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DESIGN PRINCIPLES AND BASIC D"ATA

FACILITIES AT THE MOSCOW TRANSFORMER WORKS
|

B. B. Gel'perin

Translated from Atomnaya Energiya, Vol. 17,
December, 1959
Original article submitted February 14, 1959 \

{
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!

The present article gives the principles underlying th‘e design of betatron accelerator facilities for nondestructive
testing, medical, physical, and other research uses. The conditions under which azimuthal asymmetry of the
betatron magnetic field may take shape, and methods for coping with it, are considered. The multiyoke electro-
magnet design for betatrons, developed at the MOSCOVIJ‘ Transformer Works (MTZ), is described; this design confers
improved azimuthal homogeneity on the magnetic field. Data are also provided on specialized betatron designs
of the following types at MTZ: a stationary 4-yoke model with accelerated-electron energies from 20 to 50 Mev,

a rotating suspended-type betatron, 25 Mev, for medical purposes, a movable rotating 25 Mev model for nondestruc-

tive testing, and a 15 Mev pendulum-type tilting betatron, for medical purposes.

l

Introduction _ l.

Betatwons are being employed in an increasing num-
ber of applications for research in the physics of the '
atomic nucleus, in. medicine (for therapy in malignant-
tumor cases), and in industry (for nondestructive testin‘g),
etc.

The increasing use of hetatrons in the national
economy has thrown new light on the need to develop |
not only stationacy installations, but also those facilities
which can be moved or adjusted to a desired position:
rotating . and pendulum-type facilities, etc, ‘

The principal requirement to be met by stationary‘&
betatrons is reliahility of output parameters (energy and
intensity of B- or y -radiation). A necessary factor in'
the design of movable betawons must, in addition, meetisuch
requirements as minimized weight, size, and noise level.
It is obvious that the donut chambers in movable beta-!
trons must also be sealed off. \,

Basic Requirements for Betatron Electro-
ma g nets I{
To obtain maximum radiation intensity, a high '
degree of azimuthal homogeneity must characterize \
the magnetic field established in the air gap of the elec-
womagnet, The magnetic field of the betawon always
suffers from a certain azimuthal inhomogeneity in prac-
tice, since the orbital path of the accelerated electrons|
will not be a circle, because of distortions in the mag- ‘
netic-field homogeneity, but some form of a closed !

curve. \
¢ PO |
It is a familiar fact from betatron theory* that the

deviation of a perturbed orbit from the ideal orbit x¢ \
is expressed by the relation \

EZYRN hy '
S e
=1
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where 1, is the radius of the ideal orbit; hy is the re-
lative magnitude of the ! -th harmonic obtained by de-
composing the magnetic field in a Fourier series; o is
the phase of the Z -th harmonic,

Let's .consider in greater detail the reasons for the
azimuthal inhomogeneity of the field and measures for
coping with it. The field intensity H; at a point (9, Xy)
will differ from the intensity Hy at a point (84, ry) both
in amplitude and in phase. Let H; = Hy, sin wt, and
H, = Hy, sin (wt+ &), where Hyy and Hy, are the ampli-
tudes of the field intensities at points 64 and €, and
§ is the phase shift. Since & is usually a small angle,

we have
Hy—Hy b | Hp—Ho(y B}
H, tanot Hot P Tanet /-
The magnitude oftan < may be neglected, com-

pared to unity, since as a rule ©¢; > 0 at the time of
injection. Then
Hy-—H, & n Heo—Ha,
1, tan o Pot ’
Accordingly, the inhomogeneity of the magnetic
field at two points may be broken down énto two com-

- i i L=,
ponents: phase 1nhomogene1ty \p P—

_ Hoa—Ha
Hp °
The nature of these two components of field in-

homogeneity is different. Phase inhomogeneity is due
to the nonuniformity of active currents coupled to the
tubes of force of the magnetic field at different azi-
muths, i.e., it is due to the nonuniformity of energy
losses in the magnetic materials of the electromagnet.

and amplitude inhomogeneity: v,

* D, Bohm and L. Foldy, Phys. Rev. 70, 249 (1946).
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The amplitude inhomogeneity, on the other hand, is due
to the difference in the reluctance of the tubes. Since
the reluctance of the tubes is determined principally

by the reluctance of the air gaps and spacers between
components, ¥ a is due to the difference in dimensions
of individual tubes of the field.

It is clear from Fig. 1 that Yp is a vector perpendi-
cular to the field intensity Hyy, while y, is a vector
coinciding with it,

At the initiation of the acceleration cycle, while
wt is still small, Yp has a large value, since taniwt ,;is
practically 8-1%% at the time- of injection, whereas y,
is about 2-Fhb. At the end of the acceleration cycle,
yp will be insignificant, its value tending to zero. The
time to combat field inhomogeneity is therefore primas
rily at the beginning of the acceleration cycle, when
Y p is large compared to the injection field. This pro-
blem is approached on the one hand by designing azi-
muthal symmetry into the electromagnet, to minimize
*natural® inhomogeneity, and on the other hand by set-
ting up a bank of -coils to compensate for any "natural®
inhomogeneity on the part of the fleld.

An example of symmetrical design in the magnetic
circuit may be seen in the multiyoke design developed
at MTZ (a 4-yoke design is shown in Fig. 2). The en-
tire periphery of the pole piece is broken down into a
large number (some 200-250) of segments, each of
which is assembled from an identical number of steel
laminations forming a portion of the pole piece and the
yoke at the same time (Fig. 2a). The thicknesses of
these segments azimuthally are so consigned - that the
pole is densely packed when all of the parts are assem-
bled in place, while the segmental parts forming the
yoke, also arranged radially, have a smaller stacking
factor. The yoke portions of all of these segments are
in turn broken down into m equal parts (4 parts in Fig.
2b), which are compressed to form m symmetrical
yokes, identical in design. They are identical, mag-
netically speaking, except for the fringe segments (at

Fig. 1. Diagram of
phase and amplitude
inhomogeneities of
the magnetic field.
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the sides of the yokes), through which the fringing mag-
netic flux leaks, The shape of the curve for the azi-
muthal phase inhomogeneity distribution is found to be

a consistent one with. characteristic humps cotresponding
to the edges of the yokes. Figure 3 shows the approxi-
mate curve for the magnetic field distribution across

the gap of a 4-yoke electromagnet. The fourth harmonic
in the curve is the fundamental, However, its contri-

‘bution to the distortion is limited, since its amplitude

is divided byafactorless than the square of the har-
monic number (at n = 0.7 by 15.7). In Table 1, we
have the values for the harmonics of the curve, and
their contribution to the distortion of the orbit. The
*natural® azimuthal inhomogeneity of the magnetic
field is thus held at a minimum in multiyoke-type
magnets, because of symmetry in design.

Wesee a completely different pattern in the conven-
tional two-yoke design for the magnetic path. It f{s
clear from inspection of Fig. 4, for instance, that the
pole piece is in this case assembled from a radial array
of steel laminations, while the yokes and columns are
assembled from parallel-stacked steel laminations. It

.. Yoke __, Pole =+

piece

Fig. 2. Diagram of 4-yoke desigh of magnetic leads
to betatron.
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TABLE 1
Harmonic Analysis of the Curve in Fig. 3

Number of harmonics
Amplitude | 5 g X
hl 0,29 0,547 0,14 0,995
n .
t
"ﬁ‘;ﬂT 0,435 0,141 0,0161 0,0635

{s readily seen that the segments arranged closer to the
center will saturate more strongly (see area abcd) than
segments farther out (see area efgh). Specific energy
losses in different segments of the yokes will not be the
same, for that reason, It is evident that the curve for
the azimuthal magnetic-field intensity diswribution will
in that case exhibit a clearly defined second harmonic
(Fig. 5). Table 2 shows that the "natural® Yp will be
much larger in that case. v

The compensation for y, is usually brought about
by equalizing the gaps in the magnet (by inserting ad-
ditional spacers, or reducing the thickness of existing
ones).

The phase inhomogenelty is offset by means of
coils, through which flows current shifted 90° in phase
to the principal magnetizing current of the magnet.
When these coils are properly positioned and connected
up, the first and second harmonics of the azimuthal
phase variation, of whatever magnitude, can be com-
pensated \Tor. Higher-order harmonics need not be
cancelled out, as a rule, - since their contribution to
distortion of the orbit is negligible. The compensation
circuit of the first harmonic in the four-yoke electro-
magnet design is shown in Fig. 6. In the two-yoke de-
sign, used in the betatron, the compensation colls are

| IS (S NI SN NNTUN IS TNt I N N T

1
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TABLE 2
Harmonic Analysis of the Curve in Fig. 5

" Number of harmonics
Amplitude , o, s .
By 0,23 3,0 | 0,066 | 2,25
hy ‘ :
Tn—1 0,345 . 0,82 0,0074 0,144

wound around segments of the yokes and columns (the
medium and exireme segments), in eorresponding
mannet, The ventilaton ducts provided in the yoke
columns are used for accomodating the compensation
coils. The compensationsystem remains the same as
described.

The advantage of this type of compensation system
is that the compensation current may be controlled by
the operator from a control console while the betatron
is in operation, and the magnetic field of the facility
is subject to control, to obtain peak y -radiation inten-+
sity.

Design of Electromagnets in Stationary
and Movable Betatrons

The considerations mentioned above provide grounds
for the conclusion that a multiyoke design is in some
ways superior to the two-yoke design in betatron ap-
plications. The stationary betatron facilities built at
MTZ,and designed for 20 Mev energy and higher, are
therefore based exclusively on the multiyoke design.
When magnetic field intensities are equal throughout
the air gap, the weight of muliiyoke magnets shows
little difference from that of two-yoke magnets.

Min

[T

IS T B

P N S DU BT |

180 160 140 120 100 80. 60 40 20

0 340 320 300 280 260 240 220 200 180
Azimuth

Fig. 3. Azimuthal phase variation of the magnetic field across the gap ot a 4-yoke

electromagnet.
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Development work on movable betatrons demon-
strated the need toreduce greatly the weight of the
movable portion of the facility, i.e., the electromagnet.
As we know, the weight of a betatron elecuomagnét is
approximately proportional to the cube of the orbital
radius, For some specified energy of accelerated elec-
trons, the radius of the orbit may be reduced solely by
increasing the magpetic field strength at the orbit, In
addition to weight reduction, reduction in the radial
dimensions of the electromagnet air gap may be a-
chieved by reducing the radius of the orbit, since dis-
tortions of the orbit due to azimuthal field inhomo-
geneity are proportional to the radius of the orbit, The
accelerator donut chamber is therefore made more com-
pact and sturdier,

It was decided to employ cold-rolled steel in
movable betatrons, to increase the magnetic field
strength, The improved magnetic properties of this
steel permit the field strength in the electromaghet air
gap to be brought up to 5 kilo-oersteds, while only 3.3
kilo-oersteds are attained by the use of hot-rolled steel.
The orbital radius thay accordingly be reduced by 33%,

Fig. 4. Arrangement of steel laminations in a two-yoke
electromagnet.

| I D

However, cold-rolled steel shows greater anisotropy in
its magnetic properties. When the magnetic flux is

" directed along the rolling direction of the metal, the

magnetic properties are excellent, but when the mag-
netic flux is directed at some angle, particularly 80°
and 907, magnetic properties deterforate abruptly.
Since the shape of the blank is punched from sheet
steel to form the pole piecesand yoke simultaneously
in multiyoke designs (Fig. 7), the magnetic flux will
proceed partially along the rolling direction (sections
1 and 2), partially at right angles to the rolling direc-
tion (section 3), and partially off at different angles
(sections 4 and 5). In that case, the improved magnetic
properties of the cold-folled steel will not be realized
in practice.

In the two-yoke design, the magnet.yoke and core
may be assembled from metal cutonly along the direc-
tion of rolling. The electromagnets used in movable
betatrons are therefore made from the cold-rolled steel
used in the two-yoke design.

Cooling Systems for Stationary and

Movable Betatrons.

b

U N W I S U N N N 1

The length of time a betatron may be operated
depends on the field in which it is being used. In
physics research and training demonstration applica=
tions stationary betatrons are generally employed, and
the duty cycle is insignificant. Natural air coolfng fs
used in such betatrons, In chemistry and biology, sta-
tionary betatrons are also used, but a certain dose of
exposure is required here, so that the betatron duty cycle
may take on significant proportions. Some approach ‘to

Min
+20
4 ,‘g

|||||‘|||l|||.||']

180 160 140 120 100 80 60 40 20 O

340 320 300 280 260 240 220 200 180
Azimuth

Fig. 5. Azimuthal phase variation of the magnetic field across the gap of a two-yoke

electromagnet.
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artfficial cooling must be resorted to in these cases.
Forced air cooling is employed as a rule.

Movable betatrons for medical applications and
flaw detection have large duty cycles. In medical
therapy, the duty factor is 60%, and in flaw detection,
100%. Forced-ventilation cooling arrangements are
needed for movable betatrons.

The parts subject to greatest heating are exposed

to the full force of the air blast: the inner bushing with its
high magnetic saturation, and coils having comparative-
ly high current density, In stationary betatrons, cooling

.’::_—___‘\\‘
Hl "
1 Te==
(=== .J/'
v
Pl = L —~ ===y
| ] 7 1
oo 'l/ ool
Wi T I
11 N (TR R
" i / /4 1!
=7 - 1=
I
====fy M
—— !
== i
{ J]

Fig. 6. Arrangement of compensation coils in a
four-yoke elecromagnet.

Fig. 7. Armrangment of
segments in stock metal
for a four-yoke electro-.
magnet, prior to
machining.

C

Fig. 8. Path of cooling air in elecromagnet.

air is drawn by suction from the betatron hall and driven
through the electromagnet, to be discharged outside.
This direction of air flow protects the rooms where
people are working from contamination by radioactive
air, Figure 8 shows the path of air flow through the
electromagnet, which is used in stationary betatrons.
The fan for the stationary betatron is usually installed
in an underground room, to minimize fan noise in the
betatron hall,

In movable betatrons, the fans are installed within
the betatron enclosure. In this case, air from the beta-
tron gains admittance to the room housing the betatron
facility, thus putting a premium on good cross ventila-.
tion arrangevments for the room. The-speed of air flow
in the ventilation ducts of the betatron varies 5-20
meters/sec. '

Choosing the Frequency for Betatron:
Current Supply

In choosing the frequency for the current supplied
to the betatron, one must keep in'mind that the com*

Arrows indicate path of air flow

= X
H :1' é —f
Ly ' l

*l;____, ] L
g
[ o] T
S
h-‘-xmim\\’ 3 TR NN\
s A N
Flange for air "
_ducting : +
: Grounded
sector
3
o

[ef

" Fig. 9. Stationary 4-yoke betatron, 20 Mev.
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Fig. 10. Ceiling-suspended rotary betatron, 25 Mev, for medical applications.
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Fig. 11. Rotating 25 Mev betatron, for nondestructive testing.
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plexity of the arrangement is increased as the frequency
increases, with lessened reliability in performance and

a pronounced weight penalty with respect to the electro-
magnet, since the allowable flux density in the steel
decreases as the frequency is stepped up. On the other
hand, the intensity of the betatron radiation increases

as the frequency. Although a high radiation intensity

is required in movable betatrons, industrial line fre-
quency (50 cps) has been accepted for those applications,
requiring less complex equipment; all the more so
since the personnel who will be operating the facility
will not be very h1gh1y skilled technically in this area

(e.g. doctors, nurses) In the case of stationary facilities, .

where low weight is not such a prime consideration, the
equipment used may be more complicated and higher
weight may be tolerated, with an associated gain in

radiation intensity. MTZ has devised a stationary beta-
tron facility with supplied frequencies of 150, 300, and
600 cps. The high-frequency generator used is a
vacuum-tube oscillator or a static frequency uipler.

Parameters of MTZ Betatrons

The following basic betatron designs have been
evolved at MTZ:

1. The 20 Mev 4-yoke betatron (F1g 9.

2. A ceiling-suspended rotating betatron for
medical purposes, 25 Mev (Fig. 10). The suspension
design makes it possible to position the magnet for both
horizontal irradiation (with the target placed at 1050
cm from the floor) and vertical 1rrad1at10n The de-
sign provides for 600 mm displacement verucally and
rotation of the electromagnet 120° about the horizontal

vy

Cable car '
H
\ ‘ Suspension
: frame -
h
Electromgghet . \
28
(=%
SIS
s 4 + 2
Fig. 12. Crane-suspended 25 Mev betawon, for nondestructive testing.
, Range of swing
y 0-240 ~
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Fig. 13. Pendulum-type tiltable betatron, 15 Meyv, for medical applications.
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TABLE 3
~ Betatron Characteristics
Betatron type
stationary, | suspension, | rotating traveling-  |pendulum- |stationary,
parameters 4-.yoke rota t.ing . platform, |crame-sus- |[type, research
(Fig. 9) medical flaw de-  |pension, flaw|tiltable,
(Fig. 10). tection detection medical
(Fig. 11)  |(Fig. 12) (Fig. 13)
Energy of accelerated
electrons, Mev 20 10-25 10-925 10-25 6-15 10-50
Weight of active steel, kg 4750 1625 1625 1625 420 15,000
Weight of electromagnet, kg 6600 2700 2700 2700 650 18,500
| Weight of upper removable
part, kg 3000 1200 1200 1200 300 9000
Cooling system Forced ait Forced Forced Forced Forced Forced air
circulation air air afr air circulation
Fan capacity,
meters®/ hr 3000 2x 500 [2x 500 2 X 500 600 5000
Current supplies
frequency, cps 150 50 50 50 50 50
Intensity of y radiation,
at 1 meter from target,
1/ min 100 30 30 30 4.5 200-250
Weight of lead shielding,
kg - 585 - - 400 _
Donut chamber Evacuated Sealed-off | Sealed-off |Sealed-off [Sealed-off |Evacuated

axis, with the beam position variable over a range +90°

_ t0—30° from the vertical. All of the vertical displace-
ments are controlled by a motor drive, and angular ad-
justments are controlled manually.

An array of diaphragms and equalizing filters
allows for the following irradiation dose fields at a dis-
tance of 1 meter from the target: round40 and 80 mm
diameters and rectangular 100 x 150 mm, 80 x 100
mm, 60 X 80 mm, and 50 x 180 mm (the dose field
over the ranges can be stabilized to within 10%).

The betatron is lead-shielded on the patient’s side.
The thickness of the lead shielding is based on the dose
rate of unused y radiation,not exceeding 0.5% of the
dose rate at the beam axis (with a filter in use).

3. A 25 Mev betatron for nondestructive testing;
one model on a rotating platform, another crane-sus-
pended. The rotating betatron (Fig. 11) can vary its
‘beam axis to 30° off horizontal. The crane—suépended
betatron (Fig. 12) can be moved to a distance of 20 meters
from the location of the controls, and the beam axis
can be lowered to 90° below or raised to 30° above the
horizontal,
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4. A pendulum-type tiltable betatron, 15 Mev, for
medical applications. - (Fig. 13). The betatron electro-
magnet may be swung through any angle to 210°. This
provides 2 maximum dose of exposure at the center of
the tilt excursion (at the tumor), with 2 much smaller
dose rate at the surface of the healthy skin (at the
points where the beam enters and leaves the body).

The distance from the center of the swing ex-
cursion to the target is 800 mm. The betatron is
equipped with the same array of diaphragms and filters
as is the 25 Mev medical betatron, with the further ad-
dition of one 70 x 30 mm diaphragm. The lead shield-
ing cuts the dose rate of unused y radiation down to
0.5% of the dose rate at the beam axis (with filter in
use). The motion of the betatron is controlled by two
remote-control facilities (from a control desk) and also
directly from the room where the betatron is installed.

5. The 50 Mev research betatron. This betatron
is of the 2-yoke design, made of cold-rolled steel, and
is in the production stage at the present time.

The basic characteristics of the betatron types
described herein are presented in Table 3.
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SIMULATION OF CONTROL AND TEMPERATURE
VARIATION OF WATER DENSITY IN INTERMEDIATE -
NEUTRON URANIUM-WATER REAC\'I‘ORS

V. B. Klimentov and V. M. Gryazev

Translated from Atomnaya Energiya. Vol 17, No. 6, pp 519-523

December, 1959
Original article submitted March 12, 1959
\

This article deals with the results of experiments on the physical simulation of control and of the temperature
effect due to changes in water density in mtermediate neutron uranium-water reactors, The values of control
rods of different types were determined, and the dependence of the critical size of uranium-water reactors on

the density of the water filling the reactor core was found.

\
. i
Introduction . ;

The physical simulation of various processes in \
nuclear reactors may be achieved by simulation pro- “
cedures carried out on critical facilities. This makes ,
available much information needed in the design and
construction of nuclear reactors, and is a much cheaper,
variant than carrying out criticality experiments during
the reactor start-up. Physical simulation makes it '
possible to arrive at a highly accurate estimate of the |
optimum reactor loading at peak power operation,

better than that obtainable from theoretical calculations.

Specially heightened inteyest is focused in studies |
of the temperature effect due to variation in water den-|
sity, and problems connected with the control of inter-

. \
mediate-neutron uranium-water reactors. The authors

of the present article have performed investigations of |

these problems on the critical assembly of a uranfum-
water multiplying system, The design of the facility and
several of the experiments performed on it are described
in detail in a report submitted to the Second Geneva
Conference on the Peaceful Uses of Atomic Energy [1].

The possiblity of altering the configuration and
composition of the core and reflector, and arrangment
of control rods, was provided for in the design of the
critical assembly.

The working components of the critical assembly
were plates 260 x 70 x 2.7 mm, compacted from a
mixture of uranium dioxide and trioxide (90% Uzss)

plus polyethylene. The plates were assembled,5-8 units |

“each in a stainless steel cell. The cells were mounted
on a scale-model table forming a core of the required
size and shape. The volume of a single casing was 0.62

“liter. The ratio of the number of hydrogen nuclei to
number of U nuclei (py /pags) varied from 17 to 50.
Two hollow cadmium automatic-control rods and two
scram rods were positioned near the core. The critical

|

facility was lowered into an aluminum tank '3 meters
across and 1.6 metershigh. The tank was instrumented
for controlled loading of water and rapid discharge. The
water level was indicatedby a water gauge. The critical
facility was fully instrumented for reliable control and
monitoring of the process during all phases of its per-
formance., While experiments were in progress, parti-

cular attenton was devoted to radiation .hygiene prob-
lems. '

1. Control Rod Value Studies

Empirical determinations of control rod worth are
not difficult and may be carried out with ease on a -
critical assembly of the type described at a power level
no higher than 1 w. A solid boron rod (B,C) measuring
60 mm in diameter and a hollow cadmium rod of the
same diameter,wall thickness lxmm, were studied, The

%

Fig. 1. Diagramof annular uranium-water system, with
graphite lateral reflector (py/pass = 31): The blank
rectangles are working cells, while the hatched area is
the graphite; P are control rods; A are scram rods;

* indicates a movable cell.
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length of the rods was 400 mm,with the height of the
core of the multiplying system equal to 250 mm,.
Measurements were carried out for systems with water
reflector and graphite lateral reflector 210 mm thick and
400 mm high. Rods placed at distances of 35, 70, and
140 mm from the reactor core were studied. Water was .
used in all instances as the upper and lower reflector,
The measurements were performed on a ring multiplying
systern, with an interior cavity, 140 X 140 mm, for water.
A diagram of this system, illustrating the case with a
side reflector,of graphite, is seen in Fig. 1. The scram
rods could be relied upon to shut down the facility atany
given position of the control rods or test rods. Neutron
spectrum energy was determined from the ratio Py Pass =
= 31. According to the paper mentioned earlier [1], the
fraction of fissions of U due to neutrons of energies
above 0.4 ev is about 30% for this type of arrangement,

The procedure employed in the measurements in-
cluded prior calibration of the control rods P, by using
a removable working cell. A special setup with a lead
screw was used to move the cell, The worth of the cad-
mium and boron rods, and that of the working cell,
was determined by this means. The experiment was as
follows. An automatic controller was started and the
test cell was removed from the core. Control rods P
were automatically raised. The worth of the extracted
portion of the control rods was tentatively estimated
from the reactor doubling time. Similar operations
were repeated until the test cell had been completely
withdrawn from the core, Control rod displacement was
shown by a synchro position indicator.

