recorded by a detector
unit with sensitive elements arranged in line.

ANGULAR DIVERGENCE
An important parameter for the diagnostics of the bunch is in the angular divergence of the

SIR in the direction perpendicular to the median plane of the bunch. Measurement of this
quantity gives information about the electron energy and angular distribution (axial betatron
oscillations). A method has been developed to measure the divergence of the radiation beam and
the characteristics related to this divergence. This method is based on repeated (throughout the
acceleration cycle) measurement of the intensity of the SIR as it exits the accelerator chamber by
means of an infrared detector whose length covers most of the SIR flux in the direction
perpendicular to the charged particles rotation plane.

Section II. Basic problems of nuclear physics
205



Proceeding of the Third Eurasian Conference "Nuclear Science and its Application", October 5 - 8 , 2004.

The diagnostics of the parameters of the ring-shaped bunch are performed simultaneously by
several information-measuring systems [3] which realize the various methods listed in the
preceeding section. SIR from the electron bunch is extracted through an infrared window of the
vacuum chamber of the accelerator, then it is transported along the optical channel over the
given distance and is received by a detectors unit with a power sources. The detector signals are
registered and processed by an electronic facility, and then transferred to a computer for the real-
time processing. In the immediate vicinity of the accelerator, there are only detector units, which
include a single-element and multi-element coordinate infrared detectors with a preamplifier in
each of the recording channels, a cryogenic system (in case when the detector is cooled to the
temperature of the liquid nitrogen), and power sources. The detectors unit can be moved in the
image plane by electric motors, which is remotely controlled by a unit. The processing facilities
are outside the region of radiation damage. The synchrotron radiation is extracted from the
accelerator through windows made of various optical materials. Optical channel designed for the
extraction and transportation of SIR includes an output window and a long-focus wide-band
optical mirror channel; at the output of the channel, radiation is focused on the sensitive surface
of the coordinate detector. The SIR extracted from the accelerator is recorded by three
independent infrared detection systems forming a single information-measuring complex. Each
system performs a specific task, operating synchronously on a common time scale. The device
with a single-element detector is designed for measuring the absolute number of electrons. The
geometrical parameters of the bunch are measured using a system containing a multi-element
coordinate detector system located at the focus of the optical channel. The angular divergence of
the SIR and its intensity are measured by an infrared coordinate detector with linear arrangement
of the elements. The information obtained from the measuring systems is collected and
processed in the units, which incorporate a computer. This information significantly raises the
overall accuracy and information content of the measurements. The choice of detectors for the
diagnostics systems is determined by the intensity and spectral characteristics of the recorded
synchrotron radiation, and by the conditions of operation of the accelerator. The main
requirements in choosing the detectors were the following:

1. High spectral sensitivity in the wavelength range X ~ 0.3 + 40 urn.
2. Time resolution (speed of response) t = 0.1 +• 5-10"6 s.
3. Simplicity of operation (absence of complicated cryogenic systems).
Various types of infrared collectors were considered. Five types of photocollectors sensitive to
the given region of the infrared spectrum were proposed to conform to the above requirements.
The main characteristics of these photocollectors are listed in Ref. [1].

The SIR of the electrons can be recorded either by all the measuring systems simultaneously
or by each separately. The radiation intensity is recorded by detectors and output as an analog
signal, which is preamplified to the required amplitude and fed via a cable to the control panel of
the accelerator, where it is transformed into digital from and processed by computer. The
measurement channels allow repeated (up to 10 times) recording of a ring compression cycle in
the compressor of the accelerator. The duration of the data measurement is 0.1 (is. The time
interval between successive measurements can be varied from 100 JUS and more for a total
duration of the synchrotron radiation pulse of about one millisecond.

Methods for measuring the current and geometrical parameters and estimating the energy
parameters of bunch in accelerator rings using synchrotron radiation in the infrared region are
reviewed, together with the information-measuring systems designed to detect SIR and realize
these methods. The detection systems incorporate specially designed infrared-optical elements (a
high-vacuum window of optical ceramics and broad-band long-focus optical channels). The
radiation is detected in the spectral region of AX = 0.3 + 40 um by infrared detectors operating at
low temperature of room temperature. It should be noted that the range of applicability of these
results is fairly broad. Most of the techniques and information-measuring systems described here
can be used in the same or slightly altered form at other electron and proton ring accelerators
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which generate synchrotron radiation, for example, LHC - SPS [4], the synchrotron radiation
spectrum at which lies mainly in the infrared region. They are useful both for the diagnostics of
bunches and beams during their dynamical development, and for carrying out various types of
scientific research and solving applied problems based on the use of infrared synchrotron
radiation, including beam diagnostics and research at electron-positron storage rings [5]. The
objectives of this work are as follows:
1. We present the methods and systems of nondestructive diagnostics and study of charged-
particle (electron, electron-ion, and proton) bunches and beams based on the use of their
magnetic-bremsstrahlung (synchrotron) radiation in a wide spectral range, from the ultraviolet to
the far long-wave infrared region.
2. We draw attention to the great diversity of problems, both in accelerator, experiments (for
example, the study of the coherence of synchrotron radiation or of the coherent processes at
colliders) and in other, sometimes quite unrelated fields, such as metrology, high-temperature
superconductivity, biology, etc., which might be solved by means of infrared synchrotron
diagnostics, covering the interval of wavelengths AX ~ 0.3 + 40 \xm, which is much larger than
the spectral range that is widely used at present (basically, the range of AX. ~ 0.3 ^ 1.1 urn) in
various experiments and investigations. The extension of the spectral range of positively
diagnosed SIR opens up new possibilities and prospects for solving scientific and applied
problems.
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MASS-SPECTROMETER MEASUREMENT OF NEUTRON-CAPTURE
CROSS-SECTIONS IN DIFFERENT MATERIALS

Kazantseva T.G., Koblik Yu.N., Pikul V.P., Yuldashev B.S.
Institute of Nuclear Physics, Tashkent, Uzbekistan

There are some techniques to measure neutron-capture cross-sections. Those techniques
depend on energy of neutrons and from the nature of investigated matter [1]. The most
widespread method is the an activation analysis method. The measurement accuracy by this
method is 10-12 %. The method of passing of neutrons and further measurement of their
intensity can be widely used in neutron detectors. In this case neutrons measurement accuracy
depends on self-shielding of used material and registration efficiency of the detector. The
measurement accuracy by this method is not better than 5 %.

We offer a mass-spectrometer measurement method, which instead of neutron detector will
use the fast fission fragments mass analyzer arranged in a horizontal channel of the Tashkent
reactor [2]. Its design is shown at the Fig. 1.
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Fig. 1. Mass spectrometer of fast fission products. 1 -235U or 239Pu target; 2 - electrostatic
analyzer; 3 - magnetic analyzer; 4 - track detector; 5 - detection camera; 6 - semiconductor
detectors; 7 - biological shield; 8 - reactor.

The mass analyzer consists from sequentially arranged electrostatic and magnetic analyzers
and provides a classification of fission products (FP), from a layer of matter by separating them
speed close to initial, similar mass m, kinetic energies E and ionic charges q. A segment of FP
spectrum is detected by the semiconducting detector located in a focal plane of a mass analyzer.
Resolution capabilities of the mass analyzer is m/Am =800-900. A measurement accuracy of
mass and kinetic energies are ±0,06 % ±0,02 %, respectively.

In a Fig. 2 the scheme of experiment is resulted. On an input arm 5 of the mass analyzer the
cadmium sleeve 2 by depth of 1 mm is mounted. A butt-end of a sleeve has 5x40 mm2 slot by the
size, where an investigated material 1 can be inserted.

neutrons

Fig. 2. Scheme of experiment. 1- investigated material; 2 - cadmium sleeve; 3 - 235U or 239Pu
target; 4 - collimators; 5 - input arm.

Behind the slot in the focus of the mass analyzer the U or Pu targets 3 are placed. The
neutron flux passes through an investigated material, falls on the target and induces fission of U
or Pu nuclei. The FP passing through the electrostatic and magnetic analyzers of the device are
registered by the silicon detector located in a focal plane. The registration of segment of a
spectrum of FP is made in the field of maximum yields with and without investigated material it.

We measured FP yields of thermal and episamarium neutrons induced in 239Pu [3]. At
measurement of FP yields of 239Pu episamarium neutron-induced a Samarium plate was attached
to the slot in a cadmium sleeve at the depth of 0.3mm.
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The interval of FP with A=138-147 is encompassed by two series segments of a spectrum
m/q measured with overlap on A=142 and 143. To obtaining uniformly precise results the
measurements with the filter were in 12 times longer time than those without the filter. In both
cases the same segments of a spectrum were measured.

Difference of mass spectra for both cases can be is clearly observed. By comparing the two
spectra,

3000

2500

2000

Z 1500

1000

500

0

- • - Pu-239

#^

®-

y
r

—#— episamarium

—9- - 0 -

V- -A

— ® -

V

146

=16302-without the filter
-4=138

146

,4=138

= 1603,4- with the filter

138 ' A(a.m.u) 143 144 145 146

Fig. 3 Fission products yields of 239Pu thermal and episamarium neutron induced.

one can calculate the neutron-capture cross-sections for any investigated material by formula
aHnO/TjCN*!)-1, (1)

where a t - effective neutron cross-section, T- ratio of neutron flux before passing the filter to the
one after passing the filter, N - number of nuclei in 1 cm3 of the filter, t - depth of the filter.

146 146

In our case T = j TV, /( £ NA )F (2)
,4=138 ,4=138

Thus, knowing an integral of the same spectrum of FP without the filter and with the filter, it is
possible to find effective neutron cross-section.
The measurement accuracy of neutron cross-section by the proposed technique occurs to be «
1,5%.
The measurement errors of neutron cross-section of this technique are presented below:

f 46 ~ 146 "\

1. Statistical error 5N= ± I £ NA I £ NA * 100%; (3)
/M38 -4=138

2. Accuracy of geometrical parameters of the device <0,1 %;

3. Instability of electrical and magnetic fields
5V=±(AV/V)*100%, 8H=+(2AH/H)*100% (4)

These instabilities in our case were the following: 5V« ±0.1%, 5H« ±0.05%.
The instability of a magnetic field can be neglected as it influenced on width of a spectrum, only
and at calculations we integrated over all area of a spectrum.

To avoid an error because of instability of a magnetic field it is possible to measure a
spectrum by the detector before a magnetic field. The view of a spectrum registered by this
detector is resulted on Fig.4.
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Such spectrum is convenient for measuring, as the time of its measurement decreases 20
times, and the same quantity of FP can be recorded faster.
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To reduce a statistical error the time of measurement have increased 12 times, thus the
statistical error (in case - with filter) has decreased up to 0,72 %.
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HIGH-SENSITIVITY BROADBAND INFRARED MONITOR
OF SPATIAL STRUCTURE OF RELATIVISTIC BUNCHES

AND THERMAL FIELDS

Mal'tsev A.A., Mal'tsev M.A., Maslova M.V
Joint Institute for Nuclear Research, Dubna, Russia

In some physical experiments performed for the investigation of fast processes in the
presence of strong electromagnetic and radiation noise, it is necessary to perform accurate
measurements of intensity of infrared radiation and its profile. For a number of proton and
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electron accelerators the conforming calculations are made, the outcomes which allow one to
elaborate methods and highly sensitive detectors of an infrared radiation for remoting contactless
non-destructive diagnostics and research of bunches and high-speed processes in ring-type
(CERN/SPS-LHC) and linear (GSI) accelerators, as well as thermal fields in electro-nuclear-
power equipment [ 1 ].

MEASUREMENT PROCEDURE
To solve this problem we developed a special method and to implement the method we

created and checked in the physical experiment a noise-proof information-measuring system [1,
2]. The method of measuring and investigating the intensity is based on comparing the integral
radiation fluxes, registered in different regions of the spectral distribution of the radiation from
the experimental source. The method consists of using two integral photodetectors, which are of
different type and manifest the photo effect differently, and their spectral sensitivity
characteristics are different and they record radiation in the spectral range of wavelengths
AX/X» 1. This method for measuring the geometry of the radiation beam and the radiator has
the drawback that it is impossible to obtain an instantaneous picture of the distribution in each
accelerator cycle (duration 1 ms).

MEASUREMENTS APPARATUS
Its advantage is that it is simple and hence reliable and cheap. On the basis of the conditions

and requirements of the physical experiment and method of measurement, accurate
photodetectors - photodiode and photoresistor - that operate at room temperature were chosen to
convert the radiation power into an analog electron signal. This combination makes it possible to
register the radiation flux in the spectral range AX ~ 0.4 - 4.8 jam, which greatly exceeds the
visible range. The channels are independent, and the radiation can be registered simultaneously
in both channels (in the case of correlated measurements) or in each channel separately.

The photodiode is fabricated in a single case with a preamplifier by the integrated
technology. The entire photodetection unit does not exceed 1 cm3 in size. Due to the small
dimensions and the minimization of the electrical contours in the photodetector apparatus, the
sensitivity of the apparatus to radiation fields and induction interferences allows one to work
close to the radiation source under conditions of high electromagnetic and radiation noise. Such
photodetectors in the case when the synchrotron radiation is registered have an advantage over
the previously used photomultipliers. While the photomultipliers are more sensitive, which is not
important for the level of accelerator synchrotron radiation, the photodetector has a wider
dynamical range and wide bandwidth of the spectral characteristic (AX ~ 0.4 -1.1 urn).

The measurement channel with an uncooled photoresistor as a detector makes it possible to
measure the instantaneous (within 1 (as) infrared signal using its pulse conversion from the
photodetector and introducing a special device for active suppression of interference in the
measuring channel before registering in the ADC. The detector consists of two photoresistances
(AX ~ 0.8 - 4.8 [am) with a 0.2 mm sensitive element, one of which is compensating and is
covered from infrared radiation. Carefully selected photoresistances with parameters and
characteristics that are as close as possible are secured on different sides of the same substrate,
which is opaque to infrared radiation but does not screen electromagnetic and radiation fields.
This structure of the detector and the use of a differential amplifier made it possible to employ a
balanced extraction of the signal from the detector and to decrease substantially the level of in-
phase interference on the output signal and drift at the output to the measuring channel. In
addition, all input circuits were placed inside electrical screens, the conductors of the
photoresistances on the differential inputs of the amplifier were made in the form of twisted
pairs, and the amplifier itself was removed from the detector, located directly near the infrared
source, at a distance of 2 m.

The following method was used for active suppression of interference. The measured signal
from the detectors is transmitted with the aid of a modulating pulse 4 |as from the control unit,
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triggered by an external triggering pulse. The duration of the modulation pulse was chosen to be
equal to 4 us taking into account the possibilities of the electronic circuits and in order to
improve the temporal resolution. This operation can be performed either by pulsed powering of
the photoresistors or by a special electronic circuit for commutating the signals from the
detectors. From the output of the amplifier the short measured pulse, whose amplitude is
proportional to the instantaneous intensity of the infrared synchrotron radiation at the moment of
measurement, is fed along a 50 m long cable into the output amplifier, covered by a wideband
negative feedback delayed by 4 us. This device effectively suppresses the drift of the entire
amplifier as well as the interference signals in the range up to 10 kHz but it transmits without
any distortions the measured signal with a duration of 4 us. The moment at which the
instantaneous synchrotron radiation is registered is fixed by a 1 mks gating pulse at the end of
the modulation pulse (when its transient process is over) from the control unit, which in turn is
triggered by an external pulse. The unit makes it possible to control the delay time in triggering
the entire measuring channel relative to the external triggering pulse, it forms the pulse
modulating the signal from the detector, and feeds to the ADC a gating pulse at the end of the
modulation pulse.

MEASUREMENT RESULTS
The measurements were performed in the range of radiation intensities of 3-10"6 - 8-10"

1 W/cm2. To ensure that the measuring system operates on the linear section of its sensitivity, a
collection of calibrated neutral radiation attenuators and infrared objectives made of optical
ceramics for focusing the radiation were used. The temperature range registered in different
measurements is 30 - 2700 °C. The relative instrumental accuracy in the measurement of the
intensity of the thermal radiation is equal to 0.2 %. The absolute error depends on the calibration
of the detectors and may not exceed 5 %.

CONCLUSIONS
The measuring system examined above exhibited high noise-resistance, stability, and

reliability during long (several weeks) working sessions. The measurement results were read
either according to a digital indicator from the ADC or with the results fed into a computer and
printed out together with other registered parameters. Accurate photoresistors determined the
possibility of registering with a high relative degree of accuracy of up to 0.2 % at room
temperature the visible and infrared radiation under conditions with a high level of
electromagnetic and radiation noise. The described method with modulation of the measured
signal can be used both for one-channel integral measurement of radiation and for multichannel
system for registering geometric parameters of the object being observed. The measuring system
was calibrated using a thermal standard source, and it was used to measure the absolute values of
the current of the electron bunches, and the dimensions of the synchrotron infrared radiation
beam were also determined.

On account of their unique properties with respect to sensitivity, reliability, operating
simplicity, noise-resistance, accuracy, and stability of the parameters, the meter could find
application in physical experiments for investigating beams of relativistic charged particles
(electrons and protons) in ring accelerators and accumulators - generators of synchrotron (edge)
radiation, in linear accelerators for determining the intensity and transverse and longitudinal
dimensions of the accelerated beam according to the temperature of the target, through which the
beam passes, and in nuclear power plants for monitoring the temperature of units and systems,
for metrological purposes, in pulsed photometry, and other fields in optoelectronics.
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THE EFFECTIVE INTERACTION
OF TWO CHANNELING PARTICLES

UZ0703374
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Kazakh National University, Almaty, Kazakhstan

Tendency of recent years is increase of publications that devoted to different aspects of
channeling particles in single crystal [1-3]. For example, we can remember new direction of
accelerated physics, beams optics and many others [2]. One essential aspect must be taken into
account when fundamental and practical exercises are solved which is the interaction between
channeling particles [4,5]. Some numerical evaluations were presented in [6] for the case of
electron movement. Our results based on more common method of solution by using the no-
relativistic quantum-mechanical wave function and continuum particle-crystal interaction
potential [5,7,8]. It has been showed that this method gives a particular case when the problem
can be simplified to one-particle sample.

The properties of channeling particle under the influence of crystal can be described by wave
function, which obeys the stationary Schrodinger equation.

(H0+U}¥ = E^t (1)

where U is a potential of particle-crystal interaction. For one axial crystal line

U = - Rt• ) , where r is coordinate of particle, Rt is coordinate of the crystal atom.

If wave function chosen in the form of ¥ = <p(p)e'klZ due to the particle movement along
channeling axis is practically free [7,9] then after series of mathematical reductions (1) can be
transformed to

\Hpfl<p-(E-Ez)(p]+-<p(p) \U(jj,p)dTj = 0 (2)

where Ez = k] /2m ,r -Rt = kz + p - kdl = krj + p; z = JJ + dl, d is parameter of crystal lattice.

The expression U(p) = — yj{rj,p)drj agrees with the continuum particle-crystal
d J

- co

interaction potential definition introduced by Lindhard [9] from quasi-classical reasons.
For some atoms line the expression (2) is

-I—<p{p)^ \U(rj,p-Pj)drj-Q (2a)

where pj is radial coordinate of j-th line in the cylinder framework.
Taylor series expansion of the last term (2a) with respect to p is

The first term can be neglected by renormalization of energy, the second one by choosing of the
framework point p=0. The third term can be represented as

p2A2] + p2 cos(2(p)A22 + p2 sin(2(p)A23

In case when axis potentials are equal each others and expression for polar angle q>l - — / is
n

correct then the second and third terms vanish.
The equation (1) with potential as stated above has eigenvector in the form of
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where b = l/j2ma , L is Lagger polynomial.
The eigenvalue is

2aE-Ez0=E'= p (2»-
Vz0

Now we can consider a two-particle problem. Stationary Schrodinger equation for two particles
in the field of crystal is:

(H-E}¥(rl,r2) = 0 (3)

with its Hamiltonian H = Hp0 + Hz0 + Ux + U2 + Un and U]2 =

With substitution rx-r2 = r;{mxr{ + m2r2)/(mx + m2)- R (3) can be presented as

2M 2ju
(4)

where

R + r- m2,1

m\ +m2
-R, I-ZM k(Z + z- m2,1

+m2

m-,

m,i /

M and //are the total and reduced masses respectively.
Let us rewrite (4) as

{Hoz + Ho? + Hor + UX2 (r) + Ux (rx) + U2 (r2 ]

As before, we can use the wave function in the form of ¥ = <f>e'kzZ and then to reduce the

equation by using the following substitution Z-dl=p:

The averaged potential is

+m2 +m2

U2=U2

where P, is the radial coordinate of line.

+m2

mIt needs to be noted that a change P + /5 ——> p is absolutely similar to the one-particle
+m2

case. Therefore, we can use the approximation (2)

?±p- m1,2

ml+m2j
taking into account linear dependence of the potential from the charge. The equation (4) can be
rewritten as

214
Section II. Basic problems of nuclear physics



Proceeding of the Third Eurasian Conference "Nuclear Science and its Application", October 5 - 8 , 2004.

\ 1 d2 1

P2 ~2/7 r . (5)

= £><?, F)
Hence, it can be clearly seen that in case of mi/zi~m2/z2 the equation (5) permits separation

of variables:

f i a2

2M8?:
a(z1+z2)?

2W(?)=Ea<p]{?)

m2z, +mlz-,

The first equation describes the movement of mass
center. But another one corresponds to the movement of
a particle with reduced mass and "reduced charge" in a
field of two potentials (fig.l). It needs to be noted that
the last one is equivalent by mathematical notation to
the equation of two-particles interaction in magnetic
field (see for example [10]). The pair of equations
could be used as basic solution for more complicated
cases.

Fig.l. The rough form of two potentials field

Its potential is independent of angle cp, therefore we can simplify it by another separation of
variables:

2{i{pdp{ dp) p2

where cp2 depends only on two variables.
As a result we could say that the problem of channeling particle interaction can be reduced to

one-particle exercise. Last equation hasn't analytical solution and must be solved by numerical
method.
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EXAMINATION OF WELDS BY DIGITAL RADIOGRAPHY
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ABSTRACT
Industrial radiography is the oldest and most reliable non-destructive test method in the

examination and two dimensional evaluation of weld defects. Digital radiographic methods
provide more sensitive, faster and more reliable evaluation of defect images. One of the most
important factors influencing the contrast and consequently the image quality is the noise on the
film caused by scattered radiation. The digital image processing technique can eliminate the
noise and improve the image quality. Digital radiography also enables three dimensional
evaluation of weld defects. This work describes the use of digital radiography in the evaluation
of defects in welds of different configurations by using a laser film digitizing system and an
appropriate software programme. Advantages and limitations of the digital technique and
conventional film radiography were discussed.

INTRODUCTION
Industrial radiography is a traditional technique for the identification and evaluation of

defects, such as cracks, lack of penetration, porosity, slag inclusions, etc. found in welds. The
procedure for radiography has remained essentially unchanged for decades: an x-ray or gamma-
ray source exposes the object of interest and the attenuated radiation beam is measured using a
photographic film. Once the film is developed, the image is analyzed and measurements are
made using light box. The defects are evaluated as two dimensional from their shadows on the
film.

Digital radiography allows three dimensional evaluation of the defects. In the digital
radiography the inspection of defects depends on the imaging quality, which is determined by
some factors, such as image noise. Noise in an image will degrade the ability to identify the
defects of small size and low contrast when embedded in noise. In the digital radiographic
system there are some noise sources, such as CCD camera, imaging screen, x-ray source, test
object, controller circuits, etc., which affect the imaging quality seriously [1]. The digital image
processing technique can eliminate the noise and improve the image quality. The digital data can
be obtained from digitized radiographic films, imaging plates or flat panel detectors [2]. Three
dimensional evaluation. An appropriate soft ware programme can be used to measure the
dimension of the defects planar direction and in the direction of the radiation beam. This work
describes three dimensional evaluation of weld defects by using film digitizing technique. A
comparison of conventional and digital techniques has also been made.

DIGITAL RADIOGRAPHY
Applications of digital radiography can be implemented by different methods, such as film

digitization, computed radiography and direct radiography. Figure 1 provides an overview about
the digital radiography system. The applications of image processing, quantitative analysis, and
archiving are the most important tasks of the film digitization method. In this method a
radiograph, which was already taken by a conventional radiographic method, is scanned with a
laser film scanner and converted into digital values in a gray scale. Still the digitiser will scan
original radiographic images with a resolution of 50 um up to a optical density of 4.7 [3,4]. The
digitised data are transfered to a PC and evaluated by a proper soft ware programme. Figure 2
shows a laser film scanner used at Cekmece Nuclear Research and Training Center Istanbul.
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Fig. 1. Overview about the digital radiography Fig. 2. Laser film scanner

Computed radiography uses a reusable imaging plate in place of the film. This plate employs a
coating of photostimulable storage phosphors to capture images. When exposed to x-rays,
electrons inside the phosphor crystals are excited and trapped in a semi-stable higher-energy
state. The imaging plate is scanned by means of a laser beam. The laser energy releases the
trapped electrons, causing visible light to be emitted. This light is captured and converted into a
digital bit stream, which encodes the digital image. Figure 3 shows the process performed with
the imaging plate.

The imaging Plate Cycle

Imaging
Plate

Exposure offering ¥f$se

Cassette

Exposure

Scanning the IP , Digitising and
Erasing the residual Image

Fig. 3. Imaging plate

Direct radiography, also called real-time radiography, is performed by means of flat panel
detectors, which provide rapid inspection flow due to immediate feedback. After acquisition,
which takes a few seconds, the images can be viewed on the monitor immediately, and can be
forwarded wherever they are needed. As Figure 4 shows, flat panel detectors use photo diodes
consisting of amorphous silicon or selenium. Amorphous Silicon (aSi) flat panels use a
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scintillator, consisting of Cesium-Iodide or Gadolinium Oxisulfide, which converts incident x-
rays into visible light. This light is converted into an electrical charge by an array of amorphous
Silicon sensors [3,5]. Radioscopic systems are typical real-time radiography devices.

photo t8ode >

ampitta; tmtf IpleH&f, AOC

driver

Fig. 4. Flat panel detector

EVALUATION OF WELD DEFECTS BY FILM DIGITISING METHOD
Three dimensional evaluation of weld defects carried out in this study was performed by film

digitising method. X- and V-shaped weld configurations of 28 mm steel plate specimens were
exposed first onto an Agfa D7 radiographic film by using an x-ray tube (Andrex, Smart 225) in
order to get an optical film density of 2.0-2,5. The radiographs obtained from the weld specimen
were scanned and digitised by using Kodak Lumiscan LS85 laser film scanner. This scanner is
capable of digitizing 30x40 cm films to 2048x9908 pixels with 12 bit (4096) gray level depth.
The enhancement of the image contrast and the evaluation of weld defects in the scanned
radiographs were performed with BASF Measurement Tool Software programme [6].

The depth of a defect in the direction of the radiation beam was obtained from the density
profile of the defect. In order to do this, a gray value-depth reference curve was prepared from a
stepped block in the range of the weld thickness as shown in Figure 5 and 6. A cursor line was
then drawn through the defect indication on the radiograph to get the density profile. The depth
of the defect was determined from the gray value difference in the reference curve. Figure 7
shows the determination of the depth of a lack of penetration contained in the x-weld specimen.

Fig. 5. Digitized radiograph of the stepped block and its density profile
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Figo 6. Gray value-defect depth reference curve

Fig. 7. Determination of the depth of lack of penetration in the x-weld specimen

The width and length of the same defect can be determined by drawing profile lines across
the defect indication on the film plane and by calculating the dimension from the the pixel size
and pixel number of the profiled line. Figure 8 shows the determination of the width and length
of the lack of penetration.

a b
Fig. 8. Determination of lack of penetration: a) The width, b) The length
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The dimension of the defect in the direction of the radiation beam, which is the defect depth,
is verified by ultrasonic method. The other dimensions The defect dimension on the film plane
can be compared with the manual measurement of the defect indication.

CONCLUSIONS
Digital radiography is a fast and reliable method in the evaluation of weld defects. Film

digitization is used for different reasons. The applications of digital image processing,
quantitative analysis, data storage and data management are the most important tasks. The image
processing techniques considerably increased the efficiency in defect detection. The procedures
such as averaging and filtering increases the signal to noise ratio and improve the displayed
image thereby reducing human errors in interpretation. With the aid of image processor it is
possible to obtain high quality images suitable for weld inspection to be comparable with the
image qualities required in film radiography. Film scanners can digitize the x-ray films with
optical density up to 5, which is normally can not be interpreted in the conventional film
evaluation. Digital radiography equipments are generally more expensive than the conventional
radiography systems. The main disadvanteges of imaging plates are higher sensitivity to
scattered radiation and limited spatial resolution.
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ABSTRACT
Nondestructive testing (NDT) activities at Cekmece Nuclear Research and Training Center

(CNAEM) has been initiated in the Industrial Application Department of the Center which was
established in 1976 as the Radioisotope Applications Group for Industry. The Department
started its first NDT activity with industrial radiography. The NDT activities have been
developed by the support of various national (State Planning Organization (DPT)) and
international (IAEA and UNDP) projects. Today, there are five basic NDT techniques
(radiography, ultrasonic, magnetic particle, liquid penetrant and eddy current) used in the
Industrial Application Department. The Department arranges routinly NDT qualification courses
in 5 basic NDT tehcniques according to ISO 9712 and TS EN 473 standards for level 1 and 2 for
Turkish Industry. The Department also executes national DPT and IAEA Technical Co-operation
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projects and gives NDT services in the laboratory and in the field. Digital radiography and
digital ultrasonic techniques are being used in advanced NDT applications. This paper describes
the NDT activities of CNAEM.

WHAT IS NONDESTRUCTIVE TESTING (NDT)?
Nondestructive testing (NDT) has been defined as comprising those test methods used to

examine an object, material or system without impairing its future usefulness. The term is
generally applied to nonmedical investigations of material integrity. Nondestructive testing is
used to investigate the material integrity of the test object. A number of other technologies - for
instance, radio astronomy, voltage and amperage measurement and rheometry (flow
measurement) - are nondestructive but are not used to evaluate material properties specifically.
Nondestructive testing is concerned in a practical way with the performance of the test piece -
how long may the piece be used and when does it need to be checked again? Radar and sonar are
classified as nondestructive testing when used to inspect dams, for instance, but not when they
are used to chart a river bottom.

PURPOSES OF NONDESTRUCTIVE TESTING
Nondestructive tests in great variety are in worldwide use to detect variations in structure,

minute changes in surface finish, the presence of cracks or other physical discontinuities, to
measure the thickness of materials and coatings and to determine other characteristics of
industrial products.

Modern nondestructive tests are used by manufacturers (1) to ensure product integrity, and in
turn, reliability; (2) to avoid failures, prevent accidents and save human life; (3) to make a profit
for the user; (4) to ensure customer satisfaction and maintain the manufacturer's reputation; (5) to
aid in better product design; (6) to control manufacturing processes; (7) to lower manufacturing
costs; (8) to maintain uniform quality level; and (9) to ensure operational readiness.

CLASSIFICATION OF NDT METHODS
Nondestructive testing is a branch of the materials sciences that is concerned with all aspects

of the uniformity, quality and serviceability of materials and structures. The science of
nondestructive testing incorporates all the technology for detection and measurement of
significant properties, including discontinuities, in items ranging from research specimens to
finished hardware and products. By definition, nondestructive techniques are the means by
which materials and structures may be inspected without disruption or impairment of
serviceability.

NDT methods can be classified into Volume Oriented Methods and Surface Oriented
Methods:

Volume Oriented Methods: .
- Radiography
- Resonant Analysis
- Sound Emission
- Thermography
- Ultrasonic
Surface Oriented Methods:
- Dye Penetrant
- Eddy Current
- Magnetic Particle
- Visual Inspection
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DISCONTINUITY DETECTION
Nondestructive testing is not confined to crack detection. Other discontinuities include

porosity, wall thinning from corrosion and many sorts of disbonds. Nondestructive material
characterization is a growing field concerned with material properties including material
identification and microstructural characteristics - such as resin curing, case hardening and stress
- that have a direct influence on the service life of the test object. Nondestructive testing has also
been defined by listing or classifying the various methods. This approach is practical in that it
typically highlights methods in use by industry.

INDUSTRIAL APPLICATION DEPARTMENT OF CNAEM
The Industrial Application Department was established in 1976 as the Radioisotope

Applications Group for Industry. The Department started its first NDT activity with industrial
radiography. Today there 5 basic NDT methods and 2 advanced NDT methods used in the
Department. The Department has three major activities: Nondestructive Testing, Nuclear
Analysis and Process Control. There are 12 people working in the Department. The NDT group
has 8 engineers and one technician. The activitiy scheme of the Department is shown in Figure 1.

%^i^ii|^S|

-Training

P.K. 1 Atatiirk Havalimani, 34831 Istanbul Tet: (02121 54B 40 50 Faks: (0212) 548 22 30
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Fig. 1. Activities of the Industrial Application Department

NDT METHODS USED IN THE INDUSTRIAL APPLICATION DEPARTMENT
There are basic and advanced NDT methods used in the Industrial Applivation Department

Basic NDT Methods:
- Radiography (Figure 2a)
- Ultrasonic (Figure 2b)
- Magnetic Particle (Figure 2c)
- Dye Penetrant
- Eddy Current (Figure 2d)
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Digital NDTs
Digital Radiography

o Fluoroscopy (Figure 3 a)
o Laser Film Scanner (Film Digitization) (Figure 3b)

- Digital Ultrasonic (5 Axis Free Scanner, A-, B- and C-Scan) (Figure 4)

Fig. 2. Basic NDT systems

Fig. 3. Digital radiography systems
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Fig. 4. Digital ultrasonic system

PROJECTS CARRIED OUT IN THE INDUSTRIAL APPLICATION DEPARTMENT
The projects carried out in the Industrial Application Department are mainly supported by

Turkish State Planning Organization (DPT) and International Atomic Energy Agency (IAEA).
The following projects have been and are still carried out in the Department:

- Industrial Application of Isotopes: DPT 78 DO 80050, 1978-1988
- Development of Nondestructive Testing within the Nuclear Research and Training

Center of the TAEA: TUR/87/016, UNDP-IAEA Technical Cooperation, 1987-1990
- QA&QC in the Nuclear Programme: DPT 87 K 120280,1987-1991
- Validation of Protocols for Corrosion and Deposit Measurement in Pipes by radiography:

TUR/9657, IAEA Research Contract, 1987-1990
- Development of Advanced NDT Techniques: DPT 97 K 120 240, 1997-2005
- QA&QC of Nuclear Power Plant: DPT 98K 120 280,1998-2002
- Establishment of Advanced NDT Techniques and Accreditation of NDT Laboratory:

IAEA TUR/8/015, 2001-2004
- Validation of Protocols for Corrosion and Deposit Evaluation in Large Diameter Pipes by

Radiography: TUR/12115, IAEA Research Contract:, 2002-2004

NDT TRAINING ACTIVITIES
In 1987, IAEA experts trained the NDT staff of Industrial Application Department on five

basic NDT techniques (RT, UT, MT, PT, ET) for Level 1, 2, 3 according to ISO 9712 standart
and IAEA tecdoc 628 guideline. Participants from industry have been trained on NDT
techniques by the department staff since 1988. The number of participants between 1988 and
2003 is given in Table 1.
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Table 1. Number of NDT participants between 1988 and 2003

Level ~̂"~~---̂
1
2
Subtotal

Radiography

160
101
261

Ultrasonic

156
104
260

Surface Methods
Mag.Part.
117
72
189

Dye Penet
99
62
161

Eddy
Current
101
32
133

TOTAL: 1004

Some pictures from the NDT training courses are shown in Figure 5.

Fig. 5. NDT training activities

RESEARCH AND DEVELOPMENT ON NDT
The Industrial Application Department carries out research and development activities in

frame of the above projects. Main working fields are material characterization by ultrasonic,
inspection of concrete, investigation of thin objects by electron emission method and validation
of protocols for corrosion and deposit determination in pipes by radiographic methods. Software
development for radiographic image processing and development of an automatic manupulated
digital ultrasonic sytem are the tasks of the advanced NDT activities.

NDT SERVICE
NDT service is given on field and in the laboratory. Most common customers are casting and

steel manufacturers, petrochemical facilities, manufacturers of power plant components,
automotive industry, etc.

CONCLUSIONS
With its qualified and experienced staff, the Industrial Application Department of CNAEM is

in leader position on NDT activities in Turkey. Most of the staff was on the job training in the
European institutions. Digital radiography and digital ultrasonic testing systems have been
established. Further development of advanced NDT techniques and its training are the future
goals of the Department.
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EQUIPMENT FOR THE FORECAST AND OPERATING CONTROL OF
THE NATURAL CATASTROPHES DYNAMICS

UZ0703377

^azantsev S.I., ^oblik Yu.N., 2Kuzhevskij B.M.,
2Nechaev O.Yu., ^uldashev B.S.

'institute of Nuclear Physics, Tashkent, Uzbekistan
2Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow, Russia

The long-term researches on the temporal and space variations of neutron emission near the
Earth crust (into the Earth's neutron field) have demonstrated the sources of the Earth's neutron
field and revealed the nature of its variations (Kuzhevskij 2001). The geodynamic processes that
occur in the Earth crust have to be among the most important factors resulting in the neutron
emission variations near the Earth crust. The analysis of the found relationships made it possible
to formulate a fresh approach to forecasting natural calamities (earthquakes, in particular) based
on recording the temporal variations of the Earth's neutron field (Beliaeva 1999, Kuzhevskij
2003).

Fig.l. The plant's scheme.

The task-oriented equipment was designed (see Fig. 1) for studying the temporal variations
of the Earth's neutron field. The equipment is used in Moscow and Kamchatka to make
continuous and simultaneous observations. Fig.2 shows the time dependence of neutron emission
in 2003.

The explicit great differences in the frequency and amplitude of the near-crust neutron flux
are defined by the very different tectonics of the two sites. The Moscow region is seismically
quiet, whereas Kamchatka belongs to the most active seismic regions of the globe and is literally
full of active volcanoes.

Fig. 3 shows one of the numerous examples obtained in the researches and tests of the
experimental techniques to demonstrate the feasibility of short-term forecasting of earthquakes
by observing the temporal neutron emission variations near the Earth crust.
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The Moscow and Kamchatka plants' counting rates
from March till December 2003
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Fig.2. The time dependence of neutron emission in 2003 according to Moscow and
Kamchatka experimental plants.

100000 oo - Experimental data from Kamchatka plant, 08-09.05.2002
i the earthquake: 09.05.2002 at 23.01 UT (52.IN 160.6E H=42 km, M=5.0)
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Fig.3. An example of neutron splash before a strong earthquake.
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The search for the sources of the Earth's neutron field variations demonstrated (see Fig. 4)
that the strong variations of the neutron flux amplitude occur when the Earth traverses the IMF
sector boundaries (Kuzhevskij 2002). The resultant strong near-Earth neutron flux bursts are
featured with their simultaneous occurrences at different points of the globe. The mechanism of
the strong neutron bursts appears to be due to the electromagnetic striction effect.
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Fig.4. An example of neutron variations according to the days of IMF polarity changes.

On the other hand, a surprisingly strong correlation was found between the Earth passages across
the IMF sector boundaries and the large-magnitude earthquakes (see Fig. 5).
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Fig.5. A distribution of the number of strong earthquakes according the days of IMF polarity
changes.

In view of the above, the earthquake forecast quality will be even more improved by
supporting the observations of the Earth's neutron field to the observations of the Earth's
magnetic field. With that purpose, a reliable high-sensitive sensor of the constant and low-
frequency magnetic field components with acoustic pumping was designed (Kazantsev S.I.).

The following characteristics of the sensor were attained:
1 100 nTl sensitivity,
2 0-30 Hz frequency band,
3 no cooling,
4 non-hygroscopic,
5 some 1-2 W of consumed power.
Fig. 6 exemplifies recording the magnetic field with the sensor.
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Regional time of day

Fig.6. Diurnal variations of magnetic field of the Earth, measured of sensor in period from
28.06.03 till 04.07.03.
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56
INCLUSIVE SPECTRA OF REACTIONS

Fe(p,xp), (p,xa) MEASURED AT EP=29.9 MeV

Diiisebayev A., Ismailov K.M.
Institute of Nuclear Physics, Almaty, Kazakhstan

U20703378

Working out the pre-equilibrium decay mechanism in nuclear reactions, which reflects the
dynamics of the excited system formation and its evolution to the equilibrium state, remains an
actual problem of the nuclear reaction theory. The problem is largely connected with obtaining
the new experimental data on double-differential cross-sections in (p,xp), (p,xd) etc. reactions at
different proton energies. These reactions play an important role in the applied researches on safe
secure and wasteless nuclear power system creation (accelerator + sub critical reactor). In this
respect, there is a problem of determining the spatial and power distribution of the secondary
particles, generated not only during the transition of primary proton beam of target assembly and
neutron flow, but also more composite (2'3H, 3>4He) particles, which can be represent themselves
as initiators of the reactions by emitting neutrons.

The inclusive spectra of protons and a-particles emitted from proton induced reactions on
56Fe isotopes at Ep=29.9±0.2 MeV in angular ranges of 30-135° with the step of 15° were
measured on isochronous cyclotron U-150M of Institute of Nuclear Physics Republic of
Kazakhstan. Typically, intensities varied between 40 and 180 nA with a beam energy resolution
of 0.3%. The self-supporting isotopic enriched (95%) 2.7 mg/cm2 thick 56Fe foil was used in
these experiments.
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Fig.l. The design of the registration system

The two-detector telescope system (DE-E) registration of a-particles was used. The
thickness of silicon detectors was DE-30 microns and E-2000 microns, respectively. Solid angle
subtended by a telescope of detectors was equal to 0=2.72* 10'5 sr ±1%.

