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THE LATE FREDERIC JOLIOT-CURIE
(on the occasion of his sixtieth birthday)

March 19, 1960 marks the passage éf_sixty yeafs '
from the time of the birth of the outstanding French
scientist .and physicist Fréderic Joliot-Curie, ardent

fighter for peace and member of the French Communist

Party, The name of this scientist is inscribed in gilded
letters in the history of science. The most important .
stages of the development of nuclear physics in the
first half of the XX Century are associated with his’
name, ' B

physics of the atomic nucleus back in 1928, in collabor-
ation with his wife Irene Joliot-Curie. In 1934 they.
discovered the phenomenon of artificial radioaétivi‘ty.
This discovery played an exceptionally great role in the
‘development of concepts on the properties of atomic
nuclei, The Joliot-Curies were jointly awarded the
Nobel prize for this discovery, outstanding in its im-
portance. The phenomenon of artificial radioactivity
has come into advantageous use in our time on'a

broad and fruitful scale in almost all branches of
science and inmany branches of industry.

JoliotCurie performed much important work pre-
paratory to and conducive to the discovery of the
neutron, He was the first to record and photograph the
results of a neutron-proton collision in a Wilson cloud
chamber, An important phase of Joliot-Curie's en< .

Fréderic Joliot-Curie launched into the study of the-

deavors was also devoted to research on the formation
by gamma photons of pairs of oppositely charged
particles, the position and electron, '

‘The outstanding scientist Joliot-Curie was one of )
the first to grasp the enormous significance of the dis-
coveries of nuclear physics for the future of mankind.
He took a firm stand against secrecy clouding research,
and against military uses of nuclear research,

In 1946, soon after the liberation of France from
the Hitlerite usutpers, Joliot-Curie became head of the
Commissariat de l"_fnergie Atomique, of which he was
the founder, and on December 15, 1948, France's first

' nuclear reactor, named ZOE ("life” in Greek), was

commissioned under his supervision.
In 1943, Joliot-Curie became a member of the
Paris Academy of Sciences, and in 1947 became a

- Corresponding Member of the. Academy of Sciences of

the USSR, E _
Joliot-Curie was also very much active in public
life, From 1946 on he was president of the World
Federation of Scientific Workers, and from 1951 held
the post of Chairman of the World Peace Council,.
Joliot-Curie died on August 14, 1958, v
Soviet scientists also found in Fréderic Joliot-Curie
a true friend, and felt pride for his being an outstanding

.-scientist and fighter for peace,

* 187
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A CYCLOTRON WITH A SPATIALLY VARYING MAGNETIC

FIELD*

D. P. Vasilevskaya, A. A, Glazov, V. I. Danilov, Yu. N, Denisov,
V. P, Dzhelepov, V., P. Dmitrievskii, B. I. Zamolodchikov,

N. L. Zaplatin, V. V. Kol'ga, A. A. Kropin, Liu Nei-ch'uang

V. S. Rybalko, A. L. Savenkov, and L. A. Sarkisyan

Translated from Atomnaya Energiya, Vol. 8, No. 3, pp. 189-200,

March, 1960
Original article submitted August 27, 1959

This article is devoted to the design of a cyclotron with a spatially varying magnetic field, The basic con-
clusions of the linear theory of motion of charged particles in a magnetic field of periodic radial and azimuthal
structure are given. The theoretical and experimental results of the study of nonlinear resonance close to the
center of the accelerator are presented. Formulas are obtained for the calculation of required magnesic field
configurations, Methods of shimming, measurement, and stabilization of the magnetic field are suggested. An
accelerator designed with pole faces of diameter 120 cm was used for modeling the ion phase motion and for in-
vestigating spatial stability." Deuterons were accelerated to an energy of 13 Mev at an accelerating voltage of

5 kv.

Introduction

The idea of using a spatially varying magnetic
field in cyclical accelerators to provide stable motion
of the particles was first expressed in 1938 [1], This
idea was not further developed at that time because the
limitation on the energy attainable in the cyclotron
was caused by the phase motion of the ions, and the
proposed method removed this limitation only in a

~ narrow region of accelerated ion energies. As a result
of the discovery of the autophasing principle in 1944-
1945 by V. L Veksler {2] and E. McMillan [3], the

energy limitation in cyclical accelerators was removed.

There arose, however, serious difficulties of a technical
and economic nature in the design of accelerators for
energies of the order of 10-15 Bev.and above,

The application of magnetic fields with a varying
gradient in ring accelerators [4] permitted a decrease
in the volume of the magnetic field in which the ac~
celeration of the particles takes place and an increase
in the energy of the accelerated protons to several tens
of billion electron-volts [5-7], The pulse character of

. the operation of these accelerators, however, greatly
restricts the average accelerated particle current and,
to a considerable degree, narrows the possibilities of
their use in nuclear research,

The proposed application of colliding beams of
particles for the study of nuclear processes, the excep-
tional importance of investigations of nuclear reactions

168

produced by secondary particles (r, u, K, E L, etc.),
the constantly increasing requirements of experimental
accuracy all lead to the heed of increasing the particle
beam intensity obtained from the accelerators, In this
connection, there is a pressing need for a detailed in-
vestigation of new possibilities of accelerating tech-
nique {8, 9] involving nonhomogeneous structures of
stationary magnetic fields.}

In 1955, there was suggested a magnetic field whose
intensity varies periodically in both the azimuthal and
radial directions [12]. Theoretical investigations of the
particle dynamics in such fields indicated that these
fields are more advantageous than the magnetic fields
suggested in [1]. For cyclical accelerators these ad-
vantages lead to an increase in the limiting energy of
the accelerated particles and also to a considerable de-
crease in the required amplitude of variation (flutter) of
the magnetic field intensity., For accelerators of the
phasotron type, such fields permit one to obtain dy-

® A brief account of the starting up of this accelerator
appeared in the journal Atomnaya Energiya 6, 6, 657

(1959), [Original Russian pagination. See, C. B. translation)

+ Here we shall not consider questions related to the use
of the properties of relativistic plasma [10] for accelera-

tors or the possibilities of a coherent method of accelera-
" tion [11], since this goes beyond the scope of our dis-
" cussion,
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namically similar orbits during the entire acceleration
cycle and also to "accomodate” a large range of pulses
of particles in a relatively narrow ring-shaped zone of
the magnetic field. - '
During 1955-1958, in the Nuclear Problems
Laboratory of the Joint Institute of Nuclear Studies in-
vestigations of spiral-ridge magnetic fields were carried

’ TR T e T
) 2’_1‘1 .o e ]/ ;’_/z_}_rg_%_Z,z

r'"———--r=

mc

r IILC

where 1 and z' denote differentiation with respect to
¢; H,, H, Hy are the components of the magnetic
field intensity ; mv is the momentum of the particle,

We represent the magnetic field of a cyclotron in
the median plane in the form

H = H(r)[1+¢f () 9)], (2)

where ¢ is the flutter of the magnetic field; f(r,o)isa
periodic functionof r and ¢ with an average value of
Zero, -

After inserting (2) into (1), we obtain the following
system of equations, which describes the motion of
particles of momentum

p=mv= ——H (RYR (3)

apart from terms higher than the second order:
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out on an accelerator of the cyclotron type designed
and built on the basis of the theory of spatial stability
developed at Dubna [13-15] and Harwell [16-18].
Linear Theory '

The motion of a charged particle in a magnetic
field is described by the equations (in the cylindrical
coordinate system)

+inz);

(rb.—2'Hy —— f,
@

The equation of the closed orbit in the linear
approximation obtained from (4) has the form

ot [t eR L2 mef Jo=—ehtf (s)

Denoting by p the particular solution of the inhomo-
geneous equation (5), we obtain a linearized equation
of oscillations with respect to the closed orbit:

of

“e [t eRGE R @ n)ef+
,-% (1—{—2/1-{—(1)64—28(2«}—11)@_%«}-

2 e
(20 d) fokeRo gk | o -
I
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We shall consider a case encountered in practice
in which the lines of the extreme values of the vertical
component of the magnetic field intensity are Archi-

medes spirals:
f=sin (-:J-—Ncp) ,

where 27 % is the radial pitch and N is the penodlclty
of the magnetic field structure,

Since in a cyclotron (wg = const) the exponeint of
the field 1 should vary as Bz/(l - B ), then the choice
of the magnetic ficld structure in which the extreme
values of the intensity are distributed over a logarithmic
spiral [16] is impractical.

For the cyclotron under consideration the basic
focusing action is determined by terms containing the
ratio R/ %. For a nonconservative choice of parameters
[19), this ratio considerably exceeds unity throughout
the range of radii, except for a small zone at the center

(7

169
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" of the accelerator where the employed linear theory
is inapplicable.

After neglecting small terms and reducing the
system (6) to canonical form, we can write

0" +(a, +2qcos2k)e =0; }

2"+ (a, — 2qcos 28) z =0, ®

where
e2R?
=35 {1+ n—
_ 4 e’R?
©= —hn {” 2x2[1v2—<1+n)1}
2eR
/Vziz ;

2§=T—Ncp.

and the second

From (8) it follows that-for cyclotrons the intial
values of the coefficients in the Mathieu equations are
a, =4/ N2, a, = 0, q=0, i.e., the working point lies in
the first stability band [20). The width of this band for
q < 1is given to an accuracy of a few percent by

1 1 .
—702<ar.z<1—f1——8‘(12- (9)

From inequalities (9) it follows that for the vertical
oscillations the restriction imposes only the lower bound-
ary of the stability band -1/ 2q%) and for radial oscilla-
tions, only the upper boundary (1-q— 1/ 8q.2).

The first restriction is written in the form

e> V7 ,/N""““L"’, (10)
N~ (14n)

<5yl mor oy
2R 3N (1+4-0) (3N?*+n--1)?

Comparing (10) and (11) for a given value of N,
one may determine the limiting values of the quantity
N, and, consequently, the limiting energy which can be
obtained in the cyclotron with a magnetic field of the
form (7):

Eyin=E,(Vn+1-1). (12)

For accelerators whose free frequencies of oscilla-
tion change during the acceleration process, the limit-
ing energy is determined not by the boundaries of the
stability band but by the resonance values of the free
frequencies of oscillation.

From the system of equations (8), it follows that
the free frequencies of oscillation are

QZ. 2 p’z, T? (13)

where the values p, and p, for the Mathieu equations
are determined from the expression

ntsinaVa ¢ 14
cospm_cosnv “'—Z Ve T—a" (14)
This expression is sufficiently accurate for practical
calculations over the entire range of variation of the
free oscillation frequencies.

If ¢ < 1, then from (8), (13), and (14). it follows

that

0=V ] e (SR )

where for n « N?

‘/( eR (16)

Thus, the initial frequencies of the free oscillations
in cyclotrons are QZ =0and Q;=1. In the acceleration

170

4[N —(1+4n)] Vm IN—=(+nmF

3[N2—(1+n)]+32(1+n) [Nz—f(i-{—n)]}. (a1

SNT ng1 N2 (3N?*-Fn+ 1)

process these frequencies increase. If we exclude re-
sonance excitation of oscillation in the central region
of the accelerators, then the first linear resonance ex-
citation of the oscillations of the first and third har-
monics of the magnetic field are possible in the zones
where Q; = 0.5 and Q; = 1.5, respectively.

Data on the passage of particles through parametric
resonance are given in [15]. The calculations carried
out for an increase in the amplitudes of oscillation
close to the resonance regions Q; = 2 and Q; = 1 for a
periodicity of the magnetic field structure N equal to
4, 6, 8, and o indicate possible limiting energies} of
500, 790, 850, and 938 Mev, respectively for protons.

Nonlinear Effects

The presence in the magnetic field structure (2)
and (7) of the small parameter x increases the in-
fluence of nonlinear effects in such accelerators.

By analogy with systems considered in [21], it
should be expected that the investigated systems (1),
(2), (7) are excited to frequencies Qr.z =IN /q, where
! and q are integers, Thus, in the central region of
the accelerator (Qy = 1, I = 1, q = N) a nonlinear re-
sonance effect is possible if the initial amplitude is
larger than some quantity determined by the parameters
of the chosen magnetic field structure. In order to find
this amplitude it is necessary to solve (1) at z = 0.

i 2)"2 _ e (r;2+r2)3/2 :
r———————r———[;—-r—““[]z(rv (p) (17)

r

1 The resonance Q, = 1 and also the resonance for the
linear interaction Q¢ + Q, = 1, Qr+ Q, = 2 occur
only in the event of disturbance of the mirror symmetry

=0$0.
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Here

H (r,9)=1,(1 ;{—arﬁ) [1 +esin<%—Nq>>] )

where -

2ruo < = (”10 )

For the central region of the accelerator qr® « 1
and ¢ < 1; therefore for the unperturbed solution of
(17) one may take :

r=scos (¢ — )+ I*— s*sin? (¢ — ), (18)

where s and § are the coordinates of the center of
curvature of the radius

_.pc
CHQ

Since the appearance of a nonlinear resonance
effect for ¢ « 1 is expressed as a displacement of the
instantaneous center of curvature of the orbit, the so-
lution of (17) should also be sought in the form (18),
where s = s(¢) and ¢ = ¥ (¢).

The relation between the coordinates of the
particles (1, ¢} and the coordinates of the center of
curvature (s, ) for motion in the magnetic field
H,(r, ¢) can be represented in the form

(19)

ds _re H:
Ao e myrriyne
X [reos(@—p)+r' sin (¢ —9)];
s _pe M
d(P € H; .l/r’2—|~r2
X [rsin(@ —¢) —r’ cos(p—})],
where H' _denotes the total derivative with respect to

¢. Inserting (18) into (20) and using the method intro-
duced in [21] of averaging over ¢ for the condition

(20)

smax <% « R, we obtain for even structures (N = 2k)
1
=(—=1""%e oR o %
X( > sin Nw————)
W= — R (— 1)N./23_£_g>< 21)
X m(%)N_Zcos(N\p—%).

From (21) it follows that the boundary separating
operation with precession of the center of curvature
from operation with azimuthal motion of the center of
curvature limited by the angle 7 /N is characterized
by the inequality

e R 7 Smax \N-2
aR2>2N(N—1)!T< i ) ) (22)

The experimental investigation of nonlinear re-
sonance was carried out with an accelerator model for

N=4,%=134cm, ¢ = 0,02. The displacement of

the centers of instantaneous orbits for various radii are
seen in Fig. 1, where the points denote the positions of
the centers of orbits and the numbers, their radii. The

theoretically calculated maximum displacements of the

centers for the case s > % are in agreement with ex-
periment,

For the choice of the parameters of the magnetic
field for which nonlinear resonance will not occur, it

. Is sufficient to use (22), where instead of s, ,, it is

necessary to insert the maximum initial amplitude of
oscillations for the given accelerator,

On the basis of the analysis, a magnetic field
structure with the following parameters was produced:
N=86, *=2.7cm, ¢ = 0,066, Inserting these para-
meters in (22), one can see that it is satisfied starting
with a radius of R= 2 cm. The experimental deter-
mination of the center of curvature of the orbits for

Front edge
of dee

0 30 mim
—

Fig. 1. Position of the centers of instantaneous orbits
for N= 4,
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Fig, 2. Motion of the working points in the stability
band, I) For vertical oscillations; II) for radial
oscillations, .
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" this case showed that the displacement of the orbits
does not exceed the displacements resulting from the
lower harmonics in the magnetic field structure; in
absolute value these displacements do not exceed 2 c¢m,

The motion of the working point in the stability
band characterizing the change in the free oscillation
frequencies in the acceleration process is shown in
Fig. 2. ,

For the design of an accelerator of such a type for
phasotron energies, the choice of operation for the
motion of the Working point in the stability band will
largely depend on the results of ‘investigations of the
passage of particles through the regions of nonlinear
resonances N/(N—1), N/(N-2), ... to N/(N-0.5N) =
= 2 for radial oscillations and also through the coupling
oscillation zone.

Phase Motion

If the mean value of the magnetic field intensity
varies according to the law

: H
H()= —te (23)
1—

1)
. r F b
V()
Eo Y
— , then for a particle of momentum p
_eHp =
(3) on the orbif R+ p( ¢) the phase shift can result from
two factors: 1) deviations of the magnetic field in-
tensity from the law (23) connected with insufficiently
accurate shimming and stabilization; 2) deviations of
the shape of the closed orbit from a circle.
The required degree of stabilization of the mag-
netic field should not be less than
AH _ 1
H & (24)
where p is the number of revolutions of the ion during
acceleration, The error in the measurement of the
magnetic field intensity also should not exceed this
value [22].
The phase shift caused by the change in the period
of revolution of the particle over a closed orbit under

where I =

Hy, oe
13700

13650
]

N\

13600

#3550 .
g 0 20 30 40 S0 60

zcnyx

Fig. 3. Dependence of the average magnetic field in-
tensity of the cyclotron on the radius for N = 6.
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a change in energy can be calculated from the formula

v ' 2nv
3 Vr’2+r2dq)
0

Using the solution of (5), we obtain

A“l_ﬁ{
o 2

24-n N2

T N S (TR |29

From (26), it follows that the value of the correc-
tion to the law (23) is of the order (¢ /N):. For ¢ > 0.1
it is necessary to introduce a correction to the law (23).

Phase operation in the cyclotron was checked on
the six-spiral magnetic field structure for the accelera-
tion of deuterons to an energy of 13 Mev. The mini-
mum accelerating voltage on the dee for the magnetic
field H(r), a graph of which is shown in Fig. 3, turned
out to be 5 kv, Here, the ions underwent approximately
2500 revolutions,

The energy of the accelerated particles at the

limiting radius (54 cm) was determined by two methods:

measurement of the mean radius of ‘curvature of the
orbit by means of three probes and measurement of the
length of path of the accelerated deuterons in alum-
inum foil. The experiments were carried out at an
external beam intensity not exceeding 1 pa, and there-
fore the activity of the internal parts of the chamber
was slight.

Figure 4 shows a plot of the internal beam in-
tensity versus the accelerator radius at an accelerating
voltage of 11 kv on the dee. At all radii, the beam
was well focused and the half-width of its vertical dis-
tribution was less than 1 cm,

Calculation and Shimming of the
Magnetic Field

The magnetic field in the median plane of the
electromagnet gap (pole-face diameter 120 cm, dis-
tance between poles 2h, = 22 cm) of (2) was produced
by means of shims of rectangular cross section bent into
Archimedes spirals r = %N ¢ and a system of ring shims,

. pa
0

Fig. 4, Particle beam current at different radii
(Vo= 11 kv).

0 70 3 0 50 A cm
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In the choice of the parameters of the spiral shims
(the ratio between the width and height), it was assumed
that the magnetization of the shim volume in the
dtrection of the vertical component of the field was
close to saturation. Here, the obtaining of the required
magnetic field law can be separated into two practically
independent problems, The first problem involves the
production of the necessary variation of the field ¢, and
the second involves the formation of the axial symmetnc
field H(r),

.The components of the field from shims of arbltrary
configuration are found from the expression

®=m2  Lay,
. 0. ’

- . ’ §, ¢

H= —grad®,

(27)

where @ is the scalar magnetic potential; M = M, is
the average intensity of magnetization of the sample
along the z axis; p is the distance between the point
~of observation of the field (r, ¢, z) and a variable point
(r', ¢', 2'). of volume V',
From (27), using the well-known integral represent-
. ation [23)

,.;__—_- Se—TIZ---z'II0 (vr) Iy (xr')de +
0 .

+2 Z cosm(p—9@’) S e-Tli=2'l ¥

' m=1 0

x I (tr) I, (vr') dr, (28)
Here, k=mN(m=1,2,3, ...):
P —_—
02
7e =»4M5Nh1 149
A (r) wr VAN 9'°
‘p .
b
s,y 4MBNk,
() = am .

where Qk_%(x) is a spherical Legendre function of the -
second kind with the argument

o 0

r= FANG’ '

@e— ¢ is the azimuthal distance; & is the shim thick-

ness; 2hg is the gap between shims in the vemcal direc-
. 21, 000
tion; M= ——

4n

The field of a system of shims limited in height
can readily be obtained from (30) and (32) as the

e T Lar? ] d
g ‘l/i+<p sinkg’ [ ~ 2z 0, 14%)
(p,’3 2
b

one may find the magnetic field of an arbitrary system
of curvilinear shims in the form of a Fourier series

Hz(r' P, Z)‘:Hz(rs z)+

+ Z Hup (ry 2) sin [y (r,z)— miNgl. (29
m={

Here, 2 /N is the period of the field structure; HN =

e H(r) is the amplitude of the fundamental harmonic,
which is chosen to correspond to the conditions in (10)
and (11). It should be noted that if the amplitudes of
the higher harmonics in the magnetic field law are
not large, then the stability condition is not violated
f24]. .

The shim system giving the required distribution
of H, in the form (29) consists of 2N identical shims
distributed symmetrically with respect to the medfan -
plane of the electromagnet gap (z = 0) and displaced
from one another by an angle of 2¢/ N, For a system -
of sp1ral shims of unlimited height and with a thickness '
that is small in comparison with the other parameters,

~ the average field and amplitudes of the harmonics in
expansion (29) for z = 0, by (27) and (28), can be re-
presented in the form [25]

2MONh,
Y riN

x4

4

()] do

H () 8

X

(30)
)=V HOP+HOP. @
d
coskq’ [ ~dr Qu_% (m)] do’;
3 (32)

] an

difference in the fields from shim systems of unlimited
height with hy and h, (shim height 2b = hy — hy).
If the curvature of the spiral shims tends to zero,

- the amplitudes of the harmonics (29) attain their
limiting values. These limiting values are equal to
the harmonic amplitudes in the field expé.nsion of an
infinite system of rectangular shims of unlimited length
with the same transverse dimensions, The field of such
shims in the coordinate system shown in Fig. 5, under the
conditions (8/hy) < 1 in the plane z = 0, can be re-
presented in the form

1.0)= ‘g 2 [ 2h£x> (

Ty 2b

mh (33)

2n)c

mte) ( *( +>}
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Fig. 5. System of rectangular shims,

Carrying out the summation over S in (33) and ex-
panding the obtained result in a Fourier series, we find
the following expression for the harmonic amplitudes
[26]: '

5 - ~%

I'I;t= 41‘{[73 4 (1—- e jv). (34)
Formula (34) was used for the preliminary choice of the
parameters of the spiral shim system.

The influence of the pole pieces on the field of the
shims is taken into account in the assumption of the in-
finiteness of the pole pieces on the basis of image
theory [27].

For the case in which the magnetic permeability
of the pole y>> 1 and for an electromagnet gap 2h) =

= 2(hy + 2b), we obtain for the harmonic amplitudes
4b

5 -t TE
HE = dMse & S (35)
-—er M
1—e
From (35) it is seen that for hy; > the cal-

culation of the amplitudes of the field harmonics can

be carried out with sufficient accuracy for practical
purposes without taking into account the influence of
the pole pieces by assuming the shim to be of unlimited
height, This. leads to a considerable sxmpllﬂcation of
the calculations by formulas (32) of the dependence of
the amplitude and phase of the fundamental harmomc
of the magnetic field on the radius.

The investigated magnetic field structure was
produced by means of a system of spiral shims with the
following parameters:

1) Ne=4, i=134cm,8=1,2cm,hy=4cm,2b=4 cm,
2) N=6, =27 cm,8=2,5¢cm,h,=4cm,2b=3cm,

The calculated curve and the experimental values
of.the amplitude of the fundamental harmonic for the
first variant is shown in Fig. 6. In this figure the devia-
tions of the phase of the fundamental harmonic 8 4 from
the ideal phase t/% are shown, The change in sign of
the deviation leads to an effective increase in * at the
final radii, which causes a local increase in amplitude.
at these radii. For an optimum choice of % (from the
condition that the limiting amplitude be a maximum)
this effect decreases appreciably. This is seen from

" analysis of the data shown in Fig. 7, in which the.

variation of the amplitude and phase of the fundamental
harmonic with the radius is shown for the variant N = 6,
where x was chosen close to the optimum.

.The pole pieces with spiral shims for this variant
areshowninFig. 8. In the interval of radii 20-50 cm, the
ratio of the harmonic amplitudes in the expansion of the
field corresponds to the calculated value (34). The
amplitude of the eighth harmonic in the first variant
and of the twelfth harmonic in the second is 5 and

{tad H,oe
B {35

Q75 1400

050 1300

025 200

01100

-025
a 0 I 20

3o 4 50

L]
0/\
A
o
-
* B ~ X X t
—
X
¢ r,cm

Fig. 6. A) Variation of the amplitude of the fourth harmonic of the
magnetic field Hy with the radius (solid curve — calculated, circles—
experimental data); B) deviation of the phase of the fourth harmonic
of the magnetic field from a spiral (solid curve — calculated; crosses —

experimental data).
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Fig. 7. A) Variation of the amplitude of the sixth harmonic of the

magnetic field Hg with the radius;

B) Variation of the phase ¢ of

the spiral shim with the radius (solid curve - calculated crosses —

experimental data)..

25%, respectively, of the fundamental harmonic am-
plitude.

The formation of the resonance average field was
effected by ring shims; the calculation of their mag-
netic field was carried out under the assumption of a
uniform axial magnetization [28]. The value of the
magnetization intensity M was found from the curves
of [29] and the magnetometer demagnetization fac-
tor [28]. '

Preliminary experiments carried out with thin,
single ring shims showed that the deviation between the
calculated and experimental curves from the maximum
value of the shim field did not exceed 10%, arid, within
the limits of this accuracy, the principle of superposi-
tion of the fields from the single shims holds. For more
accurate shimming of the average field, steel cylinders
of small diameter (0.8 cm) were used. A redistribu-
tion of the cylinders along the azimuth was used to de-
crease the amplitudes of the first and second harmonics,
whose behavior in the expansion of the field is ac -

Fig, 8. Pole piece with spiral shims.

counted for by errors in the geometry of the shims of .
about 0.01vcr_n in the prepared set of spiral shims and
the misalignment of the pole faces, which did not ex-
ceed 0,05 cm. The values of the amplitudes of the first
and second harmonics for 0 < r < 50 cm did not exceed
15 oe. _ ' '

In order to improve the initial formation of the
beam in the central region of the accelerator, a small
increase in the average field was employed. In the
interval of radii 8-52 cm, the deviation of the average
field from the resonance field did not exceed 2 + 107,
(see Fig. 3,in which the curve with the dots represents .
the experimentally obtained average field),

Measurement and Stabilization of the
Magnetic Field Intensity

The absolute value of the intensity of the inhomo-
geneous magnetic field of the accelerator was measured
by specially designed magnetometers based on the Hall
effect [30] and the phenomenon of nuclear magnetic

. resonance [31, 32].

With the aid of a nuclear magnetometer, the ab-
solute value fof the magnenc field intensity in the
“range of 250 — 24,000 oe with a gradient of 5— 10%
of Hy (to 1000— 1200 oe/ cm) can be measured to an
accuracy of 0,01%. The volume of substance in the
" magnetometer detector was 2 - 104 cm3. At the same
“time the value of the gradient of the magnetic field
intensity at the point of measurement and-its direction
can be determined to an accuracy of +1%.
" The special fitting on which the detectors were
placed permitted the latter to be set at a point at any

., Tadius-or helght to an accuracy of £ 0,01 cm, and azi-
_ . muth to an accuracy of £0,1°,

‘Employed in the nuclear magnetometer were a
remote-controlled system of coarse and fine tuning of
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the regenerative signal detector oscillation circuit and
semi-automatic remote-controlled a21mutha1 positioning -
of the detector,

The magnetic field mtensny of the cyclotron was
stabilized to an accuracy of 0.005% by a nuclear
stabilizer in which the resonance signal was observed
by means of the nuclear induction method [33].

High-Frequency System and Generator

The high-frequency system of the cyclotron con-
sisted of a coaxial fo_ur-cpnductor resonance line (W =
= 64 cm), one side of which was terminated bya mov-
able disc and the other by the deev- chamber load
capacity [34]. '

The shifting of the disc tuned the system in the

7.6 — 12 Mc range at a workmg frequency of 10.5. Me.

A special feature of the high-frequency system
was ‘the use of only one dee and small gaps between
the dee and the chamber (1.5— 2 cm). The high-
frequency probe betweeni the dee and the chamber:
limited the highest possible accelerating voltage to-
40 kv, The small size of the gaps were the cause of
considerable detunmg of: the system under load, which
led to the necessity of taking special steps to keep the
free frequency c'ons;'én't.{The' dee radius was 57.5 cm,’
and the aperture was 4 cm. In order to increase the
working aperture, cooling tubes were located along the
lateral sides of the dee outs1de the working radii.

The generator output stage, working in a grounded-

grid circuit, was connected to two GU-124A tubes con-
nected in parallel Its anode circuit consisted of a
hlgh-frequency system with conductive coupling through

a short air-filled coaxial line with a wave resistance of
| Lo . B

Fig, 9. General view of the accelérator from the side of the ion source and probes. -
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{

-change in the capacity between the dee and an auxiliary

64 ohms. During the operation of the generator with

an independent excitation the shift in the resonance
frequency of the high-frequency system resulting from
the loading led to a change in the accelerating voltage.
The oscillation frequency (the amplitude of the accele-
rating voltage) was maintained constant by means of

an automatic amplitude stabilization system by a
‘electrode introduced into the accelerator chamber, The
stabilization system maintained the accelerating volt- ‘
age constant over the adjustable range to an accuracy of )
1.5%. -

Chamber and Ion Source

The accelerator vacuum chamber has a shape of i

‘a rectangular parallelepiped of size 158 x 154 x 33.5

cm. In order to decrease the undesired radioactive :
‘background from long-lived isotopes accumulated in :
the chamber under the action of the accelerated '

' particles, this chamber, except for the cylindrical steel !

l

covers, was made from an alloy of the "Avialite”

type. The chamber and the outer tube of the resonance :
line formed one vacuum volume evacuated by three i
0il vapor pumps of the H5T type. The working vacuum
in the system was (1-2) - 10® mm Hg for a gas flow into
the source of about 2-5 cm®/ min.

t
'
|

A discharge of the Penniﬁg type, used as'the fon’ j '
source, made it possible to ‘eliminate considerable de- |
sign difficulties connected with the heating of the |
cathode and the cooling of the various parts of the ion ‘
source, The source was designed so that it was possible _|.
to d1splace it sideways and lengthwise without disturbing e‘
the vacuum in the system. The chamber was prov1ded N

i.
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. with three probes with quartz targets as beam indicators.
A fine tungsten wire wound on the quartz targets per-
mitted the measurement of the beam current of ac-
celerated particles simultaneously with v1sua1 observa-
tion,

A general view of the accelerator from the side
of the jon source and probes is shown in Fig, 9.

Conclusions

From the work on setting into operation-and the
study of the accelerator with a spatially varying mag-
netic field, the following conclusions can be made:

1) The linear theory of spatial stability developed
in connection with these accelerators has been experi-
meuntally confirmed in the given range of variation of
the free frequencies of oscillation of the /particles.

2) The nonlinear resonance effect at the center of
the accelerator was investigated theoretically and ex-
perimentally; the values of the parameters for the
magnetic field structure at which this effect is practi-
cally absent were found.

3) The methods developed for producing variation
of the magnetic field intensity provide the necessary
accuracy for practical cases and can be used for con-
structing accelerators of this type,

4) The theoretical and expenmental investigations
that were made, the apparatus designed for measurement
and stabilization of magnetic fields of complex con-
figuration, and the methods of shimming the average
field make it possible to produce the resonant acce-
leration of particles with cyclotrons of appropriate di-
mensions to energies obtained at the present time on
phasotrons with beam currents of hundreds of micro-
amperes,
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ACCELERATION OF IONS IN A CYCLOTRON WITH AN
AZIMUTHALLY VARYING MAGNETIC FIELD

R A, Meshcherov, E, S. M1ronov

L. M. Nemenov,
S. N. Rybin, and Yu. A. Kholmovskii

Translated from Atomnaya finergiya. Vol. 8, No, 3, pp. 201-208, '

March, 1960
Original article subinitted August 6, 1959

This article describes experiments on the acceleration of charged particles in an azimuthally varying magnetic
field on the 1i-meter cyclotron of the Atomic Energy Institute. of the Academy of Sciences, USSR [1).

The production of a magnetic field of the sector type with a coarse variation of ~+15% at a potential of ~15 kv
between the dees made it possible to accelerate deuterons to an energy of 19 Mev, Investigation of the motion
of the ions at the final orbits showed that it was possible to eject a large part of the ion beam with an energy
considerably exceeding 20-22 Mev by means of an electrostatic deflecting system. Curves characterizing the
acceleration process in an azimuthally varying magnetic field were plotted. Valuable data was obtained on the
correction to the form of the magnetic field by current coils distributed inside the accelerating chamber,

Introduction

In order to produce vertical stability of accelerated
fons in an ordinary cyclotron, it is necessary that the
magnetic field intensity decrease as a function of the
radius. As early as 1938, however, L, Thomas [21 -
showed that it is also possible to have stable motion of
charged particles when an increase in the magnetic
field intensity with the radius is accompanied by an
azimuthal variation. Thomas's suggestion opened up
new perspectives in the acceleration of the charged
particles to high energies at high currents, but it was
not developed further, since the production of a mag-
netic field of required form presented at that time an
exceptionally complex problem and the diséovery by
V. L. Veksler (1944) and E, McMillan (1945) of the
principle of autophasing diverted the attention of phy-
sicists from this suggestion.

In recent years, many authors have investigated
theoretically and experimentally the motion of charged
particles in a cyclotron with an azimuthally varying
field {3-61.* A number of theoretical studies has also
been made at the Atomic Energy Institute of the
Academy of Sciences, USSR,

In 1957, experiments were set up on a model of a
14-meter cyclotron (1 /5 natural size) on the modeling
of the azimuthally varying magnetic field of the sector
type. The combined action of the iron and current
correcting elements, which is of considerable interest
in the development of a cyclotron with adjustable
energy, was studied on the same model. The experi-
ment showed that the combination of the iron and current

correcting elements made it possible to produce a
given form of the field over a wide range of magnetic
fields,

The azimuthal variation of the magnetic field
with a flutter of about +15% was produced by three
sectors. This type is the simplest from the point of view
of the technology of construction.

'Preparations for the acceleration of ions on the 14~
meter cyclotron were begun in 1958 after completion of
experiments on the model. New covers for the accelerat-
ing chamber, sectors, and-all necessary iron and current
correcting elements were prepared,

The design of the cyclotron resonance line did not
permit a high-frequency voltage wavelength less than
26,7 m. This circumstance was determined by the
limiting energy to which deuterons and ions of mole-
cular hydrogen could be accelerated,

" Constructive Elements

The new covers of the accelerating chamber were
1500 mm in diameter and 80 mm in thickness, The
covers were machined flat to a tolerance of 0,08 mm.
The tolerance on the machlmng of the iron sectors
of height 30 mm and angular width of ~60° was 0,1 mm,
All iron parts were made to the same tolerance.. In
order to eliminate high<requency losses in the iron parts,
their surfaces were electolytically coated with a copper
layer ~70u thick.