The effectiveness or worth A p of a single working
cell in the mutiplying system of 25 cells, with aswater
reflector, was 0.015, and was found to be 0.021 for the
system of 20 cells with graphite side reflector. The cali-
bration curve for two cadmium rods inserted together
and placed in the graphite side reflector flush to the
core is seen in Fig. 2.

4p

AN

.or‘fo‘
0 160 200 300 400
H, mm

4

Fig. 2. Calibration of control rods: 1) core; 1I) top
and bottom water reflectors.
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The worth of the boron and hollow cadmium rods
was found to be virtually the same. Their relationship
to the arrangement of rods about the core was determined
from the distribution of thermal neutrons in the reflec-
tor, as shown in Fig. 3.

Liquid absorbers may prove useful in the control
of pressurized uranfum-water reactors. Controllers with
liquid absorbers have no moving parts, which entails an
appreciable simplification of the reactor design,

An estimate of the effectiveness of a mercury ab-
sorber placed at the center of the core of a uranium-
water system with water reflector was obtained by ex-
perimental means. A diagram of this system appears
in Fig. 4. ' ’

The energy spectrum of the neutrons in the multi-
plying system was determined from the ratio py /pags =
= 25, The number of fissions caused by neutrons of
energies higher than 0.4 ev amounted to not less than
50% [1]. The mercury absorber consisted of 12 copper
tubes filled with mercury (2.7 kg of Hg). It replaced
two withdrawn test cells. The outer and inner diameters
of the tubing were 10 and 8 mm, respectively, and the
height 400 mm. The tubes were placed along the peri-
meter of a square of sides 53 mm. Corrosive attack by
the mercury on the copper presented no hazard, since
the rods were not used for any period in excess of a few
days. Gradual withdrawal of the mercury absorber was
effected as part of the reactor automatic controls, the
variation in reactivity being compensated by introducing
control rods and withdrawing peripheral cells. For a rod
filled with mercury, Ap "= 0.088, and without mercury
Ap®"=0.023. Accordingly, the effectiveness of 2.7 kg
of mercury for the given rod design in the system fs
Ag—Ap®*= 0.065,

ap
0,015
0,010
2l
0,005 N N
) \
0 50 100 150
R, cm:

Fig. 3. Effectiveness of absorber rods as a function of
their position around the core: 1) reflector (210 mm,
graphite); 2) reflector (water).
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2. Physical Simulation of Temperature
Variation of Water Density

Temperature-induced changes in water density
result in increased neutron migration length and greatly
modify the physical characteristics of uranium-water
reactors, Variation in water density in the core of a
nuclear reaction was simulated by introducing special
layers into the space between working plates. These
layers were made from a thin resin film on a copper
base and were filled with air. The volumes of air and
layering material were determinedby the volume of
water displaced by them, The distance between work-
ing plates was small compared to the neutron diffusion
length in water, and remained within 3-4 mm, while
the thickness of the air-containing layers was about 2
mm. Experiments aimed at calculating‘ the degree of
heterogeneity of uranium-water systems with plate-type
fuel elements such as described in [1] showed that such

. systems may be viewed as homogeneous systems at

pH/pass <40. In the case pyy/pag = 50, the effect of
the size of clearances between working plates in a cell
on the critical dimensions of the systems did not exceed
&b, The uranfum-water systems investigated were
found to be quasi-homogeneous. Introduction of the
special air-containing layers was therefore deemed to
correspond to reduced pressure on the part of water fil-
ling the core. The mean water density in the core was
calculated by taking into account the air found in the
layers and the polyethylene contained in the working
plates. Polyethylene is very similar in its slowing-
down and diffusion properties to ordinary water. Iis
density is 0.9 g/ cm®. The density of the water filling
the working cells was 1 g/ cm® at the operating tem-
perature of about 5°C. Water density within the re-
flector remained constant.

The effect of variation in the mean water density
of the core on the critical size of multiplying systems

P

[}
[
Q000

Fig. 4, Diagram of uranium-
water system with mércury
absorber (py/pass = 25):

P) control rods; A) scram
rods. The mercury absorber
was placed in the center of
the system.

was investigated for diffefent ratios of moderator nuclei
to fuel nuclei, pyy/pgss. The effect of the material
used in the-layers on the critical size of the systems was
estimated by performing control experiments.

The usual procedure followed in these experiments
was to admit water into the previously assembled core.
The shape of the core was made as close as possible to
a cylindrical configuration. The degree of subcriti-
cality of the system was determined from the depend-
ence of 1/-n on the watet level in the tank, where n {s
hete the number of counts recorded by the triggering
arrangement used to monitor the density of neutron flux
near the core. A Po—Be neutron source was kept at all
times in the vicinity of the core. The number ot cells
N at which the system was supercritical, and the number
N~-1 at which it was subcritical were also determined,

The errar AV in critical size was thus £ 0.31 liter;
The mean water density was estimated to an accuracy
withindy = +0.005 g/cms. The results of experiments
taking into account the material of the layering, are
shown in Fig. 5, where the relatlonship‘ between the
cridcal volume of uranium-water systemns and pH/ngs
ratlos is shown.

In a system having a mean core water densuy y =

= 1.0 g/cm®, y=0.9 g /cm®, and y = 0.8 g/ cm®, this
relationship is represented by corresponding isodensity
lines, Figure 5 shows the straight lines of constant u®
concentration in the systems studied plotted for three

‘experimental cycles. Each cycle was carried through

with the same number of working plates per cell (8, 6,
and 5) and with a different number of air layers. The
dependence of the critical volumes of uranium-water
systems on the ratio of moderator to fuel densities over
the range ppy/pyss = 46— 20 was close to a linear one.,
The experiments  performed made it possible to obtain

V, liters
12

Jy L m

AV LS

e

4

20 25 30 3 W0 p

Fig. 5. Dependence of critical dimensions of uranium-
water system on ratio pH/pz35 for different water den-
sides: 1, 2, 3) water density y equal to 0.8, 0.9, 1.0
g/ cms resp,; I, 11, HI) U concentrations equal to
836, 627, 523 g/ liter, resp.

979

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040004-6




Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040004-6

a quantitative estimate by varying the critical dimen-
sions of the uranium-water multiplying systems based
on intermediate neutrous as the density of the water
filling the core was varied. It was found that at ys
isotope concentations of 836, 627, and 523 g/ liter, a
reduction in water density in the core of 0.1 g/ cm’® was
accompanied by increased critical volume AV =
= (1.6 + 0.4) liters, AV = (1.4 4 0.4)liters, and AV =
= 1.2 £ 0.4) liters, respectively. On the basis of experi-
ments involving control of multiplying systems of this
ype, an estimate was made of the corresponding change
in reactivity Ap/Ay. These changes, for all three
cases considered where the density of core water was
varied by 0.1 g/ &m®, were 0.039, 0,034, and 0.029.

The compostion of the working plates included
polyethylene witha density different from that of water.
The values adduced in [1] for the critical dimensions
of uranium-water systems with intermediate-spectrum
neutons should therefore be raised slightly, From Fig.
5, we may estimate the correction for different water
and polyethylene densities over the interval py /pas5 =
45— 20. The results obtained are close to those reported
in [2]. ’ '

The authors were unfortunately unable to carry out
direct experiments on determination of the effect of
polyethylene on the critical dimensions of the systems
studied, which would be particularly important at low
values of the py /payss ratio.

In the previous work [1], the effect of various
structural materials on the critical size of uranium-water
water systems was evaluated.It was shown that the intro-
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duction of aluminum into the core at values of pH /sts
in the range 30— 17 sharply increased the critical size
of the system. _

_ The effect of aluminum and air layers on the
critical dimensions of such systems at py; /pags < 30
was found to be the same in our experiments as in the
previous ones [1]. When 190 g aluminum were intro-
duced into the core in a volume of 70 cm® with U**®
at'a concentration of 836 g/ liter, the critical volume
of the systern increased by (3.2 + 0.3) liters. Experiments
carried out with air layers showed that a reduction in
mean density corresponding to a displacement of 70 cm®
of water brought about the same change in the critical
dimensions of the system as the addition of 190 g of
aluminum to the core. .

In conclusion, the authors would like to take this

~opportunity to express their heartfelt gratitude to S. M.

Feinberg who was responsible for the general super-
vision of the work, to V. A. Tsykanov for his participa-
tion in dischission of the work, and to A. D. Merkulov,
N. N. Kolpakov, B. A. Pryadekhin, and other workers
who took part in the experimental work,
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One of the main advantages of homogeneous reactors over heterogeneousreactorsis the absence of stability prob-

lems-with heat-emitting elements,

Therefore, the perm1551ble degree of uranium utilization, and consequently,

the economic characteristics of a homogeneous reactor can be significantly improved.

This paper indicates the magnitude of uranium utilization with respect to the initial system parameters and

establishes conditions for the probability of capture by

UZ%

of slowed neutrons, the occurrence of which permits

maximum utilization in a reactor using regenerated uranium,

Introduction

A homogeneousreactor operating with natural ura-
nium and heavy water, and using as an enriching fuel ‘
the plutonium reproduced in the same reactor, operates
during a major portion of its operating period in a so- ‘
called stationary cycle, in which a constant quantity of
fissioning isotopes (U, pu®®, Puw) is established [1].
The economic characteristics of such a reactor depend |
to a significant degree on the utilization of the intro- ‘
duced natural uranium as attained in this cycle. Since\
this is determined primarily by the reactivity of the '
system in the case of a homogeneous reactor, we shall |
try to determine from this viewpoint the conditions !

which permit one to attain maximum utilization |
: |
Neutron Balance Equation ‘

In order to describe the isotopic concentration \‘
change while the reactor is operating, we shall select
as an independent variable the exposure s, whose re- [
ladon to the average neutron flux @ and to the duration,

of reactor operation t is given by the expression ‘I

s=10"21 \ @ (") du’ |

=TI T

insuch a way that the exposure s = 1 corresponds to the
irradiation for one year with a flux & = 3.17 - 1013
neutrons/ cm?- sec. Furthermore, we shall introduce
the following notation: N, is the number of nuclei of
then-th isotope in one cm®; N is the number of
nuclei of the n-thisotope in one cm® when the reactor |
is started up; pp = Nn/N5°; pn° = Nno/Nso; 8=
=Np/Ng's v® = Ng’/Ng’;  onis the capturg cross sec- |

|
l

I
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tion of the n-th isotope; Iy is the resonant-capture in-
tegral for the n-th isotope, ¢n is the probability of
avoiding resonant capture by the n-thisotope; ¥ is the
number of fast neutrons produced in fission of the i-th

isotope; p;'= u»—o—i— D is the diffusion coefficient;
P i (g

i

B? is the Laplacian of the system; £ is the logarithmic
energy loss of the neutron ina single collision; 7 is the
neutron multiplication. The meaning of the superscript
indices is as follows: c¢ signifies radiative capture; f
signifies fission; s signifies scattering; st signifies
contamination and poisoning; M signifies moderator.
The subscript indices 5, 6, 8, 9, 0, 1, and 2 correspond
to the isotopes Uzas’Uzss' 238 , Pu 239 Pum, Puw, and
Pu’®.

The fuel to regenerated uranium balance in the
reactor can be expressed as

dos _ 1 of

'2137:595—”‘95<05+'§>+?“7 (1a)
r 1.
Q¢ =059; — Qg <06+§'>; (1b)
e o)~ pae S o
Q; = 0405 + (1 - Ps) e_thf — @90y, (1d)
, —~B%*t

0, = QJOQ — Q@ (00 _i' 10 Pa? f) X (]e)

. gy B

/ [0

L Iy e (1f)
0, =Q (f’n Thet B f) —Q10y;
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. ' / i 1
0, =00t~ g, (02+ T /\ Ce)
\ A‘l

where the relative number of fast neutrons is designated
by

/= '\’;950'5 + V50,0, + 10,0y, _ (2)

and terms with the quanuty S express the influence of
regenerated uranfum: p 5/ S determines the relative
number of U?% nuclei introduced into the system during
the course of unit irradiation; pg /S is the relative
number of U**® nuclet withdrawn from the system during
the same period. The terms in S in Equations (1b) and
(ic) have analogous significance. Equations (1a)-(1g)
do not take into account the influence of neptunium,
which is considered insignificant; also, resonant capture
in Pu®® is expressed in a simplified manner.

The system of differential Equations (1a)-(1g) is
nonlinear, and is usually solved numerically, In the
steady state (index = o) for isotopes U~ pu® p* =0

and f={ = const. With the help of designations
(1—gg) e B
— e

%+ —f (3a)

and
7 —B2=: .
V=0t =P | (k=o0org) (3b)
Eons

the solution of the system in the steady state may be
written as follows:

Qd.
0 = T a5 (42)
otg .
0% = Tio.s % (4b)
gd
Qa 1+Y°°S ! ] (4C)
0P = )_18_0_51 : (4d)
o . Y% % (4e)
R )
'YWQ(D GC
P =tk (4f)

It follows from the numerical solution of Equations
(1a)-(1g) that because of the relatively small value of
0, the concentration of Pu?® reaches equilibrium very
slowly, and therefore this concentration can be con~

sidered insignificant at the beginning of the steady state.

From this it follows that the behavior of ps(s) can be
satisfactorily found by solving Equations (1a)-(1g)using
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. ' .
constant coefficients y P, yo™, and y . From such a

-solution it follows that for irradiation s ~ 50 the con-

centration of Pu*? assumes -an equilibrium value
YUOQOO o-c 0(‘

o 5a

2 Y 0y 0, " )
while in the interval s = 10 to 50

0, (s) >~ ¢7°0,02s. (5b)

It follows from Equations (4a)- (4f) and (5) that the
equilibrium concentrations of plutonium isotope nuclei
depend on the breeding of Pu®® from U?%, which can
be expressed by the relaton

erYY =050, + (1 —%) e~ B 0r0,
+orve (1 —g,) e B (v +v "“);

consequently, the Pu**® breeding coefficient in the
stationary state fs

a — Tay?
Q:oy:o ﬁOO;S‘*"(l'“‘(ps)e B? Vs

R = , (6)
TS (g e Py,
where we designate
O'C o Q(D
Vpu = V +— 0y Vp ¥ ::'6.83 . (7N

b

Neutron Excess

In order to be able to use the solutions of the fuel-
balance equations, we shall state the criticality .
equation

B gy pupe/ =1L Ak
(1--L282) (3] eioi+ D) 05+ ) euor) (8
o J l

in which we have apportioned the capture of thermal
neutrons into the categories of a) capture by fissioning
isotopes (index 1), b) capture by isotopes which then
become fissioning isotopes (j = 8.0), and c) unproductive
capture (index ! ), in the following manner:

Ak < 2 0,0, + QA;"I;' = e—BZT/ -
n
- 2 Qi0; — g0y — (1 —@g) e~ —

=00, — (1 —,) (PS(PQCAB%/ — 00, —
DR2

2
— (= 9) @ye ™" — 040 — Bons — g

We shall define the neutron excess & as the,
quantity of surplus thermal neuwons (over that needed
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to maintain the chain reacdon) relative to €ach neutron
captured by a fissioning isotope. Using the same approxi-
mations as for Equatfons (1a)-(1g), i.e., with

I,

I,
A=) e iy (1) 0 v

BT,

M

and neglecting second-order quantities [(1— ¢p)(1— @)~
~ 03, we obtained the following expression for the
neutron excess: '

bDn2
Ak < 2 (27 >IMW>
5

6 — n - -
\4,. Qid;
’ .

1 E'QJ‘W
ey 3 _
Z Qi 0 E Qiv;

i 1
DR
Q2¥z + Q60 - Bon + —5- N

L ' 9

The neutron excess serves as a measure of the
system reactivity; the reaction becomes critical for
& = 0and has a positive reactivity for 6 > 0.
The first term on the right-hand side of Equation
-(9) (we shall call it ) gives the number of thermalized
neutions remaining in the system relative to each
fissioning fsotope nucleus, The expression

> ivi-

R = i — Qa¥s - QuYo
Z 0i0; Z Qi 10)
i i

appears as the breeding coefficient of the fissioning
isotopes in the system (i.e., it gives the number of
fissionable nuclei produced for each nucleus disappear-
ing by fission). The next term on.the right side (we
shall call it Z) gives the relative unproductive neutron
capture by non-fissioning isotopes of plutonium and
uranium, the relative losses in the moderator, and the
escape of thermal neutrons.

For the initial state of the homogeneous system
with uranivm (index 0) we obtain

fn ——-()—“‘ ;)' (113.)
Ro=TV o902 g (1 )T (L)
Ba D[f2
Z')-E_—__‘" Mg \,B“) m&f‘ﬂfﬂ_f'

g o, Ng Oy

(assuming that D = D).
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Neutron Excess in the Stationary State

Solving the fuel balance equations permits us to
calculate the neutron excess in the stationary state. The
relative number of the thermalized neutrons remaining
in the system is

n* =V '1;21+ “puft 1% (vpy — v7), (1
5 "+”pu]3;’o Pu 3 ,v( 2)
where
¢ v
: Pu
Gou=1 22 ypy =Y
Pu f oy Pu Tpn

and Ry’ is the breeding coefficient of Pu®, determined
by the relation (6).
The breeding coefficfent (10) is

R” = _pft . (13)
14 nPuR‘f

It follows from expressions (12) and (13) that the differ-
‘ence between the number of fast neutrons formed in
the capture of one neutron by fissioning plutonium iso-
topes and the number of. fast neutrons formed in the
capture by U?® is reflected in the neutron excess, with
a value equal to the breeding coefficient of the system.

In an equilibrium system, thermal neutrons are lost
primarily through capture by non-fissioning isotopes of
uranium and plutonium, i.e., in U**® and Pu?. The
losses in U2 are

7 a8 0% 1
l . = > — .
S A d0eS 05 14 pu Ry

(14)
the losses in Pu® in the range s = 10 to 50 depends ons:

By %% L 0,025, (15)

Zo— 1
2 ap RY 00 0

while for_ s = 50, the losses assume an equilibrium (i.e.,
maximum) value. The losses due to capture by the
moderator and due to escape are

Dp?
ﬂ(’1\1+ Nl)

T 0205 (1 apyRT) (16)

Losses occur likewise in a stationary cycle due to
neutron capture by the contaminating fission fragments.
If the relative capture in the contaminants, which are
produced by the fission, of U5, pu?%, and Put¥, is de-
signated by Q;,Oh, then the losses in fission fragments
are

E QrOR
7/ — I

s . 17a
T 0ros (14 ap,Ry) (112)
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For individual fission fragments which comprise the *
overwhelming majority proper clearing produces the

equation
. ; .
g L ds wﬁ'hQsoé + wnhQnG{; -+
- - ~ : A —_ RS L N
fp‘f W 8 NN m MmA + wlh@l 0.0, < - (])0’ +—S’.¢oh'> ’
<;"> I g _g . )
» .5 where Wiy is the yfeld of the k-th fission fragment on
) -3 QD R
« 8w 53 5 5 8 8 fission of the i-thisotope; Ay is the disintegration con-
S o stant of the k-thfission fragment; Sy (in analogy to the
"“ case of uranium breeding) designates the operating time
y ‘ :
g = o = o & % during which the equilibrium quantity of the k-th fission
N Z ‘\: S ¥ 8 3 5 fragment is produced in the reactor. The losses due to
:% E oy individual fission fragments in the stationary state are
. - : : equal to
I 0 = @ =
o 8 v [=2] — M © o
o Do S ST oy
5 s o o o Zy= Ws+ Ry ._m_._.“_ , (17b)
g‘; ) R 1+aPuR9 ’ :
- o
e g 88 S 8 9 9 @ where
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- ' o o o o © In itsinitial state the system has a neutron excess
o e — expressed by Equations (9), (11a), and (11b). If the
o , _ P y
3 ) " breeding of uranium fin the reactor occurs in such a wa
=) g . g y
3 5 .88 € 2 94 29 238 -
N z a3 Pl 'that the quantity of U**® nuclei per cm® remains con
o o M e 8 8 3 &5 & :
" =5 "a* ) stant (Ng® = Ng), then it can be shown that the relative
2 T "H © volume change of the moderator is
LI 1
& 5 T =29 g5
8 $®8 % % g AV .19
! o o o o o V't <Ud%
g e e This means that the moderation and diffusion character-
- o — -— -—
g: m §< ' § }lg g .:? § istics of the system are practically invariant, and there-
~ = % fore one can write :
B3 :
o . . .
g 8 2% g3 (Nmoy + DB = (Nyoy + DBY®;  (20)
= g A
o o o o o
— . 0 .
’ Ps = Pg° = Pg; } (21)
. 230 — (B2
“ S 83 29 8 (B%1)" = (B*®)™.
In such an equilibrium system the neumron excess

is determined by the expression
0= v;e—Bz‘ —1—-R” [1 RS (vs— vpu) +
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Yooy Gpy  Opy
— LI (_Z_n 4 W, - 0% - 048 ) .
,1_*_0'1)"[{3: Q? 05 140, (22)

If the neutron excess in the system is initially equal to
8%, we can convert expression (22) into the expression

8% = 8% (1 + apuRY) =
=T‘|0——1—W5—K-—“—'———‘—°—“ ‘Ps"]: bt

{180 =80 22—y’
o7
g0 78
K] (23)
A= Ty,
where we define

A7 . Oelg q_g .
We=Wit s 505 (24a)
K (5) = apu (2 — e=Bvhy) + 0,025 %L1y (24b)

0 Oy

Ye=1—q; (24c)

and have used expressions (6), (7), and (11b).