For registration and identification of protons the same two-detector telescope (AE-E) system
was used. It consisted of silicon surface-barrier ORTEC detector (500 micron) and a total
absorption Csl (Tl) (25 mm) scintillation detector. The solid angle subtended by a telescope of
detectors was equal to Q=2.59*10~5sr. Because of using such thick surface-barrier detector the
power spectrum of protons was measured within a short interval starting from Ep~l 1 MeV up to
~27 MeV.
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The spectrometer energy calibration was carried out on kinematics of levels of residual
nuclei in the reaction 12C(p,x) and with use of recoil protons emitted from polyethylene target.
The base calibration expresses the relation between the channel number in line spectra with the
lost energy in detector. We can find it by subtraction of the particle energy loss in target and
detectors from kinetic energy. The energy of the particle before it hits the telescope of detectors
is determined by using this base calibration and restoring losses in detector. After that, we define
the energy of the emitted particle by adding losses in target. The base calibration AExE is
approximated by a straight line and does not depend on any kind of fragments. The total energy
resolution of the spectrometer occurred to be 400 keV.

The experimental integral cross sections of reactions are shown in figures 2 and 3. We have
compared our results with cross sections of reactions 5 Fe(p ,xa) , (p,xp) at E p =29 and 39 MeV
obtained by Bertrand and Peelle [1]. There is no any isotopic difference in cross sections. The
energy range of integral spectrum for reaction 56Fe(p,xp) starts from 11 MeV and we think that
the soft part of it would have the same shape as for reaction on Fe.

Experimental partial cross-sections of reactions 56Fe(p,xcc), (p,xp) are given in table 1.

Table 1. Experimental partial cross sections (mb) of reactions (p,xcc), (p,xp)

>GFe
(p,xa)

(P>*P)

OER(MeV)
5-25
11-27

a(mb)
132.2±1.2

219.41±1.4
OER denotes outgoing energy range

Based on exciton model of pre-equilibrium decay [2] the spectra of multi-step direct (MSD)
and compound (MSC) processes for (p,xp), (p,xa) reaction on Fe were calculated (fig.2-3).
This code uses the Griffin exciton model [3] for pre-equilibrium nuclear reactions to describe the
emission of particles with mass numbers of 1 to 4 from an equilibrating composite nucleus. A
distinction is made between open and closed configurations in this system and between the
multi-step direct and multi-step compound components of the pre-equilibrium cross sections [4].
Additional MSD components are calculated semi-empirically to account for direct nucleon
transfer reactions and direct knock-out processes involving cluster degrees of freedom.
Evaporation from the equilibrated composite nucleus is included in the total MSC cross section.
Output of energy differential and double differential cross sections is provided for the first
particle emitted from the composite system. For that, there are additional subroutines in this
program, which use the total MSD (including direct) and total MSC (including evaporation)
cross sections to calculate the angular distributions for the emitted particles. This is done
phenomenologically [5].

The configuration (lpOh) was chosen to be initial. Single particle level density was
calculated as g=A/13. The Huizenga optical potential parameters [6] for a-particle channel and
the Becchetti-Greenlees parameters [7] for proton channel were used to generate reaction
transmission coefficients.
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Fig.2. Integral cross sections of reaction Fig.3. Integral cross sections of reaction
56Fe(p,xoc) at Ep=30 MeV

56Fe(p,xp) at Ep=30 MeV

From comparison of experimental and calculated integral spectra (fig.4) it follows that main
contribution in experimental cross section is due to MSD reaction mechanism. It is also shown
that evaporated part of cross-section is underestimated in framework of used version of exciton
model. This can be explained by the fact that used master equation approach gives only pre-
equilibrium part of MSC process, so the emission from complex equilibrium configuration of
composite system are not considered.

In addition we carried out the analysis of experimental cross-sections data of reaction
56Fe(p,xp) in accordance with the Hauser-Fechbach theory, while taking into account the multi-
particle emission of both single-charged (protons, neutrons) and double-charged fragments
(deuterons, a-particles), and also pursuant to the stringent quantum-mechanical theory (program
EMPIRE [8]). Thus, the contributions of statistical direct and compound processes for the
reaction (p,xp) were calculated. In all cases, the parameter of level density was determined by
Gilbert-Cameron parameterization [9].

The calculation results are shown in fig. 5. It is shown that the contribution of multi-particle
compound of the mechanism determines the emission of protons from 2,5 MeV up to 10 MeV,
and the contribution of multi-step direct process extends from 5 MeV up to the kinematics
threshold. The shape of (p,xp) reaction integral spectra is determined by the multi-step direct
processes. At the same time, the shape of spectra within the indicated theory that can be
connected to the contribution of single-step direct mechanisms, which are not taken into account
within this approach, is not to be described for reaction (p,xd).

The quantum-mechanical theory allows one to play back the shape of spectra and that of the
absolute cross-section for reaction (p,xp).
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Fig.4. Analysis of integral cross sections of Fig.5. Analysis of integral cross sections of
56reaction 5bFe(p,xa) at Ep=30 MeV in reaction D0Fe(p,xp) at Ep=30 MeV in strict

exciton model (Kalbach) quantum-mechanics theory

From the analysis of the results of the double differential inclusive cross-sections of reactions
56Fe(p,xp), (p,xcc) at Ep=29,9±0,15 MeV within the phenomenological exciton model of pre-
equilibrium decay and microscopic theory of MSD and MSC processes, it is well established that
the contribution of the multi-particle compound emission into cross-sections of reactions is
determined by protons with energies from 2,5 up to 10 MeV, and from 5 MeV up to the
kinematics limit in direct processes. The introduction of a-particles pre-formation calculations is
necessary for the adequate description of the experimental cross-sections of the reaction (p,xct).
It can be noted that the using of phenomenological and semi-microscopic approaches allows
adequate description of the experimental cross-sections of reactions (p,xp) and (p,xa).
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INAA STUDY OF U SORPTION FROM TECHNOLOGICAL
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Extraction of U from technological solution excludes a loss of valuable metal and pollution of
the environment by heavy and radioactive element. For the purpose, nontraditional method of
extraction using capacity of the microorganism cells to accumulate metal ions (cation) has been
applied1"3.

Aim of this work is to study of U sorption from technological solutions by different
microorganisms and to search more effective biosorbents among microorganisms- actinomycetes,
fungal culture (Acremonium, Aspergillus) by using INAA.

INAA is more available and cheap method for us. Also, it has high enough sensitivity and allows
one to avoid exposing the bacteria to radioactive metals. Atomic absorptive analyzer is more
suitable for the determination of impurities in solutions, but it is expensive and not available for us.

Actinomycetes were reproduced on starch-ammoniac agar medium: NaNO3 - lg,
actinomycetes MgSO4 - lg, K2HPO4-lg, starch -lOg, agar -20g, distilled water - 1000ml, pH =
6.8 - 7.0 on horizontal shaker (180rpm) at temperatures of 28-30°C for 1-3 days.

Fungi were reproduced on liquid medium: NaNO3 - 2g, K2HPO4-lg, KC1 - 0.5g, MgSO4 -
0.5g, FeSO4 - 0.0lg, saccharose -20.0g, tap water -1000ml, pH = 7.0-7.2 on horizontal shaker
(180rpm) at temperatures of 28-30°C for 1-3, days.

After reproduction strains actinomycetes and fungi were separated by centrifuging (6000rpm)
and washed many times by distilled water.

Strains of actinomycetes and fungi (lg of each) were placed in 1 litre of the U technological
solution (70.0 mg/1) and mixed on horizontal shaker (180rpm). Interaction between strains and
solution lasted 5, 10, 15, 30 and 60 min. After interaction the content of U not sorbed by strains
(residual content) was measured from the over-sedimentary solution (decantate).

1 -ml solution (decantate) was dropped on strip of ash-free filter paper. The strips (samples) were
dried, wrapped in the aluminum packets and placed in a container for irradiation in nuclear reactor.

The U samples were irradiated for 5 at the fission neutron flux density of 5.3-1013 cm'V1. After
irradiation and cooling (2-3 days) spectra of samples were measured with using HPGE coaxial
gamma ray detector (with resolution of 1.8 keV at 1332.5 keV 60Co), charge sensitive preamplifier,
multichannel analyser DSA 1000 with Genie 2000software.

The U content was calculated from the gamma-line (228.2 keV, 277.8 keV) intensities of
radionuclide 239Np4-6.

The values of U sorption from the solution by different strains of actinomycetes are shown in
Table 1. It follows from Table 1 that all the strains absorb U from solutions to different extent.
There are two of 9 strains which absorbed more effectively.
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Table 1. U sorption by different strains of actinomycetes from species Streptomyces.

N° Number of Biosorption,
strain %

Number of Biosorption,
strain %

1
2
3
4
5

67
82
140
3-6

4-11

98.9
27.8
99.5
38.8
52.2

6
7
8
9

4-9
4-14
4-15
4-16

48.2
26.6
51.0
46.8

The values of U sorption from the solution by different strains microscopical fungi from species
Acpergillus niger are shown in Table 2. It follows from Table 2 that all the strains very poorly
absorb U from solutions.

Table 2. U sorption from technological solution by microscopical fungi from species
Acpergillus niger.

N°

1
2
3
4
5
6
7

Strain

2
40
7
14
9

138
110

Residual
content, mg/1

58.5 ±0.5
48.9 ±0.7
48.8 ±0.7
44.8 ± 0.7
46.2 ± 0.7
37.2 ±0.5
47.1 ±0.7

Sorption, %

16.4
30.1
30.3
36.0
34.0
46.8
32.7

The values of U sorption from the solution by different strains microscopical fungi from species
Acremonium are shown in Table 3. It follows from Table 3 there is one of 15 strains which absorbed
effectively.

Table 3. U sorption from technological solution by microscopical fungi from species
Acremonium.

N5

1
2
3
4
5
6
7
8

Strain

201
196
200
199
193
212
194
210

Residual
content, mg/1

48.5 ±0.7
40.2 ±0.5
53.0 ±0.8

. 54.5 ±0.8
38.1 ±0.5
46.6 ±0.7
58.8 ±0.5
52.0 ±0.6

Sorption,
%

30.7
42.6
24.3
22.1
45.6
33.4
16.0
25.7

No

9
10
11
12
13
14
15

Strain

211
219
215
203
205
219
197

Residual
content, mg/1

34.3 ±0.6
46.1 ±0.7
13.0 ±0.3
39.4 ±0.8
62.8 ± 0.9
61.7 ±0.4
61.0±0.6

Sorption,
%

51.0
34.1
81.4
43.7
10.3
11.8
12.8

Additional studies were carried out with strain of actinomycetes labeled 140 and strain
Acremonium labeled sp 215.
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Dependence of U sorption by strain Acremonium sp 215 on the reproduction period is shown in
Table 4. There is no direct relation between these values. There may be such dependence for a
reproduction time less than 1 day, but such study was not carried out.

Table 4. U sorption dependence on the age of culture for Acremonium sp 215.

l
2
3

Age of culture, hour
24
48
72

Sorption, %
97.6 + 0.4
97.9 ± 1.0
97.7 + 1.4

The interaction between biomass and solution lasted for 5, 10, 15, 30 and 60 min. U sorption
dependence on the interaction time for strains is shown in Figure 1. It is obvious that full saturation
of the biomass with U from the solution took place in 15 min.

120-i

100-

80-

60-o

§• 40
CO

20-I

15 30 45
Time, min
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Fig. 1. Dependence U sorption on the interaction time for Actinomycetes sp 140 (B) and
Acremonium sp 215 (*-)

The process of U biosorption was studied in a wide range of pH from 2.3 to 10.2.
Dependence of U sorption on pH for strains is shown in figure 2. Sorption of U achieves 90-100 %
for pH from 5.9 to 10.2.
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Fig.2. Dependence of U sorption on pH for Actinomycetes sp 140 (H) and Acremonium sp 215

(X)
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Dependence of U sorption by strains Actinomycetes sp 140 and Acremonium sp 215 on the
solution temperature is shown in figure 3. Obviously, the U sorption at temperatures from 20 ° C to
65 ° C achieves its maximal value and decreases at temperatures higher than 65 ° C and lower than
20 °C.
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Fig. 3. Dependence of U sorption on the solution temperature for Actinomycetes sp 140
and Acremonium sp 215 (*)

Uncertainty in the U determination (relative standard deviation) was 2-3 %.
It is shown that the most effective sorbents of U from technological solutions are some strains of

actinomycetes (98,0%) and microscopical fungi Acremonium splO (98, 3%). The optimal
temperature of the solution was from 23.5° to 42.0 ° and optimal pH was 8,3. After the full study
these microorganisms can be applied for extraction of U from technological solutions and for water
purification from heavy and radioactive U.
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KINETIC STUDIES OF URANYL ION ADSORPTION ON ACRYLONTTRILE
(AN)/ POLYETHYLENE GLYCOL (PEG) INTERPENETRATING NETWORKS

(IPN)

G.A., Gurellier R.
Turkish Atomic Energy Authority, Ankara, Turkey UZ0703380

ABSTRACT
The kinetics of the adsorption of uranyl ions on amidoximated acrylonitrile (AN) / polyethylene

glycol (PEG) interpenetrating network (IPNS) from aqueous solutions was studied as a function of
time and temperature. Adsorption analyses were performed for definite uranyl ion concentrations of
lxlO"2m and at four different temperatures as 290K, 298K, 308K and 318K. Adsorption time was
increased from zero to 48 hours. Adsorption capacities of uranyl ions by PEG/AN IPNS were
determined by gamma spectrometer. The results indicate that adsorption capacity increases linearly
with increasing temperature. The max adsorption capacity was found as 602 mgu/g IPN at 308K.
Adsorption rate was evaluated from the curve plotted of adsorption capacity versus time, for each
temperature. Rate constants for uranyl ions adsorption on amidoximated ipns were calculated for
290K, 298K, 308K and 318K at the solution concentration of lxlO~2m. The results showed that as
the temperature increases the rate constant increases exponentially too. The mean activation energy
of uranyl ions adsorption was found as 34,6 kJ/mole by using arrhenius equation.

INTRODUCTION
Adsorption is an effective and convenient technique in the separation of elements. The greatest

advantage of adsorption is the possibility of separating of all amounts of substances from a very
large volume of solution. Uranium adsorption from aqueous systems on various adsorbents is
important from the purification, environmental and radioactive waste disposal viewpoints. The
adsorption of uranyl ions on inorganic and organic adsorbents from wastewater and seawater has
been studied by numerous scientists (1-14). Many types of organic adsorbents containing various
functional groups were synthesized and used for highly selective and of high capacity
removal/recovery for uranyl ions. Chelating resins, which were studied for the recovery of uranium
from waste-and seawaters, has become increasingly more important in recent years. The polymers
containing amidoxime groups are one of the most used chelating systems. Amidoxime groups have a
selective behaviour toward uranyl ions, forming a chelate with uranyl ions. Although interests in the
adsorption of uranyl ions onto polymeric and copolymeric adsorbents containing amidoxime
functional groups has increased manifold in recent years (15-18), none of them addressed adsorption
kinetics.

Interpenetrating networks consisting of poly ethylene glycol (PEG) and acrylonitrile (AN) were
prepared, characterized and adsorption capacities of these amidoximated IPNs were investigated in
our previous work (18).

In this study the adsorption kinetics of uranyl ions from aqueous solutions on AN/PEG IPN has
been studied. The effects of concentration of uranyl ions, contact time and temperature on the
adsorption were investigated. Experimental data were used to determine the degree and rate
constants of adsorption reaction for 290K, 298K, 308K and 318K at the solution concentration of
1x10 2m. Activation energy was also calculated consecutively.
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EXPERIMENTAL
Preparation oflPNs: IPNs were obtained by mixing PEG (35000) and AN in ratio of lg of PEG

/ 3ml of AN, and the solutions were placed in glass tubes (10mm outer-diameter, 8,3mm inner
diameter). Then the solutions were irradiated in Co-60 gamma source under 2,09 kGy/h dose rate,
totally 14,1 kGy doses. This is the dose value required for maximum IPN formation (18). After
formation IPNs were cut into pieces 16-20 mesh of chips. These chips were used in amidoximation
and adsorption procedures.

Amidoximation of IPNs: In order to change CN groups of PEG/AN IPNs into amidoxime
(HONCNH2) groups, 16-20 mesh of IPNs at a molar ratio of NH2/CN=1,5 were immersed into
deionised water for 24 hours and then mixed with neutralized hydroxylamine solution by using 120
rpm of rotary evaporator at 338K for 3,5 hours. The amidoximated IPNs were put into deionised
water for 24 hours and then dried at 313K to constant mass. The degree of amidoximation ratio was
investigated by FTIR spectrometer of amidoximated and non-amidoximated IPN chips formed into
discs by using KBr.

Adsorption of uranyl ions on amidoximated IPNs: Certain amounts of amidoximated IPNs
(about 10 mg) put into 20 ml of 0,01 M uranyl nitrate solution at four different temperatures (290K,
298K, 308K and 318K) for a known period of time for adsorption kinetics. After adsorption, the
adsorbent was separated by decantation, rinsed with deionised water and dried at 313K to constant
mass. The amount of adsorbed uranium to the IPNs was determined by gamma measurements by
using peak areas determined for 63,3 and 92,5 keV energies of uranium.

RESULTS AND DISCUSSION
Amidoximation of IPNs: By examining the FTIR spectra of amidoximated and non-

amidoximated IPNs the characteristic stretching bands of CsN, C=N, N-O, OH" and N-H groups, it
was realized that the amidoximation reaction was achieved but the conversion was not entirely
completed.

Optimum mass determination: The effect of IPNs mass on the adsorption of uranyl ions was
presented in Fig.l. As it can be seen, the amount of adsorbed uranium decreased with increasing
mass of IPNs. The adsorption of uranium (mgU/g IPNs) reached maximum reasonable value at
about 10 mg of IPNs mass. As a result, 10 mg of IPNs and 20ml of 0,01M uranyl nitrate solution
were used in adsorption kinetics studies.

Adsorption of uranyl ions on amidoximated IPNs: In order to characterize the binding
mechanism, FTIR spectra of AN/PEG IPN before and after the uranyl ion adsorption were analysed,
Fig.2. When FTIR spectra of uranyl ion adsorbed and not adsorbed IPNs are compared, as can be
seen from the difference FTIR spectra and known the literature, the adsorption can be well realized.

Adsorption kinetics of uranyl ions on amidoximated IPNs: Amidoximated IPNs, contacted with
uranyl ions in periods changed from 2 minutes to 48 hours at different temperature, were analysed
by gamma spectrometric methods.

The studies of the effect of contact time on the adsorption of uranyl ions showed an increase in
the amount of adsorbed uranyl ions with increasing the contact time which reaches plateau, as seen
in Fig.3. It was shown that the half times for the adsorption curves were about 240 minutes. The
adsorption of uranium reached a considerable value almost first two hours after mixing and then it
remains almost constant after 1500 minutes.

By increasing the temperature, the amount of adsorbed uranyl ions increased per unit weight of
IPNs, and reached a plateau. The period of reaching to the plateau is independent from the
temperature and the adsorption reached to maximum value (plateau) almost after 24 hours at all four
temperatures. This indicates that the rate of uptake of uranyl ions increases with increasing
temperature. Therefore, the increasing rate of adsorption (Aq/At) follows a linear way without
temperature dependence. Plot of adsorbed uranyl ions (q mgU/glPN) versus for different
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temperatures was shown in Fig.4. The maximum adsorption capacity of IPNs (q) obtained in this
work was found to be 421 mgU/glPNs at 298K. The adsorption of uranyl ion solution onto IPNs
was carried out in a thermostated bath with and without shaking at 298K. The maximum uranyl ion
adsorption capacity of IPNs was found higher in shaking bath than in stagnant bath, due to
transportation of solute in the solution is usually rapid because of mixing. However, the adsorption
of uranyl ion in shaking bath increases in parallel with the adsorption in stagnant bath within first 24
hours. After 24 hour the rate of adsorption increased much higher in shaking bath than in stagnant
bath. That may be because of the desorption of uranyl ions in stagnant bath after a certain period.
Adsorption rate: The plots of q (mgU/glPNs) for different adsorption periods are shown in Fig.3.
As it is seen, the experimental points are almost on the straight lines until 240 minutes. Because the
rate of uranyl ion adsorption by IPN tends to follow zero order rate reaction, the adsorption rate was
equal to the adsorption rate constants. Therefore, the adsorption rate constants were found easily to
be 0,2952; 0,3966; 0,6347; 1,03 min"1 at 290K, 298K, 308K and 318K respectively.
The activation energy (Ea) of uranyl ions adsorption on IPN, calculated using the Arrhenius equation
by plotting rate constant in logarithmic scale (Ink) versus 1/T K degrees temperatures, was found to
be 34,6 kJ/mole.
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Fig.l. The adsorption of uranyl ion (mgU/g IPNs) on different mass of IPNs.
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Fig.2. FTIR spectra of amidoximated IPNs (a) before, (b) and after the uranyl ion adsorption
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RADIOLOGICAL EFFECTS OF YATAGAN
COAL-FCRED POWER PLANT

Barlas F., Biike T.
Mugla University, Mugla, Turkey UZ070338T

ABSTRACT
Radiation dose calculations and limit radiation dose calculations have been carried out by the

code CAP88-PC around the Yatagan coal-fired power plant environment by using the result of
previous studies about maximum measured gross alpha activity in the flying ash samples as
radioactive sources.

A modified Gaussian plume equation is used to estimate the average dispersion of radionuclides
released from up to six emitting sources. The sources may be either elevated stacks or uniform area
sources. Assessments are done for a circular grid of distances and directions for a radius up to 80
kilometers, 16 wind sectors and 20 mesh distances around the facility in calculations.

The limit doses obtained from the calculations and their radiological effects have been
interpreted. Finally the effects of various radionuclides have been carried out and their results have
been compared with each other.

INTRODUCTION
In recent years, to meet the national electrical energy need, coal-fired power plants have been

established in increasing number, in our country. One of the earliest coal-fired power plants in
Turkey, Yatagan with capacity of 3><210 MW is located in Mugla province to produce electricity
since an important part of lignite reserve of Turkey can be found in this region [1]. Lignite, like
most materials found in nature, contains trace quantities of.naturally occurring radionuclides.
Lignite in Mugla province contains some uranium as all lignite does. On the other hand lignite with
low quality contains high uranium concentration.

In the production process of electrical power, lignite is burned, uranium and certain radioactive
elements become concentrated and enriched in the ash. While the well-burned ash goes to the plant
chimney, the other called slag ashen, is not burned perfectly and is dropping in the furnace chamber
floor. The escaped flaying ash is released to the atmosphere, depending on the efficiency of the
plants emission control equipment. The major potential path way which might result in increased
radiation doses to humans from coal-fired power plant emission are inhalation flying ash, ingestion
of food grown in contaminated soil or direct radiation exposure from the increased deposited
radioactivity [2,3].

In this study, radiation dose calculations and limit radiation dose calculations have been carried
out by the code CAP88-PC around the Yatagan coal-fired power plant (YPP) environment by using
the results of previous studies about maximum measured gross alpha activity in the flying ash
samples as radioactive sources[4,5]. A modified Gaussian plume equation is used to estimate the
average dispersion of radionuclides released from up to six emitting sources. The sources may be
either elevated stacks or uniform area sources. Pasquill conditions were based on the local weather
conditions and topography. The meteorological data obtained for Yatagan from Turkish State
Meteorological Services [6] were processed to find wind frequencies. The population distribution
around the plant is obtained from Turkish State Institute of Statistics [7] according to the last census.
Assessments are done for a circular grid of distances and directions for a radius up to 80 kilometers,
16 wind sectors and 20 mesh distances around the facility in calculations.
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The limit doses obtained from the calculations and their radiological effects of various
radionuclides have been carried out and their results have been compared with each other.

DOSE CALCULATIONS
Radiation dose and risk calculations have been carried out by the code CAP88-PC around the

plant environment by using the estimated gross alpha activity in the flying ash samples as a
radioactive source. The CAP88-PC ( which stands for Clean Air Act Assessment Package-1988 )
computer model is a set of computer programs, databases and associated utility programs for
estimation dose and risk from radionuclide emission to air.

It uses a modified Gaussian plume equation to estimate the average dispersion of radionuclides
released from up to six sources. The sources may be either elevated stacks, such as a smoke stack, or
uniform area sources, such as a pile of uranium mill tailings. Plume rise can be calculated assuming
either a momentum or buoyancy-driven plume. Assessments are done for a circular grid of distances
and directions with a radius of 80 kilometers around the facility.

The program computes radionuclide concentrations in air, rates of deposition on ground
surfaces, concentrations in food and intake rates to people from ingestion of food produced in the
assessment area. Estimates of the radionuclide concentrations in produce, leafy vegetables, milk
and meat consumed by humans are made by coupling the output of the atmospheric transport
models. Agricultural arrays of milk cattle, beef cattle and agricultural crop area are generated
automatically, requiring the user to supply only the agricultural productivity values.

Dose and risk are estimated by combining the inhalation and ingestion intake rates, air and
ground surface concentrations with the dose and risk conversion factors used in CAP88. The
effective dose equivalent is calculated using the weighting factors in International Commission of
Radiation Protection (ICRP) Publication 26 [8].

The calculated maximum effective dose equivalent rate around the YPP is 0.0064 mSv/y for 653
Bq/kg which is the maximum measured gross alpha-activity in flying ash and it is assumed that the
source of the alpha-activity comes from 90% U complex chain and 10% 232Th in total [5]. This
value does not any risk for public health around the plant environment [9-11].

In this study limit radiation dose values and radionuclide effects have been tried to find out for
the YPP environment.

In the first part of the study it is assumed that the nuclide inventories contain the same
percentage of isotopes in the nuclide release rate and it is also assumed that only alpha radioactive
isotopes are considered in both complex chains. And the previous studies have been taken as a
reference and the measured gross alpha-activities have been increased periodically up to the
calculated maximum effective dose equivalent rate is 5mSv/y at any point of the YPP environment.

In the second part of the study 232Th concentration is ignored because of its lack amount in total
also the half life of 232Th is much more greater than that of 238U so only the effects of 238U is
discussed in this part.

Plume rise is calculated by using the momentum plume model since ash emission velocity at the
chimney exit is known. An average lid for the assessment area is provided as a part of the input data.
The agricultural data like beef cattle density, milk cattle density and land fraction cultivated for
vegetable crop and others input to the code for Yatagan to the dispersion data to estimate the uptake
of emitted radionuclides into the food chain.

The meteorological data obtained from Turkish State Meteorological Service for Yatagan region
is processed to find out the stability array file consists of 4 different wind frequencies, one for each
of the 16 wind directions on 6 Pasquill stability categories. 16 records are entered for each Pasquill
stability category and wind frequencies.

The program uses a population file for dose calculations. This file contains the location
description, latitude, and longitude of the facility, the number of distances and population for each
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distance according to 16 wind directions in counterclockwise order starting with north and 20
distances are used for each wind directions. The distances are edge points of each sector and are
entered in the population file in kilometers.

The population distribution file is prepared around the plant for 20 distances of each wind
direction and this file is used in dose calculation. The main input data used in radiation dose
calculations are given in Table-1 [6,12,13].

CONCLUSION
In this study limit radiation dose calculations which have harmful health effects on people

around YPP have been tried to obtain by using CAP88-PC computer code.
Calculated effective dose equivalent rate values for radionuclides 90 % 238U, 10 % 232Th around

YPP environment are given in Table 2. It is seen that the maximum effective dose equivalent rate is
5.02 mSv/y for the estimated gross alpha-activity in flying ash 515814 Bq/kg. This activity is
approximately 800 times greater than the measured maximum reference value.

In the second part of the study the same emission has been used for calculating the effective dose
equivalent rate values including only 238U radionuclide and pathways effect around the YPP
environment as seen in Table3. It is seen that this time the maximum effective dose equivalent rate
reduces to 4.00 mSv/y.

As a consequence Uranium and Thorium in lignite accumulated in humans may cause major
hazard. Since the radioactivity in lignite can be change in depend of its quality so it is necessary and
important to make radioactivity measurements in the ash samples of YPP regularly.

Table 1. Main Input data

Item

Grid distances, ( m )

Meteorological Data
Annual precipitation in Yatagan, [cm/y]
Annual ambient temperature in Yatagan, [°C]
Height of lid, [m]
Source Data
Source type
Number of source
Agricultural Data
Beef cattle density, [#/km2 ]
Milk cattle density, [#/km2 ]
Land fraction cultivated for vegetable crops
Other Data
Chimney height, [m]
Chimney inner diameter at the exit, [m]
Ash emission velocity at the chimney exit, [m/s]
Plant loading factor
Estimated gross alpha-activity
in flying ash, [Bq/kg]
Radionuclide list in the escaping ash
Human inhalation rate, [cm3/hr]

Values
1800, 3650, 3850, 4800, 5800, 6750
7600, 8300, 8950, 9300, 10000, 10700
11800, 12700, 13000,14300, 15500
16300,17200, 21000

52.71
16.78
620

Stack
1

1.401*10'2

3.889*10"3

5.173*10"3

120
3.6
2.5
75%

515814
90%238U, 10%232Th
9.17xl05
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Table 2. Effective dose equivalent rate for 90% 238U and 10% 232Th (in mSv/y) around YPP
environment

Distance
(km)
1.80
3.65
3.85
4.80
5.80
6.75
7.60
8.30
8.95
9.30
10.00
10.70
11.80
12.70
13.00
14.30
15.50
16.30
17.20
21.00

N

000
0.00
0.00
0.00
0.00
0.14
0.00
0.00
0.00
0.00
0.00
0.11
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

NNW

0.00
0.82
0.00
0.00
0.00
0.58
0.00
0.00
0.00
0.00
0.43
0.00
0.00
0.00
0.00
0.30
0.00
0.00
0.00
0.00

NW

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.64
0.00
0.00
0.00
0.49
0.46
0.00
0.00
0.00
0.35
0.33
0.00

WNW

0.00
0.00
0.00
0.00
0.00
0.00
1.30
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.58
0.00
0.00

w
1.60
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.45
0.00
0.00
0.00
0.00

wsw
0.00
0.00
0.00
1.50
0.00
0.00
0.00
0.00
0.84
0.81
0.00
0.70
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

sw
0.00
0.00
0.00
0.00
1.30
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ssw
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

s
0.00
0.00
0.00
3.10
0.00
0.00
2.10
0.00
0.00
0.00
0.00
1.50
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

SSE

0.00
0.00
0.00
5.02
0.00
0.00
0.00
3.20
0.00
2.90
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

SE

0.00
0.00
0.00
0.00
0.00
000
0.00
0.00
0.00
1.30
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ESE

0.00
0.00
0.00
0.00
0.00
3.20
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0 00
0.00
0.00
0.00

E

0.00
1.20
0.00
1.10
0.00
0.95
0.00
0.00
0.00
0.00
0.00
0.69
0.00
0.00
0.57
0.52
0.48
0.00
0.00
0.00

ENE

000
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.62
0.00
0.00
0.00
0.00
0.00
0.37

NE

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.29
0.00
0.00
0.00
0.00
0.00
0.00
0.20
0.00
0.18
0.17
0.00
0.14

NNE

0.00
0.00
0.00
0.00
0.00
0.23
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Table 3. Effective dose equivalent rate for 238U (in mSv/y ) around YPP environment

Distance
(km)
1.80
3.65
3.85
4.80
5.80
6.75
7.60
8.30
8.95
9.30
10.00
10.70
11.80
12.70
13.00
14.30
15.50
16.30
17.20
21.00

N

0.00
0.00
0.00
0.00
0.00
0.12
0.00
0.00
0.00
0.00
0.00
0.096
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

NNW

0.00
0.66
0.00
0.00
0.00
0.47
0.00
0.00
0.00
0.00
0.35
0.00
0.00
0.00
0.00
0.25
0.00
0.00
0.00
0.00

NW

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.52
0.00
0.00
0.00
0.40
0.37
0.00
0.00
0.00
0.29
0.27
0.00

WNW

0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.47
0.00
0.00

w
1.20
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.37
0.00
0.00
0.00
0.00

wsw
0.00
0.00
0.00
1.20
0.00
0.00
0.00
0.00
0.67
0.65
0.00
0.56
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

sw
0.00
0.00
0.00
0.00
1.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ssw
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

s
0.00
0.00
0.00
2.40
0.00
0.00
2.10
0.00
0.00
0.00
0.00
1.20
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

SSE

0.00
0.00
0.00
4.00
0.00
0.00
0.00
2.50
0.00
2.30
0.00
0.00

LO.OO

0.00
0.00
0.00
0.00
0.00
0.00
0.00

SE

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.10
0.00
0.00
0.83
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ESE

0.00
0.00
0.00
0.00
0.00
2.50
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

E

0.00
0.94
0.00
0.87
0.00
0.76
0.00
0.00
0.00
0.00
0.00
0.56
0.00
0.00
0.46
0.42
0.39
0.00
0.00
0.00

ENE

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.50
0.00
0.00
0.00
0.00
0.00
0.30

NE

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.24
0.00
0.00
0.00
0.00
0.00
0.00
0.17 j

0.00
0.15
0.15
0.00
0.12

NNE

0.00
0.00
0.00
0.00
0.00
0.19
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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UZ0703382

RESEARCH OF AN ELEMENT EXCHANGE IN SYSTEM "SOIL - WATER" BY
THE ACTIVATION ANALYSIS METHOD

Zhumamuratov M.A., Zhumamuratov A., Khatamov Sh., Osinskaya N.S.,
Rakhmanova T.P., Suvanov M.

Institute of Nuclear Physics, Tashkent, Uzbekistan

Universal salinity of soil in Aral-zone, the adverse ameliorative condition of existing irrigating
systems strongly affects quality of irrigation waters. On the other hand questions of washing salted
soil in the certain degree demand studying dynamics of change of element structure soil at
interaction with waters.

Therefore we have studied dynamics of change more than 12 chemical elements in soils a
various degree salinity (soil are selected in Republic Karakalpakstan) at washing with distilled water
in laboratory conditions and in natural conditions (in field experiences) at showering of soil with
irrigational channels water for an establishment of a mobile part.

For an establishment of the dissolved part of chemical elements in soils prepared a series parallel
sheds on 500 g (2-3 repeatability). Then 2-3 parallel sheds mixed with distilled water in volume on
500 ml. Through the certain time intervals the received mix has filtered through a filtering paper.
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As an example in figure dynamics of change of elements Na, Ca, Ba in soil and distilled water is
resulted. It is visible, that at the first o'clock of contact a soil with water up to 20 % Na, 20-22 % Ca,
and 40 % Ba pass in water. Further occurs of sorption elements of soil, and process of washing away
of elements goes in the opposite direction.

Extraction of alkaline ground elements identical each other. Process of sorption of elements Na,
Ca, Cs, Ba and Rb, (fig. 1) of soil after 1-2 hours contact under the identical circuit, apparently is
connected to affinity of their physical and chemical properties, especially affinity of their ionic
radius.

For elements of group of iron (Fe and Co) process of extraction water and return sorption soil
differ a little. In this case we can see that return cop6iH«i Co and Fe soil begin after 10 hour
contacts. The given process is probably connected to the form of migration of these elements, hence
and ionic radiuses.

Process of extraction and sorption Br water and soil is similar with elements of group of iron.
It is interesting the legitimacy of extraction of rare-earth elements (REE) (Sm, Yb) water and

sorption their soil. In this case up to 40 % REE from soil extract water further occurs sorption their
soil. Practical 80-100 % these of elements back sorbs clay substances of soil.

Besides affinity of physical and chemical properties of REE are determined accordingly by
processes of extraction and sorption their water and soil.

Sc

1hour 10hour 24hour
t
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Fig.l. Dynamics of change of chemical elements after contact of soil to water:
'' ¥ is the dissolved part of elements in water; T is the residual contents of elements in soil.

Process of extraction and sorption of scandium considerably differs from REE, but the elements
on physical and chemical properties are close REE. From figure it is visible, that scandium
practically not extract within water. In water passes no more than 10-15 % Sc, which in due course
back (up to 100 %) sorbs within soil. Such behavior Sc as strong KOMrnieKcoo6pa3OBaTejis,
apparently, is connected to organic substances. The given assumption is confirmed in works
published a little bit earlier other authors [1].

The data received by us about extraction of 15 chemical elements from soil Kara-Kalpak and
them sorption soil (back) are important in scientific - practical aspect in agro chemistry and
hydrochemistry as gives the basis on revision of washout salts from soil.

In works [2, 3, 4] it has been shown, that at transition of river and channel waters there is up to
1.3-50.0 times a pollution irrigation channels waters practically all chemical elements. The
researches lead by us on extraction chemical elements water and sorption of soil once again prove
their opposites, that in conditions strong salinity of soil many chemical elements are not only in
difficultly soluble condition, but also in soluble.

For the lack of the data on other elements we could not capture weight a spectrum of chemical
elements.

Further the given question will be investigated by us and attempt to connect behaviors of
everyone or group of chemical elements with their physical and chemical properties will be made.
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UZ0703383

MICROELEMENTS CONTAINING IN ROCK
OF THE ARAL REGION. AGROCHEMICAL PROBLEMS.

Zhumamuratov A.
Institute of Nuclear Physics, Tashkent, Uzbekistan

Lately chemization of agriculture has been done not only by mineral nitrification and pesticides
but also by melioration with rocks and industrial waste [1,2]. However, increase in soil fertility and
the related efficiency of production requires systematic control and analysis of the chemization so as
not to disturb the existing balance in ecosystem. The experiment on bringing mountion rocks up
30ton/hecttar in soil shows that the rocks has variable element contents (up a few orders of value)
[2,3] and under this condition the soil may be poisoned with undesirable toxic elements.

This, it becomes actual to analyse the total element contents of soil and the inserted meliorants
(rocks and other resources available in the region) used in agroculture production. Besides, the
obtained information about element contents of mountain rocks allows to solve not only
geochemical problems but also to evaluate soil formation process. Choose of a mountain rockhaving
soil. Lack of microelements in soil can be made up by fitting optimal doses of meliorants consisting
of mineral (NPK) and local fertilizers, mountain rocks or indusrtial waste.

On the territory of the South Aral at different depths of many chinks and paleogenic terrigenic
thicks being opened in hills of Krantau, Khoja-Kul, Beshtube, Khojeily and also in the South-East
Sultanuezdag, there are mountion rocks rich in not only macro- but also in microelements. Not
deeming into details of the formed agrogeochemical sutuation in The Aral area,in some cases it is
necessary to carry out urgent agrogeochemical intervention for improving the stae of the soils,
especially sour and enslaved. For this purpose we selected samples of rocks from Bozatau, Amu-
darja, Karauzyak, Nukus regions and the Lazarev island (the midst of the Aral sea), Beltau and
Sultanuezdag. The samles were dried till the steady state weight, milled till powder state (0,5-1
mesh), then an averaged schedule in the thermal column (channel) of the Reactor WWR-SM with
the flux of 5 1013 neutr/cm2s. Determining elements was carried out over short-, medium- and long-
living radionuclides [4]. The results of the analysis of several rocks are listed in Table 1 together
with values of CC [7] and mean arithmetic quantities of several elements in soil.

According to CC values, contents of chemical elements in soils varies on the scheme: Hg-Ag-
Se-Br-Yb-As-Hf-Sb-Ca-Zn-Au-Mo-Cr-Ce-U-Sc-Cl-Eu-Cu-Sr-La-Na-K-Ba-Co-Mn-Rb-Lu-Sm-Fe-
Ce-Ta-Ni-Tb. This descending row for the soils of Karakalpakstan characterizes in some degree
the biochemical mobility of chemical elements in ecosystem and shows, that the soils of the main
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cotton planting regions of Karakalpakstan are impowerished (CC<1) with K, Sc Cr, Mn, Co, Fe, Ni,
Cu, Rb, Sr, Cs, Ba, R (except Yb), Th and U. This statement is reliable when considering the
distribution of these elements over the whole Republics. CC>1 means technogenical pollution of the
cotton planted soil with Zn, Se, Br, Ag (CC=71), Sb As, Hf, Yb, Au, Hg. Such a situation is
probably related not only to domination cotton plant, but also to erosion of soil, because there are
traces of this process in many places. Significant accumulation of heavy metals in the soil (up to
70times of the dark) of several regions can be explained by their proximity to gold containing ores,
for examples Beltau and Sultanuezdag [5].

Let us analyze briefly microelement composition of the rocks and the soils of cotton planted
regions of Karakalpakstan.

Porlytay chalk. Microelement contents and the concentration coefficient (relating to the earth
crust dark) demonstrate its enrichment with Cl, Mn, Sr, and Yb and also (CC<1) Cu, Zn and REE.
On sum CCmean=l)27 the chalk is rich of microelements. A high concentration of Cl is propably due
to proximity to underground water and airsole pollution of the soils..

Sandstone. We studied Kozhakul caolin sandstone (Amu-Darja region) and that of the Lazar
island (the midst of the Aral Sea). The both are less rich of microelements than the chalk. The sum
element contents on CCm is 0,93 and 0,27 respectively. Caolin containing sandstone is rich in K
(CC>1) and Hf, and that of the Lazarev island is rich in Sr.

Bentonit. These soil forming rocks are rich in microelements (CCm<l) and occur in many
regions of Uzbecistan including Karakalpakstan. Maximal CCm=3,l are found for Sc, Cu, Zn, Sb.
Cs, Hf, U, As, Yb, Au and less (CCm<l) for Cl. Contents of Cr, K, La and Eu is on a dark level.

