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ARTICLES

NUCLEAR PHYSICS RESEARCH CENTERS
IN THE USSR

V. V. Goncharov and V. F. Kuleshov ) UDC 621 039

Fifty years have elapsed since the historic First All-Union Congress of the Soviets. In those 50
years of intensified labor and struggle on the part of all of the peoples of our multinational Soviet State in
the name of the bright ideals of communism, science has made enormous progress in our country.

The foundations of science laid down during the first years of Soviet power and the constant support
and attention given to science by the State, have contributed to the country's scientific progress, and have
made it possible to solve such major and complex scientific and technical probiems of our times as the
conquest of atomic energy, space flight, building of modern communications networks, aviation trans-
portation, computer technology, and so forth.

Naturally, at each stage in the history of the Soviet State the development of science has been in-
dissolubly bound up with concrete problems in the social and economic transformation of our country, and
with the building of a socialist society.

The Leninist national policy pursued by the CPSU [Communist Party of the Soviet Union] has aimed
at raising the level of the national economy and of the culture of all nations and nationalities in the USSR.
This has led, within a short historical period, to the overcoming of age-old backwardness suffered by many
of the peoples, and to the flourishing of science in all of the republics. In close collaboration with one
another, and with the fraternal aid of the Russian people, the republics of the Union emerged to a new,
and hitherto unexperienced, level of development of science and culture.

The organization of Soviet science -has undergone radical change within the past five decades. The
various republics of the Union now all boast of their own academies of sciences, which are major scien-
tific-research centers successfully contributing to the development of science and to national culture.

It mustbe stressed that the growth of science in the country took place not only "horizontally," i.e.,
throughout the nation, in all parts of the nation, but also "vertically,” i.e., in the direction of raising the
overall level of research on a worldwide scale, encompassging a steadily broader scope of scientific and
technical problems, and making available technology of increasingly greater sophistication.

This trend becomes particularly conspicuous in the establishment and development, in the republics
of the Union, of research in the field of nuclear science and nuclear engineering, in the field of the peaceful
uses of atomic energy.

As we know, during the very first postwar years nuclear physics research and applications of this
research in other areas of science, engineering and industry, began to develop on a large scale in our
country. Scientists from many of the republics in the Union took part in the very first research programs
and efforts based primarily on utilization of radioactive isotopes in the solution of important problems
in chemistry, biology, geology, engineering, medicine, agriculture, and other fields. Highly qualified
teams of research workers known not only for their own work and accomplishments in the field of fun-
damental nuclear physics, but also for their contributions to the elucidation of the nature of the atom, had
been formed by that time in some of the republics. That was the case, for example, with the Khar'kov
Physics and Engineering Institute [KhFTI]. Much experience had been accumulated in Armenia, where
research on cosmic radiation had been in progress as early as the period nearing the end of the war. A
major nuclear physics center, the Erevan Physics Institute, equipped with a 6 GeV electron accelerator
later developed in Armenia. '

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 947-953, December, 1972.

© 1975 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.

1109

Declassified and Approved For Release 2013/02/27 : CIA-RDP10-02196R000300110006-4




Declassified and Approved For Release 2013/02/27 : CIA-RDP10-02196R000300110006-4

Work in the field of peaceful uses of atomic energy gradually strengthened ties between the scientists
of the sister republics of the Union and the central scientific-research institutions, and with the scientific
collectives of other republics in the Union. The close ties between scientists and such major centers of
nuclear science and nuclear engineering as the I. V. Kurchatov Institute of Atomic Energy, the Institute
of Theoretical and Experimental Physics, the V. G. Khlopin Radium Institute, the A. F. Ioffe Physics and
Engineering Institute, the Institute of Physics of the USSR Academy of Sciences [FIAN], and many others,
and trips to the sister republics of the Union on the part of famous nuclear scientists, contributed to rais-
ing the overall level of local research work, and to bringing into being national scientific cadres in that
field.

The building of experimental water-cooled, water-moderated reactors designed for a broad range of
research programs on low-energy nuclear physics, radiation material science, radiation chemistry and
radiation biology, as well as for the production of radioactive isotopes to meet the needs of science and of
the national economy of republics, was begun in response to an idea put forth by I. V. Kurchatov and under
the supervision of Academician A, P, Aleksandrov at the Institute of Atomic Energy, and provided a power -
ful stimulus to the development of research in the sister republics of the Union.

Research reactors of that type were built not only in Moscow, Leningrad, and other cities of the
RSFSR, but were also built in Georgia, Uzbekistan, Ukraine, Latvia, Belorussia, and Kazakhstan. Those
reactors provided a focus and base for the scientific institutions being rebuilt or developed still further
in those areas, and that helped bring about fundamentally new conditions favoring the development of nu-
clear physics in the sister republics of the Union.

I. V. Kurchatov played a major role in setting up many of the atomic research centers.

Some of the research centers in the republics now have at their disposition not only reactors, but
also sophisticated particle accelerators, high-level y -irradiation facilities, hot laboratories, and other
unique research equipment, The contributions being made to science (pure and applied) by these new re-
search centers is continually on the increase, and many of the research projects carried out by scientists
at these centers have long since passed beyond the range of work centered on techniques and work of nar-
rowly applied character, and are now counted among the most advanced achievements of world science.

" The history of nuclear physics research in the Ukraine is the richest in events; development of re-
search in the Ukraine got its start essentially in 1932, when the lithium nucleus was successfully split at
the Khar'kov Physics and Engineering Institute. During the postwar period, Ukrainian scientists, in ad-
dition to their active participation in determining the nature of the atom, also made significant contribu-
tions to many fundamental branches of atomic physics, and to the utilization of the techniques and equip-
ment of nuclear physics in allied branches of science and in the national economy in the Ukraine. Neutron
generators, a 1 GeV linear electron accelerator, the U-120 cyclotron, and various other custom-designed
nuclear facilities, were developed and built. The 10 MW VVR-M reactor of the Nuclear-Research Institute
(IYal) of the Academy of Sciences of the Ukrainian SSR was started up in Kiev in 1960. With the aid of
those facilities, and their reactor, Ukrainian scientists succeeded in completing major research projects in
the study of the spectroscopy of slow neutrons and interactions of fast neutrons, as well as work on inter-
actions of protons, deuterons, and a-particles with nuclei. The neutron constants of various structural
materials were determined, the nonmonotonic behavior of neutron cross sections, and the isotope effect
in elastic scattering of protons, were detected.

Theoretical physicists of the Ukraine have to their credit some research accomplishments of major
importance on the statistical model of the nucleus, the theory of nonaxial nuclei, and on the compound and
dual model of elementary particles. '

At the present time, work on construction of the U-240 reactor designed for comprehensive inves-
tigations of nuclear processes over a broad range of energies is nearing completion at I'Yal.

The startup of the VVR-M reactor enabled Ukrainian scientists to develop extensive work on appli-
cations of nuclear techniques in allied branches of science and engineering, and in the national economy.
Research work centered around the reactor facility allows great leeway for studies on applications of in-
elastic scattering of slow neutrons in the study of the dynamics of matter in the condensed state. A special
multidetector arrangement, built in collaboration with the I. V. Kurchatov Institute of Atomic Energy
(IAE), has been used to carry out an interesting program of research on inelastic scattering of slow neu-
trons in polyethylene. That research has yielded data of great importance for reactor physics and solid
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state physics, shedding light on neutron thermalization processes in polyethylene and the generalized fre-
quency spectrum of polyethylene. The facility has also been utilized for work on studies of phonon spec-
tra in such elements as iron, copper, and nickel.

A higher level of sophistication in measurement techniques and procedures and improvements in the
performance of the facility made it possible to measure dispersion curves in crystals, which is of great
interest in solid-state physics research. Research on the radiation physics of solids and radiation-ma-
terials science are accorded no less an important place in the research program. In particular, pos-
sibilities for varying the parameters of various semiconducting materials in a prespecified direction have
been greatly expanded as a result of research on radiation effects on the properties of semiconducting ma-
terials and on the n~p structure of semiconducting materials. One characteristic trait of work on radia-
tion materials is the profound combination of the study of the structure of radiation defects and research on
the most important technological properties of structural materials used in reactor design. Attention is
centered on the development of adequate procedures and investigation of the properties of structural ma-
terials directly while the irradiation process is underway.

Biological research has experienced extensive development at the reactor facility of the IYal AN
UkrSSR, particularly in the field of radiation microbiology. This research is directed toward the develop-
ment of effective methods for raising the productivity of industrially important microorganisms.

In their study of the general patterns of variability of bacteria due to fast neutrons, Ukrainian scien-
tists have succeeded in sectioning a series of mutants with enhanced biosynthetic activity by combining
neutron irradiation and chemical mutagens. In 1970, a radiation-induced mutant of a strain producing
proteolytic enzymes was introduced into a process of production of triacetate films, where the culture
broth of that microorganism is used in regenerating the films in order to wash off the gelatin substrate and
the photographic emulsion. Starting with 1961, research in the field of biological effects of fast neutrons
has been successfully pursued at that reactor facility. The purpose of the research was to clarify changes
occurring in animals after they have been exposed to fast neutrons at different dosage levels, with simul-
taneous sampling of the most effective preparations protecting the organism from neutroninjury. As a re-
sult of those investigations, it was found that fast neutrons bring about long-term functional and organic
injuries in exposed animals, which show up in six or more months, and light was also shed on the protective
mechanism of DNA in combatting radiation injury.

Research on the physical and experimental parameters of the reactor needed in order to work on
modernizing, perfecting, and fabricating new systems and components, occupies a prominent place in the
Institute's work program. In-pile tests showed that the reactor output level could be stepped up from 10
to 15 MW without any desigh modifications. Over 1200 containers with different specimens were irradiated
in the reactor's experimental channels, for the benefit of many organizations in the Ukraine and in other
republics of the Soviet Union.

The first in a series of IRT-2000 pool-type nuclear research reactors developed in the USSR was the
reactor at the Institute of Physics of the Academy of Sciences of the Georgian SSR, which went into opera-
tion in October 1959, at a site near Tbilisi. The distinguishing feature of the research carried out with that
reactor was the way low-temperature physics problems, which have been tackled with great success at the
Institute of Physics of the Academy of Sciences of the Georgian SSR, have been organically combined with
nuclear physics problems, solid-state physics problems, and biophysics problems. At the present time,
the Thilisi nuclear reactor has been converted into a modern cryogenic laboratory equipped with powerful
refrigerator and liquefying machines, and special mainline devices for low-temperature radiation experi-
ments. The Institute of Physics of the Academy of Sciences of the Georgian SSR is the leading organization
in the development of low-temperature materials science.

The methods of radiation low-temperature solid-state research developed at the Institute, and the
low-temperature irradiation channels built in the reactor for irradiating specimens and in-channel facili-
ties for performing remote measurements, enabled the Georgian physicists to achieve impressive results
in their work. For example, investigations of changes in the physicomechanical properties of solids ex~
posed to reactor irradiation have been carried out over a broad range of temperatures, directly in the
beam and with some time elapsed after the irradiation, andthe investigations have shown that changesin
the mechanical properties of a solid are more likely a secondary effect of the irradiation associated with a
clustering of point defects into complexes. Great emphasis is laid by scientists on the radiation physics
of solids in work related to directed changes in the physicomechanical properties of crystals exposed to
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| .
‘ radiation bombardment in the pile, in combination with other effects. In particular, some interesting ex-
periments have been staged (jointly with the Physics and Engineering Institute [FTI AN UkrSSR]) on studies
of the motion of dislocations through the stress field in a beam. A diffusion-dislocation mechanism of
plastic flow of crystals has been put forth on the basis of the experimental findings.

Another, no less important, trend in the work of the Institute of Physics of the Academy of Sciences
of the Georgian SSR is the development of highly sensitive techniques for neutron activation analysis in de-
terminations of trace quantities of heavy elements in human blood and in components of the blood (ery-
throcytes, leucocytes, serum, ete.), in the cerebrospinal fluid, and in tissues subjected to in vivo biopsies.

'In experiments carried out at the macromolecular level (proteins, nucleic acids), investigations of the
trace-element composition in biologically active substances helped in detecting an essential difference be-
tween the composition of trace amounts of metals in DNA molecules, RNA molecules, and collagen mole-
cules extracted from normal and tumorous tissues of animals.

Important results were obtained by Georgian physicists in the field of the design of radiation indium
—gallium loops, as new and high-level sources of y-radiation for research and industrial use.

The generation of radioactive nuclei in the working materials of radiation loops, and the related de-
formation of the neutron fields and of the neutron spectrum in the region where activity generators are
positioned, have been investigated. Methods have been proposed for more complete utilization of neutrons
in attaining higher power output levels in the irradiators of radiation loops. In joint work with the L. Ya.
Karpov Scientific-Research Physicochemical Institute [NIFKhI] and GIREDMET Rare Metals Institute, the
most promising y-carrier for radiation loops: a 1iquid-rﬁeta1 indium —gallium alloy, was selected, studied
and subjected to long-term tests. The processes taking place at the interface between the molten indium
—gallium alloy and the structural material were investigated in detail, and materials that might be useful
in the design of high-level radiation loops for industrial application were singled out.

Over the course of the past five years, plans have been finalized for the building of the USSR's full-
scale industrial facility for production of wood and lumber products modified with the aid of radiation
technology, on the basis of developmental work carried out at the nuclear-research center of the Institute
of Physics of the Academy of Sciences of the Georgian SSR.

Work on intensification of heat transfer, with the aid of an artificial surface roughness, applied by
means of a method specially developed by Georgian physicists, to the surface of fuel elements was carried
out in the core of the Thilisi reactor. That work made it possible to increase the heat loading of the reac-
tor core by a factor of 2.5.

At the present time, the possibility of using the artificial roughness to advantage, in raising the
heat loading of high-output water-cooled reactors generating power for nuclear electric power stations,
is under study.

A VVR-S reactor was started up in Uzbekistan in 1959 at the Institute of Nuclear Physics of the
Academy of Sciences of the Uzbek SSR, which had been commissioned only three years earlier. The rapid
constitution of an experimental facility fully up to modern standards in the republic, has since expanded
so much that at the present time the experimental capabilities of the republic include not only the reactor,
but a U-150 type cyclotron, a high-level y-facility with irradiators, and other nuclear physics equipment
and arrangements, has enabled Uzbek scientists to perform applied and fundamental investigations on the
physics of elementary particles, low-energy physics and intermediate-energy physics, radiation physics
of solids, chemical dosimetry, radiochemistry, and activation analysis.

In 1971, the VVR-S reactor was redesigned with the assistance of the I. V. Kurchatov Institute of
Atomic Energy (IAE), so that its power output could be raised from 2 to 10 MW, and its experimental
capabilities expanded appreciably. A two-channel loop facility was installed as part of the reactor system.

Investigations on inelastic coherent interactions of high-energy particles with complex nuclei, spec- -
troscopy of heavy nuclides, and investigations of nuclear reactions with protons on light nuclides with com-
pletely filled shells, research on the radiation physics of crystals employed in quantum electronics and
laser optics, occupy a prominent place in the research program of the Institute. Techniques of activation
analysis of rare and scattered elements in specimens of rock and ores, and practical implementation of
those methods at industrial enterprises of Uzbekistan and other republics, are being developed at an in-
tensive pace. A highly efficient and productive automated complex for determining contents of precious
metals in ores has been built alongside the reactor.
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In recent years, the Institute has been conducting extensive research work in collaboration with
scientific institutions and with industrial enterprises of Uzbekistan and other republics. In particular,
some important work is underway on utilizing radiation exposure to improve the performance charac-
teristics of field logging cables, power transmission cables, and other cableware intended for service
under high-temperature conditions. A technology for irradiating large-size cableware of different design,
as well as special dosimetric systems useful for monitoring the radiation process and radiation quality,
and also the uniformity of the dose field in the irradiator facility, has been worked out.

‘ Starting with 1964, the Institute of Nuclear Physics of the Academy of Sciences of the Uzbek SSR

[IYaF AN UzSSR] has been engaged in fruitful collaboration with the Tashkent hemp mill. During that
time, radioisotope weight gages for hemp strips on rough-combing machines have been developed and
introduced into production work, thereby making it possible to save on expensive raw materials and cut
down overall production costs. Development of a system for automatic control of the linear weight of
hemp strips for the machines is now nearing completion.

Radioisotope arrangements for the building materials industry of the republic have been devised in
joint programs with NIIstroiproekt Design and Planning Institute. One of these arrangements is a radio-
isotope facility for monitoring the state of the lining in rotary kilns, and is now in use at the Bekabad
Cement Combine. Preparations are now being made for putting this instrument into mass production.
Radioisotope facilities for monitoring the dust load of off-gases, for monitoring the degree of decarburiza-
tion of material in the kiln, and the degree of readiness of the lime.

Radioisotope clinker scales were developed and fabricated for production use at the Kuvasai cement
combine.

The close of the past year marked one full decade of service of the IRT-2000 research reactor of the
Institute of Physics of the Academy of Sciences of the Latvian SSR. The startup of the reactor was asso-
ciated not only with a substantial expansion of work in the fields of nuclear spectroscopy and activation
analysis, which had by that time become something of a tradition at the young institute, but also with the
appearance of a research trend, new at that institute, centered on the radiation physics of solids. Results
of comprehensive investigations of the formation of radiation defects, radioluminescence and radiolysis
in alkali halide crystals, as well as radiation processes in ferrites and oxides of the transition elements,
have achieved widespread scientific acknowledgement in our country. These investigations have shed light
on the radioluminescence mechanism in activated alkali halide crystals, and have aided in establishing
the energy microstructure of luminescence centers and in obtaining more refined information on the nature
of the chemical bond in impurities in irradiated alkali halide compounds. As a result of studies on the
mechanism of energy transfer in ionic crystals, a rapid process of energy migration between color centers
was detected. The discovered phenomenon provided an impetus to search for new ways to use the detected
effect in the design and development of high-speed, high-capacity optical memory components, in which the
memory matrix is constituted by an appropriate single crystal. Investigations of radiation effects in lithium
fluoride crystals subjected to different modes of irradiation, led Latvian physicists to develop new thermo-
luminescent dosimeters with a broad range of doses accessible to measurement (10 Mrad to 10% rad). These
dosimeters are suitable for recording x-rays, vy-rays, neutron radiation, and other modes of radiation.
They are being employed with success in radiochemical research at the reactor, and have been adopted by
the Ministry of Public Health of the USSR for regular use in radiological practice. Another type of dosi~
meter, based on thermoluminescent detectors developed at the Institute of Physics of the Academy of
Sciences of the Latvian SSR and capable of recording doses from 1 to 10* Mrad while retaining the dosi-
metric information for a sufficiently long time, may find application in radiation work.

Investigations of the electrical and magnetic properties of ferrites and semiconductors subjected to
radiation and an externally applied magnetic field have also paid off in the discovery of some intriguing
phenomena. Some of them have already met with practical application. For example, a method of im-
proving the performance of semiconductor diodes and transistors by irradiating them with fast neutrons
has been developed.

Research and development work on high-level liquid-metal radiation loops as sources of y-radiation
are emphasized in the work of the Institute of Physics of the Academy of Sciences of the Latvian SSR. Such
novel experimental facilities as an indium —gallium —tin radiation loop for experiments on radiation chem-
istry, physics, radiobiology, and other areas, have been developed at the reactor facility.
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In the 1ield of neutron activation analysis, the Institute's scientists have developed well over 40
methods for determining chemical elements in a variety of materials, and these methods have been put
to successful use in chemistry, biology, medicine, and in various industrial enterprises of the republic.

Work on nuclear spectroscopy is proceeding in close liaison with the Joint Institute for Nuclear Re-
search. Much of the work involves investigation of the structure of nuclei of the rare earths in terms of Y-
emission and spectra of conversion electrons emitted when thermal neutrons are captured. A novel B-ray
spectrograph with focusing of a broad electron beam has been designed and built for the study of the spectra
of conversion electrons.

In Belorussia, the operation of the IRT-2000 research reactor of the Nuclear Power Institute of the
Academy of Sciences of the Belorussian SSR [IYaE AN BSSR] went into service in 1963. Over the ensuing
years, the material research capabilities of the republic increased considerably. At the present time, in
addition to the reactor, whose output level has been brought up to 4000 kW, the Institute also has at its
disposal several critical assemblies for the study of reactor physics, a few dozen test rigs for a broad re-
search program on the heat-transfer properties of coolants, heat transfer in geheral, and related topics,
and also modern computer hardware. Since 1968, the Institute has been operating one of the country's
largest multichamber, y-ray facilities with an irradiator activity exceeding 400,000 g-eq radium. The
Institute's scientists have put forth and developed the concept of utilizing a gas hitherto never exploited in
the power industry: dissociable nitrogen tetroxide, as a coolant in nuclear reactors and as the working
fluid in turbines. The successful materialization of this concept in the construction of nuclear power
stations may make it possible to reduce turbine size and the size of heat-transfer equipment severalfold
while increasing efficiency and cutting electric power costs.

Important scientific information on the thermodynamic properties and transport properties of dis-
sociable nitrogen tetroxide have been obtained, as a result of many long years of persistent investigation,
in ranges of pressures and temperatures which are of practical interest for the nuclear power industry.
Calculations of the thermodynamic cycles on chemically reactive coolants have been carried out, and a
mathematical model has been worked out for calculation of the flow of such a coolant with dissociation
kinetics taken into account. Convective heat transfer in the range of temperatures and pressures of practi-
cal interest was studied, as well as heat transfer in boiling and condensation of nitrogen tetroxide. The
viability and thermal reversibility of the nitrogen ‘tetroxide thermodynamic cycle and the radiation stability
of nitrogen tetroxide were confirmed. Also the possibility of using corrosion-resistant structural ma-
terials manufactured by Soviet industry for all major components of power plants utilizing nitrogen tetroxide
was demonstrated. ,

A large volume of theoretical, experimental, and design work associated with the development and
design of fast reactors and thermal reactors using dissociating coolants has been done at the Institute.
Close attention is also being given to comprehensive projects in the development of other promising nu-
clear reactor types, radiation chemistry, utilization of radiation in industry and agriculture, and in medi-
cine. In particular, the scientific fundamentals of an industrial enterprise with a nuclear facility for sim-
ultaneous production of electrical- and thermal-power and various chemical products are under develop- -
ment.

In a joint program with Moscow State University (MGU), a new radiation method for production of
ethylene glycol as an intermediate product in the production of lavsan [dacron], dyes, antifreeze agents,
propylene glycol, butylene glycol, and other o ~glycols, as well as glycerin, from methyl alcohol which
is in ample supply, a new radiation processing method was developed.

Kilogram quantities of organochlorine compounds were obtained on a specially constructed facility
by means of radiation synthesis, and additives for lubricants were obtained by this method. "Cold" radia-
tion sterilization of disposable blood service systems on an industrial scale was achieved at the y-irradia-
tion facility of the institute.

The Nuclear Power Institute is taking an active part in the work of the Republic's agricultural in-
stitutions to work out techniques of presowing irradiation of seeds for use under conditions prevailing
in Belorussia. -

BSSR scientists have conducted research on radiation-induced modification of wood and concrete,
have developed readily colorable and colored polymers and polyacrylonitrile fibers, and a fundamentally
new class of compounds known as polymer pigments, which can be used in bulk in the coloration of fibers
and films.
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Nuclear physics research in the Kazakh SSR began its development about 15 years ago. In 1967,
Kazakhstan physicists acquired a 10 MW VVR-K research reactor. In 1972, the country's first iso-
chronous cyclotron, 150 cm pole diameter, was commissioned at the Institute of Nuclear Physics of the
Academy of Sciences of the Kazakh SSR. The modern experimental capabilities and resources of the In- _
stitute enable the Republic's scientists to perform fundamental and applied research in the field of nuclear
science and nuclear engineering. For several years, a systematic study of nuclear resonance has been
in progress at the VVR-K reactor facility, using predominantly short-lived isotopes, and a pneumatic
shuttle system has been installed to facilitate that work. The lifetimes of the excited states of a large
group of nuclides, including AI*", Mg¥, Ca®?, Zn%, and Sn®®, etc., have been studied. Quasimonoenergetic
v -photons emitted in radiative capture of thermal neutrons at the center of the reactor core are being '
used as investigative toolsin the study of some characteristics of fission of heavy nuclei. Since 1969, work
has been underway on building a facility for the generation of ultracold neutrons. These neutrons were ob-
tained midway through the past year on a facility built on the continuous channel of the VVR-K reactor.
Yields of ultracold neutrons with different converters were measured on the facility, and the mean time of
propagation of ultracold neutrons along the neutron duct from the converter to the detector was measured.
A prominent place is given, in theresearch centered around the VVR-K reactor, to work on activation
analysis to determine the content of impurities in uitrapure elements, and in determinations of platinum,
silver, and rhenium in geological specimens. Studies of the dynamics of changes in the trace element com-
position in plants grown from irradiated seeds are now underway.

The installation of the reactor at the Institute of Nuclear Physics of the Academy of Sciences of the
Kazakh SSR [IYaF AN KazSSR) paved the way for broad investigations in the field of radiation materials
science, and more specifically research on the effect of simultaneous temperature, stress and neutron
flux on the long-term strength of refractory materials. Studies are being made of the influence of reactor
irradiation on the strength and ductility, in short-term tensile strength tests, and on the physical prop-
erties of refractory structural materials and on structural changes occurring in those materials, as well
as changes in the adsorptivities and catalytic activities of oxides of silicon, aluminum, and beryllium ex-
posed to bombardment by neutral particles.

A large volume of reactor work is being done in connection with the production of various radio-
active isotopes needed by industry and needed by other scientific institutions and industrial enterprises
of the republic.

The successes that scientists of the sister republics of the Union have achieved in the field of peace-
ful uses of atomic energy are due in considerable measure to the new organization principles underlying
the use of such unique and novel nuclear physics facilities as the research reactors represent, The es-
sence of these organizational principles lies in the fact that each research reactor is treated as a facility
belonging to the republic as a whole, or even a facility shared by different republics, even though it is
administratively under the jurisdiction and management of a specific institute.

Effective utilization of republic-owned reactors would be impossible if not for the development and
materialization of new forms of organization of research projects, and the appropriate assistance in terms
of scientific-research techniques on the part of central scientific-research institutions, most specifically
the I. V. Kurchatov Institute of Atomic Energy. Periodic conférences attended by representatives of in-
terested institutions for the purpose of discussing summaries and agreements on plans of scientific-re-
search projects at reactor facilities became such a new form of research organization. The idea of con-
ferences of that type is credited to I. V. Kurchatov.

The first such conference of representatives of all of the reactor centers of the USSR was held in
March 1960, Moscow, under the supervision of Academician A. P. Aleksandrov; it attracted 80 persons
from 26 organizations. Plans for scientific-research work at reactors built at various institutions under
the jurisdiction of the Academy of Sciences of the USSR and of the academies of sciences of the various
republics of the Union were discussed, and certain trends of research were recommended as guidelines to
focus the research programs of each specific reactor facility, while measures to expedite materials
logistics support of the projects were prepared. ’

Later on, as the level of skills and training of the cadres rose and as the materials logistics base
for research at reactor facilities in the sister republics of the Union was strengthened, the agenda on the .
conferences organized under the joint auspices of the Academy of Sciences of the USSR and the GKAE [State
Commission on Atomic Energy] and under the supervision of Academician A. P. Aleksandrov expanded to
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take up not only scientific organizational problems, but also presentations of original scientific reports
on the basic research trends at reactor facilities. The conferences began to draw representation not only
from institutions of the Academy of Sciences of the USSR and the scientific-research institutions of the
republics, but also from scientific institutions of the Ministry of Higher and Medium Special Education and
other ministries and departments of the nation. :

We get some idea of the scientific and scientific—organizational authority of those conferences, for
example, from the fact that 344 representatives from 88 organizations of the Academy of Sciences of the
USSR, and the academies of sciences of the sister republics, GKAE, and other ministries and departments,
participated in the deliberations of the seventh coordination conference held at Minsk. Of course, regular
joint discussion of research findings and plans for future research, as well as the steadily expanding scope
of work by republic-level institutes working in unison with leading nuclear physics institutions of the
country, have exerted a most fruitful effect on the situation regarding creative research work in the nuclear
research centers of the republic, and have contributed to raising the effectiveness with which those centers
make use of their available nuclear physics facilities. '

And now, when our country celebrates the 50th anniversary of the USSR, Soviet science can be justi-
fiably proud of both the general level of work in the field of peaceful uses of atomic energy and of the
progress achieved in that direction in the various sister republics of the Union.
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BOOK REVIEWS

A. M. Petros'yants
FROM SCIENTIFIC PROSPECTING TO ATOMIC INDUSTRY*

Reviewed by Yu. Klimov

The second edition of the book under review differs substantially from the first edition, mostly due
to the rapid development of nuclear science and engineering in both qualitative and quantitative terms.
During the two years that have elapsed since the publication of the first edition, some important events have
occurred in the application of nuclear power in the Soviet Union, in other socialist countries, and through~
out the world. Of course, this could not fail to be reflected in the book, which the author dedicates to the
50th anniversary of the USSR, and treats as a report scheduled for that major historical date.

In the second edition, as in the first, the reader can explicitly follow the author's intention to em-
phasize the achievements and significance for the national economy of the work done in the field of peaceful
uses of nuclear power in the Soviet Union. In that sense, the contents fully correspond to the title selected
for the book, and to a concentrated presentation of the idea expressed in the title,

Actually, the nuclear industry of the USSR, with its vast scientific, engineering, production, and
labor potentials, has become an important and irreplaceable element of the productive force of the Soviet
Union. This is demonstrated convincingly and from many points of view, particularly in the presentation
of the material on the most productive aspects of the utilization of nuclear power: the nuclear power in-
dustry and the production of radioactive isotopes.

The volume of the text has been expanded in the second edition. The section on the nuclear power
industry has been expanded appreciably. One major event of international interest was the IVth Geneva
Conference on the Peaceful Uses of Atomic Energy, held in 1971, which was reflected in the form of com-
munications and presentations of Soviet reports delivered at the conference. New data are brought forth,
and information on channel-type uranium—graphite power reactors, water-cooled, water-moderated power
reactors, and the developmental outlook for the nuclear power 1ndustry of the USSR, are provided in large
amounts.

The section dealing with high-energy physics and charged-particle accelerators is supplemented with
new data on the largest accelerators, and on the production of new superheavy transuranium elements.
The section on thermonuclear fusion has been revised.

The section on the utilization of isotopes in the national economy of the USSR has been enriched with
new and more complete information. The section on nuclear research centers in the Soviet Union has been
expanded and its aims and achievements are expounded in greater detail.

On the whole, the book has been made more rigorous, and exhibits more of the character of 2 mono-
graph. A certain trend toward refraining from popularization is noticeable and it sometimes seems that -
the text is now more difficult to read. The explanation probably lies in the author's intention to approach
the various topics in a more rigorous and profound mannér. The author himself writes in the preface that
the book is of a higher quality in this second edition. In his work on the second edition, the author oriented
himself not so much toward the untutored reader as toward the reader possessing a broad but at least
minimum familiarity with "atomic" subject matter. This justifies the inclusion of ample factual, numerical,
and tabular material, which makes the book useful for reference.

* Atomizdat, Moscow, 1972,

Translated from Atomnaya Energiya, Vol. 33, No. 6, p. 954, December, 1972.

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011, All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publis her A copy of this article is available from the publisher for $15.00.
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In other words, itseems thatthe author was confronted with the decision of whether to continue the
presentation in the genre of the typical popular science literature, or whether to lean in the direction of
the monograph and fundamental treatment. It seems that the author has chosen the latter course.

The first edition was well received by the intended readership: the entire edition sold out in short
time. It is gratifying to note that the book was awarded an honorary diploma by the Znanie ["Knowledge"]
Society. It is to be hoped that the second edition will meet with no less well-deserved interest.