* The cyclotron with a "spiral® magnetic field will not

be considered in the present article,
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Fig. 1. Accelerating chamber covers with correcting iron
elements and current correcting coils, 1) Accelerating
chamber; 2) accelerating chamber covers; 3) outer
correcting elements; 4) sectors; 5) inner correcting
elements; 6) central disks; 7) central correcting coils;
8) correcting coils in gaps; 9) copper shields; 10) vacuurr
lead for energizing the coils; 11) electromagnet pole
piece; 12) insulators; 13) rubber packing; 14) vinyl-
chloride tube,

Figure 1shows a sketch of the accelerating chamber
with covers, The covers were sealed in the usual way.
Sectors 4 were fastened to the covers 2 by means of
screws, The outer 3 and inner 5 iron correcting
elements (the outer correcting elements were of larger
size) were fastened in the same way. As seen from the
diagram, elements 5 were set in the gaps between sec-
tors and served to increase the magnetic field. intensity
on the periphery, In the center of the covers were iron
disks 6 of diameter 200 mm. In order to make a fine
correction at radii of 190-260 mm, the sectors had
threaded openingsinto which could be screwed screws
with heads in the shape of a small disk serving as a
correcting element, Any of the screws fastening the
sector to the cover could be replaced, when necessary,
by a screw with the head in the shape of a disk. At-
tached to the inner surface of each over were four
correcting coils, The central correcting coil had two
sections (each with seven turns) with a separate power
supply. One of the sections permitted the magnetic
field intensity in the central part to be changed, the
other shifted the median magnetic plane.

Figure 2 shows two projections of the central cor-
recting coil. The form 2 for the coil was milled from
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NN

Fig. 2. Central correcting coil, 1) Accelerating chamber
cover; 2) coil form; 3) copper tube coil; 4) central
disks; 5) copper shield; 6) detachable vacuum coupling;
7) tubes for water cooling of form; 8) clamping plate.

brass and cooled by water by means of copper tubes, To
prevent the zinc from melting during spark-overs the
form was electrolytically coated with a thin copper
layer. Seen in the figure are both sections of the copper
tubes, one next to the other, The detachable vacuum
coupling 6 made it possible, when necessary, to re-
move the coil together with the form. Coils 8 (each
with 14 turns, see Fig. 1) placed in the gaps made it
possible to correct the first harmonic of the magnetic
field nonhomogeneity.

Figure 3 shows a view and section of a similar coil.
All coils are made from copper tubes 4 x 0.5 mm in
diameter set in two rows and cooled by water. The
coil form was also water cooled, All coils were in-
sulated by a vinyl-chloride tube whose gas release
proved to be quite acceptable,

Figure 1 shows a separate section of the vacuum .
lead. All leads from the coils were covered with
copper shields screwed on to the chamber covers. Thus,
owing to the presence of the coil form and shields, the
coils were completely shielded from the effect of high-
frequency currents and spark-overs, Figure 4 shows the
accelerating chamber with the upper cover removed
and Fig. 5 shows the upper cover set in position,

In order to take the characteristics of the beam of
accelerated ions, two shielded probes were designed
and prepared. Before falling on the measuring electrode,
the ions passed through an aluminum filter which pre-
vented low-energy charged particles from falling on
the measuring electrode. Knowing the filter thickness,
one can estimate with sufficient accuracy the ion
energy at any radius of acceleration. A shortcoming of
the shielded probe is the "blind" space formed by the
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3

Fig., 8. Correcting coils in the gaps. 1) Accelerating chamber
cover; 2) coil form; 3) coil; 4) detachable vacuum coupling;
5) water-cooling tube for coil form; 6) copper shield;

T) coil form cover.

Fig. 4. Accelerating chamber with upper cover removed,
An instrument for measuring the magnetic field is seen.

" Fig. 5. Accelerating chamber, Seen on the upper cover
-are the coil leads and the outer correcting iron elements.

front wall of the coil form and the gap between this
wall and the measuring electrode. This blind space
reduces the probe indication by cutting off about 1.5
mm of the initial part of the beam. A probe located
inside one of the dees was also used in the experiments.
This probe could serve both for measurement of the
current and for shielding the beam during the determin-
nation of the zone of the centers of trajectory by the
three-probe method, In order to investigate the dis-
tribution of the fon beam intensity along the vertical,

a multi-electrode probe with a slotted copper screen
behind which thermocouples were placed, was used,
The thermocouples were connected to the measuring
instrument by means of a telephone switch,

An ordinary ion source of the open type was used
to obtain ions. The intensity of the highfrequency
field for drawing the ions from the source was increased
by mounting a flange of length 200 mm on the dees,
The ions were drawn off in both dees.

To decrease the activation of the elements of the
accelerating chambey, all experiments were carried
out under pulsed operation with a duty ratio of 5 to 500,
The ion currents in the pulses were measured by means
of a calibrated oscillograph and the value of the mean
current, by either an integrator or a thermal method.

In all the measurements, the values of the currents in
the pulse were used. To study the motion of ions at
large radii in the region of action of the scattering
field of the electromagnet, the deflecting system was
removed from the dees,

Characteristics of the Magnetic Field and

and Acceleration of Ions

To measure the vertical component of the mag-
netic field intensity in the median plane, an ordinary
circuit with two coils connected in opposition was used.
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Fig. 6. Variation of the magnetic field intensity with
the angle ¢,

The measuring instrument was a ballistic galvanometer,
The accuracy of the measurement was 0.05% of the
value of the intensity at the center of the field Hy.

- Figure 6 shows a plot of the magnetic field in-
tensity versus the azimuthal angle ¢ at different radii
R. From these curves the variation of f(R) and the am-
plitude of the fundamental harmonic ®y(R) shown in
Fig. 7 were obtained.

- The quantity

2n
i H(R, 9)—H
f<R>=g,;§—‘—,%—°—dq>

characterizes the change in the average value of the
magnetic field intensity in the median plane.

1t should be noted that there was good agreement
between the results of the measurements made on the
cyclotron magnet and the data obtained on the model.,
This agreement made it possible to accelerate ions
without any alterations in.the design of the covers,
sectors, and correcting elements.

_ The acceleration of ions of molecular hydrogen and
and deuterons took place under two conditions of opera-
tion differing in the character of the variation of the
average magnetic field intensity as a function of the
radius of acceleration. (The acceleration of molecular
hydrogen ions was convenient, since they produce a
much smaller activity of the elements in the accelerat-
ing chamber). Two different types of magnetic fields
were chosen in order to determine the influence of the
law of the magnetic field increase on the motion of
the accelerated ions,
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In Fig. 8, the curve 2 depicts the variation of the
cutrent with radius for a cyclotron with an azimuthal
variation of the magnetic field. Shown in the same
figure is a similar curve 1 taken on the same cyclotron
under the same conditions, but without an azimuthal
varfation, ' _

The relatively small drop in the current with
radius in the cyclotron with an azimuthal variation is
accounted for by the absence of phase losses and stronger
vertical focusing.

The vertical distribution of the beam current and
the position of the median magnetic plane were in-
vestigated by means-of a multi-electrode thermocouple
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Fig. 7. Variation of the mean value of the magnetic

field intensity and amplitude of the fundamental har-
monic with the radiusz 1) f(R) for Hy= 14.7 koe;
2) f(R) for Hg = 14.koe; 3) @«(R) for Hp= 14.7 koe.
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Fig. 8. Variation of the current with the radius at the
probe position. 1) For an ordinary cyclotron; 2) for a
cyclotron with an azimuthally varying magnetic field.
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Fig. 9. Vertical distribution of the ion beam intensity.

probe, In Fig. 9, curves of this type are shown for two
values of the radius,

It should be noted that the tolerances to which the
covers and sectors were made turned out to be sufficient
to obtain high currents at-the final radii immediately
after assembly, without any correction to the magnetic
field, '
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Fig, 10, Variation of probe current with dee voltage (2);
initial segment of curve on expanded scale (1),
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Fig. 11. Absorption curve taken with an aluminum
filter,
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Fig. 12, Variation of the current with the radius at the
probe position.

Fig. 13. Photograph of beam
obtained by placing a copper
plate irradiated by deuterons
on photographic emulsion.

Figure 10 shows the variation of the ion current
with the accelerating voltage ("control characteristic”)
taken for an energy of 19 Mev at Hy= 14,0 koe, The
energy of the accelerated ions in the given case was
computed on the average orbit radius measured by
means of three probes, The point with the triangle
corresponds to the control voltage calculated under the
assumption that the initial phase is +45°. The control
characteristic for the same ion energy at a magnetic
field intensity Hy = 14.7 koe is practically the same as
the curve shown,
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Fig. 14. Results of photometric measurement of the beam imprint. 1 and 2) Photographic film
background; 3) reference mark obtained with covered photocell; 4) darkening curve.

The action of the central correcting coils on the
ion acceleration process was studied. By using these
coils, we could study the effect of a rise or drop in the
average field value at small radii of acceleration.
Whenever the increase in the field produced by the
coils at the center of the chamber did not exceed +0.5%
of H,, the increase in probe current was slight. For
larger changes of the field at the center (both signs), the
probe current, as a rule, decreased.

To verify the value of the accelerated ion energy
computed at the average orbit radius, the orbits for a
given range of ions in aluminum were established, The
' measuring electrode of the probe was covered with a
layer 190 mg/ cm? thick. The absorption curve taken
under these conditions is shown in Fig. 11, The value
obtained for the mean energy was 21.5 Mev. The
calculations agreed with experiment to an accuracy of
3%, The ion energy spread determined from this curve
‘was ~#1.5%. It should be noted that for ordinary cyclo-
trons. this value is ~£3%.

The motion of ions at large radii was studied.
Figure 12 shows the variation of the accelerated ion
current with the radius,

Figure 13 shows the beam shape at a radius of
700 mm obtained by placing an irradiated copper plate
on photographic emulsion. ' The very small height of
this beam is striking. Figure 14 shows a curve obtained
from the photometric measurement of the beam im-
print. The sharp break in the darkening from the right-
hand side (Figs. 13 and 14) results from the fact that
the accelerated ions at this point began to fall on the
front part of the dee, The large beam width (more than
15 mm) is explained by the disturbance of the radial
stability of the ion motion due to the sharp drop in the
magnetic field intensity.

This circumstance made it possible to eject the
beam by means of an electrostatic deflecting system at
electric field intensities considerably less than in the
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ordinary cyclotrons. Consequently, ions could be
ejected from the accelerating chamber of the cyclo-
tron with an azimuthally varying magnetic field at

~ an energy considerably exceeding the energy of ions

obtained in ordinary cyclotrons (22-24 Mev).
Conclusions

The experiments on the study of ion motion in the
1} -meter cyclotron with an azimuthally varying mag-
netic field gave the following results which are of
great value for the design of similar accelerators:

1. For a difference in potential of 80 kv between
the dees it was possible to accelerate molecular hydro-
gen fons and deuterons to an energy of ~21 Meyv at
an ion current of ~1000.:ua at the final radius of ac-
celeration. At the maximum energy 23.7 Mev, the
accelerated particle current was ~200 fa,

2, 1t was shown that the pioduced form of the
magnetic field completely coincided with the form of
the field obtained on the model that was 1/5 of the
natural size. This also applies to the iron correcting
elements, including the fine correction by screws with
heads in the shape of a disk.

3. Current correcting elements in the form of
coils were introduced into the vacuum volume and
worked reliably during all experiments, The magnetic
fields produced by these coils were investigated.

4, As a result of the study of the change in ion
current at large radii of acceleration, valuable data
was obtained for effecting the beam ejection. On the
basis of these data, it can be stated that an electro-
static system can be used to eject ions of energy con-
siderably greater than the jon energy obtained in ordi-
nary cyclotrons,

5. Experiments on the determination of the ion
energy at the final radius of acceleration by means of
aluminum filters showed that the energy spread of ions
in the beam was ~%1.5%,
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METHOD OF OBTAINING AN AVERAGE VALUE FOR THE
NUCLEAR CONSTANTS INVOLVED IN FAST REACTOR
CALCULATIONS, TAKING INTO ACCOUNT THE NEUTRON
VALUES '

A. 1. Novozhilov and S, B. Shikhov

Translated from Atomnaya Energiya, Vol. 8, No. 3, pp. 209-213,
March, 1960
Original articl'e submitted January 8, 1959

In this paper we present a method of finding the average value of multiple-group constants so that we may use
the values in single-group calculations to determine the critical dimensions or the critical mass of a two-zone
fast reactor. The accuracy of the method, as verified by means of an example involving the solution of nine-
group space problems, turns out to be so high that it becomes unnecessary to solve the multiple group space
problem in order to compute the critical mass of a thick-screen, two-zone reactor. The results of these cal-
culations are given in this paper. This method provides a basic simplification of the necessary calculations in-
volved in the design of fast reactors as compared to those required when using the multiple-group space diffusion
method.

Introduction We now examine a method of averaging the con-
stants which practically removes the indicated error

The neutron spectrum in a fast reactor represents
in the single-group computation,

a neutron fission spectrum softened by the effects of
elastic and inelastic retardation due to the heavy and Initial Equations and Method of
average nuclei of the substances composing the active Catlculation
zone of the reactor and its sheath,

For neutrons having an energy of ~0.1 Mev there is
“practically no inelastic scattering due to the fact that
the neutrons comprising the basic portion of the spectrum
have an energy close to 0.1 Mev, which permits us to
use the simple homogeneous method of calculation in

Let us examine the total neutron balance and the
values of the neutrons in a finite volume regardiess
whether the volume is located in the active zone or in
the shield. The following equations hold

order to compute the critical volume or critical mass —Jr— E 71 T ( 2 Z )
of the reactor, The accuracy of the computation de- " v("z(’)l (1)
pends upon a correct choice for the cross section of the : s xh Z = t_ 0;
single group, eff
Usually, when we compute the single-group cross
section, we make an approximate evaluation by inte- . Jk
grating separately the spectrum in the active zone and = Ji = ZE’;)I’; - (E(}’gl" - 2 I’z
in the sheath and then the initial multiple-group con- j=htt . (2)
stants are averaged on the basis of these spectra. The v<")2§',‘; i It
results of calculations show that the critical mass as Kegs 1_21 Xfe=
determined with the aid of multiple-group constants -
averaged over the neutron spectra is from 10-20% lower (k=1,2,...,m).
than the critical mass obtained by solving the multiple- Here - ' _ .
group space diffusion system of equations. This dis- I = S ®,, dVand Ii = S ©j, av
crepancy is due to the fact that this method of averag- v
ing does not take into account the different reactive are the integrals giving the flux and values of the neu-
contributions of the neutrons in the various groups due trons in the kth group of the volume under study; Jy, 3 k
to their different values, are the total neutron leakages and values for the
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volume under study. the indices "c", "f", "hr"

for the macroscopic cross sections denote the respective
radiation capture, fission and total elastic and inelastic
removals for the given group; ):t}g_ denotes the macro-
scopic cross section of the heat removal from the jth
group to kth group,

m
3 gl
)‘1(’?) E] .
“hr ’-7%1 hr’

where X, is the portion of the fission neutrons arriving
m

in the kth group, then 2 x, = 1; ,,vf(k) denotes the
=y

number of fission neutrons per fission resulting from
the neutrons in the kth group. The number of groups in
(1) increases as the neutron energy decreases.

The values of K¢ in (1) and (2) coincide, as we
know, since these equations are conjugate. The spectra
of the neutron flux and the neutron values which are
determined from these equations will be used to obtain
the average values of the constants separately in the
active zone and in the sheath, and the single-group
constants obtained will enable us to successfully cal-
culate the critical reactor loading without having to
solve the multiple-group space diffusion problem.

For an active zone of given dimensions it is
simplest to evaluate the spectra by calculations based
upon the bare (unshielded) reactor where the radius Ry
of the reactor is determined either with the aid of the
effective supplement (the orientation of the supplement
is always known), or by means of an approximate esti-
mate of the critical mass,

In the first case we know the radius of the equiva-
lent bare reactor; this determines the value of

T 2
%2:: <—~—> E
R )

J’l,a.z.: anhlh; Dh =

and

1 3)
"_.F .
3z
Then we can solve (1), starting with the first group and
proceeding to the last group inclusive, but we must

assume that .
m

Yy ed
1;1 vy 2/ )1[
= =1

Ketr '

(3a)

where the volume of the basic fissionable isotope (i,e,,
the volume ratio) is chosen so that K ¢ = 1.

~ In the second case the volume of the basic fission-
able isotope is given and we must choose R; so that
Keff = 1. We can do this most conveniently if we use
the formula given below, based upon perturbation
theory, for finding the crmcal radius Rcr of the bare
‘reactor

Ror == ‘/—7;' )
A e :
where ,
m .
J = 2 Jh.a.z.v
r=1
and AK = K ¢ — 1; this corresponds to the value of R

used in the calculation.

The system of value equations is solved in an
analogous manner for the value of R, = Rey which we
have found, starting with the last group and working to-
wards the first group, inclusive; in this process we must
assume in (2) that

Ji az.= 2D, I};

5 5

210 =Kot v

When we satisfy the latter relation we verify the cor-
rectness of the solution of (1) and (2).

In order to compute the integral spectra for the
neutron flux and the neutron values in the shield we
should in (1) and (2) assume that the space leakages
are equal to zero (for a sufficiently thick shield) and
consider the leakage from the equivalent-bare reactor as'
supplementary (outer) sources for the sheath, or in other
words we should make the following substitutions in (1)
and (2):

—Jv=Jraz. —Jki=J%a.z.

Then the solution of (1) may be written in the form
proposed by L. N. Usachev

2 ;J)E(J)NI
Jh"‘Nh+A/[h—i—k_'_—’ (6)

(o]

where

3

) Koo.= Z

J=1

s ()
V; Zf Mj- 4
The value of My, represents the neutron flux in the

kth group of an infinite medium with fission neutrons
as sources, and is computed by solving equation

h—1t
- zg';.)hr Mh + 2
(k =1, 2 m),

ki
l?Mf_'_Xh:O

where Nk is the neutron flux in an infinite medium
with external sources which represent a leakage from
the active zone, and which is calculated by solving
equation

_zg';h, N, + Z SHN; H,{ a.z="0.

The solution of (2) for the sheath is written in an
analogous manner.
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Obtaining the Average Values of the Constants and the Single -Group Method

of Determining the Critical Loading

The spectra obtained are used to find the average values of the constants in the following manner,*

We sub- ‘

stitute (3) into (1) and then multiply (1) by I*}; we then sum over all the groups. The result of the summation

may be written in the form

Ch—1

. Z Dh1h1k+ S‘ SR - 2 Ih( =M — 2 T} 1)
» R=1 j= .
Koff : (8)
eff + 3 OEIOTR
. (EIth)(l VL)
K=1 I=1
At the same time we have for one group takes the form
1 _®DL{3, . v k¢t
Keff ‘VIZ‘; (9) / 7)’% . *
2 Ik (14a)

Inasmuch as-we wish that the reactivity computed by
means of the single-group method coincide with the
reactivity obtained using the multiplegroup calcu-
lations, it is natural to use the following scheme for
obtaining the average values of the constants

m
> Dulidi
n I )
D=t (10)
\‘, Inlic
/:?1
3= B¢+ Beff (11)
ne
\‘ “”‘)I In
v Pt
~oef = ”n -
M el - .(12)

fe: o

m

Z 1’ (V(,()Jk Z SIzJ[ )
k==t

Eeff - m :
: N Iplic (13)
Vlcji

1t mn
(N mww ) (D) vP20n)
1=

S /BN | =1
v == .
=7 e
. 14
> i o
k=1

The effective cross section is determined from (13)
which characterizes the reactive input due to the fact
that after being scattered the neutron passes over into a
state which has a different value, Formulas (10)14)
then transform into the usual formulas for obtaining the
average value from the neutron spectrum, if we assume
that the values of the neutrons in all the groups are
equal.

For the active zone, where the spectrum evaluation
is based upon the spectrum of the bare reactor, (14)
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k=1

The single-group cross sections, computed in the
indicated manner, must give a reactivity, calculated

- using (9), that coincides with that computed by means

of the multiple-group formula of perturbation theory,
(8).

This serves as the basis which permits us to use the
single-group formula for the critical dimension in the
two-zone reactor calculations, and thus to entirely omit

the calculation of the space distribution of the neutrons .

tg xR, 1

®R D’ !
a ""—11)_) (%' Ry cth'd 1-1) (15)

where the magnitudes designated by the dash on top
refer to the shield, and

-  v3f
a~ -

Keff
»')2 — : (16
) 5 )

VX —
]\f‘f; T (17)

W€

(R, is the radius of the active zone and d,the thickness
of the shield).

* We wish to note that a method of obtaining the average

values of the constants, taking the values of the neutrons
into account, was proposed independently of the solution
given by the authors of this paper, in[1]. G. I Marchuk
has made known that he has found an iterative method
of reducing the multiple-group diffusion problem to an
equivalent single~ or two-group problem which may be
used in multiple—zone reactor calculations, The method
was developed in order to determine the higher order
corrections for the diffusion approximation, In con-
trast to the method proposed in the present paper he
requires a preliminary understanding of the space dis-
tribution in similar reactors. |
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TABLE 1

Composition of the Active Zone of the Reactor
Fractional Reactor variation

volume of

the element I 11 1
€ alloy 0.33 0.35 0.31
€ Na 0.50 0.53 0.57
€ Fe 0,17 0,12 0.12

Remarks: 1) The fuel used in reactor variations I and
Il was the alloy U™ + Pu™, the fuel used in variation
Il was UP® + U®5, 2) The radius of the active zone
Ra was for variation I, 36,55 cm, for variation II,
60.35 c¢m, for variation III, 58,15 cm. 3) The shield
thickness was 60 cm for all three reactots. 4) The
volume of the sheath was equally composed of: €, =
= 0.7; eng= 0.2 and €pe = 0.1 and was the same for
all reactors.

The single-group macroscopic active zone cross
sections in (17) represent the sum of the single-group
cross sections of the individual isotopes, i.e.,

2= 20,Nue,=¢4+B.

TABLE 2
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From this expression we can obtain the fraction of the
volume occupied by the fissionable isotope € ;-

For a‘given Ra we usually determine the value of
« and substituting this value in (17) find ¢ § for Keff =
= 1. If the value of ef coincides with the value
assumed in the calculation for the bare reactor then
we consider that we have solved the problem of de-
termining the critical mass of the reactor. If there is
a substantial difference then the computation of the
spectra and of the single-group constant should be re-
peated using the newly obtained volume fraction, In
this process it is not necessary to recompute the sheath
spectra and constants since they are insensitive to the
composition and dimensions of the active zone,

Thé value of critical mass obtained in this manner
is in good agreement with the critical mass computed
with the aid of the set of equations for a nine-group
diffusion system. In addition, we can obtain as a re-
sult of these computations the effective supplement
6 eff which is equal to the difference between the
critical radius of the bare reactor R, and the radius
of the active zone, § o¢f = R — Ra.

"Discussion of the Results and Conclusions

The proposed method was verified by a series of
calculations for fast reactors of varying dimensions

Average Values of Single-Group Cross Sections Obtained by Taking Account of and NotTaking

Account of Neutron Values

Reactor Active zone Sheath
varia- Method of averaging — -
tions Ly Zeff D | - D’ %
1 with neutron values. 0,0176 0,0085 (),0019 1,96 0, 062 1,30 0,090
without neutron values 0,0154 | 0,0084 — 1,65 0,060 0,88 0,086
S with neutron values 0,0133 | 0,008 | 0,0018 1,98 0,041 . 1,27 0,095
without neutron values 0,0119 | -0,0083 - 1,62 0,040 0,9 0,089
1 with neutron values 0,0118 0,0067 0,0020 | 1,84 - 0,042 1,17 0,087
without neutron values 0,0099 |. 0,0072 - 1 ,08 0,043 | 0,96 0,085
TABLE 3
Fractional Volumes of the Basic Fissionable Isotope ¢ § in Three Reactor Variations for Kggr= 1
Reactor variations " ‘Difference between
Method of computation the single-group and
space calculation
1 I 1 .
results in %
Nine-group space ......... 0.0512 0.0464 0.0300 -
Single-group, not taking account
of neutron values .. ....., 0,0460 0,0400 0.0260 —(10-14)
Single-group taking account of '
the neutron values . .. . ... 0.0510 0.0466 | 10,0300 <1
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and having active zones and shields of varying com-
position. In all cases the critical mass as calculated
by the singlegroup method, taking into account the
values of the neutrons, agreed well with the critical
mass obtained from the multiple-group space calcula—~
tions.

In Table 1 we give the composition of the active
zone and shield for three fast reactors.

The integral spectra of the neutron fluxes I, and

. the neutron values Iff were found using the nine-group
approximation. The group constants for these calcula-
tions were taken from [ 2],

We see from Table 2 that the single-group cross
section, computed taking and not taking the neutron
values into account, can differ quite significantly; in
the first case we systematically add the effective
cross section of the heat remover to the capture cross
sectioi,

The values of the fraction of the basic fissionable
isotope obtained by means of the single-group method
discussed in this paper, and a comparison with the
values obtained by means of the nine-group space
calculations are given in Table 3,

As we see from Table 3, the result obtained using
the proposed method coincides very closely with the
solution of the nine-group space problem (the difference
in the results lies within the limits of accuracy of the
computations); this is due to the correct method of ob-
taining the average cross section which reduces the
multiplegroup reactivity equations (8) to a single-
group eduation (9).

The accuracy of the method turns out to be
sufficiently high so that it is no longer necessary in
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multiple-group space calculations to compute the
critical mass of a fast reactor with a thick sheath,

The method herein considered for calculating
the critical loading of fast reactors has been applied
and verified for the following conditions:

1. The sheath must be thick, of the order of two- -
three effective diffusion lengths L off = 1/ g'. in order
that we can neglect the space leakage.

2. There must not be an edge effect in the sheath.
In fast reactors, using only heavy nuclei there is no
edge effect; however it may occur in the shield where
hydrogen.containing media and other good moderators
are used, Such reactors are of the fast-interval type and
our method has not been verified for this type of
reactor,

3. The single-group method of calculating the
critical mass is applicable to active zones of any size,
However, if its dimensions are less than 4-5 single-
group neutron mean: free paths, we must introduce a
correction in (15) for the gas-transport effect,

4, We must consider that this method has only
been verified for reactors containing not more than
two active zones (an active zone and a production
zone).
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THE FEASIBILITY OF USING ORGANIC LIQUIDS HEATED IN
NUCLEAR REACTORS AS WORKING FLUIDS IN TURBINES,
FROM THE THERMODYNAMICAL STANDPOINT

P. I. Khristenko

Translated from Atomnaya éne_rgiya, Vol. 8, No. 3, pp. 214-218,

March, 1960
- Original article submitted April 11, 1959

This article examines, in principle, the possibility of employing heated organic fluids as working fluids for tubines.

The organic liquids considered for such applications are diphenyloxide, diphenyl, Dowtherm, etc.

Heating takes

p_lace inside power-reactor circuits, with evaporation possible in the turbine nozzle, The vapors of these liquids

become superheated in adiabatic expansion, although the vapor temperature drops in the process,

As an example,

we consider data on the thermodynamic cycle of a power reactor using Dowtherm as coolant mediumn.

Some organic coolants (for example, diphenyloxide)
have the capability of setting a turbine into motion
directly by application of the organic liquid heated in-
side the reactor, bypassing the steam system,

It is known that when the saturated vapor of any
liquid expands adiabatically, the vapor state during the
expansion depends on the physical properties of the
liquid, i.e:, on the relationship between the specific
heat of the liquid and its latent heat of vaporization
([1), p. 72). M, for instance, saturated water vapor or
saturated mercury vapor is allowed to expand adiabatic-
ally, it will pick up moisture as it expands, On the
other hand, saturated diphenyloxide vapor will become
superheated during adiabatic expansion, despite a con-
current drop in temperature.

Analytically, this phenomenon may be described
as follows:

=S'+%:

where S" is the entropy of the dry saturated vapor; S'
is the entropy of the liquid, r is the latent heat of
vaporization; T is the absolute temperature of the
saturated vapor. By differentiating this equation with
respect to the temperature T, we get

dS” (CL +37 dT T >

(since TdS'= C dT).
If the specific heat C|, of the liquid is smaller in

absolute value than the expression —— , the entropy

I x
T T
increment of the saturated vapor will be negative as the

temperature goes up, corresponding to curve 1 in Fig, 1, .

In that case, the curve will go to the right of ordinate

KA drawn through the critical point. This slope of the
curve corresponds to saturated water or mercury vapor
which would pick up moisture during adiabatic ex-

pansion, K the value of CL is larger in absolute value

than the expression then the curve will pass

dT T
to the left of ordinate KA (curve 2, in Fig. 1), The
entropy increment of the saturated vapor will then be
positive; this vapor will become superheated during
adiabatic expansion,

The behavior of saturated diphenyloxide vapor gives
us reason for supposing that heated diphenyloxide will
prove useful as the direct working fluid for setting
turbines into action, Figure 2 is a T-S diagram for
diphenyloxide. When diphenyloxide heated to a tem-
perature Ty is directed into a nozzle within which it
expands adiabatically until it reaches a temperature
T,, then a jet of superheated saturated vapor, or slightly
moist vapor, will issue from the nozzle (if the latter is

S

~Fig, 1, T-S diagram for water and diphenyloxide.
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- of sufficient length), and this jet may be directed at
the turbine blades directly, and later condensed in the
condenser system. It is obvious that the heated liquid
must come to a boil and pass over into superheated
vapor while in the nozzle,

dr
The constraint Celse , which characterizes

aT T
the property of some liquids to vaporize completely in
the course of adiabatic expansion, as does dlphenyloxide,
is satisfied by quite a few other liquids.

Figure 3 shows a T-S diagram ({1}, p. 82) for di-
phenyloxide, kerosene, and ethyl ether. In addition to
these liquids, we might also mention Dowtherm (eutectic

i
'cl A
sooftH \t _Leh
| \\Liquid 1, A, )
4o J )
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Fig, 2. T-S diagram for water, diphenyloxide,
mercury: a) water; b) diphenyloxide; c¢) mercury
(scaled to 1 kg saturated vapor); by) diphenyloxide;
cp) mercury (scaled to 6 kg saturated vapor).
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Fig. 3. T-S diagram for diphenyloxide, -
kerosene, and ethyl ether: 1) Diphenyl-
oxide; 2) kerosene; 3) ethyl ether.
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mixture of diphenyloxide and diphenyl), and, apparently,
n-hexane, acetic acid, and naphthalene.

The thermodynamic cycle of a heat engine making
direct use of a heated liquid is shown in Fig. 4. The
isobar AB (coinciding with the lower limit of the curve)
characterizes the heat transfer of the liquid, while the
adiabatic line BC gives the liquid expansion in the
turbine nozzle, and the isotherm CA gives the vapor
condensation,

If the working fluid satisfies the condition C, >
Jdr _x
dT T
vapor or a two-phase liquid will emerge from the
nozzle. This cycle could be termed a boiling-liquid
cycle,

The efficiency of this cycle (assuming the specific
heat of the liquid to be constant) is

, then (assuming a long enough nozzle)

Tyl L W

where T, is the peak temperature of the cycle, and T,
is the low-point temperature of the cycle (temperature
in the condenser),

If we take advantage of the fact that the lower
limiting curve coinciding with the isobar in the T-S
diagram is quite close to linear over a limited tem-
perature range (say, to 100°C, for water), we can then
derive the formula giving an approximation to the
cycle efficiency:

=T
MET T,

(2)

Comparing the efficiency of this boiling-liquid
cycle to'the Carnot cycle efficiency
Ty—T,
=12 3
7]: .Tl ( )

for the same temperatures Ty and T, in both cycles, we
find that a machine operating on the Carnot cycle uses
almost double the amount of heat of a machine operat-

_ing on the boiling-iquid cycle, But the thermal effi-

7 B
T’
; i
17l ‘ rp
A | )
 EGREEE %
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:I
i
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Fig., 4. T-S diagram of cycle of boil-
. ing liquid with regeneration.
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ciency of the boiling-liquid cycle may be raised

appreciably (and even brought close to a Carnot cycle)

by resorting to heat regeneration,

The theoretical regenerative boiling-liquid cycle
with an infinite number of bieed stages is indicated on
the T-S diagram (Fig. 4) by the figure ABDE, or the
figure D'BCE".

Cycle ABDE may be brought about for either a
boiling liquid in droplet form or for a gas. It constitutes
a thermodynamic cycle similar to that achieved in a
gas turbine with gas heated under constant pressure in a
regenerative heater and combustion chamber (lines
AD' and D'B), under adiabatic expansion of a gas in a
turbine (line BD), with the gas cooled under constant
pressure in a regenerative heater (line DE), and in the
case of isothermal compression of the gas in a com -
pressor (line EA),

For a heat engine operating on a boiling—liquid
regime, lines AD' and D'B correspond to the case of a
liquid heated in a multistage regenerative heater and
heat generating unit, lines BD and DE correspond to
adiabatic expansion of the liquid without bleed-off and
with multistage extraction of the working fluid, while

EA corresponds to condensation of the vapor.. -

' The cycle D*'BCE' represents a cycle obtainable in
a gas turbine with heating under constant pressure (line
D'E), adiabatic expansion of the gas (line BC), and iso-
thermal and adiabatic compression of the gas (lines
CE' and E'D’, respectively),

Denoting as T, the regeneration temperature, the
efficiency of the cycle with regeneration will then
appear, under the conditions assumed earlier, viz,,

C=constand C d'T = T dS, in the form

In < )
mn = -_ T 4

The approximate value of the above is given by

2T,
| ne=1-g 0

Consider the use of diphenyloxide, heated inside
the reactor loop, as the working fluid for a steam
tubine, The critical temperature of diphenyloxide is
530°C, the pressure at that point being 32,7 atm , and
accordingly: 6 atm at 350°C, 16,5 atm at 450°C, 0,05
atm at 150°C, Pure diphenyloxide melts at 28°C, and
melts at much lower temperatures in the presence of
trace impurities, while diphenyloxide decomposes at
high temperature, Experience has shown that 1-2%
of the diphenyloxide decomposes when exposed to 15
atm and 440°C for 700 hours [2].

The limits of application of diphenyloxide may be
found from inspection of the T-S diagram. For the
initial temperature of the liquid at entry into the
machine, the range is 300—400°C (points Ty and Ty),
and for the final temperature the range is 120 -200°C

(points Ty and T,). This corresponds to initial pressures
of 2,0-16,5 atm, and final pressures of 0,015-0,15 atm,
Since the final temperature of diphenyloxide vapor
after discharge from the turbine remains high (120 -
-200°C), these machines must be used only as first- .
stage units, The remaining heat must be utilized
either for industrial process needs or to drive the
second stage of turbines operating on low-pressure
steam.

-In the latter case, use of heat from a reactor will
ptoceed along a two-stage thermodynamic cycle, aflow-
chart for which appears in Fig, 5, along with a T-S
diagram. The first stage of this cycle is indicated by
the figure D'BD, bounded by the isobar DB, along which
heat is delivered to the liquid diphenyloxide in the re-
actor 1 (Fig. 5a), by the adiabatic line BD’, along
which the heated diphenyloxide expands with vaporiza-
tion in the nozzle of the single-pressure-stage turbine
2, and by the isotherm DD’, along which diphenyloxide
vapor condenses in the condenser 3, This condenser

Fig, 5, Flowchart (a) and T-S
diagram (b) of the dual cycle:
Stage I) heated diphenyloxide;
Stage II) saturated steam;

1) reactor; 2,4) turbines;

3,5) condensers; 6) re-
generative feed heater,
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at the same time functions as an evaporator unit to
produce saturated steam, the working fluid for the second
second stage of the dual cycle. The second stage of
the cycle is illustrated graphically by the figure D'DEA,
bounded by the isotherm D'D, along which vaporization
of the water in the condenser 3 takes place, to yield
saturated steam, by the line DE, depicting adiabatic
expansion of the steam in the steam turbine 4, which
has multistage bleed-offs for regenerative feed heating,
by the isotherm EA and isobar AD', along which con-
densation of steam in condenser 5 and heating of feed-
water in regenerative feed heater 6 take place respec-
tively, heat rejected from the bled-off steam being
used to heat the feedwater,

The thermal efficiency of the binary cycle using
liquid diphenyloxide (stage I) and steam (stage II) is
0.43 (at temperatures t; = 350°C, t, = 200°C, and cooler
temperature te = 35°C). If we assume the internal
turbine efficiency n4= 0,75, the mechanical efficiency
nM= 0.96, the electrical efficiency ng = 0,97, and the
theoretical cycle efficiency 1,4, = 0.9, then the plant
may attain an efficiency as high as 27%, This would be
a very high efficiency, considering that the diphenyl-
oxide pressure does not exceed 6 atm, with the tem-
perature at 350°C,

In some cases, as for instance in designing a
nuclear propulsion engine for transportation purposes,
where weight and size of the plant are prime considera-
tions, design may be limited to include one turbine
using an organic fluid as working fluid, In that case,
the thermal efficiency of the thermodynamical cycle of
the plant would be n = 0.2-0.3, and the total plant
efficiency would be n p1 = 0.13-0.2,

The organic coolant media which have been most
thoroughly investigated, and which are currently least
expensive, are diphenyl, diphenyloxide, and thefr -
eutectic mixture, Dowtherm,

For example, by using Dowtherm as the working
fluid with initial temperature t; = 300°C and enthalpy
Hj = 149.5 cal/ kg (or t; = 400°C and Hj = 219 cal/ kg),
and taking into account expansion of the fluid in the
turbine nozzle to a state of saturated or slightly moist
vapor, then we shall obtain, at turbine exft, either
vapor at pressure Py, = 0,017 atm with specific
volume v = 11.5 m”/ kg and enthalpy H= 149,5 cal/ kg,
or vapor at pressure P, = 0.25 atm with v= 1.0 m®/ kg
and Hy,, = 219 cal/ kg.

