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Al systematlc ! multif volume review of the present status <in magn’etlc frelds Many physncal examples and applu-
of plasma theory, servmg/both as an introduction for - ¢ations of the theory are given.
students and for researchers enterihg the fleld and as't "326 pages . . T $12 50

' P

, a Gonvement authorltatlve. up-to-date presentatlon of » Volume 2. Contams four revnew papers concerned pri-« + -

current knowledge for workers in plasma pl’??sws This .. martly w:th the problem of plasma contlnement Mag-

! ' contrnumg series, prepared by’ ‘internationally  known * netlc fleld geometries, A. I. Morozov and L. S. Solov'ev-?

‘plasma physics, contains authoritative’ papers on: netlc flow and’ hellcal waves in a curcular plasma cyl-
Motron"of Charged Particles in Electromagnetlc Ftelds |nder L S. Solov'ev. ¢ ..

in the "Drift Appréximation, D. V. Sivukhin. ¢ Partrcle Approx 300 7 pages . . 1966 . . $12 504
lnteractlons in a Fully lonized Plasma, B. A Trub-

“ nikov Transport'Processes in"a Plasma, S, Bra-
ginskii, ¢+ Thermodynamics - of a Plasma A. .
Vedneov. Much..of the ‘material in the first two papers

' xs presented Jere for the first time«AIthough the theo-

“ .. retical analyses are qunte advanced the expenmental

!

Volume 4: To be pt.;bhshed dut of sequence, contains
three papers: Hydrodynamlc description- ofza collision-*
less plasma, T. F. Volkov - Cooperatuve phenomena’,
and: shock waves in' colhssonless plasmas, R. 2.
Sagdeev « Coulomb colllsuons in a fully ionized- plasma

D. V. Sivukhin. The latter papet -contains new,matenal

out. This rs especially true of the article -on transport A

phenomena in which the kinetic a proach is developed 2;d1egab);sthe author for the Engllggsedttlon . o, '$‘l“2 50 .
. m _paraliel with quahtatrve _physicél descnptlon‘s of 9 o . o s b
' transport phenomena tncludmg some of the less famif . ' e — ‘ e s
_transverse th‘er'mal transport effects /in plasmas “YVolume 5: PR In préparation
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SPACE PHYSICS WITH ARTIFIQIAL SATELLITES

By-Ya. L. Al pert, AV. Gurevich, and L. P. l“’ltaevsku N
B W N
' . The-first study.of its klnd this monograph is devoted magnetic flelds in the' satell«te s Vlctnlty are presented
0 a theoretical investigation. of phenomena attending, in Chapers I through Vi Chapter VIl is devoted to an
the movement of satellites through a highly rarefied investigation of the scattermg of radiowaves in the
plasma. In, approaching his problem, the author em- -satellltes wake. Dlsturbances it the “plasma in the
ploys the kinetic approach in place of usual hydrody- . vicinity of a body at rest are calculated in C’napters
namic and'aerodynamic prmc«ples Two-cases are con-, VIl and lX enabling the development of & more rigor-
sudered a body Wwith v/elocrty greater than the thermal ‘ous’ theory of ‘a ‘probe in a rarefied- plasma. Also-con: *
motlon of neutral partrcles and ions and with dimen- ‘sidered is the question of the influerice of an alternat- ,
sion larger than, the Debye rad|us and & body with  ing.electric field {field of: the transmlttlng antennas) on:
dimepsion comparable to- or smaller than the Debye the plasma. This work represents the first investigation
-radius and velocity comparable to that of the particles. Zand generalization of an extremely complex and mani- .
The results of talculations of the disturBances in the . fold problem urgently being posed by contemporary
concentratjon of neutral partlcles ions; and electrons ' physics and technology: Translated from Russian,

N
i

¢
l

, and the consequent disturbances of the \electrlc and 250 pages P o Lt $25 00«
. CUNSULTANTS BUREAU 227 West 17th Street New York New\York 10011 )
. . ;. . . ) . R ' B . v«sv, \ \‘ .

¢ t

. ' Soviet experts in specific fields, |s(under the editorship Plasma equullbruum in magnetlc “fields, V. D. Shafranov g <
of Academ:cran M. A. Leontovrch of the Kurchatov In- '-Hydromagnetrc plasma stablhty, 8. B. Kadomtsev )
T (stttute of Atoinic Energy. Each volume contains a num-", «Motion of charged partlcles in electromagnetrc ftelds

"~ 7 ber,of integrated tutorial reviews, covering in depth a@nd A. 1. !Morozov. — '

- “ in breadth specific aspects of /the theory of the gtven» Approx 580 pages o /1966 o $1250 ) .
J field of plasma physics. ln many‘cases new material is , ' ”,
presented. Translated by Herbert Lashmsky, University © Volume 3 DeVOlEd tO plasma waves includes:;, ElethO—:,
ror o of Maryland T, .o o magnetlcwaves ina’plasma, V. D. Shafranov ¢ Oscilla--

/ R ’ o BRI .+ . - tions of an inhomogeneous. plasma, A. B. Mikhailovskii

' ‘\ "+, Introduction to the theory of a weakly . turbulent )
Volume 1A comprehensfve lntroductton to ‘clagsical’ pla%ma A A. Vedenov R Symmetrlc magnetohydromag-'

on the relevance of this top:c to mirror machines, pro-
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IGOR' EVGEN'EVICH TAMM.

Translated from Atomnaya Energlya Vol 19 No. 1,
pp- 2A-2B, July, 1965

July 8 was the seventieth b11'thday of Academrcran Igor' Evgen'evich Tamm, one of the greatest Sovret
theoretical physicists.

I. E. Tamm was born in 1895 in Vladivostok. His childhood was spent in Elisavetgrad (now Kirovograd), where
he completed preparatory schooling. For a year he studied in Edinburgh University (Scotland), but when the first
World War began he transferred to the Physicomathematical Faculty of Moscow University. On finishing University
(1918) he taught physics,first at the Crimean University and later at Odessa Polytechmc Institute. Since 1922 Tamm
has lived and worked in Moscow. For many years he occupied the Chair of Theoretical Physics in'the Physws -
Faculty of Moscow State University. After the Academy of Sciences, USSR, moved to Moscow in 1934, Igor*
Evgen'evich became Director of the Theoretical Department of the P. N. Lebedev Physical Institute, Academy of
Sciences, USSR. Here he still works, headmg the large group of theoreticians tramed by himself.

1. E. Tamm's immense scientific and socio-scientific services have been acknowledged both in the ‘Soviet
Union and abroad: He has been elected an active member of the Academy of Sciences, USSR, and a number of
foreign Academies, has received the title of Hero of Socialist Labor, and has been awarded two State prizes and- the
Nobel prize. '

The nature of I. E. Tamm's scientific works is so diverse that in a brief article it is hard to list or characterize
them fully. Let us confine ourselves to mentioning merely the most outstanding.

Tamm began his first scientific investigations under the influence of L. I. Mandel'shtam. These were devoted
to the electrodynamics of an anisotropic medium and to crystal optics in the theory of relativity, In 1930 he
published a paper containing the complete theory of light scattering in crystals, The quantization of elastic (sound)
waves in solids was carried out and the concept of sound quanta (phonons) introduced in this paper. Here,not only
the Rayleigh scattering of light but also Raman scattering in crystals, was considered.

In the same year there appeared a number of papers by Igor' Evgen'evich on the recently -established Dirac
relativistic quantum mechanics of the electron, The Dirac theory, though constituting a major step in a leading
field of physics (the creation of relativistic quantum mechanics), was at that time undergoing considerable diffi-
culties owing to its fostering of the concept of states of negative energies, Igor' Evgen'evich carried out the first
systematic quantum -electrodynamic calculations of relativistic effects, after developing the necessary method of calcula -
tion and gave a strict and systematic derivation of the famous Klein -Nishina formula; simultaneously with P, Dirac and
R. Oppenheimer he indicated the inevitability of a free electron passing to a negative level, and calculated the
annihilation probability of an electron. With his characteristic eye for the essence of things, Igor' Evgen'evich
showed the important part played by negative ~energy states even in obtaining the low-frequency limit in the
scattering of light at electrons. In view of this the many attempts to eliminate negative -energy states became
pointless. : '

At the beginning of the thirties, Tamm was engaged in studying one of the then most urgent fields of quantum
mechanics, the quantum theory of metals. Here Igor' Evgen'evich and his students carried out a number of investi-
gations which are firmly entrenched in the modern understanding of metals. Tamm set out the groundwork of the
theory of the photoeffect in metals, and discovered the existence of levels of a special type, "Tamm levels”, which
play a great part in the development of the theory of surface and contact properties in solids,

From 1934 up to the present time Igor' Evgen'evich has been working enthusiastically on the most difficult
central problem of contemporary physics, the construction of a theory of elementary particles, Tamm's papers have
played an outstanding part in the development of the theory of elementary particles and especially in the physies of
strong interactions.

855
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In 1934 1. E. Tamm first pointed out that for all types of
interaction, including nuclear, there must exist definite quanta
of field, which, just as photons in the case of electromagnetic

In the same paper he showed that the only then-known particles,
the electron and the neutrino, could not bear responsibility for
the forces acting between the proton and the neutron. Yukawa's
famous paper setting out the fundamentals of meson theory begins
with a reference to this paper of Tamm's.

In subsequent years Tamm published a whole series of
papers on the properties of elementary particles. His papers on
vector particles, particles with higher spins, and the true order
of magnitude and sign of the magnetic moment of the neutron
are widely known. (The latter appeared very revolutionary and
at first was doubted by many physicists).

Tamm's greatest achievement in the post-war period in
the physics of elementary particles is without doubt his idea of
using an approximation based on cutting off the equations of the
quantum theory of field according to the number of particles in
the theory of strong interactions, This idea found its simplest
expression in the so-called Tamm-Dancoff method, later used
in hundreds of papers. The Tamm -Dancoff method met with
great difficulties in the quantum theory of field. Tamm's idea
of constructing an approximation method according to the numn-
ber of particles, however, had a colossal influence on the development of new ideas in the quantum theory of
field in the physics of strong interactions (in particular, on attempts to construct the equations on the basis of dis-
persion relations).

Of later papers by 1. E. Tamm we must mention the semiphenomenological theory in which the isobaric states
of nucleons were considered as particles with spin 3/2. This concept, developed by Tamm and his students, met
strong opposition. Even to many leading physicists it seemed completely unacceptable to consider the wide maxi-
mum, in the energy relation for the scattering cross section of mesons, as a particle, and a formulation involving
only the lower approximations of the theory of perturbations seemed entirely foreign. The result of this opposition
is that now more than ten years later, these papers have been forgotten and are rarely quoted. The many cal-
culations now being carried out on the interaction of elementary particles in the so-called resonance approximation
nevertheless often do no more than repeat the work of Tamm and his students, The resonance approximation and
the consideration of resonances as particles now play an important part in the physics of elementary particles.

The characteristics which have always distinguished Igor’ Evgen'evich and doubtless bear witness to his truly
great talent are his vast intuition, the ability to perceive what others working intensively on physical problems were
unable to see, and his ability to separate out the most fundamental questions,

The fundamental basis of theory was always the main object in Tamm's investigations. When, as a result of
circumstances, he was occupied with problems having a more particular character, then there appeared papers con-
taining the complete solution of the fundamental aspect of the problems and the beginning of new concepts in
physics. Among work of this kind we must above all mention papers on the theory of radiation from an electron
moving in a medium above the velocity of light. For these papers Tamm was first awarded the State prize and then

the Nobel prize "for discovering and explaining the Cerenkov effect” (together with P. A. Cerenkov and 1. M, Frank).

The discovery and theoretical explanation of this effect is undoubtedly one of the most outstanding achievements
of Soviet physics.

1. E. Tamm also carried out important work of an applied character in connection with the requirements of
popular economy at the time of the Great Fatherland (Second World) War and after, In particular, together with
A. D. Skharov, he laid the foundations of Soviet studies in controlled thermonuclear reactions,
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Igor' Evgen'evich has always given great attention to the teaching profession and the solution of practical -
and scientific-organization problems. Widely known both in the Soviet Union and abroad is his course on "The
Fundamentals of the Theory of Electricity.” Much work was done by Tamm in developing courses of theoretical

physics at Moscow State University and Moscow Institute of Physics and Engineering when he was professor in these
institutions.

Igor' Evgen'evich has devoted much time and effort to his fellow -workers and students, among whom we may
name such well-known scientists as S. A. Al'tshuler, S. Z. Belen'kii, D. I. Blokhintsev, A. D. Galanin, V. L. Ginzburg,
A. §. Davydov, A. D. Sakharov, E. L. Feinberg, V. S. Fursov, S. P, Shubin, and many others,

I. E. Tamm frequently comes forward with articles and reports devoted to the popularizarion of science, to scientific -
organization questions, and to the education of youth. In one of such articles he developed the thesis: "The student
is not a vessel that must be filled but a torch that must be lit." Igor' Evgen'evich is a shining example of such a
burning torch and knows how to inflameothers with his enthusiasm. Very typical of his genius is a sparkling mastery
of the apparatus of theoretical physics, yet the apparatus always plays a subsidiary part in his work. Tamm.has an
amazing ability to create a qualitative picture of a phenomenon before applying complex apparatus, and most
clearly to see the purpose of an investigation,

In recent years, with unaltered enthusiasm and vast ability, Igor' Evgen'evich has been studying the possibil-
ities of overcoming the fundamental difficulties in the quantum theory of field on the basis of the quantization of
space-time. As always, the concepts which he is developing lie off the beaten track, which leads physicists not
having his intuition, energy and ability, to assert his point of view.

8517
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ARTICLES

ABSOLUTE MEASUREMENT OF THE ABSORPTION CROSS SECTIONS

OF NEUTRONS OF 24 keV ENERGY
(UDC 539.17.02.: 539.172.4)

T. S. Belanova, A. A. Van'kov, F. F. Mikhailus, . "
and Yu. Ya. Stavisskii

Translated from Atomnaya Energiya, Vol. 19, No. 1,
pp. 3-7, July, 1965 ‘
Original article submitted November 9, 1964

The absolute absorption cross sections of neutrons from an Sb-Be source were measured for a num-
ber of elements by the transmission method in spherical geometry. As all-wave detector, a long
counter and a water tank with a system of fission chambers were used independently. The effect
of resonance blocking on the value of the cross sections was studied. The results obtained were
analyzed on the basis of ransmission calculations by the Monte Carlo method, '

The improvement of the system of nuclear-physical constants is a pressing problem both for the further devel-
opment of industrial reactor construction and for the formulation and perfection of various model representations of
the nucleus. Among constants difficult to measure is the absorption cross section o4 (E) of fast neutrons, since the
absorption takes place against a very large background scattering process. Measurements of g, (E) are therefore

- usually made by comparison with known reference absorption cross sections of certain "standard™ elements. The
absorption cross sections of these elements must be measured with great accuracy.

Reasonably precise values of the reference absorption cross sections of fast neutrons may be obtained by the
method of the wansmission of neutrons in spherical geometry, i.e., from the relative variation in the count rate on
surrounding an isotropic neutron source by a spherical sample. For such measurements one must use an all-wave #
detector, the efficiency of which does not depend on the energy of the neutrons in the region studied. In this case ’
the softening of the neutron spectrum as a result of repeated scattering in the sample does not affect the value of
the transmission. The published data available[1, 2] had been obtained by means of a long counter for 24 keV neutrons,
In [1] measurements were also made with high-energy neutron sources, but the difficulties (connected with the
severe reduction in absorption effects and the effect of inelastic scattering) here encountered prevented sufficiently
exact results from being obtained. In the presence of the several sources of error, the over-all error in the absorp -
tion cross section obtained by the spherical -transmission method may substantially exceed that resulting from the
mean square scatter of the measurements.* This fact was allowed for in carrying out the experiments in question.

Method of Measurement

Neutron Source. Measurements of the transmission of neutrons in spherical geometry were made with an Sb-
Be neutron source; the external diameter of the source was 30 mm and the thickness of the beryllium can 2,4, and
6 mm. Owing to elastic scattering of neutrons at beryllium nuclei, there was a certain softening of the neutron
spectrum (Fig. 1), which could be taken into account by introducing a correction into the resuits of the measure -
ments. It was also necessary to allow for an accompanying group of ~380 keV neutrons with a relative yield 4.6%
[2]. The intensity of the sources used was roughly 10% neutrons/sec. Owing to the high level of y -radiation, an
automatic remote control system was used in carrying out the experiments [3].

14

*1t should be noted that the errorinc , givenin[1ldid not take account of the approximations which were made in

[

analyzing the results.
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Fig. 1. Calculated neutron spectrufn of Sb-Be source
for beryilium -can thickness 3 and 5 mm (Fig. 1a and
b respectively).

Fig. 3. Integrating fission chamber, 1) Shell of .
hollow sphere of tank; 2) Body of chamber; 3)
Housing of cathode follower; 4) Glass insulator;
Teflon insulator; 6) Collectmg electrode, D)
Layers of U,

50 cm

=4

Fig. 2. Arrangement of measuring system (water
tank). 1) Well (storage for source); 2) Sample; 3)
Aluminum sphere, wall thickness 7 mm; 4) Integrat-
ing fission chamber; 5) Neck of sphere with water
"stopper”; 6) Body of tank; 7) Transporter for load -
ing source; 8) Television camera; 9) Magnetic
clutch for extracting source; 10) Drive for movable
system of plane fission chambers; 11) Plane fission
chamber; 12) Housing of cathode follower; 13)
Concrete shieid.

Neutron Detector, As all-wave neutron detector, a
long counter and a water tank with a system of integrating
fission chambers were used independently. A long-counter
system and measurements made with it are described in
[1,2,4]. Inthe present measurements four long counters
set at distances of 1.5 to 2 mm from the source were used.
The all-wave properties were checked by means of a
graphite scatterer. As shown by control measurements
with -a bismuth scatterer, under these conditions the cor-
rection to the angular dependence of efficiency did not
exceed measuring error.

The advantage of the water tank is as follows; The
region of all -wave properties is extended in the direction
of lower energies, and better conditions are created from
the point of view of lower sensitivity to small departures/

from spherical symmetry in the geometry of the experiment, A failing of this detector is the need to correct for the

depression of the thermal neutron flux resulting from absorption in the sample. This correction, however, was
negligible thanks to the provision of a spherical cavity I m in diameter in the tank. Figure 2 gives an idea of the

- measuring system. The main elements of the detector are two systems of fission chambers sensitive to thermal
neutrons, The radical distributions .of the neutron flux N(r) from the source in the water were measured by means
of a movable system of plane fission chambers., Measurements were made with and without the sample.
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TABLE 1. Absorption Cross Sections of Neutrons with Ej;= 24 keV for Various Experimental Conditions

+

- Characteristics of samples Results of experiment
long counter water tank
Element, Z Ri.cm Re.cm | Ouob . "z ‘
A . mb %, 9, o, mb
Cr 2,0 4,2 2,740,5 0,8 | 0,2740,16 945 0,3940,17 1346
Cu 5,0° 8,0 9,041 8,0 6,454-0,22 T4+13 5,9240,45 62413
Cu (b) 3,0 11,0 8,0%1 6,2 | 4,2630,35 66+7 | 3,7740,32|  59%7
Cu- (b) 3,0 13,0 10,0F1 12,3 | 6,58%0,24 6036 6,9740,38 646
Zn (b) 3,0 11,0 12,0%1,0 6,6 | 3,4940,25 667 4,2240,25 7947
Zn (b) 3,0 13,0 12,0%£1,0 9,6 | 4,9430,28 6718 5,49%0, 41 7448
Sr 1,5 9,7 9,531,0 2,2 | 2,50%0,25] 105%13 - =
Zr 2,00 5,05 9,541,0 2,3 | 0,5230,18 2218 0,444-0,12 1845
Nb (b) 3,0 11,0 7,2%0,4 2,4 | 9,6350,26 204312 |10,3950,22| 31610
Nb (1) 3,0 13,0 7,2%0,4 3,3 112,4950,45 28015 |14,41£0,43| 320415
Mo 2,0 4,5 6,9F0,5 1,8 | 5,03¥0,20] 191319 | 4,76%0,45| 178423
MO(b) 3,0 11,0 6,9+0,5 2,7 8,684+0,23 22049 8,364-0,38 212412
Mo (b) 3,0 13,0 6,940,5 3,9 111,4640,39] 204312 [10,6630,41| 190%12
Ag 2,05 2,55 7,6%F0,3 0,3 | 3.63%0,17| 106560 = =
Ag 2,05 3,05 7,6£0,3 { 0,6 7,7830,25| 1005466 — —
Ag 2,05 5,05 7,640,3 1,9 |27,23%0,45| 101755 |28,5440,50| 1140455
- d (b) 2,5 5,0 6,410,4 1,2 = = 7,223°0,20| 398328
Cd (b) 3,0 9,0 6,440, 4 1,1 | 7,2840,25] 434418 | 6,8870,30| 411320
Cd 3,0 11,0 6,470,4 1,7 }11,8540,35] ~450%20 |11,0570,35| 4237320
In 2,5 3,5 6,140,2 0,3 | 3,75%0,32] 820%77 | 3,82F0,38] 836+90
Sn (b) 3,0 13,0 5,510,1 1,6 | 3,59%0,40 125416 | 4,03%£0,28{ 140311
Sn (b) 3,0 15,0 5,510,1 2,2 | 6,57%0,43 166£10 | 5,0130,30| 127%8
Sb 1,5 2,5 6,040,2 0,2 — — 2,3740,42| 610472
W (b) 3,0 9.0 10,251,0 2,8 8,2340,22| 298418 | 8,3070,52| 300325
W (b) 3,0 - 13,0 10.24-1,0 5,8 | 17,374+0,60 308428 |148,604-0,50 33027
Au 2,05 3,55 | 13,5%0,3 2,3 |10,45¥0,23 610328 [11,13%0,27 640330
Hg 5,0 7,5 12,04-1,0 2,8 6,35+0,30 271432 5,9440,24 236430
Pb (b) 3,0 11,0 10,3+0,4 " 2,8 — — 1,254+0,17 4546
b (b) 3,0 13,0 10,37°0,4 4,0 | 1,7940,37 5049 1,60%0,27 4548
b (b) 3,0 15,0 | 10,3%0,4 6,0 = = 2,8630,20|  53%5
Bi 2,05 10,50 | 11:530,3 6,3 — — 0,2430,30 333
Th 2,05 5,05 | 14,0%0,3 2,1 | 9,894-0,38| 658429 | 9,2640,25| 61024
U 3.5 5,5 13.5740,3 2,9 | 8,38%0,23| 390%16 | 7,8330,24| 365F16
U 3,5 8,5 13,5%0,3 9,4 [26,09%0,30| 372315 |26,7730,30] 383315
U (b) 3,0 9,0 13,5%0,3 3,0 | 8,18%0,33| 43018 | 6,8430,46] 360F27
U (b) 3,0 13,0 13,5+0,3 5,8 17,90+0,52 427420 |[16,304-0,25 395417

The relative change in the integral on surrounding the source with the sample characterizes the absorbed
proportion of neutrons, At the same time the relationship N(r) gives additional information on the energy variations
of the neutron spectrum in the sample, and also on the value of the depression at the cavity boundary. Another-
stationary-system of chambers ensured a higher count efficiency and enabled integration to be effected automatically
in the course of the measurements, thanks to a special construction of the chambers, which had the form of a bent,
slot-like cavity, The shape of the bend corresponded to a curve constituting the solution of the equation for arc S
as a function of radical coordinate : dS= const.r’dr. For a constant linear efficiency and sufficient length, the count
of the curved chamber, duly set up in the tank as in Fig, 3, was proportional to the intensity of the source .

Samples. The samples comprised spherical layers inside which the neutron source was placed, For some of
the elements studied, samples of both pure absorbent and samples containing scattering material, were prepared. As
scattering diluent a lead -bismuth alloy was used, since lead and bismuth are characterized by small absorption
cross sections, weak resonance structure of the cross sections, and negligible energy losses for elastic collisions of
the neutrons. Measurements of the absorption cross sections for the full-strength and diluted absorbent and for equal
thicknesses of the samples increased the reliability of the results (in particular enabling the effect of resonance
blocking to be estimated). The purity of the samples was verified by spectrochemical analysis.

Calculation of Spherical Transmission, The calculation of transmission as a function of absorption cross
section was made in the one-velocity transport approximation for a point source of neutrons,by the method of
statistical tests (Monte Carlo method). In this a statistical accuracy of 0.1 to 0.5% was achieved with respect to
the absorbed proportion of neutrons §[Z,; Ry Ry =¢ (Ry—Ry], depending on the ratio between the internal and
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TABLE 2. Averaged Absorption Cross Sections

for Neutrons with Energy 24 keV

Element Ty mb Element g,

) Cr 104-4 ‘ Sn 12810
Cu 5948 Sbh 580473
Zn 64+7 W 30025

| Zr 19+5 Au 570430
" Nb 270415 Hg 233430
Mo 192412 Pb 347

Ag 980+60 BBi 3+3

Cd 3844-20 Th 61525

In 7764-66 28 412+18
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external radii of the sample, Ry/R,, and its optical thickness
Z; (Ry~Ry). For neutron energy 24 keV the anisotropy of
the angular distributions of scattered neutrons was small,

so that the error associated with application of the trans-
port approximation could be neglected [5].

Analysis of Experimental Results

The mean values of the transmissions and the mean
square errors were found from the results of 20 to 30 mea-
surements with each sample. The results obtained by
means of the long counter and water tank were analyzed
independently by the same method (Table 1).

Corrections, The results of the measurements with

the diluted absorbent were corrected for absorption in the

lead -bismuth alloy; the correction was ~10% of the value of § and was calculated from experimental_ data to

~10% accuracy, Small corrections were also calculated for the departure of the neutron source from a strict point

and for its absorbing properties, for the presence of a group of ~380 keV neutrons, and for the softening of the
spectrum in the samples (copper, zinc) and the beryllium can of the source, For samples of natural uranium, the
fission of nuclei belonging to isotope U*® was taken into account,

In the case of the water tank, a correction was introduced for absorption of thermal neutrons in the sample,
this forming on average 10% of the relative absorption §. The correction was determined to an accuracy of 5 to
10% on the basis of experimental results and calculations of the probability of the absorption of neutrons incident
from outside on the spherical sample, Corresponding calculated data were obtained by Vakhromeeva and G L
Marchuk on solving the kinetic equation by a finite-difference method.

Errors. The values and errors of the cross sections were found on the basis of calculated curves of §[Z,; Ry/Ry;

1. Ermror in g,, connected with the indeterminacy of §: This contains the mean square error of the trans-
= mission measurements and the error resulting mainly from the introduction of a correction for the effects of the
absorption of thermal neutrons in measurements with the water tank, and absorption in the lead -bismuth scattering

over the computlng €Irors.

|
} Z:(R;—Ry]. In the present experiment we may distinguish two groups of errors:
|

material. This group of errors Ag ,(8) is determined malnly by the accuracy of measurements and predomlnates

2. The other group of errors Ac 4 (o) depends on the thickness of the sample and concentration of absorbent,
and arises as a result of inaccuracy in the-over-all cross sections, constituting a computing parameter. The latter
were taken mainly from the atlas of neutron cross sections [6]. The total error g, was determined as the mean.

square of the partial errors mentioned,

n=§/3,/3¢ > 1.

A source of possible distortion in the results is the effect of resonance blocking, arising when there are
irregularities in the neutron cross sections within the limits of the spectrum of neutrons acting in the sample. It
follows from qualitative considerations that, with increasing sample thickness, the experimental absorption cross
sections should fall, and on diluting the absorbent with scattering material should rise, It may be shown that, for
the effect to appear, the average number n of collisions in the sample must substantially exceed unity:

The results of measurements for a number of elements with considerable variations in sample thickness (and

l hence mean number of collisions n) and also absorbent concentration showed that, within experimental error, the
absorption cross sections did not depend on the conditions in question; this indicates the smallness of the effect, The
final values of absorption cross sections and their errors, allowing for measurements on different samples, were
found by averaging the results obtained by means of the long counter and the water tank. For individual samples
there were slight discrepancies between the data obtained from the long counter and the water tank, apparently due

« to the scattering of fast neutrons. In these cases the over-all error increased accordingly.

Results. Table 1 gives the results of the experiments and data obtained by analysis. The cases of diluted
absorbent are indicated by the symbol (b); Ry and R, are the internal and external radii of the samples respectively.
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The samples are characterized by the total microscopic transport absorption cross section gy, and also by the
average number of collisions nz with absorbent nuclei. The results of the measurements are the values of the
absorbed proportion of neutrons expressed in percent (§* after introducing the corrections), and the corresponding
absorption cross section expressed in millibarns (mb).

Table 1 takes account of all the corrections méntioned above, except an insignificant correction for the
softening of the neutron spectrum in the beryllium can of the source. The latter correction is introduced in the final
averaged results for the absorption cross sections given in Table 2.

CONCLUSIONS &

The results of our investigations (see Table 2) agree closely with those of Schmitt and Cook obtained by an
analogous method [2], if we distegard their computed correction for the effect of resonance blocking, except for the
value of ¢, for lead. Satisfactory agreement is found with the results of experiments in which, for absolute cali-
bration of the relative ¢, (E) relation, parameters of isolated resonances, thermal absorption cross sections [7-10],
or data of spherical geometry [11] were used. In this connection it is interesting to elucidate the causes of the
discrepancy between the results of the investigations mentioned and the data of methods using the fission cross section
of U® for calibration [12, 13].

In conclusion the authors express thanks to A. I. Leipunskii and O. D. Kazachkovskii for constant interest in
the work, and also N. A. Artemov, V. V., Piskunova, Yu. M. Nikitin, and L. E. Fedorov for help in adjusting the
apparatus, in the measurements, and in analyzing the results.
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STUDY OF THE INTERACTION OF RESONANCE NEUTRONS WITH NUCLEI

ON THE LINEAR ACCELERATOR IN SACLAY'
UDC 539.112.4)

F. Netter

(Center for Nuclear Studies, Department of Low-Energy Nuclear Physics, Saclay, France)
Translated from Atomnaya Energlya Vol. 19, No. 1,

pp. 8-14, July, 1965

Original article submitted January 13, 1965

Work on the interaction between resonance neutrons and nuclei now being carried out on the linear
accelerator in Saclay is described, Objects for study are nuclei of the following elements: Al, V,
Mn, Co, Cu, Zn, Ga, As, Se, Br, Y, Z, Nb, Mo, Ag, Ba, La, Pr, Nd, Tm, W, Pt, Au, Hg, U%%. The
main aim of the work is to study the statistical properties of resonance parameters.

We describe an apparatus for measuring total cross sections, capture cross sections, and
partial radiative transitions, At the present time a resolution of 0.3 nsec/m is achieved for a
flight distance of 103 m, enabling experiments to be made for neutrons up to 80 keV energy. The
analysis of the results is briefly described and methods of identifying resonances with spins are
considered.

From the results obtained, the statlsucal properties of the scattering widths are analyzed
and the statistical properties of the radiative widths considered.

The linear electron accelerator in Saclay-[1, 2] is used by the Tzar group for studies on fundamental nuclear
physics in the field of photonuclear reactions, The rest of the time it is used for producing neutrons for time~of-.
flight analysis. Two groups operating in the field of neutron physics simultaneously employ the five beams available,
The group headed by Jolie is associated with nuclear reactors and in the main carries out research on heavy (espe -
cially fissile) nuclei. In this article we consider studies on nuclear physics carried out since 1958 by the other group,
associated with the Department of Low~Energy Nuclear Physics. This group contains Julien, Huynh, Morgenstern,
Samur, Netter, and also Corge and Bianchi, specialists in the analysis of experimental data on electronic computers,
Also taking part in the work of the group are the forelgn students Simik and de Barros and Colmaine University
lecturers le Poittevin and Vastel

Direction of Research

For studying interactions with resonance neutrons, nuclei were chosen mainly from the neighborhood of the
force function maximum with mass numbers close to 60, 140, and 190, and also with mass numbers close to 75 for
the neutron s-wave and 100 for the neutron p-wave. Nuclei were also chosen near the force -function minimum
(mass number 100 for the s-wave). We also studied nuclei close to those with filled shells of 50, 82, and 126 neu-
trons, We studied nuclei of the elements Al, V, Mn, Co, Cu, Zn, Ga, As, Se, Br, Y, Zr, Nb, Mo, Ag, Ba, La, Pr, Nd,
Tm, W, Pt, Au, Hg, U U®8. Insome cases (Al, Zn) we were able to observe new resonances [3], determine the spins
of known resonances (Ag) [4], or examine the statistical distribution of levels (Um) [6]. In general, however, we
systematically studied the statisticaly properties of the resonance parameters.

The main direction of the experiments was to measure simultaneously the total effective cross section (by
transmission) and capture cross section, and to study the relative intensities of the radiative transitions observed in
the resonances, with simultaneous use of three time -of -flight bases. In each case everything possible was done to

*Translation from French.

863

Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5



864

/
Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5

b
4('0g+

ol . . iete, .
RETERIES . N PR R
e e e e A e e L e e e i m m R e e m e e e E e e e m e m - = ———_—— - — . e e e e e e M Ll M e e - —
- r: —_—— - —— _—— —-— - R . . .
L. .. - N . e P
1Y . [ R .

-!.:

>
[V
>
& v
=
c
R
L)
(PR
'
o
.
i
-
o
>
[
>
v 0
«
R
v
Wt
B
o
.
>
o
M
~
e
©

£=g
[

53.87 xeV
500 eV
3

£=51.26 keV
489 eV
J=4 .

£
In

=210 eV
3

.
J

r=

I

W

Transmission of cobalt sample (7- 1072 atom/cm?), resolution 0,3 nsec/m: +) experimental points; ®) computed points,
p p p p p

Fig. 1.

determine the spin of the resonance in question. Statis-
tical effects cannot be interpreted correctly unless
they relate to a family of resonances having the same
spin. For example, for s-neutrons and target nuclei

with spin I there are two different families of resonances
with spins J,=1+/, and J.=1-1/,.

Furthermore, in order to obtain the essentialstatis-
tics, one must study a fair number of resonances, Earlier,
such investigations were carried out only for certain
heavy nuclei, for example, platinum (6]. At the present
time experiments on transmission are being made with

" a resolution better than-1 nsec/m, which offers the pos-

sibility of studying resonance levels of medium nuclei,
such as cobalt [7], in the energy range up to 30 keV;
not long after reaching the limiting resolution of 0.3
nsec/m this range was broadened to 80 keV {8].

APPARATUS

Measurement of Total Cross Sections

Transmission measurements with maximum resolu-
tion are made on a flight distance of 103 m. The neutrons
are taken out through a vacuum tube closed by pure
aluminum plates, For studying the energy range around
35 keV, in which aluminum has resonances, magnesium
plates are used, The detector is-a compartment 29X
15x 3.cm in size filled with BY and surrounded by six
Nal(T1) crystals 12.5 cm in diameter and 5 cm thick.
The crystals record the y -radiation emitted by the
excited Li’ nucleus formed in the reaction BY (m, oc)Li7.
The sample being studied is one third of the flight dis-
tance away from the neutron source,

Pulses from the photomultipliers are amplified,
fed to a single-channel amplitude analyzer passing only
pulses corresponding to the photopeak of y -radiation

(energy 418 keV), and then taken to a time analyzer

(the so-called accordeon [9]) with 2f_1 channels (n=9,
10, .. ... , 16), the breadth of which may be varied in
each experiment between 0,05 and 3.2 psec. The num-
ber of possible values of channel breadth, equal to 16,

is determined by a ferrite memory unit having 4096
channels.

In 1963 the best resolution obtained for a 0.06 -
usec neutron pulse width in the accelerator, allowing
for the accuracy of the detection time, was 0.8 nsec/m.
After inserting new electronic detection systems, an
effective resolution of 0.3 nsec/m was obtained for a
neutron pulse width of 20 nsec and time -analyzer
channel width 10 nsec, This makes it possible to study
neutron energies above 30 keV. This resolution was
ensured by a suitable delay time of the neutrons in a
polyethylene block 2 cm thick situated around the target.
Shortly the resolution will again be improved by in-
creasing the flight distance to 200 m.
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500 ‘ , At the present time, simultaneous recording of
(T two spectra (corresponding to measurement with and
400fest 200 o without the sample) is frequently carried out by means
) ) 210 eV of the ferrite unit; each of the spgctra is disposed in 2048
300+ channels. Two units with 4096 channels each may also
: be used. The sample being studied is placed in the beam
2001 for 30 sec every minute and then taken away. In order
) SN SR to avoid the overlapping of neutrons from neighboring
1001 R P : o 10 ¢ .
RIS cycles (repetition frequency 500 cps), a B~ filter is
J placed in the beam. For measuring the background,
300 filters made up of elements giving "black® resonances
2504 - . Mev in the energy range under examination were constantly
2 ol e “ situated in the beam. Filter materials included La, Co,
g ° oo g Zn, Cu, Bi, AL
150 - I : _ L
- . Measurements of Partial Radiative
= 100} e ' L " Tranmsitions '
S50r - Measurements were made for flight distances of
g T 14 and 28 m. The first results were obtained with Nal
0oy 7 (T1) crystals of diameter 12.5 and height 12.5 and 15
008 s 43 eV cth. At the present time a system* in which the first
' : annihilation peak is separated out by coincidences is
Jo0F used for the measurements. This systern is analogous to
that used in the Yale laboratory [10]. It consists of a
200¢ central crystal of Nal (TI), of diameter 10 and height
100l ' ’ . - 15 cm, connected with a photomultiplier, and surrounding
-. ) this an annular NaI(T1) crystal with internal aperture 11,
oL L , I B external diameter 29, and height 30 cm, connected to

4

| )
50 95 60 65 70 5 £, ev nine photomultipliers. The y -rays recorded in the cen-

tral crystal are studied in coincidence with the y -rays
(511 keV) recorded in the annular crystal. A multidi-
mensional analyzer [11] enables the pulse amplitude of
each y -quanturn being studied and the flight time of the
neutron exciting it to be simultaneously recorded on a magnetic tape within the limits of the total number of
channels, 2%; usually 128 amplitude and 512 time channels are used,

202

Fig. 2. Spectrum of y -rays emitted by Hg®* formed in
s201

the reaction Hg®*+n in resonances 43, 71, and 210 eV.

Measurement of Capture Cross Section

In these measurements a large liquid scintillation detector is used.t This has 4y -geometry and constitutes
a reservoir of diameter 1 m with a through channel directed along the diameter for passing the beam. In the center
of the channel is the sample in which the radiative capture of neutrons takes place., The reservoir-contains 500 liter
of liquid scintillator (xylene with the addition of POPOP and 15 liter methylborate, introduced for capturing scattered
neutrons and weakening 2.2 MeV y -radiation arising on capture of the neutrons in hydrogen). The volume is surveyed
by eight photomultipliers of diameter 12.5 cm mounted in immediate contact with the liquid scintillator. Use of
an internal reflector (dye) raised the light collection by 17%. Sometimes the detector was used with a multidi-
mensional analyzer, but usuaily a single-channel amplitude analyzer set for an amplitude corresponding to the total
energy released by the compound nucleus under study was employed. The single-channel analyzer was connected
to a time analyzer (accordeoq) and memory unit of 4096 channels.

In order to facilitate analysis, the data obtained were considered together with the results of measuring the
transmission of a sample placed in the center of the 47 -detector., The transmission was determined by means of a
B" detector set at the exit from the diametral channel of the 47 -detector.

*Manufactured by "Harshow,” USA.
TManufactured by "Nuclear Enterprise,” England.

865

Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5



Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5

(/77}}}

o el Na'®

1000

7000

N, rel, units

103 ev; 102ev

4000

2000

— 400

{ Transmission)

Fig. 3. Simultaneous measuwrement of capture and transmission in a sample of natural neodymium.

Methods of Analyzing the Results

The transmission results were systematically analyzed by various methods [12] on an IBM~-7094 computer,
mainly using a program whichenabled calculations to be made with due allowance for the Doppler effect, and solu-
tions to be obtained simultaneously for some tens of resonances over a wider energy range, Figure 1 shows the re-
sults obtained, :

The 1y -ray spectra obtained on the coincidence system were analyzed on the computer with respect to various
componeits by means of a4 specific program (Fig. 2).

Methods of Identifyivng Resonances

In a number of cases the need arises to identify the isotope responsible for a given resonance, but a more fre-
quent problem is the choice, for an s-resonance, of the J, or J_ spin of the compound nucleus, and sometimes one
has to determine whether certain resonances belong to the p-type.

The experiments carried out give certain information for the solution of these problems.

Multidimensional Analysis. The multidimensional analysis of radiative transitions [11] arising on absorption
of a neutron in resonance sometimes enables us to identify the isotope responsible for the resonance. For example,
from the low-energy (< 1 MeV) y -ray spectrum measured with one crystal it was established that the resonance
doublet at 102.2 and 103.6 eV observed in the cross section of natural neodymium was connected with Nd*°. 1n
other cases identification was made from the total energy of a cascade of y -transitions as measured by a large
liquid scintillation detector. Knowledge of the total energy of the cascade and the binding energy of the neutron
enables us to identify the isotope.

-
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In some cases a study of the high-energy radiative transitions offers the possibility of deciding whether certain
resonances belong to the p-type: The exceptionally high intensity of the corresponding direct transitions to the
ground level, showing that they are dipolar electric, enables us to determine the parity of the original level. In
this way p-resonances in target nucleus Zr®! were identified for neutron energies of 1933, 1991, and 4320 eV [4, 11].

The most classical case is the choice between the values of J, and J_ when the target nucleus has spin l/2
and negative parity,and the ground state of the compound nucleus is O*. Then an intense radiative transition to the
ground state will indicate that the excited state of the compound nucleus has spin J, = 1 (parity negative {13]). Such
measurements were made in our experiments for target nuclei wiss [14, 15], pri® [15, 16], and others (for example,
thulium [17]). Considerations connected with high-energy transitions also enable us to choose between J, and J_ for
other types of nucleus. For example, in the already -mentioned doublet for Nd*5, spin J_= 3 was ascribed to
resonance 102.2 eV [18].

Measurement of Total Width I and Total Radiative Width T'y. This also enables us to determine the spin of
an s-resonance when the neutron width I'y is not too close to T'. This related mainly to resonances for which we
can measure I" exactly (the value of I'p is small) and make relative measurements of ry/r for other resonances
of the same nucleus by means of a liquid scintillation detector, Figure 3 shows curves obtained for simultaneous
measurements of transmission and radiative capture made for n'eodymium [19]. This method was used for many
nuclei, and in particular for praseodymium [20] and iron [21].