V. A, Dobromyslov and S. V. Rumyantsev

RADIATION INTROSCOPY*

Reviewed by P. K. Oshchepkov

This book is devoted to engineering diagnostics of the quality and reliability of industrial products
and materials in the modern machinery industry, and specifically in the manufacture of power machinery.
It is written authoritatively from an extensive familiarity with the essentials of the problems in question,
and is provided with adequate factual material drawn from practical applications of radiation introscopy.

The problem of quality and reliability has been gaining in importance under the conditions of present-
day technical advances. The development of techniques and equipment for attaining the most complete in~
formation, i.e., information covering many different relevant elements, on the spatial distribution of the
principal physical and physicomechanical properties of the product or material to be inspected, meets the
most stringent modern requirements. Basic theoretical and applied information on radiation introscopy
are provided, rendering the book highly useful to engineers concerned with applications of those techniques
in industry.

Special attention is given to active monitoring of the quality of metals and other materials during
the production process, in the construction of modern high-cost objects and installations. Radiation meth-
ods of inspection and testing perform an irreplaceable service in many instances. In that sense, the book
being reviewed will be useful for application and development of those methods, since radiation methods
of inspection and quality control are by and large noncontacting methods.

Basic operating principles of existing electron optics converters of radiation and other types of con-
verters are presented in the text. The operating principles of x-ray television circuits for industrial use
are described, and their basic technical characteristics are cited.

The application and wide acceptance of x-ray and y-ray closed-circuit television systems are dictated
at present not only by the large volume of industrial inspection work on crucial parts and subassemblies,
but also by the fact that further developments in this line of inspection equipment will be associated with
the development of objective techniques for assessing inspection results. Closed-circuit television sys-
tems for inspection, supplemented by appropriate data-processing and computing equipment, will make it
possible to raise the level of inspection work on crucial parts and products to a qualitatively new position.
The book introduces the reader to the topic in a logical presentation. An extensive bibliography is pre-
sented, and should be highly useful not only to practising engineers, but also to workers at scientific-re-
search institutes and laboratories engaged in the development and applications of radiation introscopy.

* Atomizdat, Moscow, 1972.

Translated from Atomnaya Energiya, Vol. 33, No. 6, p. 954, December, 1972,
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ARTICLES

A MATHEMATICAL MODEL FOR LONG-TERM PREDICTION
OF NUCLEAR POWER DEVELOPMENT BASED ON
ECONOMIC CRITERIA :

A. D. Virtser, G. B. Levental?', UDC 621.039.003
and S. Ya. Chernavskii

Economic-mathematical modeling is suited to the problem of determining effective courses for the
development of nuclear power (NP) to the greatest extent. Together with the study of NP as a part of the
fuel-power economy of the country one should examine the interconnection of NP, the strength and nature
of the relationships between separate elements of the fuel cycle, the interaction of various types of nuclear
power plants (NPP) in the general dynamic development of NP — i.e., its internal structure.

For the study of these questions one should ascertain: the role of NPP's with fast reactors in satis-
fying demands for electric energy; the range of technical and economic features of NPP's with fast reactors
and improved heat converters allowed by the restrictions of economic competition; the advisability of the
introduction into NP of fast reactors and improved heat converters; the influence of the pace of NP de-
velopment on the proportion of different types of reactors; the optimal times for the introduction of fast
reactors into NP; the influence of the cost of nuclear fuel on the NP structure.

The most important parameter in making predictions is the prediction period. Its length is defined
as the greatest interval of time, beyond which ideas about NP development do not have an effect on solu-
tions adopted at the present time. Analysis of the time lag and the persistence of the investment cycle of a
NPP shows that the required prediction period in NP is greater than 25-30 years [1].

The prediction method and the accuracy of the information permit determination of the length of a i
feasible prediction period. The use of the prediction method where there is increasing inaccuracy of in- |
formation can lead to a situation where a feasible prediction period will be less than required. In this case i
one should use the feasible prediction period as a design prediction period, but for the analysis of the re-
maining period one should use another method. In choosing a long-range prediction method one should con-
sider that on the basis of the présent state of NP it is impossible to accurately predict its future state.
Therefore the method of "exploratory prediction® is widely applied for long-range predictions of NP. This
method permits the description of the future of NP in terms of likely conditions of its development. The
concept of the "future" is a complex description which comprises the dynamics of investment in NP during
the design period, the extent of the demand for primary nuclear fuel, the dynamics of accumulation and
consumption of secondary nuclear fuel, the importance of secondary nuclear fuel in the system, the com- |
position of the introducible power of NPP's according to the type of available nuclear reactors, the optimal
time to begin the mass construction of NPP's with fast reactors, and the ultimate technical and economic
limits of various types of NPP's, etc. '

A preliminary analysis of the object of the study — the NP system — is an initial prerequisite of an
exploratory prediction. Such an analysis permits a formulation of the principal characteristics of NP for
the next 20-30 years,

1. The availability of NPP's with various types of nuclear reactors.

2. All NPP's operate from the common reserves of plutonium; therefore all NPP's are integrated
by the relationships of the fuel cycle.

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 955~960, December, 1972. Original ar-
ticle submitted April 3, 1972,

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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3. The state of the NPP system at a future moment of time is determined to a significant degree by
the course of the development prior to that moment, particularly in that stage where there exists
a deficit in secondary nuclear fuel. This is explained by the fact that the reserve plutonium sup-
ply is determined by the integral nature of the consumption and production of plutonium by all
NPP's introduced at a given moment. Thus the NPP system is a dynamic one.

4. The existence of 2 common reserve of plutonium together with the known differences in the breed-
ing ratio (BR} in nuclear reactors makes an isolated comparison of NPP's impossible (without
an analysis of the system), since, for example, such situations may arise: it is found that an NPP
with a converter, using a high BR, is more expensive by reduced costs, while an NPP with a low
BR is economically cheaper. Thus it becomes necessary to examine NPP systems as an ag-
gregate of dynamic objects which are linked among themselves with direct and reciprocal re-
lationships.

5. The transport component in the cost structure of a NPP is completely insignificant, since within
the scope of a long-term prediction the NPP system can be represented in the form of a uni-
junctional model.

The above-mentioned characteristics of NP introduce the following requirements into the mathematical
model for the prediction of NP development: 1) the model must exhibit the properties of a system of inter-
related groups of NPP's; 2) it must be dynamic in structure; 3) the model must be realized as unijunctional;
4) the length of the design period must extend more than 25-30 years and must be modified in the process of
investigation.

The mathematical model for the prediction of the NPP system development includes a description
of the external and internal relationships of the modeled system and expressions for integral functions and
for unknown functions describing the future of NP,

The equivalent description in the model of the actual relationships of NP is determined to a signifi-
cant degree by the method of introducing the unknown variables. We denote by x the magnitude of the in-
troducible power of 2 NPP. The subscripts forx — f,j,and 7 — designate, respectively, the type of NPP,
its mode of operation and the time interval during which power is introduced. The superscripts designate
the interval during which the NPP is operated. We denote by y the amount of electrical energy generated
by the NPP. We use the following unknown variables: Xf j,7 18 the established power introducible during
the time interval 7 of NPP's intended for operation in mode j (with the annual number of hours of operation

hr —7*+1y; x'  is the power available in the interval r (r =7, 7 +1, . . .) of NPP's put into operation in the
f,3,7 f,i,T i ?
)y )y .

interval 7; x¢ . is the established power introduced in the interval t; y;‘ T is the electrical energy generated
’ ]

in the interval r from NPP's put into operation in the interval .

Let the total number of reactor types examined be n, the number of different modes m, and the num-
ber of time intervals R'. Then using the notation x¢ j r for the unknown variables, the total number of
variables will be nmR'. It is evident that the transformatlon to another notation increases the number of
variables. At the same time a series of supplementary equations must be introduced into the model, since
the available power and the generation of electrical energy must be related to the established power of a
NPP within a given interval of the operating period. These propositions are illustrated by the data presented
in Table 1.

The first method, which led to 2 more compact mathematical model, is evidently preferable in the
present case. The disadvantage of this method — the inability to reflect changes in power of introduced
NPP's in their operation period — can be eliminated by the introduction of appropriate coefficients for the
unknowns Xg Jj, 7

The structure of the time scale plays a significant role in the mathematical model A uniform time
scale with one-year intervals permits the fullest consideration of the influence of inertia in the external
fuel cycle. However, its use results in a large dimensionality for the model, which in 2 number of cases
is undesirable. Therefore the application of 2 nonuniform time scale seems promising, with the initial
intervals having a duration of one year, and increasing to three, five, or 10 years. The nonuniform scaling
is more preferable first from a practical point of view since it permits a sharp reduction in the dimensional-
ity of the mathematical model, and, second, as a theoretical consequence of the fact that the applied initial
information becomes more and more ambiguous accordihg to the amount of movement along the time scale.
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TABLE 1. The Influence of the Method of It is natural then that the mathematical model must also
Introducing Unknown Variables on the Di- become less detailed. The nonuniform time scale allows
mensionality of the Model us at the same time to approximate the realization of

equal accuracy for the separate parts of the model among
themselves in connection with the nature of the initial
1 2 3 information.

Method number

Characteristics

Form of the . 2 ETRA
unknowns Thhiw f. i hvdpa

External Relationships of the
Number of sup-

nR'(R’——i) nR’' (R'+1)

0
plementary 2 NPP System
constraints , , nR' (1 5.
Numlber of 0 |n (m_i)R (}; = Cm105R" The problem entails the study of the NPP over T!
iﬁﬁ:‘ff:ﬁmary : years. This period is composed of R' time intervals,

each of which consists of S years. The NPP system

interacts with the joint power system (JPS) of the country
through direct and reciprocal external relationships. The direct relationship is expressed in the influence
of demand for the production of electrical energy on the structure of introducible power and other char-
acteristics of future NP development. The reciprocal relationship is the influence of NP on the closing
costs for electrical energy in the general JPS structure, and through changes in their costs on the economi-
cally preferable structure of the introducible power from NP, The direct relationship may be described by
two balanced equations in which the electrical energy generated in each interval of time and the electrical
power from NP used by the joint power system is expressed through structural parameters characterizing
the composition of NPP types.

To include the reciprocal link in the mathematical model one must know the functional dependence of
changes in closing costs of electrical energy in the JPS on changes in generated electrical energy from NP,
Since this problem is to a large degree an independent one, it follows that in the present model the descrip-
tion may be limited only by the direct external relationships of NP. In describing the elements of the NPP
system one must take into account not only the possibility of their improvement during the years of their
introduction through an increase of unit power of the blocks and the influence of other factors, but also
the possibility of changes in their technical and economic characteristics after the NPP is put into opera-
tion, i.e., not only the technical progress of NPP's under construction, but also their improvement during
operation,

The balanced equations for the available power and the generation of electrical energy in the NPP
system for each time interval have the form

n 2
,zi j§1 (a5, 121, j, v+ Dy, rsag, 5, rg) = N,

r—2
~t+d
(as, rhy, 3,15, 5o v+ (BF G, 1ot — g, raBf, 5, 1= 0) T4, jora 121 (hf5% —hi <) x,«,,,rl— Er, (2)

Tngs
M

1]

1

~

where afg,r is the coefficient for assimilation of the established power in the interval T for an f-type NPP
introduced in this period; Aag = 1—ag  is theincrease inthe assimilation coefficient in the second year of
operation of an f-type NPP introduced in the interval 7; hf g, is the number of hours of operation for the re-

spective NPP's in the time interval ¢ of operation after startup, =1,2, .. .,R'—7+1; E,, Npare,
respectively, the necessary increase in the production of electrical energy in the interval r and the available
power of all NPP's in the NP system, r =1, 2, . . . , R!,

In deriving (1) and (2) we have assumed that the mode of operation of the NPP emstmg at the be-
ginning of the design period does not change.

With the introduction into the system of a new type of nuclear reactor (for example, a fast reactor)
the time which is needed for the changeover of the machine construction industry, for the assimilation of
equipment, etc., must be considered. Therefore it is expedient to provide in the model for conditions limit-
ing the introduction of a new type of NPP during this period of time. Let F be the multiplicity of all types
of nuclear reactors under consideration and Fy the multiplicity of new types of reactors; rgH is the initial
time interval for the extensive construction of the fyj-type, where fj € Fy, and rcis the duration of the
assimilation period and of the changeover for the industry manufacturing the essential equipment. One
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can then note the following limits on the total introducible powér of fj-type reactors:

Zg, g e K Npy o (3)

T

J
where r = r%H, C e er + Ty NfH ris the allowable increase in established power of the fH-type NPP in
’

the interval r,

Internal Relationships in the NP System

The basic structural relationship between the separate types of NPP's is expressed by the equation
of balance of secondary nuclear fuel (in the present work the uranium—plutonium cycle is considered) be-
tween its consumption by breeder reactors and its production by all NPP's. 'This restriction on the de-
velopment can be formulated in the following way: in each moment of time the reserve in the system of
plutonium ready for chargmg in a breeder reactor must not be negative.

Let F, be the multiplicity of NPP types using uramum as nuclear fuel; Fb is the multiplicity of NPP
types on plutonium. We introduce the following notation: gf is the specific consumption of plutonium in

the initial charge of a NPP with an fy-type reactor (fy, € Fb) mtroduced in the time interval 7, per unit

of established power; gfb 7 *1 is the specific consumption of plutonium for recharging per unit of electrical

energy generated in the interval r; g]ff;'r +1 is the specific discharge of plutonium per unit of electrical

’
energy generated in the interval r; r is the first interval, beginning with which NPP's with fy,-type reac-
tors can be introduced; rgy is the inertia of the external fuel cycle, i.e., the time elapsing from the dis-
charge of the fuel elements to their charge after processing in the reactors, o isthe reserve of prepared
plutonium available in the system at the end of the interval r.

We assume that the transfer time of secondary nuclear fuel in the external fuel cycle is equal to
one year. This means that the plutonium manufactured in the year (r —2) may be used to charge NPP's
introduced in the year r. We will assume also that in the first year of operation of a NPP with breeder
reactors, consumption of fuel for recharging is equal to zero. Taking into account these assumptions for
time intervals where S, =1, the quantity of plutonium suitable for charging a NPP in the interval r is
determined by the relation

r—=2

n 2
— 2 z 2 r— T—ig;‘ - 1]2’ 1: ‘If;r—{ Clrets (4

where Gr _, is the plutonium manufactured in the (r — 2) interval by NPP's operating at the beginning of the
design period.

The quantity of plutonium being charged in fl,-type NPP's introduced in the interval r is equal to

W—Zmewn (5)

/bEFb]
wherer =rg, ..., R

The consumption of plutonium for recharging in the interval r is found from the relation

ry - 1
Fr = f EZF 121 12 arb ttﬂkzr‘b TJ_ng Ty i v (6)
bEFp =

Combining (4)-(6), we obtain conditions of nonnegativity for the system's plutonium reserve:

G+ T — &y o =0, ( L
oc,_1>0, ‘ (7')
o >0, (7™
wherer =1y, ..., R"
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In perspective, the most important condition for the development of the NPP system is the possible
limitation on the primary nuclear fuel used, which may be related either to an increase of its cost as a
function of the size of the involved resources of natural uranium or to limitations on the size of the involved
resources due to a possible lag in construction of enterprises in the external fuel cycle.

Let us divide the reserves of natural uranium into three categories, where the cheap reserves are
withdrawn first, and then the more expensive ones. We introduce the notation: Cj is the specific cost of
natural uranium of the i-th category; Q; is the corresponding size of the reserves; Xf is the size of the
natural uranium resources used in the time interval r from the reserves of the i-th category by all NPP's;
QF (X iy 7) is the natural uranium consumption by the corresponding NPP's in the time interval r, expressed
hnearly in xg j 73 QF is the natural uranium consumption in the interval r by existing NPP's. The con-
straints on natural uranium are then written in the form

n 2 T
22 20 (@, )+0= _S‘X:, _ (8)

f=1j=1 1=1

<.,

Zl X< | | (9)

Accumulated experience in mathematical modeling of economic systems in problems of long-range
planning and prediction shows that in describing objects it is possible to neglect nonlinear effects associated
with the fact that construction customarily proceeds in several stages. An analogous linearization for
NPP's is used in the present study.

The choice of a target function for the model is a complex question in problems of long-range pre-
diction in general and of NP in particular. In this study the economic criteria most fully corresponding to
the posed problem were used in its financial expression. Variants of the different NP structures under
comparison have identical values for the generation of electrical energy in each interval of the design
period, and therefore it is possible to use financial criteria in the form of reduced costs. Since conditions
for the functioning of NPP's put into operation are such that it is possible to vary the cost of nuclear fuel,
where this variation depends on the entire operation of the NPP, it seems unsuitable in the present study
to use expressions for reduced costs, which are generally applied through statistical estimates for isolated
objects: :

3=0K+1, (10)
At present the dynamic criterion for the system is written in the form
T ’ o
3=2 X (Kt Lud(WHop) ™+ B 1a (I4op)t, (11)
hot=1-t, kR t=T+1 . .

where T is the length of the design period; opr is the norm for introducing nonsimultaneous costis; Kk t
is the investment in the object k in the year t; Ikt is the operating cost of object k in the year t; t is the
constructlon period of the NPP.

It is usually assumed [2] that the operating costs donot change with time for the duration of the pre-
diction period. Then (11) takes the form

3=
R

t

(1+C‘p1_')i_T

= (12)

T
2 (Kz, ¢+ g, o) (1+U'pr.)l_t+ Z Ik, n
—1 R

—tc
where Ik,H are the fixed operating costs of the k-th object for the duration of the prediction period.

The practical use of criterion (12) is associated with a number of difficulties because of the non-
constructional determination of costs over the duration of the prediction period, especially since the ac-
curacy of the information is extremely low for the range of possible durations for the prediction period.
In [1] it is shown that a modified criterion in the form

T .
=2 D (Ba i1 (L+op ) (13)
[ t=1—tc
may be used for the target function.
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The length of the design period consists of two time segments: optimal development for the duration
T' and quasioptimal for T — T".

The following factors are taken into account in the target function: the change in investment during the
years of construction; differences in the specific investment for NPP's; technical progress, appearing in
the decrease of specific investments during the prediction period due to the increase in the unit power of a
NPP energy-block, improvements in technology, etc.; the costs of the initial charging of a NPP and the
possibility of their change during the design period; depreciation deductions and operating costs in a NPP;
differences in the fuel components for various NPP types as a function of the year of the NPP's introduc-
tion and the year of their operation; the influence of the closure of the fuel cycle 'of primary and secondary
nuclear fuel on the amount of fuel components; the necessity for reserve power for the NPP system. Con-
densing electric power stations were used for reserves, and the effect of unequal introduction of power
within the intervals on the costs in these intervals was taken into account.

The question of the importance of plutonium in the NPP system is a principal one. One of the pos-
sible restrictions consists in the fact that the system does not expend plutonium elsewhere and does not
obtain it externally. It thenfollows to take the cost of plutonium discharged in a NPP to be equal to zero,
and the cost of the plutonium charged in the reactor to be determined by expenditures for the extraction
of plutonium and the preparation of fuel elements from it.

It was indicated above that a concept of the future of NP includes not only a description of the NP
structure, i.e., the relationships of various types of NPP's, but also a series of other features: the dyna-
mics of mvestment the consumption of primary and secondary fuel, and the dynamics of expenditures in
NP.

The unknown features are written in the form of equations and are expressed through the fundamental
variables of the model X j,7- For example, the consumption of plutonium in the period from the initial
charge until 7 =R is determined by the expression

Gi Z 2 2 g/b Txfb i, T . (14)

1.EF, i=1 1=rg
vEF

Equation (14) may be written in another form:

2 .
2 2 gfb ™1y, §, —G;=0 (15)

/bf-‘Fb j=11=r9

and may be considered to be one of the constraints of the model in which a new unknown — G; — is present.
It is evident that equations of the type (15) do not influence the choice of optimal compositions of NPP's,
and therefore we will call them pseudoconstraints of the model, and the unknown features, analogous to Gy,
are pseudounknowns.

From the preceding it follows that the model described for long-range prediction of the development
of the NP system -~ which includes a complex of constraints and pseudoconstraints and also an expression
for the target function — contains only linear forms of the fundamental unknowns of the posed problem,
xf,j,7. Therefore, the method of linear programming must be applied in its investigation, which allows a
determination of the optimal structures of NPP's and of the values of the pseudovamables corresponding to
them. :

The mathematical model developed was widely tested in computational experiments, the results of
which confirmed the appropriateness of its application to the analysis of the most suitable courses for the
development of NP. At the same time the adequacy of the mathematical model was confirmed by the prob-
lem posed by the investigation. In particular, the model allows us to determine the influence of the fol-
lowing factors on the NP structure: the pace of growth of NP; the changes of the average annual number of
hours of NPP use along the intervals of the prediction period; the initial time interval in which fast neutron
reactors may be introduced; possible constraints on the part of the machine-construction industry; economic
features of the reserves of natural uranium; the relative rise in price of NPP's with fast reactors; the
technical and economic features of different types of NPP's, and others. Together with these such questions
were resolved as the role of different types of nuclear reactors (including NPP's with thermal and fast
reactors using primary and secondary nuclear fuel), the optimal times for the introduction of NPP's with
fast reacors, the importance of secondary nuclear fuel in a developing NP system, the dynamics of the
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consumption of nuclear fuel during the years of the design period, and the integral and differential economic
- expenditures on NP development, etc.

An analysis of computational data is not presented in the present work since this Would have exces-
sively broadened its scope..
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A MATHEMATICAL MODEL FOR THE OPTIMIZATION
OF THE STRUCTURE OF THE NUCLEAR POWER
INDUSTRY ON THE BASIS OF MINIMUM NUCLEAR
FUEL REQUIREMENTS

V. N. Bobolovich and Yu. I. Koryakin ' UDC 338.4:620.9

The most correct criterion for estimating the optimal structure of a developing nuclear power indus-
try should be an economic criterion expressed in monetary terms (for example, the value of the adjusted
costs of the development of the nuclear power industry for the forecast period). However, in the absence
of a single unit of currency, and of a basis for a comparative study of the economic effects produced in
various countries by the development of the nuclear power industry in the member states of the Council for
Mutual Economic Assistance (CMEA), an estimate of the cooperative development of the nuclear power
industry expressed in monetary terms is not yet possible. Optimization on the basis of natural indicators,
the most important of which is the consumption of natural fuel, can also be of interest for investigations of
the development of nuclear power industries on a national scale when there is a scarcity of natural uranium.

In the proposed model it is assumed that the nuclear power industry is a subsystem of the nation's
fuel—energy balance (the overall power system), which imposes certain conditions that act as an external
restriction on the development of the nuclear power industry. During the entire forecast period the fol-
lowing restrictions, expressed in the form of balance equations, will apply during each interval of time.

1. The balance of the amount of nuclear power put into service each year. It is assumed that the
total nuclear power during the calculation period is defined on the basis of conditions governing
the combined study of the total fuel —energy balance of the CMEA member countries.

2. The balance of electrical energy generation, which is also defined by the conditions of the fuel
—energy balance of the CMEA member countries.

3. The plutonium balance of the nuclear power industry. This restriction is due to the internal char-
acteristics of the nuclear power industry. It is assumed that the total amount of plutonium pro-
duced in the system is used up in the system (in breeders) and no plutonium is introduced from
outside. :

Thus, in the general case the problem is formulated as follows: it is required to minimize a target
function, the amount of natural fuel consumed during the forecast period, subject to the above three re-
strictions. We shall consider the development of a nuclear power system based on the use of three or more
types of reactors. The independent variables xit, each of which represents the amount of power contri-
buted by reactors of type i in year t, appear in the target function and in the equations. The coefficients
of the xjt are independent of the variables.

Thus, in the general case the problem of optimizing the structure of the nuclear power industry on
the basis of natural-fuel consumption is an optimization problem in linear programming and can be solved
by the appropriate methods.

Derivation of the Target Function, the Equations, and Coefficients. The derivation of the equations
and coefficients for the independent variables can be illustrated by using the example of the development
of a nuclear power industry using three types of reactors: fast breeders, fast converters, and thermal con-
verters.

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 961-964, December, 1972. Original ar-
ticle submitted April 3, 1972. :

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this ariicle is available from the publisher for $15.00.
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The target function in general form is written as follows:

I T
2 2 Gy (1

where Gjt is the natural uranium requirement for a reactor of type i in year t; T is the forecast period for
the calculations, expressed in years; I is the number of types of reactor used. Inthe general case the num-
ber of independent variables is equal to the product I- T.

For three types of reactors the target function will have the form

. T t—1 . t—1 ' t‘—l )
@41 Tyy + B4 %og - a31x31+t22 (@109e 4 Qoo+ Ggeas + agpe D) Typ + agee D Zor A Ggr- 2 Z3¢) — min, » (2)
= ' T={ 1=1.

=1

Here xt, X,t, and X3 are independent variables which determine the amount of power (in millions of
kilowatts) contributed to the nuclear power industry by reactors of the first type (fast breeders), the sec-
ond type (fast converters), and the third type (thermal converters) in year t; ay4, a,¢, and ag are indicators
which determine the proportion of natural uranium [in t/10° kW (electrical)] charged into fast breeders,

. fast converters, and thermal converters, respectively, in year t (a,; = 0, since the amount of depleted or
spent uranium charged into the fast breeders is not taken into consideration here); a4, as¢, and agt are
indicators which determine the proportion of natural uranium (in t/ 108 kW - yr) used for recharging fast
breeders, fast converters, and thermal converters, respectively, in year t (ay4 = 0 for reasons similar to

those mentioned above for a,¢); the coefficients ai', .. ., ag can be expressed in terms of the parameters of
the nuclear power stations and of the fuel cycle in the followmg way:

a;=20; )

an _gX1n1t2(1+5gX1n1t) }i‘l(]nE;—I/ .

a; = gXinits({ .- §g¥init) _CL(f’l_l_tly__J :

a4:;0; : ) (3) :

_ 3.62105'.@2 .[Xmitz-—y_A (Xfmz——y)] .
Byomy Cfo— ¥ co—Y ’

_ 8:65-1068. ¢4 ,[Xmizs—y_A (Xfins—y)] .
B3 o—Y S\ q—y ?

where A; = 1 —ey; giMit2, gIinits represent the amount of uranium of initial enrichment Xipjt charged into
fast converters and thermal converters, ‘respectively, expressed in t/10% kW; 6gx1mt gy Xinit represent

the reserves of fresh fuel at atomic power stations (in the fractions g Xinit 5pg galmt, respectively); ¢, is
the U%5 content of the natural uranium, equal to 0.00714; Xipjt, and X;pjt; represent the initial enrichment
of uranium in the fast converters and thermal converters, respectively, expressed in fractions of unity;
y is the U2 content of the tailings of the separation plant, expressed in fractions of unity; ¢, and ¢; are
the average values of the plant power utilization factor, expressed in fractions of unity, for fast con-
‘verters and thermal converters, respectively, in year t; B2 and B3 represent the average depth of burnup
in fast converters and thermal converters, respectively, in year t, expressed in MW - days/ t; n, and 7,
are the efficiencies of power stations using fast converters and thermal converters, respectively, in year
t, expressed in fractions of unity; xf;p, and xg 5 represent the final enrichment of the uranium in fast con-
verters and thermal converters, respectively, expressed in fractions of unity; €y represents the uranium
losses in the external cycle, expressed in fractions of unity. '

Where the forecast peI‘IOd is longer than the nominal service life of the power station (tgerpy), we
must include in the target function the condition that spent nuclear power stations will be replaced by new
ones. Then the target function will be

T o -t -1 ti

11711 + G Tay + g1 %a 1 Z {[aul"u 4= Go1ar A~ Az123t] +él4t Z Tis+ as 2 Tyx+ gt 2 ‘11'11}
T== T=1
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7 ) t-1 : -1

, . N 5
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t-1
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+ st _2 ey tserv)}-+ min RG]
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It should be noted that the coefficients a; are independent of the variables x;i; consequently, the
target function is a linear function of the independent variables x;t.

We shall consider below the restrictive conditions under which the nuclear power industry is to de-
velop. The power balance equation has the form

Ty + xoy + X3 = a”" (5)

where aq (in 108 kW/yr) = N¢ is the annual power generation of the entire nuclear power industry. In this
case, if T > tgery, we have

‘ ) arg =Ny — Nt—t.serv , (6) ]

starting from year't > tgepy, expressed in years.

" The second equation defines the plutonium balance in the nucléar power system. It is assumed that
all the plutonium obtained in the system is used up in it; there is no plutonium introduced from outside.
It is also assumed that the plutonium is used as a fuel only in fast breeders.

Plutonium Balance Equation for Year t. 1) Plutonium consumption

Ct-0
AgZye+ Aot 2 Lyxe
X T=0-+1 } (7)

Here a; is thé proportion of fissionable plutonium charged into the breeders (in t/ 108 kW):
a5 = g3z Zinit (8)

©y 5 18 the total amount of fuel charged into the active zone, in t/ 108 kW; Zjp;¢ is the initial fissionable
plutonium content of the fuel, expressed in fractions of unity);

3,65-105 :
Lt < T 9
By - .

2}
where a4 is the proportion of fissionable plutonium used for recharging the breeders, expressed int/ LOS
kW - yr; ¢; is the average plant power utilization factor for breeders, expressed in fractions of unity; By
is the average depth of fuel burnup in the active zones of the breeders, expressed in MW (fuel) -days/t;
.n, is the efficiency of a nuclear power station using a breeder, expressed in fractions of unity.

2) Plutonium production

t-02 ’ t-03

t—-06;
Qlog_oy D) ZTicFaii-en Dy Tart iac-0s) D T (10)
=041 =1 =1

In formulas (7) and (L0), 9 is the residence time of the fuel in the cycle; 6, = | Tfy;/ @4l, in years (T, is

the fuel lifetime in breeders, expressed in years); 6, = | Tgyy/ @5 + Tpl, in years (Tp is the length of the ex-
ternal fuel cycle, expressed in years); 6 = ITm /@y + Tpl, in years (Tgy, is the fuel lifetime in fast conver-
ters, expressed in years); 6; = | Trls/ @3 + T_pl (Tf]3 is the fuel lifetime in thermal converters, expressed
in years); a;y, a1, and a;, represent the buildup of plutonium (in t/10% kW - yr) in breeders, fast converters,
and thermal converters, respectively: )

0.39. .
aio= (1 — eps) “5- % (KHy 5.+ KHe s, + KH,s,) (an

n

'(epy represents the relative plutonium loss in the external cycle, _expressed in fractions of unity; KHy 5 ,
KHe g, and KHg g are the coefficients of accumulation of fissionable plutonium in the active zone, in the
end shields, and in the side shields, respectively, expressed in grams of plutonium per gram of all sepa-
rated nuclei);
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Ut

0.39KH
ap=(1—epy) —n—ﬂs— s

0.39KH
Ay — ('1—8Pu) —'3_'& ; } (12)

where the coefficients KH are expressed in grams of plutonium fission per gram of separated nuclei and the
indices 2 and 3 refer to fast converters and thermal converters, respectively.

Under the conditions we have adopted, when only the plutonium accumulated in the system is used
until plutonium is obtained from the regenerate,i.e., whent < 9 = min{6,, 6}, we have x; = 0. The pluto-
nium balance equation becomes meaningless in this case and can be used only for t > 4.

Thus, the plutonium balance equation has the following form:

t—0p t—0 i -0y t—03
Q7241 - Qg 24-1 Tyt — Qgt-6) Z+ Ti11— Q10(t-069) Z Tix— Q11(1—63) 2 Zge == 0. (13)
=

The electrical power generation balance equation has the following form:

¢ .
Z Ty = Eet, (14

inge
“M%

i

where ¢j is expressed in h/yr; Egy is the total amount of electrical energy generated by all the nuclear
power stations, beginning at time't = 0, expressed in 10°® kWh/yr.