The heat drop during adiabatic expansion of the
liquid to a state of saturated vapor will be approximately
AH; = 25 and AH, = 55 cal/ kg, and the speed at which
the vapor leaves the turbine nozzle cg = 450 and ¢, =
= 600 m/sec. The value of these speeds, as well as
the need to expand the boiling liquid to a state of
saturated vapor within the entrance nozzle of the
turbine, govern design considerations, The design
would apparently be a velocity-stage impulse turbine
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with-one or more (depending on power rating) two+ow

or three -fow discs.
If we bear in mind the comparative low speeds-at

which the vapor leaves the'turbine nozzle, the low
pressures, and the specific volumes of the organic vapors,
then the design of turbines for several hundred to several
tens of thousands of kilowatt. ratings will be within
reach, The cost of turbines based on this principle
should not exceed the cost of conventional units.

We must also bear in mind the fact that the use of
turbines operating in a direct cycle with liquid organic
coolants heated in-pile would obviate the need for
installing a first stage of steam generating units with
pressure 30-40 atm,

A thermodynamical cycle utilizing heat rejected
from nuclear reactors would depend largely on the
method of heat removal,

In one case, where coolant heated in-pile retains
its original state of aggregation, the energy of the
coolant alone may be used to perform work, by cooling
the coolant medium in the engine and extracting work
from the higher temperature imparted to it in the re-
actor to the lower temperature corresponding to the
cold source. The theoretical thermodynamical cycle
for such (nonboiling) reactors must of necessity be the
cycle considered here,, '

In another case, where the coolant suffers a change
in its state of aggregation while in the reactor (the
liquid being converted to vapor), the latent heat of
vaporization . of the liquid may be utilized to per-
form work, i.e., vapor produced in-pile is allowed to
expand adiabatically in the engine. A part of the heat
rejected by this vapor is transformed into work, and
the vapor is then condensed in the condenser, The
theoretical-thermodynamical cycle for such (boiling)
reactors must of necessity be a cycle bounded by two
isobars and two isotherms. The efficiency of this
cycle will be equal to the efficiency of the Carnot
cycle,

An intermediate position between boiling reactors
and nonboiling reactors is occupied by the uranium-
graphite reactor now being built by the USSR, which -
features superheated high-pressure steam, In this reac-
tor, a conventional regenerative thermodynamical
cycle with steam superheat, common for modern steam
heat-power installations, is achieved.

As we have shown, a theoretical cycle for coolants
heated inside the reactor loop is realizable with the
aid of liquids which are fully capable of vaporizing
during adiabatic expansion,

LITERATURE CITED
1. V. Shyule, Engineering Thermodynamics [in

Russian] (Gosénergoizdat. Moscow-Leningrad, 1934)

Vol. 1, book 2,

2. Petrorius, "Efficiency and increased power in back-

pressure machines,” Verein deutscher Ingen. 7,

No. 6 (1927).

Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02196R000100050003-6




Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02196R000100050003-6

SOME FORCE AND DEFORMATION CHARACTERISTICS IN

THE METAL FORMING OF URANIUM

L. L. Perlin, I. D, Nikitin V., A, Fedorchenko,

A. D. Nikulin, and N. G. Reshetnikov

Translated from Atomnaya Energiya, Vol. 8, No. 3, pp. 219-221,

March, 1960,
Original article submitted February 23, 1959

To determine the system of metal forming of uranium in order to produce sheets, bars, Atubes,.,etc., an investiga-
tion was made of the force and deformatién characteristics in rolling, extruding, wire-drawing, and stamping of
uranium. Determinations were made of the relationship between rollability of uranium and the temperature and
between the average specific pressure of uranium on the rolis, the absolute widening and the degree of reduction
(from 10 to 50%), and the temperature (from 400 to 1000°C). A calculation of the average specific pressure of
uranium on the rolls according to the analytical formula of A. 1. Tselikov {1] showed good agreement between

the calculated data and the experimental results,

A study was made of the dependence of the extrusion stress on the drawing (up to 54), the temperature (from 250
to 800°C), and the scale factor (the ratio of diameters of the containers equal to 5).. The concepts are introduced
of extrudability and the modulus of the extrusion stress, methods are proposed for calculating them, and the de-
pendence is determined on the temperature of extrudability and the modulus. A study is made of the dependence
of the wire drawing stress and the safety coefficient on the degree of deformation (from 5.5 to 34%).

The metal forming of uranium differs in that, in
contrast to a number of industrial nonferrous metals,
uranium has a strong similarity to oxygen and to the |
metals of the jron group. Additional difficulties in the
selection of optimum thermomechanical systems for
processing uranium are caused by the fact that it under-
goes three allotropic transformations with the formation
of modifications which have very different plastic and
strength characteristics, ' B

Due to the large thermal effect during processing
caused by the high resistance of uranium to deformation
and its low specific heat, cases are found in practice
where ,during extrusion and rolling with high reductions
and speeds, the metal is heated due to the heat of
deformation and is converted from the a-phase to the
B -phase,

Oscillograms of the temperature changes inside -
an uranium billet during the process of upsetting on a
friction press showed that at 420°C during deformation
of specimens from 90 to 60 mm in one impact, the
temperature of the metal is increased by 90-100°C,

A similar effect is also observed at other temperatures,

‘The intensive oxidation of uranium also affects
the change in temperature of the metal during pro-
cessing,

Bearing in mind the possibility of a considerable
increase in temperature due to the thermal effect of
deformation and oxidation, with appropriate control

of the heating it might be possible to select a system
of deformation in which the temperature remained
practically constant, i.e., an " isothermal * process
might be established.
It is mainly these considerations which determine
the methods used in the metal forming of uranium,
Methods have been developed for preparing uranium
components with all types of metal-forming processes,
Success has been achieved in the production of bars,
profiles, tubes, wire, various sheets, strip, and also com-
ponents with a more complex configuration,

Rolling

The maximum permissible reductions in the rolling
H-h
max~ H
simply on the basis of the mechanical characteristics of
uranium (relative elongation, impact toughness, etc,),
since during rolling, as in any other metal-forming pro-
cess, the stress state has a complex form. The rolla-
bility (or plasticity of the metal during rolling) is there-
fore usually determined by rolling wedge-shaped speci-
mens into a strip of equal thickness, Figure 1 shows the
influence of temperature on the maximum permissible
reduction per pass in the rolling of cast uranium speci-
mens of 15 mm width. It can be seen from the dia-
gram that in the temperature ranges 500-600° and
770-1000°C, the uranium permits reductions during the

of uranium (e 1009%) cannot be determined
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TABLE 1

Relationship between the Average Specific Pressure of tire Metal on the Rolls and the Initial State of Uranium,

Reduction and Rolling Temperature

Initial | Final Initial Relative |Rolling Average spe-
Initial state of uranium thickness | thickness | width B, reduction |temperature |cific pressure
H, mm h, mm mm €, % t, °C Pay» K8/ mm?®
Cast........ B 10.2 9.3 30.0 8.8 20 . 163
Thesame . ....0cvevoseens 10.3 8.2 30.0 20.4 20 175
Rolled in the a-phase . ....... 7.0 6.4 21.8 8.6 20 558
Thesame ......0.0. e e 7.0 6,45 28.5 7.8 20 512
Rolled in the y -phase 25 10 100,0 60 950 2.6
i The same 25 10,3 100.0 58.5 850 ) 3.1

pass equal to > 80%. Below 300°C the rollability of the
uranium falls sharply. At temperatures of 300-500°C
the permissible reductions are 50-75%, If the tem-
perature is accurately controlled, 8 -uranium can be
rolled with reductions up to 30%, Temperatures close
to the transformation points o — 8 and B —~y are the
most dangerous from the point of view of breakdown in
the rolled components, The obtained relationship is
approximate for the development of the method, since
plasticity during rolling depends on the character of the
stress state and, consequently, on the deformation con-
ditions (the shapes of the components and billets, ratios
of width to thickness, type of groove design, etc.).

In connection with the considerable anisotropy of
the properties and the reduced plasticity at temperatures
from 20 to 200-250°C, uranium is exceptionally sensitive
to unevenness in the distribution of deformation in the
rolled component, For example, thin uranium strips
(0,05-0,20 mm) can be obtained by rolling in the cold,
with a total reduction of 80-85% and better for one
pass without breakdown. The increased plasticity in
this case is due to the low degree of unevenness in the
distribution of deformation in the rolled strip. When
rolling thin plates in the cold with achange in the
rolling direction, the resultant unevenness in deforma-
tion along the width causes the metal to break. Reduced
plasticity is observed at temperatures up to 250°C in all
cases where the metal is deformed with a high degree
of unevenness (for example, when rolling bars into strip).

Resistance to deformation. An investigation of the
change in the average specific pressure of the metal on
the rolls (p,y) in relation to various factors was carried
out on a two-high mill with rough ground steel rolls
of 220 mm diameter, The pressures on the clamping
screws were determined by means of inductive or
graphite pickups and an MP-02 loop oscillograph. Two

series of experiments were carried out. In the first series,

cast and mechanically machined specimens with initial
thickness H= 10 mm and width B = 25 mm were rolled

in one pass with various reductions. In the second series,

specimens of varying thickness (8-14 mm), quench-
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hardened from the B -phase,were rolled to the same
final thickness h = 7 mm, Rolling in the y -phase was
carried out on specimens measuring 10 x 100 x 180 and
25 x 100 x 180 mm,

The average specific pressure of the metal on the
rolls falls sharply with the rolling temperature (Fig. 2)
and increases considerably on transformation to the
8-phase. The greater pressures for the same reductions
in the second series of experiments (compared with the
first) are due to the use of quench-hardened specimens.

The average specific pressures of the metal on the
rolls at room temperature can exceed the pressures in
the y -phase by more than 80-100 times (Table 1).

The dependence of the average specific pressure on
the reductions during the pass for various temperatutres
is different (Fig. 3). Thedrop in the value of the
average specific pressure with increase in reduction at
temperatures of 100, 200, 300 and 700°C is mainly due
to the increase in temperature of the metal during
rolling from the heat of deformation, Increase in tem-
perature of the metal during rolling at t = 630°C causes
transformation to the B -phase,which is recorded on the
oscillograms in the form of sudden changes in the
curves.
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Fig. 1. The effect of temperature on the rollability of
uranium: X) no breakdown observed in the specimens.
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TABLE 2

Mechanical Properties of Extruded Uranium

CIA-RDP10-02196R000100050003-6

_ Yield strength, Relative elongation | Necking of the
Initial state of uranium Oty kg/ mm? S8, % transverse section
Py 0’0
Extruded at350°C ... ........ 143.0 9.2 8.9
Extruded at 730-750°C ... ..... 61.3 9.2 4.1
JExtruded at 900°C . ., ........ 80.9 7.6 4,0
Extruded in the a-phase with sub-
.sequent quench hardening from
the B -phase TRy 75.0 7.0 6.0
Remarks: 1) Each number is the arithmetic mean of three measurements, 2) Small specimens were
used in the tests,
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Fig. 2. The relationship between the average specific pressure of the

metal on the rolls and the temperature;

the first series

of experiments; ~ = = — — the second series of experiments,

The calculation of average specific pressures from
the Tselikov analytical formula [1] showed good agree-
ment between the calculation data and the experimental
results:

=B ) [ 1],

is the relative reduction; hpy is the

where € =
height of the strip in the neutral section; 8= V v
1

(¢ is the coefficient of friction, D is the diameter of
the rolls); k= 1.15ny og (ny is the coefficient of
hardening, og is the yield stress at high plastic de- -
formations).

Two curves of Fig. 3 were plotted on the basis of a
calculation according to this formula. In the calcula-

tions, the coefficient of hardening for all reductions
was taken constant and equal to 1.3 for t = 600°C and
1.5 for t = 200°C. However, as the investigations
showed, it changes in relation to the reduction and
temperature, -The following hardening coefficients
are recommended when calculating with the Tselikov
formula [1]: 1 at 760-1000°C; 1,2-1.4 at 500-650°C;
1.4-1.6 at 200-500°C. The last two values of the
hardening coefficient increase with the reduction.

‘For a more correct approach to the calculation of
roll groove designs in the rolling of uranium it is essen-
tial in the first place to know the widening.

Figure 4 shows the relationship between the ab-
solute widening Ab = B; — B and the temperature during
the rolling of a square billet measuring 21 x 21 x 180
mm on 220 mm diameter rolls, The presence of a max-
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imum on the curves att=~800°C is connected with the
presence of a maximum for the coefficient of friction at
this temperature, When t = 900-950°C, the coefficient
of friction (determined from the maximum angle of
bite) when rolling with steel rolls is equal to 0.4-0.45.
The differences in the value of widening for t =~ 600

and t =~ 1000°C are very small, especially with reduc-
tions up to 30%, It follows that with the same groove
design it is possible to roll uranium at t =~ 600 and

t = 900-1000°C,

Extrusion
Uranium is extruded with varying degrees of diffi-
culty in the temperature range 250-1000°C,
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and drawing,

‘Gamma-uranium is extremely plastic and is ex-
truded with very small extrusion stresses, but readily
fuses with the components of the extrusion tool (iron,
nickel and cobalt), forming low melting eutectics.
Gamma-uranium is extruded in a graphite shell using
a carbide or steel tool with special coatings (for ex-
ample, molybdenum or chromium) and various lubri

" cants, Good results are obtained using ceramic tools,

" Under ordinary extrusion conditions, o-uranium
binds strongly with the steel extrusion tool. In the ex-

trusion of o -uranium, as in the extrusion of y -uranium, -

it is essential to avoid contact of the uranium with the
steel tool and with air, To achieve high quality in
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the components and a good yield of useful metal in the
extrusion of ot-uranium it is essential to ensure con- -
ditions of fluid friction at the contact surfaces. As a
rule, o-uranium is extruded in various metal and non-
metallic shells (for example, in copper, zirconium,
nickel and graphite) or without a shell using lubricants
with fillers which are resistant to extrusion. In the
extrusion of o -uranium, the tool is of heatresistant
steels, carbides, or ceramics. When the billets are
heated before extrusion in a salt bath, the fused salt
serves not only as a heating medium, but also as a
lubricant in the extrusion,

Uranium components are made by both forward
and backward extrusion. Alpha-uranium is extruded
with rates of 1-400 mm/ sec and greater, depending on
the shape and dimensions of the component, The rate
of extrusion of y -uranium is practically unlimited,

When a-or y -uranium are extruded without a shell,
the components are often cooled in water immediately
after leaving the die in order to reduce oxidation and to
improve the structure of the metal,

Extrusion stress, The methods for calculating the
working stresses during extrusion involve theselection of
difficultly determined coefficients. In order to make
these coefficients more precise, as well as data on the
mechanical properties of uranium at high temperatures,
it is therefore necessary to know experimentally de-
termined values of the working stresses during the ex-
trusion of uranium,

At temperatures of 600-650°C, o -uranium can be
extruded with high degrees of deformation (99.5% and
better).

Figure 5 shows the relationship between the ex-
trusion stress and the drawing. The extrusion was
carried out at temperatures of 600-560° with a hydraulic
press, For all billets, the length was three times the
diameter, The force of extrusion was recorded by a
selfrecording manometer. With increase in degree of
deformation the extrusion stress increases smoothly, The
scale factor has a considerable effect on the extrusion
stress, With decrease in the diameter of the container
the extrusion stress increases, and vice versa.

The extrusion stress of uranium also dépends on the
uniformity of heating of the billets, Sometimes the
heating of the billets (for example, by high frequency
induction) is best carried out so that the surface layers
have a higher temperature than the inner layers. The
higher temperature of the surface layers then com-
pensates their cooling due to contact with the tool
during extrusion.

The extrusion stress also increases, other conditions
being equal, with increase in the iength of the billet
(during the isothermal extrusion of cc- and y -uranium
a length of the billet which is between three and five
times the diameter of the container has no noticeable
effect on the extrusion stress).

.Figure 6 gives the relationship between the extru-
sion stress of uranium and the temperature, There is an
increase in the extrusion stress in the B -phase region,
When the surface layers of the billet cool during ex-
trusion from the temperatures of y -uranium to those of
B -uranium, the component cracks— a "jag" is formed
(periodic disturbances in the continuity of the com-
ponent), When the surface layers of the billet cool from
the temperatures of 8 -uranium to those of o -uranium,
no "jag" forms. In this case, the hard and brittle B -
uranium is pressed into the soft and plastic shell of a-
uranium, which means that in the core consisting of
B -uranium there are no tensile stresses,

It can be seen from Fig, 7 that the relationship
between the extrusion stress and the integral index of
the degree of deformationi(i =1np) in semilogarithmic
coordinates is expressed by a straight line passing
through the origin, ‘

The experimentally found regularities in the change
in extrusion stress as a function of the degree of de-
formation and temperature are in full agreement with
the theoretical principles, which means that a nomogram
can be drawn to determine extrusion stresses (Fig. 8).
The dotted line corresponds to an extrusion stress equal

to 150 kg/ mm?; the crosshatched area shows the effect
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Fig. 6. Relationship between the extrusion
stress for uranium and the temperature,

150,

><’”0 - (/A

£
50 y/ )
ele
// -~

p//

Extrusionstress ¢, . kg /mm?

M £ J
‘Degree of deformation i —-

Fig. 7, The relationship between the maximum and
minimum extrusion stresses and the integral index of
the degree of deformation,
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of the scale factor on the extrusion stress with a ratio
of the container diameters equal to five,

Modulus of extrusion stress. Certain data were
published in [2, 3] on the extrusion constant of uranium,
determined from the formula

p
T Fanp
where K is the extrusion constant; P is the force of ex-
trusion; Fyy is the area of cross section of the container;
p is the drawing,.

Some papers mention that the value of K depends
on the state of the contact surfaces, the lubricant and
the length of the ingot [3) and also on the degree of
deformation [2], Consequently, the value P expresses
" the total force of extrusion determined in the general
case by the formula [4]:

P=Rpt+ Tg+ Ty + Ty,
where Ry is the force on the press plate needed to pro-
vide the basic deformation without allowing for the
contact friction forces; Ts is the force on the press
plate needed to overcome the friction forces arising
on the side surface of the container; Ty is the force
on the press plate needed to overcome the friction of
the deformed metal against the surface of thedie; Tf
is the force on the press plate needed to overcome the
friction forces on the surface of the sizing flange of the
die.

In our experiments it was found possible to neglect
the forces of contact friction (before the center of de-
formation) in view of their small values. As can be
seen from Fig. 7, with increase in the degree of de-
formation the extrusion stress increases according to
a linear law and the straight line passes through the
origin, The total extrusion stress is then determined
from the formula

where o, is the extrusion stress.

The value Mgy, which is the coefficient of pro-
portionality in the formula connecting the stress and
deformation, by analogy with the modulus of elasticity
we have called the modulus of extrusion stress,

Figure 9 shows the relationship between the modulus
of the uranium extrusion stress and the temperature, In
the 8 -phase region there is an increase in the modulus
of thestress. In y -uranium the stress modulus is approx-
imately six times smaller than in o -uranium at ~650°,
and approximately twenty times smaller than for o~
uranium at 300°C,

Extrudabilitz. The extrudability (resilience) of a
metal is a value determined for a general case from the

formula
_ Jex ,
ex =
Mex
. where i, 1s the extrudability with extrusion stress o ex.
200
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Of interest is the maximum extrudability of a
metal, which is determined at an extrusion stress which
is equal to the permissible yield strength of the press
tool material, i.e.. 150 kg/mm’. From the maximum
extrudability it is possible to evaluate the capacity of a
metal to deform by extrusion at a given temperature,
Figure 10 shows the effect of extrusion temperature on
the extrudability of uranium. The upper curve shows the
change in the maximum extrudability and the lower
curve the change in extrudability for

Oex =15 kg/ mm?.

In the region of the B -phase there is a considerable
reduction in the extrudability of uranium; y uranium
has a very high extrudability (~35), which corresponds
to an extremely high degree of drawing (more than
1.5 - 10%),

The mechanical properties of extruded uranium,
Components extruded in the region of the a-phase have
a fibrous macrostructure and porcelain-like fractures.
Components extruded in the y - and B -phases have a
granular macrostructure, whereas the fracture of uranium
extruded in the B -phase is coarser grained than the frac-
ture extruded in the y -phase, The mechanical pro-
perties of extruded uranium correspond to the grain
sizes (Table 2). As can be seen from the table, uranium
extruded in the o -phase has a higher yield strength and
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TABLE 3
Relationship Between Drawing Stress and Reduction
Initial dia- | Final dia- | Reduction per DraWing Drawing
Initial state of uranium bar meter dj, meter df, pass 6,% force Py, stress ogp,

’ mm mm kg kg/ mm®
Annealed .. ............ . oo 11.45 10.7 12,7 1950 21.1
Preliminarily deformed . ..... .o J13 9.8 10.0 1700 . 228

J 9,5 8.5 20, 2600 47

a considerable necking of the transverse section com-
pared with uranium extruded in the y-phase. Heat
treatment of uranium extruded in the o -phase reduces
the yield strength, the relative elongation and the
necking of the transverse section,

Wire Drawing

Uranium wire and other components can be ob-
tained by drawing in the cold state or with heating,
When drawing bars in the cold state the lubricant can
be a graphite preparation with various fillers; the
material is applied to the bar before drawing and is
dried, This lubricant has good covering power and is
not pressed out of the die plate, clings firmly to the
bar and gives a bright smooth surface, An additional
thin layer of lubricant must be applied to the bar be-
fore each pass. :

" In the cold drawing of a bar the reduction per pass
can be 10-20%. In some cases the partial deformation
can be increased, During the drawing the coefficient of
friction in the couple uranium — metal of the die plate
is fairly high. Using from [5] the formula for determin-
ing the drawing stress

o 1 a--1
Ogr = cos? <%§> Orc .
i} /Sy a” /S \a
=G ) e ()
and the corresponding experimental data we found that
in the couple uranium — carbide with a graphite lubri-
cant the friction coefficient is equal to 0,2-0.25.

Table 3 gives some results for the cold drawing of
uranium bars, : :

The investigations showed that in the drawing of
the uranium in the cold state it is necessary to have
intermediate annealings and to have special electrolytic
coatings on the wire and the self-drawing should be

carried out with small rates and small reductions per
pass,

X

Wire should be made by drawing with heating
over a wide range of temperatures up to 600°C,
Measures should then be taken to prevent oxidation of
the metal, With this method, tubes and bars can be
made with varying sizes and shapes, The hot drawing
of uranium wire can be carried out with reductions per

pass of 13-20%, but the uranium permits reductions of
up to 30-35% also (Table 4).

Figure 11 shows the relationship between the draw-
ing parameters and the degree of deformation per pass,
In this case the wire in the initial state is annealed,
the wire drawing should be carried out through the same
die plate and the necessary reductions per pass are
achieved by different initial diameters of the wire. It
follows from the diagram that the force and stress in-
creage regularly with increase in the degree of deforma-
tion but lag behind its growth. This lag is uniform and -
is due to the fact that on the one hand the intensifica-
tion of the drawing process reduces the relative losses on
external friction and on the other hand that the yield
strength of the uranium wire, having an effect on the
value of the drawing force, increases along a gently de-
caying curve with increase in the degree of deformation.

Drawing with heating makes it possible to prepare
uranium wire with 2 mm diameter and smaller, With-
certain changes in the heating conditions it is possible
to prepare fine wire with diameter down to 0.1 mm,

Stamping

Uranium ‘is satisfactorily stamped in hammers and
high speed presses at the temperatures of o- and y -

§— ‘ —

fd

L]

~N

Extrudability -

00 200 304 1;00 500 €00 730 800 300 1000
Extrusion temperature, °C

Fig., 10, Relationship between extrudability of
uranium and the temperature,
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TABLE 4

Parameters for Drawing Wire with 3-7 mm Diameter

Reduction per pass Drawing stress o ar’ Safety factor during | Coefficient of
8, % kg/ mm® : drawing K friction fy

5.5 14 6.0 0,2
13 24 3.7 0.22
28 38 2,41 0.25
34 39.4 2.4 0.25
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Fig. 11. Relationship between the drawing parameters and the
degree of deformation per pass.

regions. Alpha-uranium at temperatures of 600-650°C
can be stamped with speeds of hammer-working stroke
of 6000-7000 mm/ sec. If the billets are overheated to
the temperature of the 8 -phase during stamping with
high rates the uranium cracks, Serious cooling of the
billets can also lead to cracking. When stamping in the
y phase, cooling of the uranium to the 8 -phase state
leads to breakage of the components,

Uranium components can be deep-drawn at tem-
peratures of 200-600°C using special lubricants, The
forces in drawing and also compression obey the same
laws as the forces in the drawing of steel and copper;
the values of the forces are about the same as for steel.
When developing a drawing method it is essential to
allow for the anisotropy of the properties of cc-uranium
and a special rolling method must be used to remove
the festoons.

Forging
Billets can be prepared by the usual manual and
machine free forging in the o- and y -phases. In a

number of cases it is convenient to use rotation forg-
ing of uranium components at room temperatures and
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high temperatures. The standard equipment and tools
are used for rotation forging. The reductions per pass
are 10-25%, To improve the conditions of rotation
forging and to reduce oxidation (when forging at 500-
600°C) the components should be coated with a graphite
lubricant, Rotation forging is also used when forging
the ends of uranium components which are intended

for drawing.
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PROSPECTING CRITERIA FOR URANIUM DEPOSITS

M. M. Konstantinov*

Translated from Atomnaya énergiya, Vol. 8, No. 3, pp. 228-238,

March, 1960,
Original article submitted November 20, 1959

The author discusses criteria which can be used for assessing the possible occurrence of uranium in a particular
region and for prospecting for uranium deposits and individual ore bodies.

In the Soviet Union prospecting criteria are con-
sidered to include all geological laws (both particular
and general), natural phenomena, and historical data
which in the final analysis can be used for discovering
workable accumulations of mineral products,

Some investigators distinguish in prospecting
criteria between.geological grounds for prospecting
and prospecting indicators [1], Prospecting criteria are
generally subdivided, according to their nature, into
structural, petrographic, mineralogical, etc,

The grouping we have adopted is an attempt to
classify prospecting criteria on the basis of problems
solved by means of particular criteria or, to be more
accurate, on the basis of the "geological objective”
for which they are intended (see table),

The arbitrary nature of the boundaries between in-
dividual groups of prospecting criteria should be noted,
There are also all-purpose criteria, which are suitable
both for the determination of the uranium content of
a particular ore field and an assessment of the prospect
ing possibilities of large regions, One of the most im-
portant criteria — the presence of a uranium ore occur-
rence or deposit — is included in such ctiteria. But the

System of Grouping Prospecting Criteria

‘majority of present-day prospecting criteria fall within
our system, which is not to deny the usefulness of other
classifications, Practical geologists frequently request
scientific workers engaged on metallogeny, geo-
chemistry and other studies . to develoj prospecting
criteria, but they are dissatisfied with the results of
their investigations because they have been given
prospecting criteria of a scope of application different
from that requested, Our proposed assessment of the
scope of prospecting criteria will make it possible to
introduce clarity into some of the problems of their de-
velopment and utilization, ’

Theoretical Criteria Based on Regional

Geology (A)

This category includes geological factors which
make it possible to assess the prospects of large geo-
logical regions. From this aspect the following are the
most essential criterias ' ‘

1. The location of provinces in zones linking
Archean massifs with Proterozoic folded structures,
These zones are located along the marginal areas of

% Deceased,

Categories of prospecting criteria

Types of ote concentrations —
objects for prospecting and
assessment

Problems solved by means of
prospecting criteria

A
( Theoretical criteria based on
regional geology)

( prospeéting-surveying) Ore chutes.

" Metallogenic province, Ore zone.

B
(Field criteria based on regional Ore complex, Ore field.
geology)

C
(local-prospecting). Deposit. Ore body..

D

General assessment of the
prospecting possibilities

Distinguishing of the ore-
bearing sites for carrying out -
prospecting,

Discovery of deposits and ore
bodies,

Discovery of workable con-
centrations within prospected
and worked deposits,
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shields (Canadian, Australian) or in the .inner regions v
of shields (Baltic, Indian) (Fig. 1). It is this factor
which is the principal criterion for a positive assess-

ment of the prospects of finding uranium in Precambrian

shields,

2. In addition to this structural factor, a specific
metallogenic appearance, inherent in the main uraninm
provinces of Precambrian shields, should be noted, This

specific character consists in the presence of thick strati-

form deposits of iron, copper, cobalt and nickel ores
(southern sector of the Canadian belt, the South African
belt and the Bihar belt of India).

3. The following must be considered as favorable

conditions for prospecting endogenic deposits of uranium

in folded regions: a) the presence of rigid massifs with
a Precambrian base, compressed by young folds (Fig.2);
b) the presence of young, markedly differentiated in-
trusive activity; c) the presence of large disruptive
intrusions of a different type.

4, Certain authors emphasize the great import-
ance of an arid climate for the formation of sediment-
ary uranium deposits [2, 3]. But examination of the
paleoclimatic conditions of a numbet of sedimentary
uranium deposits shows that they are more probably
correlated with zones transitional between a humid and
arid climate, characterized by instability and frequent

5. Marginal troughs of platforms, extended zones
of intermontane depressions, where the uranium con-
centration may be associated with phosphorite deposits,
fish bones, residual petroleum products and organic
matter of various origins are favorable for the pros-
pecting of uranium deposits of the sedimentary type.

6. The presence of specific epochs of formation
of uranium deposits may be used as a criterion for the
assessment of a number of regions. Thus, for Western
Europe, higher uranium concentrations in deposits of
Cambrian-Silurian age are characteristic; for the Me-
diterranean folded region the higher uranium concentra-
tions are found in Permian-Carboniferous (Alps) and
Cretaceous deposits (Morocco) (the phosphorites of
Morocco, Israel, etc.), while in the American sector
of the Pacific zone the maximum uranium content is
found in Jurassic and Triassic deposits, and to some ex-
tent in Cretaceous deposits,

7. The problem least solved is that of the con-
ditions of accumulation of uranium in the sedimentary
covering of platforms. But the presence of uranium
concentrations, which are large when viewed from the
aspect of reserves (although having low contents), in
the shales of Sweden and the black shales of the USA
indicates the possibility of the discovery of uranium
deposits in the sedimentary covering of platforms. In

change of the climatic conditions, general, those parts of the platform in which the follow-
ing factors are present:are the most promising; 1) the
sedimentary blanket was laid down on the uranium-
bearing zones of the foundation; 2) during the pro-

cess of formation of the covering the foundation re-
tained a certain mobility, which led to considerable
differentiation of the superincumbent sedimentary

rocks.

Field Criteria Based on a Regional

Scale (B)

For a general positive assessment of the prospects
of finding uranium in a large region extending for
hundreds or even thousands of kilometers it is necessary,
of course, to employ more immediately practical
criteria which would make it possible to distinguish in

T

~

EEA

&z s

Fig. 1. Location of uranium-bearing belts in Precam-
brian shields: 1) Precambrian shields; 2) ore belts
with large uranium deposits; 3) ore belts with slight
uranium mineralization.

2
=
e J
Fig. 2. Diagram of the correlation of uranium mineral-
ization with rigid massifs in a folded region: 1) rigid

massifs; 2) fold axes; 3) uranium deposits.
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these vast areas regions where the occurrence of uranium
_ mineralization is most probable,

The following geological factors may be such
criterias '

1. Regions with a relatively lesser degree of meta-
morphism of the sedimentary rocks are favorable for the
prospecting of sedimentary-metamorphic (stratiform)

-uranium deposits in ore regions of Precambrian shields,
Areas with more intense metamorphism, the develop-
ment of fissure tectonics, the occurrence of granitiza-
tion and the younger intrusive activity in the shield
are favorable for prospecting deposits of the vein type.

2. Median rigid massifs with a Precambrian base
and their surrounding folded terrains (Fig, 3) are favor-
able for prospecting uranium deposits in folded zones.

A spatial association is often noted between uranium
ore fields and regions of development of granitoid
massifs, primarily of acid or medium composition,
normal biotite granites and small intrusions of the type
of quartz monzonites, trachytes, trachyliparites and
quartz porphyries.

3. A more intense occurrence of young volcanism,
together with uranium mineralization, is noted in areas
of discordant superposition of young folding on older
folding (for example, Laramie folding on Variscian in
North America, the Cordilleras and Andes).

4, In intermontane depressions uranium is most
frequently found in depressions characterized by the

1 2 3 4

= B [

Fig. 3. Diagram of the location of uranium mineral-
ization on the Colorado Plateau and in its surrounding
terrain: 1) boundary of the Colorado Plateau;

~ 2) effusive coverings; 3) region of development of
sedimentary uranium deposits; 4) hydrothermal de-
posits and ore occurrences of uranium,

alternation of deposits typical of arid conditions (in-
cluding haloid deposits) and beds rich in organic matter,
formed in a hot moist climate, with an increased
uranium content in dispersed or concentrated form in
rocks of folded structures surrounding the depression
{region of removal) and also characterized by the pre-
sence (frequently, but not always) of acid effusives with
an increased uranium content at the periphery of the
depression or in the series of its sedimentary deposits.

5. In foothill troughs and large intermontane de-
pressions, the most promising regions are those adjoining
the most mobile areas of the folded zones, where oro-
genic activity was still taking place recently, By
affecting the adjacent region of the trough, this recent
movement causes a change in the hydrodynamic con-
ditions and intensified filtration of underground water
through the series of terrigenous rocks, which may lead
to migration of uranium and its concentration in beds
impregnated with organic matter,

6. The littoral facies of marine paleobasins, con-
sisting of shallow-water deposits: carbonaceous-
argillaceous shales, phosphorite-bearing deposits,
limestones and sandstones containing organic matter,
and also quartz-pebble conglomerates containing or-
ganic matter and bearing traces of mineralization
(pyritization, the presence of gold, etc.) are favorable
for prospecting sedimentary deposits.

7, Basins located in a region of extensive occur-
rence of eruptive and metamorphic rocks are favorable
for prospecting uranium deposits in coal, particularly
if the clarke of uranium in the sedimentary rocks is
high. In this connection, the most promising areas are
young coalfields with a high degree of metamorphism
of the coal (lignites, brown coals, metamorphosed hard
coals) [4].