Measurement of one Transmission. This sometimes enables us to solve certain problems directly. Identifi-
cation of certain p-resonances may be effected from the symunetry of the transmission curve, indicating the absence
of interference between potential and resonance scattering. In studying very thick samples of niobium [22] it was
also shown that certain resonances with not-very-small values of I are nevertheless p-resonances, although it was
earlier usually considered that this was simply the case of extremely small values of I'y. On the other hand,
asymmetry indicates that the nonforce resonance of Pri*! at 85 eV belongs to the s-type.

If the ratio Tp/T is fairly large, then for s-resonances it is sufficient to measure one transmission. Interference
between two resonances on the transmission curve indicates that both of these have the same spin (and relate to the
same isotope). After checking these ideas for praseodymium [23], the method was used for iron, neodymium (the
absence of interference between the two already-mentioned resonances of the Nd™® doublet at 102 to 103 eV showed
that they corresponded to different spins), arsenic [24], and isotopes of bromine [25], and for studying medium
nuclei (Co [7], Mn [8], V [8)) in the energy range above a few keV.

When I'p is very close to T, for determining the statistical factor g or spin J of the sesonance it is sufficient
to determine the minimum transmission of an isolated, fairly strong resonance, examined for a thin sample and
high resolution. Finally, measurement of the intensity of the interference effect between potential and resonance
scattering on a fairly thick sample enables us to estimate the cross section at the resonance maximum and hence
the J, on the assumption that the value of the potential cross section is known; and, conversely, we may determine
the value of the potential cross section if the parameters of the resonance are known from other sources (as, for
example, in the case of the resonance at 1120 eV for pr**l). This method is simply a particular case of the method
of form analysis for a thick sample, enabling us to determine I by fixing the upper limit for I'y.

STATISTICAL PROPERTIES OF SCATTERINGYWIDTHS

Force Function

The force function S, for the s-neutron wave is determined from measurements of the reduced neutron widths
n- It is usually assumed that for the two families of spins J, and J_ the force functions are identical. We con-
firmed this supposition for the case of Pt!®, It was noted in [6, 24, 25], however, that for many other nuclei this
condition is not observed. We should note the dependence of S, on J, which may be explained by the fact that
certain combinations of the states of the original nucleus and the particle favor one of the values of spin
J [26].

FO

The results of our investigations are partly given in the table, from which we see that resonances with certain
spins are strongest and hence form the main contribution to §y. Assuming that for the quantity r?l the Porter-Thormnas
distribution is valid [27], and supposing that S, does not depend on J, we calculated the probability that the ratio of
S, for J4 10 S, for J_ (> 1) was larger than or equal to the value found by experiment. This probability is given in
the last column of the table.

867

Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5



Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5

Properties of Neutron Resonances of Certain Elements

i e T DO el A e
nucleus | served res- | range, ev S%rt:rhr;‘ig B g?:éggspin o mental %e ¥
onarnces ) ratio

Gas? 12 200—2500 7 { r=a ! L2 - -
As?3 55 40—4000 | 27 { T =3 " 20 2,5 !
Se?? 10 | 100—1500 9 | p . - 7 !
B, 81 82 30—2000 23 { st 18 - 2 it
pL1% 19 10—310 19 { f;i.(f 1§ f%iifg,‘;’ - -
Aut? 64 501000 | 43 { =i i RS 2 !

*The probability given in the table is that of finding a value of the ratio equal to or exceeding the experimental
value, on the assumption that S, does not depend on J.
For each isotope. '

Nuclei with Spin I= 1/2. Whereas Pt'® is the classical example of a weak dependence of Sy on J, for selenium

[7] this dependence shows up strongly; however, the number of observed resonances is small and the main contribu-
tion to Sy (J= O) comes from levels disposed below 1000 eV. For cadmium [28] and thulium [29] the dependence
shows up weakly. Experiments for yttrium are continuing, since the number of resonances so far studied is not great.

Nuclei with Spin I= 3/2. At the moment we can consider six nuclei of this type: two single isotopes (arsenic
and iron) and two elements each with two isotopes (gallium and bromine). The relationship Sy(J) is in order of
magnitude roughly the same for the six cases and suggests the value J=2. For other nuclei (Cusa, cu®, ngm, Ba %)
the statistics are insufficient to allow conclusions,

Nuclei with Spin I > ®/,. Our results for nuclei Mn% [8] and Pr**! [20], which have spin ®/,, are still being
analyzed. Examination of Co’, having a spin of ?/,, up to 80 keV has yielded no definite conclusion. For NG
and Nd™ [18] not enough resonances have yet been studied. The case of the p-wave may be studied, for example,
in Nb® +n, for which the force functions S; may be directly determined from the parameters of 33 resonances [22]
disposed below 2200 eV. The value obtained, $;=(5.05 + 1.0)- 10 -4, agrees closely with that determined from mea-
surements of the mean effective cross section [30].

STATISTICAL PROPERTIES OF RADIATIVE WIDTHS

Total Radiative Widths

The excellent apparatus resolution, in combination with the method of form analysis, enables us to study the
total radiative widths I‘-y as a function of mass number, We may assume that the total radiative width never exceeds

195 201

0.5 eV, its fluctuations from resonance to resonance are smallish, except for cetain nuclei (Pt™+n, Hg™ "+ n), and

its variations are connected with the character of the s- or p-resonance.

Case of s-Neutron Wave. We studied the target nuclei Fe®, Cu®®, Cu®, Zn, Ga®, Ga™, As™, se”, &', Br*",

zr™, Zr%®, Nb%, 1a®®?, pril, NdM2, Na'®, Tm™®, W', p!%, Au'¥, Hg'®, Hg?™. The values of T, obtained were
close to 0.3 eV for nuclei with mass numbers A between 56 and 90 and fell to 0.1 eV for nuclei with A around 145,
The tendency for I., to fall also occurs in the region of deformed nuclei, but for nuclei close to those with a filled
shell, ", begins to rise and reaches values exceeding the valué of T, for Hgm. We should also note the consider-
able fluctuations of 1“), from resonance to resonance for Hg199 and ngo1 (for the same value of spin),

Extremely refined analysis shows that for the transition from N
fall in F)" as predicted by Cameron's formula [31],

d 143 d 145

+10 to Nd* +n[19] there is a considerable
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Case of p-Neutron Wave. Study of the Nb® + n reaction showed that in resonances of the p-type,T'y equalled
230 + 50 meV and in resonances of the s-type,140 + 30 meV. Study of the y -ray spectra of capture in resonances
revealed great differences in the spectra, but these could not serve as sufficient criterion to prove that these
resonances belonged to the p-wave. The nature of these resonances, having elevated values of Ty, was elucidated
from the symmetry of the transmission curve in measurements with thick samples.

Partial Radiative Widths

At the present time systematic work is going on with the help of the crystal ring detector in order to repeat
and continue the previous measurements Concerning Pt*® [16] and U [32], and also to study the fluctuations from
resonance to resonance of the widths relating to the high-energy transitions, For Hg199 and ngm the fluctuations
of the total widths Iy must be explained as a function of spin,

A study was made of iron, where the. transition with energy around 6 MeV is connected with a partial width,
fluctuating in accordance with. the strength of the resonances, enabling us to determine the possible contribu-
tion of direct radiative capture to the wings of the resonance at 4.8 keV. The resonances of copper at 648 and 990
eV and of zinc at 281 and 322 eV, for which r‘)’ ~ T, were also objects for investigation,

CONCLUSIONS

We expect that when the third section of the accelerator is set up, increasing the energy of the electrons to
45 MeV, and experiments with more intense neutron beams begin, a greatdeal of data will be obtained on the relation
between the statistical properties of resonances for medium nuclei situated in the range 5 to 100 keV and the spin.
In this region, where a resolution of 0.1 nsec/m can be attained, the system used in Saclay may successfully com -
pete with the Van der Graaf accelerator. On the other hand, the intensive development of studies on the partial
radiative widths at higher intensity or resolution should lead to the improvement of existing results.
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EFFECTIVENESS OF HETEROGENEOUS ABSORBERS IN HOMOGENEOUS
URANIUM-WATER REACTORS

(UDC 621.039.520.22)

G. M. Vladykov, B. G. Dubovskii, A. V. Kamaev, V. Ya. Sviridenko,
F. M. Kuznetsov, G. A. Popov,and Yu. D. Palamarchuk

Translated from Atomnaya Energiya, Vol. 19, No. 1,
pp. 14-19, July, 1965
Original article submitted July 20, 1964

Experiments on the effectiveness of absorbers in homogeneous uranium-water reactors are described and the
results are reported. A study was made of the effectiveness of one (absorber) and of a group of cylindrical rods made
of cadmium and boron carbide, as a function of their dimensions and uranium concentration in the active zone.

The influence of steel cladding on the effectiveness of the rods is demonstrated.

The results of a two-group calculation of the effectiveness of a boron carbide central rod are compared with
experimental data.

Heterogeneous neutron .absorbers have been widely used to reduce nuclear hazards during the processing of
fissile materials. In this paper an analysis is made of the effect of absorbers on the critical mass of homogeneous
uranium reactors. The experiments were performed on reactors without reflectors, and also on reactors with lateral
and bottom reflectots 25 cm thick. The active zone of the reactors was a water solution of UOLNO;), which was
poured into the cylindrical stainless steel tank (1Kh18N9T steel, wall thickness 1.5 mm).

In experiments with bare reactors the minimum distance of the active zone from the walls, the floor, and the
surrounding objects was not less than 2 m. The experiments were performed with uranium solutions (90% enriched).
The absorbing rods consisted of boron carbide powder with free density of 1,25 g/cm?®, placed in cylindrical stainless

steel containers, or water filled cadmium tubes with wall thickness of 0.5 mm, also placed instainlesssteel containers,

Method of Measurement

From the point of view of nuclear safety, the effectiveness of absorbers can conveniently be estimated from
the change in the critical volume (critical mass, or critical height) when the absorbers are introduced into the active
zone of the reactor. In this paper the effectiveness of the absorbers is expressed as a difference in the critical
volumes and critical heights of reactors with and without absorbers,

The effectiveness of the absorbing rods and inserts was determined in a reactor with an active zone having a
diameter of 400 mm. The absorbing rod was introduced into the active zone of the critical reactor of height H.
The level of the solution rose as a result of the displacement of the liquid.by the absorber. By adding a further
amount of the solution, the reactor was again brought to the critical state with the new heightof the active zone HF
(H and H* are the critical heights of the reactor without and with absorbing rod, respectively). The critical height
could be determined to within + 1.5%. Chemical analysis of the uranium solution was performed by precipitating
ammonium diuranate [1]. The concentration of uranium in the solution was determmed to within + 1"70 Solutions
with uranium concentrations C= 38, 72, and 286 g/liter were used in the experiments.

The rate of change of reactivity with varying critical height of the active zone was measured to determine
the effectiveness of the absorbers. Different values of the critical height were achieved by varying the diameter of
the active zone. ‘These experiments were performed with a solution having a uranium concentration of 72 g/liter.
The critical volume of the solution was achieved in the active-zone tank. In order to induce the supercritical state
in the critical reactor, small portions of the uranium solution were added, and this was followed by measurement
of the settling periods for the supercritical reactors. Next, for each height of the active zone, the reactivity Ap was
calculated from the inhour formula, with allowance for delayed neutrons, as a function of the increase Ah in the
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Hoem (TTT T height of the active zone. The delayed neutrons were repre -
. ' sented by coefficients expressing for each group of such neutrons ’
& / the ratio of escaping, delayed, and prompt neutrons, From the
7 / one -group diffusion theory we have according to [2]
y
9p _ 2aM* 1 :
#0 T ke (HLZR) (1 -
71 / where p is the reactivity in units of 10-5, M? is the neutron
/ migration area in cm?, ke is the neutron multiplication constant =
% 7 : in an infinite system, and X\ is the extrapolation length in cm.
When the solution is added to a critical reactor the total
10 reactivity becomes
/ :
! / 2n2M2 ¢ 1
a2 dh
P - e 2
I Pl K [ESI5E @
A
‘ ' or
Fig. 1. Experimental dependence of(3/dh)on
the critical height H of the reactor. ey ’ { - 5
TR IR T Uy e L @)
60
5 y  where Hgyp 1s the height of the active zone of the supercritical
h P / " reactor which becomes critical when the absorbing rod is inserted

/ . into the active zone., From equation (1) we have

2 : | 3
//é

r\:I»A

B
: h HFE ~ (Hyp + 202 |
.8 ’ -
£ 20 Experimental values of (3 p/dh) and H were analyzed by the ’
,2 / . ? method of least squares, and the resulting data were used to plot
2 H as a function of (3 p/ah )"!/; (Fig. 1). This yielded
g 6 24 32 40 48 46 ‘ ‘
Rod diameter cm (boron carbide) %’ . (H+2)) = 336 + 16 and 959,
Fig. 2. Dependence of the effectiveness of a , = 54 <+ 0.2 cm.

boron carbide absorbing rod on its diameter in a
bare cylindrical reactors (active zone diameter Effectiveness of a Central Absorbing Rod
d =400 mm, cohcentration of uranium in solu- '
tion C="12 g/liter): 1,2 steel clad rods (4 and
0.3 mm of steel respectively).

Results of experiments and calculations on the efficiency
of a central absorbing rod are shown in Figs, 2-6. The corres-
ponding calculations of the increase in the critical height AH=
HF —H were performed for a bare reactor, The critical dimen-
sions of the reactor with and without a-rod were determined by solving the system of two-group reactor equatios.
The radical problem was solved for a cylindrical reactor with equivalent heights He = H+ 2) (reactor without rod)
and H{ = H' + 2\ (reactor with rod). It was assumed that the extrapolation length \ was unaffected when the ab-
sorbing rod was inserted and consequently AH=H{ +2\. The steel tank of the reactors and the steel cladding of the e
rods were not taken into account in the calculations. The boundary conditions on the surface of the rod were written
down in accordarice with [3]. The neutron scattering in the rod was taken into account within the framework of the
one-collision theory. The capture and fission cross sections, and also the diffusion coefficient and the quantity 1/ y
(u), which characterises the "greyness” of the rod for a lethargy u of the epithermal neutrons, were averaged over
the spectrum on the 10-group diffusion approximation for a bare spherical reactor [4]. In order to estimate the
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Fig. 3. Dependence of the effectiveness of a
central absorbing boron carbide rod on its
radius in a bare cylindrical reactor (d = 400
mm, C= 38 g/liter, H=41.3 cm): 1) experi-
ment, rods clad in 0.3-0.5 mm of steel; 2)
calculation without allowance for the steel
cladding.
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Fig. 5. Effectiveness of boron carbide and cad -
miurr rods filled with water, as a function of
radius (bare reactor; d = 400 mm, C= 136 g/liter,
critical volume of reactor without rod 25.6 liters):
1) rods in the form of water-filled cadmium tubes
(0.5 mm of cadmium, thickness of steel cladding
1 mm); 2) boron carbide rods (thickness of steel
cladding 1 mm).
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Fig. 4. Effectiveness of a central absorbing boron
carbide rod as a function of its radius (bare re-
actor, d= 400 cm, H=24.3 cm for C= 72 g/liter,
and H= 19.2 cm for C= 286 g/liter): 1,2) experi-
ment, rods clad in 0.3-0.5 and 4 mm of steel re -
spectively (C= 286 g/liter); 3,4)experiment, rods
clad in 0,3-0.5 and 4 mm of steel respectively
(C=172 g/liter); 5) calculation ignoring the steel
cladding (C= 72 g/liter); X) calculation with allow-
ance for the steel cladding (C= 72 g/liter).

effect of the steel tank, a special calculation was performed
of the effectiveness of a two-layer rod, consisting of 46 mm
in diameter of boron carbide and a 4 mm steel cladding,
with allowance for multiple scattering of the neutrons in
the rod using the method described in [5]. It is evident
from Figs. 3 and 4 that the 2-group calculations led to a
rod effectiveness whichwas somewhat high,

For auranium concentrationof 38 g/liter, the discre -
pancy between calculated and experimental data is 2-9%;
for C=172 g/liter, the calculated values for the effective -
ness of rods with 0.3-0.5 mm cladding is higher by 10%
than the experimental result. When the steel envelope is
taken into account the discrepancy between the calculated
and experimental values‘becomes 11%. It follows that 2-
group calculations can be used to estimate the rod effec-
tiveness, Experiments and calculations performed for a
rod of boron carbide having a diameter of 4.5 cm showed
that for a given rod size its effectiveness falls somewhat
with decreasing envelope thickness. The steel cladding
gives rise to two opposite effects: (1) it screens the boron
carbide and (2) it displaces the solution. The latter effect
is found to predominate (see Figs, 2 and 4).

A comparison of the effectiveness of rods filled with boron carbide powder and cadmium rods filled with water
is shown in Fig. 5. It is clear that for diameters up to 90 mm, .a solid rod with boron carbide is more effective.
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Fig. 6. Critical volume of cylindrical reactor, Fig. 7. Effectiveness of one and of two absorbing
with absorbing rods (~———)-and without ( rods as a function of their position along the radius
as a function of active -zone diameter (reactor : of the active zone (bare reactor; d=400 mm, C=
with reflector; diameter of absorbing rod(boron 286 g/liter, diameter of boron carbide 24 mm,
carbide) 50 mm; thickness of steel cladding thickness of cladding 4 mm): 1) one rod, 2) two
4 mm). ' "~ rods, 3) single-rod effectiveness multiplied by two.
o When the outer diameter of the absorber increases, the rod
g i3 / ’C\ effectiveness becomes the same. Further increase in the
§ / \2 diameter makes the cadmium tube filled with water more
= / \ effective. When the rod diameters reach about 100 mm,
E ” g \ which corresponds to ~21/?§2—6,where TH,O is the neutron
8 / A i \ ] age, the absorber efficiencies become equal. A series of
5., : experiments was also carried out to determine the critical
«fég /] \\ volumes of cylindrical reactors with and without a central
g ¢ T LY absorbing rod,as a function of the active zone diameter,
S The reactors had lateral and bottom water reflectors, The
0 § 1 5o active zone diameters were 160-500 mm. The data ob-
Distance between rod centers, Cm tained in these experiments (Fig. 6) show that as the active

- zone diameter decreases, the critical volumes of the solu-
tion with rod and without rod increase and become infinite
at certain values of the diameters. For smaller diameters
the reactor can only be subcritical.

Fig. 8. Effectiveness of 7 rods (1 central and
6 eccentric) as a function of their mutual
separation (reactor with reflector: d=400
mm, C= 286 g/liter, diameter of boron car-
bide rod 50 mm, thickness of steel cladding Effectiveness of a Group of Absorbing Rods
4 mm.

Figure 7 shows the efficiency of one and of two rods

as functions of position in the active zone of the reactor,
Curve 1 corresponds to an experimental determination of the effectiveness of a single rod as it is displaced from
the center of the active zone to its periphery. This gives rise to a reduction in the rod effectiveness. The positive
effect of rod reactivity on the boundary of the active zone is due to the fact that the rod acts not only as a reflector
but in'addition modifies the form of the reactor by displacing a part of it, and this leads to an increase in the re-
activity. Curve 2 (Fig. 7) shows the effectiveness of two rods symmetrically located with respect to the reactor axis,
Curve 3 shows the single rod effectiveness multiplied by two, with the rod located on the same radius as the two
symmetrical rods,
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TABLE 1. Effectiveness of a Group of Rods Distributed Symmetrically
on a Circle of Radius 192 mm

Number of rods ) : 2 3 4 -6

Increase in critical volume, liter
(concentration of uranium = 72 g/liter) | 3.0 9.4 17.8 91,9

Increase in critical volume, liter
(uwranium concentration= 286 g/liter) | 2.2 2.6 5.6 11,3

Note: reactor with reflector, d=400 mm, diameter of boron carbide 50
mm, thickness of steel cladding 4 mm. o

TABLE 2., Effectiveness of Regular Arrays of Rods for Different Numbers of Rods

. . Diameter of boron carbide
Diameter of boron carbide 17 mm, thickness of steel ‘ .
Parameter ) 12 mm, thickness of steel
cladding 4 mm : .
cladding 4 mm

Rod separation, mm. . . . 60 , 40 40

Number of rods. . . . .. . 7 12 13 18 36 6 7 18 36 6 18

Increase in critical
volume, liter., . . ... .. 2,73 4,45 5.23 8.06 17,9 | 2.18 2.20 7.00 24,75 1.48 - 4,59

Note: reactor with reflector, d= 400 mm, uranium concentration= 286 g/liter, critical volume of reactor
without rods 18.2 liter. '

TABLE 3, Effectiveness of Regular Sets of Rods for Different Number of Rods

Rod separation, mm 60 40

Number of rods. . . . .. .. 6 18 1 6 7 18 36

Increase in critical volume,
liter. . ... ... .. P 3.40 |15,10| 0,80 | 3.40 [3.50 | 18,90(58.90

Note: reactor with reflector, d= 320 mm, uranium concentration 286
g/liter, critical volume of bare reactor 13,1 liter, diameter of boron
carbide 17 mm, thickness of steel cladding 4 mm.

When the distance between the rods is small, interference is negative, but in the remaining cases it is positive.
Maximum interference is obtained with rod separation of about 10 cm. An analogous effect is observed in mea-
surements on the effectiveness of 7 rods (Fig. 8). The measurements were performed for a fixed central rod and a
similtaneous displacement of six symmetrically located rods, It was shown that the maximum effectiveness of such
a group of rods is observed when the distance between the centers of the rods is 10 c¢m, just as in the case oftworods.

The effectiveness was also determined for a group of rods arranged symmetrically on a circle of radius approxi-
mately equal to 0.5 of the radius of the active zone (except for a group of 4 rods when one rod lay at the center of
the active zone), The results of these experiments are given in Table 1, When the diameter of the active zone
is 400 mm, the insertion of six rods increases the critical volume of the reactor by 65% or more, depending on
the concentration of uranium in the solution,
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Tables 2 and 3 show the results of experiments involving the insertion of rods into the active zone between
the center and the periphery. This gave rise to a two-zone reactor with the central zone filled uniformly with rods,
and a circular peripheral zone without rods. The ratio of the volumes of these zones could be varied by increasing
the number of rods. Experiments showed that the use of a group of rods leads to a considerable increase in the
critical volume and may be recommended as a method of ensuring nuclear safety in technological equipment.

LITERATURE CITED

V. K. Markov, Uranium and the Methods for its Determination [iri Russian]', Moscow, Atomizdat (1960),

1,

2. Krasik and Radkovskii, in Proceedings of the Second International Conference on the Peaceful Uses of Atomic
Energy, Geneva, 1955, 5 [in Russian] (1958), p. 248.

3. G. 1. Marchuk, Design Calculations for Nuclear Reactors [in Russian], Moscow, Gosatomlzdat (1961).

4, A.1. Novozhilov and S. B. Shikhov, Atomnaya Energiya, 8, 209 (1960).
5. E. L Gnshamn Atomnaya l:nerglya, 16 234 (1964).

876

Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5

#




Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5

RELATIVE VAPOR PRESSURE DIFFERENCES OF B!!'fF,-B'’F,
(UDC 621.039.332/546,27)

I. B. Amirkhanova, A. V. Borisov, I. G. Gverdtsiteli,
and A. T. Karamyan ' i

Translated from Atomnaya Energiya, Vol. 19, No. 1,
pp. 20-24, July, 1965 '
Original article submitted July 1, 1964; Final editing December 14, 1964

The relative vapor pressure differences of the isotopic molecules BuF3-B1°F3 were measured in the
temperature range 147-247.7°K. The enrichment factor decreases from 20 - 1073 (147.0° K) to
1.1-10 73 (247.7° K).

within the limits.of the experimental error (2-4%), liquid solutions of BuF3-B1°F3 are ideal.
within the measured temperature interval, corrections were calculated for the enrichment factors,
related to the nonideality of the gas phase.

When other parameters of the process of rectification of BF; are available (height of the
theoretical plate, throughput of the packing, etc.), the data obtained permit an estimation of the
efficiency of the process of separation of BMF,-B!F, at various pressures.

In the calculation of separating columns for the production of the isotopes B and B! by distillation of BFg, it

is necessary to have information on the separation factors within a rather wide temperature range. The data avail-
able in the literature are insufficient for this purpose. The.values of the relative volatitity of By and BYF; have
been determined by various methods [1-5], but all the measurements were performed within a small temperature
range —160 -173° K (the boiling point of BF is equal to 172.4° K [6]), and there are considerable discrepancies among
the results obtained by different authors, In view of this, measurement of the relative volatility of BYF;-BYF, and
establishment of the dependence of this quantity on the temperature are of great practical importance.

Just as before [5], we used a differential method. Its essence consists of a direct measurement of the difference
in the saturated vapor pressures of the isotopes at a fixed temperature. In view of the smallness of such a difference,
high requirements are set for stabilization of the temperature, The temperature drop between samples should not
exceed ~10 *degree during the time required for taking the experimental point. As a result of this, the maximum
possible thermal insulation of the pressure pickup is required, and at the same time, a short time of establishment
of the equilibrium temperature (of the order of several minutes) is needed.

Various types of cryostats have been tested. At pressures below 1 atm, the measurements -were conducted on
the instrument of [5], where the pickup of the pressures of B'F,-B!F, is placed in a bath with liquid ethylene, and
the temperature is stabilized by fegulating the vapor pressure of ethylene. Such cryostats, convenient within a
narrow temperature range, require a set of thermostatically controlling liquids when the temperature region is
expanded, ' : '

The cryostat described below permits the production of a stable temperature from -195.8° C to zero °C, with
fluctuations of no more than 107% degree. The pressure pickup (Fig. 1) consists of a copper block, 50 mm in dia-
meter, 30 mm high, with two circular chambers, placed one in the other, Itis placed in a copper reservoir of a
gas thermometer, filled with helium. The gas termometer is a sensitive element of the temperature regulator,
is bathed by nitrogen vapors, and is equipped with a heater. “When the temperature is varied, the helium pressure
in the gas thermometer varies; heating is turned on or off with the aid of the relays and contacts of the manometer,
and the temperature in the volume is thereby maintained with an accuracy of 10 -3 degree.

The level of liquid I'\I2 in the cryostat is kept constant automatically with the aidof a Bellows valve, The
absolute vapor pressures of the isotopes are measured with standard manometers, while the pressure difference is
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@7

thermocouple

\ " /

Fig. 1. Scheme of setup for measuring the vapor pressures

of the isotopes BYF,-BYF,: 1) differential manometer; 2)
standard manometers; 3) contact manometer; 4) vacuum
sleeve; 5) steam delivery tubes; 6) gas thermometer; 1)
pressure pickup; 8) heater of gas thermometer; 9) guide
of flow of nitrogen vapors; 10) pickup registering level
of liquid N,; 11) evaporator of liquid Ny; 12) Dewar flask;
13) Dewar flask with Ny; 14) Bellows valve; 15) overflow
tube.

measured with a differential mercury manometer with
readingsona KM-6 cathetometer. Such a system permits
measurement of the pressure with an accuracy of 107!
mm Hg when the absolute pressures are varied from 1

to 50 atm.

Purification of BF,. It is known that the relative
difference in the vapor pressures of the isotopes,e ;=
APy/Pyiis of the order of 1%. Hence, for measurement
of €, with an accuracy of 1%, the presence of impurities
more volatile or comparable in volatility with BFg at a
given temperature should not exceed ~10 2,

One of these substances is SiF, (at T=172.4° K,
the value of P=400 mm Hg).

The ability of BFy to form a complex with anisole
was used for its purification, The impurities that do not
form chemical compounds with anisole (SiF,, Ny, Oy,
HF), are removed by evacuation. Mass spectrometric
measurements showed that after purification the total
amount of impurities did not exceed 0.4%; moreover,
the SiF, content was of the order of hundredths of a
percent, The purification of BF3 was also performed by
distillation, BF4 containing no more than 0.5% impu-
rities was loaded into the column. The final purity was
verified by a comparison of the vapor pressures of two
samples of BF; with the same isotopic content at a given
temperature, using a differential manometer on the
setup described in [5]. AP/P was measured on samples
whose vapor pressure difference did not exceed 0.05-
0.1 mm Hg.

Measurement Procedure and Results, Before the
measurements of AP/P were begun, the setup was eva-
cuated with a diffusion pump to a residual pressure of
~107° mm Hg. After this it was washed with a small

-amount of the BFg to be measured and again evacuated.

Then measured amounts of BFy of the same isotopic composition were condensed into pressure pickup chambers
cooled to the required temperature, and when temperature equilibrium was reached, the zero point of the instrument

was checked.

The saturated vapor pressure difference of BHF, and BYF, was measured analogously. For this purpose, a pre-
paration enriched in BuF3 was condensed into one of the chambers of the pressure pickup, while a preparation en-
riched in BmF3 was condensed into the second chamber. The temperature dependence of AP/P was then recorded.

By measwring AP/P as a function of T by this method within a definite temperature interval for samples with
different contents of the isotopes, we obtained the dependence of AP on the isotope concentration.

In most of these experiments, the vapor pressures of liquid boron wrifluoride, enriched in BYF,, and BF4 with a

natural content of 18.6% BmFs, were compared. In this case, samples with maximum enrichment in BmF3 were

measwred, and then mixtures were prepared with a reduced B1°F3 concentration, The concentrations of the mixtures
were evaluated according to data on the pressures and volumes of the gases to be mixed and were measured more

exactly on a mass spectrometer.

The saturated vapor pressure differences of mixtures of the isotopes B!F,-BYF,, with BY concentrations equal
to 9.5-86.5; 13.0-96.9; 18.6-86,5; 18.6-81.6; 18.6-59.2; 18.6-34.3% at pressures from 70 to 626 mm Hg, were mea-
sured on the instrument described in [5]. The error in the measurements of AP in these experiments was no more
than 0.02-0.03 mm Hg, while the absolute pressures were measured with mercury manometers with an accuracy

of 1 mm Hg.
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: The saturated vapor pressure differences of mixtures with

> %j concentrations 3,0-87,8% B and 3,0-95% B were measured on
;‘\O\‘\ %g the cryostat described in this communication (see Fig. 1) within
! \\Qﬁmz ‘ the pressure interval 25 080-1216 mm Hg (33,0-1,60 atm). The
: 1500 accuracy of the measurements of AP on this instrument was ~0.1
0\0‘,\\\ ?% mm Hg, while the accuracy of the reading of the absolute pres-
L sures was 0.02 atm.
a—— i . . b gt
O~ 0 The vapor pressure isotherms of BYF,-B!%, were con-
T £ structed on the basis of the data obtained for temperatures of
43 & 160-170° K (Fig. 2), As can be seen from Fig. 2, solutions of
Z% g the isotopes B'F;-BYF, are ideal within the limits of error of
Wy B the measurements {2-4%).
@
N

%\ %l; The enrichment factors at pressures of 1 atm and below
e 30 are calculated according to equation [5]
300
) Py— D, ’

—— i 0T Tale = @

ool
where P; and P, are the saturated vapor pressures of mixtures
g 0.25 05 0,75 Lo with cohcentrations Cy; and C,. The equation is correct for
Molar fractions of BI0F; (solution) ideal solutions in both phases. By definition, € o= Py;~Py,/Pgs

where Py; and Py, are the saturated vapor pressures of BHF3 and
B1°F3, respectively, and according to Raoult's law, & ;= Py —P,/
Py(C1—C,). When Py, is replaced by the measured P,, at a

Pressure, atm Per BloFg concentration of the order of 80% even at low pressures,
Q34 17 49 719 268 432  thedifference of & from such a replacement does not exceed
tenths of a percent,

Fig. 2. Vapor pressure isotherms of BYF,-BUF,.

ex1? 4 ;
i
” i Since we demonstrated the ideality of the solutions of
| BHF3-81°F3 in the liquid experimentally, and the deviation from
|
I ideality decreases with increasing temperature [7],-to obtain
t
|
|
i
|
|
{
|
|
|
it

Vi exact values of the separation factors it is necessary to consider
..gq the deviation from ideality in the gas phase, especially at in-
,&p \ creased pressures,
5 g < =
Ter

R

'Such an estimate can be made if the values of the virial

e coefficients of BM'F4-B™F, are known within the temperature
744 760 7180 200 220 240 260 interval of interest to us. In the case considered, the equation
Temperature, °K of state of the gas phase with the second virial coefficient B

can be used with accuracy sufficient for estimating the correc-
tions [8]. Then, using the results of [8], we obtain an expression
for the enrichment factor:

Fig. 3. Comparison of the dependence of the en-
richment factor of the isotopes B”F3 -BY% on the
temperature (pressure) with the literature data:

®) [4]; A)[11; +) [3]; @) data of the authors of this
work; ) [2]. £ = gy - }\1’{’3{)' _ (2)

In this equation, the difference of the second virial coefficients of the isotopes By-B,.(the activity coefficients of
BHF3-B1°F3 in liquid solution y ;-y ;)are neglected, and o= Py /Py~ 1. The second virial coefficients of BFy at
temperatures of 147-247°Kwere calculated on the basis of the Lennard -Jones potential of intermolecular interaction,
using the tables of [9]. The force constants of the Lennard -Jones intermolecular potential in the calculation of B
were taken from [10], where the second virial coefficient of BF; was determined by measuring the compressibility
of BFg at temperatures of 293.2-343.2° K.  According to [10], E/K=178°K: g=4.38.10"% cm. Here B is the mini-
mum potential energy of the interaction, corresponding to the state of equilibrium; ¢ is the collision diameter of
the molecule; k is Boltzmann's constant,
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Second Virial Coefficient of BFy and Corrections A more exact calculation of the enrichment factors
to the Enrichment Factors &, Related to Nonideality requires experimental data on the virial coefficients of
of the Gas Phase (g, - €), as a Function BHF,‘,-BIOF3 at temperatures of 147-247° K. For this pur-
of the Temperature T ‘ pose, an experiment is prepared on the measurement of
the viscosity of gaseous B!F,-BYF,.
. Po1—Po2= Py» B, ] )
Ik} =abe. | Hg |cm3/ g0- 103 Heo—e)- 103 Figure 3 presents the dependence of the enrichment
mm Hg mole factor on the temperature, and a comparison with the

1 literature data. In the temperature region that we studied
147,0 1,42 70 | —374,0 20,043 0,05 . o . . i The enrichment
1501 167 100 | —36000 (16,72 0,06 B*F, is the more v'olat.:lle cor.npoun . The enri
153,6 2,08 150 | —345,0 |13,741,3} 0,07 factor decreases with increasing temperature.
157,2] 2,63 200 | —333,0 [13,1F1,0{ 0,1 _ _ _ . .
158,8 2,74 230 | —327,5 [11,9F0,7] 0,1 The sign of the correction to €, in equation (2) is
159,6 2,85 250 _{)’2‘/"9 11 v{'iOvG_ 0,1 determined by the second virial coefficient. For BHFS-
161,6 3,40 300  —318,0 [11,3-£0,6] 0,1 10p . . . h
164,81 3,94 400 | —307,6 | 9,8£0,4] 0,1 B F3, the corrections related to nonideality of the gas
167,31 4,60 50(() ,299’? g,gio,?} gi phase reduce the "ideal™ enrichment factor £, But
169,5 5,32 600 | —293,0 L94+0,31 0, .
1791 10,1 1216 | —266,0 | 83704 0.2 nonetheless, equation (1) can be used to calculate the
182,61 11,7 1497 | —257,0 1 7,84:0,4] 0.3 enrichment factor with an accuracy of 2% at a pressure
183,71 10,9 1520 | —204,0 17,1540,31 0,3 of 2-3 atm (see Fig. 3 and Tabl At higher pressures
184.1] 1.8 1620 | —253.3 | 7.3F0.4] 0.3  atm (see Fig. e)- 1ghiet pressures,
184,35 12,7 1641 | —-253,0 | 7,7:0,4] 0,3 equation (2) must be used.
189,6 | 16,1 2250 | --240,0 17,1550,3] 0,3 o
191,1] 17,4 2416 | —237,4 | 7,29£0,4] 0,3 The dependence of € on the temperature obtaining
197,41 20,3 3252 | —224,5 1 6,240,2 0,4 analytically takes the form
198,61 21,5 2480 | —221,516,230,2 0,4
200,71 24,9 3MA | —217,4 | 6,440,2] 0,4 o
206.7] 282 5422 | —206.0 | 5.540.2 0.4 147 K] . 128 (32
221,61 37,1 90601 | —181,6 | 3,940,217 0,5 90 v = Tre 14250
25,81 36,0 | 11400 | —175.0 | 3.230.3] 0.4 172" K o
231,81 37,0 14440 | —167,9 | 2,630,3] 0,4 R
2441 3900 16000 | —165.3 | 204T0.2] 0.4 172° K 452 4o i sos
247,7| 38,0 25080 | —148,0 | 1,530,4 0,4 ’ 9247° K g =-————17.135-10-3. (3b)

The average deviations of the quantities calculated according to equations (3a), (3b) from the experimental
values are nc greater than 5%,

The maximum deviations of the quantities calculated according to equation (8) from the experimental values
are no greater than 4%.

The results of [2], where ¢ was measured by a differential method, coincide with our data (see Fig. 3). The
data of [1, 3], although differing somewhat from ours in the quantitative aspect, possess the same sign of the tem-
perature variation.

In [4], € was measured by the method of Rayleigh distillation, and an inverse dependence on the tempera-
ture obtained, in contrast with the results of the present publication. One of the causes of such a discrepancy
may be the error related to the nonequilibrium occurrence of the process of evaporation during Rayleigh distillation
[11]. Moreover, the "nonequilibrium™ correction to the enrichment factor, which increases with decreasing temper -
ature, lowers the enrichment factor, According to the caliculations that we cited in [11], the nonequilibrium cor-
rection to € may reach the enrichment factor when the temperature is lowered by one order of magnitude, which
qualitatively explains the discrepancy indicated above, '

The results cited in this communication on the dependence of € on T, when other parameters of the process
of rectification of BFg are available, such as, for example, the height of the theoretical plate, throughput of the
packing, make it possible to evaluate the efficiency of the process of separation of B!F,-BYF, at various pressures.
We are now conducting experiments on the separation of B'F;-BF, at pressures of ~m1-4 atm.

G. L. Kakuliya took part in the measurements, The mass spectrometric measurements were performed by
L. I. Chernova under the supervision of K. G. Ordzhonikidze. The authors would like to express their gratitude to
Yu, V. Nikolaev, V, V. Boiko, and N. E. Menabde for their participation in the discussion of the work,
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A METHOD OF DETERMINING THE CONCENTRATIONS
OF SHORT-LIVED DAUGHTER PRODUCTS OF RADON
IN AIR BY THE «a- AND 8 -RADIATIONS

(UDC 543.52)

V. G. Labushkin and L. S. Ruzer

Translated from Atomnaya Energiya, Vol. 19, No. 1,
pp. 24-28, July, 1965
Original article submitted july 3, 1964; Final revision December 14, 1964

A new method for measuring the concentration of RaA, RaB, and RaC in air is proposed, based on
the measurement of the o - and B -activity of a filter immediately after pumping air through.
This method makes it possible to obtain more accurate results, to shorten the measurement

time and to take account of the effect of self-absorption of the « -radiation.

It is well-known that the principal dasger in breathing air containing radon and its daughter products is due
to RaA, RaB, RaC and RaC'; their presence in the dose is several orders of magnitude greater than that of radon.
Measurement of the concentration of these isotopes in air is one of the most urgent problems in radiometry of aerosols.

In order to determine the concentration of RaA, RaB, RaC, and RaC’, methods of measuring the o -activity of
the deposit on a filter paper are usually used [1, 2].

These methods are used for the daily dosimetric monitoring of the content of short-lived daughter products of
radon in the atmosphere of mining undertakings. In these undertakings the monitoring equipment must be portable,
light, simple to operate and capable of functioning in considerable vy -fields. A high accuracy is not required for

this equipment. N

The problem of measuring the concentration of RaA, RaB, and RaC in air is discussed in this paper and a new
spectrometric method of increased accuracy is proposed, based on the simultaneous measurement of the - and g -
activity of each of the daughter products deposited on a filter. In this case, when the parent substance is long-
lived, expressions for the activities of RaA, RaB, and RaC on the filter at the instant of completion of filtration,A 5
(9, 0), Ag (@, 0), and A (9, O) can be obtained from the equation for a chain of radioactive transformations [3].

Each of the daughter products will be deposited on the filter at a constant rate qv;é ni/A; (where vy is the
rate of pumping through of the air) in liter/min; & is the collection factor; 7ni is the equilibrium ratio of the i-th
daughter product; 7i=qj/q; qj is the concentration of the i-th isotope in the air, Ci/liter which corresponds to the
rate of decay of the long-lived parent substance. The activity of RaC on the filter, Ac (g, t),corresponding to the
filtration time @ and the time t elapsed from the instant of completion of filration to the instant of measuring the
activity,is made up from the activity of RaC deposited as a result of filtration, taking into account its decay AS
(@, t), and the activity of RaC formed by the decay of RaA and RaB accumulated on the filter during the time of
air filration g, Aé (g, t) and A‘é (@, t) respectively.

The activity of RaB on the filter, Ag (g, t),in its turn comprises the activity of RaB deposited by air filtration,
Ag (@, t)and the activity of the RaB produced by decay of RaA accumulated on the filter during the time of air
filtration g, A‘S‘ (g, t). By applying the well-known expressions for a chain of radioactive transformations [4]
successively to RaA, RaB, and RaC we obtain.the general relationships for the activity of each of the radon decay
products accumulated on the filter.
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TABLE 1. Comparison of the Errors (in %) of Various Methods of Measuring the Activity of a Deposit of Radon Decay Products on a Filter
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Since there are o, B, and y -emitters amongst the short-lived daugh-
ter products of radon and there is a strict relationship between their ac=
tivities on the filter, then the concentrations of RaA, RaB, and RaC in the
air can be determined, in principle, by measuring the activity of the filter
deposit by any of the forms of radiation mentioned. There are several
versions of the measurement: 1) measurement of the total o -activity of
the filter at different instants of time t after completion of filtration; 2)

measurement of the total g - or y -activity for different values of t; 3)

measurement of the activity of each of the daughter products A, (g, t),
Ap (6, 1), Ac (e, 1), and Ac (g, t). The measurement error in each of
these versionsdependson the ratio of the concentrations qy : dp: A the
choice of the times at which the activity measurements are undertaken,
and other factors.

In order to calculate the errors of these three methods we shall
assume that the activity of the deposit on the filter is measured with an
accuracy of + 10%, which corresponds essentially to the accuracy of the
instruments used., Table 1 shows the magnitudes of the errors for the cases
mentioned above for various ratios of the measured concentrations of RaA,
RaB, and RaC—qy : qp: 4. It can be seen that the most accurate is the
individual measurement of the activity of each of the daughter products
on the filter.

