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FIVE YEARS OF NUCLEAR POWER

N. A. Dollezhal' and A. K. Krasin
Original article submitted April 27, 1959

A tremendous event inscience and engineering trans-
pired on June 27, 1954: the world's first atomic electric-
power generating station, built near Moscow (in the town
of Obninsk), delivered current into the electric power
grid. Although the power produced by the station's only
turbine was not large (5000 kw), the First Atomic-Power
Station exhibited all of the features of the full-scale
large electric-power station, “This made it possible to
acquire operating experience with relatively mioderate
expenditures on capital outlays and, in the case of suc-
cessful performance, to extend the example to more
powerful scaled-up power stations of a similar type,

Nuclear power engineering, the basis of which was
laid by the starting-up of the First Atomic-Power Station
in the USSR, is characterized by a very swift growth in
atomic power levels (see Fig, 1). This intense rate of
growth will continue, since quite a few large-scale atomic
power generating stations are nearing completion. The
successes achieved in nuclear power engineering are ob-
vious and imposing.

However, at the time the First Atomic-Power Station
was commissioned, and even more so while it was stillin
the beginning of the design stage, there was not only no
definite opinion on the technical pathways for developing
nuclear power, but even skeptical views as to the feasibil-
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Fig. 1. Theincrease inpowerratings of the large-
scale atomicepower generating stations during
the past five years.

ity of developing nuclear power as a branch of the econ-
omy were occasionally voiced.

The start-up and the five-year history of performance
of the atomic power station have radically altered those
views. In the first instance, the start-up of the power sta-
tion was fraught with great social significance (a fact
acknowledged by all) in that it became clear that atomic
energy might serve the aims of progress, rather than mili-
tary objectives. And in the second instance, the five-
year operation of the station is of great engineering sig-
nificance in that, as a result of that history, one of the
variants of power-reactor design has been confirmed with
respect to its viability, a point which met with doubt even
after the station was first put on the line. ‘

In the past five years, a great variants of power re-
actors, differing in design and materials, have been pro-
posed and partially tried out, This has,to an appreciable
degree,made it possible to feel out the areas of scientific
and engineering research which will be decisive in the
further development of nuclear power,
~ The operation of the station not only has enabled us
to evaluate the station as one of the variants to be con-
sidered in resolving the problem of utilization of atomic
energy for power generation, but also has enabled us to
derive reliable conclusions bases on the operating experience,

Several papers devoted to a description of the design
and performance of the atomic electric-power station {1-
6] have been published, and show that the tasks posed when
the station was being built have been fulfilled, and that
the accumulated experience is proving highly valuable in
the resolution of problems associated with the design of
scaled-up atomic electric-power stations employing re-
actors of similar design.

, Let us now consider some of the more important con-
clusions which rriay be arrived at on the basis of the ex-
perience accumulated over the five-year period of opera-
tion of the reactor, '

In atomic electric-power stations, as in conventional
heat-power stations, raising the plant efficiency is a prime
concern. The effort exerted to raise the steam paraineters
in graphite-moderated reactors iﬁevitably _leéds to high
graphite temperatures, The experience gained in the pro-
tracted reliable operation of the reactor at graphite tem-
peratures of 700-750°C attests to the possibility of attain-
ing high coolant temperatures in graphite-moderated re-
actors, This has found its expression in the subsequent
design project of the reactor for the Ural atomic-power
station [4], and in recent plans for graphite-moderated re-
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actors, e.g., the British "ZENITH" [7] and AGR [8] reac-
tors, and the American GCR-2 reactor [9].

The continuous rise in coolant temperature at exit
from the reactor is a distinctive trend noted in modernre-
actor design, The increased plant efficiency, due to efforts
aimed at raising the steam temperature and pressure to
values used in modern steam turbines leads to a reduction
in rated power costs, i.e. to improvement in the economic
performance of the stations. The reliable performance of
graphite under the temperature conditions indicated in the
First Atomic~Power Station has opened the way for plan-
ning the production of steam suitable to drive modern tut-
bines in the Ural power-station reactor design, The use of
nuclear superheating of steam in the Ural station reactor
is a distinguishing feature of this reactor: its efficiency is
much higher than in other known reactor types.

The possibility of boiling water and superheating steam
in a reactor has been confirmed by special experiments
carried out on the reactor of the First Atomic~Power Sta-
tion [4]. Important experiments relating to the study and
control of transients in the Ural atomic station now being
built were also carried out. The production of superheated
steam in the reactor is bound up with the need to alter the
cooling of the channels (designed for superheating of the
steam), i.e. to switch from water-heat transfer to steam-
heat transfer, in starting-up the reactor from cold. A sim-
ilar problem is encountered in shutting down the reactor,
when heat transfer by steam is replaced by water cooling.
The experiments have demonstrated that the transientsare
fully realizable in practice, and do not impose any diffi-
culties on the operating performance of such systems, This
yields the possibility of using several different design ap-
proaches to atomic electric-power stations incorporating
steamn superheat in the reactor,

This leads to the following conclusion based on the
results of operating of the First Power Station: the reactor
design proved to be technically extremely flexible; it per-
mitted large-scale experiments on introducing the reactor
to a progressive operating regime of boiling and superheat-
ing of the coolant in the core, without necessitating any
far-reaching redesigning work.

The technical flexibility of the reactor is contained in
the very concept underlying its design: in the use of channels
with individual coolant leads. The absence of a pressurized
containment vessel made it possible to use the reactor for
a broad range of experiments, which would be difficult, if
not simply impossible, to carry out in a reactor enclosed in
a pressure vessel, The testing of samples of differentstruc-
tural materials, the design of test loops for fuel elements
and operating conditions research, is accomplished with re-
lative ease in a reactor of this type. The choice of reactor
type for the First Atomic-Power Station proved to be a for-
tunate one in this respect as well.

It is still difficult to determine at this stage in what
area the optimized economical performance of the station,
dependent on steam pressure and temperature, isto be found,
but the perspectives for direct enhancement of station per-
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formance by means of the heat of the fission reaction are
highly promising.

The use of nuclear superheating of steam in nuclear
power stations not only makes it possible to lower the cost
per 1 kwh of the electric power generated, but also (no less
important) to reduce rated power costs,

Another important factor determining the economics
of nuclear power is the use of both charged and regener-
ated fuel, as well as the use of neutrons,

The percent burnup of the nuclear fuel, i.e., the
ratio of the amount of U*® consumed during a reactor
period to the original amount present, has a significant ef-
fect on the cost of generated electric power, The percent
fuel burnup (especially in reactors working on enriched
uranium) is characterized to a certain extent by the amount"
of heat which may be successfully extracted from a unit
weight of loaded uranium fuel. The greater the burnup, the
less frequently fuel elements have to be replaced in the re-
actor and the lower fraction of unit cost of electric power
generated attributable to expenditures in the perparation
of operating channels (with fuel elements), chemical re-'
processing of spent fuel discharged from the reactor, etc.

High burnup may be attained by using fuel elements
stable to corrosion attack, radiation effects, temperature,
stress, and other factors., The reactor of the First Atomic-
Power Station contains channels which have been operat-
ing without letup since the first charging of fuel, i.e.,
for five years. The original design of the reactor was
carried out in order to obtain a fuel burnup corresponding
to a fuel heat rating of ~10,000 Mwd/ ton., However, op-
erating experience has shown that the fuel elements re-
tained their operating efficiency even at much higher heat
ratings; e.g., insome fuel elements subjected to special
tests, a specific energy yield reaching 30,000 Mwd/ton
was reported, which gave promise of achieving very effi-
cient use of the fuel in reactors of their design. The operat-
ing experience of the station thus allows one further con-
clusion to be drawn, namely that the elaboration of pro-
jects involving full-scale nuclear power stations incorporat-
ing similar reactors may proceed with assurance of
achieving high economic performance, on account of the
excellent reliability of the fuel elements used.

Burnup is dependent largely on when and how recharg-
ing of the operating channels takes place. It is common
knowledge that fuel burnup does not proceed at a uniform
pace at all points in the pile. By dividing the core of the
reactor in the First Atomic-Power Station arbitrarily into
7 annular regions [3] shown in Fig. 2, for examble, we see
that, following the first run, fuel burnup proceeds in the
different annuli according to the curve in Fig. 3. Inspec-
tion of the curve shows that S burnup is muchless in the
peripheral channels, which are the majority, than in the
centrally placed channels, i.e., the uranium is not com-
pletely burned, and the channels fail to produce therated
amount of heat. In order to achieve uniform and increased
fuel burnup at the First Atomic-Power Station, recourse was
had with success to a method of partial recharging of the
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, Fig. 2. Annular reg-iyons for partial (staggered) recharging of réactor fuel channels.
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channels [6] involving the shifting of peripheral channels
to the center of the core and the loading of fresh channels
into the peripheral region. This approach made is possi-
ble to achieve high fuel burnup and to increase the eco-
nomic efficiency of the power station at the same time,
This manner of utilizing the fuel has already been con-
.sidered in several nuclear electric-power stations being
planned abroad [13], and will undoubtedly meet with great
favor in the future.

High burnup of U by means of the partial recharging
method, in order to be economically feasible, requires a
reactor design allowing convenient recharging of fuel with=
out lengthy downtime. This is facilitated in the reactor of
the First Atomic-Power Station by designing each operating
channel to allow easy extraction and replacement of the
channels independently of each other. In principle,'the
operation may be carried out even while the reactor is in
operation,

This prominent posiive feature of the reactor, with its
individual channels, confers a high plant duty factor on the
operating economics of the station, which in turn has a
favorable effect on the cost of electric power generated.
The principle of individual coolant ducting serving the
fuel channels has been adopted outside the USSR, e.g., in
the Swiss heavy-water organic-coolant reactor [14], in the
sophisticated USA sodium-cooled reactor [15], and in the
Canadian heavy-water reactor [16], A variant of the de-
sign of heterogeneous reactors with individual distribution
of coolant flow to the channels, together with a variant of
the reactor enclosed in a pressure vessel, has thus won its
right to existence.

It is common knowledge that the economic perform-
ance of a nuclear electric-power generating station is sig-

nificantly affected by the unit power rating of the generat~ -

ing unit: the higher the thermal power of the reactor, the
cheaper electric power will be, other conditions being
equal. The observed tendency of the unit thermal power

of reactors now being built to increase is evidentand easily

understood. The increase in the thermal power of the re-
actors is due not only to more intense heat removal, but
fundamentally to increased core dimensions, The possi-
bilities of expanding the dimensions of the core, and con-
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sequently of increasing the thermal power of the reactors
by individual handling of the channels, are virtually un-
limited, whereas these possibilities are restricted in reac-
tors enclosed in pressure vessels by virtue of the highly
complicated engineering problems involved in the con-
struction of the enclosure.

In spite of the use of stainless steel in fuel assemblies,
a rather favorable neutron balance is successfully achieved,
The breeding ratio of the fuelisfrom 0.50-0.65 in such re-
actors, i.e., it is not inferior to the value found in water=
moderated, water-cooled reactors,

Whatever the parameters of a nuclear power installa-
tion may be, the prime requirements are reliability in op-
eration and safety factors for the operating personnel and
the population of the surrounding area.

Safety and health standards require that special meas-
ures be taken to ensure safe operation of the facility, when
designing and building a reactor installation, It is also
essential that the costs of safety provisions not entail an
exorbitant increase in the electric power costs.

In particular, a substantial fraction of the capital out~
lay goes into the protective shielding of the nuclear power
station, if such shielding is planned as part of the installa-
tion. No protective shielding is used in the First Atomic-
Power Station or in the Ural power-station project, This
is not accidental, for the principle of individual coolant
flow along the reactor fuel channels provides for an ex-
plosion-proof reactor. While the potential energy in re~
actors of the pressure-vessel type is concentrated within
the large unit volume of the pressure enclosure and may
be suddenly liberated in large quantity in the event of an
accident, this type of accident s excluded in reactors
with discrete channels, The five-year experience in re-
liable operation of the First Atomic-Power Station brings
a powerful argument to support the concept of the safety
{nherent in that type of reactor, and attests to the infeasi-
bility of using protective shields. The experience acquired
in experimental research wherein meltdown or breakup of
fuel assemblies took place demonstrated that no danger of
radioactive contamination of the station grounds and facil-
ities or of the surrounding locality resulted.

On the whole, operation of the First Atomic-Power
Station has shown that favorable radiation-biological

" circumstances both for the servicing personnel and the

population of the surrounding area in reactors of that type
do not involve expenditures or unusual engineering difficulties.
Operation of the First Atomic-Power Station has pro-
vided opportunity for the training of cadres of reactor op-
erating personnel, The successful performance of the power
station was contributed to in large degree by the guidance
and supervision of A, N, Grigor'yants, G. N. Ushakov, L. A.

" Kochekov, V. T. Lytkin, and others,

In taking note of the Fifthi Anniversary of the start-up
of the world's First Atomic-Power Station, one cannot help
but acknowledge that it has played an important social
and technical role in the development of nuclear power,

. and has become the prototype of a broad class of reactors.
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COMMENTS ON THE FIRST ATOMIC
POWER STATION
Recorded in the Visitors' Book:
The late G. M. Krzhizhanovskii, Academician of the
Academy of Sclences of the USSR (1956):

"The practical use of each new energy form signifies
grandiose stages on the road of mankind's forward motion,
The ability to harness the colossal energy contained inthe
atomic energy is an outstanding even in science and tech-
nology. In our country, setting the example for all nations
'in the harnessing of atomic energy, the world's first atomic
electric power generating station, producing 5000 kw, has
been built. The day is not far off when atomic electric
‘power generating stations delivering fifty and even a hun-

- dred thousand kilowatts will be going into operation . , ..

Prime Minister Jawaharlal Nehru of India (1955):
"I am glad that I visited this power station, and am
“thrilled by it." This has made it possible to glimpse into
the future, opening up before my eyes. . .".

President Sukarno of the Republic of Indonesia (1956):

"There is no limit to the human intellect, Evolution
{s still going on, The visit to this power station reinforces
our faith that mankind must develop his knowledge, in
order to reach a higher living standard. . . "

Ambassadors of the USA, Britain, Sweden (1955):

"The scientists and engineers of the USSR, in being the
first in the world to harness atomic energy for peaceful pur-
poses, have earned themselves unforgettable honors before
all of humanity, This atomic electric-power station is a
tremendous achievement of Soviet science and a symbol of
the profoundly human character of Soviet society, Wewish
the Soviet scientists new successful firsts on the road to the
practical utilization of atomic energy. .. ".

Professor Chou Pei-Wang, Hu Chung-Ming, Tsiang Nan-
Hsiang, People's Republic of China (1955):

"We are very happy that we have had the opportunity
to visit the atomic electric-power station. The building of
the first atomic electric-power station in the world is a
victory for Soviet science and victory for the Socialist
system.

"This combination of science and engineering put to
the service of Socialist construction is a shining example
for the Chinese people. We hope that with the noble inter-
national aid rendered by great Soviet people, we shall,
relying on our own labor, be able to contribute our share to
the cause of the peaceful utilization of atotnic energy for
Socialist construction in the interest of peace.”

Former member of the British atomic energy planmng com-
mission, S, G, Reason (1955):

"I am very grateful at having had the opportunity to
witness the great progress made by Soviet scientists in the
peaceful utilization of atomic energy. As a former mem-
ber of the British atomic-energy planning commission, I
am aware of the broad scope of the problems to be solved
in order to harness this new source of energy, and the

manner in which these problems have been resolved in the

. USSR has made a great impression on me ., ., "

Professor Gustav Hertz of Leipzig University, German
Democratic Republic (1956): -

"I have already heard ‘much and read much about
atomic electric-power stations, but what I saw here sur~
passed all of my expectations ... ",

Dean Hewlett Johnson of Cantebury Cathedral (1956):
"More than 40 years have passed since I first became
interested in science and technology. I have dreamed of
the creation of such a power station as this one. I was con-
vinced that a Socialist country would be the first in the
world to harness atomic energy, and I knew that this power
would be used for peaceful purposes. I am happy that I

"have lived to see the day when I could view this station

with my own eyes, and greet all of those who made it pos-
sible, and all of those who worked on it ., . ",
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THE DESIGN AND OPERATION OF SOME PUMPS FOR SODIUM AND

SODIUM-POTASSIUM ALLOYS

P. L. Kirillov, V. A, Kuznetsov, N. M. Turchin, and Yu. M. Fedoseev

Original article submitted February 10, 1959

This article gives a description of some designs, testing results, and operational experience of centrifugal and
electromagnetic pumps for sodium and sodium-potassium alloys. During the past two years these pumps have

been used in experimental and semiindustrial plant.

In developing reactors cooled with liquid metals (sod~
ium or sodium-potassium alloys), the problem of pumping
liquid metalsarose. Pumps designed for water, petroleum
ptoducts, etc, could not be employed for this purpose be-
cause they failed to provide a complete seal and reliable
operation at metal temperatures of 300-500 °C.

In centrifugal pumps the seal can be obtained by the
following four methods: 1) by means of sealing rings pressed
against the shaft; 2) by sealing all rotating parts (shaft,
rotor, etc.); 3) by placing the entire machine under a cas-
ing; and 4) by sealing the shaft by means of a ring of frozen
sodium,

The first problem is complicated and no reliable solu-
tion exists for it as yet, The second problem is in essence,
reduced to the development of a special machine., Wehave
therefore selected the two last-mentioned methods, which
are easy to achieve in laboratory conditions. -

No difficulties are encountered at present in the op-
eration of centrifugal pumps at temperatures below 400°C
[1-4]. Pumps have also been designed which are capable
of operating at a temperature of 550-600 °C,

The high electrical conductance of liquid metals made
possible the development of new types of pumps in which
the hydrodynamic head is produced by electromagnetic
forces. The use of electromagnetic pumps makes the prob-
lem of sealing the circuit easier. The tnain shortcoming
of these pumps is their low efficiency, which is only about
half that of centrifugal pumps designed for the same op-
erating conditions. However, for the experimental plants
this fact is of little importance, Therefore, electromag-
‘netic pumps are being increasingly used in laboratory
practice, their main advantages being that they have no
moving parts and are simpler to make and operate than the
centrifugal pumps.

The problem of selection of a suitable type of pump
(centrifugal or magnetic) for full-scale plants is as yet not
solved. Only the experience obtained in the operation of a
large number of pumps of various types can lead to cor-
rect conclusions on the advantages of one design or the
other,

CENTRIFUGAL PUMPS

The schematic diagram of a centrifugal pump is

shown in Fig, 1. At 990 rpm this pump produces a head of
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23 m of the liquid being handled, and at 1450 rpm a head

of 55m. The delivery of the pump at 990 rpm is more than

10 m®/hr. The built-in asynchronous motor 2 has a power
of 10 kw. The 415 mm diameter impeller 1 has 14 blades.
In order to reduce the axial force, the working-wheel disk
has 7 holes of 8 mm diameter. The electric motor and the
impeller are mounted on the same shaft. The shaft has
three supports, the upper support consisting of two thrust
journal-ball bearings 3, the central support consisting of
one journal-ball bearing 4, and the lower support which is
the sliding bearing 5. In order to prevent the lubricant
from escaping into the liquid metal,the shaft was made
with a stepped contour and provided with the protective
collar 7 below the central bearing. The sleeve of this bear-
ing is made of RF-1 high-speed steel and the bush 6 from
Br. B2 beryllium bronze, which contains 2% beryllium.
The sealing rings 8 are made of the same bronze. When
the bearing is cold the clearance between the sleeve and
the bush is 0.2-0.25 mm, All other parts of the pump are
make of 1Kh18N9T steel.

The metal leaking through the upper sealing ring rises
along the shaft and is led through the special hole 9 into
the tank of the pump. Above and outside this hole are
mounted removable cooling chambers 10. The electric
motor is cooled by an inert gas contained inside it. The
coil 11 through which water can be circulated is also
mounted inside the motor, It was found that when the
pump was in operation there was no need to use this coil
for cooling since water circulating in the outer jacket proved
adequate, The pump is connected into the circuit by
means of removable "ball-cone” -type connecting fittings.
A nickel packing is used for sealing the motor housing.

The purnp was first tested, and its characteristics de-
termined, on water. At 990 rpm and a volume flow of .
liquid of 6.5 m"/r, the efficiency of the machine was 40%,
After this test the machine worked for 2000 hr on a sodium-
potassium alloy at temperatures ranging from 200 to 400 °C.
After 1500 hr the bush of the lower bearing had to be replaced
because its wear reached 2 mm on one side.

The greatest shortcomings of these pumps' design are
their complicated dismantling (replacement of bearings,
removal of the housing, etc.) and heavy weight, Figure 2
shows another centrifugal pump which is more compact

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040001-9




Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040001-9

=
¥

Le

10

Fig. 1. Centrifugal pump with bearing of beryllium
bronze and a built-in electric motor: 1) impeller;

2) asynchronous motor; 3) journal-thrust ball bearing;
6) bush; 7) protective collar; 8) sealing rings;

9) hole for the removal of leakage; 10) cooling
chambers; 11) coil.

andsimpler in design. In order to make the machine more
compact while retaining its characteristics, motor 2 with
2900 rpm was chosen, The electric motor was sealed by
covering it with a water-cooled casing 3. An inert gas
was circulated in the casing by means of the fan of the
electric motor, The bed plate -was cooled with water, The
impeller 1 with a diameter of 164 mm is fixed on the shaft
which is supported at two points—at the top (4) and at the
bottom (5). Metal which flows in an axial direction lub-
ricates the lower bearing and then flows into the tank of
the pump, . According to the resistance of the main circuit,
the amount of metal which flows along the shaft can vary
from 50 to 200 liter/ hr.

" The pump was tested at temperatures reaching 450°C,
It was found that the service life of bearings was reduced
to less than hundreds of hours by a sudden drop in the strength
of the beryllium bronze at such temperatures, Attemptsto
use other pairs of metals for this bearing, which is immersed
into sodium (RF-1 steel-cast iron, RF-1 steel— f1-220 steel)
produced no satisfactory results, The best results were ob-
tained with a bearing having the sleeve made of RF-1 steel
and a bush of Br,B2 bronze, The clearance between the
sleeve and- bush of the bearing, which was determined by
experiment, was 0,12-0,15 mm, With a smaller clearance
the bearings seized, while larger clearanced reduced their
service life, All failed bearings had a considerable wearon
one side (up to 5 mm),

The pump was run for 2000 hr in plants operating on
sodium-potassium alloys, and for 7000 hr in a plant operat-
ing on sodium, at metal temperatures of about 200 °C.

During the operation of these pumps a penetration of
sodium vapors inside the electric motor and their con-~
densation on its internal surfaces were observed. After oxi-
dation,the sodium vapors produced a thin film of sodium
oxide on the winding. After combining with this film,
moisture produced hydroxide on the winding which attacked
the wire and led to its failure.

With the increasing operating temperature, the bearing
functioning in the liquid metal becomes the weak point of
all the pumps described. Several designs of pumps for vari-
ous capacities and working conditions were developed which
have a bearing of frozen sodium. The schematic diagram
of a pump of this type is given in Fig, 3. The pump pro-
duces a head of 100 m of the liquid being handled and its
capacity reaches 25 m°/hr, The motor operates at 2960
1pm. The power of the electric motor 1 is 14 kw. Its shaft
is supported at two points: in two journal-thrust bearings 4
and in two radial bearings 5. The bearing 6, which is made
of frozen sodium, is in effect the third support, Thus, two
metal partitions are placed between the cooling agent and
the frozen sodium, which arrangement makes possible the
use of water as the cooling agent, The sodium bearing suf-
fers no wear and resists practically any temperature which
is of particular importance. At the same time the frozen
sodium serves as a reliable seal of the shaft,

The calculation of heat transfer in the cooling chamber
is very difficult since it is not easy to calculate the heat
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Fig. 2. Centrifugal pump with a beryllium-bronze
bearing and a standard electrical motor: 1) impeller;
2) electric motor; 3) casing; 4) journal-thrust bear-
ing; 5) sliding bearing,
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flow directed upward from the housing and to take into ac-
count the complex shape of the chambers, The main short-
comings of this pump are the leakage through the seal of
the housing and frequent changes of the temperature, Since
at a rapid heating of the purfip body the pins 8 become
heated more rapidly than the nickel packing 7, the seal be-
comes less effective and a leakage occurs. The metal which
has leaked changes in air to hydroxide which rapidly de-
stroys the pump cé_sing. For this reason the split seal was
replaced by a welded design. The pump is started only
after a prior heating of the frozen seal. When starting, first
the cooling system and then the motor are switched on. A
delay in starting the motor leads to a "seizure” of theshaft
in the frozen seal, which makes a repeated heating neces-
sary. If the cooling system is switched on after the pumnp,
the liquid sodium leaks through the clearance, At the start-
ing moment the load on the motor is usually higher than
during its operating. This is explained, apparently, by the
contamination of the liquid by the metal in the frozen seal
during the starting period. The amount of sodium which
flows out is about 1-2 g in 24 hr. '

Three pumps with the frozen seal were tested. Two
pumps, similar to those described above, have worked for~
2000 hr at temperatures of 400-500 °C and are still in op-
eration. The seals of these two pumps are shown in Fig,

4. The third pump was tested before the other two. Its
design was less satisfactory. It was dangerous to use water
for cooling in this pump and, therefore, a sodium-potassium
alloy was used to cool the machine, The allow waspumped
through the cooling chambers by means of the electromag-
netic pump and before admission was cooled in a heat ex-
changer. This pump was put in operation for more than
5000 hr at moderately high temperatures (400-500 °C),

We shall omit the head-delivery"characteristic of these
pumps obtained for sodium and its alloys, since they are
identical with the characteristics obtained for water. Onthe
basis of the experience obtained in the operation of the purnps
described, it can be.said that a pump with a frozen-sodium
bearing is one of the simplest and most reliable machines
as far as the pumping of sodium is concerned.

ELECTROMAGNETIC PUMPS

Among the many electromagnetic pumps known at
present {1, 5-7] the most convenient for experimental op-
eration is the ac conductive pump,. These pumps require
no special supply units which are, for example, needed for
dc conductive pumps. In addition, they relativ\ely easily
resist temperatures of 400-600 °C, at which the use of in-
duction pumps is- practically impossible because of the ab-
sence of isolation.

The single-phase ac conductive pump (Fig. 5) takes
a current of 30 amp at 220 v, and delivers up to 4 m*/ hr
at a pressure of 2 kg/cm . The magnetic circuit of E-2
electrical steel is common to the supply transforiner and
the pump. PSD square wire with 4.65 mm? cross section
was used for the primary winding, which consists of two

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040001-9




Declassified and Approved For Release 2013/02/21 . CIA-RDP10-02196R000100040001-9

oXoxoxoxoXoxoXo oXoXoYoXo)XoXoXo,

N i

loXaxo)oXcXoXo oXoxeXeXoXoXe:

/_

Fig. 3. Centrifugal pump with a bearing of frozen so-
dium: 1) electric motor; 2) impeller; 3) shaft;

4) journal-thrust bearing; 5) journal bearing; 6) bear-
ing of frozen sodium; 7) packing; 8) pin.

coils. Each coil has 130 turns, The winding of the pump
and the secondary winding of the transformer are madeas
a single unit from 20 x 5 mm diameter copper tubing.
The tube is water cooled,which enables a greater current
density and a more compact winding to be achieved. The
terminals of the secondary winding are led to the electrodes
of the working section, which consists of two flattened
thin-walled tubes placed close to one another and con-
nected in series. Such design of the workingsection makes
it possible to nearly double the head produced by the pump
and to compensate the reaction of the armature. The wall
thickness of the tube is 0.5 mm while the material for the
tubes of the working section is 1Kh18NOT steel,

The use of a common magnetic circuit, the doubling
of the working section, the increased current density inthe
winding, etc.,make possible the construction of a very com-
pact pump. Several pumps of this type have been in op-
eration at various plants, One pump worked for 250 hr with
sodittn at a temperature of 450°C, the other was in opera-
tion for more than 2500 hr on a sodium-potassiumn alloy at
an average temperature of about 250 °C, the third pump
worked for more than 3500 hr on a sodium-potassium alloy
at a temperature of 40-50 °C, and the fourth for 1000 hr
with sodium at'a temperature of 300-400 °C. The experi-
ence obtained in the working of these pumps showed that
they are simple to opefate and are reliable.

The ac conductive pumps are suitable for use only at

" Jow deliveries (up to 10 m¥ hr). At higher deliveries,the
- use of inductive pumps with travelling magnetic fields is

more advantageous, One of the pumps of this type which
worked on sodium-potassium alloy is shown in Fig. 6. It
consists of two flat inductors arranged above and below a
channel, through which the liquid metal is pumped. The
three-phase eight-pole winding of PSD wire is placed into
the grooves of the inductors, Copper tubes through which
water is circulated for cooling the winding are also placed
into the grooves. The width of the channel is 150 mm and
its height 6.1 mm in one pump, and 8.7 in the case of
another, Walls are made of 1Kh18N9T steel and their
thickness is 0.8 mm. Copper bars are installed in the chan-
nel on the sides of the pumps; these act as the close- cir-
culating rings on the rotor of an asynchronous electric
motor, The characteristics of the pump are given in Fig.
71in p = f,(S) and n = £(S) coordinates, where S = 1~Q/Qg
is the slip; Q is the discharge of liquid through the pump
(m¥ hr); Qg is the discharge at the metal velocity in the
channel which is equal to the velocity of the field (m¥ hr);
p is the pressure of the liquid (kg/cm ); and 7 is the effi-
“ciency (%). This pump was working on the sodium-potas-
sium alloy at a temperature of 150-200 °C for 300 hr. The
cooling system proved unsatisfactory since it failed to pro-
vide an adequate thermal protection of the winding. In

" addition, the wetting of the winding, caused by the conden-

sation of water vapors from the air,twice caused the break-
down of isolation. After some improvements this pumpcan
be used in laboratory plants at temperatures of 200-250 °C,

“where a capacity of up to 30 m/ hr is required.
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Fig. 4. Seals of frozen sodium.,

Fig. 5. Single-phase conductive electromagnetic pump. - Fig. 6. Conductive .e;ec‘:tromagnetié pump.
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Fig. 7. Characteristicsof the ind;jc't_ivepump.

Finally, the ahthors-'wouldv iik_e to emphasize the im-
portance of the contribution of the team of designersheaded

<3 D bW
. .

by G. V. Skladnev and V., D, Rostovtsev to the development
of centrifugal pumps for liquid metals, This team designed
the pump illustrated in Fig. 1. The design of the pump
shown in Fig. 2 is by a team headed by M. N, Ivanovskii.
The designs of centrifugal pumps with frozen seal were de-
veloped by a team headed by V.1, Orlov, The ac conduc-
tive pump was designed under the guidance of N, M,

"Turchin. The inductive pump with the travelling magnetic
field was designed and constructed by the team headed by

1. A, Tyutin,
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EFFECT OF A CYLINDRICAL CHANNEL ON NEUTRONDIFFUSION

N. 1. Paletin
Original article submitted August 16, 1958

Voids in the core of a nuclear reactor have an important effect on neutron leakage from the reactor.

It is im-

portant that this effect be taken into account in computing the critical mass of the reactor. It is also frequently
desirable to know the effect of empty channels on the neutron distribution outside the core.

In the present paper we consider the effect of a single hollow cylindrical channel on neutron diffusion. Ex-
pressions are obtained for neutron leakage through a channel located at the center of the reactor and for the addi-
tional neutron leakage (due to the existence of the channel) in the immediate vicinity of the channel. We also
consider the effect of the neutron flux distribution along a channel on the applicability of the diffusion formulas.

INTRODUC TION

The propaganon of neutrons in a medium with voids
depends on the number of voids per unit volume, the di-
mensions of the voids, and their shape.