In all equations, we have aj; = 0; Xjt = 0; ajy = 0; Xjy = 0. The coefficients aj; are independent of the
variables xjt, and therefore the equations can be solved as a system of three linear equations in three un-
knowns.

Substituting the solution of the system into the target function yields the amount of natural uranium
consumed. The nuclear power industry structure obtained as a result of the solution is the optimal struc-
ture with respect to natural uranium consumption.

The choice of the dynamics of the variation in the plant power utilization factor (@;¢) for different
types of reactor should be studied in somewhat more detail. The model provides for different methods of
determining this factor. In the first method, ¢;; is defined on the basis of processing and extrapolation of

- experience acquired in operating thermal electric power stations; in this case the ¢t are independent of
the x;¢, and the model is linear. In the second method, the @4t for breeders is assumed to take on its
maximum possible value (having due regard, of course, for the requirements of the power system), while
the ¢jt for converters is selected in the model itself, as a function of the structure of the system in pre-
vious years, and the difference between the ;i values is specified. This method is somewhat approxi=
mate, since, strictly speaking, ¢j; will depend on Xjt. lastly, there is a variant in which several pos~
sible operating regimes are specified for converters of different types, and in the model we take the opti-
mal combination of the specified regimes from the point of view of minimizing the target function. In this .
case the model is again linear.

In the above model, fast breeders are put into operation as plutonium is accumulated in the system.
It is a matter of great practical interest, however, to investigate a model in which the breeders are put
into operation in large numbers simultaneously, starting in some specified year, using plutonium accumu-
lated earlier in the nuclear power system. Such a situation can develop in a nuclear power industry, since
its development is based almost exclusively on thermal reactors, whereas considerable time is required for
developing single experimental or pilot-plant power stations using fast breeders. During this period of time
it is impossible to introduce a large number of high-power fast reactors into the inudstry. This is an ad-
ditional restriction imposed on the development of a nuclear power industry where the internal charac-
teristics are taken into consideration. We assume that the fast breeders will be brought into operation
starting from some particular time (year) 4 (6 +1 < ¢ < T). Up to the year 4, naturally, x; = 0. In this
case the fast-breeder power that can be introduced in the year ¢, on the basis of the available reserves of
plutonium, will be

t—f‘)z t-03
. 3
A T TS Z; e 8y g 40y Z‘ 3t :
T= - =
2= 3 - (o)
t=04-1 :
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If 4 is greater than ¢, then x g may exceed aq;y = Ny, the total amount of power introdueed in the entire
nuclear power industry during this year. Then x4 = a;g, while x,9 =X,9 = 0, i.e., no converters are put
into operation in the year 4. :

The excess plutonium produced in the system during this year should be used during the following
year, 4 +1. For the year 4 +1 we solve an ordinary system of equations, but to the value x, @ +1) found
from the second equation, we add the quantity x;9 — @;9. Then we find x, @ +1) 20d X391 4y in the usual
manner. If the value of x 14) + %49 —aqyg is greater than a; . ), then the excess plutonium will be used
in the year 4 + 2, and so on.

If in the solution of the ordinary system of equations (the introduction of breeders as plutonium is
accumulated in the system) in the year t' the value of xq¢1 exceeds Nir, then we follow a procedure analogous
to the one described above. If the number of types of breeder reactors is greater than three, then addi-
tional independent variables are introduced,. in 2 manner analogous to x;, into the target function and the
equations; if the new reactors are converters, we add variables which are introduced in 2 manner analogous
to %y and x,. '

Consideration has also been given to the case in which a nuclear power industry is developed on the
basis of two types of reactors: a fast breeder and a thermal or fast converter. Here x;t and x,; are de-
termined from the plutonium and power balance equations, and the electrical energy generation balance
equation is used to select ¢, for given values of ¢;¢ and Eqt

. Taking Account of the Diversity Factor in the Demand for Natural Uranium.  The mathematical model
~ described above enables us to consider a large number of variants of possible development of a nuclear
power industry within the framework of the CMEA on the basis of a specified demand for original nuclear
fuel. Obviously the different variants may differ not only in their integral demand but also in their dif-
ferential demand for natural uranium. : '

At the same time, it is known that it makes a difference to a state (or a group of states) whether a
specified amount of natural uranium is required at present or will be required at some future time. In
other words, the economic significance of the demand for each unit of natural uranium for the years of the
forecast period should be estimated with a coefficient less than 1, and this demand should be reduced to the
value for the beginning or the end of the forecast period. In this case, when we reduce the integral re-
quirement for natural uranium to the beginning of the forecast period, the target function (1) can be written
as :

dint

. .
23 G (1+ Pyt | (16)
where ofP is the norm used for taking into consideration the uranium requirement for the years of the fore-
cast period. From the above considerations, we see that the value of ofp will be determined by the effi-
ciency of utilization of natural uranium in the nuclear power industry for the condition of optimal develop-
ment (from the viewpoint of minimum consumption of natural fuel).

The model described above enables us to verify how the structure of a nuclear power industry is af-
fected by factors such as the coefficient of plant power utilization, the physical and heat-engineering char-
acteristics of the reactors and of the fuel cycle (depth of burnup, reproduction of secondary fuel, effi-
ciency of the fuel residence time in the cycle, U2® content of the tailings of the separation plant, etc.). The
need to replace spent atomic power stations must be taken into account.

In addition, the model provides for the possibility of stockpiling the plutonium accumulated in the
system and introducing breeders using this plutonium when it is practical to do so. The choice of nuclear
power station operating regimes has been shown to be possible. At the output of the calculation program
there is also a provision for obtaining a number of dynamic indicators from the values of enriched-fuel
consumption for different types of reactors, the amount of spent fuel being sent to regenerating plants,
and other indicators of a developing nuclear power system. Calculations have shown that the model cor- ‘
responds to the problems of normative and investigative forecasting. '
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OUTFLOW OF RADIOACTIVE NOBLE GASES FROM
THE COOLANT INTO THE GAS SPACES OF THE
FIRST CIRCUIT OF THE BOR-60 REACTOR

V. M. Gryazev, V. V. Konyashov, UDC 539.173.8:621.039.534.63
V. I. Polyakov, and Yu. V. Chechetkin

During the operation of reactors with a sodium coolant under conditions in which the hermetic state
of the fuel elements may be disrupted, especially when using fuel elements involving emission of gaseous
fission products, it is very important to know the proportion of gaseous radioactive products passing from
the coolant into the gas spaces of the reactor. The level of radioactivity in the gas spaces determines the
protective measures which have to be applied to the gas supplies under normal operation and the demands
made upon the gas purification system, as well as the system for monitoring the vacuum tightness of the
cans. A description of the BOR-60 reactor, its parameters, purpose, and prospects are set out in [1, 2].

In order to study the distribution of the radioactive gases in the first circuit of the BOR-60 reactor we
measured the activity of these in the gas spaces and in the sodium coolant, The activity of the noble gases
in the gas spaces of the reactor and the circulating pump of the first circuit were measured in gas-spec-
trometric loops by a nonsampling method, using a scintillation y-spectrometer with a collimator [3].

For a more detailed study of the isotopic composition and a determination of low activities of noble
gases in gas samples we used a Ge(Li) detector (sensitive volume 25 cm?®, resolution with respect to Cs??
approximately 1.2%).

The activity of the Ne*? in the sodium coolant was determined by a nonsampling method in the tu-
bular conduit of the first circuit for a thermal power of the reactor up to 100 kW.

Table 1 shows the specific activities of the noble gases in the gas spaces of the reactor and the pump.

The levels of activity of these gases in the gas spaces, and also the ratio of the activities, indicate
that the fuel elements are hermetically sealed. The maximum burnup of the heavy nuclei in the latter ex-
tends to 3%.

The relationship between the activities of noble gases with different half lives in the gas spaces of
the reactor and the pump enables us to calculate the probability of gas leakage from the coolant. The equa-
tion for the transfer of radioactive noble gases in the first circuit, allowing for the two pumps involved in
this, may be written in the form

dd—]fi =¢; -—MN?—-aiN? 2B N§ - di NS+ 28N
div; = a;iN$ — A Ni — diN‘iI; "
dNP — = b NS — MV — fiVE;
where Nc NP are the number of atoms of the i-th isotope in the coolant, the gas space of the reactor,

and the gas space of the pump, respectxvely, ci is the rate of access of the i-th isotope, sec™; A is the de-
cay constant of the i-th isotope, sec™; a; ibj are coefficients characterizing the probability of a leakage of
the i-th isotope from the coolant into the gas spaces of the reactor and pump, respectively, sec™!; djf; are
coefficients characterizing the probability of the coolant capturing the i-th 1sotope from the gas space of
the reactor and the gas space of the pump, respectively, sec-!.

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 965-968, December, 1972. Original ar-
ticle submitted February 1, 1972.

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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TABLE 1. Isotopic Composition of Radio-
active Noble Gases in the Gas Spaces of
the Reactor and Pump for a Reactor Power

of 40 MW
Specific activity, Ci/liter

Isotope Hal}f life gas space of gas space

1 reactor of pump
Ne28 37,5 sec (320,5)-10-2 (5-£0,8)-10~%
Art1 1,83 h {1,3-£0,2)-1073 | (2,520,5)- 10
Ki#m | 4,5h (3.80,5)+10-7 | (1:£0,2)-10~7
Kr8? 1,27h (4+0,5)-10-7 | (140,2)-10-7
Krss 2,790 (1%0,2)-10-¢  [(2,1+0,3)-1077
Xel#s |[5,3 d (4£0.5)-10-6 | (8,51)-10~7
Xel33m | 2,26 d (1,2+0,2).10-8 —
Xels (945 h (2.7+-0.4)-106 | (6,2::1).10~7
Xel8sm | 15,7 min (821)-10-8 —
Xel38 17 min (2,52-0,5)-10~7 —

Note: 1) Flow of coolant in the first circuit 1000 m3
/h. 2) Temperature of coolant at reactor outlet 450°C,
3) The system includes a cold trap for sodium oxides.

TABLE 2. Coefficients Characterizing the
Leakage Probabilities of Noble Gases from
the Coolant into the Gas Spaces of the Re-

actor and Pump, and Mean Times Spent by

These Gases in

the Coolant

Element ah’? ’ 5 h? i \  h
Xe 0,98.10-1 1,1.10—2 8,3
Kr 1,08.10-1 1,2.10°2 7,6
Ne 1,96.10-1 1,4.-107¢ 5.1

7,0}

: Leakage probability, rel. units

0 500 1000

Flow of coolant, ma/h
Fig. 1. Dependence of the coefficient
characterizing the probability of a leak-
age of Ne?? into the gas space of the re-
actor on the flow of coolant in the first
circuit (temperature of coolant 220°C).

Substitution of the experimental values (Table 1)
into the system of equations (1) for three isotopes of one
element (i, k, /), on the assumption that a; = a = g,
bj = bk = be, d; =dy =dg, fj =fx =1, for the steady-state
case (dNic/dt =0; de/dt =0; dNip/dt =0), gives d; < aj
and f; « b;. This is also supported by the manner in which
the coolant moves at the interface with the gas spaces.
The solution of Egs. (1) may be written in the form

r__a___.p_ b 2
Qi = hitai-i-2b; cii Q= At a;--2b; ¢y (2

where Qir and QF are the activities of the i-th isotope in the gas space of the reactor and in the gas space
of the pump, respectively. -

For the fission products of U?¥, when this contaminates the cans of the fuel elements and the coolant

¢ ..M ,
ET (3)

where 71j, 7y are the yields of the i-th and k-th isotopes for one fission of U%%. Then, on the assumption
that the coefficients characterizing the leakage probabilities are equal, we derive the following from Eq. (2)
with due allowance for (3) for two isotopes i and k of one element:

@ ==

I
}"iAi I]h—}\.kz-lfl N; AP 78

n, (A'h+2,4§ %’)_nk (A£+‘2A1Pz_f) ; 4 vt

b=—"=2%-—raq . (4)

where Af,' Af are the specific activities of the i-th isotope in the gas space of the reactor and pump, re-
spectively, VY, VP are the volumes of the gas in the reactor and the pump, liters. For the BOR-60 reac-

tor VP = 0.5 m?,

vr =1.2 md,

The results of our calculations for the isotopes Xe!®, Xe!¥M Kr85M and Kr$® are given in Table 2,
in which the mean period spent in the coolant was calculated from the equation

1 ' . 5
. (5)

If we use Eq. (2) together with the experimental values of the specific activities of Xel3?, Xe!3, Kr¥m
and Kr88 (Table 1) and the calculated coefficients a and b (Table 2), we may find the number of U fissions
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taking place on the surface of the fuel elements and in the coolant, 3.6 - 10? fissions/ sec, which corresponds
to a maximum surface contamination of the fuel elements with 1.2-107° g of U?%/cm?.

In order to verify the computing method under consideration and also the constants so obtained, we
used Eq. (2) and calculated the specific activities of the isotopes Kr87, Xel®¥m, xel3™  xe!® for the gas
spaces. . All the calculated specific activities agreed with the experimental values, within the limits of
measuring error (Table 1).

The coefficients characterizing the leakage probability of neon into the gas spaces from the coolant
were determined by reference to the Ne?? isotope, it being remembered that in the steady state

er= i + i +20F.
From Table 1, allowing for the volumes involved, we have QT (Ne®®) = 36 Ci, QP(Ne?) = 2.5 Ci.

The nonsampling measurements in the tubular conduit of the first circuit showed that, for a reac-
tor power of 40 MW, QC¢(Ne?¥) =1,2-10% Ci. Hence for Ne?*QF « Q°, QP « QF. It follows from Eq. (2)
and the results of Table 1 that b «< a, so that Eq. (2) simplifies

o QP
=Xo ) b= A (6)
‘= Q¢
The coefficients @ and b calculated from Eq. (6) for Ne®3 are shown in Table 2. In order to compare
the leakage of Ne®? and the gaseous U fission products, a correction must be introduced for the decay of
Ne?3 during the motion through the first circuit.

For a flow rate of 1000 m?/h the circulation period of the coolant in the first circuit is 85 sec; then
the specific activity of the Ne?? at the entrance into the active zone is five times smaller than at the outlet. -

For all the gaseous U fission products considered, the specific activities in the reactor tank and
pump are equal to their mean specific activities in the coolant of the first circuit. For Ne®3 the specific
activity in the reactor tank is twice as great as the mean specific activity, while in the pump tank it equals
the mean specific activity. Thus the coefficient characterizing the leakage probability of neon into the gas
space of the reactor would be 9.8-1072 h™! for a well-agitated coolant, in agreement with the foregoing
values for xenon and krypton.

At the boundary with the pump gas space, the coolant is 85 times poorer in Ne?® than the circulating
coolant in the pump. This is due to the fact that in the reactor and pump of the BOR-60 installation the
coolant passes to the interface with the gas spaces along annular gaps of fairly small dimensions. The
height of the coolant in the gaps is considerable, and in the pump it is two or three times greater than in
the reactor. This reduces the proportion of short-lived noble gases passing into the gas space of the pump.

The experimentally-obtained values of the specific activities of Ne?? in the gas space of the reactor
were inserted into Eq. (6), and as a result of this the coefficients characterizing the leakage probability
of Ne?® were calculated in relation to the flow of coolant (see Fig. 1). With increasing rate of flow the
leakage probability also increases as a result of the better exchange of coolant in the gaps. An increase
in the temperature leads to a reduction in the leakage probability into the gas space of the reactor.

If the coolant does not capture any gas bubbles from the gas spaces, as is indicated by the solution
of Egs. (1), with due allowance for the experimental results and a consideration of the structural features
of the reactor and pump, the amount of argon in the sodium may also be estimated. After closing the gas
line connecting the gas spaces of the reactor and the pump, the activity of Arf! in the gas space of the pump
remained undiminished. This indicates that the argon passes into the gas space of the pump from the
coolant (the activation of the argon in the gas space of the pump may be neglected). If we then take the
coefficient characterizing the probability of a leakage of argon from the coolant into the gas space of the
pump; as equal to the corresponding coefficient for krypton and xenon, Eq. @) gives Cj(Ar#l) =1.25-10°
sec™", '

The passage of Ar?! into the coolant is due to the activation of the Ar*® dissolved in the coolant in the
reactor (the passage of Ar!! into the coolant during the dissolution of the gas may be neglected). In this
case we may use the equation
ci (Ars1)

[

N (Ar%) =
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(where & is the neutron flux in the reactor, cm™ - sec™!; ¢ is the cross section of the reaction Artl(n,
v)Ar#! in cm?) to determine the amount of argon in the coolant. In the BOR-60 reactor we determined the
product ®c for the reaction Na?3(n, v)Na?* experimentally and converted the result to the Arf®(n, y)Art!
reaction by making use of the ratio of the cross sections of these reactions for the corresponding neutron
spectrum. The estimate showed that the amount of argon in the sodium coolant for a mean temperature of
400°C was 4 -107% wt. %.

In some experiments aimed at d].SCOVGI‘lng the effect of the oxide cold trap on the isotopic composi-
tion of the noble gases, we found no increases in the activity of the long-lived gas when the trap was dis-
connected, as was observed in [4]. This indicates that the precursors of the xenons, the iodines, occur
mainly on the surface of the construction materials in the fuel-element cans.

The foregoing analysis leads to the following conclusions.

1. For the 3% burnup of the heavy nuclei which is reached in the active zone, no fuel elements de-
ficient in vacuum-tightness occur; the levels of activity of the noble gases are determined by the
initial contamination of the first circuit by the fuel (1.2-10~? g of U%%/cm?).

2. The capture of gas bubbles by the coolant from the gas spaces of the BOR-60 1nstallat10n isa
very unlikely event.

3. For all the radioactive noble gases with T /2 > 10 min the mean period spent in the coolant is
constant and equal to ~8 h. '

4. The proportion of short-lived noble gases passing from the coolant into the gas spaces is low
(for Ty/, > 10 min no greater than 3%).

5. The amount of argon dissolved in the sodium at 400°C is about 4 - 10% wt. %.

6. The methods of computation and spectrometric measurement here employed are in practice very
accurate, sensitive, and reproducible, and may be used for testing the vacuum-~tightness of fuel-
element cans in reactors with molten metal coolants. -

The foregoing picture of the outflow of gases from the coolant in no way contradicts the generally-
accepted view [5]; however, the probability of a leakage of radioactive noble gases from the coolant may
differ considerably for different reactors [4, 6], depending on their structural peculiarities.
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POSSIBLE RECUPERATION OF THE ENERGY OF
A -BEAM OF CHARGED PARTICLES IN A SYSTEM
OF TAPERED DIAPHRAGMS

O. A. Vinogradova, S. K. Dimitrov, UDC 533.9:621.039.62
A. M. Zhitlukhin, V. M. Smirnov,
and V. G. Tel'kovskii

A system for the direct conversion of the energy of charged particles leaving amass of plasma in an
open trap through the magnetic stoppers was described in [1-3]; after the conversion of the transverse
energy into longitudinal energy and the separation of the electrons, the rarefied ion flux passes into a
recuperator in which the ions are retarded and energy-separated by means of steady-retarding and alter-
nating-deflecting electrostatic fields. Both calculations and physical experiments show [3] that the effi-

_ciency of this recuperator for a rarefied beam (one free from the influence of space charge) is about.85%.

As we shall later show, the influence of space charge may conveniently be estimated from the ratio
d/rd; of the beam width d at the entrance to the Debye radius rq; =vW/ 21re2n0122, where W is the maximum
initial energy Z of the charged ions; ny; is the initial beam density. :

For the reactor conditions of [3] (in which the energy W of the deuterons equals800kev, d =1 m, j
=4.10"% A/cm?), the ratio d/ rg; equals 0.18. In the absence of external fields the beam is initially parallel,
but after passing through a distance of about 5.5d it increases its width by a factor of 1.5 under the influence of
its own space charge. According to the results of a quantitative experiment, the efficiency of the Post sys-
tem [2] with an alternating-deflecting field is in this case 70-75%.

_ If the deflecting field is made steady, in the same way as the retarding field, the particles retain the
energy W, of their motion perpendicular to the total electrostatic field vector E along their whole trajec-
tory, which makes the flow of particles more "rigid" and easy to control than using an alternating-deflect-
ing field, when the particles in the flow almost completely lose their "memory" regarding the initial parts
of their trajectory.

In the next section we shall present the results of a computer experiment involving the calculation of
ion trajectories in a system of tapered diaphragms (proposed in [4]) under conditions in which the space
charge exerts a substantial influence, The nature and results of the corresponding physical experiment are
presented in the second section.

Calculation of the System Allowing for the Effects of Space Charge. The efficiency of the direct con~
version of charged-particle energy in a system of tapered diaphragms was calculated and measured in [4]
for a rarefied beam.

Let us now present some additional theoretical estimates. We note that if the angle of entry into the
electric field 7 — « is optimized for particles with a slowing down length corresponding to an energy W, and
€min = & it will no longer be optimum for particles with other energies, and the relative losses € suf-
fered by particles with a longitudinal energy W will be determined as follows in terms of W, Wy, and g,
as in Eqs. (3)-(5) in [4]): ’

e (eo, Wi W)= 3 (1-+WH/W?). | &

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 969-974, December, 1972. Original ar-
ticle submitted July 6, 1972.

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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Fig. 1. Recuperation efficiency as a function of d/rg;: 1) uniform parallel
beam; 2) 6L =0; 3) 6L =0.2.%; 4) 0L =0.5.%; 5) 6L = £; 6) system optimized
for operation with small d/ rd; 6L = 0.2.%£; 7) system optimized for opera-
tion with large d/rdi, 6L =0.22.

If we take Wy = (3/4)Wy 0y Wax is the maximum energy of the particles in the beam), for ener-
gies (1/2)Wax and Wy,a the relative losses will be 1.63 € and 0.78 €. The system is not optimum for
the particles with W = W5, because by appropriately selecting the incident angle o while retaining the
length of the system £ a value of £ = 0.71 £; might be obtained for these.

Let us estimate the effect of space charge on the efficiency n =1 — €. A single~-energy parallel
plane beam with an initial velocity v,, width d, and density n is completely retarded in a uniform retarding
field with a slowing down length A in a time t = 2A/v, the final thickness being related to the original by

w2 M
4neln ’ (2)
Hence the spread Ax in the vertices of the extreme ion trajectories relative to the central trajectory
2
in a system of tapered diaphragms will be approximately equal to -;— (14——22—) -+ A0, where g is the initial
d .

200 =d(1 +20r3), 13, =

angle of divergence of the beam. By analogy with [4] we may estimate tan? aopt and Eyin as follows (al-
lowing for the recuperation of the transverse energy W )

thOLopt= 51; l//-% (% (l + ?;{:2 ) -LA0;
emin~ /76 ] | 5 (u-"igj )+0]. o

where €, is the efficiency of recuperation of the transverse energy; v is a coefficient depending on the
initial distribution of the particles over the beam cross section ny(x) (x = 0 is the center of the beam):

d/2
{ a%ng () dz
4 —ae (4
FC
{ ng(z)dr
~df2

L

In the case of a uniform distribution of particles over the cross section of a plane beam » ~ 1/ 3,

for a circular beam w =~ 0.27, for a plane beam with ny(x) ~ x|, 1/2, for n(,(x)~1—2—’dﬂ xz% .
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TABLE 1. Positions of the Centers of the Focusing Intervals

First system Second system Third system
Parameters _ .. d b d o d
ey =0,02; 7?=OAM6 &, =10,02; ngoms e, ="0.4; 7;=03
’ |
8L/ 0 0,2 0,5 1 0 0,2 0,5 1 0- 0,2 0,5 1
Wmax 0,50 0,80 1,15 1,40 0,55 0,75 1,05 1,45 0,45 0,70 0,90 1,25
3/4Wmax 0,45 0,65 1,05 1,35 0,50 0,70 0,95 1,30 0,35 0,60 0,85 1,15
1/,Wmax 0,35 1,30 — — 0,40 0,55 _— R 0,30 0,60 — —

The quantity €,,;, is determined from Eq. (3) as a function of A/ rd; (fixéd ratio d/ rg;) and has a
minimum

o= V7 (Y1) e

7
\ di

on satisfying the conditions

J’L_—V—__O 706 tg? Gopt = 5 l/ 1/§d —1—9) “

r r
d; LA d;

Thus the geometry of the doubly-optimized system (slowing down length A and field slope o) is .de-
termined by the parameters of the entrance beam rd;» %, d, 6, and the efficiency depends on the dimension-
less parameters d/ g, %, 6.

It follows from conditions (5) and (6) that the focusing of the beam at the end of the slowing down length
(6 =—d/ 2) should lead to a rise in 7 and that for a uniform plane parallel beam « =1/2, 6 =0), even
without recuperation of the transverse energy (¢, =1), the € of the optimum system is determined by the
relation € = 0.815 d/ rqg; (curve 1, Fig. 1).

In order to elucidate the possibility of increasing n by using' preliminary focusing of the beam, we
carried out a computer calculation of the ion trajectories in the system.

The space-charge field was simulated as being equivalent to the field of a charge uniformly dis-
tributed within the beam over each cross section of the latter. On passing from section to section, the
_ charge varied in accordance with the beam cross section and particle velocity. The beam boundaries were
found by successive approximations (three of these were sufficient).

For particles of three different energies Wmax, (3/4)Wmax, (1/2)Wmax) we calculated three pencils
of trajectories in each case, starting from the edges and from the middle of the initial section. The vec-
tors of the initial velocities of the extreme trajectories of the lateral beams were directed toward the ends
Ly and Ly of the range of focusing 6L on the axis of the beam, and those of the middle trajectories toward
the center of 6L.

The initial velocities of the extreme trajectories of the central beam were directed toward the points
of intersection (most distant from the axis) of the aiming directions for the extreme lateral beams. The
central trajectory was directed along the beam axis.

The boundaries Ly and L, of the focusing range 8L were chosen by successive approximations in such
a way as to give the greatest efficiency n for a specified value of 6L = L, — I;. Curve 2 in Fig. 1 illustrates
the highest possible level of n, for which focusing is required to occur at a single point (5L =0). Curves 3-
5 correspond to a2 0L of 0.2%, 0.5%, 1%. It is assumed that the transverse energy W, is not recuperated
ey =1). :

‘We calculated three specific systems: 1) for £ = 0.02 and d = 0.0346), we used Eq. (6) with n =1/3;
2) the system for £ =0.02 and d = 0.062A was better in the case of 2 strong space-charge effect (for a weak
space-charge effect the focusing interval was smaller in this case than in the first system); 3) the third
system was calculated for a smaller efficiency from the very beginning, in order to increase the reserve
of stability with respect to the space-charge effect; it was similar to the second system in relation to d
/ AE,

The centers of the focusing intervals are indicated for each pair of values (W, 6L) of systems 1, 2, and 3
in Table 1. It follows from this table that, on contracting the interval 6L to zero, correspondingly increas-
ing the space-charge effect to the greatest acceptable level, the focal length contracts to roughtly half the
slowing down length. ,
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Fig. 2. Experimental dependence of the recuperation ef-
ficiency of the energy of 2 beam of Nt jons on the beam
energy for various a: 1) nay = 93%, a =6°20'% 2) ngy
=88%, o =4°50'; 3) Nay = 83%, o = 847"

Each particular arrangement using the focusing principle can only have an efficiency n approaching
the curves corresponding to the highest values of 1 over a fairly narrow range of values of d/ rd; those
to which it is "tuned." Figure 1 shows the efficiency n for two arrangements respectively calculated for
working with small (curve 6) and large (curve 7) values of d/rg;. We see by comparing curves 6 and 7 that
the system with the lower calculated efficiency is much more stable toward fluctuations in space-charge
density, because each particle has a considerable energy W, right up to the point at which it approaches the
focusing diaphragms; this enables it to overcome the repulsive action of the space-charge forces more suc--
cessfully. For the examples calculated we first chose the relation between rg; and A in the form of (6) but
found that for a stronger space-charge effect it was better to take A < rq;/V 2.

We see from Fig. 1 that, even without using recuperation of the transverse énergy, the system of
tapered diaphragms may have n =~ 0.91-0.94 with 6L ~ 0.1-0.24 for the "reactor" value of d/rg; = 0.18.

Description and Results of the Physical Experiment. In order to verify the theoretical considera-
tions just discussed, we calculated a specific model of a direct-conversion system (the geometry of this
system is indicated in [4]) for perfectly specific beam input parameters.

We estimated the effect of the angular deviation of the beam axis from the axis of the system on the
efficiency of the latter. A theoretical estimate gives the following expressmn for the case of a uniform par-
ticle distribution over the cross section of a circular beam:

e (da) A 0.27 4 422 022 ' )

In order to verify this, we made some experiments with a beam of N7 ions having parameters d = 0.1
cm, §=1°, current density j =5-107 A/cm?, and Wy,ax =4 keV.

The geometry of the system and the potential distribution were left as before [4], except for the dia-
phragm D, where the entrance aperture had a diameter of d = 0.1 cm. The construction of the model en-
abled us to rotate the system in a plane perpendicular to the direction of the taper of the diaphragms. The
particle energy varied over the range 1.5-4 keV. The spectrum of the N* ions was monoenergetic; the
beam was modulated at a frequency of 50 cps.

For a weak space-charge effect (determined by the nonoptimum value of the ratio rd;/ A),the opti-
mum angle agpt is determined from (3). For a beam with the parameters just indicated th1s equals agpt
=6°20'. The experimentally-measured curve of retardation efficiency for this angle is shown in Fig. 2
(curve 1). The discrete disposition of these points is attributable to the finite number of diaphragms em-
ployed.

The optimum angle o op = 6°20' was calculated for a system A =15 cm long. For different values of
the slowing down length, i.e., for particles with different initial energies, the optimum angle has different
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Fig. 3. Dependence of the mean efficiency of recuperation on the angle .

Fig. 4 Dependence of the recuperation efficiency on d/ rd;: 1) theoretical re-
lationship for # =0 and A / rg; = 0.7, calculated from Eq. (5); 2) theoretical
relationship for 9 =1° and A/rg. = 3.2, calculated from Eq. (3); 3) experimen-
tal relationship for 6 =1° and A rq; = 3.2.

values. Whereas the optimum condition with eynip = €; is achieved by suitably choosing the angle Qopt

for particles with energy W,, in the case of a rarefied beam, for particles with energy W, the value of

€ is determined from Eq. (1). On the basis of this condition, the average theoretical efficiency in the energy
range 1,564 keV equals 94%. According to the experimental measurements the value was 93%. In order to .
study the critical state of the system with respect to o, we measured the efficiency for various angles (Fig.
2). The relatively low efficiency for angles differing from the optimum value arose from the following cir-
cumstances. For a > aqpt the particle trajectories lie at a small angle to the line of taper of the dia-
phragms, so that particles traveling quite close together fall on diaphragms spaced a long way apart from
each other. Hence the currents of particles with one particular energy are distributed over four or five
diaphragms at once, which reduces the direct conversion efficiency. For ¢ > aopt the system has a high
efficiency at high energies and correspondingly a low efficiency at low energies, as may readily be under-
stood from the geometry of the particle trajectories. The low efficiency for o < o opt may be explained in
a similar manner.

It follows from Eq. (7) that the angular deviation of the beam axis from the axis of the system in'the
X, y plane (the x coordinate is perpendicular to the beam axis, the y coordinate lies along it) by an amount
6a leads to an increase in the value of ». The theoretically-expected efficiency, allowing for the change in
®, was 89% for a =8°47' and 91% for o =4°50". ' ‘

Figure 3 shows the manner in which the mean recuperation efficiency depends on the angle of entry of
the beam into the system. We see that a slight deviation of o from the optimum value (6 ~ 3°) reduces the -
efficiency to 80%. However, if we consider a beam with a divergence of 6 =~ 6° and a weak space-charge
effect, this is retarded with an efficiency greater than 80%, since most of the ions lie in the central part of
the flow. Thus the divergence of the beam is less dangerous than the deviation of the entrance angle from
its optimum value. ' '

As already indicated, in the presence of space charge Eq. (3) has a2 minimum at A/ rg; =0.7. ¥ A/ rg;
> 0.7, the slowing down time of the particle in the system increases, and hence so does the broadening
of the beam under the influence of the space charge.