If the reactor was initially critical (6° = 0), and
remained critical after a given operating time in an
equilibrium state (vSm 0), then under these conditions
Equation (23) was. satisfied, and consequently, it was
possible to utilize the introduced uranium p5°°. We have
employed in our computations the fact that Wy canbe con-
sidered independent of s because of the small value of
0. ' :
The operating period S (which we define to be
that operating period in which we have total renewal

of the uranium in the reactor) is linked to the concen-
watlons of the introduced uranfum pgd = Ng9/ Ng® and
of the utilized uranium, in accord with expression (4a),
by the relation

It4
S = E‘(Eﬁ? — 1) . (25)

In the course of an equilibrium-state operation with one
ton of introduced natural uranium, we obtain the

energy
DO Gé
B= ( Qd ) [ +

. / . -
o 91 09 llwatt-days/ton.
Ry (09 4+ 51 0 )] 6450 millwa y (26)

1f we substitute pg® and R ® into expression (26), we
shall obtain the corresponding energy yield. It can be
seen from this formula that in general E increases with
decreasing ps® and with increasing Ry™, but the values
of these quantities are related to each other by the
limiting criticality conditions, which by expression (22)
demand that §® = 0,

The table shows several values of equilibrium
concentrations (pg™) and the corresponding energy re-
lease (E) per ton of introduced natural uranium in re-
lation tothe over-all operating time S since beginning
of reactor operation, using several critical assembly
dimensions [2]. The table wes compiled using the
following parameter values:

UZ 35

30 =97 8;
ot =9,712; ¢° g =0,4086; T=500°K; v.=2,08;

pu = 284; vbua=1,97; ay = 1,34; "9“1 =0,106;

°°+°*99—0994 W p, = 0,0210; W _00216;
v, 1ot v = 9,14,

The figure shows the attainable  utiliza-
tion E per ton of introduced natural uranium, with re -
spect to S. It can be seen from the figure that for
identical reactor dimensions and short operating periods
it is possible to attain higher utilization with high
wranium concentrations, while for long operating periods
a higher utilization is attained with low uranium con-

centrations. One can therefore expect that for given

¢ Repip cm

G766 182

8000 5768

7000 {513
0827

0,855
| 0869

Utilization E, milliwatt-days/ ton

]000 I L | 1 1
10 20 30 w50

Operating period, S
Utilization-of natural uranium in a homogeneous
reactor ‘

.985

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040004-6




Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040004-6

reactor dimensions and corresponding to each operating
period S there exists a certain optimum wanium con-
centration (optimum ¢g) which permits attaining a
minimum ps® and consequently, maximum utilization.

Optimum Cycle in an Equilibrium State

For a reactor of fixed dimensions the conditions

=n"(1—p,)—
10078 [ 14 (14 LyBY) | =0
- os Nyog & )] -

determine the reciprocal relation between 8" and ys.
The requirement 8% = 0 (23) specifies the attainable
equilibrium concentration pg® as a function of the
values of #° and yg. It can be seen from expression
(23) that for §® = (, the quantity ps® decreases mono-
tonically with increasing #°; on the other hand, it can
increase or decrease as a function of g, and for 3p s/

/8 yg =0 itcan assume a locally extreme value, lead-

ing to the result

(1' - wSc“B%qu) = (Q5 + PU s ﬁo) ' (27a)

or

'ps =

1 Vpu o

—_— [1 VK o+ 3 ﬁO)J " (27b)
A more detailed analysis shows that a local minimum
of ps® corresponds to the negative sign in Equation
(27b), and that this value appears to be physically
realizable in contrast to the value which corresponds
to the positive sign in Equation (27b).

It is possible to eliminate pg® from Equations (27)
and (23) and to find a relation between gand 90 for
which ps™ appears as a minimum:

900 =

1— K —(q°—1—Wgy v"“

b

P P

—1 W, B )
VPU)2—1|)§T|°(! B "qu

(1 —pee™? (28)
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In order to have the reactor 1nit1aliy critical,l we
must satisfy

,ﬁof_{g: N° (1—1,)

(o Ny o o
1+/\;\1 0M (']—}—L%B)

in such a way that Equations (28) and (29) determine
the parameters for which the reactor is initially critical
and at the same time has a value of P4 (optimum
uranium concentrations) such that for S it has a mini-
mum attainable concentration pg® as determined by
Equation (27). By calculating the values of §ggpy cor-
responding to various values of 8 in the interval s = 10
to 50, we shall obtain the function g opt () and the
corresponding concentration of uranium in heavy water
for which one can always attain the maximum uranium
utilization.

Smaller s means we get smallervalues of ¢g opt
(i.e., the concentration of uranium in the moderator
will be large), while for increased s the values of gg opt
will also grow (i.e., the uranfum concentration will
decrease). This means that the optimum cycle in the
equilibrium state occurs not for a constant uranfum con-
centration, but rather for a gradually decreasing con-
centration; this reminds one of the dilution cycle
proposed in [1] as a means of extending the period of -
use of an equilibrium-state reactor which had stopped
being eritical, , :

It is necessary to note once more that the analysis
we have conducted concerning an optimum cycle is
based on the assumptions that Wg and Wy do not depend
on the utflization and appear to be constant; l.'\e., .
removal of fission fragments from the reactor is carried
out at a constant rate and is independent of the .operating.
cycle,, and neutron capture in U2 is small. However,
even in the case where fission fragment removal from
the reactor is carried out simultaneously with uranium
renewal (Sk = S), the above analysis remains qualita-
tively valid.

! (29)
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DETERMINATION OF THE SOLUBILITY OF METALS

IN LITHIUM

Yu. F. Bychkov, A. N. Rozanov, and V. B. Yakovleva

Translated from Atomnaya énergiya. Vol. 1, No. 6, pp. 531-536

December, 1959 _
Original article submitted March 9, 1959

The solubility of uranium, zirconium, iron, nickel, titanium, molybdenum, niobium and beryllium in lithium at
temperatures of 700-1000°C was determined to assess the stability of metals in lithium and establish the mechanism
of corrosion. It was found that nickel and beryllium have a high solubility (of the order of 1), iron, zirconium,
titanium and uranium are slightly soluble (from hundredths to thousands of one percent) and niobium and molyb-
denum have a very low solubility (less than 10™%,). Crucibles of the lithium to be tested were filled in a special
still with distilled lithium and hermetically scaled in a container in a medium of argon.- The solubility of the
metal to be tested was determined by chemical analysis of rapidly cooled lithium fusions after they had been
“kept for 50-100 hours in the container at a predetermined ' temperature, The presence of isothermal transfer of *
aluminum, beryllium, zirconium and silicon via lithium to steel and iron was discovered. Under these conditions
maximum'solubility of the metal in lithium was reached far more slowly than in the absence of transfer. Lithium
can be purified by getters— uranium and zirconium— slightly soluble in lithium,

The thermophysical properties of lithium are
superior to the properties of other metallic heat carriers
and it is, therefore, of great interest to find materials
which are stable in lithium at high temperatures.

To assess the stability of metals in lithium and
determine the mechanism of corrosion.it' is necessary to
know the solubility of various metals in it at different
temperatures, i.e., the lines of the liquidus of the phase
diagrams of the metals with lthium. There is little
data in literature on the solubility of high melting point
metals in Hthium which could provide a.basis for select-
ing alloys stable in lithium, It is known that after a
residence time of 100 hours at 480° C in vibrating zir-
conium crucibles,the lithium contained 0.01% zircon-
fum, and after tests at 760°C — about 1% zirconium [1].
It is also known that chrome steels, iron, niobium,
molybdenum and tantalum have a high stability in
lithium at temperatures up to 800°C, whereas chrome-
nickel steels are stable only up to 500°C [2].

Lithium forms alloys with magnesium, aluminum,
silicon, silver, platinum, copper and gold at comparat-
ively low temperatures [3]. Leaching of nickel to a
depth of 0.02 mm was detected metallographically in
type YaO chrome-nickel stainless steel after a residence
time of 40 hours in lithium at 1000°C; this converted
the y phase in the surface layers of the crucible to the
o phase [4]. _

The change in the mechanical properties, structure

" and composition of carbon, chrome and chrome-nickel
steels after 230 hours corrosion testing in lithium at
800°C was investigated in [5]. The tests were carried

out in Armco iron crucibles, Urder these conditions
chrome-nickel steels-and also chrome steels with 2%
nickel were intensely corroded while chrome steels

were more stable. 1Kh12MV4B steel was the most
stable. The resistance of stainless steelé, iron, beryl-
lium and thorium to corrosion in lithium at 300 and
600°C under static conditions was investigated in [6]

by the metallographic method and the change in weight.

‘According to the data of this work, thorium and low-

carbon high-chrome steel containing 14-18% chromium
had the maximum resistance, The resistance of pure
iron and chrome-nickel steel of type 18-8 alloyed with
niobium was almost as high; ordinary 18-8 steel and
high-chrome steel with 0.6-0.7% carbon underwent
severe corrosion; nickel and Inconel were still more
markedly corroded.

Investigation Procedure and Apparatus. Crucibles
of the metals to be tested were used to determine the
solubility in lithium. The inner surface of the cru-

" cible was ground, after which it was electrolytically

polished or etched. These crucibles were filled in a
special still with freshly distilled lithium (Fig. 1). Elec-
trolytic lithium 10 was placed in a stainless-steel evapo-
rator 8, welded to the lower flange of a vacuum cham-
ber 1. The crucible was heated by furnace 9 to a tem-
perature of about 800°C, The vaporizing lithium

heated the stainless-steel condenser 2 (of thickness

1 mm) to 250°C; this condenser was in the form of a
trihedral pyramid with guides welded to'the sides. The
lithium deposited on the condenser flowed down the
three guides into three crucibles 6, installed on the sole
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and filled them, while the elements more volatile than
lithium condensed in the cold parts of the chamber,
Difficultly volatile elements remained in the evaporator.
During the distllation the pressure in the chamber was
kept at 1074-10"% mm Hg. After the process had been
completed the still was filled with pure argon; the con-
tent of impurides in the lithium after distillation was
reduced: sodium to 0.02-0,06%, potassium to 0,015%,
iron to 1-4 . 10"‘%, mégnesium to 0,00%% and less;
silicon, nickel and chromium were not detected.

The crucibles filled with lithium were placed in
Yal-T stainless steel containers, to which the covers
were slowly welded in an arc furnace in an atmosphere
of argon. The containers were then placed in the
furnace for isothermal treatment. Crucibles of metals
which react at the temperature of the test with stainless

_steel were isolated from the steel By sheet molybdenum,
with which they were fixed in the containers.

since the content of lithium-dissolved metal
depended markedly on the rate of cooling from- the
temperature of isothermal treatment, after the treat-
ment was finished the containers were cooled in water,

As was shown by direct measurements, this ensured cool-
ing of the lithium fusions to the solidification point in

-less than 50 sec.

The content of the elements dissolved in lithium
was determined calorimetrically. The initial materials
for the investigation were zirconium iodide of 99.%%
purity, titanium of grade TG -0 smelted into rods of '
diameter 30-40 mm in a MIFI SM-3 arc furnace, baked
briquets of molybdenum and niobium powder, Armco
jron smelted and cast under vacuum, distilled beryllium,
utanium and nickel crucibles cast ot obtained from sheet
by pressing,

The mechanical properties of molybdenum, niobium
and zirconium before and after reaction with lithium
were determined on a micromachine for specimens of
diameter 1.2 mm. The properties of the other metals
were in\}estigated on specimens of diameter 3 mm with
a working length of 20 mm. »

Isothermal Transfer of Metals via Lithium. Cru-
cibles of Armico iron, Yal chrome-nickel steel and Zhl
chrome steel, in which lithium and the samples of the .
metal to be tested were placed, were used in the ini-

Fig. 1. Diagram of the apparatus for filling crucibles with distilled
lithium: 3) screen on which sodium and pdtassium condense;
4) funnel; 5)screen; 7) backing; 11) support; 12) thermocouple;
13) brace; 14) diffusion pump; 15) thermocouple; 16) cover
(remainder of the legend given in the text). ,
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Fig. 2. Macrostructure (x 2) of the crucible walls after isothermal transfer via lithium at 1000°C: a) silicon
on iron after 40 hours; b) aluminum on iron after 50 hours; c) beryllium on Yal-T after 400 hours.

al experiments. After they had been kept at the tem-
perature of the test,the welded sealed containers con-
taining the crucibles with lithium and the samples were
cooled in water.

It was found that if the material of the crucible
differs from the material of the sample, precipitation
of the metals from the lithium fusion mayoccur onthe
walls of the crucible,  The precipitation of large
crystals of silicon on iron (Fig. 2a), aluminum on iron
(Fig. 2b) and beryllium on steel (Fig. 2c) can be de-
tected very clearly by visual means. The transfer and

precipitation of metals from the fused system can also .

be judged by the variation in the microhardness of the
surface of these crucibles (Fig. 3).

The wansfer and precipitation of metals during
isothermal wreatment is only possible if the chemical
affinity of the dissolved metal for the material of the
crucible is greater than the affinity for lithium. Where-
as silicon and aluminum, which have a high affinity

HV
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Fig. 3. Microhardness of the surface of the crucibles:
O) stainless steel crucible ; @) iron crucible.

for iron, were precipitated from lithium, lithium-dis-
solved magnesium was not precipitated on iron.

The transfer and precipitation of zirconium were
investigated by means of the radioactive isotope Zr®,
After Zr® powder wrapped in tantalum foil and placed
in a Yal-T stainless-steel crucible had been kept in
lithium for 100 hours at 900°C it was found that the
tantalum foil had not become active, whereas the
crucible, with which the zirconium was not in direct
contact, had a y activity corresponding 1o 4+ 107 g
of zirconium, At 800°C about 107* g of zirconium was
transferred in 10 hours from a plate of radioactive zir-
conium to a Yal steel crucible. This shows that at
temperatures of 800-900°C the chemical affinity of
zirconium for tantalum is slight, whereas that of iron
for nickel, included in the composition of stainless .
steel, is high. By reacting with zirconium dissolved
in lithium, stainless steel disturbs the equilibrium,
which leads to further dissolution of zirconium and its
transfer on to the crucible walls. Naturally, in the
presence of wransfer the rate of dissolution of the metals
increases.

Weight %

N ob

s ——
0,47/_

p

03
Be
o1 =
/',,
2 50 100 200 400
Hours

Fig. 4. Kinetics of the dissolution of nickel in
lithium at 750°C and beryllium at 1000°C.
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The concentration of zirconivm in lithium under
conditions of transfer was determined by comparing the
y activity of zr®ina given sample of lithium and the
radioactivity of a known sample of the initial Zr*,

The uniformity of the distribution of zirconium was
checked by measuring the radioactivity of different
lithium samples. After 100 hours in stainless-steel
crucibles the zirconium content in lithium determined
by means of Zr™ at 900°C was 1-1.4 + 10"%b. This
value was of the same order as the solubility of zircon-
fum in lithium determined chemically. From these
experiments it follows that, in particular, tantalum
crucibles can be used for the determination of the
solubility of zirconium in lithium. In [5] carburiza-
tion of chrome-nickel steel to 0.6-0.7 carbon and
chrome steel to 1% carbon as a result of isothermal
transfer at 800°C of carbon from an iron crucible via
lithium was observed.

Solubility of Metals in Lithium. The attainmemnt
of the limiting (equilibrium) solubility of metals in
lithium is a fairly long process. The limiting solubility
is reached only after several hours. For example, at
750°C after 2 hours the nickel content in lithium was
0.33-0.4%; after 50 and 200 hours the nickel content
was 0.5-0.58%, i.e., the maximum solubility, equal to
0.5%, was reached after several hours. Similar behavior
was also shown by other metals. The beryllium con-
tent in lithivm at 1000°C increased when the residence
time was more than 50 hours,

The values of the maximum solubility from the
exit of the curves onthe plateau were taken as the
limiting solubility (Fig. 4). The limiting solubility of
beryllium is reached far more slowly than that of nickel,
as a result of which isothermal transfer of beryllium on-
to steel, reducing the beryllium content in lithium,
takes place in the first case. Moreover, the rate of dis-
solution of beryllium was probably somewhat less be-

Weight %
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Fig. 5. Solubility of zirconium in lithium at
700-1000°C..
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TABLE 1

Solubility of High-Melting Point Metals in Lithium

Temp., |Solubility,
Metal °C weight %y
Iron . . . . .. .. 900 0.01
Y 1000 0.02--0, |
L 1200 0.5
Nickel . . . . . . .. 700 0,15
T 750) 0.5
Y 830 1,96
L 950 3.2
Titaniom . . . . . . | 900 0.4
Molybdenum . . . | . 1000 < e
T 1200 0,03—0,1
Niobium . . . . . . . 1000 <404,
Beryllium | = = | 1000 0,25

cause the surface of the beryllium sample was less re-
active than the nickel surface. '

When the experiments on the determination of the
solubility of the metal were carried out the metals were
in contact with lithium at the temperature of the test
for more than 50 hours (usually 100 hours), i.e., longer
than required to attain equilibrium. The results of the
determination of the solubility of several metals in
lithium are given in Figs. 4-6 and Table 1,

The investigation of the solubility of uranium and
zirconium (Figs, 5, 6) in lithium made it possible to
assess the use of these metals as getters for the purifica-
tion of lithium from chemically active impurities. It
was found that distilled lithium in which uranium was
kept at 800°C for 50 hours (zirconium crucible) had a
shiny silver surface after the container was opened; the
color of this surface did not change for more than 4
hours, whereas in other similar cases the lithium
darkened in a few minutes. The cause of this behavior
of lithium was that in this case uranium was a getter
and purified the lithium from a number of impurities
(probably oxygen and nitrogen), and lithium purified by
a getter is more resistant to corrosion in air than distilled
Hthium. A golden-brown film of zirconium nitride is

Weight %

0,06

a0s /%

0,04

0,03 f

0,02 / :
' /

0,01 .

700 800 800

1000 T,°C

Fig. 6. Solubility of uranium in lithium at
700-1000°C. Part of the determinations were
carried out in molybdenum crucibles,

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040004-6




Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040004-6

TABLE 2

Alteration in the Mechanical Properties of Metals and Alloys After Keeping in Lithium

O lg! Af:telr krei%ilr}g in argon | After keeping in lithium
° © | without lithium ,
g | B —
, Crucible 2 o 8 g 8 Sl g o
. e — be ot £
Metal material g |8 28|esE 22 | 8% oS8E|2% 29
2 g o BhR ‘C‘»go S pei R QB |S %ogi Flyipe-}
B iz |ESN S 5wl 45~ |25 S 8
= & |eB &% |28 e PED &3S
'\
Molybdenum,... [Molybdenum....... 900 | 220 | 40 21 40 41 16,4 26
Molybdenum .., {Yal-T steel ........ 950 40 | 35 13 22 42 1 0,6
Niobium......... Niobium............. 900 220 | 19,3 18,1 47 . 37 10 16,5
Zirconium....... Zirconium.......... 900 | 220 | 30,5 -— 35 30 1 —
Iron....covuvuaes ITON....ovvvinineennenn | 900 | 220 | 27,7 | 33,2 80 26,2 42,7 93
Yal-T steel...... Yal-Tsteel......... 900 | 220 | 58 54 78 52 61 81,5
Zhlsteel......... Zhlsteel............. 900 | 220 | 86 14 70 | 78,3 15 71,5
Zhlsteel......... Yal-Tsteel......... 950 40 —— — — 36,5 20 61
I .
*Technical lithium was used, l

|
|
formed on the surface of zirconium kept in distilled

“ a result of its purification of certainimpurities by

lithium; this indicates that zirconium can also be used’ the lithium.

- for purifying lithium. But at ordinary temperatures, | In experiments where the metal of the trucible
zirconium, titanium and their alloys purify lithium to differed from the metal of the samples a considerable
a somewhat lesser extent than uranium, so that uranium? alteration in the mechanical properties was observed as
must be considered as another getter as a result of its | a result of the occurrence of transfer. Molybdenum

low solubility in lithium. Zirconium and uwranium can ' testedina Yal-T steel crucible became far less plastic;

be used as getters for the purification of lithium because samples of Zh1 steel kept in lithium at 950°C in a Yai-

their solubility in lithium is low. \ T steel crucible were reduced in strength to 36.5 kg/ mm?
From an analysis of the data of Table 1 and Figs, 5 and the relative elongation was ihcreased to 20%.
‘and 6 the investigated metals can be divided into the ! After Zh1 chrome steel and Yal-T chrome-nickel
following groups: ‘ steel had been kept at 900°C for 220 hours the variations
1. metals with a high solubility (of the order of '  in their properties were roughly the same: the tensile
0.1%) — nickel and beryllium; | strength was somewhat reduced and the plasticity was
2. metals with a slight solubility (from hundredths increased. Changes in the microstructure of Yal-T'steel
to thousandths of one percent) — iron, zirconium, tita- '  after keeping in lithium were not observed. From the
nium and uraniumn; ! results of the tests of samples of diameter3 mm it follows
3. metals with a very low solubility (less than *  that chrome- nickel steel containing an element —
10~*hb) — niobium and molybdenum. | nickel= readily soluble in lithium does not corrode
It can be assumed that metals of the first group and . more than chrome steel, which is free from nickel,
alloys based on them are unstable in lithium. Metals of . during tests of short duration in lithium up to 900°C.
the second group and their alloys can be used in lithium | After Yal-T chrome-nickel steel (8% nickel) had
at moderate temperatures, Metals of the third group been kept in lithium at 900°C for 220 hours,the content
are probably suitable for use in 2 medium of liquid + of the main components of the alloy, iron, in the lithium
lithium at high temperatures. Data on the solubility, i\ was 0.01%, i.e., it was equal to its solubility in lithium
characterizing the resistance of metals, are comple- 'oat 900°C, whereas the nickel content was less than 10 %,
mented by the results of mechanical tests on them after | i.e., it was less than 10% of the amount of iron present
retention in lithium and without lithium, under identi- in the lithium. After lithium had been kept for 5 hours
cal conditions (Table 2). After retention in lithium, . at 1200°C in a crucible of the same type of steel the
molybdenum and niobium exhibited somewhat reduced | lithium contained 0.34% iron, 0.19% chromium; there
plastic behavior, particularly niobium, whose rigidity =~ = was less than 10"%b nickel. The rate of dissolution from
markedly increased, \ . steel of the markedly soluble component, nickel, was
Zirconium became less plastic after being stored in | several times less than the rate of dissolution of pure

lithium but zirconium ribbon kept for 40 hours at 950°C nickel (for equal surfaces of the tested samples). After
had a high plasticity: ‘it withstood 115 distortions by | retention for 220 hours-at 900°C equilibrium was not
twisting. Iron kept in lithium became very plastic as | Teached, the lithium remained unsaturated with nickel,
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which continued to be slowly leached from the steel.
This leaching of nickel was detected by the metallo-
graphic method after retention for 240 hours at 1000°C,
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IDENTIFICATION TABLES FOR USE IN THE ANALYSIS OF

@ ANDSB ACTIVITIES
A. A. Lbov, and L. I Sel'chenkov

Translated from Atomnaya Enetgiya, Vol, 1, No. 6, pp. 537-538

December, 1959 i
Original article submitted February 18, 1959 |

B

In order to facilitate the identification of activities being subjected to analysis, tables are compiled according
to data published -prior to 1958 containing the dlstnbution of all known B- and c-radioactive isotopes as a func-
tion of their Tj, end-point energies of their B-spectra, and a-particle energies, The tables make it possible to
establish a group of isotopes with a previously establlsh‘ed T, ‘and energies of radioactive emission, In a.number
of cases, the use of a scheme involving the radioactive decay chain may also prove expedient in the identifica-

tion of activities, |

\
At the present time, radioactive isotopes permeate’

the various fields of science and engineering to a greater
and greater extent. The measurement ofspecific acti- '
vities is continually involved with their use. However,
these measurements are frequently complicated by the!
presence of interfering activitiés. The latter, for ex-
ample in connection with an activation analysis, can '
be caused by foreign and frequently unknown impurities.
Chemical methods of separation of elements of interest! .
to us sometimes considerably facilitate the measwrements;
however, in these cases the influence of the contaminatf
ing activities may turn out to be substantial (especially
in measurements of weak activities when the degree of \
chemical purification is not high enough), ‘

The identification of the activities under investiga-
tion and especially of the contaminating actvities \
frequently presents serious difficulty. The tables pre-
sented in the present article, based upon the latest
(published) data [1], can facilitate such identification |
considerably. In addition, the tables may help consider-
ably in the choice of radioactive isotopes with previously
given half-lives (T 1) and energies (Eg, Eq). l

Tables 1-3 (B -active isotopes), InTables 1-3 all
the known B-active isotopes are listed, giving their T 1 |
Eg, and signs of particles emitted,

Similar tables for 8 emitters were published in \
1955 [2]. It included only isotopes with TJE > 6 hr al-
though, as is well known, practical application is also
made of isotopes with smaller T L. The sign of the
charge of the emitted particles was not given in data
{2]); it was also necessary to take additional data on
radioactive isotopes published in 1958 into account,’

The tables include all 8-active isotopes with Ty
from 1 sec and less to 100 years and more, and end-
point energies of 8 spectra (Eg) from 0 to 17 Mev; the :

signs- of the charges of the emitted particles are also
-indicated.