Clay. It has complex element composition and enriched with K, Sc, Cu, Zn, Sb, Cs, Eu, Hf, U,
Yb (CC>1). The concentration of these elements in the clay higher than both the dark of the earth
crust and that of the regional background (up 2 times for several elements). The concentration of As
is especially high, and thar of Na is close to the dark. Such a tendency occurs in the clays selected
in North regions of Karakalpakstan. The clays contion a low concentration of Mn, Ba, Ce, Sm, Tb,
La, Ta and several other elements. The value of CCm is 1.29 not taking into account the CCci.

Mixed ground is rich in Sc, Zn, Sb, Cs, La, Eu, Hf (CC>1). Concentrations of Th and U in it are
much less than the darks of the earth crust. The value of CCm is 1,44 including Cl and 1,12
concentrations however it is much higher than the mean contents in the regional soil.

Krantau glowconit contains a great deal K, P, Zn, As, Sb, Eu, Yb, Hf with the of CCm=l,65. So
it can be used as a meliorant for inserting into soil, especially in the cases of scarcity varies within
the limits of 2,0 - 7,7 wt.% and 80-180 mg/kg respectively. One can find Cl, Cu, Cs, La, Ce, U in
noticeable amounys. Not taking into consideration the CC of Cl polluting the region, the CCm=l,23
which is much higher than CC of the soil (CCm=l,33).

Phosphorites. There is deposit of phosphorites on the territory of Karakalpakstan, which contains
P2O5 up 40-45%, the mean arphmetic value is 27wt.%. Besides P, there is a gread amount of Mn
(Q=2342,0mg/kg), As (Q=l,4mg/kg), Sr (Q=506,0mg/kg), U (Q=14,2mg/kg) and REE. The phos
horites are very rich in microelements. Not traking into account P, the mean dark is 1,22.

Often after exploring soil for agriculture for a long time, when agrochemical standards are not
fulfilled, there occur exhaustion of the soil with main nutritious elements, change in pair elements'
ration and their associations, pollution with toxic metals, all resulting in crop's yield drop. That is
why the task to recover nutritious element composition of soils becomes omportant and actual. The
chalk, clay, bentonit, glowconit and phosphorit selected in Karakalpakstan are rich not only in
microelements, but also in P and K. The highest value of CC=3,1 is assighned to the bentonit of
Beltau and the Cm changes in the descending sequence: clay (1,29). chalk (1,27), glawconit (1,23),
phosphorit (1,22) mixed ground (1,12), sandy rock (0,93 and 0,27).
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HEALTH CONSEQUENCES OF IONIZING RADIATION EXPOSURE

Dalci D., Dorter G., Giiclii I.
Cekmece Nuclear Research and Training Center, Istanbul, Turkey

The increasing use of ionizing radiations all over the world induces an ever- increasing interest
of the professionals as well as of the whole society in health protection and the risk due to these
practices. Shortly after its discovery, it was recognized that ionizing radiation can have adverse
health effects and knowledge of its detrimental effects has accumulated. The fact that ionizing
radiation produces biological damage has been known for many years.In this article we examine the
types of health effects associated with large acute exposures and with low dose rate chronic
exposure. The biological effects of ionizing radiation to cell, tissue, organ and systems in humans
will be outlined.

INTRODUCTION
The interaction of ionizing radiation with human body, either from external sources (i.e. outside

the body) or from internal contamination of the body by radioactive substances, leads to biological
effects which may later show up as clinical symptoms. The nature and severity of these symptoms
and the time at which they appear depend on the amount of radiation absorbed and the rate at which
it is received.

Radiation Safety is concerned with cellular effects, which result in damage to crucial
reproductive structures such as the chromosomes and their components (e.g., genes, DNA, etc.).
Radiation interactions within the body produce microscopic subcellular-level effects that may result
in cellular responses and, in the aggregate, may ultimately produce macroscopically observable
effects on specific organs or tissues. Irradiation of biological tissue sets into motion a series of
intracellular biochemical events that start with ionization of a molecule, and which may ultimately
lead to cellular injury. Injury to a large number of cells may, in turn, lead to further injury to the
organ and to the organism. Many factors may modify the response of a living organism to a given
254 ,
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dose of radiation. Factors related to the dose include the dose rate, the energy and type of radiation
(Depending on the amount of ionization deposited along a unit length of track of radiation, LET),
and the temporal pattern of the exposure. The DNA is considered to be the primary target molecule
for radiation toxicity. Molecular damage, which includes damage to the DNA, can occur in one of
two ways from an exposure to radiation. First, radiation can interact directly with the DNA,
resulting in single or double-strand DNA breaks or bonding base pairs. Second, radiations can
interact directly with other surrounding molecules within or outside of the cell, such as water, to
produce free radicals and active oxygen species. These reactive molecules, in turn, interact with the
DNA and/or other molecules within the cell (membranes, mitochondria, lipids, proteins, etc.) to
produce a wide range of damage at the cellular and tissue levels of the organismf 1,2,4].

Cellular/Organ Radiosensitivity: The health consequences of radiation exposure depend on also
some biological factors which include species, age, sex, the portion of the body tissues exposed,
different radiosensitivity, and repair mechanisms. According to the Law of Bergonie and
Tribondeau, the sensitivity of cell lines is directly proportional to their mitotic rate and inversely
proportional to the degree of differentiation[2,3]. Cellular changes in susceptible cell types may
result in cell death; extensive cell death may produce irreversible damage to an organ or tissue, or
may result in the death of the individual. If the cells are adequately repaired and relatively normal
function is restored, the more subtle DNA alterations may also be expressed at a later time as
mutations and/or tumors. [4]

ACUTE RADIATION SYNDROMES (ARS)
Acute Effects: High doses of ionizing radiation can lead to various detrimental effects. In the

case of deterministic effects, a certain minimum dose, the threshold dose, must be exceed in order
for the effect to be expressed. An increase in the size of the dose above the threshold dose will
increase the severity of the effect.

The clinically observable results of acute overexposure are commonly referred to as Acute
Radiation Syndrome (ARS). This effect is seen only after whole-body exposures to relatively high
doses (>1.0 Gy) such as might occur in a serious nuclear accident. The four stages of ARS are
prodrome (or initial), latent stage, manifest illness stage and recovery or death. The prodromal phase
is characterized by nausea, vomiting, malasia and fatique, increased temperature and blood changes.
The latent stage is similar to an incubation period. The manifest illness stage gives rise to signs and
symptoms specially associated with the radiation injury, hair loss, fever, infection, hemorrhage,
severe diarrhea, prostration, disorientation, and cardiovascular collapse. The severity and time of
onset of the signs and symptoms depend upon the radiation dose received, with the time of onset
decreasing with increasing dose .

The clinical phase can be divided into four overlapping phases; A mild phase(0.5-l Gy),
Hematopoietic syndrome (1-8 Gy) characterized by deficiencies of White blood cells, lymphocytes
and plateletes with immunodeficiency, increased infectious complications, bleeding, anemia and
impaired wound healing: Gastrointestinal svndrome(8-30Gv). characterized by loss of cells lining
intestinal crypts and loss of mucosal barrier, with alterations in intestinal motility, fluid and
electrolyte loss with vomiting and diarrea, loss of normal intestinal bacteria, sepsis, and damage to
the intestinal microcirculation, along with the hematopoietic syndrome. Central nervous system
syndrome(>30 Gy) primarily associated with effects on the vasculature and resultant fluid shifts.
Signs and symptoms include vomiting and diarrhea within minutes of exposure, confusion,
disorientation, cerebral odeme, hypotension, and hyperpyrexia. Fatal in short time.

Without medical care, half of the people exposed to a whole body acute exposure of 3.5 Gy may
die within 60 days (LD50/60). Exposed individuals who survive acute whole body exposures may
also develop other delayed somatic effects such as epilation, cataracts, erythema, sterility and/or
cancers [8].
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STOCHASTIC EFFECTS
Acute exposures may lead to early or late effects which may be either stochastic or

deterministic. The immediate or acute effects described above are largely the result of the killing of
cells in some crucial population. Delayed or late effects are due to damage to cells that survive but
retain some legacy of the radiation damage. Hereditary (genetic) effects and cancer are called
stochastic effects. If this cell is a germ cell, it may result in a genetic mutation expressed in a future
generation. Hereditary effects from exposure to ionizing radiation have not been identified in
humans. If the cell damaged is a somatic cell, the consequence may be cancer in the individual
exposed. Increasing the radiation dose does not increase the severity of the effect in individual, it
simply increases the frequency or incidence of the effect in a population.[5,6]. The risk of stochastic
effects is the primary reason for limiting doses to both the public and radiation workers. For the
purposes of radiation protection, it is assumed that the probability of a stochastic effect increases
linearly as the dose increases and that there is no threshold dose. For this reason, a stochastic effect
is called a Linear or Zero-Threshold Dose-Response Effect. If there is no threshold dose then it is
considered that even small doses of radiation might cause cancer. It may be concluded that the
currently available epidemiological data (Hiroshima, Nagasaki, Chernobyl, the registries of nuclear
workers) provide no evidence of proven radiation carcinogenesis in the region of low doses (0-100
mSv). Although it is not yet possible to determine clinically whether a specific malignancy was
caused by radiation, radiation-induced tumours and leukemia have been detected and statistically
quantified by epidemiological studies of populations exposed to relatively high radiation doses The
induction of cancer is a chance ("stochastic") event unlike the induction of radiation sickness which
is completely predictable. Epidemiological evidence has consistently linked exposure to ionizing
radiation with increased rates of carcinogenesis in any organ in which cancer can occur. It is now
accepted that ionizing radiation can cause cancer in any organ which cancer occurs naturally. The
risk of cancer induction is assumed to be broadly proportional to the number of irradiated cells at
risk in a given organ or tissue, even though between species the evidence indicates that there is no
correlation with body size. Organs vary significantly in their susceptibility to cancer and in their
latent period before the onset of malignant transformation.

Stochastic effects can also be caused by many other factors, not only by radiation. Since
everybody is exposed to natural radiation, and to other factors, stochastic effects can arise in all of
us regardless of the type of work (working with radiation or not). Since there is no evidence of a
lower threshold for the appearance of Stochastic Effects, the prudent course is to ensure that all
radiation exposures follow a principle known as ALARA (As Low As Reasonable Achievable).
Probability of Stochastic Effects are for fatal cancer 5.0 % per Sv, non-fatal cancer 1.0 % per Sv.
Radiation-induced, solid cancers have a long latency period, generally >10 years [5,6,7] Leukaemia
and thyroid cancer in children can appear as soon as a few years after exposure.

RADIATION ACCIDENT AND EARLY DIAGNOSIS
Radiation accidents may be viewed as unusual exposure events which provide possible high

exposure to a few people and, in the case of nuclear plant events, low exposures to large
populations.Our understanding of the acute effects of total-body radiation is derived from analysis of
the clinical course of individuals exposed to radiation after the detonation of atomic bombs over
Japan and radiation accidents that have occurred throughout the world.

Most radiation injuries are "local" injuries, frequently involving the hands. These local injuries
seldom cause the classical signs and symptoms of the acute radiation syndrome.

Evaluation of specific signs and symptoms is required for triage of victims, selection of therapy
and determination of prognosis. Clinical observations, laboratory examinations and cytogenetics are
the main diagnostic methods used in cases of whole body exposure[8,9].
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CONCLUSIONS
The health effects related to ionizing radiation exposure can be result in immediate effects,

mainly to organs with rapidly dividing cells, which include the hematopoietic system,
gastrointestinal tract, and skin, or delayed effects such as cataracts and embryo/fetal development
problems. Carcinogenic effects also may occur in any number of organ systems. This end point may
not be expressed for several years after the initial exposure. Besides with epidemiologic studies, the
most fruitful approach to further understanding risk from exposure to ionizing radiation is through
molecular studies, including the identification of unique biomarkers and pathogenic pathways at the
cellular and tissue levels.

Table 1. Estimated threshold absorbed doses for deterministic effects after acute exposure

Exposure Health Effect
Temporary sterility
Nausea
Depression of blood cell forming process
Reversible skin effects
Permanent sterility
Vomiting
Temporary hair loss
Permanent sterility
Skin erythema

Organ
Testis

Bone marrow
Skin

Ovaries

Skin
Testis
Skin

Absorbed Dose (Gy)
0.15
0.35
0.5
2

2.5-6
3

3-5
3.5
5-6

Table2. Biological Effects of Short Term Radiation on Humans

Dose (Gy)
0-0.25

0.25-1.00

1.00-2.00
2.00-3.00
3.00-6.00

Above 6.00

Effect
No detectable injury or symptoms
Measurable transient blood changes
Temporary decrease in white blood cell count
Acute radiation sickness-nausea, vomiting, decrease in white blood cells
Vomiting, diarrhea, loss of appetite, listlessness, death in some cases.
Vomiting, diarrhea, hemorrhaging,deaths occurring in 50% of cases at 3.5 or above
without medical treatment
Eventual death in almost all cases

REFERENCES
1. Hall, Eric J, Radiobiology for the Radiologist, 3d ed, J.B. Lippincott Co., Philadelphia, 1988
2. Mettler, Fred A. and Robert D. Moseley, Jr., Medical Effects of Ionizing Radiation, Grune &

Stratton, Inc., Orlando,
3. Martin, A., and Harbison, S.A. An Introduction to Radiation Protection, 2nd ed. Chapman and

Hall, London, 1979
4. Hall EJ. Acute effects of total-body irradiation. In: Hall EJ, ed. Radiobiology for the Radiologist.

Philadelphia, PA: Lippincott Williams & Wilkins; 2000:124-135.
5. Radiation, BEIR V, National Academy Press, Washington, 1990
6. Committee on the Biological Effects of Ionizing Radiation, The Effects on Populations of

Exposure to Low Levels of Ionizing Radiation: 1980, National Academy Press, Washington,
1989

7. Recommendations of the International Commission on Radiological Protection, B.4, p. 106,
Annals of the ICRP, 1990

8. Diagnosis and Treatment of Radiation Injuries, Safety Report Series, No. 2, , IAEA, 1988.
9. The Radiological Accident in Istanbul, IAEA, 2000

257
Section III. Radiation ecology



Proceedings of the Third Eurasian Conference "Nuclear Science and its Application", October 5 - 8 , 2004.

RADIATION MONITORING OF SYR DARYA RIVER (II)
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5Djuraev A.A., 5Djuraev An.A.
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Institute of Nuclear Physics, Almaty, Kazakhstan
UZ0703385 Institute of Physics, Bishkek, Kyrgyzstan
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The article contains the results obtained during the radiation monitoring of Syr-Darya River,
which was conducted within the frames of international collaboration of Kazakhstan, Kyrgyzstan,
Tajikistan, Uzbekistan, and USA. The data on the nature of radionuclide distribution of uranium and
thorium rows in bottom and soil is presented. Reasons of formation of the observed dependence of
the obtained results on the distance from the source are discussed.

INTRODUCTION
In compliance with international agreement of the scientists of Central Asia, Kazakhstan, and

USA /I/, we are conducting a joint work on studying and monitoring the environment in the basins
of Syr-Darya and Amu Darya rivers.

During three expeditions the participating countries (Kazakhstan, Kyrgyzstan, Tajikistan, and
Uzbekistan) in 15 control sites on their territory has conducted field researches and has obtained
samples of the elements of the environment. Laboratory researches were carried out in Kazakhstan
and Uzbekistan.

Soon after beginning of work, the first results were published in the reports and international
conference materials 12-41. During the work 151 we presented the detailed analysis of water salinity
and alpha- and beta- activities of samples of the environment along Syr-Darya river. It was found
that salinity and alpha- and beta- activity of water have regular and same nature depending on the
distance from the source. Alpha- and beta-activity of bottom and costal soil have the same and
regular nature, however absolutely different from what we observed in the water samples. In one of
the works 151 we proposed reasons of formation of such patterns.

In the current work, data analysis of radionuclide composition of bottom and costal soil samples
along Syr-Darya River is presented.

EXPERIMENT TECHNIQUES
Radionuclide composition was determined in the same samples, which were used to determine

alpha- and beta-activity. We are reminding of locations of sampling sites on the geographical map
on Figure 1.
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Fig. 1. Geographical map of Syr-Darya river pool with sites of sampling indicated

Gamma-spectra were measured by means of germanium semi-conducting detector Selena in
volumetric geometry. Samples of soil and bottom were placed in Marinelli jar with the sizes of
D=85 mm and 105 mm and H=60 mm and 80 mm. Weight of samples in the jar was usually 0,3 -
0,5 kg. Nuclides of thorium and uranium radioactive rows and 40K were determined by gamma-
spectrometry. Exposition was usually 9-18 hours. Weight of samples, exposition time, and
background conditions of detector caused statistical error range in determining specific activities,
which is equal to 5-20%.

Analysis results are expressed in Becquerel in one weight unit of dry sample (Bq/kg).

RESULT ANALYSIS
Same as in the work 151 we analyzed average seasonal results for each sampling site. In most of

the sites three seasonal samplings were done. Unfortunately, technical difficulties did not allow us to
select samples in all the planned sites. In several locations some of the seasonal samplings were
omitted.

Table 1 shows specific activity of nuclides, which are in the radionuclide rows of uranium and
thorium rows. They are in radioactive balance between each other and identified in the samples of
costal soil.
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Table 1. Activity of radionuclides of uranium and thorium rows in soil samples.

Sample
site

KeO3
KgO5
KgO7
KgO8
KgO9
KglO
UzO4
Til3
Til5
Til4
Uz5
Uz6
KZ1
KZ2
KZ7
KZ8
KZ9
KZ10
KZ11
KZ12
KZ13
KZ14
KZ15

Distance
from
source,
km

250
350
600
650
700
750
800
1000
1150
1100
1200
1300
1350
1450
1750
1850
1950
2050
2150
2250
2350
2500
2700

Nuclides of thorium row

5
58
37
37
55
48
39
40
43
45
56
38
34

27
45
51
41
47
42
39
51
38
36

P
b2

12

54
38
40
49
46
33
33
33
46
60
29
27

34
48
41
44
35
34
37
37
30
32

T
12

08
,x

2.
78

42
33
36
42
39
31
34
58
31
53
25
31

28
31
33
36
28
28
31
31
25
28

A
c2

28

41
28
32
41
37
29
27
28
35
50
23
22

26
35
32
33
28
29
29
30
23
26

49
36
38
49
44
34
36
45
41
56
31
31

30
41
42
40
37
35
36
40
31
32

H

7
4
3
5
5
4
5
11
6
3
6
4

3
7
7
4
8
5
4
8
6
4

Nuclides of uranium row

P
b2

14

35
26
28
35
38
29
27
29
46
38
26
24

26
33
32
32
28
26
28
30
26
26

s
33
22
23
30
31
24
23
26
39
37
23
19

23
30
28
27
25
27
25
27
21
24

R
a2

06
, 

x0
.6

31
24
28
33
33
28
20
30
43
42
25
19

22
34
30
34
23
30
24
32
22
22

t

33
24
26
33
34
27
23
28
43
39
25
21

24
32
30
31
25
28
26
30
23
24

1
1

1 2
2
3
2
2
2
2
2
1
2

2
2
1
3
2
2
2
2
2
1

For the nuclides of each radioactive row we can find effective activity of nuclides, which are in
balance:

Bi212 + A Ac22% )

'eff ABi2U + 0,6ARa226)

For the samples of costal soil, ATh
e/f is calculated without taking into consideration data on 208Tl.

Only these effective activities were further analyzed. Figure 2 shows these values for nuclides of
thorium and uranium rows depending on the distance from the sampling sites and from the source.
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Fig. 2. Distribution of specific effective activity of radionuclides of thorium (above) and
uranium (below) radioactive rows in the soil samples along the river.

Activities of nuclides of thorium row is 1,3 times higher than the activity of uranium row along
the river and dependence of distribution of nuclide activity along the river is the same. The figure
shows the same curve. This curve with its shape is similar to the dependence of total beta-activity of
soil (see 151, where we saw exponential dependence). In 151 we showed that if the river source is the
source of the observed activity, then the activity of rocks along the river will decrease according to
exponential law. As a whole, it turned out this way, except for three areas of the river, where rock
activity, deviating from the exponential dependence, was decreasing. According to our assumption,
these areas of the river have smaller sorption abilities. Here active rocks, which are carried away by
the river, stay for shorter period of time than in other areas.

Coefficient of decrease of total beta-activity was determined as following: £ = 0,15 (I/thousand
km). Figure 2 shows two exponential dependences. One dependence with decrease coefficient of j =
0,22 (1/thousand km) is "relic" with the source at the river source. Other dependence with
coefficient of a = 0,38 (I/thousand km) is man-caused (presumably) with the source on Tadjik
territory.

It should be noted that "relic" decrease constant of total beta-activity does not coincide with
effective gamma-activity of (0,15 and 0,22). Reasons of this discrepancy will be discussed later.

Average seasonal and effective activities of nuclides in soil samples are presented in Table 2.
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Table. 2. Activity of radionuclides of uranium and thorium rows in bottom samples

Sample

site

UzO4

Tjl3

Tjl5

TJ14
Uz5

Uz6

KZ1

KZ2

KZ7

KZ8

KZ9

KZ10

KZ11

KZ12

KZ13

KZ14

KZ15

Distance

from

source, km

800

1000

1150

1100

1200

1300

1350

1450

1750

1850

1950

2050

2150

2250

2350

2500

2700

Nuclides of thorium row

i—i

r*
S
18

36

52

44

22

20

55

29

36

31

33

36

49

29

32

39

28

P
b2

12
18

39

46

40

32

22

61

30

38

34

36

40

50

31

38

47

34

A
c2

28

15

30

42

34

18

16

44

24

29

24

27

33

37

23

27

32

24

j

17

35

47

39

24

19

53

28

34

30

32

36

45

28

32

39

29

V

f -

1

3

4

4

5

2

6

2

4

4

3

2

6

3

4

5

4

Nuclides of uranium row

P
b2

14

15

30

51

40

16

17

35

24

27

25

25

27

35

23

25

30

22

B
i2

14

14

27

46

42

15

15

35

21

24

21

22

24

30

18

24

26

19

R
a2

06
, 

x0
.6

14

28

44

42

21

19

40

20

19

25

21

27

30

20

27

25

18

is

14

28

47

41

17

17

37

22

23

24

23

26

32

20

25

' 27

20

is

1

1

3

1

2

1

2

2

3

2

2

1

2

2

1

2

2

Same as in soil samples here activities of nuclides of thorium row exceed the activity of uranium
row nuclides by 1,3 times. Figure 3 shows effective specific activities of nuclides of both radioactive
rows, which were found in bottom samples.
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Fig. 3. Distribution of specific
effective activity of
radionuclides of thorium (above)
and uranium (below) radioactive
rows in bottom samples along
the river.

Here, the absence of sampling sites on the first 800 km allows seeing "relic" pattern. Same as on
the Figure 2, we see Tadjik source of activity with 3, = 0,38 (I/thousand km). Site location Kz-01
(absent in soil samples) is not the source of activity, because activity in this location does not exceed
the value calculated by exponential law for Tadjik source with decrease coefficient of i = 0,38
(I/thousand km). In contrast to figure 2, we see new exponential decrease of activity in site location
Kz-11 with decrease coefficient of a = 0,58 (I/thousand km). Activity, which was found in soil
samples in site location Kz-11, shows that this source is under ground.

CONCLUSION
We analyzed results of three season environment monitoring along Syr Darya River and got

results on the radionuclide distribution in soil and bottom samples. These results, in general,
correlate with the results of total alpha- and beta- activities, presented in work 151.

For obtaining these results it was necessary to use two-dimensional system of averaging:
averaging by season and averaging of activity of radionuclides, which are in balance.

Obtained dependences indicate additional sources of heavy radionuclide, which have man-
caused nature. This work was carried out in collaboration with Cooperative Monitoring Center at
Sandia National Laboratories, USA and financed by the Department of Energy of USA.
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UZ0703386

APPLICATION OF THE REACTOR RADIATION AT THE DEFINITION
OF ECOLOGICAL CONDITIONS OF ENVIRONMENT

Abdukadirova I.Kh.
Institute of Nuclear Physics, Tashkent, Uzbekistan

The work aims at investigation of spectroscopic characteristics of the reactor and source Co60

irradiated industrial silica glasses. The purpose of this investigation is the determination of the
growth kinetics of radiation defects, their stability, dependence on radiation mode, irradiation
conditions and the possible use of glass as the detector of gamma and neutron fluence in compound
fields of reactors and for definition of ecological conditions of environment.

The optical registering capabilities (the absorption, luminescence, infrared and Raman spectra
were measured before and after irradiation) of some types of silica glasses were studied have been
chosen.

There are a lot of reports [1-4] about solid state based ionizing radiation detectors. For instance
in [1,2] Al, Si, Be oxides based thermoluminescence detectors, photoluminescence [3] - made from
glasses for gamma-rays registration, in [4] - activation and track detectors for neutron registration
etc are discussed. However, majority of them has defects, namely, radiation sensitivity, ability to
detect only up to 10 Gy, difficulty in information receiving etc.

The work is aimed at investigation of spectroscopic characteristics of the on the reactor and the
gamma- source irradiated solid states oxides. The purpose of this investigation is the determination
of the radiation damage growth kinetics, stability, dependence on radiation dose, irradiation
conditions, for studied ecological investigations of environment.

As the investigation objects the silica glasses of I-IV types were selected. Some spectroscopic
methods were used as the investigation methods. The photoluminescence and the absorption spectra
of the samples were measured in appropriate spectrophotometers. The samples were irradiated at
different doses in the WWR-SM reactor and by Co60 source.

The photoluminescence spectra in UV region are shown in Fig.l to illustrate the effect of
gamma-radiation on the silica glasses of type II. The operating diapason of Co60 radiation (D7 - 10°
- 105 Gy) was found where a linear slope of the wavelength 396 nm photoluminescence intensity
was observed in the silica glasses of types I and II.

The influence of dose gamma-radiation power (Ai), irradiation temperature (A2), time of storage
(A3) on the intensity change of 396 nm peak in type II glass is represented in Table 1.
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Table 1. The influence of external factors (Aj) on band 396 nm intensity in type II glasses

A,[Gy/s]

0,2

0,4

6,5

17,0

J,[a.u.]

70

62

68

69

A2[°C]

31

70

90

140

J2[a.u.]

68

68

69

70

A3[h]

0,5

2,0

5,5

25,5

J3[a.u.]

68

68

68

71

Absorption spectra of various glasses are measured in the region of X,=200-600 nm. The intensity
change of the bands caused by n-y in compound fields of reactors and gamma-radiation from .1 Gy
to 10 MGy was studied. The amount of the optical absorption change for band 540 nm (band A) in
the irradiated samples caused by gamma-rays is traced. In the range of Dy=102-106 Gy for type I
glass and Dy=102-5xl06 Gy for type II glass the proportional growth of the bands intensity are
noted.

i i mis! i 11 aim i i uim it HIM iiiiua i HUM

10 10° 108

D,Gy
Fig.l Dose dependence of optical density for A-

band of glass (1)

For example data of the dose dependence of optical density for the samples of types I at band
540 nm (the samples were irradiated at different doses in the WWR-SM reactor and by Co60 source)
is given in Fig.l. The growth process of indicated visible colour center in the samples is
characterized by the definite speed. The I and II type glasses have the most intensive colouring.
Such parameters as the influence of time storage (Table2) for A-band, irradiation temperature (to
180°C) and exposure (to 500°C), dose power (to 17 Gy/s), effects of the thickness (to d=3,5 mm) of
the samples on the measured parameters and possibility of the repeated use were estimated. The
error of measurement shown Table 2 on measured is equal to 2,5-7,2%
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Table 2. Stability of the A-band intensity (Y, a.u.) of glasses at different storage time (t, h)
and thickness (d, mm)

type

I

I

I

II

II

11

d

0,7

1,0

3,5

1,3

0,5

3,5

t=l

0,30

0,45

1,9

0,64

0,34

1,87

t=5

0,28

0,44

1,94

0,59

0,34

1,81

t=10

0,29

0,40

1,93

0,61

0,36

1,89

t=25 •

0,28

0,45

1,94

0,66

0,30

1,77

t=100

0,30

0,40

2,00

0,60

0,32

1,82

t=2000

0,29

0,47

1,74

0,57

0,29

1,77

W[%]

2,5

6,9

2,7

5,0

7,2

2,9

Thermal and optical discolouring for revealing its nature, interrelation of the following colour
centers were studied. The centers decay law and activation energies were examined. The bands of
visual colour used in health monitoring of gamma doses in compound fields of reactors were
obtained (Dy=102-105 Gy).

Influence of thermal neutrons and additive gamma-irradiation was evaluated for the case of
cadmium envelope usage. The growth of observed centers within 103 - 106 Gy was concluded to be
due to gamma-component of the complex radiation.

In order to expand the dose interval of solid state detectors to high radiation doses the red
photoluminescence of spectra were examined in the reactor-irradiated samples. Generation of
neutrons of the non-bridge oxygen atoms [5] (red bands of photo luminescence) was revealed in
some glasses (I, IV types), with their concentration increasing smoothly in the interval doses of 106 -
3xl08 Gy and then saturating. Correlation was found between the dose dependences of
spectroscopic and X-ray characteristics of the silica glasses. The role of radiation defects in the
structure changes was observed at concentration used at measurements of high neutron radiation
doses.

The study of the structural defect formation in glasses by infrared absorption method is of
special interest. The influence of neutron radiation was reduced to the change of transmission in the
region of 4000-3000 cm"1. The growth of the band intensity 3670 cm'1 in the interval of 1018-1020

cm"2 for glasses is set up close to linear behaviour. Evidently, the notion of the valent oscillation
activation of «free» OH-group is connected with the growth of displacement number and the
fracture of the Si-0 connection, coefficient of the hydrogen diffusion and of local intensities. The
possible use of this effect in the selective dosimetry of neutron radiation is suggested based on the
dosimetry characteristics (influence of geometry, time storage, temperature of exposure) analysis.

IR spectra glasses dynamics at the frequency of v = 800-1400 cm"1 was studied. It was shown
that spectral characteristics of main vibration of Si-O-Si bands change nonmonotonously with the
growth of irradiation dose. Characteristics of antisymmetrical valent vibrations of bridge ties at the
frequency of v - 1125 cm"1 up to F = 1018 cm"2 were found to be stable.

Then as a result of fast neutron fluence growth changes, connected with removal of a band
position ( v ) and intensity (R ), can be observed in the spectrum - fig. 2. It turned out that the area
of largest softening of mode (Av= 15 cm"1) and decreasing of R within the F = 1018-1020 cm"2. Such
a pronounced transformation of valent vibration is, probably, caused by structural transformation in
glass.
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i

18 -2Fig. 2. IR spectra of samples at F=0, 5, 10, 60, 100, 1000-1018crrr - curves 1-6

Thus, observed during the reactor irradiation the decrease of R and v valent vibrations band (a
curves function R(F) and v(F)), caused by rupture in bridge ties and decreasing of valent angles,
testifies for the fact that as a result of radiation influence a substantial change of silica glass structure
takes place due to destruction and deformation of basis framework. This is a possible use for
dosimeter of the neutron fluence in compound field of reactors.

Generation of band at 608 cm'1 in Raman spectra was revealed in some types of reactor-
irradiated glasses, with concentration increasing smoothly in the interval doses of F - 5.108-5.1020

cm"2 and then saturating. This indicates irradiation at defect production on pure glass. Thermal and
optical stability of the bands are studied.

Thus, the growth kinetics of radiation damage and defect formation in the silica glasses after
irradiation in nuclear reactor was determined and their possible use in measurement of absorption
dose of neutron emissions and gamma-quanta of source Co1

conditions of environment was studied.

60 and at investigation of ecological
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RADIOISITOPIC PARAMETERS OF THE SYRDARYA RIVER BASIN WATER
AT THE TERRITORY OF THE KYRGYZ REPUBLIC

Vasiliev I.A., Alekhina V.M., Mamatibraimov S., Idrisova S., Orozobakov T.
Institute of Physics, Bishkek, Kyrgyz Republic

Solution of atomic problem, which comprises atomic weapon creation, required intensive
exploration and extraction of radioactive raw material, mainly uranium ores, as well as other metals
important for this purpose.

Practical realization of these tasks has led to formation of many storages of wastes (tail storages)
and dumps of mining production. In this connection appeared the problems of the environmental
protection from radioactive and other unhealthy metals contamination.

As a result of mining and processing of radioactive and other raw material, which are necessary
in atomic industry, a number of tail storages and dumps appeared in the Kyrgyz Republic. The
largest of them are the Kara-Baity, Mailuu-Suu, Kavak, Kadamjai and other tail storages of uranium
production.

Toxic ingredients of the tail storages migrate with the natural waters. However the regularities of
their migration in space and time are studied insufficiently. By this reason it is almost impossible
forecasting radiative and other ecological hazard.

At assessment of a measure of migration from territories of uranium plants only summarized
content of the uranium in underground waters, without natural and technogenic (man-caused)
component separation is used at present time, though it is obvious that just a technogenic component
must characterize hazard. For solving this problem the discovery "Phenomenon of uranium-234 and
uranium-238 natural separation" [1-3] and different degree of 234U and 238U fractioning in natural
conditions and during technological processes were used. Essence of the discovery is based on the
idea that at transition of uranium from solid uranium-containing formations in liquids (comprising
natural waters), which do not dissolve these formations, the enrichment of isotopic mixture by
uranium-234 occurs. As a result, natural waters and hydrogenic uranium derived from them have a
surplus of 234U toward 238U.

In technological cycle when deriving the uranium-element from uranium ores and any other
mineral raw material by its dissolving, the correlation between mentioned uranium isotopes holds
true. The derived during technological process uranium is without surplus of 234U toward 238U. It is
stipulated by the mechanism of pointed phenomenon [4]. Thus, there is a real possibility to
distinguish by magnitude of ratio of activities 234U/238U=y the uranium of natural waters (y>l) from
technogenic (man-caused) uranium of tail storages and leaches of uranium dumps (y=l), that in turn
allows outlining areas of technogenic uranium distribution in waters.

In frameworks of International cooperative program of transboundary river monitoring between
the Republics of Kazakhstan, Kyrgyzstan, Tajikistan and Uzbekistan and the United States of
America ("Navruz", the ISTC project KR-850) the isotopic composition (ratio of activities
234U/238U=y) and uranium content (Cu) in water of the rivers, forming the Syrdarya, the largest
Central Asian river, were defined in the Kyrgyz Republic. The samples are selected in 15 locations
(see table below) twice a year: quiet phase - autumn, and a phase of high water - spring. Periodical
sampling has begun in autumn of 2000 and continues till now. To define these parameters up to 20
liters of water were selected from every location. The samples were measured using known methods
[5]. The ratio of activities 234U/238U and the uranium content were defined by means of ionization a-
spectrometers in the Radiometric laboratory of the Institute of Physics of the National Academy of
Sciences of the Kyrgyz Republic [6]. The obtained data are given in table 1.
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Table 1. Ratio of activities and uranium content in waters of the Naryn and Mailuu-Suu rivers

Samples
}f°N°

1
2
3
4

5

6

7

8
9

10

15
14
13

12

11

Sampling location

The Chong Naryn river
The Kichi-Naryn river
The Naryn river before Naryn town

The At-Bashy river before falling
into the Naryn
The Naryn after confluence with the
At-Bashy river
The Naryn before the Toktogul
reservoir
The Chichkan before falling into the
Toktogul reservoir
The Toktogul reservoir
The Naryn after the Toktogul
reservoir
The Naryn river on border with
Uzbekistan
The Mailuu-Suu river

Right tributary of the Mailuu-Suu
The Mailuu-Suu river in Mailuu-Suu
town near the Transformer plant
The Mailuu-Suu river after Mailuu-
Suu town
The Mailuu-Suu river on border with
Uzbekistan

Quiet phase
234U/238U(y)

1.53±O.O5
1.52±0.05
1.86+0.05
1.69±0.05

1.61 ±0.05

1.70+0.02

1.27±0.03

1.86±0.02
1.7710.02

1.88±0.02

1.39+0.07
1.31±0.04

1.05±0.02

1.06+0.04

1.32+0.02

C u i O ^
g/1*
0.90
1.2
0.5
0.8

0.8

1.9

1.3

1.0
1.0

0.9

0.4
1.2
3.1

2.1

1.8

Phase of high water
234U/238U(y)

1.53±0.03
1.4710.02
1.56+0.03

1.53+0.02

1.65±0.02

1.62±0.02

1.28+0.02

1.59+0.02
-

1.53+0.02

1.39±0.04
1.2910.03
1.06+0.02

1.0910.02

1.1210.02

CulO"6

g/1*
3.9
3.3
2.8
2.6

3.3

5.7

4.0

3.8
-

3.0

0.8
1.4
4.3

2.9

3.2

* - Errors of the uranium content definition are around 5 %.

The outcomes can be commented as follows.
The Chon-Naryn and the Kichi-Naryn rivers at confluence form the Naryn river. These rivers'

isotopic parameters are close. Ratio of activities 234U/238U is equal within the limits of measuring
errors, and uranium content differs less than by 40%. The isotopic composition in sample 3 (the
Naryn river before Naryn town) is higher than in the rivers Chon-Naryn and Kichi-Naryn, and the
uranium content is lower. There are no plants of uranium processing there, therefore the change of
the water radioisotopic parameters can be explained by dilution of the Naryn waters by the Orto-
Kura, Bash-Kura, and other tributaries, in which the uranium concentration is possibly lower and
ratio of activities 234U/238U - higher. However this explanation is unconvincing, because the
discharges of the above rivers are considerably higher, than the pointed tributaries have, that
conflicts with earlier opinion about y stability along riverbed flow [7]. Additional sampling in the
left tributary of the Naryn river [8] confirmed the fact that the isotopic composition is close to value
of these parameters in the rivers Chon-Naryn and Kichi-Naryn. This effect can be explained by
intensive processes of uranium sorption and desoption in mountain rivers. Further the isotopic
parameters change slightly up to the exit of the Naryn river beyond boundaries of the Republic.

The greater interest is represented by outcomes of defining ratio of activities 234U/238U and
uranium content in the Mailuu-Suu river Basin (samples 11-15 in Table 1). The analysis of obtained
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outcomes brings about the following conclusion. Least contents of uranium and maximum ratio of
activities U/ U are observed in water of the Mailuu-Suu upper industrial complex and tail
storage of Mailuu-Suu town. The water in the river is diluted by a right tributary (sample 14). Then
waters of the Mailuu-Suu are enriched by technogenic uranium (ratio of a-activities 234U/238U=1) by
70% (samples 13 and 12), after this the uranium content reduces by 60%, and a ratio of activities
234U/238U reaches practically its initial value. This fact can be explained first by contamination of the
river water by technogenic uranium (ratio of a-activities 23 U/238U=1), then - by sorption of
technogenic uranium by the riverbed.rocks and desorption of natural uranium (with y^M) and (or)
additional dilution by waters with high ratio of activities 234U/238U and low uranium concentrations.
But the Mailuu-Suu river inside the Kyrgyz Republic has no large tributaries, therefore a factor of
dilution is not decisive.

During a phase of high water the suspended soil and mountain rock particles are transported by
river waters, therefore the additional uranium dilution (with y«l) by river waters occurs. It brings
about a raise of uranium concentration in water and a little diminution of ratio of activities 234U/238U.

Since 2003 the area under study was expanded for searching possible contamination of other
rivers, which form the Syrdarya. Sampling locations and outcomes of ratio of activities 234U/238U=y
and uranium content (Cu) definition are given in table 2.

Table 2. Ratio of activities and the uranium content in river waters of locations under study

JN2N2 of
samples

16.
18.

19.
21.
22.
23.
24.

25.

26.

27.
28.
29.
30.
31.
32.

Sampling location

River Kara-Kul before falling into the Naryn
Right tributary of the Kara-Darya in area of Massy
village
River Kara-Unkur
Tributary of the Kegart 10 m from the road
The Kegart before confluence with the tributary
The Changet river
The Zarger before confluence with the Jassy river
before falling into Andizhan reservoir
The Jassy before confluence with the river before
falling into Andizhan reservoir
The Kara-Darya after confluence with the rivers
Kara-Kulja and Tar
The Kara-Kulja before confluence with the Tar
The Tar before confluence with the Kara-Kulja
Tributary of the Tar in Ylai-Talaa village
The Kurshab river
The Naryn river before the At-Bashy inflow
The Naryn river after the Kichi-Naryn and Chong-
Naryn confluence

^4U/2 i8U=

y
1.38±O.O3
1.37±0.06

1.33±0.02
1.38±0.03
1.33±0.06
1.28±0.06
1.35±0.03

1.23±0.05

1.37±0.03

1.35±0.03
1.37±0.02

-
1.44±0.03
1.44±0.03
1.48±0.02

CulO"6

g/1*
1.4±0.1
1.5±0.1

1.8±0.1
3.2±0.2
3.4±0.2
3.6±0.2
2.4±0.1

1.4±0.1

2.3±0.1

1.9±0.1
2.5±O.l

-
2.7±0.1
3.5±0.2
3.3±0.2

In given results one can see that the ratio of activities 234U/238U for those samples varies within
small limits: 1.23 in the Jassy river to 1.44 in the Kurshab, and at modification of uranium content in
waters - from 1.4 in the Jassy to 3.6 in the Changet river. The content of uranium in rocks, washed
by river waters, varies from 18 to 40 Bq/kg and radium - from 30 to 65 Bq/kg [8].

The information on uranium content and ratio of a-activities 234U/238U is given in figure 1.
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234TlT,238TFig. 1. The uranium content and ratio of a-activities U/ U
for the rivers, forming the Syrdarya

CONCLUSIONS
,-61. The uranium content in water from all sampling locations does not exceed 5-10 g/1, that is by

one order lower, than in waters of the Chu valley and significantly lower than limited-admissible
concentration (LAC).

2. The isotopic composition (ratio of activities 234U/238U=y) in rivers, forming the Syrdarya, varies
from 1.2 to 1.8, that points to the waters different genetic origin.

