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ARTICLES -

EXPERIENCE IN THE OPERATION OF CHANNELS
WITH SINGLE-PASS STEAM GENERATION IN THE
REACTOR AT THE FIRST NUCLEAR POWER STATION

V. V. Dolgov, V. Ya. Kozlov, UDC 621,039.524.2.034.44
M. E, Minashin, V, D, Petrov, _ ' : '
V. B. Tregubov, and V. N, Sharapov

By employing various methods of intensifying heat exchange [1-3], we are able to advance the limit of
crisis boiling in the channels almost to the point where the water is -completely evaporated in flow. A transi-
tion to a lower level of heat exchange under these conditions does not lead to catastrophic results. The so-
called temperature "jumps" at the cooling surface during such transitions assume a smooth character and ex-
tend the full length of the channel. The maximum temperature rise does not exceed the design value for dry
saturated steam with a flow Gx (where G is the two-phase flow and x is the critical steam content). Intensifying
elements in the transition zone, and their location in regions of reduced thermal load coupled with overall de-
sign modifications can ensure long-term fault-free operation of the cooling surfdace.

Tubular fuel elements type BAES (Beloyarsk Nuclear Power Station) at the world's first nuclear power
station (Beloyarsk) have intensifying elements in the form of circumferential ¢orrugations projecting within
the tube itself [4, 5]. These intensifiers allow even ‘the first stage to achieve reliable heat absorption
from the fuel elements with a heat content by weight of 60-70% at the output under analogous conditions, but
with a smooth tube, the crisis point was reached at a steam content of 25-30%). Tests were then carried out
with full evaporation and reheat, without an intermediate separator, i.e., on the single-pass steam generator
principle. Reassuring results were obtained. :

The present article describes the experimental fuel channels with fuel elements and heat-exchange inten-
sifiers, the channel connection scheme in the reactor loop, and the test conditions, together with some of the
test results.

Scheme of Experimental Loop and Measurement. Tests carried out on fuel elements with heat-exchange
intensifiers were carried out on a loop of the PV-2 reactor [6] at the Beloyarsk Nuclear Power Station in the
same loop that had been used for the boiling crisis experiments [7]. Two experimental fuel channels were con-
nected in series in the loop (Fig. 1}). The new element in the loop is a mixing-type condenser built in the form

TABLE 1. Average Parameters of Test
Conditions

Number of experimental
P arameters reactor channels
1 z | 3

Total power of four fuel
elements, kW 14047 1457 17249
Flow rate of water, kg/h 305-+10{ 300+10| 312+10
Heat flow in center of

output fuelel .
S lated T /o | 700-£70] 650460 11204100

Steam content by wt. in
the input flow to the

channel % 30—40| 35-—45 30—40
Temperature at the out-

put, °C 34244 | 35045 | 40010
Steam pressure at the

output, atm 12343 {12343 12343

Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 75-81, August, 1976. Original article sub-
mitted April 5, 1976.
This material is brotected by copyright registered in the name of Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part

of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying,
microfilming, recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $7.50.
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Fig. 1. Connection scheme of experimen-
tal channels in loop: 1) pump reservoir;
2) regulating valve; 3) flowmeter dia- .
phragm; 4) boiling channel; 5) full eva- &
potration chahnel; 6) manometer channel; > 7
7) mixing-type condenser; 8) manifold; '

9) circulating pump. '

Fig. 2. Experimental channel: 1) elonga-
tion compensator; 2) fuel element; 3) ther-
mocouple housing; 4) hermetically sealéd
case;. 5) output thermocaouple.

Fig. 2

of a2 jet pump. The operating medium in this condenser is cooling water, and the injected medium is steam

(@ mixture of steam and water). The coolant is circulated round the loop by the circulating pump. The broken
line in Fig. 1 represents the remaining coolant equipment of the loop with its pipes and metering equipment,
feed pump, and gas compensator reservoir.. This equipment provides the regulation and maintains the pre-
determined water parameters in thie pump reservoir. During the tests, particular attention was directed to
maintaining a stable flow of coolant in the experimental loop. For this reason, boiling was not permitted in
the other channels between the pump reservoir and manifold. The cooling water was carried to the condenser
through a reserve system. The water flows in the main and reserve systems were regulated by valves. Regu-
lation of relatively small flow rates at high pressure drops across the valve was carried out by valves taking

-the form of pairs of plungers with two counteractmg plates, having a depth of undercut along the forming
- plutiger that varies in a linear manner.

The flow rate of the coolant was varied by means of a unit comprising a metering diaphragm, differen-
tial manometer type DM-6, and a secondary instrument type DSR-1 of accuracy class 2.5 with a 100% scale.
The coolant temperature was measured by means of a calibration thermocouple type KhA, made from cable
type KTMS with an outside diameter of 1.5 mm. The thermocouple was mounted in a housing made of tube
with an outside diameter of 4 mm and a wall thickness of 0.5 mm. Contact between the thermocouple and the
housing past which the coolant flows was created by hard solder. These thermocouples were installed at the
output of each of the four fuel elements (seé Fig. 1) and also at the output TCo 4 m from the output section
of the fuel eleménts in the coolant flow.

The secondary instrument for these thermocouples was an automatic potentlometer type KSP-4,.0of ac-
curacy class 0.25 at 20 mV, equipped with a sw1tch The coolant. pressure was measured at the output of the

channel with the aid of a unit consisting of a type MED transducer with a type DSR secondary instrument of

688
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Fig. 3. Location of thermocouples at the output fuel elements
in channels 1, 2, and 3.

accuracy class 2.5 on range 160 kef/cm?. A standard manometer was connected in parallel. To measure

the temperature qf the outer case of the fuel element, surface thermocouples were used with two secondary
instruments type EPP-0.9 equipped with switches. The scales of these instruments were 200-400 and 390-
-500°C. A portable potentiometer was connected to the first of these instruments to compensate the excess emf .
when measuring temperatures above 400°C.

Construction of Channel and Fuel Element.  The design of the experimental channel is illustrated in Fig,
2. Each of the experimental channels had a pair of fuel elements mounted one after the other within the flow
of coolant. Both fuel elements of the channel bad heat-exchange intensifiers in the form of annular corrugations
projecting into the flow of coolant. To compensate for the difference in temperature of the lower part of the
extended branches, a condenser coil was installed. Pockets for the thermocouples were welded in the tube
above and below the thermocouples. The fuel elements in the experimental channels were separated from the
reactor medium by cores, which also reduced the flow of heat between fuel elements and heat exchange with
the graphite lining. The leads to the thermocouples were led out through a hermetically sealed union. Other-
wise, the channel resembled a standard reactor fuel channel. '

The radial dimensions of the experimental fuel elements were identical with those of the Beloyarsk-
_ Nuclear Power Station (Fig. 3). The steam was superheated in the second channel in aquarter of the coolant
flow to the fuel element. The superheating regime was tested in three channels altogether.

To reduce the transient zone, and via this, the temperature of the fuel element in which superheated
steam is first obtained (channel 1), the heat generator was profiled, ensuring that the heat flow in the output
parts was reduced and the corrugation pitch needed to intensify the heat transfer to the steam was reduced ac-
cordingly. The annular corrugations projected 0.5 to 1 mm into the flow, 0.5 mm in the fuel elements of
channels 2 and 3, while the fuel and corrugation pitch were distributed uniformly.

The maximum permissible operating temperatures of the outer covers of all fuel elements in channels
1 and 2 was 480°C. Therefore, the greatest steam superheat above the saturation temperature tg did not ex-
ceed 30-40°C. All the preconnected channels had similar fuel elements (see Fig. 1).

A fuel element with an operating temperature of up to 600°C was installed in the output arm of channel 3,
enabling the steam superheat to be increased to 30-100°C above tg at greater ther mal loads.

The surface thermocouples for measuring the fuel element temperatures were manufactured using type
KTMS cable of 1.5-mm outside diameter, taking the form of calibrated type KhA thermocouples. The hot
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Fig. 4. Steam temperatures at distances of 1) 150 m and 2) 4.5 m from the output of the
fuel element.

Fig. 5. Temperature of fuel element and steam in channel 3: 1) fuel element at point 9,
motion of transition zone; 2) steam.at output from fuel element.

junctions of these thermocouples were formed by welding the cable sheath with thermoelectrodes, the welding
quality being reliably controlled by x-ray examination. The contact between the thermocouple and the casing
of the fuel element was created by means of spring clips made out of type R-18 alloy: To improve this.ther-.
mal contact, the thermocouple was-first soldered: to the clip with hard solder and a local contact formed under
the cylindrical surface with the outer case of the fuel element. The thermocouples were marked with numbers
(see Fig. 3).

Stages of Testing the Channels. The tests on the channels to obtain superheated steam by means of a
single-pass scheme were started on a reactor at the Beloyarsk Nuclear Power Station in November 1973 (see.
Table 1), Channel 1 was intended for checking the method of carrying out tests of this nature. The system
used for monitoring and maintaining the heat engineering parameters and the nature of their variation under
transient conditions were verified. At this stage, the feed water for the loop (steam power station condensate)
was subjected to further purification in ion exchange filters. The first channel operated under conditions with
steam superheated by 10 to 30°C above its saturation temperature for about 1150 h and for about 2050 h with an
80 to 90% steam content at the output. In June 1974, channel 1 was withdrawn without damage from the reactor
in accordance with the program, Thetemperature of the fuel element did notvary significantly duringthe course

-~ of these tests. :

When the tests were carried out on. channel 2, instead of being withdrawn, the channel remained installed
over a longer period of time, the condensate being employed directly as feedwater for the loop, without any
additional purification, The hardaess of the feedwater was 2 to 3 ug . equiv./kg, pH=6.5t08.2, dry residue
1.1 to 1.3 mg/kg. Exchange of water in the loop occured as a consequence of making up for natural leakage.
The hardness of the water in the loop circuit was 3 to 14 ug - equiv./kg, pd =5.7 to 6.9, dry residue 1.2 to 2.8
mg/kg. Channel 2 was tested in the reactor for about 15 months, of which about 125 days were under super-
heated steam conditions. Up to this time, the thermocouples on the casing of the output fuel element showed
virtually no change of reading. Channel 2 was withdrawn from the reactor without damage. It was then re-
placed by channel 3.

The main purpose of the experiments with channel 3 was to study the nature of the temperature regime
in a fuel element with relatively large heat flows, especially in the transition zone, while achieving a signifi-
cant steam superheat, '

. 690
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Some Features of the Variations in Heat Engineering Parameters. Before the start of the experiments,
the power of each pair of channels was calibrated with respect to the power of the reactor. This calibration
was carried out at an increased flow rate of water through the channels to prevent boiling.

Before each series of experiments, it was also necessary to regulate the flow rates during the first
rise in power of the experimental channels. With the pbwer of the channels standing at approximately 50%
of maximum, preliminary regulation of the flow rate and temperature of the water in the loop was carried
out. As the power rose, these parameters were readjusted. The parameters was stabilized under conditions
with a steam content of 80 to 90% (by calculation) at the output. The reactor power was then raised in small
steps until superheated steam appeared at the output of the last fuel element in sequence (thermocouple 12,
Fig. 1). The need for such regulation during the first approach to superheat arises out of specific features of
the experimental loop circuit. It was carried out so that successive approaches to superiheat could be accom-
plished simply by increasing the power of the channels (reactor) without regulating the flow rate and tempera-
ture of the water.

Two forms of regime instability were brought to light during the experiments, The first instability was
due to fluctuations of flow in the experimental chanaels, Steam or a steam —water mixture was released from
the channel into the receiver manifold (see Fig. 1) where water underheated to ts was fed in parallel with the
channel. The process of compensation in the collector was accompanied by pressure pulses, which gave rise
to fluctuations of flow rate in the channel from 10 to 15 sec. The flow rate of the water in the experimental
channel was stabilized by a condenser of the mixing type in the form of a water injector (see Fig. 1).

The second regime instability in the experimental channels was due to fluctuations of reactor power,
basically within the dead zone of the reactor power regulator (~1% rated). It was observed that the cause of
these fluctuations was a periodic variation in the temperature of the water in the primary loop of the reactor
following the steam generator, with a period of ~75 sec and an amplitude of +0.5°C. A reduction in the dead
zone of the power regulator leadstoa reductionin the amplitude of these temperature fluctuations, as would
be expected.

The thermocouple equipment for measuring the steam temperature near the output from the fuel element
drew attention to the correspondence of the reading of this thermocouple to the mean temperature of the steam.
In particular, it is presumed that this thermocouple is able to indicate the temperature of the superheated
steam at steam contents x <109%. To eliminate this uncertainty, one thermocouple of similar design had been
mounted at a distance of ~4.5 m from the fuel element output.

Fig. 4 gives the temperatures from the indications of thermocouples at the approach of superheat in chan-
nel 3. By comparing the initial portions of the graphs (before superheat is reached), we can see that the sec-
ond thermocouple starts to register the change in coolant temperature earlier than the first. This gives us a
basis to suppose that the indications of the thermocouples mounied directly at the output from the fuel element
are not higher than the average temperature of the coolant.