8. The conjunction of sedimentary and hydro-
thermal deposits is a general rule for all uranium-
bearing provinces of ancient and young folded regions,
The discovery of hydrothermal deposits may, therefore,
indicate the presence of deposits of the sedimentary
type. On the other hand, the presence of sedimentary
formations may be used as a criterion for the occurrence
of hydrothermal deposits in those areas where these
formations are subjected to metamorphism, granitiza-
tion, etc.

9. A. P. Vinogradov [5] has recently drawn at-
tention to the possibility of using specific ratios of
isotopes of lead, sulfur and other elements as a geo-

~ chemical criterion, This idea was developed for

uranium deposits in [6], in which it was shown, that
the presence of increased amounts of radiogenic lead
in nonradioactive minerals can be considered as a
criterion of the probability of the existence of uranium
deposits in a region,

10. An appreciable enrichment of water with
uranium over considerable areas is one of the important
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prospecting criteria for uranium fields [7, 8). But the
use of radiohydrochemical indicators meets with a
number of difficulties and can only be effective if
the geological, climatic, and other factors influencing
the formation of underground water are fully taken in-
to account, Thus, it is found that a hydrogeochemical
background must be established both for each region
separately and for each season of the year and each
type of rock. It must also be taken into consideration
whether the hydrochemical conditions in which the
water-bearing rocks are located assists or impedes the
solution and migration of uranium.

In the majority of uranium regions, the uranium
content in the surface water varies between 1 - 10 to
10 - 10 g/ liter, but in acid underground water it
may reach n - 10° g/ liter, Large rivers, with the
exception of those flowing directly beneath uranium-

bearing regions, generally scarcely differ in radio-
activity from the background of the given region,

Contents generally 3-10-fold higher than normal,
depending on the geological and chemical factors,
are taken as anomalous contents which can be con-
sidered as a prospecting indicator.

11. An increased radioactivity of granitoids, with
which a uranium mineralization may be genetically
established, was considered by certain investigators as
a positive criterion for prospecting uranium-bearing
ore fields, But practice showed that this criterion is not
acceptable for all uranium provinces. W. Gross [9]
considers that the presence of local zones of increased
radioactivity in granite intrusions may indicate the
probability of the occurrence of uranium ores in the -
adjacent structures and that if high and local con-
centrations of radioactivity are not found in these in-
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Fig. 4, Diagiam of the location of ore zones of the Central City, Colorado re-
gion: 1) Precambrian; 2) quartz-monzonite; 3) bostonite; 4) ore veins; 5)ura-
nium-bearing veins; 6) ore breccia; 7) boundary of the area of the quartz-mon-
zonite outcrop; 8) boundary of the ore zones. [A) gold-pyrite zone; B) uranium

zone; C) polymetallic zonel.
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trusions the latter may be excluded from detailed pros-
pecting operations,

12. The y-anomalies recorded in an aerial survey,
associated with geologic features of the region — spe-
cific formations of rocks, tectonic zones, etc, — which
are favorable for the occurrence of uranium ores may
be a more specific criterion. The y-anomalies can be
divided as a first approximation into three groups, ac-
cording to whether they were determined in an airplane,
on the ground or in underground workings; the aero-y -
anomalies correspond to the above-described category
of regional -prospecting criteria (B), the surface anoma-
lies to local-prospecting characteristics (C), and the
underground anomalies to prospecting-surveying
characteristics (D).

Local-Prospecting Criteria (C)

When the presence of uranium in a region has
been established by general geological premises,
direct prospecting characteristics, radioactive anoma-
lies, the occurrence of uranium minerals, individual
ore occurrences of uranium, ete., the main problem is
the discovery of industrial uranium deposits., It should
be noted that this problem can also be solved in the
earlier stages of the investigation of the region, com-
mencing with the reconnaissance of the latter, a geo-
logic survey on various scales, etc. The following
very important prospecting indications can be used for
prospecting workable deposits: '

1. A structural check of the mmerallzatlon is of
great importance of endogenic uranium deposits,
During the prospecting of such deposits, the following
are of primary interest: large fault zones with a de-
veloped system of feather joints and, in between them,
zones transverse to the general direction of folding;
zones located in regions of intense bending of the
folding, and most important, deep-lying zones over-
lying a Precambrian base,

2, Stocks, stockworks, and laccoliths of the acid
varieties of granitoids and adjoining regions of the
intruded rocks are favorable for prospecting uranium
deposits in young folded regions which are characterized
by the development of small intrusions. The uranium
mineralization is sometimes correlated with a specific
ore zone around the intrusion (Fig. 4).

3. The neighborhoods of dikes of basic rocks near
the contact face are often favorable for the concentra-
tion of an endogenic uranium mineralization and,
therefore, for prospecting,

4. For individual uranium-bearing provinces there
are specific "families” of deposits of various metals,
including uranium deposits, Thus, in the Variscan
folded region of Europe uranium deposits are found in
many cases in the same ore zones as tungsten-tin de-
posits. They are located in different fissures and be-
long to different stages of the mineralization but are
characterized by a consistent spatial relation. For such

regions the presence of a tungsten-tin mineralization
may be considered as a criterion for the possible occur-
rence of uranium ores, too, in the same ore field, Other
"families” of deposits and different prospecting criteria
can be established for other provinces.

5, Uranium is an "omnipresent” element, giving
workable concentrations in various mineralogical forma-
tions, :
But the number of uramum-bearmg mmeraloglcal
formations in individual provinces, particularly those
correlated with Precambrian shields, is evidently
limited. Thus, in the Canadian ore zone, where there
are numerous deposits and ore occurrences of uranium
of various scales, two types of mineralization are con-
sistently present: the so-called "five-elemem® forma-
tion (principally in the north) and carbonate-pitch-
blende ores of simple composition, Three types of
uranium mineralization are noted in the European
urapium zone: the same "five-element”™ formation,
the uranium-fluorite and the true uranium type.

In Alpine folded regions, uranium is found in
various mineralogiéal formations. But here, too, as
experience is accumulated it may be possible to dis-
tinguish formations in which it is most ‘fretiuemly found,

In a number of cases it is possible to establish
certain minerals which are indicators of uranium
mineralization. Thus, in the case of the European ore
zone and the Cordilleras of the USA, purple fluorite,
nearly black in color, is considered as an indicator of
the possible presence of uranium mineralization.

Thus, although it is impossible to distinguish spe-
cific mineralogical formations or mineral-indicators,
which could be employed universally as prospecting in-
dications for uranium, they can be established within
the limits of the same metallogenic provinces and used
successfully for prospecting work,

6. Modifications of adjacent rocks in the neigh-
borhood of hydrothermal veins are one of the prospect-
ing criteria used in a number of regions,

Hematitization (reddening) of the adjoining rocks is
found most frequently, In a number of cases the follow-
ing and investigation of a reddening zone made it pos-
sible to discover workable uranium ores, although regions
exist where such zones are not associated with uranium
mineralization.

Goliath sandstone
w o Uranium ore E

Salt plug

g 500 1000 /560 ™

Tackson c.i‘ay

Fig.5. Diagram of the position of uranium mineralization
in the petroleum structure in the Panhandle, Texas.
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Zones of bleaching (Marysvale region, Utah, etc.),
the formation of which is due to sericitization and kao-
linization of the adjoining rocks, are also used for pros-
pecting uranium deposits. In certain regions a close
association is noted between uranium n:ineralization
and fluoritization, in other regions chloritization zones
are a characteristic feature {10]. In a number of de-
posits an association is established between uranium
mineralization and zones of development of sodium
metasomatism (albitization). '

Modifications of the adjoining rocks of uranium
deposits near veins may, therefore, be used as a pros-.

pecting indication within the limits of individual pro-
vinces, where a typical type of modification of the
adjoining rocks has already been established for these
deposits.

7. Areas with relatively calm hydrodynamic con-
ditions are the most favorable for the accumulation of
uranium in deposits of the littoral zone of marine
paleobasins. Such paleogeographic elements as bays
and areas cut off from the open sea by a submarine
terrace or lip are, therefore, one of the important pros-
pecting criteria for uranium.

Individual sedimentary deposits are correlated with
the sediments of ancient estuaries, deltas and sounds;
certain investigators explain this by the precipitation of
uranium in the zone where waters of markedly different
chemical composition mix.

8. Concentrations of organic matter in sedimentary
rocks are a very important prospecting indication,
When uranium-bearing solutions circulate through beds
enriched with organic matter, if conditions are favor-
able the latter can act as a precipitating agent for the
uranium, both during the process of sedimentation and
epigenesis. For this reason, on the Colorado Plateau the
courses of ancient paleocurrents enriched with plant
residue are one of the most important prospecting
criteria.

Ancient petroleum structures with a deposit of re-
sidual petroleum products of the asphaltite type, which
can be collectors of uranium mineralization (Fig, 5),
are of substantial importance in regions where uranium
is found in sedimentary rocks,

"9, In uranium-bearing coal basins, ore beds of the
infiltration type must be sought in the areas located
near granite massifs or covered by tuffaceous or sedi-
mentary rocks containing a large amount of pyroclastic
material [4]. '

10. Lithologic criteria in the form of series, forma-
tions and facies zones favorable for uranium mineraliza-
tion are a great help in prospecting uranium deposits in
anumber of provinces. On the Colorado Plateau, for
example, sandstones of fluvial origin are the most
favorable for the localization of uranium,whereas sand-
stones of marine or eolian origin are generally unmi-
neralized. The majority of deposits in the Morrison
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formation were accumulated by facies transitional
between massive sandstones and argillites in areas
where there is a fine laminar alternation of these rocks.
The distinguishing of zones of development of favorable
facies or formations, extending for hundreds of kilo-
meters and having a width of tens of kilometers, was an
effective help in prospecting uranium deposits within
such zones, )

The presence of rocks with optimum porosity,
enclosed in less permeable deposits, or, as already
noted, the presence of organic matter: coal, lignites,
asphaltites and other deposits is favorable for infiltra-
tion deposits,

11. The different dispersion (including diffusion)
aureoles formed around a deposit are of particular im-
portance in the prospecting criteria used for the dis-
covery of deposits. These include aureoles of secondary
minerals (salt aureoles) and in certain (rare) cases
aureoles of primary minerals, hydrochemical, botanical
and radiogenic aureoles,

Secondary minerals of uranium formed in the out-
crops of ore bodies and giving rise to aureoles around
them show a definite tendency to zonal location,

The distinct aureoles near the outcrops of uranium
ores form uranium minerals of micaceous habit
(uranium phosphates, arsenates and vanadates), which
are good prospecting indicators.. The laws of the dis-
tribution of uranium micas near uranium ore bodies
disintegrating in the supergene zone have been in-
vestigated and described by V. G. Melkov [7].

Uranium-bearing secondary minerals; opal,
chalcedony calcite, and limonite, developed in the
oxidation zone of uranium deposits, are also good pros-
pecting indicators, forming aureoles around the outcrops
of ore bodies.

12. Dispersion aureoles of primary uranium
minerals are not characteristic of uranium deposits;
this is due to the poor stability of uraninite and pitch-
blende in the supergene zone. But in certain cases,
fine grains of these minerals, enclosed in a firm en-

Fig. 6. Connection between the radioactivity of plants
and a uranium deposit : 1) plants with normal (back-
ground) uranium content; 2) plants with abnormal
uranium content; 3) uranium layer; 4) sandstone.
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velope of vein quartz or quartzite, can be transported
together with these for considerable distances, The
preservation of uraninite is sometimes assisted by
organic matter investing the grains of the mineral,

As regards brannerite and davidite, which in a number
of deposits are the principal uranium minerals, they
can evidently give considerable dispersion aureoles,

13. In a number of regions the accumulation of
uranium by plants can serve as a prospecting character-
istic. Plant ash generally contains 0.2-1.0 g/t of
uranium. But in plants whose roots are located in
rocks enriched with uranium the uranium content of the
‘ash'may sometimes reach 100 g/t. Different plant
species accumulate uranium in different ways, Ex-
periments showed that the plants which tend to accu-
mulate uranium most readily are those with the strong-
est tendency to absorb large amounts of sodium, sulfur,
selenium, calcium and small amounts of potassium,
Conifers and steppe shrubs of the family Compositae
are, in particular, examples of such plants (Fig, 6).

The depth at which the ore can be detected by
means of plant analysis depends on the nature of the
plant roots and their access to water. In the uranium-
bearing desert regions of the Colorado Plateau the
depth of penetration of the root system of a shrub or
tree is generally 15-25 m,

The mineralized areas of a coal seam in the La
Ventana Plateau (New Mexico) were successfully dis-
tinguished by the analysis of pines and junipers, the
roots of which penetrate through a 25 m layer of sand-
stone,

It is considered, however, that prospecting of ores
lying at a depth of more than 20 m by the plant
analysis method is evidently not very effective [11].

14, Plant-indicators are used as a prospecting
characteristic for uranium in the region of the Colo-
rado Plateau, the Katanga copper belt of North Rhodesia
and in other regions.

In the Colorado Plateau region, the most character-
istic plant-indicators are astragalus (Astragalus pattersoni
A. Gray), belonging to the vetch family,

In addition to Astragalus, selenium indicators,
which can also serve as uranium ore indicators if the
selenium content in the ore is less than 2 g/t, are
Aster venustus M, E. Jones, Gindelia spp., Oryzopsis
Rimonoides and Stanleya spp,

In the copper-uranium belt of Katanga, North
Rhodesia, where the uranium concentration is associated
with copper and cobalt deposits, plant-indicators of
copper and cobalt can be used as an indirect prospect-
ing indicator for uranium,

15. Radiohydrochemical anomalies can be used not
only for detecting uranium-bearing areas but also in
prospecting for uranium deposits. The underground water
circulating in the ore regions may be enriched with
uranium and also with radium and radon, and create

hydrochemical aureoles with anomalous contents of
these elements around the deposit, In a number of cases
an increased uranium content in underground water has
been recorded at distances up to 1-5 km from the de-
posit (Fig. 7). :

In some cases an appreciable enrichment with
radon (tens to a few hundred emanations) is observed
at distances of several hundred meters from the uranium
mineralization. Abnormally high radon contents (up to
several thousand emanations) are generally clearly
traced at distances of several dozen meters from the
ore body.

An increased radium content in water also indicates
the presence of uranium mineralization in the imme-
diate neighborhood.

16. In practice, the most important prospecting
criteria for uranium deposits are yb -anomalies established
by y surveying on the surface. The degree of reliability
of y-anomalies as prospecting criteria is different and
depends on the type of y surveying (by automobile, on
foot) and its degree of detail. This problem has been
examined in special handbooks [ 7],

17, During the process of radioactive decay there is
continual emanation of radium (radon), thorium (thoron)
and actinium (actinon). Thoron with T% = 54.6 sec,
and actinon Ty = 3,92 sec occur not more than 10-20 cm
and 2-3 cm,respectively, from the source (ore body).
Radon with Ty = 3.82 days penetrates 4-5 m from the
ore body, and astill further distance if secondary disper-
sion aureoles are present in its vicinity. Being accu-
mulated in ground water, radon creates characteristic
aureoles of developed gas around uranium-bearing ore
bodies, which are one of the most important prospect-
ing characteristics of uranium deposits, They are dis-

~ tinguished by means of emanation surveying.

Prospecting-Surveying Criteria (D)

This group combines criteria which can be used
for prospecting uranium ore bodies (including blind
bodies) in already known uranium deposits and in ore
fields with nonuranium mineralization, and also for
the assessment of deposits from outcrops,

The majority of these criteria are of a local
character and since they are only effective for in-
dividual deposits and regions,cannot be of value for
other deposits, ,

The following may be mentioned as prospecting
criteria of relatively high importance:

1, In many uranium ore fields bands or individual
rock beds particularly favorable for the localization of
uranium ores are distinguished (Fig. 8). More than 80%
of all the uranium reserves of a given ore field or deposit
are often included in such "uranium-loving rocks,”
These rocks are generally characterized by the presence
of mineral-precipitants of uranium (amphiboles, pyro-
xenes, pyrite, etc.), and also by physical properties
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favorable to the precipitation of uranium (optimum
porosity, fissuration, etc.). The distinguishing of such
uranium-loving rocks and their use as prospecting
criteria increases markedly the efficiency of prospect-
ing operations for uranium ore bodies in a given ore
field or region.

2. In some deposits reddening (hematitization) of
the adjoining rocks gives such distinct local aureoles
in the immediate vicinity of the uranium-bearing
areas that they can be used as prospecting criteria for
uranium ore chutes, The Sunshine deposit in the USA
and the Ace-Fay and other deposits in the Lake Atha-
baska region of Canada may serve as examples, At the
Lake Contact deposit, by the reddening of the adjoin- '
ing rock it was not only possible to establish the proxi-
mity of the uranium ore but also to judge the richness
of the ore from the intensity of reddening, )

3, Structural prospecting criteria are of primary
importance for the discovery of regions with industrial
uranium ores,

In many deposits some particular system of fissures
is a structure favoring ore localization, In this con-
nection it is noted that the ore is more often found in
conjugated fissures of the second and third order, not
in fissure structure of the first order, Sometimes, when
fissures of the first order are slightly opened the uranium
ore may also be localized in the main fissures in the
latter stage of the ore process,

In some deposits accumulations of uranium ore
were recorded in the interstitial - conjugated fissures of
different direction or in areas where there was a sudden
(angular) change in their strike, Such prospecting ‘
criteria must be established and used for specific de-
posits.

4, In infiltration deposits of the type with shifting
current bedding maximum concentration of uranium is
found at intervals characterized by a marked change in
the hydrodynamics of the current — in bottom depres--
sions, bends of the bed, transverse washouts, etc. Areas
of enrichment with organic matter are a general feature
of the accumulation of uranium in infiltration and
sedimentary-syngenetic deposits, :

5. Gamma-anomalies recorded by means of under-
ground y -surveying are widely used for prospecting
uranium ore chutes, particularly when deposits of other
mineral products are examined for the presence of
uranium. The type of the oxidation zone to which a
discovered uranium ore occurrence belongs may be a
criterion for the assessment of a deep-lying uranium-
bearing ore body and for deciding whether surveying is

" worthwhile, Six mineralogical types of oxidation zones,

depending on the characteristic associations of the
uranium minerals, are quite clearly distinguished. [12],
A general assessment of the type of primary ores
of an ore body from its surface outcrop may be accom-
panied by a certain forecast of its behavior at depth,
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Fig. 7. Map of radiohydrogeological testing of different activities; 1) ore-
bearing structure; 2) aureoles of anomalous waters of different concentra-
tion; 3) sites at which samples were taken from various springs and water
courses; 4) boreholes sunk in the first stage of prospecting-surveying
operations'; 5) boreholes sunk in the second state of prospecting-surveying
operations; 6) anomalous springs (the figures indicate anomalous contents
of uranium and radium (g / liter) and radon (emanations).
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Fig. 8. Influence of the adjoining rock on the localiza-
tion of uranium mineralization: 1) rocks unfavorable
for uranium mineralization; 2) uranium-loving rocks;
3) main (oreless) fault zones; 4) oreless quartz-carbon-
ate veins; 5) uranium-bearing veins.

because in the distribution of secondary uranium
minerals in the oxidation zone it is possible in a number
of cases to distinguish a specific secondary zonality,
which is different for true uranium and sulfide-uranium
deposits, .

6. Criteria for prospecting blind ore bodies are.
still in the early stage of development. In a number of
cases, primary dispersion aureoles of metals accompany-
ing uranium mineralization may be a fairly effective
criterion. Thus, according to A, D, Kablukov and G. 1.
Vertepov (1959), in certain deposits where lead and
'molybdenum are present together with uranium mine-
rals, the former create an aureole in the adjoining rock,
extending 100-200 m above the upper end of the blind
ore body, whereas the uranium aureole terminates much
lower down (Fig. 9). In ore fields with this type of
primary aureole, prospecting of, blind uranjum ore
bodies can be carried out by the detection of areas of
increased galena concentration found on the surface,
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DOSIMETRY OF INTERMEDIATE —ENERGY NEUTRONS

A. G. Istomina and I. B. Keirim-Markus

Translated from Atomnaya énergiya, Vol. 8, No. 3, pp. 239-247,

March, 1960
Original article submitted March 31, 1959

The maximum and average-tissue doses of neutrons absorbed in the human organism is calculated from data in
the literature for the energy range from the thermal region to 1 Mev. The results are averaged for a typical
spectrum ~1/E and different conditions of irradiation, The maximum permissible flux of intermediate neutrons

is equal to 680 neutrons/ cm? sec.

The known methods of recording neutrons are considered from the viewpoint of their applicability to the dosi-
metry of intermediate neutrons, and it is shown that for this purpose it is convenient, with certain restrictions, to

shield the detectors from thermal neutrons.

By intermediate-nentron energies we understand
neutron energies in the interval from 0,2-1 ev to 0.5-1
Mev.

From the standpoint of dosimetry, intermediate
neutrons have a number of special propertiess

1. They constitute an important part of the ab-
sorbed dose of neutrons slowed down in the human body.
Thus, at a neutron energy of 0.5 Mev, more than 10%
of the average-tissue absorbed dose (in rems) is produced
by neutrons slowed down to thermal energies [1]. If the
same dose is expfessed in rads, then the fraction of
gamma rays from the capture of slowed-down neutrons
comes to more than 50% of the absorbed dose {2], For
neutrons of energy below 0.5 Mev, this contribution in
the absorbed dose due to the slowed-down neutrons is
still higher,

2. Owing to the important role of the y com-
ponent, the relative biological effectiveness (RBE) of
intermediate neutrons, in contrast to the RBE of faster
neutrons, sharply varies over the volume of the body
and decreases with depth [3] ' '

3. 'In the interaction with t‘issue. the ionization
due to recoil nuclei plays a less important role than the
ionization due to recoil nuclei from fast neutrons. Thus,
for neutrons of energy below 1 Mey, all recoil nuclei,
apart from the protons, gradually cease to participate
in the ionization of the tissue {[4]. Hence, one of the
processes of energy transfer to the tissue, the most
effective biologically, is eliminated, Below 20 kev, re-
coil protons, as a result of electron capture, also gradu-
ally cease to ionize the medium [4, 5]. The energy
of such protons is partially expended in the collisions
on the rearrangement of the molecules of the medium -
a process whose mechanism, relative contribution, and
RBE are not yet known. It may, however, be assumed’
that the role of this process in the over-all effect of
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neutrons on the organism is not large, since a neutron
of energy below 20 kev spends practically its entire
lifetime inside the organi;s/m as a thermal neutron, and
the energy released upon its capture is, in many cases,
several times as great as the kinetic energy of an
intermediate neutron.

4. Intermediate neutrons, as a rule, are obtained
from the slowing down of fast neutrons, owing to which,
in weakly absorbing media, the intermediate neutrons
have a characteristic spectra ¢(E)dE ~dE/ E, ‘where ¢(E)
is the neutron flux of energy E. o

5. Finally, an important, but not the principal,
property of intermediate neutrons is the complexity of

- their registration. This is one of the reasons whyup

to the present time intermediate neutrons have not been
taken into account in dosimetry practice, despite the
fact that they frequently compose an important. part of
the total neutron flux. Thus, in beams of radiation '
brought out from the active zone of a thermal nuclear
reactor, the intermediate neutron flux is of the same
order as the thermal neutron flux [6].

Intermediate neutrons compose about 40% of the

total flux in neutron radiators [7]. In nuclear air showers, -

the intermediate-neutron flux reaching the earth turns
out to be an order of magnitude greater than that of
fast neutrons,'since the fission neutrons are slowed down
in the charged layer and in air, while the thermal
neutrons are absorbed by the nitrogen of the air [8].
Thus, intermediate neutrons make a greéter contri-
bution to the absorbed dose, since the effect of an inter-
mediate-neutron flux on the organism is stronger than
an equal flux of thermal neutrons.
In[1-3], the distribution of the absorBed doses of
secondary radiationin a flat tissue-equivalent layer
30 cm thick was calculated. These data are shown in

recalculated form in Fig. 1. In calculating the absorbed - .
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Fig. 1, Absorbed dose of a unit flux of neutrons in-
cident perpendicularly on a tissue layer of thickness
30 cm [2]. The numbers on the curves represent the
neutron energy in kiloelectron-volts; smmmmsmm recoil
protons and protons from the reaction N(m, p)

y rays from the reaction H(n, ¥)D;

— — — —heavy tecoil nuclei.

doses in rems, the authors of [1-3] started from the
largest values of the RBE: 10 for protons and 20 for
heavy recoil nuclei. The latter value is overstated for
the considered neutron energy region, but this does not
strongly affect the end result,

‘In 1956, P, A, Yampol'skii, L. A. Chudov, G, G.
Petrov, and A. M. Kogan of the Chemical Physics
Institute (CPI) of the Academy of Sciences, USSR
carried out similar calculations for neutron fluxes in-
cident on a semispace filled with paraffin, The con-
tribution of heavy recoil nuclei to the absorbed dose
was not taken into account in this work. The maximum
absorbed dose was calculated with proton RBE values of
2, 4.5, and 10. The recalculated results are shown in
Fig. 2, '

The maximum absorbed dose, however, does not
always determine the biological effect of the radiation.
The RBE of the radi ..on is also not the same for dif-
ferent conditions of irradiation, and depends on the
reaction of the organism. We shall give a number of
examples,

1. Fur work under conditions of occupational
hazard, the total chronic irradiation of the organism by
small doses and the after-effects of the irradiation is
usually characteristic. In this case, the RBE of protons
of mean energy is close to 10 and the biological effect
of the radiation is determined by the absorbed dose and
the critical organ, or, in a first approximation, by the
maximum absorbed dose.. This corresponds to curve 10
of Fig, 2, which, of course, should be used for the
calculation of the maximum permissible level of the
radiation and in dosimetric controls of the working
conditions.

9. In the investigation of the depth distribution of
the absorbed dose, it is important to know the absorbed
dose from the first collision for the real spectra neutrons
and secondary y rays over a given volume element,

3. In experiments devoted to determining the RBE
of radiation, it is necessary to know the average tissue
(or maximumy) absorbed dose expressed in rads (curve 1,
Fig. 2). '

4, In the use of neutron fluxes for therapy and also
in the case of accident and exposure from nuclear
weapons, there may occur a short-lasting exposure to
large doses. Then the average-tissue absorbed dose is
important, the value of the proton RBE for sharp re-
actions of the organism evidently lying between 2 and
4.5,

We carried out calculations of the average-tissue
absorbed dose for a tissue layer of thickness 30 cm
based on various values of the proton RBE (the data
shown in Fig. 1[2] was used). The results are given
in Table 1 and are shown in Fig. 3. _

The shape of the curve of the absorbed dose versus
the neutron energy is different for all curves of Figs, 2
and 3. From this it follows, among other things, that
the attempts by a number of authors [9, 10] to find the
best tissue-equivalent detector for dosimeters are not
always warranted.

Using the data of Figs. 2 and 3, we can determine
the mean absorbed dose for a unit flux of intermediate
neutrons with any energy spectrum;

Eq
S D(EYo(LE)dll .

Es -
@ (E)dE

Ey
Here IXE) is the absorbed dose per unit neutron flux of
energy E; ¢(E)dE is the neutron energy flux between
E and E+dE; E, and E, are the limits of .the inter-
mediate-neutron spectrum,
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TABLE 1
A verage-Tissue Absorbed Dose (in millimicroreps per 1 neutron/cm?) for a Tissue Layer of Thxckness
30 cm [2]
RBE Neutron energy
pro- [heavy ‘
t%ns nneled thermal | 100 ev 5 kev | 20 kev | 100 kev | 500 kev|{ 1 Mev
Gamma-ray from capture — — 0,091 0,20 0,24 0,25 0,28 0,30 (),28
Recoil protons 1 — 0,0052 | 0,015 0,018 0,024 0,065 0,25 0,44
Heavy recoil nuclei - — 1 — — — J— — 0,019 0,_063
Total dose . R 1 | 0,096 | 0,245 | 0,25 *| 0,27.{ 0,345 | 0,57 0,78
" e ] 2 5 0,105 0,23 0,27 0,30 0,41 0,90 1,48
. e 4,5 10 0,114 0,28 0,32 0,36. [-0,57 1,62 | 2,90
" .. .| 10 20 0,143 0,35 0,42 0,49. 0,93 3,18 5,90
From this formula, faking Ey= 0.4 ev, E;= 0.5 Mev,  nitrogen or hydrogen.in the usual moderating media.
we calculated the mean absorbed dose per unit inter- Therefore the obtained results can have a rather wide
mediate-neutron flux with the spectrum ~1/E (Table 2 application.
and Fig. 4). The mean value of the absorbed dose The choice of the upper limit of integration depends
practically does not change if the lower limit of in- on two factors: first, in the energy region above 0.5 Mev
tegration is taken within the limits of 0.2-1 ev. There the intermediate-neutton spectrum considerably over-
is no strong effect from the deviation of the intermedi~  laps the spectrum of the primary fission neutrons, and
ate-neutron spectrum from the law ~1/E arising at low the 1/E law proves to be invalid; second, neutrons of
neutron energies owing to their absorption by atoms of energy above 0.5 Mev can be recorded by fast neutron
T o1 ! s 1o 30 100 240 500 1000 kev
' ' § I [ T 11| s
7 /1 i L
I » A
| IH /] l
i i e
6 1 I i
1 ) /. / o
] 4 i i 3
5 [/  f ! ] 59
11 / - i &
B/ P20 /i pid
[l Vi /] A 71 K
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[l g Vi / / 5
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L AU N /4 [/ / J| o
3 yX L0 ed) // /s f 13 8
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"= A Wi s Lo, 2 A
koo H— [ x4 o Sl 4
oLL. 0
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Fig, 2. Maximum absorbed dose for tissue layer irradiated by a unit neutron flux. The
numbers on the curves indicate the values taken for the RBE of protons; s — data

of [2];— —~ — data of the CPI, Acad, Sci, USSR, The upper set of curves are normahzed
to the value of 1 kev.

214

Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02196R000100050003-6




Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02196R000100050003-6

TABLE 2

Absorbed Dose D(inmillimicroreps per 1 neutron/cm? )Averaged over the Spectrum ~1/ E from 0. 4ev t0 0.5 Mev

(or from 0.4ev to 1 Mev)

Proton RBE 1)
=1 =2 v=b,0 =10
maximum maximum maximuim maximum
] u— U - W ")
T @, T e 18 2,8
|8 |z2|8g|e|x8|88 8 |pe|82 23
_ 52| 52|08 | 52188 |63 | 52N IGS |58 |S8ICS
For thermal neutrons
dose (DT) 0,096 | 0,32 | 0,30 0,1051 0,39 1 0,37 | O, 11;] 0,54 | 0,55 | 0,14 | 0,90 | 0,94
RBE . . .. . . .. 1 1 1 1.1 1,2. 1,2 2 1,7 1,8 11,5 2,8 3,1
For intermediate
neutrons to 0.5 Mev .
dose (Dy) 0,25 10,70 0,57 0,26 0,97}0,87|0,34] 1,6 | 1,5 | 0,48 3,4 | 2,9
RBE . . . . . .. 1 | 1 1,1 1,4 1,9 1,5 2,3 2,6 {2,1 4,7 5,0
For intermediate
i neutrons to 1 Mev
dose (Dy) 0,25 10,91 1 0,63}0,31) 1,2 (101043 21| 1,8 0,67 4,6 | 3,6
RBE . . . . . . .. 1 1 1 1,2 1,3 1,6 | 1,7 2,3 2,9 1 2,7 5,0 5,8
For fast neutrons .
to 1 Mev ) )
dose (Dg) 4078136 2,7 | 1,51 841 49129 |17,0(10,3] 6,0 |38,0]22,0
RBE . . . . . .. 1 1 1 1,9 2,3 1,9 3,7 4,7 3,81 7,6 | 10 8,3
Dy/Dp - . ... 24 122119252524 3 [29]27/|34]37]| 3
Dg/Dy . . ... ... 3.4 (5247157870 56]|85| 11 |76} 13 [11,3|7,9

dosimeters (3], If we take 1 Mev as the upper energy
limit, the change in the value of the mean absorbed
dose for intermediate neutrons proves to be sufficiently
small for many practical applications,

Table 2 also shows data on the absorbed dose and
RBE for thermal neutrons and for 1 Mev neutrons, It
is seen that the intermediate neutrons actually have
intermediate characteristics, The mean absorbed dose
from the intermediate neutrons is two to four times as
great as the dose from thermal neutrons, The maximum
permissible intermediate-neutron flux during a six-hour
working day is 680 neutrons/ cm?-sec,* while for
thermal neutrons this flux is equal to 2600 neutrons/
/ cm?®«sec (according to other data [11], 1650 neutrons/
/cm”’sec). From this it follows that the control of .
intermediate-neutron fluxes is of great importance,

The efficiency of the dosimeter in the intermediate-
neutron region should correspond to the curves of Figs.
2 or 3, which correspond to the use of the dosimeter »
(medical, military, for shielding control, etc) and in the
fast-neutron region it should correspond to the prolonga-
tion of the dose curve or sharply decrease, At the pre-
sent time there are no such dosimeters, That is why it
is sometimes convenient to splitup the over-all neutron
spectrum into three regions with known energy distribu-
tions: thermal — with a Maxwellian distribution; inter-
mediate ~ with a ~1/E spectrum; fast— with a fission-

neutron spectrum. By measuring the absorbed dose from
the neutron fluxes corresponding to some part of the
spectrum, where these partial spectra are known not to
overlap, one can recalculate the obtained values for the
total neutron flux in the limits of each of the partial
spectra and obtain a quite reliable idea of the absorbed
dose from the over-all neutron spectrum.

We shall consider the methods of recording thermal
and fast neutrons known at the present time from the
standpoint of their suitability in the intermediate-
energy region,

The activation method can be used to record
both slow and fast neutrons, In the measurement of
thermal neutrons the intermediate neutrons are usually
separated by the cadmium ratio method. A layer of
cadmium 0.5 mm thick absorbs practically all neutrons
of energy below 0.4 ev[6].

By determining the cadmium ratio RCd [ 6], one can

_ obtain the ratio of intermediate (@1) to thermal (®T)
neutrons:

(DI - ']3,90'1-
[ 5.105 (2)
(BCd’“ & odL
0,4

* The data obtained by the authors for the maximum
permissible intermediate-neutron flux has not been
officially established by the standards. (Note by editor).
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Here o is the activation cross section for thermal
neutrons; [ is the resonance integral of activation,

As an example we shall consider the case of the
chronic effect of small doses of neutrons, Then for the
characteristic of the effect one should take the maxi-
mum absorbed dose for a proton RBE of 10. The ratio of
the absorbed dose of intermediate (Dy) to thermal (D)
neutrons in this case has the form (see Table 2)

Dy 3,701
Dy D
Then
D Mog
B}r' 0,5 106 : 3)

cdlf
(Rea— 1) % ST
0,4

Equal absorbed doses of intermediate and thermal
neutrons produce equal effects (R4 = 2) in a detector
_ for which the ratio

X
\ odly
ok (4)

Op .
In this case the induced activity is proportional to the
absorbed mixed dose of thermal and intermediate

Unfortunately, spi® produces some isomers with differ-
ent halfdives as a result of neutron capture, Moreover,
in natural antimony the spi isotope is also activated
with a cross section ratio of 21.6 [13]. No other isotopes
with the ratio (4) close to 50 have been observed.

The activation method gives the value of the ab-
sorbed dose averaged over the activation time,  For
accurate measurements it is necessary that the activa-

tion time be one-third to one-fifth of the half-life period ‘

of the induced activation,  For daily dosimetric
control it is convenient to use gold foil (T = 2.7 days,
aT = 98 barns, [ = 1558 barns [13]; here

®p__ 087 . Di_ ‘3.2 .