Our experimental investigation into the manner in which the efficiency of the installation varied with
space charge involved the effects of both d/ rg; and A/rd; (Fig. 4). We see that, for reasonably small ratios
d/ rg; = 0.06, the dominant role in determining the conversion efficiency is played by the deviation of the
slowing-down length from optimum, whereas a change of 0.014-0.06 in d/ rg; produces only a slight change
in the efficiency @-5%).

We may draw the following conclusions from the foregoing discussion:

1. The state of a single-component beam before entering the recuperation system may reasonably
be described by three-dimensionless parameters. The ratio d/ rg; of the width of the beam d to the
Debye radius rq;, calculated from the initial velocity and density of the ions, describes the in-
fluence of space charge. The angular spread of the initial velocities of the ions in radians 8 at
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each point of the initial cross section of the beam characterizes the possibility of increasing the
recuperation efficiency by virtue of preliminary focusing. The ratio of the minimum energy of
the particles to the maximum Wi/ Wpax (energy spread of the beam particles) determines
the construction of the recuperator (whether it is to be in the form of 2 Faraday cylinder or a
system of diaphragms).

2. The reactor conditions estimated earlier by R. Post correspond to d/ rd; ~0.18; Wmin/ Wmax
= 1/2. Theefficiency of a system of tapered diaphragms, allowing for the possible recuperation of the
transverse energy and preliminary focusing, is then 90-95%, according to theoretical estimates
(computer experiment).

3. The experimentally-measured efficiency of direct conversion for ion beams of small aperture
@ =0.3 cm, @ =2°) subject to a weak space-charge effect (d/rg; = 0.014) was 96% [4].

4. We have examined the effect of space charge in a system of tapered diaphragms over the range
da/ rg; =0.014-0.06. Even for a nonoptimal choice of system parameters, the efficiency n equalled
85% in the region of greatest space-charge influence.
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RADIOACTIVE DETERMINATION OF IRON, COBALT,
ZINC, SCANDIUM, CESIUM, AND ANTIMONY IN
SOILS AND PLANTS
R. Rustamov, I. I. Orestova, UDC 621.039.8:543.7

Sh. Khatamov, A, A. Kist,
and R. Ya. Tushkova

The possibilities of instrumental activation analysis in b1ologlca1 soil studies were demonstrated,
for example, in [1-3]. . “

It is known that through thermal neutron activation of soil and plant samples, activities of more than
200 isotopes are induced in them which differ in the nature and energy of the radiation, in half-life and
activity. In prineciple, simultaneous determination of a large number of isotopes immediately after ac-
tivation is possible. Such 2 method is used comparatively rarely in practice and the analysis is carried ‘
out over a definite time span (activation time and lapse time) which makes it possible to increase the sen-
sitivity and reliability of the analysis at the cost of an insignificant reduction in the number of simul- |
taneously determined elements. From a practical viewpoint, it is advantageous to carry out the deter-
mination with respect to medium- and long-lived isotopes in developing techniques suitable for use in pro-
duction-line analyses. . ‘

The purpose of this paper is to discuss the possibilities of soil and plant analysis for long-lived iso-
topes after the decay of the short- and medium-lived radioactive isotopes (sodium, potassium, manganese,
etc.), which create considerable difficulty in the determination of other elements because of their high ac-
tivity. A Ge(Li) detector with a volume of 7.3 cm® was used in conjunction with an amplifier assembly and
a 1024-channel pulse height analyzer. Soil and plant samples weighing 200 and 500 mg, respectively, were
irradiated along with standards in a flux of 103 n/cm? . sec for 20 h. After lapse times of 15 and 30 days,
measurements of the y-ray spectra were started after first calibrating the equipment by means of emit-
ters with radiations of known energy.

Figure 1 shows a typical y~ray spectrum of 2 soil sample in the range 603-1408 keV, where lines
from the isotopes Sb'?4, Cs'®, Mn®, Sc%, Zn®, Fe®®, Co®’, and Eul®® predominate. Spectra from plant
samples were similar, For a shorter sample "cooling" time, a sharp line from the isotope Rb®® is observed
in the spectra.

To separate unresolved peaks, ratios of the photopeaks in the standards were calculated and partial
intensities computed by successive subtraction of normalized spectra. :

Because the calculation of the height of the photopeak from radioactive zinc at 1115 keV is performed
by subtraction from the total photopeak at 1115 + 1120 keV and because of the high ratio of scandium ac-
tivity to zinc activity (10 — 1), we carried out a radiochemical analysis. The following technique was de-
veloped for this purpose: after activation, the samples were dissolved in a mixture of fluoric and sulfuric
acids in the presence of a zinc carrier (5 mg). After decomposition of the samples, the solution was heated
until the evolution of sulfur anhydride vapor stopped. The residue was dissolved in concentrated hydro-
chloric acid. Sodium citrate was added as a masking agent to prevent the extraction of iron. The zinc was
extracted by dithiozon (diphenylthiocarbazone) in carbon tetrachloride from a weakly alkaline medium at a
pH 8.3-9.3 [4]. An aliquot of the organic phase was activated again after measurement and then measured

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 975-977, December, 1972, Or1g1nal
article submitted Aprll 17, 1972, .

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
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TABLE 1. Activation Determination of Zinc

(in mg/kg)

" Sample

Instrumental
determination

Determination
by radiochemical’
separation

Nt
Soil Ne 2
Ne 3

60,0+£6,0
100,0+-10,0,
122,0412,2

56,5+3,0
94,545,0
118,046,0

M kev Fe

7297 ev. Fe ¥

509 /l

2000 ¢

Cotton) N1

7
plant Ne 2 8
Ne 3 12

140
640
8+1

W H
ww~a
BN OO

) ) 6,5+0,
) , 9,00,
) ) 13,00,

50 700

Counts per channel
<
889 vev
Se 45

TMokev
775

to determine the chemical yield, which was 60-80%. The k
factor for removal of scandium from zinc was greater than.
100. Figure 2 shows y-ray spectra for the separated
phases. As is clear from the figure, the efficiency of

this method was completely satisfactory.

7352 kev

1500 ¢

1175 kev G0

T120keVScte

1000 ¢

500 ¢ The content of the elements specified was calculated
by a comparison of photopeak areas in standards and
samples. Analysis using an NaI(Tl) detector in accordance
with a previously developed technique [5] was carried out
for the comparison. Table 1 gives the results of the com- °
parison of the deter mination of zinc by the instrumental
method and by using radiochemical separation from scandium.'
As is clear from the table, the method of determination
was completely satisfactory from the viewpoint of accuracy and simplicity of execution. Because of the use
of the most intense lines [6], the method does not require extended times of measurement even when using
comparatively small-volume semiconductor detectors.

0 . 7k 00
Channel number
Fig. 2. y-Spectra in (@) water and (b) or-
ganic phase (typical sierozem).

The calculated sensitivity was 4 -1077 g/g for the determination of cobalt, 81077 g/g for scandium,
2:107% g/g for antimony, 1.4-10-% g/g for cesium, 4 107 g/g for iron, 5-107° g/g for zinc with the in-
strumental method and 5-1077 g/g for radiochemical separation, and 6-1071 g/g for europium.

The method was used for the determination of elemental composition of soil and plants from Uzbeki-
stan. Samples were collected during the month of July in the Samarkand region. The purpose of the study
was a more precise determination of the degree of depletion of soii microelements under extended use in
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TABLE 2. Elemental Concentratlons in Sierozem (in

mg/ kg)
Sierozem, irrigated .
Micro- for more than 20 years Newly developed sierozem|
element - -
soil cotton plant soil | cotton plant

Iron- 2870140 197+9,7 3006150 270+13,5
Cobalt 5,924-0,60 0,53-+0,06 |11,4-t1,14 { 0,974-0,09
Zinc 107421 8,641,7 122+4-24,4 | 12,84-2,5
Scandium  }7,09+0,36 [0,61+0,03 [14,3+0,71 | 1,07+0,06
Cesium 2,73+0,27 (0,26+0,03 |11,8+0,12 | 0,76+0,08
Antimony  [1,824-0,27 10,25+0,04 ]3,54+0,52 | 0,5240,08

Europium  [0,01-£0,0005(0,008--0,0004 0,03;1:0,0015.0,00710,'00(}3

connection with theincreased frequency of appearance of verticillium wilt on cotton plants in long irrigated
fields in comparison with newly developed fields. :

The results are shown in Table 2. As is clear, the old, irrigated soils are distinguished by a con-
siderably reduced microelement content in plants and soils, which may be the background favoring the in-
creased frequency of appearance of verticillium wilt. If one compares the content of each element in soils
and plants, one can note a linear relationship between them. In our opinion, this is evidence that the varia-
tion of soil composition for all elements lies in a range proportional to storage of these elements by plants.

The material presented is evidence of the reliability of a simultaneous determination of a'large
number of elements in a single small sample. . The method described above can be supplemented by methods
for medium- and short-lived isotopes, which make it possible, in principle, to expand considerably the
number of simultaneously determined elements.
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ORIGIN OF TRACKS OF FISSION PRODUCTS
IN LEAD GLASSES

G. N. Flerov, V. P. Perelygin, UDC 546.799:539.1.074.5
and O. Otgonsurén :

The possible existence of a new group of relatively stable, superheavy transuranium elements has
received attention from many researchers, both theoreticians and experimentalists. But experiments on
the synthesis of, and the search for, heavy transuranium elements in samples found in nature and in
primary cosmic radiation have not yet resulted in unambiguous conclusions concerning the existence of a
new stable group with atomic numbers close to Z =114 (or 126). The theoretical and experimental in-
vestigations of the problem have been reviewed in detail in [1-3]. ’

The aim of the present work is to establish the origin of tracks of heavy, charged particles, which
were found in 1968 when we etched lead glass for shielding purposes and 19th century crystal glass [4].
Similar results were obtained in [5] where samples containing bismuth, tungsten, and mercury were
examined, along with a large number of lead glasses. The observed effect in several samples of lead
glasses corresponded to 2-10 fissions/g lead/yr. '

Control experiments in which activation analysis was used [4-6] have shown that spontaneous fission
of uranium traces contained in the glasses could account for at most 5% of the observed number of tracks.
The background originating from the fission of thorium contained in these glasses (=107% g/g [4]) was
negligibly small. Estimates of the contribution of the nucleon component of the cosmic radiation to the fis-
sion of lead nuclei [4] gave values of less than 2 fissions/g lead/yr.

These estimates were based on the extrapolation of the results of tests concerning the determination
of the fission probability of bismuth and thorium nuclei at altitudes of 13-20 km and of 2bout 4 km (Pamyr)
[7]. The estimates were also based on fission probability data of thorium at sea level, which were obtained
for the latitude of Moscow [8]. In quantitative estimates, the fact that the cross section of lead-nuclei
fission by fast neutrons is at least two times smaller than the cross section of bismuth fission in the energy.
range up to 200 MeV [9] was taken into account. Furthermore, it was borne in mind that the nucleon com-
ponent is absorbed by floors and walls of buildings. Apart from this, the assumption was that the spec-
trum of the nucleon component, which penetrated into the atmosphere and reached sea level, is shifted to-
ward lower energies [7] and that in the transition from the 38° latitude (Pamyr) to higher latitudes, the in-
tensity of the neutron component at sea level remains practically constant [10].

Based on the estimates, the conclusion of [4] was that the background produced by the cosmic radia-
tion forms only a fraction of the effect detected in lead glasses, though "due to lack of direct experimental
evidence of the fission of lead by cosmic-ray particles at sea level, the effect cannot be completely ruled
out at the present time™ [4]. Apparently, this result was independently confirmed in tests with large pro-
portional counters in which two to four fissions/g lead/yr were obtained with lead glasses {11]. On the
other hand, in experiments with counters loaded with the isolated Pb?® 1ead isotope, a total of four pulses
were recorded during a 160-day exposure, which corresponds to about 0.5 fissions/g/yr.

The results of [4, 5, 11] were not reliably confirmed in experiments in which spontaneous fission
events were detected with the aid of He® neutron detectors [2]. The experiments were made under ground
at a depth of about 400 m, which eliminated the contribution of the fission-inducing component of cosmic
radiation,

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 979-984, December, 1972. Original ar-
ticle submitted June 14, 1972. .

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. Al rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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It was established in these experiments that the number of double and triple coincidences of pulses
produced by neutrons is several 10 times smaller for the lead fraction of complex ore and lead glass than
could be expected from the assumption that the average number v of instantaneous neutron-induced fis-
sions of an unknown, spontaneously decaying atom amounts to 5-10. According to the estimates of [2],
the effect which has been previously observed in these samples can be explained by spontaneous fission
of superheavy nuclei, provided that the average number of instantaneous neutrons is assumed to be v = 1.5,
which is very unhkely

It was therefore necessary to make checks in which other methods of recordmg products of nuclear
fission were employed.

Control Experiments with Direct Determination of

Products Resulting from Spontaneous Fission in

Lead Glasses

Two samples of x-ray shielding glasses, for which the previously observed effect corresponded to
7 +2and4 £ 1.5 fissions/ g lead/yr [4, 5], were selected for control experiments.

Since the known techniques of recording rare fission events of nuclei are either very laborious [12]
or do not allow unambiguous identification of the fission products of nuclei [13], we developed a special
low-background techmque which is based on recording coincidences of fission tracks in two layers of
polymer foil.

The samples were ground to a fine powder in a ball mill.. The powder was then applied to a Lavsan
foil (layer thickness about 2 mg/ cm?) which also served as the detector of the fission products. Two thin
plastic foils were directly applied to the sample. The plastic foil in contact with the sample had a thick-
ness of about 6 4, which is much less than the average range of fission products in the plastic material
(range amounting to 16-18 u); the second layer had a thickness of about 70 y. The foil with the sample
under inspection covered an area between 1 and 4 m?, exposure time ~100 days,

Experiments on the recording of spontaneous nuclear fission in lead glasses were made under ground
at a depth of 30 m, which, according to the data of [14], reduced the background produced by cosmic radia-
tion at least 100 times.

After the exposure, the plastic detectors were placed in a 25% NaOH solution; the etching lasted for
40-50 h at a temperature of 20°C. Spark-induced breakdown of the thin plastic foil was used as an indicator
in the search for tracks of fission products. The plastic foil for this purpose was placed on a polished ‘
metal surface and covered with an aluminum foil. A potential difference of 500-900 V was maintained be-
tween the metal surfaces.

Breakdown occurred along transverse openings which had been produced by etching the tracks of
fission products. Since etching of surface defects on Lavsan leads also to the breakdown of the thin plastic
film, the second layer was examined in the region close to the breakdown point, in order to obtain an un-
ambiguous identification of the tracks of fission products. The number of background events was less
than two to four/ dm?, and the above method made it possibie to accelerate the search for rare events of
nuclear fission several hundred times over the usual microscopic scanning of the area of the foils. "

On 6 m? foil exposed with lead glass, the coincidence method revealed three fission products in place
of 25 nuclear fission products which could be anticipated from the measured density of heavy-product
tracks in the glasses. According to calculations, the background produced by spontaneous fission of uranium
traces contained in the protective lead glasses must account for one or two tracks. This detail implies
that the effect observed in lead glasses may possibly not be explained by spontaneous fission of remote
transuranium elements,

Additional careful analyses of the possible reasons for the background in the glasses were required.

Origin of Tracks of Heavy Particles Detected in

Lead Glasses

Apart from the fission of uranium and thorium nuclei, spontaneous fission of technogenic isotopes
of transuranium elements, viz., plutonium, curium, and californium, may be one of the sources of the
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Fig. 1 . ' Fig. 2
Fig. 1. Dependence of the diameters of tracks upon the ionization produced by Ne?2, p%,

C1%, Ar#?, and Zn*ions and by-productsof Cm?24 fission; various glasses: O) silicate glass;
A) 19th century crystal glass; x) shielding lead glass; ®) synthetic glass.

Fig. 2. Tracks of zinc and sulfur ions on silicate glass.

background in glasses. The concentration of admixtures undergoing spontaneous fission in the samples
under consideration determines the upper sensitivity limit of the detection method used for remote trans-
uranium elements, when the excess track density of fission products is considered [15]. The contribution

of spontaneous fission of uranium can be determined by measuring the uranium concentration (e.g., by
activation analysis [6]), yet elimination of the background produced by spontaneous fission of californium and
curium isotopes requires additional analysis [16]. In fact, when very small effects are to be detected, Cm%4
concentrations of up to 1071 g/g and Cf?52 concentrations of up to 10720 g/g may become important.

For our work we used samples in the form of monolithic beams of lead glass which had been manu-
factured before the spontaneously decaying technogenic nuclei appeared. The etching procedure used made
it possible to detect tracks of fission products in the bulk of the glass. The experiments impose certain
conditions on the purity of the etching solutions. However, simple estimates show that dangerous concen-
trations of curium and californium in hydrofluoric acid or in NaOH amount to 10~% and 10~!2 g/g, respec-
tively, in the case of 20 min etching. This contamination of the chemical agents can be ruled out completely.

Neutrons and protons generated in the atmosphere by primary cosmic radiation may be another source
of background tracks in lead glasses.

The interaction of the nucleon component with the nuclei of elements forming part of the glass com-
position leads, firstly, to the formation of fast, heavy products which can lead to the appearance of back-
ground tracks imitating the tracks of fission products; secondly, these particles may induce fission of the
nuclei of heavy elements (lead, bismuth, and thallium), when these elements are components of the glass.

In order to take these effects into consideration, the storage conditions of the lead glass samples must
be accurately known.

For the purpose of determining the sensitivity to heavy particles, lead and silicate glass samples
were irradiated perpendicularly to the surface with Ne*?, P, 5%, Ar%0, and Zn® ions and with products
of the fission of Cm?. The energy of the bombarding particles was varied within wide limits. The sam-
ples were developed under identical conditions and thereafter, the diameters of the tracks produced by
the bombarding particles were measured. The results of the measurements are depicted in Fig. 1. From
Fig. 1 it can be seen that the various glasses are characterized by different recording thresholds for
charged particles. The curves of Fig. 1 end ina plateau in the region of the specific ionization produced
by zinc ions. When the ionization increases further, the diameters of the developed tracks cease expanding.
This fact indicates saturation in the zone of defects produced by strongly ionizing particles in glasses.

It follows from Fig. 1 that silicate glass can record ions beginning from the Ne?? jon. . Even the tracks
produced by sulfur ions differ considerably in their dimensions from the tracks of zinc ions (Fig. 2). A
similar pattern was observed in crystal glass made during the beginning of the 19th century and in the x-ray
shielding glass, but when the lead concentration increased, the detection threshold was shifted toward in-
creased specific energy losses of the bombarding particles (see Fig. 1). Samples of synthetic glass, in
which the track diameters produced by zinc ions were much smaller than the track diameters produced by
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Fig. 3. Energy dependencies of the corss section of proton-induced fission of
Pb*™, Pb?®¢, and Pb*® nuclei of natural lead and of bismuth. , , 4) denote
the data of [16] for proton energies of 49.6 MeV; ®) data of [9].

Fig. 4. a) Distribution of the diameters of tracks of the fission of U?% by ther-
mal neutrons; b) distribution of the diameters of tracks of lead fission by pro-
tons with an energy of 120 MeV; x-ray shielding glass.

fission products, had the lowest sensitivity. It follows from Fig. 1 that the tracks of heavy products up to
argon ions are characterized by diameters much smaller than that of fission products in lead glasses.

According to [17], the cross section of the formation of products with Z = 18 is less than 10727 cm?
in the interaction between 5.5 GeV protons and uranium.

Since the main fraction of the secondary nucleons produced by cosmic radiation at sea level has an
energy of at most several hundred MeV, the probability of forming nuclei with Z = 18 is much smaller
than the corresponding probability at the energy 5.5 GeV and, evidently, the background produced by heavy
products in glasses can be ignored.

Let us consider the available information on the fission of heavy nuclei by the nucleon component of
cosmic radiation. According to the results of (7, 14, 18], this component consists of 85-90% of neutrons.
The neutron spectrum is characterized by an exponential decrease in the energy region 10-10* MeV [18].

Since information on the fission of lead by cosmic particles at sea level is not available, data on the
fission of bismuth by these particles were used. According to {18], the probability of bismuth fission .
on the geomagnetic latitude A = 44° N (USA) amounts to 22 fissions/ g/yr. Extrapolation of the results ob-
tained at the latitude of the Pamyr [7] prov1des the following value at the latitude of Moscow: about nine
fissions/g of bismuth/yr.

The results of a calculation of the fission rate of lead nuclei split by nucleons of the cosmic radia-
tion at sea level have been compiled in [14]. The geomagnetic latitude for which the calculations were made
was not stated. According to [14], the rate of lead fission by the nucleon component amounts to 10 12 fis-
sions/g/yr.

Based on the energy spectrum of the neutrons of the cosmic radiation, the conclusion is that nucleons
in the energy range beginning at the fission threshold of lead (40-50 MeV) up to several hundred MeV give
the main contribution to the fission of lead nuclei. According to the literature data, the cross section of
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lead fission by fast neutrons in this energy range is two to three times smaller than that of bismuth [19].
Accurate figures for the cross section of the fission of lead and its isotopes are not available in this energy
interval. We can only assume for the double magic Pb?® nucleus exposed in a proportional counter that

the cross section of fission by fast particles is much smaller than in the other lead isotopes.

We have made experiments in order to determine the cross section of proton-induced fission of lead
and the lead isotopes Pb?®, Pb2% and Pb?®, and of bismuth in the proton energy range 60-160 MeV. PbSO,
‘targets with a thickness of 10 mg/ cm? were used in the experiments; the thickness of the targets was much
greater than the range of fission products. Thin mica sheets were used as detectors. The proton beam was
monitored with the aid of calibrated uranium samples. The experiment was made with the outside proton
beam of the synchrocyclotron of the Laboratory of Nuclear Problems. Figure 3 shows the dependence of the
fission cross sections of lead and its isotopes on the energy of the bombarding particles. The errors (+15%)
which were made in the measurements of the absolute values result primarily from the inaccuracy with
which the effective layer Regf of the material (PbSO,) was determined [6]. The statistical error amounted to
+4% for each point. The data displayed in Fig. 3 for the fission cross sections of Pb*% and Pb2® are in good
agreement with the fission cross sections obtained for these isotopes at the proton energy 49.6 MeV (see
[20]). Thus, taking into account the form of the spectrum of the nucleon component of the cosmic radiation
[18], it is safe to say that the fission of lead by nucleons with energies of 50~200 MeV provides the major
contribution to the observed effect.

Moreover, we can draw the conclusion that the probability of fission of the Pb?® isotope by protons
is approximately 1.5 to 2 times smaller than the fission probability of natural lead nuclei.

Since it is impossible to make sufficiently reliable quantitative estimates, direct experiments were
made to determine the probability of lead fission by cosmic particles (A = 56° N).

To this end, several square meters of lead foil with the natural isotope composition were placed in
contact with double layers of detector foils. The foils were thereafter exposed for 92 days, without an
absorber, under the open sky. Thirty-six tracks of products resulting from the fission of lead by fast neu-
trons were recorded per m? of the foil surface. Taking into account the efficiently working layer [6], the
probability of lead-nuclei fission amounted to 15 * 4 fissions/g/yr, which corresponds to the apparent
spontaneous fission period of natural lead about 1.4 -10?° yr). On the same foil area, which was in contact
with lead in the region of proportional counters (first floor of a two-story building, ceiling thickness about
160 g/ cm?) five fission products were recorded during the same time, which corresponds to approximately
two fissions/g lead/yr. ‘

Fission of lead nuclei by nucleons of cosmic radiation can also be used to explain the effect which
was observed in the first experiments with Lavsan exposed, while in contact with a lead layer, for 100 days
under ground [4]. As a matter of fact, underground exposures were made before the arrangement was
mounted and brought to the storage area; the sample was returned and disassembled after exposure. The
sample was then in a building, the thickness of the concrete ceiling of which was less than 30 cm.

Since the entire operation took less than 3 days, the fission of lead nuclei during manipulation caused
an observable effect of 1.0 + 0.5 fissions/g/yr.

We attempted to discriminate the tracks of products resulting from the fission of lead nuclei by fast
protons (120-160 MeV) from the tracks resulting from the fission of uranium by neutrons. The distribu-
tions of the track diameters of fission products were measured in these experiments performed with 19th
century crystal glass and with samples of shielding glass.

As can be inferred from Fig. 4, the diameter distributions of the tracks of products obtained by
fission of lead by fast protons and of uranium by neutrons are similar.

According to a private communication of A. L. Fleischer (USA), the recoil effect obtained in the
interaction of fast protons with lead nuclei must result in typical V-shaped tracks of fission products in
glasses. However, our determination of the form of tracks in lead glass irradiated with 120 MeV protons
parallel to the glass surface has shown that recoils in the form of V-shaped tracks are observed in less
than 4% of the cases. Thus, we can conclude that tracks of products produced by the fission of lead by fast
nucleons are not distinguished in diameter or form from the tracks of fission products of heavier nuclei.

CONCLUSIONS

It was previously shown [4, 5] that tracks of fission products which could not originate from the
fission of uranium or thorium nuclei are present in certain samples of old lead glasses. The hypothesis
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of spontaneous fission of nuclei of unknown superheavy elements is one of the possible explanations of this
effect. ‘

The additional experiments concerning the analysis of possible reasons for the appearance of back-
. ground tracks have shown that a few possible sources of background tracks can be disregarded. How-
ever, it was established that fission of lead nuclei by fast nucleons of the cosmic radiation may fully ac-
count for the observed effect, provided thatthe glasses were located far from walls and in buildings with a
concerte ceiling of less than 10 cm thickness, i.e., a thickness which does not render adequate shielding
from cosmic radiation.

Since the storage conditions of the lead glasses which we examined were unknown, the previcusly
obtained result is only an indirect proof of the existence of a long-lived spontaneously decaying nuclide in
nature.

The glasses which contain lead or other heavy elements can be used for detection purposes only’
when the glasses are known to have been stored under a thick cover layer (d = 200-300 g/ cm?) since their
manufacture.

It. was established that in glasses which are free of heavy elements, the cosmic radiation does not
create a background imitating tracks of fission products. This fact makes it possible to use a large number
of synthetic and natural glasses for the future search for remote transuranium elements.

Our technique of searching for rare nuclear fission events by way of observing coincidences of tracks
of products in plastic foil layers allows recordings of the effect at levels as low as 0.1-0.2 fissions/yr.

In conclusion, the authors express their sincere gratitude to G. M. Ter-Akop'yan, N. K. Skobelev,
and A. G. Popenko for their continued help in the present work and for useful discussions, and to V. L
Kudryavtsev, G. S. Khodakov, and A. G. Pil'kov for their assistance in adopting comminution techniques
for solids and application of thin homogeneous layers to Lavsan substrates. The authors are also indebted
to L. V. Dzholos, A. V. Sergeev, K. I. Merkin, and T. I. Rybakov who participated in the development of
the coincidence method and took care of the evaluation and scanning of the numerous glass and foil samples.

LITERATURE CITED

1. G. N. Flerov, Reports of the International Conference on the Physics of Heavy Ions (Dubna, Feb-
ruary, 1971) [in Russian], Izd, OIYal, Dubna (1971), p. 43. '

2. G. N. Flerov et al., Reports of the International Conference on the Physics of Heavy Ions (Dubna,
February, 1971) [in Russian], Izd. OIYal, Dubna (1971), p. 61.

3. G. N..Flerovand I. Zvara, Communication of the Joint Institute of Nuclear Research [in Russian],
D7-6013, Dubna (1971).

4. G. N. Flerov and V. P. Perelygin, At. Energ 26, 520 (1969).

5. E. Tses'lyak, Communication of the Joint Institute of Nuclear Research [in Russian], R15-4738,
Dubna (1969).

6 Kh. Abdullaev et al., Pribory i Tekh. Eksperim., No. 2, 78 (1968).

7. G. N. Flerov et al.,, Zh. Eksperim. Teor. Fiz., 36, 727 (1959).

8. G. N. Flerov et al., Dokl. Akad. Nauk SSSR, 118, 69 (1958).

9 V. A. Kon'shin, E. S. Matusevich, and V. I I_{Egushevsku Yadernaya Fizika, 2, 682 (1965).

0 M. Kodama, J. Phys. Soc. Japan, 17, Suppl. A-11, 441 (1962).

1 G. N. Flerov et al.,, Communicationof the Joint Inst1tut_e of Nuclear Research [in Russian}], D6-

4554, Dubna (1969).

12. A, Kapustsik et al.,” Pribory i Tekh, Eksperim., No. 1, 43 (1968).

13. N. Lark, Nucl. Instr. Meth., 67, 137 (1969).

14. G. V. Gorshkov, V. A, Zyabkin, and R. M. Yakovlev, Yadernaya Fizika, 13, 491 (1971).

15. 0. Otgonsuren et al., Communication of the Joint Institute of Nuclear Research [in Russian], R7-
5814, Dubna (1971).

16. A, Marinov, Rutherford Laboratory Preprint, RPP/NS/7 (1971).

17. A. Poskanzer, Phys. Rev., C3, 882 (1971).

18. N. Hess et al., Phys. Rev., He, 445 (1959).

19. V. L Gol'danskii, V. S. Pentkina, and E. Z. Tarumov, Zh. Eksperim. Teor. Fiz., 29, 778 (1965).

20. Cnodai-Joopari, Report UCRL-16489 (1966). —

1149

Declassified and Approved For Release 2013/02/27 : CIA-RDP10-02196R000300110006-4 \ [



Declassified and Approved For Release 2013/02/27 : CIA-RDP10-02196R0003001 10006-4
ABSTRACTS

NONASYMPTOTIC NEUTRON SPECTRUM IN A
TWO-COMPONENT MEDIUM WITH ENERGY-DEPENDENT
CROSS SECTIONS '

A, P. Platonov and A. A, Luk'yanov ' UDC 621.039.51.12
In treating the resonance absorption of neutrons in infinite homogeneous media the energy structure

of the neutron flux is ordinarily determined by the asymptotic solution of the neutron slowing-down equa-
tion [1]:

5

Y R | Tk ) fe—u)de +8(w),

i=1

where ¥ (u) is the neutron collision density; h;(u) is the relative probability of neutron scattering from the
i-th kind of nuclei of the medium; ;) = @je~¥ is the neutron energy distribution function for elastic scat-
tering; o = (A + 1)2/4Ai; A; is the atomic number of the i-th nucleus; and q; =21n (A; +1)/(Aj - 1).

In 2 number of problems of neutron slowing-down theory, however, it is necessary to take into ac-
count nonasymptotic (Placzek) oscillations of the neutron collision density which can occur in a mixture

]
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Fig. 1. Placzek function ¥ for a mixture of hydrogen and heavy nuclei
for £,, =0.1, 1.0, and 10; b =2 and 1/2.

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 985-986, December, 1972. Original
abstract submitted February 10, 1972. ‘
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of light and heavy nuclei. An exact calculation of the Placzek function is made by using an algorithm for
the solution of the slowing-down equation in a multicomponent medium without any assumptions about the
character of the energy dependence of the cross sections of the elements. This algorithm is based on the
reduction of the integral slowing-down equation with a monoenergetic source, whose solution has dis-
continuities of the first kind [2], to a differential equation with a retarded argument whose solution has
discontinuities at these same points on the energy axis, and the use of familiar numerical methods, such
as the Adams method, for solving the differential equation.