There is some increase in the steam temperature oscillations in channel 3 compared with channel 1,
due to the higher steam superheat. The approach to superheat and the increase in superneat that accompanies
the propagation of the transition zone changes the heat transfer coefficienta towards the flow of coolant. When
there are power fluctuations, the motion of the transition zone is accompanied by fluctuations in the tempera-
ture of the fuel element. As an example, Fig. 5 shows the temperature of the fuel element at point 9* of chan-
nel 3 (see Fig. 3) when the transition zone passes through it. Depending on the increase in enthalpy in this sec-
tion, the temperature fluctuates initially at low amplitude, as in the interval of uncoutrolled variation of power,
the high heat transfer coefficient is maintained; then, in the interval of power variation within whicha varies
significantly, the amplitude increases with increase in mean temperature and, finally, with the transition to
the cooling of dry steam, the amplitude again falls at the highest mean temperature. The amplitude of the
fluctuations in the temperature of the fuel elements naturally depends on the heat flow in the given section,
the uncontrolled interval of power variation, and coefficient . These quantities can be chosen in such a man-
ner that the required capacity of the fuel element is ensured,

A Calculated Assessment of the Parameters of the Transition Zone from Experimental Data. As the
distribution of the coolant along the length of the fuel element is close to being cosinusoidal, we are able to
determine several of the parameters of the output fuel element of channel 3. For calculation, we use the equa-
tion

*Here and subsequently, we refer to the location of thermocouples.
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AN =0.5N (1— sin niz/Heq q))

sin (n/2) (H/He @

where AN is the poWer of that section of the fuel element from coordinate z to the output, ka N is the total
power of the fuel element kW; H is the active length of the fuel element, m; Heq is the equivalent height of the
active zone, m; z is the coordinate a[ong the axis of the fuel element with its origin within the core of the ele-
ment,

As is shown.in Fig, 5, when the temperature of the steam at the output is ~400° at point 9 (see Fig. 3),
the heat transfer to the coolant is stabilized and has the character of heat transfer to steam. The parameters
of the regime of Fig. 5 are close to the mean (see Table 1). The calculation is carried out for these mean
conditions.

When calculating the coordinates in which the mean enthalpy in the flow of dry saturated steam i" is
attained, we use the equation of balance for determining AN:

AN = Uss—i"G__ (728—640) 312 .
N 860 860 A 32 kW

where igg is the enthalpy of saturated éteam, kcal/kg; G is the flow rate of coolant, kg/h.

From Eq. (1), we determine coordinate z = —180 mm, at which the enthalpy equals i". From measure-
ments of the temperature of the fuel element, the transition zone lies between points 8 and 9, the distance be-
tween which is 200 mm (see Fig. 3).. The steam content, determined by the use of Eq. (1), equals ~87 and
~93% at points 8 and 9, respectively. : -

As we can see from Fig. 5, the temperature of the superheated steam at the output fluctuates over the
range 5 to 8°C. These variations of the superheated steam are due to fluctuation of the power of the fuel ele-
ments, which comprise 1 to 1.5% of the given power level. The power fluctuations of the fuel element lead to
a displacement of the transition zone along the length of the fuel element. Defining the steam superheat from
the formula Aigg =860AN/G, where AN is found from Eq. (1), the variations of superheat with respect to z
can be found by differentiating Aigg with respect toz. From this, we obtain an approximate expression for
the displacement of the transition zone boundary in relation to the variation of enthalpy in the given section:

Heqgsin(n/2) (I/H eq) GS(Aiss) . @)
430 Ncos(nz/Heq ) '

6z ~

For the end of the transition zone (point 9;, 6z = =58 mm.

The calculated estimate and an analysis of experimental data enables us to determine the order of the
temperature gradient along the length of the fuel element. In the region of heat transfer to steam, the gradient

~is equal to 0.1 to 9.2°C/mm, while in the transition zone, it-equals 0.5 to 1.0°C/mm (see Fig. 5). The gra-
“dient in the radial direction in the carrier tube of the fuel element is two orders of magnitude higher under

steady-state conditions. This high temperature gradient along the fuel element over part of the transition

‘zone is caused by the high intensity (power) of the output fuel element and the low heat-transfer coefficient

to steam due to the low mass rate. The high intensity in the transition zone is a clear consequence of power
fluctuations of the reactor, even those lying within the dead zone of the power regulator.

The power fluctuations enable us to determine the width of the transition zone: It is 100 to 150 mm in

. the calculated regime. .Such a relatively wide transition zone gives us reason to refer to a "degenerate" crisis
" - of heat transfer in tubes with: intensifier elements, :

CONCLUSIONS

The reactor tests of fuel elements with heat-exchange intensifiers, operating with full evaporation of
the water, with superheated steam, and without the use of an intermediate separator, shows that it is possible
in principle to design a single-pass steam generator in reactors with tubular fuel elements.

The operations for regulating the parameters in the steady-state regimes have been worked out, and the
nature of variations in the heat-engineering parameters under transient conditions has been studied.

During the tests (125 days for channel 2) no significant variations in the temperatures of the fuel elements

were observed, which directly confirmed the absence of any marked deposition due to boiling on the heat ex-
change surfaces (even when using relatively poor quality water).
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It has been established that the fluctuations in reactor power within the dead zone of the power regulator
give rise to instabilities in the temperature regime of the fuel elements. Under these circumstances, the tem-
perature fluctuations in the transition zone of heat transfer are significant., To reduce these fluctuations in
‘fuel element temperature in the transition zone, we should reduce the dead zone of the power regulator, use
fuel elements of lower power for the part of the evaporation channel containing the heat-transfertransition
zone, and increase the heat transfer to steam by increasing the mass flow in the fuel elements within the tran-
sition zone. Just these measures alone can reduce the amplitude of the fluctuations of fuel element tempera-
ture to a safe level. ‘ '

In our opinion, bearing in mind all the limitations of the experiments, the results achieved are of inter-
est for assessing the prospects of single-pass steam generators in power reactors. The absence of traditional
equipment in the form of drum separators and circulating pumps, which are difficult and expensive to manu-
facture, to a large extent simplifies the nuclear steam=-generating plant, and reduces its cost.
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Z ONE RVEGULATION OF THE POWER OF A POWER REACTOR

I. Ya. Emel'yanov, E. V. Filipchuk, ' UDC 621,039.562 -
A, G. Filippov, V. V, Shevchenko,
P. T. Potapenko, and V. T. Neboyan

The traditional system for regulating the power of a nuclear reactor contains a single regulator, incor-
porating a number of ionization chambers to serve as detectors, while the executive organ comprises several
regulating (control) rods, together with a system for synchronizing their positions.

The tendency toward ensuring high economic indices in large modern nuclear power stations necessitates
operating the reactor under conditions in which the fuel and moderator charges approach their limiting permis-
sible values, and this contradicts the requirement of reactor safety. The distribution of the power over the
whole volume of the active zone is extremely sensitive toward local perturbations (recharging of the fuel ele-
ments, introduction of tools, sensors, etc., into the active zone and their subsequent extraction), and because
of the small reserve factors inrelationtothe limiting loads, this may provoke an emergency situation, It is thus
very important to provide modern reactors with a reliable system for regulating the power distribution.

The authors have carried out a careful analysis of various existing structural arrangements of regulation
systems [1-4j, which may nominally be divided into those consisting of several identical zone regulators (with-
out any artificial links between them), those containing an additional integrated power regulator as well as the
foregoing independent zone regulators, and those containing artificial links between the regulators.

Choice of the Number of Zones and-Sensors. In designing a system of zone regulation it is important to
remember that the most vital function of this system is the regulation of the integrated power; the quality of

Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 81-84, August, 1976. Original article sub-
mitted October 23, 1975.
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Fig. 1. Structural arrahgement of a zone regulation sy‘stem:‘ 1) ionization chamber;
2) intrareactor sensor; 3) regulating (control) rod; 4) error signal amplifier; 5) adder;
6) drive control circuit; 7) drive; 8) power regulator,

this operation should benoworsethanthat oftraditional regulation systems. Thenew system shouldbe inno
way inferior to the old as regards reliability. The conditions of nuclear safety should still be maintained.

These requirements are satisfied most completely by systems of the first type. The problem is eased
by the fact that at the present time nuclear technology possesses a good supply of low-inertia intrareactor de-
vices for monitoring the neutron flux.

'The choice of the type, number, and disposition of the sensors, regulating rods, and zone regulators,

_together with the analysis and synthesis of a multiply linked system of regulation, constitute key aspects in

the method of designing a zone regulation system.

The minimum number of regulation zones is determined by the number of unstable harmonics 5], and
the maximum by the number of control rods in the reactor. Most power reactors have a fairly stable power
distribution and a large number of contro! rods. The number of regulation zones and rods is also restricted
by the maximum feasible rate of introducing additional reactivity by means of the automatic rod system; this
neceasitates reducing the velocity of the servo drives on increasing the number of zones. If several rods were
used in the zone a system of rod synchronization would be required for each local regulator.

Thus the number of regulation zones must be chosen after allowing for the number of rods necessitated
by the automatic regulation of the integrated power (four to seven). One regulating rod should be used in each
local regulator. '

.. More-complicated is the question of cﬁoosing the number and disposition of the sensors for the local
regulators. Since the sensors are intended to measure the power of the zone served by the corresponding

.TABLE 1. Dependence of the Error on the
Number of Sensors for the Case of Splitting
into Four Zones

694

No.of ‘Error, % No.of Error, %
se0- | mean |TEXIT |sen- | pean | MAXY
OIS j mum sors mum

1 35 90 5 1 2

2 12 17 6 1 1

3 3 6 50 &A1 «1

4 1,5 3 A
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Fig. 2 ' , Fig. 3

Fig. 2. Deviation of the static neutron flux distribution during the process'mg of a pertur-
bationby: 1) the zone regulation system and 2) by the traditional integrated-power regula-
tion device.

Fig. 3, Analysis of the reliability of the two regulation systems: 1) zone regulation sys-
tem; 2) integrated-power regulation system; 3) zone regulators; 4) reserve automatic
regulator; 5) drive; 6) drive control circuit; 7) error signal amplifier; 8) intrazone sen-
sor; 9) ionization chamber; 10) power controller. ‘

regulator, their maximum number is equal to the number of fuel channels in each particulér zone, the power
of the zone being determined by the sum of the powers of each channel recorded by the corresponding sensors.

In trying to limit the number of sensors, it should be remembered that the readings of any particular
sensor mainly depend on the position of the nearest rods and do not necessarily correspond to the power of the
whole zone,

The following empirical method of determining the number of sensors for the zone regulator may be pro-
posed.

1. For a nominal power distribution, one of the rods in the zone under consideration is moved, and the
change is compensated by the movement of the rods in the other zones. The corresponding deviation in the
power of the zone is measured by reference to the change in the power of all the fuel channels, or at any rate
a large number of them (20 to 50), and also by reference to several (1-10) preselected sensors.

2. The experiments and measurements are repeated for different rods in the zone.

3. The maximum and mean errors inh measuring the deviations of zone power by reference to one, two,
three, etc., sensors are determined relative to the same deviations determined by reference to all (or a large
number of) the fuel channels. A preliminary analysis of the results of such experiments for reactors of the
RBMK type is presented in Table 1. ‘

4. Using the resultant relationship, the number of sensors in the zone is determined from the specified
static regulation accuracy. It should be remembered that a determination of the zone power by reference to
n sensors also reduces the random component of the sensor errors by approximately Vn times.

Structural Scheme and Method of Calculation. The regulation system may, for example, incorporate
intrareactor 3-emission sensors (best of all are those with cobalt and platinum emitters owing to their low
inertia) and also small fission chambers. On dividing the reactor into zones in the form of sectors, intrazone
sensors and ionization chambers may be used in conjunction with one another. Thus in the structural scheme
of a four-channel system of zone regulation (Fig. 1) the power of each zone is measured by sensors both inside
and outside the active zone. The intrareactor sensors are placed at the boundaries of neighboring zones and
their readings therefore characterize the power of two zones. This arrangement gives a considerable economy
in equipment, since for three sensors per quadrant the total number required is eight. The signals from the
sensors pass to the error signal amplifiers, in which they are compared with the setting specified by the power
controller, and after amplification pass to the drive control circuit.
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The chief structural difference between this system and the traditional automatic power regulator is the
elimination of the unit synchronizing the positions of the rods from the system, and the individual control of -
the servo drives by the error amplifiers. ' '

The structure of systems akin to that illustrated in Fig. 1 may to a first approximation be calculated
by using a point model of the reactor. Here it is considered that all the zone regulators are connected in
parallel to the object of regulation, with the transmission function of a "point" reactor W, (8). The advantage
of this approximate method lies in the fact that it also operates for nonidentical zone regulators. For example,
if the regulation system incorporates m zone regulators with transmission functions W,, Wz: ...Wp,, the stabi-
lity of the multiply coupled system may be estimated from the stability of the equivalent single-circuit system,
with the following transmission function in the open state:

Weeq (8) =W, (S) 231 W, (S).