In using the present,tables it is necessary to know
Ty of the B activities being identified (they are de-
termined from the decay curves), the end-point energies
of the corresponding B specura (these are determined
approximately by the absorption method, and more
exacily by the method of B spectroscopy), and also the
signs of the charges of the emitted 8 particles (de-
termined, for example, by the simplest magnetic ana-
lyzer). In most cases it is sufficient to determine only
T 3 and Eg-

Isotopes which emit B8* particles are distinguished
by boldface type in the tables. ‘In those cases in which
the decay is accompanied by the emission of both B~
and B+ particles, the isotope is indicated twice (for
example, cu®, cu®). 1f Ty orEg of any of the iso-
topes is at the end of the interval corresponding to its
row or column, it is placed in the following row or
column. If several simple 8 spectra belong to one -
isotope, that isotope is indicated in the several appro-
priaté columns, If the contribution of the simple 8
spectrum is not over 5%, nothing is put in the corres-
ponding column; if the contribution is unknown, all '
values of Eg are taken {nto account. Isotopes whose
decay is not accompanied by the emission of ec- and
B -particles are placed in the last columns of the tables.
This pertains to the cases of K-capture and an isomeric
transition, for example, Those isotopes for which the
form of emission was not indicated in data[1] are put

in these same columns,

Table 4 (o -active isotopes). All known a-active
isotopes, together with their T 1 and energies of emitted
o particles (Ey ), are located in Table 4 '
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To determine E, one can use, for example, ionj-
zation or magnetic a spectrometers. It should be noted
that when several groups of a particles with different
energles belong to the same isotope, all of the E, are
taken into account, and the given isotope is appropriately
indicated in the various columns of the table.

If Ty orEgy of any isotope is exactly at the end
of the interval corresponding to a particular row or
column, that isotope is placed in tha following row or
column.

Tables 1-4 herein presented enable .one to indicate
a group of appropriate {sotopes for an indicated inter-

val ofT% and Eg (or Ey). To make the latter more
precise, it is convenient to use the detailed table of
isotopes [1], and the use of 2 radicactive decay chain
scheme may be of additional assistance fn a number of
cases in identifying the actvities.

We consider it our duty to express our gratitude to
Yu. A, Zysin for a discussion and his advice,

LITERATURE CITED

1, D, Strominger, J, Hollander, and G. S.Seaborg,Rev.
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MORPHOLOGICAL TYPES OF INDUSTRIAL URANIUM
DEPOSITS AND METHODS FOR THEIR PROSPECTING

D. Ya. Surazhskii ‘

|-
|

Translated from Atomnaya Energiya, Vol. 7, No, 6, pp. 539-543
|

December, 1959
Original article submitted May 30, 1959 \
‘\

The grouping of uranium deposits according to the combinanon of their morphologlcal features is proposed. Five
groups of deposits are distinguished, for each of which tpe following are examined: the prospecting system, the
most efficient ratio between mining and drilling operatlons. the density of the prospecting network and the

conditions for the classification of reserves. |
i

General Remaiks : |

As with other mineral ore deposits, the prospectlng\
of uranium deposits is carried out either by drilling or 54
mining operations or a combination of both. The choicé
of the prospecting system, the most effective ratio be- |
tween mining and drilling operations, the density of the’
prospecting network and the conditions for the classi-
fication of the reserves are determined mainly by the |
shape of the ore bodies, their dimensions, the degree -
6f variability with respect to the metal content (gener- |
ally expressed by the coefficient of variation) and the
degree of discontinuity of the mineralization (expressed
by the coefficient of ore bearing, i.e., the ratio between
the area occupied by the conditioning ores and the total‘
area of the ore-bearing bed or ore-containing fissure).
From the combination of these morphological features, .
known uranium deposits can be divided into five groups:
1) mineralized beds; 2) large bed-like deposits; 3) ‘,
bed-like, pillar-like and vein-like deposits; 4) lenti-
cular and pocket-like deposits; 5) systems of thin veigs.'
|

Prospecting of Mineralized Beds
(First Group of Deposits) \

This group includes continuous beds of uranium- |
bearing sedimentary rocks developed in areas measuring
tens of square kilometers. They are characterized byuni-&
formly poor mineralization distributed without inter- |
ruption along the strike, to the dip and with respect to
the thickness of the productive levels. The boundaries
of the mineralization coincide with the lithological |
boundaries and can be determined visually. The coef-
ficient of ore bearing is close to unity and the coeffi- !
cient of variation with respect to the metal content in
the ore does not exceed 20-30%.

The most characteristic deposits of this type are \
uranium-bearing marine shales, uranium-containing
phosphorites and analogous sedimentary syngenetic de-
posits in which appreciable distribution of the metal |

deposited simultaneously with the adjoining rocks is
not found. '

The prospecting of such deposits consists mainly in
the drilling of the ore béd according to an isometric
network. Mining operadons (small shafts, prospecting
pits and crosscuts driven from them) are carried out on
a small scale, solely to check the data of borehole
samples. Reserves of all industrial categories (A, B, and
C) may be revealed during prospecting. In this connec-
tion the network of boreholes must not be less than
100 x 100, 200 x 100 and 400 x 200 m,respectively.
In deposits which are prepared for exploitation,the re-
serves between mine workings at a distance of up to
200 m from each other can be included in group A,, and
reserves between workings at a distance of 400 m from
each other in group B.

Prospecting of Large Bed-Like Deposits
(Second Group of Deposits)

Deposits of this group consist of large bed-like
bodies with nonuniform disuibution of the metal, cor-
related with specific stratigraphic levels. In contrast
to deposits of the first group, not allof the bed thickness,
but only part of it, is industrially valuable; the con-
tinuity of the mineralization may be interrupted by
instances of narrowing. Instead of a single ore body,
in practice it is, therefore, necessary to deal with
several more or less isolated ore bodies, each of which
occupies an area sometimes measuring several square
kilometers.

The contours of the ore bodies are determined
solely from test data on samples. The coefficient of
ore bearing varies from 1.0 to 0.8, and the coefficient
of variation with respect to metal content reaches 1007,

This group includes the largest of the known epi-
genetic uranium deposits in sandstones, conglomerates
and other sedimentary rocks of primarily continental
facies., A combined mining-drilling system with a
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marked predominance of core drilling is usually em-
ployed for the prospecting 'of these deposits. The main
task of drilling operations is the mapping of the ore .
bodies in contour, while that of the mining operations
is to record the boundaries of the industrial minerali-
zation with respect to the thickness of the ore-contain-
ing formatons, and also obtain data for the complete
characteristics of the chemical and mineralogical com-
position of the ores, their physicotechnical properties,
etc.

In the case of isometric forms of the ore bodies
drilling is carried out according to a square network,
in all other cases by lines perpendicular to the plane of
maximum variability of mineralization.

If there is sufficient evidence to assume that the
ore lenses ate located in several layers and pass beyond
the limits of the main ore bed, part of the boreholes (up
to 10-15% of the total) is sunk to a depth ensuring the
intersection of all the ore-bearing measures and the re-
cording of ore bodies below the main ore-bearing level.

As usual, mining operations consist in driving road-
ways and rises at intervals of 80-120 m in one of the
ore districts, principally to check drilling data and ob-
tain material for technological samples. If prospecting
is carried out by roadways and the thickness of the ore
body exceeds the width of the roadway, crosscuts are
also driven, generally at fntervals of 40-60 m.

In contrast to deposits of the first group, reserves
exposed by boreholes of the 200 x 100 m network are
not placed higher than category Cy. Reserves of cate-
gory B are considered to be those within the limits of
enclosures found by drilling on the 100 ‘x 100 m network;
mine workings which confirm the drilling data being
present in one of the districts where the deposit is
located.

Prospecting of Bed-Like, Pillar-Like and
Vein-Like Deposits
(Third Group of Deposits)

The difference between these deposits and those
described above is that the form of their ore bodies and
their location in the area are determined not only by
the lithological composition of the adjoining rocks but
also (in some cases, chiefly) by folded and ruptural de-
formations, Many of the ore bodies are characterized
by a relatively high thickness (reaching several tens of
meters in places) and also by marked variations in the
shape, dimensions, conditions of occurrence and the
area of the transverse section at comparatively small
intervals along the strike and to the dip. The mineral-
ization is generally uninterrupted but the shape of the
ore bodies is complicated by the presence of isolated
blocks of waste rock. The boundaries of the industrial
mineralization are determined solely from test data.
The coefficient of ore bearing varies between 0.8-0.5;
the coefficient of variation sometimes reaches 150%.

1004

The area of such deposits (in the dip plane) does not
exceed several hundreds of thousands of square meters.
Such deposits generally consist of one or more (two-
four) ore bodies.

This group includes many bed-like bodies in se-
dimentary rocks of continental facies, metasomatic
deposits on the flanks of steep folds, vein-like deposits
within major faults, stockworks in crushing zones as-
sociated with the faults, pillar-like bodies at the inter-
sections of two tectonic zones, etc. The main role in
the prospecting system is played by mine workings, a
series of crosscuts intersecting the ore body along the
short axis at distances depending on the configuration
and cross-sectional area of the deposit at the given
level. In some cases the crosscuts may be partially re-
placed by chamber-diamond drilling boreholes. The
alternation of crosscuts and chamber-diamond boreholes
is fafrly common in practice. Staples and rises, which
serve to confirm the continuity of the mineralization
along the vertical, between the levels of the roadways,
are also important.

" Deep drilling on a very close network (generally
50 x 50 m) makes it possible to assess the reserves not
higher than category C,. As a result of the complexity
of the shape and the markedly nonuniform distribution
of the metal in the ore, reserves of category B are con-
sidered only within the limits of sublevels completely
prepared for extraction operations. Reserves of category
A, are generally not revealed at the normal density
employed for the prospecting network..

Prospecting of Lenticular and Pocket-Like
Like Deposits
(Fourth Group of Deposits)

The ore bodies are sometimes localized in specific
stratigraphic levels or are associated with ruptural de-
formations (for example, in the contact zone of granites
and sedimentary - metamorphic rocks),but in general the
lithologic and structural control of the mineralization
is less clearly expressed here than in deposits of the other
groups. The outlines of the industrial mineralization
are determined solely from the data of tests. In mény
cases the zones of distribution of the lenses are in the
form of narrow (up to 300-500 m) bands of considerable
extent, The dimensions of the ore bodies in the dip
plane do not exceed several tens of square meters. The
coefficient of ore bearing within the individual lenses
does not exceed 0,50-0.25; the coefficient of variation
of the metal content within the individual lenses often
reaches 200%.

The group described above includes small lenses
of hydrothermal ores in zones of tectonic contacts,
bedded and anticlinal veins,and domal structures of
higher ordess,and also a number of deposits, the pre-
dominant role in which is occupied either by purely in-
filtration processes or processes of the metamorphism
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Grouping of Uranium Deposits According to the Main Morphological Features

Group Characteristics

Coefficient
of ore
bearing

‘Coefficient
of variation
(maximum),

%

Maximum areas of
the ore bodies

Continuous seams of uranium-bearing
sedimentary rocks with uniform minerali-
1 zation, recorded uninterruptedly over large
areas, In general,the boundaries of the
mineralization coincide with the lithologic
boundaries and are established visually.

Tens of square 30 1
kilometers

Large bed-like deposits with. nonuniform
distribution of the metal, correlated with

of the mineralization are established only
by the results of tests or y measurements,

2 specific stratigraphic levels. The boundarieg

Square kilorhéters 100 1.0-0.8

Bed-like, pillar-like and vein-like
deposits controlled by folded and ruptural
3 deformations, The boundaries of the
mineralization are established only by
the results of tests or y measurements.

Hundreds of 150 0.8-0.5
thousands of square

meters

Lenticular and pocketlike deposits with
markedly nonuniform distribution of the
metal. In general, lithologic and struc-

4 tural conwol is not clearly expressed. The

" boundaries of the mineralization are
established ouly from the results of tests
or y measurements.

Tens of thousands 200 0.56~0.25

of square meters

Thin veins in rupture and shear fractures.
The mineralization is very nonuniform, in
5 the form of small lenses, the combination
of which forms ore pillars. The boundaries
of the mineralization are established
visually.

200 0.25-0,02

Tens of thousands -
of square meters

of rocks having an increased content of radioactive
elements in comparison with the clarke.

A combined mining-drilling system is used for
prospecting these deposits.

Core drilling on a network of 50-70 x 30-40 m by
lines at right angles to the general direction of the ore
bands makes it possible to determine the width and ex-
tent of the mineralized zones, assess approximately the
value of the area coefficient of ore bearing and map the
individual largest lenses roughly. The mine workings,

a system of adits, roadways and are plotted to de-
termine the outlines of the individual ore lenses.

with the normal density of the prospecting network,
the reserves of these deposits cannot be included in
categories A, and B. Reserves of category C, are re-
vealed mainly by mine workings on a40-60 x 40-60
m network. They are sometimes also considered by
interpolation between the mine workings and boreholes.

Prospecting of Thin Veins
(Fifth Group of Deposits)

This group includes hydrothermal deposits formed
by the filling of fissures. In generalsthey are character-
ized by extremely nonuniform distribution of the metal.
The ore accumulations are generally in the form of flat

“lenses localized in thin rupture and shear fractures rest-
ing on larger dislocations, A combination of such
lenses sometimes forms ore pillars inclined at different
angles to the level; such pillars alternate with oreless
or poorly productive districts of vein fissures, the ratio
of the total area of the ore lenses to the area of the whole
ore-containing fissure being frequently more than 0,10
and generally equal to 0.04-0.03.

The prospecting of these deposits is carried out
almost exclusively by means of mine workings. Since
the deposits in the majority” of cases are represented by
tens or even hundreds of parallel veins, not by one vein,

1005
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crosscuts play a very important part in the system of
mining operations. The length of the crosscuts and the
optimum distance between them are determined in
each individual case on the basis of the average extent
of the ore bodies and the established or proposed
boundaries of the distribution of rocks lithologically
favorable for mineralization.

The underground prospecting of individual veins
revealed by crosscuts is carried out by continuous trac-
ing in each prospecting-extraction level or by the com-
plete excision of blocks of size 30 x 40 to 40 x 50
m. According to existing standards of mining develop-
ment work, such distances between the boundary work-
ing are minimal but even they cannot ensure the pro-
vision of reliable data on the reserves and quality of
the ores within the limits of individual extraction
blocks.

A comparison of the calculation of the reserves
with the results of extraction indicates that the actual
reserves of metal in the individual blocks are in a num-
ber of cases several times less or more than the reserves
calculated from prospecting data, But as a result of the
mutual compensation of high and low errors,the error in
the determination of a combination of blocks (10-12
blocks) does not exceed the limits permissible for ca-
tegory Cy.

During the prospecting of the above-described de-
posits an important role is played by small crosscuts or
long boreholes in the walls of the workings. The ne-
cessity for such boring operations and drilling is caused
by the generally increased tendency of the productive
fissures to ramification, with the concentration in the
ore apophyses of considerable reserves of metal some-
times exceeding the reserves in the main vein.

The importance of the different types of workings
depends on the position of the ore pillars, In the case
of steep inclination of the latter the assessment of the
veins is carried out mainly from the data obtained as a
result of roadway drivage. When the ore pillars are
gently inclined,the data for the assessment of the veins

1006

- can be obrtained mainly by driving vertical workings,

i.e., raises and staples.

The low coefficient of ore bearing and the slight
thickness of the ore veins, which are often in the form
of thin tectonic joints, exclude the possibility of a re-
liable assessment of the reserves of these deposits by
means of boreholes. Under such conditions drilling is
used only for an approximate solution of the problem of
the possible depth of the industrial mineralization.

It was established, for example, that when the ore
veins lie in a gneiss-shale stratum the lower boundary
of the uranium deposits frequently coincides with the
surface of the granite massifs forming the basement of
the surrounding rocks. The topography of this surface
can be established by drilling so-called structural bore-
holes. Small drillings from the mine workings sometimes
give a considerable effect both during prospecting and
the geological servicing of existing mines; they success-
fully replace small crosscuts during the prospecting of
parallel veins, ore apophyses and displaced parts of the
ore-containing fissures,

SUMMARY

The above-given morphological characteristics of
the present known uraninm deposits can be jointly sum-
marized, as shown in the table, as follows,

Deposits of the first group prospected by ‘drilling;
deposits of the second, third and fourth group — by a
combination of mine workings and boreholes with a
different density of the prospecting network; deposits
of the fifth group — by mine working only.

The groups of uranium deposits indicated in the
table also differ from each other according to the con-
ditions of classification of the reserves. During the
process of geological-prospecting operations,the reserves
of all three industrial categories (A, B and C;) can be
revealed only in deposits belonging to the first group.
In deposits of the second and third groups the reserves
do not have a higher classification than B; in deposits
of the fourth and fifth groups the extraction must be
based mainly on reserves of category C;.
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Letters to the Editor

EXTERNAL y-RADIATION DOSAGE DUE TO FALLOUT OF

SEVERAL FISSION PRODUCTS &

V. P. Shvedov, G. V., Yakovleva, M. I. Zhilkina, and

T. P. Makarova

|
I
. |
Translated from Atomnaya Energiya, Vol. 7, N
December, 1959 |
Original article submitted July 18, 1959 |
\
v |
A flask,1 m* area,was used to make a monthly col-
lection of radioactive fallout during 1958 in the city of
Zelenogorsk. After having been dessicated and incine-I
rated, the contents of the flask were analyzed, using a -
single-channel scintillation y spectrometer with a large
Csl crystal. L
y =lines whose energies were approx1mate1y 150,
500, and 750 kev, and whose intensities dropped off in |
periods of about 30, 40, and 70 days, were discovered !
in the spectra of the fallout samples, These could be |
unambiguously attributed to the y lines of Ce™!, Ru'®?, |
and (Zr+ Nb)%. with the aid of a 44 counter, a g
calibration of the y spectrometer was made in order
to make the conversion from the area of the photo- |
peak to the absolute B -activity of each isotope. The '
isotopes being identified were radiochemically separated
from the series of samples, and a subsequent measure- |
ment made of their 8 activity with calibrated end- -
window B -counters. A comparison of the spectrometer
method and the radiochemical method showed that the
error in the determination of the absolute activity of |
the y emitters by the use of the spectrometer tech- |
nique was at most 10%. The absolute activity of the |
Cs'¥ contained in the fallout samples was determined
by the radiochemical method. \
The absolute activity in the monthly fallout per l
1 m® of the earth's surface of an arbitrary isotope (A ) \

can be represented in the form of a geometrical progres—\
sion

_"tot :Ao—{-“/‘ne ;
where A, is the average activity of the daily fallout per |
1 m? of the isotope; A is the decay constant of the !

isotope (days™); tis the sampling period in days. |
Or \

|
\

=2 —iA \

) Age i - Age t

| Ay (l—eM)

Ttot gk \
It is possible to determine from this the average activity |
of the isotope (A,), and therefore the number of active- 1
atoms of this isotope in. the daily fallout. The knowledge|
of the number of active atoms (which is equal to the i

1

l

1

0. 6, pp. 544-545

number of future decays of the isotope) enables.one to
calculate the y radiation dosage from this isotope for
the future,

The y-radiation dosage of radioactive fallout was
calculated for a point 100 cm from the earth’s surface
neglecting the shielding of the y radiation. The cal-
culation of the dosage was made by integrating the y
radiation over an infinite plane surface [1], using the
Hirschfelder formula [2, 3] to calculate: the secondary
rays.

The results of the dosage calculations. are shown in
the Table. The 30-year dosage rate from-ers, Rums.
and Ce! is equal to the dosage rate for the year.

Thus, for a dosage rate in the year from the y
radiation of Cs'¥ equal to ~1 mr/year, the dosage rate
from zr*®, Ru'%, and Ce!* amounts to 7.5 mr; i.e.,
as a result of the continued tests of atomic weapons, the
short-lived isotopes make a considerable contribution to
the dosage from the external radiation. The dosage
rate from radioactive fallout in 1958 already amounts
to ~1/ 3 of the world-wide average dosage rate due to
cosmic radiation (28 mr). The value calculated pre-

viously [4] by us for the 30-year dosage due to radio-

active fallout for the years 1954-1956,inclusively, was
16 mr, and for the year 1957 a value of 18 mr was ob-
tained. The sharp increase in the dosage attests to the
growing danger from the testing of nuclear weapons.

30-Year Dosage Due to Radioactive Fallout in 1958

Isotope Dosage,
mr
(Zv LNy 00 6,5
Rutos . - 0,9
Cett 0,1
Cstd 32,6
Total . . . . . . 40,1
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CALCULATION OF THE EXTERNAL y«RADIATION’
DOSAGE DUE TO FALLOUT OF RADIOACTIVE

FISSION PRODUCTS

L. I. Gedeonov, V. P, Shvedov, and G. V. Yakovleva
Ttanslated from Atomnaya Energiya. Vol. 1, No. 6, pp. 545-541,

December, 1959
Original article submitted May 20, 1957

In connection with the performance of atomic
weapons tests and the fallout of radioactive fission pro-
ducts over the whole earth’s surface, an estimate based
on continuous obseivation of radioactive fallout is made
for the external y-radiation dosage. It is not possible
to make a direct measurement of the y-radiation dosage
due to radioactive fallout at great distances from the ex~
plosion site, since the natural y background is much
larger than the y radiadon of the fallout of fission pro-
ducts. A calculation appears to be the only possible
method of determining the dosage.

In the present paper, an estimate is made of the
dosage of the y radiation due to fallout of fission pro-
ducts in the territory of the Leningrad region from the
beginning of the atomic weapons tests up until January
1, 19517,

The dosage was calculated for a point located 100
cm above the earth. It was assumed in the calculation
that all of the fallout of active substances remains in an

infinitely wide and thin upper layer of the earth's surface.

Such factors (which would tend to cause a decrease in
the activity) as washing out of the soil, the action of the
wind, the shielding due to surface irregularities, and
others, were not considered; only the natural decay of
the radioactive substances in the fallout was taken into
account. The y-radiation dosage was calculated from
the time of the fallout to the complete decay of the
fragments (i1l t = w). )Only such a calculation enables
one to tell what the upper limit of the dosage will be. -
The calculation was made according to the formula

D=kQ,
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where D is the dose (in roentgens), i.e., the amount of
energy evolved in-1 cm® of air by the y ‘radiation; Q
is the total number of future 8 decays of the fission
fragments which have been deposited on 1.cm?® of soil
during the whole preceding time starting from the
moment of fallout; k is a coefficient which character-
izes the value of the dose at a height of 100 cm above the
the earth due to 1 decay per 1 cm® on soil.