3. In upper flow of the Mailuu-Suu river the uranium concentration is 0.4-10"6 g/1 (during high
water 0.8-10"6 g/1), in Mailuu-Suu town (after the tail storage) - 3.1-10"6 g/1 (during high water
4.3-10"6 g/1), i.e. 5-8 times higher, and at border with Uzbekistan - 1.8-10"6 g/1 (during high water
3.2-10"6 g/1), i.e. 1.3-1.7 times lower in comparison with the town. Respectively ratio of activities
changes its values from 1.39 (in upper flow) to 1.05 (in the town) and became close to the initial
- at border with Uzbekistan. These circumstances point first to enrichment of the river water by
technogenic uranium by 70% (y=l) with consequent sorption of the uranium (up to 60%) by
riverbed rocks.

4. The obtained outcomes on modification of uranium concentration in waters, bottom sediments
and coastal locations of rivers under study point to the lack of the uranium transboundary
transfer from the Kyrgyz territory.

5. Mudflows, provoked by modification of landscape as a result of raw material processes and
dumps can be hazardous.
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ALTERNATIVE GENERATORS OF THE WmTc

Khujaev S.
Institute of Nuclear Physics, Tashkent, Uzbekistan'

111
UZ0703388

INTRODUCTION
At present 99mTc radionuclide is the radionuclide most widely used in nuclear medicine.

99mTc radionuclide is received from its generator, in which 99Mo is a parent radionuclide. In the
generator 99mTc and 99Mo radionuclides are in genetic balance and within a certain time interval

Tc radionuclide is eluted chemically from the system.
Despite many ways of manufacturing the 99mTc generators, new variants of the 99Mo ->

99mTc generator systems are studied. An example one can take investigations carried out under
the aegis of IAEA [1,2]. In these research works, generators based on elution of polymolybdate
gels have been developed and evaluated. These generators will serve as alternative technologies
to receive 99mTc radionuclide, using 99Mo produced by non-fission routes. It is known that in
Australia and China more than 30% of 99mTc generators are gel-generators [2]. The works of
authors [3-5] are devoted to the search of new perspective materials as a column material that
will serve as adsorbent. The main purpose of all researches of alternative technologies is the
usage of parent radionuclide 99Mo that is obtained by reaction 98Mo(n, y)99Mo instead of fission
99Mo (99Mo produced by fission). Our work examines the possibility of reception of generators
99Mo -» 99mTc using non-fission 99Mo that is based on insoluble salts of molybdate.

EXPERIMENTAL
In our experiments Barium, Calcium and phosphorous Cesium molybdates were used as such

insoluble salts. Here we present the solubility product of the specified salts:

BaMoO4-4.10"8;
CaMoO4-4,7.10-9;
Cs3[P(Mo3Oio)4]-l,7.1(rn.

Salts of Barium and Calcium were obtained by adding 99Mo radionuclide into the chemical
structure of the salts during their synthesis. Mixing solutions containing ions Ba2+, Ca2+ and
"MoO/" carried out during the synthesis. The precipitation of resoluble salt of molybdate was
observed at the bottom of solution:

Ba2+ + "MOO 4
2 " -> Ba99MoO4

2" (1)

Ca2+ + 99MoO4
2" - • Ca99MoO4

2" (2)

Phosphorous Cesium molybdate was obtained by mixing solutions containing Cs+ions and
phosphorous molybdate(99Mo) ions:

3Cs+ + [P(99Mo3Oio)4]3' -> Cs3[P(99Mo3O10)4f (3)

The generators consisted of glass columns with two layers: first - lower layer Al2O3

(0,5 g), second - upper layer insoluble 99Mo salt. Weight of the salt varied from 1 to 2 gramms.
Elution of pertechnetate( Tc) sodium was conducted with 0,9% solution of NaCl at the elution
speed of from 0,5 to 1,5 ml/min.
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RESULTS
99Mo is generally produced by the direct (n,y) nuclear reaction irradiated of natural

Molybdenum or enriched 98Mo.
QO

Output of insoluble salts of molybdate ( Mo) on its synthesis was more than 95% for all
salts. This means that the loss of 99Mo in the process of obtaining insoluble salts is low.

Quantity of 99mTc yield from salt generators on elution in 0,9% solution of NaCl are
presented in the table.

Table. Yield of 99mTc from salt generators

Salt
BaMoO4

Ca MoO4

Cs3 [P(Mo3Oio)4]

Yield of """TcVo
70,8
75,2
77,6

Content of ^Mo, %
less than 10"3

0,02
less than 10"4

Radiochemical purity, %
99,7
99,5
99,8

A low yield of 99mTc radionuclide indicated the existence of Technetium-99m adsorption in
the molybdate salts. The table also shows radiochemical and radionuclide purity of eluate
pertechnetate(99mTc).

Received results testify to the possibility of usage of salt generators in practice.
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APPLICATION OF RADIOISOTOPES
IN PHARMACEUTICAL RESEARCHES

Khujaev S.
Institute of Nuclear Physics, Tashkent, Uzbekistan

INTRODUCTION
It is widely known that radioisotopes can be used in the processes of receiving

radiopharmaceutical diagnostic preparations [1,2]. A radioactively labeled chemical compound,
pharmacological kinetics of which allows solving specific diagnostic problems in an organism,
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are used in radio-pharmaceutics. Another use of radioisotopes in pharmaceutics is their
application as a radioactive mark at a stage of creation of a new medical preparation. In this case,
labeled radioisotope preparations are mainly used to study their pharmacological kinetics [3].
Development of inclusion method of radioisotope into a chemical structure of
radiopharmaceutical preparation has always been of great importance.

In the Institute of Nuclear Physics AS RU, in recent years, works are done on receiving some
new medical preparations that are labeled by radioisotopes in order to study their
pharmacological kinetics. These preparations are based on microelements with a complex set of
properties possessing expressed biological activity and have great value in pharmaceutical
science of Republic of Uzbekistan. Reception of labeled compounds of all preparations was
carried out by inclusion method of a radioisotope at the stage of their synthesis.

This work presents the results of researches on synthesis of radioactively labeled
preparations - Piracin, labeled by 69mZn radioisotope; Feramid, labeled by 59Fe radioisotope;
Cobavit, labeled by 57Co radioisotope and VUC, labeled by 57Co radioisotope.

EXPERIMENT
69mZn and 59Fe radioactive isotopes were obtained in nuclear reactor WWR-SM by

irradiating Zn(NO3)2 samples and high pure metallic Iron in nuclear reactions 68Zn(n,y) 69mZn
and 58Fe(n,y)59Fe. 57Co radioactive isotope was received in cyclotron U-150 by irradiating
enriched Nickel-58 isotope in nuclear reaction 58Ni(p,pn)57Co. Irradiated samples were exposed
to radiochemical processing with the purpose to purify and receive their radioactive solutions.
Received radioactive solutions were used to synthesis of labeled preparations. Radiometric
measurements were carried out in the nuclear gamma spectrometer NP-424L and in the
measuring plant with the semi-conductor Ge(Li) detector.

Used Pyridoxine hydrochloride - Be-HCl, NaHCO3, Zn(NO3)2-6H2O and radioactive solution
69mZn(NO3)2 were as the start reagents to synthesize labeled Piracin(69mZn). As the start reagents
for synthesis of labeled Feramid(S9Fe) Amidine nicotinic acid, Ascorbic acid, FeCl2-4H2O and
radioactive solution 59FeCl were used. For synthesis of Cobavit(57Co) Glutamine acid - HOOC-
(CH2)2-CH(NH3)-COOH), Vitamin "U" - HOOC-CH(NH2)-(CH2)2-S(CH3)2C1, Na3[Co(NO2)6],
NaOH and 57Co carrier-free radioactive solution were used. For synthesis of VUC preparation
the reactive of vitamin "U", CoCO3 and 57Co carrier-free radioactive solution were applied.

RESULTS
Synthesis of Piracin(69mZn). To receive radioactively labeled Piracin, radioactive isotopes

65Zn and 69mZn may be used. From the point of radioactive safety, the most suitable is 69mZn
radioisotope. However, at irradiation of Zinc compounds in the nuclear reactor the both
radioisotopes were formed. This is the reason why it is necessary to create: such irradiation
conditions that will facilitate production of only 69mZn radioisotope. It is calculated that during
irradiation of 5-10 hours, the activity of 69mZn is 670-750 times higher than the activity of 65Zn.

The synthesis of Piracin(69mZn) was carried out in water-ethanol medium by the following
scheme:

B6-HC1 + NaHCO3 -> B6(basic) + CO2t + NaCl (1)
3 B6(basic) + Zn(NO3)2 +

 69mZn2+ -+ 69mZn(B6)3-(NO3)2-2H2O - H2O (2)
B6 - Vitamin.

Yield of labeled Piracin(69mZn) preparation was 65-70%. The preparation was in the form of
white powder.

Synthesis of Feramid(59Fe). To receive radioactively labeled Feramid, radioactive isotopes
55Fe and 59Fe may be used. Reception of radioisotope 55Fe, due to a long decay period, is bound a
long period of time irradiation, and also this radioisotope does not have gamma-emission. In this

; :—_ .
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connection 59Fe radioisotope was used. On irradiation of Iron samples in the nuclear reactor,
54Mn radioactive isotope was formed by nuclear reaction 54Fe(n,p) Mn, as admixture. In order
to separate 59Fe from 54Mn, radiochemical processing technology based on anion exchange
column was used. Cleaning degree of 59Fe from 54Mn was more than 103.
; The synthesis of Feramid(5 Fe) was conducted by the following scheme:

C5H4N-CONH2 + FeCl2 +
 5 9 Fe 2 + ^ C5H4N-CONH2-

59FeCl2 (3)

Yield of labeled Feramid(59Fe) preparation was more than 90%. The preparation is in the
form of fine crystalline white-yellow powder.

Synthesis of Cobavit(57Co). To receive radioactive isotope 57Co, protons in the cyclotron
irradiated enriched Nickel-58 targets. Extraction, purification and concentration of 57Co were
carried out by radiochemical processing technology based on anion exchange column with resin
Dowex 1x4. Following the technology 57Co carrier-free radioactive solution was received in
O,1M HC1 solution.

Synthesis of Cobavit(57Co) preparation was carried out in water-ethanol media by following
scheme:

Na3 [Co(NO2)6] + 3NaOH + 57Co3+ -»57Co(OH)3 + 6NaNO2 (4)
57Co(OH)3 + 2[HOOC-(CH2)2-CH(NH3)-COOH] ->

-> 57Co(OH> [OOC-(CH2)2-CH(NH3)-COO]2 + 2H2O (5)
57Co(OH)-[OOC-(CH2)2-CH(NH3)-COOH]2 + HOOC-CH(NH2)-(CH2)2-S(CH3)2C1 ->
-» 57Co[OOC-(CH2)2-CH(NH3)-COOH]2»[OOC-CH(NH2)-(CH2)2-S(CH3)2Cl] + H2O (6)

Yield of labeled Cobavit(57Co) preparation was 70%. The preparation was in the form of
brown powder.

Synthesis of VUC(57Co). The reception of radioactive solution 57Co carrier-free method is
the same as in the synthesis of Cobavit(57Co). Synthesis of preparation was carried out in water
media by the following scheme:

2[HOOC-CH(NH2)-(CH2)2-S(CH3)2C1] + CoCO3 +
 57Co2+ -» CO2t + H2O +

+ 57Co[OOC-CH(NH2)-(CH2)2-S(CH3)2Cl]2 (7)

Yield of labeled VUC(57Co) preparation was more than 80%. The preparation was used as its
2% water solution. The solution was of darn-yellow color.

All receiving labeled preparations for investigation its pharmaceutical kinetics were used.
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EXTRACnON-CHROMATOGRAPHIC GENERATOR
OFTECHNETIUM-99m. PRINCIPLES OF FUNCTIONING AND

EXPLOITING CONDITIONS

Skuridin V., Chibisov E., Nesterov E.
Nuclear Physics Institute, Tomsk, Russia UZ0703390

The radiopharmaceutical tracers, based on the short-lived radionuclide of Technetium-99m,
are used for disease diagnostics practically of all important perts of human body. Technetium-
99m is a daughter product of the Molybdenum-99P - decay. The generating plants are used for
division of the 99Mo /99mTc pair, where Technetium-99m uptake happens every 22 hour.
Depending on the operation technique, the 99mTc generators can be subdivided into 4 basic types:
chromatographic (sorption), sublimation, extraction and gel generators. The advantage of the
extraction technologies is in their concentrating capabilities and the high activity 99mTc
concentration from the underactive 99Mo. At the same time, nowadays the utilization of the
extraction generators in clinical practice is limited because of their large sizes, control
complexity and the need of using the heavy protective equipment. That's why the problem of
compact extraction generator creation, for using in radiologic laboratories, deals with the
problem of their structure simplification, reducing sizes of extractor and with simultaneous
refusing of the evaporating technology at the stage of Technetium separation from an exragent. It
is well known [1,2], the most of the extraction vessels need a visual and other control of phases
division position, during the realization of extraction and further extract selection. It leads to a
necessity of using the bulky protective equipment for staff protection.

The generator [3] represents a compact stationary plant, composed of 3 principal blocks: a
generator's stand, a remote-control station and the extractor with Molybdenum-99 solution cased
into a shielding container (Picture 1). The basis of this plant is the coaxial type extractor 1, in
which the multiple extraction principle is realized. A self-regulation of an interface of the
organic and aqueous phase reaches due to the mass conservation Law. It allows exploiting it as a
"black box". The extractor is 110 mm of height and 40 mm in diameter. A useful capacity of
aqueous phase comes to 80 ml, of the organic phase - 60 ml. A transportation of the extractor
with the solution K299MoO4 is realized in closed shielding container 2. In a clinic the extractor
links up the stand with the evaporator 3 and the remote-control station 4. The preparation is
processed within 90 min, 30-40 min of which takes distillation of the extragent. The plant is
calculated on a charge of 55 GBq 99Mo.

Fig.l. The design of the compact Technetium-99m extraction generator with a transportable
extractor.
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For decreasing the time of getting the preparation, the generator with chromatographic
separation of 99mTc was developed (Picture 2). Toward this aim, column 5, containing aluminium
oxide with specific pH-form, was included instead of the evaporator.

The introduction of the column required decreasing of capacity of MEK in comparison with
the previous plant. At the same time, the model calculations [4] showed that a capacity
correlation of the organic and aqueous phase must be no less than 1 in order to achieve high
efficiency of the extraction.

Fig.2. The designn of the compact extraction - chromatographic generator of Technetium-99m.

Thus, we developed the generator with phases correlation of 1:1 at their common volume to
40 ml. The size and mass of protective and transport containers were decreased. After the
extraction, MEK with Technetium-99m passes through the column 4 for intercepting
Molybdenum tracks and than comes in the column 5, where Technetium-99m sorbs. The spent
MEK is accumulated in capacity 6. An elution of 99mTc out of the column 5, after water wash, is
realized with physiological solution into bottles 7.

Giving a work-out to operative conditions some important modifications in the construction
of extraction - chromatographic plant were done (Picture 3). The column 4, the part of lacking
apparatus and auxiliary capacities were moved off.

Fig.3. The design of the streamlined compact extraction - chromatographic Technetium-99m
generator.
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These modifications resulted in the decrease of in-process loss of Technetium-99m, an
essential simplification of the apparatus design and of the generator's exploitation conditions.
The primary processing and exploiting characteristics of the presented generators are given in the
Table 1.

Table 1.
Processing and exploiting characteristics of the generators of Technetium-99m.

Generator's type

Extraction
Extraction -
chromato graphic
Extraction -
chromatographic
(streamlined)

Extractor
dimensions,

mm

40x110

20x100

20x100

Aqueous
phase

capacity, ml
80

20

20

MEK
capacity,

ml
to 60

to 20

to 20

Preparation
time,

h.

1,5

to 0,5

to 0,5

Yield of
99mTc,

%
to 60

to 76

to 85

4.
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TECHNOLOGICAL ASPECTS OF TECHNETTUM-99m
CHROMATOGRAPHIC GENERATORS PRODUCTION FROM ENRICHED

MOLYBDENUM-98

Skuridin V., Nesterov E., Chibisov E.
Nuclear Physics Institute, Tomsk, Russia

Nowadays the chromatographic generators stand on top positions in throughput and
application in world medicine. It is well known to charge such generators one can use high
specific activity Molybdenum-98, which is usually obtained out of Uranium-235. This
technology produces a great amount of radioactive waste and creates a lot of ecological
problems.
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Using enriched Molybdenum-98 as a material for the target, the radioactive wastes are not
practically generated. But a number of specific problems appeared here, which are caused by low
specific activity of Molybdenum-99. This fact requires increasing mass of molybdenum, applied
on the generator, up to 100 mg and more, and proper increase of sorbent's mass for "firm
binding". Moreover, presence of great amount of carriers in the form of stable Molybdenum-98
nuclei in the initial raw material influences the yield of Technetium-99m.

That's why the objectives of this paper are:
to investigate the capability of increase the effectiveness of section of radiation

capture with molybdenum-98 with the aim to increase the specific activity;
- to study and to optimize processes of adsorption of molybdenum on aluminium

oxide with different structure;
- to investigate regularities of influence stable molybdenum mass on the quantity of

yield of 99mTc from the generator;
- and, finally, to establish technological system for producing of sorption generators of

99mT c

These investigations were led on water-moderated reactor IRT-T. The maximum flux density
in the central channel, which can be reached at 6 MW reactor's power, is l,7xlO14 for thermal
and 2*1013 n/(cm2s) for fast neutrons.

For irradiation of molybdenum targets (MOO3), which were enriched by isotope
Molybdenum-98 to 98,6 %, the central channel of the reactor was used. The real 99Mo activity,
obtained with such flux of thermal neutrons, does not usually exceed 8 Ci/g. There were
investigations of studying activation of Molybdenum-98 in neutron flux with high resonance part
for it's rising.

As it is known [1], there are six resonance fields with effective integral sections of reaction
about 8 barn for the nuclear reaction 98Mo(n,y)99Mo in the neutron's energy diapason from 0 to 1
keV. Previously made calculations showed that in the thermal area the main neutron absorption
occurs on the Mo and 7Mo isotopes whereas in the resonance area their competitive
contribution is no more than 10 %. That means that there are conditions for natural Molybdenum
as for enriched here.

For deceleration of reactor fast neutron down to the resonance level thick 2 to 9 centimeters
the beryllium moderator was used. As a result of changing configuration of the reactor central
channel moderator's blocks we managed to increase the effective section of the reaction from
130 to 700 mb and, thus, to increase the specific activity of 99Mo up to 15 Ci/g [2].

The second important point in creation of technology is searching for effective sorbents, in
order to optimize methods of drifting 99Mo on sorbent in amounts of up to 100 mg and more. In
particular, y-oxides AI2O3 were investigated as such sorbents. The y-oxides AI2O3 were obtained
by oxidation of superpure Aluminum by an alternating current with further activation in the
diapason of temperature 400 - 800 °C. Following these facts from the picture 1, the sorption
capacity of the oxide, which was activated at 400 °C, exceeds 3 - 4 times the capacity of
chromatographic oxide, which is usually used in generator technology.
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0,4 -1
0,25

Fig.l. Change of sorption capacity of oxides AI2O3 depending on pH solution polymolibdat
Sodium (1 - electrolytic oxide (400 °C), 2 - chromatographic oxide).

However, the main problem of processing the technology was not how to drift an ample
quantity of Molybdenum on the sorbent, but how to pick out Technetium-99m. An experimental
dependence of changes in the yield of 99mTc on the mass of adsorbed Molybdenum is shown in
the picture 2. Following the picture 2, one can see that the yield of 99mTc decreases from the
calculated value to 75% at the mass of adsorbed Molybdenum of 100 mg and almost 50% - at
200 mg. It should be taken into account that from the moment of unloading the target from the
reactor channel till it's delivery to a buyer (2-3 days) the actual 99Mo activity decreases from 15
Ci/g to 8-10 Ci/g. Such influence of stable Molybdenum mass makes the manufacturing of
generators with face-value of 19 GBq greatly complicated.
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Fig.2. Change of 99mTc yield from generator depending on the Molybdenum mass mMo,

drifting on the sorbent.

The dependence in the picture 2 can be described with expression:

1 "l
BT=k-\n\

mMo

where k- some coefficient, which depends on pH form and sorbent's structure. In particular, for
chromatographic A12O3 (TU6-09-3916-75) value k = 0,335. Accordingly, to prove 100 % of
99mTc yield the adsorbed Molybdenum mass shouldn't exceed 7 mg on 1 g of AI2O3 oxide.
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The production, established on the reactor IRT-T, meets the requirements of GMP and is
practically wasteless. Molybdenum-98 is regenerated out of exhaust generators, after their return
from the consumer with the aim of further use in technological cycle. On one hand, it allows
minimizing the quantity of radioactive waste, on the other - to decrease the generator's prime
cost noticeably.

Majority of radioactive waste is aluminium ampoules, using for irradiation. The total
radwastes activity doesn't exceed 10"4 % of the total 99Mo activity, while this index amount in
the traditional technologies reaches 4000 %.
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PRODUCTION OF 1-125 RADIOISOTOPE
IN SODIUM IODIDE SOLUTION

Nabardi B., Gourani M.
Atomic Energy Organization, Iran

INTRODUCTION
The Iodine-125 Radioisotope has rather long half-life, and high dose range of Gamma

radiation. In our radioisotope production department it will be used:
1- To label Radioimmunoassay Kits (RIA): T3, T4 and TSH for IN_ VITRO investigation of

Thyroid glands, in our Nuclear Medical Center in IRAN. We just started to set up Hotcell
facilities and in cell equipments to supply Iodine-125 for our Radioimmunoassay Group. In this
section, the above Iodine-125 will be used for labeling of their Radio immunoassay products for
Thyroid functions and also for screening of newborns for Thyroid deficiency.

2- To continue just start, to make and supply particular granules of Iodine-125 by Silver
coated Iodine-125 directly and also indirectly, on the Palladium, coated Silver Wire to be used in
Brachy therapy applications.

TARGET PREPARATION
Preparation of aluminum capsules: every capsules, heads and plugs should be washed with

CCUto degrease. Washed capsules should be dried in vaccum dryer precaution sly.
20 g of natural Xe gas is filled in to the aluminum capsule in the following way (see figure 1):

- (5) aluminum capsule should be fixed to the tube.
- Liquid nitrogen containing Dewar vessel should be placed under the Al-capsule
- Al capsule should be immersed into the liquid nitrogen
- (E) valve should be opened and pressure should be adjusted to 6 bar
- Vacuum pump is connected to the tube end
- Vacuum pump is switched on and operated for approx. 3 minutes valve (a) closed, (B) open,

(C) closed - so the aluminum capsule is vacuumed.
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- By opening (D) valve the measuring vessel (2) is filled with Xe gas up to a pressure of 5 bar.
- By opening (C) valve the aluminum capsule is filled with Xe gas (5 bar = 5 g)
• Fill Xe gas in to the aluminum capsule four-time as described above (4* 5=20 g of Xe gas)
• (5) aluminum capsule is removed (hands in gloves!) and pressing machine is hand-plugged
• Aluminum capsule is left to warm up to room temperature

o

• Leak-tightness is tested in glycerin at a temperature of 120-240 C.

Figure 1, Xe filling panel

Fig. 2. Aluminum capsule

Section IV. Application of Nuclear Technologies in Industry, Medicine and Agriculture
285



Proceedings of the Third Eurasian Conference "Nuclear Science and its Application", October 5 - 8 , 2004.

TARGET IRRADIATION
Target filled and closed in the previous way proved leak-tight allowing reactor irradiation.

The target is irradiated in a nuclear reactor for 3 weeks optimally at a thermal neutron flux
around 9=1*10 n.cm" .s" . After irradiation 2 months of cooling time is applied in order to
reduce 1-125 content.

TARGET OPENING
The irradiated target is transferred to the processing hot cell in lead container providing

adequate protection against radiation. The aluminum capsule is opened by putting it into the
punching apparatus and pushing the needle into the bottom of the aluminum capsule by turning
the handle counter-clockwise. When the needle punches the aluminum the Xe gas is released into
the chimney and the 1-125 radioisotope is adsorbed on the pulled off from the needle by turning
the handle clockwise. The opened capsule is ready to sublimation.

Fig. 3.Punching "system

DRY SUBLIMATION OF IODINE
Preparation of the Sublimation furnace and equipment on: the first occasion the furnace

should be heated two-times up to 550 °C for two hours each to eliminate potential contamination.
Cooling-washing bottle of the sublimation apparatus is filled with 20 ml of 90% (vol/vol)

sulphuric acid. Collectors are filled with 5-5 ml of 0.04M sodium-hydroxide solution.
Two holes with diameter of approximately 5 mm is advisable to drill through the wall of the

aluminum capsule at the lower one third part to increase efficiency of the Sublimation.
Afterwards it the radioactive aluminum capsule is put into the furnace and vacuum is started.
This is followed by switching on the heating. The Sublimation is followed through 120 minutes
at a temperature of 550 C.
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Fig. 4. Sublimation System

DISPENSING OF SUBLIMATED IODINE
Radioactive concentration of the fractions is determined by pipe ting an aliquot of 0.5 ml into

vial and measuring its activity on Capintec Dose Calibrator. Based on the measured radioactive
concentration the required value should be adjusted with buffer solution dilution.

Solutions of the required radioactive concentration are dispensed to portions into ampoules.
If sterile product is required ampoules should be autoclaved for 30 minutes at a temperature of
120°C .
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NUCLEAR AND RELATED TECHNIQUES IN CONTROL AND
EPIDEMIOLOGY OF HAEMOPARASITIC INFECTIONS

Diizgiin A.
Turkish Atomic Energy Authority, Ankara, Turkey

Haemoparasitic diseases of animals have tremendous economic importance in the world. The
main tick-borne infections affecting cattle and sheep in Turkey are babesiosis and theileriosis.
Babesiosis caused by Babesia bovis and B.ovis has a considerable negative impact on animal
industry. Also, theileriosis is one of the limiting factor in cattle production. The importance of
haemoprotozoan diseases have been emphasized for many years in Turkey. But, no serious
attempt has been made solve this problem. First, it has been considered that it is important to
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determine the distribution of babesiosis and theileriosis using sero-dignostic tests. Since the
1980's, special attention has been given to develop of serologic tests for the diagnosis of
haemoparasitic diseases. Mainly ELISA (enzyme linked immunosorbent assay), IFAT (indirect
flourescent antibody test) and RIA (radio immunoassay) test have been used in the serological
studies. Sero-epidemiological investigations have shown that both babesiosis and theileriosis are
prevalent in most regions of Turkey.

Greatest progress has been made with vaccines for the control of haemoprotozoan infections.
The use of living parasites to immunize the ruminants against the spread of babesiosis and
theileriosis has been employed for a long time in livestock manegement with varying success.
Although attennuated vaccines have been effective, they have several problems associated with
them, among the most important is the cotransmission of the other enzootic agents and a short
shelf life. Therefore, there are studies targeted at developing other preventive techniques.
Irradiated Babesia s/jp-infected erythrocytes have been used to prevent parasitemia. It was
observed that irradiated organisms are non-transmissible by the tick vector and do not revert to
virulence after 12 months in a carrier animal. Culture-derived vaccine against theileriosis used
widely and successfully, is safe in all breeds of cattle and provides at least some production
against challenge with parasite isolates from different areas.

A general review of the studies carried out to diagnose and control of haemoparasitic
infections with the aid of nuclear and related techniques is presented and discussed.

INTRODUCTION
Two genera of intra-eryhtrocytic protozoa cause diseases of major importance, Babesia

causing babesiosis in cattle, sheep, horses and dogs; and Theileria, causing theileriosis in cattle
and sheep. Babesiosis is one of the most common infection of free living animals world wide and
is gaining increasing interest as an emerging zoonosis in humans. These diseases cause high
morbidity and mortality rates in livestock production mainly in tropical and subtropical regions
of the world. All babesial parasites described to date are transmitted by ixodid ticks to their
vertabrate hosts. They are piriform, round, ameboid, or rod-shaped, depending in part on the
genus. The severity of the disease is attributed to erythrocyte destruction and plugging of
capillaries with parasitized erythrocytes leading to impaired organ function. They occur in the
erytrocytes; some genera occur in the leukocytes or other blood system cells as well.

In Turkey, babesiosis is seldom lethal, at least if diagnosed early and cured, but it is always
associated with a reduction of the profit from both cattle and sheep breeding.. Babesia bovis,
B.divergens, and B.bigemina are the most important Babesia species of bovine babesiosis. Also,
B.ovis, in sheep, has been found in all climatic regions of Turkey and causes great economic
losses in sheep breeding.

Theileriosis is one of the serious tick-borne diseases in cattle production in the Mediterranean
littoral and the Middle East, extending eastward to India. The most important Theileria species is
T.annulata, the causative agent of tropical theileriosis in cattle in Turkey. Theileria species occur
commonly in the lymphocytes and erythrocytes of the affected animals. The forms in the
erythrocytes are round, oval, rod-shaped or comma shaped. Some Theileria parasites enter
lymphocytes and develop into forms called schizonts. They all are transmitted by ticks.

The mortality rate of babesiosis and theileriosis is as high as 30-90 % in untreated cases.
Medication with anti-babesial and anti-theilerial compounds of affected animals is the main
control of these diseases at present. However, in most cases, even if the animals survive, their
productivity is severely impaired after recovery. In addition, the agents used for medication
cause environmental pollution and the tick forms develop resistance to drugs with time.
Vaccination of susceptible animals with antiparasitic vaccines proved to be the method of choice
for control of these infections. Since, babesiosis and theileriosis are transmitted by tick,
prevention and control depend primarily on tick elimination. For this reason, it is important to
determine the areas where the vector ticks are present.
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Improved serological tests are essential for sensitive and specific diagnosis of the infections
to determine the endemic areas. Enzyme-Linked Immunosorbent Assay (ELISA) is one of the
serological tests which is simple to perform, higly sensitive and economical.

Vaccination of susceptible cattle and sheep with antiparasitic vaccine considerably reduces
the losses caused by babesiosis and theileriosis. The application of safe and effective vaccine
will have a beneficial influence on cattle and sheep husbandry whereever babesiosis and
theileriosis are endemic.

SEROLOGY
Microscopic techniques are still the only appropriate techniques to diagnose acute disease A

characteristic feature of this infections is that animals which recover from an acute infection
become carriers of the respective haemoparasites. These carrier animals cannot be diagnosed by
stained films. Thus, in order to identfy infected animals it is necessary to develop serological
method to detect specific antibodies and the detection of animals with subclinical infections.
Also, in developing control strategies against haemoprotozoan diseases it is essential initally to
obtain baseline data before the control programme is introduced, and then to constantly monitor
the programme to asses its efficacy.

Immunoassays with their high specificity and widely applicable methodology have been
gaining ground at the expense of the chemical or physical analytical methods. One group of such
assays employing labelled reagents are at present dominating the immunoassay field. The label
whether it can be an enzyme (enzyme-immunoassay), an isotope (radioimmunoassay) or a
flourescent molecule (fluoroimmunoassay), Serodiagnosis of haemoprotozoon diseases is
necessary in order to find out the epidemiological status of these diseases. During the past 30
years, seroepidemiological studies using enzyme linked immunosorbent assay (ELISA),
radioimmunoassay (RIA) and indirect flourescent antibody techniques (IFAT) were used in the
world. Also, the following serological tests have been used in the diagnosis of Babesia spp.
infections: complement fixation (CF), indirect hemagglutination (IHA), gel diffusion, capillary
agglutination test.

The indirect fluorescent antibody test (IFAT) is widely applied for the diagnosis of human
and protozoal diseases (Burridge 1971). The disadvanges of IFA test is its incovenience for the
screening of large numbers of sera limit as well as its use in epidemiological surveys. Usually,
not more than 70-90 samples per day should be examined and results are influenced by
subjective judgement of the operator, who makes standardisation diffucult (Bose et al, 1995). In
Turkey a number of studies were carried out to determine the epidemiology of theileriosis by
using IFA test, (Cakmak et al 1993, Dincer et al,1991 ) . In these studies, high incidence of
tropical theileriosis was observed in southern and northern Turkey.

The enzyme-linked immunosorbent assay (ELISA) for the detection of antibodies against
Babesia spp. has been evaluated (Barry et al,1982, Waltishbuhl et al,1987). This technique has
been used to detect antibodies against B.divergens, B.major, B.bovis, B.bigemina in cattle and
B.ovis in sheep babesiosis. ELISA was developed to determine antibody levels in cattle infected
with Theileria parva and T.annulata, using antigens prepared from the intra-erythrocytic
piroplasm stage of the parasites (Gray et al 1980) . The enzyme-linked immunosorbent assay
technique has been successfully used to detect antibodies against many haemoparasites of
medical and veterinary importance. Its sensitivity is greater than that of other serological assays.
It does not require expensive equipment and can be fully automated, making it suitable for
screening of large numbers of serum samples within a short period.

Until now only one large-scale serological survey of bovine babesiosis has been done using
ELISA test in Turkey. From the data obtained in this seroepidemiological survey one can
indicate that there is a high incidence of B.bovis infections of some regions of Turkey (Duzgun
et al,1992). Also, an ELISA for the diagnosis of B.ovis infection was developed at Saraykoy,
Ankara Nuclear Center for Agriculture and Animal Science, Parasitology Laboratories, in this
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study, a crude B.bovis antigen and a synthetic B.bovis-derived antigen were used to screen 1466
sera collected from sheep from 18 regions of Turkey. A high incidence of B.ovis positive
reactions was found from all regions (60-80%) in sheep over 1 year old, while from two smaller
samples the incidence in young sheep was much less (28 and 52%), (Duzgun et al,1991).

The development of radioimmunoassay (RIA) for the detection of antibody against B.bovis
enables highly sensitive rapid semi-automated assays to be made. As little as 2-4 ng anti-Babesia
antibody can be detected using this test (Wrigh, I.G.I984). The review by Wright et al (1988),
described that RIA test was somewhat more sensitive than ELISA and it has less application
since the radioisotope label 125I has short half-life. It is for this reason that the ELISA is
becoming more popular, even if it is somewhat less sensitive. RIA test was developed for the
diagnosis of babesiosis at Saraykoy, Ankara Nuclear Center for Agriculture and Animal
Science, Parasitology Laboratories. But, this test has not been used in seroepidemiological
studies in Turkey.

VACCINATION
Various vaccination methods have been developed and used under laboratory and field

conditions as immunoprophylactic agents against haemoparasitic diseases. Vaccination with
attenuated live parasites has been demostrated to be the most effective control measure against
babesiosis and theileriosis.

1.Vaccine Against Babesiosis
1.1 Attenuated Babesia Vaccine
The rapid passage technique was developed during 1960s and 1970s. Splenectomised calves

were used to produce vaccine against B.bovis and B.bigemina parasites. It was observed that 20-
30 passages were required and low pathogenicity were obtained by rapid passagess in calves.
Commercial vaccines became available for both B.bovis and B.bigemina using the rapid
passages technique by which it was discovered. (Dalgiest et al 1981).

Cell culture vaccines have been developed and used effectively in various countries for the
control of these diseases. Principle of producing of culture-derived vaccines against theileriosis
and babesiosis follows these criteria, which include Cultivation of Babesia and Theileria
parasites continously in vitro and obtaining of avirulent populations of these parasites; Preparing
vaccines from these attenuated parasites and evaluation of the effectiveness of these vaccines.

In vitro cultivation of Babesia spp. has been a research objective for the production of
antigens for serologic test procedures and immunogens against babesiosis. Short- term in vitro
cultivation of B.bovis was reported by Erp et al (1980). Further progress in the in vitro
propagation of B. bovis resulted from the development of a microaerophilus stationary phase
system (MASP) by Levy and Ristic (1980), Yunker et al (1987), Rodriquez et al (1983). These
major advances have made large amount of parasite-derived material available for antigenic and
immunogenic studies. In vitro cultivation for prolonged periods may result in the decrease or
complete loss of virulence. Culture-derived babesia parasites have been successfully
cryopreserved with polyvinylpryrolidone as cryoprotectant (Palmer et al ,1982; Vega et al,
1985).

1.2 Irradiated Vaccines Against Babesiosis
The use of gamma irradiation to induce stable virulent strains of Babesia spp. has been

reported in numerous studies and these have been reviewed (Wright,I.G.1984.,Weilgama. et
al,1988; Wright et al. 1988). Especially, the irradiation studies of Babesia parasites have been
concentrated on B.bovis. Successful control of babesiosis has been achieved in Australia with a
blood vaccine containing attenuated B.bovis parasites (Callow 1977). The likely mechanism of
irradiation on parasites induced avirulance was conceived. In the first study of the effect of
irradiation on B. bovis it was shown that with increasing doses of irradiation there was a linear
decrease in viable organisms. Also, Wright et al (1983) observed that B.bovis parasites which
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had either been frehly irradiated or had been reisolated from cattle infected 12 months previously
with irradiated organisms were not transmitted transovarially by cattle ticks {Boophilus
microplus). The parent unirradiated strain of B.bovis was readily transmitted in this manner
after being in host cattle for 12 months.

From the studies on B.bovis, it was shown that the irradiation dose of 350 Gy induces an
avirulent state in a number of strains. These avirulent strains did not revert to virulence, even
after one year, in a carrier animal, however, the parent virulent strains maintained their virulance
under the same conditions (Wright et al,1980). In other study, it was observed that on challenge
with virulent parasites the cattle were inoculated with B.bovis parasites irradiated at 300 Gy
showed better protection than those that had received parasites irradiated at 350 Gy (Weilgama
et al 1988). A series of experiments were made to study the effects of irradiation on the
infectivity of B.divergens and B. major in cattle (Purnell et al,1979). In these experiments, the
result of inoculating the calves with blood containing B.divergens piroplasms irradiated at doses
of 240 to 400 Gy demonstrated that irradiation had a market effect on the pathogenic identity of
the parasites. The prepatent periods were not only extended, but animals receiving piroplasm
irradiated at 240 and 280 Gy had mild reactions whereas those receiving piroplasms irradiated at
360 and 400 Gy had no overt reactions .On challenge the animals which had mild reactions were
solidly immune and these having no reactions had limited protection. The result of experiment
for B. major, it was observed that the intact calves can be protected against B.major challenge by
the prior inoculation of piroplasms at 240 or 280 Gy doses. Philips (1970), working with rodent
Babesia species demostrated that irradiation at doses of 400 or 600 Gy prevented
intraerythrocytic parasites non-infective but rats and mice inoculated with them were protected
against homologous challenge. Halacheva et al (1977), studied on the effect of ionizing radiation
on the virulence and the immunogenic properties of B.ovis. In this study, it was observed that
irradiation with 300 Gy reduces the virulence of B.ovis, parasites irradiated in this dose are
capable of producing a relatively permanent immuity.

2. Vaccine Against Theileriosis
The tick vector of Hyalomma spicies, which transmit T.annulata and infect cattle while the

ticks suck blood. The sporozoites enter the lymphocytes and invade perpheral white blood cells
where they develop via trophozoites into multinucleate schizonts, which grow and divide in
synchrony and then differentiates into merozoites. The merezoites enter erythrocytes and become
piroplasms. Schizonts of T.annulata can be cultivated and maintained in vitro. Tsur (1945), first
cultivated T.annulata schizonts in lymhocytes in small explants of liver or spleen obtained from
infected cattle. T.annulata schizonts grown in cell culture have replaced schizont-infected blood
as the vaccine. Herds are usually protected by vaccination. The culture derived vaccine against
theileriosis have been developed and used effectively in various countries for the control of this
disease ( Gill et al,1976;Hasemi-Fesharki et al,1973; Ozkoc et al,1981). It is important to know
the duration of immunity provided by the cell culture vaccine in the vaccinated animals.
Determination of duration of immunity of calves vaccinated with the Theileria annulata schizont
cell culture vaccine was studied by Beniwall et al (2000). In this study, it was observed that the
calves challenged after 3 months of vaccination were fully immune and protected against
Tropical theileriosis. In Turkey, culture-derived theleria vaccine is being produced in Pendik
Veterinary Research Instutute and this vaccine was found to be partially effective on tropical
theilerioisis since the incidence of tropical theileriosis was 1.9 % in vaccinated animals and 10.5
% unvaccinated control group animals in Central Anatolia, Turkey.
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MEASUREMENT OF BETA EMITTING RADIONUCLIDES IN DOSE
CALIBRATORS ROUTINELY USED IN NUCLEAR MEDICINE

DEPARTMENTS

Ta§tan S., Soylu A., Ku?uk O., ibi§ E.
Ankara University, Ankara, Turkey

INTRODUCTION
Diagnostic radionuclides which emit gamma rays and therapeutic radionuclides which emit

both beta and gamma rays are measured by commercially available dose calibrators in nuclear
medicine. Pure beta emitting radionuclides are also used in therapy because of their favorable
physical half-life and energetic pure beta emission. However, it is often necessary to use
standardized sources to establish a dose calibrator dial setting for accurate calibration of clinical
doses [1]. The type of container material, like glass or plastic, may seriously affect radioactivity
measurements due to attenuation [2].

In 1994, a National Regulatory Comission (NRC) licensee reported 14 potential
misadministrations. Due to the failure to calibrate the dose calibrator for the differences in
geometry between the vials and syringes and the differences in materials between glass and
plastic; the wrong dose calibrator settings had been used [2].

The importance of accurately measuring the activity of pure beta emitters is a potential
problem for all nuclear pharmacy laboratories , because of the introduction of new therapeutic
products containing pure beta emitters like Phosphorus-32, Strontium-89, Yttrium-90.
Y-90 is a pure beta emitting radionuclide with physical half-life of 64.0 hours, beta energy of
2.3 MeV and 99,984 % abundance. It decays to non-radioactive Zr-90.