The choice of the time at which the activity measurements is
carried out must satisfy the conditions for obtaining the least values of
the statistical and methodological errors. As detailed consideration showed,
both these conditions are satisfied for t=O. Thus, it is desirable to mea-
sure the activity immediately after completion of filtration,

It should be mentioned that in determining the concentrations of
RaA, RaB, and RaC only by the a-activity, it is necessary to take into
account the self -absorption of the o« -radiation, especially in cases when
a test is selected in places with high dust content in the air, The mea-
surement of the activity of each of the daughter products on the filter

_ enables a correction P to be introduced into the self -absorption of the o -

activity by simultaneous measurement of the «-activity of RaC" and the
activity of RaC,which are in equilibrium between themselves,

On the basis of what has been said above, the conclusion can be
drawn that the most accurate method is the method of individual measure -
ment of the o - and B -activity of each of the radon daughter products on
the filter immediately after completion of filtration.

Determination of the Concentrations of RaA, RaB, and
RaC by the a- and B -Activity

It is well-known that the short-lived o -emitters in the radon series
are RaA and RaC' with energies of 6,00 and 7.68 MeV respectively, the
short-lived p ~emitters RaB and RaC with maximum energies 0,65 and 3,17
MeV respectively. In consequence of the considerable difference between
the energies of these emitters, the activity of each of the daughter pro-
ducts on the filter can be measured relatively simply (by means of a
scintillation spectrometer).

In order to determine qp, qg, and q¢.in c/liter, it is nece_ssary 1o
calibrate the appropriate equipment with standard aerosols of radon daugh-
ter products. This method presents great difficulties.
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Fig. 1. Spectrum of a- and B -radiation from a nonemanating Ra%®

source,

Figure 1 shows the spectrum of a specially ~prepared

Preamplifier 1 nonemanating o - and g -source from Ra®®. A scintillation

- spectrometer [CsI(T1) crystal with a thickness ~100 p] and

' Al-100 a semiconductor spectrometer were used for plotting the

- GsL(TT) : o-spectra. In the first case the resolution was ~9% and in
Type NEL or LFS  the second case ~1%. For plotting the g -spectra, stilbene

" filter ) with a thickness of 13 mm was used, It can be seen from

\ o ‘ Fig. 1, that the Ra, Rn, RaA, and RaC’ lines are well-

Stilbene .. resolved on the spectrogram.

FEU-13 l FEU-13

AI-100 In measuring A, A, Ap, and Ac by the o~ and
. ‘ B -spectrometric me'thod, the number of pulsets NA(Ti, Tk)
due to RaA on the filter and the results of a similar mea-
surement of radium source NAO (Ti’ Tm) for @ =5 min are
Fig. 2. Block diagram of experimental equipment. connected by the relationship:

Preamplifier

A”A (Zi—!‘ ’I'k)‘An T —T
N (17, T) 3 (Tn =10 (1)

S v ' : ‘ =0;0g413.15 (e*aTi_eaTh),

where T; and Tk, Ty. and Ty, are respectively the time of start and time of completion of the activity measure-
[N X . . >
ment of each isotope on the filter and in the standard source. For the oc-radiation from RaC' we obtain

B O T (1, T)) =00 21031747 — e 74) 88,18 (21— o)
NG (T, Tw) .
66,50 (¢ Ti— ¢ )]+ g5 [685 (7Bt — e7RTn) — 493 (0T — 7T

+'qc.130_2(e—lcTi'_e.—"CT_k)};

and for the g -radiation from RaB:
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TABLE 2. Comparison of Methods for Measuring the Concentration of Radon Decay Products in Air

[

Concentration, Ci/liter
Number of 1 Measurement Gs:ap: 4G /
experiment method A B a
1 ( A 1:0,36:0,22 —— 7 — —
; t B 1:0,30:0,23 1,59.10-10 0,47-10-10 0,38.10-10
9 [ A 1:0,97:0,85 — — o —
i B 1:0,84:1,17 2,42.10-10 2,03.10-10 2,82.10-10
3 1 A 1:0,67:0,40 — . —_ -
‘ 1 B 1:0,40:0,67 1,70.10710 0,68-10-10 1,15-10-10
4 [ A 1:14,22:0,89 — - -
t | B 1:0,85:1,56 1,4%-10-10 1,23.10-10 2,25-10°10
= ] A 1:1,68:1,35 — — -
2 | B 1:1,25:1,57 2,05-10-9 2,57-10-9 3,21.10°9
g | A 1:0,47:0,47 — — —
1 B 1:0,30:0,35 1,13-10-9 0,34-107° 0,62.10-¢
*A —Measﬁrement of total ocv-activity (Tsivoglou's procedure); B—Measurement-of cc- and 8 -activity
of each isotope

No(Tp Ty) 4o (7 7 ' 0
. — m— 1) =00 {qa[23.3(c "B p

” /\ !\'70 (le Tm) B( " Z) ! ‘(IA[ (C

500 : —e*pToy 1.7 (e — e *aTg)] 1 gp-181 (3)

moi */3 ad \ >\(" e
S 600 \ : , . -
=) v * The formula for determining N¢(Tj, Tj.) by 8 -radiation
=] A . 9 g C 1 k y
S 500 : is identical with Eq. (2).
3] O ) .
g L00 i} X The choice of the time interval AT= T} ~T; is
2 \ determined by the requirement for obtaining a specified
= 300 _'g<, \ statistical accuracy for measuring the activity of RaA,
o e, l L RaB, and RaC.
5 200 7
E 00 . ) \ 4 Measurement Procedure and Experimental
£ b 9 Results _
z, N '

¢ 10 20 30 40 50 60 70 80 90 100 - The equipment used for determining experimen -
_Channel number tally the concentration of RaA, RaB, and RaC is shown

as a block diagram in Fig. 2.
Fig., 3. o~ and 8 -radiation spectra of the active filter

deposit. The radon daughter products were deposited by

pumping a specified volume of air from a chamber
containing radon through a Type NEL or LFS filter
(thin filter designed for a-spectrometry) by means of a rotary air-blower at a rate of 20 liter/min. Mea-
surement of the «-activity of the filter was carried out by means of the equipment mentioned above; the
o - and g-activities of the filter were measured simultaneously from both sides.

In order to determine qu, qp, and q¢ (in Ci/liter)relative measurements of the filter and the radium nonema -
nating source were made. In order to eliminate the effect of the geometry factor the area of the filter was equal
to the area of the radium source, The o~ and 8 -spectrograms of the filter are shown in Fig. 3,

The number of pulses recorded for the time of obtaining the spectrum, AT = Ty ~T; is equal to the areas of the
respective peaks belonging to RaA and RaC'. The nonemanating c-emitting source was prepared in such a way
that the Ra®®, Ra%?, RaA and RaC' were in equilibrium with one another.
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The RaA activity on the filter is determined by comparing the number of pulses from RaA on the filter and
from the radium source, and the value of qu in Gi/liter is found by formula (1). -

In order to determine qg, we use the spectrograms shown in Figs. 1 and 3. Using 2 monoenergetic source of
Cs™ conversion electrons with an energy of 0,624 MeV, we find the edge of the RaB g -spectrum. Having deter-
mined the areas of the RaB and RaC spectra on the filter and on the source and having compared these areas with
one another, we find qg and q¢ by formulas (3) and (2). The concentration of RaA, RaB, and RaC are determined
inCi/liter, because all the conditions necessary for carrying out the relative measurements are taken into account,

Table 2 shows the results of measuring G, qp. and ac by Tsivoglou's procedure and the procedure based on
measurement of the «- and B -activity of the filter, Comparison of the results with respect to the relative concen-
trations qp : qp: q¢ (where qp is assumed to be unity) is given as an illustration, because the determination of the
quantity q, by Tsivoglou's procedure leads to a large error and normalization of the daughter products with respect
to it is hardly valid. ' '

Shifts of equilibrium (see Table 2) to the side of subsequent radon decay products can be explained by diffusion
deposition of RaA in the delivery tubes, which occurred in our experiments. By carrying out supplementary experi-
ments it was established that in the chamber containing the radon, from which the samples were taken, there is
about 30% of "free atoms” of RaA. As a result of filtration of the air, a considerable portion of these atoms is
deposited on the inside walls of the sampling system. ‘

It follows from the work carried out that the more accurate method of determining the concentration of RaA,
RaB, and RaC in air is the individual measurements of the activity of each of the daughter products of radon on the
filter immediately after completion of filtration. These measurements can be carried out over 2-3 min for a ’
filtration time of 5 min, a pumping speed of 20 liter/min and concentration of radon daughter products of 0.1 to 1
MPC (maximum permissible concentration). Consequently, the stated method is more rapid than the previously -
used one. The required concentrations dp. 9p. and q¢ are determined directly in Ci/liter. :

The simultaneous measurements of the o -activity of RaC' and the .g -activity of RaC enable a correction to
be introduced for the absorption of the «-radiation by the filter, by the aerosol and by the inert dust deposited on
the filter during collection of the sample, By the proposed procedure, using a solid Ra?® preparation, research pro-
jects can be carried out onthe physics of aerosols and the calibration of aerosol radiometers used for determining
the concentration of radon daughter products,

In conclusion, the authors tender their sincere appreciation to the staff of the Radium Institute, Academy of
Sciences USSR (D. M. Ziv, E. A. Volkova, and Yu. V. Mazurek) for preparing the nonemanating source of Ra*® .
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RADIOACTIVE FALLOUT ON THE TERRITORY OF THE USSR IN 1963
(UDC 551,571.7)

S. G. Malakhov, G. A. Sereda, V. F. Brendakov, T. V. Polyakova,
R. I. Pervunina, V. I. Svishcheva, and V. N. Churkin

Translated from Atomnaya Energiya, vol, 19, No. 1,
pp. 28-35, July, 1965 : ‘
Original article submitted August 20, 1964; Final revision submitted February 1, 1965

Sumrmarized data are given in this paper concerning radioactive fallout of fission products and their
content in soil in the USSR in 1963, On the basis of a study of the isotopic composition of the radio-
active fallout, assumptions are made concerning their relationships to actual test series. An esti-
mate is given of the total quantity of 51 deposited in the northern hemisphere in 1962 and 1963,

Fallout samples were collected on Marley tiles with an area of 0.3 m? the exposure ‘was of 24 h duration.
The collection efficiency was assumed equal to 0.36 [1]. The ashes obtained from burning the tiles, which had been
set out at 10-20 points of an appropriéte administrative region, oblast or Republic were analyzed radiochemically
and spectrometrically. Normally, the ash collected from these stations was accumulated over 3 months, carefully
mixed and only after this was it admitted for analysis. The determination of Ce**, Ce™!, and Zr* in the sample
was undertaken by the y -spectrometric method using a 100 -channel amplitude analyzer and a NaI(Tl) crystal with
a diameter of 70 mm and a height of 50 mm. Separation of $t% from the sample was accomplished radiochemically
by the method described in [2]. The error for the radiochemical analysis of sr% was not more than 15% and for the
y -spectrometric analysis of ce™, ce!, and zr* it was 10-15%. The amount of St in the surface layer of soil
with a thickness of 10 cm was determined in accordance with the recommendations of [3].

Data are presented in this paper, averaged mainly over a latitude belt of 10° and taking account of the areas
of the territories or Republics. Similar data for 1962 can be found in [4, 5].

Deposition of Sr°°, ce'®*, and zr® in Various Territories of the USSR

141 144
*

Data are given in Table 1 concerning the intensity of 1%, Ce™’, Ce™, and zr* fallout in territories of the
USSR. The measurement results are averaged quarterly and along different latitude belts. A seasonal trend is noted
with a maximum in the second and third quarters. In 1959-1961 this maximum usually arrived in the first and second
quarter [6, 7]. A latitude trend is also noted; the maximum fallouts are observed in the belt 40-60° latitude north
and they are reduced to the north and south of these laritudes.

Table 2 gives the average values of the intensity of radioactive fallout of fission products over the USSR as a
whole andseparately for the European part, Siberia and the Far East, and they are compared with the analogous
data for 1962 [4, 5].

In Table 3 the sr*® fallouts are compared for the years 1959, 1962, and 1963 and gives average data
fallout of this isotope in the USSR and at a number of sites in other countries. The following conclusions can be
drawn from consideration of the table.

1. The levels given for fallout of radioactive fission products on the territory of the Soviet Union from 1959
to 1963 are approximately the same as the levels of fallout in other countries [4, 8-12]. The average values for
1963 are approximately one and one-half times higher than those according to the data of the American HASL Service,

2. In 1963 the maximum intensity of St* fallout in comparison with previous years was noted. Thus, for the
first half of 1963 the fallout in many regions was even greater than for the whole of 1962 or 1959. On the average,
throughout the USSR the quantity of $r% deposited from the atmosphere in 1963 [22.5 uCi/km2. year] was more
than twice as large as in 1962 [9.6 uCi/km?- year] and more than three times as large as in 1959 [5.9 pCi/km?. year].
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TABLE 1. Intensity of Radioactive Fallout of st®, Ce™, Ce!!, and z1®
as a Function of Geographical Latitude (European part of the USSR
and Central Asia), pCi/km?2. month

Quarter of Geographical latitude, °N
Isotope the year

y 70-60 | 60—50 | 5040 | 40-37
I - 0,7 1.1 1.1 1.2
I 2.7 - 3.4 3.3 . 2.2
sr¥° I 2.6 2.9 2.9 1.1
v 0.5 0.7 0.8 0.6
Total for year* 19.5 24,3 24,3 15.3
I 11.7 26.8 14.5 21.3
m . 36.3 58.2 44,6 40,2
Ce¥ I 37.1 40,7 50.0 12.0
1AY 11.2 13.4 | 132 7.9
Total for year| 190 264 242.0 146,17
I 26.0 21.0 16.0 20,17
ZI% 1I 13.0 23.0 22.0 ) 27.0
111 ' 7.7 7.4 9.2 2,4
v | o8 0.9 0.9 1.8
Cett ) I 8.8 19.0 18.4 13.1
1I 15.8 13.6 24,2 25.1
«In pCi/km? year, taking account of radicactive decay; reduced to

January 1, 1964, '

TABLE 2. Average Intensity of sr¥, ce™!, ce!, and zr% Fallout on the Territory of the Soviet Union
in 1962-1963, uCi/km?- month .

Total for
Region of measurement Isotope | 1st Quarter | 2nd Quarter|3rd Quarter | 4th Quarter | the year
pCi/km?
| USSR (average for 1963) | s 1.1 3.0 2.8 0.7 22.5
' ce' | 22.8 42.6 39.2 12.3 -
zr”® 18.0 19.3 7.1 08 | -
USSR (average for 1962) | sr* 0.23 1.5 0.8 0.7 9.6
European part of USSR
(1963) sr¥ 1.0 3.1 2.8 - 0.7 22.5
Cel4 23.1 41.5 38.2 11.9 -
z% 13.8 16.0 5.8 0.9 -
Siberia and Far East
(1963) sr¥ - _ - 2.8 0.6 -
cel* - - 50.8 10.0 -
% - - ' 6.6 0.6 -

888

Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5




Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5

TABLE 3. Fallout Density of sr° in the Soil of Various Regions of the Northern Hemisphere in 1959,
1962, 1963 [1, 4, 8-12], pCi/km2

Region of measurement 1959 | 1962 Filfst half of | Second half| First half |Second half 1963
1962 of 1962 | of 1963 |of 1963
Tokyo 8.1 8.09 4.9 3.19 11.4 - -
Milford Haven (Great Britain) | 5.7 | 9.3 4,5 4.8 12.1 - -
Reykjavik ~ |15.1 8.5 6.6 10.2 - -
Ottawa 8.4 | 19.17 10.6 9.1 21.8 - -
Gibralter 12.2 | 16,1 8.7 7.4 18.5 - -
New York 8.6 |11.0 6.0 5.0 13.5 10.2 23.7
Pittsburg (USA) : 7.7 | 10.7 5.5 5.2 9.7 —_ -
westwood (New Jersey, USA) | 9.1 | 13.2 7.7 5.5 13.6 11.7 24.7
Louisville (Kentucky, USA) 6.2 9.5 6.3 3.2 15.5 - -
Vienna 4.1 6.1 3.3 2.8 10.5 4.3 15.8
USSR (on the average) 5.9 9.6 ' 5,1 4,5 12.0 4,3 22.5

TABLE 4. Content 6f Ce™ +Pr**, zr% + Nb%®, Ru'® + Rh!%, sr**+ Y*°, Cs®" and Sb™ in Soil from Different Latitude
Belts of the USSR on July 1, 1963, uCi/km?

‘Latitude, °N., lat. ce™ . ipr™ | sb¥ | Ru®+rh'® | s | Ze® e Nb® | sr™+ Y Total
30-40 640 52 420 95 520 100 1827
40-50 630 417 410 95 550 90 1822
50-60 620 46 405 93 560 88 1846
60-70 400 38 240 60 230 10 1038
Average over USSR 570 46 370 86 460 38 1668
TABLE 5. Quantity of ce® 4 pri* and st Deposited The highest fallout level is noted in the second and
in the First Half of 1963, from the Total Content third quarters of 1963. The differences mentioned are
of Fission Products in Soil (on July 1, 1963), associated with the different yields of the nuclear tests
- carried out in 1958, 1961, and 1962,
titude, °N., lat. 14 144 90
Latitude, °N., 1a Ce™ +Pr S Content of Radioactive Fission Products
30-40 47 20 in Soil
40 -50 48 30 The content of Ce'*+pri*, zr% + Nb%®, Rul® 4+ Rh1%,
50-60 66 30 st + Y%, ¢s™, and Sb™ in soil on July 1, 1963 is given
60-70 60 30 in Table 4, For comparison we note that according to data

from the HASL Laboratory [13], the following quantity of
sr™ was contained in soils from the northern hemisphere

in July 1963 to March 1964: 32 pCi/km’inthe belt 60-70° lat, N.; 51 pGi/kn? inthe belt 50-60° lat. N; 58 pGi/km?
in the belt 40-50° lat. N; 47 pCl/km inthe belt 30-40° lat. N. Taking into account that samples of the soils in

this case were taken later than in our project, the agreement of the results must be acknowledged as sat1sfactory

The average content of Sr* in the soil (44 ¢ Ci/km? coincides approximately with the total fallout of sr® for all the
year of carrying out the nuclear tests. Thus, for Tokyo this total to August 1 1963 amounted to 45.2 pCi/km® and
for Milford Haven (Great Britain) it was 49,4 uCi/km? [8, 9].

An attempt was made to estimate the quantity of individual isotopes in the soil, deposited m the first half of
1963. For this purpose the data of Tables 1 and 4 were compared and the quantity of deposited cel was reduced
to July 1, 1963. The results of the determination of sr* and ce™* are given in Table 5. Approximately 50-60%
of the Ce!* atoms and 30% of the Sr™ atoms from the total content of these isotopes in soil was deposited from the
atmosphere during January to July 1963. The results obtained agree with certain other estimates. Thus, m Tokyo
and Milford Haven during the six months being considered, approximately 25% of the total quantity of sr* fallout
in the previous years was deposited [8, 9].
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Fig. 1. Ratio of Zr®/Ce!** activity in radioactive fallout in 1962-1964; X) USSR, fallout (see Table 1); .
O) Milford Haven (Great Britain), precipitation; @) Chilton (Great Britain). precipitation; rJ) Richmond
(USA), precipitation; ®) New Jersey (USA), precipitation.

The total activity of the isotopes mentioned above in soil amounts to 1.66 Ci/km2. It is only a little less than
the total contamination of soil by fission products, since it includes the isotopes which are most important in a
quantitative respect and which are characteristic for mixtures of fission products with a growth of several months
to 2-5 years. :

In order to compare the level of radicactive soil contamination, we present data from measurements in
Leningrad [14]. In the Leningrad region from 1954 to 1959, the cumulative buildup of st fallout amounted to
14,3 pCi/ka,Csm—27.6 kCi/Kkm?2,the quantity of Ce! 4 pr™ accumulated towards the middle of 1959 was equal
to 120 uCi/km?. Zr% + Nb*® was 90 pCi/km2. The maximum buildup of total g -activity in soil in 1958-1959
amounted to 0.8 gc/km?in Kjeller [15] and in Podmoskov'e it was 0.6 uCi/kmz [16].

The radioactive contamination of soil in 1963 did not have such clear latitude variations as the distribution
of radioactive fallout in general. Only north of 60° lat. N. is a lower content of the individual isotopes in soil noted
in comparison with more southerly latitudes, This fact is difficult to explain. However, it should be noted that in
previous years over the territories of the USSR, the normal latitude distribution of radioactive fallout with a maxi-
mum between 40 -60° lat. N was often significantly distorted. Such was the case, for example, in 1962 [4, 5]. On
the other hand, data concerning fission product fallout from the atmosphere and their content in soil south of 40° lat.
N, are relatively small and they all refer to a latitude belt 40-37° lat. N. '

Concerning the Ratios of the Activities of Individual Isotopes in Radioactive Fallout

Figures 1 and 2 show the ratios of the activities of zr®/Ce™ and Ce™/sr™ in fallout in 1962-1964, The
straight lines plotted on these same graphs correspond to different assumptions of the dates of the nuclear tests: 15
September and 1 November 1961 (lines I and II), 1 March and 1 August 1962 (lines III and IV) and 1 January 1963
(line V). The initial ratios of the activities of zr%/ce™ and Ce'**/sr? were -assumed to be equal to 5.7 and 45
respectively. The lines mentioned demarcate, as it were, regions associated with nuclear test series in 1961-1962. .
For comparison, we show on the same graphs the results of. measurements at a number of points beyond the limits of
the Soviet Union [8, 11]. The data given enable the following conclusions to be drawn, :
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Fig. 2. Ratio of Ce™*/Sr*" activity in radioactive fallout in 1962-1964: X) USSR, fallout (see Table 1);
©O) Milford Haven (Great Britain), precipitation; ®) Abingdon (Great Britain), precipitation; Q) Westwood,
New Jersey (USA), precipitation; ) Richmond, California (USA), precipitation,

1) Judging from the ngs/Ce144 ratio, the assumed time of formation of the fission products detected in the
atmospheric boundary layer and in the fallout in 1963 is related to May-August 1962, Most likely, a mixture of
fission products from several series of nuclear tests in 1961 and 1962 was deposited from the atmosphere.

2) The Ce¥#/sr% ratio fluctuates strongly and differs significantly at the various observation points. The
assumed time of formation in this case is also found to be significantly dissimilar for different points and periods of
observation. '

~

The above fact can be explained by many reasons. It is possibly the effect of measurement errors or the
presence of products-from different types of test (Small changes in the ce!/sr* ratio lead to considerable changes
inthe estimate of the growth of fission products). It is quite probabie that there are different fractions of fission pro-
ducts from individual tests in the total mixtures of these products, depending on the site.and time of taking the
samples, Fractionation of isotopes as a result of dispersal and deposition of aerosols from the atmosphere cannot be
excluded (different rates of deposition, rainout and trapping of the aerosols). It is not possible to isolate a single
cause as the principal cause, because of the absence of supplementary experimental data. The simultaneous effect
of all the reasons mentioned also cannot be excluded.

3) The increase in the-last quarter of 1963 of the mid-quarter Ce/sr® ratio of fallout on the territories of
the USSR is noteworthy (see Fig, 2). According to measurement data above San Angelo (USA, State of Texas, 31°
lat.'N.), a similar increase in this ratio was also noted in the stratosphere (Fig. 3 [12]) during the second half of
1963 compared to the first half of 1964. ’

It is interesting that this effect also occurred in previous years. An increase in the Ce¥/s% ratio in radio-
active fallout on the territories of the USSR in the summer of 1961 was noted in [4]. In Fig. 4 a graph is drawn of
the Ce*/st™ ratio in 1960-1961 in radioactive fallout and in the atmospheric boundary layer of air for a number
of points of the northern hemisphere [14, 17, 18]. 1In this case the lines I, II, and III correspond to changes in the
ce™/sr* ratio for the tests carried out on November 1, July 1 and January 1, 1958, The increase of the ratio in

the third quarter of 1961 can be seen clearly, which, according to measurement data in Leningrad, was also seen in
autumn 1960.
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Fig.:3. ce'™/sr* ratio in aerosol samples from the 'stratosphere in 1963-1964(35° N. lat.).

It can be confirmed that the increase in the Ce!**/Sr* ratio in the atmospheric boundary layer of air in the
summer of 1961 is connected with the entry of fission products into the lower layers of the atmosphere,which had
beeninjected into the mesosphere as a result of high-altitude tests. It is well-known that the first sign of the
appearance in the boundary layer of the atmosphere of the northern hemisphere of fission products from the high-
altitude tests of 1958 (the appearance of Rh1’) was detected during the year after their appearance, autumn -
winter 1959-1960. The entry of large quantities of these products into the lower layers of the stratosphere of the
polar and temperate latitudes occurred during autumn-winter of 1960-1961, but into the boundary layer of air in
the third quarter of 1961 [19-21],

According to [22], a gradual increase of the Ce*/sr% ratio was observed in the stratosphere at temperate
" and polar latitudes of the northern hemisphere at the end of 1959 and the beginning of 1960, and in the layer
located at an altitude of 18-21 km it remained higher than in the lower layers. The increase was associated with
radioactive aerosols arriving from the mesosphere as a result of the high altitude tests (established by the change of
concentration of Rhm).

By analogy with 1960-1961 it would be thought that in the autumn-winter of 1963-1964 fission products, which
were injected at the time of the tests into the higher layers of the stratosphere and possibly into the mesosphere,
reached the atmospheric boundary layer of air in significant quantities. It should not be exciuded that this circum-
stance served as the reason for the longer lasting maximum of fission product fallout and its movement in the second-
third quarter in 1963 in comparison with 1959, The reason for the increase in the cel*/sr™ ratio in the fission pro-
ducts from the high-altitude tests should be found in the appearance of fractionation and separation of Ce'** and
sr? as a result of the formation and propagation in the atmosphere of radioactive aerosols from nuclear tests. The
oxides of St are more volatile than the oxides of Cem; moreover, the gaseous precursor of st has a longer half-
life than the precursor of Ce™ Hence it follows that Ce'™, in comparison with $r%, will be found mainly in the
coarser particles [23]. Then the fraction of Ce!*, deposited locally, will be significantly higher than the local

depositions of §r*°, but in the fission products which have been propagated globally the Ce™ /st ratio is found to be
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too low. Precisely these very low values of Ce/sr™ were observed in the stratosphere at equatorial latitudes during
the whole of 1958, despite the series of nuclear tests in the tegion of the Pacific Ocean [22]. The absence of local
fallout in the case of the high-altitude tests and the high sedimentation rate of an aerosol enriched in Ce™ was

due to the increase in the Ce!*#/sr* as a result of fission products reaching the lower stratosphere and then the
troposphere. On the other hand, the increase of the ratio being considered ‘can be explained also by a simple "young”
mixture of fission products i.e., by a significant reduction.of their assumed average increase as a result of the

arrival of relatively "fresh” fission products from a high altitude.

Estimation of the Total Quantity of sr®% Deposited in the Northern Hemisphere
in 1962 and 1963 ’

An attempt was made to estimate the total quantity of Sr9°vdeposited in the northern hemisphere in 1963 on
the basis of data concerning the distribution of the annual fallout of sr® over different latitude belts of the Soviet
Union (see Table 1). Since we did not undertake the measurements south of 37° lat, N, and north of 70° lat, N., .
the assumption was made in estimating the total quantity of Sr*° deposited that the fraction of Sr" deposited in ,
the belt 70 —30° lat. N., relative to the following at other latitudes in 1963, was the same as in 1959 [24].

The average annual fallout density of sr* in a 10° wide belt (see Table 1) was multiplied by the total area
of the ground in this belt and the quantity of st® deposited in the corresponding latitude belt was obtained.
Thus, it was estimated that in 1963 in the northern hemisphere 3.3 MCi of sr*® were deposited and 1.4 MCi of St™
in 1962, Altogether, over the two years the atmosphere of the northern hemisphere was purified from 4.7 MCi
of st”, For comparison, we show that according to data from [13, 25] the total quantity of st deposited in the
northern hemisphere in 1962 and 1963 amounted to 1.3 and 2.3 MCirespectively. The discrepancy between the
results is related to their rough approximate nature as well as to the fact that the sample collecting points were
located in completely different physical-geographical regions of the USA and the USSR. In addition, the methods
of fallout collection were also different in both cases.

Altogether, about 6 MCi of sr%[13] were contained in the atmosphere of the northern hemisphere on January 1,
1963 (up to an altitude of 30 km). Thus, during 1963, approximately 0.6-0.4 of the total accumulation of this iso-
tope was deposited from the atmosphere. If we assume that the atmospheric purification takes place according to
a first-order law of kinetics, then the average time of residence of st® in the atmosphere, 7. (per annum) can be
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calculated by the formula 7=Ti/,/0.69=1/In J/J-F [13]. Here, T1/, is the period of half-cleansing of the atmo-
sphere from the radioactive contamination (in years); J is the quantity of radioactive substances in the atmosphere
at the beginning of the year; F is the quantity of radioactive substances deposited during the year, Hence, we
obtain 7~ 1.2 t0 2.0 years and T1/, =0.9 to 1.4 year. This value is higher than the average time of residence in
the atmosphere of the sr* injected in 1958 into the stratosphere in the temperate and high latitudes of the northern
hemisphere (T1/, ~ 0.5 t0 0.6 year) and, probably, it is associated with the fact that the altitude of injection of
fission products into the stratosphere in the temperate and high latitudes of the northern hemisphere .in 1962 was,
on an average, higher than in 1958. '

Knowing the sr* content m soils of d1fferent latitude belts of the USSR on ]uly 1, 1963 (see Table 4), and
assuming that the quantlty of sr” O deposited in the second half of 1963 from the atmosphere is one-half of the
accumulation of Sr)’the maximum level of this isotope in the soils of the USSR in the next one to two years can be
estimated. In this case, if no new tests are carried out, it will be approximately 60-70 pCi/km? without taking
fallout into account. ‘
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NOTES ON ARTICLES RECEIVED

SHAPING OF THE THERMAL NEUTRON FLUX IN HETEROGENEOUS

NUCLEAR REACTORS BY PROFILING THE FUEL CHARGE

(UDC 621,039.,512.45)

E.

Inyutin

Translated from Atomnaya Energiya, Vol. 19, No. 1,
p. 36, July, 1965
Original article submitted August 3, 1964; Abstract submitted April 21, 1965

One of the possible ways of improving the efficiency in utilizing the nuclear fuel in thermal reactors is to
equalize the energy release per unit mass of fuel. The use of fuel elements with an equal fuel concentration in
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Fig. 1. Arrangement of fuel elements (the
line marks the direction in which the neu~
tron fluxes were measured).
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with aqueous moderators, 1) Thermal neutron flux (exper-
iment); 2) same (calculation in the five -zone approxima-
tion); 3) same (calculation in the nine -zone approximaticn);
4) epicadmium neutron flux (experiment); 5) core boundary;
6) zone boundaries (calculation).

such reactors makes it possible to utilize all the elements
at the maximum load under equal cooling conditions.
Additional profiling of the fuel charge —along the length
of fuel elements —may be necessary in reactors for direct
conversion of thermal into electric energy.

The present article describes critical experiments
with profiled uranium-hydrogenous assemblies. Tubular
fuel elements with uniform UyOg filling (10% enriched
uranium) were used. The fuel charge was arranged accord -
ing to the scheme shown in Fig, 1. The number of fuel

elements at the boundary between the core and the reflector was varied in experiments. Ordinary water or mono-
isopropyldiphenyl was used as the moderator.

We determined the critical charges of the profiled systems, the radial distributions of thermal and epicadmium
neutron fluxes, the relative fuel value, and the relative effect of the cadmium absorber on the reactivity of the
critical assembly. Some of the experimental results are given in Figs. 2 and 3.
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Calculations of profiled systems were performed. Abetter agreement between the-calculation and the experi-
mental results was observed for critical assemblies with a moderator consisting of ordinary water than for critical
assemblies with monoisopropyldiphenyl.
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EQUALIZATION OF THE VOLUME ENERGY RELEASE IN HETEROGENEOUS

THERMAL REACTORS BY PROFILING THE FUEL CHARGE

(UDG 621.039,512.45)

E. I. Inyutin

Translated from Atomnaya Energiya, Vol. 19, No. 1,

pp. 37-38, July, 1965

Original article submitted August 3, 1964; Abstract submitted June 21, 1965

x

Equalization of the energy release per unit volume of the core in nuclear power reactors is provided for the
purpose of securing the maximum power in a core with certain given dimensions.

The article describes critical experiments where the energy release throughout the core volume was equalized
by arranging fuel elements with a constant fuel content in a lattice with variable square spacings. The experiments
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Fig. 1. Fuel element arrangements. a) Critical assembly with "continuous” profiling of the fuel
charge; b) five -zone critical assembly (the zone boundaries are marked by dashed lines).
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were performed by using the critical assembly mentioned in the preceding abstract and the same fuel elements.
Ordinary water was used as the moderator. The experiments were performed on three cores; two of them are shown
in Fig. 1.

We determined the critical charges of profiied‘ assemblies, the distributions of thermal and epicadmium neu-
tron fluxes, and the relative fuel values along the core radius. It was assumed that the energy release was propor -
tional to the product of the thermal neutron flux and the fuel concentration, Some of the experimental results are
shown in Figs. 2 and 3.

The results of numerical calculations were compared with experimental data.
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EQUALIZED THERMAL NEUTRON F‘LUX IN AQUEOUS URANIUM REACTORS
(UDC 621.039.512.45)

E. I. Inyutin, V. P. Kochergin, and I. P. Markelov

e Translated from Atomnaya Energiya, Vol. 19, No. 1,
p. 38, July, 1965
Abstract submitted March 12, 1965

The problem of equalizing the thermal neutron flux in the cores of heterogeneous nuclear reactors (where the
fuel fission takes place mainly in the thermal region of the neutron spectrum) is of interest-ini connection with the
possibility of more efficient utilization of the nuclear fuel.

~ The article provides the results of an-analysis of alternative calculations of aqueous uranium thermal reactors
with equalized thermal neutron fluxes.- The published data can be used for determining the most suitable para-
meter ranges in which to perform more precise calculations of profiled aqueous uranium lattices.

The calculations were performed in the 18-group approximation by means of an electronic computer for the
one-dimensional problem in a cylindrical geometry according to a five-zone program. The flux was equahzed by
simultaneously profiling the fuel charge and the moderator dens1ty (by varying the lattice spacing).

The alternative calculations of reactors with equalized neutron fluxes were performed for lattices using U?

fuel and a moderator consisting of ordinary water. Structural materials similar to those used in M-10 fuel elements
were utilized [1]. The calculations were performed under the assumption that each zone was homogenized.

it was shown in [2, 3] that the calculation method used yielded results which agreed within + 10% with the
distribution of the thermal neutron flux in profiled heterogeneous aqiieous uranium lattices.

The cores in all reactors had the same height (100 cm) and variable diameters (30-100 cm). The enrichment
of fuel with respect to U?® varied from 5 to 90%. The fuel charge was profiled with respect to four zones; the fifth
(external) zone served as the reflector (15 cm of water). The variation of the fuel concentration from one zone to
another was linear,

©

The interdependence of the various characteristics of multizone reactors was illustrated by means of a number
of graphs. These graphs make it possible to determine the dimensions of the core of a reactor with a plane -parallel
flux having an assigned effective multiplication constant,and the required fuel enrichment for the assigned shape of
the charge profile (or to find the charge profile necessary- for equalizing the flux in the case where the fuel enrich-
ment is assigned), to estimate the number of regions into which the core must be divided in profiling, etc.

The simple method of fuel charge profiling (based on the linear law) that we used can often satisfy the re-
quirements for flux equalization and simplify the choice of a profiled system. -
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DETERMINING THE SELF-ABSORPTION OF a-RADIATION

IN A SAMPLE DURING AIR FILTRATION
(UDC 543.52)

V. G. Labushkin, N. M. Polev, and L. S. Ruzer

Translated from Atomnaya E nergiya, Vol. 19, No. 1,
p. 39, July, 1965
Original article submitted March 19, 1965

One source of error in measurements of the concentration of a-active aerosols in air is absorption of o -radia-
tion in the sample layer.

This paper contains experimental measurements of the absorption coefficient for a -particles from RaC® in a
specimen with dust content on the filter of 0-18 mg/cm®. The measurements were made with artificial aerosols of
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ammonium chloride formed by the interaction of gaseous HCl and ammonia. The coefficient of absorption of -
particles from RaC' was measured by comparison of the o -particle count of RaC* with the 8 -particles from RaC
in equilibrium with it. '

The results are plotted as the curve of p=p(m), where p is the fraction of RaC" a -particles leaving the speci -
me:n layer, m the thickness of the dust deposit in mg/cm2 (see figure). This can be used as a calibration curve
either for correcting the «-radiation from RaC" or for determining the dust content of air. The value of p thus
measured is found from the corresponding value of m and the calibration curve.

2o etc,) in air; to

This method can be used to measure the concentration of long-lived o -emitters (Pu®®, Po
get acceptable statistical accuracy a large quantity of air must be passed through the filter. For example, when
the concentration of Pu®® in the air is 2- 10 % curie/liter, to deposit 10 -1 curie on the filter it is necessary to pass
50 m?® air. In this case, with dust content of 0,5 mg/m3 and filter area 3 cm?, a dust layer of 8 mg/cm2 is deposited

" on the.filter, and even with minimum discrimination threshold the self-absorption in the dust layer is ~ 40%.

To measure the concentration of long-lived o -emitters, the sample is usually kept for long enough to allow
decay of the short-lived daughter products of radon and thoron, and the activity of the long-lived isotope then
measured,

900

Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5



Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5

The retention period can be used to measure the absorption coefficient for o -radiation from RaC' in the
sample by the method described above, followed by calculation of the o -radiation absorption of the long-lived
isotope. T
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SCATTERING OF B8 -RADIATION FROM THIN SPECIMENS

BY MATERIAL EQUIVALENT TO TISSUE

(UDC 543.52)

M. A. Malevich and Yu. M. Shtukkenberg

Translated from Atomnaya I-fnergiya, Vol. 19, No. 1,

‘p. 40, July, 1965
Original article submitted April 1, 1965

The authors describe experiments on the scattering of g -radiation from thin specimens by a. medium simulating
tissue(Zeff ~# 7). The spectra were studied by means of a semicircular magnetic f -spectrometer with resolution
1.6%. The measuring chamber was maintained at ~10™* mm Hg. A special structure enabled :the source to be set

up -at angles g from 0t 90°.

The }au‘thors'measured the B -radiation spectra of the radioactive isotopes % (Erax=0.17 MeV), T12% (0.78
MeV), st (1.5 ‘MeV) and P32 (1.7 MeV), with media of various depths and with g =0, 15, .30, 45, 60 -and 75°, and

0,6

N (g), rel. units
)
-+

02}

- i 1 L 1 1
7 15 30 45 60 75
g, degrees

Angular distribution of g -radiation from P*? after
passage through a layer of material equivalent to
tissue: (1, 2, 3) for thickness 3.8, 32.1, 110.5
mg/cm?, tespectively; (4) for thickness 172.4, 250
358.5 mg/cm?.

- radiation is independent of E

-also the reverse scattering spectra of g -radiation. With in-

creasing penetration into the medium, the shape of the 8 -
spectra varies with g; the limiting energy decreases and so
does.the number of particles going-through the absorber.

It is shown that the angular.distribution of scattered 8 -
mayx for thicknesses less than the
half -value layer it is related .to the filter thickness (see
diagram).

With further increases of the filter thickness, a diffuse
distribution is:set up; in this case, for any g the yield of 8 -

particles per unit solid angle obeys the. equation

N(®) ~ f(E_,)cosHb.

max

The function f(E,,4), which characterizes the passage of the
B ~particles at g = 0°, is found from the experimental data,

The authors study the way in which the energy com-
position and number of reverse scattered B -particles vary
with the thickness of the reflecting material and with g.

The experimental data for the number of particles re -
flected through an angle of 180°, plotted against the filter
thickness and the limiting energy of the 8 -spectrum of the
incident radiation, obey the relation ' '

JV—’—Ni
N

=1.45—0.45 exp (—0.03 ;- )

Emax

where N and N, are the number of incident and reflected particles, and t is the filter thickness in mlg/c‘mz‘.
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LETTERS TO THE EDITOR

i
MEASUREMENT OF THE MEAN NUMBER OF FISSION NEUTRONS EMITTED
BY U®*® AND Pu?®® ON THE CAPTURE OF A SINGLE 24 KeV NEUTRON

(UDC 539.173.84)

A. A. Van'kov and Yu. Ya. Stavisskii

Translated from Atomnaya Energiya, Vol. 19, No..1,
pp. 41-42, July,. 1965
Original article submitted November 9, 1964

Experimental determinations of the mean number of secondary fission neutrons’ are based on measurements of
the balance between. the absorption of neutrons from the source and' the appearance of fission neutrons.

To separate these two. groups of neutrons, we used the difference: between their moderation lengths in water,
The detector system was.a water. tank with a spherical cavity of diameter 1 m. At the center of the cavity
an Sb-Be -photoneutron.source was fixed [1]. Changesin the count rate: when the source was surrounded by. a spherical
layer of fissionable. isotope were mieasured by means of a movable system of small fission chambers placed in-the
water.. The U and Pu™® specimens had internal and external diameters of 30° and. 50 mm, respectively.

Let § be the fraction of photoneutrons absorbed by the specimen, and vegs the number of secondary fission
neutrons. per single act of absorption. Then F(r),. the count rate.of a.fission chamber at a distance r from the. source
with the specimen can be written-as:

Pry=(1—8) 1 () + dev g0 (1), - . (1

where f(r).and ¢ (r) are the normalized radial distributions of the thermalized neutron fluxes in water, due to'the
photoneutron.source' and the fission-neutron source respectively, as found at the center of the tank cavity; ¢ is.the
multiplication constant for fission neutrons in the specimen..

Relation (1) can. be written as the equation of a straight
‘ line with parameters a and b (here, b= tan x is the slope of the
25 : line):

» . K (ry==a-+0y (1), (2)
, : /' where
20 7 .
' . F(r) e (r &
A )= s Tr)= ; a== 1. - 6;
/ Y= YO
5 / b= 68Veff‘

g | .

‘*"“* The function K (r) represents the change in count rate of the:
=~ 10k i . fission chiamber at point r. when the specimen is enclosed; the
£ 10 o
S ‘ .