It is easy to see that the method is equally suitable for analyzing linear Systeins and systems with relay
drive control. In the latter case all existing methods of analyzing relay systems are suitable for the equiva~-
lent one-circuit arrangement. ‘ '

In order to study neutron-field control systems, the analog simulation system is extremely effective.
The circuits and computing methods for simulating neutron fields in a reactor were presented earlier [4].
This method was used, for example, to construct a network model of the RBMK reactor, including 233 mesh
points and 134 operational amplifiers. The model enables us to find the optimum arrangement of the sensors
and rods in the regulation zone, and also to analyze the static and dynamic characteristics of the neutron-
field regulating systems.” As an example we studied a four-channel system of zone regulation with inertia-
free intrareactor sensors (as illustrated in Fig. 1). The characteristics of the zone regulator circuit elements
were taken as being similar to the elements of existing integrated-power regulation systems. This enabled
the zone regulation system to be realized with apparatus which had already recommended itself in practical
service., For a static accuracy of the relay zone regulator equal to 9.5% of the nominal flux, and for the offi-
cially specified standard rate of introducing reactivity, the.time required to develop the perturbing and con-
trol actions amounted to 5-7 sec, in conformity with the operating speed of a traditional integrated-power
regulator. The efficiency of zone regulation is clearly illustrated in Fig. 2, which shows the deviation of the
static neutron flux distribution with respect to the diameter of the active zone AB passing through the control
rods after applying a perturbation AK =0.015 8 at the point C (3 is the effective proportion of delayed neutrons).
We see that for zone regulation the deviation in the distribution is several times smaller than that obtained
with the traditional regulation system.

Questions Regarding the Reliability of the Systems. According to the generally accepted method, the
reliability of the zone-regulation system may be assessed in relation to that of the traditional integrated-power
control system by making a comparative analysis of their relay-contact systems (RCS) [6], which constitute
the result of replacing the functional couplings of the elements in the systems under consideration by logical
couplings, In the RCS the elements are represented by electrical contacts and the logical couplings between
the elements by conductors. For example, the series connection of several elements means that the whole
group of elements fails if any one element becomes defective. For parallel connection, the failure of the group
of elements is a consequence of the defection of all the elements. The corresponding RCS for the zone regula-
‘tion system and the traditional system of integrated-power regulation are presented in Fig. 3.

It should be noted that, in analyzing reliability, the zone regulation system may be considered as one
particular version of the integrated-power regulation system in which the existing four identical regulation
channels in fact signify a triple reserve factor of the system. Thus, even without allowing for the element-
by-element reserve provision in each zone regulator, we may say that the zone regulation system is more re-
liable than the traditional integrated-power regulation system. The parallel connection of two power control -
lers, and also the "cold" reserve provision of executive drives and rods, increases still further the reliability
of the system under consideration.

We may thus note the 'following advantages of zone power regulation relative to the traditional " synchro-
nous" regulation systems. :

1. The system of zone regulatiop ensures a higher accuracy of integrated-power regulation, since both
intra- and extrareactor sensors are used to measure the power,
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2. The system under consideration fulfills the additional function of power equalization,
3. Zonal power regulation eliminates the system of automatic control-rod synchronization.

4. The zone regulation system eases the work of the operator during recharging and increases in power.
In the steady state the system ensures stabilization of the radial power distribution without the participation
of the operator, and hence suppresses azimuthal fluctuations in power distribution.

5. The zone regulation system has a greater structural reliability than the traditional system of integra-
ted-power regulation. ' '
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REDISTRIBUTION AND MOBILITY OF URANIUM DURING
THE METAMORPHISM OF VOLCANOGENIC FORMATIONS

V. P. Kovalev, A..D. Nozhkin, - UDC 553.53:553.495
A. G. Mironov, and Z. V. Malyasova

Data regarding the redistribution and mobilization of uranium from volcanogenic formations during their
metamorphism are of major cognitive and applied significance; they are directly related to the theory of en-
dogenic ore formation and give a clear representation of the genetic relationships of ores with magmatism.
These data are usually obtained by comparing the initial and final contents of the elements in rocks experien-
cing various chahges as well as the contents established in transitional states. Apart from comparisons of .
this kind, analytical data regarding mobile, easily extracted uranium may also be used, and this facilitates
estimation of the mobilizational activity of the element in the rocks under consideration.

Intrusive masses have for a long time received special consideration when solving the problem of the
relationship between ore formation and magmatism, and only with the establishment of a close spatial rela-
tionship between ore formation and volcanogenic accumulations have the latter become more and more widely
studied by geochemical workers.

It is found that effusive rocks contain more uranium than intrusive. The uranium deficit in deep magmat-~
ic rocks is constantly confirmed on comparing these with effusive petrochemical analogs (only statistically
rich samples are compared). The difference in content is so considerable that it may readily be detected on
comparing rocks belonging to the same magmatic province and epoch, related by having an identical source
but differing environmentally. Adams was the first to notice the important geochemical difference between
plutonites and volcanites [1]; he considered that the absolute uranium content of lavas reflected the real con-
tent of this element in the magma,

It was later shown that the rocks crystallizing in the interior contained altogether 20-70% of all the ura-
nium incorporated in the vitreous extrusive tertiary rocks of the Western United States [2]. It was found that
the recrystallization of melts under near-surface conditions was accompanied by the loss of uranium, while
the thorium content remained almost unchanged [3]. The preferential loss of uranium from completely crystal-
lizing melts is responsible for the different Th:U ratios in effusive (2.5-3.9) and intrusive 4.0-6.0) rocks

Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 85-91, August, 1976. Original article sub-
mitted July 15, 1975. '
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TABLE 1. Content of Mobile Uranium* in Volcanic Rocks Subjected to Weak Transfor-

mations. S
, No.of -Lim{ts_ of Lurgtls of
’ . “tota mobileura- i
Region Characteristic of rocks camples |- content, Extraction, T
- Ples | o v % comeqt. %
Minusinsk | Effusive and explosive formations -
Depression’ : : ' S _ - L . _
' Rocks of basic composition - o100 [oms—24 |e01—0,10 | LT
Rocks of acid composition: T '
prophyry, felsites T 11 3,0—32,0 | 0,02—0,43 9%_—‘:2
dehydrated pearlites_ spherulites ~ 6 | 4,8—8,5 | 0,09—0,66 ! ‘0:_12'0
. R e 5,5
ignimbrites, sintered tufas . 12 6,0-9,9 |0,35—0,83 i—o—;—:‘o—o
Eniseisk Ridge Rocks of basic composmon - . .6 - | 1,0—2,8 | 0,10—0,11 :LS(;_(#)
Rocks of acid composition . . . 3 3,4—13,0 | 0,38--2,02 %ﬁ
Minusinsk Subvolcanic formations: T I I '
Depression | granite -porphyries : ] 1 9,6 2,46 25,6
Eniseisk Ridge Quartz porphyries ' _ 3. 1. 4,6—14,01} 1,30—6,40 | 28,5—45,7

l

* Extracted from rocks with a &%solution of (NH,,,)ZC031
Numerator, limit;. denominator, average value. -

{4, 5]. The enrichment of volcanites with uranium is explained by the fact that, during the very rapid solidi-
fication of aluminosilicate melts, the whole mass of dissipated uranium and thorium is captured by the quasi-
crystalline matrix, while during the slower release of heat in the interior a considerable proportion of the
uranium is accumulated in the residual melt solution and is lost in the environmental rocks. The incapacity
of uranium to be separated, together with hlgh—temperature emanations, from the melts coming to the earth's
surface was also noted in [6]. :

'The conclusion as to the uranium enrichment of the effusive petrochemical analogs of intrusive rocks
has not yet been universally accepted. This may be ]udged from a table [7] giving the world-average values
of the Clarke coefficients of uranium and thorium in intrusive and effusive equivalents with different basicities,
in which the uranium content and the Th:U ratio are precisely or almost identical. Higher concentrations of
uranium in intrusive rocks were indicated in [8]. This latter conclusion is only valid for extreme differen-
tiates; these make only a small contribution to the total volume in a mass of intrusive rocks, as a result of
which the weighted-mean values of the uranium content in intrusive complexes will actually be smaller than
in the effusive series. The appearance of extreme differentiates in effusive facies is excluded, since in con-
trast to the intrusive process the volcanic process may be regarded as more dynamic, with the predominant
transition of magmatic melts to the surface. Very rarely conditions may occur in which crystallizational dif-
ferentiation takes place, together with alkali enrichment, in conjunction with a sharp increase in thorium and
uranium content.

The foregoing differences in the radiogeochemical characteristics of intrusive and effusive analogs are
not unique. While being inferior to extrusive rocks as regards absolute uranium contents, intrusive rocks
are capable of passing a considerable proportion of their residual uranium content into the solutions flowing
around them. Whereas the deep rocks, including extrusive formations, pass 20-90% of their uranium into
aqueous carbonate solutions, fresh effusive and subvolcanic rocks containing a vitreous or weakly decrystal-
lized mass are disinclined to lose uranium. Aluminosilicate glasses obtained as a result of the melting of
intrusive and extrusive rocks c'ontaining mobile uranium (altogether n - 10-%, of uranium is extracted with a
5% solution of ammonium carbonate [9]) also hold their uranium very strongly. This situation is associated
with the metastable state of the main mass of the material, which usually contains 70-90% of the total uranium
content. The reason for the poor extractability lies not in the sorptional properties of the glasses, but in the
appearance of gels preventing diffusion, these being readily formed as a result of the considerable instability
of the compounds in the main mass [10] '

The appearance of mobile uranium, capable of being extracted from the crystalline material without de-
composing the latterin intrusive rocks, is associated with a variety of phenomena and processes: with the

698

Declassified and Approved For Release 2013/09/23 : CIA-RDP10-02196R000700080002-8




Declassified and Approved For Release 2013/09/23 : CIA-RDP10-02196R000700080002-8

“TABLE 2. Uranium Content in Metamorphosed Volcanic Rocks of the Eniseisk Ridge

Form of Facies of Characteristics of rocks and No.of Li.mi.rs of *x:;if“lm Extraction,
' ; metamorphism |mineral associations anal- Mranlum ot nrens 1™ ’
metamorphism P yses |tent,n-104%|ne10-4%]
Diagenesis, meta- - Basic rocks 15 | 0,5—1,25 0,9 3—5
morphism of the Acid rocks . 20 1,3—10,0 5,6 10
charge . . - Chloride zone
Regional-contact | Greenschist Basic rocks 24 10,56—2,6 1,4 10
(plutonometa - Acid rocks . | 46 1,8—12,7 6,4 15,4
morphism) Biotite zone
: Metabasites (carb.+chl.+ab.) 20 0,1—-3,9 1,3 10
Porphyroids(cer .+musc.+ab.+ 25 2,0--18,0 7,5 45
quartz)
Epidote amphi-| Metabasites (carb.+ep.+chl.+act.+| 16 0,1—2,4 0,7 —
bolite ab) . » ’
Amphibolite Ortlixfar)nptnbohtes(ep. + horbl, + 15 ([Notobs.-1,9] 0,4 —
olig. :
Muscovite-quartz orthoschists 9 | 0,4—3,4 0,9 10
Regional Granulite Hypersthene -plagioclase gneisses | 22 |Not obss0,9j0,1—0,2 —
namometamor-| — Prasinitic schists(leuc.+cer.+ 22 1,0—5.5 2.7 15
phism carb.+ab.+chl.) ’ ! '
Hydrothermal — Quartz porphyries (quartz+ab .+ 10 4,2—12,7 7,9 24.4—95.0
rmetamorphism cer.+pyr.) ’ !
(propylitization)

Note. act. = actinolite; ab. = albite; carb. = carbonate; leuc. = leucoxene; musc. = muscovite; olig. = oligo-
clase; pyr. = pyrite; horbl, = hornblende; cer. = cerisite; chl. = chlorite; ep. = epidote. ’

degree of oxidation of the material in the magmatic melt, with hypergenic and hypogenic processes, and with
metamictic decomposition, The mobility of the uranium is determined by the degree of processing of the
rocks in late- and postmagmatic processes which are customary in intrusive chambers.

The extractable uranium, a product of autometasomatic and epigenetic activity, is the result of the ac-
tion of hydrothermal flows draining completely crystalline rocks. The solutions washing the acid igneous
rocks are richer in uranium than those draining the basic rocks; hence the amount of mobile uranium is
greater in granitoid than in gabbroid formations.

It has already been mentioned that uranium is poorly extracted from effusives and their tufas [9]. It
has been found that comparatively fresh ceno- and paleotypic effusives (rocks without any clear traces of hy-
drothermal processing) only yield a small quantity of uranium to 5% solutions of ammonium carbonate. The
low rate of extraction of uranium by 5-10% soda solutions was noted by L. N. Shatkov and G. A. Shatkov, who
tested samples of effusives from the environment of a hydrothermal site. Effusives give poor uranium yields
even to solutions of strong acids and bases: A 2N solution of NaOH on average extracts only 4-6% of uranium
from the Upper Paleozoic effusives of Silesia, while 2N H,SO, extracts 13-19% [11].