MATERIAL METHODS
In this study, two types of commercially available dose calibrators were calibrated. One of

them is CAPINTEC CRC-12, the other one is BIODEX ATOMLAB-100 available in the
deparment. The Standard Y-90 source activity was 1.82 GBq by supplier's calibration, with
calibration time 26.3.2004 : 12.00, PARIS and volume of 1.03 ml [3].

,
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Procedure
1. The reference radioactivity on the standard source was corrected according to time and

recorded.
2. Volume of activity for the patient dose (1480 MBq) was calculated.
3. The required volume was withdrawn using a 1 ml syringe.
4. It is placed in the dose calibrator and the " calibration number " was changed to equal a

1480 MBq read out.
5. The calibration number for 1 ml syringe was recorded.
6. The activity was transferred from 1 ml syringe to 10 ml vial immediately. The residual

activity in the syringe was assayed.
7. The activity added to the reaction vial was determined.
8. Normal saline was added to the 10 ml reaction vial q.s and the vial was placed in the dose

calibrator. The "calibration number" was changed to read the activity read in step 7
9. The calibration number for 10 ml vial was recorded.
10. The necessary volume was withdrawn into a 10 ml syringe based on the activity in step 7
11. The calibration number for 10 ml syringe was recorded [3].

These calibration settings were used in the Y-90 measurements made in the department since the
day these measurements started.

RESULTS
Different material (glass-plastic) and different geometry ( vial-syringe) were used for calibration
of dose calibrators. •

Table 1.Calibration values for dose calibrators

1 ml SYRINGE
10 ml VIAL

10 ml SYRINGE

CAPINTECCRC-12

57,6x10
32,2x10
55x10

BIODEX ATOMLAB 100

325
463
357

As a result of this calibration, differences in material and geometry, calibration number values

were :

Table 2.Differences in material and geometry

Between 1 ml syringe and 10 ml vial
Between 10 ml syringe and 10 ml vial

CAPINTEC
CRC-12

+ 78.8. %
+ 70.80 %

BIODEX
ATOMLAB 100

- 29.8 %
- 22.89 %

The type of container material may seriously affect radioactivity measurements due to
attenuation, since it is crucial to give the exact amount of radioactivity to the patient for therapy
purposes.

DISCUSSION
The container material and geometry may affect the measurements seriously. Therefore it is

very important to use exactly the same brand and type of syringes, needles and vials in order not
to cause any variation of measurements made at different times. In this study the glass vials of
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the supplier and the syringe and needles regularly used in nuclear medicine departments were
evaluated. These points were taken into consideration dealt with in this study.

CONCLUSION
Dedicated dose calibrators which are specially manufactured for the measurement of pure

beta emitting radionuclides are commercially available but these measuring systems are not
widely used in nuclear medicine centers where therapy is applied to the patient. It is a known
fact that dose calibrators routinely used in nuclear medicine departments can be calibrated for
vials and syringes using standart sources of the same radioisotope. The method of calibration of
Y-90 measurement for two commercial dose calibrators available in the institute were
summarized in this study.
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COMBINATION OF THE PROMPT NEUTRON CAPTURE METHOD
WITH OTHER NEUTRON METHODS FOR SUBSTANCE ELEMENTAL

CONTENT ANALYSIS

Kurbanov B.I.
Institute of Nuclear Physics, Tashkent, Uzbekistan

Neutron analysis method of determining element composition has found wide range of
applications in industry due to different types of interaction of neutron with substances /I/. With
the aim of widening the circle of problems to be solved, on the basis of the device 121 for
determining the elemental content of substance, possibilities of combining the method based on
the use of neutron capture gamma-ray spectrometry with other neutron methods; in particular
neutron activation analysis and neutron absorption analysis were studied.

Developed laboratory of model experimental device based on the Cf252radionuclide - neutron
source with yield of 1,5 x 107 neutron/sec. By means of using neutron capture gamma - radiation
spectrometry the possibilities of determining some elements (H, B, N, S etc.), which are not
determined by widely used activation analysis method.

Fig.l shows design of laboratory model of the experimental device. Measurement of
geometry and the construction materials of experimental device allows maximal flux of thermal
neutrons on the investigated samples with minimal amount of fast neutrons and disperse gamma-
rays.
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Measurement system
consists of semiconductor
Ge(Li) - detector with 40 cm3

sensitive crystals and 4,5 keV
energy resolution on the line
of Co60 with energy of 1333
keV and multichannel pulse
analyzers AI - 1024 - 95. For
example, to investigate
samples one can get mine
rock, technological products
and srandard reference
material samples.

Fig.l. Laboratory model of the experimental device.

Fig.2 shows neutron capture gamma-ray spectra of the model samples within 30 min
measurement.

N,*103HHn

10

0,5 1.0 1,5 2,0 2,5 Ev>ioB

Fig.2. Neutron Capture gamma-ray spectra of the model samples.

By using this experimental device the possibilities for determination of some "well" active
elements (K, Al, Fe, Mn, Ti, Sc, etc) in mining and technological samples by the neutron
activation analysis method was studied. During the time of irradiation (60 min) the experimental
device gave resolution analytical peaks of these elements. Fig.3 shows spectra of gamma-ray of
reference sample and background. Intensive gamma-lines of following radionuclides stand out
most: Al-28 (1778 keV), K-42 (1524,7 keV), Sc-46(889 keV and 1120 keV), Ti-51 (928,5 keV),
V-52 (1434,4 keV), Fe-59 (1099 keV and 1291,6 keV), 1-128 (442 keV), La-140 (1596 keV),
Mo-101 (1187keVand 1357 keV).
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Sensitivity of determination in both methods depends on analytical peaks area and mainly on
background level under them. Correlations of analytical peaks areas S(AA)/S(NCG) were
calculated, where S(AA) - peak area in activation analysis and S(NCG) - peak area in neutron
capture gamma-ray spectra. This data is necessary for choice of methods. For example for S-37
(3103 keV) -AA and S (840,3 keV) - NCG the correlation S(AA)/S(NCG) - 0,0008, for Cd-
117m (1996 keV) -AA and Cd (558,3 keV) - NCG the correlation S(AA)/S(NCG) = 0,00002.
One can make a conclusion about priority of applying of this or another method based on the
following: if the meaning of correlation S(AA) / S(NCG) >1, the method of activational analysis
is to be applied. If the values of correlation S(AA) / S(NCG) <0,l, the method of neutron capture
gamma-ray spectrometry is to be applied. But if the meaning S(AA) / S(NCG) is within the
limits from 0,1 to 1 the method is to be chosen depending on the given task.

1000 1200 1400 E7,M3B

Fig.3. Spectra of gamma-ray of sample and background

Experimental works on determination of some elements with large cross-sections of capture
(B, Cd, Sm) by absorption of neutrons in the investigated substance, i.e. using the neutron
absorption analysis method with absence of other large capture cross section elements in the
samples were conducted. In this studies CF-252 radionuclide source with the yield of 1,5 x 107

neutron/sec was used. The flux of thermal neutrons is measured by dosimetric equipment -
"KRAN- 1" and neutron counter.

The experimental data shows possible application of this method as supplementary methods
of analysis.
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WATER UTILIZATION OF VEGETABLES GROWN
; UNDER PLASTIC GREENHOUSE CONDITIONS IN ANKARA
i | USING NEUTRON PROBE TECHNIQUE
is
^

Halitligil M.B., Ki?lal H., Sirin H., Sirin C , Kili?aslan A.
Turkish Atomic Energy Authority, Ankara, Turkey

1 ABSTRACT
In order to find suitable varieties of tomato, pepper and cucumber for plastic greenhouse

conditions in Ankara and ensure both higher yields and lower NO3 leaching greenhouse
experiments were conducted for three years. In the first year (2001) of the experiment four
different varieties from each vegetable, namely, Tomato (Ecem Fi, 9920 Fj, 2116 Fi and Yazgi
Fi), Cucumber (Hizir Fi, Rapido, Hana, and Luna) and Pepper (1245 Fi, 730 Fi, Serademre 8 and
710 Fi) had been grown in the plastic greenhouse using drip irrigation-fertigation system. Yazgi
Fi variety for tomato, Hizir Fi variety for cucumber and Serademre 8 variety for pepper were
chosen to be the suitable varieties to grow in the plastic greenhouse conditions in Ankara.

One access tube in each N3 and No treatment plots of tomato, cucumber and pepper in 2002
and 2003 experiments were installed for the soil moisture determinations at 30, 60 and 90 cm
depths. Readings with the neutron probe were taken before planting and after harvest for the
water consumption calculations using the water balance approach and the WUE was calculated
on the basis of the ratio of dry matter weight to the amount of water consumed.

Tensiometer and suction cups were installed at 15, 30, 45 and 60 cm depths only to Ni, N2

and N3 treatments plots of each vegetable in 2002 and 2003. Tensiometer readings were taken
just before irrigation. Also, soil solution samples from suction cups were taken at final harvest
and NO3 determinations were done with RQFLEX nitrate test strips.

Significantly higher yields and WUE values were obtained when the same amount of N
fertilizer is applied through fertigation compared to the treatment where N fertilizer applied to
the soil then drip irrigated. The nitrate concentrations of the soil solution increased as the N rates
increased and no NO3 had been found in the soil solution taken from 75 cm soil depth, indicating
that no leaching of N fertilizer occurred beyond 75 cm soil depth.

INTRODUCTION
The plants can use nitrogen easily and more efficiently if they can exist at optimum levels in

the effective root zone of the plants. Drip irrigation-fertigation is the system that can provide
both nitrogen and water at desired levels and conditions in the root zone. Both yields, nitrogen
and water use efficiencies can be increased by drip irrigation-fertigation [1,2,3]. This system was
applied as a sensible method of supplying water and nitrogen inside the greenhouse [2,3]. Plastic
greenhouses without heating systems had been widely used in the Mediterranean and Agean Sea
Regions of Turkey successfully during the last decade for drip irrigated-fertigated vegetable
production [3]. However, plastic greenhouses are recently had being used for vegetable
production at temperate locations of Central Anatolia, like Ankara, without the need of any
additional heating in cool weather (early April - late October). In general, open field vegetables
are produced and sent to market in mid-July in Ankara. To grow vegetables earlier then July in
Ankara climatic conditions will be an extra income to the farmers due to selling their vegetables
for higher prices.

In this report water use efficiencies of tomato, cucumber and pepper under conventional N
fertilizer application and N fertigation was compared.

MATERIAL AND METHODS &
The detailed "material and methods" of this research is given in [4]. Additional

specifications are as follows: a) Including fertigation and no fertigation irrigation treatments,
298 ;
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totally, 1700, 1020 and 1460 mm of water in year 2002 and 1600, 1180 and 1340 mm of water in
year 2003 was applied during the growth period for tomato, cucumber and pepper, respectively,
b) Soil samples from 0-90 cm depth, with 30 cm increments were taken after final harvest and %
N, % 15Ndff (nitrogen derived from fertilizer) determinations carried out. c) Tensiometer and
suction cups were installed at 15, 30, 45 and 60 cm depths only to Ni, N2 and N3 treatments plots
of each vegetable in 2002 and 2003. Tensiometer readings were taken just before irrigation.
Also, soil solution samples from suction cups were taken at final harvest and NO3 determinations
were done with RQFLEX nitrate test strips, d) One access tube in each N3 and No treatment plots
of tomato, cucumber and pepper in 2002 and 2003 experiments were installed for the soil
moisture determinations at 30, 60 and 90 cm depths. Readings with the neutron probe were taken
before planting and after harvest for the water consumption calculations using the water balance
approach and the WUE was calculated on the basis of the ratio of dry matter weight to the
amount of water consumed.

RESULTS AND DISCUSSION
Two year average values of total dry matter yields and water use efficiency (WUE, kg dry

matter/ha, mm) values for tomato variety Yazgi Fi, cucumber variety Hizir Fi and pepper variety
Serademre 8 at different N rates are given in Table 1.

Significantly higher total dry matter yields and WUE values were obtained from N3
treatments for tomato and cucumber, but from N2 treatment for pepper. For all three vegetables
the lowest total dry matter yields and WUE values were obtained when no N fertilizer applied
(No treatment). Also, significantly total dry matter yields and WUE values were obtained when
same amount of N fertilizer (N2 treatment) is applied through fertigation compared to the
treatment where N fertilizer applied to the soil then drip irrigated (NSOii treatment).

Table 1. Two years average total dry matter yields and WUE values of vegetables grown at
different N treatments under plastic greenhouse conditions.

TOMATO (YazgiFi)
Total Dry Matter Yields (kg/ha)

WUE (kg dry matter/ha . mm)
CUCUMBER (Hmr Fj)
Total Dry Matter Yields (kg/ha)
WUE (kg dry matter/ha, mm)
PEPPER (Serademre 8)
Total Dry Matter Yields (kg/da)
WUE (kg dry matter/ha. mm)

N Rates
No

10003 c

6.06 c

7937 d
7.21c

8155 d
5.82 c

N,

11681b
7.07 b

9797 c
8.90 b

10736 c
7.66 b

N2

11692 b
7.08 b

10301b
9.36 a

13175 a

9.41a

N3

12383 a
7.68 a

10535 a
9.57 a

12478 b
8.91a

NSoil

11402 b
6.91b

10130b
9.20 ab

10860 c
7.75 b

• Values followed by the same letter within a row are not significantly different at 0.05 levels according to LSD analysis.

Higher average soils % Ndff (nitrogen derived from fertilizer) values were obtained under
different vegetables as the N rate increased. Generally, lower % Ndff values are obtained as the
soil depth increased and no labeled N was detected in the soil samples taken from 60-80 cm
depth. The % Ndff values obtained for the conventional N-fertilizer application treatment (Nson)
were higher than the same amount of N-fertilizer applied through fertigation (N2), which showed
that with fertigation treatment less N fertilizer was leached.

When average nitrate concentrations (ppm NO3) in soil solutions taken at different depths, N
rates and times for different vegetables grown are evaluated it was observed the nitrate
concentrations increased as the N rates increased and no NO3 had been found in the soil solution
taken from 75 cm soil depth.
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Tensiometer and neutron probe readings for each vegetable were taken at different soil
depths just before each irrigation in 2002 and 2003 experiments; the suction, in mbar, that water
held by the soil and soil moisture content, in mm, were calculated. Highest tensiometer readings
were obtained for 15 cm soil depth for tomato and pepper, except in early August for which the
highest was obtained for 30 cm soil depth. Tensiometer readings taken from 45-60 cm soil depth
did differ very little, which can be seen from the figures, indicated that almost no water
movement had occurred below 60 cm depth.

For tomato soil moisture content at different depths and rates (No and N3 fertilizer
treatments) showed very little differences monthly, although the total moisture content in the 0-
90 cm soil profile showed considerable differences. However, for cucumber and pepper soil
moisture contents at different depths and rates (No and N3 fertilizer treatments) showed
considerable differences monthly beside the total moisture content in the 0-90 cm soil profile.

CONCLUSION
Significantly higher yields and WUE values were obtained when the same amount of N

fertilizer is applied through fertigation compared to the treatment where N fertilizer applied to
the soil then drip irrigated. The nitrate concentrations of the soil solution increased as the N rates
increased and no NO3 had been found in the soil solution taken from 75 cm soil depth, indicating
that no leaching of N fertilizer occurred beyond 75 cm soil depth.
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ABSTRACT
In order to find suitable varieties of tomato, pepper and cucumber for plastic greenhouse

conditions in Ankara and eventually to identify the best N fertilizer rate greenhouse experiments
were conducted for two years. Yazgi Fi variety for tomato, Hizir Fi variety for cucumber and
Serademre 8 variety for pepper were chosen to be the suitable varieties to grow in the plastic
greenhouse conditions in Ankara.
300
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Five N treatments [No = 0, Ni = 150, N2 = 300, and N3 = 450 kg N/ha; also, soil N
application treatment (NSOii) equivalent to the fertigation treatment of 300 kg N/ha was included
for tomato and pepper, however N rates for cucumber was 131, 266 and 339 kg N/ha; NSOii being
266 kg N/ha.] were investigated using 15N labeled urea ferilizer.

Significantly higher marketable fresh fruit and total dry matter yields and N uptakes values
were obtained from N3 treatments for tomato and cucumber, but from N2 treatment for pepper.
Also, significantly higher yields, N uptakes and % NUE values were obtained when the same
amount of N fertilizer is applied through fertigation compared to the treatment where N fertilizer
applied to the soil then drip irrigated.

INTRODUCTION
The plants can use nitrogen easily and more efficiently if they can exist at optimum levels in

the effective root zone of the plants. Drip irrigation-fertigation is the system that can provide
both nitrogen and water at desired levels and conditions in the root zone. Both yields, nitrogen
and water use efficiencies can be increased by drip irrigation-fertigation [1,2,3]. This system had
been as a sensible method of supplying nitrogen inside the greenhouse [2,3]. Plastic greenhouses
without heating systems had been widely used in the Mediterranean and Agean Sea Regions of
Turkey successfully during the last decade for drip irrigated-fertigated vegetable production [3].
However, plastic greenhouses are recently had being used for vegetable production at temperate
locations of Central Anatolia, like Ankara, without the need of any additional heating in cool
weather (early April - late October). In general, open field vegetables are produced and sent to
market in mid July in Ankara. To grow vegetables earlier then July in Ankara climatic conditions
will be an extra income to the farmers due to selling their vegetables for higher prices.

The specific objective of this study was to compare the nitrogen fertilizer use efficiency
under conventional N fertilizer application with N fertigation when drip irrigation system is used
in the greenhouse conditions in Ankara.

MATERIAL AND METHODS
In order to to find out the suitable varieties of tomato, pepper and cucumber for plastic

greenhouse conditions in Ankara, four different varieties from each vegetable, namely, Tomato
(Ecem Fi, 9920 Fi, 2116 Fi and Yazgi Fi), Cucumber (Hizir Fj , Rapido, Hana, and Luna) and
Pepper (1245 Fi, 730 Fi, Serademre 8 and 710 Fi) varieties were grown in the plastic greenhouse
of Ankara Nuclear Research Center for Agriculture and Animal Sciences (ANRCAAS) at Saray-
Ankara in 2001. Due to the higher marketable fresh fruit and total dry matter yields, N uptakes
and NUE values obtained from Yazgi Fi , Hizir Fi and Serademre 8 varieties for tomato,
cucumber and pepper, respectively, were chosen to be used in 2002 and 2003 experiments.

The soil used in the experiment had a pH of 7.9 and was low in organic matter content.
Greenhouse was divided into three sections and in each section there were two 70 cm wide
ridges and in between the ridges there was one 70 cm furrow for each vegetable. For every
vegetable section there were four rows and at each row plants were 70 cm apart which ended up
with a plant density of 20 000 plants per hectare. Five N treatments were investigated in all
experiments. Nitrogen as urea was applied through drip irrigation water at rates of No = 0, Ni =
150, N2 = 300, and N3 = 450 kg N/ha; also, soil N application treatment (NSOii) equivalent to the
fertigation treatment of 300 kg N/ha was included for tomato and pepper, however N rates for
cucumber was 131, 266 and 339 kg N/ha; Nsoi] being 266 kg N/ha.

Each vegetable experiment consisted of two blocks in which the five N treatments plots were
established in a randomized complete block experimental design. Therefore, each N treatment
plot consisted of two rows having 8 plants (2.8 m x 1.4 m = 3.92 m2) at planting. The middle
four plants were considered to be the replications and each of them was assigned with a
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replication number. 15N isotope subplots were established on each ridge including 8 plants with a
different lateral dripper line. Urea fertilizer with % 1,61 15N atom excess enrichment was used.

At final harvest, each assigned replication plant from each plot was harvested separately and
divided into fruit, leaf, stem and root parts, then dried at 70 °C, ground and passed 2 mm screen.
Total N and 15N analyses were done by using semi microKjeldahl and NOI7 emission
spectrometer, respectively. Afterwards, Ndff and NUE values were calculated.

RESULTS AND DISCUSSION
Two year average values of yield, N uptake, nitrogen use efficiency (% NUE) for tomato

variety Yazgi Fi, cucumber variety Hizir Fi and pepper variety Serademre 8 at different N rates
are given in Table 1.

Significantly higher marketable fresh fruit and total dry matter yields and N uptake values
were obtained from N3 treatments for tomato and cucumber, but from N2 treatment for pepper.
Significantly lower % NUE values were observed by decreasing the N rate, which is in
accordance with the findings of other researchers [2,3]. Highest % NUE values were obtained for
cucumber and the lowest values obtained for tomato. For all three vegetables the lowest
marketable fresh fruit and total dry matter yields, N uptakes values were obtained when no N
fertilizer applied (No treatment).

Table 1. Two years average total yields, N
different n treatments under plastic

TOMATO (Yazgi Fj) Fresh Fruit Yields (kg/ha)

Total Dry Matter Yields (kg/ha)

Total N uptake (kg N/ha)

Ndff(kgN/ha)
%NUE

CUCUMBER (Hizir Fi) Fresh Fruit Yields (kg/ha)

Total Dry Matter Yields (kg/ha)

Total N uptake (kg N/ha)

Ndff (kg N/ha)

%NUE

PEPPER (Serademre 8) Fresh Fruit Yields (kg/ha)

Total Dry Matter Yields (kg/da)

Total N uptake (kg N/ha)

Ndff (kg N/ha)

%NUE

uptakes, Ndff and % NUE of vegetables grown at
greenhouse conditions.

N Rates
No

146500 c
10003 c
159 d

107880 c
7937 d
158 d

72350 e
8155 d
175 e

N,
170000 ab
11681b

186 c
44 d

28.9 a
148100 b
9797 c
202 c
79 c

59.8 a
83100d

10736 c
206 d
47 d

30.5 b

N2

174930 a
11692 b
204 b
79 b

26.4 b
157750 b
10301b
242 a
125 b
47.6 b

111230 a
13175 a
300 a

106b
36.5 a

N3

181270 a
12383 a
222 a
110a
24.5 c

170400 a
10535 a
250 a
155 a
39.3 c

99250 b
12478 b
262 b
125 a

28.8 be

NSoil

165630 b
11402 b
205 b
73 c

24.2 c
154230 b
10130b
222 b
83 c

31.7d
89430 c
10860 c
230 c
79 c

26.6 c
* Values followed by the same letter within a row are not significantly different at 0.05 levels according to LSD analysis.

Significantly higher yields, N uptakes, % NUE values were obtained when same amount of
N fertilizer (N2 treatment) is applied through fertigation compared to the treatment where N
fertilizer applied to the soil then drip irrigated (Nsoii treatment). In other words, nitrogen rate N3
for tomato and cucumber, but nitrogen rate N2 was superior in yields.

When two-year average % N and % Ndff (nitrogen derived from fertilizer) values obtained at
harvest for different soil depths under different vegetables were evaluated, higher % N and %
Ndff values were obtained as the N rate increased regardless of soil depth. Generally, lower %
Ndff values are obtained as the soil depth increased and as it can be seen from the table no
labeled N was detected in the soil samples taken from 60-80 cm depth. The % Ndff values
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obtained for the conventional N-fertilizer application treatment (NSOii) were higher than the same
amount of N-fertilizer applied through fertigation (N2), which showed that with fertigation
treatment less N fertilizer was leached.

CONCLUSION
With this study it was proven that without any heating, one month early (first pick in June)

and one month late (last pick at late October) tomato and pepper production is feasible under
plastic greenhouse conditions in Ankara. Although early production for cucumber is feasible in
the plastic greenhouse late cucumber production is not feasible.

It was shown that Yazgi Fi, Hizir Fi and Serademre 8 are the suitable varieties of tomato,
cucumber and pepper, respectively, for the plastic greenhouse conditions in Ankara due to their
higher yields and % NUE values. It was also shown that nitrogen fertilization is necessary for the
higher productivity of tomato, cucumber and pepper and with control treatments (No) nearly 24-
58 % lower marketable fresh fruit yields were obtained compared to the yields obtained from N3
or N2 treatments. Also, soil application of N fertilizer (NSOii) was less effective when compared to
fertigation treatment with same N rate.
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NUCLEAR TECHNIQUES USED IN SOIL FERTILITY
AND PLANT NUTRITION

Halitligil M.B.
Turkish Atomic Energy Authority, Ankara, Turkey

ABSTRACT
Nuclear techniques, which include the usage of radioactive and stable isotopes, had been

used in soil fertility, plant nutrition, plant breeding, plant protection and food preservation
research works after 1950s. Ultimately these nuclear techniques contributed greatly in increased
plant production [1]. In general, it is possible to separate the nuclear techniques used in soil
fertility and plant nutrition into to groups [2]. The first group is the use of radioactive and stable
isotopes as a tracer in order to find out the optimum fertilization rate of plants precisely. The
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second group is the use of neutron probe in determining the soil moisture at different periods of
the growing season and at various soil depths precisely without any difficulty.

In research works where conventional techniques are used, it is not possible to identify how
much of the nutrient taken up by the plant came from applied fertilizer or soil. However, when
tracer techniques are used in research works it is possible to identify precisely which amount of
the nutrient taken from fertilizer or from soil. Therefore, the nuclear techniques are very
important in finding out which variety of fertilizer and how much of it must be used [3].

The determination of the soil moisture is very important in finding the water needs of the
plants for a good growth. Soil moisture contents changes often during the growth period, so it
must be determined very frequently in order to determine the amount of irrigation that has to be
done. Conventional soil moisture determination (gravimetric method) is very laborious
especially when it has to be done frequently. However, by using neutron probe soil moisture
determinations can be done very easily any time during the plant growth period.

INTRODUCTION
With the discovery of isotopes at the beginning of this century and the developments after II.

World War in isotope detecting and measuring instruments enabled the use of nuclear techniques
in almost every branch of science extensively [2]. Isotopes have identical chemical properties
(only slight mass differences) and they can be obtained in high specific activity for radioisotpes
such as 32P, 59Fe, 54Mn, 35S or tracer abundance for stable isotopes such as 15N, 13C, 34S. Stable
isotope is better than the radio isotope in two respects, namely a) there is no radiation hazard and
b) there is no term as 'half-life' for the stable isotope because the life of the tracer is infinite.

The nuclear techniques used in agriculture, in general, can be grouped in three categories
such as: a) techniques that include the use of chemicals or compounds that are tagged with stable
or radioisotopes, b) techniques that include the use of irradiation of the plants, seeds or food with
different type of radiation x-rays, a-alpha, P-beta and 8-gamma for obtaining improved varieties
of plants, for preserving and increasing the shelf life of food and c) techniques for improving soil
water management practices using neutron probe.

Nitrogen, phosphorous and water are the most critical factors that affect plant production and
thus they are the subjects mostly researched in the world today[2,3,4,5]. The nuclear techniques
that can be used for these three factors in research projects are 15N, 32P tagged fertilizer and
neutron probe, respectively. Basic informations about these techniques and their applications will
be given in this paper.

STABLE ISOTOPE 15N TECHNIQUE
Nitrogen is consisted of two stable isotopes, 14N and I5N, and their isotopic composition is

99.634 and 0.366 atom percent, respectively. In other words, the natural abundance of 15N is
0.366 atom percent. Nitrogen fertilizers can be enriched by special techniques [1,2] beyond
natural abundance and the identification for this enrichment is made as % 15N atom excess (%15N
a.e.). They are used in soil-plant research where N uptake by plant, residual N in the soil and
leaching of N can be investigated directly. The use of a tracer of N is necessary in order to
identify from which source N is coming. Isotope-derived criteria commonly used to interpret the
results obtained from soil-plant nutrition studies fall into two groups and namely they are a.)
yield-independent criteria (those values that require no estimate of plant yield since they are
calculated directly from isotope dilution determinations). Percent of N in the plant derived from
the fertilizer (% Ndff) is can be formulated as:
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% 15N a.e. (in sample)
%Ndff = X 100

% 15N a.e. (in fertilizer)

b) yield-dependent criteria (those values which require estimates of the total plant yield, together
with the determination of % N in the plan). Percent utilization of applied fertilizer nitrogen or
nitrogen use efficiency (% NUE) can be formulated as:

(%Ndff)[(% N plant)(yield of plant, kg/ha)]
% NUE-

Rate of fertilizer N application (kg N/ha)

This technique may be used in investigations dealing with a) Fertilizer N utilization, b)
Fertilizer management practices (timing, rate, placement, source), c) Interactions with other
factors (irrigation, plant variety, tillage), c) Fertilizer balance, d)Biological nitrogen fixation
studies, e) Nitrogen turnover in the soil, f) Genotypic differences in nitrogen uptake and use,
g)Distribution of applied N in soil organic matter, h) Recovery from crop residue, i)Distribution
among plant parts, j)Nitrogen movement in the soil, k) Nitrogen gaseous losses (volatilization,
denitrification), 1) Nitrogen leaching losses, m) Environmental aspects of nitrogen use, n)
Degradation of organic chemicals added to soils, o) Nitrogen metabolism studies in plants and
animals and p) Distribution of N among plant parts.

RADIOISOTOPE i2PTECNIQUE
Phosphorus has three isotopes of which one is (31P) stable and the other two are P-beta

emitting radioactive 32P and 33P with 14.3 and 25.0 days days of half life, respectively. The
phosphorus isotopic composition, in other words, the specific activity (S.A.) is defined as
32P/total P ratio [1,2,]. The determination of the specific activity of a sample requires two
indewpendent measurements, namely they are: a) determination of the activity of the
radioisotope by radio-assay techniques using detectors such as Geiger-Muller, liquid scintillation
counting, cerenkov counting(for high-energy p* emitters) or sodium-iodide scintillation detectors,
and b) determination of the total P content by any conventional method. Specific activities of
samples and fertilizer in becquerel (Bq) 32P/gP, at the time the samples counted. Then the
percent of P in the sample derived from P labelled fertilizer is termed as % Pdff with the
following formulation:

%Pdff = (S.A. plant sample/S.A.labelled fertilizer) x 100
and for the percent phosphorus use efficiency % PUE can be calculated by the following

equation:
(yield,kg/ha)x(%P)x(%Pdff)

%PUE = x 100
Rate of P fertilizer applied, kgP/ha

This technique may be used in investigations dealing with a) Determination of the
exchangeable P in soils, b) P availability from P fertilizers, c) Determination of the root activity
and distribution, d) Residual P fertilizer in the soil, e) Diffusion of P in soils, f) Plant auto-
radiography.

NEUTRON PROBE TECNIQUE
Determination of actual soil moisture at different sites, at different depths in the soil and with

different irrigation management systems are necessary for the investigations on soil water and
irrigation. Conventional soil moisture measurements (taking soil samples and determination of
water in it gravimetrically whenever needed) were laborious and time consuming, however, to
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measure soil water in the field is much easier with neutron probe and it possesses many qualities
such as simplicity, reliability, repeatability, cost-effectiveness, and this method is nondestructive.
In neutron probe, fast neutrons are usually produced through (a,r|), (P,ri) or (5,r|) reactions, and
these fast neutrons collide with atoms in the soil environment [2]. However, only after colliding
with H atoms, which has a nucleus of about the same size and mass as the neutron, the slow
neutrons are produced and they are measured with a detector, and then the data is calibrated
against water content on a volume basis in the soil. This phenomenon is used as a base to
measure soil water content with neutron probe technique using the assumption that all H atoms
stem from water molecules in the soil. Therefore, calibration of the data measured with this
technique must be made with gravimetrically obtained soil water data in order them to reflect the
real water status found in the soil.

This technique may be used in investigations dealing with a) Water use efficiency
determinations of plants, b) Field irrigation efficiency determinations, c) Determination of the
water uptake trends of the plant root at different environments, d) Determination of the effects of
rotation and soil cultivation on plant water uptake.
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INTERNATIONAL STANDARDS AND
AGREEMENTS IN FOOD IRRADIATION

Cetinkaya N.
Turkish Atomic Energy Authority, Ankara, Turkey

ABSTRACT
The economies of both developed and developing countries have been affected by their

exported food and agricultural products. Trading policies of food and agricultural products are
governed by international agreement as well as national regulations.Trade in food and
agricultural commodities may be affected by both principal Agreements within the overall World
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Trade Organization (WTO) Agreement, though neither specifically refers to irradiation or
irradiated foods. The principal Agreements of WTO are the Technical Barriers to Trade (TBT)
Agreement and the Sanitary and Phytosanitary (SPS) Agreement. The SPS of the WTO requires
governments to harmonize their sanitary and phytosanitary measures on as wide a basis as
possible. Related standards, guidelines and recommendations of international standard setting
bodies such as the Codex Alimentarius Commission (food safety); the International Plant
Protection Convention (IPPC) (plant health and quarantine); and International Office of
Epizootics (animal health and zoonoses) should be used in such a harmonization.International
Standarts for Phytosanitary Measures (ISPM) no. 18 was published under the IPPC by FAO
(April 2003, Rome-Italy). ISPM standard provides technical guidance on the specific prodecure
for the application of ionizing radiation as a phytosanitary treatment for regulated pests or
articles.Moreover, Codex Alimentarius Commission ,Codex General Standard for Irradiated
Foods (Stand 106-1983) and Reccomended International Code of Practice were first published in
1983 and revised in March 2003. Scope of this standard applies to foods processed by ionizing
radiation that is used in conjunction with applicable hygienic codes, food standards and
transportation codes. It does not apply to foods exposed to doses imparted by measuring
instruments used for inspection purposes.On the other hand national regulations should take
account of internationally agreed Codes and Guidelines regarding the irradiation facilities and
radiation processing.

1. INTRODUCTION
The World Trade Organization (WTO) which was established in 1995 as a successor of the

General Agreement on Tariffs and Trade (GATT) is the only global international organization
dealing with the rules of trade between nations. At its heart are the WTO agreements, negotiated
and signed by the bulk of the world's trading nations and ratified in their parliaments. The goal is
to help producers of goods and services, exporters, and importers conduct their business.

The functions of WTO are: Administering WTO trade agreements, forum for trade
negotiations, handling trade disputes, monitoring national trade policies, technical assistance and
training for developing countries, and cooperation with other international organizations.

The WTO agreements in international trade of foods and agricultural commodities are:
Application of Sanitary and Phytosanitary Measures (SPS) and Technical Barriers to Trade
(TBT). The SPS of the WTO requires governments to harmonize their sanitary and
phytosanitary measures on as wide a basis as possible. Related standards, guidelines and
recommendations of international standard setting bodies such as the Codex Alimentarius
Commission (food safety); the International Plant Protection Convention (IPPC) (plant health
and quarantine); and International Office of Epizootics (animal health and zoonoses) should be
used in such a harmonization The TBT seeks to ensure that technical regulations and standards,
including packaging, marking and labelling requirements, and analytical procedures for
assessing conformity with technical regulations and standards do not create unnecessary
obstacles to trade.

2. INTERNATIONAL STANDARDS IN FOOD IRRADIATION
There are few internationally recognised standards and agreements related directly with

irradiated foods.The most important of these have been produced by the Codex Alimentarius
Commission which was established in 1963, under the aegis of FAO and WHO (Joint
FAO/WHO Food Standards Programme). One of the purposes is "protecting the health of
consumers and ensuring fair practices in the food trade". The Commission is truly an
international body having 165 member countries.

The standards and codes developed by Codex are:
• International Codex General Standard for Irradiated Food (CX STAN 106-1983),
Revised Codex General Standard for Irradiated Foods (CX STAN 106-1983, Rev.1-2003)
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• International Code of Practice for Radiation Processing of Food (C AC/RCP 19-1979),
Revised Recommended International Code of Practice for Radiation Processing of Food

(CAC/RCP 19-1979, Rev. 1-2003).
• Codex General Standard for Labelling of Prepacked Food (CX STAN1-1985, Rev 1-1991,

Rev.2-1999)

2.1.Codex Alimentarius Standards in Food Irradiation
The Codex General Standard for Irradiated Foods (CX STAN 106-1983) was a landmark for

food irradiation with its clear recommendation that any food could be considered safe when
irradiated up to an overall average absorbed dose of lOkGy. The most important revison of
standard in 2003 is "The maximum absobed dose delivered to a food should not exceed 10 kGy,
except when neccessary to accieve a legitimate technological purpose.This standard applies to
foods processed by ionizing radiation that is used in conjunction with applicable hygienic codes,
food standards and transportation codes. It does not apply to foods exposed to doses imparted by
measuring instruments used for inspection purposes.
The General Standard for Irradiated Foods recognizes that irradiation is a food process
comparable to heating and freezing preservation of food. This Standard comprises following
items:

General Requirments for the Process
• Radiation source:Gamma rays from the radionuclides Co-60 or Cs-137; X rays and electrons

generated from machine sources operated at or below an energy level 5 Mev for X rays and
lOMevfor electrons.

• Absorbed doses: The maximum absobed dose delivered to a food should not exceed 10 kGy,
except when neccessary to accieve a legitimate technological purpose.

• Facilities and Control of the Process licensing, registration and designing of facilities,
qualification of staff for operation, recording of data and control.

Hygiene of Irradiated Foods
• Hygienic conditions: the irradiated food should be prepared, processed, and transported

hygienically in accordance with the provisions of the Recommended International Code of
Practice- General Principles of Food Hygiene (CAC/RCP 1-1969, Rev.3-1997).

Technological Requirments
• General Requirments:The irradiation of food is justified only when it fulfils a technological

requirment and/or is beneficial for the protection of consumer health.
• Food Quality and Packaging Requirments: Foods to be irradiated and their packaging

materials shall be of suitable quality.

Re-Irradiation
• Reinfestation:Foods ( cereals, pulses, dehydrated foods and other such commodities) with

low moisture content can be re-irradiated for the purpose of controlling insect reinfestation.
• Exceptions:Irradiation at low dose levels for purposes other than food safety such as

quarantine control, prevention of sprouting of roots and tubers, the foods which contain less
than 5 % of irradiated ingredients, and application of full dose in more than one increment as
part of processing for a specific technological purpose.And also exceeding 10 kGy to
achieve a legitimate technological purpose.
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Post Irradiation Verification
When required and where applicable, analitical methods which were adopted by the Codex

Commission for the detection of irradiated foods may be used to enforce authorization and
labeling requirments.

Labelling
• Inventory Control :Relavent shipping documents should give necessary information for

irradiated foods.
• Prepacked Foods Intended for Direct Consumption: Prepacked foods labelling should be in

accordance with the relevant provisions of the Codex General Standard for the Labelling of
Prepacked Foods (CX STAN 1-1985. Rev.2-1999)

2.2. Recommended Internationa] Code of Practice for Radiation Processing of Food
This Codex Code of Practice for Radiation Processing of Food (CAC/RCP19-1979, Rev.l-

2003) identifies the essential practices to be imlemented to achive effective radiation processing
of food products in a manner that maintains quality and yields food products that are safe and
suitable for consumption.The regulatory control of food irradiation should take into
consideration the Codex General Standard for Irradiated Foods(CX STAN 106-1983, Rev.l-
2003) and this code.The purpose of regulatory control is well defined in the code.

This code is concerned with food products processed by gamma rays, or accelerated
electrons for the purpose of, among other things, control of foodborn pathogens, reduction of
microbial load and insect infestation, inhibition of the germination of root crops, and extension
of durable life for perishable foods.

This Code covers the requirments of the irradiation process in a facility; it also considers
other aspects of the process as primary production and/or harvesting, post-harvest treatment,
storage and shipment, packaging, irradiation, labelling, post-irradiation storage and handling, and
training. Traing manuals for facility operators and control officials have been produced by the
International Consultative Group on Food Irradiation (ICGFI), available through the
International Atomic Energy Agency.

2.3.Codex General Standard for The Labelling of Prepacked Foods
The Codex General Standard for Labelling of Prepacked Food(CX STAN 1-1985) was first

revised(CX STAN1-1985, Rev 1-1991) in 1991.There are three clauses under the item 5.2
IRRADITED FOODS of this standard as following.
• (5.2.1) The label of a food which has been treated with ionizing radiation shall carry a

written statement indicating that treatment in close proximity to the name of the food. The
use of the international food irradiation symbol, as shown below, is optional, but when it is
used, it shall be in close proximity to the name of the food.

• (5.2.2) When an irradiated product is used as an ingredient in another food, this shall be so
declared in the list of ingredients.

• (5.2.3) When a single ingredient product is prepared from a raw material which has been
irradiated, the label of the product shall contain a statement indicating the treatment.
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3. INTERNATIONAL STANDARDS FOR PHYTOSANITARY MEASURES
The World Trade Organization's SPS agreement, ratified April 1996, requires that countries

strive towards transparency in their actions with trade partners. IPPC which is administered
under Food and Agriculture Organization of the United Nations. IPPC is recognized as the
standard setting organization for plant health issues. International standards for phytosanitary
measures (ISPM) are prepared by the Secretariat of IPPC as part of Food and Agriculture
Organization of the United Nations. International standard for phytosanitary measures (ISPM-
18) -Guidelines for the Use of Irradiation as a Phytosanitary Measure was endorsed by the
Interim Commission on Phytosanitary Measures in April 2003.

The ISPM-18 standard provides technical guidence on the specific prodecures for the
application of ionizing radiation as a phytosanitary treatment for regulated pests or articles. The
National Plant Protection Organization (NPPO) is responsible for the phytosanitary aspects of
evaluation, adaptation and use of irradiation as a phytosanitary measure.

The treatment objective of using irradiation as a phytosanitary measure in the standard is to
prevent the introduction or spread of reguleted pests. This may be realized by achieving certain
responses in the targeted pests such as :

• Mortality
• Preventing successful development (e.g. non-emergence of adults)
• Inability to reproduce (e.g. sterility)
• Inactivation

Phytosanitary uses irradiation also include the devitalization of plants (e.g. seeds may
germinate but seedings do not grow; or tubers, bulbsor cuttings do not sprout). NPPO of the
importing country is responsible to define the required treatment efficacy.