This algorithm allowed us to determine correctly the behavior of the neutron collision density close
to the source energy and to calculate the asymptotic behavior of the Placzek function.” As an example we
have examined the main features of the behavior of the Placzek function in a two-component hydrogeneous
medium when the scattering cross section for the heavy component (iron) has the form

_ . o[ T
Os= O'p—l" Oy 81N (-2%—17) y

where b is a parameter to vary the distance in lethargy units between the maxima of the function og

Figure 1 shows the form of the Placzek function for three values of the hydrogen scattering cross
section Zy, and two values of the parameter b. Here o, =4.5b and oy =10 b.

The calculations permit an estimate of the validity of the narrow resonance approximation; for periods
less than the magnitude of the maximum energy loss in elastic scattering from nuclei of the heavy compo-
nent the asymptotic collision density does not depend on energy (e.g., for b =1/2). Obviously the same re-
sult will hold for broad resonances (b > 1), and only for b ~ 1 (intermediate resonances) does the asympto-
tic collision density oscillate periodically with energy, correlated with the energy structure of the cross
section. This effect can be important in calculating the effective resonance integral in individual energy
groups, in averaging the group cross sections, and in analyzing the nuclear temperature effect in a fast
reactor.
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FOURIER SERIES SOLUTIONS OF CERTAIN
HETEROGENEOUS PROBLEMS

S. S. Gorodkov - UDC 621.039.51

Some problems associated with hetérogeneous reactor calculations in the diffusion approximation can
be reduced to the solution of a two-dimensional diffusion equation with an infinite set of §~sources of the
form

—+oo
S 8z — ma) 8 (v — na). _ (1

m, n=—o0

In addition to the problem of the Green's function for an infinite square lattice such problems include the
Green's function for an infinite lattice with triangular and hexagonal cells, or a single rod in an assembly of
rectangular cross section without a reflector.

Translated from Atomnaya Energiya, Vol. 33, No. 6, p. 986, December, 1972. Original abstract
submitted February 11, 1972.
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The solution of the diffusion equation with a source of the form (1) in an infinite moderator can be
written as a double Fourier series. This series diverges logarithmically, however, at the pomts X = ma,
y =na, and this complicates the use of the solution in computer calculations.

This difficulty can be removed by using the function

. 1 1 2nz 1 25y 9
I(z, y)-——4—nln(1-—§cos—'—l———§co T)‘ : (2)

~

which has the same singularities at the same points as the solution of the differential equation with source
(1). If this function is added to the solution in the form (2) and subtracted in the form of the double Fourier
expansion, a series- difference is obtained which does not have singularities and converges well at every
point. The function I (x, y) does not depend on the parameters of the moderator and in this sense is uni-
versal. Simple formulas are found for the Fourier coefficients of this function.

As an example of the possibilities of the proposed method a calculation is made for an exponential
experiment performed on a few-channel assembly of square cross section without a reflector.

DETERMINATION OF PROTON RANGES

I. K. Zykov, S. B. Varyushchenko, UDC 539.125.4
and G. N, Dmitrov

Ranges of protons of energy Ej in matter are computed fr'om the relation
R (EP’ X) - R (Elh C) k (yX) . (1)

Here Ax and Zx are the mass number and atomic number of the stopping medium; R(Ep, C) is the range
of protons of energy Ey in carbon; k(yx) = 1 +ayyx + a2yX + ast, yx =log Ix/I¢) where Ix and I¢ are
the ionization potentials of the stopping material and carbon.

The coefficients a;, a3, and a; have been calculated as functions of the energy EP from 10 to 500 MeV.
The values obtained are approximated by the expressions
ay=0.635E; "1
a,=0.47E; %31
a;=0.8E;"% |10 MeV < E, <100 MeV;
ay=0.138E; "% 100 Mev < E < 500 Mev.

10 MeV < E, <500 Mev;
(2)

)

Using this procedui'e the ranges of 10-500 MeV protons were calculated for such materials as Plexi-
glas, quartz glass, alloy IMI-680, titanium, lithium hydride, asbestos textolite, boron carbide, ablative
material (30% phenol + 70% SiO,), biological tissue, etc. Values of proton ranges in aluminum, copper,
and lead obtained by the present method and by integration [1] are presented for comparison. They differ
by less than 1% over the whole energy range.

The following effective parameters were used in calculating the ranges: atomic number Z ¢, atomic
weight A ¢, ionization potential Iggs. The values obtained for the ranges can be expressed by

R—bE;. (3)

Translated fx“om Atomnaya Energiya, Vol. 33, No. 6, p. 987, December, 1972, Original abstract
submitted March 24, 1972.
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The values of the coefficients b and ¢ depend on the kind of material and are given for the materials listed.
The values calculated by Eq. (3) are accurate to 1-5%, which is considerably better than the 7-15% esti-
mated by the authors of the existing approximations [2, 3] for this same energy range.

LITERATURE CITED
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2. E. Barouch, Nucil. Instr. Methods, 61, 113 (1968).

3. I. K. Vzorov, "Empirical range—energy relation for 100-10,000 MeV protons, " Report OIYal, P1-
4442 [in Russian], Dubna (1969).

CALCULATION OF PHOTOELECTRIC CROSS SECTIONS
FOR THE STATISTICAL SIMULATION OF
TRANSPORT PROCESSES

O. S. Marenkov UDC 539.122.173

In solving y-ray transport problems numerically by the Monte Carlo method it is expedient to ex-
press the dependence of the integrated cross sections of elementary interaction processes on the y-energy
¢ by a formula, There are no exact theoretical or empirical formulas for the photoelectric cross section
over a broad range of y-energies. We consider a possible variation of the analytic approximation of the
energy dependence of the photoelectric cross section 7(¢) based on tabulated reference data.

In [1], cbaracterizing the state of theoretical y -interaction cross section studies up to 1970, sum-
mary tables are presented of total and partial cross sections for 100 elements in the 0.001-100 MeV energy
range. The error in the numerical values of the photoelectric cross sections is no more than 3% in the
0.006-0.2 MeV energy range, and no more than 10% outside this range.

The tables in [1] show that the energy dependence of the photoelectric cross section 7(g) can be ap-
proximated by ‘

(o)=Y 7.6 | (1)

i=0

with an error of no more than 3% over a wide energy range € = €. The values of 7; calculated on a com-
puter by the method of least squares using power type weighting functions [2] are tabulated for 48 elements
most frequently encountered in applied and technical nuclear physics problems.

The approximation of 7(€) in the range TLp= € = gk is also of practical interest. In this case 15 =7
=0 and Eq. (1) takes the form

T(e) =T8T Ty et (2)
The coefficients 7j >4 are listed for 21 elements. The maximum error of the approximation is 2.6%.
It should be noted that Eq. (1) is valid for 100 elements when € = £k, and Eq. (2) for 73 elements be-
ginning with nickel (eLI = 0.001008 MeV) when SLIs £ < K.
LITERATURE CITED
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Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 987-988, December, 1972. Original
abstract submitted March 3, 1972. '
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THE BEHAVIOR OF FLUOROELASTOMERS

UNDER v -IRRADIATION

F. A. Makhlis, A. B. Kryukova,

V. I. Treshchalov, and A. 8. Kuz'minskii

UDC 661.48

We conducted a comparative study of the processes of radiative cross-linking and degradation of
fluoroelastomers and their vulcanizates in the free and stressed states in air and in a vacuum, as well as
of the changes in properties as the rubber was aged. We used copolymers of vinylidene fluoride with hexa-
fluoropropylene (SKF-26), trifluorochloroethylene (SKF-32), and perfluoroalkylvinyl ether (SKF-1). Table
1 shows the values of G, the radiochemical yield of the network chains (the cross-linking), and G4, the
degradation coefficient, as determined by measuring the solubility and equilibrium swelling in acetone.

Since the number of chains actually formed in the irradiation process is characterized by the quantity
G¢ + Gg, it can be seen that the inhibiting influence of oxygen on the true rate of radiative cross-linking
of the SKF-26 and SKF-1 rubbers is slight; however, in an air medium the rate of radiative degradation of
these polymers increases considerably. In the case of SKF-32 the oxygen reduces the rate of cross-link-
ing but has much less effect on the process of radiative degradation. The sensitivity of fluoroelastomers
to radiation increases in the following order: SKF-32, SK¥F-26, SKF-1.

When the fluoroelastomers were irradiated in the deformed state, the rates of radiative degradation
measured with a continuous relaxation of the stress were found to increase sharply; this is apparently due
‘to the mechanical activation of the processes of chain breakup owing to the migration of a charge or to the
electronic excitation of a weakened bond. The polymer molecules undergo radiative degradation more than
the transverse bonds; the broken ends of the chains become attached to polymer molecules, forming

branched networks.

When packed cured rubbers made with SKF-32 raw-rubber base are subjected in the undeformed state
to radiative aging, their resistance to rupture decreases rapidly, and their relative elongation decreases
much more slowly than in cured rubbers using SKF-26 raw rubber as a base. The decrease in the resistance
to rupture in a cured rubber with an SKF-32 base is more marked than in the case of SKF-26. The radia-
tion resistance of unpacked cured rubber using the above-mentioned raw-rubber bases does not exceed ~40
Mrad when tested in the free state and ~25 Mrad when tested in the compressed state.

TABLE 1. The Effect of Irradiation Conditions on the
Values of Gg and Gy in Fluoroelastomers

Irradiation in air

Irradiation without

Type of access to air

t
elastomer | | 6y |Ge+6q | Ge | 64 | Ge+ca
SKF-32 0.20 0.18 0.38 0.32 0.16 0.48
SKF-26 0.78 0.62 1,40 1.08 0,24 1.32
SKF-1 0.90 0.72 1,62 1.46 1 0.37 1.83

Translated from Atomnaya Energiya, Vol. 33, No. 6, p. 988, December, 1972. Original abstract

submitted March 27, 1972.
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LETTERS TO THE EDITOR

THE APPLICATION OF RADIOMETRIC METHODS IN THE
MAPPING OF DISCONTINUOUS STRUCTURES (FAULTS)
AND IN SEARCHING FOR RARE-METAL DEPOSITS

G. N. Kotel'nikov and V. V. Grigor'ev : UDC 550.835

According to data published by Soviet investigators [1-3], tantalum deposits of apogranitic type
(analogous to the Nigerian deposits of the Jos plateau and the Kaffo valley) are localized in the apical por-
tions of differentiated granitoid massifs and are closely connected in position with large tectonic dislocations
(fault lines) which act as incurrent canals or ore-containing structures. The tantalum mineralization in
such deposits is paragenetically related to uranium and thorium mineralization.

Accordingly, reconnaissance trips undertaken in order to select promising areas for prospecting for
tantalum deposits.of the endogenous type were designed primarily to detect discontinuous dislocations in
an area corresponding to the development of intrusions of granitoidal composition and involved the use
of SRP-2 scintillation-type field radiometers.

In a massif of differentiated granitoids of the Devonian age which had burst through Proterozoic and-
Cambrian metamorphic rocks, we observed the following petrographic varieties: porphyritic biotite gran-
ites, granite porphyries, granophyres, fine-grained granites, granosyenite —porphyries, adamellites,
granites of medium and large grain size, granosyenites, and alkaline (riebeckite) granites. The dike facies
are represented by vein aplites, microgranites, microgranite —porphyries, diabases, dibase porphyrites,
quartz diabases, and hornblendites.

Even before the start of our exploration, ‘we noted that the state geological map, on a scale of 1
:200,000, showed little tectonic detail; an area of more than 1000 km? showed only five fault lines with
discontinuities (including some which were merely hypothetical), with sublatxtudmal and northeastward
strikes.

Laboratory study of the topographic sheets and geological — geomorphological analysis strongly
suggested that there was an incomparably larger number of fault lines with discontinuities which were
hardly reflected at all on the map but showed up in a sketch of the hydrographic network of the area, which
was formed by river and stream valleys of sublatitudinal and submeridional courses. Field observations
confirmed the presence of faults with discontinuities and of weakened zones along which lie the valleys of
today's rivers and streams,

The rapid detection of previously unmapped tectonic dislocations with discontinuities was facilitated
by the fact that in most cases the fractures had been "healed™ by the injection of dikes from the closing
stages of the Middle Devonian magmatic cycle along these fractures; these were notlceably different in
radiological properties from the rocks of the parent massif.

The most interesting findings were the meridional dislocations (strike azimuths from 20 to 340°C),
marked by dike belts of complex composition. The latter usually consist of a veined body of fine-grained
leucocratic albitized microgranite, sometimes bright red in color (hematized), with a thickness of 20-50
m, and two or three parallel diabase dikes 2-5 m in thickness, with abundantly ingrained sulfides. Within
the dike belts, on the surface, we frequently find pits 10-15 m in width, extending linearly (parallel to
the dikes), with slip traces along vertical boundary walls. It is possible that these are water-worn zones
of mylonization, or the results of the leaching of carbonate or sulfide bodies. The length of the dike bélts
is more than 1 km, with a total thickness of 70-100 m (see Fig. 1).

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 989-990, December, 1972, Original article
submitted March 21, 1972,

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
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Fig. 1. Radiological characteristics of the dike belt. Rocks of the parent massif:
1) biotite granites; 2) riebeckite granites. Dike belt: 3) acid and alkaline deriva-
tives of veined type; 4) diabase dikes; 5) linear collapse funnels (water-worn zones
of mylonization); 6) sod-covered segments; 7) boundaries, confirmed or hypo-
thetical.

Since the dike belts are relatively thin, we cannot be sure that they will be detected by ordinary
geological mapping unless photographs on a scale of 1:5000-1:10,000 are used, since the veining dif-
ferences in rocks lying in a mass of stony taluses which are similarly colored and covered with lichens
cannot be distinguished visually from blocks of parent granites.

This explains why the 1:200,000 scale maps failed to show the dike belts and faults,

By using SRP-2 scintillation radiometers in our reconnaissance trips, even with a very widely spaced
grid (scale 1:200,000), we were able to detect the dike belts- with certainty from the sharp changes in the
v -activity of the rock. Against a parent-granite background of 19-22 yR/h, the albitized and hematized
microgranites are distinguishable by peaks of up to 70-80 uR/h, while dips to 5-8 yR/h are characteristic
of the diabase dikes. If individual discrete increases in the background along the reconnaissance route '
are caused by the presence of parent granites enriched by schlieren accessories or segments, an alterna-
tion, within a 50-100 m interval, of a sharp increase and an immediately~following equally sharp decrease
in y -radiation may in most cases be ascribed to a dike belt (see Fig. 1).

By detailed geological-radiometric photography ona scale of 1:2000 to 1:10,000 in the zone of the
dike belts and meridional faults detected on the reconnaissance trips, we were able to discover a number
of segments with complex mineralization, including U, Th, Li, Zr, TR, Nb, and Ta.

In these regions, in the actual zones of the meridional faults, between the albitized and hematized
microgranites of the veined facies, we found an increase in radioactivity ranging up to several thousand
pR/h. As we moved farther away from the central zone, the activity decreased, and over a 15-20 m inter-
val it smoothed itself out to values characteristic of two-mica granite country rocks of the parent massif
(19-22 pR/h). The mineralization of such segments is essentially uranium —thorium (U/ Th =1:5-1:8).
The tantalum content does not amount to commercially useful values but is many times greater than the
norm for this type of rock. The tantalum —niobium ratio is 1:2.

Other segments gravitate toward meridional faults, along which boss-shaped bodies of riebeckitic
granites with low-grained complex mineralization have intruded. A higher percentage of U, Th, Zr, Li,
TR, Nb, and Ta was established in the apical parts of the intrusion at the intersection of a meridional
fault and a sublatitudinal dislocation acting as an ore-containing structure. Here the radioactivity of the
albatized granitoids varies from several tens of microroentgens to hundreds of microroentgens in 1 h, and
only at points with a high concentration of dark-violet fluorite do we find values of 1000-1100 pyR/h. The
uranium —thorium ratio in these ore manifestations ranges from 1:2 to 1:4, and the Ta/Nb ratio is 1:16.
The zirconium content is more than 1%.

1156

Declassified and Approved For Release 2013/02/27 : CIA-RDP10-02196R000300110006-4




R R R R R E = ——m————————.
Declassified and Approved For Release 2013/02/27 : CIA-RDP10-02196R0003001 10006-4

In one exocontact of the massif of granitoids, among the old metamorphic strata, by radiometric
methods we were able to detect a number of sublatitudinal dislocations which showed a radioactivity value
3-5 times as high as usual. As was shown by aureole (halo) photographs, the Ta, Nb, Sn, Zr, Pb,
and TR content in the zone of these faults is between 50 times and 10 times the norm, i.e., the concen-
trations are the same as in the granitoids of the parent massif outside the limits of the ore-bearing seg-
ments. The surrounding rocks near the sublatitudinal faults show unmistakable traces of metasomatic
alterations. In the detailed investigation and tracing of the sublatitudinal faults and metasomatic alteration
zones we found quartz—albite—hematite bodies with background radioactivity values in which we measured
high tantalum concentrations at a Ta/Nb ratio of 1:1. ' '

In addition to mapping and prospecting, radiometric methods may be successfully used for deter-
mining the contours of rare-metal mineralization (tantalum, niobium) and lithium mineéralization in ore-
body outcrops. Such investigations may use either spectrometric pictures or ordinary vy -photographs -on
scales of 1:2000 to 1:10,000. From the data found in spectrometric photographs,. we determined the fol -
lowing ratios bétween tantalum and the radioactive elements: U/ Ta from 1:1to 2:1, Th/Ta from 4:1 to
6:1. The most practical method (sufficiently exact one for the initial stage) is ordinary y-photography -
of the surface, taking into consideration the ratios of tantalum to the total radioactivity. ‘
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RADIOACTIVITY OF THE BOR-60 REACTOR COOLANT

I. G. Kobzar', V. V. Konashov, ‘ UDC 621.039.534.63:539.16
E. 8. Lisitsyn, G. I. Poznyak, ‘
V. I. Polyakov, and Yu. V. Chechetkin

The widespread introduction of atomic power plants with sodium-cooled fast reactors necessitates a
careful study of their safety and maintenance; in particular, the sources of radioactivity and the transport
and accumulation of radioactive isotopes in deposits along the coolant circuit and in the reactor equipment
must be examined. In order to perform such studies on the BOR-60 reactor an experimental complex was
constructed including sodium and gas spectrometer loops fitted out with special equipment. By using
interchangeable collimators and scintillation and semiconductor Ge(Li) detectors the radioactivity of vari-
ous isotopes in the coolant and on the walls of the piping and equipment could be determined without taking
samples {1]. In addition the radioactivity of the coolant was measured by radiochemical and y-spectro-
metric analyses of samples using Ge(Li) detectors and NaI(Tl) crystals. :

During reactor operation most of the ionizing radiation from the equipment and pipes comes from
Na%4, The y-dose rate reaches 7 R/ sec in a box of technological equipment at a reactor power of 40 MW.
The Na? activity measured at various reactor powers and normalized to a maximum power of 60 MW re-
mains practically constant. The specific activity of the other short-lived isotopes Ne?® and F20 is approxi-
mately inversely proportional to the coolant flow rate. Table 1 lists the values of the activities of the main
short-lived isotopes in the sodium coolant at the reactor outlet. ‘

After a reactor shutdown of 8-12 days the activity of Na? becomes less than that of Na? (T; /, = 2.6
yr) and Ag!tt™m (T, /2 = 253 days) which subsequently determine the radiation environment in boxes of techno-
logical equipment of the primary circuit. The average activities of the long-lived isotopes in the sodium
coolant and their changes with the time of reactor operation are listed in Table 2. It is characteristic that
after 216 effective days of reactor operation at 40 MW the activity of the principal corrosion elements (crdt,
Mn*, Fe?, Co®, Co®") in the sodium coolant does not exceed 0.5-3 1077 Ci/ kg of sodium. In spite of the
presence in the core of a bundle of fuel elements with assemblies which were not gas-tight (2.7% burnup),
the activity of the fission products in the sodium coolant while a burnup of 5.9% was being achieved in the
core was lower than the sensitivity of the method used in the analysis (=5 10~% Ci/kg of sodium).

Extrapolation of the measured values of the Na?? activity to saturation for a reactor power of 60 MW
gives 21073 Ci/ kg of sodium. The reference value assumed in the reactor design was 4 - 1073 Ci/kg of
sodium [2]. i

Radioactive isotopes appearing in the coolant as a result of the activation of impurities in the sodium
are shown in Table 2. An additional source of silver, zinc, and antimony probably arises from selective
corrosion of steel. This is confirmed by determining these elements in sodium and steel by chemical anal-
ysis and by spectroscopy.

Analysis of the data in Table 2 shows that the Ag!! ™ activity changes more rapidly with time, and
that of Zn®% less rapidly than follows from the laws of activation and decay. Calculations predict an average
increase in silver in the circuit of 4 mg/day and a decrease in zinc of 3 mg/day. The calculated results
are in good agreement with the spectral analysis of the silver in sodium, confirming the increase of silver
from 7-10~7 to 5-107% wt. %. The removal of zinc from the coolant was shown also by y -spectrometric
measurements of the sodium oxides cold trap showing a concentration of Zn®® 15-20 times larger than in the
primary circuit piping.

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 991-992, December, 1972. Original article
submitted January 31, 1972.
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TABLE 1. Radioactivity of Sodium Coolant Determin-
ing Most of the Ionizing Radiation from Pipes and Re-
actor Equipment for a Reactor Power of 60 MW and a
Coolant Flow Rate of 800 m%/h

Reaction Experimental Calculated
: forming value of spe- value of
Isotopes Half-life isotope cific activ- specific ac-

‘from ity, Ci/kg of tivity, Ci
Na® sodium [2] /kg (2

Na® 14.8 h (7 4345 57

Ne® 38 sec “(n,p) 1.8£0.8 1.5

F2% © 11,5 sec (n, o - 1,6+0.3 -

TABLE 2. Radioactivity of Sodium Coolant Determin-
ing Most of the Ionizing Radiation from Pxpes and
Eqmpment after Reactor Shutdown

Time reactor Radioactivity, Ci/kg of sedium

was shut down Nazz | Aglwom | Znes Rbse Sb12s
August 1970 4.10-5(1,2-10-5} 0,9.10-5) — —
November 1970 | 4,9.10-5|1,6-10-50,95.10-5| 3,8.10-5 2-10-7
February 1971 7,3.10-%12,5-10-5} 1,2.10-5 1.10~4| 1,4.10-¢
August 1971 1,9-104{0,9.10-5} 2,0.10-8; {.10"%¢| 1,6-10-¢

-Measurements on piping without taking samples showed that the Zn% activity < 2 - 10'4 Ci/ m? and
that of Aglt™M < 10-3 Ci/m?.

The isotopic composition obtained for the sodium coolant differs from the value assumed in the cal-
culation for operating with hermetically sealed fuel elements (Na?2, Mn*, Co®) [2], and from the value
found experimentally for other reactors (Na??, fission products) [3].

Thus the investigations show that after long reactor operatmn with hermetically sealed fuel elements
and with fuel element bundles having assemblies that are not gas- tight there are no radioactive fission
products or corrosion products from the main components of the structural materials in the sodium coolant.
The radioactivity of the coolant is due to the activation of sodium and its impurities and to the selective
escape of silver, zine, and antimony from steel into the sodium.
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REACTOR WITH AN ECCENTRICALLY PLACED
ACTIVE ZONE

L. A. Martsymova and B. Z. Torlin : UDC 621.039.51

In reconstructing the experimental heavy-water reactor ITEF the active zone was placed eccen-
trically with respect to the heavy-water tank (Fig. 1). This greatly reduced the background of fast neutrons
and y-quanta in the existing experimental channels. It was desired to estimate the bending of the neutron
field in view of the fact that the thickness of the heavy-water reflector surrounding the active zone of the
reactor was variable in azimuth. Since the reflector nevertheless remained fairly thick, the bending of the
field in the active zone was only slight. Of greatest interest was the bending of the "surge" of thermal
neutrons in the reflector.

In order to describe the neutron field in the reflector we used the two-group diffusion approximation.
Allowing for the uniformity of the properties of the medium with respect to height in both zones of the
reactor, the height dependence of the neutron fluxes may be regarded as proportional to sin (a;2).

The amplitude —radial dependence of the thermal and delayed neutron fluxes may, respectively, be
expressed in the form:

N\

oy
TN
\\

Y

NIEANE;

N\ [6=7

20 30 40 50 . 60  rem |
Fig. 2

Fig. 1
Fig. 1. Arrangement of the active zone in the ITEF reactor heavy-water tank (reconstruc-
tion design): (g, ) and (r, 8) are, respectively, the cylindrical coordinates of an arbitrary K
point in the reflector relative to the center of the tank and the center of the active zone.

Fig. 2. Relative distribution of the neutron flux density in the reflector as a function of the
distance from the center of the active zone along different directions (b). i

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 992-994, December, 1972. Original article
submitted November 15, 1971.
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Fig. 3. Lines of constant neutron flux density in the reflector of the

TABLE 1. Physical Characteristics of the

Reactor

Parameter* Active zone Reflector
koo 1,8156 0

L2 37,0 3055

1 190 144

w 0,389 0

s} 0,890 1

Ly 3,21 3,22
Ls 3,66 4,26

* Here k, is the breeding factor, L% is the square of

. the diffusion length, T is the square of the slowing
down length, Lg, 14 are the scattering lengths for ther-
mal and hyperthermal neutrons, w and  are respectively
the absorption and multiplication of the neutrons while

slowing down.

TABLE 2. Some Computed Results

Angular harmonics
of the flux at the Perturbation EKTSENT
boundary of the theory program
active zone
N, 0,0205 0,0228
Ny —0,0025 —-0,0028
Ny — 0,00025

reactor with an eccentrically-placed active zone.

N(r, 8)= i Ny (r) etrb;

oo

n(r, 8) = D ny (r) ¢ikd

(this nomenclature for the geometrical quantities is illu-
strated in Fig. 1, while the remainder of the notation is
taken from the book by Galanin [1]).

Let us introduce the vectors N(r) and n(r), the com-
ponents of these being angular harmonics of the densities
of the thermal and delayed neutrons Nk(r) and nk(r), re-
spectively. Then if we consider the active zone as a unit
multiplying and absorbing the neutrons we may replace
it by boundary conditions of the form

N (R)) = AN (R,)+vn (Ry);
n' (Ry) = An(R;)+ W (Ry),

where A, v, A, and v are diagonal matrices, the elements
of which may be expressed extremely simply in terms of
the two~group parameters of the active zone. At the outer
surface of the reactor

N(R)=n(R)=

In this case we may make use of the heterogeneous matrix equation of Galanin [2]

MN(R)=N(R)), (1)

where M is a matrix with elements capable of being expressed in terms of the parameters of the reflector
and the eccentricity of the active zone, using the boundary conditions indicated. The procedure for cal-

culating the matrix elements is described in [2].

Equation (1) enables us to find the cr-itical condition of the system and the bending of the neutron flux

at the boundary of the active zone and the reflector.

This equation was solved by perturbation theory.

The solution was compared with the exact solution obtained by a numerical method. As unperturbed system

we took a system with an infinite reflector. In this case all the nondiagonal terms of the matrix M become
zero, and the solution of the equation

MON©® - N©
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is the vector N(O), which has only one nonzero "zero" component Nj. In the first approximation of per-
turbation theory we obtain the following expression for the components of the vector N 1):
NP No=M,o/(1 — MT).

For the numerical solution of Eq. (1)-the computer program EKSTSENT was written in Algol and ap-
plied to the M-220 computer. After the solution of Eq. (1), i.e., the determination of the critical radius’
R, of the active zone and the vector'N(Rl) of the amplitudes of the angular harmonics of the thermal neutron

" flux at the boundary of the acfive zone, the program EKSTSENT enabled-us to calculate the distribution of

the thermal flux in the reflector

The calculations were carriéd out for a system w1th the physical parameters glven in, Table 1 and
the following geometrical parameters :

Radius of tank R. . . . oo oot 100 cm

" Radius of active zone R; (determined
from the critical condition) . ... .. 22 cm

Distance between the center of the

tank and the center of the active

ZONE & it i e e " 85 cm
Axial Laplacian .. ............. 6.85-107 cm™

From Table 2 we see the correspondence between the amplitudes of the angular harmonics at the
boundary of the active zone respectively calculated by perturbation theory and numerically (approximating
the distribution by four angular harmonics).

The distribution of the thermal neutron flux density in the reflector is illustrated (in arbitrary units)
in Figs. 2 and 3. It follows from Fig. 2 that the maximum "surge" of neutron flux in the reflector every-
where occurs at approximately 8 cm from the edge of the active zone, and its magnitude depends on the

angle. The maximum value of this "surge" is approximately 13% above its minimum value.

The authors are grateful to A. D. Galanin for useful comments and constant interest in this work.
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FUSIBILITY DIAGRAMS OF TERNARY SYSTEMS
‘ CONTAINING MAGNESIUM AND CALCIUM CHLORIDES
| AND URANIUM TRICHLORIDE OR TETRACHLORIDE

V. N. Desyatnik, Yu. T. Mel'nikova, UDC 546.791.6
\ S. P. Raspopin, and I. I. Trifonov

Fused salts containing uranium trichloride or tetrachloride are used for electrochemical refining
and manufacture of uranium metal [1-3]. However, insufficient work has been done on the behavior of
uranium chlorides in ternary melts of alkaline earth metals. Below we give the results of an investiga-
tion of ternary systems containing magnesium and calcium chlorides and uramum trichloride or tetra-
chloride.

The investigation was performed by the differential thermal method [4,5]. Alkaline earth chlorides of
ar grade were obtained by the procedure in [6]. Uranium tetrachloride was obtained from freshly pre-
pared UO, [7]. Uranium trichloride was obtained from the tetrachloride and reduced in a current of hydro-
gen as follows: UCl, + 0.5H, — UCl; + HCL. After reduction, uranium trichloride was subjected to vacuum
treatment at 850°C for 3 h. The initial substances, prepared in this way, had thefollowing melting points:
MgCl, 716 + 2°C; CaCl, 780 + 2°C; UCly 590 + 2°C; UCl3 835 + 2°C. These values agree closely with the
literature data [8]. The atomic ratio of chlorine to uranium (IV, III) for uranium chlorides was 4.01 and
3.02, respectively. Being markedly hygroscopic, the chlorides were kept in 2 dry chamber.

For differential thermal analysis, a weighed sample of the substance was placed in a boron nitride
crucible, located in a quartz tube and tightly sealed by a rubber stopper. The cell was evacuated, filled
with purified argon, and the sample was fused. The melt was retained for 1 h to obtain complete homo-
genization, and then cooled at a rate of 3-5 deg/ min. The thermograms were interpreted by known proce-
dures [9, 10]. .

On the basis of these results, Fig. 1 shows the primary crystallization surfaces of the systems
MgCl, —UCl;—CaCl, and MgCl,—UCl;—CaCly. The liquidus surface was constructed from data on binary
systems. The system MgCl, —CaCl, was investigated by Mende [11] and Ivanov [12]. The investigated sys-
tems MgCl,-UCl,, MgCl,—-UCl;, and CaCl,—UCl, are simple eutectics. The melting point of the eutectic
UCl;—26 mole % MgCl, is 540 + 2°C; the melting points of the eutectics MgCl, —36 mole % UCl; and CacCl,
—60 mole % UCl, are 670 + 2°C and 490 + 2°C, respectively. The system CaCl,—-UCl, exhibits a eutectic at
41 mole % UC],; with a melting point at 630 + 2°C and two regions of solid solutions based on calcium chlo-
ride and uranium trichloride.

To construct the liquidus surface in the system MgCl,—UCl,—CaCl,,we investigated 10 'polythermic
cross sections, passing through the apex of the concentration triangle corresponding to the composition
CaCl, across to the opposite side. It will be seen from Fig. 1a that the system MgCl,—~UC],—CaCl, is a
simple eutectic. The crystallization fields of MgCl,, UCl,, and CaCl, converge to form a eutectic E of the
following composition: 9 mole % MgCl,~53 mole % UCl, —38 mole % CaCl,, with a melting point of 487
+ 2°C. The x-ray diffraction patterns of specimens of different compositions confirmed the absence of new
phases.