The number of future decays of the fragment acti-
vity for an age of this activity greater than 60 days was
calculated according to formula [1] '

.Q=3515at, S

where a is the activity of the fragments (decays /min)
which have fallen out on 1 cm? of the soil; t is the age
of the fragments which have fallen out (days).

_ The number of future decays for an age of the
activity less than 60 days was found according to the
formula ‘ '

Q=ap(), @)

where ¢ (t) was found by use of a curve given in [1].
The measurement of the activity of the fallout of fission
products per 1 cm?® of soil was made daily from the 6th
of March, 1954, according to the method described in
[2]. Activity of an unknown age was conditionally re-
lated to the middle of the series of tests just prior to

the fallout of the activity. The results of the calcula-
don of the numbers of future decays are given in Table
1. . :
Considering the relatively small amount of testing
which was carried out up to 1954, one can assume that
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TABLE 1

|

Number of Future Decays on 1 em? of Sail

Number of future decays|

Year of fallout on1cm® of soil

1954 8,88 10
1955 14,7-108
1956 10,9.108
1954- - 1956 34,5108

the activity of all the tragments which had fallen 'pr‘ior

to 1954 did not exceed the activity of the fragments !

during 1954, So the number of future decays per em? |
of soil from all the testing is estimated as Q = 4.3 107
decays/ cm?, : |
The calculation of the coefficient k was carried out
in three steps: 1) the calculation of the number of y:
quanta per one future B decay of the mixture of fissio‘ln
fragments; 2) the calculation of the flux of y quanta
from an infinite plane which passes through a 1 cm? area
located at a height of 100 cm above the earth; 3)
calculation of the y radiation dosage in roentgens. 1
The number of y quanta per future B decay de- -
pends on the age of the fragments at the time of fallodt,
which for the sake of simplicity in the calculation was

taken as 75 days. ;

Those beta-active fragments whose proportion of a
75 day-old mixture of fragments was greater than 0.%
of the total are given in Table 2. !

Itis taken into account in Table 2 that in the |
Ru'%%-Rh1% equilibrium chain there is one 8 decay which
is recorded, since the energy of the B -particles of Ru'?®
is so small that in a measurément with a thick source the
they are not recorded. For this reason Pm'¥ and Smm‘

are missing from the table. !
|

TABLE 2 |

The average number of y quanta per decay is found
according to the formula

3
)_}aibi,

ve=lo | S ®

i=1

The average energy of the y quanta emitted is found
according to the formula

11

Z ”'ibici.

i=1

Eay ==y : 4)

2} (libi

i=1{

At an age of 75 days, the-mixture of fragments has

v = 0.45 quanta per 1 future 8 decay; E,y = 0.60 Mev,

The flux of y quanta emitted by an infinite plane
contaminated with fission fragments (passing through a
1 cm® area 100 cm above the plane) is given by (neg-
lecting secondary radiation) formula (5) of [3].

N= —%l’ Ei (—100p), (5)
where N is the y -quantum flux; Q is the number of

B decays per 1 cnf of soil; v is the number of y

quanta per 1 B8 decay; Ei (~100p) is the function Ei of
the argument (—100p ); p is the attenuation coefficient
of the rays in atmosphere in 1 cm™ (for Eay = 0.60 Mev),
equal t0 10,8 - 1075 em™, :

The y -ray energy loss in air for a small coefficient
of true absorption 7+ 0 g amounts to.

—(t+aﬁ)x

Al=Ty—I=1I4 {1 —e =Iy(t4-0p)z,  (6)

Relative Number of Future Decays of 'Fragmems in'a 75 Day-Old Mixture

| imeor | thviohp! | Number of | Aversge
o ime o
Isotope Period ‘I formation, | number of Y anﬁntg Y -qQuantum
? future de- |PeL €~ | energy, ¢
‘ P cay, b
| cays, a -
i
Se8® 0o . 54 days 5 0,058 0 0
Sr%e 0 27 years 5 0,150 0 0
Yor o 61 days- Y 0,060 0 0
Zr9%-_NDb o 65 days 6 0,160 i 0,72
Nb¥ o 35 days | 0 0,054 1 0,75
. Rupwd 42 days’ 3 0,032 1 0,5
| Rul®%__Rh1os 1 year 2,5 0,066 0,2 0,8
JCsr 33 years 5 0,150 0,92 0,66
Cetst . 33 days ' 6 0,044 0,7 0,15
Cet® . 290 days 5 0,113 0,5 0,08
[ brive - 5 0,113 0,01 —

1
o
|
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where Iy = NEay; X is the path length of the y raysin
aif (ip cmj; (T+ og)is the coefficient of true absorp-
tiot1 in the Compton effect and photoeffect; r+og =

= 3.8+ 10" cm! :

The energy yield of the y radiation in penetrating
1 cm of afr is

AW =1 (v 0y) = NEgy(T+0,) Mey, (7)
while the dose in roentgens [3] is
D=1,45~10‘5NEav(1f+69)- (8)

On substituting expression (5) for N into (8), we obtain

Qv (v+-03) Ly

100 p) 1.
5 ®)

D= —1,45-10"5 Ei(—
Putting in the nume;ical-values for v, T+og, Eay, and
Ei (~1004), we get
D=3,7.10"19Q1. (10)

The value 3.7 - 1071 is the dose rate at a point
100 cm above the earth corresponding to 1 decay per
cm? on the earth's surface. Estimation of this quantity
based on data in the literature yields the following
values (r/ decay): 8.2+ 1072 [4]; 4.6 107*(5];
16 - 1070 g6}; 3.4 - 1071 (7.

' One should regard the first of the values just given
as too high, since it was assumed in calculating that

for each B decay 1 y quantum {s radiated. If one used
the value of 0.45 y quanta radiated for each decay, the.
value 3.7+ 1071 ¢/ decay is obtained insteadsin the first
case,

The authors of [6] note that they give only the order
of magnitude of the quantity. Taking these limitations
into account, the various estimates of the value of the
dosage rate per decay 4gree well with the values found
in this article, On substituting the previously calculated
value Q = 4,3 - 10 decay/ cm’® into expression (10) for
D, one obtains .

D = 0.016 r for a 30-year period;

1010
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The dosage value for England is estimated [8] at
0.055 1. For the USA, the value of the dosage calculated
using the assumptions of the present paper fluctuates in
the range 0.006-0.160 r [9], depending on the distance
from the firing ground. The value of the dosage re-
ceived by humans over a period of 30 years from cos-
mic rays and the natural radioactivity of the soil is
between 4.3 and 5.5 r [10, 11].

By comparing the data adduced,it is clear that the
y -radiation dosages obtained for several countries are
approximately the same in value, and much less than
the natural y-ray dosage. Although, as is-shown by
these data, the external y radiation of radioactive
fragments does not present an immediate danger, never-
theless the presence of additional radiation can be-
come a cause of undesirable genetic consequences. In
additfon, a considerable part of the fallout activity be-
longs to st® , whose capture inside an organism s
dangerous.

The authors express their gratitude to Prof. K. K.
Aglintsev for his valuable guidance and advice in the
completion of the present undertaking.
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THE NEW ISOTOPES Sb'** AND Sb* aAND THE IDENTIFICA—
TION OF Sb!!® AND Sbl15 | ;

I. B. Selinov, Ya. A. Grits, Yu. P. Kushakevich,

Yu. A. Bliodze, S. S. Vasil'ev, arlld T. N. Mikhaleva

Translated from Atomnaya Energlya Vol. 7, No. 6, pp. 547-549
December, 1959 '

Original article submitted February 7, 1959 |

Insearching for new isotopes of antimony, and with respectively, these having been obtained in the sn'é -
the aim of identifying the antimony isotopes whose half! (p, 2n) S6M® and sn''® (p, 2n) Sb*'® reactions.
lives are 7 and 31 min [1], a study was undertaken of the We did not observe in the case of Sb'® an activity
activities formed in sufficiently thick targets enriched ¥ with a half-life T 1= 60 min (which was ascribed to the
with tin isotopes (of mass numbers 112, 114-118) upon | latter isotope in [2]), one can assume that the y lines
irradiation of the targets in the 120-centimeter phaso- - which were related to Sb'® do not in fact belong to Sb'%,
tron at the MGU Scientific Research Institute of Nuclear but to SbM, which has Ty = 60 min. In addition, we
~ Physics. In order to isolate the isotopes obtained in the: discovered two new 1sotopes Sb'*?, with Ty = 0.9% 0.1
(p, n) and (p,2n)reactions, the irradiation was carried \ min, and Sbn‘, with T% = 3.3 +0.3 min (Figs. 1-and 2).
- out at several proton energies of 7 to 30 Mev. | These isotopes were obtained in the sn''? (p, n) spi?
A comparison of the activities formed in various l and sn''4 (p, n) sb'! reactions.
enriched isotopes of tin as a result of bombardment by The chemical separation of the antimony was done
protons of various energies showed that the 7-minute l " just as in[1]. Instudying the short-lived isotope sbz,
and 31-minute activities belonged to Sb''® and sps it became necessary to use an incomplete separation
|
[ i
0% ‘
i
»p* \
3 |
[ P .
\‘;:, . \\‘XkGroup 1 T |
o 10N~ p
3 \z\ - |
[a ) - . i
. Group 2
] 3 \ \[ P 4‘
@ 310 T
“ [ |
g 0’ ‘Y \1 — & e Ty = 16 min (SbH)
0 \}f? = 3.5 min (sb™%) \s\f’_\
= ; 2
3.,02‘ \Tl- 0.9 min( J | - R
' ! 10
\ \
U 5 10

15 20 25 ‘ 30 35 40 45 50
t, min

Fig. 1. Half-lives of radioactive 1sotopes]of antimony chemrcally scparared from
tin enriched with Sn'®?, after irradiation of the tin by protons.

Isotopic composition of the target (in perr‘ent) sn*”? - 52.3; sn'™ - 1.5;
sa'® - 1.5; sn'-11,2; snl' - 4.2; snl'* - 11.2; snlt¥— 4 Snm— 10.7;

sn'? - 1.4; sn4 - 0.2, ‘ :
- Proton energy 15 Mev; exposure 1 min, ‘iThe activity with a half-life of T = 3.5 min

is determined for the most part by the isotope Sbi'® (T = 3.5 min), and partially by the -

isotope Sb™ (T = 3.4 min), since the Sn'™¥ content in the target is 7.5 times as large
as that of Sn*4, ‘

|
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g : \\i ) : Fig. 2. Half-lives of radioactive isotopes of antimony
g - _ S : . (il .
a 10 > chemically separated from tin enriched with Sn—%, after
© \' y irradiation of the tin by protons. . .
, AN _ fsotopic composition of target (in percent): sn'?? - 0.6;
30 st - 57.2; sn'®—3.3; sn''®-19.6; sn' —-10.8;
2\ sol® - 6.8; snl'®— 0.4; sn?°— 1.3; sn™*-0.1;
10 :..T\a= 1hr(sbt* sn™ - 0.1. Proton energy 15 Mev; exposure. 1 min.
30
10
0
" Type of ot - Py -
ttansformation &, B ef’
igT : }l, / Eb f28 fstable'- or 2Bactive with
Sb 18
, (stable T> 107 years) .
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7 , |
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sl Y ™\
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5 ! 56 %] ' |\‘ .
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5o" 4 / \\ l ) .
' / \ \ Sb
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e . s | N N
2 (s6™).° ”{b”‘ i
o oFp Sb ~
(sb™,. osb | 5o
1 (5"t I
|
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Fig. 3. Half-lives of radioactive isotopes of antimony. Neutron number N is plotted on
" on the abscissa. The left branch of the curve corresponds 1o € - and Bt -active isotopes,
and the right branch corresponds to B “-active isotopes. As yet undiscovered isotopes are
indicated in parentheses.
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of the antimony (about 1%), in order to start the measure-
ment of the activity within 3 min after terminating the
bombardment. The initial intensity of the antimony

with T4 = 0.9 min which was separated from the target
which had been enriched with Sn''2 and bombarded by

15 Mev protons was 15 times as high as the initial in-

" tensity from a mixture of other isotopes of antimony.
The analogous ratio for Sb'* was equal to 30.

The maximum energy of the B* emission as de-
termined by the absorption method amounted to 2.740.2
Mev fn the case of Sb'*, The gamma ‘spectrum, which
was measured with a scintillation spectrometer using a
100-channel pulse-height analyzer, consists of three
lines: the y line of the annihilation radiation, the

1300430 kev line, and the less intense 900+ 60 kev line.
The gamma spectrum of Sb'™® has, besides the annihila-
tion line, only one y line, whose energy is 1270+ 30 kev,
As is evident in Fig. 3, the isotopes of antimony with
even neutron numbers (Sb!!2, sb'5, sp*'") have a greater
T i than the isotopes next to them with odd neutron

*
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numbers(Sb*?, Sb'¢, SbH€), Itis to be anticipated that
the still undiscovered isotope sb*! has a value Ty
= 1.1 - 1.6 min; i.e., somewhat larger than the T%
of Sb™2, A more detailed description of work on the new
isotopes of antimony will be given later.

The authors express their gratitude to V. S. Zolotarev
for making enriched isotopes of tin available, to Yu. A.
Vorob'ev and the members of the phasotron staff, and
also to L. Ya. Shavtvalov for his work on the spectro-
meter.
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'STABILITY OF A CHARGED BEAM IN STORAGE SYSTEMS
A, A. Kolomenskii and A. N. Lebedev

Translated from Atomnaya ﬁnergiya, Vol. 7, No. 6, pp. 549-5-50

December, 1959
Original article submitted June 8, 1959

In connection with the proposalon the feasibility of.
reactions with intetsecting beams of relativistic particles
[1], there has been increased discussion recently con-
cerning methods of storage [2] of high current in annular
magnetic systems, Of particular interest for such systems
is the study of the interaction of the large number of
particles in a storage orbit, Besides the lateral repulsion
of the beam, which mainly affects the betatron oscilla-
tions, there are also interesting effects connected with
the azimuthal inhomogeneities of the density and the
resulting redistribution in energy of the particles.

It follows from quite simple physical consider-
ations that under certain conditions, a distribution of
the beam which is homogeneous with respect to the
azimuthal direction is unstable. For simplicity, let us
consider a monoenergetic beam. The field due to. a
positive density fluctuation which is formed accelerates
particles moving in front of the fluctuation and decele-
rates particles moving behind it, If at the same time
the rotation frequency decreases with a rise in energy

du . ‘
E <0 , a further increase in the fluctuation will be

brought about; for —:EE > 0, the fluctuation tends to be
resolved, The condition ;’—;i < Oisobtained in weak-focus-
ing and strong-focusing systems above the critical
energy. In view of the practical importance of the
question, and the physical interest which plasma effects
exhibit in storage systems, it is therefore appropriate
to' examine such instability in greater detail.*

The change in energy of a particle in the presence
of an azimuthal electric field is described by the
Hamiltonian [2] '

He= —¢ &6(‘1’,00@—}—(:} )

W!‘.‘,
P ’

da
ar Jg

- * After this note was written to the press, another study

{3} was published, in which the beam stability was also

examined in the region above the critical energy. -
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in which the canonic. momentum W is.connected with the
energy E by the relation

¢ 43
- .
v=\ o |
. By ()

where v is the velocity of the particle. (The index $
indicates quantities evaluated at the average energy of
the stored beam.) The canonical coordinate ¢ which is
conjugated to W is connected with the azimuthal angl’e
0 by the relation ¢ = @-— wgts in the general case of
arbitrary periodic systems, @ is the so-called generalized
azimuth {4). The quantity &§(¢, t) is the azimuthal com-
ponent of the electric field of the beam.

.We will'describe the state of the beam by the dis-
tribution function F(W, ¢, t), which can be reptesented
in the form of a sum

F(W,,)=Fo(W)+](W,9.0); f<Fo,  (3)

i.e., we shall examine small deviations froin an equilib-
riumn state which is homogeneous with respect to the
azimuthal direction. It is clear from physical consider-
ations that § =-0 in the equilibrium state, since the
linearized kinetic equation has the form

af aF,

+ dE)sW —aw 6@ (4)

or,.if we take the Fourier transform on the azimuthal
angle and a Laplace transform on time; '

fo [ ot i (052 )y ] =1 (k0= 72 e8p (). (5)
In order to connect &(k) with the Fourier component of
the charge density, we make use of the fact that the
electric field of the beam is well shielded by the
horizontal covers of the vacuum chamber and is practi-
cally the same as the field of a rectilinear beam which

is located between two conducting planes. Whence
iAk -
& (k, t)=— le e \ f(W, k, t)dW; y= <1—-— 1/2.'(6)

where R is the average radius of the orbit.

This same expression can be obtained rigorously, if
we use for the field of the shielded circular current the
expressions given, for example, in [5]. The exact
result of expression (6) will be given in a more detailed
study; we will note here only that the quantity A, which
depends on the ratio of the transverse dimensions of the
beam to the gap width d, has a value in the range 2-3
in cases of practical interest. Expression (6) was ob-
tained by using the assumption that the dimensions of
the inhomogeneity are large in comparison with the

R
i.e., k <<-a—

By using the usual method of solution of equations

(5) and (8), it is easy to amve at the conclusion that

aperture of the chamber;
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‘the asymptotic behavior of the perturbation is de-

termined by the root of the equation

. 400
© Aeki S 6F0/6Wch
R ) [p«}—ikW(v ] (7

which has the largest real part. Since we are interested
in the existence of an unstable solution (i.e., roots for
which Rep > 0), the integration in expression (7) is
carried out just along the real axis.

Let us consider now two concrete distributions for
Fo(W).

1.. The hormogeneous distribution

N
Fo={ 47!2(1)4’0 for (W= W,. - ®

After simple calculations we obtain from (7)

P g _nVs -
KWo| v 22 == ®
°|" aE
'8
where
INAr, y*—1 . &
= TR ay a1 [T me? - (10)

(8 is the relative spread in energy of the beam, and
o is the coefficient of expansion of the orbit).

it is clear from relation (9) that the instability ‘
(Rep > 0) can occur, first of all, only in the region above
the critical point (oLy2 > 1), and secondly, for a suf-
ficiently narrow distribution:

g o 2V Ao ¥
8 < nBYS a.Yz__-l : (11)
2. Now we let
__NW, 1 _ 9
o= Wy (2
whence
p .z
PR VE—1 (13)
°\YGE 5

The same conclusions follow from this equality as from
expression (9); the instability can occur only for the
dw .
case’'in which E < 0(g> 0) and condition (11) is
satisfied. For g < 0, the density of the beam undergoes
in both cases small unstable oscillations, with a fre-
quency determined by Imp. The question of the pos-
sible damping of such oscillations must be exammed
separately. -

In order to illustrate the formulas obtained, we may
point out that for an electron storage system whose para-
meters are y = 60, =5 10% R=15"-10*cm,
A=3,N= 10"4, the growth time of the instability
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Tu% =4-10%sec fors =5 - 10%: 1t should be
noted, however, that the development of the disturb-
ance incredses the non-monoenergetic character of the
beam, which can ultimately limit the -deyelopment of
the fluctuation,

We may remark in conclusion that these effects
disappear for the case of a small region of increased
density which is bounded in the azimuthal direction
accompanied by the presence of a high frequency
accelerating field, provided that the growth time of
the instability is much larger than the period of the
synchrotron oscillations. This is connected with the

fact that the effect on the particle of the field due to
the fluctuation is zero, when averaged over the period
of the oscillations. :
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THE ALBEDO OF 'y-RAYS AND THE REFLECTION BUILD-UP

FACTOR
B. P. Bulatov and O. I. Leipunskii

Translated from Atomnaya Energiya,
December, 1959
Otiginal article submitted March 19, 1959

In considering problems connected with the re-
flection of y rays, we may distinguish two cases.

First case (Fig. la). A narrow beam of mono-
energetic y quanta is incideqt on a broad scatteret. The
ratio of the total back-scattered energy (or number of
quanta) J, to the energy (or number of quanta) Jg (in-
cident on the scatterer) is called the energy albedo ny

(or number of quanta n ) for -y-rays, 1 = Jp/Io,
-rn(Z Emax
Ma=21 \ N (9, E)cos@dEde, (1)
o0 :
o =/2 Emax
"Il«:=,,—~0 N (9, E) E cos pdE de, (2)

0
where N(¢, E) is the distribution function of the scattered
y quanta, E is the energy, ¢ is the angle of emergence
of the scattered y quanta, and Ej is the photon energy
of the primary radiation,

Second case (Fig. 1b). An infinitely broad
uniform flux of monoenergetic y quanta is incident on
an infinitely broad scatterer. .

An isotropic detector measures the energy (or
quanta) flux density of the y rays with the scatterer I =

Vol, 7, No. 6,

pp. 551-553,

=T+ lp and without it I=I;, The ratio of these quanti-
ties is called the energy reflection build-up factor By
or (quantum) number reflection build-up factor B,,, and
is equal to

Iy+1p I
—_ R B S L
Br— 10. —-i ] 10 ’
) 3
n/2 Emax @
H,.n=1—|-21;8 \ N (¢, E)sl P ar dy;
U .
/2 Emax
om0 7y
Bro=1 +5 N (9, E ide(p 4)

0

From expressions (1)-(4) it follows that Bie—1> 7,
and Byp— 1> 1.

In the present work the quantitative relations be~-
tween the energy albedo and the build-up factor for
y rays on reflection from light materials with Z = 26
were determined experimentally. The method for de--
termining experimentally the distribution function
N(¢, E) is described in [1). The scheme for the ex-
periments is shown in Fig, 1a, b, c. The counter STS-5
[1] and the ionization chamber KID-1 were used as y -
ray detectors. The error in the measurements was + 15%.
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The measured dependence of the energy flux density
of the Au' y rays scattered by iron on the angle of
emergence ¢ of the quanta (distribution function) is
accurately expressed by the formula.

Jp () =3-10%.5in%’p Mev/cm?- sec,

G
The total energy of y -rayshack-scattered from iron is
. /2
Jp=2,94-10° S sin®7p d (sin @) =1,73-10° Mev/sec.
’ (6)

Dividing the expression (6) by the total energy flux

of the incident radiation, which is equal t02.01 . 108
' Mev/ sec, we get the value of the energy albedo of Au
y rays from iron n, = 0.086.

It is possible to calculate the reflection build-up
factor using the distribution function (5). . The density
of the energy flux of the y rays scattered from a ring
2mrdr and falling on to the receiver is expressed by the
formula

198

. 2nrdr [o _R(z,
Ip (@)—3OO°————]°AS -m—slﬂon7¢. (7)

Sincer=hctgy and R= E}r;—:v' the energy flux density

of the y radiation scattered from the infinite surface of
the scatterer in the direction of the detector can be
wittten in the form

/2
Ip,=0141, & ctg @ sin®7 @de =0,20 I,. 8)
0 S
Ip _ 4.
Hence Be=1-+ 7—_—.1,20.
[

For the Co® y rays back-cattered from iron the
distribution function has the form

Jp (®)==7,7+10% ¥'5in ¢ Mev /cm®¢sec. - )

The values of the albedo and build-up energy factor cal-~
culated using this function are equal to ¢.025 and 1,075,

7
~ Detector l
// LY \ etecto
[ 2 i
Scatterer b Scatterer
)

Detector

Scatterer

c
Fig. £. Scheme for experiments.
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respectively. The results obtained agree well with the

data in [1-3].