By TR ST DT Wy

D =D+ Dy =Dy ( 14 1{012'—1\

Thus, the sensitivity of the gold detector to the inter-
mediate and thermal neutron fluxes is practically the
same, The same relation is approximately valid for an
indium detector.

One can measure the maximum permissible neutron
dose with the aid of gold foils; in 100 mg of gold an
activity of about 0.5 C is induced in 6 hours.

Relations (2) and (3) are also convenient for the
measurement of the absorbed dose rate or flux. In the
thermal energy region use is made of the exothermal

neutrons. The isotope Sb!? is such a detector [12]. nuclear reactions in B, Li% and N4, whose cross sec-
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Fig. 3. Average-tissue absorbed dose for tissue layer irradiated by a unit neutron flux.
The numbers on the curves represent the RBE values taken for protons. The absorbed
dose of the individual components of secondary radiation is expressed in rads; y —

gamma radiation; p — protons;
is normalized to the value at 1 kev.
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c — heavy recoil nuclei.

The upper set of curves
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tions are inversely proportional to the neutron velocity
v, B

For detectors of the 1/ v type, the’ ratio (4) is: equal

to 0.5 [6]; therefore
@y 21,8 .],)1«'_' 100
d) I{Cl—-l YDy ’(,d'_l

In other words, the dose sensitwny of detectors
with o ~ 1/ v for the intermediate neutrons is one-
hundredth of that for thermal neuttons. .

The efficiency of ionization chambers orv of those
counters filled with BFg for thermal neutrons is a few
percent {4, 14), Thus a BFg counter _éarefully covered
by a cadmium layer 0,5-1 mm thick can be used for the
dosimetry of small fluxes of intermediate neutrons, The
ordinary BFg counter records about 200 cpm at the max-
imum permissible intermediate-neutron flux.

The efficiency of scintillation counters with a
ZnS— Ag, B luminescent screen attains several percent
for thermal neutrons {15, 16]. A sealed cadmium
counter with a screen area of 6 cm® records about 100
cpm at the maximum permissible intermediate-neutron
flux. .

The existing methods of personal dosimetric con-
trol of thermal neutrons [17-20] cannot be adapted to
mtermediate—neutron dosimetry.

Fission chambers can also be used for the recording

~ 549 barns,

For example, for UR® (o =
f= 400 barns [21])

of intéermediate neutrons.

®y_ 187 . Dy_ 70
Oy~ Boq—1" Dy RBgg—1°

) Asi in the case of BFg counters, it is advantageous to

have two chambers with different amounts of U™ for -
thermal and intermediate neutrons [ 22).

In the fission chambers a layer of uranium of
thickness up to 10 mg/ cm® is used [14, 23}, The max-
imum permissible intermediate-neutron flux produces up
to 20 fissions in 1 min for 1 cm® of the uranium layer,
The fission-chamber sensitivity to fast neutrons is much
lower, Chambers with U™ or Pu®’ have similar charac-
teristics.

Detectors with thresholds above 0.5 Mev (UZ®

, sul-

fur, etc. [24]) are, of course, unsuitable for intermediate

neutrons. ,

We shall. consider the operation of detectors re-
cording neutrons by means of the recoil protons such as
ionization chambers and proportional counters with
tissue-equivalent walls and filling mixtures [9]). Let a
proportional counter be connected to a discriminator
which passes pulses corresponding to an energy greater
than B. The ionizatiorf current due to the recoil pro—
tons (4, 25] is

i(E)=ng(E)o(E)(E— B)K (F, By~ E'2 (1 ~ Z)K(E, B), (5)

where E is the neutron energy; n is the number of
hydrogen atoms in the counter \E)lume; ¢ is the neutron
flux; o is the scattering cross section on protons; K is
a coefficient taking into account the sub-threshold
ionization loss [26] (K usually has the value 0.7-0.9,
which slowly decreases with an increase in E).

-

p=10 1375
/0-10
760 4360
Dma)a
- . 450
7 *"3 )
max |
% !
p=45 _+
D?‘Z Day . 1 s
ave '
Dave 5 i
78 (@)
{43 g].
”_;96,_(%5 3?20 “(.7/) / ‘

TR TS 2B e B

With an increase in E the ionization current in-
creases rapidly at first and then somewhat more slowly
than VE. The counter is not sensitive to neutrons of
energy lower than B, since its average efficiency for
intermediate neutrons is much lower than for fast neu-
trons. The measurement of intermediate neutrons in
the presence of fast neutrons proves to be difficult.

The jonization chamber is similar to a proportional
counter with a low threshold of discrimination (B ~20
kev). With a decrease of this threshold the efficiency
for intermediate nentrons increases in comparison with
the efficiency for fast neutrons, But since the threshold
for y rays is practically zero, the ionization chamber
simultaneously measures the accompanying y rays, i.e.,
it has poorer selectivity, which makes the ionization
chamber unsuitable for practical use, '

P

Fig. 4, Absorbed dose per unit neutron flux for different
values of the proton RBE 1 [2]. Dgaye is the average-
tissue and D, is maximum absorbed dose for ther--
mal neutrons (T); for the intermediate-neutron
spectrum ~1/E (I) and for fast neutrons (F) of energy

1 Mev, The value of the RBE for neutrons is shown
below, The dotted lines give the intermediate-

neutron spectrum to 1 Mev,
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A higher selectivity with respect to fast neutrons
can be achieved if they are counted by means of a pro-
portional counter. The efficiency of the counter [25]

e(E)~ -k ( (. VK&, B)

increases sharply from the threshold, attains a maximum
at E = 3B, thensmoothly decreases with an increase in E.
The average efficiency for an intermediate-neutron

flux with a spectrum of the ~1/E type is, however, a
bare fraction of the efficiency for fast neutrons of
energy 1-2 Mev (at B ~ 0,1 Mev).

The characteristics of counters with solid-state
radiation are even less favorable for the measurement
of intermediate neutrons; they tend to act differently,
which is frequently inconvenient,

Thus, of all the types of detectors considered for
the recording of intermediate neutrons the acceptable
detectors are those of the thermal-neutron type which
use gold, Bm. or U5 shielded by a layer of cadmium
(or borium).

No acceptable true neutron dosimeter applicable
over the entire spectral region of practical importance
has been produced as yet. An exception, perhaps, is the
use of devices similar to the long counter [4, 22, 25, 27).
It might be possible to obtain the variation of the effi-
ciency with energy shown in Figs. 2 and 3 by some
choice of the configuration of the moderator and ab-
sorbers.
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Letters to the Editoyr

THE NEUTRON- DEFICIENT  ISOTOPE H01.55.“—‘

B. Dalkhsuren, I. Yu. Levenberg, Yu. V. Norseev,
V.. N. Pokrovskii and S. S. Khainatskii .
Translated from Atomnaya Energlya, Vol. 8, No, 3, p.. 248

March, 1960
Original article submitted July 14, 1959

The existence of a short-lived isotope Ho'® as a

parent nucleus was suggested to account for the produc-
tion of the isotopes Dy*® and Tb'™ observed in a num-
ber of cases [1, 2]. Moreover, a holmium isotope (emit-
ting a 2,1 Mev positron) with a half-life period of ~50
min, which, according to Levy's scheme [4], can have

a mass number of 1565 or 158 was observed in [3].

We studied on a scintillation y- spectromieter the
y spectrum of fractions of holmium obtained as a re-
sult of a deep-spitting reaction under the bombardment
of tantalum by 660 Mev protons from the synchrocyclo-
tron of the Joint Institute of Nuclear Studies and we also
carried out multiple chromatographic separation of the
daughter element (dysprosium). The gamma spectrum
of holmium turned out to be quite complex; the 140
kev y ray, whose intensity decayed with a halfife of
~45-50 min, was the most intense,

Triple separ'ation of the daughter element (dyspto—
sium) with intervals of ~1 hour indicated that only the
isotope Dy'®, identified by they spectrum and half-life
period, was present in all three fractions. The mass
number of Dy was unequivocally established earlier
[5] by means of a mass spectrometer., The amount of
Dy155 in the subsequent fractions, proportional to the
activity of the parent substance Ho'™ varied in accord-
ance with the half-ife period of ~46 min, '

Thus, we finally established the existence of the )
holmium isotope with a mass number 155 and half-life -
period of 46 + 3 min, The gamma spectrum of this

. isotope probably contains the line ~140 kev, We note

that the 138 kev y line observed in {1} with a halfdife
of ~1 hour was attributed to Ho'®, The authors them-
selves note, however, that the determination of the mass
number was not suffimently substantiated '
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DETERMINATION OF THE DAMPNESS OF DRY GRANULAR
SUBSTANCES, BY MEANS OF NEUTRON MODERATION

A. K. Val'ter and M. L. Gol'bin

Translated from Atomﬁaya finergiya. Vol. 8, No. 3, pp. 248-250,

March, 1960
Original article submitted May 25, 1959

Among the known methods of measuring the damp-
ness of dry granular substances, are those based upon
weight, chemical, and electrical properties, However,
each of these has certain disadvantages and therefore,
industry does not, up to the present time, have a rapid
and successful method of measuring the dampness of
dry granular substances,

The use of nuclear radiation, and, in particular,
of neutrons, provides us with a more effective means
of reaching this goal. However, it should be noted that
the use of low-energy y rays is difficult, especially in
the measurement of the dampness of granular dry sub-
stances, i.e., concentrates or charges, or mineralogical

- compounds of varying chemical composition.

We used plastic soil as our test material, We also
made use of the conclusions reached in [1], where it
was noted that the results of the measurements were in-
dependent of the presence of other elements with a
Z > 5 (except for strong neutron absorbers), and also of
the density of mass of the absorber. In connection with
this, the results of the investigation obtained for plastic
soil are entirely applicable to other granular dry sub-
stances provided a correction is made for the hydrdgen
content. \

The method used in measuring dampness consisted
in measuring the slow neutron flux, which is a function
of the dampness of the material that is being investi-
gated, and registering the measurment by means of a
scintillation detector, The fast neutron source Po—Be
contained 1 C of Po®® (2.5 - 10° neutrons/ sec).

We determined experimentally'that for the same
degree of dampness it was more profitable to completely
surround the source and the detector with the material

being investigated than to merely place the plastic soil
between the source and the detector.

The diagram shows the experimental set-up. The
current from the photoelectronic multiplier (FEU-19)

1 is fed to the amplifier 3, amplitude discriminator 5
and counter 6. The source Po— Be 8 is attached to the
body of the slow neutron detector 9 of cylindrical form
[2]. The FfiU-l9 and the amplifier are fed from 2 and
4, respectively. The plastic soil 7 is placed between
the surface of two steel cylinders, Investigations have
shown that for a constant degree of dampness, the
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counting speed increases as the thickness of the plastic
soil layer increases up to 10 cm, where it then re-
mains constant. This completely confirms the con-
clusions reached in [1].

Plastic soil, dried in a drying closet at a tempera-
ture not above 125°C and weighing 16 kg, was placed
in the space between the two cylinders, The counting
speed with soil of 0% dampness did not differ from the
speed for the case where an empty measuring volume
was used, i.e,, it was equal to the background value,
Then water was added, the amount of water used
corresponding to a dampness W = 3% by weight and
was determined by not less than 3 indications of the
counting speed. Analogous experiments were carried
out for dampness of 6, 9, and 129 by weight, At the
conclusion of the measurements, a control measurement
of the dampness was made by choosing from various
parts of the measuring volume not less than 3 to 5
samples (by weight), The error in the dampness
measurement did not, as a rule, exceed 0.5% in weight.
Special attention was paid, during the addition of
water to the plastic soil, to the uniformity of its dis-
tribution, and this was obtained through practice, by

careful mixing.
The table presents the results of three series of ex-

periments.

Analysis of the results obtained shows the great
sensitivity of this method. For example, for a change
in dampness of 1%, the counting speed for the range
W = 3 to 6% in weight was 63 impulses/ min, in the
range W = 6-97 in weight, 94 impulses/ min, and finally
in the range W = 9-12% in weight, 220 impulses/min.
The high sensitivity in the latter case has great signi-
ficance since in industry dampness is measured within
the limits of 8-12% of the weight,

" Application of the interpolation formula [3] to the
data permits us to determine the empirical dependence
of the counting speed upon the dampness:

1= 1225 + 4W + 1219W%— 1,53W% + .01 W,
This paper has confirmed the possibility of measur-
ing the dampness of granular dry substances by means of

* The experiments were carried out by A. P. Krivchikov
and N. V, Pavlenko.
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Dependence of the Counting Speed I upon the Dampness W

W, weight % 0 3 ©8 9 12

Jy, imp/ min 1211410 131646 1468+27 | 1821433 ..?.445i100_
I;,img/min 1232412 131249 - | 1529427 1751420 2425470
J3,imp/min 12234-10 130747 14571436 1784134 24874119

" In conclusion, the authors wish to take this oppor-
2 g u 6 tunity of expressing their gratitude to Candidate of
Tech, Sciences, T. V. Timofeeva, for her valuable ad-
N vice as to the methods to be used in carrying out the ex-
' N 3 | 4 _ periments, : ' .
' LITERA TURE CITED
.y ‘ 1. Putman, Materials of the Inter’hationa__l Conference
— -9 on the Peaceful Uses of Atomic Energy (Geneva,
—7 . _ 1955) [in Russian) (Mashgiz, Moscow, 1957) Vol.
Scheme of experiment,
- 15, p. 151,
2. T. V. Timofeeva, Atomnaya fnergiya 3, 8, 156
(1957).% -

neutron irradiation provided that both the source and
the detector are completely surrounded by the material
under test. This will permit us in the near future to
design a set-up of such high sensitivity that it may be

used in industry. ‘t Original Russian pagination. See C. B, translation.

3. K P. Yakoviev, Mathematical Processing of Ex-
perimental Results, [in Russian} (Gostekhizdat,
Moscow, 1953). -

LOCALv‘AND MEAN HEAT-TRANSFER FOR A TURBULENT
FLOW OF NONBOILING WATER IN A TUBE WITH HIGH
HEAT LOADS '

V. V. Yakovlev

Translated from Atomnaya énergiya, Vol, 8, No. 3, pp. 250-252,
March, 1960 . . :
Original article submitted December 2, 1959

The experimental method used in the work, and The operating part of the apparatus was made of
some preliminary results have already been published copper tubing (d ~ 6,7 mm, ! ~ 540 mm), which was
in[1). - heated by an alternating current, The wall temperature

The results given below were obtained after a " of this tube was measured by 15 copper-constantan
change in the lead carrying the heating current to the thermocouples which were tin-soldered to the internal -
input end of the operating tube. This change consisted surface of the tube, _
of decreasing the thickness of the bus bar carrying the Examples of wall temperature measurements are
current to 3 mm. . given in Fig. 1. The preheating of the water in the
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Fig. 3. Generalized dependence of the mean values of the heat-transfer

coefficient onRe,,

W) 22.5; o) 80,

tube was determined by using a differential thermo--
couple,

The values of the local heat-transfer coefficient
oy and the mean heat-transfer coefficient along the
length of the tube o were obtained from the formulas

— q
9x__and a = L
lex—1ix to—If

Qe == ' (1) '
where qy, tcx and ty are,respectively,the local density ;
of heat flow, the temperature of the internal surface :
of the tube, and the temperature of the liquid at the
section of the tube at a distance x from the input, while
A » tes and ty are, respectively, the density of heat flow,
the mean-integral value of the temperature of the in-
ternal surface of the tube, and the mean temperature of
the fluid along the length I of the tube,

Figure 2 shows the results of measurement of the
local heat-transfer coefficient in the tube with co-
ordinates Nuy/CxPry % x (Pry/ Pro, )™ and Rey. It is
evident from the diagram that the experimental results
are described by the equation

Ny =0,0274C Re{- 8 pr0.36 PL,’C; )0'“ C®

with an error of less than 5%. Here

Cx=1-(2,76—0,44 Ig Re,) K%)o,s__ (T15>06]

with

0,45 < % <15,
¢d
Rex= Fu,g 3600 °

The experimental points are characterized by the
following values of the ratio I/d: ©) 1.5; 0) 3.0;

A)T.5;0)15;

Equation (2) was obtained for the calculation of the
local coefficient of heat-transfer in heating a turbulent
current of nonboiling water in the following range of
variation of the parameters;

Prx

= 7 T
Prey

0,45< 2 <80 and :< 3,3-10° keal/ m® hr,

2400 < Rex << 1,3-105; 2. Pr,<<12; 1<

The coordinates (Fig. 3)

M ) an Pr O 1t
Nu f/Cll’r(f)-" é <1—ch> and ey

are used to show the results of measuring the mean
(along the length of the tube) of the heat-transfer co-

efficient, It can be seen from the diagram that the ex-
perimental results can be expressed with an error of not
more than 5% by the equation

Prg 011

. —=y 1,0,85.0,36
Nug =0,0277C, -8 Pr (Prc S

Here

=1 f(’(JZ-——Ool}gRef)[< )06r

°f =If‘pf g3600 *

Equation (3) was obtained for the calculation of the
mean (along the tube) of the heat-transfer coefficient,
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in the heating of a turbulent current of nonboiling water
in the following range of variation of the parameters:

2100 < Reg < 1,3-10%;, 2L Pr¢ < 12
Pr
1< Prfc <6

1,5<é—< 80 and g, < 3,310 keal /m?-hr,

It should be noted in conclusion that the possibility
of applying formulas (2) and (3) for the calcutation of
heat-transfer requires special verification for liquids

“with values of Pr-lying outside the range we have per-

mitted. The equation given previously by M, A. Mik-
heev in [2], obtained for q = 0.5 - 10°® kcal/ m? - hr, is
therefore still of value as a general formula, applicable
for a wide range of variation of Pr and Re.
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ON THE QUESTION OF THE CHOICE OF HEAT CARRIERS

FOR NUCLEAR REACTORS
E. 1. Siborov

Translated from Atomnaya énergiya,
March, 1960
Original article submitted December 18, 1958

The diversity of heat carriers used in nuclear re«
actors is associated with the search for the most effec-
tive heat carrier, An analysis of the various heat
carriers from the point of view of the coefficient of heat
transfer and energy usage during the passage of the heat
carrier. The influence of thege factors is seen in the

" magnitudes of the usual (customary) economic coeffl-
cients of heat transfer,

The dimensionless economic coefficient of heat
transfer represents the ratio of conductable thermal
energy received by a heat carrier to the mechanical
energy required for the passage of the heat carrier
through the pipes, The available data with regard to
the problem [1] is approximate, more accurate and ‘
voluminous data and data which takes account of the °
results of new investigations [2, 3] are required.

Heat carriers can be divided into two classes
according to their thermophysiéal propertiess 1) liquids
and gases characterized by the value of the dimension-
lessPrandtl numberPr =~ 1 or >1; 2) liquid metal (Pr =
= 1072107, :

For substances belonging to the first class the
coefficient of heat transfer, during the stabilized tur-
bulent flow of these substances is characterized by a
‘dependence of the form [4]

@=0,023C)Pr0 iy= 05 W

where the factor C = v%8d-%? is determined by the
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Vol. 8, No. 3, pp. 252-253,

. construction of the heat exchange mechanism and the

speed of passage of the heat carriers (d is the inner dia-
meter of the pipe along which the heat carriers move,
v is the mean velocity of motion of the heat carrier);
A and p are the coefficients of thermal conductivity
and kinetic viscosity of the heat carriers,respectively.

When thermal carriers of the second class are used
the heat exchange is given by the formula [2]

a=4,5 %+0,014C7»Pr0'8v'0’8 . (2)

In our analysis, formula (2) is mostly used in practice in
the region of the Peclet number: Pe = (vd/v)Pr=

= 10%-10% and it is more convenient to use the approxi-
mate formula o

a=0,025CAPr08y =08, 3)

The average error resulting from the use of such an
approximation in the indicated range of Pe numbers is
about 20% and lies within the limits of accuracy of the
thermophysical properties of a series of liquid metals,

" The use of formulas (1) and (3) permits us to omit
the examination of the value of C, characterizing the
heat-exchange of the set-up and the circulating speed

. of the heat carriers, and to express in “pure form® the

influence of the physical properties of the various heat

carriers,
In Table 1 we present the results of the calculations
giving the changes in the relative coefficient of heat
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TABLE 1

Coefficients of Heat Transmission for Various Heat Carriers. =

Coefficients of heat transmission (based upon 2.8 kcal * sec?8/-
/m¥*8hr - degree as the unit point)
Heat carrier

100 200 300 400 500

Air(p=1atm) e.esveevoereves], 1,0 0,9 0,8 0,7 0,7

Carbonic acid(p=1atm) +vvss s 1,2 1,1 1,1 1,0 1,0

Stean(at the saturation point) ...... - 1,0 - 10 70 - — —

Water (at the saturation point). .. ... 1,0.10%8 |- 1,2.10% 1,2.10% - —
Dowtherm (liquid dliahenol mixture) . . — . 1,6.10% 2,2.10% 2,5-102 - 2,6-10°
Nitrate mixture (melted salts) ..... . —_— 2,3-102 3,0.102 3,3-10° 3,2-10?

Mercury . ........ 1,2.10% 1,3-108 1,3-108 — . —-
Alloy (25% Na + 75% K o 8,9.10? 8,2-102 7,9.102 7,3-102 7,0.10?
Sodiim . ....uea... ceaes ! —_ 1,3.108 | -1;2.108 1,2-10° 1,1.40%
Alloy (56.5% Bl+ 43.5% Pb) es et — 1,1-10° 1,1-103 1,0.108 1,1.108
Lithlum cheee s cer e, — 1,8-103 1,8.108 [ 1,8.108 1,8-10°
.................... ‘.. — e 1,6:10% - 4,5-108 1,5-10°
Bismuth ....... e e eas — — 1,1.108 1,1-102 1,2-103

TABLE 2

Economic Coefficients of Heat Transmission for Various Heat Carriers

Economic coefficients of heat transmission (based upon
43 kcal - sec™:® kg/ m®hr- degree as the unit point)
Heat carrier -
100 200 300 400 500
Alr(p=1latm) ..o vneesnsnn 1,0 1,0 1,0 1,0 1,0 .
Carbonic acid(p=t1atm). ........ 0,9 0,9 1,0 1,1 11
Steam (at the saturation point). .. ... 1,7 2,3 3,8 — -
Water (at the saturation point) . . 2,9 4,6 5,8 -— -
Dowtherm (liquid dlrhenol mlxture) .. — 0,18 0,28 0,35 0,37
Nitrate mixture (melted salts) .. .... — 0,17 0,30 0,37 0,41
Mercuty . ........... e 0,34 0,37 0,39 — =
Alloy (25% Na+ 15% K) ... .. e 2,5 2,6 2,6 2,6 2,7
Sodlum .............. o 6 s 0 8 o & - 01 37 0’37 0y39 0139
Alloy(56.5% Bi + 43.5% Pb) ........ — 0,31 0,33 0,31 0,37
Lithium . ..., .. 00 ivenonnnns - 7,2 7,7 8,0 8,2-
Tln ............. * s 0 00008 0 - - 0’66 . 0’68 0'70
Bismuth I S Y . bre o . _ 0336 0139 0141
transfer as a function of the choice of heat carriers and GApt
the temperature. We will take as unity the coefficient P':.“’_Q}‘l‘: ’ ()

of heat transfer of air at 100°C equal to 2.8 C (in kcal x
x sec™®/ m™®hr x degrees).

The computed data regarding the thermophyslcal
properties of carbonic acid, Dowtherm and the nitrate
mixtire are taken from the questionnaire [2], and the
data regarding the thermophysical properties of the re-
maining substances are taken from [3]. ‘

The energy carried away by the heat carriers dunng
the time while passing through a pipe of length L for
a temperature drop At, is given by

W=AandL Alr, L (4)
where A is the mechanical equivalent of heat, At the

same time the mechanical energy expended in driving
the heat carrier through the pipe is given by

2
where G = pvlf-. is the weight expenditure of the heat

carrier, Ap is the pressure drop, p is the weight density
of the heat carrier, and 1 is the pump efficiency, The
drop in pressure may be expressed in the form

"L ov?
Ap=t 5 (6)

where £ is the coefficient of hydraulic resistance and g

is the acceleration due to gravity.

We find, using formulas (4){ 6), the following
expression for the economic coefficient of heat transfer
: W._84zq a
5—‘_—' e Ua Qg (7)
The changes in the coefficient of hydraulic resistance

225

Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02196R000100050003-6




Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02196R000100050003-6

are independent of whether the heat carriers are gases,
the usual liquids or molten metals and are well described
by Blasius’ formula

£ ==0,316 (vd)~"/4v'/2.

(7
Substituting this value in (7) we get
a
=D——,
b=D "7 (9
25.3 A
where D = —”—53—%11 is a coefficient which depends
voidte

upon the particular constructional details of the reactor,

In Table 2 we give the results of the calculation of
the economic coefficient of heat transfer, We take as
unity the economic coefficient of heat transfer of air
at 100°C, equal to 43 CD (in kcal * secl:% g/ m%¥r. deg).

We sce from Tables 1 and 2 that there is significant-
ly less difference between the values of the economic
coefficients of heat transfer for the different heat

carriers than between the values of the customary co-
efficients of heat transfer.

When making the final selection of the heat
carrier one should take account of the other technico-
economic indices (for example corrosiveness, value,
etc,), in addition to the index developed in this article.
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TURBULENT TEMPERATURE PULSATIONS IN A LIQUID STREAM

V. 1. Subbotin,M. Kh.Ibraginov, and M. N. Ivanovskii

Translated from Atomnaya Fﬁnergiya, Vol. 8, No. 3, pp. 254-2517,

March, 1960
Original article submitted October 12, 1959

Under conditions of heat exchange the pulsations
in the speed of a turbulent liquid stream cause turbulent
pulsations in the temperature. The experimental study
of the turbulent pulsations in temperature is very im-
portant,

In the present work, the temperature in the liquid
stream was measured by low intertia movable thermo~
couplesof various designs with an open junction of 0.2 -
mm and a junction placed in a thin-walled case with
an external diameter of 0.5 or 0.8 mm. One of the de-
signs of the movable thermocouple is shown in[1]. The
designs of the experimental sections and the control
systems ensured both smooth movement of the thermo-
couples and recording at any point along the diameter
of the tube, The experimental sections in the contour
were placed vertically and horizontally. The thermal
stream was provided by electrical heaters. The thermo-
couple readings were recorded by means of fast-acting
class 0.5 EPP-09 potentiometers which took 1 sec to
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cover the whole scale, The limit of the scale was

0.5 mv, ,

Figures 1 and 2 show the distribution of temperature
along the diameter of the tube during turbulent flow of
molten metal and water, The development of tem-
perature pulsations with time, typical for a stream of
molten metal, is shown in Fig. 3. The development of
pulsations had a similar character in water, The ex-
periments showed that the amplitude and frequency of
the temperature pulsations depend on the size of the
thermal stream, the physical properties, the system of-
liquid flow and the dimensionless distance from the wall,
Temperature pulsations were also observed in the wall of
the tube, differing somewhat from the temperature pulsa-
tions in the liquid (Fig. 4). ‘The temperature pulsations
in the wall of the tube decayed with distance from the
surface of heat exéhange.

Experiments on the recording of temperature pulsa-
tions showed the following:
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1. Change in the value of thermal loading leads to
a change in the temperature pulsations, When the heat-
ing was stopped the temperature pulsations carried on
for a certain length of time (2-5 sec) and then gradually
decayed. During heating the reverse position was ob-
served: gradual increase in pulsations up to normal
values corresponding to the given system,

2. Switching on various sections of the heater along
the length of the experimental section showed that the
temperature pulsations both in the liquid and in the wall
of the tube occurred only in the presence of a tempera-
ture gradient in the liquid stream in the sections being
investigated. At a distance of five diameters from the

start of heating there were temperature pulsations in the
wall and liquid near the wall and there were no pulsa-
tions in the center of the liquid, At a distance greater
than fifteen diameters from the start of heating the
pulsations were observed over the whole section of the
stream and in the wall, At a distance of ten diameters
after the end of heating there were still temperature
pulsations in the center and there were no pulsations in
the wall of the tube.

3. The liquid circulation through the experimental
sections was provided by various pumps: centrifugal and
electromagnetic. The fluctuations in the liquid flow
with time were very small (1-3% of the average -value).

5°C

10°C

Fig. 1. Profile of temperature in a molten metal stream: a) Re = 230,000, q= 50,000
kcal/m?-hr; b) Re = 30,000, q= 20,000 kcal/ m?.hr. ‘

|

7 min

3°C

b |

Fig. 2. Temperature profile in water stream: a) Re= 8,900, q = 30,000 kcal/ m*. hr;

b) Re= 35,000, q= 50,000 kcal/m?-hr.
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A number of experiments was carried out without fluctwe
ations in the flow (with a header tank to maintain a

. constant level of liquid). In these experiments the
character of the pulsations was the same as when operat-
ing with pumps. _

4. The frequency of the alternating current (50 cps)
and the fluctuations in the power of the heater (3%) had
no effect on the character of the temperature pulsations,
The same pulsations were observed when the heater was
fed with stable direct current, The temperature pulsa-
tions were also observed in the walls of the working heat
exchanges where there was no electrical heating.

5. During the operation of the pumps there was
mechanical vibration of the contour and experimental
section, to eliminate which the section was connected
with flexible hoses during the experiments with water,
When the water flowed under gravity the vibration was
completely absent. The temperature pulsations were

{0 sec

==

s SAEY
-
o

e
.

b ]
-
m——
-
-

et

| [t

a

the same both in the presence of mechanical vibrations
from the operation of the pumps and without them, The
absence of vibrations in the movable thermocouple was
specially checked in the flow of water in a transparent
channel, ' ‘

6. Change in the system of liquid flow leads to a
change in the temperature pulsations, With a transi-
tional system of the flow there were considerable reduc-
tions in the frequency and amplitude of the pulsations.
With laminar flow temperature fluctuations continued
in the central part of the stream with a low frequency.
These pulsations can be explained by natural convec-
tion of the liquid. The fluctuations were absent over
a fairly wide layer of liquid adjacent to the wall and
in the wall of the tube.

All experiments showed that the temperature fluctu-
ations recorded by the instruments were caused by
turbulent temperature pulsations in the stream,

llsec.
N
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Fig. 3. Development of temperature pulsations in time for a molten metal stream in the
region of maximum amplitudes; a) Re = 30,000, q= 20,000 kcal/m®-hr; b) Re =

= 230,000, q = 50,000 kcal/ m?- hr.
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Fig. 4. Development of temperature pulsations in the wall of a tube at a distance of
0.5 mm from the surface of heat exchange: a) with flow of water Re = 8,900,

q = 30,000 kcal/ m?. hr;
/m?.hr,
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b) with molten metal flow Re = 90,000, q = 30,000 kcal/
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As can be seen from Fig. 1, for molten metals with
a sufficiently regular change in the temperature gradient
across the section of the tube, maxirum pulsations were
observed at about halfway between the center and the
wall of the tube, For water, having a sharp change in -
the temperature gradient in the layer adjacent to the
wall, the maximum pulsations were observed near the
wall (see Fig, 2). This chauge'in amplitude of the
temperature pulsations along the radius of the tube
agrees qualitatively with the hypothesis that the value
of the turbulent temperature pulsations is proportional |
to the length of the path of displacement [ and the
temperature gradrent dt/ dr [2]

t'=1 T - /
At the same time, the experiments showed that the tem-
perature pulsations on the axis and the wall of the tube
are not equal to zero although it follows from the rela-
~ tionship given that in these cases t' =0,

The temperature pulsations of the liquid recorded
near the wall under conditions of stationary heat ex-
change and also the temperature fluctuations of the
wall itself show that the process of heat transfer through
the liquid layer adjacent to the wall and the surface of
heat exchange is, strictly speaking, not stationary.

The thermocouples used in the experiments have
low inertia and can react to fluctuations over a wide
range of frequencies (up to 100 cps) almost without
dlstortion in amplitude. The recording instruments
(EPP-09) can react to fluctuations with a frequency up to
20 cps,

The fluctuations recorded in the experiments ob-
viously do not represent the whole spectrum of tem-
perature fluctuations, In later investigations the authors
intend to use more advanced low-inertia instruments.

Those taking part in the construction of the equip-
ment and the experiments were: E, V. Nomofilov, M,
N. Amol'dov and Yu. N, Prokrovskii, The authors
would like to thank A. L Leipunskii and A, P, Aleksan-
drov for their valuable advice and interest shown in the
work,
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ELECTROLYTIC PREPARATION OF LAYERS OF URANIUM
COMPOUNDS WITH DENSITIES OF 1-3 mg/cm?

V. F. Titov

Translated from Atomnaya Energiya, Vol. 8, No. 3, pp. 257-258,

March, 1960
Original article submitted August 27, 1959

The electrolytic deposition of uranium compounds
on to solid metal cathodes isone of the best methods for
preparing strong uniform layers which can be used in
nuclear physics for various types of work,

The' preparation of layers of uranium compounds
with densities up to 0.2-0.3 mg/cm? presents no dif-
ficulties using various baths and cathodes such as pla-
tinum, nickel, etc. [1].

With increase in the density of the layer, the ad-

~ hesion of the uranium hydroxide deposit to the cathode
surface becomes very weak and the layer is readily
rubbed off. To obtain thick layers, therefore;.a
cathode is usually used with a more active surface,

giving a good bond with the deposit. Thus, on alumi-
num it was possible to obtain layers of uranium with
densities up to 2-3 mg/cm?®. However, existing
methods either do not provide sufficient strength and
uniformity in the layer [2], or are based on the depo-
sition of only a small fraction of the uranium present in
the solution [3]. In the latter case there is a reduction
in the accuracy with which the layer is applied (10-159),

To obtain strong uniform layers of uranium with
densities of 1-3 mg/cm? the uranium was deposited
quantitatively from ammonium oxalate solutions, The
electrolysis was carried out in cells described in [4].
The cathodes were aluminum discs of 0.5-1.0 mm
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thickness and areas of 10-20 cm®, Before electrolysis
the surface of the aluminum was carefully cleaned with.
emery cloth. The anode was a platinum disc with the
appropriate diameter.

The electrolysis conditions were as follows: the
electrolyte was a 0.2 M solution of (NH,),CyO4; pH = 9;
the volume of the solution was 1 mi per 1 cm? of the
cathode surface; the concentration of uranium put into
the solution in the form of uranyl nitrate was 1-3 mg/ ml,
depending on the required density of deposit; the tem-
perature was 80°C,

The heated solution was poured into the cell and
the current density was fixed at 10 ma/cm?, the electro-
lysis took 50-60 min. The cathode then received a
deposit of 95+2% uranium, The percentage deposition
can be greater but there is a deterioration in the surface
of the layer.

Before the end of electrolysis methyl alcohol was
poured into the cell, the whole solution was poured off,
the cell washed out with alcohol and dismantled. The
layer was dried in air.

Fig. 1. Layer of uranium compound of density
1 mg/cm? (x 600).