U23s ] Pu239
%S :
veff | 1,7940,06 2,154-0,06
’ ; 7 3 . _ 6\,/6’f : 0,3524-0,040 0,34940,040
WFF% 6, +6, | 29540,17 | 2,754-0, 16
- ,

Experimental points corresponding to-equation
(2). 0) Pu¥; o) U
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function 3 (r) represents the change in count rate when the source is replaced by a fission-neutron source of equal
intensity; it was found from subsequent measurement and normalization of the radial distribution of the thermalized neu-
tron flux in the tank, due to'the photoneutron source and the fission -neutron source. The latter was obtained by means of

a uranium converter, placed at the center of the tank, onto which was directed a sharply collimated beam of ther-
mal neutrons from the reactor. The diagram shows the experimental points corresponding to equation (2). Para-
meters a and b were determined by the method of least squares. In processing the results, corrections were made for
the presence of 10% U?® as impurity in the U, for the presence of satellite groups of photoneutrons with energy
380 keV (4%), for absorption in the material of the source, and for the different fission-neutron spectra of U®® and
Pu®®. Control experiments and approximate calculations showed that it is possible to neglect certain side -effects —
namely, inelastic scattering of neutrons in the specimen, depression of thermal neutrons in the tank, and the
collimator effect.

Calculations of neutron kinetics in spherical shells, performed with computers by the Monte Carlo method [2],
have enabled us to determine €, the multiplication constant for fission neutrons, and also g+ oy, the absorption
cross -section for photoneutrons, starting from the experimental values of §. By comparing our data with the known

- values of v, the mean number of fission neutrons, we found the values of 6., /of and gf: Our values of Veff agree
satisfactorily ‘with the dét'a for U%® and Pu®® in[3, 4. A comparison of our values for Oy /o with the results of
time -of -flight measurements [5] reveals agreement for both isotopes.

"“The authors wish to thank A. I. Lelpunsku and O. D. Kazachkovskn for their kind cooperation and attention,
A. 1. Abramov and V. N. Andreev for interesting comments, F. F. Mikhailus for compiling the program by which
the’ neutron kmetlcs were calculated and Yu. M. Nikitin, V. V. Piskunova and L E. Fedorov for helping with the
measurements.
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FAST NEUTRON CAPTURE CROSS SECTION FOR RHENIUM

(UDC 539.172.4:539.17.02)

Yu, Ya. Stavisskii, A. V. Shapar' and R. N. Krasnokutskii

Translated from Atomnaya Energiya, Vol, 19, No. 1,
pp. 42-43, July, 1965 : :
Original article submitted August 26, 1964

By registering the prompt y -radiation, we have measured thié 'eh"'e’f‘g';jf/c"foss section relationship for
radiative capture of fast neutrons by the natural isotope mixture of théniur, The neutron source was the reaction
T(p, n) He® in the target of a Van de Graaff accelerator, The mean neutron energy scatter was + 16 keV. The
capture vy -rays were detected by means of a scintillation counter with CaF, crystal,

The cross section curve was measured in aniular geometry: the CaF, crystal was shielded from the direct
beam by a lead cone, and was placed inside a ring of the element being studied. The rhenium specimens had
thickness 6 - 102 atom/cm®.  The noise/signal ratio was below 30%. The energy dependence of the radiative
capture cross section was determined by comparison with the curve for fission cross section of U, as given in {1].
The error in an individual measurement was 7%.

To determine the absolute vaiue by the activation
10 _ - . method, we measured the capture cross section for both
isotopes of rhenium at neutron energy 600 keV.

Our method was different from the usual activation
methods: irradiation by thermal and fast neutrons was’
carried out in essentially different conditions, This is
associated with the marked instability of a flux of fast
o : ‘ neutrons from the target of a Van de Graaff accelerator,

o which makes it practically impossible to repeat the same

i : conditions in irradiation by thermal neutrons. In irradiating
r the specimens by fast neutrons, we allowed for the change

e il in the neutron flux with time. During irradiation by ther-
d mal neutrons, the flux was taken as a constant. The cap-
ture cross sections of the isotopes were determined by
comparison with the cross sections of 1% for irradiation

by fast and thermal neutrons,

L

G, barn
k=S

-]

or 1 . ]
70 100 1000
E, keV To increase the neutron yield we used a relatively

thick target; and the energy scatter was + 100'keV. Dur-
ing irradiation by fast neutrons, the irradiation time nec-

Energy/radiative capture cross section relationship

of rhenium for neutrons. Sources: o) Present authors; B i i
V) [3]; 0) [4] cessary for separation of the two rhenium isotcpes was 20 h,

while for thermal neutrons it was 2 h. The specimens
were irradiated with thermal neutrons in the beam from a horizoiital ¢hannel of a thermal column of a BR-5 re -
actor. The induced B -activity was measured by end-window g’ -counters,

In processing the results we used data frotn [2] on the cros§-sectioti of 1'%, and values of the absorption cross-
sections of the rhenium isotopes for thermal neutfons from [1]. The capture cross-section of the natural rhenium
isotope mixture fot neutrons of energies 600 + 100 keV was fourd td bé 325+ 60 mbarn,

Our results are shown on the giaph. Tlie ertor of an-individiial détermination of the rhenium cross section is
22%. For comparison, the graph also shows data’ due to other authors.-
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FISSION CROSS SECTION OF U?%® FOR RESONANCE ENERGY NEUTRONS
(UDC 539.17.02: 539.173.4)

Wang Sh‘ih-Ti, Wang Yung-Ch'ang, E. Dermendzhiev, and Yu. V. Ryabov

Translated from Atomnaya Energiya, Vol. 19, No, 1,
pp. 43-45, July, 1965 '
Revised and re ~submitted November 24, 1964

Many authors [1-4] have made determinations of the level parameters of U5, Their results, however, fail
to agree, We have measured the fission cross section of U™ in the resonance region, using a new experimental
method, our aim being to get additional information on the level parameters.

The fission cross section was measured by the time -of -flight method. The resonance neutron. source was the
pulsed fast reactor of the United Institute of Nuclear Research [5]. The flight distance was 1000 m. The time
spectrum was recorded by a 2048 -channel time analyzer with channel width 32 psec for the 2-20 eV energy region
and 16 psec for the energy region above 20 eV. This gave a resolution of ~ 0.04 psec/m. Fission was recorded by

" a detector {6] consisting of a cylindrical tank with a liquid scintitlator containing cadmium. The specimen was
placed on the axis of the cylindrical tank with nearly 4 7 geometry. The detector body was scanned by thirty two
FEU-24 photomultipliers. Detection was based on the fact that fission is accompanied by the emission of prompt
y -rays and neutrons, The y -rays from fission were detected with high efficiency. The fission neutrons, moderated
by the hydrogen-containing scintillator medium, were captured by the cadmium nuclei and gave y -radiation with
total energy ~ 9 Mev, which was. also recorded by the detector. Each delayed coincidence corresponded to an act
of fission. :

The mean lifetime of a neutron in the detector was less than 10 psec. The efficiency of the detector for
fission in various series of measurements was 30-50%. It was constant in the resonance region, as the total energy
and multiplicity of fission y -rays and the mean number of prompt neutrons emitted in one act of fission (¥) do not
change appreciably from one resonance to another for any one isotope [7]. In addition, the high efficiency of the
detector for fission neutrons makes it insensitive to small variations in .

To reduce the background due to recycled neutrons, the measurements in the energy region up to 20 eV were
with a cadmium filter in the beam, and those above 20 eV with a boron filter. The background of chance delayed

_ " Lead R R
2 /4 : ~Capture y -rays - | pEU-24

Paraffin from Cd

+8.C s b , [photo-l‘
% A ~ - . /ission = multiplier]
// A y ~quantum L4

( X Fissi 1
=i H—H Tt
\

_ : ' ¥\ Fission :

/ neutro \ FEU-24

Paraffin ~ : - »rr

\ +8,C ' Toluene +Cd | § y ﬁloto--

\ | / ] propionate - multipl%er]
: i L

= : : ———————

Fig. 1. Longitudinal cross section of detector and its position in the neutron beam.

907

Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5



Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5

300

~
A
Q

~
D
DQ

G6,VE, barn-evi/,
S
O]

——

1750 — : |

1500

\._
Y
oy
== BN

1000

6,VE, barn - eV Y,
~3
3

b

1750 f } |

1500375 A : - -
- BRI | | | |
1250 F 250 . ; : ;,
z 1000 |- 125 \ / 1\/ &1‘1 | ;"‘
é‘ 750 - 021 \p;z»}zx 2 z%s 25 “\ ) I
S -+ i
A ‘ s AN, A
S N IR A AR AN ARE ALY
20 22 26 26 28 30 3IZ 36 36 38 40 42 44 46 L8 50 52 54 56 58 60 62 64 \66 E, eV

C

Fig. 2. Effective fission cross section of U, Neutron energies, eV: a) ~ 2-8; b) ~ 6-22; c) ~ 20-70.
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" 20,62550,06 5,8
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coincidences, which must increase at the resonances, was
determined by measurements with delays four or five
times greater than the rhean lifetime of a neutron in the
detector. The background count of the detector was not
more than 1-2% of the count of strong U resonances.
The specimens consisted of U* oxide of thicknesses
8-10%, 4. 10%, and 10" nuclei/cm?, deposited on
aluminum substiates,

Figure T, shows the longitudinal cross section of the
detector and it§ posmon in the neutron beam.

Figure 2 gives the fission cross section of VE for
neltron: energies 2-70 eV, The fission cross section was
calibrated: directly from the thérmal cross section which
was-taken: ds:582' barn. It displays weak resonances dt
9.7, 10.65,. 11,05, 18.7, 21.85, and 22.40.eV. Some of
these were observed only in:measurements-of the total
U®S cross section by the transmission method., Well-
knowrn factors hinder the determination of the level
positions in the region of "poor™ resolution. Hewever,
we reckoried: that the 24.32 eV level consists of two levels’

at 24,25 and 24.41 eV, while in the 25-26 eV region:
there are three levels at 25.16, 25.56, and 25.84 eV. In
agreemert with [8], we found that i the 5-6 eV region
there are two-levels at 5.45 and 5.82 eV. The statistical
accuracy. of our work was about + 0.6% for the 1500 barn.
evl/y level and about +3.0% for the 25 barn. eV 1, level,
The method of getting 6 I’y for an isolated resonance
was described in detail in[9, 10].

The table gives values of g ,I'f obtained' as the means of measirements with specimens of various thicknesses,

For the level with noy ~ 1 the data were processed’ with values of g I'p taken from[3, 4, 8].

The error is given in

each case when the accuracy in determining o,y was better than 10%. It is difficult to estimate the errors for
closely spaced levels(13.67, 13:98, and 14.50 eV), and also for the levels in the energy region above 23 eV, owing!

to a certain arbitrariness in discerning their areas.

The results agree with [11].

In conclusion, the authors wish to thank F. L. Shapiro, L. B. Pikel'ner, and 1. V. Kirpichnikov for valuable
advice and comment, and Yu. I, Kolgin and T. S. Afanas'eva for help with the measurements and data processing.

Lo

A. Michaudon et al.,

LITERATURE CITED

Rapport CEA, No. 1098, France, Saclay (1959).
C. Bowman, G. Auchampaugh, and.S. Fultz, Phys. Rev.,- 130; 1482 (1963).

V... V. Vladimirskii et al., In "Proc. of the Second International Conference on the Peacefui Uses of Atomic

Energy” [in Russian]. (Geneva 1358), T. 1. Moscow, Atomizdat (1959), p. 504.

W. Havens et al.,
G. E. Bloktin et al.,

L. Bollinger et al.,
V. Pilcheret al.,
D. Zelirgeret al.,
10, O. Simpson et al.,

Phys. Rev., 116, 1538 (1959).
"Atomnaya Energiya,™ 10, 437 (1961):

Wang Shih-Ti and Yu. V. Ryabov, OI'Yal Preprint No..1685.(1964).
Bull. Amer. Phys. Soc...Ser: I,.165 (1956).
Phys. Rev., 103, 1342 (1956):
ZhETF, 45, 1295 (1963).
Phys. Rev., 103, 971 (1956):

11.  A. Michaudon et-al;, J. Phys. et radium., 21, 429°(1960).

309

Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5



Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5

~

RELATIVE YIELDS OF DELAYED NEUTRONS IN THE FISSION OF U235 AND 23t
(UDC 539.125.5: 539.163.1)

B. P. Maksyutenko

Translated from Atomnaya E nergiya, Vol. 19, No. 1,
p. 46, July, 1965
Original article submitted March 2, 1964; final form February 6, 1965

. The relative yields of delayed neutrons from U on its.fission by neutrons of maximum energy 6.0 MeV were
studied. ' A metallic sample of uranium enriched to 90% U®° was used. The total disintegration curve was obtained
by making twenty measurements and contained 700,000 pulses, Decomposition into components was effected on an
electronic computer by the matrix inversion method for given values of half-life periods. Owing to the difficulty
of cutting off the deuteron beam rapidly on the Vande Graaff accelererator, we were unable to separate out groups
with a half-life period smaller than 2.0 sec (the background after irradiation lasted 5 sec).

The measurements made in the present investigation, in the same way as earlier measurements [1], indicate
a smooth variation of the yield ratio as a function of the energy of the neutrons causing the fission (Table 1). We
obtained analogous results for U*® in the energy range 2.3 to 5.5 MeV, i.e., between the first and second "steps”
_ the fission cross section [3].

We studied the relative yields of delayed neutrons at the fission threshold for U, The sample was irradiated
by neutrons with maximum energy 1.75 MeV obtained in the reaction T(p, n) He® on the vande Graaff generator.

TABLE 1. Relative Yields of Delayed Neutrons

from y?®

TABLE 2. Yield of Delayed Neutrons at the Fission

Threshold of U*®

Half-life period, sec

Relative yield of group

Half-life period, sec

Relative yield of group

35,0 1 55,00 1
240 2,8340,03 24,0 9,0740,13
5.5 2,32740,04 15,5 2,69270,011
5.2 1,26 10,17 5,2 84220017
2.2 10,2350,92 2,2 23,354,0

A thick target (20 mg/cm?) was used. The disintegration curve had a rather greater statistical accuracy than in the
previous measurements, and was analyzed in an analogous way. The results of the experiments appear in Table 2.
Comparison with the data of [2] for E;f 2.3 MeV (top of the first step in the fission cross section) shows a sharp change
in the ratio of the yields, This is apparently connected with the channel effects.
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DISTRIBUTION OF NEUTRONS IN A STRAIGHT CYLINDRICAL CHANNEL
(UDC 621,039,538 539,125.52)

E. A. Kramer-Ageev, V. N. Markov, V., P, Mashkovich,
V. K. Sakharov, and V. M. Sakharov ; :

Translated from Atomnaya Energiya, Vol. 19, No. 1,
pp. 46-48, July, 1965
Original article submitted july 15, 1964

The passage of radiation through inhomogeneities in shielding, and in particular through slots and channels, is
a quite important, though comparatively little-studied question in shielding from radiation. A number of papers
have been devoted to this problem, among which the most fundamental and interesting are, for example.[1-3].

In the present investigation we studied the energy and space dis-
tribution of neutrons in a straight cylindrical channel of diameter 14.4

| j ! cm and length 150 cm passing through a water shield. Source of neutrons
o B "\ was an isotropic Po~o -Be disk source which wassimulated by an isotropic
r { Po-a -Be point source emitting 2- 10" neutrons/sec.
water 8 ) The arrangement of the experimental apparatus is shown in Fig, 1.
n \ During the measurements, for each fixed position of the detector z, the
) T7T o point source was moved along the r axis over therange 0 <1 < R For
7 :{ ; discrete positions of the source the spectrum of fast neutrons ¢ (Ej, z, 1)
/ 3 Ll L "was taken,. From the data so obtained the fast-neutron spectrum can be
. LR ~ determined as a function of z for each radius R from the formula
: R
. Fig. 1. Schemg of expérimental system 7 . @ (K, )= & @ (7:3'1, s Fyrdr.
* (D= detector, S= source). ' ° :
0 : , . : 20
‘ al b c d

Fast -neutron flux, rel, units

Fast -neutron flux, rel. units

67 8910
En; MeV

Fig, 2. Fast-neutron spectra for isotropic disk sources of radius R equal to a) 30, b) 20, ¢) 10, and d) 7.2 cm for
various distances z (cm): 1) 35, 2) 55, 3) 80, <) 103, )
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Fig. 3. Distribution of fast-neutron fluxes over
the depth of the channel for isoropic disk sources
of various radii R(cm): A) 30; Q) 20; x) 10;

) 1.2; continuous curve gives computed re -
sults. (Experimental and computed data nor-
malized at z= 35 ¢m and R="7.2 cm).
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Fig. 4. Fast-neutron flux as a function of R
for various z (cm): 1) 35, 2) 55, 3) 80, 4)105.

The spectral distribution of the fast neutrons (Ej, > 2
MeV) was measured with a single -crystal neutron spectro-
meter, with division according to pulse shape [6]. The
spectrum was analyzed by the method of countefficiencies[7].

The detector for intermediate neutrons was a thermal-
neutron counter surrounded by a paraffin sphere of diameter
6.3 cm [8].

Analysis of the fast-neutron spectra given in Fig, 2,
for isotropic disk sources shows that, within the limits of
experimental error (+8%), no deviations from the spectrum
of the Po- c-Be source occurred.

The measured relationship for the fast-neutron flux
as a function of z agrees with that calculated by the radial-
analysis method [3] within 15% (Fig. 3). This deviation
lies entirely within the experimental and computing errors.
The variation of the fast-neutron flux with source radius
for various depths is shown in Fig. 4. We see that, as z
increases, the dimensions of the source which may be
treated as infinite diminish,

It is of interest to estimate the contribution of inter-
mediate neutrons to the total flux, The detector principally
recorded neutrons in the range 1 eV < Ep < 1.5 MeV. From
the known energy dependence of the detector efficiency

[8] and also the known fast -neutron fluxes and the expected form of the spectrum, we determined the distribution of
the intermediate -neutron flux (1 eV <Fp < 0.5 MeV) over the channel depth (Fig. 5). The flux was impoverished
with respect to neutrons of intermediate energies as the detector moved away along the channel. The intermediate -

neutron flux-fell with z on a 1/z° law, beginning from z=

results.

912

45 cm.

In conclusion the author expresses deep thanks to O. I. Leipunskii for valuable discussions and criticism of the

Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5

e




Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5

oo =

o]

LITERATURE CITED

A. Simon and C. Clifford, Nucl, Sci. and Engng, 1, 103 (1956).

Shielding of Nuclear Reactors, Editor T. Rockwell—[Russian translation], Moscow, IL (1958).

Reactor Handbook, V. III, Part B, Shielding Ed. E. Blizard, ORNL, New York —London (1962).

R. Schamberger, E. Shore, and H. Sleeper, The transmission of neutrons and y -rays throughhairslots, US AEG
Report BNL-2019 —BNL-2028 (1954). '

F. Shore and R. Schamberger, The transmission of neutron through ducts in Water, US AEG, Report BNL-390
(1956).

G. G. Doroshenko et al., Collection "Questions of Dosimetry and Shielding from Radiation™ [in Russian], No. 2
Moscow, ‘Gosatomizdat (1963), p. 179,

V. G. Zolotukhin et al., Ibid., p. 146.

S. Basson, Neutron Dosimetry, V. II. International Atomic Energy Agency, Vienna (1963), p. 241.

1

913

Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5



Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5

VARIATION, OF THE YIELD: OF THE (o, n) REACTION

WITH THE ENERGY OF THE o PARTICLES
(UD€ 539.172.16)

E. M. Tsenter and A. B. Silin

Translated: from. Atomnaya-énergiya,_ vol, 19, No. 1, '
pp:. 48-50,. July 1965. _
Original article submitted July 27, 1964; final-form January 6, 1965

The neutron yield resulting from. the (o, n) reaction.is.of interest for many practical questions, in particular
for:a number: of control problems [1-4]. For the solution of certain questionsof geochemistry and geophysics we need
data on:the yield of the (o, n) reaction for various.elements [6-10].

An e_mpirical' formula.
00152354 (1)

is,given in.[11]; for the relation between.the neutron yield for beryllium and the energy of the a -particles.

Formula (1) is.derived from three values of o -particle energy:

£y=5.140 eV (Puy

Eq ==5.48M eV (Am241);

Analogous empirical formulas of the type
) Q=kE" (2)
are given for a number of materials in [12, 13]. For determining the parameters k and n, the authors of these papers

used values of Q obtained with emitters po?l (Eq= 5.3 MeV), RaC'(Ey="17.68 MeV), and Rn+RaA +RaC" (E, respec-.
tively. 5.5;.6, and 7.68 MeV).

These formulas cannot be used without-special verification for the energies of o -particles coming outside the
range given above. The necessity of such verification is further confirmed by the fact that the formulas in question
correspond ' to curves with monotonically -rising first derivatives with:respect to energy. In general this monotonic
feature cannot arise, owing to the resonance peaks in the curve relating the cross section of the reaction to the
energy of the o -particles,

For-Be, B, C, O, and Mg, curves relating the cross.section of the («, n) reaction to energy up to 5.3-MeV occur
in the literature [14, 15]. From these cross sections the variation of neutron yield with o -particle. energy can be
calculated. The data necessary for calculating the o -particle energy. loss per unit distance were obtained by recal-
culating the energy. loss in air [16] from known values of the relative atomic slowing-down powers, which we regard
as-constant in tlie energy range. in- question.

For O® the o (E) relationship is given in [14, 15]. Supposing that the (o, n) reaction in oxygen is connected
mainly with- O [17], the results of such a calculation (see Figure a, curve 1) may be compared with experimental
data obtained on a natural mixture of oxygen isotopes [18, 19]. The calculated value of 4,5 neutrons per 10% a-
particles of energy. 5.3 MeV (recalculated for a natural mixture of oxygen isotopes) deviates from the experimental
value for this point [18, 19]/(7 neutrons per 108 o -particles) by ~35%. The latter value, obtained by various authors
as a result of direct experiments, is more reliable than our value calculated from the cross sections of [15], the
accuracy of which is no better than 25%, Clearly, curve 1 should reflect the form of the relation between the neu-
tron yield and the o-particle energy correctly, and we shall obtain a curve closer to the correct one if we normalize
curve 1 to the experimental value at the point 5.3 MeV (curve 3, Fig. a). Cwrve 2 in the figure was obtained from
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formula (2). Calculations for Be, B, C, and Mg were also made from the cross sections indicated in {14, 15], and
analogous graphs (Fig. b, ¢, d, and e) were constructed; these are distinguished, as in Fig. a, by the respective num -
bers 1, 2, 3. Figure b also shows a curve 4, constructed from formula (1).

Formula (2) for oxygen might be compared with the data given in [20]. The authors reports on two new neu-
tron sources developed by S. Amiel and A. Nier. One of these sources is Po?*-0® (neutron yield 30 neutrons per
10° o -particles, mean energy approximately 2.4 MeV). In [17] a value of 31 neutrons per 10° o -particles is given
for the neutron yield from a Po?l’-0® source. In 1959 data were published on the y -radiation [21] and the neutron
spectrum [22] of the Po?1.0® neutron source. The maximum of the curve lay at 2,4 MeV. Data on the neutron
yield from a Th**®-0® source (1500 neutrons per 10° o -particles) in [20] are dubious. The energy of o -particles of
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Th?® and its disintegration products are 5.4, 5.7, 6.3, 6.8, 6.08, and 8.8 MeV [23], some 13% falling to the share of
the latter group. For the -« -particles of RaC (E= 7.68 MeV), the yield on converting to 0® is 280 neutrons per 10°
o -particles [12]. Judging by the o -particle spectrum, the neutron yield of the Th?2.0% source should be still
smaller than that of the RaG'-O source. Thus, the value of 1500 neutrons per 10° o -particles given in [20] is
roughly one order too high.

10.
11,
12,
13.
14.
15.
16.
17.
18.
19.
20,
21.
22.

23.
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MATRIX ANALYSIS OF DATA OBTAINED BY MEANS OF A SINGLE-CRYSTAL
FAST-NEUTRON SCINTILLATION SPECTROMETER

(UDC 5839.108: 539.125.5)

G. G. Doroshenko, V. G. Zolotukhin, and B. A. Efimenko

Translated from Atomnaya Fnergiya, Vol. 19, No. 1,
pp. 51-56, July, 1965
Original article submitted September 22, 1964

In this paper we calculate matrices for analyzing measurements of fast-neutron spectra. . As shown in [1, 2],
the matrix method of count efficiencies enables the energy resolution of the spectrometer to be taken directly into
account in the elements of the direct matrix. The count efficiencies of recording for a stilbene crystal (height
30 mm, diameter 30 mm) in the energy range 1 to 18 MeV, allowing for the energy resolution, wete calculated
from the shapes of the Ko(Ep, E) lines found by the Monte Carlo method for 55 values of initial neutron energies(3, 4].

The shapes of the K(Ep, E) lines, allowing for energy resolution, were determined from the expression

IV (E)H-VI(E R
av p R (B, E) ZoR(E)) N (1)
=g\ ;—7]:: e dr,
"I’b i 27a( “3)

K(Ep, E)

where V (Ep) is the mean pulse amplitude from a proton with energy Ep, 1] (E'p) is the standard deviation of the dis-
tribution of pulses from monoenergetic protons.

(0 (4
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A 1
> b ol
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i Fig. 1. Neutron spectrum of a Po-Be
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b (4 A\
Sl ¢ ,

o
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measurement). Resolution parameter
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TABLE 1. Direct Matrix of Count Efficiencies for Stilbene Crystal

Ey
B; .
.6 0 z0 0 25 L 3.0 | 8,5 | 4,0 | 4,5 5,0 | 5.5 | 6,0 | 6,5 | 7.0 | 7.5 | 8.0 | 8,5 | 9.0
{
£,0 142 048[181 900{140 1421188 58 1[183 4381177 5481171 120J164 2304156 904151 502146 3¢1}139 728]134 601{129 934124 341}119 510
1,5 90 206{130 2620145 471|140 445{149 6030140 117144 8931140 515|135 2741132 164128 198123 812{120 105115 882|111 719
2,0 61 156) 97 6120113 150/121 4475125 770]125 0940124 1548121 126]118 149]116 619{113 023[110 317107 461]104 159
205 a4 772 73552] 90 971101 408165 428]107 6461106 919]105 760]105 0350102 380|100 565 98 91| 96 653
3.0 |151 336 33 663| 58 9330 75 614 84 6701 00 4231 92 617 93 388] 94 030F 91 815| 90 9230 90 464] $9 061
S5 "3 008l 90900 27552 48 285 63 192 72589 77 9151 80 609 82 949 S1 987] 81 071} 82 669] 81 454
4,0 2 281] 61266 23 145] 40 564F 53 B34 62 344} 67 651 71 777) 72 133 72 434} 73 883] 74 210
4,5 1 898f 44 181 10 584f 34 2791 45 690f 54 291 59 962 62 115 63 665] 66 019} 66 388
570 1155 556 15256 33504 16 867) 29 5521 39 810 48 039} 51 895 54 511} 58 245] 59 606
5,5| 6035 90200 1294 27 643 14 372F 25707, 35620f 40 858! 45 279] 50 052 52 515
6,0 £727[ 61 142 11690 23129 12594 23 149] 29 805| 35 974] 41 681) 45 242
6,5 . 3044) 44 078 1086] 19 570 . L1386 19 449| 26 315| 32 755] 37 537
T,0 (154 012 3100 33447 - 982 16.837 ] ) 9 74C) 17.160] 23 980| 29 563
7.5| 9478 87621 2 754| 27 505 003} 14 442 © ] 8625 15753 21 848
8,0 7484] 60812 2504f 23006 823} 12 391 7753 14426
8,5 6 332 43091 2 300] 19486 757 11 350 7043
9,0 51u4| 33423 2424 16777 707} 9 364
9,5 4 5G4) 27510 1947} 14 403 605] 8424
10,0 a11s) 23012 1 786] 12555 571 7818
10.5 37%4f 19520 16420 11 309 552F 6 999
1170 3504] 16 841 . § 560 937 512
11,5 3206f 14 500 { 35 8 425
12,0 2974 12667 1268 7810
12,5 27201 (1 430 1236F 70t0
1370 2618 9538 : 1150
13,5 1 2314 8578
ta,y ‘ 2148 7956
145 1 2008 7171
1,0 i i ) 967
fo.d ]
16,0 ‘
16,5
17,0
|IT,:I
Note, Numbers are magnified 10° times. To obtain a spectrum in units of neutrons/MeV - cm? - sec, the results of the
analysis must be divided by 3.53 t, where t is the time of measurement in sec.
TABLE 2. Inverse ~-Transpose Matrix of Second Differences for a Stilbene Crystal with g4=0
Ey
Bi 1 I '
1,5 2 2.5 3 3.5 4 4,5 3 I 6 | 6.5 T 7.8 8 8.5 9
i |
1 14,080
1,5 1—0.232] 22,171
2 2.157)—2,589} 32,709
2.5 1.079 2,987)—5,894| 44,671 .
3 0,759] 1598 1,373|—8.262 59,412
3.5 0.079[ 1410} 1,804 0.083[—8.257t 72,590
4 0.934( 0,719 1,347) 3.787[—4.907|—5.257
45 0,465 0,278 {,440] 0.884] 453305 662
5 0.017[ 0251F 1.113] 0.673f 3.326] 4421 115.575)
55 |-—2,002 0.332) 0,064 v.510 7t 5824 (622 —6.66061139.159
6 0,089 —0.171] 1.56i[—0363] 1.3%3 533 —9.046] —5.735] 158.806
6.5 0,107 0.3320—1,508] 0.230| 0.021] 3.407 . [.256] --8.463] —5,25 5.854
1 0.100[—0:3571 0.371{—3.388 0.138] 0.130 9. 1.277) 0. 604[—10,566)  0,559] 205,339
7.5 |—0.221f{~0.014—0,519] 2.311|—¥ 516l 0735 ). 1.182] 6.555| -—9.0 2.621] 2.143| 231.884
8 —0,273 0.411{—0,483] 0.071|—0.417|—3.024 A 2,258 10.744] —2.1 2,030| —G.0R0l —7.388| 257.965 _
85 - [—0.603[—0.486) 0.686] 0.505(—2,938] 1.523 & 2,096 8,462 6.855) —5.820| —8.095] —1.329]—12.233) 283.079
9 —0.043|—0.274f—0,142] 0.768]—1.384| 2.522 2881 —1,180] 2,704] 3.2 12.555|—1 1,510} —5.296|-~15,401] —3.889
0.5 0137 — 1 016( 2,113]—1.759|~0.401] 2.280 2,258 —4.619] 2.079] —3.7 11.803| —2.046| 0.756] —8,453) —5.025
£0 2381 1,598 0556]—1.600| 1.535|—0.340 -2134 —0.936] —2,003| —3.2480 —3.631| 14.148] 1.765|—11.516| —6.563
10,5 | 0,274 0,914/-2.802} 0.461| 2.252|—0.535 0.0850 0,712 0,260 -~0.569] —4.669] 19.980]—10.730] 18.508|—14.463
11 | —0.844) 0,372 —0.449] -0 47 11614 22] .0.998f —7.354 7484} 5.1 3080 5.1b5| 4.698 —4.421| 4.036
115 7| 0.1131-0.395] 0.276|—0.3 241 350 0781 1401 3,987 4 —3,221] —3.612] 2422 11.140] —90.439
12 0,0500—0.368/—0,050] 1.12 47 0919 —0.419] 1790 ~-1.459] - —0513] —0.730| 1.270] 0.164] 7.336
125 | 0.2910—0.660F 0.318 0.778 560} 9.007 3575 —1.665 4.529 ~3.921 4893 10677|—17.313] 3.980
13 0.135]—0.63 1 0.356f .459| 433 728] —2.367) —1.260 4.781 0407 2.300] 5.070| —9'955| 3.858
13.5  1—0.058/—0.574] 0.345) 0.157 287 —2.046 —0.693] —0.480F  4.419 5.505 —1.027} —-2.208]  0.033] 3.979
14 0.195-0,570 0.111} 0,040 219 S120 0481 —2264 4294 1865 --0.403f —5.842) 4.508|- 0.141
14,5 | 0.502(—0.501]—0.148]—0,031 981 270 15200 4168  4.037 —2.684  0.632 —9.094] K:408] —4.113
15 |-—0.270[--0.084f—1,072 i.184|- 569]  0.350[ —0.531| —2.495] 1,777 1.088] —2.0331 —4.955] 7.698] —4.667
195 |1—1,186] 0.480)—2.045] 2,543 192 310|—3.022[  0.340] —0.773 5.774] —5.402f  0.267 B.449| —4.800
16 |—0l667F 0.188[—1L158] Ul16H 207 A8G| — 1.8 14l 1,196} 1080 0.881] —0.801] 2356 1.306} —8,959
16,5 | 0,003]—0,187—0:097(~2.563 193 (335} —~0.344] 1.845] —1.146 —4.807 4.357) 4.200] —4.131|—13.208
Note. To obtain a spectrum in units of neutrons/ MeV - cm?. sec , the results of the analysis must be divided by 7.06t,
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TABLE 3. Inverse -Trénspose Matrix for a Stilbene Crystal with o= 1.13
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Fig. 2. Neutron spectra of Po-Be source obtained 1) by the matrix method
with o= 0,13 (data of present paper), 2) by the photographic-plate method

[8], and 3) theoretically [9].
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The energy dependence of the standard deviation, according to [5], has the form
' a(Ep)=cy VI, ‘ : O (®

Taking the energy dependence of the light yield in the form §= kE®/,, we obtain a connection between ¢ and o

3
Go s —‘3— 0'(, .

Calculations were made for three values of the resolution parameter: 0.7, 0.13, and 0.19. The energy dependence
of the recording count efficiency with a fairly small step was determined by corresponding interpolation of integrals
from the diffuse line shapes (1). Figure 3 gives the calculated energy dependence of the recording count efficiency,
allowing for energy resolution, for a stilbene crystal 30 mm in height and diameter.

In order to make allowance for the energy resolution in obtaining the matrix, the system of linear algebraical
equations in the method of count efficiencies was written in the form ’ ’ ’
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0.07

TABLE 4. Inverse-Transpose Matrix for a Stilbene Crystal with o
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where B; is the energy threshold of the counter. All the points of
the trapez1um quadrature formula (except the first) coincided
wiihi the positions of energy thresholds. In order to improve the
conditioning of the system of equations [2], the first point was
placed where the efficiency was practically zero. Thus the num-
ber of columns in the matrix became n-1. In order to obtain a
square matrix, the last equation of systemn (3), together with the
corresponding right-hand side, was discarded. As a result of these
operations, the small diagonal elements of the n-th-order square
matrix become subdiagonal elements in an n-1-th-order square
matrix; this in general improves the conditioning of the system
of equations,

Table 1 presents a direct 32-nd-order matrix* for AE=0.5
MeV and 0¢=0. The matrix for any nonzero value of g is
obtained by substituting the diagonal and adding the subdiagonal
elements. The same table shows the diagonal and subdiagonal
elements for the above-mentioned values of constant o g; inter-
mediate values of o, fnay be obtained by interpolation,

Table 2 shows a 32-n-order inverse ~transpose matrix of
second differences [1] for AE= 0.5 MeV and 0,=0; Tables 3 and
4 give 19-th-order inverse -transpose matrices of second differences
for o o equal to 0.13 and 0.07 respectively. The system of equa-
tions for 0= 0,19 is poorly conditioned even in the case of a
19-ih-order_ matrix. In this case we must use the method of
regularlization [6, 7], for which each apparatus spectrum is ana-
lyzed on a computer,

Figure-1 shows results of analyzing the fast-neutron spec-
trum of a Po-Be source by means of matrices corresponding to
the above values of constant 0, the regularization method being
used for the case of 6¢9=0.19. We see from Fig. 1 that allowing
for the resolution of the detector enables the fine structure of
the neutron spectrum from the Po-Be source to be revealed. The
resolution of the detector in the present case is characterized by
the constant 0¢=0.13. Comparing our spectrum with that ob=
tained in [8], we find good agreement and fine structure of the
same kind (Fig. 2). Also in this figure we have the results of
calculations for the part of the energy spectrum corresponding -
to the formation of the C® nucleus in the ground state [9]. - We

see that the peaks at neutron energies 6.6, 7.6, and 9.5 MeV

*All the tables give data for a stilbene crystal 30 mm in height
and diameter,
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agree closely both with the experimental data obtained on photographic plates and with the theoretical spectrum
calculated with due allowance for the anisotropy of the angular distribution of neutrons formed in the reaction

Be® (o, M) ct.

The results obtained indicate great possibilities for the matrix analysis of spectra for quite bad detector-line
shapes, as well as the possibility of taking the energy resolution strictly into account in the elements of the direct
matrix. A similar method may also be used in analyzing y -quantum spectra measured by detectors with organic

and inorganic scintillators.
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cover Enghsh translatxons appears at the back of thxs issue.
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ANALYSIS OF SYSTEMATIC ERROR IN DIFFERENTIATING APPARATUS SPECTRA

MEASURED BY MEANS OF A SINGLE-CRYSTAL FAST-NEUTRON SPECTROMETER

(UDC 539.16.08: 639.125.5)

V. G. Zolotukhin, G. G. Doroshenko, and B. A. Efimenko

Translated from Atomnaya Fnergiya, Vol. 19, No. 1,
pp. 56-59, July, 1965
Original article submitted September 22, 1964

The characteristics of the scintillation detector as a spectrometer have been considered in a number. of papers
[1-5]; they include the line shape and the recording efficiency. The conditions which must be satisfied for the
simplest approximation (single scattering at protons) to be applicable have been found, as well as quantitative
corrections which, in the opinion of the authors, eliminate a large proportidn of the error produced by distortions of

the rectangular energy distribution of the recoil protons due to multiple scattering and the end effect. The basic
equation

L'max
PEy)y= \ FLYK (Ep, E')dE’, (1)
E,
where P (E,,) is the observed distribution of the total energy of the recoil protons due to neutrons with spectrum f(E),
and K(Ep, E’) is the analogous distribution from monoenergetic neutrons, after differentiation with respect to Ep may
be put in the form '

’ K(E,, E Emax/(/") K (E 4, E%) JE’
, DI B I g P Spy L ailx
i )= Bp) 2w Ee) Ty \ - 5 TE TR ]
Kit (B, Ep) g f(Ep) oL, K(Ep, Ep) (2)
_ o
where
oP (Ep) ! 1 M)

1411 (Ep) -

Kig (Fp, Ep) =t = =T

9L, Ku(Ep Ip)’ £y

H is the thickness of the scintillator, and ):H(Ep) is the macroscopic cross section of n-p scattering,

o
W
|

Ep
En)
=
T

K(E,
(t

=
<
I

1 £ i i | 1 1

1
a1 0z 03 04 05 0§ 07 0F 09 E/E,

Fig. 1. Line shape of a detector with a stilbene crystal (height and dia-
meter both 30 mm) for neutron energy 1.0 MeV (broken-line histogram)
and 4.15 MeV (continuous-line histogram), '
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Fig. 2. Values of 1/K(Ep, Ep) * 9K (Ep, Ey)/ad Ep as a function of E for = 1.05 MeV (a) and Ep= 2.05
MeV (b). Curves 1, 2, and 3 relate to crystals of diameter 30 mm and height 10 mm, diameter 30 mm
and height 30 mm, and diameter 70 mm and height 70 mm respectively.
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The deviation of the coefficient of f(Ep) on the right hand side of (2) from unity characterizes the influence
of the distortions of the rectangular line shape resulting from the effects in question. If we neglect the integral in
the square brackets, then the correction reduces to the calculation of K(Ep, Ep)/KH(Ep, Ep), equal to the propor -
tion in which the height of the plateau at Ep= E rises or falls. This correction was calculated in [3] on the assump-
tion that the light output was linear, taking account of only two-fold scattering of neutrons at protons.

Detailed calculations of the K(Ep, E) line shape for a stilbene crystal, which we made by the Monte Carlo
method, enable us to estimate the error of the approximation :

) 1 9P (Ep)
IEp) ™~ =Ty ok,
‘H ( m Jp)‘ jel

A detailed description of the computing method and of certain results is given in [6-8], )

Figure 1 shows the shape of the line K(Ep, En)/Ky1(En, En) for a cylindrical stilbene crystal.  The presence of
a. contribution from multiple scattering appears in the form of a rise in probability density, It is an important point
thiat this rise, owing to the considerable nonlinearity of the stilbene light yield (varying roughly as EP3/z) does not
appertain to the region of E,=E, as would be the case if there were a linear relation between the energy of the
recoil proton and. the amplitude of the light pulse, but to the region Ep ~0.75 E. Furthermore, at Ep=E there is a
fall in-the height of the plateau, so that the quantity

K(E, )

= T

is smaller than unity, This fall in height may easily be calculated if we consider that a neutron with energy E may
give recoil protons with total energy E, either as a.result of the first head -on collision [the probability of which is:
(ZH/zt)(l 2 HIt)dEp ], or as a result of multiple scattering at protons leading to the appearance of a light pulse
corresponding to. proton energy E. Owing to the nonlinear: light yield the latter possibility is not realized, so that

(=55 mym) HZE) (9

0= D) TEAE) 2

where Z¢(E)= Z¢(E)—Z y(E) is the macroscopic cross section for the interaction of neutwons with- carbon nuclel
Formula:(3) is confirmed by exact calculation-in cases where the end effect is unimportant.

The values of the quantlty 1/K(E Ep) -8 K(Ep» Ep)/d Ep, found by numerical differentiation of the histograms,
are given-in Fig. 2a and b for various dlmensmns of the stilbene crystals and energies Ep equal to 1.05 and. 2.05 MeV.
By means-of these curves and formulas (2) and (3), for a specific form of spectrum we: may. calculate the errors
introduced into the method of differentiating the apparatus spectrum by negleeting muiltiple scattering.

It should be noted that these errors.depend considerably on the form of the spectrum. For a "white™ spectrum
[f(Ep)/f(E): const="1] the errors are substantially compensated. Below we give some results for the errors introduced
by muitiple scattering into-the method of differentiation, as-given by formulas (2) and (3), as well as data obtained
in [3] for a.30 x30 mm crystal (%)

Data obtained in |Data of the

E, MeV. accordance with [3]| present paper
1,0, I 4234 —8
2,0 ; 18,0 —3,5

Thus, for smooth slowly -changing spectra, the errors of the method of differentiation connected with multiple
scattering certainly lie within the limits of the errors due to statistics, accuracy of calibration, etc.,

9926
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It may be shown that for the end effect the following formula is valid

R(Ep) Xf(F’) RE) T

I E) =1 ) {1 - + | Ty A L3E @

where R(E') is the range of a proton with energy E. Here also there is a certain compensation of the error for Ep =

Eax For acrystal with H= 30 mm and Ep < 14 MeV, we may neglect the end effect.