The lowest rate of uranium extraction is characteristic of glasses. The yield is probably little higher
for devitrified glasses. The results of our own investigations show that the degree of extraction depends on
the age of the rocks. Thus the Middle Paleozoic effusives of the Minusinsk Depression yield less uranium
than the later samples from the Eniseisk Ridge (Table 1), although in the latter case: the superposition of epi-
genic changes may exert an effect. Since the intratelluric impregnations of volcanic rocks contain an insignifi-
cant proportion of gross uranium, they cannot seriously influence the results of the extraction experiments.
Not to speak of feldspar phenocrysts, even the biotites of acid lavas are extremely poor in uranium, although
hysteromagmatic biotites of intrusive rocks are on rare occasions uranium-enriched. This enrichment is as-
sociated with the presence of submicroscopic precipitates of accessory minerals [12], the separation of which
is uncharacteristic of not only the biotites of effusives but also the main mass of the latter,

The considerable difference between the principal radiogeochemical characteristics of the two general
types of rocks of magmatic origin is doubtless associated with the fundamental differences in the modes of
solidification of melts with identical chemical properties. In our own opinion this difference cannot be ex-
plained (as it has been for a long time) simply by reference to a geobatial cause. It is more reasonable to dis-
tinguish two independent, mutually antagonistic types of magmatism, volcanic and plutonic, which are associ-
ated with completely different geoenergetic and geostructural states of the earth's crust and mantle, and do
not occur in simple relation to one another.

Thus the difference between the absolute and mobile uranium contents in effusive and intrusive rocks,
and the difference between the quantities of overall and mobile uranium in rocks of differing basicities, prove
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that each quantity is determined by the composition and conditions of formation of the igneous rocks, i.e., by
their petrochemistry and petrology. In other words, the denial of any relationship between the extraction of
uranium and petrology, uncritically accepted by certain research workers [13], is refuted by repeated inves-
tigations.

Our own accumulated material indicates that the syngenesis, diagenesis, and metamorphism of the
charge do not involve any great changes in the original uranium concentrations or the appearance of migra-
tionally mobile forms of this element. Sintered tufas, ignimbrites, felsites with pearlitic divisions, spheru-
lites, devitrites, hydrated glasses, and so forth, retain their original basic content and contain hardly any
mobile uranium. All this shows that such syngenetic phenomena as the sintering of veleanoclastics and the
hydration and dehydration of natural glasses do not result in the appearance of mobile forms of uranium.
Aqueous extracts from pearlites contain only n - 107% g/liter of U [3]. The carbonate, sodium chloride, and
sodium chloride —sulfate thermal waters of Kamchatka contain from 0,04 to 0.1 y/liter U [6]. This shows that
weak solutions fail to extract even part of the uranium in effusives and pyroclasts. A disruption of the origi-
nal basic uranium content as a result of gas and hydrothermal activity occurs in cenotypic: volcanites (the sul-
fate waters of Kamchatka, for example, contain an average of 1 y/liter of U), but as a rule the proportion of
extracted rocks taken over the whole volume of an effusive — explosive accumulation is comparatively low —
altogether 5-10%. The weathering of the rocks under the influence of acid vapors also leads to the release and
removal of uranium, but as a result of the small scale of these processes they only make a very small contri-
bution to the appearance of mobile uranium. This also applies to processes involving the terrestrial and un-
derwater weathering of volcanites, although these are sometimes regarded as responsible for a growth in the
basic concentrations. "

The foregoing facts. convincingly demonstrate the incapacity of uranium to be removed from rapidly
solidifying melts together with the gases and vapors evolving from lavas, and severely shake our recent con-
fidence in the possibility of the synvolcanic formation of ores. Nevertheless, the syngenesis and diagenesis
of volcanic rocks play an important part as processes tending to level out the considerable differences existing
between water -free voleanites and, for example, sedimentary rocks of similar composition. As a result of
syngenesis and diagenesis, the amount of glass in the principal mass is reduced, the rocks undergo hydration,
and minerals containing hydroxide groups are produced. The metamorphism of the volcanites produced in this
way may be completed by analogy with the metamorphism of deposits. '

'The foregoing picture is not characteristic of volcanites experiencing considerable epigenetic changes.
In the metavolcanites, the amount of mobile uranium increases substantially, and in many cases exceeds the
amount found in intrusive rocks. Regional, local (warp zone), regional-contact (involving the appearance of
granite-gneiss complexes), intrinsically contact, and hydrothermal metamorphism is accompanied by the in-
flow and outflow of uranium and the appearance of uranium in a form capable of migrating. Table 2 presented
certain results obtained by Nozhkin and Mironov regarding the Eniseisk Ridge revealing a change in content
from facies to facies, together with data facilitating the estimation of the relationship between the metamor-
phosed effusives and the degree of extraction.

Metamorphism of low and high degrees, and frequently metasomatosis as well, are accompanied by the
formation of completely new basic concentrations of uranium and a change in the original Th:U ratios, The
intensification of metamorphism reduces the dimensional characteristics of the distribution (the variation co-
efficients increase); in each specific case this effect is mainly determined by the limits of metamorphic dif-
- ferentiation of the material, The infringement of the dimensional characteristics of the uranium distribution
- may be directly appreciated from the ¢ tracks and the tracks due to fission fragments of 235U nuclei even in
effusives with a not-very-clearly decrystallized basic mass. In metaeffusives witha more decrystallized meta-
stasis there is also a higher content of mobile uranium. In the porphyry precipitates of metavolcanites there
is a (3-10 times) increment in the uranium content owing to the development of low-temperature albite and
chlorite in the place of the highly basic plagioclase and pyroxene. The increase in the combined distribution
is associated with this fact,

There are probably no special reasons for opposing the metamorphism of voleanites to the metamorphism
of, for example, sedimentary aluminosilicate rocks, although such a contradistinction is based on the well-
known metastability and primary state of dehydration of effusive rocks. During the processes of syn- and dia-
genesis, and also initial metamorphism, many of the effusive rocks undergo secondary hydration, so that their
subsequent metamorphism is accompanied by the appearance of interstitial solutions, while the sharply un-
stable states of the rock-forming material (characteristic of effusives) constitute one of the invariable condi-
tions for the development of metamorphism. The metamorphism of "dry" glassy rocks probably plays no part
in the creation or loss of mobile uranium.
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In weakly metamorphosed effusives of acid composition the uranium content usually remains practically
unchanged at low temperatures. In metabasaltoids, on the other hand, there is usually a considerable uranium
enrichment by comparison with the nonmetamorphosed analogs. This is characteristic for considerable uranium
chlorite zone of regional metamorphism and especially for the greenstone (prasinitic albite — chlorite) ortho-
schists of the zones of dynamometamorphism. The increment in uranium concentration is associated with
the development of secondary schistous aluminosilicates up to 60% of the uranium is concentrated in these)
and also titanium hydroxides (up to 25%), which make good uranium sorbents [14].

In the biotitic zone of greenschist metamorphism, however, there is a certain loss of uranium on
account of the reduction in the amount of chlorite, leucoxene, and other sorbents, and as a result of the in-
crease in the desorption and release of hygroscopic water, etc. Nevertheless, inthe porphyroidsand quartz—
cerisite —muscovite orthoschists (well-developed among acid effusives) the amount of mobile uranium increases
to 40-60% for the same primary uranium level. A microradiographic investigation shows that 50-80% of the
uranium of these rocks is accumulated in the cerisite, muscovite, biotite, and also in the hydroxides of the
ferrous metals along cracks, grain boundaries, and in interstices.

Under more high-temperature conditions, such as exist, for example, in zones of regional -contact meta-
morphism, in which orthoamphibolites are formed, there is an effective erosive loss of uranium. The re-
maining uranium is chiefly concentrated in clinozoisite (2.5 g/ton) and ilmenite (4 g/ton). In the main rock-
forming minerals (hornblende and plagioclase), however, the quantity is no greater than 0.1-0.2 g/ton., This
is also confirmed by the reduced uranium content in such minerals as magnetite (0.3-0.5), muscovite (0.8),
carbonate (0.5), biotite (1.5), and albite (0.5 g/ton). In quartz porphyries encountered in the amphibolite
zone under conditions of dynamometamorphism there is a sharp microdifferentiation into essentially quartz
and mica aggregates. On the macroscopic scale similar phenomena result in the appearance of micaceous
quartzite schists with a far lower uranium content than the original rocks. It is noteworthy that the remaining
uranium in these is strongly combined and is concentrated in accessory minerals and micas.

. The lowest uramum content (under 0.1-0.2 g/ton) occurs in hypersthene—plagioclase and garnet—hyper-
sthene—plagioclase rocks of the Eniseisk Ridge characterized by granulite facies of basic-rock metamorphism.
It is abundantly clear that the low uranium content of these minerals is due to the metamorphic pheaomena,
initially producing the decarbonatization and later the complete dehydration of the rocks. In this case it is
pointless to speak ot the amount of mobhile uranium.

Thus the tendency for the release of dissipated uranium from volcanic rocks is extremely clear even in
the basaltoids, not to speak of the acid rocks. If the'uranium content is kept at its previous level in the meta-
morphosed effusives, a qualitative change appears, in that a greater proportion of mobile uranium is encoun-
tered. Both features (in our own view) constitute a sign of the action of metamorphic solutions, The recry-
stallization of the principal mass of the volcanogenic rocks is accompanied, as metamorphism intensifies, by
an increase in the role of the migratory uranium, which offers a basis for its subsequent mobilization and re-
deposition as a result of the ensuing superposition of hydrothermal processes. The deviation from isochemical
metamorphism accompanied by metamorphic differentiation or complicated by the development of metamorphlc
zonal structure in no way contradicts the conclusions of the present investigation.

Information regarding the contact metamorphism of the almond rocks of the Byskarsk series in the Kras-
noselsk granosyenite intrusion. (Eastern Sayan) indicates the preservation of the original uranium content. The
selective extraction of basic hornstones, at present constituting a plagioclase—~biotitic aggregate containing
abundant magnetite in the main mass of the material, with plagioclase and hypersthene in the geodes, reveals
the presence of considerable quantities of mobile uranium, During the contact metamorphism of the volcanites,
uranium is evidently not inclined to leave the rocks, especially those of the basic type. In the apical parts of
the massifs, infact, trapping of uranium and thorium occurs. This is especially clearly expressed in xenolites
and residual mountains,

Epigenetic hydrothermal metamorphism also disrupts the initial basic uranium content in volcanites and
promotes the appearance of large quantities of mobile uranium in these, Paleotypic volcanogenic strata are
often affected no less by hydrothermal epigenetic than by metamorphic alterations. The modification of the
basic concentration in hydrothermally altered rocks occurs not simply as a result of the inflow and outflow
of uranium but also (at high temperatures) as a result of changes in thorium content, Usually uranium is found
in the original basic quantities in rocks which have experienced low-temperature hydrothermal metamorphism.
The uranium and thorium concentration increases sharply in the altered rocks surrounding the ore (according
to Maksimovskii and Rudnik and to Mel'nikov and Berzina by a factor of 5-10), The low-temperature hydro-
thermal alteration of effusives and tufas results in a twofold or more increment in uranium content, while the
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thorium remains constant [15]. According to our own data , propylitized basalt and basalt—andesite porphyrites
expeériencing chloritization and pretinization are enriched with uranium by a factor of two or more, and always
.contain mobile uranium in considerable quantities.

We are ‘here only considering those hydrothermally changed volcanites in which the basic concentration
of uranium is initially constant, These rocks correspond to the facies of low-temperature propylites. Ac-
cording to the results of neutron-fission microradiography, the - principal mass .of the uranium in such rocks
belongs to the chlorite (60-70), leucoxene .(20-35), and epidote (10-15%) phages. The maximum uranium content
is established in leucoxene (5 g/ton) and chlorite (3 g/ton). In epidote the uranium content is 1-3 g/ton. In
cerisitized, quartzized (with sulfides and sometimes carbonates and epidote), and acid effusives, even the re-
gions of most intensive processing are hardly distinguishable as regards uranium content from unaltered por-
phyrites. However, the proportion of mobile uranium in these increases sharply (to 60-90%).

The preparation of the uranium Clarke content for migration and its entry into migratory processes are
of considerable interest when searching for ore sources. Naturally chief attention should here be paid to acid
and alkaline rocks, in which a great deal of mobile uranium appears. Although no direct proof of the relation-
ship between ores and the uranium extracted from igneous rocks has yet been found, many research workers
consider that not only the melts but also the magmatic rocks themselves (including voleanogenic forms) may
act as useful sources. The voleanogenic rocks are certainly better as sources of uranium than intrusive and
‘many sedimentary rocks of identical chemical compositions. For the ordinary uranium content of 3-10 g/ton,
from 4.5 to 15 kg of metal capable of forming rich ores may be displaced from a prism 1 km high with a base
1 m? (subject to 50% extraction) and duly concentrated when a chemical barrier exists. This problem will
clearly be made easier if the source comprises rocks similar to the tertiary porphyries of Colorado, contain-
ing 0,002-0.014% of uranium. Many consider that the erosive loss of 0.2-0.1 of the uranium in the rocks is a
normal phenomenon. It is considered that the formation of ore deposits involves the displacement of a mass
of metal exceeding by 150-200 times the weight of the actual ores. This especially applies to effusives which
have been subjected to metamorphism under the conditions of thegreenschistfacies,tolocal dynamometamor-
phism orto hydrothermal epigenetic changes, and are characterized by an increased content of mobile uranium. The
latter may be particularly easily mobilized by solutions and concentrated in a favorable endogenic situation,

It is clearly from this point of view that we may explain the frequently observed large time gap between the ac-
" cumulation of volcanogenic rocks and the appearance of uranium mineralization.

CONCLUSIONS

1. Effusive and intrusive petrochemical analogs differ considerably as regards their content of ordinary
and mobile uranium. This is because of the fundamentally differing conditions of solidification of the chemi-
cally identical melts. '

2. As products of the rapid supercooling of aluminosilicate melts, effusives mechanically capture all
the uranium dissipated within them, and as a result of the metastable state of the main mass fail to transfer
this uranium to solutions without the complete chemical decomposition of the material composing them.