In the system MgCl, —UCl;—CaCl, we investigated nine polythermic cross sections. The primary
crystallization surface of the system MgCl, —UCl;—CaCl, (Fig. 1b) exhibits three crystallization fields of

Translated from Atomnaya Energlya, Vol. 33, No. 6, pp. 994-995, December, 1972. Original article
submitted January 31, 1972,
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Fig. 1. Fusibility diagrams of the systems MgCl,~UCl,— CaClZ (2) and MgCl, —-UCl,
—CacCly (b).

MgCl,, UCl,, and CaClz, which converge to form a eutectic E of the following composition: 31 mole %
MgCl, —20 mole % UCl;—49 mole % CaCl, with a melting point of 600 + 2°C. The x-ray diffraction patterns
of specimens of various different compositions showed that melts rich in UCl, and CaCl, are characterized
. by the presence of a solid solution, which disappears as the concentration of the third component increases.
We failed to establish the exact point at which the solid solution disappears. The x-ray diffraction pat-
terns of MgCl,-rich specimens revealed the presenceof the initial components.

The primary crystallization surfaces of the ternary systems MgCl, —UCl,-CaCl, and MgCl2 UCl,
—CacCl, have thus been investigated. It has been established that these systems are of the simple mono-
eutectic type.

LITERATURE CITED

1. L. Niedrachand A. Glamm, Industr. and Engng. Chem., 48, 977 (1956).

2. P. Piper, USA Patent No. 3052611 (1962). ‘

3. G. Ghanvin et al., J. Nuecl. Materials, 11, No. 2, 183 (1964).

4. L. G. Berg, Introduction to Thermograp_hy [in Russian], Nauka, Moscow (1969).

5. A. Giumann, Chimia, 20, 82 (1966).

6. Yu. V. Karyakin, Pure Chem1ca1 Reagents [in Russ1an], Goskhimizdat, Moscow (1947).

7. C. Kuhlman and B. Swinchait, Industr. and Engng. Chem., 50, No. 12, 1774 (1958).

8. A, G. Morachevskii (editor), Reference Book of Fused Salts [Russian translatlon], Khimiya, Lenin-
grad (1971).

9. F. Paulik et al., Talanta, 13, No. 10, 1405 (1966).

10. A. M. Zakharov, Phase Diagrams of Binary and Ternary Systems [in Russian], Metallurgiya, Mos-
cow (1964).
11. O. Mende, Z, Anorg. Chem., 72, 162 (1911).
*12. A. I Ivanov, Dokl. Akad. Nauk SSSR, 86, 539 (1952).

1164

Declassified and Approved For Release 2013/02/27 : CIA-RDP10-02196R000300110006-4




Declassified and Approved For Release 2013/02/27 : CIA-RDP10-02196R000300110006-4

FISSION BARRIERS OF HEAVY NUCLEI

P. E. Vorotnikov UDC 539.173.4

The liquid-drop model of the fission of heavy nuclei, which appeared immediately after the discovery
of this phenomenon, predicted a rapid fall in the fission barrier height By with increasing fissility param-
eter Z%/A [1]. The experimental data for nuclei with Z > 90 did not confirm this tendency, and the model
had to be made more complicated. It was modified in two stages: account was taken of the one-particle
structure of the nucleus only in equilibrium deformation (see, for example, Bell [2]); and a more detailed
calculation was made to include shape asymmetry over a wide range of deformations [3, 4]. In the former
case, the barrier remained one-hump; in the second, it was shown that it consists of two humps of different
shapes and hejghts. :

Experimentally, Bf is manifested in a sharp break in the energy dependence of the fission probability
or cross section. Recently-published data enable us to compare the experimental and theoretical fission
barriers for nuclei with 227 = A =< 253. Figure 1 plots the values of B¢ obtained by analysis, with allowance
for competing processes, of the neutron fission cross sections of(Ey) of some target nuclei which are
even—even or odd—-odd in Z and N [5-11]. The experimental values of the neutron binding energy By, re-
quired for the conversion from Ejy to the excitation energy E* of the compound nuclei, were taken from the
tables in [12]. In cases where the value of Bp in [12] has a large uncertainty, we used the results of sys-
tematic classifications which show that for even—odd isotopes with A =4n + 1 the values of By are close
together and change by about 0.5 MeV on transition from one to the other in such a pair. The values given
by this procedure for By, were as follows: for Pu’#®, 5.0 = 0.2 MeV; for Cm?4’, Cm*?, and Cf?%, 5.3 + 0.2
MeV .(as against the values 4.6 + 1.4, 5.2 + 1.0, 4.7 + 1.0, and 4.8 + 1.0 MeV, respectively, given in [12]).

It is remarkable that Bf is constant for nuclei with Z = 90: this differs sharply from the relation pre-
dicted by the liquid-drop model, which is shown in Fig. 1 by the dashed curve. Since the deviation of B¢

BeyMev
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Fig. 2. Fission barriers of heavy nuclei versus numbers of neutrons in
nucleus. (Notation is the same as in Fig. 1.)

Fig. 3. Graph of fiws vs number of neutrons in nucleus. (Notation is the
same as in Fig. 1.) :

from this relation is usually attributed to shell effects, in Fig. 2 we have plotted the same B¢ values vs N,
the number of neutrons in the nucleus. According to the calculations of Pauli and Ledergerber [4], in the
two-hump barrier model one would expect a local increase of Bt by about 2 MeV in the region of the sub-
shell with N = 152. This clearly fails to occur: the barriers of the 20 nuclei from Th?? to C£*® remain
equal to 6.1 MeV with a root-mean-square deviation of +0.2 MeV. Although the one-hump barrier model

[2] gives a different curve for Bf from that given by the two-hump model [4], in both cases the deviation of
the calculated values of By from the experimental values is 1.5 MeV, while the root-mean-square value

is 0.75 MeV. Only for Ra??7 is the value of B¢ higher, and this is perhaps due to the transition to the liquid-
drop law for lighter nuclei. :

- The subbarrier curve of o¢(Ep) enables us to determine the value of iwf = dE*/d1n [27pTg(E™}]; it is
usually considered that this characterizes the shape of the barrier near its peak. In the two-hump model
of the barrier for nuclei with A & 242, the second hump is higher, i.e., it determines og(Ey); for heavier
nuclei the first hump is higher [4]; the values of fiwg should differ by a factor of about two [13]. As we see
from Fig. 3, the experimental values of iwf do not display this sudden change; they increase slowly, de-
viating from their mean curve only within the error of about 5-10%, and do not even react to the transition
through the subshell at N =152, Note that the indicated increase in hwf is sufficient to explain the change
in the periods of spontanéous fission with Bf approximately constant.

These graphs of Bf and fiws vs N clearly do not allow us to regard the single-particle or shell effects
as responsible for the marked deviations of the height and shape of the fission barrier from the liquid-drop .-
laws. Thus it is difficult to explain the fission of the actinides in terms of a deformed liquid drop, and we
must seek other possible mechanisms for this phenomenon [14].
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A METHOD FOR DETERMINING THE DIFFUSION
MOBILITY OF INERT GASES IN SOLIDS

D. M. Skorov, A. I. Dashkovskii, UDC 533.15
“A. G. Zaluzhnyi, and O. M. Storozhuk

In recent years, increasing attention has been paid to the study of the diffusion mobility of inert gases
in metals, which is determined primarily from the kinetics of their emission from specimens being in-
vestigated during the process of annealing {1, 2]. However, since the solubility of inert gases in metals is
very low, it is very difficult to introduce their atoms into a crystal lattice. Consequently, this is done
chiefly by the injection of ions into the metal. In each individual case, the solution of the appropriate dif-
fusion equation is used for determining the coefficient of diffusion of inert gases in materials from the
kinetics of their emission during annealing [3-5]). The important point in solving the diffusion equation is
the geometry of the specimen, and the geometry of the grain is disregarded. Because of this, the calcu-
lation formulas involve the dimension of the specimen being investigated as one of the experimentally de-
termined parameters. Thus, in determining the diffusion coefficient of xenon in §- and y -uranium [5],
Perraillon, Levy, and Adda used the solution of the diffusion equation for a solid of finite dimensions with
connecting boundaries (a uniformly saturated plate of thickness I):

Q > 8
0—::1—5 L exp [————-—(2'2_521)2 nth] ,

ECR I
e

where Q; is the amount of gas emitted from the specimen during an annealing time equal to t; Qg is the
original quantity of gas in the specimen; D is the diffusion coefficient; I is the thickness of the specimen.

However, since inert gases are practically insoluble in metal,. the geometry that must be taken into’
consideration in calculating the diffusion coefficient from the kinetics of gas emission is grain geometry,
not specimen geometry.

In the isothermal annealing of specimens uniformly saturated with gas (in order to prevent adsorption
of the gas being analyzed, the surface layer of the specimen must be removed by electrical polishing), the
kinetics of the gas emission must be determined at the moment when volumetric diffusion of inert-gas atoms
toward the surface of the specimen begins in the grains situated directly beneath the surface (at this stage
the contribution of boundary diffusion to the gas emission is small). In this case the volumetric diffusion
of inert gases in the grains situated in deeper layers of the spécimen should not have any great effect on
the emission of gases from the specimen, since the inert gases coming out to the boundaries of the grains
will either be partially accumulated there or partially migrate along these boundaries.

Therefore, in calculating the coefficients of volumetric diffusion of inert gases from the kinetic curve
of their emission from a uniformly saturated specimen, we can use only that portion of the curve which
corresponds to the emission of gas from the grains that lie near the surface of the specimen. As a rule,
the fraction of the emitted gas is proportional to the square root of the annealing time (tl/ %), whereas in the
case of gas emission through diffusion along the boundaries of the grains, there is a nearly linear relation-
ship between gas emission and time. The calculated formulas must take account of the grain geometry,
not the specimen geometry, provided that the size of the grains is much smaller than the geometric di-
mensions of the specimens. If the grain size is comparable to the specimen dimensions (the limiting case
being a single-crystal specimen), we must use the solution of a differential equation that corresponds to

Translated from Atomnaya Energiya, Vol. 33, No. 6, p. 997, December, 1972. Original article
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the grain geometry. If the geometric dimensions of the specimen are much greater than the grain dimen-
sions, all the cases can be reduced to the case of a uniformly saturated plate whose thickness is equal to
the size of the grain. '

When specimens are saturated with inert gases in an accelerator, the coefficient of volumetric dif-
fusion of gases in the specimen material can be determined from the kinetics of gas emission only if the
distance of the gas-saturated layer from the surface of the specimen is less than the size of the grain.
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CAPTURE EFFICIENCY IN INJECTION OF BEAM
BUNCHED AT FREQUENCY OF SYNCHROTRON
ACCELERATING RESONATORS

S. K. Esin, M. L. Petrosyan, UDC 621.384.634
and V. L. Serov : ’

Operating experience with an electron synchrotron at high energies has shown that the effectiveness’
of capture of injected particles is enhanced appreciably when a buncher excited at the operating frequency
of the synchrotron accelerating resonator cavities is employed [1-3]. The bunching makes it possible to
remove, beforehand, those particles entering the accelerator in phases differing substantially from equi-
librium phase, and to increase the particle density near the equilibrium phase. That alleviates the beam
load on the high-Q accelerating system and lowers the amplitude of coherent radial-phase oscillations, so
that particle losses are diminished,

A buncher for the injector beam, with an operating frequency of 132.79 MHz, was developed and in-
vestigated on a test rig at the Erevan electron synchrotron facility [4, 5]. This article cites some results
of adjusting the buncher in the injector-plus-synchrotron system. The two-resonator single-frequency
buncher was installed at the input to the injector section of the linear accelerator.

The first resonator on the beam path (with a Q of 1500) was positioned 60 cm from the input to the in-
jector section, while the second resonator (with 2 Q of 2000) was positioned 30 cm away. The buncher was
supplied from a three-stage amplifier with plate modulation 20 kW per pulse, and using a GI-7B tube in the
output stage. Continuous-wave excitation at 50 W average power was obtained from the oscillator driving
the accelerating resonators of the synchrotron.

The effectiveness of particle capture by the synchrotron was determined by comparing the beam pulse
current on the first few circuits through the machine with all of the synchrotron systems optimally ad-
justed, and at different bunching conditions (with buncher switched off, and with the first and second reso-
nators alternatively energized, and finally with both resonators activated simultaneously). Oscillograms
taken of the first 19 circuits of the beam, for those sets of operating conditions, are cited in Fig. 1. The
difference in the performance of the first and second resonators stems from the fact that the voltage across
the first resonator gap is much lower. Table 1 lists results of quantitative measurements of the pulse cur-
rent taken on different circuits of the beam, relative to the pulse for the first circuit. As the beam cir-
culates further in the machine, for the case where two resonators are functioning simultaneously, the pulse
current undergoes virtually no variation till the téermination of the acceleration cycle. In the absence of
bunching, the pulse amplitude subsequently varied by about 60%.

Families of phase characteristics, displayed in Fig. 2, were taken in order to investigate the buncher
operating conditions. They represent the dependence of the current I of particles accelerated in the
synchrotron to the final energy on the phase shift of the buncher voltage relative to the voltage of the syn-
chrotron radio-frequency oscillator. Theacceleratedcurrent was measured with the aid of a calibrated
resonator cavity. Before each curve was taken, all of the accelerator systems were carefully tuned so
that the contribution made by the slow variation of the operating conditions of the distinct systems would
be attenuated to the maximum. Curve 1 presents an arbitrary picture of the magnitude of the accelerated
current when the voltage across the two-electrode electron gun U, =41.8 kV (corresponding to gun emis-
sion current Ig = 30 pA) when the buncher is deenergized. Curve 2 was obtained with only the first resona-
tor operating, at a voltage Uy = 2kVacrosstheresonator gap. Curves 3, 4, and 5 were taken with only the

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 998-1000, December, 1972. Original
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Fig. 1. Beam current oscillograms taken in first few circuits through the

gynchrotron (vertical scale uniform for all the oscillograms, and equal to

15 mA/cm): a) no buncher; b) only first resonator activated; c) only sec-
ond resonator activated; d) both resonators activated.

-

Fig. 2. Dependence of accelerated current in synchrotron on phase of
buncher voltage with respect to voltage of synchrotron radio-frequency
oscillator: 1) U, =0, Ug =41.8 kV, Iz = 30 pA, Pinj =0.8 MW; 2) Ur,

=2 KkV, Ug =20 kV, Iy =18 pA, Pjpj=0.85 MW; 3) Ur, = 5.1 kV, Ug

=32 kV, Ig = 21 pA, Pipj =0.83 MW; 4) Ur, =5.1 kV, Ug =24 kV, [g =18
pA, Pinj=0.84 MW; 5) Ur, = 9 kV, Ug =22 kV, Iy =15 pA, Pjpj=0.84 MW;
6) Ur, =13 kV, Ug =22 kV, Iy =15 pA, Pjpj=1.03 MW.

second resonator operating, for three voltages Uy across the resonator gap. The voltage across the gun

U, was decreased with increasing U,., in order to keep the energy of the electrons to be injected into the
first section of the linear accelerator constant, and that in turn brought about a drop in the gun emission
current Is. Comparison of those curves shows that the current accelerated in the synchrotron increases
with increasing voltage across the resonator gap, while the phase width of the train of bunches injected
from the linear accelerator into the synchrotron narrows down. At voltages U, upwards of 3.8 kV, the
accelerated current varies by roughly 100% depending on the phase of the second resonator of the buncher
system. Moreover, with increasing U, there is a pronounced displacement of the phase about which bunch-
ing takes place to the zero point, and that corresponds to an increment in the average energy of the par-
ticles injected {4].

Clearly, the efficiency of the buncher also depends on the operating conditions of the linear accelera-
tor injector section. We therefore also took curve 6 for the case of enhanced power Pjnj in the accelerator
section. The increase in Pjpj, in conjunction with the increase in the accelerated current If, is responsible
for the increased phase width of the train of bunches. Figure 3 shows the relationship between the current
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If, mA— TABLE 1. SychrotronAccelerator Capacity

Sequen= Relative magtnitugie of current pulse
70 o - tial in K~th circuit
2 7 2??::;; N Only first | Only second|Both :
: g ¢ circuit b\?ncher resonator | resonator {FESOMAtOS

’ / / k . activated | activated 3°‘i‘_'3ted

6 / 1 1 1 1 1
2 0,64 0,75 0,76 0,83
/ 3 0,58 0,75 0,75 0,83
4 4 0,46 0,75 0,75 0,83
/ \ 5 0,41 0,68 0,72 0,83
6 0,39 0,62 0,65 0,8
7 0,32 0,62 0,65 0,77
z \ \ 10 0,3 0,53 0,62 -0,73
3 19 0,23 0,36 0,5 0,7
g 60 120 180 240 300 (p;_n
Fig. 3. Relationship between acceler- accelerated in the synchrotron when two resonators (I, II) are
ated current and phase of voltage be- - ‘energized and the change in phase between the two resonators
tween the first and second resonators ‘when there is a constant phase shift between the accelerating
(1) and between the radio-frequency voltage of the synchrotron and the voltage of the second reso-
accelerating system and buncher when nator, and also the dependence on the change in the phase be-
the phase shift between the resonators tween the accelerating voltage and the voltage across the
is constant (2). - buncher when the phase shift between the buncher resonators

is constant. The use of the buncher array made it possible to
increase the peak accelerated current by a factor of 1.8.

Note that, since the injector of the Erevan synchrotron facility has a two-electrode gun in which the
voltage, current, and beam focusing are interdependent, it would be difficult to optimize conditions for
the injection facility as a whole. The buncher efficiency can be improved by using a three-electrode gun
with constant anode voltage in order to inject the electrons into the linear accelerator, since a gun of that
design would make it possible to exercise independent control over the energy, current, and focusing of the
beam of particles, and would make it possible to define a narrower energy spectrum.
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SPATIAL DISTRIBUTION OF INTENSITY
OF IONIZATION PROCESS NEAR PLANAR
RADIOACTIVE SURFACE OF FINITE DIMENSIONS

° - ’ .
A. S. Rozenkrants and I. E. Shishkova : ‘ UDC 621.317.7

The spatial distribution of the 1nten31ty of the ionization process exerts a substantial influence on
voltage —current characteristics and on the electric field near a radioisotope neutralizer of static elec-
tricity. However, the literature[1] lists results of calculations of the spatial distribution of ionization in-
tensity only near a planar unbounded radiating surface. Since the active layer of the neutralizer is of
finite dimensions, it is of interest to take this fact 1n’co account when calculating the spatial distribution
of the ionization intensity.

As pointed out in an earlier article [1], treatment of the effect of the fringe of the active layer is
handled by introducing a coefficient K(r) dependent upon the shape of the active surface into the integrand
expression of function (15) in [1]. This function (15) then acquires the form

m
T ANgrcos aK (r) (1)
Ni=g 5 R

Here Nj is the intensity of the ionization process; 7 is the number of x-particles appearing in the active
layer under a unit surface area in unit time; /y, is the total path length in air of o -particles emitted by
the isotope in question; dx is the relative thickness of the active layer; x is the shortest distance from the
observation point to the neutralizer surface; o is the angle between the path traversed by the particle

and the normal to the surface; r is the radius of the element of area irradiating the observation point;
ANy = Ny (x max) Ny (Xfnin)s Where x'is the distance remaining to the end of the particle range; N, is
the total number of ionizations brought about by the particle on its path x'.

Consider the definition of the function K(r) for a bounded planar surface. In that case the radiating
layer is broken up into annular elemental areas, each of which brings about ionization dN;j at the observa-
tion point, when Nj is calculated using Eq. (1). One such area is shown in Fig. 1. Its center is displaced
a distance y from the centerline of the layer, while the
radius r is much greater than half (b) the longitudinal di-
mension of the layer (we assign to the longitudinal dimen--
sion of the coating the value 2b, along the direction in which
\ - the process material is moved).

2b 2b

clfe 0 clq) Vi dr The coefficient K(r) is numerically equal to that part
a, < of the entire elemental annular area which lies within the

- confines of the active surface and irradiates the observa-
5 / 5 tion point. It can be defined, consequently, as the ratio of
0 . the sum of the arcs of a circle of radius r lying within the
confines of the active surface to the entire length of that
circle. If the ratio of the arces of the circle is replaced
Fig. 1. Illustration of definition of coef- by the ratio of the corresponding central angles, we obtain
ficient K(r). v _ the formula

a b

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 1000-1001, December 1972. Original
article submitted March 27, 1972 ,

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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Fig. 2. Distribution of relative ionization intensity near radioisotope neutralizer
of static electricity, at different distances from neutralizer centerline: 1) y*
=0 @™ =y/lm)i 2) y* = 0.34; 3) y* =0.475. :

Fig. 3. Family of curves of equal ionization intensity near planar bounded active
surface (d3 = 0.3; dgo = 0.1; b = 0.341 ) coated with Pu?®® layer. Curve 1 cor-
responds to N* = 0, for each subsequent curve the value of N* is increased by
AN* = (.25,

K()=2=0=0 2

where
Q=2 arctg ___—'\/rzg-_(by—- v)? (see Fig, la AOAB), I @
r2_(b 12
Qz= 2arctg w— (see Fig. 1a A OCD). 4

In those cases where r < b +y, the angle Q, is set equal to zero.

Note that Eq. (2) is valid only when the center of the elemental annular area lies within the confines
of the active layer, i.e., y < b. But if the observation point is projected onto the surface not occupied by the
radiating layer, or on the edge of the layer (y = b), a part of the annular area either equal to or less than
half the layer area will be found within the confines of the active layer:

K(r=2-% (5)

(when y =b, Qq = 7). In addition, we have to bear in mind the fact that, when r < (b —y) (the entire ele-
mental area is within the confines of the active layer), K(r) =1, and whenr < (y —b) (meaning that the
entire elemental area lies outside the ionizing coating), K(r) =0. Those conditions are taken into account
by the algorithm compiled for digital computer calculations.

The distribution N' = f(x*) was calculated for different distances from the centerline of the radio-
active coating, and beyond the confines of the coating (transition to relative units performed in a. manner
similar to.that described earlier [1]), in order to clarify the effect of the boundedness of the active layer
on the spatial distribution of the ionization intensity near the planar surface.

Figure 2 shows the N* = f(x*) curves near the planar surface coated with a layer of Pu®3® (d; =0.3,
dco= 0.1, b =0.34%yy,). It is clear from those curves that the intensity of the ionization process near the
planar radioactive surface of finite dimensions is a function of two variables (x*, y*), so that the results
of the calculations can be conveniently represented as a family of curves of equal ionization intensity in the
x*, y* system of coordinates (see Fig. 3).
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A family of thgse characteristics plotted for a layer of specified parameters (material of radio-
active coating da, d ,b)makes it possible to:
€o

1. Determine the shape and maximum extent of the region of active ionization in two directions (ac-
cording to Fig. 3, xm—09aty =0; ym = 1.06 at x* = 0.395). :

2. Estimate the rate of change of the ionization intensity in the direction perpendicular to the radia-
ting surface (from the extent to which the plotted iso-curves draw together). In Fig. 3, the highest
rate of change in the ionization intensity occurs at points with coordinates 0 < x* < 0.15; 0.2 < y*
< 0.4.

3.. To clarify the effect of the distance from the observation point to the edge of the active layer on
the value of N*. For example, when the observation point is displaced from the middle of the
active layer beyond the edge of the layer (transition from point d to point c), the ionization 1n-
tens1ty undergoes a fivefold change (Nf = 2.5; N§ = 0.5).

From a comparison of famlheks of curves of equal 1omzat1on intensity with different values of one of
the layers of the parameter (e.g.,d_+ da* ) we can determine the degree of the dependence of N* at any
observation point on that parameter.

All of this information is needed for more accurate calculations of the electric field and of voltage
—current characteristics of radioisotope neutralizers of static electricity.
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_ INFORMATION: CONFERENCES AND CONGRESSES

III INTERNATIONAL CONFERENCE ON THERMIONIC
.DIRECT CONVERSION OF ELECTRICAL ENERGY

D. V. Karetnikov

The III International Conference on Thermionic Direct Conversion was held during June 5-9, 1972,
at the Nuclear Research Center at Julich (West Germany). The conference attracted over 200 scientists;
140 papers covering all aspects of direct conversion were discussed. Soviet delegates were afforded the
opportunity of becoming familiarized with the principal specialized scientific-research laboratories and
firms of West Germany.

A-general discussion was held, within the framework of this conference, on the future outlook for
thermionic conversion, with state representatives and scientists responsible for the development of ther-
mionic direct conversion inthe major industrial countries taking part. During the time elapsed since the
II. International Conference on Thermionic Direct Conversion held in 1968, the principal landmark in
the development of the thermionic method of converting heat energy into electrical energy has been, with-
out question, the successful tests of the two thermionic reactors Topaz-1 and Topaz-2 in the Soviet Union.
While the field of thermionic reactor design was characterized as of 1968 by a shift from scientific re-
search and development work to applied engineering activity, the state of the art in 1972 is characterized
by practical realization of methods and devices. Operating costs, reliability, and other topics marking
the beginning of a transition from the first experimental prototypes to full-scale industrial systems are
now on the agenda. Of course, the role of scientific problems is not at all diminished in this area, as
demonstrated by, if nothing else, the subject matter and practical significance of the papers presented
at the conference.

In the USA research and development program on thermionic energy systems, the principal pro-
spective consumers of thermionic electric power are space systems. Thermionic direct conversion is
preferred over all rival systems for the kilowatt power range. The greatest difficulties currently standing
in the way of practical realization of thermionic direct conversion systems lie in the area of technology,
and primarily in the technology of electric generating channels (EGC). Efforts of USA scientists and en-
gineers have been concentrated on the problem of how to devise reliable electric generating channels with
service lives of at least 20,000 h. It is assumed that, by using unitized modular electric generating chan- {
nels, it will be possible to build several thermionic direct conversion systems based on fast reactors in the
range of 10 to 120 kW. The need for service lives of 20,000 h is dictated by the fact that the heaviest pro-
spective consumers of thermionic direct converted energy will be electric jet propulsion engines, which
must be capable of powering a large number of planned long-duration space flights. The main hopes for
engineering realization of EGC with service lives in that range are pinned on the use of sophisticated tech-
nological methods capable of bringing about limiting ultrahard vacuum conditions, and very moderate
operating conditions remote from the limiting operations of the EGC per se. Table 1 lists the basic param-
eters of the first-generation American thermionic direct conversion systems in the design stage.

It is characteristic that, the design of a six-component built-in EGC with a fuel element ventilation
channel, which is the optimum design for a 120 kW reactor, hasbeen envisaged for all of the thermionic -
direct conversion reactors being designed. Replacement of some of the EGC by U—ZrHy type fuel elements
is being proposed for the thermionic direct conversion systems in the intermediate power range. The most
important reactor parameters for thermionic direct conversion systems are listed in Table 2. Prior to
building a land-based prototype, the Gulf General Atomics Corporation, responsible for designing ther-
mionic reactors, proposes conducting reactor tests on a chain of EGC with total electric power output of

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 1003-1005, December, 1972.
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TABLE 1. Basic Characteristics of Thermionic Converters Designed in the USA

Basic parameters
: . reactor total : lweight |weight
Application Space vehicle useful ) total number er fht_ weightof weight |of hgat- of aﬁxi--
format e})‘;fetl‘,lc electric | cpoe ?nito:irc reactor, |ofshield-|transfer|liary
'EW * | power, converters [ kg ing, kg |System,(systems,
kw - kg : kg kg
Interplanetary 32 modular mer-| 120 164 | 162 3171 | 1250 630 843 | 448
system with elec- [ cyyy transyerse-
tric jet propulsion | thrust engines
engine )
Unmanned com~ | Reactor and in- 8, 13,5 19; 19 1035; | 545; 545 | 173; 173 | 228; 89;
munications satel-| strument compart : 1190 : 274 193
lite (two variants) | ment coupled by
rigid pipe . \
i\Agnned space Reactor and com- 40 55 60 15950 * — — —_ —
aboratory artment coupled -
o geactor and rgan- 40 65 60 62707 - - - -
ned compartment '
joined by three
kilometer cable

*Including 1800 kg of .connecting body.
¥Including 1090 kg connecting cable.

about 10 kW, and testing a thermionic reactor core on a
general-purpose test stand with a thermal power output

TABLE 2. Some Parameters of USA
Thermionic Direct Conversion Reactors

Ther= [Electrid Voltage Nominal of 3 MW. Those tests are scheduled for 1977. By that time,

mal dea1 |\ mber |actoss  Bpecific Zfrﬁl:ter research and development work on EGC with service lives

IP:X:;' power 1 - lpec ou-0C . |tempera- of 20,000 h should have been completed. At the present time,

kw anne: put, v 5\,"}"’3?;2 ture, °C the service lives of single electric generating elements
(EGE) for in-pile installation have attained 15,000 h, while

350 [ 10 19 | 10 1,2 1570 the service life of the EGC prototype is 5000 h.
1285 | 40 60* 9 ' 3.0 1730 Work is now continuing on other concepts of thermionic
- direct conversion reactors: a fast reactor with externally
1480 | 120 162 23 3,4 1630 placed fuel, a reactor with heating of emitters by thermal

tubes, a fast reactor operating at high output heat loads

*With moderator. . £
o with "dry" heat insulation.

In France, the outlook for the development of offshore and ocean-bottom oil fields in the basins of the
North Sea and Mediterranean Sea have given a powerful impetus to interest in sources of electric power for
ocean-bottom drilling operations. Cost estimates have shown that thermionic direct conversion systems
are economically competitive with rival power sources if the cost of the thermionically converted electric
power is not greater than 1 dollar per kWh. French direct conversion specialists view those figures as
realistic. The volume of research and development work on thermionic direct conversion has increased
sharply as a result. While the earlier goal of the French developmental program was limited to develop-
ment work on EGC, current work in this area extends to reactor design and materials science, etc., with
new teams of specialists being drawn into the work in all of France's leading nuclear-research centers.
Building a prototype water-moderated, water-cooled reactor with an electric power rating of 20 kW is
proposed as a first step. The use of three-element EGC with separate adsorption type cesium sources
based on the Sirene type EGE has been proposeéd; the service life of this EGE is in excess of 5000 h. Tests
on the prototype are scheduled for 1975-1976. Below, we cite the basic characteristics of such an ocean-
bottom thermionic reactor: '

Electric power output, kW. . . . .. ... ... .. 20

Thermal power output, kW . .. ... ....... 2000
Number of diodes. . . . ... ............. 128
Minimum immersiondepth, m. .. ........ 50
"Maximum diameter, m................ 4
Totallength, m..................... 10
Total weight, tons . . . ... . ... ......... 25
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Research and development work on a thermionic reactor for spaceflight application, specifically for
a satellite-aided television broadcasting system, is being spearheaded in West Germany by the consortium
of firms Interatom, Siemens, and Brown-Boveri. Several state-sponsored scientific centers have been
drawn into this work. At the present time, work on plans for the first such reactor are nearing completion,
The principal characteristics of that reactor are: ,

Electric power rating, kKkW. .. ....... e 20
Thermal power rating, kW ... ... e e e - 1400
Number EGC. . . oo v vvn e oo i ee e e S 19
Number of booster fuel elements . .. .. ... 400
Output voltage, V. .. ................ 6.5-8.4
Sodium coolant rate, kg/sec .. ....... . 11.5
U loading, Kg. . .o oo v i e e 16

The use of zirconium hydride high-temperature moderator in the reactor hecessitates a search for
ways of keeping hydrogen from gaining access to the EGC, as hydrogen is capable of seriously increasing
mass f{ransfer from the emitters to the EGC collectors. Service lives of 3700 h were attained in reactor
tests of shortened (three-element) EGC. The consortium must obtain a government order for the fabrica-
tion of the reactor prototype in the immediate future; tests are to be staged around 1976.