Summarjzing our discussion on the accuracy of the method of differentiation, we note that for slowly -
changingspectra the mathematical errors associated with the distortion of the line shape lie below a few percent,
while for rapidly -changing neutron spectra the error of the differentiation method may reach considerable values.
In the latter case it is desirable to.develdp matrix methods for solvmg equation (1), taking account of the actual
spectrometer line shape as well as its energy distribution.
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ANALYSIS OF THE SPECTRA OF INSTANTANEOUS NEUTRONS
FROM THE SPONTANEOUS FISSION OF (Cf252

(UDC 539.173.7/546.799.8) ' . |

A. E. Savel'ev -

Translated from Atomnaya £ nergiya, Vol. 19, No. 1,
pp. 59-61, July, 1965 . !
Original article submitted July 9, 1964

Spéctra of neutrons from the spontaneous fission of Cf2*? were measured in [1] for various angles 6, with
respect to the direction of the light fragment. Assuming the evaporation theory to be valid, the authors of [1]
analyzed the spectra obtained and came to the conclusion that the spectra of the light and heavy fragments were
isotropic to ~10% in their center-of -mass systems, and that on average the light fragments emitted 1,16 times as
many neutrons as the heavy. '

For analyzing the data of [1], it is supposed in the present work that the fission-neutron spectrum is isotropic
in the center-of-mass system (c.m.s.) of the fragment, This assumption enables us to reduce the neutron spectra of
the light and heavy fragments to the c.m.s. from solely kinematical considerations.

Let the isotropic spectra in the c.m.s. of the light and heavy fragments be denoted by functions &, (&, A)
and 4 (e, AH), where Ap, and AH are the mass numbers of the light and heavy fragments respectively, € is the
energy of the neutron in the system of the fragment. Let us transform these spectra into the laboratory system of
coordinates,

The energy of the neutron in the c.m.s. of the 11ght fragment is connected with its energy in the laboratory
system by the relation

g:gL—}-wL—Z}/'stLcoseL’ &y

where wp, (Ap,) is the kinetic energy of the fragment calculated for one nucleon. The corresponding Jacobian of the
transformation has the form

1
el/e

] == L - :
! (ey 41wy —21 & wy cosdp 172 2
L L L¥L L
Analogous relationships for the heavy fragment are obtained from equations (1) and(2) onreplacing 9, by -9, and
\49 by Wiy '
Allowing for (1) and (2), the neutron spectrum in the laboratory system of coordinates is determined from.
the expression

2 -

e, o)=Lk (T ay  FLELE w2V 00080 dy)
J ! ’ (8L~}— u/L—‘_’ V gjwi, cos eL)
)]

(3)
.15

e -—wp-- 21 g wpcos 07, A
‘PH“H) Hler, a OV L/‘H) 04 7
(e ety eLwHC(}SSL

2
1

Ag;

where ¢ and 9, are the mass distributions of the light and heavy fragments and «;= R. Y, (4;) @4; (i=L,H )-

Ali
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Fig. 4. Comparison between _the: néﬂt;bn spectré of
the light and heavy fragments in the ¢.m.s. and cal-
culated results based on the statistical theory of the
nucleus: ©,0)light fragments; A,x)heavy fragments,

The functions ¥;/cj form sharp peaks around the most
probable values of the masses of the light and heavy frag-
ments. Replacing these by § functions, we obtain

I N P — 2V eqmpeos 0y, A )
P (gL7 OL) ~ ¥ EL[ .)1/2

(a L—f-»EL—2 ]"stE Leos oy, @

: 1/9

_l_.j’“H(e w2 Viepwpeos Or, 4g)
({L' w2 ]v-’/s;L_u_;;]cos OL)

where VTI.LZ 1.02 MeV, WH: 0.58 MeV [1]. By comparing (4) with the experimental data of [1] we can find functions
(e, AL)/fs and J’H (e, AH)/w/_e. i.e., reduce the neutron spectra to the c.m.s. of each of the fragments. Let
e1=0, £ 1,= 1 MeV; then the argument of the first term on the right-hand side of relation (4) is close to zero, and
that of the second term equals ~3.2 MeV. If we take account of the estimates made in [1], then this means that
for £, > 1 MeV the contribution of the heavy fragment to the total spectrum may, to an accuracy of a few percent,
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be neglected. This is also valid for & 1 > 1,56 MeV in the angular range 0 = g = 45°, Analogously for € |, > 1.5
MeV and 180° = g = 135° we may neglect the contribution of the light fragment to the total spectrum.

If it is justifiable to suppose that the neutron spectrum in the c.m.s. of a fragment is isotropic, then the
functions &} (¢, A;)/¥e (i fixed) obtained from data at different angles should coincide. The function & (¢, AL)/fa
was obtained from neutron spectra measured at angles g equal to 11°15%; 22°30", 33°45", and 45°. The correspond-
ing curves coincide within the limits of experimental and computing errors (Fig. 1). Figure 2 shows curves represent-
ing &g (e, AH)/fe these are obtained from data measured at angles o1, equal to 135°, 146°15', 157°30", and
168°45°. All the curves. coincide except the one corresponding to 61, = 168°45* (for € < 1 MeV this lies above the
rest). The deviation of this curve from the others, however, passes insignificantly outside the expenmental and
computlng €Irors,

Transforming the neutron spectra of the light and heavy fragments given in Fig. 1 and 2 from the c.m.s. to
the laboratory system of coordinates and comparing the calculated spectra with the experimental, measured at
angles g, in the neighborhood of 90°, we are easily convinced that the deviation of the computed spectra from the
experimental lies practically within the limits of experimental and computing errors (Fig. 3). Thus we may conclude
that in the c.m.s. of the light and heavy fragments the neutron spectra are isotropic within 10 to 15%.

It is interesting to compare the reduced neutron spectra of the light and heavy fragments with each other and
with calculated data based on the statistical theory of the nucleus,

Figure 4 presents the spectra of the light and heavy fragments; we see that the spectra coincide to a high
accuracy. Since ihey are normalized to the same number of fissions [1], this means that the light and heavy frag-
ments on average emit the same number of neutrons, The continuous line shown in Fig. 4 was obtained from Le °
Couteur's formula [2]

rs
? <f) &~ I exp {——8;} , B=const. ‘ : (3
’/ e T

This gives the cascade neutron spectrum, valid for initial excitation energies of the fragments exceeding twice the
binding energy and for a cross section, corresponding to the formation of the compound nucleus from neutron and
fragment, independent of the neutron energy. In order to make equation (5) agree with the spectra shown in Fig, 4,
we must choose 7* =0.72 MeV. It follows that, if Cameron's formula [3] for the‘bihding energy is correct, the
light and heavy fragments have excitation energies 15.4 and 13.9 MeV respectively.

LITERATURE CITED
1. Bowman et al,, Phys. Rev,, 126, 2120 (1962).

2. K. Le Couteur, Proc. Phys. Soc., 65, 718 (1962).
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PRODUCTION OF Al1%® ON IRRADIATING MAGNESIUM

WITH 20 MeV DEUTERONS
(UDC 539.172.13)

N. N. Krasnov, P. P. Dmitriev, Yu. G. Sevast'yanov,
and 4. S. Bezmaternykh

Translated from Atomnaya I-fnergiya, Vol. 19, No. 1,
pp. 62-63, July, 1965
Original article submitted July 20, 1964

The only long-living radicactive isotope of aluminum was discovered in 1954 [1], Its half-life period is
~ 8 10° years, so that obtaining significant activity of AI?® presents certain difficulties.

In order to obtain great activity of AI*® the most producuve are the following two methods: 1) irradiation
of magnesium with deuterons, using reactions Mg>(d, n)A1%.and Mg%(d 2n)A1%*, and 2) irradiation of aluminum
with protons, using the reactions A1%(p, pn)A1% and A17(p, 2n) Si% - A1%, The authors studied the first method,
which enables A1% with.a higher specific activity to be obtained than with the second. Moreover, in this case the
isotope Na?, which has wide practical application, is formed at the same time as the Al%,

The irradiation was effected on thé 1.5 'm cyclotron of the Physico-Power Institute of the State Committee
for the Use of Atomic Energy, USSR, with a deuteron energy of 20 MeV and beam current 300 pA. ~ A rotating target
with a head in the form of a hemisphere made of MAS8-type magnesium was used; the diameter of the head was
90 mm. Below we give the chemical composition of the Ma8 magnesium. ' ‘

" The total current to the target was 12 000 p A.h. The target was dissolved in hydrochloric acid. The charac-
teristics of the work.mg solution were: volume 500 ml, Mg concentration 15 mg/mliter, acidity with respect to
~HC10.1 N ' : : i

The method of separating radiochemically-pure aluminum included the following stages:
1) precipitation of aluminum hydroxide by dilute ammonia with methyl-red indicator [2];

2) obtalmng soluble aluminates on addition of 10% NaOH with subsequent introduction of precipitable alkau
"back carriers™: Fe™®, La™%, Y™° (5 mg each) [3];

3) purificationxwith anion exchanger Dowex 1X8 on passing 8N HCI solution with "back carriers” Co™? cu’?
Zn" %5 mg each) introduced into it through the resin [4];

4) displacer chromatography in cation exchanger Dowex 50X8 on desorption of hydrochloric acid of various
concentrations (0.5, 1.0, 2.0 N)[5]; aluminum fracton collected on washing out 2.0 N HCL.

Com- | Mg| Mn ce Jal}Zu} S8il Fe|Cu| Be
po-
nent

Con- 1)7_1‘1,5- (¥, 15—0; 5330, 30, 370, 15{0, 05]0,05] 0,02}
tent, | 98 2,5 ‘

% ||
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At all stages of purification, the discarded solutions
were analyzed for aluminum content by a colorimetric
method by means of aluminone [2]. The A1% so obtained

. in the form of AlCl; solution was concentrated to a vol-

ume of 2 mliters. The losses of A1% in separation were
25 10 30%. The coefficient of purification from Na?® was
not smaller than 108,

The figure shows the y-spectrum of A1% taken on

a scintillation y-spectrometer with a NaI(Tl) crystal.
Marked on the spectrum are the main y-lines of A%
511 keV (annihilation radiation), 1830 keV, 2960 keV,

- and also an addition peak of the y-lines 511 and 1830

keV, corresponding to energy 2350-keV. A detailed de-

scription of the y-spectrum of A1% obtained on the scin-
tillation spectrometer is given in [6], where the energy

and origin of the apparatus peaks observed between the

511- and 1830-keV y-lines are indicated. (The values

of y-line energy given in the figure are taken from this

paper).

The activity of the A1® source was measured intwo
ways: 1) by comparing the intensities of the 511-kev y-
lines of A1% and a calibrated Na% source; 2) by compar-
ing the intensities of the 1830-keV y-lines of A1% and a
calibrated Y® source.

The volumes of the Na®? and Y® solutions and the
shapes of the vessels were the same as for the Al1%, Their
activities differed from that of A1® by not more than two
or three times. The activity of the A1*® measured by the
first method was (0.0193+0.002) pCi and by the second
(0.0187+0.002) pCi. Allowing for the radiochemical
losses, the yield of A1% at Eq = 20 MeV will equal (2.24

+0.8)- 108 uCi/ A+ b, or 5+ 1.7 disintegrations/min- pA - b

The error in determining the yield (~ 30%) is due to the
errors in measuring the pA-h, the activity of the Alzs, and
the loss of A1% in the separation process. For comparison
we note that the A1% yieid at Ey = 15 MeV in [6] was
1.4+0.13 disintegrations/min- A - h.

The authors are grateful to Z. P. Dmiwiev for mak-
ing the spectrometer measurements.
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SEPARATION OF Na?! FROM A MAGNESIUM

TARGET IRRADIATED BY DEUTERONS

(UDC 541.15)

Yu. G. Sevast'yanov and A. S. Bezmaternykh

Translated from Atomnaya Energiya, Vol. 19, No. 1,
pp. 63-64, July, 1965
Original article submitted August 14, 1964

The separation of radioactive Na?? from a cyclotron-irradiated high-efficiency industial- magnesium target
[1] is associated with the removal of large quantities (~ 50 g) of magnesium. The usual ion-exchanger methods of
separating Na? from magnesium with this magnesium content requires considerable volumes (tens of liters) of wash-
ing solutions and occupies considerable time. One method proposed is to eliminate the main bulk of the magnesium

(94 to 97%) by precipitating as magnesium sulfate from aqueous-acetone solutions. Subsequent purification of the
Na# from magnesium is effected by ion exchange.

At the present time radioactive Na* is obtained by irradiating a magnesium target with deuterons accelerated
in a cyclotron, using the nuclear reaction Mg?A(d, o)Na®, There are several papers on the separation of Na?2 from
irradiated magnesium without a carrier. In[2], the separation of Na* and magnesium is effected by precipitating
Mg (NH,)4(CO3),* 4H,0, which does not capture the Na%. Another method [3] is based on the precipitation of the
magnesium as Mg {(OH), by gaseous ammonia. In the majority of papers [4, 5], Na?? is separated from magnesium
by ion exchange. Studies had to be made in order to elucidate the possibility of using these methods in the chem-
ical treatment of targets in the 1.5 m cyclotron of the Physico-Power Institute [6].

In the present investigation, we used a rotating target with a head of hemispherical shape made of alloy MAS.
The diameter of the head was 90 mm. The composition of alloy MA8 (balance Mg) was:

Com -
po- ‘ - {Others

nent Mn Co A ZutCa i Be |l Ni | sif e

Con- -
tent, |1.5--[0.15--0, 30, 300,050,040 00043005 ¢
% 200 0,35 :

The irradiation was effected on the inner beam of the cyclowon with deuteron energy 20 MeV at current
300 HA. The area of irradiation was ~ 50 to 70 cm® Experiments on the dissolution of alloy MAS8 in various acids
showed sulfuric acid to be the most appropriate. In fact, use of any of the known methods [2-5] of separating Na22
from magnesium requires a minimum concentration of free acid. In such conditions, the possible hydrolysis of mag-
nesium salts leads to hydrolysis of manganese salts, the residue of which may capture considerable quantities (up to
10 or 15%) of Na®., The hydrolysis of solutions of magnesium sulfate is insignificant, and by dissolving the magne-
sium target made from MAS alloy in sulfuric acid we can obtain stable solutions with magnesium concentration
60 to 70 mg/mliter at pH = 2 to 3. )

Dissolution of the irradiated targets showed that, for a quantitative (95 to 98%) recording of the activity of
NaZ, practically complete dissolution of the magnesium target (40 to 70 g dissolved magnesium) was needed. Use
of the generally-accepted ion-exchange method for separating the Na? from the magnesium with such quantities
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of the latter leads to considerable volumes (tens of liters) of eluting solutions and a long-drawn-out experiment.
Thus, for example, in separating Na?® from 1 g of irradiated magnesium, the total volume of the eluting solution of
0.1 N HCl was ~ 1.5 liter for a washing rate of 1.2 to 1.5 mliter/min. It is therefore desirable to study suitable
methods for eliminating the main quantity of dissolved magnesium.

Experiments were made on model solutions of magnesium sulfate obtained by dissolving MAS8 alloy in sulfuric
acid with magnesium concentration 60 to 70 mg/mliter (pH = 2 to 3). The magnesium content was determined by
complexometric titration, and the amount of Na?? introduced was found by measurement with an end-window counter
and scintillation spectrometer. Attempts to remove the main bulk of the magnesium by the methods of [2, 3] gave
no positive results. As shown by the experimental data, the completeness of the precipitation of magnesium in the
form of Mg(OH), [3] is insufficient; washing Na? out from the residue of (NH,),Mg{(COy)," 4H,0 requires large vol-
umes of washing water. Subsequent purification of the Na% from magnesium is complicated by the large content of
ammonium salts. Moreover, the presence of a considerable amount of Mn?" in solution hinders the precipitation of
Mg (OH), or (NHy),Mg(COj)y- 4H,0. It is known that magnesium sulfate is insoluble in acetone. Bearing this in
mind, experiments were made to find the optimum conditions for precipitating magnesium sulfate from water-ace-
tone mixtures. The results of the experiment are given below and in the table.

1:14,5) 1:2

Volumetric ratio of | 1:05 L1:1 ‘
| aqueous phase and o \ )
acetone l ‘

1

|

|

|
| Amount of magnesium I 10 5—8 ] 2—3
remaining in solution, l {

l
!
!
% of original |

It follows from the data presented that for a selected ratio between the aqueous and organic phases (1: 1.5) the
solution is significantly freed from magnesium. A larger ratio of the acetone to the water phase somewhat increases
the percentage removal of magnesium in the form of MgSO,, but leads to the formation of a poorly filtering residue.
The capture of Na® by the magnesium sulfate residue (see table) precipitating on addition of acetone reaches 20%;
subsequent reprecipitation of the residue, however, leads to almost complete washing out of the Na?%,

In final form, the method of separating Na?? without a carrier reduces to the following. The previously-
weighed magnesium target was dissolved in dilute sulfuric acid. The acid was poured gradually and the loss in ac-
tivity of the target monitored. The solution (volume 500 to 600 mliter, with magnesium conecentration 60 to 70
mg/mliter, pH = 2 to 3) was filtered through a Schott No. 1 filter and placed in an apparatus analogous to that de-
scribed in [7], furnished with a mechanical agitator and a Schott No. 1 filter sealed to the bottom. Into the appar-
atus was poured 900 mliter of acetone, and the precipitated pulp of MgSO, residue was stirred for 15 to 20 min,
The magnesium sulfate residue was filtered off, dissolved in a minimum amount of hot water (~ 400 mliter), and
the operation of precipitation repeated. The united first and second water-acetone filirates (2300 to 2400 mliter)
were passed through an ion-exchange column with Dowex 50X8 resin (100 to 200 mesh) of diameter 1.5 cm and

‘Data on the Precipitation of Magnesium Sulfate from Water- Acetone Mixtures

Concen. of Volume of | Distribution of magnesiumi, " Distribution of Na%, % Total volume
|magnesium | original | %, of original of original -~ of water-ace-
in original | -aqueous :
: %gl 4 . . first and . residue | tone filtrate,
solution, solution, first second second first second (reiect) | miiter
mg/liter | mliter filtrate | filtrate filtrates filwate | filtrate Mg]SO
. 4
34 225 2.2 0.8 3.0 88.5 9.5 2.0 900
34 290 - | L5 { 1.4. 1 2.9 86.0 13.0 1.5 1100
49 180 Lo 1.5 2.5 80.5 18.0 1.5 700
62 125 1.4 1.6 3.0 87.0 11.5 1.5 500
62 135 1.8 0.6 2.4 79.5 19.0 2.0 550
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height 50 cm at a rate of 1.5 to 2.0 mliter/min- (from the zero fraction acetone suitable for subsequent precipita-
tions may be distilled in quantity up to 70% of the original amount). The desorption of Na® was effected by ‘
0.1 N HCl at a rate of 1.0 to 1.5 mliter/min in a volume.500 to 600 mliter. The eluent containing Na% was care-
fully concentrated in a quartz flask in a water bath and treated with concentrated HNO; to remove organic impuri-
ties. The excess nitric acid was removed by repeated evaporation with water; the resultant weakly acid solution
(pH = 2) was the final product. The concentration of Na® activity was 0.3 pCi/mliter; the magnesium content in
this was = 1 pg/mliter; the radiochemical purity was greater than 99% and the yield 95 to 97%. The method was
tested on a magnesium target with activity 50 mg—equiv-Na22

The authors express thanksto P. P. Dmitriev for help and consultation in carrying out the radiometrical measurements,
and also to B. S. Kir'yanov and V. P. Sharov for taking part in discussion of the results.
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INTERNA TIONAL COMPARISONS OF THE SPECIFIC ACTIVITIES OF P32, Co®’

AND T1*°* SOLUTIONS AND OF THE ACTIVITY OF "SOLID" Co®’ SOURCES
(UDC. 539.16.08):

A. A. Kon,stan-tino;v, V. V. Pérepel«kin-, and A. E. Kochin

Translated from Atomnaya Energiya, Vol. 19, No. 1,
pp. 65-67, July, 1965
‘Original article submltted July 9, 1964; revised form January 21, 1965

International comparisons to determine the activity of various radioactive sources,carried out in accordance
with the program of the International Bureau of Weights and Measures,have been recommended. by the International
Commission: for Radielogical'Units and Measurements to the national metrologlcal laboratorieswhich use radioactive
standards.

Examination of the data from international comparisons allowsone to establish the reliability of methods
used. for. standardization and to check the accuracy and prevalence of the various methods. Further, international
comparisons make it possible to compare conditions (for example, y and g background) and parameters of the
equipment used in the different national laboratories. International comparions. are an objective check on the
work of the national laboratories in the standardization of various radioactive sources.

The D. 1. Mendeleev All-Union Scientific Research Institute of Metrology (VNIIM) first participated in inter-
national comparisons:of radioactive sources in January 1961, and by May 1963 had participated in four international
compansons to determme the spec1flc activities of P, Coe'O lem, and Co®® solutions, At this same institute inter-
national comparisons were made of the activities of "solid” Co® sources, i.e., specially prepared sources of co®?
thin films. In determining the specific activities of P* and T12™ solutions, the absolute 8 -counting method employ -
ing a 4m proportional counter was used. In determining the specific activity of Co® solutions, the 4 counting
and 47 g -y coincidence methods were used. In determining the activity of "solid"™ Co®? sources, the 4 T B-y and -
B -y coincidence methods were used.

In tlie international comparisons which were carried out in January 1961, 12 countries participated; some
countries such as England, Canada, France, and West Germany were represented by two-laboratories [1]. All the
national laboratories used the 47 counting method for the comparison; in addition, 4T proportional counting was
used in-many laboratories, and only in the French laboratories was 47 Geiger-Muller counting used. The prominent’
national laboratories NPL (England) and PTB (West Germany) also used ionization chambers in addition to 4
proportional counting. Some national laboratories used liquid and plastic scintillation counting to duplicate the
4@ counting.

While this comparison was being carried out, the 47 proportional counter with fixed gas pressure [2] which
was used at VNIIM was checked out. Since P?? has a "hard" spectrum with a maximum energy of 1.7 MeV, the
corrections for self-absorption and for absorption of g particles in the film are very small and do not contribute a
significant error to the measurementsthat are obtained. The specific activity we found for the P2 solutien, 10.79
uCi/g, agreed almost exactly with the average value for all countries (10.76 uCi/'g-) and was in good agreement
with the results of the leading national laboratories [1]. The deviation of our result from the average was 0.03%
(Fig. 1).

The next international comparison in which VNIIM participated was carried out in January 1962, In it, 21
laboratories from 18 countries participated. Co®® was selected as the nuclide whose specific activity in solution it
was nécessary to determine, The measurement of this § emitter with great accuracy by the 47 counting method is
accompanied by great difficulty because of the low endpoint energy of the 8 spectrum (0.306 MeV). Because of
the difficulty in accurately determining the self -absorption of Co®® 8 particles, the 47 counting method was used
by only six of the national laboratories [3]. Because of its convenient decay scheme, this nuclide can be measured
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Fig. 1. Results of international comparison of Fig. 2. Results of international comparison of the
the specific activity of P32 solution (January 1961). specific activity of Co° solution (March-April
' 1963).
AAEC | very accurately by the coincidence method. The result
;t]'gj obtained at VNIIM by the 47 counting method, 4.700
BIPM| {Ci/g, was in complete agreement with the result ob-
fff” tained by the 4T B -y coincidence method, and was in
ﬁ/{; 1  good agreement with the overall average value for the
Ix0 results of all the national laboratories (4.699 pCi/g [3n.
VNIIM i o
5% The deviation of our result from the average was 0.02%.
s In May 1962, VNIIM participated in international
pas comparisons to determine the specific activity of a T1?™
ngk — solution {4]. In these comparisons, 21 laboratories from
o A WA T T T T E 18 countries participat;)ii. Our determination of the
source 1 source 2 {source 3 jsource 4 specific activity of T1*™" solution gave somewhat different
results for two ampoules: 100.4 and 101.3 pCi/g. How-
Fig, 3. Results of international comparison of the ac- ever, the average value of 100.9 ,uCi/g was in good
tivity of "solid™ Co®® sources (March-April, 1963). agreement with the overall average value for all the

laboratories (101.4 uCi/g [4]); the deviation of our result
from the average was 0.5%,

Realizing the special interest of the national metrologicallaboratories in accurate measurements of the ac-
tivity of Co®® sources, the International Bureau of Weights and Measures carried out two more comparisons at the
beginning of 1963. To eliminate errors which might arise from the preparation of sources from solutions, compari-
son was made not only for Co’? solutions but also for "solid™ Co®® sources which were prepared on backing made of
metallized thin films. In these comparison, 20 laboratories from 17 countries participated [5]. The activity of the
Co®® sources was measured at VNIIM by the 4w 8 -y and the 8 -y coincidence methods, The deviation of the value
for the specific activity of Co®? solutions obtained at VNIIM in 1963 from the average for all laboratories was
0.23%[5] (Fig. 2).

For solid Co® sources, the deviations (Fig. 3) were: 0.02% for source 1 (No. 51811, high activity, covered on
both sides with film); 0.15% for source 2 (No. 5203, medium activity); and 0.5% for source 4 (No. 5173, low ac-
tivity). It is clear that the deviation of our results did not exceed 0.25%. Source 4 was an exception; the deviation
of its results, 0.5%, is explained by the large y background in the VNIIM laboratory room where the international
comparison were performed, because accuracy in the determination of activity for weak sources strongly depends on
the magnitude of the y background.
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Examindtion of the results of international comparisons and of the results for determinations of the activity
of one arnd the same source by two independent methods (4 7 counting method [6] and coincidence method) makes
it possible to estimate the systematic error of each method, which did not exceed 0.1% for the measuring equip -
ment at VNIIM.

List of Laboratories Participating in International Comparisons

AAEC ~Australian Atomic Energy Commission, Lucas Heights, Australia.

AECL =Atomic Energy of Canada, Ltd., Chalk River, Ontario, Canada,

AEE —Atomic Energy Directorate, Bombay, India. .

IAEA *Inter‘n’étional Avgency for Atomic Energy, Viénna, Austria.’

AWRE ~Atomic VW'eapons Research Establishmerit, Aldermaston; England.

BCMN —Central Bureau for Nuclear Research, Geel, Belgium.

BIPM —International Eureau of Weights and Measures, Sevres, France,

CENS —Center for Nuclear Research, Saclay, France,

CFN=Center for Nuclear Physics, Lisbon, Portﬁgal.

DAECRE ~ResearchInstitute of the Danish Atomic Energy Commission, Riso, Denmark.

EL —‘Elecuo’technical Laboratory, Tokio, Japan. |

GWI ~Gustav Werner Institute of Radiochemistry, Uppsala, Sweden,

IAR-Institute of Applied Radioactivity, Leipzig, East Germany.

IFM ~Institute of Physics and Mathematics, Santiago, Chile,

IKO ~Scientific Research Institute for Nuclear Physics, Amsterdam, Holland. A

VNIIM-D. 1. Mendeleev All-Union Scientific Research Institute of Mewology, Leningrad, USSR.
IPA ~Institute of Atomic Physics, Bucharest, Rumania. |

-IR—Radium Institute, Vienna, Austria, =
IRK —Institute of Radioactivity and Nuclear Physics, Vienna, Austria.

IRPAR~Institute for the Investigation, Production, and Application of Radioactive Isotopes, Prague,
Czechioslovakia.

JEN-Atomic Energy Council, Madrid, Spain.

KBBG —Society for the Construction and Operation of Nuclear Reactors, Karlstuhe, West Germany.
LNE —National Testing Laborétory, Paris, France.

NBS —National Bureau of Standards, Washington, USA

NPL —National Physical Laboratory, Teddington, England.

NPRL —National Physical Research Laboratory, Pretoria, South Africé.

NRC —National Research Council, Ontario, Canada,

PTB—Federal Physico-Technical Institute, Braunschweig, West Germany,

UVVVR-—see IRPAR.

i}
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ASYMPTOTIC FORM OF THE SCATTERING LAW FOR SLOW NEUTRONS
(UDC 539.121.7)

L. V. Maiorov’

Translated from Atomnaya E nergiya, Vol. 19, No. 1, .
pp. 6769, July, 1965
Original article submitted June 15, 1964

The asymptotie behavior of the slow neutron scattering law [1] S(a, ) for large o has been investigated [1-3]..
An asymptotic formula was obtained.in [2] which did not satisfy the principle of detailed balance but which had a
clear physical significance (scattering in a free gas). The asymptotic formula obtained in [1], on the other hand,
satisfied the principle of detailed balance, but, as noted in [4], did not have so clear a physical meaning, Naturally,
both fermulas differ from one another, and also from the asymptotic expansion obtained in [3] by means of the
method of steepest descent..

Sinee there was no discussion in the published literature as to the region of the «, B plane in which these
expansions are valid and in what sense they differ from one another, we shall derive a general asymptotic formula
for: the slow neutron scattering law which is valid in the entire «, 8 plane and which is applicable to a number of
other pliysical problems, a review of which can be found in [2], for example. In addition, all the well known
expansions [1-3] can be obtained as particular cases of the general asymptotic formula, Limits of the remainder
terms of the expansion are also presented; previously, these were not given or were incorrect [2].

. General asymptotic formula for the scattering Iaw. In the noncoherent Gaussian approximation, the scattering
law for slow neutrons can be written in the-form of an-integral : : e

) ~-(1A(— ) o]
S pi=gee 0§ esoa &

rc1 .

21
— 0

Here the following notation is used:

g EorE—2cos0V Tl potio—E.
— M 1 —_ T 1

T is.the temperature of the medium; M is the mass of the scattering atom; E; and E are. the initial and final neutron
energies; A (t) is expressed through the function p(g) introduced in [1] and. characterizing the dynamic properties of
the scattering medium by means of the relation

[EA)

. i (B) o iR B}
A(1)== S F(pye® dt. -

—0
Further

. pud) N . 2. w
7 (B '——-pézﬁ) D AUD Ty (— i) S 1 (B)ePTap = (—) 1 (). (29

— o

Following [3], we shift the contour of integration in (1) parallel to the axis by a distance 7 (in the following,
r will be considered as an arbitrary parameter), Keeping (2) and (2') in mind, and making the obvious. transfor-
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mations, we obtain

g (d, - —V:ﬁr—_.( —a]A(—'"f)—zk (m_l (@, 2, (3)
1 afs (1)
where
PR 5—‘1/‘1(17) : (4)
V O/o(T
1 o acp(]v L r A

e (@, 2) =5 § e TR sty (5),

@ (¢, T)==A (4 it)-A(iT)—tA’ (iT).
P ) (t--1it) (i) (i) 6)

In the appendix, it is shown that for an arbitrary scattering system different from an Einstein crystal (whose
normal frequency spectrum can be represented as the sum of § functions), on the basis of the central limit theorem -
in Cramer's formulation, (see [5], p. 121), the asymptotic expansion

x k-3

x

‘ ) Ly —_—Xe j . '
S Yo (a, @) dr= wit—— 3 e N2 gy d-eT /OS‘ = 1)3(1) Ry (T, @, z), ("N
— ' v=1

is valid, where Py, 3 (x) is a polynomial of degree 3v -1 with respect to X, k = 3 and can be chosen as large as is
convenient,

For Ry (7, @, X) the limit

2

| Ry (v, @, @) eLC
a
holds uniformly in x.

Differentiating (7) wrt. x, we obtain the general asymptonc formula for the scattering law in which 7 is an
arbitrary parameter [6]:

—Bt —a IL\—(:“) A(")l :2/2
~-Sr ) : i e
S (e, B) (@, B) = VZﬂ‘lfz(") {e
B HGE) AUEAC
<[ ( *

o

1043 (v) Hg (%) g5 (1) Hy (z)
R >"} la/z(r)l*’-’<-

35 28 Y
_']'r" g3(r)bi(r)1{'(x) ’ T)‘L ni(r)]’ ( )) it e i'+"’./l (T, a, "“)} '

Here, gn(7)= fn(-r)/fz (7); Hp (x) are Hermite polynomials;
d
rp(t, a, x)__— Iy (, a, x).
If the scattering law has no singularities, ri (7, o, x) is uniformly bounded:

Irp(r, o, 2)| < b:(-g) . (10)

0.2
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However, the limit (10) is incorrect in the case of scattering by a crystal, for example, since a § function
corresponding to elastic scattering enters into rk (7, o, X). In.this case, as in all such cases, the uniform limit(8) is
valid.

We point out an important propeity of general asymptotic. formula which reflects the symmetry of the scat-
tering law (principle of detailed balance). Since gp(7)=(~ l)ngn(—r); and Hp(x)=(~ 1)“Hn(—x),

Sy (a, BYy=S8_x(a, —B). ‘ (11)

Region of applicability of the general asymptotic formula. For arbitrary choice of 7, formulas (9)«11) are
true for the entire plane. However, nontrivial information about the scattering law can be obtained from these
formulas only in the situation where the expression rx (7, o, X)/e”*" -0 when o —w, i.e., when the leading terms
of the expansion decrease more sldwly than the neglected ones. This requirement leads to the condition that x
miust remain bounded when o -0, namely:

<e. (12)

] _1 Vafzm

Here 7 determines the particular form of the general asymptotic formula, and & is an assigned number which is as
large as is convenient. The inequality (12) delineates a region in the o, g plane which contracts to the line 8 Jo=
fy(r) for o —e. In addition, it'is clear that the smaller & is, the less the maximum offtk (7, o, x)l is in the region
Ix] <e (further, we always have | rkl <by (r)/ck- 2/2) Thus, for a fixed number of terms, formula (9) becomes
more exact with smaller €.

Application of the asymptotic formula for calculating the scattering law. Let it be required to calculate the
scattering law for suff1c1ent1y large o along the lines IBl/oc C is given. Find the root 7, of the equation f; (7)= C.
Then not only for the rays | Bl/oc C but for the entire region

l_)'ﬁr af1(fo)|<8
V afe(Te) (13)

(where ¢ is an arbitrary number) the asymptotic formula

. e~IBiTo - [A‘(—g—i)-A(iro) = =22 g &3 \T) M E ) TO)H1(|W1) i
S(U., ﬁ)—- —z?e = - ! { [ i 3' GLffJ(To)]

L_‘.J

e D), (14

isvalid, and theremainder term isbounded modulo by the function gx(e. 7 ) ok -2/2 which depends only on 7 and
efeyx =bk(7)]. The B -symmetric writing of formula (9) in the form (14) follows from relation (11) which is a
consequence of the principle of detailed balance.

Special-cases. 1. Putting T = 1/2 in (13) and (14), we obtain an asymptotic expansion of the scattering law
which agrees with the formula of Nelkin and Parks [2] for 8 > 0 (for simplicity, we give here, and in the following,
only the first term of the expansion):

—_ —lﬁl/z ) (l ﬁ |—(l)2 | 3[ (a B)
=V 2raj, (50) {e"?_[" 2af3 (1/2) o3 } N (15)
(&1 < by).

Thus, (15) satisfies the principle of detailed balance, in contrast to the Nelkin-Parks formula. In addition, the
correct limit for the remainder term in (14) differs from the limit given in [2].
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2. When 7 =0, the formula of {1] follows from (13) and (14):

<e_ﬁ.lf2‘—"r El > ) (16)

3. Taking an arbitrary value for r and setting € = 0 in (13), we obtain from (14) the Egelstaff -Schofield
. formula [3] which was formally derived by means of the method of steepest descent without the limit of the
remainder term. Since Hyy 4 3(x)=0, terms with fractional powers of o vanish in (14) for £=x= O

Following from what has been said above, all three special asymptotlc expansions are valid in a region given
by inequality (13) for the corresponding choice of ¢ (in the sense that they give nontrivial information about the
scattering law in this region).

In conclusion, the author takes pleasure in expressing his gratitude to V.. F. Turchin for a number of critical
comments and for a discussion of the results and to O. B. Moskalev for his consideration of this work.

APPENDIX

The function ¥, (o, ¥) is positive. Its moments can be computed in the following manner:

K % i)
Yn= S "y (@, 2)de="i{"= S Va“(r) 8™ (1) di=

—Q0

e[ (e O

Since in accordance with (Al) all moments ¥ of the fLH'lCthl’l v, (o, x) exist, then, in particular, y¢=

3
R

y1=0, and y,=1. Therefore, \ V. dz satisfies the requirement which probability distribution functions must satisfy
— o0
N in order that the central limit theorem of probability theory in -Cramer's formulation (see [5], p. 121, theorem 30)
be valid, from which it follows that the asymptotic expansion (7) with remainder term limit (8) is true in the case

where the characteristic function e” is such that

Iim e®< 1. -
HEES A2

It follows from (6) that inequality (A2) can be violated only in the situation where. f(e) is represented by a sum of.
& functions, of the form & (¢ -&;), i.e., for.an Einstein crystal (or more precisely, for a scatterer with optlcal vibra -
tions not smeared out in energy).
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PHYSICAL CHARACTERISTICS OF A CRITICAL ASSEMBLY
~ oL

WITH BERYLLIUM OXIDE MODERATOR
(UDC 621.039.519.4)

S. S. Lomakin

Translated from Atomnaya Energlya Vol. 19, No. 1,
pp. 69-171, July, 1965
Original article submitted July 28, 1964; revised form December 12, 1964

Experiments -and calculations have been described [1] which deal with a critical assembly having a beryllium
‘moderator. 1In this paper. a report is given of work that was undertaken to determine the neutron-physical charac-
teristics of a critical assembly with beryllium oxide moderator.

The critical assembly investigated, which was in the form of a parallelepiped, was built of blocks and plates
of beryllium oxide and of flat fuel elements which were located between the moderator blocks in horizontal planes,
so that a plane lattice was produced. The moderator block dimensions were 100 X100 x50 mm, the plates were
100 x50 x 15 mm (density 2.8 g/cm®). The fuel elements were manufactured with a teflon-4 base [2]. The assembly
was made up mainly of moderator blocks which were stacked in layers, The approach to the critical state was
carried out with the help of moderator plates by increasing the height of the assembly, Under each moderator
block there were three fuel element plates, :

The characteristics of the assembly, for which the ratio of the atomic concentration of beryllium and U*® was

3272, are given below:

Lattice spacing. . . . . e e . 50 mm
Number of fuel elements under moderator block 3
Amountof U, , ... ... ... .... e 3409 g
Geometric parameter, W2 . . ... ... 0.438 + 0.005 cm™2, x 10°
Calculated value of Keff: '
with experimental values of 7 and u 0.999
multigroup calculation, ., .. .. ........ 0.967

The assembly had upper and lower reflector face plates 25 mm thick.

The effect of neutrons reflected from the walls and the structure of the test stand on the critical dimensions
of the assembly was determined experimentally, To accomplish this, the assembly was surrounded by a layer of
cadmium, and the perturbing structural elements of the test stand were removed., The resultmg corrections are
taken into account in the value given for u?,

The supercriticality of the assembly was measured for small changes in its height with various geometric
dimensions of the assembly under study. The resulnng data, analyzed by the least squares method, is shown in
Fig. 1 where H=-2.37+14.729 x (AH/kefpr) /3 is the height of the core in cm. The relationship shown, which,
according to [1], can be written in the form :

H =202 (v L2142 L2) Y3 (Al fhe g6 A @73,
was used to determine the value of + which turned out to be 112x2.5 cm?.
H
From the criticality condition keff= ke ™ 7/1+%%.% where k= ngp u, it was found that Keo=2.07 1 0.086,

To determine the geometric parameter of a homogeneous system, an assembly was constructed in which the
number of fuel elements per layer and the lattice spacing were doubled. In this case the fuel concentration re-
mained unchanged. The geometric parameter for a homogeneous system was determined by extrapolating the re -
sulting geometric parameters to zero amount of fuel elements (Fig. 2).
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Fig, 2. Dependence of geometric parameter
%% on n fuel elements per layer for -constant
fuel concentration.

g 2 4 &
/ AH }73
ketf dp;

Fig. 1. Dependence on (AH/keff Ap)/3 of
the core height of an assembly with beryl-
lium oxide moderator having three fuel
elements per layer.

Calculations for a critical assembly were also carried
out using parameters obtained by the multigroup method
[3]. The magnitude of fuel self-shielding was calculated
in the Py approximation, by the Monte Carlo method, and
by the technique presented in [4]. In addition, the internal
self-shielding coefficient was obtained from measurements
of the thermal neutron distribution in a fuel element layer

7 \ / (Fig. 3). Data are given below for the values of the fuel
! NN r self -shielding coefficients for a layer consisting of three
a r& fuel elements:
g 09 : ’
. fuel \fuel\ /fﬁel ) Measured
= BeO [ele~ fele~Yele- 1 geq Calculation . Value as-
o o Amenr Y ment ] . h Monte p . |internal df
o 08 o \ using the Garlo 3 approxi-| . sumed for
- SN technique . _imation L calcula-
AN calculation : shielding |
/ of [4] .~ |tion of kg
07 \ coefficient e
- / \ 0.885 | 0.890 0.916 | 0.94 0.885

0 ! 2 3 ¢ H, arb, -

: units With the assumed self-shielding coefficient the
assembly was calculated like a homogeneous one, The re-
sult of the calculation is given abdve, The contribution
to the multiplication coefficient from the Be(n, 2n) and
Be(n, o) reactions was also calculated by the method pre-
sented in [1] including scattering by oxygen; the magnitude
of the effect proved to be 1.06.

Fig. 3. Distribution of thermal neutron density
in a layer with three vertically arranged fuel
elements.

It is of interest to compare the data that was obtained with the results of other authors, To do this, the mea~-
sured value of 7 was recalculated for a beryllium oxide density of 2.79 g/cm?® (the moderating contribution of
teflon-4, for which the calculated value of r =410.8 cm?, was taken into account). Up to an energy of 0.2 eV, it
turned out that + amounted to 105.6 cm?. According to [5], the value of 7 up to 0.3 eV was 104,542 cm?. From
a measured value for ko, the value of p [the effect of the Be(n, 2n) reaction| was determined by calculation
involving the factors y, @, and p. It was 1.07. It was found in (6] that u=1.054 for a system of beryllium oxide
and slightly enriched uranium. In such a system, it should be noted that inelastic scattering of fission neutrons in
uranium lumps reduces the effect of the Be(n, 2n) reaction by 10-20%. In (7], a value of 1.08 & 0.02 is presented
for p, which was obtained for beryllium oxide by converting the data from an experiment with a beryllium sphere.

In conclusion, the author is deeply grateful to N. N. Ponomarev ~Stepnoi for directing the work, to V. A.
Khodakov for supplying the results of Monte Carlo self-shielding calculations, and to V. G. Kosovskii for help in
performing the critical experiment.

945

Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5



S

]

946

Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5 ‘

. LITERATURE CITED

N. N. Ponomarev~Stepno1 and S, S. Lomakm Atomnaya Energiya, 16, 228 (1964). .

N. N. Ponomarev -Stepnoi, S. S. Lomakin, and Yu. G. Degal'tsev, Atomnaya Energiya, 15, 259 (1963)

G. I. Marchuk, Methods of Reactor Calculations [in Russian], Moscow, Gosatomlzdat (1961).

E. Cohen, Nucl. Sci. and Engng, 4, 225 (1958). _

I. F. Zhezherun, Atomnaya Energlya 13, 258 (1962). : ' -
P. Benoist, et al., Paper-No. 1192, presented by France at the Second Internat1ona1 Conference on the Peace-

ful Use of Atomic Energy (Geneva 1958), .