3. The initial concentration and distribution of the uranium in volcanogenic rocks are altered when epi-
genetic processes associated with tectonic magmatism and metamorphism develop on the large scale. As they
develop regional, local, contact, and hydrothermal forms of metamorphism lead to the appearance of different
amounts of mobile uranium and to a change in the original content. Ultrametamorphism teads to the greatest
losses of uranium,

4. The most promising sites as regards the discovery of uranium ore-formation are regions of acid
volcanism having widely evident areas of low- and medium-temperature hydrothermal metamorphism, with
traces of later tectono-magmatic.activization, No less favorable are regions corresponding to the propagation
of early volcanogenic accumulations of the same composition which have experienced metamorphism of the
greenschist facies and then been subjected to hydrothermal action.

"Thus the uranium contained in volcanogenic rocks can only migrate after fundamental recrystallization
of the rock-forming material, or after its complete decomposition, which may be effected either in metamor-
phic processes or alternatively in exogenic processes in which chemical decomposition of the rocks takes place.
Effusive —explosive formations usually undergo the greatest metamorphic transformations inthe epigenetic stage
of their existence (a long time after the extinction of the volcanos), by virtue of the appearance of a superim-
posed deep tectono-magmatism Influencing and basically modifying the volcanogenic strata.
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MATHEMATICAL SIMULATION OF PROCESSES IN

THE EXTRACTIVE REPROCESSING OF NUCLEAR FUEL
4. SEPARATION OF URANIUM AND PLUTONIUM BY THE

METHOD OF DISPLACEMENT RE -EXTRACTION |

A. M. Rozen and M. Ya. Zel'venskii UDC 621.039:59.001.57

Together with the removal of fission-fragment elements from the solution of irradiated fuel elements,
the separation of plutonium and neptunium from uranium is the most important task of extractive technology in
the reprocessing of nuclear fuel. Soviet specialists have widely used the methods of chemical conversion of
plutonium and neptunium into unextractable forms, their re-extraction, and their subsequent refining [1-3].
These methods are reliable but have a number of shortcomings: It is necessary to set up special installations
to obtain the reagents; if reducing agents of the iron-salts type are used, the salt composition of the solution
becomes worse; if U (IV) is used, it must be stabilized. o

Recently, attempts have been made to develop methods for separating U, Pu, and Np which are free
from these shortcomings [4, 5]. In particular, one of the schemes used re-extraction with a concentrated
uranium solution for complete saturation of the extracting agent with uranium and the displacement of plutonium
and neptunium by uranium from the extract into the aqueous phase [5] (this process has come to be known as
displacement re-extraction). ' : ’ :

The possibility of carrying out displacement processes is due to the chemical characteristics of extrac-
tion by means of tri-n-butylphosphate (TBP) and other neutral organophosphorus compounds — the formation

Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 91-95, August, 1976. Original article sub-
mitted August 6, 1975. ' ’ ‘
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Fig. 1. Scheme and parameters of the nominal regime of the displacement re-extraction
process [5]: a) V' =156 liter/h; 30% TBP; b) V0=640 liter/h; Y}, =78, Y}, =0.47, N =

Pu Np~
ftay . 0,y = 0 , vEX_ ex _10-6 X _101 o/1i ) S
0.08 g/liter; ¢) VO +V =796 liter/h; Y{j =110, Y =107°, ff}p 1077 g/liter, HNO,
_ _ . ex _ ex _ X _ . e _
0.01 M; d) L =L°+L' =232 liter/h; X{j' =0.01, X, =1.3, Xy, =0.22 g/liter, XH’;IOSJ

M; e) L' =11.6 liter/h, 10 M HNO;; f) L0=220 liter/h, X{; =172 g/liter, X{ino, =0-01 M;
1-14 are the numbers of the stages. 3

Fig. 2. Variation of the indicators for the separation of uranium and plutonium and the
accumulation of plutonium in the aqueous phase as functions of the acidity of the initial
organic solution (-.-.-.-.- represents the calculation in which the plutonium is taken to
be a macrocomponent). '

of complexes of salts of the metals with the extracting agent [6] and the competition between different metals
for the free extracting agent [7, 8].

Saturation of the organic phase with uranium is widely used for excluding fission fragments more com-
pletely from the organic phase; some quantitative estimates are given in [9], which gives the static characteris-
tics of the Purex process and notes that as the limiting conditions are approached, the uranium zone expands,
the degree of purification of the valuable elements is improved, but at the same time there is an increase in
their concentration in the discarded solution (the raffinate). In addition, there are problems with the circula-
tion of elements in the cascade and the internal accumulation of plutonium (8, 9]. ’

- In the present study we investigate the characteristics of the process of displacement re-extraction; for
this purpose, we have used the method of mathematical simulation. The mathematical model and algorithm
used for the extraction processes are those described in [10, 11].* For the sake of simplicity, we assumed
in the calculations that the plutonium and neptunium are microcomponents (in part of the calculations we took
account of the characteristic concentration of plutonium). The equations used for the extraction equilibrium
are those given in [12]. The scheme, the notation, and the parameters of the nominal regime of the variant
of displacement re-extraction [5] calculated for a productivity of approximately 1 ton of uranium per day are
shown in Fig. 1. The fundamental parameters of the process are the plutonium content in the uranium extract
Y f,x) and the uranium content in the plutonium re-extract (X%f‘) . The first quantity characterizes the degree

u
to which the plutonium has been removed from the uranium, while the second characterizes the degree to which

*In [10] we also show the correctness of the models.
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Fig. 3. Variation of the indicators for the separation of uranium and plutonium (——;
and the accumulation of plutonium in the aqueous phase (— — —) as functions of the param=-

‘eters of the regime of displacement re-extraction: a) concentrations of uranium in the
re-extracting agent; b) concentrations of uranium in the initial organic solution; c¢) flow
rates of re-extracting agent; d) flow rates of TBP for pre-extraction; e) numbers of stages
in the pre-extraction section; f) numbers of stages in the re-extraction section; g) stages
of introduction Ny of acid input (flow rates L') (the numbers next to the curves represent
Ne); h) ratios of the flow rates npe =(V?+ V')/L (the numbers next to the curves repre-
sentng =V'/(L'+ L"),

the uranium has been removed from the plutonium. In order to obtain acceptable separation, we must have
Y85 = 1078 g/liter, but X{ <1072 g/liter ~4 - 107° M,

The purpose of the calculations is to study the characteristics of the process for different kinds of varia-
tion of the regime parameters: The composition of the initial organic solution (Y% and Y%INO }, the uranium
content in the re-extracting agent (X(I’J), the flow rates of the extracting agent (V') and the re-extracting agent
(LY, the ratio of the flow rates and the number of stages in the re-extraction section (nye) and the pre-extrac-
tion section (Ng) for the uranium, and the point of introduction of the flow (L") of the input 10 M HNO, (NHNO,) .

As the nominal regime we took the one described in patent [5], supplemented by the value YgINO =0.1563
M;* in each regime only one parameter was different from its nominal value. The results of the calculations,
in the form of curves showing the variation of Y&y and X and the plutonium accimulation value Xg as func-
tions of the indicated parameters, are given in Figs, 2 and 3,

The calculations showed that a sharp decrease in the. plutonium content of the uranium fraction (the ex-
tract) is accompanied by a sharp deterioration of the indicator at the other end of the cascade (an increase of
the uranium content in the plutonium re-extract), and conversely. Thus, when there is an increase in the con-
centration of uranium in the initial organic solution, or in the flow rate of re-extracting agent, or the concen-
tration of uranium in the re-extracting agent, there will be a decrease in the plutonium content of the extract,
but there will nevertheless be an increase in the concentration of urahium in the re-extract (see Fig. 3a, b, ¢).
When there is an increase in the acidity of the initial organic solution, or in the flow rate of the extracting

* In patent [5]~Y(I){NO was not indicated; it was selected by using the variation of Y%’; and X%x as functions of
Yf_INO3 (see Fig. 2) 4s the value giving the maximum separation of uranium and plutonium.
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agent for the pre-extraction, or in the ratio of flow rates in the organic and aqueous phases, the concentration
of plutonium in the extract will increase, while the uranium content of the re- extract will decrease (see Figs.
2, 3d, h), All of the relationships give us a point of intersection of the Y&X and X% {j curves (i.e., the maxi-
mum separation of uranium and plutonium) at a level of 10 mg/liter, which is an acceptable value for the
uranium content in the re-extract but too high for the plutonium content in the extract. It is interesting that

in the vicinity of the point of intersection all the curves have very sharp slopes, i.e., a small change in the
parameters yields a very large change in Y§Y and X%X. In some cases the derivatives 8YPy/d0 and 9X§/8a

(@ is a regime parameter) even approach infinity. ThlS shows the high sensitivity of the separatlon mdlcators
to changes in the regime parameters.*

An increase in the acidity of the initial organic solution by 0.1 M (from 0.1 to 0.2) increases Yex from
7107 to 4 - 1072 g/liter, while X%x decreases from 1.4 - 107! to 1.7 - 1073 g/liter.

An increase in the uranium concentration in the initial organic solution (78 g/liter) by 5 g/liter increases
XU by a factor of 16,5 (from 9.5 mg/liter to 0,16 g/liter) and decreases Yf)’fl by a factor of about 30 (from 7
to 0.24 mg/liter). A further mcrease of YU by 7 g/liter (to 90 g/hter) increases X by a further factor of
100 (to 16 g/liter) and decrease YPu by a factor of 7 (to 3.5+ 107° g/liter).

An increase in the uranium content of the re-extracting agent from 60 to 208 g/liter leaves Xd‘ prac-
tically unchanged (10 mg/liter), while YPu decreases somewhat (from 10 to 1 mg/liter). If there is a further
slight increase in the saturation of the extract with uranium (increasing XU to 214 g/liter), YPu drops very
sharply (to 2 - 107° g/liter), whxleX increases (to 2.8 g/liter). Obviously, when the uranium saturation of
the extract rises above 92%, the reglme passes to the region beyond the boundary. :

When the flow rate of the re-extracting agent increases by 20 liter/h (from 210 to 230 liter/h), there is
an increase of X%x by a factor of more than 30 (from 3 to 100 mg/liter) and a decrease in Y%’fl by a factor of
100 (from 50 to 0.5 mg/liter).

When the flow rate of extractlng agent for pre-extraction increases by 30 hter/h (from 140 to 170 liter/
h), there is an increase in YeP’f1 by a factor of 60 (from 0.5 to 30 mg/liter) and a decrease in XU also by a
factor of 60 (from 0.14 to 0.0024 g/liter). '

An increase in the ratio of flow rates in the re-extractmg section (the calculation was carried out for
values from 2.0 to 7.0 at intervals of 1. 0) increases YPu by several orders of magnitude and decreases XU
,somewhat less sharply. When ng increases, there is a sharp increase in the slope of the curves X[f‘ f(pe)
and YPu =f(npe); the point of intersection of these curves is displaced toward the region of lower concentrations
and at the same time in the direction of lower values of n,. (see Fig. 3h). The point of intersection, lying at
a level of 1 mg/liter at n,o ~2.6 and ng =1.0, corresponds to considerable loads on the extractor: approxi-
mately 500 liters/h for the aqueous phase, approximately 1000 liters/h for the organic phase, The calculations
for ng =1.2 showed that the point of intersection will lie at n,, < 2.0; in order to obtain such a regime, we must
raise the load on the apparatus to about 1100 liters/h for the aqueous phase and about 2000 liters/h for the or-
ganic phase. At such a flow rate, instead of concentration, we have an unacceptable dilution of the extract
and the re-extract. In addition, regimes which simultaneously yield relatively low values of XU and Y
(~10 1075 g/liter) are unstable and are characterized by high internal accumulation of plutonium.t_

The substantial accumulation of plutonium and the high sensitivity of the process to changes in the re-
gime parameters in this region are due to the fact that when we simultaneously have good removal of uranium
- from, the plutonium and of plutonium from the uranium, the re-extracting and extracting sections of the appa-
ratus must have regimes which are fairly close to the limiting regime [9].

The addition of one stage to the re-extraction section in the nominal regime reduces the plutonium con-
centration in the extract by a factor of 2 without changing the uranium content in the re-extract or the pluto-
nium accumulation value (see Fig. 3f).

*In the theory of automatic control, sensitivity means the vector dX(t, «)/da, where X =|x;li, the vector of the
phase coordinates of the system [13]. The quantities dx/dx are its components and are called tlhe sensitivity functions.
1If the distribution of plutonium is calculated as a microcomponent, the amount of plutonium accumulation is

too high, Therefore the indicated value of XmaX should be regarded as merely a guide, giving us only a quali-
tative picture. As the plutonium concentratlon increases in the accumulation process, the plutonium becomes

a macrocomponent, capable of competing with the uranium for the "free" extracting agent; its accumulation
must be reduced. This can be seen from Fig. 2, where the results of the calculation for macroplutonium are
shown by a dot —dash curve, but the plcture obtained from the ¢alculation for microquantities of plutonium is
qualitatively correct.
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Thus, if the value of X%‘ =10 mg/liter is considered acceptable, then the reduction of Y%’fl (from 10
to 1 mg/liter) requires 12 stages in the re-extraction section., In order to get Y%’fl =10-¢ g/liter, we need a
27-stage extractor (22 stages in the re-extraction section). When the uranium pre-extraction section is en-
“larged, ’we reduce the uranium content of the re-extract by a factor of 8 per stage, but this also brings an
increase in the loss of plutonlum with the extract (by a factor of 2 per stage) and sharply increases the plu-
tonium accumulation (Fig. 3e). :

Calculations for an apparatus with different numbers of stages in the pre-extraction section (5, 7, and
-10) showed that when the point of introduction of the input acid is displaced in the direction of the re-extract
exit, increasing the uranium content in the re-extract by a factor of about 3, we reduce the loss of plutonium
with the extract by a factor of about 2 but not below a value of Y?:-,’fl ~1 mg/liter (see Fig. 3g).