If the distribution of neutron flux in a porous medium
changes slowly in space, it may be assumed that the flux

" passing through any area inside the medium depends only
on the gradient in the neutron distribution at a given point,
that is to say, neutron diffusion theory applies. However,
the coefficient of proportionality between the flux and the
gradient will not be the same as in the case of a continu-
ous medium; it will depend on the dimensions and shape of
the voids and the number of voids per unit volume. The
average value of this coefficient plays an important rolein.
the effective diffusion coefficient for a porous medium. It
is also obvious that any deviation from linearity in the neu-
‘tron distribution will have an effect which is different than
that which obtains in a continuous medium and that the
criteria for the applicability of the diffusion formulas de-
pends on the ratio between the dimensions of the void and
the curvature of the neutron distribution.

The effect of voids on neutron propagation has been
studied by a number of authors, For example, Behrens [1]
had considered the change in neutron diffusion length in a
medium with voids of arbitrary dimensions and shape for
various void densities, In this work it was assumed that
the voids are distributed uniformly and that the shape of
the voids in such that in in a time corresponding to one
mean free path the neutron does not cross the surface of the
void more than twice. Using the relation Lz/Lo = A2/,

L and Lg are the neutron diffusion lengths in the medium
with voids and in the continuous medlum.respectwely,and
X and A4 are the corresponding mean free paths, this
author has found an increase in the mean free path because
of thepresence of voids:
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Here p is the ratio of the void volume to the volume of

matter in the unit lattice; a is the hydraulic radius of the

22"
S

unit cell; S is the surface area of the void; Q is the quan-

void,given by &= i v is the volume of matter in the

'tity which depends only on the shape of the void.

In the case in which the void density is low, i.e.,
when sA/V <«<1, eq. (1) assurnes from the form

A2
7(;):1—}-2]){-%?—().

For some voids neutron diffusion in different direc-
tions is affected differently. For example, for a void of
cylindrical shape the diffusion in the direction parallel to
the cylinder axis is increased by a greater amount than in
the direction perpendlcular to the axis. The following
expression is obtained for the direction parallel to the.
cylinder axis when sA/v « 1[1]:

%=1+2p+2“—[. (@)
Diffusion in a medium with cylindrical channels has
also been studied by S. L. Sobolev and V., S. Fursov (1948),
Inthis work it was assumed that the neutron density dis-
tribut on is a linear function in the direction parallel to
the channel axis and constant in the direction perpendicu-
lar to the axis; a calculation was made of the additional
flux in the direction parallel to the axis of the channel
caused by the presence of the channel. For a single cylin-
drical channel of radius a_, the diffusion coefficient in the
parallel direction is given by the following expressions:

DH—L[1+ T2 <1+2a>
(Sobolev)
ey
N

A (3)*
py=%[1+5 (14
Here W is the cross section of the unit lattice.

(Fursov *)
* The paper by V. S. Fursov contains an error and the

final result differs somewhat from the formula given by
Sobolev.

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040001-9




Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040001-9

In all the work cited above,investigations have been dJ =
made of neutron diffusion and no consideration has been , H
given to the effect of the nonlinearity in the neutron flux 2n r/2 cos 6 -. —% .
"distribution on leakage from the channel. The total neu- = \ de do § “dr e Zﬁio sin 6 do,
tron leakage from a gap has been studied for a reactor with Somarotg bie) b le) s
. a transverse gap [2] and the effect of this leakage on the ‘ H sin 8 )

critical mass of the reactor has been delineated, The anal- : _
~ ogous problem for a reactor with a central cylindricalchan- Where X is the mean free neutron path in the material;

nel has been solved by Davison. The results of this work r' = r— b(p)/sin @ gives the trajectory of the neutron in
. . . " : i . - -— it i
are given in [3]; the "negdtive source” method was used in the medium; b(¢) = e cos ¢ + {a2.— &t sin¥ ¢ . Since
making the calculation. the channel is at the center of the reactor, we can write
The following expression is obtained for the ratio ¥(1) = const = 1 with reasonable accuracy. Expanding
i &(z) in a2 Maclaurin series and substituting in (5), wehave
L) at the edge of the channel: o ‘ '
5; ‘r=a . 3 ‘ ' dJ:
P 1———8- (aa)2 H
Pl =\ . (4) : L2 1!/.2 cos B 0 B,z .
30 PR S R _ T S _1,,[ .
(E>r=a (aa)? ——— g~ (ea) = S de \ o \ dr 3 (—1) @t T
0 90 - b n=0
where & is the neutron flux; 2 is the cylinder radius; o = sin 8

"

=1 /H; H is the length of the channel; ca <« 1,

¢I.>1z2’f”‘1 ] athe * cos B sin 0 d

The effect of neutron leakage through a cylindrical T 1)1 T s,
channel on the critical mass of a reactor has been studied :
in {4], but the neutron leakage has not been calculated 9 (2)
properly. . where @, = @ (0) =sin a3 -and D, = = a cos ad.

9z |2=0
'CENTRAL CYLINDRICAL CHANNEL

_ ‘ : : Now, converting from the variable r to rwe have
We consider a central cylindrical channel of radius .a ’ .

in a reactor of height H (see figure), It will be assurmed -oaJ

that the channel is thin so that the neutron flux distribution = - . b

-
n/2 . .cos§ sin @ - =)

: . 2n
inside the reactor can be given in the form of a product , o
& (r,2) = & (z) ¥ (r), where & (z) isof the form & (z) = = g dp \ db S dr 2 (—a?)* X
= sina (z + §), and where o = /H, and & is the extrap- 0 bo . 0 m"=.9 v ]
olated boundary, ’ [q,o (r: + % ) costn B (6)
X +
p b(y) : (2n)l
. (1) ’ b I ogansl _r
4 1<r +sinﬂ) _ cos OJe "cosOsinﬂd
2n4-1Hl 4N

It is convenient to remove the term with n= 0,
from the summation in the last expression. Obviously this
term gives the neutron flux for a channel in a plate of
thickness H for a linear variation of flux along the channel
axis, We write the expression for the neutron flux in the
form

dJ,=
2n w/2 o _r

=S \ S(cDothb,r'cose)%x
- 0 0 0 -

Figure for calculating the effect of a cjrlindrical

channel on neutron difussion. . Zrm/2 o (7 a)
% sin 8 cos edr'ded<p+8 \ § ®,bcos?0 X
We compute the neutron leakage through one side of o0
the channel. The neutron flux through an elementary area - 2n G
do of the aperture in the channel, at a distance e fromthe ° X 94 : dr'dd do— S S S X
axis of the channel, is given by the expression - ’ 0 0 0
5417
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where r* gives the neutron trajectory in the material. The
integration is taken over the volume of the reactor, neg=
lecting the channel volume.

It can be shown that in the diffusion approximation
this integral is

21 /2 oo o 6
J,= X S (——Q—t%;-\i%—)e " cosﬂsmﬂdr e
0 0
+arcsln% ~/2 o .
N OO L
—arcsin = 0 p cosg— V al—pEeint ¢
P sin @
__—'___:.—— r'
X V a®—pisinte e—rcos"ﬁ. (11)

2k

Corrections for the finite dimensions of the channel
and the nonlineatity in the neutron flux distribution along
the axis of the channel are of second ordeér and higher in
a/H and M/H.

It is apparent that the first term on the right side of
(11) is the diffusion flux in the absence of the channel
(«po/4) +(\/6)dy, while the second additional leakage
through the area dg due to the presence of the channel.
The additional leakage of neutrons through the surface of
the reactor close to the aperture of the channel is given by
the following integral:

+arcsln

AlLet= S 2mp dp [

—~aresin —
: [

~|e

-]

x §
pcos¢— Y a2—ptsin? e
" sin g

]/ai-p’ sin? ¢
dr (D 27

The integration over p can be taken to infinity since
the integrand falls off rapidly with i’ncreasing p. Carrying
out the integration with respect to r' and converting from
the variables p and ¢_to the variables 5 — V a® — p? sin®
and 1 =pcos@— ]/a2 — p2sin? g, we have

(1—cos B)*dP

i.l
P e % cos? 6] .

: CIA-RDP10-02196R000100040001-9

T . ¢ : P02 .
Mg=2 { ax { do o X

-0 0
L (12)

X § ¢ IO 0520 df = + waD,,

In all the calculations carried out above we have as-
sumed that the transverse distribution of neutron density is
uniform close to the channel, neglecting the variation due
to leakage of neutrons through the channel. We now es-
timate the error introduced by this assurnption.

We consider an elementary area do at the point P.on
the inner surface of the channel, The neutron flux striking
this area in the channel is

P

l
cos 0 dv
4mhre do.

Tdo= {2 (19

(It is assumed that the polar axis is normal to the area.)

We limit outselves to the first terms in the expmsion
of & (p, z) in the Maclaurin series and cérry out the inte-
gration over r in (13), thus obtaining the neutron angular
distribution for heutrons which enter the channel through
the area do:

F(P, 8, ¢)ded¢_ﬂ“ﬁi{m(p)+

+)\c056( > +)\sm0cos¢( > }.

where ¢ is the angle formed by the radium vector t with
respect to the channel axis, Carrying out the remaining
integration in (13) we obtain the well-known result

Q(P)*La( e

The neutron flux 1(P), which stnkes the elememary
area do from the channel side’ is

J_(P):S

_9®
=IO+ T, 5+ T,

F(P', 8, ¢) cos® do =
sin 6 ré

cosak dk g [

(1—cosB)2dp -
[F3 4 2a% (1—cos B)IE.

~
cosak dk §

+2ﬂ’ (1—cos B)l2

where:.
%H R .
v (1—cos B)2dp
S Cos“kdk,g [ 2a3 (1—cos pIF
k4 o
5_

52 o
(1 —cos B)?df

-+

(1—cos 8)2 dB

:/‘.'Nlm

+ sinak dk S
- H
T -2

[k2+2a2 (T—cos B)J?

I}
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(1—cos B)3dB

H

: _a at (1—cosB)dp

Jy In { Sﬂcogakdk S{k=+2a2(1—6086)l””
5

(1—cos B)3 dB
(k%4 2a2 (1 —cos )]

H
2 v
S cos ak dk \

"2"'z

_ H
-+ § smakdk\

NIZ:

5, +tgaz [ \

S cosakdlcS ;
) | [k2+2a2(1—cos p)]fﬂ B
o

H

— tz

(1—cos B)* dB
k2422 (1—cos B)}*/2

sinakdk §

H

2

(1—cosB)2dB

i [ —asinak] kdk S
3

(A—cosB)?dp °

+2a2 (1—cos B)]%] } '

(1-—cosB)2df
{2242 (1 — cos B)]*/2

\ [-—-a.smak]kdk S
“IQ{

¢ A ‘(1—'—cos B)2ds
§ [k 4 2a® (1 — cos B)}*/2

< S {1—cos p)*dp
© g lk*+2a% (1—cos T

Here B is the angle between the plane which passes
through the channel axis and the point P,and the plane
which passes thr'ough the channel axis and the point P.

The resulting neutron flux in the channel through the
atea do is

o= I == 4 =4I+

A9 6
t % 83p (1 -7 )
In the diffusion approximation this flux is = 3 ( )
1 .
- Ty =J
Whence(—agg—ai) L= ﬁ_-___:
. 9:-“ . . 6+"2

p=a’

Computing the mean values of the integrals Jy, Jg, and .

Jy we have

(6@/6(9 - (aa)‘3<1+ )

Because (5) is nonlinear, the neglect of the variation‘ in the
transverse distribution of neutron density results in an error:

(2L )P;_&_ (aa)“(i' +%.) ~(% )"
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ka+2an (1—cos 5)1%

_I_l_
2
S (-—ak cos ak dk S :

H
2
S [-—asmak] X

H .
z.

—tgaz [ g (— ak) cos akdlc-x
T H
2

(1—cos B)? df ] }
k34242 (1—cos B)1*/2

DISCUSSION OF THE RESULTS

In order to compare the results which have been ob-
tained with the results obtained by other authors we imag-
ine-a cylindrical channel in the unit lattice cell of the sys-
tem in which the cross section of the cell W is much larger
than the cross section of the channel wa’, We will com-
pare the leakage of neutrons through the face of the cell,
assuming that the neutron distribution in the directions
perpendicular to the channel axis {s uniform,

" In the work carried out by Behrens, Sobolev, and
Fursov it has been indicated that the only effect of the
channel is to change the diffusion characteristics of the

medium and that leakage from the cell can be expressed

" by the difussion formula

[1 t _D“< )edge

where D" = _"E'a is the diffusion coefficient; E'a_ =

- = Ea(1—ma¥W) is the effective cross section for neutron

absorption for the medium with the channel; I, is the

‘macroscopic absorption cross section in the continuous

medium,
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Using this expression and (2), we find

D"=3[f+"ﬂ<1+zk>]

<1+2x>]

(14)

L =——~ )W [t+5
13t edge

This same result has been obtained by Sobolev.
Using (10) and {12), the neutron leakage is found to be

e (-3 80—
—%—%%naz[Z—kZ —Ca 2 ]+ L wa? =
Do w3 W( Lo
x [1+5 (1-}-2 Cr+ ]
‘C—3‘“13 Si('n:)

Making use of the fact that the back flux of neutrons
must vanish at the edge of the medium, we have

lat ( >edge
2
B (et o 5]

xwlt+3(1+28-cis)].

Equation (15) differs from the formulas given above
by the term ~ a/H, which takes account of the finite di-
mensions of the medium and the nonlinearity in the dis-
tribution of neutron flux,

If the leakage through one side of the channel is com-

puted by means of (4), taken from (31, the following re~
sult is obtained:

(15)

Ch 3 ( 0z >edge

If the "negative-source” technique is used for the
calculation, the neutron leakage in the vicinity of the
channel does not vary, so-that the leakage from the lattice

cell is
lat T3 ( )edge

f(rag o).

To terms of order ~ a/H this formula coincides with all
those given above and the coefficient for the a/H term is
very similar to the corresponding coefficient in (15). Thus,
in [3] the additional leakage near the channel is taken as
the equivalent of additional leakage from the channel. In
this form the result is convenient for calculating the effect
of the channel on the critical mass. We can solve the re-
actor equation in the diffusion approximation, assuming as
the boundary condition at the walls of the channel that

-(165
xW[1+

53 ~ I ¢
and keeping the boundary conditions th_e same at the sur-
face of the reactor; on the other hand, if we separate the
leakage through the channel and the leakage near the
channel, the boundary conditions for the function @ be-
come much more complicated, Expressions for the cor-
rection to the critical mass due to the presence of the
channel are given in [3].

It will be apparent from the analysis given above that
taking account of the finite dimensions of the medium and
the deviation in the neutron density distribution from line-
arity results in a correction term ~a/ H; if we can neglect
this term in studying the distribution of neutrons in a me=
dium with a channel it is possible to use the diffusion ana-
lysis if the diffusion characteristics are modified appropi-
ately.

It can be shown that all the formulas given above
apply not only for a uniform transverse neutron density dis-
tribution but also for the case in which this distribution
varies in linear fashion, If there is a change in the trans-
verse distribution of the current density from hneanty the
following error appears:

N

-2 a:::2 ® -
For (D(x)=cosaiz|ﬁ| (H'a) Iy
X AL a)2
For ®w%=#ihlm(23"

CYLINDRICAL CHANNEL WITH EXPONENTIAL LONGI-~

. TUDINAL VARIATION OF NEUTRON FLUX

We have established, based on channel dimensions,
criteria for using neutron diffusion theory., However,there
is still another important aspect of the problem. Up to this
point we have assumed that the neutron flux along the
length of the channel is linear of sinusoidal. In this case
the neutron flux through any cross section of the channel
is determined by the regions close to this cross section,
since the contribution from remote regions falls off as the
third power of the distance from this cross section to the
remote regions. If, however, the neutron flux along the
length of the channel varies as z° or faster, these regions
may become important and the difussion equation may no
longer apply. We now analyze a case which is of practical

importance, a cylindrical channel with an exponential -
- longitudinal distribution,

In a continuous medium with an exponential flux
function exp z/L, the condition A <« L must be satisfied
for the diffusion formulas to be valid (weak absorption).
We now investigate this problem as it applies to the dif-
fusion formulas in the case of a medium with a channel.,

561
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We calculate the neutron flux J through a cross sec-
tion a a channel in a plate of thickness H with an expo-
nential variation of flux over the plate thickness &(z) =
=d, exp z/L. The distance from a cross section to the end
of the channel in the direction of increasing flux is de-
noted by h,

The neutron flux through an elementary area of the
channel cross section located at a distance e from the
channel axis is dJ = dJ_— dJ_, where

h
27 /2 cos 8
dJ+=qu; S df g dr X
0 8o b
sln @
rcosfd r
2
X e the cos6sin 6
H-h an
23 n—01 cos
df_=\dp { a0 S dr x
0 nj2 b
sin @
rcos @ _r_:._
L Y
X Boe lmke cos9sinf;

' b
0, = arelg g—y;

The remaining notation is the same as that used above.
Expanding the function & (z) in powers of z/L we have

CD(-z).= (D;)éo(rczsﬂ )n',‘:i' |

The contribution in the integrals of (17) due to terms in
the summation with n = 0 and n = 1 is given by (7")
where in place of & we substitute @o/L If this part of the
flux is denoted by dJo, we have

dJozﬂede= ——3—l—l- X

mation is h
2% /2 cos 8
as,={dp § do S dr x
b Bo b
8in 0

[+
1 /rcos@
®, D) H( I

n=2 .
X ey vsmOcosO-
H-h
2‘1‘ n--61 cos §
~\do \ do S dr x
0 w2 b
sin @
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I

%E = (rcoeﬂ) Y

n=2 .
X e sinfcos 6.

In the second term on the right, under the integral sign
we convert from the variable 6 to 8 = m — 8 and in both
terms we canvert from the variable rtor'=r=—b/sin 6.
Then, carrying out the integration and limiting ourselves
to second-order terms ina/h, A/h, a/(H~- h), and
A (H=-h), we have

a
J, = S dJ 2e de =
3 a al 3 a

\41 2

3L

al 3 a a
Y E—m TR T
Baa

+5 2N H—h+4 A [Z<£>_

-2~

where

Adding Jq and J; and noting that &,/ L = (3%/d 2), .o We
have

7= -3 {1425 y3eal
“%—W+%%%[2(T>“

H—h
L

il

It can be shown that the additional neutron flux in the
neighborhood of the channel is

o ().

In order to obtain agreement with the formulas obtained by
Behrens and Soboley, the following conditions must be
satisfied: '

7.-_-_

a T a
¢l g«

%z(%)«.

For large values of h/L, 7( h > -
(z

L)a

and the

h
last condition beécomes ith— el 1.

In conclusion the author wishes to thank P. E.
Stepanov for valuable discussions of the problems consid-

ered here.
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DETERMINATION OF CRITICAL MASS AND NEUTRON FLUX
DISTRIBUTION BY MEANS OF PHYSICAL MODELS
V. A, Dmitrievskii and I. S. Grigorev |

Original article submitted November 18, 1958

The design of nuclear reactors, especially new reactors, requires experimental measurements in order to obtain
accurate valtues of the pertinent parameters, In the present paper we present a new method for the preliminary
determination of the critical mass of a reactor and the neutron flux distribution; this method is based on the use
of physical models. In carrying out these experiments use is made of a model of the reactor which does not con-
tain fissionable material. The "working” channels in the model are filled with a neutron absorber whose cross
section simulates the absorption cross section for neutrons in the fissionable material. The production of fast fis-
sion neutrons is simulated by means of a neutron source which is moved along the channels. The distribution of
thermal neutrons is measured by means of detectors which are sensitive to thermal neutrons. If the source
strength and the absolute value of the neutron flux are known,it is possible to find the critical mass of the reactor.
This method has been checked in a reactor with uranium hexafluoride, The value of the critical mass
found experimentally was found to be in good agreement with the value obtained when the reactor was started up.
The proposed method can also be useful in preliminary investigations of reactor designs, the choice of op-
timum lattice parameters, etc. The technique is extremely simple and does not require fissionable material or

high neutron fluxes,

BRIEF DESCRIPTION OF THE METHOD

We consider a model of a reactor; the geometric di-
mensions, construction materials, and moderator are the
same as in the reactor being investigated, We fill the chan-
nels of the model with a neutron absorber which plays the
role of the fissionable material. It is desirable that the
energy dependence of the neutron absorption cross section
for the material used. to simulate the actual material be
approximately the same as in the actual material,

Iy such a model, using a neutron source,it is possible
to reproduce completely the neutron flux distribution in the
actual reactor. We first group the channels of the model -
which contains the absorber into individual cells, In a re-
actor in the critical state,each such cell is a local source
of neutrons. The number of fast neutrons emitted by one
cell characterized by the coordinate T in a time 1 is

.~ -

1\/1_ (r) = nD," (r) L1, (§))]
where: 7 is the number of fast fission heutrons emitted by
the nucleus in each absorption of a thermal neutron; &, is
the thermal neutron flux at the center of the core; ¥ (¢°)
is a dimensionless flux distribution function normalized to
unity; £ is the macroscopic neutron absorption cross sec-
tion in the fissionable material (per unit cell),

In order to simulate the actual emission of fast neu-
trons we can place a source of fast neutrons in each cell of
the channel. If the strength of the source is Q neut./sec,
and if it emits Nm('r") neutrons, the dwell time of the
source in the cell is given by

= Nal)

()
< ()=~
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In order to determine the thermal neutron flux dis-
tribution we place thermal neutron indicators in the model
(for example, indicators made from dysporosium). Let us
suppose that the half life of the indicator is much larger
than the time during which it is irradiated, Under these
conditions the activity of the detector will be independent
of whether or not. it is activated by a number of sources
simultaneously (as is the case in an actual reactor),or by
a single source which is successively moved to all cells(as
is the casein the model). The validity of this assertion
follows from the fact that the neutron flux at any point in
the reactor can be given as the superposition of fluxes from
each individual source,

The strength of the source at different points in the re-
actor varies in proportion to the thermal neutron flux <I>(_?).
Sources of different power can be simulated by keeping the
source at a given cell of a channel for an appropriate length
of time 7 (T"), proportional to the flux:

- -—
o (r) =14 (r)- 3)

In order to carry out this procedure the thermal neu-
tron flux distribution must be known beforehand. We can
use any preliminary distribution (for example, we can move
the source through the channels uniformiy). Then, from
the activity of the thermal neutron indicators, the distribu-
‘tion is determined to a first approximation. By using the
distribution which is found in each successive try it isthen
possible to determine the true distribution. As will be
seen below, the successive approximations converge rather
rapidly. The convergence of the successive approxima-
tions in systems of this kind has been studied in [1] in con-
nection with the calculation of the critical mass of a
reactor,
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We now show that the model can be used to deter-
mine the critical mass. Each element of the reactor is a
source of neutrons, emitting N; (?) fast neuatrons in a
time t, Equating the number of fast neutrons emitted by
the elementary volumes of the reactor Ny and the model
Nm,we have - S

2D, (r) £t = Qry (r): (4)
Whence,n:is-given by
= &
= ®

The numerator of this expression is the number of fast
neutrons emitted in a time t by a cell of fissionable ma-
terial located at the center of the reactor, while the de-~
nominator is the number of thermal neutrons absorbed. In
the model the same processes occur in a time

O .
‘1+"2+---=2_;Ti,
i

equal to the total time of the

experiment,

Suppose that the strength of the source Q is known
and that the indicatorsf,-by their activity A, allow us to
determine the absolute value of the integrated thermal
neutron flux '

wla

where 1/B is a coefficient of proportionality which takes
account of the geometry of the experiment and the count-
ing efficiency. Then, combining (5) and (6) we can com=
pute ‘the.value - : .

=20, o

Depending on the materials which are used and the
geometric dimensions of the system, the quantity n may
be larger than or equal to unity; (5) is the neutron balance
condition. As a consequence of leakage of neutrons from
the system and absorption in the slowing-down process,
the number of thermal neutrons absorbed by an elementary
cell cannot be larger than the number of fast neutrons
emitted by the cell. It can be shown that the model is -
equivalent to a real critical systein in which the fissionable
material, having a macroscopic absorption cross-section
£,emits 1 fast neutrons per absorption of a thermal neu-
tron. In particular, if U s used, the reactor will be
supercritical if the value n< 2.07 is found experimentally
* and subcritical if 7> 2.07. ) ‘ '

By performing experiments with different amounts of
absorbing material and plotting the curve of the function
n =f(2), using the point of intersection of this function
with the linen =2.07,itis possible'to determine X
the critical mass for the reactor,

A single experiment is sufficient for estimating the
critical mass. This follows from the fact that the function

critt 1-€+s

, 1
= f(y) is approximately a straight line which inter-

sects the ordinate axis at a point close to-unity. For ex-
ample, in the simplest case, an infinitely large reactor of.
pure U?3 (¢ = 1),the function is completely linear; from
the condition k, = 1 we have

ok N

Here fis the thermal utilization coefficient and 8 is a co-
efficient which depends on the lattice parameters and the

“properties of the moderating material.

The difficulty of determining the critical mass of a
reactor lies in the fact that in computing 7 it is necessary
to know both the strength of the source Q and the absolute
value of the thermal neutron flux (the quantity B), Gen-

“erally speaking,the measurement of each of these quanti-

ties is independent and involves a rather complicated ex-
perimental procedure. However, since we are not interested
in these quantities individually but only in their product L
QB, this difficulty may be circumvented by means of the
following experiment. We consider a sphere of radius R
filled by an ideal (nonabsorbing) moderator. At the center
of this sphere we place a source of strength Q. If the
radius of the sphere is large compared with the moderating
length, through the surface of the sphere there will pass a
thermal neutron flux given by Q/4 7. The saturation
activity of the thermal neutron detector located at the
surface of the sphere is
’ B
A=y ®)
where X is the decay constant of the indicator,
Taking account of (8), the expression for 7 becomes

_A 9

4w R2\x,
N=—"——7v

v .

Thus, in order to compute 7 only the relative activity of

the indicator need be measured.,

EXPERIMENTAL VERIFICATION OF THE METHOD

In order to verify this method experimentally a simple
reactor model was built, The moderator and neutron re-
flector in this model are ordinary water. A diagram of the
model is shown in Fig. 1. The reactor model is an alumi-
num tank filled with water with 37 aluminum tubes which com-
prise a cylindrical core. 52 cm high and 25 cm in radius.
Inside the aluminum tubes are inserted tubes of thick paper
on which are dggc;sited a boron carbide power, The boron

simulates the U* for absorption of thermal neutrons. The

neutron source is a Po = « - B source with a strength of
3 x 10% neut./sec. The neutron flux indicators are plates

- of dysprosium oxide.

Since the half life of dysprosium Ty, = 139.2 min(2],
the total irradiation time is at least 30 min (approximately-
0.2 Tyyp). The thermal neutron flux distribution is
first assumed to be uniform. Each channel is divided ver-
tically into ten equal zones and each of the 370 cells ob-
tained in this way is occupied by the source for 5 sec.
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Fig. 1. Diagram of the model of
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carbide, The dimensions are
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0 2 3 4 5 6 7,8
Fig. 5. The function n = f(1/E). In the scale
taken here unity on the abscissa axis corre-
sponds to an absorbent concentration of 19.2¢g

of boron carbide in the channel.

The distribution of indicator activity (propottional to
the thermal neutron flux) found in the first experiment is
shown in Figs. 2 and 3 (Curve 1), Then, maintaining the
total activation time,the dwell time of the source is
changed in each cell in accordance with the previously
obtained distribution, As a result of these successive ap-
proximations, further distribution curves are obtained for the
thermal neutron flux (2, 3, and 4). It is apparent from the
figures that Curves 3 and 4 are essentially the same.

Thus, the successive approximations converge to a
limiting distribution corresponding to the distribution of
thermal neutron flux in the system being studied.

For purposes of illustration, in Fig. 4 is shown the
measured thermal neutron flux distribution corresponding to
a concentration of 18 g of boron %ggbide in the channel,
which is equivalent to 324'g of U™ . The distribution is
typical of the thermal neutron flux distribution for reactors
of this type.

To determine the dependence of the quantity 7 on
1/ ,distribution curves were plotted corresponding to con-
centrations of 2,562, 5.5, 9.0, 12.6, and 18 g of boron car-
bide in the channel. In each case the value of n was
computed from (7). The value of the coefficient B was
determined from the activation of the indicators in a Kknown
neutron flux. 4

The function 7 = f (T) is shown in Fig. 5. The ex-

perimental points lie on a straight line which intersects the
ordinate axis at a point close to unity. Ashasbeenindicated

. 1 )
above, the intersection of the lines 7 = f (T ) and 7 = 2,07

[3] yields the value of 1/Z¢ ;. For the model described
here the critical mass of U*® {s approximately 13 kg.

MODEL EXPERIMENTS ON A REACTORWITH A PRESSUR-
IZED-GAS FUEL

It is of interest to verify the model method using a
model for a reactor whose critical mass is known exactly,

An experiment of this kind was carried out with a model
with a pressurized gas fuel [4].

Before the experiments were carried out,all 148 work=
ing channels of the reactor were replaced by channels with
a layer of boron carbide. The experimernt was carried out
three times with different amounts of absorbing material,
The macroscopic absorption cross section of the boron car-
bide deposited on the paper was determined by measure~
ments of the transmission of a monochromatic neutron
beam,* The values of I reduced to a temperature of 343°K
are 0.85, 1.33, and 2.06 cm’, equivalent, respectively, to
pressures of 500, 785, and 1210.mm Hg of gaseous uranium
hexafluoride containing 90 % U*® at a temperature of 350°K,
(Itis assumed that the temperature of the neutron gas is 50°
higher than the temperature of the moderator.)

Because of the absence of a Po - o - B neutron source of
adequate strength in these experiments use was made of a
Po - o - Be source, with a mean neutron energy estimated
as 4.4 Mev. It can be shown that the difference in the fis-
sion neutron spectrum from the neutron spectrum of the ‘

- source which was used does not introduce any significant

error in the determination of the critical mass. There was
some inconvenience in carrying out the experiments be-
cause of the large number of channels (148). Because of the
geometric symmetry of the reactor it was possible to limit
the coverage of the source to thirty seven channels (1/; of
the total number). In the computations using (9) appropri-
ate corrections were made for this procedure,

In computing the values of 7 it is necessary to know
the source strength Q and the absolute magnitude of the
thermal neutron flux (the coefficient B). To determine the
product of these quantities use was made of a spherical shell
of radius R = 30 cm which was filled with heavy water,
The sphere was placed in a metal jacket, the inner walls
of which were lined with sheet cadmium, At the centerof
the sphere was placed the source being investigated, The
saturation activity of the indicators located at the surface
of the sphere is {cf. (8)]

BQ

A" =E e -

(10)

The coefficient £ is introduced to take account of the
neutrons which are not slowed down,

Neglecting the absorption in the heavy water, we can
obtain the magnitude of £ [5]. For the sphere which was
used and the Po - a - Be source ;this coefficient is found to
be 0.607.

Thus, the calculation formula (9) assumnes the final
forms

%A’MmR? S cdV

n= (11y

z EfB'S Adv

* This work was carried out at our request by Yu; Ya.
Konakhovich.
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Fig. 6. The function n = f(/Z) for a
reactor model with gaseous UFg, In
the scale used here unity of the ab=
scissa axis corresponds to an absorbent
concentration equivalent to a pres-
sure of 1000 mm,

where the ratio of 7o/ A is equal to the dwell time of the
source in' the central cell of the core to the activity of the
indicator, which is equivalent to the ratio of the correspond-
ing integrals over the total volume of the model.- The co-
efficient ¥, takes account of the fact that the source ex-
tends over only Y, of the total number of channels. The
coefficient f, = 1,026 is the Bothe correction for the dis-
tortion of the neutron field by the probe.

In three experiments with different amounts of absorb-
ing material the following values were obtained for n :

n=2304 n=23;n=18.

558

The dependence of 1 on 1/Z 18 shown in Fig. 6.
Froim the point of intersection of the line 1= {1/Z) -
and the line 0 == 2.07,the value found for the critical pres+

‘sure of Poyip= 935 mm Hg, whereas the true value of the

critical pressure as determined by starting up the reactor
is 1018 mm Hg. The agreement is good.