Graphs of the dependence of the reflection build-
up factors of Aul® y rays on the dimensions of the
scatterer (carbon) surface are shown in Fig. 2.

The dependence of the energy flux density of the
scattered radiation I(Mev/cm2 . séc) on the energy flux
density of the primary radiation Iy (Mev/cm? - sec), the
energy of the primary photons E_ (Mev) (0.4 Mev <E_=

.= 1,25 Mev) and the quantities g and 1 [1 is the distance

between the detector and the point of intersection be-

130
T = o
Q 120 b :
& ] ¢ /
o
5
el
= 9,
20 y
1,00

20 40 60 80 100 120
Effective radius of the scatterer surface r, cm

(=~

Fig. 2. The dependence of the value of the reflection

energy build-up factor for Au® y rays on the size of the -
scattering surface: O, A) experimental points (h is 1.1 and
12.5 cm, respectively); ) calculated points [h = 1.1 cm

(11)}.
1’25 1 T I -
0,410 Mev
}: ¢

120 T/i

)

” 0,661 Me_‘gi
¢ 4)/ .

110 — [ - ' s M?v

N V/s//%_— _

105 l/(;%/

1,00 A l J
0 10 20 30 40 50
Thickness of scatterer, g¥cm?

Build-up factor

Fig. 3. Dependence of the value of the energy build-up
factor on the thickness of the scattering material:

0, O, A) experimental points; 4, O, V) calculated
points (12).
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tween the surface of the scatterer and a narrow beam
diameter 3.8 cm of primary y quanta (see Fig. 1c)}is }
satisfactorily expressed by the empirical relation l
023 ‘
" ' |

J==1-10-2 ”j’ . Vi (10)
|

Using expression (10), the energy build-up factor
of y rays reflected from light materials can be cal- ‘,
culated: v |

2] 0,23

"’r' 10-3 e T
B..=1- p S o Vi rdr.
\, ) )

b
|
The values of B, when y quanta from Co®™ and Au'®®
are scattered from carbon were obtained empirically, |
from experiments with a wide beam (1.26 and 1.088, ‘
respectively), and those calculated using (11) agree with
those calculated by the Monte Carlo method [3] (1.24 |
and 1.084). '
The results of measuring the dependence of the |
value of the energy build-up factor on the thickness of :
the scatterers (aluminum) are shown in Fig. 3. This 1
dependence is satisfactorily described by the empirical -

formula _ ‘,

Bre ()= 1) =[Bre (00) =11 (1=~} (19)

where Bie(m) is the llmltmg value of the build-up factor

1
I
*
|
|

i

|

for an infinitely thick scatterer; d is the thickness of

the scatterer (g/cmz) and a is a constant, equal to
approximately half the free path of the primary radiation
in the material of the scatterer,

In agreement with the data given in (1] for a given
energy of the primary radiation, the constant a is the
same for all substances with Z =< 26. The pnints cal-
culated from (12) are shown in Fig. 3.

It follows from the diagrams that the limiting
value of the reflection build-up factors in scattering
by light elements is reached when the thickness of
the scatterer is equal to 1.5-2 times the y -quantum
free path of the primary radiation in the scatterer,

The results obtained correspond to those in [3-5].

In conclusion, the authors express their gratitude to
B. V. Novozhilov and V. N. Zakharov for their interest
in the work and discussion of the results.

LITERATURE CITED

1. B. P. Bulatov and E. A. Garusov,. Atomnaya f:nergiya,
5 631 (1958).*

2. E. Hayward and 1. Hubbell, Phys Rev, 93, 955 (1954).

3. M Berger and 1. Doddett, J. Res. Nat, Bur. Standards,

56, 89 (1956).

M. Berger, J. Res. Nat, Bur. Standards, 55, 343 (1955).

1. Perkins, J. Appl. Phys. 26, 1372 (1955).

ook

*Original Russian pagination. See C. B. translation.

APPLICATION OF MASS-PRODUCED SCINTILLATION
EQUIPMENT IN RADIOMETRIC CON’FROL OF THE
BOUNDARIES OF PETROLEUM PRODUC T MIXTURES

IN PIPING ‘

L. N. Posik |
\

Translated from Atomnaya Energlya, Vol. 17, No. 6, pp. 5563-554

December, 1959 \
Original article submitted January 8, 1959
In the paper by B. Z. Votlokhin et al*, the radio-

metric control method is recommended for determin- |

ing the dividing boundary between two petroleum pro-. '
ducts. AnSb'®$source with an activity of 10-12 ;4 C (in l
the form of a solution in 4 ml of triphenylstilbene) was
used for this purpose. The activity of petroleum pro- l
ducts was measured by means of special equipment ‘

|
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consisting of a data transmitter, a P$-64 scaling de-

vice, a four-range integrator, and an EPD-17 electronic
potentiometer with a contactor device. A bank of VS-9

* B. Z. Votlokhin, A. V. Dorogochinskii, and N, B,
Mel'nikov, Atomnaya Energiya 4, 475 (1958)[ Original
Russian pagination. See C. B, translation). ’
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M Dt e " |PMfeed " omaor g ]
Control signal * -
~240and ~220v

!Circuit fee/ﬁ

X 1 b~ 2

Nal(T1)

Line
127-220 v, 50 cps

Fig. 1. Schematic diagram of the RSU device. 1) Photomultiplier; 2) multivibrator;
3) cathode follower; 4) automatic control circuit; 5) time relay; 6) electric clock;
7) intensity meter; 8)'input stage; 9) feed unit; 16 -13) scaling'circuits; 14) clock;
15) EMs stage; 16) high-voltage feed units; 17) feed units; 18) scaling circuit;
19) input stage; 20) SNE-220-05 stabilizer. '

Fig. 2. External view of the RSU device.

counters was used in the annular data transmitter, while duct mixtures, Best results can be achieved by using
suitably sized data transmitters were required for dif- a mass-produced RSU device,
ferent pipe diameters. It follows from the above brief The schematic diagram and the external view of
description of the equipment that, regardless of its the device are shown in Figs. 1 an 2. The efficiency
considerable practical value, it is very cumbersome; of the data transmitter with an FEU-29 photomultiplier
this hinders a speedy introducti?n of the described and an Nai(T1) crystal is 5-8 pulse/ sec . which is
method into the rapidly expanding network of petro- : ur /hr
leum pipelines in our country. ‘equivalent to the efficiency of 40.to 65 STS-8 gas-
Since the publication of the above paper, it be- discharge counters, The data transmitter is designed
came possible to use scintillation equipment of a new for use at temperatures from —20 to +40°C and for a
type for controlling the boundaries of petroleum.pro- relative air humidity of up to 95% The connecting
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cable, which is 100 to 150 m long, and the data trans-
mitter design make it possibie to mount it at the most '
convenient point in piping of any diameter. The in- |
tensity meter of the device has three ranges — 500, 200,
and 50 thousand pulses / min with RC = 1 sec, a needle
indicator, and a jack for a self-recorder with a current

of up to 3 ma. The entire device is fed from a 127-220-v

|

line, and the over-all pewer consumption is ~ 200 va,

For line voltage fluctuations from —20 to + 15% of the
nominal value, the ferromagnetic stabilizer secures a
reading stability of + . The device is designed for con-
tinuous measurement over a petiod of 8-16 hr, and with
interruptions lasting from 1 to 2 hr, the device can oper-
ate 24 hr a day.

IMPROVED DEPOSITION OF URANIUM AND THORIUM
LAYERS BY THE METHOD OF ATOWZAHON IN AN

ELECTRIC FIELD
Yu. A. Selitskii

|
l

Translated from Atomnaya finergiya, Vol. 7, No.
December, 1959

Original article submitted June 4, 1959

6,

|

From among the different methods of depositing ‘
thin layers on metallic foils and organic films [1 and !
2], the method of atomizing a solution of the substance
from a capillary under the action of an electric field
[31, which had been applied not so long ago, deserves ‘
attention. The basic advantage of this method con- !
sists in the fact that the substance can be dissolved in =
a small volume, and the atomization can be performed
with a relatively small loss of the substance, which is
uniformly distributed on the target surface, Moreover,
as is shown in the present paper, this method is entirely
suitable for the production of layers on thin organic
films. :

It is mentioned in paper [2] that only very thin
layers are of a good quality, and that, if the amount
of the substance is increased, the surface becomes un-
even. Experiments show that surface nonuniformity in
the case where thorium nitrate or uranyl nitrate solu- |
tions in alcohol are atomized is the consequence of
their hygroscopic nature. The developed nonuniformity
rapidly increases with an increase in the thickness of
the substance layer, In storage, a layer ~ 100 g/ cm?
thick continues to deteriorate due to the fact that the
substance crystallizes in the form of small separate
stars as the layer absorbs moisture from air,

In the present work, nitrates were converted into
nonhygroscopic compounds in order to eliminate the
surface unevenness, If a base-layer which can withstand
calcination is used, a uniform thin nitrate layer 40-50

ug/ cm? thick can be readily oxidized. A consecutive

3

N

pp. 554-555,

alternation of nitrate atomization and calcination
makes it possible to obtain uniform layers with the
required thickness (~ 1 mg/cm?). 1f aluminum disks
are used, it is.convenient to convert thorium nitrate to.
thorium hydroxide, .and uranyl! nitrate to ammonium
diuranate by exposure in the vapor of an 8% solution of
ammonia for 10-15 min. In the first case, the developed
NH/NO; quickly dissolves when the disk is rinsed in
water. The dried layer is then again spray-coated with
the nitrate, Thorium hydroxide is nonhygroscopic and.
is more convenient in work, since the useful substance
weight represents a larger percentage of the total weight,
Control weighing showed that not more than two water
molecules per one hydroxide molecule are present;
heating to 100°C removes the water completely [4].

The amount of uranium in ammonium diuranate, de-
termined by weighing, is 71%,

In certain cases, for instance, in the simultaneous
recording of even fission fragments, the fissionable
material must be deposited on a very thin, usually
organic, film. The electrolytic deposition method re-

. quires the use of metallic base film, which is con-

nected with an undesirable increase in the base-layer
weight.

The atomization of a solution from a capillary in
an electric field is accompanied by very small currents
(~2 pa); this makes it possible to use the following

method of layer deposition, ‘A collodion or celluloid
 film, which was pasted on a light aluminum ring with

an inside diameter of 40 mm,was placed on a cylindrical
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Method of layer deposition: 1) Glass capillary
0.4 to 0.5 mm in diameter; 2) paraffin;

3) capillary; 4) tungsten; 5) .conical solution
drop; 6) organic film; 7) aluminum ring;

8) aluminum support.

aluminum support with a polished end-face (height:

20 mm; diameter: 26 mm), which, as can be seen from
the figure, served as one of the electrodes in the sub-
stance atomization, ‘

In order to secure the necessary conductivity be-
tween the film and the aluminum support, they must -
be brought into intimate contact over the éntire sur-
face, which can be readily achieved by one of the
following methods:

1. A water drop,which is placed on the support
end-face,is evenly forced out and the air is expelled
when the ring with the film is placed on the support,
After drying, the film is in intimate contact with the
support polished surface.

2. The ring with the film is put on the support
and placed under a hood. After evacuation to ~101
mm Hg, the glowing discharge from a lead-in which is
at a negative voltage of ~ 1000 v charges the film sur-
face, which leads to an intimate contact between the
film and the support.

After this preliminary operation, the atomized
substance uniformly settles on the film portion which
adheres to the support, while the formed surface charge
prevents deposition on the remaining film surface,

which remains clean. Thus, the diameter of the covered

area is detetmined by the support diameter,

The film with the nitrate is treated with ammonia
vapors and is rinsed in slowly running water. All the
subsequent operations,until a layer of sufficient thick-
ness is formed,are performed before the film is taken
off the support, Then, the film is gently taken off under
water and then dried, after which it is fixed in a holder
of a design suitable for the work on hand. By careful
handling, even a "black™ collodion film with a thick-
ness of ~15 pg/ cm’® can be readily taken off.

The solution can be atomized by using either po ~ -
laniy Best quality layers were obtained for a positive
capillary voltage of ~7 kv, a distance to the film equal
to 50 mm, and a nitrate concentration of 50-200 mg/ cm®

in the alcohol solution (for the prevention of hydrolysis
in depositing thorium, a nitrate solution with a 0,14 N
acidity was used).

Observations by means of an M-24 long-focus
binocular microscope revealed that the solution con-
centtation in the drop at the capillary end increases
during the atomization process, which can cause the
disruption of small crystals and a deterioration of the
layer quality. In order to prevent a quick drying of the
solution on the external, well-wetted wall, the capil-
lary was coated with a thin paraffin layer, which was
removed with ether at the capillary end,

For a suitable electric field strength, a periodically
pulsating cone-shaped drop' 'with a constantly mixing
solution is formed at the end of such a capillary, which
secures a good, uniform quality of the layer.

The author is deeply grateful to A. N. Protopopov,
S. M. Solov'ev, M., I, Kuznetsov, and G. P. Lepnev for
their advice and help in the work,
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ABOUT THE SINGLE-STAGE SEPARATION COEFFICIENT
OF LITHIUM ISOTOPES BY THE ION-EXCHANGE METHOD
G. M. Panchenkov, E. M. Kuznetsova, O. N. Kaznadzei

Translated from Atomnaya Energiya, Vol. 7, No. 6, pp. 556-5517

December, 1959
Original article submitted November 5, 1958

The idea of a difference between isotopes in ion-ex-

change reactions was suggested and confirmed in 1936
in[1, 2). In 1940 a patent was published [3]; in [4] it
was found that when lithium carbonate and lithium
" phosphate are precipitated the solution is enriched in
the light isotope. The same result is given in [5]. Our
calculations.according to a formula given in [6] showed
that the coefficient of single-stage distribution in pre-
cipitation processes, according to the data of the various
authors, oscillates from 1.016 to 1,021, and the solution
is always enriched in the light isotope. '

In our work, we have considered the problem of de-
termining the coefficient of single-stage separation of
lithium isotopes for the ion-exchange reaction on do-
mestic cationite, and also of clarifying the dependence
of this coefficient upon the nature of the salts and of
the cationites, and upon the concentration of the solu-
tion. We carried out our work in regard to the determi-
nation of the coefficient of single-stage separation by
using the half-absorption method, since in this case
after a small number of stages a sufficiently good
degree of enrichment was achieved. The analysis of
the isotope ratio was carried out on the domestic mass-
spectrometer MS-3 with the help of an aluminum sili-
cate ion emitter [7]. ) .

In order to clarify the influence of the anion of
the initial salt on the coefficient of single-stage separa-
tion,we chose carbonate, benzoate, chloride and hydrox-
ide solutions.. As an ion-exchanger we used sulfonated
coal in hydrogenated form, previously washed from
impurity cations and iron, and also from traces of hydro-
chloric acid until it gave a negative methyl orange test.
The data relating to the experiments about the influence
of the anions of the initial lithium salts on the coeffi-
cient of single-stage separation (the initial salt con-
centration being 0.1 N) are given below:

(4 .
102
r,m'-
i 1 1 1 1 1 I !
-5 -2/-15 -1 -05 g5 10 1519¢C
099} :
098}

Fig. 1. Dependence of the single-stage separation
coefficient upon the concentration of the solution.

lAnion . ...... OH' COa" CsHsCOO" cr
Beparation
coefficient . . . 11.009 { 1,003 1.003 [0,996

It is interesting to note that in all experiments the
solution was enriched in the light isotope, except in
those with lithium chloride. Besides, it was'evident
that in continuing the experiments the most appropriate
salt would be lithium hydroxide.

In order to determine the dependence of the singie-
stage separation coefficient upon the concentrations,
experiments were made with lithium hydroxide at
different initial concentrations. The data are reported
below and in Fig. 1.

Initial concentration, N 5 0.5 0.1 0,005

Separation coefficient 1.021 | 1,015 [ 1,009 | 0.985

As can be seen, for lithium hydroxide solution an

. inverse behavior of the single-stage separation coefficient
- and of the solution concentration is observed: for con-

centrations 0,005 N the solution is enriched in the
lithium isotope of mass 7, and for concentrations of 0.1 N
and above it is enriched in the light isotope of mass 6,
Also experiments with a 0,5 N solution of lithium
hydroxide on synthetic aluminum silicates having the
compositions 13% Al,Og, 87% SiO, and 14% Al,03, 86%
Si0, and prepared in different ways were carried out.
The results of the experiments for the determination of

single-stage separation coefficients with different

cationites are reported below:

Aluminum silicates of
. composition, %
. Sulfonated
Cationite coal | 13- ALO, |14 - ALO,
87— Si0, |86 si0,
Separation
coefficient 1.015 1.009 1,017

It is evident that the single-stage separation

. coefficients of lithium isotopes on aluminum silicates

are approximately the same as onsulfonated coal.

It would be interesting to find a general approach
to the interpretation of the influence of the various
factors on the separation process. The separation of
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Fig. 2. Dependence of the activity coefficients of

the hydroxides of alkali metals upon the concentra-
tions of their solutions,

isotopes in multi -stage experiments was carried out in
equilibrium conditions, under which Li® and Li7 were
distributed among the phases according to the reaction

LisR 4 (Li?)* 2= Li’R -+ (Li¢)*. (1)

The equilibrium constant of this process is expressed
by means of the activities of the reacting species:

_(Lun ) Vg (T ¥y
(LER) ¥y jop (MDY g1 2

If one assumes that

YLi"R

i~

I

YLier 3)
expression (2) leads to the conclusion that the single-
stage separation coefficient is

Ypime
am 2T g
Y(vLioy+ (4)

From this expression it is evident that the conditions
affecting the activity coefficients of the ions (con-,
centration, nature of the anion, nature of the medium)
should also affect the value of the single-stage separa-
tion coefficient. '

If one assumes that, in the case of a 0.005 N so-
lution of lithium hydroxide, the activity coefficients
are equal to one, expression (4) gives that

a:K.

According to the above data the value of the single-
stage separation coefficient is in this case 0,985, i.e,,
less than unity, However, when the concentration is
increased the single-stage separation coefficient in-
creases and becomes larger than one, and this can only
be interpreted as implying that for a lithium hydroxide
‘ Y (Lily
Y(Lifyt

solution > 1 and increases when the concentra-

tion increases,
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Fig. 3. Dependence of the activity coefficients of
alkali metal chlorides upon the concentrations of
their solutions, '

No direct ekperimental data about the activity
coefficients of lithium isotopes are available; however,
if one considers the activity coefficients of the hydrox-
fdes of alkali metals (Fig.' 2), one can see that the
activity coefficients for heavy elements of the alkali-
metal group are higher than those of lighter elements
of the same group [8]. Therefore, the assumption that
YLty
Tty
with these considerations, it becomes easy to under-
stand the dependence of the single-stage separation
coefficient upon the concentration of a water solution
of lithium hydroxide (Fig. 1). A similar assumption
could be made also as regards the experiments with
lithium carbonate and lithium benzoate.

As has been shown above, the single-stage separa-
tion coefficient for lithium chloride was lower than
unity. This can obviously be explained by assuming
YLy '
Y (Li%y*
the dependence of the activity coefficients of alkali
metal chlorides (Fig. 3), one can see that the activity
coefficients of chlorides decrease when the cation mass
increases.

> 1 seems to be entirely reasonable. Starting

that in this case < 1. In fact, if one considers
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CREEP IN HOT ROLLED URANIUM

G. Ya. Sergeev and A. M. Kaptel'tsev

.Tra_nslated"from Atorr‘maan Energiya, Vol. 17, NQ.G, pp. 5568-560

December, 1959
Original article submitted June 8, 1959 l

. ‘ \
Uranium is a readily oxidizable metal; extensive
tests of uranium specimens at high temperatures are i
therefore only possible in specially equipped machines,
in a vacuum or an atmosphere of inert gases (such as |
argon or helium), freed from chemically active im-
purities, - : |
The rate of creep in uranium depends strongly on‘i
the size of the grain and the texture, and the grain size
can vary during the tests, When testing uranium for
creép.it is essential to keep the temperature of the \
specimen strictly constant and, if possible, to avoid
switching off the machines during the tests, since other-
wise the rate of creep accelerates considerably due to |
the expansion of uranium under the action of thermal
cycles(1,2,3]. - B N o
: : A
. |
TABLE 1

If these facts are not allowed for during prolonged
tests, variations can be caused in the creep resistance of’
the uranium, about which very little data has been
published [2, 3, 4]. These papers do not give informa-
tion on the chemical composition, structure and machin-
ing processes for the tested specimens and do not de-
scribe methods for testing creep. :

The authors studied uranium which had been rolled

© at temperatures in the y region with a total degree of
deformation of the order of 85-90% and slowly cooled
in air. The content of basic impurities in the uranium
varied in different melts within the limits shown in
Table 1. Specimens of one melt were used to étudy
-the change in the creep rate in relation to the stress and
temperature, ' '

Content of Basic Impurities in the Studied Uranium Melts, %

|
Fe ' st ‘ Al ) Ni ! Mn ' Co ’ cu ‘ B ' N I c
: : , Co
5H.108— | 1.10-3— About 2.10-%— | 1.103— | 9-10-5—. | 4.10—%¢— | 1.10-5— [ 5.10-3—| 0,01—
‘| 14.10-% | . 7-10-3 1-10-2 2-10-® .2=1‘O‘?’ 3104 2-10-8 2.10-5 7-10°% | 0,12,
L
TABLE 2 _'Resistance of Hot Rolled Uranium to Creep, in Relation to Temperature and Stresses
(Fe=5+103%; si=1.4.10%; C=0.01%)
Stress at _ l Range for T
. otal cre
Temperature Stress 2 instant of Rate of measuring ) reep stress R K
] . | T
of tests, °C kg/mm loading, % | creep To/hy creep rate, hr % emarks
. | e
I . ~ : Specimen did
20 25 0.70 2,3-10- | 1100—3300 3300 1,12 not tear
30 2,00 - 4,8-10-% | 1000—3300 33¢0 3,47 The same
200 15 . 0,20 1,7-10-% 360—820 820 0,3 v
18 0,49 2,7-10-8 360—820 820 0,63 » .
300 15 0,22 6,6.10-° 200—785 785 0,36 -
18 0,58 1,0-10—¢ 200—815 815 0,81 r
A00 8 0,12 2,2-10—¢ | 275--1735 735 0,42 " ou
10 0,15 6,110 | 300—735 735 0,70 ‘o
500) 3 0,05 1,1.10-8 275—750 800 1,05 “ n
4 0,05 3,6:103 | 75—750 750 2.80 )
600 g 0,02 2,2.10-3 ‘ 25150 850 3,15 -

|
!
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The uranium studied had a coarse-grained dendritic
macrostructure with an average grain size of 8-12 mm,
Some of the macrograins were as large as 10 x 20 mm.

The microstructure of the uranium consisted of
large grains (1.0-1.5 mm) formed by subgrains (mosaic)
which were close in orientation, the size of which
varied from 200 to 500 p and averaged about 300400 p.