Ionizing radiation treatment, application, dosimetry, approval of irradiation facility,
phytosanitary system integrity, documentation by the treatment facility, and inspection and
phytosanitary certification by the NPPO are explained as item by item in the standard.

4. THE INTERNATIONAL CONSULTATIVE GROUP ON FOOD IRRADIATION
The International Consultative Group on Food Irradiation (ICGFI) was established in May

1984 under the aegis of the Food and Agriculture Organisation (FAO), the International Atomic
Energy Agency (IAEA) and the World Health Organisation (WHO), collectively called the
"Sponsoring Organisations". Its purpose was to evaluate and advise on global developments in
food irradiation and it comprised experts in the field designated by governments. ICGFI was
ended in May 2004.ICGFI activities have contributed to re-confirmation of the safety of
irradiated foods, as expressed in a standard of the Codex Alimentarius Commission; adoption by
the International Plant Protection Convention of Guidelines for the Use of Irradiation as a
Phytosanitary Measure under an International Standard for Phytosanitary Measures;
establishment of principles for the regulation and control of the process of food irradiation;
provision of guidelines for the safe, practical application of the process and training courses and
materials for process operators and for officials responsible for regulating the process or its
products. ICGFI had also guided to prepare model food irradiation regulation based on Codex
General Standard of Irradiated Foods for the different regions such as Asia- Pasific, Near East,
Latin America and Africa.

5. CONCLUSION
The latest revisions of Codex Alimentarius Commission -Codex General Standard for

Irradiated Foods and Recommended International Code of Practice for Radiation Processing of
Food and IPPC- International standards for phytosanitary measures (ISPM-18) will provide an
important contribution in international trade of microbiologically safe high quality foods and
meet phytosanitary requirments by the widely application of irradiation.
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THE SOLAR ACTIVITY, MAGNETIC STORMS
AND THEIR EFFECTS ON BIOLOGICAL SYSTEMS

Salakhitdinova M.K., Yusupov A.A.
Samarkand State University, Samarkand, Uzbekistan

The modern scales of investigation of the extreme geographical regions of the Earth, creation
of the new technologies, cosmic space have intensified scientific and practical importance of
problem of interaction of biological systems (numan, animals and plants) with natural and
technical factors of environment. The cosmic radiations, geomagnetic field, climate and weather
deserve special attention amongst them.

A telescope fixes a flash on the Sun. It is well-known that high energy flow will get to the
Earth after few days. It will strike a blow on its magnetic field, will cause the fluctuations and
the next magnetic storms. It can have different power: from 1 to 9 points.

The most massive problem in biomagnetic investigation is determination of bioeffective
features of geomagnetic activities. For feature of geomagnetic activities level one can use some
parameters of interplanetary space perturbations and variation of cosmic rays intensity which
have connection with interplanetary perturbations. However, at present, the mechanism of
interaction between magnetic fields and living organisms is not elaborated generally. So, there is
no criterion for determination characteristics field which indentify how dangerous it is for the
health: amplitude, frequency, wave form, duration of influence and etc.

The mechanism of magnetic storm influence on human also is not studied enough. The
scientists have advanced forth the hypothesis that resonance phenomena plays greater role here.
The known example from school physics textbook: soldiers marching in leg are passing on
bridge, falling into tact to its oscillations and bridge is falling down. So, in their opinion,
magnetic storm plays the role of soldier; the bridge is our own bioelectrical field. Their
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calm time

oscillations coincide, resound, increase, but as the result weakest systems of our organism will
go out of order.

Our observations showed that there is direct interrelation between magnetic storms and state
of human health. During the storm magnetic field of the Earth varies stronger than usually it
does. For human health such fluctuations can be considered as external stress, and organism
compensates them as a rule.

Human/twenty-four hours
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0.00 L— ^
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Fig.l. The rate of heart diseases and magnetic storms: 0 - time of interaction of magnetic
storms; - I - the day before magnetic storm; +l - the day after magnetic storm; + 2 - two
days after magnetic storm

Now we will consider the situation when during the magnetic storm a person feels one more
stress, for example, visit to tax agent. The negative influence of stress on organism doubles.
Herewith even among healthy people there is one which has raised magnetic sensuality and to
50-60 such becomes approximately 40%. As to sick people magnetic storms are particularly
dangerous for human, who suffers from cardiovascular diseases and inclined to eurhythmy.
During this period the coagulation of blood is broken, the erythrocytus which are in charge of
provision to organism by oxygen will stick together. But bad oxygen supply to the heart
straightly influences on its work, threatens the breaches of warmhearted rhythm and the centers
of heart attack can appear. At the days of magnetic storm the amount of people who suffer
myocardial infarction increases 2,2 times in contrast with the calm days.

The second risk group are people who inclined to breaches of brain blood circulation. In
these days the people have changes of blood pressure and over weight must be careful,

quantity
ofcauses
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Fig.2. The sick rate of myocardial infarction and magnetic storms (the sum of values for all
period): 1 - sick rate in magnetic storms days; 2 - sick rate in calm days
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At the period of increased solar activity even bacteria is mutated: they become pathogenic,
increases their ability to cause the different diseases. In this work we also organized the
analysis of influences of external electromagnetic field, the magnetic field of technical facilities
and currents on human organism and some plants.

As it is well known, in surroundings the electromagnetic field natural and artificial origin are
constantly present. The main compositions of electromagnetic pollution lies in extremely low
frequency (ELF 10-300 Hz) and particularly in ultralow frequency (ULF 0-10 Hz) ranges. In
these frequency ranges electrical and magnetic compositions can be considered independently. It
is exactly determined that magnetic component rather than electrical forming of electromagnetic
surrounding fields refers to bioeffects, because the magnetic field can easily get into biological
tissues. The atmospheric electricity, constant magnetic field of the Earth and geomagnetic
variation which appear at interaction of the Earth's magnetic field with interplanetary space are
pertained to natural fields. It is known that geomagnetic variation lies below 10 Hz, i.e. ULF
range.

The value of geomagnetic field is changed on the Earth surface from 35 mkT on equator
before 65 mkT near the pole. The Solar activity and connected with it perturbations of
interplanetary space generate magnetic fields changing with time in all planetary scale. The
pulsations of geomagnetic field in the 0,001-10 Hz frequency region can be often observed on
the whole globe with amplitudes of 0,1-100 nT.

The technical devices generating electromagnetic fields, concern to artificial sources of
magnetic field also influence on biological systems. The strong technical fields of 50 Hz
frequency can be found in immediate proximity from domestic household electrical devices (the
value of magnetic induction forms 500-2000 mkT). It has been established that intensity of
magnetic fields under electric power lines with 765 kV voltages is 5 mkT, at a distance of 50 m -
1 uT.

The strongest fields of big spatial extent in density populated town and on work-places are
generated by the public rail way power supply system. The intensity of ULF magnetic fields
forms 1 uT at a distance of 100 m from rail way. The measurements show that intensity of ULF
magnetic fields in trains and underground can increase in 1000-100000 time.

The strongest biological effect observed in organism of human and animals, subjected to
influence of electric and magnetic fields are connected with nervous system directly or
indirectly. This relationship is obvious, since nervous system consists of tissues and there occur
processes, sensitive to electric signals. The engine-drivers have increased risk of heart deceases
and its can be referred to account of increased level of UL magnetic fields on their work-place.

The influence of noise and electric field on condition of slips and branches of some plants
was investigated. For experimental results acqusition the usual sources of constant electric
current (batteries, 12 V) were used.

CONCLUSIONS:
1. The mechanism of magnetic storm influence on biological system and, in particular, on

human has resonance character.
2. It is exactly determined that magnetic composition rather than electrical forming of

electromagnetic surrounding fields refers to bioeffects, because the magnetic field can easy
penetrate into biological tissues.

3. The noise leads to closing of open leaves of plants but level of noise and its intensity are not
determined. The polarity of current passing through leaves and branches have influence on
their states.
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SMALL ANGLE NEUTRON SCATTERING FROM POLYMER MELTS:
STRUCTURAL INVESTIGATION AND PHASE BEHAVIOUR

Ertugnil O.
UZ0703401 Anadolu University, Eskisehir, Turkey

The Small-Angle Neutron Scattering (SANS) techniques have been used to study the
structural properties and phase behavior of polymer melts. A model based on Random Phase
Approximation (RPA) is proposed to predict the experimental data. By fitting the model to data
we could be able to obtain radius of gyration (a measure of size of a polymer) and phase
transition for the sample.

INTRODUCTION
A polymer, also known as a 'macromolecule', consists of a large number of repeating

structural units called monomers which are linked together to form long chains [1,2]. If all the
monomers are of the same type, these are homopolymers. If they have two or more types of
monomers, these are copolymers. Natural and synthetic polymers can be produced to obtain new
materials tailored with desired mechanical, optical, electrical, and other physical properties that
can be used in modern life [3]. A typical polymer may include hundreds of thousands of
monomers. Unfortunately, we yet to advance our understanding and ability to design polymers
since they can possess amazingly complex micro structures due to huge number of internal
degrees of freedom.

The coherent small angle neutron scattering technique (SANS) has played a crucial role in
the study of structure, properties and phase situations of polymeric materials [4]. In these
experiments monoenergetic neutron beam of wavelength X is elastically scattered by a sample
and the resulting scattering pattern is analyzed to probe the sample. This pattern is obtained as a
function of modulus of scattering vector, q= (4n/X) sin 9/2 where 0 is the scattering angle. The
wavelength of neutrons that is used in the experiments is on the order of 0.2-1.0 nm and, hence is
very suitable for our purposes. When combined with deuterium labeling [5], this technique
becomes an excellent tool for investigating polymers. By exchanging of hydrogen and
deuterium, which makes no differences chemically but causes scattering contrast, it becomes
possible to highlight single molecules or parts of them among others and to clarify complex
micro structures [6].

The data collected by this method are in q space and need to be analyzed with varying
mathematical operations to obtain the information in real space. Very often the solution is not
unique and some modeling approach has to be carried out to extract the conformational
information.

THEORY
In the SANS method the measured absolute intensity, I(q), can be expressed by

(1)

where bj is the coherent scattering length of a segment of component i, Vj is the segment volume
of component i , c is the ratio V1/V2 and S(q) is the structure factor that contains all the
information about sample.
Using the random phase approximation (RPA) for homogeneous binary mixture of polymers,
structure factor can be written [7, 8] as
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(2)

(3)

(4)

where S°i (q) is the bare structure factor for homopolymer i, XAB is the effective Flory-Higgins
interaction parameter between A and B, Pj is the partial structure factor, N is the degree of
polymerization, <(> is the volume fraction, i; is the position vector and the bracket indicates that
average should be taken with respect to some distribution function XF.
We can also express the structure factor for diblock copolymers based on the RPA as the
following

A B -K^AB) / O

(6)

(7)

By adopting Gaussian distribution [9] and considering limit case, we reproduce the famous
Debye forms for the aforementioned partial structure factors:

x2

x = q2Rg2, (9)

£ = Mwi/Mni-l, (10)

where Rg is the radius of gyration, s describes polydispersity [10], Mw and Mn are the weight
average and number average molecular weights, respectively. We note that polydispersity effect
becomes important especially at low q values [4, 10].

RESULTS AND DISCUSSIONS
We reexamine the SANS results obtained at representative temperatures for samples B2B5 (a

binary mixture of two homopolymers) and BB10 (a diblock copoylmer) that are described
elsewhere [11].

The SANS data obtained from the sample B2B5 were fitted with our model by using Rg and
X as adjustable parameters. The results illustrated in Figure 1, 2 and 3 show a very good
agreement with the data.

As seen from the figures, we observe that the sample mixture is phase separated
macroscopically at temperature of 248 K since I(q) -> oo as q -» 0. Radii of gyration were also
obtained from fitting as shown in Table 1.
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Table 1. Radii of gyration for binary mixture

Temperature (K)

248
274
361

RgA(A)

252
272
193

RgB(A)

37
93
85

Table 2. Interaction parameter % for diblock copolymer at various temperatures

Temperature (K)

266
303
363

Interaction parameter %
4.3x1 O^

4.1xlO-J

3.9xlO"J

» Exp. Oala

O fit

Fig. 1. SANS results for binary mixture at T=248 K. Crosses and circles correspond to SANS
data and predicted values, respectively

ilW
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*^ .V^*l«f *» tW ^ ^ W ^ 6 ^ ^ ;

Fig. 2. SANS results for binary mixture at T=274 K. Crosses and circles correspond to SANS
data and predicted values, respectively
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Fig. 3. SANS results for binary mixture at T=361 K. Crosses and circles correspond to SANS
data and predicted values, respectively

The SANS results for BB10 diblock copolymer sample were also tested by our model as given in
Figure 4, 5 and 6.

- X, $$
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>i Exp.Dala
O fit

;*w
Fig. 4. SANS results for diblock copolymer at T=363 K. Crosses and circles correspond to
SANS data and predicted values, respectively
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Fig. 5. SANS results for diblock copolymer at T=303 K. Crosses and circles correspond to
SANS data and predicted values, respectively
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Fig. 6. SANS results for diblock copolymer at 1=266 K. Crosses and circles correspond to
SANS data and predicted values, respectively

These figures indicate perfect harmony between the data and predicted values. As seen there
is a clear peak at 266 K. This implies a microphase separation since I(q) -» QO as q -» q*. The
microphase separation (on the length scale given by the polymer size) is caused by chemical
incompatibilities between the different blocks that make up block copolymer molecules. Table 2
shows obtained values of the effective Flory-Higgins interaction parameter x for varying
temperatures. As seen from Table 2, miscibility decreases with increasing temperature.

CONCLUSIONS
Two kinds of polymer melts, binary mixture and diblock copolymer, have been reexamined.

By fitting our model to the SANS data, we were able to obtain the effective Flory-Higgins
interaction parameters x for e a c n c a s e- F° r diblock copolymer, we see that % decreases with
increasing temperature, showing the temperature effect on separation. Diblock copolymer
underwent microphase separation while homopolymer binary mixture phase separated
macroscopically. The size of polymers changes with temperature as well. Therefore it is obvious
that SANS provides a unique tool for investigating polymers [12-16].
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CATION-EXCHANGER FABRIC PREPARED
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Applying the electron-beam preirradiation method in air the cation - exchanger fabric (CEF)
containing sulfonic acid (R-SO3H) groups was prepared by graft copolymerization of sodium
styrenesulfonate with acrylic acid onto nonwoven polypropylene fabric. The effect of reaction
conditions on the grafting yield and reaction mechanism was examined. It was found that the
received CEF contains groups of strong acid (R-SO3H) and weak acid (R-COOH) in almost
equal proportion.

The ion-exchange properties of the CEF towards Cu(II) and Co(II) ions were investigated
depending on the form of the CEF and a pH of the solution. It was shown that the utilization of
the CEF in Na- form allows to make the best use of its ion-exchange capacity.

Electron beam irradiation; Preirradiation graft copolymerization; Polypropylene fabric;
Sodium styrenesulfonate; Cation-exchanger fabric.

INTRODUCTION
The production of sorption-active natural and synthetic fibers and textile materials is of both

great scientific and practical interest. The application of economical and ecologically clean
radiation technologies for this purpose is now under the intent attention of researchers [1,2,3].
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The CEF with strong acid cation-exchange groups are widely used in various domains [4,5],
therefore this work aims to synthesize the CEF with sulfonate functional groups by means of
radiation-induced graft copolymerization of acrylic acid and sodium styrenesulfonate onto
nonwoven polypropylene and to characterize its exchange properties.

1. EXPERIMENTAL
1.1.Materials
Commercial nonwoven polypropylene fabric - PP - (120g/m2, degree of crystallinity of 65%,

Toray-Saehan Co.Ltd) was used for grafting. Reagent grade acrylic acid -Aa- (Junsei Chemical
Co.Ltd), sodium styrenesulfonate -SSS- (Tokyo Kasei Kogyo Co.Ltd), Mohr's salt (Merck,
Germany) were used as received.

1.2. Graft copolymerization procedure
Preirradiation grafting technique was employed for graft copolymerization [6]. The irradiated

fiber was weighed and immersed into a glass flask with the monomer solution (Aa:SSS = 0.1 M :
0.1M in 100 ml of water) and inhibitor (Mohr' salt), which was purged then by bubbling
nitrogen.

The degree of cografting was calculated from the weight gain:
DG%= (Wi-Wo)AVo-lOO
where Wo and Wi are the weight (g) of original and grafted fabric, respectively.
The preparation scheme is shown in Fig. 1.

CH2= CH CH2= CH
Electron beam preirradiation

^ > G—OH

PP

|

PP

O

SO

Electron beam irradiated PP

SO3Na

SO3Na

Fig.l. Preparation of cation-exchanger fabric by radiation-induced graft copolymerization of
sodium styrenesulfonate with acrylic acid onto nonwoven polypropylene fabric.

1.3.Fabric characterization
1.3.1. FT-IR analysis
In order to confirm the introduction of functional groups onto PP fabric the IR spectra of

modified fabric were obtained from FT-IR spectrometer (Perkin-Elmer, 1725).
1.3.2.Cation-exchange capacity
Total exchange capacity of the modified fabric, which reflects general content of functional

groups grafted onto PP trunk, was determined by backward titration method. The number of
sulfonic acid and carboxylic acid groups was evaluated by sorption of Cu (II) and Co(II) ions
onto the Aa-SSS grafted fabric depending on a pH of the Me(II) ion solutions and the form of the
CEF.
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2. RESULTS AND DISCUSSION
2.1.Copolymerization process
The CEF containing R-SO3H groups was prepared by radiation-induced graft

copolymerization of acrylic acid and sodium styrenesulfonate monomers onto PP fabric. Many
factors affect the radiation grafting process of binary monomer mixture. Among them,
investigated here, are total exposure dose, reaction time and temperature, concentration of
inhibitor of homopolymerization (Mohr's salt). The effects of these factors are considered and
determined from the viewpoint of obtaining cation-exchanger fabric with reasonable grafting
degree.

When polypropylene fabric is irradiated in the presence of air, mainly hydroperoxides are
formed onto the polymeric backbone. These hydroperoxides decompose upon heating to generate
hydroxyl radicals (OH), which initiate the homopolymerization process, and macroradicals
(PPO), which offer sites for grafting [6]. To overcome homopolymerization some small amount
of a transition metal salt is usually used as inhibitor [7,8]. Fig. 2 shows the effect of Mohr's salt
concentration on the Aa-SSS grafting degree. The effect of absorbed dose on the grafting degree
is shown in Fig. 3.

Absorted dose - 70.5 KGy
Reaction time - 12h
Reaction temperature - 50aC

0.02 0.04 0.06 0.08

Content of Mohr's salt. w%

# 6 0 -

React ion tim e - 12h

React ion temperature - 50°C

Absorption d o s e , KGy

Fig.2. Effect of Mohr's salt concentration Fig.3. Effect of absorbed dose on the Aa-
SSS grafting degree (in the presence of 10~2

w% Mohr's salt)
on the Aa-SSS grafting degree.

It should be noted, that in the IR spectra of the samples, irradiated with doses less than 40.3
kGy, only a characteristic peak at 1738 cm"1 assigned to -C=O group of acrylic acid was
observed, while the IR spectra of the samples, irradiated with more higher doses, exhibited also
characteristic peaks (at 1200cm"1, 1050cm"1 and 650 cm"1) attributed to sulfonic acid (R-SO3H).
The effect of reaction time and reaction temperature on the degree of graft copolymerization is
shown in Fig. 4.

It can be seen that the kinetic curve of graft copolymerization of monomer mixture at 50°C
consists of a few stages - (0-10h) and (12-32h). Analysis of the IR spectra of the samples of
mentioned stages allowed us to judge about the graft copolymerization mechanism. The fact that
there were no another characteristic peak than one at 1738 cm"1 due to C=O group in the IR
spectra of the former stage, and there were observed two kinds of peaks attributed to acrylic acid
(1738 cm"1) and sulfonic acid (1200-1150; 950, 650 cm"1) in the IR spectra of the latter stage's
samples testifies that the process, beginning with the grafting of acrylic acid monomers onto PP
trunk , goes on after that by the inclusion of the SSS monomers into the growing chains. The
maximal degree of grafting (155%) was obtained under the following conditions - absorbed dose
70.5 KGy, reaction temperature 50°C and reaction time 32h.
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2.2. Cation-exchange properties
The CEF prepared by radiation-induced graft copolymerization of SSS and Aa onto the

nonwoven PP fabric represents a bifunctional cation-exchanger carrying two types of functional
groups - both carboxylate and sulfonate ones. Fig.5 shows a relationship between the total
exchange capacity of the CEF, which reflects general content of functional groups, and the
degree of graft copolymerization. Maximum value of the total exchange capacity of 4.30 meq/g

was obtained for the CEF with 155% grafting degree.
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Fig. 4. Effect of reaction time on the
Aa-SSS grafting degree ( in the
presence of 10'2 w% Mohr's salt)
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Fig.5. Dependence of the total exchange
capacity of Aa- SSS grafted fabric upon the
degree of graft copolymerization

It is well known that catign-exchange capacity of a strong acid (as sulfonic acid) is
independent of a solution pH, while this value of a weak acid (as carboxylic one) is strongly
influenced by the solution acidity. That is why the evaluation of the functional group contents
due to sulfonic acid and carboxylic acid is extremely important for the practical application of
obtained CEF. Fig.6 shows the kinetic curve of Cu (II) and Co(II) ions sorption from acidic
solution (pH~4) onto the CEF in the H-form.

It can be seen that the cation-exchange capacity of investigated samples in acidic solution
twofold lower than their total exchange capacity. If we consider the mentioned above fact that
the carboxylic acid groups are weakly dissociated in acidic solution and their hydrogen ions
aren't available for exchange we may conclude that the CEF obtained by radiation-induced graft
copolymerization of SSS and Aa acid contains both strong acid (R-SO3H) and week acid (R-
COOH) groups in almost equal proportion and grafted chains probably have a regular structure:
PP-Aa-SSS-Aa-SSS-.

The binding properties of obtained CEF in Na- form towards Co(II) ions from basic solution
(pH~8) are shown in Fig. 7. It can be seen that the CEF in Na- form binds Co (II) ions according
to its total exchange capacity.
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Fig.6. Sorption rates of Me(II) ions on Fig.7. Sorption rates of Co(II) ions on the
the CEF samples in H-form with different CEF in Na-form from basic solution (pH=8)
total exchange capacity values from acidic
solution (pH=4)

CONCLUSIONS
1. The cation-exchanger PP fabric with strong acid (R-SO3H) groups has been prepared by
radiation-induced graft copolymerization of sodium styrene sulfonate and acrylic acid onto the
nonwoven PP fabric in one experimental step.
2. The main factors affected the radiation grafting process of binary monomer mixture onto PP
fabric has been considered. Obtained data allowed us to judge about the mechanism of graft
copolymerization: the process, beginning with the grafting of acrylic acid monomers onto PP
backbone, goes on after that by the inclusion of the SSS monomers into the growing chains.
3." The total exchange capacity of the grafted fabric versus its grafting degree has been
evaluated.
4. Obtained CEF contains strong acid (R-SO3H) and week acid (R-COOH) groups in almost
equal proportion and exhibits strong acid behaviour over the entire pH range in half its total
exchange capacity.
5. The application of grafted fabric in Na- form in basic solution allows to utilize its total
exchange capacity in full volume.
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PRODUCTION OF SORPTION-ACTIVE POLYPROPYLENE FIBER
BY RADIATION-INDUCE GRAFTING OF GLYCIDYL

METHACRYLATE AS A PRECURSOR MONOMER
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Introduction of sulfonate groups via epoxy ring opening of the glycidyl methacrylate (GMA)
chains grafted onto nonwoven polypropylene fabric by reaction with sodium hydrogensulfite in
water-dimethylformamide solution has been investigated. The main peculiarities of the
sulfonation reaction depending on the GMA grafting degree and the reaction time have been
disclosed.

INTRODUCTION
Radiation-induced graft polymerization of an epoxy-group containing monomer glycidyl

methacrylate, as a precursor, and subsequent polymer-analogous reactions of the epoxy groups
allowed to obtain functionalized polymeric materials of a broad range of industrial and
biomedical application [1-7]. To incorporate the sulfonate functional groups into a polymer
backbone the follow route has been developed: radiation-induced graft polymerization of GMA,
subsequent epoxy ring-opening by a sodium sulfite in isopropyl alcohol-water solution and
hydralization of the remaining epoxy rings by 0.5M H2SO4 [3, 5-7]. However, despite a number
of publications on this theme the questions of influence of the reaction parameters onto the
conversion efficiency of the GMA epoxy groups into sulfonate groups have not been considered.
To gain a better understanding the backward titration method, as well as IR spectroscopic
analysis were employed.

EXPERIMENTAL
Nonwoven polypropylene fabric (PP) with a thickness of 2 mm and a density of 46g/m2

(Saehan felt Co.Ltd) was used as a trunk polymer for grafting of the poly-GMA chains. Sodium
hydrogensulfite (NaHSC>3, Aldrich), and other chemicals of reagent grade or higher were used as
received. The incorporation of the sulfonate groups into nonwoven polypropylene fabric (PP) was
fulfilled by reaction between a GMA-grafted PP sample and sodium hydrogensulfite in water-
dimethylformamide solution (NaHSO3/water/DMF= 1/7/3 (weight ratio)) at 70°C. The principal
scheme of the sulfonation reaction is shown in Figure 1.

The sulfonate group density was determined by the titration experiment and gravimetrically
by the weight gain:

R-SO3Na (mmol/g) = [(W2-Wj)AV2]x (1000/MNaHso3) (1)

where, Wj - weight of the GMA-grafted sample; W2- weight of the sulfonated sample in the Na-
form; MNaHSO3 - molecular weight of the NaHSC>3 group (taken as 104)

The conversion efficiency (CE) of the GMA epoxy groups to the sulfonate ones was
determined as follows:

CE = (R-SO3Na group density)/(GMA group density) (2)
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In order to confirm the introduction of the functional groups the IR spectra of modified
samples were obtained from FT-IR spectrometer (Perkin-Elmer, 1725).
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Fig. 1. Principal scheme of sulfonation reaction of poly-GMA chains grafted onto PP fabric.

RESULTS AND DISCUSSION
To investigate the peculiarities of the sulfonation reaction a few series of the GMA-grafted

PP samples with a wide range of the GMA-chain density have been preliminary synthesized [8].
The first step of our work consisted in the detailed investigation of the sulfonation kinetics in
dependence on the GMA grafting degree (GD). Figure 2 illustrates 2 sulfonation curves (GD =
40% and 180%). One can see a long induction period before the coupling of the sulfonate groups
and then the sharp rising till the "plateau" level, which corresponds to the maximal density of the
incorporated sulfonate groups. The next step of the investigation consisted in the determination
of the relation between GD and both the maximal value of sulfonate group density and the
conversion efficiency of the GMA epoxy groups to the sulfonate groups at the "plateau" level.
To obtain results exhibited in Figure 3 the reaction time of 70 h allowing all studied samples to
reach the "plateau" level, was chosen.
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Fig. 2. Curves of sulfonation reaction of
GMA-grafted polypropylene fabric at 70°C.

Fig. 3. Relation between GMA grafting degree
and both sulfonate group density and CE of the
epoxy groups-sulfonate groups at the "plateau"
level.
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This figure shows that the sulfonate group density at the "plateau" level rises proportionally
to the GD for the samples with a low value of GMA grafting, while appreciable reduction of the
growth rate is observed for the samples with GD more than 50%. Since the conversion efficiency
reflects the part of the epoxy groups transformed to the sulfonate groups, it might be expected
the similar course also for the "CE- GD" dependence. However, it can be clearly seen from the
same figure, that the CE curve shows the highest value of 0.8 for the samples with low values of
GMA grafting degree and then decreases up to 0.55 for the sample with DG of 180%.

To understand the sulfonation process more deeply the IR spectra of the GMA-grafted PP
fabric (GD-100%) and samples after 24 h, 48 h and 96 h of sulfonation reaction were
investigated. The first spectrum relates to the GMA-grafted fabric, where it can see the
absorption bands at 1730, 1300-1100 cm"1, arising from -C=O and C-O-C stretching as well as
three bands at 1260 cm"1, 950-815 cm"1 and 760 cm"1 attributed to the epoxy ring. The second
spectrum belongs to the sample, which has not reached the "plateau" level (24h-sulfonation
reaction). One can see the epoxy ring bands, which have decreased in intensity compared with
the above spectrum, and absorption bands of sulfonate groups at 1150 cm"1, 1030 cm", 670 cm"1

of rather small intensity, as well as a band at 3400 due to the -OH stretching. The third IR
spectrum belongs to the sample, which has reached the "plateau" level (48h-sulfonation). It can
see, that bands of the epoxy rings at 1260 cm"1 and 950-815 cm"1 have disappeared, while the
band at 760 cm"1 of small intensity was kept. (It can be explained by the fact that some GMA
monomers in negligible quantity may take part in the formation of cross-linking structure during
the grafting reaction [9]). The intensity of the absorption bands of the sulfonate groups at 1150
c m , 1030 cm"1, 670 cm"1 has increased as compared with the second spectrum. No further
alterations have been observed in the last spectrum (96h - sulfonation reaction). So, the
examination of the IR spectra of the samples of the different stages of the sulfonation reaction
allowed us to make a conclusion that during the sulfonation reaction two processes occur, one of
them is the introduction of the sulfonate groups via epoxy ring opening of the poly-GMA graft
chains and another is the hydrolysis of the epoxy rings with the formation of the a-glycol groups.
The sulfonation process is completed at the "plateau" level by the whole conversion of the epoxy
rings. These samples contain only sulfonate and hydroxyl groups and they gain excellent
hydrophilic properties. Samples, which have not reached "plateau" level contain both sulfonate
and hydroxyl groups as well as unreacted epoxy-rings, and as a result they exhibit hydrophobic
properties.

Wavelengtltfcm"1)

Fig. 4. IR-spectra of the GMA-grafted PP fabric and modified GMA-grafted PP fabric
(grafting degree=100%) after 24h-, 48h and 96h-sulfonation reaction.
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Another evidence in the favour of such schema is the results of backward titration
experiment, which reflect the actual number of the incorporated sulfonate groups. In general
case, the actual number of the sulfonate groups, determined by the backward titration should
coincide with those calculated by the weight gain. However, in the case of the epoxy group
hydrolysis, the latter value should be lower than the former one.

One can see in Figure 5, the actual value of the incorporated sulfonate groups is rather close
to the value, calculated by the weight gain, for the samples with low degree of GMA grafting,
but it is systematically lower for the samples with high degree of GMA grafting. This difference
rises with the increase of GMA grafting degree. Such situation is possible just in the case of the
hydrolysis of the GMA epoxy rings. According to the experimental calculations, the value of CE
reaches 48-52% for the samples with high GMA grafting degree.
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Fig. 5. Comparison between results of backward titration experiment and gravimetrical
calculations.

CONCLUSION
On the basis of a comparison between a kinetic curve of the sulfonation reaction with the IR

spectra of the appropriate samples as well as data of backward titration it was shown that during
sulfonation reaction two simultaneous processes take place, namely the incorporation of the
sulfonate groups via opening of the GMA epoxy-rings as well as hydrolysis of the GMA epoxy-
rings with the formation of a-glycol groups.
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NITROGEN OXIDATIVE ACTIVATION IN THE RADIOLYSIS PROCESS
OF DIOXIDE HYDROCARBON COMPOSITION, OXYGEN-NITROGEN

OVER 3-d TRANSITION METALS

Rustamov V.R., Garibov A.A., Kerimov V.K., Aliyev S.M., Nasirova Kh.Y.
Institute of Radiation Problems, Baku, Azerbaijan

The radiochemical process of nitrogen fixation in carbon dioxide, oxygen-nitrogen
composition in 3-d metal (iron, nickel) was studied. Bifunctional character of surface's role in
the generation of radiolysis products was postulated:

a) Chemical sorption of molecular ions ( N ^ C O ^ O j ) on the surface of metal and their
dissociative neutralization.

b) Coordination of nitrogen and carbon oxide being generated in nitrosyl and carbonyl-nitrosyl
complex of iron and nickel.
The recent nitrogen fixation process constitutes reaction "brute force" based on the inorganic

catalyst application at high temperatures, pressures or in electric discharge. Attempts to realize
nitrogen radiation-chemical fixation were not carried out to the high nitric oxide yield
(G=l,0-=-1,5 molecule/1 OOeV) [1]. Among them, a great deal of publications concerning usage of
soft oxidizing substances (H2O2) were dedicated to the search of alternative ways on nitrogen
fixation lately [2]. They have enough potential for oxidation N2 before N2O with the further
creation coordinated to [ONNO] 2~. Experimental researches on radiolysis of dioxide-carbon-
nitrogen composition over dispersed nickel (1) and oxygen-nitrogen over iron (II) were done by
us.

Samples (I) were irradiated at quartz vessels with electrons accelerated under the statical
condition. Homogenization of the components can be accoplished ampoule rotation. Dosimetry
is made by ethylene. Doze rate is 10 kG/hour. For better contact of the composition components
with iron a permanent magnet was installed behind ampoule was to create magnet field.
Products' chromatographic analysis was carried on IR-spectra. For nitric-oxide (N2O, NO2)
chromatograph "Svet-102" was used, for nitric oxide and carbon monoxide (NO, CO)
"Gasokhrom-3101" was done. Nickel's carbonylnitrosyl complex was identified on "Specord".
Technical nitrogen was cleaned at 196°C by freezing O2 impurities dioxide carbon was dried by
sulphuric acid and cleaned from oxygen by multiplex freezing on vacuum-adsorption plant.

RESULTS AND DISCUSSIONS
Radiolysis of CO2/N2 (70/30) homogenous composition leads to the obtaining of nitric oxide

and carbon with G(co)=0,8 and G(NO)=0,25. Dependence of the radiation-chemical yields CO and
NO on components proportion over nickel (P=0,l MPa) [3] is shown in the figure 1.

0 20 40 60 SO . 100

N2, (vol.%)

# CO • NO

Fig.l Dependence of the radiation-chemical yields on molecular nitrogen content in the
composition.
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As one can see from Fig.l, total yield of the products is over the range of 6,4-̂ -7,5, which
makes it impossible to explain the contribution of only neutral products to radiolysis. Evidently
in the generation of final products, defined contribution brings in molecular ions Nj (N+) and

COj. Interaction character of these ions with nickel proposes the formation of the relation

between unpaired electrons Nj and CO£ with unfilled d-sublevel of these metals with the nickel
nitride generation [Nj-N=N+] and binding energy in ion diazotate decreases as much as twice.
During dissociative neutralization of nickel nitride ions, nitrogen atoms become excited N(2D)
having 2,38 eV higher in comparison with N(4S) main condition and life-time. Based on the
authors' researches [4] it is supposed that atoms reaction of N(2D) with O2 have nitric oxide NO.
Here, the main research demonstrated that [5] during overcharge of positive ions in metal atoms
transition from the initial condition to product condition may be carried out through generation
of highly excited particles stage.

Total yield of all active intermediate particles of nitrogen radiolysis equals:

G ° , = 4 , 9 + 5,6 = 10,5

Consequently, calculated total yields of radiolysis composition products (I) may be

10,5 ^SGyieid^ 6,5
As it is shown, the calculated and the experimental values of nitric oxide and comparable

hydrocarbon obtained indicate correctness of the model selected. Some understated values of
observed yields is seemingly related with the oxide insufficiency generated only at a result of
radiolysis of CO2.

The generation of carbon nitrosyl composition of nickel [Ni(CO)m(NO)n] was
spectrophotometrically identified. This radiolysis products without their thermal decomposition
was led to gas ditch of the spectrophotometer. At IR spectrum products in the range of stretching
vibrations CO= group was observed in the absorption band with v= 2080 cm"1 frequency and NO
group is characterized by 1850 cm"1. For NO- group in connection with Ni(NO)(NO2)-
oscillation frequency NO- group was reduced to 1845 cm"1, and in nickel tetracarbonyl
[Ni(CO)4] the frequency of stretching vibrations of CO group is 2060 cm"1. Interaction of
radiolysis product (NO, CO) with dispersed nickel leads to the rapid combining form [Ni-N=O]
generation and week combining form [Ni=C=O] in nickel carbonylnitrosyl complex.

Nitric-oxide samples over dispersed iron was irradiated on the radioisotope plant Co60.
Nitrous oxide (N2O) was identified as the main product, besides the following amount of
nitrogen dioxide (NO2) exists. Seemingly the initial reaction in the radiolytic transition
composition components have the iron nitride ion generation (FeN2+).

The final reaction with oxygen leads to the generation of iron nitrosyl complex in the
reaction:

FeNj + O2 -> Fe[(NO)+(NO)j—^->FeO + N2O

Nitrous oxide is admittedly created at thermal dissociation of nitrosyl complex of iron.
The generation of nitrogen dioxide (NO2) in gas phase is determined by radiolytic transition

of composition components:

N+O2->NO+O
and slow interaction

NO+O2-»NO2+O
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In N2O molecular bond strength of N2 was decreased twice in comparison with nitrogen
molecule, that's why its further oxidation doesn't give thermodynamical difficulties.

The yield of nitrogen dioxide on radiolysis of the air gave GNO2=0,8±0,2 molecule/lOOeV
which is referred to the data in a good agreement in the literature. Kinetic curve appears rapidly
in the saturation. Air radiolysis over iron gave the following results: GNOj = 2,75 ± 0,25,

GN2O = 9,0± 1,0 molecule/1 OOeV. Thus, total yield of radiolysis products is ZG= 10,5 ± 12,0

molecule/1 OOeV.
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CLINICAL NUCLEAR MEDICINE APPLICATIONS IN TURKEY
AND SPECIFIC RENAL STUDIES

Erbas B.
Hacettepe University, Ankara, Turkey

Nuclear medicine is one of the important application areas of nuclear sciences and it utilizes
the nuclear properties of matter to investigate disorders of metabolism and function, physiology
and pathophysiology and anatomy to diagnose diasease with unsealed sources and to treat it with
unsealed sources of radioactivity. Medical application of radioisotopes for imaging and therapy
was started in 1970s and has been growing rapidly in Turkey.

NUCLEAR MEDICINE TRAINING
Nuclear medicine is an independent speciality area in medicine in Turkey since 1974. Today,

more than 300 nuclear medicine physicians practice their specialty at different university
hospitals, govertmental hospitals or private clinics. Nuclear medicine residency period is at least
four years after medical degree (M.D). The clinical training of physicians specializing in nuclear
medicine should include theoretical and clinical training with official rotations to internal
medicine (including cardiology, endocrinology, nephrology and oncology), radiology, radiation
oncology departments. So far, four training centers, fulfiling the certain objective criteria
concerning staff, equipment, number and spectrum of diagnostic and therapeutic procedures,
teaching and quality control, have been accredited by the European Board of Nuclear Medicine.

NUCLEAR MEDICINE FIELDS
Nuclear cardiology, nuclear oncology, pediatric nuclear medicine and nuclear endocrinology

are the main application areas of clinical nuclear medicine in Turkey. Nuclear cardiology
procedures, (tomographic myocardial perfusion scintigraphy and ECG-gated studies), investigate
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patients with coronary artery diseases. Diagnosis, staging and follow-up of oncologic patients
and therapy in certain pathologies are performed at nuclear oncology units, mainly at the
university hospitals. Not only imaging studies, but also therapuetic applications of
radiopharmaceuticals have also been performed at many institutes, such as hyperthyroidism
treatment with radioiodine, thyroid cancer ablation and metastase treatment with radioiodine,
radiosynovectomy, metastatic pain therapy, and, recently, radioimmuntherapy of lymphomas.

EQUIPMENTS
Planar gamma-cameras and mainly SPECT (single photon emiision computerized

tomography) cameras with single or dual detectors are used for scintigraphic images. There are 5
PET (positron emission tomography) cameras and 1 PET/CT (computerized tomography) hybrid
camera for molecular imaging using 18-FDG. More than 132 nuclear medicine units have
approximately 250 planar or tomographic gamma-cameras. Other equipments exit in nuclear
departments include dose calibrators, gama-counters, beta-counters, gama-probes, thyroid uptake
equipment and radiation detectors for radiation protection systems.

RADIOPHARMACEUTICALS
Almost all radionuclides and radiopharmaceuticals are obtained commercially from european

countries, except for 18-FDG which is obtained from two private cyclotrons in Turkey.
Technetium-99m is the most commonly used radioisotope for imaging and is obtained from Mo-
generators imported from european countries. Others are thallium-201, gallium-67, iodine-131,
indium-Ill, chromium-51. For therapy iodine-131, strontium-89, yttrium-90, erbium- are used.
For laboratory studies, iodine-125 is the main isotope for radioimmunassay tests.

For scintigraphic imaging, cold pharmaceutical kits are labeled with technetium-99m, i.e.
DTPA (diethylenetriamine pentacaetic acide), MDP (methylenediphosphanate), DMSA
(dimercaptosuccinicacide), MAG3 (mercaptoacetylacidetriglycine), HMPAO
(hexamethylpropyleneaminoxime), SC (sulphur colloid), nanocolloid, MIBI
(methoxyisobutylisonitril), tetrofosmin.
99mTc-MIBI and Thallium-201 are main radiopharmaceuticals for nuclear cardiology
procedures. 99mTc-HMPAO is used for regional cerebral blood flow imaging in several
pathologies, such as epilepsy, brain death and psychiatric disorders [1]. In addition, 99mTc-
HMPAO is used for leucocyte labelling for the detection for infectious focus.

SPECIFIC RENAL STUDIES
More than 30.000 renal procedures are performed at the University hospitals in a year.