CONCLUSION

The use of models makes it possible to find the ther-
mal neutron flux distribution and to estimate the critical
mass of a reactor using enriched uranium of low density.
The possibility of applying the method to other reactors is
limited by the possibility of finding neutron absorbers whose
properties can simulate those of fissionable materials
being used. This technique may also be found valuable for
solving a number of related problems in neutron physics.
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'HEAT OF FORMATION OF UBEga
M. I Ivanov and V. A. Tumbakov
Original article submitted November 25, 1958

When a mixture of beryllium power and finely dispersed uranium, prepared by the decomposition of its hydride,
was heated, a substance was obtained which consisted in the main of UBey and a small quantity of free beryl-
lium. From the difference between the heat of solution of UBeyy and of the corresponding mixture of its compo-
nents,the heat of formation (-AH g”)UBem was determined. After corrections for impurities were allowed for, the

heat of formation was found to be 39.3 & 3.8 kcal/ mole,

No data on the heat of formation of UBey, is availa-
ble. We determined it from the difference between the
heat of solution of the prepared UBey and the heat of solu-
tion of the mixture of initial cémponents of the same com-
position as the substance prepared, The ‘calorimetric ap-
paratus and the method of measurements have been described
earlier [1], For the heat unit we took the gram-calorie
and as a criterion for the accuracy we took the probable
experimental error,

" Starting materials, The uranium was used in lumps
form and the berylliurn (electrolytic) in powder form.

_The surface oxides on the uranium were removed by means
of electropolishing in HyPO,. The content and assumed
phase composition of impurities in uranium and beryll{um
are given in Table 1, On the basis of this data we deter=
mined the phase composition of the uranium and beryllium
used in our experiments,

Preparation and identification of Uggu The UBeyy
was prepared by heating a mixture of beryllium powder
and finely dispersed uranium in an electric furnace in an
atmosphere of pure hydrogen (620 mm Hg) at 1300 & 50°C
for 1.5 hr. When the heating was completed, hydrogen
was pumped off from the reaction space at the tempera-
ture of 600 °C. The mixture (34% wt, beryllium) was

Tabie 1. Content of impurities in uranium and beryl-
lium, and their assumed phase composition,

Content, % wt.

i in jcom- |in beryl-| com-
Impurity uranium | pound |lium y pound
Carbon 6-10-2 | UC .- | 11-10~2 | Be,C.
Oxygen 9-10-%.5 -UO 7-10-2 | BeO
Nitrogen 5-10-2 | UN 6.10-3 | BegN, -
Silicon 3,6.1072 | U,Si 9.10-3 ( Si
Iron |4,4-10-2 UgFe (1,4.102 Fe
Manganese | 3:10-% [ UgMn 1.10-3 | Mn
Nickel ©6.10% } UgNi . — e
Magnesium |<1-10-3 Mg 2,3-109 Mg
Copper - 9.10-4¢ | UCuw; [2,8:107% | Cu
Chromium' - - —  |[<3-10% | Cr
Aluminum — — 7-10-3 | Al
Boron 5-10~¢ 4 UB, = —

kept in a BeO crucible placed in a quartz ampoule with a

water~-cooled, ground lid. The cooled product was ground

in a jasper mortar in a chamber filled with purified argon.
The analysis of the prepared substance by means of

- x-ray powder method showed that it consisted of one phase

only,i.e,,UBe,; with the lattice constant a = 10.236 &

+ 0,001 kX, According to{2] the lattice constant of UBeyy i8
a = 10.235 2 0.001 kX,and this value is in close agree~
ment with our results, According to (3] a = 10.26 kX and
according to [4] a = 10.3489 + 0.0001 kX,

It was found by means of metallographic investiga-
tions that the substance obtained consisted in the main of
UBeyq; there were minute traces of another phase along the
grain boundaries of UBeygibut it could not be identified.
To determine the content of uranium and beryllium in the
substance prepared (taking into account uranium and beryl-
lium with the impurities indicated'in Table 1) we deter~
mined:

1. The quantity of oxygen whxch combines with the
uranium and beryllium or with the prepared UBeyy when
they are ignited until constant weight is attained. The
uranium and the prepared UBey, were ignited in air at
800 °C, and the beryllium was ignited at 800°C for eight
hrs in air and then at 1300°C in oxygen.

2. The amount of gas (consisting mainly of hydro-
gen) which evolves when uranium, beryllium.or UBey
ifs dissolved in a solvent of the same composition as used
in the experiments on the determination of the heat of
solution, i.e,: 600 ml HCI(A. R,, sp. gr. 1.78); 400 ml
HyPO, (A, R,, sp. gr. 1.39); 0.25 g Na,SiFg (pure); 0.12 g
CuSO, - 5H0 (A, R.).

The method of measuring the amount of gas evolved
differed from the method described previously [1] only in
so far as, for convvenience, air from the thin-wall glass
bulb with the substance under analysis and from the glass

- vessel was pumped off and not displaced by carbon dioxide

before they were sealed.

- The results on the determination of the increase in
weight due to oxidation and of the amount of gas evolved
on the dissolution of uranium, beryllium, and UBe,q are

_ngen in Table 2.

The beryllium content in the prepared UBey was
33.60 + 0.09 % wt, as determined from the increase in
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weight on ignition, and 33.62 &+ 0.06% wt. as determined
from the amount of gas evolved. The mean beryllium con-
tent is 33.61  0.05% wt.

Impurities which were present in the initial uranium
and beryllium could react with uranium, beryllium, or
with each other during the preparation of the alloy. Un-
fortunately, it was not possible either by direct experimen-
tal determination or by calculation (in view of the abhsence
of data on the free energy of formation for the most im-
portant compounds taking part in the reactioms) to evaluate
the amount of impurities in the alloy. Therefore, the fol-
lowing assumptions were made:

1. impurities do not take part in reactions;

2. only the uranium impurities react with beryllium,
for instance UC + 15Be = Be,C + UBeyg;

3. only the beryllium impurities react with uranium,
for instance BeyC + I#U = UC + 1%— UBeys.

Results of the determination of heat of prepared UBeyq
and of the mixture of initial components. The heat of solu
tion of the prepared UBeyy was found to be 3631.0 + 4.1
cal/g (7 determinations). The heat of solution of the mix-
ture of uranium and beryllium (33.61% wt. Be) was found

"to be 3737.5 + 5.1 cal/ g (six determinations). The dif~
ference is 106.5 + 8.6 cal/g. The error in this difference
also includes the experimental error in the determination
of the components of the alloy,

The difference between the heat of solution of the
mixture and the heat of solution of the substance prepared
(10,650+ 860 cal per 100 g of alloy) constitutes the heat
of reactions which take place between the components of
the alloy during its formation (standard conditions).

For the determination of the heat of formation of UBeys
in accordancewith assumptions 2) and 3), it is necessary
to know the heat of formation of the impurities, The
values which we assumed are given in Table 3.

It follows.from the data in Table 3 and from the as-
surmptions 1),2),and 3) of possible reactions, that the heat
of formation (-AHow,)UBem is equal t0 39.3 + 3.1; 38,6 %
+3.1; and40.0 + 8.1kcal / mole, respectively,

Since the impurities present in the initial metals re-
act to a certain extent with uranium and beryllium in the
course of the preparation of the alloy, the heat of forma-

tion of UBeyg when calculated without taking these reac-

tions into account may have a maximum systematic error
of +(40.0 - 38.6)/2 = 0.7 kcal/ mole. Therefore, for the

heat of formation (- AHgg)UBe,s, wWe accepted the value

of 39.3 + 38 kcal/mole.

Errors in the determination of the heat of formation of
UBeys. The largest error in the determination of the heat
of formation of UBey, is caused by an inaccurate determina=-
tion of the uranium and beryllium contents in the alloy,

A 0,01% error in the determination of beryllium results in
a systematic error of approximately 1% in the determina-
tion of the heat of formation of UBe,s.

The fact that in the process of alloy preparation the
contaminations which are present in the components of
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Table 2. Results of ignition and dissolution

4 Amount ofgas | g
. Meanincrease in| . formed on the | .3
Sub- weight due to o dissolution of | .g
oxygen per 1mg | 1 mg of the =
S1ance | of substance,  |O & substgance(mm uag
mg - o4 at209°Kina_|o§
Zg system of 565.5|Z0
: c¢m? volume)

U 0,180704-0,00047 | 6 |0,27354+0,0002 | 5
Be 1,77031-£-0,00143 | 3 |3,65524-0,0057 | 5 |

UBe,, | 0,7147440,00023 | 5 |1,44054:0,0005 | 5

the alloy may react with these components, with inter~
metallic compounds formed, or with each other, has no
effect on the results of our determinations (Table 2). For
analysié by means of ignition this statement is obvious.
The results of the determination by means of dissolution
are affected only by the following reaction (out of the re-
actions in which impurities take part)

UC + 15 Be == Be,C + UBey,,

because different amounts of gasses are evolved depending
on whether the compounds on the left hand side or on the
right hand side of the above equation are dissolved. Ex-
perimerits, however, showed that, when UC was dissolved

in the solvent which we used, 0,83 moles of gas (calcilated
as ideal gas) was formed per 1 mole of dissolved UC, Since
this value is nearly 1 mole, the analysis of the alloy by
means of dissolution, as well as the analysis by means of
ignition, gives correct results,

The systernatic error in both methods of analysis de-~
pends on the variation in the relative content of impurities,
this variation being caused by the evaporation of beryllium
or some impurities as well as by the introduction of new im-

Table 3, The values of the heat of formation of im~
purities in the uranium, beryllium and alloy asassumed
for the calculation of the heat of formation of UBe,,

Substance ~AH0gp8 Basis
UG 40000 (5]
Uuo 135 000 7]
UN 68 000 (8]
BeO 147 000 A
Be,C 8000 Approximate, from
- AFOMOOOK: — 7830 cal
for Be,C[F]
UgSi 40000 | By analozgy[with AHO%44
for ThSi, [10 :
UgFe 20 000 Arbitrary.zbut the order
of maﬁnitude of
A%, for inter-
metallic compounds
has been takeninto ac-
count.
UgMn 20000 | The same
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purities in the course of alloy preparation. The evaporation
of beryllium in the course of alloy prepatation is most prob-

- able, However, under the experitnental conditions in our

detertminations the amount of beryllium which evaporated .

did not exceed 0.4% wt. Calculations show that this would
result in a systematic error of < 0.01%, '

As regards the introduction of new impurities into the
alloy in the course of its preparation, the most likely im-
‘purity is oxygen. The analysis of the alloy by means of
melting under vacuum in a platinum vessel in a graphite
crucible showed that the total content of oxygen in the
alloy was 0,06% wt., but the calculations based on the
weight of the sample and the content of oxygen in the in-

dividual components of the sample ‘gave an oxygen content

equal to 0,03% wt, The difference is within the limits of
the experimental error of the determination of oxygen in
the alloy and in the components of the sample. If we also
considet that accordifig to calculations the appearance of
1% oxides (of uranium or beryllium) during the preparation
of the alloy changes our value of the heat of formation of
UBeyq by only slightly more than 1%, it becomes clearthat
a difference of 0.02% wt, of oxygen introduced no error in
the determiriation of the heat of formation of UBeys. No
other impurities could contaminate the alloy during the

~ preparation process sincé the sample was heated in a ctuci-

ble made of pure beryllium oxide (for luminophores) inan
atmosphere of very pure hydrogen The alloy was ground.
in a chamber filled with purified argon,’ ' '

The authors wish to thank N, T. Chebotarev for the
x-ray analysis, T. S. Men'shikov for the metallographic
analysis,and V. T, Kharlamov and A, I, Lebedev for the
determination of oxygen in the alloy and its components.
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RADIOLYTIC REDUCTION OF Am (VI) AND Am (V)
A. A, Zaitsev, V. N. Kosyakov, A, G. Rykov Yu. P. Sobolov and

G. N. Yakolev

Original article submitted November 17, 1957

We obtained the rate constants of the radiolytic reduction of ArnO,gz"' in perchloric, sulfuric, and nitric acids by

determining the radiation yield of the reducing products,

These values, combined with data on hydrogen perox-

ide yield, make it possible to evaluate the consumption of hydrogen radicals in the over-all reduction reaction.

A mechanism is proposed for the radiolytic reduction of AmQ

+
and AmOQy*, The expression for the rate of .

AmO,* reduction makes it possible to calculate the yields of hydrogen peroxide and hydrogen radicals in the

solutions investigated.

Simultaneously with the prepafation of the higher
oxidation states of americium, Am (VI) and Am (V) [1-
4], it was established that Am(VI) and Am (V) in aqueous
solutions are spontaneously reduced at a rate of about 4
and 2 % per hour, respectively. This process is caused by
reducing agents formed during radiolytic decomposition
of water by the action of Am** o radiation.

In the first investigations on the kinetics of americ-
ium autoreducation [3-5]', it was established that the rate
of this reaction was directly proportional to the total .
americium concentration and did not depend on the Am
(V1) or Am (V) concentration. However, a more detailed
investigation [6] showed that this was true only in the case
of Am (VI),

A study of the radiolytic reduction of Am (VI) and
Am (V) is also quite valuable in the radiation chemistry
of aqueous solutions, where the action of strongly ioniz-
ing radiation has been studied comparatively little.

EXPERIMENT AL

Americium. The americiumm isotope Am241 with a
half life of 461.3 years was used in this work [7]. Spectral
analysis showed practically complete absence of impuri-
ties (< 1%).

Reagents. In all cases the reagents used without pre-
liminary purification were "chemically pure” grades. The
water wasdoubly distilled from acidified potassium per-
manganate solution. The sulfuric and nitric acids were
alsodistilled before use. The reaction of chlorine iofs
with silver nitrate was used to check that the nitric acid
did not contain chlorine. The perchloric acid was dis-
tilled at 30 mm Hg. Sodium perchlorate was prepared by
neutralizing sodium carbonate with perchloric acid and
purified by recrystallization from water and alcohol.

Radiometric analysis. The total americum concentra-
tion in solution was determined radiometrically by the
Am?# ¢ radiation in a slit chamber with a counting co-
efficient of 4.85 - 10 ™ |

Am (V) preparation. Am (I1I) hydroxide was washed
with distilled water and dissolved in hot 40% potassium
carbonate solution. Ozone was passed through the solu-
tion for 30-40 min at 80-90°C. After ozonization, the
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suspension of the double carbonate of Am (V) and potas-
sium was heated for about 30 minutes on a water bath. The
precipitate was separated by centrifuging and traces of Am
(111) removed by washing with 40% potassium carbonate
solution and then water, The Am (V) and potassium dou-
ble carbonate obtained was dissolved in 0.1 M perchlotic
acid and reprecipitated from 40% potassium carbonate
solution.

" Am (VI) preparation. The aqueous suspension of Am
(V) and potassium double carbonate was placed in an ozon-
iation vessel. The water was removed by evaporation on a
water bath in a stream of ozone. The dry, black residue
was dissolved with 0.1 M perchloric acid and the solution
again evaporated in a stream of ozone.

Autoreduction of Am (V) and Am (VI), The Am (V)
and potassium double carbonate or Am (VI) perchlorate
was dissolved in the appropriate acid and transferred to a
prismatic quartz or cylindrical glass cell, which was then
placed in a thermostattedholder, The temperature in the
cell was maintained with am accuracy of ¥ 0.2°C. An SF-4
spectrophotometer was used for measuring the optical den-
sity of solutions. As analytical bands we chose the absorp-
tion bands with wavelengths 992-997 my for Am (VI), 715~
718 mp for Am (V) and 809-815 myp for Am (IlI). The ab-
sorption spectra of Am (VI) and Am (III) in all the solutions
investigated were first plotted. The absorption spectrum of
Am (V) was practically independent of the solution compo-
sition.

Accumulation of hyrdogen peroxide in Am*™ solutions.
Am (1I1) hydroxide or Am (V) and potassium double carbon-
ate was dissolved in 0.1 or 0.1 M sulfuric acid containing
Ti (IV) sulfate. The titanium concentration was 0.5 g/ liter.
The hydrogen peroxide was determined by the absorption of.
the titanium complex at wavelengths of 400, 450, and 470 .
mp. The Am (I1I) and Am (V) concentrations were deter-
mined by the absorption of the solution at 811 and 717 mp.
Ti (1V) and the Ti (IV) peroxide complex have no absorp-
tion at 811 and 717 my,

The hydrogen peroxide concentration was culculated from
the relation obtained by preliminary calibration:

[H, Oy} (M) == 456D09 = 644D 59 = 950D410,

where D is the optical density at the given wavelength.
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RESULTS AND THEIR DISCUSSION

Radiolytic reduction on Am (VI) and Am (V) in per-
chloric and sulfuric acid solutions. Figures 1 and 2 show
typical curves of americium reduction in 2.0 M HC10O, and
0.2 M HCLO4 + 1.0 M Li;SO,. Beside the change in the Am
(VI), Am(V),and Am (III) concentrations, the figures show
the change in the mean valence state (N) of americium,
which was determined from the relation: -

6 [AmO3}*]4-5 IAmO*]+3 [Am""]
[Am]qy, :

At perchloric acid concentrations above 2 ‘M and sulfuric
acid concentrations above 1 M,the main process producing a
change with time in the Am (VI), Am (V),and ‘Am (III) con~
centrations was the disproportionation of Am (V). However,
the mean valence state did not change as a result of the dis-
proportionation and its décrease with time was due to reduc-
tion only. .

As Figures 1 and 2 show, in the mmal penod a lmear de-
crease in the Am (VI) concentration and an increase in the
Am (V) concentration was observed; the Am (111) concentra-
tion remained constant in this period. When a considerable
amount of Am (V) had accumulated in the solution,the rate
of Am (V1) reduction fell and the Am (I11) concentration
started to increase, After the dxsappearance of Am (V1), the
reduction of pentavalent americium proceeded at a rate de-
pending on its concentration. The mean valence state changed
linearly with time until the practically complete reduction of
Am (VI). The rate at which Am (VI) reacted with the reduc-
ing agents formed as a result of radiolysis was much greater °
than the rate at which these agents were formed; therefore, as
long as Am (V1) was present in the solution all the reducing
agents were consumed. For the period when Am (VI) reduc-
tion proceeded at a constant rate,

N =

_ d[AmO§'] _ d [AmO;] .

= = Ity [Am}y,
while at . dt rot-
d [Arri""] :
-——Et—' = O.
Then
_dN _ 1 d -
— =~ Ampg ar G [AnO T+
+5[AmO;] +3 [Am®*]) =
' o A d[AmO%*] k
[Am]ter, dt B

The values'of k,, calculated from the slope of the linear
sections of the curves of the mean valence state changes, are
given in Table 1, which also gives the values of the initial re-
duction yield GAm2+ The constant ke is rélated to the yield
G by the expressmn .

ko = 103, 4ka,

where Ty, is the half life of Am?4! (in hours);
emitted in one decay act (in electron volts).
Hall and Markin [8) observed an analogous decrease in the

Qc'x is the "enevrgy

Table 1. Rate constant and yield of radiolytic reduc-
tion of Am0§+

Composition and

concentration of a 102 G AmO,2+,

solution,mole/liter (hr'?) | ions/100 ev
0.2 HCIO, 404 4.18
2.0.HCIO, 3.20 3.31
4.0 HCIO, 3.20 3.3
6.0 }IJJCIO o 3.40 3.52
2.0 HCIO,- ) _

+2 o NaC%54 } 3.81 3.9

0 NaC OQ—f- .

12,0 NaClO, } 8.5 3.67

0.1 H,80, © 404 4.18
1.0 H,S0, 2.85 2.95
2.0 H,50, 2.50 2.59
4.0 H,S0, 2.02 2.09
6.0 H,S0, 1.80 1.86
10.0 H,S0, 2020 2.28
0.2 HCIO- '

+1.0 Li,SO; } 3.15 3.26
0.2 HCIO,+ -

+2.0 Li;SO; J 2.5 2.63

reduction constant in the same acids. However, the values for
ke in Table 1 are higher than- those of the corresponding con-
stants obtamed by these authors, The strong effect of solution
composition on the reduction rate cannot be explamed by com~
plex formation as was proposed earlier [8]. As the reduction
rate is determined by the rate of reducing agent formation, a
change in the rate constant of Am (V1) reduction is due only to
changes in the radiolytic 'yield of reducing products,

One of the products of water decomposition under the ac-
tion of o radiation is hydrogen peroxide. Its radiation yield
was determined in Am (III) solutions in 0.1 and 1.0M Hy80, and
was found to be 1.18  0.12 and 0.69 + 0.05 molecules of hydro-
gen peroxide per 100 ev. A comparison of these values with
those for the yield of Am (VI) reduction in the corresponding
‘acids showed that the reduction of Am (VI) was produced only
partially (~50%) by hydrogen peroxide. The remaining part
was apparently reduced. by hydrogen atoms which exist in the
form of HQ, radicals in the air+saturated solution,

Am (VI) and Am (V) solutions were also analyzed for free
hydrogen peroxide content. No hydrogen peroxide was found
in the presence of Am (VI) in solution. The curve for hydro-
gen peroxide accumulation in a sulfuric acid solution of Am (V)
is shown in Fig. 3. As this figure shows, free hydrogen peroxide
appearéd in the solution towards the end of Am. (V) reduction,

‘By using the value we obtained for the rate constant of the

" reaction of AmO," with hydrogen peroxide in 0.1 M HCIO,, we

may determine how much of the hydrogen peroxide accumula-
ting in the solution is consumed in the observed radiolytic re~
duction of Am (V).

For the calculation,we assumed that the rate constant
of the reaction of Amg" with hydrogen peroxide in 0.1 M
H;S0, was equal to the rate constant of this reaction in
0.1 M HCIO,. Such an assumption presumable should not
introduce large errors, The results of such a calculation
are given in Table 2. As Table 2 shows, the hydrogen

563
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Fig. 1. Radiolytic reduction of americiurﬁi in 2.0 M HCIO, ([Am)ior = 5.19 mM):
1) Am (IIf); 2) Am (V); 3) Am (VD).

Americium ion concentration, mM

0
0 2

0 60 80 © 100 120
Time, hr

Fig. 2. Radlolync reduction of americium in 0.2 M HC104 +1,0 MLi SO4 ([Am]mt—— 2.79 mM):
1) Am (III); 2) Am (V), 3) Am (VI), :
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Table 2. Observed and calculated rate of AmO} reduc- C o ge  LT4a 1,600
) R -1 A : Am?* AmO; mO2* .
tion {n 0.1 M H,SO (k = 14.8 mole™ - liter - hr™%) ;Alm Amdy — Al
‘ Rate of AmO} o 1,69v '
Concentration - reductilon. L ‘ _
A Time hr S m:’-lle,'lgéer ’ @,‘5/0,;.5. and considering that the value of the constant for the re-
Am0; | Hooe |OP- calou-| " action of Am (V) with hydrogen peroxide is small, we may
mM | uM [served®|lated s ~ put forward the following hypothesis: :
r . — Am (V) is reduced only by HG, radicals.
42 i 72 26 92 I 0.66 | 0.7 Am (V) may. be oxidized to Am (VI) by OH radicals
44 1:54 30 88 0:82 0:9 and this reaction cotnpetes with that of hydrogen forma-
Zg _ }‘15(7) gg gg 823 ‘ 8% tion; hydrogen peroxide is consumed only in Am (VI)
50 1.03 | 40 83 | 061 | 0.7 reduction. .
52 0.86 44 80 0.56 { 0.7 The kinetics of the radlolyuc reduction of AmG3* and
gé 8;; _ gg ;g 883 , 8; Amq; in aqueous, air-saturated solutions may be explained
58 042 | 130 | 60 .| 0.81 | 1.4 by the following reactions: '
60 | 0.31 | 208 51 0.96 | 1.9 '
gi ) 0.22 _2_8;6 43 0.93 %.2
- 0.14 |- 3710 | 31 0.77 .9
| B R HO —vyyy——> H+OH; (1)
R _ H + 0,=HO,; (2)
. d [AmO%] S , : kg
. vs——~'—d——1— - OH +OH =H,0,; (3)
** pl— k[AmO} HO] ' ‘ o
I i 15,5 AmO]* + HO,= AmO+ +- O2 + H‘ (4)

AmO?* + H,0, -——Am0*+ HO,+H* (5)

-peroxide accumulating in the solution hardly particxpates '

in Am (V) reduction. : - AmO; + 2HO, + 2H" = Am“* -+ 20, + 2H,0; (6)
_ Keeping in mind the scheme for the ox1dation-—-reduc- ,
tion potentials of Am [10]: . : AmO‘ + OH AmO 4+ OH". (7)

/ 800

’ L~ | - 600
20 s AL : 400

] RN "/ - —{a00

20 40 60 80 00
’ . Time, hr

Fig. 3. Radiolytic reduction of Am (V) and hydrogen peroxide accumulation in 1.0 M HySO;. First’

experiment ((Am] s, . = 3.76 mM): 1) change in Am (V) concentration; 2) change in Am (1

concentration; 3) hydrogen peroxide accumulation. Second experiment ([Am]o = 3.64 mM):

I) change in Am (V) concentratlon.-II) change in Am (III) concentration; III) hydrogen peroxide

accumulation,

Americium ion concentration, mM
Hydrogen peroxide concentration, y M
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+
In the'initial period of Amcg reduction when the
concentration of AmGO; is low, the kinetics of the whole
process would be determined by reactions (1-5):

— LIATOF) _ k, [AmO}"] [HO,] +
+ ks [AmO3*] [H,0,]; (8)
LUHO] _ (OB P — I, [AmO2'] [H;04) = 0; (9)
2HO] s [Amot. 4 b [AmO3'] [H,0,] -
— ks [AmO;*1 [HO,} = C; (10)
2UOH] _ rom [Ambor, = 20es [OHI =0, (1)

where ry and 1oy are the rate constants of the formation
of H and OH radicals under the action of Am 241 radjation,
Combining (8-11) we have

d [AmO3
__[_n;;)_ = (ru + ro)[Am], . = ks [Am], 5(12)

where ky, = (r + ’OH)

From (11) it follows that the radxolytlc yield of hydro-
gen peroxide formation equals half the yxeld of OH radi-
cals, so

, HyGp*

When AmO,,+ accumulates in the solution, reactions
(6) and (7) start to have an effect and this leads to a de~-
crease in the reduction rate of AmO, and an increase in
the Am** concentratlon

When only AmOz and Am®" are present in the solu-
tion, the main reactions will be (1 3) and (5 7. Re-
action (4) may be ignored as the concentration of Amq
formed by reaction (7) is much less than the concemranon

of AmQ*, and AmG?* cannot compete with Amoy* for HOy
‘radicals to an appreciable extent. In this case

ka=rH+2r

_ LLAmOG) _ k. [AmO;] (HO,J* +
t &, [AmO;] [OH] — /&, [AmOZ*] [H;0;);  (13)
ﬂ%‘ﬁl =k, [AmO;] [OH] —
k[AmOFI[H0]=0; (14)
ZUOM) _ roue [Am]ror, — 24y [OH]P —
—k,[AmO;] [0H] = 0; (15)
HO _ 7o [Am],yy + ks [AMO*] [H,O5] —
— 2k [AmO; ] [HO,J? =0,. (16)
hence l »
d[AmO;] _ TH (.
—AmOil_ X (Am)yg +
rou (AmO3]
[OH [ Am] . an
2 " (Amo31 +- 32 om)
566

where [OHJ;, is the stanonary concenr.ranon of OH radxcals
Writing (17) in the form -
- d{Am0O;]

dt - —2_ [Am

]tot +

[AmO}]

OF . (18)
—5 [Amor. TamOs1 56

and integrating it, we obtain a relation of Am (V) concen-
tration .to time:

ka
[AmO;] = [AmO;], — 7 [Am] oy, ¢+

[AmO{1o-+Bs
[AmOi1 15, ’

14 r
. OH . H
rg 4 rou; Bl=_k ¢, Bz——'—k c.
. a o

+B;In (19)

where ko=

When the difference between {AmG*], and [AmGyH)
is small, the term in (19) containing the logarithm of the
ratio is close to zero and the AmG,* concentration changes
practically linearly with respect to time. As AmGy* is re=-
duced, the last term in (19), which allows for the relation .
of the reduction rate to AmG;* concentration, begins to

- have an effect,

The constants 8; and By may be determined by rear-
ranging (19) to the form

By In {[AmOz]' + 8.} = z - A
where z = % [Am], ¢+ [AmO;]; 4 =[AmO;], +
4+ B, In {({AmO; ], + B},

or as the exponential function

(20)

e /|31
Allthe values 1nc1uded in the expression for are de=

termined experimentally and a graph of (21) may be plotted
from them. Taking three values of X, related by the ex-
pressmn Xg =(Xy+ X,)/2 and the corresponding values of the
AmO, concentration [[AmOg ]1' we obtain the constant =
By by the equatlon

B, = [AmO¢], [AmO; ], —[AmO3 ]3
2=

[AmO;], +[AmO3},—2[AmO3]; 22)

Knowing the value of the constant By, we may plot the
graph of equation {20) and,from the slope of the line ob?—'
tained, determine the value of the constant 8y. Figure 4
shows therelation In {[AmO,*] + By} tox=k o/ 21Am] ¢

ct+ [Amog] for one of the experiments (0.2 M HC104 +

) 10M L13304)

The linear dependence obtained indicates that (19)
and, hence, our initial hypotheses are confirmed by the ex-
perimental results,

Knowing the values of constants 8; and B, we may de-
termine the values of the constants ryy androy and the
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Fig. 4. Relation of ln{[Am (V)] B} to —2?>< '

X [Am]yoy t+[Am (V)] for 0,2 M HCIO+
41,0 M Li,SO,:

k
[Am]tot;3,19mMz .§=1,58-1o—zhr1; £3=0,90mM .

y{elds of hydrogen and OH radicals (using the relation be- :

tween 1y and Gy). ‘Actually

'm_Tont'n
ka =k

’OH 4

Bl"’pz c=c. (23)

a

Substituting the value ¢ = B + By in the expression for B
and B, we obtain

royg = ryg = (24)

B -B'z k

B +B Bt
If one considers that r = rgy /2, then having de-

termined the constants k., 8y,and By, we may calculate
the values of the hydrogen peroxide and hydrogen radical
yields for various solutions {Table 3). The values given
for the hydrogen peroxide yietd for 0.1 and 1.0 M HySO,
agree well with the values for G obtained by measur_-
ing the accumulation of hydrogen peroxide in Am**
solutions, This agreement confirms the aCCuracy of the
mechanism proposed for the reduction of AmGt,

Table 3. Yields of hyrogen peroxide and hydrogen ra-
dicals in sulfuric and perchloric acid solutions.

Composition and | G ) G

H o Ho .
concentration of 2
solttion. moleAliter mgiecules/l(x) E méa‘}e.cules/loo
0.1 H,S0, 1.164-0.04 1.86-+-0. 11
1.0 H,S0, 0.54+4-0.04 1.8740.07
0.2 HC10,+ 0.78-+0.04 1.7340.08
+1.0 Li,SO, v '
0.2 HCIO-} 0.814+0.04 1.0140.02
+4-2.0 Li,SO,
2.0 HCIO, 1.154+0.03 1.0240.09
2.0 HCIO,+ 0.5640.02 - 2.8240.04
14.0 Nﬂ(J]O,i ‘ . ; . .