The resistance of uranium to creep was determined
on TsKTI-3 machines, specially equipped for testing
readily oxidizable metals in an atmosphere of purified
helium, The tests were carried out on standard
specimens of 10 mm diameter and length of the work-
ing part 100 mm, The temperature of the specimen was
maintained with an accuracy of + 2°C and was measured
with chromel-alumel thermocouples at three points
along the height of the specimen. The drop in tem-
peratures along the height of the specimen was about
9-4°C. The strain was measured by clock-type in-
dicators with divisions of 0,01 or 0.002 mm depending
on the load on the specimen and the rate of creep.

The rate of creep was determined from primary
curves plotted with extension — time as the coordinates.
The relative creep rate (at the second section) was de-
termined from the formula

_ Al 4000
v_lono %/ hr

where I ¢ is the initial working length of the specimen;
Al s tie extension of the specimen during time:AT.

The tests were conducted at stresses between 0.5
and 38 kg/ mm® and lasted up to 6000 hr,

10 T " ' ]
s} 4—+—++-1300°c
08 _ :
(. - g =18kg/ mpm®
06 — g
05 } —— .
04 G=15 kg/mm
0.3 =y i t
gf ) s=1zkg/mjn’
ol il : [1TT1]
20137 - I —
',g 6= kg/minz' 400 °C ]
» | F-ikg/mp’
14 >
w12
g 10 -
2 08 , 6=10 kg/ rjm®
S 06 : - ”‘"'I 2
5 0:6 =" d=8kg7m
0?2 ” y _ 1
9 | {1
UL o]
; 6-6kp/mr%oé=sk mm? 700 ¢
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Fig. 1. Primary curves for creep in hot rolled uranium
at temperatures of 300, 400, and 500°C and stresses be-
tween 3 and 18 kg/ mm®,
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Fig. 2. Change in the creep rate of hot rolled uranium in relation to the temperature and stress,
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Table 2 gives the results of some tests for creep, | times larger than for carbon steel, which is not known
and Fig. 1 gives a number of primary curves for creep for its high resistance to creep,
in h:)t rolled uranium at temperatures of 300, 400 and LITERATURE CITED
500°C. |
Using the obtained results, logarithmic coordinates 1. A. A. Bochvar, G. Ya. Sergeev, A, A. Zhul'kova,
were used to plot the relationship between the creep ! and G, 1, Tomson, Report No. 2190 presented at
rate (at a section of uniform creep) and the stress (Fig| the Second International Conference on the Peace-
2) from which it is possible to determine the limits ful Uses of Atomic Energy (Geneva, 1958).
of creep for various temperatures, The wide range of' 2. R, Nichols, Nucl, Engng. 2,355 (1957).
the change in creep rate at constant temperature and - 3. A, Mclntosh and T. Heal, Report No. 49 presented
stress is mainly due to fluctuations in the content of | by Great Britain at the Second International Con--
impurities of the melts studied and partially due to th:‘la ference on the Peaceful Uses of Atomic Energy
small difference in the grain size, l (Geneva, 1958),
It can be seen from these data that in the lower ‘ 4, G. Ya. Sergeev, V. V. Titova, Z. P; Nikolaeva,
temperature range of the o-phase, the hot rolled uranitim A. M. Kaptel'tsev and L.I, Kolobneva, Report
has a noticeable creep rate which starts to increase ‘1 No. 2307 presented at the Second International
sharply at 400°C and above. At 400°C the creep of | Conference on the Peaceful Uses of Atomic Energy
uranium is about 10 times, and at 500°C it is 100-400 | (Geneva, 1958).
|
|
1ok kK

\
\

ON THE PARAMETERS OF A REAC’I‘:OR WITH MINIMUM
CRITICAL LOADING -

V. Ya. Pupko and L. I. Ermakova

Translated from Atomnaya Energiya, Vol. 7, No. 6, pp. 560-561
December, 1959 |

Original article submitted August 3, 1959 |

It was shown in paper {1] that the parametersof a | be expressed by the diffusion-age approximation, For-
bare reactor of given construction with minimum pos- muia (1) is the consequenceof the equality of neutron
sible loading of the fissionable substance could be found‘ leakage from the reactor o,and 1 is the index of effi-
from the simultaneous solution of two transcendental ciency of the fissionable substance (it was proved in
equations ‘ paper [1] that

wIB= — (1—_ 1:{: l/1+12 L 148 ]() (gg)heff =TG’_<1_%>’

2v (1—L%/27)?

o= | where G denotes the loading of the reactor and V
1=—1—3—W , 2y denotes its volume), Equation (2) is well known,

' Having determined the parameters k%and ¢ (L and
where «* is the parameter associated with the materials : koo depend upon the latter) from the indicated system
of the reactor, L? is the square of the diffusion length of |  of equations we find the critical dimensions and mass
the thermal neutrons in the reactor, r is the age of the | of the desired reactor.
thermal neutrons, 6is the coefficient of utilization of Therefore we can find directly by means of this
the thermal neutrons,and kg, is the coefficient of - method a minimally loaded reactor for a given
neutron multiplication in an infinite medium, The “ quantity of construction material without carrying out
equations were derived under the assumption that a | multiple iterated computations for reactors with vary-
reactor with a minimum critical mass is purely a heat | ing concentrations of fissionable material in the mode-
reactor and that in such a reactor the neutron flow may | rator. Even though the computations are carried out for
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TABLE 1

Moderator Constants Used in the Computations

Specific ;évit Macroscopic ab- . Length of the dif-

Mod P gy sorption cfoss ceo-| ABEOf thermal. | fsion of thermal

oderator Y. 8/cm P mo 1 neutrons neutrons in mod-

tiong ©%, cm T cm? erator Ly g, cm
DO . . .. ... 1,1 8,6.10-> 120 100
Be . . . . . . . .. ... . 1,85 1,1-1072 97 21
BeO . . . . .. ... 3 6,10 130 30

C ... 1,67 3,7-10¢ 344 50,5

50% Be+50% C . . . . . 1,76 7,35-10-4 145 34

TABLE 2 Results of Computations of Critical Mass on Reactor Dimensions

B Date of paper [2]
. ) g,cm G, ke y !
Moderator cm™! 5 kg | Pmod/Ps R,cm Gsy kg | Pmod/Ps
D40 0,006 | 0,963 | 67 1,8 108 ~70 | ~1,9 | 1,110
Be . . .. .. ... 0,0563 0,823 54 2,16 1,5-10! ~93 ~2,1 1,4-10%
BeO . .. ... .. 0,052t 0,859 59,1 2,02 1,2.10 | ~59 ~2 - 1,2.10%
C ... .. -0,029> 0,80 104 6,32 C2,44- 101 ~109 ~8 2,3-108
509% Be-+50% C 0,045 0,84 68,0 3,59 1,52 10t ~70 ~3,5. 1 "1,6-10%

a bare reactor, the method described above permits us
to determine rapidly the parameters for a reactor with
a reflector if in the latter case we make use of the
known value of the effective supplements (additions).

As an illustration of the method of determining
the minimum loading parameters of the reactor,we
present the results of calculations made for the following
nonporous systems: pure U®® with heavy water, beryl-
lium oxide and a 50% mixture of beryllium and graphite.
The computed data are compared with the parameters
of reactors of the same composition with minimum
critical mass which were obtained using curves pre-
sented in the book [2). This book contains the data ob-
tained by Safonova who computed the critical radii and
loading of bare spherical reactors with various moderators
for a wide range of relative concentrations of U™ and
moderators, For purposes of comparison in our com-
putations we made use of the same physical constants
for the moderators that were indicated in paper [2),
These constants, together with the computed constants for
the graphite-beryllium mixture,are given in Table 1.

For U?* the following constants were used: capture
cross section of thermal neutrons Oc(s) = 610 barns
effective number of secondary neutrons during the cap-

1026

ture of a thermal neutron y o = 2.08. In all the cases
that were examined it was obvious that L= L'mod(l— D)

1
0= —=mod

14-=2

| [y
nuclear concentration of U**), Thus the system of
equations (1) and (2) permits us to find,simultaneously,
ps5 and the material parameter K“,which are connected
with the reactor radius by the relationship

and kg, = vegf 6 where (pg is the

_x_ o
=
4 tn

where £, the mean value of the transport cross section
of the active zone for the neutrons leaving the reactor
[3).

The U™ loading of the reactor is determined from
the formula:

4 - 0,235
Gicgy™ 3 ™0 0 p0zs 0% -

The simplest possible method of solving the
system of equations (1) and (2) is by the graphical

method; the functions k= Kz(e) of equation (1) and
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6= 6(;(") of equation (2) are plotted and the point of
intersection of both curves then yields the desired x?

and g. Newton's method [4] may be used to obtain a
more accurate determination of the roots of these
equations, For all the cases which have been studied,
except the case where heavy water is used as the mode-
rator, a minus sign must be used in front of the root of

equation (1) to obtain the actual value of the parameter,

The results of the computations are given in Table
2{Pmod = nuclear concentration of the moderator).

The data obtained from paper [2] ate inexact since
they were obtained from curves plotted on a logarithmic
scale,

It can be seen from Table 2 that the agreement
between this data and computations is entirely satis-
factory.

1,

* % %
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News of Science and Technology

FOURTH INTERNATIONAL CONFERENCE ON IONIZATION

PHENOMENA IN GASES*
L. Kovrizhnykh and N, Sobolev

The Fourth International Conference onlonization
Phenomena in Gases was held in Uppsala, Sweden,
August 17-21, 1959. Over 600 delegates from 26
countries attended, presenting over 250 papers, The
25-man USSR delegation presented 25 papers,

Eight review papers were presented at the plenary
sessions: W, Fite's "Progress in the study of collisional
processes in gases;' G. Weissler's "Radiation processes in
gases,™ "Contemporary work on testing and development
of discharges™ by G, Ruther, '"Progress in the study of
arc discharges™ by W. Lochte Holtgreven,”Plasma in-
stabilities and magnetohydrodynamic waves” by W,
Thompson, "Progress in the study of shock waves” by
A. C. Kolb, "High-frequency waves in ionized gases”
by W. Braun, "Structure of spectral lines observed in
plasma” by H. Margenau.

The findings of original research were presented in
papers delivered at four panels meeting simultaneously,
The first panel dealt with investigations of the

basic processes taking place in gaseous discharges.

The second panel considered various types of gas '
discharges and their uses in physics and engineering,

The third panel took up theoretical and experiment-
al research on plasma physics. Papers presented at this
panel may be broken down into three groups according
to subject matter: a) transport phenomena and plasma
dynamics in electric and magnetic fields; b) micro-
wave research techniques; c) spectroscopicstudy of
plasmas, )

The overwhelming bulk of the papers in the first
category were theoretical in nature,

M, N. Rosenbluth and N, Rostoker (USA) discussed
the question of energy losses of a charged particle mov-
ing in a plasma immersed in a magnetic field.

G. Keppler (West Germany) reported on the deriva-
tion of Liouville macroscopic equations for a fully
ionized gas taking interactions between radiation and
matter into account,

The problem of the effect of collective oscillations
on transport phenomena was taken up in a report by
K. Champion and S. Zimmerman (USA).

R. M. Kulsrud (USA) and B, Kadomtsev (USSR)
applied the energy method in investigating the stability
of a low-pressure plasma in a strong magnetic field.
The necessary stability criteria were derived.

1028

Within the framework of magnetohydrodynarnics,
and assuming ideal conductivity, J. Butler (USA) solved
the problem of the stability of a conducting sphere
placed in a spherical resonator with a rotating field,
and in a constant magnetic field directed parallel to
the axis of rotation.

Employing the technique evolved by Chandrasekhar
and others in solving the Boltzmann equation with no
collisional terms, which involves expansion of the solu-
tion in reciprocal powers of the magnetic field, W,
Thompson. (UK) derived transport equations and studied
their discontinuous solutions, He demonstrated in par-
ticular that the solution of equations of this type is not
an analytic function of a certain parameter (equal to
the ratio of the Larmorradius of the ion to the character-
istic dimensions of thie system), although the initial
equations were obtained by expanding the Boltzmann
equation in powers of that parameter,

A new mechanism for magnetohydrodynamic shock
waves was considered in a paper by R, Sagdeev (USSR),

G. Roser (West Germany) made an attempt to find
a nonlinear solution to the problem of the excitation
of plasma waves by an electron beam. However, the
transient response was not examined, and the author
limited his investigation to the stationary case, In this
area, we may note two other interesting points, by
Ya, Fainberg et al. and by R, Demirkhanov et al,
(USSR),on experimental research on the excitation of
longitudinal waves and instability of electron beams in
a plasma.

A theoretical study of longitudinal waves in a cold
plasma and interactions between the waves and
electromagnetic waves was presented in several papers
by O. Rydback (Sweden),

The problem of electron distribution according to
velocities in a fully ionized plasma placed in an ex-
ternal electric field, and the study of the effect of
"runaway" particleswere discussed in reports by 1, B,
Bernstein (USA), L, Kovrizhnykh (USSR), C. LeCouteur
(Australia), G. Wesson (UK), and H, Baglin et al,
(France),

¢ The proceedings of the Conference are to be published
by the North Holland Publishing Company in Amsterdam,
sometime during February-March, 1960,
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D, Reagan(UK) showed in his report that electrons
in high-current pinch discharges with an axially stabi-
lized magnetic field may under certain conditions lose
their energy in exciting H-waves, and the related pos-
sibility of reducing thermal losses of ions by heating
them with H-waves-was discussed.

The results of experimental research on ion cyclo-
tron resonance, of special interest from the standpoint
of utilizing high-frequency fields for plasma heating,
were outlined in a report by K. Sinel'nikov et al.
(USSR).

An appreciable number of the reports were de-
voted to studies of microwave radiation of plasmas, and
of ways of utilizing microwave techniques in plasma
diagnoses.

C. B. Wharton (USA) presented the results of a study
of microwave radiation of a high-temperature plasma,
and its absorptivity, in an attempt to shed some light
on the question of the existence of thermal equilibrium,
Electron temperatures found by microwave radiometry
agree with data obtained by other techniques, to with-
in 50% accuracy.

‘A paper by N. George (USA) was devoted to a study
of noise radiation from the plasma in a gas discharge,

D. Formato and A, Gilardini (Italy) reported on the
results of measurements of electron temperature and
high-frequency conductivity in a plasma, Reliable
measurements of collisional frequency were successfully
obtained only at electron energies above 0,3 ev. The
results show excellent agreement with data obtained
by beam scattering methods,

T. Dutt and A, Stainsby (UK) reported on measure-
ments of particle density and collisional frequency in
a decaying plasma, The presence of mutiple resonances
observed when signals at a frequency of 10* - 10° Mc
were passed between pickup probes placed outside the
"glass tube were noted, and an explanation was offered
for the phenomena. '

Over 10 reports were devoted to spectroscopic
plasma measurements,

H. Griem and A. C. Kolb (USA) developed a theory
of Stark broadening of spectral lines in their paper.
The authors, steering clearof the adiabatic treatment
of broadening of spectral lines in response to electrons,
generalized shock theory and used exact integration of
Schxz;dinger's equation to calculate the profiles of the
spectral lines, with the effects of ions and electrons
taken into account. .

L. Gold (USA) calculated the profiles of spectral
tines, radiated by gaseous volumes, taking into account
distribution of velocities and density of spectral-line
broadening due to the Doppler effect.

The development of a technique for measuring the
temperature of a homogeneous plasma, based on measure-
ments of the intensity of two waves of different length,
was presented in a paper by A. Bauer (West Germany).

R. Williams and S. Kaufman (UK) explained a
technique for measuring the electron temperature of a
high-temperature plasma, based on measurements of
the absolute intensity of the 2%s— 2°p, emission line.
Measurements performed on the "Sceptre-III" facility
showed that the temperature of the electrons on the
axis of the torus in the typical mode of operation is
approximately 2 - 10° °k. a

In his report, A, Gabriel (UK) presented the results
of spectroscopic investigations of a straight deuterium
discharge, The intensity of impurity lines increases
after the first pinch; the Balmer series is not observed
until a very advanced stage of the discharge.

D. Dimoc (USA) reported on experiments on spectro-
scopic studies of plasma contamination in the stellarator
machine, It was found by the intensity of the CII and
CIII lines that there was 0,02-0,1 carbon atom to each
hydrogen atom at the moment of peak CIII intensity.

C. Breton and L. Hermann (France) studied the
glow of a discharge in the TA-2000 facility. The tem-
perature of the ions, determined from the width of CIII
9296,9 lines, proved to be of the order of 45 - 104 °K;
the electron temperature varied during the time of the
discharge from 4 - 10*to 9 - 10% °K.

R, W, McWhirter et al, (UK) reported on results of -
spectroscopic research on the ZETA facility,

At the fourth 'panel, the questions discussed centered
on the generation, confinement, and heating of a highly
jonized plasma. The papers presented were devoted to
a theoretical and experimental investigation of a longi-
tudinal pinch discharge, "mirror machines,” and azi-
muthal pinch discharge, shock waves, and several other
methods for generating and confining a plasma, as well
as plasma acceleration methods,

Of the theoretical papers on longitudinal discharge,
the only ones to be noted are those of M. Haynes and
N. Phillips (UK). The first paper by M. Haynes was
devoted to a study of the so-called inverse skin effect in
pinch discharges. Within the framework of magneto-
hydrodynamics, an analytic solution was found for the
problem, and an expression was derived for the current
density as a function of radius and time.

In a second paper, M. Haynes found the temperature
distribution in a straight discharge of finite length for
the stationary case, taking into account heat losses
across the electrodes, and showed that the peak tem-
perature prevalent at the center of the discharge is
directly proportional to the applied voltage. For
reasonable valtues of the machine parameters, the peak
temperature value ranged from 10° to 10 °K.

N. Phillips' paper dealt with calculations of the
trapping of a neutral gas in a pinch discharge, assuming
the principal role to be played by collision events
leading to ionization,

Of the experimental papers, we may mention
in the first instance some interesting papers presented
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by D. Bodsall et al,. (USA) on a straight and a
toroidal *rigid pinch discharge,” and also a report.by'
B. Etkin et al. (UK) on a "reflex pinch discharge.”

In their first paper, D, Bodsall and associates out-
lined the findings of a study of instabilities in a straight
discharge in the presence of a longitudinal magnetic
field and an isolated central conductor in which the
current may be arbitrarily varied, The results of their
measurements demonstrate that protracted stabilization
(~50 psec) of the discharge may be had with success
in correspondence with a certain assignment of values
to the axial field, gas and reflex currents. The high-
frequency instabilities on the other hand have a non-
hydromagnetic nature, in the authors’ view, and might
possibly owe their origin to the presence of electrodes,
in particular. Similar findings are reported by B. Etkin
and associates, who also investigated a straight dis-
charge with an isolated central conductor through which
the gas current was shotted,

In their second paper, D, Bodsall and associates pre-
sented the results of preliminary experiments on generat-
ing a "rigid" discharge in a toroidal chamber, at the
center of which a low-<requency magnetic field of
relatively low field strength was used to support a metal
conductor, A system of this type must result in in-
creased hydromagnetic stability on the part of the dis-
charge, while the absence of electrodes must lead to
elimination of high-frequency instability, making pos-
sible fairly good thermal insulation.

Several papers were devoted to measurements of
the magnetic field distribution in toroidal high-current
discharges. On the basis of these measurements, data
were obtained on the current distribution over the cross
section, and estimates were made of the conductivity,
electron temperature, and several other plasma
constants,

D. Asby (UK) reported results of an investigation
using a toroidal chamber (small diameter 10 cm, large
diameter 64 cm, peak current value ~10° amp ) on
magnetohydrodynamic instabilities and the effect of
an axial magnetic field on such instabilities. The re-
port of Dolgov-Savel'ev and co-workers (USSR) was also
devoted to. a toroidal high-current ring discharge.

Of the papers dealing with an azimuthal pinch and
a discharge in magnetic fields with mirrors, we might
make particular mention of one by A, C, Kolb and
H. Griem (USA), who obtained a high-temperature
plasma of high density (~10" particles/ cm®in a
chamber 35 cm in length and 2.5 cm in diameter, by
using preionization and heating the plasma with a
rapidly increasing axial field with mirrors, X radiation
and bremsstrahlung were observed along with neutron
production, which the authors ascribed to a thermo-
nuclear origin, The neutron burst lasted a fraction of
a microsecond, and the temperature found on the basis
of these data was 2 - 107 °K. Some data on the building
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of a similar facility of large size were also reported.

H, Bodin et al, (UK) reported results of an experimental
study on rapid constriction of a deuterium plasma, using
an axfal magnetic field (thetatron). The discharge
chamber involved was a cylinder 20 cm long and 5 cm
in diameter. Fields varying in intensity up to 1.1+ 10°
gauss were used, with a voltage of 30 kv across the
condensers and a discharge period of 8 pusec, X radiation
and neutron production were observed. The neutron
yield reached its peak value at a ptessure of 10 mm
Hg and was 10° particles/sec; the duration of the
neutron burst was of the order of 2-3 psec.

E. Ribe (USA) reported on experiments dealing with
the constriction and heating of a plasma in magnetic
fields with a mirror configuration (Scylla) and investi-
gations of a rotating plasma (Ixion), Measurements of
x radiation and spatial distribution of d— d-protons were
performed on the Scylla, enabling the authors to de-
termine the range of penetration of the particles. The
temperature of the plasma electrons, estimated on. the
basis of the radiation, was of the order of 220 ev,
Rotation of the plasma was observed on the Ixion, and
the diamagnetic properties of the plasma were in-
vestigated. It was shown that a system of this type
has a very high equivalent capacity, which may vary
as a function of the magnitude of the applied magnetic
field, o A

The study of fast induction discharges in mirror-
configuration magnetic fields and instabilities resulting
in magnetic fields were discussedin a paper presented by
M, Alidier and co-workers (France).

Also worthy of mention {s an interesting paper by
J. Lewis (USA) on the results of a study of the properties
of a hollow cylindrical arc and the possibility of using
it to trap high-energy ions in the DCX machine, The
experiments were performed on an arc 100 cin long
and 17.5 cm in diameter, The total current of the arc
was 3600 amp, while the pumping speed was calculated
from the arc to be above 100,000 liters/ sec,

The theoretical and experimental study of shock
waves received a good deal of attention,

A paper presented by A, Kantrowitz and colleagues
(USA) dealt with a theoretical and experimental in-
vestigation of shocks propagated in a strong magnetic
field (mean free path length much shorter than the
Larmor radiusof theion). The mechanism of energy
transfer to the ions, associated with the excitation of
magnetohydrodynamic waves, was examined. A
facility was set up to generate shocks. Data on the
speed of shock waves and plasma density data were ob-
tained from the findings of measurements of brerms-
strahlung intensity. The speed of the shock wave
reached 4.5 + 107 cm/ sec, the plasma temperature aft
of the shock wave was 1.2 - 10° °K, and the plasma
density was 5 - 10° particles/ cm®, For a mean free
path of 20 cm and a Larmor ion radius of 0.2 cm, the
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thickness of the leading edge of the shock wave was
2 cm.