Pediatric age groups is approximately % 55 of the total patients population of departments.
99mTc-DTPA (%44), 99mTc-DMSA (%37), 99mTc-MAG3 (%17) and 99mTc-EC (%2) are the
most commonly used radiopharmaceuticals for renal imaging. More than 6.000 vials of several
Pharmaceuticals are used for renal cortical scintigraphy (%35), dynamic renal imaging (%34),
renal scintigraphy with diuretic (%27) and captopril scintigraphy (%4). Most common indication
for renal cortical scintigraphy is detection of cortical scarring (%53). In addition, using single
plasma sample methods [2] or gamma-camera method renal clearance measurements with
99mTc-MAG3 99mTc-DTPA have been used at some institutions.

Dynamic renal scintigraphy [3] is used for the assessment of renal functions (perfusion,
glomeruler and tubular function, excretory function) in primary and secondary renal diseases,
determination of effect of medical or surgical therapy which may affect renal functions. 99mTc-
DTPA, 99mTc-MAG3 and 99mTc-EC are the radiopharmaceuticals used for this scintigraphic
method. In the evaluation of renal transplants, serial renal scintigraphies are valuable for the
follow-up of graft functions [4,5].

Renal scintigraphy with diuretic[6] is a modifed dynamic scintigraphy with administration of
diuretic and used for the differential diagnosis of renal obstructive pathologies.
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Captopril scintigraphy [7] is performed for the differential diagnosis of hypertension and
renal artery stenosis. Serial renal images are obtained following oral administration of
angiotensin converting enzyme inhibitor and compared with baseline images.

Cortical renal scintigraphy is used for the evaluation of renal cortical tissue. For this purpose
99mTc-DMSA, which is taken up by proximal tubular cells, is prefered. Most common
indications include acute renal infection, chronic renal injury secondary to infection, and
congenital renal abnormalities, such as horse shoe kidney and ectopic kidneys.

Radionuclide cystography is performed to image reflux of urine from bladder to ureters and
renal pelvis. 99mTc-MAG3 or 99mTc-DTPA can be used for this method.
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MONITORING OF PROCESSES WITH GAMMA-RAYS OF NEUTRON
CAPTURE AND SHORT -LIVING RADIONUCLIDES

Aripov G.A., Kurbanov B.I., AUamuratova G.
Institute of Nuclear Physics, Tashkent, Uzbekistan

Elemental content is a fundamental parameter of a substance, on which all its properties and
character of physical, chemical, biological, technological and ecological processes depend.
Therefore monitoring of elemental content (in the course of technological process - "on line"; in
natural conditions - "in situ"; or in living organisms - "in vivo") becomes necessary for
investigation of aforementioned processes.

This problem can be successfully solved by using the methods of prompt gamma activation
analysis (PGAA) and instrumental neutron activation analysis (INAA) on short-living
radionuclides. This methods do not depend on the type of substance (biological, geological,
technological etc.), since the content is determined by gamma radiation of nuclei, and allows a
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serious requirement like the necessity of achieving a minimal irradiation of the object of
investigation, and its minimal residual activity.

Purpose of this work is calculation of the minimal determinable concentrations of various
elements based on experimental data by using: 1. Neutron capture gamma-ray spectrometry
(PGAA) with using radionuclide 252Cf - source of neutrons with the yield of 10s neutron/sec.
2.1nstrumental activation analysis (INAA) on short-living radionuclides.

Measurements were carried out on the experimental device with preliminary focusing of
neutrons [1]. Analysis of literature shows that for monitoring of processes ( technological,
biological, physical, chemical) by elemental content of substance it is advantageous to use the
PGAA method [2,3].

The table below shows parameters of elements which can be used for monitoring of many
processes (gold mining, manufacture of copper (Cu), cement, coal and other production).

Elements

H
B
N
S
Cl
K
Ca
Ti
V
Cr
Mn
Fe
Cd
Sm
Eu
Gd
Hg

Sensitivity
factor

33
5900
1,5
1,5
9,7
2,8
0,9
4,3
1,1
2,7
0,8
0,5

1551
1362
114

1302
26

Analytical lines,
keV

2223
478,8
1885
840,3
1165
770,4
1942
1381
645,7
835
1747
1725
558,5
439
221
944
1693

Minimal industry
valuable contents,

%
-

0,06
10
5

20
8

20
2

0,3
20
25
20
0,1

0,02
0,002
0,01
0,1

Minimal
determinable
contents, %

0,05
0,001

0,4
0,3

0,03
0,1
0,4
0,03
0,2
0,1
0,2
0,3

0,001
0,0002
0,0005

"0,0002
0,01

The instrumental neutron - activation analysis (INAA) on short-living radionuclides also
allows express determination of elemental content of substance and monitoring of many
processes. The monitoring of the following elements for needs of industry: Mg,Al, Ti, V, Fe,
Mn, Cu , etc, is very often necessary.

Nuclear physical parameters of these elements are shown below:

Mf,
A 1 S \
T i 5 1 ,

V 5 2 ,
F e 5 3 ,
M n 5 6 ,

T1/2 = 9,5 min.,
Ti/2= 2,31 min.,
Ti/2= 5,8 min.,
Ti/2 = 3,75 min.,
T1/2 = 2,58 min.,
Ti/2=2,6h.

Ey=844keV and 1014 keV.
EY=1778keV
Ey = 320 keV and 928,5 keV
Ey=1434keV
EY=701keV and 1011,5 keV
Ey = 846 keV.
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For express determination of these elements on short-living radionuclides with good
sensitivity it is necessary to use a neutron source with larger yield or a nuclear reactor.
Monitoring of processes with short-living radionuclides has the following advantages:

a) one can get high activity in short time;
b) elements with long-living radionuclides appear less.
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DEVELOPMENT OF METHODS FOR COMPUTER IDENTIFICATION
OF NEUTRON CAPTURE GAMMA SPECTRA

Dushanov E., Aripov G.
Institute of Nuclear Physics, Tashkent, Uzbekistan

It is known that neutrons capture gamma-radiation spectra of various isotopes contain
hundred lines. Spectra of elements and especially objects of complex structure are so difficult,
that it is rather labor-consuming to identify them. Therefore, researches were carried out rather
intensively to create mathematical, technical bases of computer decoding complex neutron
capture gamma spectra. By this one can have the results equivalent to those obtained at
improvement of power sensitivity resolution of gamma-spectrometer.

We develop mathematical bases and programs for decoding scale of spectra of samples of
complex structure (it is especial, measured by a scintillation gamma-spectrometer) for their
analysis. Thus as a basis known methods of decoding complex scale of spectra on reference
spectra, on models of monochromatic gamma-radiation, methods based on Shannon theorems [1]
are applied, etc.

The basic integrated equation of restoration of spectra

y{x)= \S(E,x)T(E)dE, (1)
o

we shall present as the discrete sums, i.e.

where yt the measured size of a spectrum of interaction y(x) in a 7th channel, 7} is the total number
*of gamma rays in energy group A£, and Sy is the value of they standard spectrum channel /. We

represent equation (1) in the matrix form
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ST= Y, (3)

and solutions of this system we shall find application for the system, the following orthogonal
transformations:

CZ = F, (4)

where C = PSQ, F = PY, matrix C usually is two-diagonal, P and Q are orthogonal matrixes of
reflection or rotation. Then solving system (4) with a two-diagonal matrix, for (3) we find the
decision as T = QZ:

The resulted orthogonal transformations are steady against errors of a rounding off [2] and
as investigation promote to find solutions of system (3) maximum precisely.

The developed methods are applied for decoding spectra of the modeling samples measured
by a scintillation gamma-spectrometer which show efficiency of the methods developed by us
for on-line the analysis on scale to radiation of neutron capture.

Applicability of a method is checked up by the example of decoding a spectrum of radiating
capture of the sample, consisting of iron (20 %) and sulfur (80 %) (fig. 1). Weight of such
sample made 1 g.

The reference spectrum of sulfur possesses the expressed peak at E\ = 4.4 MeV in limits
from x = 37 up to x = 42 channels of the analyzer, and the reference spectrum of iron possesses
the sharp peak, the limited channels from JC = 59 up to x = 64 at energy £2 = 6.6 MeV (fig. 1). At
the same time the spectrum of the sample has appreciable peak at energy Ey, but has no
expressed peak at E2 and on this spectrum it is directly impossible to define the contents of iron
and sulfur in a sample.

The decision of the basic the equation restoration of spectra has been received by the
critical-component method [2] which algorithmic realization it is carried out in software package
JINRLINPACK [3]. The received results with application of the critical-component method,
acceptance as elements of matrix S in (2) spectra of reference samples of clean iron and sulfur in
weight of 1 g., are resulted in table 1.

Table 1. Results definition of element structure of sample Fe+S

Element T, response function m, mg Relative error, %

Fe 0.1845 1841 7/7*5

S 0.8154 815.4 1.94

Apparently from Table 1, that the applied method yields the most exact results by definition of
weight of elements of a two-componental sample.
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Fig. 1. A spectrum of sample S+Fe and reference samples S and Fe
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ABOUT POSSSIBILITIES OF OBTAINING FOCUSED BEAMS OF
THERMAL NEUTRONS OF RADIONUCLIDE SOURCE

Aripov G.A., Kurbanov B.I., Sulaymanov N.T., Ergashev
Institute of Nuclear Physics, Tashkent, Uzbekistan

UZ0703408

In the last years significant progress is achieved in development of neutron focusing methods
(concentrating neutrons in a given direction and a small area). In this, main attention is given to
focusing of neutron beams of reactor, particularly cold neutrons and their applications. [1,2].
However, isotope sources also let obtain intensive neutron beams and solve quite important
(tasks) problems (e.g. neutron capture therapy for malignant tumors) [3], and an actual problems
is focusing of neutrons.

We developed a device on the basis of californium source of neutrons, allowing to obtain
focused (preliminarily) with the aid of respective choice of moderators, reflectors and geometry
of their disposition, beam of thermal neutrons. Here of fast neutrons and gamma-rays in the
beam are minimized.

The devices for study of thermal neutron capture gamma-rays spectroscopy with radionuclide
neutron source which allows one to measure both low energy (E<2MeV) and high energy
(E>2MeV) gamma-radiation has been developed on the basis of these researches for analytical
applications. Geometry of the device is shown on fig. 1. Neutron source of Cf252 (1) was located
in bismuth filter (2), in which neutrons were effectively slowed down by inelastic processes.
Beryllium oxide was taken as moderator (3). The detector was shielded from gamma-radiation of
the neutron source and scattered gamma- radiation by bismuth filter (4). A sample holder (6) was
also covered by bismuth filter. Lithium filter (7) covering the detector shields it from thermal
neutrons. The sample (6) was located near the detector

Low energy spectrum of gamma-radiation of the
same sample was measured for comparison of bismuth
filter slowing down efficiency with a source in bismuth
filter and with source in the paraffin filter at identical
shape and geometry. The comparison of these spectra
shows what intensively of gamma-rays with 692kev
energy from Ge72-(n, ny) reaction is less noticeable with
bismuth filter. It means that with bismuth filter the fast
neutrons dropping on the detector less than with
paraffin filter.
With the aid of the model we developed on the basis of
Monte-Carlo method, it is possible to modify a
forementioned device and dynamics of output neutrons
in wide energy range and analyze ways of optimization
of neutron beams of isotope sources with different
neutron outputs. Device of preliminary focusing of
thermal neutrons can serve as a basis for further focus of

neutrons using micro- and nanocapillar systems. It is known that, capillary systems performed
with certain technology can form beam of thermal neutrons increasing its density by more than
two orders of magnitude and effectively divert beams up to 20° with length of system 15 sm.

Thus, we can make a conclusion that with using bismuth filter the flux of fast neutrons and
background gamma-radiation the reaching the detector is decreased. Neutrons with energy more
than 4-5MeV passing through bismuth filter at nonelastic process effectively slow down to the

Fig.l. Schematic graph of the

device
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energy at which light elements are effective moderator material with albedo of neutrons less than
albedo of neutrons of the graphite reflector was selected as moderator for the purpose less focus
the neutrons and obtain more thermal neutrons falling on the sample. The given choice of the
materials and the position geometry of the elements of the device allow us to make a flux of
thermal neutrons falling on the sample maximal and flux of fast neutrons and low level
background gamma-radiation falling on the detector minimal. It permits us to measure both low
energy (E < 2MeV) and high energy (E > 2MeV) gamma-rays spectra with using radionuclide
neutron source
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UZ0703409

PROTON ACTIVATION ANALYSIS OF SOME CHEMICAL ELEMENTS
ON A NUCLEAR REACTOR

Mukhammedov S., Khaydarov A.
Institute of Nuclear Physics, Tashkent, Uzbekistan

Accurate determination of lithium, oxygen and other light elements in sub microgram level is
of importance in geochemical and material studies. Such examples are great many. On such
instances, several non-traditional reactor activation analysis can be used which have increasingly
been developed and applied to several fields of semiconductor industry, biology, geology in
recent years [1]. These techniques can be named as the nuclear reactor based charged particle
activation analysis.

We have been distinguished two possibilities of the application of a nuclear reactor as
charged particles source for the development of the nuclear reactor based charged particle
activation analysis (NRCPAA). At last years those possibilities were investigated intensively and
some results of our study were applied for the determination of light elements [1-3].

We have considered the use of both thermal and fast neutron flux:
• The triton flow is produced by thermal neutrons flux, which excites the nuclear

6Li (n, a) T reaction on lithium.
The neutron activation analysis associated with below presented two consecutive 6Li (n, a)
T+16O (T, n) 18F reactions is established to determine trace amounts either of lithium or of
oxygen in different samples. Besides, the triton flow can be used for the determination of
other light elements, for instance, B, N, S, and Mg.

• The recoil protons are produced as the result of (n, p) elastic and inelastic scattering
interaction of fast neutrons with nucleus of light elements, for example, hydrogen. These
protons are applied for the development of proton activation analysis for the determination of
large concentration of Li, B, N, O, Ti, S and other elements.
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thermal neutron flux

fast neutron flux

Fig. l.Means of production of charged particles flow

The purpose of this presentation is the study of detection possibility of several chemical
elements using the activation analysis based on the application of secondary nuclear reactions
induced by recoil protons on a nuclear reactor.

We investigated the yields of radio-nuclides produced by secondary nuclear reactions with
recoil protons on 18O, S, Ti and V. Nuclear data for these radio-nuclides are listed in the Table 1.

The samples for investigation were prepared by dissolving metallic plates in tsar's vodka.
Then the mixture was neutralized as an aqueous solution. In order to prepare the samples for
irradiation, these solutions of 2 ml volume were dropped into filter-paper. At following step the
samples are dried and put to the target-holder for irradiation. Distilled water was used as the
sample for oxygen. For sulfur we used the method of mixing of powdered sulphur with liquid
polyethylene. All samples are placed into the target-holder and irradiated in nuclear reactor.

Table 1. Nuclear data for investigated chemical elements

Chemical
elements

0
S

Ti

V

Radio-
nuclides

ISp

J4mCl

48y

MCr

TlV2

1.83 h
31.99 m

16.18 d

27.8 d

Ey,keV;(I7,%);

511(1993,4)
3305 (11,6), 2928(48,4), 1174<4 (14,1),

640 (0,48) 511(120) , 145,7 ( 35,8)
2421.75-3), 2375,6 (0,010), 2240 (2,4), 1312
998), 983,3 ( (100), 944,3 ((8), 511 (99,6)A

320 (9,63)

The activity was counted with the calibrated high-resolution y-ray spectrometer connected to
the 80 cm3 Ge(Li) detector having an energy resolution of 3 keV FWHM at 1332 keV 60Co. The
efficiency of the detector was determined by using the standard sources. The detector was
connected to a multi-channel analyzer placed in the 15 cm thick lead shield, covered with a
plastic cup (the thickness of the wall is 5 mm), which served as the holder for a sample. Samples
were put onto it. The gamma detection system allowed determining of Li, 0-18 and other
chemical elements.

In our experimental conditions Yields of 18F, 48V and 51Cr were equal to 0,4 imp/s.ml, 1,1
imp/s.mg and 21,9 imp/s.mg, correspondently. For sulfur the radioactivity was not detected.The
dependence of yields on contents of chemical elements is given in the Table 2.
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Table 2. Yields of radio-nuclides produced on investigated chemical elements.

Ti
Volume of
solution, ml

0,25
0,5
1
2

Contents of
chemical
element, mg
0,46
0,92
1,84
3,69

Number of
impulses, imp/s

0,54
0,65
0,70
1,00

V
Volume of
solution, ml

0,75
1,50
3,00
6,00

Contents of
chemical
element, mg
0,497
0,994
1,989
3,978

Number of
impulses,
imp/s
10,8
7,9
13,2
9,1

Our experimental results have demonstrated that the proton activation analysis based on the
application of secondary nuclear reactions is useful tool to determine large contents of some
lpght and medium chemical elements.
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DIFFUSION AND AGGLOMERATION
OF HELIUM IN STAINLESS STEEL

UZ0703410
Ganeev G.Z., Turkebaev T.E.

Institute of Nuclear Physics, Almaty, Kazakhstan

ABSTRACT
Diffusion of helium and formation of helium bubbles in stainless steel in condition of atomic

displacement are studied theoretically using standard rate equations [1]. Besides this bubble
coalescence is assumed to result when collisions occur between bubbles as they migrate by
surface diffusion through the solid [2]. The dissociative mechanism via self-interstitial He
replacement is assumed to control helium diffusion and bubble formation. The theoretically
analysis is based on the diatomic nucleation model where two helium atoms are assumed to
compose a stable nucleus. For nucleation of interstitial loops, two atoms are assumed to compose
a stable nucleaus. In the present work is assumed that coalescence follows bubble collisions
resulting from random migration of bubbles in Chandrasekhar's approximation.

INTRODUCTION
The introduction of helium into metals by ion implantation and nuclear transmutation can

result in a serious loss of ductility, which is of great concern for performance of metals in
nuclear power plants, high-flux spallation neutron sources and tritium storage.

In the present work, we study a model for helium diffusion and bubble formation in stainless
steel implanted with energetic helium ions in the intermediate temperature range. The
temperature dependence of helium diffusivity and bubble structures is our main concern. The
model is simplified by ignoring the effects of grain boundaries. The migration and coalescence
of bubbles is not ignored. While formation of bubbles at dislocations has to be considered in the
model.

MODEL DESCRIPTION AND RATE EQUATIONS
The theoretical analysis is based on the diatomic nucleation model where two helium atoms

are assumed to compose a stable nucleus. In this case bubble formation is controlled by the
diffusion of helium. The usual vacancy mechanism is not likely operative because of the
immobility of vacancies at ambient temperature. In the model we consider another possible
mechanism for radiation-enhanced helium diffusion, the so-called "dissociative mechanism" by
which He atoms dissociate from the vacancies to interstitial lattice sites as a result of
recombination of Frenkel pairs. The dissociative mechanism via the self-interstitial/He
replacement is expected to be operative in the intermediate temperature range, since self-
interstitials and He atoms at interstitial sites have considerable mobility even at temperatures far
below room temperature. It is suggested that mobile only complex containing two //e-atoms
(surface diffusion mechanism). Equilibrium complex of two or four i/e-atoms is pore.

In the following rate equations, kinetic evolution of self-interstitials, vacancies, interstitial
loops and He- vacancy clusters (bubbles) are described according to [1]. Formation of bubbles on
dislocations is described according to [3]. The meaning and values of the symbols, parameters
and constants (in stainless steel) are described in Table 1.
For point defects and interstitial loops,

£»(. +Dv)CtCv - Z , A

- 4 < Z ) , Q C | , e - '
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-vsCi - v , C y ) / Q - 4 a r r ( Z ) , + D v ) Q C v -ZvDvCv(pd A

(2)

, + Z ) { f c ) C v C { f c - 4 n Z b
v D v C v ( r b C b ~ d d }

Table 1. Symbols, parameters and constants used in the calculation
Symbols Meaning Values used in calculation Unit

rr Radius of recombination of Frenkel pairs 3.5xlO~10 m

r\ Trapping radius between self-interstitials

ri Trapping radius between interstitial He atoms

r s Trapping radius between a self-interstitial and a
substitutional He atom
Trapping radius between a vacancy and a
interstitial He atom

rs Trapping radius between a interstitial He atom
and a substitutional He atom

D[ Diffusivity of self-interstitials

Dy Difiusivity of vacancies

£)i Diffusivity of interstitial He atoms

jjd Diffusivity of helium on dislocations

m Energy of migration of interstitials

m Energy of migration of vacancies
v

Average number of He within a bubble

^v Average number of vacancy within a bubble

pd Density of pre-implantation dislocations

Pi Density of interstitial loops

Zj Dislocation bias factor for interstitials

Zy Dislocation bias factor for vacancies

7i Dislocation bias factor for helium

7b Bubble bias factor for interstitials

7b Bubble bias factor for vacancies

yb Bubble bias factor for He atoms

Gfie Generation rate of helium in matrix

r d Generation rate of helium on dislocations

K Atomic displacement rate

a Lattice constant

b Burger's vector

by Van der Waal's constant of helium

Q Metal atomic volume

3.5xlO-10

3.5X10"10

3.5xl(T10

3.5xlO-10

3.5xl(T10

lO^expf-EJVkj)

5xKr5exp(-E;/kbT)

«A
~Deff

~UHe
0.15xl.6xl0-19

1.3

m

m

m

m

m

m2/s

m2/s

. m2/s

m2/s

eV

eV

1011

27triC,

1.1

1

1.1

exP(-(PHe-2y/rb)Q/kbT)
1

1

10'2,10"1, 10°

10'6,10"5, lO"4

3.5xlO-10

2.5xlO-10

1.59xlO-29

1.2xlO-29

m"2

m-2

appm/

s"1

dpa/s

m

m

m3

m3
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vs

Y

M
kh

T

Ds

Q

R

dciHe

Spontaneous recombination volume

Surface energy

Shear module

Boltzmann's constant

Temperature

Surface's diffusivity of Fe-atoms

Energy activation

Gas const.

G /Q + 4nrDCCs -Zd D' C'

100Q

2.0

100

1.38xlO-23

300-900

0.58exp(-Q/RT)

142

8.31

id + p,) - Awle(Dv + DL)CVCL -

m3

J/m

GPa

J/K

K

m2/s

kJ/mol

J/mpl

(3)

'dCd)AwsDiCiCs
+ rbC

d
b)-Aws

HeD'HeC
l
HeC

s
He -%nrl

HeD
l
HeC

l
He

j . lie V V UtZ s V IlfZ

fS._n_.«^2 (5)
dt

where Q , Cv, Q , C]ye, C
s
He are concentration of self-interstitials, vacancies, interstitial loops. He

atoms at interstitial and substitutional sites, respectively. rt is the mean radius of interstitial

loops. Spontaneous recombination of Frenkel pairs is included in the first terms in Eqs. (1) and
(2). The fourth term in Eq. (1) and second term in Eq. (4) represent the self-interstitial///e
replacement mechanism.
For formation of bubbles in the matrix,

dC4i , (7)
^ L % D C l

dClJ d~ ri n r (r +r ) o dCb j ( 8 )

—- = 4x.rl.DjCj\Pj+Cs)-2- — -J2J,
Jlj=A7rD2{rb+r2j)-C2j, (9)

where Ct is the number density of bubbles in matrix, Cnj- concentration of complex of n He-
atom, rnj - equilibrium rad. of complex, D2 - dif.coeff. for surface diff. Migration [2], Ds -
surface diffusion coefficient.

mj b ~ i ( \ (U)= 4nZ 11 rhDuJZ: \C; + Cr 1+ 2J7 •,
dt J J J

dnv _ b- I \ 0 2)
d t v \ v v 1 1 1) v2 2j>

where «;,nvare the average number of He atoms and vacancies, respectively contained in a
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bubble, nv2 - number vacancies in two //e-atoms complex. The growth of bubbles is dependent
on the inner gas pressure Pue, which is described by Van der Waal's gas law

'- ~ 3 - ~ h\ ^
'4

Bubbles are expected to grow by absorbing vacancies (i.e., bias-driven growth) when there is
a considerable concentration of freely migrating vacancies, while they are expected to grow by
pushing out some matrix atom planes when the inner gas pressure exceeds the critical value of
mechanical stability \PHe -2y I r b)^./jb I r b (//is the shear module of matrix),

(d~rb)LP=b/4. 04)

For nucleation of bubbles at dislocations, dislocations produced before He ion implantation
(for example by cold working) or during implantation (by production of dislocation loops) are
expected to supply equally favorable sites for bubble nucleation. The former are constant in
density (denoted as pd) while the latter increase (denoted as pi) during He ion implantation.

dC\ n ^.7 , ,7 .. *-^ ^ i, (1-v

dt
dC

dt
2 _ (16)

/
where Cj, C2 -liner's concentrations (m"1) of //e-atoms and bubbles on dislocation, rij - the
average number of He atoms, contained in a bubble, nv - the average number of vacancies give
equation (12),

j j j

Di = Cj l{Cj + Cs )DJ (eff.diff.coeff),

fz = Ql(pd +pi)/b (corr.factor),

ls = (l - 2rbC2)/ C2 (distance between pore's surface).

RESULTS AND DISCUSSION
The time dependence of concentrations and number of vacancies and //e-atoms in pore is

shown in fig.1-4 (7=873 K, K=\0'6apa/s, AOye=lappm/s). The correct analysis in pore's
nucleation on dislocation show significant differences with results [1].

(19)

(20)

(21)

2 B 3 0 0 4 0 0 S 0 0 6 0 0 7 0 0 8 0 0 9 0 0
timer.s
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Fig.l. Line concentration of pore on
dislocation versus time.

Fig.2. Volume concentration of pore in
matrix versus time.
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Fig.4. Number vacancies in pore in
matrix versus time.

Fig.3. Number vacancies in pore on
dislocation versus time.
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INTRODUCTION
In the recent years much attention is paid to the investigation of the mechanism of the

formation of point defects, structural transformation and other radiation stimulated phenomena in
the crystal and amorphous SiC>2 having different types and concentrations of primary structure
defects under influence of over- and sub-threshold energies. It is of scientific and practical
interest since crystal and amorphous SiC>2 is widely used in the various fields of modern science
and technology. Analysis of the results [1,2] on this matter shows that the nature of physical
processes leading to the formation stable point defects, structure transformations and other
radiation stimulated phenomena in the quartz crystals having complete and defect structure
irradiated by different types of radiation with over and sub-threshold energies is not yet
established. On the basis of above given account the aim of this work is determined. It will be an
investigation of the view of the dependences of formed defects on the current density beam of
the protons, deuterons, a-particles with over-threshold energy and electrons with sub-threshold
energy, influence of the variation type and concentration increase of the primary defects at the
time of radiation on the following process of the defect formation in the quartz crystals. In this
connection spectrum of absorption (SA), photo- and gamma-luminescence (PL, GL) nominally
pure quartz and quartz crystals with Fe after irradiation was investigated.
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EXSPERIMENTAL RESULTS
Investigation of spectrum of absorption was shown that in the SA of the non-radiated

samples SiC^: Fe absorption bands (AB) are observed with maximums at 220 and 260 nm.
Investigation of difference SA of non-radiated and radiated samples has shown that the band 220
nm is superposition of two AB with maximums at 215 and 230 nm. It is established that in the
SiO2 intensity of the bands 220, 248, 260, 350, 540 nm and bands of GL at 470 nm linearly
increased as current density beam (CDB) j of the electrons (E= 100,120 keV), protons (E=18
MeV), deuterons (E=16 MeV) and cc-particles (E=18 MeV) increased (fig. 1). Absorption bands
at 215, 248 and 260 nm are induced also in the spectra of nominally pure quartz crystals
irradiated.

Investigation of the spectra of PL crystals irradiated by electrons having different j and
energy showed that up to j=30 mcA/cm2 bands of PL are absent. Band of luminescence at 420
nm is appeared beginning with 40 me A/cm2 and bands of PL with maximums at 550 and 660 nm
are appeared at 60 and 80 mcA/cm2 (fig.2). Comparison spectra of PL crystals irradiated at j=60
me A/cm2 shows that the bands of 550 and 660 nm are appeared only at the energies 100, 120
keV. Intensity of bands of PL at 550 and 660 nm in the samples irradiated with the energy 120
keV more than in the samples irradiated with energy 100 keV. Investigation spectra of PL
excited at 315 and 337 nm show that at 315 nm of band intensity of 550 nm is more than band
intensity of 660 nm. Reverse scene is observed at excitation of PL with 337 nm.

The bands at 550 and 660 HM are observed also in crystals, irradiated by fluencies of protons,
deuterons and a-particles 4-1014 - 1015 cm"2. In the crystals, irradiated with the fluencies under
the different CDB, the increasing of density of current brings about the growing of intensities of
bands 550 and 660 HM.

1 E - 3

L g

0 , 0 1

j , ( m cA .ftl

Fig.l. Dependence of GL band at 470 nm in SiC>2: Fe irradiated by proton fluences of 1014

(1) and 1015 cm"2 (2) on the beam current density.
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Fig 2. Spectra of PL (A,B=315 nm) non-radiated (1) and irradiated by electrons with energy
100 keV at j= 30 (2), 40 (3), 60 (4) and 80 mcA/cm2 (5) crystals SiO2.
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DISCUSSION OF RESULTS
It is shown in [3] that in the quartz crystals irradiated by fluency of neutrons >1018 n. cm'2,

band of luminescence with maximum at 660 nm, which is excited in the interval 270-280 and
620 nm, is appeared. This band of PL is observed as well as in the quartz glass at the time of
excitation in the bands 260 and 620 nm. It is assumed that appearance of the band of 660 nm is
caused by luminescence of the nonbridging atoms (NBA) of oxygen stably existing only in the
amorphous region. NBA is responsible for the absorption bands at 260 and 620 nm.
Concentration increase of NBA of oxygen under neutron irradiation of a- SiC>2 characterizes the
degree of amorphization of a sample.

It is established in [1] that the band with the maximum at 660 nm appears also in the
spectrum of luminescence of quartz crystals irradiated by fluency of neutrons 5.1016 n.cm'2. It is
assumed that centers of luminescence of the bands are nonbridging oxygen atoms situated in the
volume of amorphous phase formed around nucleus of p - phase. Structure of amorphous phase
differs from that of quartz glass. Investigation of PL neutron irradiated quartz crystals at different
wavelength shows that the intensity of the band of 660nm reaches maximal value at excitation in
315 nm. In this case the band of 550 nm is also excited.

We have detected luminescence band of 550 nm in the y- irradiated quartz glasses with a big
deficient of oxygen which in these experiments regulated by adding silicon powder at the time of
glass synthesis in the synthetic raw material vacuum. In this case a brown color appears, which is
connected with the inclusions of silicon [4].

It is shown in [1] that in the spectrum of PL of the neutron-irradiated crystals appears bands
with maximums at 550 and 840 nm, simultaneously with the band of 660 nm. It is assumed that
appearance of the band of 550 nm is connected with the formation of nucleus of p -phase.
Centers of luminescence in the band of 550 nm are peroxy radicals being in the volume of the
amorphous volume formed around nucleus of P - phase. Occurrence of the band of 840 nm is
connected with the formation of silicon nanocrystals (NC).

The band of 550 nm occurs also in the spectrum of luminescence of the different
modification SiO2 irradiated by neutrons [2] and electrons [5]. At the time of investigation
luminescence spectra of cathode-luminescence (KL) it is shown in [5] that centers of
luminescence in the 550 nm appears after definite values of current density beam of electrons. It
is shown that the band of 550 nm is connected by formation of silicon NC. It is assumed that the
centers of luminescence are in the border of division of the silicon NC and amorphous S1O2. The
nature centers of luminescence are not discussed.

It is established at present that amorphization of the structure of a - quartz crystals takes
place under influence of neutrons [1, 6, 7], ions and electrons with over and sub-threshold
energies [see in 8]. It is predominated opinion that vacancy of oxygen is responsible for the
formation of nucleus of amorphous phase. It is shown in [9] that the silicon NC is formed in
quartz glasses with oxygen deficient under influence of y-rays. Efficiency of the formation of
silicon NC is increased as the degree of the oxygen deficient is increased. In [5] it is established
that the value of the current density beam of electrons j , at which the band of 550 nm occurs, is
decreased as the density of the irradiated modifications SiO2. Based on this it can be considered
that there exists critical value of the oxygen vacancy concentrations reaching on which formation
of the silicon NC takes place.

Investigation was shown that in the crystals spectrum irradiated by electrons with the energy
100 and 120 keV by fluence 1016 cm"2 at j <60 mcA.cm"2 absorption band of 215 nm and at j >
60 mcA.cm"2 absorption bands with 215, 248, 260 nm and luminescence band with 550, 660 are
appeared. It is seen that band of the 660 nm is excited at 315 nm. In this case as in case of the
neutron-irradiated crystals [1], the band 550 nm is also excited. Absorption band at 248 nm is
attributed to neutral oxygen vacancies in the amorphous phase of quartz [7]. This shows that at
the time of influence on the quartz crystals by the same fluency of electrons, which are
accumulated from j to 60 mcA.cm"2, Ex - centers are appeared basically and at j > 60 mcA.cm"2
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E} - centers and nucleus of the amorphous phase of the quartz containing neutral vacancies and
nonbridging oxygen atoms as well as silicon NC are formed.

Perhaps this takes place following way. It is well known that at the beginning of irradiation
(for example, at the first seconds of the influence-first stage), when the fluence of electrons 1016

cm"2 accumulated at j - 30, 40, 60 and 80 mcA.cm"2, falling electrons interact with crystal which
have complete structure. It is shown in [1] that E\ -centers are formed in the nominally pure
crystals irradiated by fluency of electrons 1016 cm"2 at different j electrons with energies 100
keV, beginning from j= 30 mcA.cm"2. Increase of j leads to the increase of concentration of
the Ex -centers formed in the time unit. It is assumed that formation of the E\ -centers takes place
because of the collective decay of two or more interacting electron excitations. In this case
according [10] as complementary pair to the £, -centers peroxy radicals appears. Therefore, can
be accepted that the increase of j leads the increase of the number of peroxide radicals. So, in the
first stage of the influence of the fluency of 1016 sm"2 electrons accumulated at j=30, 40, 60 and
80 mcA.cm"2 different concentration of defect structure are formed, i.e. crystals have different
degree of the defectiveness of the structure. At the second and the next stages of irradiation
electrons interacts with defect states of the crystals formed on the previous stages.

Based on the results of investigation influence of the electrons fluency of 1016 cm'2

accumulated at the same value of j , on the crystals with different structure defectiveness, it is
shown in [1] that the concentration of the additional intruded E\ -centres increase as the structure
defectiveness is increased. In the crystals with the same structure defectiveness under fluency of
electrons of 1016 cm"2 with the energy 100 keV but at different values of j concentration of the
additional formed E\ -centres increased as j increased. Based on this we consider that for the
each value of j efficiency of formation, defects will be increased as the time of irradiation is
increased. Obviously, in each stage of efficiency of formation E\ -centers and other types of
defects are increased as j increases. Therefore, at the time of influence on the crystals of the same
fluence 1016 cm"2 but accumulated at different values of j , concentration of formed E\- centers is
increased as j of electrons increased. This leads to the increase of the intensity of absorption
bands with maximum of at 215 nm.

1 f\ O O

In the crystals irradiated by fluence of 10 cm" at j=60 mcA.cm' electrons with the energies
of 100 and 120 keV critic concentration of oxygen vacancy necessary for the formation of
nucleus of amorphous phase and silicon NC are appeared. This leads to the appearance of the
absorption band of 248 and 260 nm and luminescence of 550 and 660 nm. At j=80 mcA.cm"2

efficiency of the formation of oxygen vacancy in each stage of irradiation is more than 60
mcA.cm"2. Therefore, critic concentration of oxygen necessary for the formation of nucleus of
amorphous phase and the silicon crystals appears on the earlier stage of irradiation. In the next
stages of irradiation efficiency of formation nucleus of amorphous phase and NC will be
increased. Hence, concentration of nucleus of amorphous phase and NC will be more than at j=
60 mcA.cm"2. This causes the increase of the bands luminescence of 550, 660 nm at j=80 60
mcA.cm"2.

On the basis of results [1] and the detection of the bands of luminescence at 550 and 660 nm
which are caused by peroxy radicals and nonbridging atoms of oxygen, as well as AB of 248 nm
attached to neutral vacancy of oxygen being in the regions of amorphous structure of quartz, we
consider that in the growing in SiO2:Fe defects of structure are appeared which are in the nucleus
of the amorphous phase of quartz. Nucleus of amorphous phase consist of E[ - centers, neutral
vacancy and nonbridging atoms of oxygen. Additional defects are created under influence of
electrons. Efficiency of the creation of additional defects is increased as the concentration of
preliminary disturbances of structure. It seems formation of amorphous regions are taken place at
the expense of thermal peaks.
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CONCLUSIONS
1. It is established that after influence fluence 1016 cm"2 of electrons with energy 100 and 120

keV accumulated at 60 mcA.cm"2 in the spectra of absorption and PL of quartz crystals bands
connected with the formation nucleus of amorphous phase and silicon NC are appeared. At
80 mcA.cm"2 concentration of nucleus of amorphous phase and silicon NC will be more that
more than 60 mcA.cm'2.

2. It is assumed that the increase of defectiveness of structures relieves formation of amorphous
nuclei in quartz. Oxygen vacancies are responsible for the formation of precipitates of
amorphous phase and silicon NC. The critic value for the concentration of oxygen vacancies,
when the nuclei form, decreases as the degree of crystal structure defectiveness increases.

The work is supported by the grant F2.1.17 from Center of Science and Technology of
Uzbekistan.
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PRELIMENARY RADIATION -OXDIZING TREATMENT INFLUENCE
ON ELECTROPHYSICAL PROPERTIES OF ZIRCONIUM

Garibov A.A., Aliyev A.G., Agayev T.N., Ismailov S.S., Aliyev S.M., Velibekova G.Z.
Institute of the Radiation Problems Baku, Azerbaijan

CM

^ The dependences of resistivity (p), thermoelectromotive force (a) voltage-current
° characteristic of thin zirconium film 80-J-200 mkm of thick from adsorbed dose of y-quantum
^ have been investigated. It's been found out that when initial meanings of absorbed dose are
-1 insignificant (D<20kGy) in Zx-ZxOi system p is decreased at the expense of formation of

, point defects (biographic protective oxide film). The further increase of absorbed dose (up to
definite value) leads to radiation-heterogeneous processes of protective oxide film formation
with high vacancy concentration that is accompanied with p increase.

Fuel element materials of water-cooled nuclear reactors are exposed to simultaneous impact
of fission products, ionizing radiation, temperature, water and water radio lysis products [1].
That's why different defects are formed in these materials, their surfaces are oxidized and finally
they loose air-tightness that may cause emergency situation.

Among metal materials, applied as heat carriers zirconium and its alloys are of great interest.
In order to determine mechanism of processes, passing in zirconium materials, different
physicochemical methods are applied.

In the given work the mechanism of oxidation and defect formation processes in zirconium
during its preliminary radiation treatment in H2O2 medium and during further radiation-thermal
processes in its contact with water is investigated by means of resistance test, measurement of
thermoelectromotive force (a) and current-voltage curve of zirconium films.

EXPERIMENTAL TECHNIQUE
Reactor zirconium with 99,99% of purity was taken as the investigation object. The samples

were previously purified by ethyl alcohol, acetone and distilled water, were dried firstly in air,
then in vacuum (HO'3 Pa) at T=300K and then T=473K. After that electrophysical parameters of
samples were measured. Later on the samples were placed in ampoules with hydrogen peroxide
and were exposed to preliminary gamma-rays impact (D = l.\4Gy/s) at different exposure
times. After that the samples were dried and weighted. After weighting the samples were
transferred to special ampoule for radiation-catalytic activity testing in radiolytic water
decomposition processes. Necessary water volume was injected into ampoules with samples by
water vapors condensation from graded volume of vacuum-adsorption plant. Accuracy of water
injection into ampoules with samples from vacuum-adsorption plant in investigated water vapors
density limit makes ±5%. Temperature during the experiments was held accurate to ±1K.
Radiation and radiation-thermal processes were carried out on isotopic source of y-radiation

Co.

The process gas products were transferred into special graded volumes and analyzed by gas
chromatography method («Fa3oxp0M 3101»). During radiolytic process T=300K besides H2 in
gas products composition O2 was observed, and during thermoradiolysis - H2.

Zirconium materials corrosion was investigated by means of weight method. For this purpose
initial and exposed to testing metal samples dried in vacuum (10"5 Pa) were weighted accurate to
10~sg. Materials corrosion as a result of radiation-thermal and thermal processes was
characterized according to samples overweight Am=mj-mo.

The impact of zirconium preliminary radiation treatment in H2O2 medium on electro physical
properties has been investigated with the purpose of determination the mechanism of initial
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radiation treatment impact on corrosion resistance of zirconium materials. For this purpose after
samples treatment the electrical resistivity and thermoelectromotive force, were measured.

Zirconium lamella had the following size: thickness d=0,012-r0,20mm; width b=2,0-M-,0mm;
L==20+25mm.

Measurement of samples resistivity was held with the help of four balloon-born point
1 US

contacts by compensation method at direct current and by formula/? = — = — • — , where U -
cr A L

voltage drop between two probes (2,3), A-current between probes (1,4), S-sample section.
Resistivity inaccuracies didn't exceed 2,7%. The following devices were used: power sources of
TEC 41 type, universal voltmeter B7-21 and B7-21A for voltage drop measurement; for current
measurement - combined digital device LU.431.

During thermoelectromotive force (a) measurement, the absolute stationary method with
compensation was used. Here temperature gradient AT=2-̂ 3 was created along the lamella and
temperature was measured by differential med-constantan thermocouple and thermo

electromotive force was determined by formula a= y, where y - thermocouple sensitivity
A71

[2-5]. During a measurement the inaccuracy made 6,0%.
After that the samples were placed in special ampoule with H2O2, were connected with

gasometer and were exposed to gamma-irradiation impact at different exposure times. Source
dosimetry was carried out by chemical dosimeters - ferrosulphate, cyclohexane and methane.
Re-calculation of radiation absorbed dose in investigated systems was maintained by comparison
of electron densities [6].