: CIA-RDP10-02196R000100040001-9

NaClO, concentration, M

0 ! ' ?
_ Li,SO, concentration, M
_ Fxg 5. Changes in the reduction yield of AmO,
partial yields of hydrogen peroxide and hydrogen radl-
cals in relation to sulfate and perchlorate fon concen-
trations: :
1 GAm (VI) (0 2 M HCl4+nM ngSO4)n_ 0, 1,2
2—Gp (0,2 M HC10a+nM LigSOg) n= 0,1, 2;
3~ GHgOg (0,2. M _HClO4+nM LisS04)n =0, 1, 2;
I-GAm (VD) (2 M HC103+nM NaClOg) n = 0,4;
II-G H (2 M HC104+nM NaClO4) n = 0,4;
1I-Gg,0, (2 M HCI04+nM NaGl0g) n = 0,4,

F1gure 5 presents curves of the change in reduction '
yield of AmO, and partial yields of hydrogen peroxide

. and hydrogen radicals in relation to the lithium sulfate and

sodium perchlorate concentrations at constant acidity. The
values obtained for G and Gy for 0.1 HySO4 were taken
for the point corresporl;laing t0 0.2 M HCIO, (LigSO, con-
centrations were equal to zero). Such a substitution is jus=
tified as the reduction yields of AmOQ* in 0.2 M HCI1O,

_and 0.1 M H;SO, were practically the same (see Table 1),

As Fig. 5 ‘shows, the increase in Li3SO, concentration
led to a decrease in the reduction yield of AmO,“' due to
the decrease in the hydrogen peroxide and hydrogen radi-
cal yields. The fall in hydrogen peroxide yield with an

'\increase in LiySO, or HySO, concentration and the related

decrease in the reduction yield of AmG?* (see Tables 1
and 3) may be explained by the occurrence of the follow-
ing reactions in sulfuric acid solutions:

OH + HSOZ = OH~ + HSO, (25)

or .
OH + HSO, == H,O + HSOy, (26)
- 567
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which compete with the reaction OH + OH = HyGy, and N

lower the hydrogen peroxide yield. The HSQO, radicalor - §

the peracids HpSO, and Hp8; 0y formed with-its participa-

tion are capable of oxidizing AmGy* to AmQ** and even

further decreasing the reduction yield of AmO*. The

formation of the peracids HySOgz and Hy S04 during the ¥
_irradiation of sulfuric acid solutions has been proved ex-

perimentally by Daniels, Lion, and Weiss (11]. A certain

increase in the reduction yield of Amoz“, observed in 10 %:;

M H,SO, in comparison with 6 M HySO, was apparently
due to the direct action of radiation on HySO4 molecules,
which led to the formation of reducing agents of the SGy 5
type. '

The reduction yield of americium in concentrated (9
and 12 M) perchloric acid solutions differed from the re-
duction yield in sulfuric acid and more dilute ferchloric ‘ o
acid solutions, The reduction yield of AmG " in 9 M
HCI1O,, which was first ~2.9, decreased rapidly (Fig. 6).
With an increase in the total americium concentration and,
consequently, the radiation dose, the reduction yield de-

[

creased more sharply. No reduction of AmOzn+ inl12 M 4

HC10, was observed over a period of 300 hr. This phenom- 50 100 50
enon is extremely interesting from the point of view of ‘ ‘ - Time, hr

stabilization of the higher valence states of americium, ' L
The very slow reduction or the complete absence. of re- Fig. 6. Change in mean valence state (N) of ameri-
duction of americium in concentrated perchloric acid is cium in radiolytic reduction in 9.0 M HCIO,.
probably related to the radiolytic decomposition of per- Americium concentration, mM: 1)4.69; 2) 4.60;
chloric acid. M. Cottin [12] showed that the action of 3) 3.83; 4) 2.02,

80

. » Time, hr
Fig. 7. Change in the mean valence state (N) of americium in radiolytic reduction
in nitric acid: 1) 0.5 M HNOy; 2) 3.0 MHNOg; 3) 6.0 M HNOy; 4) 9.0 M HNGy;
5) 14,3 M HNGg; 6) 0.2 M HC1O,,
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y radiation on concentrated perchloric acid solutions gave
Clg and C1Qy. One may also suppose that the action of
Am?241 radiation also caused the formation of chlorine and
chlorine dioxide, which hindered the reduction of Am(VI)
and Am (V). Such a supposition was confirmed by the
following observations: the optical density of Am** solu-
tions in 12 M HCIO, increased rapidly in the short wave-
length region of the spectrum (A < 500 my) and this may
have been caused by the formation of Cly and ClOy as they
absorb in this region of the spectrum,

The effect of temperature on the reduction rate of
AmQO2* was studied in 4.0 M HCIO, + 2.0 M NaClO,
solution. The values of the reduction yields of Ang *in
4.0 M HCIO, + 2.0 M NaClO; solution for 25, 50, and 75°C
are given below:

Temperature GAmOz’H
°C ions/ 100 ev
25 3.67
50 4,07
75 15.9*

* Initial value of reduction yield of Amoz“.

The reduction yield of Amq’ * at 75° C decreases with
a decrease in Am (VI) concentration. From the increase in
the reduction rate of AmQ; ¥ with temperature,and also
from the dependence of the reduction rate on AmGO? Y con-
centration,one may assume that with an increase in tem-
perature, AmG?* is reduced by water as the radiolytic re-
duction should not depend strongly on temperature. This
hypothesis could be confirmed conclusively by investiga-
tions using the longlived isotope of americium Am. .
Radiolytic reduction of Am (VI) and Am (V) in nitric
acid solutions, The curves of the change in the mean
valence state of americium in relation to nitric acid con-
centration are shown in Fig. 7. The linear sections of the
" curves correspond to the Am (VI) content of the solution
and this indicates that the general kinetic rules governing
the radiolytic reduction of AmOz * (observed in perchloric
and sulfuric acid solutions) are also obeyed in the case of
nitric acid.
However, the reduction yield of Am (VI) in nitric acid
is a factor of approximately 1.5-2 higher than the maximum
yield obtained in 0.2 M HCIO; and 0.1 M H,SO, and, in
contrast to that obtained in perchloric and sulfuric acid
solutions, increases with an increase in the nitric acid con~
centration (with the exception of 14.3 M HNOy where the
reduction yield of AmQ?* decreased). The values ob-
tained for the rate constants and reduction yields of AmOz
in nitric acid solutions are given below:

HNOy concentration, ky +10°,(hr''y G AmO

M ions/ 100 ev
0.5 6.9 7.1
3.0 8.6 8.9
6.0 8.7 9.0
9.0 10.3 10.6
14.3 5.8 6.0

In contrast to Am (VI), Am (V) was reduced very
slowly in nitric acid and its reduction rate decreased with
a decrease in AmO,* concentratlon The maximum re-
duction rate of AmO;* was ~1% per hour in 0.5 M HNOy
and 0.8% per hour in 3.0 M HNO;. No hydrogen peroxide
was detected in the nitric acid solutions.

The changre in the character of the radiolytic reduc-
tion of AmOg and AmG," in nitric acid as compared with
that in perchloric and sulfuric acids seems to indicate that
in nitric acid solutions the reduction is produced by second-
ary products, formed by the action of radicals on nitric _
acid, The total yield of such secondary products (in equiv=-
alents) is greater than the total yield of reducing products
of water radiolysis and this leads to an increase in the re-
duction rate of AmQ;* ¥, On the other hand, the secondary
products obtained are weak reducers relative to AmQy*,

A similar increase in reduction rate of Ce (IV) in ni-
tric acid was explained by the formation of nitrite ions
[18]. We tested the reducing action of nitrite ions on
AmOy*. It was found that the addition of sodium nitrite in
an amount ten times greatert than that of AmQy* did not
result in an acceleration of the very slow radiolync reduc-
tion of AmG;* in 1.0 M HNO,. In contrast, AmO; * fons
were effectively reduced by nitrite, The different behav=
ior towards nitrite ions apparently exlnlains the different
character of the reduction of AmOz and AmQy* in nitric

acid solutions. LITERATURE CITED

1. L. Werner and I, Perlman, J. Am. Chem. Soc. 173,
495 (1951).

2. S. Stephanou, J. Nigon, and R. Penneman, J. Chem.
Phys. 21, 42 (1953).

3. G, Hall and P. Herniman, J, Chem. Soc, (1954) 2214.

4, L. Asprey and S. Stephanou, AECD-924 (1950).

5. S. Gunn, UCRL-2541 (1954).

6. G.N. Yakovlev, A, A. Zaitsev, V. N. Kosyakov, A,
G. Rykov, and Yu. P, Sobolev, Coll,: Isotopes and
RadiationinChemistry [in Russian] (Izd. AN SSSR,
1958) p. 328.

1. G. Hall and T. Markin, J. Inorg. and Nuclear Chem.
2, 202 (1956). '

8.  G. Hall and T. Markini, J. Inorg. and Nuclear Chem,
4, 296 (1957).

9.  G.N. Yakovlev and V. N. Kosyakov, "Investigations
in the fields of geology, chemistry, and metallurgy,”
Reports of the Soviet Delegation to the International
Conference on the Peaceful Use of Atomic Energy

(Geneva, 1955) [in Russian] (Izd. AN SSSR, 1955)p, 237,

R. A. Penneman and L. B, Asprey, "Chemistry of nu~

clear fuel,” Reports of Foreign Scientists to the Inter-

national Conference on the Peaceful Use of Atomic

Energy (Geneva, 1955) [in Russian] (Goskhimizdat,

1956) p. 4175.

11. M. Daniels, J, Lion, and J. Weiss, J. Chem. Soc.
(1957) 4388.

12. M., Cottin, J, Chim. Phys, 53, 903 (1956).

13. G. Challenger and B, Masters, J. Am. Chem. Soc.

11, 1063 (1955).

569

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040001-9




Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040001-9

CHARACTERISTIC FEATURES OF THE MINERALOGY OF URANIUM

V. I. Gerasimovskii

Original article submitted October 4, 1958

The following characteristic features of the mineralogy of uraniun are discussed in the article: 1) all known
uranium and uranium-bearing minerals contain oxygen; 2) uranium in minerals is present only in the tetra- and
hexavalent states; 3) the bulk of the uranium in the earth’ crust is concentrated in nonuranium minerals in the
form of isomorphous replacement of other elements (thorium, zirconium, rare-earth elements, etc.); 4) the con-
ditions under which uranium and uranium-bearing minerals are formed differ; 5) radioactivity is one of the most

characteristic properties of uranium minerals,

Uranium occurs in various modes in the earth’s crust,
The uranium in the earth's crust forms chemical compounds
(minerals), it appears isomorphously as ions in the crystal-
line structures of many nonuranium minerals, is present in
the disseminated state (in an adsorbed form on the surface
of crystals and grains of minerals composing rocks), and in
the dissolved state (in liquid inclusions of minerals and in
the intergranular solutions of rocks).

The most characteristic features of the mineralogy of
uranium are as follows:

All known uranium and uranium-bearing minerals®
contain oxygen, Uranium is an element of high chemical
activity, which is confirmed by the absence of native ura=
pium innature; paragenetic associations with phosphorus,
arsenic, vanadium, silicon, titanium, niobium, tantalum,
rare-earth elements, thorium, calcium, copper, and other
elements, as well as oxygen, are characteristic of uranium.
Under natural conditions, uranium reacts with a large num-
ber of elements forming numerous uranium and uranium-
bearing minerals.

Uranium minerals differ widely with respect to chemi~
cal composition. More than 100 uranium minerals are
known at present, They are usually divided into the follow-
ing groups: oxides, hydroxides (sitnple and complex), sili-
cates, carbonates, sulfate-carbonates, sulfates, phosphates,
arsenates, vanadates, and molybdates,

Of the uranium-bearing minerals, the most important
with respect to uranium content are those included in com-
plex oxides of titanium, niobium, tantalum (titanates, ti-
tanotantaloniobates), silicates of zirconium, thorium, and
rare-earth elements, phosphates, etc.

Uranium in minerals is present only in the tetra- and
hexavalent states, In primary uranium and uranium-bear=~
ing minerals of different origin (magmatic, pegmatitic,
hydrothermal, and sedimentary), uranium is mainly tetra-
valent or less frequently, tetra- and hexavalent; the latter
is usually present in lesser amounts. In minerals formed in
the zone of oxidation uranium is always hexavalent, but it
enters these minerals as the complex cation [UQ]“, not
as the ion U°", Because of the relatively large radius of
the [UOz]zJ' ion, its isormorphous introduction into the crys-
talline structures of nonuranium minerals is difficult; this
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limits the isomorphous dissemination of hexavalent uranium
in other minerals. This explains the extensive development
of various secondary uranium minerals in the zone of oxida-
tion,

The bulk of the uranium in the earth's crust is present
in uranium-bearing minerals as isomorphous replacements

of certain elements in them (thorium, zirconium, rare-~

earth elements, calcium, etc.). In these minerals the ura~-
nium content sometimes reaches considerable amounts,
particularly in minerals included in the group of complex
titanium, niobium, and tantalum oxides.

The isomorphous introduction of tetravalent uranium
in minerals containing thorium, zirconium, and rare-earth
elements is due to the fact that their ionic radii are of
similar dimensions (in A): U** = 1,05; Th*" = 1.10;
Cett = 1.02; Ces* = 1.18; Y° ' = 1.06; 21" = 0.87;
Ca®* = 1.06. Since there is less uranium than thorium,
zirconium, rare-earth elements, or calcium in the earth's
crust, it is often disserninated within the minerals of these
elements,

In minerals of the oxide group, for example in thori-
anite and its varieties, uranium replaces thorium isomor-
phously. It was recently shown [1] that there is a continu-
ous isomorphous transition series from uraninite (U‘f.xuf()-

* Oy x to thorianite (ThG;). These minerals have identical
cubic structures of the fluorite type.

In minerals of the complex titanium, niobium, and
tantalum oxide group,uranium is usually present in the
composition of minerals which contain more niobium than
tantalum and a considerable amount of rare-earth elements
or calcium, the rare-earth elements of the yttrium group
being present to a far greater extent than those of the cer-
ium group. In these minerals uranium isomorphously re-
places, probably, rare-earth elements of the yttrium group
for the most part and, possibly, calcium also. The ionic
radii of these elements and tetravalent uranium are almost
the same and, moreover, the rare-earth elements of the
yttrium group in these minerals predorminate to a consider=~
able extent over the cerium, group. The replacement of

+Minerals in which uranium isomorphously replaces
other elements,
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the rare-earth elements of the yttrium group by uranium

may be schematically represented in the form Uttt
—-Y¥ Nb®, Titanium is always present in the composition
of uranium-bearing minerals of the complex oxide group.

In phosphates, uranium isomorphously replaces thorium
(in monazite), rare-earth elements of the yttrium group
(in xenotime) and, probably, calcium (in apatite), In
xenotime, yttrium isomorphously replaces uranium, possi-
bly according to the system U*'Ca?* —»2Y3*, Calcium is
usually present in xenotimes containing uranium.

In silicates, uranium isomorphously replaces thorium
(in thorite and its varieties), rare-earth elements (in or~
thite), and zirconium (in zircon and its varieties); in the
latter case, uranium, in all probability, replaces not only
zirconium but also rare-earth elements, which are often
present in considerable amounts in some of the varieties
of zircon (up to 15.89% TR,Og).

It should be mentioned that a considerable part of the
uranium present in the earth’s crust is not concentrated in
uranium and uranium-bearing minerals, but occurs in a
disseminated state; this was first pointed out by V. I.
Vernadskii [2].

The conditions of formation of uranium and uranium-
bearing minerals are very dissimilar. They originate from
very varied processes of mineral formation: magmatitic,
pegmatitic, hydrothermal, sedimentary, metamorphic, and
also from weathering processes in the supergene zone., The
paragenetic associations of uranium and uranium-bearing
minerals are also very different.

As a result of the magmatic process, uranium-bearing
and, less frequently, uranium minerals are usually formed.
These inclyde: silicates (orthite, zircon, thorite, sphene),
phosphates (xenotime, monazite, apatite), oxides (thori-
anite, possibly uranium oxides and complex oxides-bran-
nerite, minerals of the pyrochlore group, euxenite-poly-
crase, fergusonite, etc.). Minerals included in the oxides
and complex oxides are rarely found in magmatic rocks,
the amounts being very small. Although widely distributed,
uranium-~bearing minerals of the silicate and phosphate
group do not form large accuinulations and their uranium
content is low,

In minerals of magmatic origin, the uranium is pri-
marily tetravalent and isomorphously replaces thorium,
zirconium, rare-earth elements, and calcium,

In pegmatites, the bulk of the uranium is not concen-
trated in uranium minerals, which are represented mainly
by uraninite and its varieties, but in uranium-bearing min-
erals. Of the latter, the minerals of the complex oxide
group, particularly titanotantaloniobates, are the most
widely distributed,

In uranium and uranium-bearing minerals, the ura=
nium is usually tetravalent, but often tetra- andhexavalent,
Tetravalent uranium isomorphously replaces thorium, rare-
earth elements, calcium, and zirconium.

Pegmatites containing uranium -bearing and uranium
minerals are generally associated with acid rocks and are

most widely distributed over the Precambrian shields of
Canada, Brazil, Scandinavia, Africa, Austrélia, and India,
According to Page’s data [3], in the majority of cases,
uranium-beating and uranium minerals are correlated with
pegmatites rich in potash feldspar; within the pegmatites,
they are correlated with zones rich in perthite. The para-
genetic associations of uranium-bearing and uranium min-
erals in pegmatites are very varied. .

At the present time uranium ores are extracted from
the Bancroft (Ontario) pegmatites only; these are composed
of microcline, acid plagioclase,and quartz. Uraninite,
uranothorite, fluorite, zircon, sphene, pyrite, pyrrhotine,
and calcite are found in these pegmatities {4].

The hydrothermal process is characterized by the pre-
sence of a small number of uranium minerals. In deposits
of hydrothermal origin only uranium oxides (uraninite and
pitchblende T) are widely distributed; small amounts of
complex oxides (davidite) and silicates (coffinite) occur.
Inuraninite and pitchblende, thorium and rare-earth ele-
ments of hydrothermal origin are generally absent or are
found in small amounts (usually not more than 1%), where-
as uraninite from pegmatites contains up to 12.24% TRyOg
and up to 14% or more ThQy. V. I, Vernadskii [2] was the
first to indicate that although the geochemical fate of
uranium and therium in pegmatites is the same, only ura~
nium is characteristic of the hydrothermal process. At the
same time he also noted the absence of thorium in the
composition of pitchblende of hydrothermal origin. The
separation of uranium and thorium in the late magmatic
stage could be due to the oxidation of tetravalent uranium
to the hexavalent form, which was removed by hydrother-
mal solutions separating from tetravalent thorium.

In uraninite and pitchblende, uranium is tetra- and
hexavalent, the tetravalent form being generally predomi-
nant if these minerals have not undergone exogenic modi=

fication. Hexavalent uranium in uraninite and pitchblende

is formed by the oxidation of tetravalent uranium as a re-
sult of radioactive decay; it is possible that it entered into
the composition of these minerals at the time of formation.
The paragenetic associations of uranium oxides (uran-
inite and pitchblende) in deposits and ore occurrences of
hydrothermal type are very varied. Uranium oxides are
almost always found together with sulfides, quartz, and
carbonates, One of the most interesting mineral associa-
tions is uranium-nickel-cobalt—silver-bismuth: often
called the arsenide association. Nickel, cobalt, and iron
arsenides,and also native bismuth and silver, frequently
copper and silver sulfides, etc., are characteristic of ura-
nium deposits of this type, Of the uranium minerals, pitch-

blende is found. The mineralization sequence for the El-
dorado deposit (Canada) is as follows [§]: hematite—quartz;

T Uranium oxides found as crystals are included in urani-

nite; cryptocrystalline, usually collomorphic, compact,
nodular, sinter, and botryoidal aggregates are included in
pitchblende.
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pitchblende—quartz; quartz—nickel and cobalt arsenides;
copper sulfides—chlorite; carbonates—native metals (silver,
bismuth).

The second, most widely distributed mineral associa-
tion in uranium deposits and ore occurrences of the hydro-
thermal type is that of uranium oxides with sulfides (the
sulfide type of deposits). It is very varied and the follow-
ing subtypes may be distinguished:

1. The association of pitchblende with ordinary sul-
fides, pyrite (sometimes marcasite}, sphalerite, galena,
and chalcopyrite, Pyrite is usually the most widely distri-
buted of these. Of the vein minerals, quartz is characteris-
tic (often chalcedonic and jaspery); carbonates and fluorite
sometimes occur. The uranium deposits- in France, Portugal,

and other countries may be mentioned by way of example [6].

2. The association of pitchblende with molybdenum
is one of the most widely distributed in uranium hydrother~
mal deposits of the USSR. Pyrite, arsenopyrite, blende,
galena, chalcopyrite, marcasite, calcite, quartz, ankerite,
manganocerite, chlorites, hydromicas, and fluorite are
found in paragenesis with pitchblende and molybdenite[7].

The joint occurrence of pitchblende and amorphous
molybdenite (jordisite) is known in the Marysville deposit
(Utah), where pitchblende is found together with pyrite,
magnetite, hematite, quartz, chalcedony, fluorite,and
adularia. Here, the secondary minerals of molybdenum-
umohoite (uranium molybdate) and ilsemanite—are found,
in addition to the primary molybdenum mineral jordisite
[8l. :

3. The association of pitchblende with galena has
been established in deposits in the USSR, The pitchblende
and galena are accompanied by the following minerals:
molybdenite, sphalerite, tetrahedrite, pyrargyrite, chal~
copyrite, marcasite, and also calcite, sericite, flourite,
albite, quartz, chlorite, etc. , [7].

4. The association of pitchblende with sphalerite has
been found in deposits in the USSR, - Pitchblende and
sphalerite are found together with galena, molybdenite,
chalcopyrite, chlorite, quartz, calcite, fluorite, etc,,[7].

5. The association of pitchblende with sulfides is
very widely distributed in certain deposits in the USSR.

The following minerals are found in association with pitch-
blende: native copper, bismuth and silver, goethite, hema-
tite, chaicopyrite, bornite, chalcosite,.covellite, marcas-
ite, sphalerite, galena, tennantite, molybdenité, calcite,
and, occassionally, quartz, chlorite, dolomite, barite, etc.,
mn.

6. The association of uraninite with gold. This as-
sociation is found in the Chihuahua deposit (Mexico) and
the deposits of the Central City region (Colorado). In the
Chihuahua deposit the uranium mineralization (uraninite)
is found in veins composed of guartz and calcite with a
very slight feldspar content, The ore minerals are: urani-
nite, pyrite, native gold, and a small amount of magnetite,
In the deposits of the Central City region [9] pitchblende
is found in association with native gold and sulfides (pyrite,
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sphalerite, chalcopyrite, enargite) in quartz veins contain-
ing carbonates.

7. The association of pitchblende with silver is found
in the deposit of the Boulder Batholith region (Montana).
Here pitchblende is observed together with argentite, py-
rite, galena, sphalerite,and chalcopyrite; the vein minerals
are microcrystalline quartz, chalcedony, calcite,and side-
rite [10].

8. The association of uraninite with nickel and cobait
sulfides is known in the Shinkolobwe (Belgian. Congo) de-
posit [11). Here sulfides are widely distributed: cattierite
(Co$Sy), nickelcattierite, vaesite (NiSy), cobalt-vaesite and
siegenite (nickel-bearing linnaeite). The usual accessory.
minerals are: pyrite, chalcopyrite, and molybdenite; gold
is found. Carbonates (magnesite, dolomite) have developed
to a considerableextent in the deposit. Of the other
nonore minerals, quartz and chlorite should be mentioned.
According to the data of G. Derriques and G, Vaes, the
deposition of the mineral associations in the deposit took
place in the following order: first stage—formation of
magnesite, second stage—separation of uraninite, third
stage—deposition of molybdenite, monazite, and chiorite
(selenium being associated with this stage), fourth stage—
deposition of sulfides, cobalt, and nickel (vaesite, cattie-
rite, and their varieties), fifth stage—formation of dolomite
and chalcopyrite,

~ The association of pitchblende with hematite, which
is the most widely distributed ore mineral (third type) is
also characteristic of deposits of hydrothermal types. Sul-
fides— the most usual of which are pyrite, chalcopyrite, and
galena—are nearly always present, but in slight amounts.
The vein minerals are calcite, quartz,and chlorite. This
type includes the uraniumn deposits in the region of Beaver
Lodge Lake, located north of Lake Athaﬂbaska (Saskatche-
wan) [12, 13). " '

The joint occurrence of uraninite and nenadkevite,
which are probably of hydrothermal origin (fourth type), is
of great interest, Nenadkevite [14] is found in zones of
sodium metasomatism of the iron-uranium deposit in
paragenetic association with brannerite, yttrosphene, urani-
nite, uranium-bearing malacon, and apatite.

Davidite is probably included in the uranium minerals
of the hydrothermal type. Its association with other min-
erals (fifth type) is very unusual and is little characteristic
of deposits of the hydrothermal type. For example, the
davidite from Radium Hill (Australia) is present in inti-
mate association with rutile, ilmenite, hematite and, less
frequently, magnetite; this close association is also found
with the nonore minerals, namely quartz and biotite [15].

Of the uranium minerals, coffinite is found—although
rarely ~in hydrothermal deposits.

Other paragenetic associations for uraninite and pitch-
blende, as well as those mentioned for uranium minerals,
are known in hydrothermal deposits.,

During the process of formation of sedimentary rocks,
only an insignificant part of the uranium enters into the
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uranium minerals, The uranium minerals of sedimentary
origin include pitchblende and coffinite, Pitchblende is
widely distributed,and in sedimentary rocks is usually as-
sociated with organic matter, iron sulfides (pyrite, mar-
casite), less frequently with copper, lead and zinc sulfides,
phosphates, and sometimes with vanadium, molybdenum,
etc,

An association with vanadium (montroseite, roscoe~
lite), sulfides of iron (pyrite, marcasite), copper (chal-
copyrite, bornite, chalcosite, and covellite), lead (galena),
carbonates (calcite, dolomite), and also with organic
matter is characteristic of the pitchblende of sedimen-
tary deposits, for example the Colorado-Plateau (USA)
[16].

Coffinite is widely known only on the Colorado Pla-
teau. For example, in the Ambrosia Lake deposit (New
Mexico), one of the largest uranium deposits in the USA,
uranium is represented by coffinite and is closely associ-
ated with asphaltitic matter [17],

As in magmatic rocks, the bulk of the uranium in
sedimentary rocks is present in a disserninated state, The
distribution of uranium in sedimentary rocks is not uniform
It is correlated to organic matter, calcium phosphates,
clay minerals, iron and manganese hydroxides. The as-
sociation of disseminated uranium with organic matter, in
which it is often concentrated, is particularly characteris~
tic. As far back as 1934, V. 1. Vernadskii wrote, with re-
gard to this problem, thatthe concentration of uranium by
organic matter is the exceptional fact in its geological
history {2].

It is now generally recognized that the organic mat-
ter of sediments concentrates uranium within itself, Ura-
nium-bearing marine black shales are well known in the
USA, Sweden, and other countries [18, 19]. Uranium is
found in coal and petroleum products as uranium-bearing
bitumens (asphaltites).

According to the representations of contemporary in-
vestigators [20, 211, the concentration of uranium by or-
ganic matter takes place as a result of the formation of
uranium oxides (pitchblende), the sorption of uranium-—
in all probability as the uranyl ion (UQ;)—and the forma=
tion of organic complexes of uranium (uranium humates
and fulvates, and melanoidines containing uranium), in
which the uranium is probably present in the hexa~ andte-
travalent states, In coal, the bulk of the uranium is some-~
times present as oxides closely associated with pyrite [22].

As a result of the decomposition of organic matter
under reducing conditions, hydrogen sulfide is formed
which, together with the carbon of the native organic
matter, assists the reduction of hexavalent uranium tothe
tetravalent form and precipitates the latter as finely di-
vided uranium oxide (pitchblende). In deposits of sedi-
mentary origin, pitchblende is usually accompanied by
pyrite. :

Uranium is concentrated in marine sedimentary rocks
containing phosphorites, According to one representa-
tion, uranium is introduced in calcium phosphates by the

isomorphous replacement of their calcium {23, 24]; an-
other opinion is that it is introduced as a result of sorp-
tion [25]. Uranium minerals are not formed in phosphate
rocks, even when they have a high uranium content.

It shouﬁ be noted that a new uranium mineral, ning-
yoite—CalU = (PO,), * nH,0-has been found in Japan, in
the lacustrine deposits of NingyoTogé (26].

An important role in the accumulation of uranium
in sedimentary rocks is played by sorption processes,
both at the time these rocks were formed (syngenetic de-
posits) and after their formation, as a result of epigenetic
ore-formation. ,

Monazite deposits are included in uranium-bearing
sedimentary rocks. For example, Indian monazite con-
tains 0.2-0.46% UgOq and 5-11% ThO,. A variety of
monazite, called cheralite, containing 4-6% of UgOg and
19-32% ThO,, was found there,

The behavior of uranium during metamorphic pro-
cesses has been poorly studied. Uraniun oxides: uraninite,
pitchblende, and brannerite, which are present in associ-
ation with thucolite, are found in metamorphic deposits
of uranium minerals. The uranium-bearing conglome-
rates of Witwatersrand;(South Africa), Blind River(Canada),
etc,, are examples of metamorphic deposits.

In the Witwarersrand deposits, uraninite is found to-

gether with thucolite, or without it, in gold-bearing con-
glomerates consisting of quartz pebbles cemented with

fine-grained quartz, sericite, and chlorite. Pyrite, pyr-
rhotite, galena, sphalerite, chalcopyrite, pentlandite, co-
baltite,linnaeite, and arsenopyrite are also found in the
conglomerates. Thucolite is a mixture of solid hydrocar-
bons, uraniumoxide, and other minerals{27].

In the uranium-bearing conglomerates of the Blind
River region [28] the uranium minerals (brannerite, urani-
nite, pitchblende) are present in the matrix cementing
the conglomerate and consisting of quartz grains, sericite,
chlorite, and pyrite (up to 15%). The latter is present in
intimate association with the uranium minerals, together
with which thucolite is sometimes found as well, Pyrrho-
tine, galena, sphalerite, chalcopyrite, molybdenite, mar-
casite, and cobaltite are also found in the uranium=bearing
conglomerates,

. As a result of weathering processes numerous second-
ary uranium minerals—which are particularly varied in
the zone of oxidation—are formed in the supergene zone
from primary uranium minerals, principally uraninite and
pitchblende. '

In the minerals of the zone of oxidation the uranium
is usually hexavalent and, in the form of the uranyl group
(UPz)2 +, plays the part of a bivalent cation.

Uranium black (oxides), hydronasturan and ianthinite
(hydroxides), lermontovite (phosphate),and moluranite
(molybdates) are examples of secondary uranium minerals
formed in the zone of cementation. In uranium minerals
formed in this zone the uranium is tetra- and hexavalent,
the latter usually predominating over the tetravalent form,
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The composition of the uranium minerals in the super~
gene zone and their paragenetic associations are deter ~
termined mainly by the composition of the primary ore
and vein minerals and the adjoining strata,in which the
wranium mineralizationis present, and also the climate,
relief, tectonics, hydrogeological conditions, etc.

The paragenetic associations of the uranium minerals
of the zone of oxidation are very varied, They may be
divided into two main types.

Uranium phosphates and arsenates are characteristic of
the first type. They are usually formed in the zone of oxi-
dation of deposits, the primary ores of which contain a con-
siderable amount of sulfides (particularly pyrite). As a re-
sult of the decomposition of the sulfides, the solutions in
the zone of oxidation acquire a sulfate character; in con-
sequence, conditions are produced for the solution and
transfer of uranium from the zone of oxidation of uranium
deposits and also for the formation of secondary minerals—
often of very varied com position—in them. Zonality is
sometimes observed in the distribution of uranium minerals
in the zone of oxidation of uranium deposits. A clearly
expressed vertical zonality— pitchblende, uranium black,
wranium arsenates, uranium phosphates, uranium silicates,
uranium-bearing hyalite, etc.—was investigated and de-
scribed [29] by way of the example of one of the deposits
with a well-developed zone of oxidation.

Three stages of development of the zone of oxidation
are usually distinguished: the initial, middle and final[30].
The role of the (SO2") ion in the water of the zone of
oxidation in the final stage of its development is negligible,
and the (CO;® ") and (5104 ") ions become very important,
In the upper level of the zone of oxidation, oxidizing
processes are usually present in the final stage of its devel-
opment, as opposed to the middle and lower levels, and ura=~
nium silicates instead of uranium phosphates and arsenates
are, therefore, formed in it, as a result of the increase in
the pH of the solutions.