The generality of the basic solutions was stressed in all of the papers and reports on the building of
thermionic direct conversion reactors, so that widespread international collaboration on the basic aspects
of thermionic direct conversion is highly favored at the present time.

One of the characteristic traits of recent work on thermionic direct conversion physics is the re-
analysis and rethinking being done on the basis of the current level attained in knowledge and technology in
this area. For example, several sets of conditions or side reactions and subsidiary phenomena in ther-
mionic direct conversion which were previously dismissed as uninteresting are now being used to good ad-
vantage in thermionic direct conversion diagnostics. The long service times required necessitated limiting
sterile conditions both in EGC technology and in laboratory experiments, and those special conditions have
led to singling out such criteria of vacuum preparation as make it possible not only to monitor, but also to
regulate and control, the composition of residual gases in the diode. Under those conditions, long-term
and reproducible improvements have been Successfully attained in the voltage —current characteristics by
adding a very small amount of pure oxygen to the effective gap in thermionic direct converter devices.

The presentation by the leader of the Soviet delegation, the first assistant to the chairman of the
USSR State Committee on the Peaceful Uses of Atomic Energy [GKIAE] I. D. Morokhov, in the general
discussion on the trends of research on thermionic direct energy conversion in the USSR, was met with
great interest, as was the paper presented by V. A. Kuznetsov at the conference on development and testing
of the Soviet thermionic direct conversion reactors Topaz-1 and Topaz-2. Thermionic direct conversion
reactors of low output ratings (units to tens of kilowatts) and high output ratings (in the megawatt range)
are being investigated in the Soviet Union. From the standpoint of practical engineering realization, the
investigations are being concentrated on low-output reactors with no booster region with hydride moderator,
i.e., on simpler and low-cost prototypes that will be a useful tool at the present state of the art in dealing
with general problems specific to thermionic direct conversion systems. The principal problem in this
testing program is to confirm the serviceability of EGC clusters as a component part of 2 reactor system
and the reproducibility of performance parameters from one specimen to the next. The tests have yielded
a wealth of information on EGC in-core behavior (total service life within reactor about one million com-
ponent-hours). Each ofthe reactors has been functioning under power generation conditions for about 15,000
h. Several land-based tests of the Topaz reactor are now scheduled.

Papers by Soviet specialists on fundamental thermionic direct conversion problems occupied a prom-
inent place at the conference. Analytical models of a low~voltage arc whose role has become enhanced
recently in connection with the development of thermionic direct conversion diagnostic techniques based
on voltage —current characteristics, investigation of stationary and dynamic properties of thermionic direct
conversion plasma, stability problems, investigation of voltage —current characteristics, adsorption
phenomena, materials testing and materials science problems - constitute the main research trends rep-
resented by USSR papers at the conference. -

1178

Declassified and Approved For Release 2013/02/27 : CIA-RDP10-02196R000300110006-4




|
Declassified and Approved For Release 2013/02/27 : CIA-RDP10-02196R000300110006-4

The conference marked an important stage in the development of the thermionic direct conversion
method. The conference drew a balance sheet of the basic achievements in realization of national develop-
ment programs, and enabled leading specialists to discuss the resuits of scientific-research work, ex-
perimental desigh work, production technology development, and cost.investigations.
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CONFERENCE OF IAEA EXPERTS ON GAS-COOLED
FAST REACTORS ‘ '

N. M. Sinev and V. M. Shmelev

A conference of JAEA experts on problems connected with gas-cooled fast reactors was held in
Minsk, July 24-28, 1972, responding to an invitation by the USSR State Committee on Peaceful Uses of
Atomic Energy [GKIAE].

The present state of research and development work on gas-cooled fast reactors was discussed;
their characteristics were compared to the characteristics of fast reactors with liquid-metal coolants;
estimates of losses and of efforts needed to develop gas-cooled fast breeders; the outlook for international
collaboration in that field.

Twenty-one reports on fast breeders with helium, CO,, or dissociable N,O; gas as coolants were
presented and discussed. Successes achieved in recent years in various countries in the development of
high-temperature gas-cooled reactors were noted. Close attention was given to discussions of the require-
ments for a promising fast breeder type, particularly in relation to doubling time and safety conditions.

The participants at the conference noted that a gas-cooled fast breeder can, in principle, attain the
. necessary doubling time (6 years) and can be regarded as a trend parallel to or backing up liquid-metal
fast breeders.

Two concepts were put forth on fuel utilization and on the doubling time. Some of the participants
felt that the basic problem facing fast breeders during the next 20 to 25 years is the production of the
cheapest electric power competitive with the electric power obtainable from nuclear power stations with
thermal reactors, rather than cutting down on the needs for natural fuel. These specialists feel that fast
breeders must be optimized not for the minimum doubling time but for the minimum cost of electric power
when the doubling time is greater than seven or eight years.

The concept entertained by the second group is based on the fact that fast breeders must solve a raw
materials problem within the next 20 to 25 years, since the doubling times for breeder reactors must be
much shorter than the doubling times in conventional and nuclear power generation,

Reports by S. M. Feinberg and N. N. Ponomarev-Stepnoi (USSR) suggested two variants for building
a helium-cooled fast breeder: 1) a small fast breeder with a plutonium core, with an expected breeder
time of the order of three years, helium pressure 300-400 atm, and reactor exit temperature 700°C (hard
neutron spectrum and high breeding ratio ~2); 2) a large fast breeder with a diluted core and longitudinal
—transverse (cross) flow of gas through clusters with fuel microelements of breeding ratio =1.6, and
helium pressure 150 to 200 atm. Those papers discussed several variants of designs of nuclear power
stations with small-core reactors: a reactor with a multiregion plutonium core (several plutonium cores
accommodated within a single metallic uranium reflector unit in a common metallic or concrete pressure
vessel); 2 modular nuclear power station layout (combining several, i.e., 5 to 12, reactors with plutonium
cores, each within a separate metallic vessel ~2 m in diameter). The reactor pressure vessel together
with the steam generator units, gas blower, etc., are housed in a reinforced concrete containment struc-
| ture, i.e., the layout of the facility is structurally integrated.

P. Fortesquieu (USA) made a survey of the work done by the Gulf General Atomic Corporation on gas- ‘
cooled fast breeders. He presented layouts and designs of the basic components and subsystems of a

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 1005-1007, December, 1972,
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demonstration fast helium-cooled 300 MW (e) reactor, and cited the basic characteristics of the prototy o™,
of a commercial helium~cooled fast breeder designed for 1000 MW (e) output. These characteristics were
compared to the corresponding characteristics of liquid-metal fast breeders. In Fortesquieu's opinion,
when the temperature of the gaseous coolant does not exceed the temperature of the sodium, a helium-
cooled breeder provides a solution of the problem of safety and servicing. The corporation is making use
of extensive experience accumulated in its work in the design of gas-cooled thermal reactors. The cor-
poration considers the performance of the 1000 MW (e) gas-cooled fast breeder in a system of four high-
temperature 1000 MW (e) gas-cooled thermal reactors to be a feasible arrangement.

An assessment of the present status and developmental outlook of gas-cooled fast breeders was given
in papers submitted by a representative of the European Association of Gas-Cooled Breeder Reactors,
Sherman. The associationunites15 organizations rooted in eight European countries (Austria, Belgium,
Switzerland, West Germany, France, Great Britain, Italy, and Holland). The problems under considera-
tion include assessments of the potential capabilities of gas-cooled fast breeders, developments of pre-
liminary projects, coordination of research, and exchanges of information on the topic.

At the present time, three tentative projects of 1000 MW (e) reactors are under consideration: one with
rod-type fuel elements and reactor exit helium temperature 587°C, another with fuel in microelements and
CO, temperature 700°C at the reactor exit, a third with fuel in microelements and reactor exit CO, tem-
perature 650°C. An integrated layout in a prestressed reinforced concrete containment structure is used
in all three variants.

" Very close attention is given, in the Association's program, to development and testing of fuel ele-
ments, fuel compositions (based on oxides and carbides of plutonium and uranium) and structural materials.
It is shown that a gas-cooled fast reactor with rod-type fuel elements is close, in its capital outlay, to a
‘high-temperature gas-cooled thermal reactor.

The status of work on gas-cooled fast breeders in West Germany was described by M. Dallidonne.
In 1971, the West German nuclear-research centers at Karlsruhe and Julich entered upon a joint program
" (1971-1974) involving a total sum of 6.5 million dollars, in the development of gas-cooled fast breeders, '
About 90% of that sum is earmarked for the development of 2 1000 MW (e) reactor project featuring gas
cooling and ventilated oxide fuel elements in stainless steel cladding. A nuclear power station with a gas-
cooled fast breeder is being built in a two~loop steam~turbine arrangement. The remaining 10% is ear-
marked for development research (vanadium cladding for fuel elements, clad microelements, a gas-turbine
cycle).

The report takes into account the fact that a fast breeder project featuring gas coolant, stainless
steel-clad oxide fuel, and a steam-turbine cycle, can be realized in the immediate future. But the following
steps will be required for that engineering realization:

1) radiation tests on fuel compositions and models of the prospective fuel elements in existing re-
search reactors;

2) test-stand trials of the thermodynamié and gas-dynamic characteristics of the fuel elements;

3) rapid completion of the first drafts and engineering designs and detailed engineering cost analyses
based on them, and safety measures based on quite rigorous requirements.

A staffmember of the Swiss Federal Reactor Research Institute, G. Sarlos, gave an account of re-
search done at the Institute.

An analysis of several variants of nuclear power stations with fast gas-cooled breeders is being car-
ried on in a joint project with Swiss industry. Specific emphasis is being laid on a single-loop variant with a
gas turbine and a double-loop variant with a steam turbine, with integrated and nonintegrated equipment
arrangements. The single-loop gas-turbine variant with nonintegrated equipment arrangement is, so far,
in front as a solution of engineering cost problems, '

But difficulties in the development and fabrication of equipment have led to some preference for the
double-loop variant and a steam-turbine cycle, even though the latter is inferior to the single-loop gas-tur-
bine variant in engineering cost performance, in that it does have distinct advantages to offer in technology
and in the solution of safety problems.
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. Tanaka (Japan) reported that the development of a gas-cooled fast breeder has been underway in

' Japan since 1967. Starting with 1970, options have become narrowed to the development of 2 1000 MW (e)
reactor with helium coolant, rod-type fuel elements with stainless steel clad uranium dioxide and plutonium
dioxide fuel, and a double-loop arrangement with a steam-turbine cycle.

Reports by Comellini (Italy) and Videra (Sweden) presented a picture of the status of work on gas-
cooled fast reactors in their respective countries.

International collaboration in west European countries within the framework of the European Atomic
Energy Agency was dealt with in a report by a representative of EAEA, L.. Boxer.

There was substantial interest shown in reports by A. K. Krasin, V. B. Nesterenko, A. M. Sukhotin,
and G. A. Sharovarov on various aspects of the development of gas-cooled fast reactors using dissociable
gases as coolants. The reports demonstrated that results of theoretical and experimental research on a
1000 MW (e) fast reactor with N,O, coolant and working fluid, carried out at the Nuclear Power Institute
dYaE) of the Belorussian SSR Academy of Sciences, supports hopes that nuclear power stations based on
such reactors will meet all of the requirements imposed on fast breeders. Efficiencies of 30-33% and
doubling times of six to seven years are possible for such a reactor at loop pressures of 160 atm and exit
gas temperatures of 350-450°C. a '

During a visit to the Nuclear Power Institute of the Belorussian SSR Academy of Sciences, the con-
ference participants were shown test stands devised for the study of various topics related to uses of NyO,
as coolant in the reactors and as turbine working fluid.

The conference reached the conclusion that research and development work on gas-cooled fast reac-
~ tors now in progress in many laboratories of the countries represented at the conference indicates a
promising trend in nuclear power development. The feasibility of continuing and intensifying research and
development work in that direction was acknowledged.

With that object in mind, the conference recommended that IAEA review ways of bringing about fur-
‘ther exchanges of information between the countries interested in the development of gas-cooled fast
breeders, either within the framework of the existing international work group on fast reactors, or in
whatever alternative convenient way.

On the whole, the conference showed that interest in gas-cooled fast reactors is growing, and that
research, development, designing, and planning work aimed at the building of prototype facilities is well
under way in a number of countries.

The conference proceedings will be published by IAEA.
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VI INTERNATIONAL SYMPOSIUM ON RADIATION
-EFFECTS ON STRUCTURAL MATERIALS

P. A, Platonov-

The VI International Symposium on- the effects of radiation on building materials, organized under
the auspices of the American Society for Testing Materials, was held June 26-28, 1972, in Los Angeles
- (USA).

The symposium was attended by leading specialists from American national centers and from firms
conducting research and development work in the field of nuclear power, as well as by representatives of
research centers and universities of other countries. Forty-four papers were presented on the following
topics: 1) mechanics of failure of reactor pressure vessel steels; 2) effect of structure and impurities
on the properties of pressure vessel steels; 3) microstructural changes in response to neutron bombard-
ment (pore formation, separation of phases, pore formation through the action of charged particles); 4)
mathematical simulation; 5) mechanical properties (ductility and plasticity, creep, fatigue, strength).

The reports under the first heading dealt primarily with development work on reliability criteria
for pressure vessels based on materials failure mechanics, and finding correlations between those criteria
and standard mechanical properties. The possibility of ascertaining the failure strength coefficients from
conventional Charpy type specimens with notch fatigue cracks introduced prior to the tests was discussed,
as well as several new methods for estimating resistance to brittle failure (resistance to crack propaga-
tion) in static and dynamic bending tests.

As we know, the behavior of several low-carbon and low-alloy steels employed in the fabrication of
reactor pressure vessels to radiation-induced embrittlement is quite different. In some reports on the
effect of the composition of pressure vessel steels on their stability to radiation, the mechanism by which
individual impurities (copper, nitrogen, carbon) act has been studied from the standpoint of the interaction
between those impurities and defects present. Stress was placed on the role played by nitrogen impurities
in the state in which the steel exists (in solid solution or in a bound state in the form of nitrides and car-
bonitrides). Those papers do introduce a certain amount of clarity into our understanding of the mechanism
underlying the harmful effects of copper on the radiation stability of steel, and on the temperature stability
of radiation-induced changes.

The problem of radiation damage to stainless steels, and above all pore formation and swelling in
steels, was discussed in greatest detail. Data were cited on swelling of stainless steels bombarded by
integrated neutron fluxes greater than 10?3 neutrons/ cm?, or doses of irradiation by heavy ions (C*, Ni,
Ta') equivalent to those fluxes, at temperatures from 450 to 700°C. The most important conclusions forth-
Vcoming from those studies are: 1) saturation of the swelling effect in stainless steels is absent at inte-
grated fluxes 10?2 to 8- 102 neutrons/cm?; 2) swelling increases approximately as a linear function of the
irradiation dose. According to data on exposures of steel specimens in a fast reactor (EBR-II), swelling
of grade steel 304 in an integrated flux 1.1 - 10% neutrons/cm? amounted to 11 vol. % (R. Fish et al., USA).

When steels of grades 304 and 316 were irradiated by heavy ions'in doses of 3-10% neutrons/cm?,
swelling amounted to 30%. Grade 304 steel swells to 30 vol. % at integrated fluxes to 2 - 10*3 neutrons/ cm?.

Note that preliminary deformation of the steels reduces swelling (twice or three times as much as in
the case of austenitized steel) only in the temperature range below 600°C (V. Johnston et al., USA). At
integrated fluxes from 3-10% to 4 - 10® neutrons/cm? at 625°C, swelling is virtually the same for either

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 1007-1008, December, 1972.

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00. oy
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austenitized steel or previously cold-worked steel. Although all of those data were obtained from exposures
of steel specimens to beams in heavy-ion accelerator systems, there could hardly be any doubt as to their
representativeness. Detailed investigations have demonstrated the reasonably good correlation between

the pile-irradiation data and the accelerator-exposure data over a broad range of exposure doses.

Methods devised for measuring swelling of thin specimens irradiated in accelerator facilities directly
" are of interest in that respect. Those methods can be used to demonstrate the adequate representativity
and the quantitative nature of the results obtained when transmission electron microscopy is relied on.

Hence, the results presented at the symposium indicate that some difficulties can be encountered in
the selection of material and in the solution of reactor core engineering problems, in attempting engineer-
ing realizations of fast reactor projects designed for high burnup levels. Note also that preliminary cold
working of steel, which seemed earlier to be a solution of the swelling problem, is not a sufficiently ef-
ficacious measure at higher integrated fluxes and at elevated temperatures, and may result in real gains
only when the temperature is brought below 600°C. :

In referring to ways of diminishing swelling of materials through alloying, we must point out that
there is as yet no unified point of view on the nature and underlying mechanism of the effect of alloying
components on the behavior of the materials. :

Some of the papers presented at the symposium (K. Garr etal., USA; V. Appleby, W. Wolf, USA;
K. Ehrlich, N. Pakan, West Germany) demonstrated the essential role played by separation of excess
phases within the grain, which can serve as nuclei for pore formation in some instances. Hence the nega-
tive estimate of stabilized 347 steel as compared to unstabilized grades 304 and 316. We could also point
out the lesser swelling of the stabilized steel 15Gr —13Ni—Nb (4988) fabricated in West Germany, as com-
pared to steel grades 304 and 316. That grade 321 steel swells less than grades 304 and 316 was also
pointed out. '

Some results of an investigation of high-nickel alloys (H. Breger, J. Straalsund, USA) reporting
detection of a slight increase in swelling over that typifying steels is of interest from the vantage point
of estimating the effect of composition on swelling. It is assumed that swelling is hindered by disperse
particles (NigNb and NigTi) present in dispersion-hardening steels (such as PE-16), in that those par-
ticles impede the formation of dislocation loops, and thereby contribute to mutual annihilation of Frenkel
pairs. The absence of appreciable swelling in alloys that have no disperse precipitates in their structure
(e.g., Incaloy-800) does not yet have a sufficiently warranted interpretation. While exhibiting advantages
over steels as far as swelling is concerned, these alloys are however subject to rather intense high-tem-
perature embrittlement. :

Among the papers not directly concerned with the practical aspects of the study of radiation effects
on materials, we might mention a few on investigations of the formation of an ordered structure of pores
and dislocation loops in pure metals. A survey paper presented at the symposium (G. Kulginski and J.
Brimell, USA) gives grounds for the assumption that valuable information on the mechanism of pore for-
mation and methods of controlling swelling can be obtained in the future in this area.

Presentation of reports on investigation of such properties of fast-reactor stainless steels which can
be deemed applicable to thermal reactors as well, though to a lesser extent (fatigue, creep, long-term
strength, ductility), was a typical feature of the symposium. Data presented in the papers attest to the sub-
stantial effect of irradiation by fast neutrons on the long-term strength characteristics (decrease in long-
term strength and ductility, rise in creep rate). The effect of those changes (e.g., 10 to 100 times increase
in creep rate) emphasizes the need for detailed treatment of those effects when designing structural com-
ponents for the cores of fast reactors.

We also draw attention to papers on investigations of radiation effects on the mechanical properties
of Zircaloy-2. Creep in specimens and tubes made of that alloy was investigated under irradiation con-
ditions (D. Wood, Britain). Equations relating creep rate to testing conditions at testing times to 40,000
h. The properties of Zircaloy-2 tubes irradiated in the form of fuel-element cladding (D. Hardy, Canada).
One major conclusion in that paper is that the initial ductility of the alloy must be 25 to 309 if fuel-element
cladding is to be serviceable. '

In addition to investigations of the use of materials in thermal and fast reactors, papers were pre-
sented on the study of radiation effects on refractory materials (niobium and niobium alloys) with applica-
tions to their use as structural materials in thermonuclear machines.
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A broad range of materials science problems in reactor design of maximum urgency was covered
in the symposium. The symposium materials are to be published as a collection of articlesin early 1973. '
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JULY 1972 INDC SESSION

G. B. Yan'kov

The International Nuclear Data Committee (INDC) has been known by that title since 1968. An In-
ternational Nuclear Data Work Group existed earlier. The regular (fifth) scheduled session of the INDC
was held in Vienna, July 17-21, 1972. Representatives of many countries, as well as representatives of
IAEA, Euratom, and the Saclay nuclear data center, took part in the deliberations. Chairmen of the com-
mittee are reelected every two years; a representative of the USSR (L. N. Usachev) has been chairman of
the group since January 1, 1972,

After the minutes of the preceding session had been approved, discussions of follow-ups ofl concrete
recommendations and the report of the 1970-1971 INDC chairman G. Kolsted (USA) were heard, and the
committee proceeded to a discussion of experimental research performed during the preceding year.

Attention continues to be centered on measurements of constants in fields where the greatest dis-
crepancies of data exist for isotopes where reactor performance is seriously concerned; o ratios for
U%%, pu®® fission cross sections of U5 Pu®¥?, and other nuclides, inelastic scattering cross sections
and neutron capture cross section of U?®, average number and spectra of fission neutrons, and capture
cross sections for fissile and structural materials. The experiments have been characterized not only by
a decrease in the error of data in measurements taken at different points, but also by efforts to secure the
most precise results over a broad range of neutron energies under the same experimental conditions. For
example, values for 0.02 eV to 400 keV have been obtained for the o of Pu?*® (USA data), from 0.01 to 1 MeV "’
for the o of U%3 and Pu?3® (USSR data), from 0.8 to 30 MeV for (n, f) of U5 (West German data). No
success was achieved over the past year in clarifying the reasons for this discrepancy in the data obtained
under different conditions, and for such important quantities as the value of v for C2%2, or characteristics
of the spectra of prompt fission neutrons of U?*® and Pu®? the last topic was the subject of a special inter-
national gathering of consultants held in August, 1971; the recommendations forthcoming from that gather-
ing were approved by INDC. ‘

Reference standard cross sections used played a significant role in comparing the results of experi-
ments carried out with high precision. The following reactions recommended as suitable standards and
presented as such by an INDC subcommittee on standard cross sections were approved at the July session: )
Hl(n, p); Lin, o); B%n, a); Aul®(n, v); U@, f); and He¥(n, p). It was acknowledged that further precision
will be needed in cross sections of those processes, e.g., U?%(n, f), and particularly so in the energy range
from 0.1 to 1 MeV, or Li®(n, o) at energies upwards of 100 keV. Standard reactions will be discussed in
detail at a special IAEA conference to be held in November, 1972.

At the present time the volume of work on estimates of nuclear data, with generous use of com-
puters and data processing technology, has expanded appreciably. Several countries, the USSR included,
are transmitting their own estimated data to IAEA to expedite data exchanges. However, the committee
has an understanding on exchanges of estimated data solely for the standards enumerated above. In view
of that, the problem of how to go about publishing an international bulletin on estimationh work in progress
or being planned has not met with a positive solution. An INDC subcommittee on discrepancies in the most
important nuclear data and on estimates of nuclear data has decided to restructure its work by distributing
responsibilities for those variables and constants among the members of the subcommittee: each subcom-
mittee member must submit to the subcommittee chairman, three months prior to a regularly scheduled
INDC session, a review of the data accumulated on the aspect to which he has been assigned, so that the
entire assemblage of relevant data can be discussed at the scheduled INDC session.

Translated from Atomnaya }flnergiya, Vol. 33, No. 6, pp. 1008-1009, December, 1372.

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. Al rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00. ’

1186

- Declassified and Approved For Release 2013/02/27 : CIA-RDP10-02196R000300110006-4



Declassified and Approved For Release 2013/02/27 : CIA-RDP10-02196R000300110006-4

A topical seminar on inelastic scattering of fast neutrons that was held concurrently with the INDC
session heard eight reports devoted to developments in techniques, measurements, estimates, and theo-
retical calculations of data; the greatest attention was placed on new U%® investigations. -

Four research centers (Brookhaven, Vienna, Obninsk, Saclay) are engaged in collecting, reviewing
systematizing, processing, and storing nuclear data, organising estimates and exchanges of nuclear
data. Exchanges of experimental data are expedited on the basis of the EXFOR system; the com-
mittee accepted a proposal to include data on fission products in that systém. Results of a conference held
by those four research centers in October, 1971, were also discussed, as well as various aspects of data
exchanges, and specifically times required for obtaining data requested and reasons for delays in answer-
ing inquiries and requests. A step-up in the flow of information in recent years can be followed against the
number of reports in SINDA compendia: 55,000 in 1969, 75,000 in 1971, 87,000 in May, 1972.

The first edition of the world list of requests for measurements of nuclear data (WRENDA) scheduled
for the end of this year was discussed in detail at the session, and the sequencing of subsequent editions
was also discussed. It was resolved to turn to the participating nations and to the reactor division of JAEA
‘with a request to begin a continuing work program on engineering cost justifications of allowable errors in
reactor and shielding parameters traceable to inaccuracies and uncertainties in nuclear data. It was pointed
out that one standard deviation constitutes an error in WRENDA, The committee approved, and recom-
mended for rapid dissemination, a list of requests for nuclear data drawn up by the subcommittee on
guarantees and prepared at present on the basis of data from the USSR, the USA, and West Germany, for
the purpose of assisting in the development of engineering methods in a system of guarantees, and also
discussed the work done to date on compiling a similar list for thermonuclear reactors.

Nonneutron nuclear data were high on the INDC agenda. Comprehensive calculations of fission reac-

‘tors and radiation shielding, engineering work on thermonuclear reactors, engineering methods in a s5ys-
tem of guarantees, activation analysis, applications of radioisotopes and accelerators in medicine, biology,
and industry, and also astrophysics and nuclear physics, require the collection and storage, review and
systematization, compilation and estimates of large volumes of nuclear spectroscopic information of a non-
neutron nature. In addition, we are still lacking systems of international exchange of nonneutron informa-
tion. TAEA has set up an international work team responsible for data on the structure of the atom and nu-
clear reactions. In March of 1972, the team held its first session in Vienna, to discuss the present state
of the art in the field of compiling and estimating nonneutron nuclear data in various countries, and dis-
cussed fields of application of those data. A preparatory committee (Canada, USSR, USA, France) then
drew up 2n agenda for an international symposium on applications of nuclear data (both neutron data and
nonneutron data) in science and industry, to be held under IAEA auspices in March, 1973, Paris. The
entire discussion at the INDC session revolved around a single topic, specifically, whether that group
should be an INDC subcommittee or an independent unit in the solution of all related matters except certain
recommendations of a financial nature. The decision was put off to the following INDC session, in order

to allow an opportunity to take into account information becoming available while the symposium was being
prepared and held.

In 1972, IAEA set aside 15,000 dollars to assist developing countries in acquiring specimens and
targets for research in nuclear data. The committee familiarized itself with requests coming in, and ap-
proved a procedure for distribution of specimens and targets, emphasizing the point that support must be
given to work projects that dovetail with the lists of demands and requests.

The third IAEA conference on nuclear data is scheduled for 1974. The first session of the JAEA
preparatory committee will meet in November, 1973.

The next INDC session will be held in Vienna in October, 1973.
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SECOND INTERNATIONAL CONFERENCE ON HIGH-B
PULSED PLASMA

Yu. V. Skvortsov

The second conference on high-g pulsed plasma was held July 3-6, 1972, at the Max Planck Plasma
Physics Institute in Garching (West Germany). The conference drew participation from 143 physicists
hailing from 11 countries, including the Soviet Union.

A total of 64 reports was heard, and these were discussed at seven panels which did not overlap
in time allotments.

The first panel dealt mainly with fast toroidal Z-pinches and 6-pinches. The audience heard with
special interest a report on results of experiments conducted on the toroidal sector (1/3 the total length)
of the Scyllac machine, which features a pinch whose major diameter is 5 m (Los Alamos, USA). The pur-
pose of the experiment was to compensate the toroidal drift of the plasma with the aid of additional spiral
¢ =1) windings and a cusped magnetic field formed by circular recesses in the chamber walls ¢ =0). The
experiments showed that the plasma lifetime 7 in the system was 1 to 2 pusec when the correcting fields
were shut off. When the parameters and configuration of the compensating fields were carefully assigned,
7 could be increased successfully to 10 ysec. That value is commensurate with the time it takes a hot
plasma to flow through the end faces of the Scyllac sector.

The remaining papers presented in this panel dealt with toroidal systems with longitudinal current.
The configuration of the magnetic fields in some of those systems was similar to the configuration brought
about in tokamak type quasistationary machines. The experiments generally amounted to a verification of
the Kruskal —Shafranov criterion for a plasma such that 8 = 0.1 to 0.5.

The second panel was devoted to stability theory and equilibrium theory. That panel heard nine re-
ports, dealing mainly with the reasons behind the higher stability (as an acknowledged experimental fact)
of high-systems compared to machines where 8 << 1. The reports were presented by the two groups of
scientists from Garching and Los Alamos. The difference in the techniques employed in the work of these
two teams is quite intriguing. The former conducted their research in what could be termed classical style:
they analyze the equations describing the process and attempt to find solutions for the rates of develop-
ment of instabilities, spectra of oscillations, etc., in analytical form. The Los Alamos scientists, using
the increasing capacity of digital computers to advantage, "break through" the solutions of the most com-~
plicated systems of equations by brute-force numerical methods, and seek out new effects in that manner.
A report by Freidberg and Lewis using a numerical solution of the kinetic equation to show that the rate
of development of instabilities such at m = 2, in a high-8 plasma, can be well below the rates computed
with the aid of a linearized system of equations in ideal magnetohydrodynamics.

The third panel discussed linear ¢-pinches. Modifications of this system made their appearance: a
@-pinch with a multipolar magnetic field, and a "negative" g-pinch [B(t) = By(l — cos wt)]. These devices
fail to yield any distinct advantages in generating a dense and hot plasma.

It is worth pointing out that the role of numerical experimentation clearly comes to the forefront in
the reports on direct 6-pinches. It becomes an important method for investigating plasmas, infact. At
the present time, experiments are being planned in such a way that direct measurements and numerical
calculations will supplement one another. In that way, the energy balance on the Isar II machine West
Germany; G-pinch 1 m in length, 10 cm in diameter, energy storage of capacitors 500 kJ) was arrived at,
and it was shown that plasma energy losses are determined by the electronic thermal conductivity and by
the outflow of plasma, similar to the gas flow pattern in Laval nozzles.

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 1009-1011, December, 1972.
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Results of measurements performed on the 5 m linear #-pinch powered by the Scyllac battery (Los
Alamos) were somewhat surprising. It was found that energizing the magnetic mirrors brings about a rapid
development of an instability in the plasma column. Those data are at variance with experiments conducted
on the Scylla IV machine (also at Los Alamos), and the reasons for those discrepant effects are under
scrutiny.

A separate session discussed collisionless shock waves. This method of generating a high-tempera-
ture plasma is proposed for use either in order to fill up magnetic traps of the stellarator type or, when
the plasma lifetime is sufficiently long, in order to provide an independent source of neutrons. In the latter
case, the skin time must be large, and the physics of thin current sheaths must be known. High ion energy
is required in both cases. In a convergent cylindrical shock wave it is proportional to E - ngi/z, where E
is the intensity of the electric field in the plasma, and n, is the initial density of the gas. In the reports sub-
mitted (mostly by German scientists), the voltage on the periphery on the coils varied from several tens of
kV to 500 kV, the initial density varied from 3- 10 to 5-10' cm™3. The rate of implosion in these experi~
ments was 10® cm/ sec and the neutron pulse commenced well in advance of the cumulation of the plasma on
the system axis, since the target was a cold gas. During the implosion stage, the plasma temperature
reached 10 keV, and the density was 10 ¢cm™, g =0.5. A fairly broad range of values is cited for the
width of the current sheath, in both theoretical and experimental contributions to the literature. The ex-
perimentally derived values varied from 3 to 8 ¢/ Wpe (Garching) to ¢/ wpi (Julich). Only one of the theo-
retical contributions showed close agreement with experiment. That article treated the buildup of a non-
linear ionosonic wave moving opposite to the discharge current. It was shown that the critical value of the
current velocity is 2 -V (mg/ mi)VTe over a broad range of assigned parameters, while the width of the
sheath is ¢/ wpj.