J. Wright (UK) developed a simple apparatus for -
generating intense plane shock waves. The shock waves
were established in deuterium at an initial pressure of
1 mm Hg. When two shocks collided, the temperature
(found from the Rankine-Hugoniot equetion) reached -
10° °K for a deuteron density of the order of 108
particles/ cm®, _ : )

The paper by O. Greenberg and colleagues (USA)
gave a theoretical treatment of the effect of charge
separation on thestructure of a shock wave propagating
through a plasma. A qualitative investigation of the -
equations obtained demonstrates that the proton and
electron densities in the electric field vary, and that
these fluctuations have a delicate structure, the am-
plitude values appreciably exceeding the values found'
from the Rankine-Hugoniot condition,

C. C. Payne and P, Smith (UK) reported results of
research on the interaction between a magnetic field
and an argon plasma advancmg at a speed of 5 - 105
cm/ sec,

R. Allis et al, (USA) reported on research work
probing into particle losses in ohmic heating in the
stellarator, The measurements done show in particular
that the lifetime of particles in the stellarator is in-
versely proportional to the square root, rather than the
square, of the magnetic field intensity, as predicted
theoretically. It was found that the superposition of an

| |

additional magnetic field of special configuration for
eliminating magnetohydrodynamic instabilities had no
effect on particle lifetime; this fact favors the assertion
that the. losses taking place are not linked to magneto-
hydrodynamic stability, and may possibly be due to in-
stabiliries of an electrostatic nature,

G. Chino et al, (USA) feported onattempts to con-
fine a plasma by applying high-frequency fields. The
results obtained indicate the possibility of high-fre-
quency containment of a plasma with an electron tem-
perature of 2 - 10 to 4 . 10* °K and a density of the
order of 10" particles/ cm®, Several variants of high-

frequency systems are considered in the paper,

A report by O, Anderson et al. (USA) was devoted
to experimental research on a highly ionized rotating
plasma in a magnetic field. These workers detected
a substantially inhomogeneous current distribution, and
are probing for the possible reasons underlying this
phenomenon,

M, Ioffe and co-workers (USSR) reported on the
results of measurements of the decay time of a plasma
in systems with magnetic bottles,

At the closing plenary session of the Conference,
review papers read dealt with the status of experiments
onsetting up a controlled fusion reaction in several
laboratories in the USA (Los Alamos, J. Tuck; Liver-
more, R, Post; Oak Ridge, A. Snell) and in Britain
(Harwell, W, Thompson; Aldermaston, Niblett).

THE IX INTERNATIONAL RADIOLOGICAL CONGRESS

K. K. Aglintsev

The IX Radiological Congress was held at Munich
(West Germany) on July 23-30, 1959. About 5,000 de-
legates from 63 countries were in attendance at the
Congress; symposia were organized on several topics
and an exposition of radiological equipment and in-
struments was opened up at the Congress,

Seven panel sessions were organized: diagnostics;
therapy; nuclear medicine and radiation therapy; radio-
biology and biophysics; radiation injuries and radio-
logical shielding; health physics and dosimetry;
juridical problems, economics, teaching, and history of
radiology.

From 14 countries, 124 firms displayed their products
at the exposition, these including: x-ray equipment,

tubes, kenotrons, screens, photographic materials; con-
tract materials; shielding materials; betatrons and
other types of accelerators; dosimetry hardware;
equipment for gamma-radiation, and medical-electrical
and electronic instrumentation,

The 27-man Soviet delegation was headed by Prof,
M. N, Pobedinskii, Doctor Med, Sci.; three health
physicists, four engineers, and twenty radiologist-
physicians and radiobiologists made up the group.

A considerable portion of the papers presented
dealt with special problems in medicine and radio-
biology which were of interest only to a comparatively
narrow circle of specialists. However, some of the
papers reflected substantial progress in the area of the
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use of radiations, and are therefore deserving of detailed

examination at this time,

Serious steps forward were made in the field of x-
ray diagnostics, X-ray television techniques and im-
provements in the quality of images on x-tay screens,
as well as automation of x-ray diagnostic operations,
are more and more commonly encountered, A special
branch of pharmacology dealing with the preparation of
contrast materialsis developing. Serious attention is
being given to reduction of the radiation load on
patients. Interesting data were forthcoming on the
power levels of up-to-date x-tay equipment: current of
1000 ma can be handled with a voltage of 100 kv,

In the field of radiation therapy and nuclear
. medicine, we might mention progress in designs of y -

irradiating facilities, and a trend toward wider utiliza-
tion of high-energy radiations,
The most advanced y facilities use Co® or Cs¥7 of
up to 3-5,000 curies activity; their ‘design makes it
. possible to irradiate the patient with a sweep-scan
beam of rotating beam of y rays. The use of linear
~ accelerators in radiation therapy is on the increase,
4 Mev linear accelerators enable a dose rate of brems-
strahlung of the order of 500-900 r/ min to be obtained
at a distance of one meter from the anode, The dose
rate of the electrons at the window exit is about 3,000
rep/ min, _

Problems of radiology per se are not considered in
this review; we shall restrict our remarks on this point
to the fact that the authors of several papers paid much
attention to the role of chemical factors in the bio-
logical effects of radiation.

At the panel session on radiation injuries and
radiological shielding, statistical data on the radiation
exposure of a population in x-ray diagnostic procedures
and possible ways of reducing x-ray exposure were ex-
amined in detail, In addition, problems arising in the
organization of individual dosimetric monitoring and
the investigation of shielding facilities for various
types of setups were discussed.

About 60 papers were devoted to dosimetry. In
several papers, there was an analysis of the nature of
dosimetric quantities and their units. Detailed dis-
cussion was given to the possibility and need of using
physical units in radiobiology. Two trends are
apparently to be noted in this area; one of them calls
for improvement in the concept of relative biological
effectiveness and in the relationship between the
RBE and rad, the basic contention being that the
proportionality factor between them should be
assigned for each biological test; while the second
approach calls for improverrients in the techniques of
determining the linear fonization density along the
tracks of particles moving through tissue, as well as
improvements in the relationship between linear ioni-
zation density and biological effects of radiation,
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It is probable that any refinements in the physical
nature of the dosimetry units will be inevitably
followed by a need to improve the correlation be-
tween the physical units and biological effects,

Considerable attention was devoted to the problem
of correlating the national standards of dosimetric units
used in different countries.

In papers dealing with the use of high-enetgy
electron beams in radiation therapy, data were provided
on the depth doses of electron beams found by using
jonization chambers and chemical dosimeters, as well
as data originating in studies of measurements tech-
niques, In this field, as in others, a tendency was noted
to measure the dose in rads.

A portion of the papers was related to theoretical
and experimental research on the spectral makeup of
x rays and y rays. Data were also reported on the
intensity of scattered radiation and the distribution of
radiation obtained by collimating a beam, This showed
that there has been an intensification in recent years
of work aimed at disclosing the nature of the "dose
field" surrounding a radiation source in a medium,

Results of measurements of ‘B spectra in the "dose
field" of a B emitter were made available only in one
report presented by the USSR delegation,®  This paper
pointed out the importance of studies of 8 spectra ift
the fields of 8 emitters for dosimetry.

Several papets reflected the continuous advances
registered in scintillation ‘techniques, We may men-
tion papers on dose measurement in the case of intra-
tissue introduction of radioactive preparations, on the
use of hollow scintillation spheres for determining
radium content in the human body by the radon exhaled,
on designing tissue-equivalent dosimeters with a scintil-
lator volume of 0,1 cm®, A method based on the use of
thermoluminescence was proposed for neutron dosimetry,
This method is similar to one developed in the USSR
involving scintillation phosphors,

Several papers were devoted to chemical and
calorimetric dosimetry techniques, with the use of
calorimeters with tissue-equivalent absorbers suggested
in the latter case. .

Some firms put samples of dosimetric equipment
on display. The general tendency seems to be to de«
velop instruments with improved parameters, of more
sophisticated appearance, greater convenience in oper-
ation, and with reduced witight and size.

Other exhibit items included several types of counter
devices and arrangements using dekatrons and adapted
for automatic sample changing; a large quantity of
scintillation counters adapted for measurements of -,

*K, K, Aglintsev, V, P, Kasatkin, Atomnaya ’ﬁnergiya
1, No, 2, 138 (1959) [Original Russian pagination. See
C. B. translation].
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B- y-rays, and neutrons; samples for measuring the
activity of radioactive substances placed inside the
human body; a liquid scintillator counter (put out by
the British firm EKCO Electronics Ltd.) devised to -
measure tritium and c¥ content; crystals, scintillating
plastics, and liquid scintillators, ‘
Meriting special mention are arrangements for 4
-monitoring the activity of water, sensitivity 101 '

curie / m® for beta radiation and 107 curte / m® for
alpha radiation, with continuous monitoring of sensitivity
10 curie / m®, as well as some assembly-line counters
using a methane flow, An interesting piece of accessory
equipment displayed was a dynamic-condenser electro-
meter put out by Frieseck Hopfner, with a sensitivity of
5.10"18 coulomb with respect to charge and 10 amp
with respect to cutrent,

THE LINDE APPROACH TO THE PRODUCTION OF HEAVY
WATER BY LOW-TEMPERATURE D\ISTILLATION OF HYDROGEN

K. Sakodynskii ‘

India adopted a decision in 1955 to organize heavy
water production at the fertilizer plant at Nangal [1]. -

After looking over several variants of production pro- |
cess schemes, the method of fractional distillation of ,
hydrogen with pre-enrichment of the water by electro-
lysis [2] was selected. Bids for building the plant weré
offered by a number of companies, and the contract '

was awarded to the well-known West German Linde firm
[3]. A brief description of the proposed process flow
scheme, similar to the one set up by Linde at the ‘
Farbwerke Hochst plant, has since appeated in print [4].
Hydrogen containing up to v,045% deuterium, ob-

tained by electrolysis of water in a three-stage cascade,
|

]

2 1 233 K A
H, 21 18 > - :_-_ -
—M fp====s
19 1 n 20
0,05 atm

is compressed by a compressor 1 to a pressure of 5
atmos, The hydrogen passes to a purifying stage 2 to
remove oxygen, the content O, being lowered from
0.2% to 0,0001%, Water is frozen out in a regenerative
heat exchanger 3, and carbon dioxide is likewise frozen
out in the regenerative heat exchanger 4. The tem-
perature of the stream of hydrogen feed is reduced to
65°K in the hydrogen-cooled heat exchangers 3 and 4.,
and in the heat exchanger 5, cooled by liguid nitrogen,
Traces of impurities are trapped in heat exchanger 6,
and the hydrogen is further cooled to 26°K, Hydrogen
cooled under a pressure of 3 atmos is then admitted to
the midpoint of the lower section of the first fractionat-

TR T SIS,

Flowscheme of production of heavy waéer by the low-temperature distillation method.

|
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ing tower 7. The midsection of tower 7 operates under
a pressure of 2 atmos, while the top is under 1 atmos.
Hydrogen enriched to 4% HD is then admitted to the
second tower 8, in which enrichment is carried further
to 90% HD. The hydrogén is fed from the still of the
second tower by a diaphragm condenser 12 through heat
exchangers 9 and 10 to a reactor 11, charged with a2
catalyst, HD molecules are converted to Hy and D,
molecules in the reactor. The mixture so formed is
cooled in heat exchangers 9 and 10 and fed into the
midpoint of the third tower 13, in which enrichment is
brought to 99,8% D,. The outgoing deuterium stream
injectsheat to heat exchangers 9 and 10 and passes to
a burner 14, in which the heavy water is produced.
Stripped hydrogen with 0,002% HD content issues
from the top of fractionating tower 7, gives up its cold
in heat exchangers 15 and 16, and then divides into two
streams, One stream leads out of the system, giving up
its cold in series heat exchangers 6, 4, 3; the other
stream is recycled through the system as reflux, while
its vapor moiety functions as a heat-transfer medium to
heat up the stills of all three fractionating columns,
Compression of the hrydrogen reflux takes place in

compressor 22, with precooling and drying in heat
exchanger 21 by the cold established by an ammonia
machine 23; heat exchanger 24 is cooled by nitrogen,
The hydrogen stream used to cool heat exchangers 20,
17, and 18, is drawn off with the aid of a vacuum pump
19,

A complicated system of cold regeneration allows
maximum exploitation to be made of the cold attained,
while nesting of the entire system into two boxes, one
inner and one outer, providesexcellent thermal fnsulation,
Based on tentative calaculations (2, 5], the cost of 1 kg
of heavy water produced at the plant will be 61.5 dollars.
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THE ATOMIC ENERGY SECTION OF POLAND'S INDUSTRIAL

EXHIBIT IN MOSCOW
Yu. Koryakin

The achievements of the Polish People's Republic
in the area of the uses of atomic energy were widely
displayed at the Polish Industrial Exhibit held in
Moscow during September 1959, The atomic energy
section was represented by three departments: the
scientific research conducted by nuclear research in-
stitutions. in Warsaw and Cracow, radiochemical
equipment, electronic and measuring instrumentation,

The first section reflected the following basic
trends in the work of the institutions:

1) Research in the field of the physics of the

energy physics (cosmic rays). This research is served
by a 25-Mev cyclotron accelerating o particles, built
by the Soviet Union for the University of Cracow, and
a 10-Mev linear proton accelerator now under con-
struction at the Institute of Warsaw (a model of which
was on exhibit), which may possibly be adjusted to
accelerate protons to higher energies, as well as a
4-Mev Van de Graaff accelerator. These accelerators
will be in service within one to two years,
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2) Design and manufacture of electronic equip-
ment, The electronics department of the Institute of
Nuclear Research in Warsaw is the source of electronic
hardware for the Institute's laboratory; it has also de-
vised instruments for the Joint Institute for Nuclear
Research at Dubna,

3) Chemical research. This research has as its
aim development of process technology for reactor ‘
materials, There are uranium ore deposits inPoland, and
specialists are tackling the problems involved in work-
ing them, In particular, a scaled-up pilot plant for
processing these ores has been assembled at the Warsaw
Institute. ‘

4) Research in analytical chemistry. This re-
search is geared toward microdeterminations of trace
impurities in reactor materials, ,

5) Research in radiation chemistry, chemistry,
and uses of isotopes. The technology involved in the
use of isotopes in extraction and adsorption processes
is undergoing development. Polish scientists feel that
the best usage for atomic energy in their country is inthe
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use: of radiations in polymenzatron processes, treatment
of foodstuffs, etc.

6) Research in radiobiology and radlanon shielding.
The problems concerned with radiation effects on
organisms are béing studied, and methods for manufac-|.
tunng the most highly effectlve shielding materials
are being worked out. Research in this area also
envisages measurmg radioactive fallout on Polish
territory, ‘

" Fig, 1. Charge-disch’arge machine
for-the Polish research reactor.

'Fig2. ‘Hot-cell with manipulator, ~ * - - .

7) Isotope producuonf With the. startup of
Poland's first research reactor, 4-2000°kw. swimming
pool type ‘reactor (built with the aid of the Sovret
Union), Poland has begun to produce rad1oact1ve iso-
topes, e. g., Im 835 l-"32 Co60 Tm169 Irm (albeit
still in small quantmes, and only for local needs).

A laboratory for producing 1sotopes is bemg buiit.
Polish spec1alrsts have devised a charge-discharge
electromagnetrcally actuated machine for the first -
operating fedctor,. at Warsaw Institute (F1g 1), The
machine is capable of loading’ and unloading reactor

- fuel assemblies rapidly and automatically, is convenient

for carrying out a variety of operations in the reactor
channels and placmg and removmg 1sotope capsules, is
reliable in operatron, and. prov1des maxrmum safety to
personnel., L .

A large selecnon of mstruments and equipment
used in research in the atomic energy field was dis-
played in the remaining two departments. The over-
whelming bulk of the instruments and other hardware
was not expenmental or developmental in character.
'I'hey are being manufactured on an assembly-line .
basis and shipped to East Germany, Czechoslovakia,
and Yugoslavia. Poland is also willing to sell this
equipment to any, other counmes desmng to acquire it,

The radiochemical equ1pment section exhrbrted a
variety of containers for radloactrve rsotopes, boxes.
and special tables (equrpped w1th master-slave mani-
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Fig. 3. Liquid level measuring facility.

pulators) for handling isotopes. A mockup of a hot cell
with manipulators of original design was found inter-
esting (Fig. 2). N

The department displaying electronic and measur-
ing instruments had instruments for measuring the
radiation intensity of sources or samples, dosimeters,
power supplies for instruments, scalers (with scale-of-
ten circuitry and resolving time of 1,40 and 50 psec),
and a wideband amplifier, Also interesting were two
devices operating reliably: one for maintaining a
constant liquid level, another for measuring liquid
level (Fig. 3). Both devices are beingused at the
chemical plant at Ketrzyn.

Polish scientists are participating actively in in-
ternational "atomic society.” An International Con-
ference on Radiation Chemistry organized by the LAEA

met in Warsaw in early September, with several
hundred delegates representing many countries in
attendance. Polish scientists delivered a number of
papers at this gathering. Poland was the initiator of
the appeal for a conference of socialistic.countries on
nuclear engineering equipment. This conference is
stated to be held in Warsaw in early 1960. The purpose
of the conference will be to coordinate work on the
design and manufacture of instruments, and on the
exchange of experience in that area.

The prominent Polish scientists L, Jurkiewicz and
M. Mensowicz participated in the Geneva meeting of
experts on detection of atomic explosions.

Special departments in several Polish institutions
of advanced training are engaged in a program of
training personnel to staff the growing atomic energy
industry in Polangd.

Polish students are matriculated in many Soviet
technical schools, and Polish specialists are currently
working at the Dubna Joint Institute for Nuclear Re-
search, ‘

Reflecting the progress achieved by the country
in the field of atomic energy, the Polish scientific
periodical "Nukleonika®™ is presently engaged in
publishing many original articles and review articles
by Polish scientists. In addition, the "Bulletin of the
Polish Academy of Sciences" is being published in
Poland, with a good deal of space given to work in
atomic energy. Special monographs and a large
selection of popular science literature is also being
published on this topic.

On the whole, the atomic section of the Polish
industrial exhibit in Moscow attests to the significant
successes registered by Poland in the field of the peace-
ful uses of atomic energy. ‘

A TRADE ENTERPRISE UNIQUE IN ITS WAY

Yu, Koryakin

The use of radioactive and stable isotopes in the
national economy of the USSR, constantly on the in-
crease and widening out into new areas, has called
forth new forms for supplying the broad range of in-
terested institutions with needed isotopes, The "Iso-
topes”® demonstration hall and center has been opened
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up on Lenin Prospect in the heart of Moscow, to serve
those ends more efficiently.

The name chosen for the center is well advised: it
is a qualitative characterization of a completely new
form making its appearance in trade enterprising. One
of the primary tasks of the center will be the exhibition

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040004-6




2L TR e

Declassmed and Approved For Release 2013/02/21 CIA RDP10- 02196R000100040004 6

and advertising of radioactive products and equipment
and stable isotopes manufactured in the Soviet Union,
by means of exhibits, stands, and other media. A~

section devoted.to periodic exhibits will be functioning

- at the center, and the varidhs)s’c’ientific-research;in- ol
stitutes and organizations will use it to demonstrate

their work in the field of utilization of isotopes. Highly
qualified consultants will be on hand to service visitors -

with extensive information on any problem of interest.
The center will make available, to any one re-_l

questing it, typical designs of laboratones for using

" radioactive 1sotopes in metallurgy, flaw detection, for
studies of wear on machme parts and tools, uses of
radioactive isotopes in agriculture, etc, A variety of
handbooks, catalogs, etc. ,dealing with the production

and use of isotopes, shleldmg practice, associated equip-

ment, etc., will be available. ‘A lecture-program is
given top billing. Lectures and scientific’ and popular
science films w1ll be open to the pubhc in'a spec1al
auditorium,

Department of stable isotopes. This section will

sell and demonstrate isbtopes and their samples.

_ Five trade departments will be set up in the de-
monstration center:

Department of radioactive isotopes and labeled
compounds used in science, medicine, industry, and
agriculture, '

‘ Department of sources of radiation. This section
will deal with sources for y facilities used in ron-

destructive flaw testing and in medical therapy, sources

for process quality control in industry and for facilities
designed to remove static charges; in addition, standard
sources and targets for elementary-particle accelerators
will be on sale, It stands to reason that any radioactive
sources which-might present a hazard to health and
therefore require special and expert handling w111 not

be available at the demonstranon center, but w111 be
stored.in a spec1al warehouse The sale- of such sources

will be facilitated by simulators which fully reproduce
the external appearance of the sources in question.

Instruments, equipment, and units based on the use
of hot sources for various purposes will be demonstrated
in this department, as well as medical plaster-of -paris
models depicting treatment of patientsby radiation
therapy techniques and source containers,

The department for irradiation of parts and
materials, and associated equipment, In this section,

containers-and cases for irradiation operations will be
demonstrated

Department of stable isotopes. Thls section will sell
and demonstrate isotopes and their samples,

Department of shielding techniques, This section .
will demonstrate ‘units, stands, and drawings explaining
the principles underlying shielding against radiations,
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and the nature of the interaction between radiations
and matter; cabinets and cells for work with weakly
radioactive materials and specimens, carriers and safes
for y and neutron emitters.

This section will embrace two subsections: one
for remote-controlled instruments, another for special-
purpose clothing: remote- controlled equipment, master-
slave manipulators, lead-lined junior caves, screens,
shielding brickwork, pallets for hauling containers,
1ab tables and chairs, wetting baths, stalls for ex-
perimental animals and small-animal hotels, etc.
The second subsection will feature special overalls,
boots, aprons, resplrator's, special purpose gloves, and
various plastic fitems needed for handling radioactive
isotopes,

The sale of isotopes and labeled compounds (

e, Ne¥, C19H4 BY%F,, D,0, etc.) and equipment will

be made only with organizations on the basis of
special prior orders upon presentation of signed approval
from the Gossaninspektsiya [State Public Health In-
spection Agency] authorizing the use of isotopes and
labeled compounds in the organization concerned. In
‘addition, the center will keep on hand a reserve supply
of materials in demand, for speedy fulfillment of in-
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coming orders.

In view of the fact that the Soviet Union is
currently exporting isotopes'to many countries, foreign
organizations have been offered the opportunity of
placing orders for desired isotopes and equipment,

Sales promotion and marketing of such a highly
specific product require correspondingly specialized
knowledge and training. It is therefore hardly surpris-
ing that the majority of the workers staffing the center
possess technical and advanced technical backgrounds,
The scientific management of the center will be chosen
on the Candidate of Science [MS] level,

Workers at the center and interfor decorating and
display personnel have expended considerable effort
in making the center a coinfortable place for visitors.
Good lighting, bright window displays with mechanized
equipment, original signs, large bright neon panels on
the roof of the building announcing " Atomns For Peace®
in three languages (Russian, English, French) render the
center conspicuous and attractive. '

The inauguration of this unique "Isotopes” de-
monstration center is a testimony to the far-reaching
siiccesses achieved in the peaceful uses of atomic
energy in the Soviet Union.
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‘ Yu. V. Novozhilov, Elementary Particles (Fiz- 1

matgiz, Moscow, 1959) 184 pp. 2 rubles, 75 kopeks. (
This book is devoted to one of the most interestinlg
and rapidly expanding topics in physics, the physics of \
elementary particles. In a simple form accessible to 1‘
the reader, the author outlines the basic information
accumulated on elementary particles, their interactions
with each other and thelr transformations. Without re-|
sorting to the mathematical tools of modern physics, the
author tells of the latest achievements in the study of
elementary particles, and shows the enormous im- -

l

|

portance which this branch of physics has in unlocking l
the secrets of. nature,

The book will be found interesting by a wide

audience of readers interested in the accomplishments
of modern physics.
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graphy following each chapter render this publication

highly useful for a broad selection of specialists working
in the field of atomic energy.
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