The second type of zone of oxidation of hydrothermal
uranium deposits is characterized by the development of
uranium silicates and hydroxides, It is usually observed in
the zone of oxidation of deposits in which sulfides are either
absent or are present in very small amounts, and where
there is a considerable amount of carbonates in the vein
minerals. Under these conditions,the water circulating in
the zone of oxidation has a hydrocarbonate character and
a neutral or weakly alkaline reaction. Even in the presence
of appreciable amounts of sulfides, if the bulk of the vein
minerals of the deposit or the adjoining strata is composed
of carbonates, the water circulating in the zone of oxida-
tion does not acquire a sulfate character, which, as in the
case of the first type, favors the formation of uranium
phosphates and arsenates,

The hydrocarbonate character of the water in the zone
of oxidation is due to the formation of uranium hydroxides
and silicates. The reaction of alkaline carbonate solutions
in the zone of oxidation,usually with strongly oxidized ura-
nium minerals, uraninite and pitchblende, leads to the dis-
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solution of these minerals, with the formation of uranyl-
carbonate complexes. When the latter hydrolyze, uranyl
hydroxides are formed. In hydrocarbonate water, which
often has an alkaline character, a small amount of dis-
solved silica is always present [30]; the latter reacts with
the urany! ion, leading to the formation of uranyl silicates
throughout the whole oxidation zone. The Shinkolobwe
deposit may be mentioned as an example of a uranium de-
posit with a zone of oxidation containing uranium silicates
and hydroxides, A considerable development of uranium
hydroxides and silicates is observed in this deposit.

Intermediate types as well as the two main types of
mineralization of the zone of oxidation of hydrothermal
deposits are observed, Minerals of both the uranium phos-
phate and uranium silicate group are found in these inter-
mediate types. Uraniurn deposits and ore occurrences of
hydrothermal origin are known, in the zone of oxidation of
which the uranium mineralization consists of one or two
minerals of the phosphate or silicate group, for example
parsonsite (the deposit at Lacheaux, France); autunite and tor-
bernite (in a number of regions in France); torbernite and
metatorbernite ; uranophane; kasolite; etc, Moreover,
wranium minerals are absent in the zone of oxidation of
certain uranium deposits. In these deposits the uranium is
present only in the disseminated state, being sorbed by Fe,
Mn, and i hydroxides, This is observed in deposits the
primary ores of which contained only a small amount of
sulfides with a good deal of ferruginous carbonates.

Taking jnto account the intermediate types of associa-
tions of uranium minerals, the following mineralogical
types are sometimes distinguished in the zone of oxidation:
hydroxide-silicate, true silicate , silicate~-micaceous, true
micaceous, micaceous-limonite, and true-limonite {31].

Uranium vanadates (carnotite and tyuyamunite) are
sometimes widely developed in the zone of oxidation of
uranium deposits and ore occurrences of sedimentary origin.
One of the most important regions with this type of mineral-
ization is the Colorado Plateau [16, 32, 33]. If the compo-
sition of the primary uranium ores includes a considerable
amount of vanadium, only uranium vanadates are found in
the secondary uranium minerals, Rauvite is found in weakly
oxidized vanadium and uranium-bearing ores; the highly
oxidized types of these ores contain carnotite and tyuyam-
unite. A local preponderance of tyuyamunite over carno-
tite is sometimes observed, this being due to the high
calcium content in the adjoining sedimentary rocks.

In the zone of oxidation of pegmatites, because of
their low sulfide content and high content of minerals con-
taining alkalies, the water is unlikely to have a sulfate
character; uranium hydroxides and silicates are, therefore,
the most widely developed secondary uranium minerals in
such cases and carbonates, phosphates (autunite), etc. are

far less frequent.
In certain uranium deposits secondary uranium minerals

may be absent if the primary ores contain a considerable
amount of sulfides. If the sulfide contents are high (pyrite
and marcasite), conditions are produced for the intense dis~
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solution and transport of uranium beyond the limits of the
deposits. Silicon hydroxide (opal), iron and manganese
hydroxides,and also aluminohydrosilicates are usually
uranium sorbents in the oxidation zone. .

Regenerated uranium black, formed by the reduction of

hexavalent uranium transported to the zone of cementation
from the zone of oxidation by aqueous solutions, is very
characteristic of the zone of cementation. Sedimentary
uranium black, formed by the oxidation of tetravalent ura~-
nium in the zone of cementation and the lower part of the
zone of oxidation, is also distinguished. In addition to
uranfum black, the hydrated products of uranium oxides,
known as hydropitchblende, are found.

In the zone of cementation, and possibly also at the
boundary between the zones of cementation and oxidation,
the minerals ianthinite and lermontovite [34] are found
with a limited distribution.

The determination of the forms in which uranium is
transferred and deposited, particularly during the forma-
tion of deposits of hydrothermal and sedimentary origin,

{s of great importance in the geochemistry of uranium.

In magmatic and pegmatitic processes of mineral
formation, the history of uranium (probably the tetravalent
form) is the same as for thorium, zirconium, and the rare-
earth elements, while in pegmatites it is the same as for
niobium and tantalum,

During the hydrothermal process, uranium is separated
from zirconiurn, thorium, raré-earth elements, niobium,
tantalum, and titanium. Minerals of these elements are not
characteristic of deposits of hydrothermal origin. During
the hydrothermal process the bulk of the uranium is con-
centrated in the form of uranium oxides—pitchblende and,
to a lesser extent, uraninite.

Varying opinions exist with regard to the forms inwhich
uranium is transferred and deposited during the hydrother~
mal process. The majority of investigators [23, 34] con-
sider that uranium is transferred in the hexavalent state by
hydrothermal solutions and, very probably, in the form of
carbonate ‘complexes— possible as [UG,(COy)g]*".

According to A, G, Betekhtin, uranium is transferred
in the tetravalent state; according to the data of V. V,
Shcherbina -and others [35], it is transferred in the tetra~ or
hexavalent state, depending on the conditions. '

As is now recognized by the majority of investigators,
in hydrothermal solutions bivalent iron, sulfide sulfur, and
organic matter may be precipitants of hexavalent uranium
with the formation of uranium oxides. This opinion is
- supported by experimental investigations [35, 36].

Particularly active attention is paid to iron as a re-
ducer of hexavalent uranium because in many uranium
deposits hematization of the adjoining rocks is observed,
as a result of which the latter acquire a red color of vary-
ing shade. Amphiboles, pyroxenes, chlorites, carbonates,
sulfides, and other minerals—both vein minerals and those
of the rocks adjoining the uranium mineralization—may
be a source of bivalent iron. The reduction of uranium by
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iron may be represented as follows: LA AR T
(uranium oxides) + Fe (hernatite).

The precipitation of hexavalent uranium from hydro-
thermal solutions may be due to.the decomposition of
uranyl-carbonate complexes as a result of a reduction in
the alkalinity of uranium-bearing solutions and a lower-
ing of their Cosz ion concentration (removal of CGy).

In the case of transfer of uranium in the tetravalent
form, its precipitation from hydrothermal solutions as
oxides is explained primarily by the.change in the pH of
the solutions as a result of their reaction with the adjoining
rocks,

The forms of transfer and deposition of uranium in the
supergene zone have been investigated more closely than
for other zones. In this zone,uranium is most probably
transferred as carbonate complexes of the type Na,JUGy-
‘(COs)s];colloidal hydroxide solutions (sols) with the com-
position [UGy(OHR],, and organic complexes (humates,
fulvates, and melanoidines) [21). _ _

The sulfate form of uranium transfer. is evidently only
of very limited importance within the limits of the zones
of oxidation and cementation of uranium deposits and ore
occurrences, because a 0.1 N solution of UGSOy is stable
ata pH< 4,25, :

The conditions for the precipitation of uranium inthe
supergene zone can vary widely. They have recently been
examined very thoroughly by V. V, Shcherbina {37].

The conditions under which uranium is precipitated
during the formation of sedimentary deposits vary, The
precipitation of uranium on the bottom of water basins
(syngenetic deposition of uranium) or from subsurface
water in sedimentary rocks (epigenetic deposition of ura-
nium) takes place principally from soluble complex car-
bonates or organic complexes of the uranium humate type,
and possibly sols of uranium hydroxide, etc.

The precipitation of uranium takes place by the sorp-
tion of uranfum by organic and inorganic sorbents, as a re-
sult of isomorphous replacements (for example, the re-
placement of calcium by uranium in phosphates) and the
formation of uranium minerals, The precipitation of ura~
nium is due to the change in the pH of the solutions, the
lowering of the redox potentials, and the associated reduc-
tion processes under the influence of organic matter, sul~-
fides, bivalent iron, etc, The reduction of héxavalent
uranium to the tetravalent form is undoubtedly of great
importance in the precipitation of urantum,. This is con~
firmed by the fact that, as is well known, in deposits of
sedimentary origin, uranium is nearly always found to-
gether with organic matter and sulfides (pyrite, etc.).

Radioactivity is one of the most characteristic prop=
erties of uranium minerals. As a result of the spontaneous
decay of uranium a whole series of radioactive elements
are formed, the end products of the decay being lead and
helium. The radioactive decay of uranium is accompa-
nied by the liberation of charged o and y particles and
gamma escape. This allows uranium minerals to be de-

. tected readily by means of radiation meters and also
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makKes it possible to determine the isotopic composition
of their lead and establish their absolute geological age.

Another characteristic property of minerals containing
uranium, their luminescence in ultraviolet rays, is used for
detecting many of these minerals, The artificial-lumines-
cent method is employed for detecting nonluminescent
uranium minerals.

The data given indicate the great variety of uranium-.
bearing and uranium minerals. This is because of the high ‘
chemical activity of uranium, its ability to react with a
large number of elements (and different valence forms of
these elements as well), The crystallochemical character-
istics of uranium also play an important role: it replaces
isomorphously such elements as zirconium, thorium, rare
earths, and calcium, leading to the formation of a large
number of uranium-bearing minerals; in the zone of oxida-
tion, many independent uranium minerals are formed since
the uranium in this zone is present as the (U03) + n,
which cannot enter the crystalline structure of other ele-
ments isomorphously since the ionic radius is too great.

The diversity of paragenetic associations of uranium
minerals, particularly in hydrothermal deposits and the
zone of oxidation,is also determined by their chemical
properties which are due to the different forms of transfer
and deposition of uranium.

In hydrothermal deposits associations of uranium
oxides are particularly varied; this is probably also the re-
sult of the fact thaturaninite and pitchblende are generally
formed at the end of the hydrothermal process and are,
therefore, superimposed on previously formed associations
of minerals.

Of the uranium minerals, paragenetic associations of
uranium oxides—uraninite and pitchbiende—which are pro-
duced by different processes of mineral formation are of -
particular interest. In magmatic processes, uranium oxides
(uraninite) are rarely formed, and only in very small
amounts; they are, therefore, seldom found in pegmatites.
This is probably explained by the unfavorable conditions
for the formation of uraniumn minerals, principally by the
quantitative preponderance of zirconium, thorium, and
rare-earth elements over uranium, as a result of which
uranium isomorphously replaces the above-mentioned ele-
ments in their minerals, The bulk of the uranium in peg=-
matites is accumulated in complex oxides of titanium,
niobium and tantalum (titanotantaloniobates).

In the hydrothermal process the bulk of the uranium
is combined as uranium oxides (pitchblende, less frequently
uraninite), the characteristic feature of which is its para-
genetic association with carbonates and sulfides of iron,
copper, lead, molybdenum, etc., and sometimes with nickel
and cobalt arsenides, often with iron oxides (hematite) as
well, i.e., minerals which are not typical of magmatic and
pegmatitic origin. The extensive distribution of uranium
minerals— pitchblende and uraninite—in hydrothermal de-.
posits is probably explained by the fact that zirconium,
thorium, and rare -earths, i.e., those elements which are
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isomorphously replaced by uranium, are not characteristic
of the hydrothermal process.

In deposits of sedimentary origin, the uranium oxides
(pitchblende) alone of the uranium minerals are widely
distributed; these are usually found in close association with
organic matter and frequently with sulfides, which indicates
the formation of pitchblende from aqueous solutions in a
reducing medium. '

In both sedimentary and magmatic rocks uranium
isomorphously enters the crystalline structure of other
minerals and is present in the disseminated state. In this '
condition, uranium is readily leached from rocks and is of
great interest because it is probably one of the most impor~
tantsources for the formation of the uranium mineralization
of industrial deposits.
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CYCLOTRON WITH A MAGNETIC FIELD TRAVELING IN THE RADIAL
DIREC TION |

E. G. Komar

Original article submitted January 6, 1959

In this paper we consider the design of a cyclotron with a magnetic field which travels in the radial direction; a
machine of this kind had been proposed by the author. By means of circuiar windings which are fed by ac gener-
ators it is possible to produce one or more concentrated magneuc fields which travel in the radial direction in
the gap.

Two versions are proposed. In the first, the traveling wave is the field in- which the patticles are accelerated,
In the second, the traveling wave is superimposed on the usual fixed magnetic field and acceleration takes place

by virtue of the combined fields. The spatial distribution of the field in the wave makes it possible to obtain a

stability region(1 > n > 0) which is displaced in the radial direction with the radial velocity of the particles. A
stability region is also obtained in the case in which the absolute value of the magnetic field of the acceleration

region increases in the radial direction,

In principle. the system proposed here makes it possible to build cyclotrons with energies as high as desired.
In spite of the cyclic-action characteristics of the acceleration, because of the improved focusing, there is reason
to believe that the mean intensity can be larger than that which is obtained in the fm cyclotron..
Typical calculations are given for accelerators of various energies. These calculations indicate that the .
- weight and size of these accelerators may be much smaller than other accelerators of the same energy.

' GENERAL CONSIDERATIONS

The cyclotron proposed here differs from:the conven-
tional cyclotron in that the particles are accelerated by a
magnetic field which moves out radially from the center
of the machine. A method for obtaining a magnetic wave
of this kind is shown in Fig. 1. (Only one wave of the field
is shown but there may be more than one.)

The velocity of the wave v, must be such that during
the entire acceleration process the particles are located in
a section of the field in which the condition 0 < n < 1.is
satisfied, For this condition to obtain, the radial compo-
nent of the particle velocity (determined by the acceler-
ating voltage) and the radial velocity of the wave must be
the same,

In this accelerator the magnetic field can be mcreased
as the wave approaches the terminal radius without any
deterioration of the vertical focusing. Thus, it is possible
to keep the frequency of the accelerating voltage constant
in the region in which the particles become relativistic;
that is to say, a cyclotron of this kind can be designed for
energies as high as desired.

It should be noted that it is also possible to choose
values of n which provide higlier instantaneous intensities
than can be obtained with the conventional cyclotron or
with the fm cyclotron, : :
 The intensity can be increased because in the central
part of the accelerator (where the field is small) the air gap
can be rather large; the gap is reduced as the energy is in-
creased, In this accelerator, as in the fm cyclotron, the
particles are accelerated in bunches; however, the average
density can be higher because of the better magnetic focus-
ing. It is obvious that the average intensity will be several
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orders of magnitude hlgher than that which can be obtained
ina synchrotron

-POSSIBLE DESIGNS

In Fig. 2 is shown a diagram of one of three possible
designs of the magnet for an accelerator of this type. The
vacuum chamber is located between two disks of conical
shape and is made from sheet iron with radial laminations;
the disks are also used as pole pieces and magnetic conduc-
tors. The disks consist of separate sectors with laminations
as shown in Fig. 2. On the surfaces of the disks, which face
each other, are circular concentric windings.

The windings can be supplied in various ways. For ex- -
ample, the windings can be divided into several groups,
separated in appropriate fashion, and supplied.from a three- '

Fig. 1. Diagram of a scheme for obtaining a magmetic
field which travels in the radial direction by means of
special circular cond uctors located on the surfaces of
the magnetic pole pieces,
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vacuum is required for this Voltage there is a significant re-
duction in the power required from the radio-frequency gen-
erator and the complexity of the accelerating systems.

In low-energy accelerators it is convenient to use
dees. In large machines acceleration can be realized by
means of special sectored electrodes placed'in the space
between the magnetic disk sectors (Fig. 5). It is also ex-
pedient to separate the disks for convenience in locating
the vacuum pumps. . '

The design of this machine involves great difficulty
from the point of view of the injection system_. In the pres-
ent paper we do not consider in detail the injection of par-
ticles into the moving magnetic field, In small and inter~
mediate accelerators the central portion of the machine can

Fig. 2. A possible design of the magnet for the ac~- . be a conventional cyclotron, as is shown schematically in

~_ celerator. Several concentric waves of the magne- Fig. 6. In this case, winding A produces the field for the
tic field are shown (multiple system). Below isshown starting cyclotron while winding B produces the traveling
‘a diagram of the radial laminated pole pieces, ‘magnetic wave, .

Particle injection can be realized in other ways; in
particular it is possible to use a linear accelerator, a syn=-
chrontron, or an fm cyclotron. 2

The énalysis of a cyclotron in which a traveling mag-
netic field is superimposed on a fixed magnetic field must
. be carried out separately, In this case the magnetic con-
| ductor of the accelerator is the same as that of the cyclo-
tron or fm cyclotron (Fig. 7). The pole pieces, which may
be parts of the vacuum chamber, are made from laminated
iron. The weight of the magnet in this design is of the same
order of magnitude as in the conventional cyclotron and fm

Fig. 3. Design with one magnetic wave in which the-
lines of force are closed through the gap twice,

phase line;then, as in ordinary electrical machinery, it is
possible to produce a magnetic field (Fig, 2) which is dis-
placed in the radial direction with a velocity which depends’
on the frequency and the spacing of the windings. The lines
of force are closed through the laminated disks. The system
acts as a ‘multipole system and, since the disks are relatively
thin, there is a considerable reduction in the weight of the
magnetic path, ‘

In Fig. 3 is shown another version of the machine. In
this case, there is only one magnetic wave. The lines of
force are closed through the air gap (Fig. 3) or through a
special yoke located at the periphery of the accelerator
(Fig. 4). _ '

The versions shown in Figs. 3 and 4 require the use of
special commutation systerns; these can be realized easily- -
by means of gas-rectifiers, In order to reduce the reactive
component of the power,it is possible to store the magnetic
energy of the wave as it moves from one point to another.

In the accelerator proposed here the air gép can be very
small (approximately 5-10 ¢m at maximum radius).

The field intensity is a maximumn at the terminal radius
and can be chosen to take advantage of the magnetic prop-
erties of the iron and the flexibility in the location of the
windings; using conventional steels it is feasible to produce
a field of the order of 20,000 oe. ,

Since the velocity of the magnetic wave is limited, the
energy increment per turn must be of the order of hundreds Fig. 5. Diagram showing the arrangement of the ac-
or thousands of volts, Although a relatively high chamber celerating electrodes.

©n
-
»
o -
r
0

Fig. 4. Design in which the lines of force of the
magnetic wave pass through the air gap once and
are closed through a special yoke at the periphery.

a

Accelerating
electrode
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Fig. 6. A possible scheme of injection for the accel-
erator: (A) Winding of the central injection cyclo-
tron; (B) Windings which provide the traveling mag-
netic field.

cyclotron, but the technique described here makes it possible
to obtain very high energies. :

Because of the specific features of the design which
uses a cyclotron with a fixed field we consider this machine
separately below.

RELATIONS BETWEEN THE BASIC PARAMETERS
AND APPROXIMATE CALCULATIONS FOR A
MACHINE WITHOUT A FIXED MAGNETIC FIELD

In order for the frequency of rotation of the particles to
remain fixed, so that the frequency of the accelerating volt-
age can remain constant, the field intensity at all radii must:
be

H=Ho<1—|—%’;>, 1)

where H, is the field intensity at the beginning of accelera-
tion (W = O), If Wy, is the energy at the terminal radius
(the nominal energy of the machine) and H_ is the maxi-
mum field intensity (terminal radius), the initial intensity
-of the field {s given by :

The radius of the particle orbit for given values of the
kinetic energy and magnetic field (proton) in cm is

_ VW (WL 2E,)

=00 ' @

where W is the kinetic energy of the particle (ev), Eq is the
rest energy of the particle (ev),and H is the field intensity
(oe). Replacing H by its value from (1) we have

VW (W 2E,)

300H0<1+W>
dr _ B
aw —300H0VWVm (WEp)2”

Whence, the helix-spai:ing is

dr uE} 1

A= Uaw = 500H, (W BV W E 2By O

where u is the énergy obtained by the particle per turn,
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The period of rotation of the particle is

'vz_f‘i._?ﬂ 1 .
g )
/1' W+E0)

where v is the pamcle velocuy (cm/sec), c is the velocity
of light (cm/ sec). '
The radial velocity component of the pamcle is

Ar uc E, 3
r=T GOOnHOr W—{—E(,)

v (4)

It follows from (4) that the velocity of the magnetic
wave in the central part of the accelerator must be much
greater than at the final orbit. In Table 1 are shown various
parameters for accelerators of different energy.In calculat-
ing these parameters the following values have been assumed:
Hy = 20,000 oesteds, gap size § = 7.5 cm, magnetizing —
current frequency f= 50 cps.

In calculating the weight of the active iron the thick-
ness of the disk has been taken as 15 cm. In these calcula-
tions no account has been taken of the weight of the other
parts of the machine, which, in large accelerators, can be
quite appreciable (the upper disk must be supported in posi-
tion by a rather complicated bridge-type construction).

In this design it can be shown that it is necessary tohave
a larger gap between the pole pieces than has been assumed
in the calculations; thus, the power may be greater than in-
dicated. For a 100 Mev accelerator the reactive power is
computed for a design in which the windings are supplied
directly from the ac line. The system used to provide the
traveling field is similar to that used in three-phase electri-
cal méchinery. For a 1 Bev accelerator, the calculation
has been carried out for the case in which the power is sup-

plied directly from the ac line and for the case in which

the power is provided through a commutating system” with-
out storage of the magnetic energy of the individual sec~
tions of the excitation windings. For the 10 Bev machine,
the figures given here indicate the power only for the case .
in which the switching system is used without storage of the -
magnetic energy.

- The power requirements have not been calculated for
the largest machine (50 Bev). A machine of this type is -
feasible only if a system of magnetic energy storage is '
used. '

The numbers given in Table 1 indicate that a machine.
of this type is fearible from the point of view of economy,
In Table 2 are shown values of the magnetic field

strength and magnetic field velocities at various radii of
a cyclotron with a final energy of 100 Mev; in Table 3 are
shown the samé parameters for a 1 Bev cyclotron.

. For the 100 Mev machine,the accelerating voltage U
has been taken as 115 v; for the 1 Bev machme a value of -
1540 v has been used.

The radial velocities of the magnetic field shown in
Tables 2 and 3 and the corresponding values of the acceler=

" ating voltage refer to the design in which the accelerating
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Table 1.
Field intensity o R Required power, kva -
. : in the gap at Particle rota- -| B T :
Final energy, | Terminal orbit|y,. beg inning | tional vWeig’ht of |total power, "} siipply for wo.
N radiu, cm B eratt. frequency, the iron, | required: with- { waves without
Mev. | rad of acceleration) HEAENCY, )\ ons outswitching . | energy storage|-
100 74 18 000 27.6 4. | 31000 .
1000 284 - 9750 14.5 . .60 . 550 000 - 108000
10000 . 1810 1720 2.64 2 400 — 750000
50000 “. 8500 367 . 0.56 - © 53000 — —
Table 2,
1w, Mev | Hioe -1, cm %, m/sec
. 10 18 200 25.2 -38.7
* 20 18 400 393 24.2
40 - 18800 - - 494 -18.2
Vi 60 . | 19150 . 83.3 - 14,1
80 19 500 67.7 11.9
100 ~ 20000 74 - 101
Table 3,
W, Mev H,oe rem | %, mbec
15 9800 | 57.3 e
50 10 200 101.5 244 .
100 10 800 137.5 136
300 - 12 900 209 : 54 :
500 14 900 244 28.9
1000 20 000 284 10
Table 4.
Crom | womer| moe | () | (5 | mte | G ETEE aom | nom | ramp
0 o | se0 | — - - — 6.2 |  — _
76 20 8750 . - —_ 595 437 — —_
A3 .. .50 .| 9100 | 8.7 40 365 705 58 58 131000
155 100 | 9550 71 10 31 230 1130 99 —_ -
213 ©°200. |- 10300 |- 24.3 24.2 1 127 2050 R — -—
276 500 | 13200 61 24.1 48.7 5340 39.8 39.8 | 107000
305 | 800 ‘| 15900 :{ 108 . 26.2 24.9 10 400 33 —_— -
318 | 1000 .-} .17700 - | -167 -21.8 171 15 200 . 29.7 — —
327 | 1200 | 19600 | 250 300 ] 12.5 20850 27 -
3327 7‘1350 21000 415 31.8 . 10 26 100 - 25 25 224 000
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voltage remains constant. However, {f the amplitude of the H oe -g
accelerating field can be varied during the course of an 2000+200
acceleration cycle it therr becomes possible to keep the o
velocity of the traveling wave constant at all radii. This
results in a considerable simpliﬁévation in the construction
of the circular excitation windings.

In order to avoid unnecessary complications in this
analysis, the accelerating voltages have been determined
without taking account of the voltages required to compen-
sate for the emf of the induced field. It can be shown that
a magnetic wave traveling in the radial direction produces
aninduced electric field which opposes the accelerating
field. In order to compensate for the induced electric field
the accelerating voltage must be larger than has been fn-
dicated above,

1500%

1000%

500

RELATIONS BETWEEN THE BASIC PARAME TERS AND AP-
PROXIMATE CALCULATIONS FOR A MACHINE WITH A
FIXED MAGNETIC FIELD

200 300

100
' r, cm

~ Equations (1)-(4) also apply for the machine {n which . , .
the traveling wave s superimposed on the fixed magnetic Fig. 8. Inienslty curves for the magnetic fleld
field (cf. Fig, 7). A is shown in the figure, the laminated and the ratio of the velocities of the wave to
pole pieces can be fabricated in such a way that the gap the accelerating voltage for a cyclotron witha
becomes smaller at larger acceleration orbits, This re- fixed magnetic fleld with a pole diameter of
duction in gap size must be such that the field intensity as approximately 700 cm. :

a function of energy fs given by (1). - '

In Fig. 8 is shown a magnetic fleld intensity curve for
a magnet with a diameter of approximately 700 cm,

In order to provide focusing.the traveling wave must be
superimposed in such a way that there is a circular zone
characterized by 0 < n < 1, The superposition of the
traveling wave on the fixed magnetic field {s shown graph=-
ically in Fig, 9.. A current I flows through the circular
group of conductors of width Istarting at the radius ry, _ '

By means of a special switching system the radius associated Iy
with this group is increased, corresponding to ‘the increase ;__.....--——--"/7"
{n the radius of the circle which defines the outer edge of . Trva\;e‘ling (

the magnetic flux produced by the group of conductors, wave

SN
A0.000.0.00 soanaaamanionnnon

Solid -
section

‘Laminated . TH=—1 r
ection
-

’fﬂ% . Fig. 9. Diagram showing the superposition of
W -— : ~ the traveling magnetic wave on the fixed field

| [ L\,
|

of cyclotron.

ll A The resultant of the fixed flux on the variable flux
produces a circular zone in whichpnhas the required values.

| Fig. 7. Design of a cyclbtron in which a megnetic If (dH/ dr); and (dH/dr) are the absolute values of
field traveling in the radial direction is superim- the radial derivatives of the magnetic field for the fixed
posed .on the fixed magnetic field produced by the flux and the total intensity in the circular zone, the total
Wshaped magnet, o o value of the current flowing through the windings in the
582

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040001-9




cross section .of the circular zone of width ! is

reoma(3)+(5))

where 8, is the gap size for a given value ot: the radius r.

The electromotive force produced by the traveling
wave of magnetic flux in the group of conductors of width
! can be computed from the following formula:

E=2ur——uv,-10"%= 12,3% 0,107

1
0,83,
In Table 4 are shown results obtained by an approxi-
mate calculation for a machine with a magnet having a
pole diameter of approximately 700 cm, . '
The power required for the circular windings in this
version (no magnetic energy storage and wave velocity of

‘typical calculations.

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040001-9

the order of 100 m/sec) is 2-3 kva. This power is propor-

tional to the repetition frequency (intensity).

The accelerating voltage given in Table 4 is com-

:vputed for a fixed wave velocity. Actually it is more con-
- 'venient to start from the fact that the power requited by

ring windings is constant over a cycle,. In this case the wave
velocity must gall off gradually as the orbit radius increases,
As in the preceding calculations, no account has been taken
of the induced electric field,

CONCLUSION

In this description of the proposed machine we have
stressed general operating principles, possible designs, and
The results would seem to' indicate
the justification of further work in the development of

systems of this kmd
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A - Letters to the Editor |

MULTIGRQUP ANALYSIS OF AN ATOMIC POWER PLANT REACTOR ON
THE "STRELA" HIGH-SPEED ELECTRONIC COMPUTER

V. A. Chuyanov
Original article submitted April 24, 1959

The multigroup method described in [1, 2] was used to L Keff
calculate the effective fission factor and neutron flux for a 110
model of a homogéneous reactor of an atomic power plant ,
when the load was assumed to be near the critical value.
In the radial direction the reactor was regarded as a three- \
zone model, the end reflectors were accounted for by the 103 \

introduction of effective additions in height. It was assumed
. that the fission neutrons were monoenergetic (with anenergy '
of 2 Mev); resonances in the cross sections were accounted /
for by the resonance escape probability coefficient. The 106
equations for all the neutron groups, except for the thermal
neutron group, were obtained by integrating the age equation
over the lethargy interval for the investigation. The ef-
fective multiplication factor and spatial-energy distribu~
tion of the neutron flux were computed by the method of
successive approximations. The difference equations for
such neutron group were solved by the method of difference 106}
- factorization. '
In order to solve the problem indicated (as well as
other, similar problems), a program was written for the 1052 ]
nStrela” electronic computer. The calculation of a single 01r7y6s567890n
value offthe effective multiplication factor when all tfhe Fig. 1. Dependence of the upper' and lower limits of o
neutron fluxes were obtained required about 6.5 min (for a ; : :
five-group variant for the calculation with. 100 points along l:eeffg:)nzz Ll':)emr:;n:ll: e:got;:i;t;:s)m. E.(ls groups, 15
the radius). In order to obtain an accuracy of 0.01% for
keff, 9 iterations were required, The rate of convergence
of the successive approximations are shown in Fig. 1; the

N/

107

results of the calculation of ke as a function of the num= eff

ber of groups used in the analysis (from 2 to 20 groups)are - ' \

shown in Fig, 2. In these calculations the number of points . \

along the radius was equal to 100. ' , M \
In order to determine the influence of the particular -

method of grouping, the calculations were made in the 10
six-group approximation. It turned out that dividing into

groups approximately equal in size (in neutron age units)

had only a weak effect on the value of keff. The thermal 109
neutron flux distribution @ obtaingd with varying numbers

of the groups used in the analysis is shown in Fig. 3. ' 108 v \

et

\.\

In comparing the value k,¢r = 1.0751 obtained in the
present paper with the value Keff = 1.023 quoted in [1], it

must be remembered that different models for the reactor 107 7 ¢ 6 & 10 1 u 5 18 20N
were adopted (in [1] a two-zone model was used), and that

the value given for kg in [1] was obtained after account- Fig. 2. Dependence of kygf on N, the number of
ing for a number of small effects by perturbation theory. groups used in the analysis.
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Reactor Zone Characteristics

— = ’é
E & o
ot = —
7 =5} =Rl
& | &1 | &I
N~ N~ N~
Multiplication
factor® ... .. .. 1.3938 0 0
Slowing-down
length, cm. . . .. 15.467 18.644 | 17.974
Thermal-neutron
diffusion length, o o
CMm. ......... 8.2039 | 42,732 ©54.138
o Determined in the tv)enty— group app:éxifnaf
tion. :
@
80
¢
60 A
;AN
40 a §\§i -
@ N
AMEin g
0 1 20 30 40 50 60 7 8 %0 100 100 120 130 10 150

r,cm .