Investigators of plasma-focus systems were extremely active at the conference. In addition to the
planned session set aside for the presentation of the largest number of reports on the topic, an additional
discussion was arranged to cover the dynamics of current sheaths and mechanisms underlying generation
of high~temperature plasma and fast particles. There is virtually complete clarity on the first topic (dy-
namics): careful comparisons of experimental findings and calculations demonstrates complete agreement
all the way up to the point of peak compression. Nothing definite can be said yet of heating. At least three
plausible reasons for the appearance of a heated plasma by the time the peak intensity of neutron radiation
is reached (second pulse) are under discussion: adiabatic compression, turbulent heating, and dissipation
of the magnetic energy associated with current vortices (Bostick, USA). As for the mechanisms under-
lying generation of fast particles, reports by N, V. Filippov (USSR} and Bernard (France) demonstrated
the existence of special sets of conditions under which fast protons are generated. In Bernard's view, these
conditions are typical for discharges with a low initial pressure. All of these inaccuracies and discre-
pancies can apparently be removed with success in the coming years — a procedure featuring a resolving
time of 1 nsec was demonstrated at the conference. The main point is that the plasma implosion process
in plasma-focus systems is being calculated in broad outlines right up to level of quantitative estimates of
neutron yields. That makes it possible to proceed ahead to the planning, design, and building of new and
more powerful machines. This trend is supported not only by the desire to come closer to the Lawson
criterion in thermonuclear research, but also by the practical interests of firms engaged in the development
of pulsed x-ray and neutron sources. Inany case, the design of a 1 MJ facility has been worked out at
Frascati (Italy), and this project will be completed in the immediate future under Euratom auspices.

The basic topic covered by the sixth panel was ¢-pinches with a discharge chamber of rectangular
cross section ("ribbon" chambers, "thimble" chambers). Only projects of experimental facilities and their
theoretical foundations were discussed at the 1971 Madison conference, while the first experimental re-
sults were reported out at this conference. It was found that the plasma in these devices is quite stable,
and the plasma lifetime is determined by the diffusion time of the magnetic fields. A Soviet report (Yu. F.
Nasedkin, G. B. Levadnyi, et al.) ona ribbon #-pinch project was heard with great interest and discussed
actively in the corridors. It differed from foreign machines in the high value of the magnetic fields (100 kG).

The last panel ("Miscellaneous") was devoted to a broad range of topics: from stabilization of in-
stabilities of feedback to calculations in the design of a pulsed thermonuclear reactor. The continuing and
unremitting searches for new ways of generating high-temperature plasma is one of those topics that de-
serves special attention here. In addition to familiar suggestions on 'heating the material by means of elec-
tron beams and laser radiation, some brand new ideas also came forth for discussion. For example, Cheng
(USA) passed 1 MA current through a thin-walled deuterium-loaded metallic tube. The overvoltage occur-
ring during the current rest as the tube exploded was found to be sufficient to cause breakdown of the
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deuterium. The gas was heated by the discharge current to 2 high temperature, and the disintegration of
the gas was slowed down by the heavy envelope of vapor from the tube metal. Neutron radiation was re-
corded. Cheng is of the opinion that n- v ~ 10! can be attained at a current of 25 MA.

A report by Boris et al. (USA) on a machine project featuring an ultrastrong (2.5 MG) magnetic field
and a positive energy balance was also of interest. The field is established by a collapsing metallic liner:
of initial diameter ~1 m and length 10 m. The energy stored by the inductive storage units is 200 MJ.
Preparations for practical realization of this project are now underway.

The work of the panel, and with it the conference, ended with a report by Ribi (USA) on the results
of self-consistent calculations for a thermonuclear reactor based on a two-stage toroidal g-pinch. The
reactor design power is 1750 MW, the thermal load on the wall is 3.5 MW/ m?; the plasma parameters: n
~ 10 ¢m=3, and T =15 to 30 keV. The plasma in the reactor is generated by fast shock heating, and is’
then confined for 100 msec by a slow field. The duty cycle of the firing pulses is 102, Some advantages
of pulsed reactors over stationary reactors are pointed out (small size, absence of flows of liquid metals
in magnetic fields, etc.). '
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VI INTERNATIONAL CYCLOTRON CONFERENCE

N. I. Venikov

The VI International Conference on cyclotrons was held in Vancouver, Canada, July 18-21, 1972.
Approximately 80 reports were presented. :

Very few new projects were reported on at this conference, in contrast to previous conferences.
This demonstrated the unflagging attention being given to acceleration of heavy ions and the steadily in-
creasing interest in the application of cyclotrons in various branches of science and industry, and especially
in medicine and materials science.

The most remarkable achievement in cyclotron engineering in the course of the past year has been
acceleration of heavy ions in a two-cyclotron system at JINR (Dubna). By injecting ions accelerated in
a 3 m cyclotron into a 2 m cyclotron, and effecting charge transfer between the ions in the latter machine,
colleagues of G. N. Flerov have succeeded in obtaining xenon ions with energies of 7 MeV/ nucleon, and
beam intensities of 2-10'® particles - sec™!, and have begun experiments on the synthesis of superheavy
transuranium elements. The Alice facility built for the same purpose at Orsay (France), and consisting of
a linear injector-accelerator and a 2 m isochronous cyclotron, produces krypton ions of 505 MeV energy,
with beam intensity of 2-10% sec-!. Reports submitted to the conference gave accounts of intensive work on
the production of accelerated heavy ions on the isochronous cyclotrons built at Berkeley, Oak Ridge, and
the University of Texas (all USA).

Two projects of hybrid accelerator facilities were developed primarily for the production of ac-
celerated heavy ions. The first is the Oak Ridge laboratory project, envisaging injection of ions into a
ring cyclotron from a 20 MV tandem accelerator; this project has been modified slightly. Now, in ad-
dition to the tandem accelerator, an isochronous cyclotron in service at that laboratory is to be incor-
porated into the project. Uranium ions will be accelerated possibly to energies of 10 MeV/nucleon in the
first case, and tantalum ions to 6 MeV/nucleon in the latter case.

The second project incorporates the annular cyclotron of the Hahn'=Meitner Institute in Berlin, where
a 7 MV electrostatic accelerator now in service has been proposed as the injector. Ions from carbon to
argon are to be accelerated at intensities ~101% sec™!, to energies of 20 MeV.

The Blosser group at the University of Michigan has been conducting preliminary research on a
project involving a compact cyclotron with variable energies up to 2 peak proton energy of 200 MeV. A
50 MeV machine already in service has been used as a model in this project. The new cyclotron will be a
steeply spiral action machine, but with the same pole gap, and four sectors instead of three. The charac-
teristics of the extracted proton beam will be: spread 2 -10"4, horizontal emittance 0.3 mm.mrad, vertical
emittance 2 mm-mrad. The cost of the cyclotron itself will be about 2,000,000 dollars.

Construction work is continuing on five large cyclotrons, and the status of the work was repdrted on
at the conference.

1. The largest cyclotron involved is the Triumph machine (being built at Vancouver, Canada), pole
diameter ~17 m; for accelerating negative hydrogen ions to 500 MeV at 100 1A beam intensity.
Assembly of the cyclotron components is now in progress, and the ion source and injection system
are receiving their finishing touches. The first accelerated beam of negative ions is scheduled for
the end of 1973. The cyclotron plus the building housing it will cost 29,000,000 dollars.

2. The SIN meson factory in Zurich (Switzerland), consisting of two cyclotrons: a 72 MeV injector
and a 590 MeV annular cyclotron. The injector cyclotron was built by the Philips firm, and can

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 1011-1012, December, 1972,

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011.. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.

1191

Declassified and Approved For Release 2013/02/27 : CIA-RDP10-02196R000300110006-4




Declassified and Approved For Release 2013/02/27 : CIA-RDP10-02196R000300110006-4

also be used independently, while its design is geared not only to proton acceleration, but also
to acceleration of deuterium ions, helium ions, and various heavy ions. The proton beam is to
be produced at design power during 1974.

3. The annular cyclotron, a 200 MeV proton accelerator, in Indiana (USA), with a cyclotron injector.
. The first accelerated beam must be produced in late 1973. Acceleration of heavy ions all the
way up to calcium is proposed with this machine,

4. The U-240 cyclotron of the Nuclear-Research Institute of the Academy of Sciences of the Ukrainian
SSR [IYal AN USSR] at Kiev, accelerating protons to 80 MeV in the spectrometric mode. A sys-
tem of external monochromatization of ions by the rf field of the buncher, as proposed by Yu. G.
Basargin, is planned as part of this cyclotron. The system must furnish 20 yA current to the |
target with an energy spread of 2-10~%. Plans call for using the cyclotron as a high-level neutron
source for time-of-flight studies. A 10 MV tandem injector is to be installed in the future, and
that should make it possible to accelerate very heavy ions (up to xenon) at beam intensities ~10'2

sec~l. The cyclotron is scheduled to go into service during 1973.

5. The cyclotron of the Catholic University (Belgium) designed for 80 MeV proton energy, and fabri-
cated by the CSE-Tomson firm (France). Adjustment work is in its final stages.

Work is in progress on the conver sioh of three large synchrocyclotrons: one at CERN (Geneva), one
at Columbia University (USA), and one at JINR (Dubna), and the changes should result in qualifative im-
provements in the experimental capabilities of those machines.

Interest in axial injection of ions has fallen somewhat from its peak at the preceding conference.
Axial injection is apparently viewed only as a future tool for the production of polarized or negative ions.
It was precisely for that purpose that the-axial injection systems at the cyclotrons in Grenoble, where an
extracted beam of polarized protons with intensity to 0.13 pA, and in Birmingham, were improved.

Several reports dealt with applications of digital computers in the control systems of both accelera-
tors now being built (the Triumph machine in Canada andthe Indiana cyclotron) and machines already in
service (the Oak Ridge cyclotron and the University of Michigan cyclotron, the cyclotron at Eindhoven in
the Netherlands, the Julich cyclotron in West Germany). Close interest was shown in the development of
instruments for sensing the phase, intensity, and position of a beam. :

Reports on applications of cyclotrons in various branches of science and industry, and particularly
in medicine and in materials science and materials testing, were received with keen interest. Cancer re-
search programs are using the Harvard University synchrocyclotron and the compact cyclotron at the
Argonne hospital, while programs of cancer treatment, beam surgery, diagnostics utilizing short-lived
isotopes, activation analysis of calcium content in bones, etc., are centered around the cyclotron at the
University of Washington, and many other machines. Techniques and results of therapy in treating malig-
nancies of various organs by irradiation with eyelotron-produced fast neutrons and protons have been dis-
cussed in reports submitted by medical physicians at conferences. The advantages of a beam of fast pro-
tons over y-ray therapy have been demonstrated convincingly: there is substantially less skin burn, ‘and
there is a more favorable depth distribution of exposure dose. A special 200 MeV (proton) cyclotron with
a large number of beams for irradiating patients (and capable of handling 220 patient exposure sessions a
day) has been proposed in Sweden for cancer therapy. The cost of this accelerator, with the necessary ac-
cessory equipment and the building housing the machine, will be 7,000,000 dollars.

A report was made at the conference on one further important application of cyclotrons: in the study of
- the effect of radiation damage on the mechanical properties of structural materials used in nuclear reac-
tors (stainless steel, aluminum, graphite). This problem has acquired special importance in connection
with the development of fast reactors. The research is being conducted with the cyclotrons of the Oak Ridge
National Laboratory and Argonne National Laboratory in the USA, at Karlsruhe in West Germany, and
especially at Harwell in Great Britain, where beams of both protons and helium ions, as well as beams ‘
of heavier ions (carbon, iron, nickel), i.e., precisely those elements to be found in the composition of
stainless steels, are being employed. Radiation damage in materials detected in reactors after several
years of exposure to radiation is brought about in cyclotrons in a matter of hours, which accounts for the
advantages in using cyclotrons to study the effect of radiation damage on the mechanical properties of ma-
terials.
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.VIII INTERNATIONAL CONFERENCE ON NUCLEAR
PHOTOGRAPHIC EMULSIONS AND SOLID-STATE
TRACK DETECTORS

N. P. Kocherov.-and L. I. Shur

The eighth international conference on nuclear photographic emulsions and solid-state track detectors
was held in Bucharest on July 10-15, 1972. There were 163 delegates from 19 countries present. Ap-
proximately 100 papers were delivered, on the following general topics: 1) mechanism underlying forma-
tion of tracks in track detectors; 2) physicochemical processes occurring in track detectors; 3) properties
of AgCl crystals as track detectors; 4) investigation of cosmic rays with the aid of track detectors; 5) ap-
plications of track detectors in biophysics; 6) study of nuclear fission; 7) applications of track detectors in
high-energy physics; 8) applications of track detectors in dosimetry; 9) investigation of lunar rocks and
geochronology; 10) automation of track detector measurements.

Reports under the first heading were devoted principally to improvements in methods for ascertaining
the charge on heavy and superheavy nuclei of high energy. From that standpoint, we must single out those
papers devoted to the applications of Katz' (USA) theory of track formation in track detectors for the practi-
cal photometry of track delineation. That approach enabled K. S. Bogomolov (USSR) to suggest 2 novel
method for identification of superheavy nuclides. Matjesen (Sweden) developed a special photometer for
determining the ionization characteristics of tracks. Reports by L. I. Shur (USSR) dealt with radiolumines-
cence in nuclear photoemulsions, and the relationship between that phenomenon and the properties of photo-
graphic emulsions and of some sensitizing agents.

The next heading includes papers discussing those factors that affect the sensitivity of solid-state
track detectors, techniques for fabricating solid-state track detectors, and optimum selection of detector
material in the solution of specific physical problems. Chambaudier (France) discussed the effect of the
degree of crystallization of solid-state track detector materials on the track characteristics.

Schopper (West Germany) reported on a technique for producing AgCl single crystals sized 25 x 25
x 5 mm, with sensitivities to ionizing radiations variable over a wide range by introducing different con-
centrations of cadmium ion (Cd®*™). The latent image in the AgCl crystals is stable only in the case where
the crystal is illuminated by yellow light simultaneously with the radiation to be recorded. That makes
it possible to switch the sensitivity of the crystal on and off by remote control at the necessary instants of
time. Background fog in the AgCl crystal detectors appears at dosages upwards of 100 r.

Enge (West Germany) reported on results of applications of solid-state track detectors to obtain
spectra of cosmic rays at great heights. The accuracy he attained in determining charge and mass is very
high. For example, mass resolution AM = +0.7 mass units and charge resolution AZ = £0.1 charge units
in the range of 5-8 charges were obtained for cosmic particles of energy ~100 MeV/nucleon. The resolu-
tion attainable in the range of 25-30 charges is +£0.3 units of charge. A report by Pinsky et al. (USA) pro-
posing a new method for identifying primary nuclei in cosmic radiation such that Z > 60 should be singled
out for attention. The authors make use of a Cherenkov detector surrounded by a thin film of high-sensi-
tivity emulsion, in combination with conventional thick-layered nuclear photoemulsion. Relativistic super-
heavy nuclides traversing the scintillator produce a flare which is recorded by the high-sensitivity film.
The darkening brought about by those flares is readily detectable by visual means, while the shape of the
spot is determined by the velocity of the particle, i.e., it yields an additional parameter to aid in the iden-
tification of the particles. A team headed by Benton (USA) used solid-state track detectors and nuclear
photoemulsions for in-flight monitoring in Apollo space flight dosimetry.
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Results of investigations of the nature of the light flashes observed by astronauts during space
flights (McNalty, USA) are of interest. During their rest periods, astronauts observed one or two such
flashes per minute. It was shown that these are due to the passage of fast charged particles through the
retina of the eye. According to calculations by Jung and Fukui. (USA), those flashes must be observed by
passengers on supersonic aircraft.

Physical results were mainly tentative in nature.

Reports were presented on dosimetry in flights aboard supersonic passenger aircraft, at industrial
plants, and also dosimetry of neutron flux levels. Zosefowicz (Poland) showed that track diameters in
nitrocellulose solid-state track detectors depend on the neutron energy. She concluded that nitrocellulose
detectors are consequently also useful in qualitative estimates of the energy spectrum of neutrons, such as
personnel at plants are exposed to. Spurny (Czechoslovakia) developed a dosimeter for the benefit of per-
sonnel working with o-active preparations. Nitrocellulose film is the sensitive element in the dosimeter.

Paretzky (West Germany) reported on a facility for track delineation and track counting in solid-
state track counters, by using the line-scanning beam of standard television equipment, and coherent optics.
A report by Tommasino (Italy) described a spark counter for counting fission product tracks'in solid-state
track detectors. It should be pointed out that the Kodak and Deissel firms have already begun the manu-
facture of materials specially designed for use as solid-state track detectors.
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III SESSION OF THE ALL-UNION SCHOOL ON
THEORETICAL NUCLEAR PHYSICS '

N. Ya. Smorodinskaya

The III All-Union Theoretical Nuclear Physics School was in session June 1 through June 15, 1972,
not far from Kalinin. Sixty young scientists from different institutes took part in this session.

All of the lectures, interconnected under the common topic "Interaction of high-energy particles
with nuclei, " reflected the most interesting trends in contemporary nuclear physics.

The school session was opened with a series of lectures delivered by M. S. Marinov (Institute of.
Theoretical and Experimental Physics — ITEF) devoted to interactions of high~energy hadrons and atomic
nuclei. A fast particle not only becomes deflected slightly upon traversing a nucleus, but does not have
sufficient time to effect a change in the nucleons of the nucleus. Hence, the nuclear nucleons, each of
which has anentirely negligible momentum imparted to it in the collision, remain as if observed at rest, -
and the collision they experience with the impinging fast particle falls under the heading of diffraction
phenomena. As a consequence, the entire interaction can be described within the framework of a theory
similar to the theory of optical diffraction. This approach was proposed about 15 years ago by the American
physicist R. Glauber, and is now known as the "Glauber approximation.” The diffraction theory was de-
veloped at more or less the same time, and independently of Glauber, in the contributions of A. I. Azkhie-
zer and A. G. Sitenko. The Glauber approximation offers an excellent description of the available ex-
perimental data, and provides reasonable and warranted physical predictions in cases where experimental
confirmation is still lacking. In addition to the classical Glauber theory, the lectures also went into various
corrections to the theory (treatment of nucleon recoil, multiple scattering, inelastic shielding), as well
as interpretation of the theory in terms of relativistic diagrams.

~ The students showed great interest in the lectures by I. S. Shapiro (ITEF) discussing interaction
of nonrelativistic antinucleons (ﬁ) with nucleons (N) and nuclei. The basic idea in this problem, and the
statement of the problem, are credited to I. S. Shapiro, and all of the subsequent research on the problem
was conducted by him in joint work with ITEF colleagues. The restriction to low energies of the interacting
particles makes it possible to apply the potential approach to the NN-interaction, despite annihilation in
the NN system. That also makes it possible to explain theoretically some properties of systems containing
nucleons and antinucleons. The problem of the existence of quasinuclear NN states is especially interesting.
Repulsion exists in the NN system at a distance of 0,5 fermi, and that is due to the w-meson in the one-
meson exchange potential, Accordingly, strong attraction must prevail in the NN channel, and it is found
that that is the case indeed for most s-, p-, and d-states out to distances of 1-2 fermi, because of the
effect of all of the meson exchanges. The effective potential well for NN interactions is consequently
roughly five times deeper than for the NN system at the same radius. We must therefore anticipate that the
spectrum of NN bound states must be much richer (about 20 levels) than the spectrum of two nucleons,
which features only one bound state — the deuteron. The resonance levels in the NN system are obtained
by calculating the Regge trajectories. The theory predicts the presence of near-threshold resonance with
nonzero orbital moments. This result, as well as the existence of a large number of [ # 0 bound states, is
in agreement with experimental findings on NN annihilation arrived at in recent experiments.

Lectures by V. S. Popov (ITEF) based on the author's work on the spectrum of atomic levels for Z
> 137 proved extremely useful. It is well known that the Dirac. equation for an electron in the coulomb field
of a point charge has an exact solution. The'energy of the ground state g; = V1 — £2, where £ = Zo =7Z/137.

Translated from Atomnaya Energiya, Vol. 33, No. 6, pp. 1013-1014, December, 1972.

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for §15.00.

1195

Declassified and Approved For Release 2013/02/27 : CIA-RDP10-02196R000300110006-4




Declassified and Approved For Release 2013/02/27 : CIA-RDP10-02196R000300110006-4

When £ =1 (Z =137), the £(§) curve has a root singularity. Formal continuation onto the ¢ > 1 region
leads to imaginary values of £, which is a physical impossibility. The lectures analyzed in detail how
the difficulty can be gotten around, and discussed the phenomena occurring at the "critical point" (i.e.,

at Z = Zg). Unfortunately, experiments must be staged with nuclei such that Z > 170 inorder to verify
the theory, while the heaviest of the presently known elements has a charge well below 170. Hence, the
author put forth still another method of experimental verification revolving around the fact that two Thare"
nuclei the sum of whose charges exceeds Z, collide.

Quite a few new results were contained in the course of lectures on "Interaction of pions with nuclei
at low and intermediate energies" given by V. M. Kolybasov (ITEF). His lectures were devoted princi-
pally to elastic scattering of pions on deuterons and on complex nuclei and pionic atoms. Capture of nega-
tive pions by nuclei was discussed briefly at the end. The amplitude of elastic rd-scattering was calcu-
lated within the framework of the Bruckner approach, but with the binding energy of the deuteron energy
taken into account. The rmd-scattering length was calculated to a high degree of accuracy by taking recoil
of nucleons upon scattering into account (with the resulting substantial corrections), as well as some
kinematic corrections whose need is felt in transitions between the reference systems and p-wave TN-
interactions.

The next lectures constituted a review of the present state of theory and experiment on scattering
of pions by complex nuclei and pionic atoms. In conclusion, V. M. Kolybasov gave a brief account of his
work on capture of m-mesons at rest by light nuclei.

The lectures by L. A. Kondratyuk were devoted to electromagnetic (EM) effects in scattering of high-
energy particles by nuclei. The discussion centered around two main problems: 1) interference of nuclear
(or strong) interactions and EM-interactions in the scattering of high-energy hadrons on nucleons and nu-
clei into small angles; 2) two-photon exchange in scattering of high-energy electrons on light nuclei with
large momentum transfer. In studies of the properties of the purely nuclear interaction, that mode of
interaction must be separated out from EM-interactions. How this is done was demonstrated in the lectures,
and examples driving home the need to do this were cited. The timeliness of the second problem relates
to the recent appearance of very exact experimental data on form factors of some light nuclei at large
transferred moments. It was shown that extrapolation of éxisting formulas to the range of large trans-
ferred momenta yields an incorrect estimate of the two-photon correction.

The course of lectures delivered by G. A. Leksin (ITEF) on experimental investigations of the me-
chanism underlying nuclear reactions at high energies stimulated great interest. The possibility of in-
vestigating the properties of nuclei with the aid of knock-out reactions was discussed in detailed fashion,
and an experimental program for setting up 2 complete experiment, that had been worked out at ITEF, was
cited. The program contains nine points, including, as an example, verification of various isotopic re-
lationships, obtaining momentum distributions of a recoil nucleus, etc. The importance of utilizing spark
chambers was demonstrated, and results were cited from the first experiments conducted at ITEF. These
experiments are to date the only ones of their kind in the world, and will unquestionably make an enormous
contribution to nuclear physics.

The lectures by M. 1. Ryazanov (MIFI) discussed bremssfrahlung of ultrarelativistic particles in con-
densed media. : :

In addition to these lectures, seminars were conducted at which those auditing the lectures could
present original papers.

The concluding session, at which each lecturer shared his thoughts on the perspectives of his work,
and on the most interesting problems encountered in his work, was unusual and highly useful. The pos-
sibility of engaging in a constant interchange with the instructors, and discussing a variety of problems
with them, was of great benefit to the students.

The school was competently organized. Outlines of the lectures were published for the opening of ‘
the school, and can be obtained from the Moscow Engineering and Physics Institute (MIFI).
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INFORMATION: SCIENTIFIC AND TECHNICAL LIAISONS

SOVIET SPECIALISTS IN THE FIELD OF SUPERCONDUCTING
ENGINEERING VISIT THE USA

E. Yu. Klimenko

A delegation of Soviet specialists on superconductivity (E. Yu. Klimenko, G. V. Trokhachev, N. A,
Chernoplekov) visited the USA, from April 30 through May 14, 1972. The members of the delegation, who
were in fact returning an earlier visit by American specialists, took part in the proceedings of the tradi-
tional national conference on applied superconductivity (held at Annapolis), and visited the USA national

laboratories at Oak Ridge, Argonne, Ames, and Brookhaven, where they were brought up to date on re-
search in physical and applied superconductivity.

Superconducting dc magnet systems are widely used in physics laboratories. Superconducting sole-
noids, including the largest ones, are not only more convenient than conventional electromagnets and sole-
noids, but are much more reliable in operation. The conference discussed several projects of large-scale
magnet systems now operative in the USA; the largest of these is the superconducting solenoid for the bubble
chamber at the National Accelerator Laboratory in Batavia (3 T in 30 m®). A magnet array for the Bumpy
Torus thermonuclear research machine has been tested at the NASA Lewis research center. A minimum-B
dipole —quadrupole magnet system is now in successful operation at Oak Ridge National Laboratory. Tests
on the superconducting sector of a hybrid solenoid designed to generate a 23 T field are being continued at
the Massachusetts Institute of Technology. G. Bogner, a representative of Siemens AG, delivered a re-
view of major superconducting systems now being planned or already in service in western Europe. In his
account of the progress to date in bringing to fulfiliment the widely familiar projects of the large European
bubble chamber and the Omega spark chamber, he took note of some serious difficulties in the production
of a vacuum in the simulating space of the bubble chamber cryostat, as well as the fact that the spark
chamber will go into service at first with only one magnet sector, because of deformation suffered by one
of the power plates of the Omega solenoid. :

Most of the reports presented dealt with the building of superconducting magnets for accelerators.
Materials suitable for the construction of dipoles and quadrupoles which will give an acceptable, though
comparatively high, level of energy losses at alternating-current frequencies from 0.1 to 1 Hz, have been
developed on the basis of niobium—tantalum alloys. Simulation of such systems is being pursued inten-
sively in both the USA and in Europe. At Brookhaven National Laboratory, for example, analogs of super-
conducting dipoles for a storage ring with colliding proton beams are being developed (in the "Isabella”
project). Information on tests of small (33 kJ) storage rings were provided in a report by representatives
of the Los Alamos laboratory (within the framework of a2 ¢-pinch type thermonuclear reactor project). A
series of small storage rings of 500 J energy capable of operating at very high frequencies to 5 pulses/ sec
(charging time 4.5 msec, discharge time 0.21 msec) for 40 sec, before their coils overheat, has been tested
in the course of developing 100 kJ storage rings.

Reports assessing the outlook for application of superconductors in the magnetic systems of thermo-
nuclear reactors, synchrotrons, and electric power transmission lines were optimistic as a rule. At the
present, USAEC is preparing to undertake the development of comprehensive nuclear electric power genera-
ting station projects incorporating superconducting electric power generators and superconductihg electric
power transmission lines. '

To date, the basic material employed in superconducting magnet systems has been niobium —tantalum
alloy. The technology of products made of this alloy has been raised to a high level of competency. Repre-
sentatives of the IMI corporation (Great Britain), for instance, reported on a conductor containing over
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10,000 niobium — titanium filaments up to 5 u in diametér embedded in a copper stabilizing matrix, and
barriers of copper —nickel alloy hindering the appearance of shielding currents in the conductor are in-
troduced into that same matrix. Significant advances have also been scored in the technology of inter-
"metallic materials. Japanese and American concerns are mastering the production of multicore con-
ductors using niobium—tin and vanadium —gallium intermetallic compounds. An opinion is current to the
effect that production of such materials will be no more expensive than the production of conductors from
niobium —titanium alloy.

Intensive searches are underway in USA laboratories in advancing the production technology of
winding materials based on niobium — gallium compounds, which present the best critical parameters of all
the binary compounds: 20.3°K, 34 T at 4,2°K. Certain hopes are also placed on ternary alloys with a Laves
phase structure. The critical parameters for these materials are slightly inferior to those of the inter-
metallic compounds, but they are more than adequate for the technology.

Work is progressing on investigations of the effect of neutron irradiation and electron irradiation
of superconducting materials in connection with the problem of building linear electron accelerators with
superconducting resonators, and preparations for building new high-output thermonuclear facilities and
accelerators with superconducting magnet systems.

Close attention is being given to applications of superconducting materials in the design of electrical
machinery. It appears that electrical machinery manufacturing will be the first branch of industry to offer
industrial-scale applications for superconductivity. Heavy hopes are being placed on superconducting elec-
tric machinery in shipbuilding. This level of interest is accounted for by the undisputed advantages offered
by electrical propulsion of ships with gas turbine power plants, when superconducting electrical machinery
is employed. Actually, the use of superconducting electrical machinery cuts capital investment almost in
half, while improving efficiency and simultaneously reducing the weight and size of the propulsion engines.
The possibility of decentralizing the shipboard propulsion equipment further simplifies the layout of the ship
and increases its viability., The maneuverability of the ship is improved as an added benefit.
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VISIT OF FRENCH SPECIALISTS ON RADIATION
SAFETY TO THE SOVIET UNION

A. VvV, Fisun

In accordance with the program of cooperation between the USSR State Committee on the Use of
Atomic Energy (SCUAE) and France's Commissariat on Atomic Energy (CAE), a delegation of French
specialists on radiation safety visited the Soviet Union from May 23 to June 5, 1972.

The purpose of the visit was to become familiar with th'e>prob1ems of safeguarding the labor and
health of workers, and also to visit scientific organizations which use sources of ionizing radiation in their
work. ‘

The delegation included a group of doctors who are specialists in radiation shielding, headed by
Mr. Michali, the director of a CAE department, and also Mr. Vertu, an expert on the construction and use
of handlers and other apparatus for working in radioactive surroundings.

The French guests visited several institutes of a medical character in various cities of the Soviet
Union. Inparticular,in Moscow,they visited the Institute of Labor Hygiene and Occupational Diseases, the
Institute of Biophysics, and the Central Institute for the Advancement of Doctors. The members of the
delegation learned of the working conditions at various industrial enterprises of our country, individual
cases of occupational diseases, and the methods of curing radiation disease and its prevention. The French
specialists became acquainted with the organization of scientific research in the laboratories and at various
experimental sites of the Institute of Radiation Hygiene in Leningrad, with the scientific research on radia-
tion safety and with the working conditions at the Physics-Energy Institute in Obninsk, at the Scientific-
Research Institute of Atomic Reactors in Dimitrovgrad, and at the I. V. Kurchatov Institute of Atomic
Energy in Moscow.

It must be noted that the French specialists were interested not only in the problems of radiation
shielding and work safety in the Soviet Union; they gladly shared their impressions and told about the organ-
ization of radiation safety in France. Dr. Michali spoke about the radiation-safety service in the CAE,
emphasizing, in particular, many general aspects.

Mr. Vertu gave several talks concerning the application of various types of handlers used in hot cells.
The Soviet engineers and technicians examined with great interest the samples of French equipment shown
by Mr. Vertu using slides and movies.

At the All-Union Soviety "Izotop," the guests were told in detail about the use of various isotopes in
agriculture, and they were familiarized with several working equipment models.

The members of the delegation remarked many times on the high technical level of Soviet equipment
and teehnology, and they spoke with great respect of the Soviet press, emphasizing its highly qualified
scientific level and the high competence of Soviet authors.

At the final meeting at the SCUAE, Mr. Michali said that "the contacts made will tie a new knot in
the close, many-sided cooperation which is continuously growing between France and the USSR."

Translated from Atomnaya Energiya, Vol. 33, No. 6, p. 1016, December, 1972.

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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