Fig. 2, Layer of a uranium compound of density
3 mg/cm? (x 600).
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The layer of density 1 mg/ cm’® was smooth and
bright (Fig. 1). After the layer had been rubbed with
a cotton pad there were no traces of uranium oxides on
it. With layers of density 2-3 mg/cm? the brightness
was reduced and with a layer of density 3 mg/cm?
traces of oxides remained on the pad, this being con-
nected with the mechanism for deposition of uranium
from oxalate solutions, It was found that the maximum
rate of deposition is observed in a 0.2 M solution of
(NH,),C,0,4 with a uranium concentration of 1 mg/ ml.
Further increasesinthe concentration both of uranium
and of the ammonium oxalate leads to a gradual re-
duction in the rate of deposition of uranium, This is
due to the fact that under these conditions the growth of

the crystals of the deposit begins to predominate, There

is presumably some polymerization here in the solution
of the complex uranyl ions, Furthermore, as is known,
increasing the concentration of electrolyte leads to a
reduction in the number of crystals formed during
electrolysis. It should be mentioned here that the v
uranium concentration used in [3] (4.76 mg/ ml) could"
not give good layers with a sufficiently complete (> 50%)
deposition of uranium,

Strong uniform layers of uranium with density
3 mg/ cm® were obtained using aluminum coated elec-
trochemically with zinc [2]. Instead of etching in acid
this aluminum was cleaned with emery cloth and zinc
was deposited on it from an alkaline solution (525 g
NaOH and 100 g ZnO per 1 liter of water),

The conditions of electrolysis were as follows: the

electrolyte was a 0.2 M solution of (NH,),C,04; pH= 9; the

uranium concentration was 1 mg/ml; the volume of
solution was 3 ml per 1 cm?® of the cathode surface; the
current density was 100 ma/ cm® and the electrolysis
lasted for 50 min. During this time 97 +1% of the
uranium in the solution was deposited. The structure of
the surface layer is shown in Fig. 2. The uniformity of
the layers was checked by a count of the o -particles
emitted by each 1 cm® of the cathode surface. The
maximum deviations did not exceed 109, X-ray
structural analysis of the deposit showed the presence of
U0, structure.
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SOLUBILITY OF URANIUM (IV)‘. HYDROXIDE

IN SODIUM HYDROXIDE
N. P. Galkin and M. A. Stepanov

Translated from Atomnaya Energiya, 'Vol.'8, No, 3, pp.I 258-261,

March, 1960
Original article submitted November 27, 1959

At the present time in a number of cases, uranium
(IV) hydroxide is separated in a strongly alkaline me-
dium in the processing of natural and irradiated raw
matefial [1], though the behavior of this compound in
the given medium has been studied little, In communi-~-
cations [2-4] there have been reports that uranium (IV)
hydroxide has only basic properties and does not dis-
solve in excess precipitant, However, it was recently
shown [5] that uranium (IV) hydroxide is amphorteric.
The equilibrium constant of the reaction

U (OH)4-+OH~ > HyUO; 4-H,0, (1)

equals 1.7 + 1074,

Since the solution of uranium (IV) hydroxide has
been studied over a narrow range of alkali concentra-
tions (1115 to 0.6 N), it was decided to check the accuracy
of the derived rules in more concentrated alkali solu-
tions.

Uranium (1V) hydroxide was precipitated from
hydrochloric acid solution with aqueous sodium hydrox-
ide solution, The hydrochloric acid solution of uranium
(1V) was obtained by the action of hydrochloric acid on
metallic uranium of 99.87% purity. The filtered solu-
tion (1.753 N with respect to HCI) contained 0,3595
g-ion/ liter of uranium (IV), The amount of uranium
(IV) was determined by titration with potassium bichrom-
ate {6].

The excess acidity was calculated as the difference
between the "total” acidity, determined by neutraliza-
tion of the medium to phenolphthalein, and the acidity
created due to hydrolysis of uranium (IV) during neutrali-
zation of the solution. In order to exclude the oxidation
of uranium (IV) during its precipitation, washing and
treatment of its hydroxide with alkali, all operations
were carricd out in a "box" filled with oxygen-free
argon [7]. The clear plastic tubes in which all the ex-
periments were carried out had hermetic screw tops.

The latter were fitted with rubber and Teflon' gaskets

on which even strong alkali solutions had no appreciable
action, e -
Uranium (IV) hvdroxide was precipitated in the . :
following way. Into a tube was poured 2 ml of ur_aﬁium
chloride and then 30 ml of 0.34 N sodium hydroxide

solution, The tubes were closed tightly and removed
from the box and their contents mixed for 6 hr in an air
thermostat at 20°C. The tubes were then returned to the
box, there the mother solution was separated from the
precipitate by decantation. The apparent volume of the
precipitate was 1/14 of the clear part. Considerable
purification was achieved by three washes with water

by decantation. A qualitative test for chlorine ion with
silver nitrate gave a negative result ,-

The opinion in [8] that potassium and sodium can-
not be removed completely from uranium (1V) hydrox-
ide by washing is apparently incorrect. Spectral ana-
lysis of the water-washed precipitate indicated the ab-
sence of sodium (less than 0.01%), for example, when .
the hydroxide was precipitated with sodium hydroxide
solution.

The sodium hydroxide solution was prepared from
a reagent of "chemically pure” grade, In order to
avoid the harmful effect of carbonate ion, we dissolved
the sodium hydroxide in boiled distilled water in an
argon atmosphere. As concentrated sodium hydroxide
dissolves normal silicate glass [9], clear plastic vessels
were used in our experiments,

A coagulated portion of the uranium hydroxide
pulp, washed free from mother solution, was treated
with a definite amount of alkali and distilled water
(Table 1). When all the components had been intro-
duced into the tubes, 1-2 ml of free space remained,
The tubes were tightly closed with tops and transferred
to the air thermostat, where their contents were mixed
for 6 days (8 hours per day) at 254 1°C (it was considered
that equilibrium was reached after this time [5]). After
the mixing, the solid phase was allowed to settle and
the clear portion passed through a fine paper filter and
the uranium and alkali content of the filtrate deter-
mined, The analysis results are given in Table 1 and
the figure,

The experiments confirmed the results in [5] only
at low alkali concentrations (up to 0,5 N), The linear
relation between the uranium (IV) content of the so-
lution and the alkali concentration was disrupted at
high alkali concentrations, After reaching a maximum
value in 2 N alkali, the uranium concentration began
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TABLE 1

D ata on the System Uranium (IV) Hydroxide— Aqueous Sodium Hydroxide Solution

N Components in starting solution Equilibrium concentrations Constant of
Experi- alkali uranium reaction (1),
ment “volume oncentra- |  water alkali, N K108
No. vor:lm ' cti?)i N ml ' g/liter |g-ion/liter. 10°

1 50,0 8,50 0,0 7,40 0,015 6,3 0,85 !
2 25,0 8,50 25,0 4,40 0,020 8,4 1,91 !
3 10,0 8,50 40,0 1,75 . 0,020 8,4 4,81 !
4 2,0 8,50 45,0 0,85 0,020 8,4 9,90

5 2,0 8,50 48,0 0,35 0,015 6,0 18,0 ﬂ
6 1,0 8,50 49,0 0,20 0,007 2,9 14,7 !
7 50,0 0,85 0,0 0,075 0,005 2,1 28,0 |
8 10,0 0,85 40,0 0,021 0,003 1,3 62,0 |
9 - — — 0,632 — 5,9 14 ‘

10 — — — 0,484 —_— 7,0 17 |

11 — - — 0,266 — 4,5 19

12 - — — 0,215 — 41 19

13 — — — 0,144 — 2,7 —

14 — — — 0,080 —_ 0,63 —

15 — — — 0,000 — 0,3 |

Note: The data of experiments 9-15 were taken from{5).

TABLE 2

Chemical Composition of Precipitates Isolated with an E_quilibiium Concentration of 7.0 N Alkali

Element content of precipitate, % | Molar ratio
Washliquid Drying conditions uranium ) of sodium to
. U av ‘U VD1 Uav) sodium uranium
Water In a drying cupboard at 200°C 16,48 64,49 0,06 9,65-10-?
: . for 2yhr 16,35 64,55 0,04 6,39.10-3
Acetone ! In air for 1 day 10,5 61,88 2,57 0,428 g
| : 10,8 61,88 2,20 0,367 |
Diethyl ether | In a drying cupboard at 180°C 12,7 67,50 1,70 0,260 |
for 4 hr 12,8 65,80 1,80 0,283
' 15,4 - |- 65,94 1,67 0,262 :
|
Ethanol In air for 1 day 13,8 74,80 2,73 0,388
141 74,9 | 2,69 0,373

to fall, even though the alkalinity of the medium in-
creased.” Consequently, the processes occurring in the
systern cannot be described by equation (1) alone. In
our opinion, the fall in uranium concentration in the
solution may be explained by the salting-out action of
sodium ions if it is assumed that a new compound
whose formula corresponds to the formula NaHgUO,
forms in the precipitate. To check this hypothesis, we
analyzed the solid phase chemically and the results
are presented in Table 2, _
, Washing the precipitate with water led to com-
plete removal of the sodium from the solid phase. The
completeness with which the mother solution was
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washed from the precipitate was checked by the re-
action of zinc uranyl acetate with the sodium ion pre-
sent in the wash waters, Apparently, the proposed
compound is stable only in strongly alkaline media;
hydrolysis occurs under the action of water and this
may be described by the equation.

NaH3U0,4-+1,0 == U(OH),-}-NaOIl (2)

Then, to reduce hydrolysis according to equation
(2) to a minimum, we used acetone, diethyl ether, and
absolute ethanol as wash liquids. However, even under
these conditions we observed partial elution-of sodium,

i.e., hydrolysis of the salt NaHgUO, was not eliminated.
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As a result of this, the sodium content of the precipitate -

was considerably below theroetical values.

Consequently, a study of the chemical composition
of the solid phase of the system uranium (IV) hydroxide—
aqueous sodium hydroxide solution indicated the form-
ation of a new compound NaH;UO,, which is capable of
hydrolysis.
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CATALYTIC EFFECT OF IRON COMPOUNDS IN THE OXIDATION
OF TETRAVALENT URANIUM IN ACID MEDIA

Vikt. I. Spitsyn, G. M. Nesmeyanova, and G. A. AlkhdZashvili

Tranlsated from Atomnaya Energiya, Vol. 8, No. 3, pp. 261-262,

March, 1960
Original article submitted July 17, 1959

The oxidation of tetravalent uranium in the pre-
sence of Fe* salts has not been studied quantitatively
,up to now. There is a report in the literature [1} that
the oxidation of uranium is accelerated by the presence
of soluble iron compounds. It was shown [2] that the g
concentration in the solution should not be less than
- 2 g/ liter for successful oxidation of uranium, regardless
of the type of oxidant used and Fe* content in the so-
lution. In{3] it is assumed that MnO, is the primary
oxidant in this process and that the Fe™* ions act as a

B

catalyst; in other papers, for example [4], the necessity
for having a certain amount of Fe ions in the solution
to give the medium the required oxidation potential is
reported,

The effect of iron compounds on the oxidation of
uranium was studied with pure uranous-uranic oxide and
Fe™ and Fe®* sulfates. Sulfuric or nitric acids various
concentrations ‘'was used as the solvent and MnO, and
KClO; were used as the oxidants. A sample of the oxide
was placed in a reaction vessel and a stoichiometric
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Fig. 1. Relation between the uranium solution time and
the amount of Fe*' salt added in the solution of uranous-
uranic oxide in solutions of nitric and sulfuric acids with
MnQOj, and 100% solution of the oxide at t = 90°C.

1, 4) Nitric acid (50 and 5 g/ liter, respectively);

2, 3) sulfuric acid (5 and 150 g/ liter, respectively).
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Fig. 2. Effect of added Fe* salt on the degree of
uranium solution in nitric acid and sulfuric acid with
MnO, at various concentrations: 1, 2) Nitric acid

(5 and 50 g/ liter, respectively); 3, 4) sulfuric acid
(5 and 50 g/ liter, respectively). Att= 20°C, r equals
72 hr for nitric acid and 48 hr for sulfuric acid with
MnO,. '

amount of oxidant and acid added. The experiments
were carried out in an air thermostat at 20 and 90°C,
Figure 1 gives data on the effect of Fe®+ jon concentra-
tion on the time for complete solution of uranium in
nitric and sulfuric acids in the presence of the oxidant
MnO,. As theFigure shows, the addition of Fe®* sait in
an amount equal to 0,59 of the uranous-uranic oxide
weight made it possible to dissolve all the uranium in
one hour with a sulfuric acid concentration of 5 g/ liter,
An increase in the amount of Fe** salt to 5% decreased
the uranium solution time from 3 hr to 40 min at a
sulfuric acid concentration of 150 g/ liter and to 30 min
at a concentration of 5 g/ liter.

The addition of Fe* salt in an amount equal to
0.5-509- of the uranous-uranic oxide weight made it
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Fig. 3. Effect of microamounts of Fe¥ salt on the
degree of uranium solution during the solution of
U305 in sulfuric acid solutions of various concentra-
tions with KC1O3 (curves 1 and 2) or MnO, (curves -
3 and 4) as oxidant (t= 90°C, r = 1 hr).

possible to reduce the uranium solution time from 3 hr
to 40 min with a nitric acid concentration of 5 g/ liter
and from 30 to 8 min with a concentration of 50 g/ liter,
‘The introduction into the reaction mixture of a

ferric sakt in an amount equal to 0.5-250% of the sample
weight in the solution of uranous-uranic oxide in nitric or
sulfuric acid with MnO, at 20°C considerably increased
the degree of solution of uranium (Fig. 2).

Data on the effect of microamounts of Fe** salt on
the solution of uranous-uranic oxide insulfuric acid with
KCIOg or MnO, as oxidant are given in Fig. 3. The
Figure shows that the introduction of Fe®* salt into the
reaction mixture in an amount of 5 - 107 g-ion/ g-ion
of U considerably increased the degree of uranium so-
lution, The uranous-uranic oxide was completely oxidized
by KClOg or MnO, at sulfuric acid concentrations of
100 and 10-25 g/ liter, respectively.

From the results presented it follows that iron ions

accelerate the solution of uranium severalfold, reducing the

the starting acid concentration, Salts of Fe** are strong
oxidants for tetravalent uranium. The effect of large
amounts of Fe® is particularly characteristic for dilute
solutions of nitic acid (see Figs. 1 and 2), which is a very .
weak oxidant in this case. On the other hand, as Fet
ions do not react with MnO, or KCIOs, Fe®* acts as a
catalyst until there is no U% in the reaction mixture,

At the moment that they are oxidized, Fe* ions
have a catalytic effect on the oxidation of uranium,
The mechanism of the catalytic acceleration of uranium
oxidation by iron compounds may be represented as
follows:’

Dt ————— 1 P 25 Fol+ . >
Fo oxidant Yo F oxidant

—_— Fe:«)-l- ——— F02+ etc.
vt

i.e., iron ions transfer electrons between the oxidants
and the uranium, '
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EFFECTS OF GAMMA RADIATION ON THE ELECTRODE
PROPERTIES OF LITHIUM GLASS

N. A. Fedotov

Translated from Atomnaya Energlya Vol..8, No. 3, pp. 262- 264,
March, 1960
Original article submitted November 27, 1959

Measurement of the pH of solutions using glass lithium-base electrode glass of the following composi-
electrodes is currently meeting with increasingly greater tion (in molar percentages): Li,O— 27; Cs,0— 3;
favor inindustry, engineering, scientific research etc. LayO3— 3; S§i0,— 67. Electrodes made of this glass
The problem of the effect of y radiation on readings of show excellent linearity over the pH range 0,.5-12.5
a glass electrode in measurements of the pH of solu- (at room temperature), exhibit relatively low resistivity,
tions comes up in connection with the production of and possess a reasonable chemical stability in acid and
radioactive isotopes, as well as the widespread use of alkaline solutions (at room temperature and elevated
such isotopes in investigations of processes occurring temperatures), A detailed description of the properties
in aqueous solutions. - of electrodes and means of manufacturing them may be
The aim of the present note is to shed some light . found by consulting references [1-3].

on the effect of y radiation on the electrode properties
of a glass commonly used in the manufacture of glass
electrodes. The problem of radiation effects on an
auxiliary electrode, and that of the accuracy of emf .
measurements of circuits: bearing some similarity to - A 0.1 N solution of hydrochloric acid was.poured

The three most important electrode characteristics,
the sensitivity gradient, asymmeury potential, and re-
sistivity, were determined,

that case, in the case of an intense y field, wjll not into the electrode in taking the characteristics. Poten-
be discussed here. ' tial measurements of the glass electrodes in standard

~ The glass electrode involved is a glass tube 12 mm = buffer solutions were carried out with reference to a
in diameter (of No. 23 glass) with a bulb made of ) saturated calomel electrode placed at the same t'empéra—

Values of Asymmetry Potential of the Electrodes Before and After Irradiation.

pH of solution .
1,2 3,10 5,05 7,35 _ 8,85 10,35
9 = :

L O L} [} T . 1
R a | 8a 8 12« s |92& & | Q& a |2 a ©
Q 50 bediae } =g [T e - . ot —t —t . s .
SE |225| 255|255\ 8c5|835|855155:|89:|8%8888%5(8%

2 :
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2 11 8 16 10 12 8 7 11 9 3 10 :

3 9 8 16 10 12 8 9 10 12 10 13
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ture, The experimental arrangement for measuring emf
is shown in the accompanying diagram.

The asymmetry potential was measured over the pH
interval 1-10, An accuracy of +2 mv was achieved in

the determination of asymmetry potential. The resisti-
" vity of the walls of the electrode bulb was determined
by measuring the current passing between two silver
electrodes immersed in the solution on both sides of the
bulb of the glass electrode.

The external current source had a voltage of 90 v,
The error in the determination of electrode resistivity
did not exceed +19%. To prevent the values of the
abovementioned characteristics from being affected by
the walls of the cylindrical portion of the electrode,
the inner and outer surfaces of the cylindrical portion
were coated with a tenuous layer of vaseline during all
measurements, thus rendering the surface of the glass
nonwettable,

We began by taking all of the characteristics prior
to irradiating the electrodes. The solution held with-
in the electrode was then poured out, and benzene was
applied to remove traces of grease from the outer and
inner surfaces of the cylindrical portion of the bulb.
After this all three electrodes were placed into arecept-
acle which was placed in a Co®® y source of 20,000
gm-eq Ra, The electrode bulbs were placed at equal
distances (7 cm) from the center of the source. Irra-
diation proceeded for 48 hours. The integral irradiation
dose was 25 million r. After irradiation, the electrodes
had acquired a dark-brown coloration, Post-irradiation
measurements of the electrode characteristics were
carried out in the same manner as the pre-irradiation
measurements,

The pre-irradiation sensitivity gradient of the three
electrodes (at t = 2%C) was 59.0 mv/ pH, while the post-
irradiation value (at t = 21°C) was 58,0 mv/ pH.

The accuracy achieved in the determinations was
+£0.3 mv/pH, Al three electrodes had the same

e
[ ——

]

W

Experimental arrangement for measuring the -
potential of the glass electrodes.
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Resistance, megohms
pre-irradiation post-irradiation
(t=23°C) (t=21°C)
165 169

361 384
148 153

a) Resistance, megohms; b) pre-irradiation;
¢) post-irradiation,

characteristics both prior to and subsequent to irradia-
tion,

An observed insignificant decrease inthe sensitivity
gradient is related to a slight change in temperature
between measurements, The sensitivity gradient of
58.0+ 0.3 mv/ pH at temperature 21°C is a character-
istic value for glass electrodes manufactured from many
grades of electrode glasses.

Values of the pre-irradiation and post-irradiation
electrode asymmetry potentials, in solutions with dif-
ferent pH values, are tabulated (Iin millivolts)., Asis
apparent from the tabulated data, the post-irradiation
asymmetry potential averages a drop of 3 mv in ab-
solute value over the pH interval 1-7, and mcreases by .
the same amount over the pH region > 7 (relative to the
value of the asymmetry potential of nomrrad1ated '
electrodes placed in the same solution).

Above, we present the results of resistance measure-
ments of the three electrodes before and after irradia-
tion, at temperatures 23° and. 21°C, respectively.

After introducing corrections for the temperature
dependence of the resistance of lithium-base glass [3],
the difference in the pre-irradiation and post-irradia-
tion values of the electrode resistance did not exceed
+1 megohm, i.e,, remained within the limits of
accuracy of the measurement, v

The investigations accordingly show that even
following intense y irradiation of the electrode glass,
the sensitivity gradient and electrode resistance re-
main constant (within 0,5-1.09), while the variation
in-electrode asymmetry potential averages about 3 mv
in absolute value, We infer from these findings that
electrodes of lithium-base glass may be widely used
for pH measurements of solutions with high content of
y -active isotopes.
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MEASUREMENT OF GAMMA-RADIATION DOSE BY THE CHANGE
IN OPTICAL ACTIVITY OF CERTAIN CARBOHYDRATES

S. V. Starodubtsev, Sh. A. Ablyaev, and V. V. Generalova

Ttranslated from Atomnaya lfnergiya, Vol. 8, No. 3, pp. 264-265,

March, 1960
Original article submitted October 21, 1959

Several techniques are available for measuring
large doses of gamma radiation, taking advantage of
such chemical effects as: oxidation of bivalent iron in
solution [1, 2}, the change undergone by cerium sulfate
in solution [3], decomposition of sodium benzoate solu-
tions [4], decoloration of methylene blue [5], and many
other reactions [6-10}, )

A common and important limitation to these
chemical techniques. of dosimetry is their complexity,
and the time required for chemical processing of the
solutions following exposure to radiation, as well as
ambiguities and low level of precision in the results.

In order to single out those methods which do not
require subsequent complicated processing and are yet
sensitive to very large doses, we carried out a study of
the effect of intense beams of y rays on aqueous solu-
tions of carbohydrates. A particularly detailed investi-
gation was made of the radiation effects on sucrose and
glucose in solution [11]. Aqucous solutions of both suc-
rose and glucose are optically active, so that a change
in the activity is evidence for some change in glucose
or sucrose concentration in the solution, as a result of
exposure of solutions of glucose and sucrose, sealed into
glass cuvettes, to y irradiation.

ChDA brand glucose and sucrose were used in the
investigation, with twice-distilled water employed as
solvent. Irradiation of the prepared sepecimens (7 mt
of each) was carried out on a water-shielded Co® y
source of 2,100 C activity,

The solutions were irradiated with doses ranging
from 0 to 200 million roentgens, The maximum dose
rate employed was 1.1 million r/hr. The specific ro-
tation of the solutions was sensed by a sensitive polari-
meter, and the dose value found by any particular
method was checked by the ferrosulfate method or the
methylene blue method.

Prior to irradiation, the angle of rotation of the -
plane of polarization of all of the specimens prepared
was measured with the polarimeter. Some of the spe-
cimens were used as controls and not exposed to irradia-
tion. The remaining specimens, after being irradiated
with a specific dose, were again run through the polari-

meter. The irradiation and all of the measurements
were carried out at controlled temperatures,

The measurements indicated a considerable de-
crease in angle of rotation of the plane of polarization
in response to y irradiation of solutions of glucose and
sucrose, the decrease being found by experiment to be
a function of dose level and concentration of the solu-~
tion. :

Figure 1 shows a typical run of variation of angle
of rotation of the plane of polarization ¢ in solutions of
sucrose and glucose of 459 concentration (curve 1) and
20% concentration (curve 2), in response to increased
irradiation doses up to '200 million roentgens (length of
measuring cuvette: 10 cm).

Figures 2 and 3 show the variation in angle of .
rotation Aq, referred to unit concentration C and to
unit path length of light ray 7, in sucrose and glucose
solutions, This run of the rotation-angle curves as a
function of irradiation dose was also observed at other
concentrations, -

It becomes apparent from inspection of the accom-
panying graphs that the angle of rotation of the plane
of polarization for glucose and sucrose solutions varies
over a wide range in linear fashion, as a function of

g
6 =y L2
J
g

20 40 60 -80 100 120 140 160 180 200
Dose, million roentgens

Fig.'1l. Variation in angle or rotation of
plane of polarization, plotted against
irradiation dose.
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Fig. 2. Change in angle of rotation of plane
of polarization of glucose solutions, as a
function of irradiation dose (in percent):

1) 5; 2) 10; 3) 20,

irradiation dose (up to 200 million roentgens and higher).

It was also noted that the radiation effects are inde-

pendent of dose rate over the range 10* to 108 r/hr,

and that the reproducibility of the results is very stable,
The simplicity of the post-irradiation experimental

technique in studying the solutions, the broad range of

applicable doses (up to 10%-10% r), and the independence

of radiation effect from dose rate over a wide range,
combine to render aqueous solutions of glucose and suc-
rose an excellent dosimetric liquid. The use of glucose
solutions is more convenient and more feasible in view
of the longer shelf life and service life of ampules con-
taining the solutions, once prepared and duly sterilized,
and moreover on account of the tendency of changes
occurring in the solution in response to irradiation to
remain constant, added to the insensitivity of those
changes to the temperature at which the exposure took
place (up to 80°C inclusive).

The stability of sucrose solutions is much lower;
they decompose appreciably on prolonged standing, and
aftereffects appear following irradiation, besides

238

which variations in angle of rotation as a function of
irradiation dose are found to be directly dependent on
the temperature of irradiation, and to increase sharply
as that temperature is raised,

1

b W

10.

. E. Weber and R, Schuler, J. Amer. Chem, Soc. 14,

. L. Draganic, J. Chim. Phys 92, 512(1955)

Aol = (Bar)/ e
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Fig. 3. Variation in angle of rotation of
plane of polarization of sucrose solutions
as a function of irradiation dose (in per-
cent): 1) 5; 2) 10; 3) 30; 4) 45.
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News of Science and Technology

VII SESSION OF THE LEARNED COUNCIL OF THE JOINT
INSTITUTE FOR NUCLEAR RESEARCH (DUBNA)

M. Lebedenko

The scheduled VII session of the Learned Council
of the Joint Institute for Nuclear Research was convened
at Dubna, November 21 to 25, 1959

Leading physicists from the member nations of the
Institute took part in the deliberations of the session,
These included the head of the Tirana University
faculty Petrak Pilika, the Director of the Sofia Physics
Institute Academician Georgi Nadzhakov, the Director
of the Central Institute for Physical Research in Buda-
pest Academician Lajos J anosi, the Director of the
Nuclear Research Institute of the Polish Academy of
Sciences Academician Andrzej Soltan (since deceased),
the Director of the Nuclear Physics Institute in Bucharest
Prof, Horia Hulubei, the Director of the Central Nuclear
Physics Institute Prof, Heinz Barwich (German Demo-
cratic Republic), the vice director of the Atomic
Energy Institute of the Chinese Academy of Sciences
Peng Huan-wu, and many other prominent scientists
from the socialist countries, Also participating in the
deliberations of the Learned Council were the Embassy
representative of the Democratic Republic of Vietnam
Nguyen -Van Sao, and the representatives of the Main
Control Board on the Uses of Atomic Energy, attached
to the Council of Ministers of the USSR, Prof. D. V
Efremov and Prof. K. N. Meshcheryakov.

During the session, the chair was shared alternately
by D. L Blokhintsey, Director of the Joint Institute and
Corresponding Memberof the USSR Academy of
Sciences, Prof. Wang Hang-ch'ang (Chinese People's
Republic), Vice Director of the Joint Institute, and Emil
Dzhakov, Corresponding Member of the Bulgarian
Academy of Sciences,

Following a report by D. 1. Blokhintsev and the
fulfillment of the decisions reached at the V and VI
sessions of the body, the Learned Council adopted an
ample resolution summarizing the important successes
achieved by the directors and staff of the Institute
during 1959. The resolution singled out for emphasis
the principal trends to be followed in the development
of the research activity of the scientists assembled from
the 12 socialist countries working at Dubna on problems
within the scope of the peaceful uses of the energy
contained within the atomic nucleus.

The main point on the agenda at the VII session of
the Learned Council was the presentation and discussion
of reports on the scientific activities of the Institute
laboratories during 1959, and their plans for 1960,

Of outstanding interest was the report on the re-
sults of research work conducted at the High-Energies
Laboratory, by the now vice director of that laboratory
Prof. V. A. Petukhov, Information on the research con-
ducted at the laboratory with the aid of the 10 Bev
proton synchrotron had been made public at Kiev, on
the occasion of the IX International Conference of
High-Energy Physics. The research efforts deal prima-
rily with problems of interaction between high-energy
protons or pi-mesons and nucleons or nuclei, the genera-
tion and interactions of "strange® particles,and the struc-
ture of nucleons. Plans for 1960 call for diversified
studies along the principal trends in high-energy physics,
including search efforts to find new particles, and the
study of unknown or little-known interactions between
elementary particles. New methods and techniques will
be developed. Further design improvements are in store
for the proton synchrotron,

V. P, Dzhelepov, Doctor of Physical and Mathema-:
tical Sciences, delivered a report on the work of the
oldest laboratory of the Institute, the Nuclear Problems
Laboratory, of which he is the head. This laboratory
only recently celebrated its tenth anniversary (the
synchrocyciotron, at that time the world's most-power-
ful particle accelerator, was commissioned in 1949).

During the year covered under the report by Dr,
Dzhelepov, over 100 research studies were completed,
and in particular valuable results were secured on
problems of weak interaction, generation of mesons,
and interactions between pi-mesons and nucleons,
Articles dealing with 75 of these studies have already
been published in Soviet and foreign scientific publi-
cations. The commissioning of the world's first
accelerator with spatial variation of the magnetic
field, built at this laboratory, and the development of
new specimens of research equipment attracted consider-
able attention on the part of the participants at the
International Conference on Accelerators and Experi-
mental Equipment (Geneva 1959),

A report on the work in progress at one of the new
laboratories of the Institute, the Neutron Physics Labora-
tory, was delivered by its Director, Corresponding
Member of the USSR Academy of Sciences I. M. Frank.
Construction work is largely complete on the building
which is to house the hovel-design research reactor,
Assembly of the reactor is nearing completion, Tests
have been performed with success on the basic reactor
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components and the control equipment. Research facili-

"ties and instrumentation are being checked out.  Work
on automating the processing of results of measurements
is being advanced. The laboratory is undertaking a
program of research in collaboration with other scienti-
fic institutions, According to the opinion expressed in
the report by the Director of the Nuclear Reactions
Laboratory, Corresponding Member of the Academy of
Sciences of the USSR G. N. Flerov, the role assigned to
the physics of multiply charged ions will take on in-
creasingly greater importance in the overall develop-
ment of nuclear physics. In an effort to speed the day
when the accelerator of multiply charged ions will be
inaugurated, the scientific staff of the laboratory, on
their own initiative, devoted some of their free time to
helping the workers assigned to assemble the machine
in place.

In collaboration with the Institute of Atomic Energy
of the USSR Academy of Sciences, a good deal of work
was carried out on the properties of element 102, pro-
duced for the first time in the Soviet Union. Notable
successes were scored in the development of techniques
of express physical analysis of short-lived elements.

Following a report by Academician N. N. Bogolyu-
bov, the session of the Learned Council took note of the
fact that the Theoretical Physics Laboratory had carried
to completion a program of scientific research work
during 1959, Significant accomplishments were regis-
tered in the development of the theory of dispersion
relations, the structure of nucleons, and theories of ele-
mentary particles,

After a vigorous discussion participated in by many
Soviet and foreign physicists, the Learned Council
adopted a resolution based on the reports of the labora-
tory directors, and confirmed their provisional programs
for 1960,

The report of the Vice Director of the Institute, E.
Dzhakov, was devoted to the development of work on
automating the processing of photographic plates ob-
tained by means of chambers and thick-layer photo-
graphic emulsions. The staffs of the experimental-
design bureaus of the Joint Institute and the Nuclear
Problems Laboratory have developed two facilities for
automatic processing of plates. These machines yield
systematized measurements data in a form suitable for
feeding into high-speed computers, An instrument de-
signed'for the same purposes was built as a result of
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joint work on the part of Hungarian and Polish institutes,
All three machines will be in operation’at Dubna, They
are presently being given an operational checkout,

The Learned Council adopted a resolution on the
further expansion of work related to automating the

‘processing of experimental materials.

Vice Director of the Joint Institute Wang Hang-
ch'ang presented a report to the session on the Institute's
international relations and ties, During 1959, the inter-
national contacts of the Institute were successfully
broadened primarily in the following aspects:

1) the holding of international workshop meetings
at the Institute;

2) participation in international and national
scientific conferences;

3) tours of research staff members to the member-
nations of the Institute for the purpose of giving lectures
and reports;

4) rendering aid to specific scientific teams work-
ing in the member-nations of the Institute on topics of
common interest to the Institute;

5) exchange of scientific information with the
leading scientific institutions of the world.

In the resolution adopted on the basis of the report,
the Learned Council outlined a program of measures for
the further development of the Institute's international
ties.

As a result of the Institute's successful activities,
the number of applications on the part of member-
nations of the Institute for the admission of scientists an
and engineers of their respective countries to the Dubna
staff has increased. This was reported by Prof, Dzhakov
in a report on the composition of the staff. The number
of foreign physicists from the socialist countries is in-
creasing. These scientists are actively engaged in all
of the basic research efforts of the Institute, The
Learned Council adopted a resolution,the gist of which
is to double the number of scientists and engineers from

" those countries working at the Institute during 1960,

The deliberations of the VII session of the Learned
Council, proceeding in an atmosphere of friendship and
creative discussion, wete successfully brought to com-.
pletion. The fulfillment of the resolutions adopted by
the session will provide the Joint Institute for Nuclear
Research with the opportunity to carry forward and on
high the banner of socialist science in peaceful com-
petition with the scientists of the capitalist countries.
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CONFERENCE OF REPRESENTATIVES OF 12 GOVERNMENTS

M. Lebedenko

On November 26-28, 1959, at Dubna, a session of
the Committee of authorized representatives of the
governments of member-nations of the Joint Institute
for Nuclear Research was convened. This constitutes the
highest governing body of the Institute,

The session was opened by the Director of the Joint
Institute, Corresponding Member of the USSR Academy
of Sciences D, L. Blokhintsev, On the suggestion of the
Hungarian delegation, representatives of Albania, the
Chinese People's Democratic Republic, and Mongolia
wetre elected to the presidium.

Prof, Sondom (Mongolian Democratic Republic),
who chaired the first session, gave the floor to Prof.
Blokhintsev for a report summarizing the activities of
the Institute during the outgoing year,

In- his report, the Director of the Institute subjected
to analysis the most important research investigations
in the field of nuclear physics completed at Dubna by
dint of the joint efforts of scientists from all the social-
ist countries, He noted that the scientific activities of
the Institute during 1959 were greatly expanded thanks
to the development of work on the proton synchrotron
of the High-Energies Laboratory. Several of the experi-
mental and theoretical investigations completed here
throw some light on problems concerning the.structure

. of nucleons and the laws governing the generation of
"strange® particles. One of the new laboratories, the
Neutron Physics Laboratory, has worked out a plan for
an interesting experiment aimed at verifying the general
theory of relativity. This is the first experiment of its
kind under conditions.existing upon the earth, In the
Nuclear Problems Laboratory, which is marking its
tenth year of existence, investigations were conducted
on nucleon and meson physics. ‘

During 1959, the international associations of the
Institute were greatly broadened,

The Administrative Director of the Joint Institute,
V. N. Sergienko, delivered a report on the Institute’s
budget, program of capital outlays, and staff member-
ship for the year 1960,

Representatives of 12 governments put their signa-
tures to a Protocol acknowledging their high estimate
of the activities of the management and staff of the
Joint Institute for 1959, and taking note of similar
problems for 1960, The financial report of the Institute
for the outgoing year, and the budget and staff expendi-
tures for 1960 were confirmed. :

This session of the Committee also took up another
question of paramount importance, The authorized re-
presentatives of the 12 governments exchanged views of

*

the need for further widening the scope of diversified
collaboration between the socialist countries in the

field of the peaceful uses of atomic energy. Most of the
lands of socialism presently have at their disposal ample
cadres of highly trained scientists, nuclear reactors, ac-
celerators, and other experimental facilities built with
the aid of the USSR, i.e., favorable conditions have been
created for research work in the field of the peaceful
uses of atomic energy. This renders imperative an
expansion of scientific collaboration,

Taking into account the desires expressed by the
scientists of the socialist countries, the authorizedrepre-
sentatives adopted an appropriate resolution; the idea of
utilizing the bodies of the Joint Institute for Nuclear Re-
search to facilitate this collaboration was approved.