Fig. 3. Thermal neutron flux distribution: 1,2,3,
4)-calculations with 2, 3, 5, and 20 groups, respec+
tively; I,1I,1II) reactor-zone boundaries,

In the present instance accounting for the greater (by
a factor of 1.5-2) absorption of thermal neutrons in the re~
flector in compar:son with the case considered in [1] led
toa reductlon in the maximum of thetmal neutron dlstn-

. butlon
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®
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\

1

? , AV
1 \4{

0 25 50 75 oo 5 150

r,cm

Fig. 4. Spatial distribution of the thermal neutron
flux: 1) from the data of the present paper (20 .
groups); 2) from the data of {1]; I, II, III) reactor—
zone boundaries. :

The characteristics of the reactor zones are shown in
the table, where for all three zones an effective reactor
height Hegf = 223.2 cm was assumed (Fig. 4).

Comparison with the theoretical and experimental
thermal neutron density distribution along the reactor radius
given [3] and [4] is unfortunately unfeasible, since these .
refer to different load and operating conditions for the re-
actor,

The author gratefully acknowledges E. S. Kuznetsov
for suggesting and guiding the present study, G. I. Marchuk
for valuable pointers in evaluating the results, and O, K,
Turchaninov for assisting in the computer operations and in
the. organization of the paper.
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INFLUENCE OF IRRADIATION ON THE MAGNETIC PROPERTIES OF

FERRITES
N. M. Otel'yanovskaya

Original article submitted January 6, 1959

Research on the influence of irradiation on the mag-
netic properties of ferrites has been a subject of great in-
terest with the application of these as memory storage
units in equipment operating under lrradlatlon. This prob-
lem has been treated in rather few papers [1-3].

Ferrites of the ZK-210 type, in the form of toroids,
were procured by the authors from the Electrical Simula-
tion Laboratory of the Academy of Sciences of the USSR,
The ferrites were irradiated with neutrons and ¥ rays in
the vertical experimental column of an atomic power
plant,

It was surmised that atoms would break away from
the lattice junctions under the influence of irradiation of
the ferrites by neutrons, This would lead to a modification
in the occupation number of the sublattices [4, 5] that
compose the spinel lattice of the ferrite. The effects of
disordering would then change the magnitude of the mag-
" netic saturation of the ferrites and should increase with
the increase of the integral flux.

Certain parameters of the hysteresis loop were meas-
ured under pulse operation on a special apparatus The rec-
tangular pulses,~ I, + I, — 1/2 *formed by a current gen-
erator were delivered to the primary winding of the fer-
rite. The semiexcitation current I_, which was equal to
80% of the total current, induced a small back ~emf Ag
in the secondary winding. The quantity A; was less, the
nearer the hysteresis loop approached an ideal rectangular
shape, Thus, the degree of variation in the slope of the
horizontal part of the hysteresis loop could be estimated
from the variation in ..

In order to examine the question as to whether the
ferrite would operate after the radiation was taken away,
two batches of the ferrites (each consisting.of ten identical
samples, specially prepared for these expenments) were
irradiated by a flux of 1.5 + 10* neutrons/ cm® * sec. The
total integral flux for the samples of the first batch was
- 2.15 - 10" neutrons/ cm?, that for the samples of the
second batch was 6.5 * 10" neutrons/cm®, A comparison
of the data obtained for the irradiated ferrites with the
data obtained prior to their irradiation showed that the
amplitude of the semiexcitation cuirent and the amplitude
-of the ferrite magnetization from the total current 1, inso~
far as experimental error allowed, did not change after ir-
radiation. (In connection with the high initial activity of
the samples, the measurements were conducted every four
days after withdrawal of the irradiation.)

586

Upon bombardment of the sample by neutrons, in ad-
dition to the structural changes in the lattice [7, 8], the
ferrites also heated up, changing the form of the hystere-
sis loop. In order to segregate these effects, the depen ~
dence of the loop parameters on the temperature was re-
corded on a special assembly designed for operation in
reactor experiments. The measurements inside and out-
side the reactor were made as follows. As the hysteresis
loop breaks down (under the influence of temperature and
irradiation),the semiexcitation current required to elicit
a semiexcitation that does not exceed the permissible
norm changes. In connection with this, in the operation
of a matrix with the ferrites under these unfavorable con-
ditions,it was determined by what amount Al the current
must be changed in order that the cores could function_
normally (A4 = const). Moreover, it was determined how
Ag and the useful amplitude A varied under these same
conditions with a fixed value of the currents,

The results of the temperature measurements (from 20
to 58,8°C) showed that with an increase in the temperature,
the width of the loop, i.e., the current for As = const, de~
creased,while the magnetization amplitude and, in par-

ticular, the semiexcitation amplitude for a constant value

of the current increased. The rectangularity of the loop
broke down considerably with increasing temperature,and
at a temperature of 50 °C the useful amplitude A and the
back-emf became almost identical in magnitude, (All
the temperature vatiations {n the loop were reversible,)

Upon irradiation in the reactor,the magnitude of the
neutron and ¥ -ray flux could be varied within wide limits
by changing the immersion depth of the samples in the
channel. In order to avoid additional heating of the fer-
rites from the mounting that heated up during the irradia-
tion, the samples were suspended in a container on thin
copper wires, which simultaneously served as the windings
for them. In order to observe the temperature,the junctions
of two thin-wire (0.1 mm) copper=constantan thermocou~
ples were attached to two of the samples,

In the figure a typical dependence of the variation in
semiexcitation current and semiexcitation amplitude on
the integral neutron flux is shown, along with a constant
semiexcitation current (initial value A = 10), In the same

* An investigation of the cores in this regime is very es~
sential in determining the suitability of the ferrite opera-
tion in the matrices of a two-current lock-on circuit[6].
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Flgure Variation in semiexcitation amphtude Ag and semiexcitation current Ig as a function

of the integral neutron flux.

figure the temperatures of the samples and the neutron
fluxes nv at the corresponding times of measurement are
plotted, As evident from the figure, the variation in Ag
and Ig pretty well follows the behavior of the variation in

Variation of the magnetization amplitude and semi-

excitation amplitude

Nonirradiated Irradiated
Temperature of the :
~sample ....... |52,7°C|58.8°C| 60.5°.C
Variation in magnet- - :
ization am- ) 1.
plitude* . ...... 399% | 45% “15%
Variation in semi- S
excitation )
amplitude* ... .| 4times| -6.2 2.6
: times times
Ratio of the total -
magnetization . ‘
amplitude . ... .. | 1.4 | 1.04 1.76
* In the table the mean values with respect to
| the initial value of these quantities at room tem-
perature are given..
** The initial value of the ratio is 4.

temperature of the ferrites and the neutron flux, ‘The in-
fluence of the temperature on the properties of the ferrites
_ could be seen from a comparison of the data obtained for
a given value of the flux and integral fluxes, differing from
one another by a factor of 2.7. For a larger value of the
integral flux the temperature of the samples, which depends
mostly, given the same value of the flux,on the heat-trans-
fer conditions in the channel, was lower by 8 °C. The
properties of the cores in this case were greatly improved,
which lends support to the independence of the magnetic
properties of ferrites from the -integral flux. The mean
value of the variation in the semiexcitation current (wh'ich
-is proportional to the coetcive force) amounted to 12% for
irradiation of the ferrites in a flux of 1.8 * 10 neutrons per
cm? - sec (the temperature of the sample was equal to.
46,3 °C). The mean variation in the quantity I; was 13%
for an increase in temperature to approximately the same
value (47.2 °C), but without the irrddiation. The maxi-
_mum valueof I in the largest flux applied for the investi-

. gation (8.5 © 10% neutrons/ cm® - sec) at a sample tempera-

ture of 60.5 °C amounted to 17%.

During irradiation a much smaller increase was ob-
served in the magnetization amplitude and the semiexci-
tation amplitude with an increase in the flux (tempera-
ture) in comparison with the temperature variation in
these quantities without irradiation (table). These facts
confirm the less sharply defined increase in-the curvature
of the horizontal part of the hysteresis loop upon irradia-
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tion, i.e., the rectangularity of the loop is improved in
comparison with its temperature variation without irradia-
tion. '

As already noted, the effects of disordering of the
ferrite lattice should increase with the increase of the neu-
tron flux, The absence of such a regularity is possibly con-
nected with the fact that the temperature of the samples
during the irradiation reached 320-333 °K. But the rate
of disordering is a function of the temperature [7] and
drops as the latter increases. Evidently, at the given tem-
peratures, the vacancies and interstitial atoms are suffici-
ciently mobile and reorder a large part of the matter that
is disordered by irradiation. More precisely, the observed
improvement in the rectangularity of the loop at the poles
of the n—¥ radiation is also possibly connected with an
additional ordering of the ferrite lattice in a flux of ther-
mal neutrons (8], thus impeding the influence of the
temperature. ’

As a consequence of this, with the application of fer-
rites as memory storage cells in equipment operating in
neutron and y-ray fluxes greater than § * 10t - 5 - 102
neutrons/ cm?® - sec, it is necessary that the equipment be
designed for the variation of the matrix current or for the

forced cooling of the ferrites to the necessary tempera-
ture during their operation with irradiation, '

We take this opportunity to express our gratitude to
L. A. Matalin for suggesting the topic and for his interest
in it, to Yu. K. Gus'kov and N. V. Meshkov for assisting
in the work, and to A, A, Kosarev for kindly furnishing the
ferrite samples.

LITERATURE CITED

Elec. Mfg. 59, 312 (1957).

2. Electronics 30, 250 (1957). »

3. M. Forestier et al,, Compt, rend, acad. sci, France,
243, 1842 (1956).

4, Ya. G. Dorfman, Izvest Akad, Nauk SSSR, Ser, Fiz.

" 16, 412 (1952). _

5. M. Bochiral, Compt, rend, acad. sci. France 233,
736 (1951).

6. L. A, Matalin, A, M, Shimanskii, and S, I, Chubarov,
Pribory i Tekh. Eksp. No. 1, 64 (1957).

7. S, Zeitz, Dis,Faraday Soc. 5, 271 (1949); J. Glen,
Uspekhi Friz. Nauk 60, 445 (1956).

8. C. Dixon and D, Bowen, Phys. Rev, 94, 1418A(1954).

THERMAL EXPANSION OF ¢ PLUTONIUM
" N. T. Chebotarev and A, V. Beznosikova

Original article submitted March 9, 1959

According to thé data of [1], a plutonium has a mono-
crystalline structure with the following parameters: a =
26,1835+ 0,0005A; b =4.8244+0.0005A; c=10.973 ¢
+0,001A; B = 101,82 £0.02°.

As indicated in [2], the mean coefficient of thermal
expansion for a plutonium in the temperature interval
from ~186 to + 100 °C is [(46.85 & 0.05) + (0.0559 +
+0.0004)t] -10~%  As the experimental part of this research
was nearing its completion,there appeared some informa-
tion [3] relative to the values of the coefficients of thermal
expansion of & plutonium along the individual axes in the
interval 21-104 °C (Table 1).

Table 1.
Directional thermal | Temperature interval, °C
expansion coefficient
2{~51 21—96 21—104

a,lec 57 62 66
b 58 71 73
afl e 19 27 29
24y 45 53 56

588

In the present paper a determination of the coefficient
of thermal expansion of o plutonium along different direc-
tions in the temperature interval from =196 to +100 °C is
described. With the investigated sample in the form of -a
wire (diameter 0.5 mm) x-ray exposures were obtained with
copper radiation at room temperature, at the temperature
of liquid nitrogen, and at 100 °C, X-ray photographs in the
interval from -196 to+ 20°C were obtained in an RKSC x-ray
chamber by the method of photographic inversion. In order
to obtain the x rays at =196 °C, the samples were continu-
ously wetted with liquid nitrogen during the exposure. The
x ray at +100 °C was obtained in an RKU x-ray chamber.

The lattice parameters of the sample investigated at

room temperature were the following: a == 6.181 & 0.002 A;
= 4.821 # 0.001 A; c = 10.965 & 0,005 A; 8 = 101.82°,

The coefficients of thermal expansion in the indicated
temperature interval were determined from the displace-
ment of the following diffraction lines: 714, 710, 545,248,
445, 724, 352, 356, 060, 5112, 3213, These lines corre-
spond to an interval of reflection angles from 63 to 81°,

Curves for the variation of the lattice parameters a,
b, ¢ of a plutonium in the temperature interval from -196
to +100 °C are shown in the figure.
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e
t

the o~ B8 phase transition at 122 °C,.
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DISPROPORTIONATION OF Am (IV)

Temperature, °C

Table 2.
, Temperature interval, °C
Directional 198 — +20 20—100 —196 — +100
thermal ex- standard standard standard
pansion coef- @108 deviation, a-108 deviation, a-108 deviation,
ficient : % %o Ty
e le 49--6 12 68+4-6 9 55+7 13
b 53+3 . 6 714 5 605 8
ag |l c 1443 21 35+5 14 2044 20
a5y 3933 8 6014 7 45F4 9
In Table 2 the coefficients of therrﬁal expansion of aA bA
o plutonium along three mutually perpendicular directions 6.22y 487¢
and the. mean expansion coefficient o, are given for the S /), L7
investigated temperature intervals; the standard deviation 6,201 ¢.65 /‘
of the determinations is also shown. /‘b 1A
It should be noted that there is a satisfactory corre- 6.181 4.83 7 y 100
spondence between the results obtained and the data in the ' /"// A /
literature, both for the mean expansion coefficient in the 6.161 4.81 /'/ 4t 1098
- interval from -196 to +100 °C and for the expansion coef- 7 A ra :
ficients along different directions in the interval 20~100 6.4} 479 /' 10,96
o ¥ ) : . 4/ .
C. Some of the discrepancy can be explained by the slight aree :
. difference in the lattice parameters of the samples studied, 8121 477 A 10.9¢ -
as.well as by the comparatively small temperature inter- {
val (particularly from 20 to 100 °C), which is limited by B AT o o R

A, Coffinberry, F. Schonfeld et al., "The physical

metallurgy of plutonium and its alloys,” Report No.
1046, presented by the USA at the Second Interna~
tional Conference on the Peaceful Uses of Atomic

Energy (Geneva, 1958).

A. A, Zaitsev, V. N, Kosyakov, A. G.Rykov, Yu. P. Sobolev, and

G. N, Yakovlev '

Original article submitted November 17, 1958

Several anhydrous compounds of Am (IV) which are
quite stable and may be obtained comparatively readily
have now been synthesized [1, 2]. However, Am (IV) has
not been detected in aqueous solutions up to now. Its in-
stability is explained by the high value of the oxidation-
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-reduction potential (2.4 v) of the Am (III)—Am (IV) cou~
ple [3] -and, therefore, it is usually assumed [4-6] that Am

(IV) must be reduced to Am (III) by water.

In an examination of the mechanism of Am (V) dis-
proportionation, the observed ratio of Am (VI) and Am
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(IIT) yields may be explained if it is assumed that one of
the following reactions occurs in parallel with the dispro-
portionation of Am (V) [7]:

2Amt* 4 2H,0 = Am®* -+ AmO} +4H*; W
Am** 4 AmO§ = Am3* -+ AmO3*. (2)

The rate of reaction (1) must depend on the hydrogen
ion concentration and increase with a decrease in the acid-
ity of the solution. Reaction (2) must proceed at a high
rate that is independent of the hydrogen ion concentration.

In the present communication we present the result of
preliminary investigations confirming the existence of (1)
and (2).

EXPERIMENTAL

Americium dioxide was prepared by firing Am (III)
oxylate at 600° C. Sulfuric acid solutions were prepared
from distilled sulfuric acid. The acid concentration was
determined by titration. :

. Americium dioxide was dlssolved in 0.5, 1.0, and
2.0 M sulfuric acid at room temperature and in 4.0 and
6.0- M sulfuric acid with heating on a water bath. Solu-
tion lasted for 10-15 min, The solution was centrifuged

" and analyzed for americium in various valence states.
The time between separation of the solution and the be-.
ginning of the measurements was 10-20 min. The Am
(II1), Am (V), and Am (VI) concentrations were determined

spectrophotometrically on an SF-4 quartz spectrophotometer

For this purpose, the absorption spectra of Am (III), Am(V),
and Am (VI) were first studied in the sulfuric acid solutions
investigated. Hermetically sealed cylindrical cells 2 cm
long were used for the spectrophotometric measurements,
The total americium concentration was determined radio-
metrically from the Am*™ o radiation m a slit chamber
with a counting coefficient of 4.85 10°°

DISCUSSION OF RESULTS

The compositions of the solutions obtained after solu-
tion of americium dioxide in sulfuric acid at various con=
centrations are given in the table.

As the table shows, when the americium dioxide had
dissolved, the solution contained noticeable amounts of
Am (VI) together with Am (IIT) but Am (V) was practically
absent, The appearance of valence states above +4 indi-
cates disproportionation of Am (IV) (reaction (1)). The
absence from the solution of Am (V), which is one of the
products of this reaction, and the formation of Am (VI) in
1.0 and 2.0 M sulfuric acid may only be explained by the
presence of reaction (2),since the disproportionation of
Am (V) in this solution may be neglected [8]. Consequently
both reactions occur in this case with the second going
practically to cotnpletion and apparently at a very high
rate, The over-all disproportionation of Am (IV) may be
written in the following way:

3AmS* +2H,0=2Am* + AmOg 41+, P

590

. ' E Reaction
& 852 |Ssolutioncomposi- |probability, %
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=] (> )
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93 (o % o o - m.gg 35
od 325 | E| 2| & |28 [8%
.- .O 5 & o, E =}
€3 |8gg | E | £ | E |33% |BE
'6.0* 29.4 | 87.7 | 44.7 0.6 36 64
4.0* 16.9 80.7 | 18.9 0.4 87 43
2.0 10.3 75.7 1 24.3 | 0.0 73 27
1.0 5.7 68.1 | 30.1 1.8 96 4
* Americium dioxide dissolved with heating on
a water bath.

In 4.0 and 8.0 M sulfuric acid, Am (V) may also disappear
as a result of disproportionation.

2AmO} +4H*=AmO0%"-+Am4+ 21,0 | (4)

However, the over-all reaction also remains unchanged in
this case.

It follows from this that in addition to the reduction
of Am (IV), (3) also occurs in the solution of americium
dioxide. By using the over-all reaction equation (2), we
calculated the yields of Am (IV)'disproportionation and
reduction from the yields of Am (III) and Am (VD). The
results obtained are given in the last two columns of the
table. It can be seen that the yield of (3) increases with
a decrease in acidity, and this reaction becomes the pre=
dominating one in weakly acid solutions. This indicates
that the rate of the over-all reaction (3) is determined by
the rate of (1), which is determined by the hydrogen ion
concentration, However, the rate constant of (1) must be

. high as the disproportionation of Am (IV):is appreciable

even in 6.0 M sulfuric acid.

For a conclusive demonstration of the existence of(2),
experiments were carried out in which americium dioxide '
was dissolved in 0.5 M sulfuric acid containing a known
amount of Am (V). When the original amount of Am (V)
was approximately half that of the Am (IV) dissolved, Am
(V) was practically absent after solution of the dioxide.
Evidently, the original Am (V) reacted very rapidly with
Am (IV) by (2) and the remaining Am (IV) partially dis-
proportionated by (3) and was reduced, The yields of
these reactions were as follows: reaction (2), _3'7“/0- feac-
tion (3), 52%; and reduction of Am.(IV),.11%.

In an expetiment where the original amount of Am
(V) was approximately twice that of Am (IV) dissolved,
the probability of the reactions was calculated on the as-~
sumption that the decrease in the Am (V) concentration
in solution was caused by (2) only. Here the probability
of (2) was 77%, of (3), 10%, and of Am (IV) reductlon,
15%. Since the experiments were with Am***, there was

Disproportionation of Am (IV) in sulfuric acid
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radiolytic reduction of Am (IV) and Am (V1) in parallel
with the reactions described, The time from the moment

of separation of the solution to the beginning of measure- L.
ments was 10-20 min, during which Am (VI) could be 9
partially reduced to Am (V) by radiolysis products. The ‘
small amount of Am (V) detected in the solution was ap- 3.
parently caused by precisely this reduction. Assuming this, 4

it is possible to determine the amount of Am (VI) reduced
up to the moment of the measurements. As can be seen
from the table (third column from the right) this correction 5.
is insignificant. There is also radiolytic reduction of Am
(1V) during solution of the dioxide and this cannot be neg-
lected so that the percentage yield of the reduction reac-
tion is the over-all result of reduction by water and radiol-
ysis products. However, it was not possible to allow quan- 7,
titatively for the contribution from radiolytic reduction as
americium dioxide was present up to the moment of sepa-
ration of the phases and the amount of americium in this

was several times greater than the amount of americium

in solution. The yield of Am (IV) reduction in 0.5 and

1.0 M sulfuric acid may be ascribed almost completely to 8.
radiolysis. It is only correct to consider Am (IV) reduction

by water in the case of dioxide solution with heating.

A kinetic investigation of reactions (1) and (2) isvery
difficult due to their highrates. Nonetheless, the results
obtained indicate that the absence of Am (IV) from mod-
erately acid aqueous solutions is caused predominatly by
reactions (1) and (2).
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NEUTRON SPECTRUM OF A Po—a —O SOURCE

A. G, Khabakhpashev

Original article submitted January 24, 1959

The oxygen isotope 0" has a large cross section for efficiency was used.® A block diagram of the equipment
the (o, n) reaction. The neutron yield on a thick target is shown in Fig. 1.

made from the pure o* isotope is 31 neutrons for 10% o

The operating principle of the spectrometer is-based

particles with an energy of 5.3 Mev[1]. In the present pa-  on the measurement of the energy spectrum of recoil pro-

per the energy spectrum of a Po-a-O source has been tons accompanied by scattered neutrons with a definite
measured. value of the energy. In this case the primary neutron
The source was a nitric acid solut1on of polonium, energy can be defined as the sum of the energies of the re-

prepared in water enriched to 24% with the isotope o",
2.3 cm® of a solution containing 1.38 C polonium was
poured into a thin-walled stainless steel container with an
inside diameter of 8 mm, The intensity of the neutron
source was measured on a "long counter” [2] by compari-
son with a Pu-a-Be standard and was 2.3 - 10° sec™®, The
neutron yield 'on the thick o target, calculated from the
data of this source, turned out to be equal to 30.7 neutrons
for 108 o particles,

For the measurement of the energy of the Po-a-O
source, a fast neutronscintillation spectrometer with a high

coil proton and the scattered neutron. In order to isolate

the scattered neutrons having a given energy, amplitude-time

selection was applied, Scattered neutrons with energies
from 120 to 380 kev were segregated according to their

transxt time by a delayed commdence circuit (r =5.5 -
1079 sec, delay time 1.9 - 10~° sec, transit distance 11.5
cm). A pulse selector in the second channel and a slow
coincidence circuit made it possible to constrict the

* The spectrum will be qesc}ibed in detail in a separate

publication,
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Fig. 1. Block diagram of the fast-neutron scintillation
spectrometer.
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Fig. 2. Experimental neutron spectrum of the Po-a-O
source,

energy interval of the scattered neutrons detected by the
selector, to reduce the number of chance coincidences
approximately ten times, and to exclude the detection of
identical pulses. Identical pulses with a very large am-
plitude, elicited by ¥ quanta and cosmic particles, could
pass through the fast coincidence circuit, since it has a
sensitivity of ~100 kev (for protons). The energy of the
scattered neutrons recorded by the spectrometer with pulse
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selector and slow coincidence circuit was equal to 260 %
+ 80 kev. ' :
The amplitude distribution of the recoil-proton pulses
was recorded on an AI-50 analyzer. For the transition to
the energy spectrum of the recoil protons the data cited

~in (8] were used. The calibration of the spectrometer was

performed according to the maximum with an energy of
4.85 Mev in the spectrum of the Po-a-Be source. The re-
solving power of the spectrometer was 100% for neutrons
with an energy of 3 Mev,

The dependence of the spectrometer efficiency on the
neutron energy can be expressed analytically if a crystal
with a large diameter is used in the second channel and
the distance between the source and the first crystal is not
too small. For the case when both scintillators have ap-
proximately the same dimensions and the source is set up
nearby the first crystal,the dependence of the efficiency
on the energy should be determined experimentally. The
spectrometer operation was checked out on the Po-o-Be
source in two geometries.

For recording the neutron spectrum of the Po-a-O
source the second geometry was used, for which the ef-
ficiency of the spectrometer was greatest. The depen-
dence of the efficiency on the energy was determined from
the Po-¢-Be source, the spectrum of which has been quite
satisfactorily measured in [4]. -

The neutron spectrum of the Po- -0 source is glven
in Fig. 2. The spectrum has a clearly pronounced maxi-
mum with an energy of 2.4 Mev, The maximum energy
is equal to 4.3 Mev, The spectrum was recorded over a
period of 20 hr. The total efficiency of the spectrometer,

e., the ratio of the number of pulses detected to the num-
ber of neutrons emitted by the source, turned out to be
equal to 108
- The neutron spectrum of the Po-o-O source, as cal-
culated on the assumption that the emission of neutrons
excited by Ne®? nuclei proceeds isotropically in the cen-
ter-of-mass system, is shown in Fig. 3. The method for
calculating the spectrumn was described in [4]. In the
calculation data pertaining to the dependence of the cross
section for the reaction O {a, n) Ne*! on the energy of
the o particles [5] were used, as well as the results of a
measurement of the y radiation that accompanied the
emission of neutrons.® *

The results. of the calculations and measurements are
found'to be in satisfactory agreement, The somewhat gen-
eral displacement of the measured neutron spectrum in the
direction of lower energies (by approximately 200 kev)
could be connected with the scattering of neutrons at the
source. Moreover, it is possible that the assumption of an
isotropic emission of neutrons is not correct. In that case,

¢* According to these measurements, the decay of the
Ne®? nucleus proceeds to the fundamental level of Ne™!
(55%), the first excited level with energy 0.350 Mev
(35%), and the second level with energy 1.73 Mev (10%)
(a paper is to be published).
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Fig, 3. Calculated neutron spectrum of the Po-ci-O
source,

the difference between the measured and calculated spec-
tra must indicate the fact that the emission of neutrons in
the dlrectxon of motion of an o particle is less probable.
Since the excitation functions for transitions to the
fundamental and first two excitation levels of the Ne!

nucleus are clearly unknown, in the calculation it was as-
sumed that they have the same form as the general excita-
tion function given in [5). However, the form of the ex-
citation function is not too strongly manifested in the
neutron spectrum. For the sake of comparison,the neutron
spectrum, calculated on the assumption that the excitation

... function for a transition to the 0.350° Mev level has a rec-

tangular form for an energy from 3.5 to 5.3 Mev is illus=
trated by a dashed line in Fig, 3.

It is my privelege to thank E. M. Tsenter for his un-
divided attention to the work, and to V. V. Ivanova and

L. P, Galdukova for assmance in preparmg the source,
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SPACE DISTRIBUTION OF IONS IN A LIQUID

V. 1. Ivanov

Original article submitted January 12, 1959

The distribution of ions in a medium being exposed
to radiation is determined to a large part by the structure
of the tracks of the ionizing particles. The structure of the
tracks depends in turn on the type of particles as well as

the properties of the medium being irradiated. Severalin- ‘

vestigators [1~3] have concerned themselves with the study
of these problems for different conditions of radiations.
The special feature of I'iqu.ids consists in the large density
- of ionization along the tracks of the ionizing particles
which gives rise to a nonuniform distribution of the ion
concentration,

For heavy particles, the specific volume appears to

be a cylinder, while in the case of 8 -or ¥ radiation, the -

ions are clustered into specific volumes of an approximately

spherical form. As a result of recombination, the total

number of ions decreases in time (within the limits of

the specific volume), while the volume itself increases

because of diffusion until the ions are not uniformly dis-

tributed over the whole volumhe being exposed to radiation,
Thus after a prolonged irradiation, part of the ions

are umformlydlstnbuted over the whole volume 1rradiated,

and the other part is concentrated into nuclei of spherical

or cylindrical form or some intermediate form. '

The purpose of the present work is to determiné the
concentrations of ions of the uniformly distributed back-
ground and the concentrations of the ions concentrated in

. nuclei as a function of the conditions of the irradiation.

The method of investigation is based on the assump-
tion that at the instant of their formation, all of the ions
are concentrated into nuclei of volume V, (of identical
form). As a result of recombination and diffusion, the ion
concentration in the volume of the nucleus will decrease,
and within a time t(the time of the existence of the nu=
cleus as an independent discrete portion in the irradiated '
volume) becomes equal to the concentration of ions of
the background y . The variation in the concentration of
ions of the background from the instant of the start of the
exposure is determined by the equation

%%:——ay‘z-{-q_ o (1)

- where « is the recombination coefficient of the ions, and

q is the number of jon pairs being added to the background

_in unit time and unit volume because of the disappearance
.of nuclei,
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In an equilibrium state, the concentration of ions of

the background
w=)/ L.

“if the number of ions in a nucleus at the instant of its
disappearance as an independent specific volume is equalto
N, , and v is the number of nuclei formed in unit time in
unit volume, then

()

(3)

For the given conditions of exposure, v is proportional
to the intensity of light.
_From (2) and (3) we obtain

. Ny
w=y <

" The problem of determining the equilibrium concen-
tration of ions of the background Yo thus leads to the de-
termination of the number of fons N_ in the nucleus at the
~ instant of its disappearance.

' The dependence of the number of ions in the nucleus
on time can be represented in the form

= NTu.

4)

(5)

where Ng is the number of ions in the nucleus at the instant
of its formation. S

The function f(t) can be found from the condition of
diffusion and recombination.

In the case of uniform formation of nuclei over the whole
volume being irradiated, it is reasonable to assume that (for
an equilibrium state) no new ions are formed in the volume
occupied by the nucleus during the period of the independent
existence of the nucleus; i.e., that

N=DNyf (1),

n=

VV;‘ ! -(6)

where Vg, is the volume of the nucleus at the instant of its
disappearance. The variation of the volume of the nucleus
with time can be represented in the form

V=V (t), . 4]
where the function ¢ (t) is found from the same conditions as
was f(t). Relations (3) and (4) determine the equilibrium
. concentration of ions of the background,

The equilibtium concentration of ions concentrated in
nuclei

®

Zo=Nny,

T

where N:% g f (t)dt is the average number of ions in the
0 '

nucleus for the period of its existence; n, = v7 is the equi-
librium number of nuclei in unit volume.

Analytic expressions for xq and y, were obtained by this
means for the case of cylindrical and spherical forms of nu-

x

clei. It was assumed that the volume of a cylindrical nucleus
increases only as a result of diffusion along a direction per-
pendicular to the axis of the cylinder. ‘

For the average displacement of an ion due to diffusion,
we employed the relationship

4

-— Dt,
T

Yo= 1

a

where D is the usual diffusion coefficient. Formulas are
Nev
2N, ak
o[ nthed T )
1 4a /g
wherek:z—a-.[<1+ ) —1],

given below for:
}1/2
Vv

1) cylindrical nuclei
a_V 6xDl (1 is the length of the cyliinder)
=V -
Ny v :
! 1

[ln(i—{—%a—{—%—-a%)/z—}- A T
. - —_— . a2
. 14 3 a-} 5 ate

Nyv

111 k |’
ESNEY )
2 ' Vo \ 11 bk
where k is determined.from the equation

1

Ve

0= 0 H
2aN 1y

1_{—.Voa2

9) spherical nuclei

VWet-1,82. VYV V Dik,

A=k bk 42 b,

Xo is determined approximately according to the average
volume of the nucleus during the period of its existence.

The accuracy of the determination of the comcentrations Xg
and y, depends on the accuracy of the original data, The
relationships obtained for other similar conditions enable one
to characterize the distribution of ions in the irradiated
medium more accurately than by calculations made on the
basis of the Magee [3] model. The Magee model is applica-
ble-only to cylindrical nuclei, and its underlying assumption
as to the type. of nuclear volume variation does not altogether
strictly agree with diffusion theory.