The neptunium concentration in the uranium extract depends chiefly on the flow rate of the re-extracting
agent. When L° is decreased, the neptunium content in the exiting organic phase increases, and when L=
120 liters/h, the neptunium content reaches approximately 10 mg/liter (which corresponds to a 14% loss of
neptunium with the extract). When the other parameters were varied, the neptunium concentration of the
extract did not exceed 10710 g/liter.

Thus, simulation has shown that displacement re-extraction can be used for separating U, Pu, and Np,
but this method is highly sensitive to small changes in the regime parameters and is characterized by very
_ high internal accumulation of plutonium. It will probably not be adopted as a complete substitute for reduc-
tive re-extraction; it should be regarded as a supplement to chemical methods which will make it possibie to
decrease the amount of reducing agent used

The indicators for the separation of uranium and plutonium which are mentioned in [5] were not obtained
in any of our calculated regimes, This disagreement cannot be the result of any inaccuracy in our calculations
arising out of the fact that the plutonium was regarded as a microcomponent. If we take account of the charac-
teristic concentration of plutonium, its concentration in the uranium fraction is increased, and the separation
of U and Pu becomes worse (see Fig. 2). The disagreement between the calculated data and the patent data
is probably due to the fact that the patent description omits some important technological operations (for ex-
ample, an additional plutonium branch).
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MATHEMATICAL SIMULATION OF PROCESSES IN THE
EXTRACTIVE REPROCESSING OF NUCLEAR FUEL

- 5. SEPARATION OF URANIUM AND PLUTONIUM BY THE

 ME THOD OF RE-EXTRACTION WITH A WEAK ACID '

A. M. Rozen and M. Ya. Zel'venskil - UDC 621.039:59.001.57

. While in reductive re-extraction the separation of uranium and plutonium is achieved by bringing the
latter into a weakly extractable form [1], and in displacement re-extraction it is achieved by means of high -
uranium saturation of the organic phase [2, 3], in the process of separation re-extraction with weak nitric
~acid we make use of the fact that the coefficient of separation of uranium and plutonium depends on the con-

Bu/pu = aucvn/apuav) = Kuvn/Kpuav [NOSIZ-_

02+

U, g/liter; Pu, mg/liter
s*
T

izl {o}e l . :
I: o :1 : 0 2 % N

Fig. 1 : Fig. 2

Fig. 1. Scheme and parameters.of the nominal regime of the separation re-extraction of
uranium and plutonium with weak HNO; (4]; a) V' =65 liters/h, 20% TBP; b) Vv9=100 liters/

L1 b, Y{y =50 g/liter, Yh, =30 mg/liter, Yf;Noa =0.14 M; ¢) V=V'+ V' =165 liters/h, Y{=
31 g/liter, Ypy, =0.3 mg/liter, YHNO, =0.04 M; d) L=50 liters/h, x%x=o.1 g/liter,
X‘f;’l‘l =61 mg/liter, XHNO, =0.56 M; e) L =50 liter/h, XIQ-INO3 =0,3 M; 1-13 are the num-
bers of the stages, ‘ ‘
Fig. 2. Comparison of the results of mathematical simulation of separation re-extrac-
tion (——) with the experimental data of [4] on the distribution of uranium and plutonium
in the two phases for each phase -of the extractor: ®, ®) U, Pu in the aqueous phase; O, [)
U, Pu in the organic phase.

_ Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 95-98, August, 1976. Original article sub-
.. mitted August 6, 1975. "

This material is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 17th Street, New York, N.'Y. 10011. No p'art
of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, .mechamcal, photocopying,
microfilming, recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $7.50.
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Fig. 3. Variation of the separation indicators (
~ of the concentration of plutonium in the uranium extract
and uranium in the plutonium re-extract and the accumu-
lation of plutonium in the aqueous phase (— — — —) as
functions of the parameters of the separation re-extraction’
regime: a) acidity values of the re-extracting agent; b)
" flow rates of TBP for the pre-extraction of uranium; c)
flow rates of re-extracting agent; d) ratio of flow rates
nre Vi+ v /L (the figures next to the curves represent

'/L)

Since the constants of extraction of uranium and plutonium differ greatly (RU(VI) >>f<pU([V)), for low
acidities ([NO,”]~ XgnNo.) the coefficient of separation 8 will be relatively high. The scheme proposed in [4]
is based on the use of 0.3 M HNO; as the re-extracting agent (Fig. 1). _

In the present article we used the method of mathematical simulation for investigating separation re-
extraction; we compare the calculation results with the experimental results, and we compare the two proces-
ses of separating uranium and plutonium without using reducing agents, '

To do this, we performed calculations for the scheme of [4] and found the characteristics of the process
and Xtf, which define, respectively, the degree of removal of plutonium from the uranium extract and

) and

Yex

Pu
the degree of removal of uranium from the plutonium re-extract.
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We varied the following parameters of the process the acidity of the re-extracting agent (XQINO ), the
flow rates of the extracting agent (V') and the re-extracting agent (L), the ratio of the flow rates (n.q (V +
V')/L and ne =V'/L), and the number of stages in each section of the apparatus (Npg and Ng). As the nominal
regime we took the regime of [4] (its parameters are shown in Fig. 1); for this regime we compare the experi-
mental distribution 4] and the calculated distribution of the uranium and plutonium concentration in the aqueous
and organic phases for each stage of the apparatus.. As can be seen from Fig. 2, the agreement is good.

In the calculations only one parameter in each regime was different from its nominal value.

The results of the calculations, in the form of curves showing the variation of Y%’fl and X%x as functions
of the indicated parameters, are given in Fig. 3, from which it can be seen that, as in the process of displace-
ment re-extraction [3], variation of the acidity of the re-extracting agent and of the flow-rate values produce

. opposite. effects on the indicators of the separation of uranium and plutonium (as the plutonium content in the
uranium extract decreases, there is an increase in the uranium content of the plutonium re-extract).

It should be noted that the regime of [4} is sufficiently close to the optimal regime* for an apparatus
with eight stages in the re-extraction section and five in the uranium pre-extraction section.

The calculations also showed that the addition of one stage to the uranium pre-extraction section de-
creases X%x by a factor of 3 18 (YSX remains practically unchanged), the addition of one stage to the re-ex-
traction section reduces Y by a tPctor of 2,68 (without changing XU ).

Thus, acceptable separation of uranium and plutonium (Y%"f1 1078 g/liter, XT =10 mg/liter) would have
been feasible in an apparatus with 16 re-éxtraction stages and eight extraction stages in the regime proposed
in 4].-

The maximum accumulation of plutonium in the aqueous phase in the nominal regime amounts to 190 mg/
liter (a factor of 6); anincrease in the re-extraction section does not change the accumulation; for Ng =8 we
find that X B =325 mg/liter (a factor of 11)."

The accumulation of plutonium in this process is much less than in the displacement re-extraction pro-
cess; the highest accumulation value obtained for calculations of separation re-extraction is 80 times the ori-
ginal plutonium concentration (30 mg/liter), while in the displacement re-extraction process even in the no-
minal regime the accumulation is 70 times the initial value [3]. The relatively low internal accumulation of
plutomum is an unquestionable advantage of the process. '

The values for the accumulation of microquantities of plutomum are obtained more accurately in the cal-
culation of separation re—extractlon than in the caleulation of displacement re-extraction, when the plutonium,
accumulating in the aqueous phase up to tens of grams, becomes a macrocomponent capable of competing with
uranium for the extracting agent. Consequently, weak-acid re-extraction can be used for separating uranium
and plutonium. The sensitivity of this process to variation of the parameters is less than in.the displacement
re-extraction process, and the internal accumulation of plutonium, as indicated above, is considerably lower.
In order to obtain the specified separation (10 mg of uranium per liter in the plutonium re-extract and 10 ug
of plutonium per kg of uranium) in the nominal regime of operation of [4] we require an apparatus with 24 stages.

Thus, weak-acid re-extractionhas advantages over displacement re-extraction. However, we also can-
not afford to disregard reductive re-extraction; although it involves a loss of reagents, it does require a far
smaller number of stages [1], i.e., has an advantage in the apparatus layout.

A properly-justified choice of one or another of the separation schemes (or a combination of several ele-
ments from different schemes) requires engineering —economic calculations that take accouat of the proper-
ties of the fuel being reprocessed and the possibilities of automatic control.
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* This regime corresponds to the pomt of mtersectmn of the characteristies for Yex and XU , when high separa-
tion is achieved.
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LIQUID = VAPOR EQUILIBRIUM IN SYSTEMS WITH DILUTE
SOLUTIONS OF METAL FLUORIDES IN URANIUM HEXAFLUORIDE

V. N. Prusakov, V. K. Ezhov, | UDC 541.12.035.4
and E, A, Efremov ' S :

Investigations of the distribution of a substance between the vapor and liquid phases of a solution have
shown that at greatdilutions the solute obeys Henry's law [1, 2]. However, Devyatyk and Vlasov [3], and
Stepanov et al. [4], postulated the existence of a nonequilibrium state of a dilute solution; they proposed
methods for calculating the thermodynamic activity coefficients.

We have therefore made an experimental investigation of liquid — vapor equilibrium in systems with dilute
solutions of tellurium, molybdenum, and tungsten hexafluorides and of vanadium, antimony, and tantalum pen-
tafluorides in uranium hexafluoride. The results were compared with the theoretical data.

The uranium hexafluoride used in the experiments was purified by fractional distillation. The purity of
the end product was monitored by mass-spectrometric analysis. Radioactive fluorides 1237125TeF;, ¥MoF,,
128hF,, 18°WF,, and 12TaF; were obtained by fluorination of the corresponding very pure metals, preactivated
with thermal neutrons. Vanadium pentafluoride, labeled with the radioactive isotope 48y, was obtained by
fluorination of vanadium metal, obtained after evaporation of a radioactive nitric acid solution of vanadium
followed by roasting and reduction of the precipitate with hydrogen.

~ Before use the fluoride was freed from hydrogen fluoride by sorption of the latter on sodium fluoride
granules at —195°C, )

Fragments of the radioactive metal (0.01-0.02 g) were fluorinated directly in the still in a boat (Fig. 1).
The entire apparatus was prepassivated with fluorine and thermostated at 75°C. The boat was heated to 400°C.
After the weighed portion of the metal was fluorinated, the still was cooled with liquid nitfogen, and the ura-
nium fluoride from the capsule was condensed in it. The initial composition of the mixture was calculated
from the change in weight of the metal and the capsule. :

The fluoride solution obtained was subjected to differential distillation at a pressure of 1520 + 10 mm and
74.0+0.4°C. For this purpose the magnetic stirrer of the still was switched on. The solution vapor passed

NY
E

r—oq Fluorine
L(><; Vacuum

Fig, 1. Schematic diagram of apparatus: 1) jacket; 2) boat; 3)
stirrer; 4) manometer: 5) magnet; 6) throttle Valve;; 7) still; 8)
electric furnace;9) lead housing; 10) FEU-13;11) crystal; 12)
flow cell; 13) airthermostat; 14) capsule; 15) trap.

Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 98-101, August, 1976, Original article sub-
mitted August 16, 1975. :
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Fig. 2. Logarlthmlc graph of pulse count rate vs degree of dis-
tillation for the systems UFy; — MF; and UF; — MFj,

through a flow cell and throttle valve to a trap at 5°C. The radioactive vapor was registered by a photoelec-
tric multiplier with continuous recording of the signal on a KSP-4 pen recorder. The solution was thermo-

stated by means of a water thermostat. The precalibrated throttle valve ensured a constant distillation rate
at a constant pressure drop. ' :

The maximum degree of compression of the solution in the cell was 30. After distillation the solutlon
~was redistilled into the still and the experiment was repeated.

A preliminary investigation was made of the equilibrium conditions for distillation of a solution of TeF,
in UF,. This showed that the equlllbrlum of the process was retained at a stirrer speed of 100-200 rpm and
a vapor phase offtake rate of1-3 g/ (cm? - min). :

The experimental data on distillation of binary solutions were processed by means of the equation

lgli=(@—1) g5 G°‘G' +1glo,

where I; and I; are, respectively, the countlng rates of pulses from the radioactive label in the vapor bemg
distilled at the beginning of the experiment and during it, G, is the initial amount of the solution (in grams)
G is the amount of distillate obtained (in grams), and « is the separatlon factor.

The equation is a modification of Ray1e1gh's integral equation for simple dlstlllatlon [5] applied to the
radiometric method of monitoring the change in the content of a component in vapor being distilled (Fig. 2).