I. F. Zhezherun, Atomnaya Energiya, 15, 505 (1963). v _ L .

L]

~

Declassified and Approved For Release 2013/03/15 : CIA-RDP1 0-02196R000700020001-5




Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5

THE PROBLEM OF y-RAY PENETRATION THROUGH SHIELDS
(UDC 539.122: 539.121.72)

S. M. Ermakov and £. E. Petrov

Translated from Atomnaya Enérgiya, Vol. 19, No. 1,
pp. 71-73, July, 1965 ' v
Original article submitted August 13, 1964; revised form November 30, 1964

In this paper, an effect is described which is associated with the penetration of y -rays through plane shields
consisting of two components; a primary water layer and a secondary lead layer.

The effect consists of the following: for incidence of hard y -rays at large angles to the normal, an increase
in the thickness of the water layer can lead to an increase in the intensity of the radiation penetrating the shield.

Consider the physical picture of the phenomenon. If a y -ray flux is obliquely incident on a plane layer of
lead, this flux can be considerably attenuated even by a thin layer, the attenuating properties of the layer being
enchanced for increasing angles of incidence. This is particularly apparen-t at high energies of the incident radiation
since scattering anisotropicity and absorption cross section increased with increasing energy, i.e., the y -rays traverse
a longer path in the layer and are absorbed with higher probability., Now place a water layer in front of the lead
layer. In this case, on the one hand, the y -rays will be reflected with greater probability from such a double -
layered shield,leading to further attenuation of the penetrating radiation; on the other hand, they will be less
obliquely incident on the lead, which can lead to reduced attenuation of the penetrating radiation. In addition, the
y -rays scattered in the water and penetrating to the surface of the lead have a lower energy than the primary y -
rays. Further, if they are scattered at large angles and have energies less then 3 MeV (the energy at which the
linear attenuation coefficient for lead has a minimum), this will lead to large attenuation of the radiation. If the
y -rays are scattered at small angles and have energies greater than 3 MeV, that can lead to a relative reduction
in radiation attenuation behind the shield because the absorption cross section for these energies falls with decreas-
ing energy. In some cases, therefore, the intensity of obliquely incident radiation behind a shield is increased by
the addition of a water layer.

The effect mentioned was observed in the analysis of the results of Monte Carlo calculations for the penetra-
tion of y -radiation through multi -layer shields.

W
08
TINW
w ' a
P \'\I\ 07 \I
W
— — = 04 ~
— 4 —p~ 93 )
T — ’ / W.
T 0.2 .
\\ A
a1
0,01
0 5 1 .15 20 d, cm ] 5 0 15 d, cm
Fig. 1. Variation of Wy as a function of water layer Fig. 2. Variation of Wp, Wy, and W, as
thickness for various lead thicknesses: 1) 3 mm; 2) a function of water layer thickness.

7 mm; 3) 10 mm; 4) 20 mm.
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Fig. 8. Variation in the shape of the penetrating radiation spectrum as a function of water layer
th1ckness a) o; b) 5 cm; ¢) 16 cm.
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Fig. 4. Variation in the shape of the angular distribution of the penetrating radiation as a function
of water layer thickness:
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Fig. 5. Variation in the spectrum of reflected y -rays as a function of water layer thickness; a) 0;
b) 5 cm; ¢) 16 cm.
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In the statistical simulation, the following types of photon interactions with matter were included: Compton
scattering, and the absorption resulting from photoeffect and from pair production. Statistical simulation of this
kind has been described in the literature* therefore we mention only that the computation was performed with the
inclusion of statistical weights, In the calculation of each sample, 4000 particle "histories” were followed; the
statistical error of all the results obtained describing energy and angular distributions did not exceed 10% of the
maximum value of the quantity under consideration (even in the worst cases), For integral characteristics (such as
the probabilities for penetration through the layer, reflection from the layer, or absorption), the error was 1-2%.

The computations were performed for a monodirectional, monoenergetic source of radiation. The region in
which the above described effect was observed was that for which the angle of incidence was greater than 82° (angle
measured from the normal to the surface of the shield) and the energy greater than 6 MeV. In thisregion the
intensity of penetrating radiation increased with increasing water layer thickness for any thickness of the lead layer.

Typical cases are shown in Figs. 1 and 2 (energy of y -ray source 8 MeV, angle of incidence 85°) of the in-
crease in radiation intensity caused by a shield for increasing thickness d of the water layer. It is clear from Fig. 1
how the probability of y -ray penetration through a shield varies with increasing thickness of the water layer for
various thicknesses of the lead layer. ’

The changes in radiation characteristics (Wp, penetration probability; Wy, reflection probability; Wa, absorp -
tion probability) with increasing thickness of the water layer are shown in Fig. 2. The thickness of the lead layer
in this case was 7. mm.

The variations in the shape of the energy spectrum of the penetrating y -rays, of the angular distribution of
the total penetrating flux, and of the energy spectrum of the reflected y -rays are shown in Figs, 3-5, all quantities
in these figures being normalized to one incident quantum. These figures clearly illustrate the physical picture of
the effect described.

The authors consider it their obligationto thank N. F. Kham'yanov, who carried out the necessary calculations
on an electronic computer. :

*See, for example, the paper by T. Ishii, T. Secine, K. Ono, A Monte Carlo Calculation of Gamma Ray Scattering
on the Teidac Computer, Codes for Reactor Computdtions, Vol. I, Vienna, TAEA (1961), p. 53.
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CALORIMETRIC DETERMINATION OF ABSORPTION OF A DOSE
OF IONIZING RADIATION FROM A REACTOR BY COMPENSATION

OF THE HEAT EVOLVED IN THE SPECIMEN

(UDC 621.039.55: 536.629)

V. §. Karasev and V. M. Kolyada

Translated from Atomnaya E nergiya, Vol. 19, No. 1,
pp. 74-15, July, 1965
Original article submitted July 15, 1964

In investigations of the radiation resistance of materials, the absorption of energy from ionizing radiation is
used as a measure of the action of irradiation on the physico-mechanical, chemical and other properties of the
materials. In addition, to ensure that irradiation takes place at the desired temperature, we must know the dose,
the heat evolved in the specimen, and the construction of the ‘ampoule for irradiation, Theoretical calculations of
the absorbed dose give only approximate answers, as the spectra of reactor radiations used for this purpose are not
accurately known. It is therefore desirable to make direct calorimetric measurements,

In experiments with a VVR-M high-intensity reactor*, the use of the previously employed calorimeters is
limited or prohibited by the high heat evolution in the irradiated specimens. An exception is the use of the iso-
thermal method [1] with the RFT reactor, where the total heat evolved in the specimen was calculated from data
on the temperature drop in the air gap between the specimen and the channel wall. The accuracy of estimate of
the absorbed dose here was 16%.

In this paper we shall describe a method by which the absorption rate of a high dose can be measured with
great accuracy without the need for calculations involving the thermo-physical constants of the materials, For this
purpose we used the method of electrical compensation of the heat evolved in a specimen inan isothermal calori-
meter; this method is reliable and accurate, as shown by preliminary calibration outside the reactor (for diagram
of calorimeter, see figure).

During measurement of the absorbed dose, thermostating of the
—1 calorimeter was effected by the high thermal stability of the reactor, due
Tr to its efficient automatic power control and large thermal capacity. Ob-
servations showed that the temperature of the water in the primary reactor
circuit, which intensively cooled the channel with the calorimeter and was
2 in this case the working fluid of the thermostat, varied by less than 0.1°C/h.

The method is based on the fact that in isothermal conditions the
energy of the ionizing radiation absorbed bythe specimen per unit time is,
in the absence of the specimen from the calorimeter, equal to the electrical
power of the compensating heater, provided that the temperature of the

3 . -
calorimeter surface (as measured by the thermocouples) is the same in
both cases.
To determine the optimum construction of the calorimeter, we made
v calculations which were confirmed by experiments. The calorimeter was
2 ¢ 0 1 Zcm enclosed ina jacket simulating the loading channel, and was placed in a

Calorimeter: 1) thermocouples; 2) _
specimen; 3) heater, *Water -moderated water-cooled power reactor.
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TABLE 1. Experimental Estimation of Accuracy
of Simulation of Irradiated Specimen

—

| Meanread-

Power of

| clecmical | Meanread-
Power of heater,| ing of ther~ [fearing coil | 1ng of ther-
watt mocouple, simula%ing mocouple,
myv specimen, |mV
Watk

10,70 3,062 10,20 2,031

16,52 4,325 16,86 4,360

30,50 6,630 30,50 6,560

TABLE 2. Results of Measurements with Specimen

Simulator

watt

Power of heater,

Power ofelec-
trical heating
coilsimulating
specimen, watt

Meanreading of
thermocouple at

surface of calori~ }

meter, mV

[N
P) )

5,40
(.00

]

water thermostat in which the temperature was kept close
to that of the reactor cooling water to within 0.1° C. The
temperature at the calorimeter surface was plotted
against the reactor power, and this was then repeated
with a nichrome coil heater replacing the specimen,

As shown by the results in Table 1, the data did
not differ by more than 3%, The experimentally deter-
mined sensitivity of the calorimeter at the working tem-
perature was on average 0.180 mV/watt. The emf of
the thermocouple was measured potentiometrically to
within 0,006 mV, and the heater power to within 0.05 watt,

Table 2 gives the results of experiments in which
the measuring process was simulated. The electrical
power dissipated in the calorimeter heater corresponded
approximately to the radiation energy absorbed by the
calorimeter structure, When the temperature was constant,
compensation measurements were made with the specimen
simulator,

The data in Tables 1 and 2 show that the construc-
tion of the calorimeter makes it possibie to measure the
absorption of radiation energy in the specimen to within
3-5% by compensation of the heat evolved by means of
a heater placed in the calorimeter.

Experimental measurements of the dose absorption rates of specimens of lead, tin, and steel (height 55 mm,
diameter 9.5 mm) were made at the center of the working part of the metal-handling channel. During the mea-
surements the reactor power was kept constant at 0.85 Megawatt. It was found that, for lead, tin, and steel 3, for
reactor power 10 megawatt, the dose absorption rates were 0.665, 0.509, and 0.425 Mrad/sec respectively.

Estimates of the dose absorption rates of these materials for y -rays and fast neutrons can be made on the basis
of a method previously described (see reference). On comparing our results with data from work with an RET
[ research] reactor, it is found that the total absorption with the same neutron fluxfrom the VVR-M reactor is
significantly greater, This is explained by the fact that the heat-evolving elements in the RFT reactor are surrounded
by graphite blocks, so that the density of y -quanta in the reactor channel, which makes the main contribution to
the heat evolved, is markedly less than in the VVR-M reactor.

LITERATURE CITED
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THE UKP-30 000 ISOTOPE APPARATUS FOR y -IRRADIATION
(UDC 621.039.83)

G. N. P'yankov, M. A. Barashkin, and N. V. Kulyupina

Translated from Atomnaya Energiya, Vol. 19, No. 1,
pp. 75-16, July, 1965
Original article submitted August 3, 1964

In radiation chemistry, especially in the handling of radioactive materials, it is often necessary to irradiate
various materials of thicknesses over 1 g/cm? with doses of 108-10° rad and over.

The isotope and x-ray apparatus described in the literature cannot usually produce doses higher than 1000-1300
rad per sec [1, 2]. Doses of 10° rad thus, in the most favorable vcases', require hundreds of hours, During this time
it is necessary to keep constant observation, since specimens being irradiated may become very hot.

In comparison with other equipment of this type, the UKP-30 000 (Kiev Underwater Apparatus, 30,000 g-equv.
Ra) reduces the time required for large doses by a factor of 2-3. When using it continuous observation is unneces-
sary. It is completely safe in use and very simple to handle.

Figure 1 gives a diagram of the apparatus. The irradiation unit 1 is always kept under 4 meters of water 2
in the tank. The water acts as a biological shield. It also ensures constancy of the temperature of the irradiating
unit and specimens. In case the water should leak away, there is a supplementary system with a float valve 3.
This consists of a U-shaped lead screen of height 700 mm and thickness 150 mm with a pivoting lead lid of thick-
ness 240 mm, fitted with a counterweight. Thé lid is balanced so that, in the raised position, it is supported by a
18 liter float. If the water level in the tank falls by about 300 mm, the equilibrium is broken and the lid falls by
gravity onto the screen, shutting in the irradiator,

The UKP-30000irradiator is flat and has two rows. It
comprises 22 standard cobalt sources each of intensity 1500+ 300
g-equiv. Ra, hermetically sealed in stainless steel cans of thick-

‘ness 1 mm. The sources (with the cans) are of diameter 11+0.15
mm and height81.1+1.5mm. They are placed instainless steel tubes
ofexternal diameter 14 mm and wall thickness 1mm. The length of
the irradiator is 160 mm. It is fixed securely to the bottom of the

o ) tank by means of a special holder. During preventive maintenance

e '\;ic:f:l;lfg or repairs, etc., it can be removed to an adjacent tank in which
“ol UK-T0 000 is stored the irradiator from another high-power apparatus

(UK=~70 000), Similarly, the irradiator from the UK-70 000 can

/ be transferred to the tank of the UKP-30 000. When the total

activity in either basin is about 100.000 g-equiv. Ra, the
radiation level at the water surface does not exceed the allowed
value. The shaft of the flat irradiator from the UKP-30,000,
which fits into the holder, is similar in construction and size to
that of the UK-70 000 cylindrical irradiator; this makes them
interchangeable and renders both irradiators more versatile,

The specimens are placed in a sealed 3-section cassette 4,
which can be brought up to the irradiator by manual drive 5.

o e .. ' [ [ e The carriage which carries the cassette moves on rollers along a

T § TR T flat guide 6, pegged to the wall of the tank. The upper and
lower positions of the cassette are fixed by stops and a locking
mechanism on the hand drive. The cassette is made so that
vacuum, excess pressure, and inert gas atmosphere, etc., can be
‘created in its sections,

Fig. 1. UKP-30,000.
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Fig. 2. Dose field of cassette.

The dose field of the UKP-30 000 was measured by chemical dosimetry, The measurement errors were below
+ 2%. Figure 2 gives results of dosimetric measurements in the specimen cassette. It is seen that the highest dose
rate (about 3000 r/sec) occurs in the middle section 1. It is proposed to increase the dose rate by altering the
geometry of the irradiator and fitting it with Co®® sources, each of activity 3000 g-equiv. Ra [3].

Measurements in the cassette and irradiator showed that the temperatures of specimens with volumes up to
50 cm® are practically constant throughout irradiation by dose rates of order 10%-10” rad, thanks to the thermostat-~
ing action of the swrrounding water. Continuous dosimetric monitoring of the water in the tanks shows that it does
not become radioactive.

The following engineers from the Laboratory of Radiation Chemistry took part in’'the construction, assembly
and adjustment of the UKP-30 000: I. G. Davidyuk, K. I. Subach, V. S. Kurennoi, M. V. Markov, M. M. Odnokon', -
A. 1. Silenko, and N. R. Starichenko; A. N. Bordikova helped with the dosimetry.

In conclusion, the authors take this opportunity of thanking A. M. Kabakcha for constant interest and valuable
advice. '
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THE UK-70 000 HIGH-POWER ISOTOPE APPARATUS FOR y -IRRADIATION

(UDC 621.037.83)

G. N. P'yankov and N. V. Kulyupina

Translated from Atomnaya Energiya, Vol. 19, No. 1,
pp. 77-18, July, 1965
Original article submitted August 3, 1964

Research developing in the Ukrainian Academy of Sciences on certain aspects of radiation chemistry required
extensions of its experimental basis. The equipment constructed for this purpose included the UK-70 000 high-
power irradiating unit (Kiev apparatus, 70,000 g-equiv. Ra), in which the y -irradiator uses Co® with total activity
(on August 1, 1962) of 71,000 g-equiv. Ra (44 000 curies). In planning this equipment, much experimental work
was done at the L. Ya. Karpov Physical Chemistry Institute, the Electro-Chemistry Institue of the USSR Academy
of Sciences, and the All-Union Research Institute for Oil and Gas [1-4]. '

For the UK-70 000 we chose compound biological shielding; this was effected by building round the irradiator
a concrete wall of thickness 2 m, a 1.5-m roof (the building is single storey) and a maze entrance closed by a
metal door; at the storage position is a 4-m water layer. '

The UK-70 000 apparatus (Fig. 1) consists of a "hot™ room with water tank, an irradiator, an electro-mech-
anical system for raising and lowering the irradiator fitted with an emergency drop, an interlock, signalling and
monitor system, a control panel, and pumping and ventilation equipment.

The hot room 1 is of concrete of size 4x4x2.9 m. Entry is through maze 2, closed on the outside by metal

door 3.

7
11

In the room is tank 4, with mirror, with water surface 1.5x1.5 m and depth 4.3 m. The main section of
the tank is of welded stainless steel. The internal sides and
bottom of the tank are faced with dutch tiles on a stainless

! steel grid. The lower part of the tank in the hot room is

0. 0

ol ol

T TeToIe s 5
ol e
il .0

o,

S joined by sluice 5 to another similar tank 6 outside the room,
o surmounted by a monorail which goes outside the building
and carries an electric crane 7, with load capacity of 2 t.

Fig, 1.
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- 2 s J The irradiator consists of 30 aluminum tubes of external
‘Water o " diameter 14 mm and wall thickness 1 mm, arranged round
f:oorn duit:;; a a cylindrical former of height 260 mm and internal diameter

!T’ 2 o % 140 mm. In each tube there are three standard sources,

° b : ¥ ) . .

o0 X 3 -2 hermetically sealed into aluminum cans. The cans and sources
- o = are of standard size: diameter 11 mm, height 81.5 mm. The
e s i

N b T Tl activities of the sources varied between 650 and 900 g-equiv.
b gl - . -

KN ol Y ;_ > Ra. To obtain a uniform dose field, the sources with lowest

o- 4 -9 X .- . .

TN T TR activities were placed at the center of the irradiator,

d. P R 1

4eo u: Ly The irradiator, under remote control, can be raised by
2% 2.335% — ik .

7 g crane 8 from the tank bottom to bench 9, where it enters
oreroifetr . . . . . . - .
T Py IO 7 safety container 10 which is fitted with a cooling system.
£ 23 . ) .
/ g The crane switches itself off at the upperand lowerlimits of
§ M 4 ] . ' -
a the irradiator’s travel. The whole system for raising and
lowering the irradiator works either off the mains or from an

b emergency power supply. If a fault occurs, the irradiator can
be dropped to the bottom of the tank by an electro-mechanical

UK-70 000. a) Vertical cross section; b) -
system, supplemented by an emergency hand winch, The

plan.
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Fig. 2. Dose field of UK-70 000. Variation of dose rate with height above bench at various distances from
irradiator axis in mm: 1) 400; 2) 320; 3) 180; 4) 125; 5) 110; 6,7) variation of dose rate with height inside
protective vessel at 50 and 25 mm from its axis, respectively; 8,9) horizontal variation of dose rate inside
protective vessel, half way up and on the bench, respectively,

position of the source and the water level in the tank are monitored by special devices. The system for raising and
lowering the irradiator is electrically connected to the electro-mechani cal interlock system.for entry into the hot
room. Thus one cannot enter the hot room when the irradiator is raised, The irradiator cannot be raised unless the
door is shut by mechanical and electro-mechanical locks. The apparatus which signals the dose level is connected
with a USID-12 stationery dosimeter, and a special siren warns of any attempts to open the door while the irradiator
is raised. The USID-12 apparatus controls the radiation level both in the maze and outside the room. The electro-
mechanical interlock system is regulated so that the door to the maze can be opened only 4 min after the irradiator
is lowered. During this time, the ventilation system of the hot room removes ozone and oxides of nitrogen which
are formed in large quantities during prolonged irradiation. In emergencies rapid access to the room can be obtained
immediately after the irradiator is lowered. The irradiation of various specimens and the position of the irradiator
are monitored by television cameras. To protect the chamber containing the optical transmitting equipment from
the action of radiation, it is placed in the maze behind the concrete wall. It was thus necessaryto mount a system
of metal mirrors made of polished stainless steel in the room and maze.

The UK-70 000 is controlled entirely from panel 11 in the operating room. Tests of the biological shielding
showed that in the working accommodation and near the outer walls the radiation level is close to the natural
background and is 0,025 mr/h.

The dose field of the UK-70 000 was measured by chemical dosimetry, The errors were mostly below = 2%.
it was found that inside the protective vessel the maximum dose rate was 1800 r/sec (January 1963). On the bench,
depending on the distance of the irradiator, it varied from 15-600 r/sec. Figure 2 shows the dose field.

Owing to absorption of radiation energy in the irradiator and the walls of the protective vessel, the active
volume becomes heated. It was found that thermal equilibrium is attained after 3 h, when the temperature of the
internal wall of the protective vessel is 85° C and the outer wall is at about 65°'C (at the middle of the dose field).
Direct cooling of the irradiator itself by a flow of 2-2.5 liters/min of mains water reduced the temperatures of both
walls to room temperature practically instantaneously.

It appears that the compound biological shielding chosen for the UK-70 000 is very reliable and convenient
in use.
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Experience in the use of the UK-70 000 shows that the water in the tanks does not become radioactively
- contaminated by the co®.

Those taking part in the construction, assembly and adjustment of the UK-70 000 included I. G. Davidyuk,
V. S. Kurennoi, M. Ya. Tereshchenko, I. N. Fedchishin, A. G. Puchkovskii, N. R. Starichenko, A. I. Silenko, M. M.
Odnokon', Yu. I. Puzyrev, and A. P. Meleshevich; K. A. Zaitseva helped with the dosimetry.
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THE ADVANTAGES OF RADIOMETRIC ENRICHMENT OF URANIUM
ORES AND THE CHOICE OF OPTIMUM SEPARATION LEVEL

(UDC 622.7: 553.495)

I. A. Andryushin, Yu. V. Roshchin, L. D. Chebotareva,
and Yu. A. Erivanskii

Translated from Atomnaya ﬁnergiya, Vol. 19, No. 1,
pp. 719-80, July, 1965
Original article submitted September 9, 1964

It is important to determine the conditions under which it is advantageous to carry out radiometric enrichment
and to select the optimum separation level: however, there is so far no single solution to this problem. As a rule,
the optimum separation level is determined by the minimum net cost of the uranium obtained for any particular
plant [1, 2]. However, it is not enough to allow only for the degree of recovery of uranium from the deposits {3].
The radiometric enrichment performances for minimum net-ctost for a given plant are not always optimal for a joint
examination of several plants (in one field) with different technico-economic conditions of extraction and processing
of the uranium ores. The method of determining the optimum separation level, in keeping with the requirement
of maximum saving per ton of initial ore, is largely free from this short coming.

Level of economic effect of enrichment. The expenditure on winning, transporting and processing 1 ton of
ore (without enrichment) is determined by the equation

) 411:6‘0»4--Ct Ch rub/ton (1)

and with enrichment
Ap=Coty (Cr - Cp) -+ € Tub/ton, (2)
where C, is the cost of the ore in rub/ton, Ct, Ch., and C are the costs of transportation, hydrometallurgical pro-

cessing, and radiometric enrichment per ton of ore, respectively, in rub/ton, and y is the yield of enriched ore in rel.
units. In the first case the amount of uranium obtained per ton of ore is

M(.'l;:(/.s.h, (3)

and in the second case
Mep=aeg, . (4)

where €} and e," are the uranium extracted from the initial and enriched ores in the chemical concentrate,
respectively, in rel, units; ¢ is the amount of uranium passing into the enriched ore, in rel. units, and « is the
uranium content of the initial ore in kg/ton. If C is the distribution cost of 1 kg uranium (or the mean value of
uranium in industry), then, in the absence of enrichment, the difference between the cost of the uranium per ton of
initial ore and the expense of its production in a given plant (which we shall call the "profit” P) will be

Py=CM ¢, —.I; =gy C—(Cq- Cp = Ch)i (5)

with enrichment i
Py==CMey— Ao = uepe C—[Co-+v (Cp + Ch) + Cel- (6)

The increment in profit due to ore enrichment will be
AP =Pp—Py=(Cy+ ) (1 —V)—a C(sh—ehe) — Ce, )

which we shall call the economic effect of enrichment.
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Conditions of advantage and optimum enrichment. Radiometric enrichment is advantageou§ if it leads to an
increase in profit. The enrichment performance will be optimum if the increment in profit is a maximum. The
conditions for advantage and optimum parameters can be written in the general form

(AP ) ay > 0; )
(C+G)U—y)—a C('ﬁh;si;s)_c = (AP Jax €)

Optimum separation level, - The optimum separation level, according to (9), is found from the equation

2(Ap)
ap

(10)

=0,

where B is the separation level.

B 8 o
. 1 v .
Remembering that y == 1 —-\ f@ dpp (IDande =1 — o \ Bf (B) df, (II), where f(B) is the probability
0 [l
density function of the distribution of uranium content in the volume elements of the ore, and assuming that the
other quantities in (7) are independent of 8, we get the equation

. dyopt . deopt : ’ ,
— (Co ) =g +aCeh T =0 . | Coay
Substituting in (11) the values of the derivatives
Ay opt ‘¢ opt 1
o = (PRSI = — < Bope (Pope

we get an expression for the optimum level of separation

Cr -G :

ot %h

6opli“ TCen kg/m. (12)
Thus the optimum separation level, which leads to maximum absolute economy (profit) per ton of initial ore,

is independent of the ore contrast.

Conditions of advantage of enrichment with optimum indices. Knowing the optimum separation level, we
can (from the contrast curves of the ore) determine the remaining technological indices of enrichment and estimate
the advantage of carrying it out, Considering the approximate equation e b= €', (8) can be written as -

(13)

Ce a
(11— Yopt) > o _+’ Ch er“‘.s_opt%

where the (1-y) is the yield of tailings, (1-¢ ) the loss of uranium in tailings from radiometric enrichment, If (13)
is not satisfied for optimal performances there is no economic advantage in radiometric enrichment,

-If the price or mean value of uraniumin industry is not stable, we can determine a variant of the performance
corresponding to maximum economy per ton of initial ore, in contrast to the variant of obtaining uranium from a given
plant without enrichment. Here the mean cost of the uranium is taken as its net cost for treatment without
enrichment: ' ‘

cLoltCh (14) |
(Z&‘h ) .

while the optimum separation level is determined by the equation

CpCp

Popt = To7¢, +03°

a ~(19)

opt —
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As before, the yield of tailings leading to advantage in radiometric enrichment must satisfy (13), which, by
(15), can be rewritten
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OPTIMAL INDICES OF RADIOMETRIC ENRICHMENT
AND SUITABLE CONDITIONS FOR ITS USE ON AN ORE
WITH LOG-NORMAL DISTRIBUTION OF URANIUM
CONTENT IN ITS VOLUME ELEMENTS

. (UDC 622.7: 553.495)

Yu. V. Roshchin

Translated from Atomnaya E nergiya, Vol. 19, No. 1,
" pp. 80-82, July, 1965
Original article submitted September 9, 1964

In many cases, the distribution of the useful-component content in deposits of non-ferrous, rare and noble
metals is approximately represented by a log-normal distribution, In particular, tests of the log-normal theory of
sampling [1] have showed that it is applicable to many uranium deposits in France [2]. It is therefore of interest to
examine the contrast indices of uranium ores and the conditions for their radiometric enrichment in the case of log-
normal distribution.

Various properties of the log-normal distribution. A content x(0< x < oo) is a log-normal variate if log x* is
distributed normally with mean p and variance ol ie., if log x=N(t, o )

A knowledge of ¢ and o 2 is sufficient for a description of all the properties of a log-normally distributed
variate (for the properties of the log-normal distribution see, e.g., [3;5]). In this case the mean o and coefficient
of variation V of the content are given by

1 2
a==exp <p +;1—)0'2>-—=M:.’ exp —0_— 5 . (1)

V= (expo2—1)~2, (2)

where Me= x; ; is the median value of the content of initial ore in the volume elements. That fraction of the ore
which consists of volume elements with content less than or equal to x is given by the distribution fraction

X
r In z—p)?
F(I)Z—— \——expl_——(—f(, )2 —]zlx. ' (3)
Let us introduce the normalized content

1]1.13—}_(_ (4)
°

and denote the total weight of the ore by T. Then the weight of the volume elements with content in the range
X3 <X 1%, T(Xp Xp), and the mean content o (Xy, Xy) and the quantity of metal Q(x;, X;) in the same range are
given by

X9

T (ey, w)=T | dF @)= T [F (3)— F (21)) (5)

X1

*For simplicity we shall use In x.

i
I
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N
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S Q[F (33— @)~ F (5 —0)],

where Q= o T is the total quantity of metal in the ore;

F(z)=

22 1
‘/2 exp (— ) dzand F(z~-g)== -z ~

| RE1 4

=0

X K exp ( — - > dz are the distribution functions of the

—_0
variate N(0, 1), tables of which can be found in any
reference book on mathemical statistics.

Expressions for principal sorting indices in tefrﬁs of
distribution parameters, Using the basic relations in (1)-
(7), let us express the indices of radiometric ore enrich-
ment in'terms of the sorting level {g }* = Xp» where p is
the order of the quantile determined by the relation p=
F(zp ), or in terins of the normalized sorting level zZp [cf.
(4)] and the parameters [ and g2 of the log-normal dis-
tribution. We are considering the case of ideal sorting
conditions, i.e., we are assuming that sorting is carried
out with respect to the true content o'f" the useful compo-
nent in the ore's volume elements.

In (5) put x;= Xp and x,= «. We then get the yield

of concentrate,

T (zp, ©)

=R el (2 8
ings for various values of Ce/Ct+ Cp, determingthe ad- W=y (2] (8
vantageousness of enrichment.
and the yield of tailings
Vg b= =y} (z). 9
We can get the uranium contents of the concentrate and tailings by putting in (6) ;= Xp, X; =, and X;=0, X;= Xp,
respectively: »
—F (Zp"‘o')
Y=a (zy, OO 't(L——-- . e ) (10)
{Bt=a(zp F )
. ]4 __('j (11)
(Beima op)=a20
The coefficient of enrichment of the concentrate
a(zp, @) _ 1 —F(zp—0) )
K}= = 12
) T=F (zp) (12)
*Symbols in curly brackets are those used in L. Ch. Pukhal’skii’s book [6].
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The degree of enrichment of uranium in the concentrate is
{e}=1—"F(zp—0). o S (13)
The fraction of the uranium leavmg in the tailings is 7 _
fer }—1—e—F (z,—o) | , (14)

The figure gives a nomogram relating z and y,= F(z) to ¢ and V for various values of ¢ ;=F (z -g ) (denoted
by the numbers on the family of parallel lines).

Determination of sorting indices for optimum separation level, Puttmg the opt1mum separatmn level Xgpt in
(4) and remembering (1) we get

zopt_—m -P—+ (15)

where Xopt' as shown in [7], is independent of the form of the distribution and is determined by the eduation
+C
. =Gtth (16)

where Ct and Cp, are the costs of transportation and metallurgical treatment per ton enriched ore, €' is the degree
of extractlon of uramum from the enriched ore in the chemical concentrate, and C the distribution costs of 1 kg
uramum

The figure shows a family of curves constructed from (15) and relating Zopt? F(zope) o, V and F(zgpt-o) for
various values of a/xopt For example, if a/xopt— 4 and ¢ = 1 (corresponding to V ~ 130%)," then Zopt = -0.9, F(Zgpy)
0.18 and F(Zopt -g)=0.03. From (8)~(14) it is easy to find the indices of the optimum sorting conditions: y=0. 85
Y£=0.18; B ¢=a 1-0.03/1-0.18= 1.18 o; B c= o 0.03/0.18=0.17 o; K=0.97/0.82= 1.18; £ =0.97; €= 0.03.

Determining the conditions for sorting. According to a number of factors, enrichment may, in given optimum
conditions, be advantageous or disadvantageous. In [7] it is shown that radiometric enrichment is advantageous if the
conditions satisfy the inequality

B CO 1 IR Y '
(\ t )Opt/'v ZT_!Th - Topt (1 Fopt)v (17)

where C, is the cost of radiometric enrichment per ton initial ore.
On the figure are constructed curves

- Cy a

v -l (-

(\ t )Opt Ct ¥ Ch | r’:f)pt ( eOpt): (18)
which correspond to the least yield of tailings, (Yt)o t =F(2), sat1sfy1ng (17). Thus, for the conditions of the example
given above, when Ce/C;+ Cp=0.05 it is advantageous to use sorting, since the "point” for the optimum conditions
lies above the "advantageous sorting™ line for Ce/Ct+Ch 0.05, whereas for Co/C,+Cp= 0.1 sorting is
d1sadvantageous
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ISOTOPE SHIFT BETWEEN U?3* AND U?%3® IN SECONDARY URANIUM

MINERALS OF SOME HYDROTHERMAL DEPOSITS
(UDC 553.495)

P. I. Chalov, Ya. A. Musin, T. V. Tuzova, and K. I. Merkulova

Translated from Atomnaya Energiya, Vol. 19, No. 1,
pp. 82-84, July, 1965
Original article submitted September 9, 1964

According to the mechanism assumed to explain disturbances of isotope equilibrium between U®* and U in
natural conditions [1], we should not expect the UP4/U%8 ratio to deviate much from the equilibrium values for
secondary uranium minerals in hydrothermal deposits. The results of [2] mainly confirm this thesis. The isotope
ratio Um/U238 has been further studied in uranium minerals in [3, 4]. :

In this report we compare the U /U ratios in secondary uranium minerals from two hydrothermal deposits
which differ in the composition of the substance surrounding the uranium mineralization, and in consequence have
two different types of oxidation zone [5] —mica and silicate -mica.

After preliminary separation of uranium and purification from other radioactive elements, the UZ4/U®8 ratio
of the minerals was determined by o -spectrometric measurements, using an ionization o -spectrometer with resolu-
tion 60-70 keV (half-width) for the uranium isotope lines. The results were processed by the usual system for mea-
surements of varied accuracy [6, 7).

The isotope ratio was studied for 184 specimens of uranium minerals. The results are shown in the diagram as
histograms of the distribution of the isotope shift. On the horizontal axis are plotted ranges of isotope shift, and on
the vertical axis the relative numbers of specimens with UBY/ U8 ratios in these ranges. The range 0.98-1.02
corresponds to the equilibrium ratio, as the greatest error in determining the isotope ratios was 2%.

’ Deposit with mica oxidation zone. In the oxidation zone of this deposit there are two main secondary
minerals —autunite and metatorbernite; in the cementation zone are small quantities of residual and redeposited
uranium oxide minerals.

In the majority of cases, the redeposited minerals of the deposit (see figure, I a) are characterized by
equilibrium or slight deficiency of U®; only about 8% have excess U**. The maximum number of specimens occurs
in the range with isotope ratio between 0.94 and 0.98. The residual oxide minerals are characterized roughly by
the same distribution of isotopes ratios (see figure Ib), differing only in the fact that the maximum number of

specimens lies in the equilibrium range.

Before going on to consider the results, we shall note that the formation of equilibrium redeposited minerals
from pitchblende or other equilibrium minerals is possible only by the latter's complete solution, as selective
leaching leads, on the one hand, to the formation of redeposited minerals with isotope ratio uB e greater than
unity, and, on the other, to deficiency of U®* in the leaching substance. Thus the data enable us to conclude that
in this deposit the disintegration of pitchblende in supergene conditions took place preferentially by solution, and
not by selective leaching. As a result, for the secondary minerals the oxidation zones at the moment of formation
were equilibrial in the uranium isotopes. In some cases (about 30%), this ratio has been preserved to the present
day, while in othersthere has been depletion of the secondary minerals’ UP* owing to leaching of uranium after
their formation.

This conclusion, following from an examination of isotope shift in the minerals, corresponds to geochemical
conditions characteristic in general of deposits with mica oxidation zones, and in particular of the deposit here
studied. In similar deposits, pitchblende is accompaned by large amounts of sulfides, so that during oxidation of
the primary ores all the conditions favor the abundant formation of sulfuric acid. The latter can completely
decompose pitchblende, preventing the separation of the uranium isotopes during transition to the liquid phase.
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Deposit with silicate -mica oxidation zone. The oxidation zone of this deposit reveals uranophane, and less
widely distributed, autunite, tyuyamunite and phosphorus-arsenic uranites, and also residual uranium oxide minerais.
In the redeposited minerals there is almost symmetrical distribution of isotope shift, with maximum in the equilibrium
interval (see figure Ila). The equilibrium isotope ratio is seen in about one third of the specimens. For most of the
residual uranium oxide minerals (about 70%) the UP4/U?8 ratio is less than unity, while about 25% are equilibrial
(see figure IIb).

These data lead to the conclusion that in the second deposit uranium is widely leached not only out of the
secondary minerals but also out of the pitchblende. This is evidently caused by the very small sulfide content in
the primary ores of the deposit with silicate -mica oxidation zone, as a result of which sulfate decomposition of the
pitchblende is not predominant. '

Thus, in the deposit with mica oxidation zone, the redeposited minerals are most often characterized by
deficiency of U4, and in the deposit with silicate-mica oxidation zone by excess of \UB*, Evidently the yt /e
ratio in the secondary minerals was, at the time of their formation, equilibrial in the first deposit, but in the second
deposit was preferentially characterized by excess of U®*. On subsequent leaching of U®* out of the redeposited
minerals of both deposits, much more time (other things being equal) was naturally required to reduce the U%%/y®
ratio to below unity in minerals from the deposit with silicate -mica oxidation zone.

In characterizing the processes involved in disintegration of the primary uranium mineralization, the varying
distribution of isotope shift in the residual uranium oxide minerals in the deposits is very significant. Most of the
residual oxide minerals in the deposit with mica oxidation occur in or close to the equilibrium range (0.94-0.98),
whereas for the deposit with silicate -mica oxidation zone, we find a marked scatter of isotope shift towards

deficiency of U,
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The data given show that in the supergene zone of hydrothermal uranium deposits, disintegration of pitch-
blende can take place in two ways, according to the geochemical conditions: either by complete solution of the
mineral, or by prolonged selective leaching out of uranium. Predominance of one or other of these routes leads to
a corresponding distribution in the isotope shift between U®* and U™ in the secondary minerals: this can act as an
indication of the processes which took place during decomposition of the primary mineralization,
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MEASURING LOW RADIUM ACTIVITIES BY MEANS

OF A SCINTILLATION CHAMBER WITH AN ELECTROSTATIC FIELD
(UDC 543.52)

L. V. Gorbushina, G. S. Semenov, and V. G. Tyminskii

Translated from Atomnaya ﬁnergiya, Vol. 19, No. 1,
pp. 84-86, July, 1965
Original paper submitted October 31, 1964; revised January 25, 1965

The development of nuciear engineering has created the problem of determining small amounts of the isotopes
of radium and its decay products in natural water or industrial effluent, or in the air of industrial buildings [1-4].
The sensitivity of commercial apparatus used to determine the activities of natural or artificial «-radiators (emana-
tion or aerosol) is often insufficient for this purpose [1]. One way of increasing the sensitivity of these devices is
linked with the possibility of improving the sensitivity and efficiency of a scintillation chamber in detecting alpha
radiation from the decay products of radon. For this purpose it is necessary to set up anelectrostatic field inside the cham -
ber and to make certain changes in the geometry of the detector’s sensitive surface [3, 4].

The scintillation chamber with electrostatic field has the shape of a truncated cone, one end of which
closed by a glass, the other being insulated from the chamber walls and kept at a negétive potential. A positive
potential is applied to the chamber walls (Fig. 1).

The o-particle detector is zinc sulfide activated with silver (type K-9), which is applied to the insulated end
face and inner surface of the chamber (except for the inspection glass); the zinc layer is less than 30 mg/ cm’. The
charge atoms constituting the decay products of emanation (or other aerosols) are precipitated from the gas by the
electrostatic field. The short-lived products of emanation decay are mainly charged positively at the moment of
their formation: to collect them on the insulated end face this must therefore be charged negatively.

Experiments showed that the end face (the area of which constitutes 21% of the sensitive surface of the cham-
ber) collects about 60% of the decay products of radon, thus making light collection possible. It is obvious that the
efficiency of the «-radiation from radon is independent of the applied voltage, since the emanation atoms are not
linked with the aerosols and are uncharged. However, for charged aerosols in a chamber with an electrostatic field,
the efficiency does depend on the voltage. This relation is plotted in Fig. 2, in which the abscissae are values of
the negative potential applied to the end face of the chamber, and the ordinates are values of the efficiency for
o-radiation (K).

K increases as the potential is raised to 100 V, and then, up to 400 V, remains practically constant. At high
voltages (1-2 kV) on the collector electrodes of the scintillation chamber, K may possibly increase somewhat owing
to the registration of recoil atoms. In the first variant we chose an optimum potential applied to the end face (100 V).
In this case, the effective recombination probability is small andlies below the statistical accuracy of measurement.

Characteristics of Various Chambers

Contribution of | e
_ Sensitivity,
) Efficiency radon decay pro- X
Electrostatic . pulses/ min
Chamber type | Volume . for oi-radia- | ducts to total _10
field . per 10
tion, % count rate of o- .
. curie radon
emitters, %
Standard 0.6 Absent 47 70 350
Noen-standard 11 Same 43 75 290
Non-standard 1.1 Present 65—"10 85 430
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Fig. 2. Efficiency of scintillation chamber for
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Fig. 3. ot-pai'ticle count rates for equilibrium radon

before and after application of potential to chamber From Fig. 2 it is seen that the efficiency of the

(curves 1 and 2, respectively). ‘ chamber for o -radiation rose from 43% without the elec-

' trostatic field to 65-70% with the field, i.e., on average,

by 57% of the original value. Figure 3 is a standardization curve for the RAL-1 device with a special chamber but
without the electrostatic field. After 2.5 h, when radon was in equilibrium with its decay products, the voltage was
connected to the chamber and the count rate rose abruptly owing to the increase in the efficiency of registration of
o ~-radiation from.the radon decay.products.

In orvdervto determine the contributions made by radon and its decay products to the total o -radiation of the
equilibrium' radon, 2.5-3 h after the radon was placed in the chamber (with or without field) the residual radon was
pumped out and the activity of the decay products measured. As the decay products were firmly attached to the
chamber wall, this measurement determines the amount of RaA, RaB, and RaC.