By decision of the Committee of authorized re-
presentatives article 18 of the by-laws of the Joint
Institute for Nuclear Research were amended by addition
of the following clauses: '

Directorship and Learned Council:

a) shall be empowered to organize, in response to
the request of any member-nation of the Joint Institute
for Nuclear Research, consultations on research pro-
grams in the field of the peaceful uses of atomic energy;

b) shall be empowered to convene, in case of
necessity, sections of working commissions of the
Learned Council, general-scientific and specialized
scientific and enginnering conferences and colloquia
of specialists from member-nations of the Institute for
the putpose of exchange of experiences, and shall also
be empowered to organize the exchange of individual
specialists on problems of scientific research within the
field of the peaceful uses of atomic energy;

c) shall present for approval, before a meeting of
the authorized representatives of the governments of the
member-nations of the Joint Institute for Nuclear Re~
search, plans involving joint development of scientific
problems within the scope of the peaceful uses of atomic
energy, on those occasions judged convenient by the
Learned Council;

d) shall be empowered to set up provisional work-
ing commissions or permanent sections of the Council
to expedite preliminary work on proposals pertinent to
specific scientific research problems within the scope
of the peaceful uses of atomic energy.

The resolutions of the Committee of authorized
governmental representatives is an important land-
mark in the struggle of the scientists of the lands of
socialism to broaden the scope of possibilities open to
the peaceful utilization of atomic energy.

*
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III ALL-UNION TECHNICAL-SCHOOL CONFERENCE

ON ELECTRON ACCELERATORS
Yu. M. Ado and K. A. Belovintsev

On the initiative of the Tomsk Polytechnic Institute,
the III All-Union Intertechnical-School Conference on
Electron Accelerators was held at Tomsk in September
1959. Representatives of educational institutions,
scientific research institutes, and industrial enterprises
took part in the Conference,

The papers delivered at the Conference were de-
voted not only to the theory and engineering design of
accelerators, but also to problems concerning the
applications of electron accelerators in the various
branches of the national economy, e.g., in metallurgy,
machine manufacture, geology, and medicine.

The urgent problem of increasing the intensity of
electron accelerators found its reflection in several
papers. A report was heard on the inauguration of the
25 Mev double-chamber pulsed stereobetatron. In-
creased dimensions of the operational region and the
use of exterior high-voltage injection made it possible
to increase the radiation dose in a single pulse to two
of three orders of magnitude above the radiation dose
obtainable from a conventional betatron of the same
energy.

Probliems widely discussed at the Conference in-
cluded the process of capture into a betatron orbit,
scattering of electrons by residual gas during accelera-
tion, the use of external injection, increasing the
energy of injected particles, investigations into the
behavior of electrons undergoing acceleration, new
accelerator designs and experiments on the use of
powetful cathodes related to the problem of increasing
the intensity of electron accelerators.

Some of the papers touched on problems of
dynamics of particle motion inside accelerators. One
report was read on new results obtained in the solution
of the problem of the effect of quantum radiation
fluctuations on the motion of electrons in a cyclic
accelerator. It was shown that the quantum fluctua-
tions lead to increased amplitude of betatron oscilla-
tions without building up synchrotron oscillations, An
analysis of the motion of electron beams with polarized
spins in a cyclic accelerator showed that acceleration
should be accompanied by precessing of the spin.

New information was contained in the papers dis-
cussing experiments on the polarization properties of
radiation from the "radiating electron,” and on the
study of coherent electron radiation.

Some reports touched on the theory of elementary
particles. For example, the questions of generation of
an electron-positron pair by a y photon with spin
effects and the finite dimensions of the nuclei taken
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into account were analyzed, as were interaction be-
tween nonrelativistic baryons with their structure taken
into account, longitudinal polarization of Dirac
particles in weak interactions. A paper discussing non-
conservation of parity drew particular attention.

Participants at the Conference gave serious atten-
tion to problems of control, monitoring, and stabiliza-
tion of the performance of accelerator facilities, and
ta research and development work on auxiliary equip-
ment and instrumentation. Papers on  techniques for
stabilizing the intensity level and energies of ac-
celerated particies launched a lively discussion,

Extensive material was presented in papers dealing
with engineering and design projects for electron ac-
celerators with energies up to 30 Mev, intended for work
under specific conditions in some particular branch of
the national economy, Particularly deserving of note
are projects on the design of specialized miniature in-
duction accelerators for geologic applications, especially
bore-hole logging. The use of betatrons in geophysical
investigations in the ore-processing and petroleum in-
dustries has made possible improved techniques in pros-
pecting for minerals, In semiconductor physics and
metallurgy, a method for the effective determination
of oxygen content in semiconductors and metals based
on the photonuclear reaction of oxygen has been success-
fully developed. In the physics of dielectrics, valuable
data on the radiation stability of several properties of
solid dielectrics have been obtained from the study of
the effects of betatron bombardment of matter.

The Conference also heard a report on applications
of a betatron radiation in nondestructive testing of
thick metal parts,

Much interesting information was garnered from the
papers presented by the Tomsk Medical Institute, on
betatron applications in therapy, the study of the
effects of large and small radiation doses on various
body organs, on metabolism and on the nervous system,
Experiments have demonstrated that the betatron is in
a number of cases a most effective instrument for
therapy of malignant tumors.

In a paper dealing with the effects of betatron
radiation on the organism, the pathological action of
small doses of ionizing radiation acting over a protracted
time interval were stressed,

In conclusion, we should take note of the fact that
the need for electron accelerators in the various branches
of science, engineering, and medicine, greatly increased
of late, puts a premium on mass production of machines
of that type. The resolutions adopted by the Conference
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stressed the need to design a ~30 Mev model betatron
for industrial applications, '

*

SYMPOSIUM ON EXTRACTION THEORY

I. V. Seryakov

A symposium of the theory of extraction processes
was held December 3-4, 1959, at the V. 1. Vernadskii
Institute of Geochemistry and Analytic Chemistry of the
USSR Academy of Sciences. The purpose of this sym-
posium was to discuss the most important questions in
extraction theory, Problems of the chemistry and
thermodynamics of extraction equilibria, the effect of
the nature of the extracting agent and salting-out agents,
composition of the extractable compounds and their
interaction with water and extractant molecules were
discussed. Five papers were read on these questions.

A paper delivered by V. I. Kuznetsov, "The Che-
mistry of Extraction Processes," dealt with chemical con-
ceptions of extraction processes, These conéepts are
based largely on facts lodged in the theory of the action
of analytical organic reagents. The reporter hoids the
view that loss of hydrophilic properties by an element
falls little short of being a basic precondition for effi-
cient extraction of the element. His paper reports an
attempt in this vein to correlate the tendency of ions
to form extractable compounds with the amount of
charge z/n on each atom of the ion, z being the ionic
charge, and n the number of atoms forming the ion. In
those cases where ionic radius is known, it must be taken
into account and the proclivity to extraction must be
characterized by the charge density, i.e., by the amount
of charge per unit surface. Extractability of ions shows
improvement in inverse proportion to charge density
and accordingly, has better chances the weaker the
hydration. This relationship was illustrated by a few
examples of extraction of large-molecule colored com-
plexes of thorium and uranium with organic reagents,

This correlation of extracting power with value of
z/n brought on an animated discussion. K. B, Yatsi-
mirskii drew attention to the need to secure more pre-
cise information on the range of applicability of the
relationship postulated by Kuznetsov, in view of the
possible examples which could be cited in contradiction
to the latter's assertions. M. M. Senyavin remarked
that the complexities inherent in the extraction pro-

The Tomsk Polytechnic Institute took on the re-
sponsibility of publishing thc proceedings of the Con-
ference in the form of a symposium.

cess, including the variegated processes of intermole-
cular and chemical effects and solvation, make it
difficult to single out any one simple quantity which
could effectively characterize degreesof extractability;
taking the number of atoms in the ion into account
appears especially promising where it is a question of
extracting compounds with complex organic molecules,
when the role of disperse-phase intermolecular inter-
action is paramount.

V. V. Fomin, in a paper entitled "Extraction
Equilibria,” reviewed extraction processes from the
standpoint of those chemical reactions in which the ex-
tractable element participates in both phases. Following
this approach, he divides extraction processes into two
groups. The first group has assigned to it processes of
extraction of metal cations based on simple exchange
reactions between cations and reagent, the latter being
a weak acid (hydroxyquinoline, cupferron, dithizone)
and sometimes taking on the role of extractant (acetyl-
acetone, butyric acid, etc.). The second group com-
bines extraction of inorganic anions by those extractants
(which could double as reagents) capable, by interacting
with acid, of forming cations preferentially to entering
into an interaction with an inorganic anion (amines,
etc.). It was noted in the report that the element need

_not always lose its hydrophilic properties in the extrac-
tion process. It was proved, for instance, that the dis-
solving of the chloride anion of iron by ethers proceeds
in the presence of a minimal and necessary amount of
water.

An interesting discussion ensued, stimulated by the
mention in Kuznetsov's and Fomin's papers of the
oxonium mechanism of extraction of elements, suggest-
ing a transition of the organic oxygen-containing ex-
tractants in a strongly acidic medium to oxonium
cations which, by interacting with inorganic anions,
form extractable oxonium salts, This view, widely pro-
pagated in the literature, is, in Fomin's opinion, dif-
ficult to reconcile with the transfer to the organic layer
of oxygen-containing extractants in amounts larger than
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required for the formation of oxonium salt. A. A,
Lipovskii and V. A, Mikhailov took the floor in this
discussion. The latter cited some highly interesting
data from the literature on the extraction of protacti-
nium, of pertinence to the oxonium mechanism.

A paper submitted by A. V. Nikolaev, N. M.
Sinitsyn, S. M, Shubina, *Donor-Acceptor Properties
of Extractants,” was devoted to the effect of the nature
of the organic solvent on extraction. Based on the ex-
ample of a single class of compounds containing
phosphoryl oxygen, the dependence of their extractive
properties on the value of the dipole moment of the
P. . .0 bond, which is in turn altered by the introduction
of various substituents into the extractant molecule,
was investigated, According to data cited by the re-
‘porters, the increase in the dipole moment contributes
to an enhanced degree of extraction of the elements,

N. N. Basargin, on taking the floor, noted that it is
not only the nature of the extractant which plays a great
role in extraction, but also the nature of the extract-
able element, Extraction of elements which manifest -
primarily a proclivity to yield compounds with a
covalent bond may lead to an opposite result, From
the point of view of the dependence of total bond
energy on the jonic character of the bond, enhanced
ionic character of the bond may sometimes not only
fail to contribute to extraction, but may even impede
it,

An interesting. paper on the extractive properties of

of phosphorus-containing extractants of different classes
was submitted by V. G, Timoshev, who took note of the
decisive role of the donor-acceptor properties of the
given extractant species. : .

The phenomenon of salting-out in extraction pro-
cesses 'was discussed in a paper read by O. Ya, Samoilov
and V, 4, Tikhomirov, who, on the basis of a statistical
treatment of the thermal motion of water molecules,
made an attempt to account for differences in the
action of salting agents found in the principal (Ca, Sr)
and side (Zn, Cd) subgroups of the Mendeleev periodic
table. The explanation offered by the authors took into
account the dehydrating action of salting cations in
connection with the covalent character of the bonds
they formed. A. A. Nemodruk, who took the floor in
the discussion, drew attention to the fact that, in order
to explain the salting-out process, not only dehydration,
but also the concentration of the anion of the salting
agent, the variation in the mutual solubility of both
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~ phases introduced by the presence of the salting agent,

and several other factors must be taken into account.
A report delivered by A, M, Rozen was devoted to

~ the use of thermodynamics in describing extraction

equilibria. Resting on examples of extraction processes
classified by the reporter in accordance with the charac-
ter of the dissociation involved, the nature of the inter-

- action with the solvent, and the state of the elements in

the aqueous phase, the reporter demonstrated the possi-
bility of using activity constants to arrive at a type of
extraction process and a correct interpretation of the
mechanism responsible for that process and, by drawing
upon the theory of regular solutions, also the possibility

- of accounting for the effect of many solvents (in the

case of tributylphosphate extraction). The reporter
adduced some interesting examples where neglect of
activity constants would result in the discovery of non-
existing compounds and other gross errors, Yatsimirskii
erhphasized the need for a thermodynamical approach
to study of extraction systems, took note of the limited
scope of known thermodynamical data and consequently
of the need to determine such data, particularly from
experiments conducted at different temperature levels,
In the discussion, Kuznetsov noted a disadvantage in-

. herent in the use of activity constants, namely the need

to determine these quantities experimentally, which
excludes the possiblity of predicting degree of extrac- .
tion on the sole basis of a knowledge of the chemical
composition of the element, reagent, and extractant,

V. M. Vdovenko, A. K. Babko, D, D. Sublobov,

I. R. Krichevskii, and A. A, Chaikhorskii were among
those participating in the general discussion.

The symposium defined the principal trends
apparent in further research on the theory of extraction
processes, particularly: shedding light on the causes of
selective solubility of inorganic and organic compounds
in various solvents; expansion of investigations into
solvation, expecially hydration of ions and molecules;
further study into the chemical mechanism and thermo-
dynamics of extraction equilibria; expansion of investi-
gations aimed at determining the composition and
nature of extracting compounds, '

The symposium recommended the organization of a
permanently active seminar on extraction theory.

The basic materials of the symposium will be
published in the form of a collection of articles on
extraction, to be put out by Atomizdat (Atomic Press)
in 1960,
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DEVELOPMENT OF NUCLEAR POWER IN SWEDEN

M. Sokolov

The water power resources of Sweden were being
used to 367 potential in 1958; Swedish hydroelectric
power stations produced 29 billion kw-hr of electric
power, With the extrapolated annual increase in produc-
tion of electric power at hydroelectric stations mounting
by 2.0-2.5 billion kw-hr (the 1958-1959 increment), the
utilization of the hydropower resources of the country
should arrive at their practical limit in some 20-25
years, in the opinion of Swedish power specialists,

Electric power stations fired by fossil fuels serve in
Sweden as a back-up to cover periods of peak load. In
years of low rainfall, the share of these stations in the
over-all production of electric power was 10-12%. The
further development of this type of power utilities could
proceed only through increasing the already staggering
imports of fossil fuels, At the present time, the cost
of a single kw-hr of electric power is 0,02-0.03 krona,
while the cost of a single kw-hr of electric power pro-
duced at a fuel-fired power plant is more than double

- (0.05-0.07 krona).

Under these conditions, nuclear power in Sweden
is assured a competitive status. It can draw upon exist-
ing uranium reserves in the country, Sweden's uranium
ores are low-grade, but reserves are adquate to provide
a source of nuclear raw material for industrial-scale
uranium production., Uranium is contained in the
Swedish clay shales. The uranium content of the
shales varies from 100 to 300 g/ ton. Uranium re-
serves in the form of shale beds are currently estimated
at 500 thousand tons minimum [1). Highest uranium
content is found in shales from the Kvarntorp (N2 rke
Province) and Billingen (Vastergotland Province)
occurrences (200-300 g/ ton), The Kvarntorn shale
fields have the added advantage of being accessible
to open-pit workihg. ,

The AB Atomenergi company; under joint private
and government ownership, was set up in 1947 to carry
through experimental work on utilization of nuclear
power [4]. After 1950, Atomenergi and firms subcon-
tracted to it proceeded to lay the foundations of the
uraniurh.industry. A plant for processing of uranium
concentrates from shales went into operation in Kvarn-
torp in 1953, The initial output of the processing plant
was 5 tons yearly, converted to uranium metal, and in-
creased to 190 tons yearly by 19575, 6]. Mining of
uranium-containing shales at Kvarntorp went hand in
‘hand with the development of underlying bituminous
shales, which went to liquid fuel on an industrial scale,
at a special processing plant [7]. This combined ven-
ture made it possible to appreciably scale down

' uranium concentration costs. Subsequent processing of
concentrate containing 20-30% uranium, yleldmg urani-

um dioxide, took place at chemical facilities in Stock-
holm. Part of the uranium dioxide was used directly
in reactors, the rest was reprocessed to yield uranium
metal (8, 9]. ’

In 1958, construction was started on a large-scale
uranium plant at Ranstad, for processing shales from
the Billingen beds. The plant was built to handle 120
tons of metal uraniuim production annually at peak out-
put. Plans call for completion of construction work in
1962-1963 [10). Scaled-up production schedules com-
bined with the use of by-products for manufacture of sul-
furic acid, and combustion of the shale residues in the
kilns of a cement factory brought uranium costs down
to roughly the same level as that produced in the higher-
grade deposits in the USA and Canada.

Parallel with its uranium manufacturing act1v1ty.
Atomenergi undertook construction of nuclear research
reactors. The first heavy-water research reactor R-1
(see ‘Table) was started up in 1954 in Stockholm., The
reactor was nested in a 35-meter deep underground
gallery hollowed out of granite rock, Its thermal power
rating was initially 300 kw, and has now been brough up
to 600 kw. The reactor is employed for production of
radioactive isotopes for scientific, industrial, and me-
dical applications [6, 8]. :

A second heavy-water research reactor, R-2,
designed for materials testing, has been built at

" Studsvik (sta;téd up in late 1959) on the Baltic seacoast

Eva
%(vamtorp ’g.z 4

/ @ Uranium |
mines and
processing

lants

3 uclear

_reactors

Sea

Nuclear reactors and uranium mines and ‘pro-
cessing plants in Sweden,
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Nuclear Reactors Built, Under Construction, or in Planning Stages, in Sweden

Name, location, and .| Year started . Moderator Coolant; inlet and Power,
Fuel used; loading R
purpose of reactor ) up (heavy exit temperatures, Mw
) water), tons °C
R-1, Stockholm, research 1954 Natural uranium; 5 Heavy water 0.6 (th)
‘ 3 tons
R-2, Studsvik, research 1959 Enriched (20) No avail- Heavy water 30 (th)
uranium U able data
R-3, Farsta, heat power 1962-1963 | Uranium dioxide; 30 " Heavy water; {125 (th)
11 tons 205-220 15 (e)
"Adam®, Vasteras, heat 1960 (?) | Uranium dioxide; 26 Heavy water; 15 (th)
power : 9 tons 80-140
"Eva", central Sweden, 1963 Uranium dioxide; 75, Carbon dioxide gas; | §444 (th)
steam power station 42 tons 100-150 {135 (e)
~ (planned) :
Reactor project for a steam| No avail- | Uranium dioxide; No avail- Carbon dioxide gas; | 525 (th)
power station able data able data 115-410
Same No avail- Natural uranium No avail- Carbon dioxide gas; 525 (th)
abledata metal able data 156-400

near Nykoping, at the site where the National Scientific

Research Center of Nuclear Power Problems is being

built by Atomenergi. The reactor was purchased in the

USA. The enriched uranium (20% Uzss) to feed the re-
actor was also obtained from the USA. Other plans for
Studsvik include building a zero-power reactor R-0 to
facilitate studies of different fucl-element designs and
coolants, a 5 Mev Van de Graaff accelerator, and a
pilot plant for reprocessing spent nuclear fuel. Con-
struction of the Scientific Research Center at Studsvik
is slated for completion by the mid-sixties [6, 11).

In 1956, the first Swedish ten-year development
program for nuclear power, covering the period 1956-
1965, was made public; this program calls for building
five or six nuclear power plants of 75-100 Mw(th) rating
for space heat and process heat, and one nuclear elec-

- tric power station of 100 Mw(e) rating. Within the
framework of this program, design and construction
work has been started by Atomenergi and the State
Power Control Board on three nuclear facilities:
"Adam,"” R-3, and "Eva." Funds were allocated in
the state budget for the building of these facilities [12].

All of the facilities are being planned as under-
grouid installations, sunk severa tens of meters deep
into solid granite and granite-gneiss bedrock, allowing
for exceptionally reliable shielding from radiation and

for localization of hot ejecta in the event of an acci-
dent. This makes it possible to build reactors in the
direct vicinity of cities and industrial sites, a very im-
portant consideration where reactors function as space-
heat and process-heat utilities, The "Adam" reactor is
designed to satisfy heat-power needs in Vasteras (70,000
inhabitants). The cost of 1 kw-hr of thermal power for
a plant working. 5,000 hours yearly will be 0,003-0,004
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krona, while the cost of 1 kw-hr of thermal power pro-
duced in Sweden by combustion of imported fossil

fuels in conventional heat-power stations is 0.013-0,14
krona [13]. The R-3 reactor is being built in the south-
east suburbs of Stockholm. It is designed to provide h
heat power for the new residential complex of Farsta
(40,000 inhabitants). The electric power generated by
the turbogenerators of the power plant (15 Mw) will be .
fed into the Stockholm power systemn [14].

The development of nuclear power for space-heat
and process-heat applications gets top priority in
Sweden. Besides supplying heat for household and
community needs, nuclear reactors will also provide
steam to numerous enterprises in the paper and pulp
industry, which occupies a prominent place in the
country's economy.

Construction of the "Eva*® facility was the first
step in the program for building nuclear-fired steam-

condensation electric power stations, The construction

site selected, tentatively, consists of granite cliffs on
the banks of Lake Unden, southwest of the town
Askersund in Central Sweden. Construction costs have
been tentatively set at 180 million kronor [6]. In the
opinion of Swedish specialists, an economically feas-
ible heat power level for the nuclear steam-condensa-
tion electric plant is 300-5600 Mw (th), corresponding
to electric power 75-125 Mw(e) [15). One of the pro-
jects elaborated by the ASEA company for the "Eva®
electric power station involves a reactor rated at 444
Mw (th) and 135 Mw (e) [16]. At the Second Inter-
national Conference on the Peaceful Uses of Atomic
Energy (Geneva, 1958), the Swedish delegation pre-
sented two reactor projects for nuclear-fired electric
power stations with ratings of 5256 Mw (th)each [17].
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A heterogeneous-type thermal neutron reactor
burning natural uranium fuel was selected for the
nuclear power facilities now under construction or on
the planning boards. Plans for a further stage in the
development of nuclear power envisage use of pluto-~
nium as secondary nuclear fuel. After the tecliniques
for regenerating spent uranium will have been worked
out at the Studsvik pilot plant, construction will begin .
on a scaled-up plutonium plant capable of providing
the fuel needed by the nuclear electric power stations
slated for construction in 1966-1975 [15].

Heavy water is the choice for moderator for all of
the Swedish reactors, - The R-3, "Adam,” and "Eva"™.
reactors require about 150 tons of heavy water (in the
initial loading), which will be bought in the USA,
price fixed at 320 kronor/ kg by bilateral agreement
[18]. The ASEA plans to build a heavy-water manu--
facturing plant of 20 tons annual capacity in Sweden
[19]. However, since the net costs of heavy water
production in Sweden run very high, Swedish nuclear
power will be centered on imported heavy water in the
foreseeable future,

In a number of articles published in Swedish
technical journals [1, 15), calculations are adduced for
uranium consumption and electric power costs extra-
polated to nuclear electric power stations now being

planned. At a cost of 384 kronor/ kg for natural uranium.

the fuel component in electric power costs will be
0.011 kronafkw-hr.  The cost of 1 kw-hr electric
power at Swedish nuclear-fueled electric power stations
of 400-500 Mw (th) rating and 257 thermal efficiency
~would be 0,02-0,04 krona, i.e., slightly higher than the
current cost of electric power developed at Sweden's
hydroelectric power stations.
In 1959, the State Power Control Board and the

Atomenergi company adopted the decision to tem-

_ porarlly halt. work on bu11d1ng the "Adam" reactor at
Va steras, because of sizable financial and engineering
complicauons, and to redouble efforts in the construc- -

" tion of the R-3 reactor at Farsta, with the start-up date

. for the latter postponed from 1960 1961 to 1962 1963
[20).

LITERATURE CITED

E. Svenke, Iva Tidskr, 26, 8, 75 (1955),

E. Svenke, P/782 (Geneva,1955).*"

Nucleonics 14, 1, 15 (1956).

Statistik drsbok for Sverige 1958 (Stockholm,

1958) p. 326.

E..Svenke, P/ 184 (Geneva, 1955) *

Nucleonics 15, 12, 22 (1957).

E. Svenke, P/ 782 (Geneva, 1955).*

H. Brynielsson, 5th World Power Conference

(Vienna, 1956) Paper 128 J/4, 4.

9. B. Hargo Nucl. Engng 2, 16, 271 (1957).

10. Teknik for alla 19, 4, 6 (1958),

11. Engmeer1ngl83_4764 826 (1957).

12. G. Cederwall, P/ 2342 (Geneva, 1958).+

13. I Wivstand and C. Mileikovsky, P/ 136 (Geneva,
1958).t

14, P, Margen, P/ 136 (Geneva, 1958).%

15, Tekn. tidskr._8§_, 15, 3561 (1956).

16. R. Liljeblad, Nucleonics 15, 11, 165 (1957).

17, R. Liljeblad and K. Madsen, P/ 2419 (Geneva, 1958).%

18. Dagens Nyheter (September 6, 1957).

19. Atomwirtschaft II, 11, 383 (1957).

20. Nucleonics 17, 6, 30 (1959).

P o

A

*Reports from the First International Conference on the
Peaceful Uses of Atomic Energy,

 Reports from the Second International Conference on
the Peaceful Uses of Atomic Energy.
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PLASMA RESEARCH ON THE STELLARATOR

The Institute of Atomic Energy of the USSR’
Academy of Sciences had the honor of a visit by a
group of American specialists. Included in this group
was the prominent American astrophysicist Prof, L,
Spitzer, renowned as the inventor of the Stellarator and
as leader of a scientific research team on thermo-
nuclear problems at Princeton University, Below we
present a brief talk by L. Spitzer before the seminar of

the Institute of Atomic Energy on October 16,1959, asre-
constructed from the notes of D. A, Frank-Kamenetskii,

Organization of the Reséarch Work

Work on the thermonuclear problem conducted at
Princeton University under the designation of "Project
Matterhorn” is associated with use of the apparatus now
known as the Stellarator. The work is being carried out
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~ at the university under contract with the Atomic Energy
Commission, As a rule, detailed contracted work is
carried out in the educational subdivisions of the
university, In this case, because of the great scope

and complexity of the work, an exception was made:

a special research group was assembled at the university.
The organizational set-up for project Matterhorn is in-
dicated in the accompanying diagram (Fig, 1).*

The chairman of the supervisory committee H. D.
Smyth is known to all as the author of a book describ-
ing the development of workon atomic energy in the
USA during the second world war; at the present time
he is a professor of physics at Princeton. Second in
charge of the project is Dr. Gottlieb.t The Director
has five subdivisions under him: a theoretical section
(15 men) headed up by Dr, Frieman, an experimental
section (40 men) under Dr. Gottlieb, an engineering
section (40 men), a research and development section
for stellarator design (15 men) and an administrative

section, The figures in parentheses indicate the number

_of scientists and engineers, whereas the total number of
persons involved in the project numbers some 350,
About half of the volume of efforts are directed to-
ward solving the problem of high-temperature plasma
containment over a protracted period by means of the
stellarator, while the other half is aimed at research on
fundamental problems in plasma physics, which is also

being carried out primarily in the stellarator configura-

tion.

- Pres. of Princeton

Univ.

Supervisory
committee for
Project

___Mgtte[hox‘u

Director of Project
Matterhorn

Plasma Equilibrium in the Stellarator

The theoretical foundations of plasma containment
in the stellarator have been reported -on and published
on repeated occasions. Here we shall give only a brief
rundown on the work done, The Stellarator is a toroidal
configuration (not necessarily a simple circular torus,
rather any closed system) with an external applied mag-
netic field, with what is known as a rotational trans-
form being effected within the system (see Fig. 2). The
essence of the transform is that a line of force emerg-
ing from point A and circulating around the torus does
not return to the same point, but intersects the original
transverse section at point A', After making several
loops, the line of force will have covered an entire
closed surface, These surfaces are known as magnetic
surfaces, It is their existence which makes the equi-
librium state of the plasma possible, The rotational
transform may be realized in practice by a variety of
methods. In the early work in Project Matterhorn we
resorted to the simplest method, that of a torus twisted
into a figure-eight, At the present time another tech-

- nique has gained preference: . additional helical stabi-

B u——)
* All of the drawings, except for Fig. 4, were reproduced

from memory by L. Spitzer, and are purely heuristic in

character.
"t The author of the talk, L. Spitzer, is the director of

Project Matterhorn,

AEC

Theoretical Experimental l

section I section l

Engineering

section

R and D | Administrative

section section

15- 40)

40 15

-

350 men

Fig. 1. Organizational structure of Project Matterhorn (figures indicate number of engineers and

scientists assigned to each section), -
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lizing windings are placed.beneath the basic winding
of the constant magnetic field. :

The properties of the plasma equilibrium con-
figuration in the Stellarator and in the first instance plasma
stability are determined by the value of the parameter
8= ﬁnrk/%—" , which is the ratio of the plasma gas
pressure to the magnetic pressure, The basic require-
ment is that the values of 8 not run too high. In studies
of conditions of magnetohydrodynamic stability based
on a conducting-fluid model, it was found that stable
configurations are possible when 8 does not exceed a
certain critical value which closely approximates 0,1,
and that stability conditions are extremely sensitive to
the presence of helical stabilizing coils, At the present
time, Kruskal and Rosenbluth are studying stability con-
ditions with the aid of Boltzmann equations, using a
free-particle model, while Frieman and Rothenberg are
examining the effect of ordered velocities. In their
general features, the stability conditions have remained
the same, To date, the effect of finiteness of the
Larmor radius has not been probed.

The Stellarator has, in addition to its value as a
technical apparatus for high-temperature plasma con-
tainment, some other advantages, as a research tool for
studying plasma physics problems. The advantages of
the Stellarator over other facilities in this context are
the following. In relation to "mirror machines,” its ad-
vantage is the absence of particle losses through either
end. The self-constricted discharge (pinch) has the
disadvantage, from the standpoint of research work, that
too many of its parameters vary simultaneously, The
magnetic lines of force in a pinch are continuously
displaced, velocities and even accelerations are vari-
able, and the dynamical character of the process leads
to various side effects. In the Stellarator, where the
energy imparted to the plasma is small compared to the
energy of the external magnetic field, the magnetic
lines of force can be assumed to be practically fixed,
while the field configuration inside the plasma can be
taken as given,

One drawback of the Stellarator is complexity in
design, and the difficulty attendant upon experimental
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work. This is probably the reason why the Stellarator is
being used, as far as'available information indicates, for
plasma research only at Princeton and at the Max Planck
Institute in Munich.

Study of Plasma Activity

.The basic content of work on plasma physics‘is the
study of the as yet somewhat obscure processes associ-
ated with instabilities and their ultimate consequences.
These processes have been termed "collective pheno-
mena,™ or plasma activity,. Depending on the method
used for heating the plasma, different types of plasma
activity are distinguished. '

To-date the most widely used method of plasma
heating is the simplest: ohmic heating, A technique of

‘heating by means of ion cyclotron resonance has been

developed by a group working under T, Stix. The
Stellarator research program calls for the study of other
heating techniques, including fast-particle injection.

Experimental arrangement, The experimental
studies discussed in the present report were carried out
on the B-3 stellarator, whose design is similar to that of
the B-2 facility seen on display at the Second Geneva
Conference on the Peaceful Uses of Atomic Energy. The
basic parameters of the B-3 device are the following:
tube diameter 5 cm, tube length 600 cm, magnetic .
field from 10 to 40 kilogauss for 30 msec, pressure
1073 mm, chmic heating voltage about 100 v for a loop
traversal of 0.5 msec.

Kruskal limit. Theory predicts the onset of mag-
netohydrodynamic instability beginning at some critical
value of current density which has been given the name
of Kruskal limit. For disturbances of azimuthal number
m = 1, the Kruskal limit predicts an instability region
-at a current density

=56 H/L,

where j is in amp/ cmz, H is in gauss, and L is in centi-
metersT

Illustration of the process. Figure 3 gives a
schematic representation of the time variation of the
basic parameters characterizing the discharge process.
A current > 1000 amp corresponds theoretically to the

-Fig. 2. Rotational transform.
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Kruskal limit, The observed current maximum falls
much below this theoretically predicted limit, Spectral
observations were conducted through a window along
the tube axis. The electron concentration was found by
using a microwave interferometer at 4.8 mm wave-
length.

Particle diffusion. The initial rise in electron con-
centration is due to the ionization process. After total
fonization is reached, the particle concentration begins
to fall off, and the ions and electrons drift out of the
discharge,

Maximum electron concentration coincides with
the instant when total ionization is reached, a fact
which is confirmed by the sharp attentuation of the
hydrogen tine H, in the spectrum (cf. Fig. 3).

The electron concentration later drops approxi-
mately exponentially with time as n, ~ et/ T with
time constant 7. Repeated experiments have de-
monstrated that the graph of l/r vs. initial pressure
p is a straight line (Fig. 4). The following explanation
is offered for this result, Electrons diffuse out of the
discharge with a characteristic time rg, but, upon arriv-
ing at the tube wall, knock out adsorbed hydrogen from
the wall, the concentration of adsorbed hydrogen mean-
while being proportional to the initial pressure p.

Neutral hydrogen atoms knocked loose from the
walls and entering the volume of the discharge are

Plasma gpf_
current

amp 40

Voltage, 7
v 50

25

0
Electron ,’lz‘
density,, ’g
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i 1 i 1
HB lme_
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Fig. 3. Time variation of basic parameters characteriz-

ing the discharge process,
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there ionized, increasing the electron concentration,

This process is expressed by the equation
dn,, .

ne | g Ne
—— e e — —op=——,
) t0~l—10 ps

T
1

1
— (1 == .
i (L--ap)

Experiments have shown that 1, varies as a function
of the magnetic field intensity, viz. as HE. This result
is unexpected, since a more pronounced dependence
had been presupposed. It is possible that rg is propor-
tional to the tube diameter. This will be verified on
the C-Stellarator, now being built with a tube diameter
of 20 cm, ' ‘

The rate of diffusion of the particles does not
change when stabitizing coils are added, from which we
infer that observed diffusion bears no relation to magne-
tohydrodynamic instability, It may be supposed that
electrostatic instability associated with low-frequency
oscillations of the positive ions is involved.

The following scheme is suggested by way of ex-
plaining the proportionality observed between rg and
the square root of the field intensity. From dimension-
ality considerations we see that if diffusion across the
magnetic field is indeperident of the number of colli-
sions, then the simplest formula for the diffusion
coefficient will be of the form

and hence

’

S

p=2X
P)

where E is the particle energy. Let us assume that the
energy picked up by a particle is proportional to the
time r it dwells in the field, which is in turn inversely
proportional to the diffusion coefficient. Then

1 H

T~

D
and hence _
v~VH.

Electrostatic instability. Directly following the
current maximum on the voltage oscillogram we see
sharp oscillations indicative of an instability. These
oscillations are obvisouly unrelated to the magneto-
hydrodynamic instability studied by Kruskal, since
current is much less than the critical value predicted
by theory. However, the theory proves that an in-
stability of electrostatic origin is possible, due to a
drbp in electron density, and the observed oscillations
may be the result.