It follows immediately from the relations obtained that
the relative concentration of background ions increases with
an increase of the initial volume of the nucleus and the in-
tensity of the radiation. This explains some of the laws of
behavior of liquid ionization chambers. The relationships
for determining the concentrations X and yp can be used in
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RADIOACTIVITY OF AEROSOLS IN: THE BUILDING HOUSING THE SYNCHRO-
CYCLOTRON OF THE JOINT INSTITUTE FOR NUCLEAR STUDIES - -

V. P, Afanas'ev -
- Original article submitted -i:in‘uér_y 10, 1959

It has been shown previously {1} that the air near the
operating OIYaN syncrocyclotron becomes active, and that
the activity is observed for'several minutes after the ac-
celerator is shut down. It is natural to assume that the
aerosols suspended in the air are activated by the beam of
high energy particles. The present investigation was con-
ducted in order to determine the amount of radiation haz=
ard due to the active aerosols and, insofar as possible, to
determine their isotopic com position.

In order to select the aerosol samples, an arrangement
was used which consisted of a dust-collecting fan, filter,
and a counter which measured the volume of air which
passed through the filter, The analytic filter, placed at
the counter entrance, was a circle 28 mm in diameter,to
which rubber washers were cemented from two sides to
create a vacuum seal, We began to pump the air either
immediately upon shutting off the accelerator or else a
few hours afterward. The aerosol samples were collected
from the most unsafe places, The activity of the filter was
measured from 2 to 5 minutes after completing the pump=
ing of the air. The beta radiation was measured with an
end-window Geiger counter with a mica window whose
thickness was ~ 5 mg/cm®. The thickness of the fllter
(without considering its gauze backing) was 3 mg/ cm?,
while the distance from the filter to the sensitive volume
of the counter was 15 mm, The value of the relative solid
angle w in this connection was equal to 0.06 [2].

In order to determine the portion of the aerosols .
which was not captured by the filter, special measurements
with two filters placed one above the other at the counter
entrance were made. It was found that the portion of the
aerosols not retained by the filter amounted to dnly 10%.

The maximum coefficient S of self-absorption of B
particles in the filter was also determined. The coeffi~
cient of self-absorption S was equal to 0.98 for B particles
emitted by the aerosols which were selected from the ac-
celerator chamber; for B particles of aerosols obtained in
the open air it was 0.85. The coefficients of absorption in

the air layer K, and in the counter window K were equal
to 0.91 and 0.75, respectively.

Fourteen aerosol samples:were taken in the accelera-
tor chamber. Samples were simultaneously taken outside
of the chamber. The value of the activity in the accelera-
tor chamber was on the average equal to 84 pulses/ min/m’,
while in the open air it was 25 pulses/ min/m®, The aver-
age value of the activity caused by the operation of the
accelerator thus amounted to 59 pulses/ min/ m3, Half
lives were also measured and the energy of the betas was
estimated by measuring the absorption in aluminum. The
half life and energy of the natural aerosols: (samples taken
outside the accelerator chamber) were all equal: T= 30
min & 50% and Eg = 0.85 Mev & 40%, respectively.
Measurements of the constants of the radioactive decay of
the aerosols selected in the synchroeyclotron chamber gave
the following results: T = 14 hr ¢ 20% and Eg = 1.25
Mev + 40%, The natural radioactivity of the aerosol is
caused by one of the decay products of radon, that is

(RaB) [3].
On the basis of the measurements of the constants of

‘the emission from the long-lived aerosols detected in the

synchrocyclotron building, and also starting from the com-
position of the substances which were distributed in the
vicinity of the accelerator (a massive concrete shield) and
which were exposed to radiation consisting of the high
energy patticles, it is possible to assume that the activity
of the aerosols in the accelerator chamber is caused in the
main by the isotope Na .,

The Na®* concentration in the air was calculated with
the aid of the relation.

N
3,7.101%600w - SKr-10°

CNags = curie/liter,

where N is the number of counts in 1 minute in 1 m3 of
the sampled air; 3.6 X 10 is the conversion factor to
units of curies; 103is the conversion factor from cubic
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meters to liters.
factors are listed above,

A correction factor will have to enter into the cal-
culated formula for the general case in order to allow for
the decay of the aerosols in the filter during the pumping
period. However, in the present investigation such a fac-
tor was not introduced for two reasons: the pumping period
was short compared with the half life of Naf and the
pumping in the accelerator chamber and in the open air
was carried out over equal intervals of time,

On substituting numeucal values in the formula, we
obtain Cy 5y = (5 . 10”84 50%) curie/ liter, which 1s
0.001 of the maximum allowable concentration of Na**
in air.

Let us estimate the Pb*™ concentration in the air out-
side the synchrocyclotron building. Substituting the value
for this case into the formula given, we obtain Cp 2y =
210" '3 curie/liter. Such a value of the concentration of

b214 (RaB) agrees with the data obtained in [4].

SUMMARY

1.- Tt has been found that radioactive aerosols are formed

596

The values of all of the other correction '

in the chamber of the synchrocyclotron during its opera-
tion,

It is proposed that the activity of the aerosgls in the
acceleration chamber are due to the isotope Na™", The
Na?4 concentration is equal to (5 + 10 B8y 507) curie per
liter, which is 0,001 of the maximum allowable concen-
tration. The concentration of the natural active aerosol
Pb*% (RaB) in atmospheric air is equal to 10™% curie/ liter.

In conclusion, the author wishes to thank M. M.
Komochkov and V, N, Mekhedov for critical comments and

" help in carrying out the present investigation..
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 News of Science and Technology

THE PART TO BE PLAYED BY SCIENTISTS IN FULFILLING THE
DECISIONS OF THE TWENTY-FIRST CONGRESS OF THE
COMMUNIST PARTY OF THE SOVIET UNION

V. Korovikov

(From the Annual Conference of the Academy of Sciences of the USSR)

The annual general conference of the Academy of
Sciences of the USSR took place on March 26-28, 1959,
at the Moscow Home of Scientists, The conference was
devoted to the ways and means for scientists to partici-
pate in fulfilling the decisions of the Twenty-First Con-
gress of the Communist Party of the Soviet Union,

A. V, Topchiev, Vice President of the Academy of
Sciences of the USSR, addressed the gathering in a report
on the activities of the Academy over the past year and
on tasks for the immediate future, A review report de-
voted to Soviet space research and upper atmosphere -
studies with the aid of rockets and artificial satellites
was delivered by the President of the Academy, A, N.
Nesmeyanov. ‘ ' :

Over 20 persons took the floor in the discussion, A
prominent place in the reports and statements of the
participants at the conference was taken up by problems
in the development of physics, particularly nuclear phy-
sics, and the development of engineering, The foremost
in importance among some twenty odd prime problems
in modern science were agreed upon as the control of
thermonuclear fusion reactions and the study of elemen-
tary particles, :

The physics and mathematics division was, and re-
‘mains, the largest division in the Academy, Eleven new
institutes have been established under the auspices of this
division during the past three years, including five such -
institutes belonging to the Siberian section alone, Acade-
mician M. A, Lavrent'ev remarked that the building -
housing the Institute of Nuclear Physics is one of the first
constructions going up at the site of the scientific city
near Novosibirsk,

Control of thermonuclear reactions, the study of
intranuclear forces, problems of neutron physics, radio-

s

chemistry and radiobiology, these are the most important
tasks facing Soviet science in the next seven years, A
broad scope has been attained in the construction of nu-
clear electric power stations , Further research on cool-
ants, fuel elements and the choice of the most economi-~
cally competitive reactor types are required in this area,
New accelerators and reactors of novel design will be
built, _

Corresponding Member of the Academy of Sciences
B, P. Konstantinov discussed in detail the work of the
Physics and Engineering Institute, the oldest center of
nuclear physics in the USSR, which has trained scores of
first-rank research, Research work on the study of ther-
monuclear fusion will be expanded at the Institute, re-
search.on atomic nuclei will be extended, instrumenta-
tion is being devised and improved, e.g, a high-precision
beta spectrometer, instruments for.automating the moni-
toring of nuclear emulsion tracks '

A new Constitution for the Academy of Sciences was
adopted at the conference, Its postulates are aimed at
the further development of the methods of collective
supervision of scientific activity, toward the all-around
development of the creative initiative of the scientists,
toward the development of democratic forms of organi-
zation, The conference devoted particular attention to
the problems of organizing and coordinating scientific
research, bridging the gap between completed research
and production, assimilation of new discoveries, the
material and technical needs of research institutes and
laboratories, A resolution was passed on the establish~
ment of scientific council bodies supervising the basic
problems in research work, They will have the task of
coordinating and directing the entire effort of academical
and extra-academical research teams in the different
areas of science and engineering,

NINTH ALL-UNION CONGRESS ON NUCLEAR SPECTROSCOP’Y

The Ninth All-Union (Annual) Congress on Nuclear
Spectroscopy met in Kharkov on January 26 to February 2,
1959. The Congress was attended by over 300 scientific
workers from research institutes and institutions of higher
learning throughout the country, Over 100 reports were
heard on the results of theoretical and experimental re-
search work on differerent problems in the structure of

nuclei, @« and B decay. A short review of some of the
papers read is given below,*

* Part of the proceedings of the Congress were published in
Izvest, Akad, Nauk SSSR, Ser, Fiz. 23, No, 2 (1959); there-
maining papers will appear in No. 7 of the same journal and
in 24 , No. 1 (1960).
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Theory of the Nucleus; General Problems in Beta
Decay. Problems in the theory of the nucleus were dis-
cussed at the first session of the Congress. In his report, A,
S. Davydov (Moscow State University) gave a review of
experimental results obtained in research on low excited
states of nuclei, and presented a classification of excited
states based on current theoretical concepts. As a possible
explanation of the discrepancies between theory and ex-
perimental findings, and in particular of the anomalous
rule of intervals in rotational bands, a deviation of the
shape of the nucleus from the axisymmetric model was
proposed, The nonaxiality parameter is determined from
experimental data on the position of two energy levels of
spin 2. The position of rotational levels and the intensity
of transitions between those levels are computed on the
basis of that parameter, and are found to agree well with
the experimental data. In L, K. Peker's papers on new re-
search on deformed nuclei, and the research of B, L, Bir-
brair, L. K, Peker,and L, A, Sliv (Leningrad Physics and
Engineering Institute) on guadrupole oscillations of deformed
nuclei, the older concepts retaining the axially symmetric
shape of the nuclei were used in the interpretation of the
experimental data, Tweo modes of oscillation of the nuclei
are discussed in the latter repost, oscillation along the
axis of deformation (8 mode) and oscillation transverse to
that axis (¥ mode), and expressions are derived for the
energy of the first 8 and y levels of vibration., Coupling
between rotation and vibrations is taken into account,
and the general corrective factor for the energy of the ro-
tational band levels is derived,

A report presented by E, V. Inopin, V. Yu. Gonchar,
and S, P, Tsytko (Kharkov Physics and Engineering Insti-
tute) was devoted to the use of the generalized model for
an analysis of the experimental data available on 8 tran-
sitions in light nuclei. The ft values computed on the basis
of that model and the values of the B -transition matrix
elements showed better agreement with experimental data
than the result of calculations using the shell model.

Results of theoretical research embodying new con-
cepts on interactions between nucleons in nuclei were pre-
sented in several papers. S, T, Belyaev (Institute of Atomic
Energy) told of the calculation of pair correlations in
nuclei. The position of low excited states of the nucleus
derived from that model is consistent with experimental
data. The theory explains the familiar character of the
dependence of the shape of the nucleus on the filling fac-
tor of the shell. A paper presented by A, B, Migdal (Insti-
tute of Atomic Energy) reported on the results obtained in
applying the superconductivity model to nuclei, and on de-
riving general expressions for the moments of inertia of the
nuclei, on the basis of that model. P. £. Nemirovskii (In~
stitute of Atomic Energy) discussed the problem of the
neutron stability of nuclei. »

The general problems of B-decay theory were dealt
with in the review paper presented by Ya, A, Smorodinskii
(Institute of Atomic Energy).T Theoretical and experi-
mental investigations conducted during recent years have
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made it possible to formulate a universal theory of weak
interactions. The theory describes a number of events
known at the present time, and predicts new processes
which have yet to be detected experimentally, The report
outlines the most interesting trends in the field of experi-
mental B-decay research,

Among the interesting experimental research papers
devoted to the general problems of 8 decay were the con-
tributions of V. V. Vladimirskii, V, K, Grigor'ev, V. A,
Ergakov, and Yu, V, Trebukhovskii (Institute of Theoretical
and Experimental Physics) and of V. M, Lobashev, V, A,
Nazarenko, and L. I. Rusinov (Leningrad Physics and Engi-
neering Institute). The first paper reported measurements
of the angular correlation between the directions in which
electrons and neutrinos are deflected in the 8 decay of a
free neuron. The correlation was studyed by investigat-
ing the spectrum of decay electrons at a fixed pulse of
recoil protons. The authors estimated, with an appreciable
statistical error to be sure, the value of the ratio of the
Fermi and Gamow-Teller interaction constants, In the
second paper, the correlation between transverse polariza-
tion of the decay electrons and circular polarization of the
accompanying Y quanta is investigated. Preliminary
measurements were carried out for Sc*® and Co®, Further
research on this correlation may succeed in resolving the
question of the existence of an imaginary part in the
Hamiltonian of 8 interaction,

Decay Schemes; ¥ Emission by Nuclei. The most
popular subject for original papers at the Congress was re-
search work on 8 spectra, internal conversion spectra of
electrons and gamma radioactivity of nuclei, Here it is
necessary to take note of the large quantity of papers pre-
sented by the staff of the Kharkov Physics and Engineering
Institute including:‘ Yu. P, Anufriev, A, K, Val'ter, Yu. V,
Gonchar, E. G. Kopaneits, A, N, L'vov, P, M, Tutakin, S.
P, Tsytko, P, V. Sorokin, A, S. Deineko, I. Ya. Malakhov,
and A, Ya. Taranov, on research into the levels of several
nuclei appearing in (p, ¥) reactions. A proton beam of 4
Mev energy from an electrostatic generator was used,

822305, ), Ne*(p, 7),

"The reactions studied were Si
§%2°34(p, ¥),.A%p, ), and NM¥(p, 7). As a result of the
measurements performed, information was obtained on the
position,width, and relative intensity of various resonances,
For some hard ¥ lines, the polarization of the gammas was
determined on the basis of observation of the photodisinte-
gration of a deuteron.

An appreciable proportion of the reports was presented
by colleagues of the Leningrad Physics and Engineering In-
stitute, The papers contributed by D, G, Alkhazov, A. P,
Grinberg, G. M. Gusinskii, M. Kh, Lemberg, V. V. Rozh-
destvenskii, and K. N. Erokhina reported investigations of
the Coulomb excitation of low levels in several nuclei, by
bombarding them with a beam of multiply charged ions
(C, N, O, and Ne) accelerated in a cyclotron. Results were

T Transl. note; Smorodinskii, Uspekhi Fiz. Nauk 68, 653
- {1959).
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presented of measurements of the excitation probabilities
and lifetimes of low levels of several nuclei studied.

Several of the reports presented data on new measure-
ments of beta spectra and spectra of internal conversion
electrons. The results of that research serve to refine and
supplement the decay schemes of the nuclei investigated.
Several other papers presented by colleagues of the Lenin-
grad institutes and the Joint Institute for Nuclear Studies
were devoted to continued research on neutron-deficient
nuclides of the rare-earth elements. The nuclides inves-
tigated were produced from fragmentation reactions ef-
fected by bombarding tantalum with fast protons (680 Mev).
Following chromatographic analysis of the preparations, the
B and y spectra and the spectra of internal conversion
electrons were studied, Some previously unknown Y tran-
sitions were detected in several nuclei. A paper submitted
by A. V. Kalyamin, A, N, Murin, V, N. Pokrovskii, and V.
A. Yakovlev (RIAN) presented proofs of the existence of
radioactive isotopes Tmlsl, Ho %%, Homs, and Ho®?, A
study of the decay schemes of some neutron-deficient iso-
topes using the method of coincidences of internal conver=
sion electrons was reported in papers submitted by B, S.
Dzhelepov and V. A. Sergienko (Leningrad State Univer-
sity), A double-lens B spectrometer was used in the
measurerments,

Several of the reports dealt with theoretical and ex-
perimental research into the internal conversion of y rays.

Spectroscopic Techniques, At the session devoted to
problems arising in the techniques of & , 8 , and ¥ spec-
troscopy, new large magnetic spectrometers having excel-
Ient optical characteristics were discussed in some of the
papers.

A paper by B. S, Dzhelepov, R. B, Ivanov, V. G, Ned-
ovesov, and V. G, Chumin (RIAN) reported on a double
focusing (angle mv2) o spectrometer. The instrument has
a resolving power of 0.10% and aperture ratio of 3 - 1078
"' of the total solid angle. The radius of the central orbit is
33,5 cm. Work ondesigningan o spectrometer of the same
type, but having higher characteristics, was discussed in a

paper by S. A, Baranov, V. V. Beruchko, A. G. Zelenkov,
A. E, Malov, and G, Ya. Shchepkin (Institute of Atomic
Energy). The resolution of the spectrometer was 0.1%, and
the aperture ratio ~8 « 107* of the total solid angle. The
radius of the central orbit was 155 cm, The instrument
exhibits high emissivity (product of the source area and the
solid angle), and makes possible investigations of o lines
at very low intensities. The spectrometer may also be
operated as a spectrograph. In that case, the energy range
of the o particles simultaneously recorded by the photo-
graphic plates reaches ~10%. An interesting report of the
fabrication of a magnetic spectrograph for heavy charged
particles was presemted by I. F. Barchuk, G. V. Belykh, V.
1. Golyshkin, and V. A, Kovtun (Physics Institute of the
Academy of Sciences of the Ukrainian SSR). The instru-
ment, small in size, simultaneously records the spectrum
of protons over the 3-25 Mev range on photographic plates.
The spectrograph is equipped to measure the angular dis-
tributions of charged particles in the range of angles from
5°to 170°.

Representatives of the Ministry of the Electronics In-
dustry reported the development of new types of photomul-
tiplier tubes possessing high spectral and time characteris-
tics. It noted that the creation of highquality luminescent
spectrometers is hampered at the present time not by the
spectral response of the photomultipliers, but rather by the
inadequacies of scintillators now being produced. The Con-
ference discussed a report on the status of work in the field
of scintillator manufacture, and took note of the need to
effect considerable improvement in the spectral response
of scintillator devices,

Bringing the Conference to a close, S, B, Dzhele-
pov briefly summed up the work accomplished, and noted
the fundamental successes achieved in nuclear spectro-
scopy during the preceding year. The concluding remarks
also directed attention to the desirability of achieving
more rapid and more complete publication of the necessary
reference materials and tables.

V. P. Rudakov

THE PHYSICS AND ENGINEERING DEPARTMENT AT THE URAL POLYTECHNIC INSTITUTE

Scientific research in various branches of physics isin
progress at the Physics and Engineering Department of the
S. M.Kirov Ural Polytechnic Institate(Dean, S. P, Raspopin).

The department, headed by D. A, Borodaev, boasts of
a 15 Mev betatron commissioned in December, 1958, The
department is planning to conduct research on the effects
of irradiation of living organisms (mice, rats, rabbits) and
testing new medicinal preparations, Studies of the proper-
ties of semiconductors subjected to radiation are scheduled
Assembly has been completed on a cyclotron designed to
accelerate o particles to 27 Mev. The machine is now
being checked out. A manipulator designed at the Insti-

tute is used to periodically pulse the cyclowon. The cyc-
lotron will contribute to the development of research in
radiobiology, radiation chemistry, solid state physics,
nuclear reactions at intermediate energies, and neutron
dosimetry. Assembly of an £G-2.5 electrostatic generator
has been started.

The Department of Theoretical Physics (under the
supervision of Prof. G, V. Skrotskii), in collaboration with
the Department of Organic Chemistry (supervised by Prof.
1. Ya, Postovskii), is carrying on research on the structure
of organic radicals, based on the electron paramagnetic
resonance method. Attempts are being made to correlate
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the reactivities of the free radicals with their physical
properties. Two facilities are being assernbled: one for
the study of the hyperfine structure of the resonance line

" of organic radicals in the millimeter wavelength range
and the other for isotopic analysis of substances using the
nuclear magnetic resonance principle. An EM-3 electron
microscope is being used to elaborate a procedure for re-
search on the structure of ferrites, the processes of the for~
mation and growth of crystals are being investigated, the
structure of copper sulfide and nickel sulfide films is be-
ing studied, etc. One of the variants of the scanning
method has been developed. Theoretical studies are being

conducted on the widths of paramagnetic resonance lines *

and on the properties of systems of many interacting par-
ticles,

A group of undergraduate students, under the supervi-
sion of Khudenskii, carried out work during 1958 on con-
structing high-precision spectrometers for nuclear radia-
tions. The possibility of designing fully automated

spectrometers with high speed of response, on the basis of
scintillation techniques and high-speed electronic com-
puter techniques, was proved, This group'desi’gnéd and
studied a 64 channel pulse-height analyzer. A conversion
device was used to measure the amplitudes of the signal
studied, by converting the amplitude into pulse duration
and converting the latter into a pulse train with the num-
ber of pulses proportional to the signal amplitude. This
intelligence is then stored in a magnetic memory. The
‘height distribution of the pulses is read out on an oscillo-
graph tube screen, with the aid of a decoder and special
frequency generator,

The students”atomic physics lab (supervised by G. V.
Solov'ev) is equipped with a facility for determining the
magnetic moments of atomic nuclei by means of nuclear
magnetic resonance, as well as a facility for measuring
the magnetic moment of an electron using the electron
resonance method,

Sverdlovsk - . P. K.

THE LATVIAN RESEARCH REACTOR

A 2000 kw(th) IRT research reactor is being built in
Latvia (near Salaspils) for the Institute of Physics-of the
Academy of Sciences of the Latvian SSR (see Fig. 1). The
decision to have the reactor built was taken because of the
developing research underway in Latvia on the use ofradio-
active isotopes and nuclear research, requiring the power-
ful neutron source to be had in a nuclear chain reactor.
Construction work on the reactor is scheduled for comple-
tion in 1960. )

Construction. ‘The IRT is a swimming-pool type (see

The fuel elements will be 50 cm long and ~1 cm in dia-
meter, Forced cooling is used for the core. Rate of water
flow is 400 m®/ hr, with about 300 m®/hr passed through the
core by ejection and 100 m*/ hr pumped by circulation
pumps. The water of the primary loop is cooled in heat
exchangers, and its temperature does not exceed 40°C while
in the pool. '

An inclined discharge chute built in the concrete
biological shielding provides for the removal of spent fuel
assemblies and irradiated samples or of stringers containing

Fig. 2). Ordinary distilled water will serve as both modera- isotopes, the chute discharging into the pool. Removal of

tor and coolant. The reactor pool will be oval in shape.
(2 m across, 4.5 m long). The core, containing 664 fuel
rods (combined in assemblies) with enriched uranium, will
be surrounded by beryllium oxide reflector and graphite.

spent fuel is carried out by remote control.

Shielding and Health Physics. Biological shielding for
the reactor is provided by a two-meter-thick layer of high-
density concrete, laterally, and a layer of water 6 m deep

>

it

e = =

e e T

Fig. 1. General view of building housing reactor (projected).
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Fig. 2. Vertical cross section through reactor.

(on top of the reactor). The heat transfer loop of the re-
actor, including the swimming pool, is hermetically sealed,
thus removing any hazard of radioactive contamination of
the installation or reactor building. A ventilation system
is being installed in the reactor building. The air is care-
fully filtered before being vented. The health service
provides for strict monitoring of the radioactivity levels of
the equipment, ground, clothing worn by personnel, etc.
Special health monitoring booths are provided in the locker
rooms, A zone of alienation stretching 1 km in radius has
been established around the reactor. ‘A special storage tank
is being built to house hot wastes, and a burial ground for
hot refuse is being set up.

Control Systemn and Protection’. Reactor control is ef-
fected by means of cadmium rods. " 7 ‘control rods, includ-
ing 2 scram rods, are provided. The scram rods will be
actuated whenever a 207 excursion beyond rated reactor
power Occurs, of when the rate of power buildup is exces=
sive, o in case of faults in the electric control system cir-
cuits, etc. There is one rod in the automatlc control '
system. ~

Experimental Equlpment The reactor incorporates a
device for producing 9 horizontal neutron beams, The
beam cross sectlon is ~B0 cmz Neutron flux in the beam
will be's - 10° neutrons/ cm? - sec, 17 vertlcal channels
are provided for the productlon of radioactive 1sotopes and
. for obtaining samples with induced radroacnvity Six of
these are passed through the reflector, and one through the
center of the core. The flux through the central experi-
mental channel is 1.2 * 10" neutrons/ cm? sec.

Research Programs Scheduled The scope of the prob-
lems being tackled by Latvian scientists is very broad. The
projected research programs will cover the areas of nu-

clear spectroscopy, neutron physics, and solid state physics
(including extensive research on radiation effects in mate-
rials). Chemical studres will be camed out on nuclear
transmutation products, chemrcal reactlons using radioac-
tive isotope tracers will be studied, and the effects of neu-
tron and gamma radiations on chemical reactions will also
be investigated.

An appreciable portron of the research involves ‘work
in-the areas of biology and medicine. The radioactive
isotopes to be produced, particularly the short-lived iso-
topes, will be used for the treatment of malignant tumors,
Basedow's goiter, and in diagnostics. Theselective responses
of different types of tumors to neutron bombardment when
neutron-absorbing substances are introduced in the tumors
will also be studied. A series of biological and physiologi-
cal investigations involving the use of tagged atoms and
radioactive sources, including research on metabolic pro-
cesses in the organism, circulation of the blood, distribu-
tions of the various elements in different parts of the organ=
ism, is projected.

The radioactive isotopes produced in the pile will find
use in the solution of many technical problems, particularly
in wear studies on rubbing parts of machines,

~ In addition to the Institutes attached to the Academy
of Scrences of the Latvian Republlc the Latvian State
Umversxty, the Riga Polytechnic Institute, The Agricultural
Academy, and the Research institutes under the auspices of
the Ministry of Agriculture ‘will also take part in the re-
search and tests using the reactor facility.

.To achieve coordination of the entire research ef-
fort, a Leningrad Council on the Peaceful Uses of Atomic
Energy is being set up under the aegis of the Presidium of
the Academy of Sciences of the Latvian SSR, with seatson
the Council occupied by representatives of all of the or-
ganizations engaged in work with radioactive isotopes in
the Republic. Scientists from Estonia and Lithuania will
also use the reactor facilities.

Specialists for research work involving the use of the
reactor and of radioisotopes will be trained prlmarrly by
the Physics and Mathematics Department of the Latvia
State University and by the Chemistry Department of Riga
Polytechnic Institute. Nuclear physics is being introduced
as a new major at the university. Some of the students
will complete their practical lab work at the atomic re-
actor being built in Tbilisi (Georgian SSR).

~ The Chemistry Department of Riga Polytechnic In-
stitute has been engaged for some time in training spe*
cialists in radiochemistry, Students in this discipline will
complete their practical lab training in laboratories in
Moscow and Leningrad. Plans for the training of more
highly skilled cadres envisage sending several teaching
fellows to complete their graduate work in leading scien=-
tific institutions in Moscow, Leningrad, and other cities.

The stert7 up of the nuclear reactor will mark an im-
portant stage in the development of science in Latvia.

Yu. K.
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In nuclear practice, as in any other branch of indus-
try or technique, failure to observe safe work rules may
result in severe, and sometimes tragic, consequences. As
an example we note two fatal accidents which occurred
during 1958: one in Yugoslavia (at the Boris Kidri¢ In-
stitute of Nuclear Physics), the other in the United States
(at Los Alamos Scientific Laboratory).

The accident at the Boris Kidri¢ Institute of Nuclear
Physics took place on October 15, 1958 [1,2]. Experi-
ments using the critical facility (see Fig. 1) of the Insti-
tute were in progress at the time, for the purpose of ob- .
taining data on uranium-heavy-water lattices.

Fig. 1. General view of the critical facility in the Boris
Kidric Institute of Nuclear Physics.

The basic characteristics of the critical assembly in.

use are:

Inner diameter, cm : . 199.9
Height, cm 230
Natural uranium charge, kg 3995
Diameter of aluminum-clad

uranium rods, cIm 2.5
Critical level of moderator

(at 22° C), cm 17176 21
Volume of moderator, m® 6.36

Control of the critical facility was effected by vary=
ing the moderator level and by means of two cadmium
control rods (50 cm long and 3 cm in diameter). The
.moderator level was varied with precision tolerances of
0.2 mm by means of electrical contact between the sur-
face of the water and a level gage. Neutron flux was
measured by three counters positioned around the periphery
of the critical facility tank. The emergency control equip-
ment consisted of two scram rods, a switch for emergency
dropping of control rods, neutron detectors connected to a
sonic annunciator panel, and an electric automatic shut~
down circuit. The rods were held in place by electromag-
nets, which had to be operated from the emergency tripout
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switch dropping the safety rods to full poison position, and
the rods were actuated separately.

A neutron source placed on the axis of the facility was
used for the approach to criticality.

The reason for the accident was the absence of anin-
terlock system, and the fact that the counters and the
electric automatic shutdown circuit had been disconnected.
(Radiation-recording and rod-release equipment were not
designed as an integrated system providing interlocking
control against a runaway of the critical assembly.) Under
those conditions, an increase in the level of heavy water
when the critical assembly had been loaded to critical re-
sulted in a runaway; the system became strongly super-"
critical and the facility got out of hand. The runaway
was detected by the personnel only by the smell of ozone
in the building.

As a result of the abrupt increase in neutron flux, 8
persons in the vicinity of the reactor were subjected to a
large dose of neutron irradiation (Fig. 2). To determine
the irradiation dose received by the victims, the activi-
ties induced in gold and copper objects catried on the
persons of the victims at the moment when the critical
facility began to run away were measured.

Critical
facility

i ————— 8T —————d
Fig. 2. Diagram showing po=~
sitions of victims (black dots)
at the moment the critical
facility started its runaway.
Two workers, positions not
shown in diagram, were some
distance away from the facil-
ity at that moment, but also
suffered exposures exceeding

" the maximum permissible
dose.

Measurements showed that the integral flux of thermal
neutrons alone reached an average of 2.2 - 10! neutrons per
cm® at the points where the personnel were standing. From
this, it was deduced that the energy developed by the re-
actor in the subcritical period was 8-107 watt-seconds.

This figure fits well with the results of measurements of
radioactive decay of fission products formed as a result
of the facility runaway.
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Further calculations showed that the.victims received
a mean whole-body irradiation of 116 RBE from neutrons
at energies higher than 1 Mev, 223 RBE from neutrons of
energies ranging from 1 Mev to thermal, and 49 RBE from
thermal neutrons, The over-allmean neutron irradiation
dose thus came to 388 RBE, It is important to note that
some tissues and organs on the side of the body exposedto
the critical facility received local doses of neutron ir-
radiation going as high as 850 RBE, to a tissue depth of
10 cm, .

Judging from data réported from experiments previ-
ously carried out to determine the intensity of ¥ -radiation
in the hall accomodating the critical assembly, it was
established that the dose of ¥y radiation to which the In-
stitute workers were exposed in the criticality accident
reached 400r. Assuming the mean energy of the gammas
to be 3 Mev, the dose of y irradiation received by the
whole organism, expressed in RBE units, would add another
295 RBE. The mean total dose of neutron and gamma ir-
radiation accordingly comes to 683 RBE. Since the acci-
dent victims were standing at different distances from the
critical facility, the differences in the exposures suffered
ranged to +15%,

First aid was applied to the victims at the Institute,
One of them died within the month, The two patients
who had received the mildest exposures were treated in
Belgrade, and the remainder were flown to Paris [1].

The fatality at Los Alamos Scientific Laboratory oc-
curred on December 30, 1958, in thg section where hot
wastes left over from a plutonium extraction step are
stripped and concentrated [3, 4]. The resulting slurries
usually contain under 0.1 g/ liter plutonium, with traces
of americium, The plutonium. and americiumn are removed
by stepwise extraction using tri-n-butyl phosphate, with
subsequent reextraction to an aqueous phase, which is
concentrated by driving off the water., The final suspen-
sion, containing plutonium in quantities of several grams
per liter, is recycled to an earlier extraction step.