After treatment the samples were dried and the measurement of electro physical properties
was held in identical conditions.

Corrosion resistance and catalytic activity of previously treated samples was tested in
radiation-thermal and thermal processes of water decomposition when T=673K, p(H2O)=
5mg/sm3, D = \.\4Gyls, Ttr=30min. And with all this the kinetics of molecular hydrogen
accumulation and metal oxidation as a result of radiation-thermal and thermal processes in
contact with water had been studied.

RESULTS AND THEIR DISCUSSION
Made experiments can be grouped in the following way:
I. Radiation-oxidation treatment.
Preliminary radiation treatment of zirconium in contact with 30% H2O2 solution at different

intervals had been carried out.
It's known that dependence of hydrogen peroxide's gamma-radiolytic decomposition speed

from concentration of its water solutions passes maximum over the concentration range of
hydrogen peroxide C(H2O2) =30-H40% [7].

That's why radiation-oxidation treatment of zirconium was carried out in H2O2 with 30% of
concentration. Under the influence of gamma-quantum as a result of electrons emission and
release, positive states and coordinated unsaturated atoms are formed accordingly on surface of
zirconium.

Zr^>Zr++Zr- (1)

The most possible hydrogen peroxide transformation processes are the following:
H2O2 -> 2OH (2)

OH + H2O2 -> # 3 < r + HO2 (3)
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HO2 + H2O -»• H3O + O2 (4)

H2O2+O~->H0-+0H + 02 (5)

The process may pass under the influence of surface states of zirconium and decomposition
products may interact with the surface:

Zr + OH^Zr-OH

Zr + HO2 -+Zr-O2H

In both cases hydroxyl groups and partially protonated hydrogen are formed on the surface of
zirconium. In such cases samples resistance is decreased due to hydrogen and OH-group
existence. That's why depending upon p = f(D) during the initial treatment times

(D < 20 • 103 Gy) the minimum is observed (fig. 1).
During the further decrease of treatment time and accordingly of radiation absorbed dose,

radiation dehydroxylation and interaction with other H2O2 radiolysis products can be observed:

Zr-OH^Zr-O + H

Zr++HO~ -+Zr-OH

Zr+ + O2 - • ZrO2

As a result of these reactions, the oxide film that conditions decrease of samples' electrical
resistivity is formed on the surface of metal zirconium

During the following radiation dose increase creation of deficient states takes place in surface
oxide phase.

As a result of radiation-heterogeneous processes O-holes that migrate inside metal phase are
formed in oxide phase. In consequence of these processes electrical resistivity of oxide phase is
decreased under the law/? = f(D~0S).

So, preliminary zirconium treatment in oxidizing medium(H2O2+H2O) under the impact of
gamma radiation depending upon absorbed dose meaning leads to metal conductivity decrease
and increase.

II. Previously radiation-oxidationally treated samples were exposed to test in radiation-
thermal and thermal processes in contact with heat carrier H2O at T=673K, p^O^Smg/sm 3 ,
D = \A4Gyf s, Ttr

=30min. Then electrophysical properties of tested samples were studied.
Dependences of electrical resistivity of samples that were exposed to radiation-thermal (2)

and thermal (3) testings are given in fig. 1.
As it's seen during radiation-thermal processes recovery of initial electrophysical state

doesn't pass wholly. During these processes in Zr-ZrOx-H2O system oxidizing
defectformation takes place in oxide phase. Dehydroxylation and oxidation of zirconium surface
in radiation-thermal processes pass with higher speed, than in thermal processes. That's why
during thermal processes recovery of highoxide state takes place in samples, treated during
longer times r=50h, x=30h. Electrical resistivity of samples after radiation-thermal and thermal
processes is lower than in initial ones that may indicate high concentration of defect states in
them. That's why in samples, previously exposed to radiation-oxidizing treatment at D>200kGy,
in radiation-thermal processes during longer intervals of contact catastrophic oxidation area is
observed (T,Cat.>120min).
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Fig.l. Dependence of electrical resistivity of zirconium samples, previously irradiated at
T=300K (1), thermally (2) and radiation-thermally (3) treated at T=700K (Ttr=0,5 h).

In fig.2 presents the dependences of relative resistivity change —— and thermoelectromotive
P

force (a) of radiation-thermally treated lamellas from radiation absorbed dose. As it is seen from

the figure — at little doses grows intensively, but at comparatively high doses (D> 3,510s Gy)
P

growth of —— subsides and slowly approaches to saturation. In this area thermoelectromotive
P

force (a) meaning begins to subside in consequence with p change, but at low doses of a within

the limits of experiment inaccuracy doesn't almost change and is equal to (6-H8)-
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Fig.2. Dependence of AP = f(Q) and a=/(D) for metal zirconium (Zr) from absorbed dose.
Po

Resistivity change p depending upon the preliminary radiation treatment may be divided into
four areas (fig 1):

1. When absorbed dose meaning is D=(0-^20)-103Gy. p is abruptly decreased on 50%
2. When: D=(20-r35)-103Gy p meanings are increased.
3. When D=(504-70)- 103Gy - saturation range begins.
4. When D>70-103Gy p meanings again subside slowly.
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Similarly p meanings change for thermally and radiation-thermally treated samples. This is
evidently connected with appearance of first point defects. In area D=(20H-35)-103Gr increase of
p is connected with the fact that in parallel with point defects, vacancies begin to appear and to
increase due to migration of internodal atoms. The fact itself that p~m*-n"1 and a~m*3/2-n"] means
that here not only point defects, but vacancies, the concentration of which increase also are of
great importance. This in its turn affects efficient masses of current carriers m* [5]. In area
D=(20+35)-103Gy p passes saturation range , where these two competing concentrations even.
Originated vacancies come to zirconium surface and in interaction with water interact with
oxygen. As a result of interaction Zr-ZrC>2 is formed, localization of which passes up to the
moment when the surface becomes saturated with them. Comparative resistivity in samples after
radiation-thermal treatment grows slowly (fig.2), but thermo electromotive force meanings
decrease. As it is known thermo electromotive force (a) is very sensitive to metal Fermi-surface
properties change and so on surface layer, that had a contact with water the process passes very
difficult. Here not only abovementioned two factors but also appearance of different bubbles,
and also generation of different point defects and their recombination are of great importance.

Basing upon abovementioned factors in processes that pass in concrete area of zirconium
surface in contact with water, it's necessary to evaluate surface chemisorption processes, though
these processes at low absorbed doses of y-quantum are not very significant. But we are
interested in surface changes of electrophysical properties. These properties to a greater or lesser
extent are sensitive to adsorption processes that pass on zirconium surface. For qualitative
evaluation on the base of current-voltage curve electrical resistivity (R) for all groups was
determined: previously irradiated, radiation-thermally and thermally treated after preliminary
treatment.

AD

The meanings of comparative electrical resistivity — were determined and comparative

resistivity— changes were compared. Within the limits of experiment inaccuracy they
P

coincided. Nevertheless at large absorbed doses (D>60-103Gr) change of— -̂ meanings for
P

radiation-thermally treated samples is 2,4 times as much, than for thermally treated ones. It's
explained by the fact that at definite doses the relation of comparative resistivities of thermally

, A/?' . , . ,. , &p , . (Ap'] /(Ap~] 0.15 , n o ,
treated —h- and previously irradiated — samples makes — - / — = = 1.88, but at

P P [p )/{p) 0.08
corresponding radiation doses for radiation-thermally treated samples this relation
makesf^VN = —= 4.5.

[p )/{p) 0.08
So, the following results are received from the experiment:

1. At small doses in Zr-ZrO2 system defect states and free O" holes are formed in oxide layers.
2. During the following radiation dose increase, the radiation-heterogeneous formation of

protective oxide layer that conditions p resistivity increase of samples up to definite dose
takes place
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PRELIMINARY RADIATION-OXDIZING TREATMENT INFLUENCE
ON RADIATION-CATALYTIC ACTIVITY OF ZIRCONIUM DURING

WATER DECOMPOSITION PROCESS

Garibov A.A., Aliyev A.G., Agayev T.N., Aliyev S.M., Velibekova G.Z.
Institute of the Radiation Problems Baku, Azerbaijan

Today mainly water-cooled nuclear reactors predominate in atomic energetics. For safe work
of nuclear reactors detection of accumulation process of explosives, formed during radiation and
temperature influence on heat-carriers in contact with materials of nuclear reactors in normal and
emergency regimes of work is of great importance.

The main sources of molecular hydrogen formation in normal and emergency regimes are the
processes of liquid and vaporous water in vapometallic reaction [1-5].

At the result of these processes molecular hydrogen concentration in heat-carrier composition
always exceeds theoretically expected concentration.

One of the main ways to solve the problem of water-cooled reactors safety is detection of
possibilities to raise material resistance of fuel elements and heat carrier to joint action of
ionizing radiation and temperature. The second way is inhibition of radiation-catalytic activity of
construction materials' surface during the process of water decomposition.

It's been established, that one of the ways to raise resistance of zirconium materials to the
influence of ionizing radiation is formation of thin oxide film on the surface of metals.

In the given work the influence of preliminary oxidizing treatment of zirconium surface on
its radiation-catalytic activity during the process of water decomposition. With this aim
zirconium is exposed to preliminary influence of gamma-quantum in contact with hydrogen
peroxide at different meanings of absorbed radiation dose.

EXPERIMENTAL TECHNIQUE
Investigations were carried out in static conditions in special quartz ampoules with the

volume V= 1,0 SM3.
Reactor zirconium with 99,9% of purity as thin strap was taken as the investigation object.
Contacting surface of the samples was determined on the base of their geometric size and it

made 34,6 sm /g.
With the aim of exclusion of influence of surface organic pollutions on the process of

molecular hydrogen accumulation the samples had been preliminarily purified with the help of
organic solvents - ethyl alcohol, acetone, and then were rinsed with distilled water.

After that the samples were dried at the temperature 300-;-320K in inert gas medium - argon.
Dried samples were weighted to within ±5-10'5 g and were transferred into quartz ampoules.

Ampoules with the samples were vacuumized up to P=10"3Pa, firstly at the temperature T=300K,
and then 473 K.
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Then hydrogen peroxide (CH2O2=9mole/l) was added to samples until they were wholly
covered with it. Ampoules were connected with special gasometer.

The samples were exposed to preliminary radiation influence of gamma-rays
(Z) = 1.14Gy I s) at different times, then the samples were dried and weighted.

After weighing the samples were transferred to the special ampoule for experiments of
radiation-catalytic activity in processes of radiolytic decomposition of water.

Necessary quantity of water was added into ampoule with samples by the way of water vapor
condensation from graded volume of vacuum-adsorption plant.

The accuracy of water injection into the ampoule with samples from vacuum-adsorption
plant in investigated range of density meanings of water vapor is ±5%.

The temperature during the experiments was maintained to within ±1K.
Radiation and radiation-thermal processes were carried out on isotopic source of y-

H3JiyqeHHJi 6 0Co.

Source dosimetry was carried out by means of chemical dosimeters - ferrosulfate,
cyclohexane and methane.

Re-calculation of adsorbed radiation dose meanings in investigated systems was made by
comparison of electronic densities [6].

Gas products of the processes were transferred to special graded volumes and were analyzed
by gas chromatograph method («Fa3OxpoM 3101»)

At radiolytic process T=300K in structure of gas products except for H2 observed also O2,
and at thermoradiolysis - H2. Zirconium materials' corrosion was investigated by weight method.

For this purpose the initial metal samples and those ones exposed to the experiments dried in
vacuum P~10"5Pa were weighted to within 10~5g.

Materials corrosion at the result of radiation-thermal and thermal processes was characterized
according to samples overweight Am= m;- mo.

RESULTS AND THEIR DISCUSSIONS
For the purpose of detection the influence of metal materials on water radiolysis, the kinetics

of H2 at radiolytic decomposition of water and water + reactor zirconium system at T=300K had
been investigated.

Radiation-chemical outlet G(H2) at this made 0,44 and 0,54 molecules/1 OOeV, accordingly.
Observed growth of G(H2) meanings during H2O radiolysis in presence of metal Zr in

comparison with radiolysis outlet of pure water may be explained by the contribution of emitted
from metal under the influence of y-quantum 8-electrons and formation of additional active
centers of water decomposition on metal surface. The process speed at this makes AW=3,51013

molecules/sec.
In conditions of nuclear reactors work metal constructions are exposed to simultaneous

influence of temperature and radiation in contact with heat-carrier.
That's why kinetics of molecular hydrogen accumulation at radiation-thermal ad thermal

processes in Zr contact with water at T= 673K and p=5 mg/ sm3 and preliminary metal
irradiation.

For the purpose of detection the contribution of radiation-heterogenic processes in radiation-
thermal heterogenic processes, radiation-thermal and thermal processes of water decomposition
were held in identical conditions (T=673K and p=5mg/sm3). On the basis of initial linear section
of experimental kinetic curve Wrt(H2) and Wt(H2) speed meanings were determined.

The speed of radiation components Wr.(H2) of radiation-thermal process of hydrogen
accumulation was determined from speed difference of radiation-thermal and thermal processes:

Wr(H2) = Wrt(H2)-Wt(H2)
In fig. 1 and 2 typical kinetic curves of molecular hydrogen accumulation at thermoradiolysis

and thermal processes of water decomposition in presence of metal zirconium
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During preliminary radiation-oxidizing treatment of zirconium in presence of H2O2 formation
of oxide film on metal surface may be observed.

Zr + H2O-> Zr - ZrOx + H2O + H2

2,5 -I
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Fig.l. Kinetic curves of molecular
hydrogen accumulation in radiation-thermal
(1) (D = \A4Gy/s) and thermal (2)
processes of water decomposition in
presence of Zr samples, previously
radiationally treated at D=20,52 kGy in
presence of H2O2.

Fig.2. Kinetic curves of molecular
hydrogen accumulation in radiation-
thermal (1) (D = \.\4Gy/s) and thermal
(2) processes of water decomposition in
presence of Zr samples, previously
radiationally treated at D=287,28 kGy in
presence of H2O2.

In fig. 3 the dependences of radiation-chemical outlet and molecular hydrogen accumulation
speed accordingly in radiation-thermal (1) (D = l.\4Gy/s) and thermal processes of water

decomposition in presence of Zr at T=673K, p=5mg/sm3 from the time of its preliminary
radiation treatment in presence of H2O2 at T = 300K.

During the first period of treatment thin oxide film appears on the surface, that has high
radiation-catalytic activity in water decomposition process.

With the increase of treatment time the thickness of surface oxide film grows and x meaning
in Zr-ZrOx system approaches to 2. That's why radiation-catalytic activity is approximately
about the meanings, observed in ZrO2-H2O system.

Formation of the surface oxide film during the preliminary treatment of Zr in presence of
H2O2 during the period T-30-50 hours (D=123-205 kGy) leads to passivation of the surface in
radiation and thermal processes of water decomposition.

0

0 20 40 60 80 100
t, hour

Fig.3. Dependences of radiation-chemical outlet and molecular hydrogen accumulation in
(Z) = 1.14Gy/s) radiation-thermal (1) and thermal processes (2) of water decomposition at

T=673K, p=5mg/sm3 from the time of preliminary treatment of Zr, in contact with H2O2 at
T = 300K.
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During the further increase of the thickness in surfaced oxide film their defectiveness
increases as well, what leads to acceleration of catastrophic oxidation of metal phase (Fig.2).

That's why during radiation-thermal processes in presence of samples, previously
radiationally treated in presence of H2O2 at D>280 kGy, catastrophic oxidation zone may be
observed.

So, on the basis of achieved results the following conclusions can be drawn:
• Radiation-oxidizing treatment of zirconium in presence of H2O2 at D=15-r25 kGr leads to

increase of surface catalytic activity in water decomposition process.
• Surface states of zirconium, formed during preliminary treatment of Zr in presence of H2O2

within the limits of adsorbed dose of gamma-irradiation D= 120-200 kGy, are characterized
by low catalytic activity in the radiation and thermal water decomposition processes.

• Radiation treatment of zirconium in presence H2O2 at doses D>280 kGy leads to increase
of catalytic activity in radiation-thermal water decomposition process and acceleration of
catastrophic oxidation process of metal.

REFERENCES
1. Belousov V.V. Katastroficheskoe okislenie metallov. Uspehi himii. 67(7), 1998 p.631.
2. Fradkov V.E. Ser. Metall. Matey 30,1599,1994.
3. Kuznetsov A.M. Adsorbtsia vody na metallicheskie poverhnosti, SOZh, #5, 2000, p.45.
4. Dobrosmyslov A.V., Tomzev N.N. Struktura tsirkonia i ego splavov. Ekaterinburg,

UrORAN, 1997.
5. Bondarenko G.G., Hofman A. Vliyanie vozdeistvia razlichnyh vidov izluchenii na

uprochnenie tsyrkonia, Moskva, RVO.
6. Pikaev A.K. Dozimetria v radiatsionnoi himii. M.: Nauka, 1975, p.l 1.

360
Section V. Radiation and Materials



EC-2004

ALPHABETICAL INDEX





Proceedings of the Third Eurasian Conference "Nuclear Science and its Application", October 5-8,2004.

Abdukadirova I.Kh.
Agayev T.N.
Ajniyazova G.T.
AkkayaR.
Alcaraz A.
AlekhinaV.M.
Aliev F.K.
Aliyev A.G.

121,264
352,357
193,197
136
75
258,268
133
352,357

A

Aliyev S.M.
Allamuratova G.
Alta§Y.
Aripov G.A.
Arkhangelsky N.V.
Artemov S.V.
Aycik G.A.

328,352,357
332
110
332,334,337
19
64,184,258
241

B

Babacan T.
Baktibayev M.K.
Barber D.S.
Barlas F.
Basybekov K.B.
Batyrbekov G.A.
Bekmukhamedova N.K.
Bektur Y.
Berkdemir A.

180
143,169,171
258
245
153
77
237
31
140,177

Berkdemir C.
Betsill J.D.
Bezdegtimeli U.
Bondar Yu.V.
BiikeT.
Burminskii V.P.
Burtebayev N.
Butsev V.S.

140,177
258
31,116
319,324
97,245
143,169,171
64,143,169,171
127

CanS.
Carlson R.B.
Cetinkaya N.
Chakrov P.
Cherepnin Yu.S.

84
. 35

306
35
19

Chernyaev V.
Chibisov E.
Chigrinov C.E.
Chultem D.

35
279,281
127
127

D

Dalci D.
Davydovskyy V.V.
Depisch F.
Djuraev A. A.
Djuraev An. A.

254
147
40
258
258

Dorter G.
Dosimbaev A.A.
Duisebayev A.
Dushanov E.
Diizgun A.

254
101
231
334
287

E

Earle O.K.
Ekinci S.
Eral M.
Erbas B.

35
216,220
110
330

Ergashev A.
Ertugral F.
Ertugrul O.
Evlanov M.V.

337
136
314
147

Alphabetical Index
363



Proceedings of the Third Eurasian Conference "Nuclear Science and its Application", October 5-8,2004,

F-G

Fazilova Z.F.
Gabaraev B.A.
Ganeev G.Z
Garibov A.A.
Getmanskiy V.V.
Gourani M.

193,197
19
343
328,352,357
124
284

Gritzay O.O.
GU9IU I.
Gule9yiiz M.C.
Guliyev E.
Giirellier R.
Gurvich L.G.

101
254
104
136
241
202

H-I-J

Haji-Saeid M.
Halitligil M.B.
Hart B.R.
Hassan S.F.
Howard H.D.
Ibis E.
Ibraeva E.T.
Ibragimov J.D.

7
298,300,303
75
171
258
293
166
347

Idrisova S.
Imambekov O.
Ioannou P.D.
Ismailov K.M.
Ismailov S.S.
Ismatov E.I.
Jazairov- Kakhramanov V.

268
166
163
231
352
193,197
143,169,171

K

Kabulov V.K.
Kadyrzhanov K.K.
Kalandarov Sh.A.
Kaltchenko O.I.
Kaskas A.
Kazantsev S.I.
Kazantseva T.G.
Kerimov V.K.
Khamidova Kh.M.
Khatamov Sh.
Khaydarov A.
Khidirov I.
Khilmanovich A.M.
Khmelshchikov V.V.
Khugaev A.V.
Khujaev S.
Kili9aslan A.

202
64,143,171
190
101
104
226
107,207
328
237
249
150,338
124
127
19
107,163
275,276
298,300

Kim H.J.
Kislal H.
Koblik Yu.N.
Korbut T.N.
Korneyev S.V.
Krassovitskiy P.M.
Kravets L.I.
KU9uk O.
Ku9iikbursa A.
Kukhtina I.N.
Kupitz J.
Kurbanov B.I.
Kurmanbai M.S.
Kutahyah C.
Kuterbekov K.A.
Kuzhevskij B.M.
Kuznetsov Yu.N.

319,324
298,300
101,107,163,207,226
127
127
213
324
293
180
153,157
40
295,332,337
193,197
110
153,157
226
19

364
Alphabetical Index



Proceedings of the Third Eurasian Conference "Nuclear Science and its Application", October 5-8,2004.

Lambert J.D.B.
Lim YJ.
Makhanov Y.M.
Maksimkin O.P.
Mal'tsev A.A.
Mal'tsev M.A.
Mamatibraimov S.
Martsynkevich B.A.
Maslova M.V.
Matthews R.

57
319,324
77
57
204,210
210
268
127
210
258

L-M

Mirsagatova A.A.
Mirzaev B.B.
Mukhambetzhan A.
Mukhamedshina N.M.
Mukhammedov S.
Mukhtarova N.N.
Muminov A.I.
Muminov A.T.
Medeuova A.B.

237
124
157
237
150,338
124
190
133
193,197

N-O

Nabardi B.
Nasirov A.K.
Nasirova Kh.Y.
Nechaev O.Yu.
Nesterov E.
Nie G.K.
Niemeyer S.

284
190
328
226
279,281
184,187
61

Nunes P.J.
Nuritdinov I.
Orozobakov T.
Osinskaya N.S.
Osmanov B.S.
Ozdemir S.

75
347
268
249
133
116

PR

Penionzhkevich Yu.E.
Perelygin V.P.
Pikul V.P.
Poznyak V.L.
Prmantaeva B.A.
Radyuk R.I.
Radyuk G.A.
Rakhimova M.S.

153,157
319
101,107,163,207
258
166
258
258
237

Rakhmanov A.
Rakhmanova T.P.
Ramamoorthy N.
Rehm K.E.
Reynolds J.G.
Reznikova R.A.
Richardson J.H.
Rustamov V.R.

35
249
7
64
75
77
16
328

Sagindykov Sh.Sh.
Salakhitdinova M.K.
Salamov D.I.
Sale K.E.
Salikbaev U.S.
Satpayev N.K.
Sever R.
Shunkeev K.Sh.
Sidorenko A.V.
Sirin C.
§irin H.

143,169
311
180
51
35,258
171
140
193
77
298,300
298,300

Skuridin V.
Skvortsov V.V.
Slyusarenko L.I.
Smith D.K.
Sobolev Yu.G.
Solodukhin V.P.
Soylu A.
Sulaymanov N.T.
Suleymanov R.D.
Sultanova S.Kh.
Suvanov M.

Alphabetical Index

279,281
133
153
61
153
258
293
337
133
124
249

365



Proceedings of the Third Eurasian Conference "Nuclear Science and its Application", October 5 - 8 , 2004.

Takibaev N.Zh.
Tartakovsky V.K.
Ta§tan S.
TelH.
Tezcan C.
Tillaev T.S.
Tokarevsky V.V.

213
147
293
110
113
202
153

Tretiyakov I.T.
Tskhai K.V.
Tiikenmez I.
Turdiev R.T.
Tiireci G.
Turkebaev T.E.
Tutuncu H.M.

19
193,197
87
347
104
343
136

u-v-w

Ugryumov V.Yu.
Utamuratov R.K.
Vasiliev LA.
Vdovina E.D.

153
190
258,268
258

Vehbekova G.Z.
Whipple R.E.
Wolski R.

352,357
75
54

Y

Yarmukhamedov
Ya§uk F.
Yesin O.

R. 64
177
116

Yuldashev B.S. 64,101,107,193,197,207,226,258
Yusupov A. A. 311

Zaparov E.A.
Zarifov R.A.
Zaykin A.Yu.
Zazulin D.M.

184,258
143,169,171
166
143,169,171

Zholdybayev T.K. 153,157
Zhumamuratov A. 249,252
Zhumamuratov M.A. 249

366
Alphabetical Index



EC-2004

CONTENTS





CONTENTS

PLENARY REPORTS

Industrial Applications of Radioisotopes and
Radiation Technology and Agency's Role
Ramamoorthy N., Haji-Saeid M 7

Future Technology Challenges in Nonproliferation
Richardson J.H 16

Current Trends in and Prospects for Development
of Russian Research Reactors
Arkhangelsky N.V., Cherepnin Yu.S., Gabaraev B.A., ^
Khmelshchikov V.V., Kuznetsov Yu.N., Tretiyakov I.T 19

Nuclear Power Plant Attempts in Turkey and the First Licensed Site
Bektur Y., Bezdegiimeli U 31 ^

Cost Effective Safety Enhancements for Research Reactors in Uzbekistan and
Kazakhstan - Results of a Joint Program with USDOE
Earle O.K., Carlson R.B., Rakhmanov A., Salikbaev U.S., v

Chernyaev V., Chakrov P 35

Overview f the INPRO Project v

Kupitz J., Depisch F 40

Current Status of Radiation Transport Tools for Proliferation
and Terrorism Prevention
SaIeK.E .' 51

Experimental Quest for Neutron Matter
WolskiR. 54 v

Condition of Research Reactor Spent Nuclear Fuels in Wet Storage \,
Lambert J.D.B., Maksimkin O.P 57

International Technical Working Group Cooperation
to Counter Illicit Nuclear Trafficking y
Smith D.K., Niemeyer S 61

Future Coordinated Researches by Argonne (USA), Tashkent (Uzbekistan) and
Almaty (Kazakhstan) Nuclear Centres on the Nuclear Reactions and Astrophysics
Artemov S.V., Burtebaev N., Kadyrzhanov K.K., {/'
Rehm K.E., Yarmukhamedov R., Yuldashev B.S 64

369



On-Site and Off-Site Forensic Analysis Capabilities
for Proliferation and Terrorism Prevention
Hart B.R., Whipple R.E., Nunes P. J., Reynolds J.G., Alcaraz A 75

To Question of NPP Power Reactor Choice for Kazakhstan
Batyrbekov G.A., Makhanov Y.M., Reznikova R.A., Sidorenko A. V 77

Activities and Cooperation Opportunities at Cekmece Nuclear Research and
Training Center
CanS 84

On-Going Research Projects at Ankara Nuclear Research Center
in Agriculture and Animal Science
TukenmezI 87

Section I "NUCLEAR ENERGY:
PRESENT STATUS AND PERSPECTIVES"*

Calculation of the Temperature Distribution in a Triga Type Fuel Element
Following the Pulse Operation
BiikeT 91

Comparative Characteristics of Reactors KINI and INP and
their Usage in the Medical Purposes
Dosimbaev A., Gritzay O.O., Kaltchenko O.I.,
KoblikYu.N.,PikulV.P.,YuldashevB.S 101

The Solution of Third Form of the Transport Equation Using the Singular
Eigenfunction Method: Constant Source Problem
Ka§ka§ A., Giilecyuz M.C., Tureci G 104

Comparative Analysis of the Characteristics
of Fission Process Actinides by Thermal Neutron Induced
Kazantseva T.G., Koblik Yu.N., Pikul V.P., Khugaev A.V., Yuldashev B.S 107

Adsorption of Uranium from Aqueous Solutions
Using Activated Carbon Prepared from Olive Stones
Kiitahyah C, Eral M., Alta§ Y., Tel H 110

The Critical Slab Problem for Reflecting Boundary
Conditions with the HN Method
TezcanC 113

Motion of Air Bubbles in Stagnant Water Condition
Bezdegiimeli U., Ye§in O., Ozdemir S 116

About Radiation Hardness of the Nuclear Technique
Advanced Construction Oxide Material
Abdukadirova I.Kh 121

370



Neutron Diffraction Study of Ordering of Atoms and
Antiphase Domains in Titianium Carbohydrides
Khidirov I., Mirzaev B.B., Sultanova S. Kh.,
Mukhtarova N.N., Getmanskiy V. V 124

The Measurement of Effective Cross Sections of 7Be Formation at Irradiation of
Light Nuclei by Fast Neutrons in Subcritical Nuclear Systems
Butsev V.S., Korbut T.N., Korneyev S.V., Martsynkevich B.A.,
Khilmanovich A.M., Chigrinov C.E., Chultem D 127

Section II "BASIC PROBLEMS OF NUCLEAR PHYSICS"

Monte-Carlo Method Simulation of the Bremsstrahlung
Mirror Reflection Experiment. Preliminary Results.
Aliev F.K., Muminov A.T., Osmanov B.S., Skvortsov V.V., Suleymanov R.D.... 133

Investigation of Magnetic Dipole InK = l + 0 States
in mNd and 176Hf Nuclei
ErtugralF., Guliyev E., Akkaya R., TutimcuILM 136

Effects on the Energy Eigenvalues of the Diffuseness Parameter
of the Woods-Saxon Potential in Heavy-Ion Fusion
Berkdemir C , Berkdemir A., Sever R 140

Differential Cross Section Measurement of Radiative
Capture of Protons by Nuclei 13C
Baktibayev M.K., Burminskii V.P., Burtebayev N.,
Jazairov-Kakhramanov V., Kadyrzhanov K.K., Sagindykov Sh.Sh.,
Zarifov R.A., Zazulin D.M 143

Diffraction Scattering of nBe and %B on 12C
Taking into Account the Coulomb Interaction
Davydovskyy V.V., Evlanov M.V., Tartakovsky V.K. 1 4 7

Energetic Distribution of Recoil Protons Produced
by Fast Neutrons Scattering
Mukhammedov S., Khaydarov A 150

Total Reaction Cross Sections of 4He +28Si Interaction at 2-50 AMeV
Kuterbekov K.A., Zholdybayev T.K., Basybekov K.B.,
Penionzhkevich Yu.E., Kukhtina I.N., Sobolev Yu.G.,
Ugryumov V.Yu., Slyusarenko L.I., Tokarevsky V.V 153

Influence of the Density Dependence Factor in Effective Nucleon-Nucleon
Forces and Interaction of 4He - Particles with Stable Nuclei
Kuterbekov K.A., Zholdybayev T.K., Muchamedzhan A.,
Kukhtina I.N., Penionzhkevich Yu.E 157

371



Quadrupole Deformations of Fission Fragments in Scission Point
Khugaev A.V., Ioannou P.D., Koblik Yu.N., Pikul V.P 163

Effect of Nuclear Structure on Vector Analysing Power
of ;t+ Scattering on 7Li Nucleus in the Region of the A33 -Resonance
Ibraeva E.T., Imambekov O., Prmantaeva B. A., Zaykin A. Yu 166

Differential Cross Section Measurement of Reaction
7Li(p,a)4He in the Astrophysical Range of Energy
Baktibayev M.K., Burminskii V.P., Burtebayev N.,
Jazairov-Kakhramanov V., Sagindykov Sh.Sh., Zarifov R.A., Zazulin D.M... 169

Measuring Angular Distribution of Protons Elastic Scattering Differential Cross-
Sections by lp-Shell Nuclei at Astrophysical Energies
Baktybayev M.K., Burminsky V.P., Burtebayev N.,
Jazairov-Kakhramanov V., Zazulin D.M., Zarifov R.A.,
Kadyrzhanov K.K., Satpayev N.K., Hassan S.F 171

Applications of the Duffin-Kemmer-Petiau Equation for the Deformed
Woods-Saxon Potential in Nuclear Physics
Ya§uk F., Berkdemir C , Berkdemir A 177

The Effect of the Pairing Interaction on the Isospin Forbidden 0+->0+ Beta Decays
Salamov D.I., Babacan T., Kiiciikbursa A 180

Asymptotic Normalization Coefficients for Mirror Nuclei 27A1,27Si
and Nucleus 28Si from Analysis of One Nucleon Transfer Reactions
Nie G.K., Artemov S.V., Zaparov E.A 184

Role of pn-Pairs Interaction in Nuclear Structure
NieG.K 187

Shell-Structure Influence on the Multinucleon Transfer in
Nucleon Transfer Matrix Elements
Muminov A. L, Nasirov A.K., Utamuratov R.K., Kalandarov Sh.A 190

Glauber-Sitenko Screening in Elastic and Inelastic Diffraction
of Hadrons and Light Nuclei
Yuldashev B.S., Ismatov E.I., Fazilova Z.F., Ajniyazova G.T.,
Kurmanbai M.S., Shunkeev K.Sh., Tskhai K.V., Medeuova A.B. 193

Analysis of Hadrons Elastic Interactions at High Energies
Yuldashev B.S., Ismatov E.I., Fazilova Z.F., Kurmanbai M.S.,
Ajniyazova G.T., Tskhai K.V., Medeuova A.B 197

Principles and Algorithms of Information Security Maintenance for Nuclear
Material Protection in E-Mail System
Gurvich L.G., Kabulov V.K., Tillaev T.S 202

372



Infrared Synchrotron Diagnostics as a New Perspective Direction in the Physics
and Technology of Accelerator and Applied Experiments
Mal'tsevA.A 204

Mass-Spectrometer Measurement of Neutron-Capture
Cross-Sections in Different Materials
Kazantseva T.G., Koblik Yu.N., Pikul V.P., Yuldashev B.S 207

High-Sensitivity Broadband Infra-Red Monitor of Spatial
Structure of Relativistic Bunches and Thermal Fields
Mal'tsev A.A., Mal'tsev M.A., Maslova M.V. 210

The Effective Interaction of Two Channeling Particles
Krassovitskiy P.M., Takibaev N.Zh 213

Examination of Welds by Digital Radiography
EkinciS 216

Current NDT Activities at Cekmece Nuclear
Research and Training Center
EkinciS 220

Equipment for the Forecast and Operating Control
of the Natural Catastrophes Dynamics
Kazantsev S., Koblik Yu., Kuzhevskij B.M., Nechaev O.Yu., Yuldashev B.S.... 226

Inclusive Spectra of Reactions
56Fe(p,xp), (p,xa) Measured at EP=29.9 MeV
Duisebayev A., Ismailov K.M 231

Section III "RADIATION ECOLOGTT

INAA Study of U Sorption from Technological
Solution by Different Bioorganisms
Mukhamedshina N.M., Mirsagatova A.A., Bekmukhamedova N.K.,
Khamidova Kh.M., Rakhimova M.S 237

Kinetic Studies of Uranyl Ion Adsorption on Acrylomtnle (AN)/ Polyethylene
Glycol (PEG) Interpenetrating Networks (IPN)
Aycik G.A., Giirellier R 241

Radiological Effects of Yatagan Coal-Fired Power Plant
Barlas F., Btike T 245

Research of an Element Exchange in the System "Soil-Water"
by the Activation Analysis Method
Zhumamuratov M.A., Zhumamuratov A., Khatamov Sh.,
Osinskaya N. S., Rakhmanova T. P., Suvanov M 249

373



Microelements Containing in Rock of the Aral Region. Agrochemical Problems.
Zhumamuratov A 252

Health Consequences of Ionizing Radiation Exposure
Dalci D., Dorter G., Giiclu I 254

Radiation Monitoring of Syr-Darya River (II)
Yuldashev B.S., Howard H.D., Barber D.S., Betsill J.D.,
Mattthews R., Salikhbaev U.S., Radyuk R.I., Vdovina E.D.,
Artemov S.V., Radyuk G.A., Zaparov E.A., Solodukhin V.P.,
Poznyak V.L., Vasiliev LA., Alekhina V.M., Djuraev A.A., Djuraev An.A 258

Application of the Reactor Radiation at the Definition
of Ecological Conditions of Environment
Abdukadirova I.Kh 264

Radioisotopic Parameters of the Syrdarya River Basin Water
at the Territory of the Kyrgyz Republic
Vasiliev LA., Alekhina V.M., Mamatibraimov S., Idrisova S., Orozobakov T... 268

Section IV 'APPLICATION OF NUCLEAR TECHNOLOGIES IN INDUSTRY,
MEDICINE AND AGRICULTURE"

Alternative generators of 99mTc
KhujaevS : 275

Application of Radioisotopes in Pharmaceutical Researches
KhujaevS 276

Extraction-Chromatographic Generator of Technetium-99m.
Principles of Functioning and Exploiting Conditions.
Skuridin V., Chibisov E., Nesterov E 279

Technological Aspects of Technetium-99m Chromatographic Generators
Production from Enriched Molybdenum-98
Skuridin V., Nesterov E., Chibisov E 281

Production of I-125 Radioisotope in Sodium Iodide Solution
Nabardi B., Gourani M 284

Nuclear and Related Techniques in Control
and Epidemiology of Haemoparasitic Infections
DiizgunA 287

Measurement of Beta Emitting Radionuclides in Dose Calibrators Routinely
Used in Nuclear Medicine Departments
Tastan S., Soylu A., Kuciik O., Ibi§ E 293

374



Combination of the Prompt Neutron Capture Method with Other Neutron Methods
for Substance Elemental Content Analysis
KurbanovB.1 295

Water Utilization of Vegetables Grown under Plastic Greenhouse Conditions
in Ankara Using Neutron Probe Technique
Halitligil M.B., Kislal H., §irin H., §irin C , Kili$aslan A 298

Nitrogen Utilization of Vegetables Grown under Plastic Greenhouse
in Ankara Conditions Using 15N Technique
Halitligil M. B., Ki?Ial H., §irin H., §irin C, Kili?aslan A 300

Nuclear Techniques Used in Soil Fertility and Plant Nutrition
Halitligil M.B 303

International Standards and Agreements in Food Irradiation
CetinkayaN 306

The Solar Activity, Magnetic Storms and their Effects on Biological Systems
Salakhitdinova M.K., Yusupov A.A 311

Small Angle Neutron Scattering from Polymer Melts:
Structural Investigation and Phase Behaviour
ErtugrulO : 314

Cation-Exchanger Fabric Prepared by Electron Beam-Induced
Graft Copolymerization of Binary Monomer Mixture
BondarYu.V.,KimH.J.,LimY.J.,PerelyginV.P. .... 319

Production of Sorption-Active Polypropylene Fibers by Radiation-Induce
Grafting of Glycidyl Methacrylate as a Precursor Monomer
Bondar Yu.V., Kim H.J., Lim Y.J., Kravets L.I 324

Nitrogen Oxidative Activation in the Radiolysis Process of Dioxide
Hydrocarbon Composition, Oxigen-Nitrogen over 3-d Transition Metals
Rustamov V.R., Garibov A.A, Kerimov V.K., Aliyev S.M., Nasirova Kh.J 328

Clinical Nuclear Medicine Applications in Turkey
and Specific Renal Studies
ErbasB 330

Monitoring of Processes with Gamma-Rays of Neutron Capture
and Short -Living Radionuclides
Aripov G.A., Kurbanov B.I., Allamuratova G 332

Devolepment of Methods for Computer Identification
of Neutrons Capture Gamma Spectra
Dushanov E., Aripov G 334

375



About Possibilities of Obtaining Focused Beams of
Thermal Neutrons of Radionuclide Source
Aripov G.A., Kurbanov B.I., Sulaymanov N.T., Ergashev A 337

Proton Activation Analysis of Some Chemical Elements on a Nuclear Reactor
Mukhammedov S., Khaydarov A 338

Section V "RADIATIONAND MATERIALS"

Diffusion and Agglomeration of Helium in Stainless Steel
Ganeev G.Z., Turkebaev T.E 343

Defect Production in Quartz Crystals by Charged Particles
with Various Energy and Current Densities
Ibragimov J.D., Nuritdinov L, Turdiev R.T 347

Prelimenary Radiation-Oxdizing Treatment Influence
on Electrophysical Properties of Zirconium
Garibov A.A., Aliyev A.G., Agayev T.N., Ismailov S.S.,
Aliyev S.M., Velibekova G.Z 352

Prelimenary Radiation-Oxdizing Treatment Influence on Radiation-Catalytic Activity
of Zirconium during Water Decomposition Process
Garibov A.A., Aliyev A.G., Agayev T.N., Aliyev S.M., Velibekova G.Z 357

AUTHOR INDEX 363

376



NOTES



THE THIRD EURASIAN CONFERENCE
NUCLEAR SCIENCE AND ITS APPLICATION

PROCEEDINGS

Editors: B.Yuldashev, U.Salikhbaev, M.Fazylov

Computer preparation original model: Z.Fazilova, E.Sergeeva, Z.Kurbanova

The content of all proceedings published in the author's edition

Chop etishga 2006.08.05. da ruxsat berildi
Nashriyot-hisob tabog'i 23,75

Adadi 60 nusxa, Buyurtma N° 543

Ozbekiston Respublikasi Fanlar Akademiyasi Yadro Fisikasi Instituti bosmaxonasida
"Rotaprint" nusxa kopaytirish qurilmasida chop etildi.

102132, Toshkent, Mirzo-Ulug'bek tumani, Ulug'bek shaharchasi

Mailing address: Institute of Nuclear Physics, Ulugbek
Tashkent, UZ-102132, Republic of Uzbekistan,

Telephone: (998-712) 64-15-52, 60-61-18, 64-89-01
Fax: (998-712) 64-25-90

E-mail: conferences@inp.uz: zekie(g),inp.uz;
http://www.inp.uz/conf/index.htm