‘Similar experiments were performed repeatedly, and from their results were constructed average curves for
the activity in standardized chambers with and without electrostatic fields, and also decay curves for the o -activity
of the décay products of radon after the emanation is pumped out of the chamber (Fig. 4). Here the abscissae are
times, the ordinates are the measured activities. The origin (point 0) corresponds to the time of introduction of the
radon to the chamber, the point 0' to beginning of measurement of the decay-product activity after pumping out
the radon. Curves 1 and 1' were plotted with the electrostatic field, curves 2 and 2* without it. It was found that
the contribution of the decay products to the measured total activity was about 80-85% with the field, and 75%
without it (see table). :

The background count for the chamber with electrostatic field was 1-3 pulses/min and increased somewhat
after repeated use of the chamber owing to long-lived c-emitters. With small amounts of radon, increase of back-
ground due to polonium does not take place at once. For complete decay of RaA, RaB, and RaC deposited on the
chamber walls, it is sufficient to wait 5 h after a measurement. )

The sensitivity of the scintillation chamber without the field is 290 pulses/min per 10X curie radon, and with
the field it increases to 430 pulses/min per 10~Y curie radon. This increase, due to the presence of the field and a
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slight increase of the chamber volume, is very significant, as the sensitivity of a counter of type RAL-1 with a
standard scintillation chamber is 300 -350 pulses/min per 10 ~® curie radon.

Thus the sensitivity of any device with an a-scintillation emanation chamber can be increased by slightly
changing its construction and using an electrostatic field. o

In conclusion the authors would like to thank V. L. Shashkin for helpful advice and assistance with the work. -
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RADIATION CONDITIONS NEAR A VVR-M NUCLEAR REACTOR
(UDC 621.039.58)

P. V. Ramzaev, I. A. Belyaeva, V. N. Gus'kova, M. §. Ibatullin,
Yu. O. Konstantinov, S. P, Nikolaev, anq A. F. Oreshina

Translated from Atomnaya Energiya, Vol. 19, No. 1,
pp. 86-89, July, 1965 ,
Original article submitted July 20, 1964

Practice in the use of research reactors in the USSR has shown that special attention is required only by gaseous
radioactive waste, since the localization of liquid and solid wastes has been successfully dealt with. The system of
collection and removal of liquid and solid wastes, with centralized burial sites, eliminates contamination of the bio-
sphere, provided that certain rules are observed {1, 2]. Hence, the radiation conditions in the regions round research
reactors are practically entirely determined by gaseous and aerosol discharges. These arise during ventilation of the
cavities and channels of the reactor, pumping of the primary circuit, ventilation of cavities containing liquid wastes,
and especially during de-aeration of water from the primary circuit to free it from oxyhydrogen gas. Fitting reac-
tors with closed de-aeration circuits, and burn-up of oxyhydrogen gas.reduces the discharge of radioactive gases and
aerosols through the ventilation system by a factor of more than 10; in our opinion, this adequately reduces the radio-
activity of the air in the vicinity.

During the operation of a nuclear reactor with sealed fuel cans and efficient trapping of the disperse phase
(aerosols) from the air released through the ventilation shaft, the radioactivity of the external medium is almost en-
tirely due to At (if we neglect the exceedingly short-lived oxygen activity [3]). This isotope is formed by activa-
tion of Ar¥ in the primary -circuit water and air spaces irradiated by neutron fluxes. The chemical inertness of
argon prevents it from being accumulated in an organism or migrating along a biological chain[4]. The radiation
hazard of Ar® is therefore due to external y-radiation; this facilitates monitoring of the external medium and re-
duces the possible dose acquired by the population.

If the sealed fuel cans leak, the wastes will contain fission products as well as Ar%, and also (at first) radio-
active isotopes of inert gases (xenon and krypton) and of iodine. Other fission products may also possibly be dis-
charged into the atmosphere asaerosols, especially if filtering equipment is absent or inefficient.

Continuous monitoring of the relative activity of the primary-circuit water and waste, which is used in all
Soviet research reactors, is very efficient and enables leaky fuel elements to be promptly removed from the core.
‘On the whole, we failed to find fission products from the reactor (1131, S, Sr¥, Csm, Ce144, and Y®!) in the exter-
nal medium. A typical example is afforded by the results of some observations in an area of radius 20 km round a
VVR-M research reactor of power 10 megawatts (see Fig. 1 and table). The physical and technical characteristics
of the reactor are given in detail in[5].

From Fig. 1 and the table, it is seen that the fallout intensity of long-lived radioactive isotopes (total 8-
activity and sr®) is approximately the same both near the reactor and at distant control points. This fallout is
world-wide and its dynamics correspond to those of nuclear testing. Similar resuits were obtained from analyses of
soil, vegetation, water and air for Srgo, Srsg, 65137, Cel44, Ygl, and I** and for total o~ and B-activity. The organiza-
tion of safety zones around nuclear reactors gives an additional guarantee of the safety of the population, both dur-
ing normal working and in an emergency. I must be noted that in the Soviet Union we have never had a single
emergency in a research reactor which was accompanied by any appreciable contamination of the external medium
whatever. In our opinion, the safety zones are therefore of more practical value during normal working of the reac-
tor, Gaseous discharges from the ventilation shaft, encountering atmospheric currents, are scattered and form a dis-
charge jet. Both the shape and size of the jet’s projection on the local map and its radiation characteristics are very
variable, and depend onthe meteorological conditions, the height of the shaft, the rate of discharge and other factors.
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Intensity of st® Fallout Near VVR-M Reactor, mcurie /(km?* month)

Distance Fallout intensity
Total of 16
from reactor, | June-November, | December, 1961 May-August, | September, months
km 1961 to April, 1962 | 1962 1962
0.1 =3-1073 2.5+1072 0.8 1.5 4.8
0.5 <3-1073 0.7-107% 0.4 1.4 3.1
1.0 =3-107° 2.7-107 0.3 0.8 2.1
2.0 - <3-107° 5.1+107° 0.8 0.9 4.3
4,0 =3-1073 2.4-1072 0.4 0.6 2.3
20.0
(Control) =3-1073 1L1-107% 0.3 2.3 3.6
Note, The errors of individual measurements are estimated at £ 50%. Six fallout samples
were taken each month at each distance in the-table. '

:0‘.:;

\;‘ The presence of y-emitters (e.g., Arf) in the
% 00 -gZGU _ discharge enables us to use y-counters to make rapid
g ;‘é 7‘?’”\ and fairly accurate determinations of the approximate
CE> 200 ;'750 c’,i A projection of the jet on the locality. According to our
o N _II ‘\\ » observations, the radioactive jgt can be recorded by
g 2001 5100 — _\‘{AP existing y-dosimetry methods up to 3.5 or 4 km from
g :00% 5 [ Lu\ J . the discharge point (for a VVR-M reactor working at
3 9 . N\/M\vﬁtk _ 10 MW with shaft height 60 m, and without a closed
a1 ,§° —SIxgem = de-aeration circuit). The width of the jet is 300-

s 10 20 30 40 1000 m, and its projection on the locality resembles

Distance from works, km an open fan.

Fig. 2, Maximum y-dose rate, P, and yearly biological
dose, D, in district to lee side of VVR~-M reactor without
closed de-aeration circuit (dose from natural background
excluded).

For the reactor mentioned above, the greatest
y-dose rate, recorded on the axis of the jet, was 380
mcurie /h at 400 m from the shaft. Figure 2 gives the
results of systematic dosimetry of the discharge jet in
_ 1962 for the VVR-M reactor. The yearly biological
doses in the locality, given in this figure, were calculated for the prevailing wind direction, allowing for the actual
operation of the reactor (working times and mean power 5 MW). From Fig. 2 it is seen that, even in the worst case,
the boundary of the permissible dose (50 millirem/year) is about 1 km from the reactor on the leeward side. With
lower discharge rates, this boundary moves closer to the reactor, and, when the closed de-aeration circuit is oper-
ating, the dose rate in the locality, even on the leeward side, nowhere reaches the limiting level and scarcely ex-
ceeds the natural background level by more than 2-4 mcurie/h.

For non-emergency operation of a nuclear reactor, the size of the safety zone must clearly be at least equal
to the distance of the boundary corresponding to the limiting yearly dose of radiation. In practice, in choosing a
site for a reactor it is difficult to take account of all the conditions influencing the limiting-dose boundary, so that
the associated errors may be very great. For this reason, the sizes of safety zones in the Soviet Union are fixed only
for the worst operating conditions, according to the type and power of the reactor. At the same time, the discharge
of individual isotopes is limited [1, 2]. «

Guided by considerations of maximum care, and assuming that there is no threshold for genetic damage, we
can make the most rigorous approach to determine the size of the safety zone: within it, the permissible hourly
dose rate must not be exceeded. This approach facilitates dosimetric control.

From Fig. 2 it is seen that, for the VVR-M reactor, the boundary of limiting hourly dose rate occurs at a dis-
tance three or four times greater than that for the yearly dose rate. It is very desirable that this should be allowed
for when building new reactors. As regards existing equipment, it is reasonable to employ technical methods for re-
ducing the amount of discharge of radioactive isotopes to the locality.
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The isotope composition (Ar?) of the discharge, and also our observations on the components-of the radioac-
tive contamination of the soil, vegetation and water, enable us to use the safety zone territory round a research reac-
tor (which in essence is a source of external radiation only by radioactive inert gases) for agricultural purposes. We
can see no serious reason why this tesritory should not be used to grow crops (e.g:, grain), but for safety purposes the
harvest should be subjected to radiometric monitoring. v
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SCIENCE AND ENGINEERING NEWS

COLLABORATION OF THE SOCIALIST COUNTRIES

IN NUCLEAR POWER DEVELOPMENT

Translated from Atomnaya Energiya, Vol. 19, No. 1,
p. 90, July, 1965

The first session of the working team on reactor science and reactor engineering and nuclear power was held
in April 1965 at Dubna. The need to set up such a group under the aegis of the Permanent Commission on the Uses
of Atomic Energy for Peaceful Purposes of the Council for Mutual Economic Aid [COMECON], capable of effectively
expediting the coordination of the efforts of member-nations of COMECON in the field of reactor design and nuclear '
power engineering, arose in line with the common interest of nations of the socialist camp in the use of atomic energy
to satisfy the continually and rapidly growing need of COMECON nations for electrical and heating power.

Participating in the sessions of this working team were specialists from Bulgaria, Hungary, East Germany,'
Poland, Rumania, the USSR, and the Czechoslovak Socialist Republic. Topics discussed included the 1965 plans of
the working team, projects for planning and coordinating scientific and engineering research for the 1966—1967
‘period in the nuclear power field, and several others.

Delegates taking the floor stressed that extensive and intensive research underway in COMECON countries in
reactor engineering, based on the science and research centers built in these countries in recent years, requires
continual and effective coordination of work, mutual exchange of information, exchanges of field experience,
correlation and synchronization with nuclear power development plans, for effective saving in forces, materials,
and time. Priority is being given to nuclear power cost problems, since the tempo of nuclear power development
and the effect brought about by the increased use of nuclear power in each country will depend in large measure
on how suitable the choice of reactor types for nuclear power stations has been, what engineering cost advances have
been achieved in power reactors to assure the gradual displacement of conventional fossil fuels by nuclear fuel in
the total power picture of the COMECON natjons. Practical measures were drawn up by the team as part of the
solution of these problems, and prominent among these measures is the assignment of a minimum power generation
cost savings level for nuclear power stations.

Some delegates also remarked that the general problem of work in the field of power reactor design is that
of building and learning how to operate nuclear power stations based on fast reactors, long-term operation of which
is independent of the initial fissionable materials employed. It is felt, however, that in the first stages of nuclear
power development the coordinated efforts of member-nations of COMECON will be directed primarily toward the
building of low-cost nuclear power stations based on thermal reactors.

There was confirmation of the general views shared by all the delegates on the basic trends in nuclear power
development work. The discussion took place in a setting of comradeliness and friendship.

After the sessions had been completed, the team members visited a few laboratories of the Joint Institute for
Nuclear Research, where they were brought up to date on the nuclear physics facilities available there.

It can be stated without hesitation that the act of setting up this team on reactor science and engineering and
nuclear power, and its first steps forward, characterize a new stage in the coordination of work and research in the
member-nations of COMECON.
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A MEETING OF IAEA EXPERTS ON NUCLEAR WATER DESALINIZATION

A. Loginov

Translated from Atomnaya ﬁnergiya, Vol. 19, No. 1,
pp. 90-93, July, 1965

The fifth conference of experts on nuclear power applications in water desalinization met in Vienna in
April 1965. The conference, called and sponsored by IAEA, attracted representatives of 17 countries, as. well as
from the UN and the IAEA itself.

Topics on the agenda of the conference were: a) a survey of various water desalinization techniques; b) a
review of results of a study of dual-purpose desalinization plants using different types of reactors and conventional
boilers; ¢) analysis of the potentialities of dual-purpose plants based on desalinization techniques; d) single-purpose
desalinization plants using nuclear reactors; e) water desalinization economics; f) survey of programs and projects
drawn up by member-nations of the IAEA; g) the IAEA program in nuclear desalinization.

Over 20 papers and reports were submitted to the conference.

A reasonable conclusion from the papers, statements, and discussions at the conference is that distillation
techniques show the best promise in being sufficiently well developed and reliable for plants using nuclear sources
of process heat at present and in the immediate future. But it would still be advisable to search out and investigate
rival desalinization techniques such as freeze-trapping, membrane technology, electrodialysis, and so forth.

It was stated that the choice of engineering characteristics must be based on a thorough analysis of the en-
gineering cost picture of the desalinization plants themselves.

A survey of the results of a study of dual-purpose desalinizing plants employing different types of process heat
sources revealed that the entire water supply complex of a concrete region as a whole, including the transportation
or piping of the treated water to the consumer, must be considered in deciding plant performance characteristics.

Comparisons of dual-purpose plants using two methods of water supply showed that successful use of high-
capacity desalinization plants on a wide scale is still a long way off. The unit thermal rating of 2-3 thousand MW
appears to be the most common one at present. As unit power is increased further, the problem of transporting the
desalinized water to the consumer will come to the fore, and this will require additional capital investments.

Attainable steam heating temperatures run to 120°-130°C at the present time; attempts to find ways of raising
the temperature are being pursued.

The report by the French delegation made it clear that expenditures on the evaporator plant take up a con-
siderable fraction of the total capital invested in desalinization facilities, and the vertical-tube evaporators are .
cheaper than flash evaporators, which hold out more promise in terms of expandable output, Close attention is
being given to transients in the operation of dual-purpose plants. It is felt that a condenser-turbine loop might meet
many of the requirements.

Reports by USA delegates cited cost data on nuclear dual-purpose desalinization plants (Table 1) and desalini-
zation~only plants (Table 2).

Analysis of the market shows that in the immediate future there will be a demand for desalinization plants of
capacities up to 75,000 cubic meters daily, while larger plants will be needed only in a few regions.

The discussion made repeated mention of the fact that dual-purpose plants are the most promising ones, since
they best answer the combined needs for fresh water and electric power. The Canadian heavy-water reactor was
discussed in this context. '
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TABLE 1. Cost of Processed Water (cent/3.8 ms) Obtained from Dual-Purpose Plants (¢ = 7000 h/yr)

Electric Percent From initial steam temperature to 320° C at | From initial steam temperature to 540°C
power costs, [capital | thermal power (MW) at thermal power (MW) .
c/kwh gl“éiit %o | 200 800 1000 1500 200 600 1000 1500
Fossil-fueled plant
0,365 7 55,1 44,0 43,0 40,8 58,0 42,3 41,6 38,4
14 83,3 62,8 62,3 38,6 90,6 65,0 62,7 58,9
0,40 7 54.6 42,9 42,4 39,8 56,6 40,3 39,4 36,4
14 82,4 61,7 61,0 57,4 89,1 63,0 60,3 57,9
0,60 7 51,5 36,5 35,6 33,0 48,9 28,8 24,1 22,9
14 77,1 54,8 52,3 51,4 79,2 50,8 44,1 | 41,6
0,80 ST 46,7 28,7 26,6 1 26,4 — = — —
14 71,2 47,0 41,9 40,8 68,1 — — —
1,0 7 CABLA —_ — — — — — -
14 64,7 37,6 30,3 — 53,1 — — —
1,20 7 — — — — — _ . _
' -4 54,8 — — — — —_ — —

Nuclear -reactor plants

W

0,365 7 66,0 39,2 34,7 29,6 — 42,7 37,4 32,8
14 = 69,3 62,4 54,1 - 79,9 72,4 63,9
0,40 7 65,5 38,2 33.5 29,0 — 40,7 34,8 30,6
- 14 — 68,5 - 61,4 52,9 — 78,4 70,6 61,9
0,60 7 62,6 32,4 25,8 21,9 69,2 29,2 — —
14 — - 63,6 4,4 47,8 — 68,5 57,7 49,8
0,80 7 59,2 25,2 — — 60,8 — —
14 — 57,7 45,7 37,7 — 56,6 40,5 27,9
1,0 7 54,9 — — — 51,1 — — —
- 14 100,9 Y] 46,2 — — 41,6 — —
1,20 7 50,3 — — — 33,9 — — —
14 97,6 4,1 — — 103,1 - — —
TABLE 2. Cost of Processed Water (cent/ 3.8 rns) from ‘Single—Purpose Plants (¢ = 7000 h/ yr)
|Costofpur-  |Percent From initial steam temperature to 320° C at | From initial steam temperature to
chased elec- |capital thermal power (MW) 540°C at thermal power (MW)
tric power, |investment, - - . —
cent/kwh | % 200 | 0 | 1000 1500 200 | 600 | 1000 | 1500
Fossil-fueled plants
4 48,2 42,5 40,2 39,8 49,1 43,0 40,7 40,2
0,6 T 58,2 50,5 48,1 47,6 29,8 51,6 49,0 48,4
14 79,7 67,4 64,7 64,1 83,1 69,9 66,7 66,0
Nuclear -reactor plants
4 49,9 35,2 30,8 29,4 55,8 39,9 35,7 34,0
0,6 7 65,6 45,8 40,8 38,3 72,4 01,8 46,6 44,3
14 — 71,9 63,9 59,7 — 80,3 72,7 68,9

Italian delegates showed particular interest in the development of single-purpose desalinization plants.
Southern Italy is currently experiencing an acute shortage of fresh water (running at 150,000 cubic meters daily).
A desalinization plant of 6000 m® per day capacity powered by fossil fuels is currently in operation in Italy. The
feeling is that the low-temperature organic-fueled organic-moderated reactor with aluminum-clad fuel will be the
best reactor type for satisfying Italy's fresh water needs. A study is being made of the possible construction of a
desalinization-only plant based on an organic-fueled organic-moderated reactor of 100 MW thermal rating (to be
stepped up eventually to 200-300 MW).
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The consensus of views is that this reactor type is quite suitable for low-capacity desalinization-only plants.

The conference noted the many approaches open in distributing expenses between electric power and water in
desalinization process costs and in estimating capital expenditures and yearly production costs in dual-purpose
facilities. The gist of the method employed in the USA is to consider fixed electric power costs as a by-product of
the dual-purpose desalinization plant. At the same time, in the USSR equal importance is attached to elecuic
power production and fresh water production from an economic standpoint, and this requires a rigorous distribution of
production costs between the two aspects of production, under the assumption that the power source may be greater
when used to produce electric power alone than when used in a dual-purpose plant. Facing these diametrically
opposed approaches to estimating production costs in dual-purpose desalinization plants, we see that quantitative
cost factors are not useful for comparison. ‘

IAEA intends to prepare a report on the various methods used in estimating electric power costs and processed
water costs, as part of its program of rendering assistance to member nations in the evaluation of nuclear desalini-
zation plant projects.*

Proposals on elaboration of a suitable method of cost calculations are to be found in the UNO papers. These
contributions took up cost items to be considered in estimating desalinization process costs. Recommendations were
given on approximate estimates for dual-purpose and single-purpose plants. The contribution also included a survey
of engineering and cost factors relating to the choice and operation of desalinization planis (proper siting, soil re-
quirements, collection and conveying of water, disposal of wastes, exploitation of by-products, etc.). Here some
specific problems came into focus, of particular interest to developing nations undertaking desalinization programs,
such as: inadequate training and skills in available work force, difficulties in obtaining replacements or in over-
hauling equipment in time to forestall shutdowns, and the need for exchange of experience with other nations on a
wide scale.

Programs and projects undertaken by member nations of IAEA in utilization of nuclear reactors for water
desalinization were heard at the conference.

An announcement was made of an agreement reached between the USSR and the USA in water desalinization,
including the use of atomic energy, and of an agreement between the USA and Israel for a joint research program
in this field. ‘

A report by the Economic and Social Council of the UNO on desalinization of water in developing nations was
heard; particular emphasis was placed on estimates of desalinization plants. The report covers siting and construction
conditions for desalinization plants in 43 countries, analyzes 61 operating desalinization plants, and 19 new plants
to be built. The perspectives and engineering feasibility of desalinization plant construction are being studied.

The presentation of the US desalinization technology development program noted that research on the reac-
tor aspect of the program is being carried on by private firms under the leadership and guidance of the USAEC,
Research centered on the desalinization facilities proper is handled by the Department of the Interior and the Office
of Saline Water jointly. The USA intends to build two prototype plants with a heavy-water-moderated organic-
cooled reactor. One plant is scheduled for completion in 1970, The thermal rating of the reactor is 1000 MW for a
plant capacity of 190,000 cubic meters of processed water daily. The second plant using a 3500 MW(th) reactor is
to be built by 1975. Construction of these prototype plants poses the problem of achieving commercially competi-
tive nuclear dual-purpose plants by 1980.

Work on a desalinization plant research program is being carried out in Britain by the Atomic Energy Authority
and Weir Westgarth Ltd. An AGR type reactor will be used in the desalinization plant to be sited on the sea-
coast. The plant will have a capacity of 95,000 cubic meters a day. The research findings will be made public
at the Washington October 1965 symposium. Great Britain has accumulated a lot of practical experience in the
use of desalting plants, and the principal desalinization process will be distillation—flash evaporation. A recently
organized Water Resources Service has the duty of coordinating its activities with those of groups interested in water

_desalinization. Sites suitable for desalting plants are to be selected by 1970,

Israel's desalinization program envisages the construction of dual-purpose reactor desalting plants. A nuclear
desalinization plant is scheduled for completion in Israel by 1971, and is scheduled to go on stream in 1972, at full

*The report will be published in the next issue of "Atomnaya F:nergiya."
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capacity. Research completed shows that dual-purpose plants may become competitive with fossil-fueled plants,
under Israeli conditions, starting at 75MW units of electric power. Calculations of the cost of processed water from
dual-purpose nuclear plants generating 125—200 MW electric power run to 10-12 cent per cubic meter.

Greece's desalting program calls for increasing the installed power of electric generating plants from 776 MW
in 1964 /65 to 2727 MW in 1974 /75; the annual water consumption in the Athens region alone will increase from

99 million cubic meters in 1965 to 190 million cubic meters in 1975, going on to 254 million cubic meters in 1984,

Power resources will present favorable opportunities for the utilization of dual-purpose nuclear desalting plants.

A communication from the Brazilian representative announced that the projected industrialization of the

country will require a formidable back-up of power resources. By 1980, for example, the demand for electric power -

will be around 160 MW, and the demand for fresh water by that time will reach 300 000 cubic meters daily. Con-
sidering 50% of the power demand to be satisfied by petroleum resources, while available coal reserves are remote
from the industrial centers, and of poor quality besides, nuclear dual-purpose desalting plants are expected to fill
a real need. At the present time, the possibility of constructinga 60 MW(e) dual-purpose nuclear desalinization
plant is being studied. The cost of electric power generated by this plant would be 1.48 cent per kWh.

The United Arab Republic has been working for 50 or so years on the irrigation problem. But there remains an
acute shortage of fresh water in the country. The possibility of siting the first nuclear dual-purpose desalinization
plant near Alexandria, with a capacity of 20,000 cubic meters processed water daily and an output of 150 MW(e),
is being studied. A fossil-fueled desalting plant producing 2400 cubic meters of processed water a day -is now
being built.

‘The concluding portion of the conference of desalinization experts was devoted to discussion of the TAEA pro-
gram and of the IAEA role in desalinization as a problem of international scope. The IAEA role was formulated in
the following terms:

a) IAEA will become an international center for the solution of problems involving utilization of nuclear
‘power for desalting brine; :

b) aid and advice are to be made available on an organized basis to member nations;

c) the use vof nuclear power for desalinization is to be encouraged; ' '

d) research and planning work by member nations is to be coordinated.

Coﬁferences and engineering seminars are to be scheduled in line with realization of the TAEA program.

We note in concluding that the fifth conference of experts on the use of nuclear reactors for water desalting.
has made for an extensive exchange of views and experience, and has helped in drawing concrete inferences in one
of the most promising trends on the horizon in the utilization of nuclear power for peaceful purposes.
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INTERNATIONAL SYMPOSIUM ON CHEMICAL EFFECTS

CAUSED BY NUCLEAR REACTIONS AND RADIOACTIVE TRANSFORMATIONS

B. G. Dzantiev

Translated from Atomnaya Energiya, Vol. 19, No. 1,
pp. 94-95, July, 1965

A symposium on the chemical effects associated with nuclear reactions and radicactive transformation was
held in Vienna in December 1964, under joint auspices of IAEA and the Joint Commission on Applied Radioactivity.
Representatives from 32 countries and international bodies participated in the symposium, The number of delegates
totaled around 130. The Vienna international symposium is the second international gathering devoted to discussion
of chemical sequelae of nuclear transformarions. The first symposium on this topic was held in Prague in 1960,

70-odd reports were presented at the symposium. These can be classified for convenience under the following
headings: 1) physics research on recoil atoms produced in gas-phase nuclear processes; 2) reactions of hot atoms,
products of nuclear reactions, in the gaseous phase; 3) reacti_p‘ns of hot atoms in condensed organic systems; 4) hot-
atom reactions in the solid state; 5) chemical processes in B-decay; 6) new techniques and research trends in
chemical effects of nuclear transformations.

Four papers were submitted on the first group of topics. The findings were primarily the result of work with
specially designed mass spectrometers. S. Wexler (USA) studied a reaction involving tagged methane recoil atoms
(THe®)t formed in the B- decay of Ty. The purpose of the research is to find an experimental basis for the mech-
anism of the well-known Wilzbach method (production of hydrogen-labeled organic substances by simple exposure in
a tritium- containing mixture). The mechanism suggested earlier by Pratt and Wolfgang includes hypothetical ion-
molecular reactions. One of the ions (GH4T™) proposed in the Ty~ CHy system was detected experimentally by
Wexler. T. Carlson, and R. White (USA) artificially produced vacancig’es on the inner electron shells of the atom by
exposure to x-radiation of predetermined energy, in order to investigate processes occurring in the wake of some
radioactive transformations. The example of CHgl revealed that an explosion of the original molecule literally
occurs in response to the production of a vacancy in the L-envelope of the iodine atom and the charge rediswribution
between the atoms brought about by coulomb repulsion (subsequent to the Auger cascade). The mass distribution,
and energy distribution of fragments of the molecule were investigated: the most probable process is CHgl >y
3H* + I°" + 10°". The recoil ions are hot particles: their energies range from 10 to 100 eV. The findings shed
some light on the causes of the Szilard-Chalmers effect in such radioactive transformations as K-capture.

N. Steiger (Israel) reported an experimental determination of the charge on the recoil atom resulting from a
heavy-ion-initiated nuclear reaction. The object of study was the reaction Pr**! (0'°, 8n) Ho*?, M. Dehmer
(Belgium) discussed excitation of atomic and molecular levels in nuclear recoil processes, in a theoretical paper.

The second topic was represented by 10 papers. These papers discussed gas-phase reactions of hot hydrogen
(tritium) atoms), and of C“, le, Fl8, 835, Br hot atoms.

F. Rowland et al. (USA) investigated isotope effects in a study of reactions between hot T atoms and both
ordinary and deuterated hydrocarbons. Theuse of improved gas chromatography techniques enabled them to separate
not onty HT and DT, but also mixtures of isotope methane molecules CHyT and CI4T, and ethylene molecules:
GH T, GDyT, GH,DT, GD,HT. The substitution T— H is more probable than T — D (isotope effect 1.83); in the
system T + CH3CD3, for example, this can result in the formation of more excited ethane molecules, with HD splitt-
ing with greater ease to form labeled ethylene. D. Urch and M. Welch (Great Britain) investigated reactions of hot
T atoms with saturated hydrocarbons (C,, C4, Cs) and, with Wolfgang's kinetic theory as point of departure, deter-
mined numerical values of the I and « parameters for concrete reactions.

A report by B. G. Dzantiev and A. P. Shvedchikov (USSR) put forth a view of the role of excitation of radicals
as active intermediary products in hot-atom reactions. The interaction of hot hydrogen atoms with ethylene was
investigated as a model. The kinetic behavior of hot hydrogen atoms of different origin was compared: these origins
are in the nuclear reaction Lis(n, o)T, in radiolysis of RH, in the photolysis of HL
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The investigation of reactions involving hot carbon atoms revealed a tendency of short-lived C" 1o replace
C™, The former is obtained in the nuclear reactions C%(n, 2n)C; N*(p, 0y)C!; C%(p, pn)Ctt; 0'%p, pn)C*, and
some others. The projectiles were generated in accelerators. A modification of the method for generating hot
carbon atoms resulted in substantial alleviation of radiation effects. A. Wolf et al. (USA) demonstrated that only
C"H, and HC N are formed in the Ny—H, system. Carbon-labeled acetylene, ethylene, prussic acid, are formed in
excellent yields in N, —RH systems (where the RH are saturated hydrocarbons). Hot carbon atoms react effectively
with O, to form C*0. Ratios of the formation cross sections of the basic labeled reaction products were reported in
the paper. The relative role of C! atoms and radicals (C'H, C“Hz, CMH,) in labeling processes are discussed.

As W. Koskie (USA) showed, hot N'® atoms obtained from the nuclear reaction Clz(d, n)N13 are stabilized in a
hydrocarbon medium in the form of prussic acid and nitriles, but they yield nitrogen-labeled cyanogen halides in
interactions with halogen derivatives. The effectiveness of removal of hydrogen atoms or halide atoms by a hot
nitrogen atom (with the formation of N13H3, N13C13 resulting) is modest. :

A paper submitted by R. Wolfgang et al, (USA) reported reactions of hot F*¥ atoms with methane. It was
shown that the "kinetic theory” developed for hot T atoms is also valid for the heavier F!® atoms. Values of the I
and o parameters were determined. Restrictions of the theory in application to atoms heavier and slower than T were
discussed. S ’ '

- K. Panek and K. Mudra (Czechoslovakia) reported on investigations of reactions of $%% with methane and with
alkyl chlorides. L. Speiser and A. Gordus (USA) compared the reactivity of hot Br® atoms obtained in various ways.
The role of the kinetic energy of the Br® recoil atom was noted. '

Thirteen papers were contributed on the next topic, six of these by the Soviet delegation. Reactions of the hot
atoms T, Cu, CM, $%5 in halides were discussed.

Papers by Ac. N. Nesmeyanov et al. (USSR) discussed reactions of the hot atoms T, c*, B® in binary organic
systems. The observed nonlinear relationship between the yields of labeled reaction products and the concentration
were interpreted within the frame work of current concepts on energy transfer from excited labeled molecules to
molecules of components of a mixture. A, Sokolowska and A. Sijuda (Poland) attempted to give a different inter-
pretation'to this phenomenon.

J. Willard (USA) presented a survey paper on concepts offered to account for the reaction mechanism of hot
halogen atoms. Experimental results on hot halogen atom reactions in organic media were presented in papers by
J. Willard and R. Hahn (USA), S. Kontis et al. (Great Britain), L. Vasaros (Hungary), F. Rowland et al (USA). The
last paper discussed transformations of stereoisomers as a result of hot-atom interactions, and the relationship be-
tween the stabilization probability and space isomerism. Interesting data on the effect of pressure on stabilization
of hot Br® atoms in liquid bromoethane are found in a paper by P. Shaw (Britain).

A. Voigt et al. (USA) reported on reactions between G hot atoms and liquid hydrocarbons incorporating Cs,
Cg, C; backbones. The rates of addition reactions are discussed. Two papers by B. G. Dzantiev et al. (USSR) discuss
pathways of formation of radioactive polymeric products in the stabilization of C* and $% recoil atoms, as well as
the principles underlying "hot synthesis” of $%5_1abeled complex biologically active molecules.

Many of the papers dealt with the stabilization of radioactive recoil atoms in the solid phase (the fourth head-
ing). The effect of many factors on the chemical fate of the atom appearing in a nuclear reaction was investigated,
Such factors include: the type of crystal, lattice imperfections, the chemical form of the compound, the temperature,
and the exposure dose. The effect of radiation annealing and thermal annealing was discussed extensively, Some
of the more interesting reports were those of A, Maddock et al, (Britain) on the thermal annealing mechanism,

G. Schmidt and W. Herr (West Germany) on substitution of ligand groups in Br® hot-atom reactions, I. Dema and
N. G. Zaitseva (USSR) on chemical forms of radioiodine formed by irradiation of CsCl by 660 MeV protons. A

paper by H. Miiller (West Germany) analyzed retention theory. G. Harbottle andW, Ts'ang (USA) reported on isotope
effects in ruthenocene—a “sandwich” compound. :

Several papers took up chemical effects accompanying B-decay (the fifth heading). A Gordus (USA) discussed
the probability of breaking molecular bonds in labeled molecules in B-decay of C¥, while T. F. Cacacce et al.
(Italy) used doubly tagged compounds (GH,T3) in a study of the spectrum of labeled products appearing in a-decay
of one of the tritium atoms. Interesting data are to be found in a paper by F, Baumgiriner (West Germany) on
synthesis of labeled molecules with the aid of 8-decay and nuclear fission processes, This approach was resorted
to in isolating complex compounds of technetium (Tcggm), Ru'®® (ruthenocene), and 78 (iodofeirocene).
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The use of new techniques in the investigation of the chemical consequences of nuclear transformations
(sixth heading) attracted considerable attention. The use of the M&ssbauer effect in studying chemical forms of
stabilization of recoil atoms in solids must be viewed as highly encouraging. Reports on this subject were given by
Ac. N. Nesmeyanov, A. M. Babeshkin et al. (USSR), R. Gerber, and G. Stekler (USA), G. Perlow and M. Perlow (USA),
The first two papers discussed forms of stabilization of Sn recoil atoms. The last paper contained an expanded re-
sume of possible Md&ssbauer nuclides and reports formation of oxygen compounds of xenon (XeO3, XeOy) in the
v ©  B-decay of ¥ (in molecules containing iodine and oxygen).

| A report by V. G. Firsov and V. M. Byakov (USSR) proposed a new method for studying chemical processes
involving monatomic hydrogen. The method is based on the simulation of the H atom by a hydrogen-like muonium
atom. This makes it possible to investigate hlgh speed chemical processes by observing the depolarization of

g T-mesons.
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ATOMS. FOR PEACE AT THE LEIPZIG FAIR

Yu. Mityaev

Translated from Atomnaya ﬁnergiya, Vol. 19, No. 1,
pp. 95-96, July, 1963

The regularly scheduled Spring Fair held in Leipzig February 28 through March 9, 1965, marked the 80th
anniversary of this institution.

Among the numerous exhibits in the USSR pavilion, which was the largest foreign exhibitor at the fair, much
floor space was given over to display stands and working models demonstrating the achievements of our country in
the cause of the peaceful uses of atomic energy.

The "Atoms for Peace” exposition, which is the first exhibit seen in the USSR pavilion, consisted of several
sections: 1) nuclear power and research reactors; 2) thermonuclear research; 3) the use of radioactive isotopes and
radiations in medicine and in various branches of industry; 4) dosimetric instruments and equipment used in nuclear
physics work. An automatically operated weather monitoring station employing the radioactive current source
BETA-2 was also on display.

Operating models of stationary and portable nuclear power stations (Belyi Yar, Novaya Voronezh, ARBUS,
TES-3), mockups of the BN-1000 fast reactor and the ROMAShKA high -temperature breeder reactior, mockups of
a series of different research reactors (MIR, SM-2, MR, IR-100, IGR, IBR), and brightly hued dynamic display panels
of fast-reactor power plants, of the Belyi Yar power station, and theVK-50, were on display in the first section,
Mockups of a fuel assembly and reactor beam holes in the reactors installed at the Novaya Voronezh and Belyi Yar
power stations, made life-size and from the same materials as the Originals (except for fuel) were also seen.

The fusion research exhibit showed operating models of the OGRA-2, PR-5, TOKAMAK-3, Turbulent heating,
Del’ta, and TsIKLON machines, on which Soviet scientists are conducting intensive research in controlled fusion.

_ The section on applications for radioactive isotopes and radiations displayed many specimens of factory-
produced instruments, which can be classed in the following groups:

1) instruments for contactless measurement of thickness of materials and coatings (IT-5250, RIT-2, BTP-3,
BTP-4);

2) instruments for contactless measurement and control of liquid or solid levels in tubes and sealed vessels,
and for contactless measurement of the density of fluids (RGE-2V, IUR-2S, URMS-2);

3) instruments for geophysical research under laboratory conditions or field conditions (LSU-5, RAP-5, RAP-7,
SGS-1, EM-6 AMA-6);

4) portable y-ray facilities for industrial flaw detection in materials and structures (GUP-Ir-SQ);

5) facilities for determining the amount of material conveyed on conveyer belting (GKV-1), for monitoring
annunciation of fire alarms (SDPU-1), and miscellaneous radioisotope instrumentation. This section also displayed
mockups of the medical y-therapeutic facilities LUCh, RITS, RAD, and models of two facilities for multi-
farious research in radiation chemistry. Co® is used as radiation source in one of the facilities (the K 60000), and
nuclear reactor spent fuel elements are used in the other (UK-1).

In addition to the many stationary and portable dosimetric monitoring insttuments on display in the "Atoms
for Peace" section, there was also a line of instruments employed in nuclear physics research work: pulse scalers
(PP-8, PP-9, PP-12, and ISKRA), a four-channel coincidence and anticoincidence circuit (PS-4), discriminators
(ADD 1, PD-2), single-channel and multichannel analyzers (AI-3, AI-128).

An automatically operated weather station with a radioisotope current source. was installed at the pavilion
entrance, with a panel on which were displayed six criteria on the state of the weather, transmitted once every hour

by the radio of the isotope -powered weather station.
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Mockups, instruments, and display stands at the "Atoms for Peace" exhibit made a deep impression on both
layman visitors to the fair and specialists from various countries.

Even before the fair was opened, the press of the German Democratic Republic made frequent comments on
the most interesting USSR exhibits, including the mockups of the self-propelled portable TES-3 nuclear power plant,
the ROMAShK A breeder reactor, and the automatic weather station with BETA-2 isotope current source.

The originality and reliability of the design of this radioactive current source, which allows the weather station
to operate unattended for 10 years, were awarded with the Leipzig Fair gold medal. Among the best exhibits, it
was agreed, were the PP-9 and ISKRA scalers, the AI-3 and AI-128 pulse analyzers, the GKV-1 y-ray conveyer
load cells, the deep-hole SGS-1 logging device, a device for continuous monitoring and control of burden fill level
in blast furnaces (the URMS-2). ' '

Other models which enjoyed great popularity were those of the Belyi Yar power station, dynamic panels of
power reactors, a mockup of the portable ARBUS nuclear power station, models of the thermonuclear machines PR-5,
TOKAMAK-3 and DEL'TA, and many dosimetric and radioisotope nucleonic instruments.

The success of the "Atoms for Peace” exhibit at the Leipzig Jubilee Fair owes much of'its success to the
artistic design by the Chamber of Commerce, the widespread use of automatic display annunciation phones with well
formulated texts, and smooth functioning of the entire staff on duty at the exhibit.

The amount of advertising literature was quite insufficient, however,
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THE WARSAW EXHIBIT

Translated from Atomnaya ﬁnergiya, Vol. 19, No. 1,
pp. 96-97, July, 1965

An exhibit displaying some of the achievements of the COMECON [Council for Mutual Economic Acid] nations
in the development of applications for radioactive isotopes in various branches of their national economies and in
science was organized in Warsaw in October 1964,

Over 200 displays were shown:. The main focus of the exhibit was on instruments with isotope radiation sources
for quality control of manufactured goods and for automatic measuring of the thickness of sheet and film materials,
thickness of coatings, density of fluids, plus some equipment for geophysical research and for analysis of the com-
position of materials. The exhibit also displayed a wide variety of radiation detectors, isotope radiation sources for
industrial and medical uses, shielding equipment, equipment for isotope applications in medicine, in scientific and
industrial research, and also dosimetric, radiometic, and electron physics instruments.

The various exhibits were divided by subject in order to facilitate comparison of the technical characteristics
of instruments performing similar functions and made in different countries,

The exhibit opened with stands offering science and engineering literature published in the COMECON nations.

Many facilities, auxiliary equipment, and industrial radiography equipment were presented. It is interesting
to note that Polish designers have chosen to design y-ray radiography equipment with their own novel approach. For
example, the ZURAW radioisotope flaw detector is designed for quality control of weldments and castings of com-
plicated geometry. It consists of a lead shielding cask (410X 433 x 440 mm and weighing 250 kg) carried on a
dolly; the cask can accommodate co® y -ray sources of 5 gm-equiv. Ra or Ir'% y-tay sources of 50 gm-equiv Ra
activity. A flexible rubber hose 10 meters or 20 meters in length is attached to the cask, and supplies compressed
air from a blower mounted on the dolly handle; an ampule with the source is moved at a travel speed of about 3
meters/ sec into operating position. Electric light annunciators provide information on ampule position. The power
drain is 400 W,

Other designs of y-ray flaw detectors utilize hydraulic or electromechanical systems to place the sources in
working position.

One distinguishing feature of the Polish designs is the large number of accessory parts (dollies, hose, fasteners,
etc.) which greatly ease the work of radiography experts and technicians, thereby heightening the productivity of
1abor.

Visitors to the exhibit saw various radioisotope relays in 20 distinct types -designed to monitor fill level in
containers or to fulfill other functions-which included a GR y-relay (USSR-manufactured, and a y -relay device using
semiconductors (of Bulgarian manufacture).

The Vakutronik state enterprise (East Germany) demonstrated a general-purpose isotope relay, type VA-T-66,
designed to monitor fill level in chlorine tanks, cars, tank cars, hoppers, shaft furnaces; it can be employed to send
braking signals on train routes, or for counting the number of cars passing a point. The relay is of explosion-proof
design; its sensor head, with two halogen counters, can operate at enviromental temperatures from —40° to +60°C,
and up to +150°C if a water-cooling jacket is added. The relay operates at a radiation dose rate of 0.4 mr/h or
over a fourfold variation of intensity. Operating time is no longer than & sec.