In these processes, hydrolysis of the TBP occurs with
resultant formation of mono- and dibutylphosphates inre~
sponse to heat, nitric acid,and o radiation, The products
of the hydrolysis tend to form stable complexes with plu-
tonium, and must therefore be removed periodically from
the extractant mixture. The suSpended plutonium-con-
taining solids then isolated are filtered off and directed in
small batches to other sections for further processing.

An examination of the causes of the accident showed
thatthe precipitate, containing a large quantity of plu-

tonium which, had the process followed its normal course,

would have been removed in small batches, this time is-
sued from two vessels into the single large vat containing
dilute aqueous and organic suspensions. After most of the
aqueous slurry had been removed from the vessel, the re-
mainder, amounting to ~ 150 liters; was transferred to a
stainless-steel vat. in which the critical mass formed

(Fig. 3). Into this receptacle, already carrying ~300 liters
of an aqueous-organic emulsion stabilized by caustic soda,
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Fig. 3. Vat in which the critical mass
formed.

were poured 49 more liters of concentrated nitric acid
used for scrubbing residues of solid inerts from the bottom
of the vessel in which the solvent was processed.

Accordingly, immediately prior to the accident,
there were 330 liters of aqueous slurry, containing 40 g
plutonium in the receptacle, with a layer of solvent about
160 liters in volume, and-containing 3,27 kg plutonium,
in the top of the vessel, Particulate solids containing 60
g plutonium were suspended in the aqueous and organic
phases, Later calculations indicated that the layer was
20.32 cm thick, contained plutonium in amounts of 20 g
per liter and was slightly subcritical.(The critical thickness
of the layer would have been 20.95 cm.)

When he turned on the motor driving the mixer, the
operator, observing the process through a viewing port on
the top of the tank, saw a blue flash (Cerenkov radiation).
The shock of the reaction accompanying the flash displaced
the tank about 1 cm from its position. The motor was
immediately turned off, and then restarted, by the opera-
tor. Two other operators rushing to the scene shut the
motor off again. The supercritical mass formed because
the layer of organic solvent in the receptacle rose 10 mm
along the edges when the mixer was started up, correspond-
ing to an increase of 12.7 mm in the effective radius of
the system,

It was found that the amount of fissioned plutonium
nuclei numbered 1.5.- 10", It was also revealed that in-
duced activity showed up in objects situated 55 m distant
from the receptacle in which the critical mass formed.

As a result of the accident, one operator received an
exposure of 12,000 RBE and died in 36 hours, Two other
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operators, suffering exposures of 134 and 53 RBE, displayed
typical symptoms of radratron sickness.

A commjssion, called 0 mvestrgate the causes of the .. -
third fatalrty resulting’ from overexposure to radiation at

“Los Alamos laboratory

accident stated that it was due to an error on the part of
the deceased operator who set the entrre mass of the

i

slurry into agitation at-orice, mstead of followrng the batch

' processmg procedure. '

it should be noted, in conclusron ‘that this is the

G. F,

T . . s )
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'

Until a very short time ago, the building of high-

energy electron $ynchrotrons lagged far behind the rates - .. -

of development of proton«,accelera‘tor's.f This was associ~ -
ated first with the fact that the employment of nucleons

proved preferable in nuclear reactions owing to the large -

interaction constant involved (approximately 100 times
larger than the electromagnetic), and secondly because
the construction of high-energy electron accelerators faced
sizable engineeting difficulties, principally with respectto
compensating for rapidly mounting radiation losses.

' However, it has beeh found in recent years that the

low value of the interaction constant s fully offset by the ... -

possibility of obtaining comparatively high beam, current
in electron synchrotrons; and by. the simplicity attained in

. interpretation of the experimental results.

Electron synchrotrons make possible a number of ex-

ciude experimentsassociated with: -

a) photoproduction of and p mesons over a wide
range of energies;
b) the Compton effect in‘hydrogen for high-eneirgy

'Y quanta, probing into several fuidamental questions in
quantum electrodynamics; '

c) photodisintegration of nucléi;. ~
d) nuclear scattering of garhma photons and electroris,
allowing ‘further probing of the structure of nucleons,

" When the peak energy of electrons or ¥ quanta is
raised to several billion electron volts pair productron of
heavy particles and multrple production of mesoris become
possible. It is important that the pair production threshold

for ¥ quanta lie below that for protons. For purposes of -

illustration, a graph of the relative yield of pairs of heavy

_ particles, as a function of energy is shown (see Figure)[1].

It has been shown in recent years that even with radi-
ation losses accounted for, electron synchrotrons capable
of acceleratmg electrons to-~10 Bev, may be designed
with technically acceptable parameters.

' In the design of large-scale electron synchrotrons

one of the basic problems to be faced is the choice be-
‘tween weak focusing and strong focusmg The weak focus-

ing system, which is well developed at the present state of
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P  HIGH-ENERGY ELECTRON SYNCHROTRONS . .
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- periments of high interest for nuclear physics, These in=-.. .

3. Nucleonics 17, 21 (1959)
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Rélative yield of heavy~ partrcle pairs as a function
~of peak electron energy.
the art, presents the opportunity to'obtain relatively high
extracted-beam current for comparatively broad tolerance

' reqmrements in the various specifications of the magnetic
' system Howaver this approach to focusmg suffets from

the rmportant drawbaék expressed in the sharp increase

in power supplres to the’ electromagnet heavy weight

penalty, large sizé, and,in conséquence,high costs, as the
exit parttcle ehergy is increased. " Nonetheless, at low and
mtermedrate energy ranges (up t6 1-1.5 Bev), where the

absolute value of the power supplred to the magnet is not

- so hrgh weak focusing may be preferable, in virtue of the
" .srmplrcrty of 'fabric¢ation of the magnet. A further advan-

tage in weak focusmg is the presence of positive radiation
dampmg of betatron oscillations. This may result in ap-

¢ precrably less stringent specifrcattons for the maghetic

system and -operating vacuum.
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The above considerations explain the fact that syn-
chrotrons ranging 1 to 1.5 Bev in energy are being builtat:
the present time on the weak-focusing prmcxple (along with
strong - focusing accelerators being currently designed or
built).

Not long ago, a communication appeared to the ef-
fect that a 1 Bev weak-focusing synchrotron had been put
into service at the Institute Nazionale di Fisica Nucleare
(Frascati, Italy) [2]. The synchrotron was designed for ex-
periments on the physics of = mesons and the production
of strange particles (photoproductions of K mesons and hy-
perons at near threshold, multiple productlon of » mesons,
etc,)

The first attempts to start up this facility were under~
taken in December, 1958, when the electron injector (a

2.5 Mev Van de Graaff accelerator) was put into operation.

At this stage, an energy of 300 Mev was attained by mak-
ing use of only one of the two accelerating gaps. A maxi-
mun energy of 1 Bev was reached in February, 1959, when
the second accelerating gap was connected. A maximum
electron energy reaching 1.2 Bev is expected with the use
of the same magnet, as work progresses.

A current of 3 ma was injected into the vacuum cham-
ber of the synchrotron for 1 usec, The peak beam intens
sity, according to preliminary measurements, was 8 + 10
equivalent quanta per minute with respect to y radiation,
at a pulse repetition rate of 20 cps.

Another large weak-focusing synchrotron in operation
at present is the 1.4 Bev synchrotron at California Institute
of Technology (Pasadena, USA). This synchrotron is based
on a magnet designed after the magnet (scale 1 : 4) used
in the Bevatron, the large 6.3 Bev proton synchrotron at
Berkeley (USA), The frequency of the acceleration cycles
(1/ sec) is limited by the thickness of the steel plates (about
1 cm) in the magnet assembly. A pulse transformer yield-
ing electrons at a kinetic energy of 1 Mev is used as in-
jector. The number of accelerated particles per pulse is
10" - 10", This accelerator has been used to perform a
number of interesting experiments on photoproduction of
mesons, using hydrogen.

In line with the perspectives for further increasing the
energy of accelerated electrons, the design and installa-
tion of strong-focusing synchrotrons is attracting particular
attention. This is due to the characteristic features of the
‘motion of relativistic electrons in the presence of radiation,
1t has been found in recent years that the random stochas-
tic quantum character of the radiation results in the excita~
.tion of synchrotron oscillations, which render acceleration
practically impossible in a weak-focusing system at ener-
gies considerably in excess of 1-1.5 Bev [3). This difficulty
is not encountered in strong-focusing synchrotrons which,
incidentally, also have their negative aspects, In particu-
lar, the reaction of radiation in strong-focusing systems
leads to instability of the radial betatron oscillations, re-
quiring special damping techniques to correct this instability.

The first operating accelerator using strong focusing
was installed at Cornell University (USA). A four-quadrant

used for the accelerator,

"racetrack” type magnet with removable pole shoes was
These flux bars provide values of
the field index n* = 14,75 and n™ = =16.25 with deviations
An = # 025 over a track width of about 5 cm. At peak
field strength of 13.2 kilogauss, the energy of the acceler-
ated electrons should reach 1.5 Bev, The magnet is ener-
gized by a sinusoidal current at a frequency of 30 cps. The

" short acceleration time makes a damping system unneces-

sary. The limited weight of the magnet (20 tons) and the
negligible pole gap allowed the use of a ready-made
system for supplying'the synchrotron with 300 Mev. The
injector used is a Van de Graaff generator with a current

of about 100 ma per pulse (plans call for raising the injec=
tion current to 1 amp). The peak intensity reached is 10°
electrons per pulise. it has been proposed to increase the in-
tensity by an order of 1-2.

_ The largest electron synchrotron currently in use is the
strong -focusing accelerator at the Massachusetts Institute
of Technology (Cambridge, USA), .~6 Bev [1]. The in-
stallation of this facility entails serious requirements im-
posed on the radio frequency, which must compensate for
radiation losses which amount to about 5.7 Mev per re-
volution, at the termination of an acceleration cycle. The
compensation is effected by 16 resonators producmg an
effective accelerating field with amplitude ~8 * 10° v.

A characteristic feature of this accelerator is the very
high vatue of the harmonic number (q = 352), enabling the
short wavelength of the accelerating voltage (A ~ 0.5 m)
to be used to advantage, and allowing the use of small
resonators as well, The total power radiated by the beam
and scattered in the resonators reaches 455 kw at the end
of a cycle. The repetition rate of the cycles is 15 cps,
with the total power scattered in the windings and magnet

.amounting to about 750 kw. The total weight of the mag-

net is 230 tons, radius of the orbit 20 m. The element of
periodicity in the magnetic system consists of two focusing

“and two defocusing magnets with the absolute value of the

fall-off index of the magnetic field (n) = 89.5. Each
structure of the element (known as a fofdod) yields rather
high stability to disturbances and makes for ease of injec-
tion of particles. The comparatlvely high value of (n)
allows the choice of a small aperture for the vacuum
chamber (12.6 x 3.8 cm).

The injector used is a 40 Mev linear accelerator oper-
ated at a frequency of 2955 Mc. It has been suggested to
produce a single-revolution injection of 8 « 101 electrons
(injector current of 0.25 amp per pulse ~1 psec).

The basic constants of the magnet will be assigned
with a view to shedding light on the need for damping rad-
ial oscillations, Damping will evidently be effected by

‘meansof a magnet with its field direction reversed, included

in the system.

The growing interest in the installation of large syn-
chrotrons is also evinced in reports of new projects, €.g., a
Japanese 1.4 Bev synchrotron and a German 7.5 Bev syn-
chrotron (in Hamburg, West Germany) [4],

1.D, A. L.
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TOKYO SCHOOL FOR TRAINING LABORORATORY TECHNICIANS FOR WORK WITH RADIOACTIVE ISOTOPES

At the school library: Doctor Yatsui Hamada (on right) and librarian
(holding recent copy of Atomnaya Energiya)

A school where laboratory technicians are being
trained for work with radioactive isotopes in industry,
medicine, agriculture, and scientific research, has been
functioning in Tokyo during the past two years. Many of
the students graduated from the school are directed to
work in the Tokyo Institute of Physical and Chemical Re-
search, and in the Center of Nuclear Research situated in
the town of Tokai (over 100 km from Tokyo).

The period of tuition lasts 6 months. The school,
organized to accomodate a class of 30, has at its disposal
up-to-date laboratories for research in physics and chem-
istry involving the use of radioactive isotopes. Almostall

of the instruments in use were manufactured in Japanese
factories,

The school library receives periodical publications
on nuclear physics and atomic energy from all over the
world, including the Soviet Union (see photo). The library
boasts of several thousand volumes.

The faculty consists in the main of scientific research
workers on the staff of the Tokyo Institute of Physical and
Chemical Research.

V. Parkhit'ko
(special correspondent)

Tokyo

BRIEF COMMUNICATIONS

USSR, A 12 channel magnetic pair spectrometer has
been developed at the Joint Institute for Nuclear Studies.
The instrument is capable of measuring spectra of gamma
rays over the energy interval from 20 to 600 Mev. An SP-
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56 type electromagnet is used to establish a magnetic field
in the 6 cm gap between the pole faces, with a peak field
intensity of 18,000 oe. Proportional counters with high gas
amplification, loaded only with methylal CH, (OCHg)
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vapors at pressures of 160-200 mm Hg, usually employed
as a quenching agent, are used in the spectrometer. The
operating counter voltage is 1600-2000v, the effective
dead time is less than 10”7 sec. The counter efficiency
for particles with relat1v1st1c ionization reached 987 when
the counter is operated wi th a coincidence circuit having
a resolving time of 5 - 1077 sec. Delay of pulses due to
electron drift in the counter gas is less than 10~ Tsec. The
pulse amplitude at the counter output is 1 v. Provisions
are made for checking out separate components in the
spectrometer. The instrument is to be used for research in
gamma radiation due to the disintegration of neutral 7
mesons produced in a synchrocyclotron,

USSR, A technique for measuring the thermal joniza-
tion coefficient of a gas in the flow aft of a shock wave
propagating through a shock tube to a speed of ~3 km/ sec
has been developed in the Physics Department of Moscow
State University. The measurements were carried out with

the aid of a cavity resonator operated at 10 cm wavelength.

The stream of jonized gas, to be investigated without dis-
turbing its fluid dynamic characteristics, was passed down
the axis of a cylindrical high-frequency resonator. The
variation in the Q of the resonator and the displacement of
the resonant frequency as the gas advanced made it possible
to monitor the ionization process directly, and to perform
quantitative measurements, The duration recorded for the
ionization process was dependent on the speed of the shock
wave, and found to be ~200 psec. The procedure enabled
the ionization constant to be measured to an accuracy of
~10 % at several (10-15) points of the process under study,
which in turn rendered it possible to measure the ioniza-
tion pulse duration and the curvature of the forward and
trailing wave fronts.

USSR, A 112 channel time analyzer with a minimum
channel width of 1 psec has been developed. The analyzer
is capable of recording several pulses per cycle. The an-
alyzer embodies the principle of arranging coincidence cir-
cuits in the form of a matrix with not only the triggering
pulse, but also the pulse to be recorded passed through a
time delay. The instrument passes signals only when two
recorded pulses become superposed in a single change dur-
ing the time the mechanical counter is in operation. Re-
cording the pulses is cafried out completely independently
in the discrete channels.

USSR.. A high-efficiency boron counter has been de-
vised. The counter is BFy-loaded to a pressure of 700 mm
. Hg. The counter cathode is a stainless-steel tube 25 mm in
diameter and 400 mm long, the inner surface being ground.
The anode is made of tungsten wire of 50 p diameter. The
forward face is fabricated in the form of a plane window
of boron-free glass up to 1 mm thick. The rear face is a
wrought flange with an opening for a glass insulator, having
a protecting shim, and a device for keeping the filamentin

tension. For a parallel beam of thermal neutrons, the coun-
ter efficiency is close to 100%,

USSR. In the Central Scientific Research Institute for
Wood Machining, the effects of radioactive emissions on
wood, lumber materials, glues, and binders is being investi-
gated.

USSR, Research.is being conducted at the Uzbek State
University into the effects of Co on physiological processes
in the cotton plant, particularly on seed germination. The
investigations demonstrated the effectiveness of treating
seeds with gamma rays. Some of the experiments aimed
at raising cotton productivity through radioactive treatment
are being conducted in the fields, in kolkhozes of the Sam-

arkand oblast.
USSR, A large section of the Soviet exposition opening

in New York in late June isdevoted to the successes achieved
by Soviet science in the area of the peaceful utilization of
atomic energy. The exhibits and models in the atomic sec-
tion acquaint visitors with instruments and research methods
in the field of nuclear physics, with scale models of exist-
ing or partially completed nuclear electric power stations,
with a scale model of the atomic icebreaker "Lenin,” and
with the use of radioactive isotopes in medicine and
industry.

IAE (International Atomic Energy Agency). The Agency
published, in December, 1958, the first comprehensive hand-
book on the handling of radioactive isotopes, and postponed
the effectuation of aresolution onthe compilation of data
pertinent to the technology and economics of low and me-
dium power reactors, as well as data on the nuclear power
requirements of poorly developed countries. A contractwas
signed with the University of Trieste for the development of
a new technique of fast-neutron detection, and the conclu-
sion of the first session of Agency experts on the diéposal of
hot wastes by burial in ocean waters was discussed.

IAEA. By March, 1959, the Agency had received pro-
positions from various countries on the presentation of about
200 scholarships and admittances in special training institu-
tions. In addition, the Agency proposes to set aside some of
its own funds for that purpose. At the same time, requests
for over 400 student placements were forwarded to the
Agency.

German Democratic Republic. A method has been de-
vised at the "Karl Zeiss" factory for the cutting and drilling
of quartz, germanium, and other materials, based on elec-
tron beam bombardment, This principle is the basis for the
design of an instrument which resembles an electron micro-
scope in its external appearance, and is operated at a volt-
age of 100 kv and current of 10 ma. The electron beam is
controlled by means of a programmed controller, The beam
may be focused on a surface 1 p in diameter. The instru-
ment inay be employed to cut through material without
disturbing the crystal-lattice structure, and leaving practi-
cally no mechanical flaws.
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NEW LITERATURE

Proceedings of the Second Conference on the Peace-
ful Uses of Atomic Energy. Papers of Soviet Scientists.
Vol. 1. Nuclear Physics. (Edited by Academician A, I,
Alikhanov, Academician V. I, Veksler, Candidate in
Physical and Mathematical Sciences N. A, Vlasov).
Atomnizdat,1959. 552 pages, 26 rubles.

The Proceedings of the Second International Confer-
ence on the Peaceful Uses of Atomic Energy (Geneva,
September 1-13, 1958), are being published in Russian in
16 volumes, 6-volumes comprising all of the papers sub-
mitted by Soviet scientists to the Conference, and 10 re-
maining volumes containing selected papers by foreign

scientists.

The first volume of papers by Soviet scientists, the
volume on Nuclear Physics, consists of two parts, Part I,
the Physics of Plasma and the Problem of Controlling
Thermonuclear Reactions, consists of 17 papers. A survey
article by L. A. Artsimovich gives a detailed analysis of
the problem of the controlled thermonuclear reaction and
the pathways taken toward resolving that problem in the
Soviet Union. Appraising the present state of the art, L.
A. Artsimovich (P. 2298) feels that no particular one of
the approaches known up to now in controlled reaction
problems exhibits any decisive advantage over the com-
peting approaches. Research must therefore be pushed
along the broadest possible front in the coming period.
One of the possible avenues of approach is the use of
electric discharges at high current strengths. Experimen-
tal research involving such discharges is dealt with in
papers by A. M. Andrianov (P. 2301). V. S, Komel'kov,
et al.; in papers submitted by 5. M, Osovets (P, 2225),

G. G, Dolgov-Savel'ev, K. D. Sinel'nikov, I. N, Golovin,
V. S, Komel'kov etal,, (P, 2527), experimental research
on the behavior of plasma in magnetic fields of different
types is described. Spectroscopic investigations of high-
temperature plasma is discussed in a paper by S. Yu. Luk*-
yanov and V. I, Sinitsyn (P, 2228). Several papers contain
theoretical studies of plasma stability (A. A. Vedenov,

R. Z. Sagdeev, B. B. Kadomtsev, (P. 2214), high-frequency
plasma oscillations (A, 1. Akhiezer et al., P, 2300), plasma
radiation (B. A. Trubnikov and V. 8, Kudryavtsev, P, 2213)
and plasma absorption of the energy in an electromag-
netic field (R. Z. Sagdeev and V. D, Shafranov, P. 2215).

Part 11, Nuclear Physics, contains 26 reports on dif-
ferent problems of neutron physics, nuclear reactor
‘physics, particle acceleration, and the physics of cosmic
rays. The report by Academician V. I. Veksler tells of
the commissioning of the world's largest particle acceler-
ator, the giant proton synchrotron of the Joint Institute for
Nuclear Studies, and of scientific work being conducted
with that accelerator, A report by S, N, Vernov and A.E,
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Chudak deals with the results of cosmic ray studies using
Soviet rockets and earth satellites. The launching of the
space satellites made it possible for the first time tobring
physical-equipment designed to record cosmic rays to an
altitude of over 1000 km above the surface of the earth,
As a result of processing of the data received from the
satellites, the existence of a peculiar aureole of electrons
of moderate energy around the earth may be considered
proven. The accumulation of electrons is explained by
the effects of the geomagnetic field, acting as a mag-
netic trap for low-energy electrons. A paper submitted by
L. V. Groshev et al, adduces data on ¥ rays arising in the
capture of low~energy neutrons by different nuclei. This
question is intriguing from two points of view. First, such
data are necessary to calculate the shielding required for
nuclear reactors to hold in gamma radiation. Secondly,
studies in that area may provide much information on the
structure of nuclei. _

Several papers (A. I, Leipunskii, M, V. Pasechnik, V.,
M. Pankratov) were davoted to interactions between fast
neutrons and various nuclei. These data must be available
when designing fast breeder reactors.

New theoretical and experimental findings in the field
of fission physics were related in papers by B, T. Geilik-
man, I, 1. Bondarenko et al.

The study of the properties of a number of previously
unknown fission fragments was taken up in papers submitted
by B. S. Dzhelepov, T. A, Mostova, B.V. I":rshler, I. V.
Gordeev, et al,

A paper by V. V, Vladimirskii et al., compiled new
data on the interaction of neutrons of various energies
with fissioning isotopes and with a number of heavy ele-
ments recently produced in the USSR. A description of
pulsed neutron sources, recently modernized, and up-to-
date radioelectronic circuitry of analyzers used in neutron
detection is to be found in papers by V, V. Vladimirskii,
V. V. Sokolovskii, and A, P, Tsitovich.

The papers by Soviet scientists published in the first
volume of "Proceedings of the Second International Con-
ference on the Peaceful Uses of Atomic Energy™ attest to
the broad sweep of research on controlled thermonuclear
reactions now in progress in the Soviet Union, and to the
great steps forward taken by Soviet nuclear physics as a

whole.
Proceedings of the Second International Conference

on the Peaceful Uses of Atomic Energy. -Papers of Soviet
Scientists. Vol. 2, Nuclear Reactors and Nuclear Power.
Edited by Corresponding Member of the Academy of
Sciences of the USSR N, A, Dollezhal', Doctor in Physical
and Mathematical Sciences A, K. Krasin, Acting Member
of the Academy of Sciences of the Ukranian SSR A, I,
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Leipunskii, Corresponding Member of the Academy of
Sciences of the USSR 1. 1. Novikov, and Doctor of Physical
and Mathematical Sciences V., S, Fursov, Atomizdat, ‘
1959, 708 pp, 32 rubles, 60 kopeks. [in three parts, papers
not listed here]

Handbook on Dosimetric, Radiometric, and Electronic
and Physical Instruments, Counters, Scintillators, and
Photomultipliers. Atomizdat, 1959, 254 pp, 6 rubles, 30
kopeks.

The handbook contains concise technical data on in-
strumentation for individual dosimetric monitoring, meas-
urements of the dose rate of « , 8 , and ¥ radiations,
measurements of neutron flux, determinations of contami-
nation of air by radioactive substances, data on amplifiers
and pulse discriminators, rectifier-stabilized scalers, coun=
ters for recording ionizing radiations, scintillators, photo-
tube multipliers. The handbook is written for engineers
and scientific research workers working with radioactive
substances.

Korotkov, V, I ., Chernysh, A, M., Ships of the Future,
Voenizdat, 1959, 112 pages, 2 rubles, 10 kopeks,

The book presents a general picture of atomic energy
as the principle underlying the operation of atomic reac-
tors; a brief description is given of atomic power plants
for ship propulsion and of atomic-powered ships; the per-
spectives of development os fuch ships is discussed. The
book is illustrated with photographs and diagrams, with a
brief list of the literature consulted as an appendix.

Naumenko, 1. A., Atomic Power Plants, Voenizdat,
1959, 190 pages, 3 rubles, 15 kopeks.

The book outlines the physical fundamentals of nu-
clear power and provides aconcept of the structure of
matter, of the atom and the nucleus, nuclear forces,and
nuclear reactions. Methods and instruments for obtaining
niiclear energy, airborne and sea-going atomic engines,
stationary atomic power plants, the problems facing the
use of atomic engines for overland transportation, direct
conversion of nuclear energy to electric energy, etc. The
book is well illustrated and written for a broad readership.
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Doklady Akad. Nauk SSSR 124, 1097 (1959).

A. E. Zerschikov "Use of radioactive isotopes for
monitoring acidification of an oil field,” Geologiia nefti
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ATOMIZDAT

1. Nuclear Physics, First volume of reports by Soviet

scientists at the Second Geneva Conference. 26 rubles.

2.  Nuclear Reactors and Nuclear Power Engineering.

Second volume of reports by Soviet scientists at the

Second Geneva Conference. 32 rubles, 60 kopeks.

3. Handbook on Dosimetric, Radiometric, Electronic,
" and Physical Instruments, Counters, Scintillators, and

Photomultipliers. 6 rubles, 30 kopeks,

4. N. A, Doronin, Calcium Metallurgy. 2 rubles, 60

kopeks.

5. N. G. Gusev and E. E, Kovalev, Nomograms for

Design of Shielding Against Gammas Emitted by Radium,

Cobalt-60, Scandium=-137, Iridium-137. 2 rubles.

6. A, N. Komarovskii, Accelerator De51gn Details, 6

tubles.

7. A, N. Komarovskii, Structural Materials for Shield-

ing Against Radiation from Nuclear Reactors and Acceler~

ators, 5 rubles, 50 kopeks.

8. A, D, Galanin, Theory of Thermal Reacters, 2nd

edition, revised and augmented.

9. Charlotte Auerbach, Genetics in the Atomic Aﬂ_

10. O.1, Leipunskii, Gamma Radiations from an Atomic

Explosion,

11. Electrostatic Generators.

edited by A. K. Val'ter,
Nonresidents of Moscow may order C,0.D., no

down payment, Remit orders to: Moscow, K-31, Stolesh-

nikov per., 14., magazine No. 77, Otdel "Kniga-Pochta.”

JUST OFF THEPRESS: AN ATLAS OF NEUTRON
CROSS SECTIONS. Atomizdat. 1959, 376 pages, 103

Symposium of articles

‘rubles,

The Atlas may be ordered from Atomizdat (Moscow,
V-180, Staromonetny per. 26) or may be acquired by per-
sonally addressing the editorial office of ATOMNAYA
ENERGIYA (Moscow, Tsentr, ul. Kirova, 18).
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RESEARCH by Sowet EXPERTS
[

-

'SPECTRA AND ANALYSIS
by A A. Kharkevich

7

-

The first handbook directed toward acousticians and others work-
- . ing in those-fields which require the analysis of oscillations—.
' ultrasonics, electronxcs, shock and vibration engineering. This
volume is devoted to the analysis of spectral concepts as they are
applied to oscillations in acoustics and electronic engineering, and
to a discussion of the methods of spectral analysis. Contents in-
clude KOTEL’'NIKOV’S theorem for bounded spectra, the spec-
. : tra and analysis of random processes, and (in connection with. the R
' latter) the statistical cornpressmn of spectra.

?

‘cloth | 236 ,pages | © $8.75

| ULTRASONICS AND ITS
;. INDUSTRIAL APPLICATIONS
‘ by O. I. Babikov

This work is concerned'with ultrasonic control methods which are
applied in industry, and also with the action of high-intensity .
ultrasonic oscillations on various technological processes. Con-
siderable attention is devoted to ultrasonic pulse methods of flaw

. detection and phys1cochem1cal research. - It is an invaluable aid
to scientific researchers, engineers, and technicians working in
fields which make use of ultrasonic methods industrially, as well -
as being a convenient reference for a broad category of readers

. who might wish to become acquainted w1th the current state of
ultrasonic instrumentation.

.

)

cloth T 265 pages '$9.7»51)' -

Tables of contents upon request

CONSULTANTS BUREAU

227 West [7th Street e New York Il, N.Y. e U.S.A.

Declassified and Approved For Release 2013/02/21 CIA- RDP1O 02196R000100040001-9




Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040001-9

Research by Soviet Experts
Translated by Western Scientists

Soviet Research on the LANTHANIDE
AND ACTINIDE ELEMENTS, 1949-1957

An important contribution to the literature of nuclear chemistry, this collection of papers is a
comprehensive presentation of Soviet research on the chemistry of lanthanides and actinides. The 106 reports
included in this collection appeared in the major Soviet chemical journals translated by Consultants Bureau,
as well as in the Soviet Journal of Atomic Energy, 1949-1957.

The five sections, totalling 657 pages, provide broad representation of contemporary Soviet
research in this important aspect of nuclear science. This collection should be accessible to all nuclear
researchers, whether theoretical or applied. . -

Each part may be purchased as follows: ) -
Basic Chemistry 25 papers)................................. $15.00
Analytical and Separation Chemistry (30 papers)............$20.00
Nuclear Chemistry (and Nuclear Propertles) (32 papers)...$22.50
Geology (10 papers) o e e e e $7.50
Nuclear Fuel Technology (9 papers) e $7.50
- Complete collection ......... N e et i reaiiaa, $65.00

1

RADIATION CHEMISTRY,
PROCEEDINGS OF THE FIRST
~ ALL-UNION CONFERENCE MOSCOW, 1957

- More than 700 of the Soviet Union’s outstanding research scientists participated: in_ this
conference sponsored by the Academy of Sciences and the Ministry of the Chemical Industry. Each of the
56 reports read in the various sessions covers either the theoretical or practical aspects of radiation chemistry,
., and special attention is given to radiation sources used in radiation-chemical investigations. The general
* discussions which followed each report and reflected various points of view on the problem under analysis
are also included. » T oo

Primary Acts in Radiation Chemical Processes

heavy paper covers 5 reports, plus discussion ....\.. illustrated ......... $25.00
Radiation Chemistry of Aqueous Solutions (Inorganic and Organic Systems)
heavy paper covers 15 reports, plus discussion ...... illustrated .......... $50.00
Radiation Electrochemical Processes , B
heavy paper covers 9 reports, plus discussion e illustrated ......... $15.00
The Effect of Radiation on Materials Involved in Biochemical Processes
heavy paper covers 6 reports, plus discusgion ...... illustrated ......... $12.00
Radiation Chemistry of Simple Organic Systems ,
heavy paper covers 9 reports, plus discussion ...... illustrated ......... $30.00
The Effect of Radiation on Polymers , :
heavy paper covers 9 reports, plus discussion ...... illustrated ......... $25.00
Radiation Sources : ' ‘

heavy paper covers 3 reports ...................... illustrated ......... $10.00

Individual volumes may be purchased separately.

NOTE: Individual reports from each volume are available
at $12.50 each. Tables of contents sent upon request.

special price for the 7-volume set .................ooovoeeenno. . $125.00
Payment in sterling may be made to Barclay’s Bank in London, England.

CONSULTANTS BUREAU

227 West 17th Street - New York, N.Y., U.S.A.
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