Table 1 lists the values of the separation factors obtained. It also gives the activity coefficients of the
solute y,, calculated from the equations :

a=-%'vz for a highly volatile impurity

and
TABLE 1. Separation Factors of UF;-Based Binary Systems
at 74°C
Separation factor Activity
Dilute soluzion |experi- . . wdeal ceeffi- h.wesngated concentra-
. mental cientof |tion range, wt.%
’ solute
TeFg in UF, "{10,66+0,05| 11,73 | 0,91 1.40-2—6.10-5
WF, in UF, 1,39+0,01 2,86 0,49 2.10-2—1.10-2
MoFsinUF, 1,22+0,01 1,73 0,70 1,8-10-t—9.10-2
VF; inUF, 1,850,001 1,8 | 0,69 7.10-3—1.10-3
SbF; in UF, | 6,53+0,05| 26,5 4,06 1,5-10-2—8.10-4
TaFs5in UF, - 21741 661 3,04 3,3:1072—9.10~¢
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TABLE 2. Separation Factors of Metal Fluo-
rides in the Multicomponent System UFg— . 32
MoF; — SbFg — TaF; at 74°C.

U Fs'TU F5

Separa- |Concentration 50
. tionfac- |range investi-
System Solute {51 . gatid wt.% 28 | | | ', . N
: ando : [ -02  -0% -6 -08 -0 . =12
' . : Yy
- UFg—MoF, MoFg 1,25 10-1—10-2 * Fig. 3. Logarithmic graph of area
UF;—SbF; - SbF; 6,40| 10-2—10-¢ de t degree of distil -
UF;— TaF5 TaF; 215 | 10-2—10-4 under y spectrum vs cegree ol dist
' : ' lation. :
.« Py 1 . e :
&=y for a high-boiling impurity,

where P{ and Pg are, respectively, the saturated vapor pressures of the solvent and solute,

When a multicomponent solution of MoF;—8bF; — TaF; in UF ¢ was distilled, the signal was sent from the
FEU-13 to a AI-255 pulse-analyzerto register the y spectra of the vapor being distilled. It is known [6] that in
the y -spectral method of radioisotope analysis the overall pulse count rate through all the analyzer channels
from one isotope ZI; is proportional to the overall area under all the energy peaks Si; the experimental data
(Fig. 3) were processed by means of the equation

g8 = (@—1)1g- 257+ lg So.

Table 2 lists the values of the separation factors obtained.

A linear relation is observed between the logarithm of the counting rate and the logarithm of the degree
of distillation (Fig. 2), i.e., the separation factor remains constant at different solution concentrations.

Thus Henry's law holds for these dilute solutions throughout the concentration range investigated.

Using the Hildebrand — van Laar [7], Hildebrand —Scatchard (7], Stepanov — Devyatykh {4], and Vlasov —
Devyatykh [3] methods we made a theoretical estimate of the activity coefficients of TeF;, WFg, MoFg, VFj,
SbF;, and TaF; in binary dilute solutions of uranium hexafluoride; the results are given in Table 3. In view
of the fact that, unlike the metal hexafluorides, vanadium, antimony, and tantalum pentafluorides may exist

in polymerized form [8, 9], their activity coefficients were calculated on the assumption that the degree of
association is 1 or 4. ‘

TABLE 3. Activity Coefficients of Fluorides of Certain Metals in Dilute Solutions of
Uranium Hexafluoride at 74°C . C '

Degree of Activity coefficient calculated in |Experimental
association ) 41 - [31withand withoutallow-activity coef-
Solute P i _ 5 23] P inf o
of solute 7] 7 (cell-solute)(cell~ ance orrputual luence‘_ﬁcmnt of
solvent) of solvent and solute) solute
TeFy 1 - 1,408 1,021 1,441 0,979 3,441 0,121 0,91
WFg 1 1,016 1,013 0,986 0,811 1,337 0,231 0,49
MoFg 1 1,000 1,015 0,986 0,910 1,448 0,105 0,70
VF 1 1,821 7,193 1,097 0,703 15,13 9367 0.69
5 4 1,821 291,70 0,114 0,293 15,13 9367 ’
SBF 1 1,868 4,388 1,514 - 1,271 11,89 11133 4.06
SPEs 4 1,868 9,931 - 0,046 0,139 11,89 11133 v
TaF 1 3,976 |- 17,508 | 3,129 3,516 : 2195 4,47.108 3.04
al's 4 3,976 2,517 0,095 0,269 2495 4.47-108 "
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TABLE 4, Activity Coefficients of Components
of Dilute Solutions at 74°C ‘

. . Discre -
Dilute solution Yealc Yexpl. pancy, %
MoF, in UF, 0,740 0,70 5,7

. WFg in UFg . 0,49 | 0,49 | 0,8
VF;5 in UF, 0,757 | 0,69 8,8
SbF; in UFg 5,740 4,08 M4
TaF; in UF, . 3,120 3,04 2,6

From Table 3 it follows that it is only in the case of a solution of vanadium pentafluoride in uranium
- hexafluoride that the exp_erimental activity coefficient [4] is-close to its theoretical value (degree of associa~
tion 1). , ' »

In the other cases the theoretical activity coefficients do not coincide with the experimental values.
Note that the behavior of dilute solutions of metal pentafluorides in uranium hexafluoride is best represented
by assuming that they exist as monomeric moleciles. Dissociation of the compounds at high dilution is not
unexpected, but further experimental data are requiréd to confirm that in dilute solutions the predominant
form of existence of metal pentafluoride molecules is the monomer.

A dilute solution of antimony pentafluoride in uranium hexafluoride. is best deseribed (as in the case of
medium concentrations) by the Hildebrand —Scatchard [10] theory of regular solutions.

 The coincidence of the experimental separation factors of binary dilute systems UF, —MoFg, UFg—
SbF;, and UF, — TaF; with their values in the multicomponent system UF ¢ —MoF—SbF; — TaF; is apparently
due to the absence of 2 mutual influence of the impurity molecules of different species (cf. Tables 1 and- 2).
It is known that compounds are not formed in binary systems of metal fluorides [10, 12-14].

The experimental data on liquid - vapor equilibrium in systems with binary mixtures of the hexafluorides
of uranium, tungsten {12], and molybdenum [14] and pentafluorides of vanadium [15], tantalum [10], and an-
timony {10] for the region of medium concentrations were approximafed in the form of a polynomial of degree

lgvi——_—ho—l-aix—i-a,zagz—i—‘ v tant®,
where x is the concentration of the solute in mole fractions.

The use of this equation to determine the activity coefficients of the compbnents of dilute solutions from
the data for medium concentrations enabled us to obtain the activity coefficients of the solute (Table 4).-

For the systems UF‘;—WFG, UF, éMoFg, UF; —UF;, and UF;— TaF; the theoretical activity coefficient
of the solute is close to the experimental value. o ' '
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'DISTRIBUTION OF.THE LOSSES DURING THE ACCUMULATION

OF ISOTOPES OF THE TRANSURANIUM ELEMENTS

Yu. P. Kormushkin, A, V. Klinov, UDC 621.039.8.002:621.039.554
and Yu. G. Toporov

The authors of [1] investigated for the first time the selection of the costwise optimal accumulation con-
ditions of isotopes of transuranium elements used in radioisotope power generation. We derived in our work
an analytic expression for the cost of the unit mass of an isotope to be accumulated; we assumed that the cost
of a single absorbed neutron is constant in the simplest accumulation chain with a single end-product.

The simultaneous formation of several products is characteristic of the general isotope-accumulation
process. -Nevertheless, the selection of economically advantageous accumulation conditions requires know-
ledge of the production cost of each isotope to be accumulated. )

In the reactor irradiation stage, one must consider two loss components whose combination, referred to
a single nucleus of the new isotope produced, decides the cost of the isotope. The first component is related
to the cost of the raw material consumed and, more specifically, results from the nuclei of the forerunner
nuclide which are lost in the accumulation process. The second component results from the losses during
the irradiation, i.e., from the production of excess neutrons in the reactor, whose absorption by the fore-
runner nuaclei leads to the formation of the subsequent isotope in the accumulation chain.

In a specialized isotope-producing reactor, the latter component depends upon the total reactor losses.
In a multipurpose reactor, the component depends upon the fraction of general reactor losses in a program
for isotope accumulation. The determination of this fraction is an independent problem; methods for solving
this problem can be found in [2, 3]. When this fraction is known and the losses for winning the initial material
are known, the proposed method allows the calculation of the cost of a nucleus of each isotope of any accumula-
tion chain in the stage of the reactor irradiation. ' _ N

It is generally accepted that the accumulation of isotopes in an open chain without branching can be de-
scribed by a system of nonlinear differential equations:

INO! — — [0 (1) + Dol No (1) )
N (b, (1) +ha) N () + 0 (8) No (; !
SN _ 1)+l Ny (0 J | M
Fay () Ny (2),

where N; (t) denotes the number of nuclei of the i-th isotope of the accumulation chain at the time t; b; (t) + A
denotes the rate at which nuclei of the i-th isotope disappear via all possible channels; a;(t) denotes the rate at
which the (i + 1)-th isotope is formed; and Aj denotes the decay constant of the i-th isotope. We have

bi(t)=) o} (E) D(E, 1) dE;

a() = | o§(E) O (E, dE,

Oty § © g

provided that the nuclei of the (i + 1)-th isotope are formed by the capture of neutrons by the forerunner nuclei;
ai =\, provided that the nuclei of the {i + 1)-th isotope are formed in the decay of forerunner nuclei; 0}1 E)

Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 102-104, August, 1976. Original article sub-
mitted June 17, 1975; revision submitted December 18, 1975. :
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denotes the cross section of the absorption of neutrons with the energy E by nuclei of the i-th isotope; and
l(E) denotes the cross section of the radiative capture of neutrons Wlth the energy E. by nuclex of the i-th
1sotope The condition Nj(t) ¢ = g=N; (0) holds.

The equations of system (1) are the equations of the balance and relate the rate of. ohance in the number
of nuclei of each isotope of the chain to both the rate at which the nuclei are formed from the precedmg iso~
topes and the rate at which these nuclei dlsappear over all possmle channels, :

In analogy to the equations of system (1) one can state -dxfferentlal equatlons Which describe the redistri-
bution of the losses among the isotopes of the accumulation chain during the irradiation process. The approach
to the description of the process establishes a relation between the redistribution of the losses and the redis-
tribution of the isotope nuclei and reflects the physics of the phenomenon, because in the case of neutron cap-
ture, both a transfer of the losses associated with the cost of the forerunner nucleus and an increase in the
cost of the nuclei owing to irradiation losses occur in addition to the transition of the nucleus of one isotope of
the chain into a nucleus of the next isotope. In this case the integration of the -system of differential equations
describing the balance of the losses and the integration of system (1) allow the calculation of the cost of the
isotope nuclei of the chain and make it possible to bring into account the physwal and thermal characteristics
of the irradiating apparatus, the charge of the initial material, etc.

The system of differential equations of the balance of losses, Whlch corresponds to the equation system
(1), can be written in the following form*:

\ - du;z(t) [bo (t)+)\.0] uo (t)v ’ 1 .
dua (t) — By (1) + Ad ug (2) ,
+[bo(t)+%]uo(t)+bo(t)N0(t)v(t); % @

20— —p+adwe+ | |

+ B @) Fhidua )
+bi-1 (&) Ni- () U (2), IR v
where u;(t) |¢_y=u;j(0). In addition to the previously introduced notation, the ‘following notation is used: uj(t)

denotes the total cost of all nuclei of the i-th isotope; u; i (0 =C{(t)Nj(t) (where C; (t) denotes the cost ofanucleus of
the i-th isotope at the time ¢).

n ! : L o .
2hu@NG ‘ . @3

i=0

v(t)=

where Cjp,(t) denotes the target irradiation losses per unit time; and n denotes the number of isotopes of the
accumulation chain, v :

n , ' o .
Since the quantity Z b; (t)N; (t) represents the total number of neutrons absorbed per unit time by the
nuclei of the lSOLOpea of the aﬂcumulatton cham the function v{t) is equal to the cost of an absorbed neutron at

the time t. Furthermore, obviously 2 u (0) denotes the losses incurred in acqulrmg the initial material.t

In analogy to:the equations of system (1), the left side of the i-th equation of system (2) indicates the
ratée at which the cost of all nuclei of the i-th isotope changes. One can in this way easily deter mine the mean-
ing of each term of the right sides of equation system (2). The first term of the right side of the i-th equation
represents the rate at which the total cost resulting from the disappearance of the nuclei of the i-th isotope
decreases. The second term denotes the rate at which the cost is increased by the forerunner nuclei. The
rate of nuclei formation In equation system (1) is characterized either by the decay rate of the forerunner nu-
clei when radioactive decay is the isotope-producing process, or by the rate of neutron capture by the fore-
runner in the case of radiative capture. In differential-equation system (2), the rate at which the cost increases
is characterized (in contrast to the rate at which nuclei arrive) by the rate at which the nuclei of the forerunner

*Naturally, in each real case the form of equation system (1) and of the correspondmg System of the balance of
the losses depends upon the form of the accumulation chain.