A mockup of an automatic railroad signal switching system or mine switching system using electrically powered
railroad cars attracted much attention. The eleciric train is provided with a container carrying the y-ray source
(in two positions: operating or neutral), and a probe with a gas-discharge counter is mounted on the tunnel arch at
a distance of 50 meters from the railroad switch, When the switch has to be reset, the train engineer pulls the
handle to place the container into the operating position, andy -radiation incident on the counter (and generating an
actuating signal in the circuit) energizes the switch positioner. The source activity is about 1 mCi; the system
operates excellently at train speeds up to 16 km/h.
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The radioisotope level measuring devices include servo level gages fabricated in Rumania, Czechoslovakia,
Poland, and the USSR, as well as a variety of level sensors and level controllers of both special design and general-
purpose types. A special feature in some designs, e.g. the MN-1S (Czech) instrument, is the use of ionization com-
pensated chambers and wire radiation sources, ’

The design of an on-off level controller with pneumatic actuator, the IURP-1s, attracted considerable interest.
The V-3G level gage has an explosion-proof sensor head; it is capable of operating in an ambient temperature
range from —40° to +50°C and at relative humidities to 90%. Measurement error is + 20 mm, and speed of response
can be set at 0.5, 1.5, or 5 sec depending on the customer's requirements.

The exhibit also displayed instruments and equipment for isotope applications in medicine, geophysics,
scientific and engineering research.

The extensive discussion of the designs and circuits, and comparison of engineering cost factors, enabled
participant nations to evaluate the level achieved in the domain of industrial exploitation of radioisotopes, and to
adopt recommendations for furtherance of work in this field.
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APPLIGATIONS FOR RADIOACTIVE ISOTOPES

IN METEOROLOGY

M. T. Dmitriev

Translated from Atomnaya ﬁnergiya, Vol. 19, No. 1,
pp- 97-98, July, 1965 :

The use of radioisotopes in meteorological instruments is of particular interest for épplicatiéns under severe
‘and exacting conditions, where high demands are imposed on accuracy in measurements. For example, the atmos-
pheric pressure over an automated hydrometeorological network must be measured to an accuracy of 0.1 mb, the
temperature must be measured to within 0.1°, i.e. errors in measurements must be kept within 0.1%. Additional
requirements are imposed by the need for contactless sensing and measurement of meteorological variables.

Radioisotope meteorological instruments display high accuracy surpassing that of conventional instruments.
At the present time, about 30 of these isotope devices have been developed to measure various meteorological vari=
ables [1—8]. For instance, the accuracy of deformation type barometers currently in use is limited by the mechani-
cal properties of the materials which are insensitive to small forces, Radioisotope barometers utilize the ionization
of the air by a-particles; the pressure is determined by the ion current, the number of a~particles incident on the
counter, or the discharge rate of the capacitor under irradiation conditions. Instruments for measuring low pressures
have a linear calibration curve for the ionization current vs. pressure, and measurements are to within 0.1% accuracy.
When the pressure is measured at sea level, it is more feasible to employ barometers based on the slowing-down of
oc-particles at the end of their range, since air pressure varies by only 10% under these conditions. When a.po*?
source of 20 mCi activity is employed as ionizer, and a sodium iodide scintillator with phototube multiplier is used,

an accuracy of 0.2 mm Hg can be achieved.

Conventional contacting methods for measuring temperature become inefficient at low pressures because of
the reduced rate of heat transfer and the errors caused by sunlight. Isotope thermometers operating on the ioniza-
tion principle are free of this shortcoming. A radioisotope anemometer comprising an unsealed ionization chamber
has an advantage over conventional wind-monitoring instruments in its low inertia and absence of moving parts; it
is reliable in service and puts up absolutely no resistance to the stream of air. The measurement range from 1
cm/ sec to the maximum possible wind speed and the 2—3% accuracy are advantages. The use of isotopes improves
the performance of conventional mechanical wind sensors by allowing for remote-control designs. In a relatively
moderate run of pulse counts this sensor can directly report the average wind speed and average wind direction.

An impressive array of meteorological variables can be measured automatically and by remote control only
through the use of isotope techniques. Sensors for determining the content of suspended moisture in the air, the in-
tensity of snowfall, rainfall, precipitation in blizzards, dew, or frost, have been developed. Isotope devices measur-
ing rate of evaporation, the amount of precipitation, or for measuring the thickness of ice formation, extent of ice
covering, are more reliable and more accurate than non-isotope meteorological instruments.

The use of isotopes has made it possible to design suitable insttuments for measuring the characteristics of
snow or soils. These devices are based on radiographic penetration of the layer of snow or soil by y-rays or y-back-
scatter or neutron slowing-down techniques. Observers are relieved of backbreaking physical labor (coring of
samples, weighing of samples) in measurements taken under field conditions, and results are obtained directly in the
measurement process. The same volume of measurements can be completed in one-fifth to one-sixth the time.
Remote controlled measurements of the water equivalent and of snow density, soil density and soil moisture could
not be carried out by any method other than radioisotope methods in automatic weather patrol stations. The height
of the snow and the ground water level are also determined by remote sensing with the aid of isotopes. Accuracy in
density and moisture measurements is 2—3%, and accuracy in measurements of theheight of snow cover runs 0.5to 1%.

Radioisotope measurement of the thickness of peat beds is done in similar fashion. The density of floating
peat or of peat flooded with water (the natural state of peat bogs) has to be measured to determine the concentration
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of vegetation in the bog. When soft y -rays, say from a Tu'™ source, are used in the peat density gage with a
scintillation counter, the instrument can double as a peat ash content gage. The thickness of grass land is deter-
mined by a horizontal transmission gaging technique.

The natural y-emitters K% RaB, RaC, RaC’, ThB, ThC", MsThy. and several otherswith y-energies ranging
mostly from 0.2 to 2.6 MeV are present in the soil practicallyin an equilibrium state, and are also utilized in
measuring soil moisture, snow water content, and density of vegetation. The y-emission intensity of soils averages
500 to 700 photons a minute from one square centimeter. In that case a single routine measurement will be the
control in the absence of snow cover, or in an area barren of vegetation, or in maximally arid soil (at known mois-
ture), as the case may be. Measurement of the number of pulses counted and then recalculated per unit time, may
\ be carried out either over a specified itinerary traversed by the observer or by means of instruments cairied on
: moving vehicles (tractor, helicopter; airplane). Repeated measurements of pulse count on the same itinerary will

provide averages of water content in snow, of vegetation, or of soil humidity over wide areas.

These examples show that applications for radioactive isotopes in meteorology are broad in scope.’ Moreover,
radioisotope electric powér supplies will be widely employed in automatic unattended weather patrol stations set
up in regions of low and infrequent wind, in zones visited by hurricanes(this applies to practically all of the country
east of the Urals and to the littoral sections of European Russia).

The Riga hydrometeorological instrument works has manufactured 1240 radioisotope weather monitoring
devices to date. These devices are in use over the entire tetritory of the Soviet Union and are being exported to
many socialist and capitalist countries. The automatic radioisotope meteorological stations are set up in mountainous
areas of Central Asia and on the European territories of the nation. There is a continually expanding use of radio-
isotopes in meteorology. -
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BRIEF COMMUNICATIONS

Translated from Atomnaya Energlya Vol. 19, No 1,
p. 99, July, 1965

&

USSR. On May 4, 1965, an agreement was 51gned in Moscow on collaboration in the use of atomic energy for ¥
peaceful purposes. Signatories were the State Committee on the Uses of Atom1c Energy of the USSR and the
French Commissariat de 1'Energie Atomique.

The agreement stipulates in part:

--<that there shall be an exchange of delegations of specialists to share knowledge on the scientific and en-
gineering achievements and to discuss scientific research carried out by the two nations in various fields of peace-
ful uses of atomic energy (nuclear reactor electric power stations, experimental and developmental reactors, proc-

_essing and disposal of radioactive waste, production and use of radioisotopes and radiation sources, etc,);

-=--that there shall be an exchange of research specialists in the domain of controlled fus10n reactions and
plasma physics, as well as in nuclear physics research using accelerators ;.

-——that there shall be an exchange of scientific and technical information, and that bilateral scientific
seminars be scheduled on problems studied jointly.

USSR. In late April 1965, the Soviet Union washostto a group of British scientists headed by Dr. J. Adams.
The British scientists arrived in the USSR for discussions with Soviet scientists on plasma physms and controlled
thermonuclear fusion.

The delegation was staffed by Dr. J. Adams, Director of the laboratory at Cullam, and the staff of that labora-
tory: Dr. R. Bickerton in charge of experimental section A, Dr. D. Sweetman in charge of experiments on the Phoenix
machine, experimental section B; Dr. A. Gibson, leader of the group of experimental section A, and Dr. D. Dukes
leader of the theorerical section group.

In the course of their stay, the British scientists paid a visit to the I. V. Kurchatov Institute of Atomic Energy,
the A, F. Ioffe Physics and Engineering Institute, the D. V. Efremov Research Institute for Electrophysics Equipment,
the Institute of Nuclear Physics of the Siberian Division of the USSR Academy of Sciences, and the P. N, Lebedev
Institute of Physics. They held discussions with scientists at these institutes, on various problems in plasma physics
and controlled fusion.

USSR. The USSR State Committee on the Uses of Atomic Energy, jointly with official organizations of the
Uzbek SSR, and the All-Union Izotop firm, held a seminar in Tashkent in April 1965 on applications of radioisotope
techniques and radioisotope devices in industrial process control and monitoring. Prominent engineers in administra-
tion capacities "in several industries and firms, leading production and power experts, heads of technical sections
and of central in-plant laboratories throughout the region, took part in the seminar, where over 40 papers were ‘
presented. |

Following discussion of the reports and exchanges of views, a decision was adopted to spur the expanded use
of radioisotope techniques and instruments at industrial firms throughout the Uzbek SSR, The seminar participants
visited an exhibit at which radioisotope techniques used in the national economy were displayed.

IAEA. In April 1965, the International Atomic Energy Agency in collaboration with the UNO Food and
Agricultural Organization (FAQ) and the World Health Organization,sponéored a conference of experts on methods
for determining residual quantities of chemicals employed to protect plants and livestock and found in foodstuffs,
The discussion focused on the importance of activation analysis techniques in this work. The recommendations of
the conference will be pubhshed by the IAEA. %
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NEW BOOKS

M. V. Filippov

Translated from Atomnaya ﬁnergiya, Vol. 19, No. 1,
p. 100, July, 1965

"MAGNITNAYA GIDRODINAMIKA" ---A New Journal of Magnetohydrodynamics

Starting 1965, the Academy of Sciences of the Latvian SSR is publishing an all-Union [Russian language] en-
gineering and physics quarterly entitled MAGNITNAYA GIDRODINAMIKA [Magnetohydrodynamics]. The need for
this publication is emphasized by the vigorous development of magnetohydrodynamics coupled with the recently
established policy of utilizing the achievements of this research in many branches of the national economy and
particular in nuclear power industry.

The journal will receive original articles, review articles, and brief Corresponden_ce on various magnetohydro-
dynamical phenomena in plasma and in conducting fluids, as well as on all types of magnetohydrodynamical
machines and their uses.

The first issue which appeared opens with an article by a Vice President of the USSR Academy of Sciences,
Academician M. D. Millionshchikov, on the aims of the journal.

Next follows an extensive tutorial review paper on research on laminar flow patterns of a conducting fluid in
tubes and channels in the presence of a magnetic field. This review takes up exact and approximate solutions and
proposes problems requiring further study. '

- Several original articles appearing in this first issue deal with different aspects of magnetohydrodynamical
flow patterns in a conducting fluid. For example, there is a treatment of the flow of mercury around a cylin-
der and the effect of the relative roughness of the bounding walls on the flow;local turbulent pulsations in the
flowspeed of a conducting fluid are determined experimentally.

Several papers contain interesting plasma MHD research, with studies of various flow patterns and variables of
plasmoids which will be of considerable practical interest.

A good deal of space is reserved in this first issue to designs, optimum operating conditions, and practical use
of various MHD machines. One of these reports describes the design of an induction pump operated with basic operat-
ing variables held constant for 20 000 h at 350° to 400°C temperature. '

The possibility of using MHD techniques in metallurgy is illustrated by articles on experience in the electro-
magnetic conveying of molten pig iron and the mixing of a melt of light alloys. The issue ends with some articles
on methods for measuring the flowspeed of conducting fluids. '

The second issue of the quarterly, which appeared recently, also contains quite a bit of fresh material, un-
doubtedly of great interest to a wide readership of scientists and engineers working not only in the field of magneto-
hydrodynamics proper, but also in many other fields of science and engineering, Specialists in the study and harness-
ing of nuclear energy will find a wealth of information in the quarterly which they could put to practical use in
their daily work.

The quarterly MAGNITNA YA GIDRODINAMIKA sees as its prime task spreading ideas and providing general
information on the potential expansion of the sphere of application of MHD techniques. The solution of this ,
problem will be possible only by drawing from wide areas of the scientific community. We hope that the editorial
staff, contributors, and readers together will give this quarterly a worthy place in Soviet scientific and technical
periodical literature. '
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SOVIET JOURNALS AVAILABLE IN COVER-TO-COVER TRANSLATION

This list includes all Russian journals which—to the publisher's knowledge—were available in cover-to-cover translation on June
30, 1965, or for which definite and immediate plans for cover-to-cover translation had been announced by that date. The list
reflects only current publication arrangements, but the date and issue listed for first publication refer to translations available
from any source. Thus, earlier volumes of a translation journal may have been published by an organization other than that listed
as the current publisher, and possibly under a different title (and, for Doklady Akademii Nauk SSSR, in a different arrange-

ment of sections).
Five bits of information are furnished, separated by bullets:

1.- The abbreviation(s) by which the journals are most frequently referred to in Russian bibliographies (if the name of the
journal is customarily spelled out, no abbreviation is given).

2. The transliterated full name of the journal.
3. The full name:of the translation journal (in boid type).
4

journal does not use volume numbers),

The year, volume (in parentheses), and issue of first publication of the translation (parentheses are empty if the Russian

5. The current publisher of the translation [AGI—American Geological Institute, AGU—American Geophysical Union, AlP—
American Institute of Physics, CB—Consultants Bureau, CH—Clearing House for Federal Scientific and Technical Informa-
tion, CS—The Chemical Society (London), FP—Faraday Press, IEEE— Institute of Electrical and Electronic Engineers, {SA

—Instrument Society of America, PP—Pergamon Press].

For convenience in locating bibliographic references the journals are listed in alphabetical order of the abbreviated titles.

AE « Atomnaya énergiya » Soviet Journal of Atomic Energy - 1956(1)1
+ CB .
Akust. zh. + Akusticheskii zhurnal «- Soviet Physics—Acoustics
« 1955(1)1 « AIP.
Astrofiz. = Astrofizika « Astrophysics - 1965(1)1 « FP _
Astr{on). zh(urn). « Astronomicheskii zhurnal * Soviet Astronomy--AlJ
+ 1957(34)1 « AIP
Avtomat. i telemekh. « Avtomatika i telemekhanika » Automation and
Remote Control » 1956(27)1 » I1SA
Avto(mat). svarka « Avtomaticheskaya svarka s Automatic Welding
» 1959(12)1 - British Welding Research Association
Avtometriya - Autometry - 1965(1)1 « CB
Biokhim. « Biokhimiya « Biochemistry - 1956(21)1 « CB
Byul. éksp(erim). biol. (i med.) « Byulleten’ éksperimental’noi biologii
i meditsiny « Bulletin of Experimental Biology and Medicine
¢ 1959(41)1 « CB
DAN (SSSR) « see Doklady AN SSSR
Defektoskopiya + Soviet Defectoscopy « 1965(1)1 « CB
Diff. urav. + Differentsial’nye uravneniya « Differential Equations
e 1965(1)1 « FP
Doki(ady) AN SSSR; DAN (SSSR) « Doklady Akademii Nauk SSSR
« The translation of Doklady is published in various journals,
according to subject matter. The sections of Doklady contained
in each of the translation journals are listed in parentheses.
Doklady Biochemistry (biochemistry) « 1957(112)1 « CB
Doklady Biological Sciences Sections (anatomy, cytology, ecology,
embryology, endocrinology, evolutionary morphology, parasitology,
physiology, zoology) « 1957(112)1 » CB
Doklady Biophysics (biophysics) « 1957(112)1 « CB
Doklady Botany (botany, phytopathology, plant anatemy, plant
ecology, plant embryology, plant physiology, plant morphology)
» 1957(112)1 » CB '
Doklady Chemical Techneology (chemicai technology) » 1956(106)1
« CB
Doklady Chemistry (chemistry) « 1956(106)1 » CB
Doklady Earth Sciences Sections (geochemistry, geology, geophysics,
hydrogeology, lithology, mineralogy, paleontology, permafrost,
petrography) « 1959(124)1 » AGI
Doklady Physical Chemistry {physical chemistry) « 1957(112)1 « CB
Doklady Soil Science (soil science) » 1964(154)1 - Soil Science
Society of America
Soviet Mathematics—Doklady (mathematics) « 1969(130)1 - Amer-
ican Mathematical Society
Soviet Oceanography (oceanology) « 1959(124)1 « AGU
Soviet Physics—Doklady (aerodynamics, astronomy, crystallography,
cybernetics and control theory, electrical engineering, energetics,
fluid mechanics, heat engineering, hydraulics, mathematical
physics, mechanics, physics, technical physics, theory of elas-
ticity - 1956(106)1 » AIP
Elektrokhimiya « Soviet Electrochemistry + 1965(1)1 - CB
Elektrosvyaz’ « combined with Radiotekhnika in Telecommunications
and Radio Engineering « 1957(16)1 « IEEE
Elektrotekh. « Elektrotekhnika « Soviet Electrical Engineering - 1965
(36)1 « FP

Entom(ol). oboz(r). - éntomologicheskoe obozrenie « Entomological
Review « 1958(37)1 « Entomological Society of America

Fiz. goreniya i vzryva + Fizika goreniya i vzryva + Combustion, Ex-
plosion, and Shock Waves « 1965(1) « FP

Fizioi{ogiya) rast. « Fiziclogiya rastenii « Soviet Plant Physiology -
1957(4)1 - CB

Fiz.-khim.. mekh{anika) mater(ialov); FKhMM - Fizikokhimicheskaya
mekhanika materialov » Soviet Materials Science « 1965(1)1 « FP

Fiz. met. i metallov.; FMM « Fizika metallov i metallovedenie « Physics
of Metals and Metallography « 1957(5)1 - Acta Metallurgica

Fiz.-tekhn. probl. razr. polezn. iskopaem. « Fizikotekhnicheskie prob-
lemy razrabotki poleznykh iskopaemykh + Soviet Mining Science
= 1965(1)1 - CB

Fiz. tv(erd). teta; FTT « Fizika tverdogo tela « Soviet Physics—Solid
State - 1959(1)1 « AIP

FKhMM « see Fiz.-khim. mekhanika materialov

FMM « see Fiz, met. i metallov.

FTT » see Fiz. tverd. tela

Geliotekh. « Geliotekhnika « Applied Solar Energy » 1965(1)1 « FP

Geol. nefti i gaza » Geologiya nefti i gaza - Petroleum Geology « 1958
(2)1 » Petroleum Geology, Box 171, McLean, Va.

Geomagnet. i aéronom. ¢« Geomagnetizm i aéronomiya + Geomag-
netism and Aeronomy » 1961(1)1 « AGU

Inzh.-fiz. zh. * Inzhenerno-fizicheskii zhurnal + Journal of Engineering
Physics » 1965(8)1 « FP

inzh. zh. « inzhenernyi zhurnal » Soviet Engineering Journal « 1965(5)1
. FP

Iskusstv. sputniki Zemli « Iskusstvennye sputniki Zemii « Artificial
Earth Satellites » 1958(1)1 - CB [superseded by Kosmich. issied.]

Izmerit. tekhn(ika) « lzmeriteI’'naya tekhnika « Measurement Tech-
niques ¢ 1958(7)1 « ISA

1zv. AN SSSR, o(td.) kh(im.) n{auk) (or ser. khim.) + lzvestiya Akademii
Nauk SSSR: Otdelenie khimicheskikh nauk (or Seriya khimi-
cheskaya) + Butletin of the Academy of Sciences of the USSR:
Division of Chemical Science  1952(16)1 » CB

tzv. AN- SSSR, ser. fiz(ich). « lzvestiya Akademii Nauk SSSR: Seriya
fizicheskaya + Bulletin of the Academy of Sciences of the USSR:
Physical Series - 1954(18)3 . Coiumbia Technical Translations

lzv. AN SSSR, ser. fiz. atm. i okeana » lzvestiya Akademii Nauk SSSR:
Seriya fiziki atmosfery i okeana - lzvestiya, Atmospheric and
Oceanic Physics » 1965( )1 -« AGU

lzv. AN SSSR, ser. fiz. zemli » lzvestiya Akademii Nauk SSSR: Seriya
fiziki zemli - lzvestiya, Physics of the Solid Earth « 1965( )1
* AGU

“lzv. AN SSSR, ser. geofiz, » lzvestiya Akademii Nauk SSSR: Seriya

geofizicheskaya + Bulletin of the Academy of Sciences of the
USSR: Geophysics Series » 1957(7)1 » AGU [superseded by lzv.
AN SSSR, ser. fiz. atm. | okeana and izv. AN SSSR, ser. fiz. zemli]

lzv. AN SSSR, ser. geol. « lzvestiya Akademii Nauk SSSR: Seriya
geologicheskaya « Bulletin of the Academy of Sciences of the
USSR: Geologic Series « 1958(23)1 « AGI

lzv. AN SSSR, ser. neorgan. mat{er). » lzvestiya Akademii Nauk SSSR:
Seriya neorganicheskie materialy » Inorganic Materials » 1965(1)
1.CB

Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5

]

v




Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5

lzv. AN SSSR, tekhn. kiber(netika) « lzvestiya Akademii Nauk SSSR:
Tekhnicheskaya kibernetika « Engineering Gybernetics » 1963(1)1
- IEEE

izv. v{yssh.) u(ch.) z(av.) aviats., tekh. » lzvestiya vysshikh uchebnykh
zavedenii. Aviatsionnaya tekhnika + Aviation Engineering -
1963(6)1 « CH

Izv. v(yssh.) u(ch.) z(av.) fiz. = lzvestiya vysshikh uchebnykh zaved-
enii. Fizika » Soviet Physics Journal « 1965(8)1 » FP

lzv. v(yssh.) u(ch.) z{av.) geodez. i aérofot. « lzvestiya vysshikh uche-
bnykh zavedenii. Geodeziya i aérofotos”emka - Geodesy and
Aerophotography « 1959(4)1 « AGU

lzv. v(yssh.) u(ch.) z(av.) priborostr. + lzvestiya vysshikh uchebnykh
zavedenii. Priborostroenie « lzvestiya VUZOV. Instrument Build-
ing « 1962(5)1 » CH ’

lzv. v(yssh.) u{ch.) z(av.) radiofiz. = lzvestiya vysshikh uchebnykh
zavedenii. Radiofizika « lzvestiya VUZOV. Radiophysics « 1958(1)1
«CH

Izv. v{yssh.) u(ch.) z(av.) radiotekhn(ika) = lzvestiya vysshikh ucheb-
nykh zavedenii. Radiotekhnika « lzvestiya VUZOV. Radio Engi-
neering - 1953(2)1 « CH

Izv. v(yssh.) u(ch). z{av.) tekh. teks. prom. « {zvestiya vysshikh ucheb-
nykh zavedenii. Tekhnologiya tekstilnoi promyshlennosti « Tech-
nology of the Textile Industry, USSR . 1960(4)1 » The Textile
Institute (Manchester)

Kauch. i rez. » Kauchuk i rezina » Soviet Rubber Technology - 1959
(18)3 « Maclaren and Sons Ltd.

Khim. getero{tsik). soed. « Khimiya geterotsiklicheskikh soedinenii <
‘Chemistry of Heterocyclic Compounds » 1965(1)1 « FP

Khim. i neft. mash(inostr). «+ Khimicheskoe i neftyanoe mashinostro-
enie « Chemical and Petroleum Engineering » 1965( )1 » CB

Khim. i tekhnol. topliv i masel « Khimiya i tekhnologiya topliv i masel
+ Chemistry and Technology of Fuels and Oils - 1965( )1 - CB

Khim. prirod. soed. « Khimiya prirodnykh soedinenii » Chemistry of
Natural Compounds » 1965(1)1 « FP

Kib. « Kibernetika « Cybernetics + 1965(1)1 - FP

Kinet. i katal. « Kinetika i kataliz » Kinetics and Catalysis + 1960(1)1
+ CB

Koks i khim. « Koks i khimiya » Coke and Chemistry, USSR . 1959( )8
« Coal Tar Research Assn. (Leeds, England)

Kolloidn. zh{urn). « Kolloidnyi zkurnal « Colloid Journal - 195’2(14)1-

CcB

Kosmich. issled. « Kosmicheskie issiedovaniya ¢« Cosmic Research -

1963(1)1 - CB

Kristallog. + Kristallografiya » Soviet Physics—Crystallography -« 1957
(2)1 - AIP

Liteinoe proiz{-vo). + Liteinoe proizvodstvo « Russian Castings Produc-
tion - 1961(12)1 « British Cast Iron Research Association

Mag. gidrodin. « Magnitnaya gidrodinamika  Magnetohydrodynamics
+ 1965(1)1 « FP

Mekh. polim. « Mekhnika polimerov « Polymer Méchanics « 1965(1)1
* FP

Metalloved. i term. obrabotka metal.; MiTOM - Metallovedenie i
termicheskaya obrabotka metaliov - Metal Science and Heat
Treatment - 1958(6)1 « CB

Metallurg - Metallurgist - 1957( )1 - CB

Mikrobiol. « Mikrobiologiya « Microhiotogy « 1957(26)1 « CB

MiTOM + see Metaltoved. i term. obrabotka metal.

Ogneupory » Refractories + 1960(25)1 « CB

Opt. i spektr.; OS » Optika i spektroskopiya « Optics and Spectroscopy
¢ 1959(6)1 » AlIP

Osnovan. fund. i mekh. gruntov « Osnovaniya fundamenty i mekhanika
gruntov + Soil Mechanics and Foundation Engineering « 1964
( )1+CB

Paleon. zh{urn). » Paleontologicheskii zhurna! » Journal of Paleontol-
ogy » 1962( )1 « AGI

Plast. massy ¢ Plasticheskie massy + Soviet Plastics « 1960(8)7 -
Rubber and Technical Press, Lid.

PMM » see Prikl. matem. i mekhan.

PMTF « see Zhur. priki. mekhan. i tekhn. fiz.

Pochvovedenie « Soviet Soil Science ¢« 1958(53)1 « Soil Science Society
of America

Poroshk. met. « Poroshkovaya metallurgiya « Soviet Powder Metallurgy
and Metal Ceramics « 1962(2)1 « CB

Priborostroenie - Instrument Construction - 1959(4)1 « Taylor and
Francis, Lid.

Pribory i tekhn. éksp(erimenta); PTE « Pribory i tekhnika éksperi-
menta ¢ Instruments and Experimental Techniques « 1958(3)1 -
ISA

Prikl. biokhim. i mikrobiol. « Prikladnaya biokhimiya i mikrobiologiya
« Applied Biochemistry and Microbiology » 1965(1)1 « FP

Prikl. matem. i mekh(an).; PMM « Prikladnaya matematika i mekhanika
» Applied Mathematics and Mechanics » 1958(22)1 « PP

Probl. pered. inform. « Problemy peredachi informatsii - Problems of
Information Transmission - 1965(1)1 « FP

Probl. severa * Problemy severa » Problems of the North « 1958( )1 -
National Research Council of Canada

PTE « see Pribory i tekhn. éksperimenta

Radiokhim. « Radiokhimiya  Soviet Radiochemistry » 1962(4)1 « CB

Radiotekh. « Radiotekhnika s combined with Elektrosvyaz’ in Tele-
communications and Radio Engineering « 1961(16)1 » IEEE

Radiotekhn. i élektron(ika) + Radiotekhnika i élektronika - Radio
Engineering and Electronic Physics + 1961(6)1 « IEEE

Stal' « Stal’ in English « 1959(19)1 « The lron and Steel Institute

Stanki i instr. « Stanki i instrument - Machines and Tooling « 1959
(30)1 - Production Engineering Research Association

Stek. i keram. « Steklo i keramika + Glass and Ceramics « 1956(13)1
. CB .

Svaroch. proiz(-vo). « Svarochnoe proizvodstvo « Welding Production
« 1959(5)4 » British Welding Research Association (London)
Teor. i éksperim. khim. « Teoreticheskaya i éksperimental’'naya khim-

iya « Theoretical and Experimental Chemistry « 1965(1)1 « FP
Teor. veroyat. i prim. » Teoriya veroyatnostei i ee primenenie » Theory
of Probability and Its Application » 1956(1)1 » Society for Indus-
trial and Applied Mathematics :
Teploénergetika » Thermal Engineering « 1964(11)1 » PP
Teplofiz. vys(ok). temp. « Teplofizika vysokikh temperatur - High
Temperature « 1963(1)1 » CB

Tsvet. metally » Tsvetnye metally « The Soviet Journal of Nonferrous
Metals » 1960(33)1 - Primary Sources

Usp. fiz. nauk; UFN « Uspekhi fizicheskikh nauk « Soviet Physics—
Uspekhi - 1958(66)1 « AIP

Usp. khim.; UKh « Uspekhi khimii + Russian Chemical Reviews -
1960(29)1 » CS

Usp. mat. nauk; UMN « Uspekhi matematicheskaya nauk + Russian
Mathematicat Surveys » 1960(15)1 » Cleaver-Hume Press, Ltd.

Vest. Akad. med. nauk SSSR « Vestnik Akademii meditsinskikh nauk
SSSR « Vestnik of USSR Academy of Medical Sciences - 1962(17)1
*» CH

Vest. mashinostroeniya ¢ Vestnik mashinostroeniya « Russian Engi-
neering Journal « 1959(39)4 . Production Engineering Research

Association
Vest. svyazi « Vestnik svyazi « Herald of Communications « 1954(14)1
+CH :

Vysoko{molek). soed(ineniya)} « Vysokomolekulyarnye sqedineniya
{SSSR) + Polymer Science {(USSR) - 1959(1)1 « PP

Yadernaya fizika « Soviet Journal of Nuclear Physics = 1965(1)1 + AIP

Zashch{ita) met(allov) » Zashchita metallov » Protection of Metals o
1965(1)1 - CB

Zav(odsk). lab{oratoriya); ZL » iavodskaya laboratoriya « industrial
Lahoratory - 1958(24)1 « ISA

ZhETF pis'ma redaktsiyu « JETP Letters » 1965(1)1 « AlP

Zh(ur). anal(it). khim(ii); ZhAKh « Zhurnal analiticheskoi khimii «
Journal of Analytical Chemistry « 1952(7)1 - CB

-Zh(ur). éks(perim). i teor. fiz.; ZhETF « Zhurnal éksperiméntal’noi i

teoreticheskoi fiziki « Soviet Physics~JETP « 1955(28)1 « AIP

Zh(ur). fiz. khimii; ZhFKh « Zhurnal fizicheskoi khimii « Russian
Journal of Physical Chemistry + 1959(33)7 « CS

Zh(ur). neorg(an). khim.; ZhNKh « Zhurna! neorganicheskoi khimii «
Russian Journal of Inorganic Chemistry « 1959(4)1 « CS

Zh(ur). obshch. khim.; ZhOKh » Zhurnal obshchei khimii + Journal of
General Chemistry of the USSR - 1949(19)1 « CB

Zh(ur). org. khim.; ZhOrKh(im) « Zhurnal organicheskoi khimii « Journal
of Organic Chemistry of the USSR » 1965(1)1 - CB

Zh(ur). prikl. khim.; ZhPKh « Zhurnal prikladnoi khimii « Journal of
Applied Chemistry of the USSR » 1950(23)1 « CB

Zh{ur). prikl. mekhan. i tekhn. fiz. » Zhurna! prikladnoi mekhaniki i
tekhnicheskoi fiziki » Journai of Applied Mechanics and Tech-
nical Physics « 1965( )1 « FP

Zh(ur). prikl. spektr. « Zhurnal prikladnoi spektroskopii « Journal of
Applied Spectroscqpy * 1965(2)1 » FP

Zh(ur). strukt(urnoi) khim.; ZhSKh « Zhurnal strukturnoi khimii «
Journal of Structural Chemistry » 18960(1)1 « CB

Zh(ur). tekhn. fiz.; ZhTF « Zhurnal tekhnicheskoi fiziki » Soviet Physics
—Technical Physics « 1956{(26)1 « AIP

Zh(ur). vses. khim. ob-va im. Mendeleeva « Zhurnal vsesoyuznogo
khimicheskogo obshchestva im. Mendeleeva » Mendeleev Chem-
istry Journal - 1965(10)1 « FP

Zh{ur). vychis. mat. i mat. fiz. + Zhurnal vychislite'noi matematika i
matematicheskoi fiziki + USSR Computational Mathematics and
Mathematical Physics + 1962(1)1 - PP

ZL - see Zavodsk, laboratoriya
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SIGNIFICANCE OF ABBREVIATIONS MOST FREQUENTLY
ENCOUNTERED IN SOVIET PERIODICALS
. . A

FIAN Phys. Inst, Acad. Sci. USSR,

GDI Water Power Inst.

GITI State Sci.-Tech. Press

GITTL State Tech. and Theor, Lit, Press
GONTI! State United Sci.-Tech. Press
Gosenergoizdat State Power Press

Goskhimizdat State Chem. Press _

GOST All-Union State Standard

GTTI State Tech. and Theor. Lit. Press
n o Foreign Lit. Press

" ISN (Izd. Sov. Nauk) -

. Izd. AN SSSR

NI ZVUKSZAPIOL

. ‘Soviet Science Press

Acad. Sci. USSR Press

Izd. MGU Moscow State Univ. Press
LHIZhT Leningrad Power Inst. of Railroad Engineeiing
LET Leningrad Elec., Engr. School
LETI ’ Lﬂen,ingrad Electrotechnical Inst. .
- LETUZhT " Leningrad Electrical Engineering Research Inst. of Railroad Engr,
Mashgiz State Sci.-Tech. Press for Machine Construction Lit.
‘MEP Ministry of Electrical Industry
MES Ministry of Electrical Power Plants
MESEP Min'istry of Electrical Power-Plants and the Electrical Industry
MGU "Moscow State Univ.
MKhTI Moscow Inst. Chem. Tech.
MOPI . Moscow-Regional Pedagogical Inst, -
MSP Ministry of Industrial Construction

Scientific Research Inst. of Sound Recording

NIKFI Sci. Inst. of Modern Motion Picture Photography
~ ONTI United Sci.-Tech. Press
OTI1 Division of Technical Information
OTN Div. Tech. Sci.
Stroiizdat . Construction Press
TOE Association of Power Engineers
TsKTI Central Research Inst. for Boilers and Turbines
TSNIEL Central Scientific Research Elec. Engr. Lab.
TsNIEL-MES Central Scientific Research Elec, Engr. Lab,-Ministry of Electric Power Plants
TsVTI Central Office of Economic Information
UF Ural Branch .
VIESKh- All-Union Inst. of Rural Elec. Power Stations
VNIIM All-Union Scientific Research Inst. of Metrology
VNIIZhDT All-Union Scientific Research Inst, of Railroad Engineering
VTI All-Union Thermotech. Inst.
VZE " All-Union Power Correspondence Inst.

Note; Abbreviations not on this list and not explained in the translation have been transliterated, no further
information about their significance being available to us. — Publisher.

Declassified and Approved For Release 2013/03/15 : CIA-RDP10-02196R000700020001-5




i ™

Deqlassified and 'Appr’oved For Release 2’01'3/03/1'5_: CIA-RDP10-O21 96R0007(I)002000v1-5

/ ™ ‘
A r ks
R J I
i 4 - - 4 x \f\‘
. l ¢ L / ! t
/ , ¢
N i . ' 4
}, + " i >
. [
M R t I . = + ’, '
< - / ' N
i ! . ' - v
. . t N - ' ‘ 1
i ‘ . ~
.- t S \ - v !
" - v
I X ' L ! F ' s
* H { * .
1 . 1 A
~7
b . M - \
» . ~
L, N
! . (Y s ! . ' .
~ . ' ¢ rs '
x
1 ' ¢ f . ' . 4
'
! ’ ’ !
- ’ N .1 \ 4 " '
; [ ' t { ‘ '
L v / r
'
«f ! ! . i
. " 4 f
= 4 ‘
{ ' . ’ ¥ ! ’
. ! \ ( { N ’
’
. ~ i
4
. ‘ N , ¢
M \ . N \ .
4 , v
e .
\ N ', > + 1 A\
' N C
' ! y X\ 1 R ! *
| "B ! ! *i

RUSSIAN TO ENGLISH e

’ . ',
You can keep abreast of the latest Soviet research ' S

in your field while supplementmg your inceme by oo
 translating in your own home on a part‘time basis. © !
in the_expanding -Consultants Bureau publishing - L
program we guarantee a continuous flow of trans- -

“lation-in your spetialty. If you have a native com- , ,

Lo . , mand of English, a good knowledge of Russian, and .

- Lo , ‘/ experience and academic trammg in a suentnﬁc D

. . ' - discipline, you may be qualified for our program. T

: - © .« - - F o Immediate openings are ‘available in the following. ‘1.
ctt T fields: physics, chemistry; engineering, biology, ge-

f . : .+ ology, and instrumentation. Call or write now for- —

' ‘ B addltlonal mformatlon \ TRANSLATIONS EDITOR - . o

S CONSULTANTS BUREAU '-

227 West 17 Street, New York, N. Y. 10011 e (Area Code: 212) AL-5-0713

. ' \ - * ; ' i ’ N .A - . ’ f
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'NEW CONSULTANTS BUREAU/ PLENUM PRESS TITLES

o . LEBEDEV PHYSICS SERIES
. *Complete English translations ‘of the Proceedings (“Trudy”) of
" the famed Lebedev Physics Institute of the USSR Academy ‘of
 Sciences published as Consultants Bureau Special Research
Reports Translatxons begm with Volume 25.. -
v

T

' Senes edited by D. V. Skobel'tsyn - .

OPTlOAL METHODS OF INVESTIGATING SOI.ID BODIES
Trudy“ Volume 25 | ‘ -

lncludes papers by N D. Zhevandrov (on polanzed Iumlnescence
of crystals), V. P. Cheremisinov (on vibrational spectra and struc-
_ture of oxides in the crystalline and glassy states) and L. A.
Vainshtein.{on calculation of . éross sections for excntatxon of
atoms’and IOI’\S by electron impact).’

194 pages - 1985 . oo

'COSMIC RAYS . |
“Trudy” Volume 26 - = o .

-

" 'Deals w1th expenmental investigations into niclear and electro- -

) magnetlc interactions at high and ultra-high energies.
1965

~— .

262 pages .

RESEARCH IN MOLECULAR SPECTROSCOPY
“Trudy" Volume 27 -

Devoted to spectroscopic mvestngatlons mto matter in various
‘states of aggregatlon by Raman scattermg and mfrared absorp-
. tion, :

214 pages 1965 Y 50

SN
1]

Furthet volumes in’this series will be pubhshed approxnmately ‘

6 months after their appeéarance in the orlgmal Russian. .

MATSOIENOE SYMPOSIA ON o
THEORE"CM. PHYSICS o o
_"Alladl Ramaknshnan Editor - e »

A new and cont:numg series emanating from the symposia held
at the Institute, of Mathematical Sc:enceé Madras, India

Volume 1: Proceedings of the First Anniversary Symposium

This symposium was arranged in tribute to Prof. R. E. Ma'rshak,\
who accepted the first Niels-Bohr visiting’ professorship at the

‘new Institute-of Mathematicdl Sciences. Prof. Marshak con-
" tributed the paper “Group .Symmetries with R-lnvariance” in-
" cluded in this proceedings. The other 10 papers deal mamiy
with complex problems of parucle symmetnes and resonances.
A Plenum Press book -

Approx. 170 pages : 1965 $9 50

$22.50 N

- $27.50°

- Place your standmg order today for books in series..
- It will ensure the delivery of new volumes immediately .
©.upon publlcatlon you will be billed. later. This -
‘arrangement is solely for your convenience and may

s

'N MacDonaId Edltor L A
Proceed:ngs ‘of the 1964. NATO Sponsored Scott:sh Universities'

' NUCLEAR STRUCTURE AND |
" ELECTOMACNETIC INTERACTIONS

7

: Summer School in Physics .. ' |

Th|s collection of review articlées by experts in the field of nuclear

physics includes dlscussmns on radioactive capture, reactions,

- photonuclear reactions, election scattering, Coulémb excitation

and fission, and experimental techniques. Covered are such re-
cent advances’in the field as ‘inelastic electron scattering, use of
a computer in_the experimental setup, analysis of the structure of

S 4 flssmnmg nucleus, use of a lithium-drifted semiconductor
-counter; and Doppler-shift attenuation method for. nuclear life-

times. A‘Plenum Pres$ book . - .

N -

" QUANTUM ELECTRON THEORY
" OF AMORPHOUS CONDUCTORS

496pagee‘_ .- 1985 $22.5O

.

By A. I. Gubanov o B

. This-is the first monograph to deal wnth the physncs of amorphous )

" electronic conductors. It includes a critical review of the elec-

trical properties and structure of liquid and glassy semicohduc-
tors, a separate chaptér:on the fundamentals of the quantum
electron theory of solids, and a consideration of the sjmilarities

- and differences between the structures of liquid and crystalline -
substances. Using one-dimensional models, Gubanov deduces

the band structure of the electron theory spectrum and extends

\' the théory - for three-dimensional modéls. A Consultants Bureau

~

I

book translated from Russ:an : ..

277 pages . 1965 -

. SOLAR SYSTEM RADIO ASTRONOMY

" Jules Aarons, Editor”

430 pages

$17.50

Contains the 18 lectures presenYed at a 1964 NATO Study Insti- ° ‘

‘tute on all aspects of the radio and radar exploration of .the sun,
moon; and’ planets. Interferometric measurements of the centers—
_of solar activity and flares, the density of the mterplanetary
medium,” the nature of the lunar surface as indicated by radar
reflections .and apparent temperature et different wavelengths,
“and planetary radio emission are among the toplcs discussed. A
Plenum Press book. .

= 1068

STELU\R EVOI.UT|ON

~A.G. W. Cameron and R. F. Stein, Edltors Sy

This comprehensive collection. ‘of 41- authorltatnve papers on' .

stellar, structure and evolution treats’ such topics "as stellar

. energy balances, radiative absorption, turbufent convection, neu-
" ‘triro gerneration; pre-main sequence evolution, the dependence

of evolution on stellar mass, white dwarfs, novae. and super-

novae, Cepheid variables, red giants, T Tauri stars, the photome-

\try of B stars, helium in-the galaxy, and composition dlfferences
between the galaxy ‘and the Mage!lamc Clouds. A Plenum Press
book . ) ‘ -

-bgi_calncelled By you ae any time. | 458 pages } ‘1965 $1g 50
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