We learn from theory that mean free path length
should vary inversely with charged-particle concentra-
tion. The electron acquires more energy per path
length from the electric field, and electron velocity
consequently builds up. The Coulomb collision cross
section falls sharply as electron velocity rises. As a
result, path length and electron velocity increases pro-
gressively and more and more electrons become run-
aways, i.e,, move freely in the plasma as in a vacuum.
Velocity distribution in the presence of runaway elec-
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Fig. 4. Pressure dependence of 1/r.

trons has been calculated by Bernstein and co-workers,.
In this case the distribution function shows two humps,
As is known from the writings of Landau and other
theoreticians, this velocity distribution is unstable and
leads to a build-up of electrostatic oscillations,

The role of runaway electrons may be characterized
by the value of the parameter

. energy acquired in flight _ kTE
mean kinetic.energy  2mne’lnA

The value of y at current maximum is approxi-
mately constant (0,10-0,20) and independent of H, The
appearance of runaway electrons may be revealed by
x rays, which emerge in the later stages of the dis-
charge (cf, Fig. 3). The time elapsed from the com-
mencement of the current drop till the appearance of
the x rays corresponds more or less to the time required
to accelerate the electrons to an energy matching the
sensitivity threshold of the x-ray detectors used in the
- experiment.

Impurity Problems

Significance of contaminants, Presence of contami-
nants is not especially important during the ohmic heat-
ing stage, but is of decisive nature when further heating
is applied by other techniques. After the heating
current is turned off, the rate of particle diffusion out

" of the plasma drops, but the plasma temperature drops
simultaneously on account of impurities present, When

*

the level of impurity content is successfully reduced, the
the plasma remains hot and, probably, quiescent. It is
then possible to employ the magnetic pumping tech-
nique for further heating, a method which in princple
makes it possible to heat the plasma to very high tem-
peratures, albeit relatively slowly,

Physical impurity level. Impurity content is de-
termined spectroscopically. Basic measurements are
carried out on lines of doubly ionized carbon. Regulated
amounts of such gases as methane and carbon dioxide
are introduced into the gas for calibration purposes,
Measurements showed that the plasma's carbon content

- amounted to 1-10% of the number of hydrogen atoms,

Minimizing content of wall impurities, To
minimize the contribution of contamninants from the
walls of the facility, the following measures may be
resorted to: stainless steel vacuum-melt tubes, and
allowing the discharge itself to clean the walls. In the
presently accepted systems, pulse repitition rate is 1
pulse per 30 sec. ’

The wall contribution to the impurity level is
lowered when working with a higher pulse frequency.
The "Etude” experimental set-up, now being tested out,
which functions at a pulse rate of 10 discharges per sec,
gives the same results, without warm-up,- as the B-3
facility after warming up. The possibility of working
with conventional equipment with a pulse rate of one
discharge per sec is now being studied. There is hope
for eliminating or at least curtailing warming up of the
walls by this procedure.

Minimization of impurities contributed by the
vacuum system. Mercury pumps are to be relied upon
for stellarator outgassing in future work. The feasibility
of converting the B-3 stellarator to a mercury system
with fore-vacuum pumps using water is under study.

Minimization of impurities due to increased tube
diameter, This problem will be looked into when the
results of the experiments with the B-3 and C model
stellarators are correlated,

Conclusion

The stellarator, as may be grasped from the above,
is a convenient research tool for probing various prob-
lems of plasma physics, The results already secured
in this area are of indubitable scientific interest, and
serve as evidence of the feasibility of improving this
approach from all aspects.
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'NEW SHIELDING MATERIALS

The problem of radiation shielding of reactor
facilities is one of the fundamental engineering prob-.
lems in reactor design, o ,

This problem acquires a particular prominence in
the design of mobile and transportable nuclear radiation
facilities, The complexity of the problem facing the
designer materializesin the variety of specifications for
shielding against neutron radiation and gammas., Ma-
terials for neutron shielding must contain elements of
low atomic weight (hydrogen, carbon, beryllium)
needed to slow down fast neutrons, and elements with
a large absorption cross section for thermal neutrons; it
is also desirable to secure thermal neutron absorption
unaccompanied by emission of hard gammas, Gamma
radiation shielding requires heavier elements (lead,
iron, tungsten),

Shielding of portable facilities is usually achieved
with a mixture of heavy and light elements: iron-water
shielding, lead-water, lead-polyethylene, and iron-
graphite shielding combinations [1-4], However, use
of combinations of shielding materials often involves
added difficulties in assembly and operation (corrosion,
stability to heat load, impact strength, and other prob-
lems). Close attention is therefore required in develop-
ing new shielding materials combining the properties of
®heavy” and " light" shielding, Reports on specimens
of such combinations were delivered at the 1958 Geneva
Conference onthe Peaceful Uses of Atomic Energy {5].
Some papers have also appeared more rccently in the
foreign literature on new forms of shielding materials,

The Radiation Laboratory of the University of '
California, working with a private firm, has developed
a method for producing a homogereous dispersion of
very fine powdered lead in a paraffin matrix [6], ~This

material has a density of 4 g/ cm® and possesses the
following mechanical (at 32°C temperature) and
physical properties:

Tensile strength . ......... 14-17 kg/ cm®
Shearing strength ,........ 14.9 kg/ cm’
Compressive strength . . ... .. 2.1 kg/ cm®

BRIEF NOTES

USSR, The workshops of the Ministry of Health
and Sanitation of the Moldavian SSR have entered into
mass production of a portable automatic facility for
counting in work with radioactive isotopes, The facility
automatically counts and simultaneously records on
paper tape the number of radioactive decays in 50
specimens of soil and microorganisms.

East Germany, A treaty was drawn up and signed
in November 1959 with the Ramanian Peoples Republic

232

Relaxation length of gamma _
rays of energy 1.3 Mev ,, .., 10.2cm
Relaxation length of neutrons

of energy range 2-4 Mev., .. 10.2cm

Goodyear Corp. has developed a new material con-
ststing of synthetic rubber with high hydrogen and
powdered boron content [7], This material is light,
readily cast, and withstands temperatures from minus
50°C to +90°C, with a high radiation stability. The
fact that the material is serviceable only as neutron
shielding is a limitation,

A neutron shielding material consisting of boron~
impregnated paraffin has been developed at Columbia
University, USA [8). This material successfully re-
places the heavy concrete sheets used as neutron
shielding at stationary nuclear facilities.

As a result of research financed by the US lead
industry, lead-cemented alloys have made their
appearance,

One of these alloys is a boron-lead alloy which
has seen successful service as shielding against mixed
(neutron and gamma) radiations from nuclear reactors,

LS.
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.on collaboration in the area of nuclear engineering and
nuclear research,

Finland, A uranium ore processing plant is under
construction in the Kola region. Work is tentatively
scheduled for completion in 1960.

The annual output of the plant will be 30,000 tons
of ore with 0,27 uranium oxide content included in the
composition of pitchblende and secondary uraniferous
materials, After crushing, the ore is processed with
sulfuric acid.
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NEW LITERATURE

Books and Symposia

Power Reactors of the USA. Translated from
English. Moscow, Atomizdat, 86 pages, 6 rubles,
10 kopeks.

Uses of Radioactivity in Engineering. E. Broda and
T. Schonfeld., Translated from German. Moscow,
Fizmatgiz, 1959, 443 pages. 13 rubles, 75 kopeks.

This book gives a survey of work on radioactivity
applications in industry, covering publications to 1956.
The first three chapters provide the basic information
on radioactivity, measurements of radioactive radiation,
and chemical processing of radioactive isotopes. The
subsequent chapters consider applications of radioactive
isotopes in various branches of industry. A table of
radioactive isotopes useful for practical applications
appears at the end of the book. A detailed bibliography
is assigned to each chapter,

The book is written for college-tevel readership.

Kernverfahrenstechnik (Nuclear engineering
techniques, in German). W. Mialki, Berlin, Spring-
Verlag, 1958. 472 pages.

Many important problems in nuclear engineering
are approached. The basics of nuclear physics are re-
viewed briefly, theory is outlined, and a classification
of thermal reactors is provided. Materials used in re-
actor design are discussed. The basic control principles
in nuclear reactor control are described. Methods for

producing and enriching fissionable materials are shown, -

and manufacturing methods for fuel elements plus pro-
cessing of radioactive wastes are discussed. Problems of
heat transfer in reactors receive ample attention. The
book is profusely illustrated. Data useful in practical
calculations are tabulated for engineers working in
the area of nuclear industry. '

Lexikon der Kern- und Reaktortechnik, (Explanatory
dictionary on nuclear and reactor science, in German).
Publ, by K. Hocker and K. Weimer, Stuttgart Franckhi-
sche Verlagshandlung, 1959, 1688 pages,

The dictionary has over 3000 entries on nuclear
physics, reactor engineering, and related branches of
physics, engineering, chemistry, biology, and medicine.
Besides terms in German, equivalents in English and
French are provided. Many of the definitions relating
to design, processes, etc., are illustrated by drawings,
diagrams, graphs, figures, Tables of the most important
physical constants are numerous, and a complete table
of isotopes is presented. Basic data on reactors in
operation, under construction, or planned are brought
up to mid-1958. The dictionary offers copious re-
ferences to the literature, It may prove useful as a
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V. A, Kirillin and S. A, Ulybin, pp. 77-80, On
the thermodynamical properties of ordinary water and
heavy water.

Trudy Radiev. Inst. Im. Khlopina, 9 (1959).

Yu. L. Khazov et al., pp. 91-103.*Energy
distribution of neutrons in water surroudning a source,

Atompraxis 5, Nos. 10-11 (1959).

S. Lacey, pp. 416-419. Control system at nuclear
power stations.

Chem. and Process Eng. 40, No. 10 (1959).

pp. 397-398, 404, Atomic energy in China.

Energia Nucleare 6, No. 11 (1359).

"A. Ascari, pp. 702~ 706. Estimation of damage
during start-up of a reactor.

Jaderna Energie 5, No. 10 (1959).

J. Cockcroft, pp.—§26-330. Program for develop-
ment of nuclear power in the UK,

Jaderna Energie 5, No. 11 (1959). -

). Drasky, pp. 362-366. Power engineering
problems arising in the building of nuclear electric
power stations,

J. Kvasni¥ka and Z, Lat, pp. 367-372. Ventilation
and heating principles in nuclear engineering enter-
prises.

J. Nucl, Energy. Part A, Reactor Sci. 11, No. 1

(1959).
A. Waltner and B. Leonard, pp 1-7. Measurement

of neutron output during spontaneous fusion of natural
uranium,

N. Pattenden and V. Rainey, pp. 14-18, Cross sec-
tion of Pu** for slow neutrons,

K. Singwi, pp. 19-20. On the theory of diffusion
cooling of thermal energy neutrons,
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A, Jaffey, pp. 21-30, The value of 7 on thermo-
neutrons for Pu**! in solid inhibitors.

D. Littler, p. 34. The intensity of neutron emission
during spontaneous fission of natural uranium.

D. Hone, p. 34. Magnitude of the mean free
transport mileage for Dzo.

Kernenergie 2, No. 7 (1959).

K. Meyer, pp, 597-601. Calculations for critical
state of a special model of boiling-water reactor.

Kernenergie 2, No. 8 (1959).

K. Meyer and E. Griepentrog, pp. 693-698, Cal-
culations of fuel-element burnup in thermal reactors
with a hard spectrum. II. Calculations of extent of
burnup at nonideal reactor performance,

Kernenergie 2, No, 9 (1959),

H. Spindler and F, Thummler, pp. 781-794. The
problem of corrosion in water-cooled high-temperature
reactors,

Nucl, Energy Engr. 13, No. 137 (1959).

pp. 489-490, Atomic electrostations in Trawsfynydd.

pp. 491-495, Research in the field of neutron
physics,

pp. 496-497, Receiving overheated steam from a
sodium experimental reactor,

pPp. 499-501, 510, Research work of the firm "Hawker-
Sidley Nuclear Power,”

pp. 502-506. Utilization of organic retarders and
thermocouples in power reactors,

~Nucl, Energy Eng. 13, No. 138 (1959).

pp. 534-537. Reasearch reactor "Merlin”,

1. El-lbiary, pp. 545-549. Conversion of power
in a heavy-water reactor during accidental stoppage.

pp. 552-555. The Dresden reactor brought to the
critical stage,

Nucl. Eng. 4, No. 43 (1959),

D. Jubb, pp. 431-434, Condensation in a reactor
containment vessel,

. pp. 435-438. The Marcoule reactor G-2,

p. 441. Research at Culcheth.

R. Forbes, pp. 442-445, Radiographic inspection,

A. Gifford and B. Litting, pp. 446-447. Inspection
of nuclear components,

R. Beech, pp. 448-449, Testing graphic struts,

W. Steckelmacher, pp. 450-453, Leak detection.

J. Cole, pp. 454-455, Unconventional methods,

Nucl, Power, 4, No.44(1959),

p . 93. Fast neutron breeder-reactor in Dunrea
brought to critical condition,

J. Phillips, pp. 94-100, The tnggenng of the
reactor in Dunrea,

H. Sandiford, pp. 100a—102a Control by a fast
reactor,

L Everson, pp. 103-108, Water-loop of the high
pressure reactor DIDO,

pp. 109-111, Proposals on the development of
atomic power in the USA,

A, Gray, pp. 112-116. lonization chambers with
gamma-compensation for the regulation of a reactor,

J. Ayre, pp. 117-118, Thermocouple for the
control of a reactor.

Nucl. Power. 4, No. 44 (1959),

C. Grove-Palmer and H. Pass, pp. 118-121.
Characteristics of the organic thermocarrier Santovax R,

Nuclear Sci. and Eng. 6, No. 4 (1959).

R. Stone et al, pp. 255-259. Transient behavior
of TRIGA, a zirconium-hydride. water-moderated reactor,

Nucl, Sci. and Eng. 6, No. 4 (1959).

C. Walter, pp., 279- 283 A fuel element for an
elevated-temperature crtical assembly.

C. Cohn, pp. 284-287. Errors in reactivity measure-
ments due to photoneutron effects,

A. Rotenberg, pp. 288-293. A Monte Carlo calcula-
tion of thermal utilization,

A, Sola and W. Managan, pp, 294-297. Flux per-
turbation produced by ion chambers and fission chambers,

Y, Fukai et al,, pp. 298-305. Calculations of flux
distributions in a boiling water reactor.

S. Fultz, pp, 313-319, The time-dependent thermal
neutron flux from a pulsed subcritical assembly,

G. Baldwin, pp, 320-327. Kinetics of a reactor con-
posed of two loosely coupled cones, -

C. Zucker and L. Haring, pp. 328-332, Measuring
the release time and total drop time of a control rod,

H, Smets, pp, 341-349, The application of topolo-
gical methods to the kinetics of homogeneous reactors,

Nucleonics 17, No. 8 (1959),

S. Baron, pp. 60-62, Advanced power reactor studies,
Engineering comparisons.

G. Hoveke and J. Felice, p. 63, D20 Natural
uranium reactor,

Nucleonics 1’7 No. 9 (1959),

J. Kenton, pp 73-81, Atomic sea trials, pp 82-85,
Building the nuclear navy.
A. Liebshutz and M, Miller, pp. 126-127. The Georgia
reactor, New faculty for dynamic irradiation testing,

Nucleonics 17, No. 10 (1959). ‘

N. Triner, pp. 78-81. Structural design in high-
temperature reactors,

J. Wilson, pp. 90-96. Instrument development at
Savannah River. 1. Nondestructive testing equipment,

pp. 98-101. Simple relations describe reactor .
power bursts,

J. Thie, pp. 102-111, Statistical analysis of power,
Reactor noise,

Nucleonics 17, No. 11 (1959).

C. Trilling, pp. 113-117. OMRE operating experi-
ence,

pp. 124-131, Test reactor futures,
cussion,

G. Safford and W. Havens, pp. 134-138, 205-206.
Fission parameters for U235,

A panel dis-
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Nucleonics 17, No, 12 (1959),

pp. 65-75, Rebuilding Dresden,

p. 104. Nuclear engineering, Task force sums up
fluid-fuel reactors,

R, Hammond. et al., pp. 106-109, Turret. A test
of unclad fuel.

C. Kroeber and J. Welch., pp. 110. Control-rod
drive for HTGR,

Science 130, No, 3382 (1959),

L. Farr, pp. 1067-1071, Brookhaven reactor for
medical research.

III. Nuclear Fuel and Materials

Geokhimiya, No, 7 (1959).

E. K. Gerling and Yu. A, Shukolyukov, pp. 608-618.
Accumulation of the isotope A% in uraniferous minerals,

Doklady Akad. Nauk SSSR 129, No. 2 (1959).

K. I Sakodynskii and N. M. Zhavoronkov, pp.
391-393. Effect of y radiation on rate of hydrogen ex-
change between water and isoamylthiol,

Zhur, Anal. Khim. 14, No. 5 (1959).

Yu. A. Chernikhov et al., pp. 567-570. Com-
plexometric assay of thorium in monazite concentrates,
D. I. Ryabchikov et al.,pp. 581-587. Study of
interaction between hexavalent uranium and Complexon

111 (EDTA).

Izv, Akad. Nauk SSSR. Otdel Tekh. Nauk.
Metallurgiya i toplivo No. 3 (1959).

B. V. Sharov, pp. 148-150, Structure of surface
layer of uranium resulting from electric-spark erosion
treatment.

Izv. Akad. Nauk SSSR, Ser. Geol. No. 11 (1959).

A. Ya. Krylov, pp. 8-14. Distribution of uranium
and thorium in some single-phase intrusions of the Tien-
Shan, )

Izv. Akad, Nauk, SSSR, Ser, Fiz, 23, No. 10 (1959).

I. Ya, Kachkurova et al., Pp. 125'3‘-1255. Study of
radiolysis of alkanes with the aid of ultraviolet and
infrared spectroscopy.

Radiokhimiya I, No. 5 (1959).

S. E. Bresler et al, pp. 507-513. Zirconium-
based ion-exchange resins.

1. E. Starik et al., pp. 545-547. Use of phenyl-
arsonic acid to separate neptunium and plutonium,

M. E. Krevinskaya et al., pp. 548-561. Properties
of nitric-acid solutions of plutonyl nitrate.

M. E. Krevinskaya et al., pp 562-566. Isolation
of plutonyl nitrate, and its properties.

A. M. Gurevich and L. P, Polozhenskaya, pp. 567-
572, Investigation of the solid phase in the system
UO,(NOg),— ROH— H,0,~ H,0.

V. L Kuznetsov and S. B. Savvin, pp. 583-588.
Rapid photometric determination of throrium with the
reagent thoron II.
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V.1, Kuznetsov and S.B. Savvin, pp. 589-595, Rapid
photometric determination of uranium with the reagent
arsenazo IL

K. F, Lazarev, pp. 603-612, Methods for determin-
ing the limiting leachability of radioelements from
minerals.

Trudy Inst, Geol, Rudnykh Mestorozhdenii, Petro-
grafii, Mineralogii i Geokhimii No. 28 (1959),

I. G. Chentsov, pp. 43-82. Problems in the
mineralogy and geochemistry of some sedimentary
uraniferous ore showings.

I. G. Chentsov, pp. 142-147. On uranium intrusions
in some rock-forming minerals,

Uspekhi Khimii 28, No. 11 (1959).

A, K, Lavrukhina, pp. 1310-1340, The role of
nuclear processes in the formation of the chemical
elements,

E. Segre, pp. 1392-1398, New forms of atoms and
anti-matter,

Khim, Nauka i Promyshlennost® 4, No. 5 (1959).

B. D. Stepin et al., pp. 681-682. Latest techniques
in the production of some thorium salts,

E. Cerrai and C. Testa, pp. 707-716, Extraction
and determination of zirconium and hafnium by a
method of flowing anion.exchange in hydrochloric acid.

Jaderni Energie 5, No. 10 (1959).

J. Pluhar and J. Vrtel, pp. 331-335. Fuel elements,
fuel-element cladding, and reactor structural materials.
I1. Structural materials.

J. Ruziska, pp. 340-344. Production of heavy water
by hydrogen distillation.

M. Ardenne, pp. 345-348. An electronic oscillator
for the radiochemical laboratory.

Jaderna Energie 5, No. 11 (1959).

M. Pasek, pp. 373-377, Study of liquid metals at
the Nuclear Research Institute of the Czechoslovak
Academy of Sciences, 1956 to 1958.

J. Inorg. and Nucl. Chem, 11, No. 3 (1959).

H, Scherff and G. Herrmann, pp. 247-248, Zur
Herstellung von Nb**-freiem Zr*® durch TTA-Extrakon.

J. Nucl. Energy. Part A. Reactor Sci. 11, No, 1
(1959). '

J. Adam and B. Cox, pp. 31-33. Conversion of
phase in solid solutions of zirconium due to illumination,

J. Nucl. Materials 1, No, 3 (1959).

W. Thurber and R, Beaver, pp. 226-232. Aluminum
with scattered uranium carbide plate-like thermo-

emitting elements with a great concentration of uranium,

F. Ellinger et al., pp, 233-243, The system of
uranium-plutonium,

P. Pfeil and L. Griffiths, pp. 244-248. The in-
fluence of insertion on the behavior of metals in an arc
discharge.

D, Jansen and E. Hoffman, pp. 249-258, Alloy
lithium-lead for protective installation. Metallurgical
research,
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A, Bel et al., pp. 259-270. Sintering of uranium
oxide in hydrogen at 1350°C.

W. Yeniscavitch et al,, pp. 271-280, Absorbtion
of hydrogen by zirconium alloy-2 enriched by nickel.

D. Evans and G. Raynor, pp. 281-288. Transition of
a thorium screen, dependent on solution.

B. Howlett, pp. 289-299. Alloys of systems uranium-
titanium-zirconium, '

Y. Adda, et al., pp. 300-301, Research on self-
diffusion in the beta-phase of uranium.

R. Tuxworth and W. Evans, pp. 302-303. Plane
emission of U,Qg in uranium dioxide.,

Kernenergie 2, No. 10-11 (1959).

C. Weissmantel, pp. 909-919. A scintillation
spectrometer for radiochemical research work.

Memoires Scient. Rey. Metallurgie 56, No. 6 (1959).

A. Boettcher, pp. 625-628. Critical limits of
possible additives to uranium metal and uranium com-
pounds, for fuel elements.

Memoires Scient. Rev. Metallurgie 56, No. 7 (1959).

L. Champeix, pp. 667-662. Analysis of small
amounts of carbon in uranium.

L. Leach, pp. 675-680. Study of corrosion in
manganese and uranium.

H. Coriou, pp. 693-703. Effect of carbon and its
distribution on corrosion of zirconium in water at 315°C.

G. Sainfort, pp. 704-712, Mechanism and laws of
corrosion of zirconium at high temperatures,

H., Martens et al., pp. 721-730, Resistance of
graphites to extension at high temperatures.

Mining Eng. 11, No. 7 (1959).

A. Tanner, pp. 706-708. Meteorological influence
on radon concentration in drill holes.

Nucl, Sci. and Eng, 6, No, 4 (1959).

O. Dwyer and A. Esh*aya, pp. 350-360, On the re-
moval of volatile fissionable products from uranium-
bismuth reactor fuels,

A, Poindexter, pp, 162-168. Decreasing the cost
of producing combustibles, '

Nucleonics 17, No. 12 (1859).

R. Connally, pp. 98-100. Uranium analysis by
gamma absorbtion,

Trans, Metallurg, Soc. AIME 215, No. 5 (1959).

W. Gruzensky and G, Engel, pp, 738-742, Division
of yttrium and rare-earth nitrates with the help of the
extracting system 3 n-butyl-3 methyl-2 butanone.

L. Porter and G, Diennes, pp, 854-863, Influence
of neutron exposure on rartensite transformation in
ferronickel alloys.

N. Peterson and R, Ogilvie, pp, 873-874, The
influence of radiation on the velocity diffusion of
arsenic in germanium,

D, Deardorff and H, Kato, pp. 876-8717, Tempera-
ture of the alpha-beta-transformation of hafnium,
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IV. Nuclear Radiation Shielding

Geokhimiya, No, 7 (1939).

V. L Baranov and L. A, Khristianova, pp. 619-622,
Radioactivity of the water of the Indian Ocean.

Zhur. Anal. Khim. 14, No. 5 (1959).

N. L Gusev et al,, pp. 606-611, New methods in
packaging for handling radioactive materials.

Ivz. Timiryaz. Sel'sko-Khoz.,Akad, No, 5 (1959)

I V. Gulyakin et al,, pp, 29-46. Study of re-
lationship between strontium-90 and calcium in soiis

and plants.

Med. Radiol, 4, No. 11 (1959).

J. Nosek and W. Chmelarz, pp. 74-76. Deactiva-
tion of skin in cases of contamination by radioactive
materials,

Pribor. i. Tekh. Eksp. No. 5 (1959).

E. A, Zherebin et al., pp. 29-32. A fast neutron
spectrometer,

V. V. Matveev et al., pp. 40-44, Determination
of certain parameters of photomultiplier tubes and
scintillators.

A. M, Ratner, pp. 44-47, Mean light output of
scintillators.

G. A. Kirdina and N. K. Péreyaslova, pp. 47-51, -
Preparation of and properties of large scintillating
plastics,

Yu. K. Gus'kov and A. V. Zvonarev, pp. 121-122.
Thermocouple system for measuring fast neutron fluxes,
G. G. Aref'ev, pp. 123-124. Determination of

corrections in beta measurements.

Radiokhimiya 1, No. 5 (1959).

V. K. Zinovleva et al,, pp. 613-615, Procedure for
isolating strontium from soil and for assay of sr%,

V. P. Shvedov et al., pp. 616-618, Determination
of radioactive strontium in aqueous samples (rain and.
snow precipitates).

L. K. Ponomaseva and V. L. Zolotavin, pp. 619-621.
Desportion of radiostrontium and radiocesium from
suspended particles in the water in open reservoirs,

Trudy Radiev, Inst, im. Khlopina 9 (1959).

G. M. Gorodinskii, pp. 268-167. Method for
measuring half-lives of short-lived radioactive elements,

Atompraxis 5, Nos. 10-11 (1959).

K. Franz, pp. 381-387, Single-channel and multi-
channel pulse height analyzers.

K. Jordan, pp. 401-407. Use of coincidence
circuits and gating circuits in scintillation spectro-
metry.

F. Rinn, pp. 407-415. Neutron detectors,

A, Wensel, pp. 419-421, Contamination of air by
long-lived y-decay products. ,

H. Kiefer and R. Maushart, pp. 431-433, Constant
direct control of low-level B-activity in water.

E. Graul, pp. 434-443. Problems of safety and
shielding in reactor design and in handling radioactive
isotopes,

2517

Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02196R000100050003-6




Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02196R000100050003-6

Jaderna Energie 5, No. 11 (1959).

V. Santholzer, pp. 378-382. Artificial radioactivity
of air as a result of nuclear weapons testing,

Kernenergie 2, Nos. 10-11 (1959).

K. Schmidt and H. Zindler, pp. 900-903, On the
problem of artificial radioactivity of the atmosphere,

R. Hohle, pp. 904-908. Differential calorimeter
for B-activity measurements,

Jaderna Energie 5, No. 10 (1959).

Zezula, pp. 349-350, Approximate calculation of
total beta-activity of decay products of U™,

Nucl. Energy Engr. 13, No. 138 (1959).

H, Dunster, pp. 540-543, Disposal of radioactive
wastes to the coastal waters, '

Nucl. Sci. and Eng. 6, No. 4 (1959).

L. Ruby and J. Rechen, pp. 272-278. An efficient
counting system for the detection of neutrons from low-

yield pulsed neutron sources,
Nucleonics 17, No, 9 (1959).
J. Smit et al., pp. 116-123, AMP— Effective ion
exchanger for testing fission wastes,
Nucleonics 17, No. 10 (1959).
M. Green, p. 77. Absorption of monoenergetic x-
and y-rays.
Nucleonies 17, No, 11 (1959).
J. Wilson, pp. 140-148. Instrument development at
Savannah River. II. Reactor, process instruments.
M. Van Dila, pp. 150-155. Large-crystal counting.
W. George and L. Bacon, pp. 173-178. Application
of present worth to waste-disposal economics.
Nucleonics 17, No, 12 (1959). ’
R. Domish, et al., pp. 76-79. Calcination of high-

level wastes for ultimate disposal.

J. Wilson, pp. 86-96, Instrumentdevelopment atSavannah

River Laboratories, 111, Health physics, laboratory instru-
ments.

Sewage and Ind. Wastes 31, No. 10 (1959).

R. Schechter and E. Gloyna, pp. 1165-1174,
Thermal considerations in the storage of radioactive

wastes.
H. Swope, pp. 1191-1196. Radioisotope wastes

handling.

V. Radioactive and Stable Isotopes, Uses

of Radioactive Radiations

Vestnik Akad. Nauk SSSR 39, No. 11 (1959).
V. K. Matveev, and V.V, Patrikeev, pp. 53-55.
Luminescent labeled sands.

258

Doklady Akad. Nauk SSSR 128, No. 6 (1959).

I N, Plaksin et al., pp. 1208-1209, Use of
artificial radioactivity induced by « particles for
quantitative inspection of products containing aluminum
and boron. ‘

Myasnaya Industriya SSSR No, 5 (1959),

G. Egiazarov, pp. 51-563. Radiolysis of animal fats
under bombardment by low-level doses of gamma-rays.

Neftyanik No. 11 (1959).
T. Kh. Abramyan, p. 23. A device for introducing

radioactive isotopes into the bore hole during casing
work,

Trudy Nauchno-Issled. Inst, Kabel'noi Prom, No, 4

(1959).

E. E. Finkel", pp. 96-103, Effect of ionizing radia-
tions on permeability to moisture of polythene.

Uchen, Zap. Leningrad. Univ, No, 278,

Ser. Fiz, i Geol, Nauk No. 11 (1959).

A, N. Makarov, pp. 109-118, On the use of
neutron gamma-logging in coal mines,

Khim. Prom. No. 6 (1959).
V. L. Karpov et al., pp. 6-12, Increasing the heat
stability of polythene insulation of wiring by bombard-

ment with ionizing radiation.

Energia Nucleare §,- No. 11 (1959).

F. Levi, pp. 693-695. Radiation effects in semi-

conductors,

Nucl. Energy Eng, 13, No. 137 (1959).
F. Paulsen, pp. 485-488, Application of radioactive

isotopes to agriculture,

Nucl. Energy Eng. 13, No. 138 (1959).

F. Paulsen, pp. 531-533. Equipment for irradiating
foodstuffs.

Nucleonics 17, No. 10 (1959).
pp. 112-113, Applied radiation. Food irradiators

look to low-dose treatments,

Nucleonics 17, No. 11 (1959).
pp. 182-199, Analysis, tracing and radiation pro-

cesses,

Nucleonics 17, No. 12 (1959).
C. Rosenblum, pp. 80-83, The chemistry and appli-

cation of tritium labeling,.

V. Guinn and R, Coit, pp. 112-117, Measuring of
oil consumption with tritium tracers.
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Now available . . . an mszght mto the Soviet
problems and achzevememfs n. ..
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The eighteen papers which comprise this volume weré
originally read at the All-Union Scientific and Tech-
nical Conference on the Application of Radioactive
Isotopes, Moscow, 1957. The reports consider fthe

problems and achievements of Soviet scientists in the.

production of radioactive isotopes by irradiation of

targets -in Soviet reactors and cyclotrons, Not only -

.is this work of significance to producers of isotopes,
but many of the papers w1ll prove useful to 1sotope
'users as well, " N

The Development of Isotope Production in the USSR

Certain Aspects of the Production of Radioactive Iso-

topes in a.Nucleat Reactor. '

Production of Radioactive Isotopes in a 10-Mev Deu-
teron Cyclotron.

Determindtion of Product Yields in Nuclear Reactions.

Spectrochemlcal Methods of Analyzing High-Purity
Materials Used in Reactor Construction and for
the Production of Radioisotopes.

Quantitative Spectral Determmatmn of Impurities in
Radioactive Preparations.

The Production of Alpha-, Beta-, and Gamma Sources

. Using Oxide Films on Aluminum and Its Alloys.

Stable Isotopes E‘.nrxched .by the Electromagnetlc
- Method. :

. Ultrahigh-Temperature Ion Source for Electromag-

netic Separation of Isotopes of Elements in ‘the
Platinum Group. ‘ :

Inhomogeneous-Field Mass- Spectrometer for Analy-
sis of Light-Element Isotopes.

The Relative Abundance of Palladium and Germamum
" Isotopes. _ X

Some Problems in the Theory of Isotope Separation.

Separation of Isotopes of Light Elements by lefusmn
in Vapors. -

A Diffusion Column for the Separation of Isotopes

A Fractionating Column for Preparmg BF,; Ennched
in the Isotope B!?,

An Investigation of the Separatmn of the Stable Iso-

- topes of Light Elements.. .
The Separation of Carbon Isotopes.

- Low- Temperature Methods for Separatmg Helmm‘

Isotopes (He® - HeY).

227 WEST 177H STREET. NEW YORK 11, N Y

"’

1959 durable paper cove'rs | 136 pp. $50.0b \
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An important new series published in cooperation with the
American Geophysical Union . . .

SOVIET RESEARCH IN GEOPRYSICS

(TRANSACTIONS OF THE GEOPHYSICAL INSTITUTE
] OF THE USSR ACADEMY OF SCIENCES)

IN ENGLISH TRANSLATION

~ ’ Volume 1 A CO!!.-ECT ION OF ARTICLES ON DYNAMIC"METEOROLOGY
) TRUDY No. 37 = " ‘edited by I. A. Kibel’ .
The seven papers presented are the resuits of original -investigations, including a newly
proposed theory for the calculation. of soil-temperature at various depths from &a- given-air
temperature ; a solution to.the problem of the distribution with depth of 2 steady current in
) ] a baroclinic ocean layer; a new method of calculating the advegtive heat inflyz, and other
o . ' .. reports on recently accumulated data in the field. . . T -
. ¢tloth . 228 pages - T $8.00

: Volume 2 ISOSTASY AND. ISOSTATIC HYPOTHESES SR ) -
"~ TRUDY No. 38 N by E. N. Lyustikh ' L
- The classic theories of Airy, Pratt, Dutton, and others are discussed, criticized, and amplified
N in the light -of new data. The methods of gathering this information, the means of anslysis,
. and the applications of original Soviet research ate expoiinded fully i)oth in the text and on
related maps. Present theories related to isostatic rebound, compensation and overcompensa-
tion, gravitational snomalies showing conceéntrations of density, etc, are illustrated with
accompanying pertinent data. Designed to produce a clearer and more up-to-date picture of

the isostatic status_'of the earth. - -

cloth- 150 pages . ©$6.50

" “Volume 3 THE MICROSTRUCTURE AND MACROSTRUCTURE OF ELASTIC WAVES -
: ’ IN ONE-DIMENSIONAL CONTINUOUS NONHOMOGENEOUS MEDIA
TRUDY No. 39 - byB. N. Ivakin o

* This book distusses-the problems of the structure of waves propagating-in continuous non-
homogeneous and generally absorbing media, with a single spatial coordinate, over intervals
infinitesimally small or _comparable with a wavelength (microstructure) and over intervals

. larger or appreciably larger than a wavelength (macrostructure). The solutions-of the wave
-problems posed ‘are presented in operator notation, making it possible to study nonsteady-
state oscillations, although® detailéd calculations and graphs "are given for steady-state
sinugoidal oscillations as well. s . . -
cloth - ..~ 120 pages . . -$6.00
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Volume 4 INVESTIGATION OF THE MECHANISM. OF EARTHQUAKES -
TRUDY No. 40 , by O. D. Gotsadze ' I

_ The resultsof work conducted by the Geophysics Institite of the Academy.of Sciences,
* USSR, since 1948 on the investigation- of fault -plane . displacements are documented in this
. - - volume. During this period a method was evoblved which makes it possible to determine the . .
mechanical type of fractures at the focus, the-dip and strike of the fault plane, and the ! :
direction of the'displacement and_order of the relative intensity of ‘the first shock. Many of
. };ihe methodological conclusions and results of -interpretations are being published for the
rst time. + " : : ' o ' . i

cloth - A o 208 pages ‘ ) ' $7.50
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