{Usually the material purchased is a mixture of isotopes. In this case one must know the "hlStOI’y" of winning
the initial material for obtaining the initial conditions of equatlon system (2), i. e., _for separatmg the losses
incurred in the acquisition. of the initial isotopes. L :
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disappear via all pos's'ib'le channels, "because the total cost of all expended forerunner nuclei must be ascribed
to the nuclei which are formed of each isotope. of the chain; one must mclude the cost of the fission nuclel and

the nuclei whtch decayed outsxde the chain under consideration.

The third term on. the rlght SldeS of equation system (2) has no analog in equation system (1) and denotes
the rate at which the cost increases owing to irradiation losses, Thus, when the isotope nuclei are formed by
the decay of a forerunner, = this term of the equation must disappear, because in this case losses related to
the absorption of neutrons do not arise, When the isotope nuclei are formed by radiative capture of neutrons
by the forerunner, this term of the equation is the product of the rate at which neutrons are absorbed by the
forerunner nuclei tlmes the cost of a smgle absorbed neutron,

We can conclude from Eq, (3) that the neutrons absorbed by fission fragments in the materials of the
building and the leakage neutrons are assumed to be neutrons lost for the accumulation process; the cost of
these neutrons is distributed among the isotopes of the chain in proportion to the absorption rates (equation
system (2)). Thus, the lower the ratio of the number of neutrons absorbed by the isotopes of the chain to the
total number of neutrons, the higher the cost of the resulting nuclei. The missing third term in the first equa-
tion of system (2) corresponds to the assumption that the cost of the nuclei of the first initial lSOtOpe in the

open chain is mdependent of the time of irradiation,

Obv10usly, at any time the total cost of all accumulated naclei (including the cost of the nuclei converted
after the last isotope of the chain under consideration) must be equal to the sum of the losses incurred in the
acquisition of the initial material and the losses incurred in target irradiation. Let us show that the system
of differential equations (2) satisfies this condition. To do this, we switch from system (2) to the following
system of integral equations:

t

up(®)= — | 100 (¢) + Aol o (') d2' +u3;

=

Cn@=— | @)+ )

S ey )

ot
+ { o) +rolusry ar
.0 )
1

+ @) Noyo@yar +uss )
0 y ) - :

wt)=— [ b@)+ru ) ar

BRI | :

t

+ S (g () + Aica] wiey () dt’

0

t
+ S biog (') N g () 0 (&) a8 + 8.
0

We obtain the formula

n

Zui(twjtb )+ hlun )t = 3 ut +

i==0 i=0

C. irr (") a¢',

Y,

®)

. - n
by summation over the equatious of system (4), where Z ui(t) denotes the total cost of the nuclei of all iso-
topes in the accumulation chain under consideration; f[bn(t') + hn]un(t')dt' denotes the total cost of the nuclei
converted after the last lSOtOpe in the chain under consnderatmn' Z u denotes the losses incurred in the ac~

quisition of the initial isotopes; and fC (t')dt* denotes the losses mcurred in the target irradiation,

irr _
Equation (5) mdlcates that System (2) satisfies the above condition. The number of nonvanishing terms

in the expressmn ,Z: u is equal to the number of the initial isotopes.

717

Declassified and Approved For Release 2013/09/23 : CIA-RDP10-02196R000700080002-8



Declassified and Approved For Release 2013/09/23 : CIA-RDP10-02196R000700080002-8

‘Thus, the method which we developed for calculating the distribution of the losses in the accumulation of
lSOtOpeS of the transuranium elements makes it possible to calculate the cost of the nuclei of each isotope of
any-accumulation chain in dependence on the irradiation time; the method makes it possible to take into con-
sideration the influence of the characteristics of both the irradiating apparatus and the target, i.e., it is pos-
sible to calculate a quantity which can be the criterion for the economic optimization of those characteristics.

LITERA TURE CITED

1. V. P..Terent'ev et al., At. Energ., 29, No. 4, 260 (1970).
2. V. A. Tsykanov, At. Energ., 31, No. 1, 15 (1971).
3. V. 1. Zelenov, S. G. Karpechko, and A. D. Nikifprqv, At, E‘nerg., 39, No. 1, 9 (1975).

SLOWING DOWN OF PARTICLES IN HIGHLY ANISOTROPIC
SCATTERING. STATISTICAL FLUCTUATIONS OF ENERGY
LOSSES IN COLLISIONS

Yu. A. Medvedev and E. V. Metelkin | . UDC 539.124.17

The théory of the steady-state slowing down of partic!eé in matter is of considerable interest and has a
wide range of applications. Information on the spatial and energy spectra of particles is needed to solve a num-
' ber of problems of reactor physics, shielding physics, nuclear physics, ete, [1-4].

Since an exact solution of the steady-state integrodifferential Boltzmann equation describing the -slowing-
down process presents formidable mathematical difficulties, a number of approximate methods have been de-
veloped which enable the particle spectra to be calculated with sufficient accuracy [1-4]. In most of these
methods the distribution function is expanded in a series of spherical harmonics as functions of the direction
of the velocity of the particles. This procedure. decreases the number of independent variables but incraases
the number of equations to be solved.

A relatively simple solution was obtained for the ;e[astic-’élowing down of neutrons for spherically sym-"
metric scattering in the center of mass system. In this case it is sufficient to retain only the first two terms
in the expansion of the distribution function in spherical harmonics for neutrons slowing down at "intermediate"
distances. This leads to the well-known P;- or "diffusion" approximation.

~ As noted in 1] the assumption of spherical symmetry of the angular distribution of elastically scattered
neutrons ceases to be valid for energies > 100 keV. At such energies the angular distribution of neutrons is
peaked in the forward direction even in the center of mass system [1, 5].

For highly anisotropic scattering a fairly large number of terms must be retained in the expansion of the
distribution function in spherical harmonics (see [6] for more details) and a computational technique must be
used to obtain the final result.

.- This difficulty can be circumvented by assuming that in highly anisotropic scattering a particle loses a
-certain fraction of its energy in each interaction without changing its direction. The first equation describing
such a process was derived and solved by Landau [7] in determining the fluctuations of ionization losses of
charged particles in thin layers of material when the change in direction of a particle in slowing down can be
neglected. The fluctuations (or energy spectrum of the particles) in layers of material whose thickness is com-
parable with the total ionization range ‘were investigated in [8] using the equation derived in {7]. If a charged
particle experiences a negligible change in direction in penetrating a certain layer of material (highly anisotro-
pic scattering) the distribution function obtained in (8] will describe the energy spectrum of the particles (or
the fluctuations of ionization losses) at a given distance from the source. ‘Otherwise the resultin [8] describes

Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 105-110, -August, 1976. Original article sub-
mitted November 10, 1975; revision submltted March 15, 1976,
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the change in the energy spectrum along the actual path of the particle, which is appreciably different from
rectilinear because of multiple scattering.” The latter result is of interest in determining the energy and mass
~of particles from the nature of their tracks in photoemulsions, or in the measurement of filters which absorb

' partlcles since it follows from the condition that the particle spectrum at a given distance has a flmte width
that partlcles “of the same energy can fraverse various paths in coming to rest.

The solution obtained in [8] for thin absorbers is rigorous for layers of material of such a thickness that_
the average energy lost by charged particles in penetrating them is small in comparison with the energy itself.
The results of [8] taking account of the change in energy of the particles in slowing down were obtamed from
qualitative arguments and are not completely rigorous as will be shown later.

In the present paper we calculate analytically the steady-state spatial and energy spectra of particles
slowing down in matter when the energy loss per collision is a small fraction of the energy itself. The results
can be used to investigate the propagation of gamma rays, neutrons, and charged particles in matter. For
highly anisotropic scattering these results describe the particle spectrum at a distance from the source, or
after the particles have penetrated a thickness of material, which is small enough so that the direction of a
particle has not changed much. Otherwise the results obtained describethe energy spectrum of particles along
the actual path, or the energy fluctuations along the trajectory.

The following fact should be noted, For energies high enough so that the effect of anisotropy in the elas-
tic scattering of neutrons cannot be neglected, inelastic scattering processes in which there is an appreciable
change in the initial energy can affect the slowing down of neutrons. Therefore the results obtained can be
used for neutrons in the energy range [E*, E* — E,] (here E* is the source energy and E, is the energy of the
first excited state of the moderator nuclei) where the neutron slowing down occurs only as a result of elastic
scattering processes, and the effect of inelastic scattéring can be taken into account by the method described
in [9]. For the same reason these results can be applied for soft gamma rays with energies E « mec?, where
mg is the mass of an electron and c is the speed of light [2]. Charged particles, particularly heavy particles,
lose only a small fraction of their energy in inelastic collisions [3, 4].

The steady-state slowing down in matter of particles from a plane monodirectional monoenergetic source
is described by the Boltzmann equation [1]: '

DE LW 4 (3,4 2)D(E; rs p)=
R

dE’ Sdu’zs (E" > E; 0’ — 1)
21

X O(E; r; w)+6(pn=1)8(r)6(E—E"),

oL———.a =

_ (1)
where r is the coordinate of a point in space measured along the normal to the source plane, u is the cosine of
the angle between the direction of motion of the particle and the normal to the source plane, ®E, r,u) is the
neutron flux per unit ranges of E, r, and y; EgE'— E, pu'—p) is the probability per unit path that a particle
with energy E' moving in the direction y' is scattered in the direction y In an element du and acquires anenergy
E in the range dE; Zg is the total scattering cross section and I, is the total absorption cross section.

We seek the solution of Eq. (1) in the form
@ (r, E, p)=8(u—1)®(r, E). @
Substituting (2) into (1) and integrating over du from—1to + 1we 6btain
: 39—%’?—" (St 2a) D(r, E)= de'Zx(E’)
X P(E' —> E)D(r, E')+5(r) g (E*—E), @)

where
P(E — E) 2, (E" — E)/Z,(E');

‘I (B> E)y= S auZ (E' — E; W — p).
-1

If we understand by r the path traversed by the particle, Eq. (3), which agrees with the equation derived
in [7], describes the slowing down of particles along the actual path r. -For highly anisotropic scattering its
solution gives the distribution function at short distances from the source (cf. [2]).
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If in Eq. (3) we replace £4 by v =vZg, L, by y=vI,, and r by t, it agrees exactly with the equation de-
scribing the slowing down of partlcles in an mflmte medium for a pulsed monoenergetic source uniformly dis- .
tributed in space, and can be solved by the method developed in [10] for functions v, vy, and PE'—E) of ar-
bitrary form. The result obtained in (10] is valid for A(E) « E and 4 «Z5(A[E) is the average energy lost by
a particle in a collision), , ‘

If %7 «Zg, absorption, which determines the decrease in the total number of particles, has little effect
on the character of the energy spectrum (see [10] with respect to the ratio = / Zg). Therefore from. now on
we assume that T «Z g and neglect the effect of absorptlou on the shape of the neutron energy-spectrum This
effect is taken mto account directly in using results (22) and 43) of [10]. From results obtained earlier [10]
it follows that for =, =const absorption does not affect the shape of the energy spectrum. This conclusion is
rather obvious since in thlS case absorpt;lon is ellmmated from Eq 3) by the substltutlon ®E; r)= <I>'(E, r)exp

B rZ ). ' : ‘

Using the results from 10] and making apprOpmate changes (cf. above) the solutlon of (3) can be written '_
ln the form . - s

®(r; E)= B""” ’“’) exp{ I

_:.ﬂ_"i"_(ﬂ-fz’ o
(1)) .

where €m 18 given by
‘ E+. - N ) ]
dE 3, . :
Io=fE . IR .
Em - . :
Co r% S-dE/AZS; B . - (6)
- . . "j‘- ,)E+ dE bz . X
’ Em . -1,
I_('(r)= A(em)zs(em)J] 5 AS? (H'Az)} o, )
A(E) ='S (E'— E) P (E' — E) dE;
0o - '_' F
_ w(E’)fS.[E’—A,(.E')—E]ZP(E'aE)dE. ' (€
0 : . '

It follows from (4) that for slowing down along a trajectory the particles are grouped in energy close to
a certain average value gp, (r) characteristic for each point of the trajectory. This method of focusing can be
understood from the followtng considerations. The rate of dlsplacement of particles down the energy scale as.
they move along a tra;ectory (— dey,/dr = ASg) depends on their energy. Therefore if the quantity AT g de-
creases with decreasing energy, partlcles whose energy at a given point of the trajectory is smaller- (larger)
than the average are slowed down less (more) effectively in further motion along the trajectory and fall into
the region of average energy. These notions are in a certain sense analogous to concepts of the energy focus-
ing of neutrons from a pulsed monoenergetic.source uniformly distributed in space as they slow down in an in-
-+ finite medium as described in detail in [11].

It follows from the results of [10] that if

3, =SOE% A=AO®E™; i
Z{ == const; A® = const, 9

“

the energy focusing of particles will occur for v
ntg=1; n>1(for n=1,90). (10)

Mathematically this means that under conditions (9)'and (10) the function K (r), which decreases with
distance, cannot take on values smaller than ~E /A(E) »1. Otherwise the width of the distribution function
could increase without bound

Let us investigate the nature of the change of the energy spectrum of neutrons as they move along a tra-
jeetory. It is known [1] that for elastic scattermg of neutrons, '

720

Declassified and Approved For Release 2013/09/23 : CIA-RDP10-02196R000700080002-8




Declassified and Approved For Release 2013/09/23 : CIA-RDP10-02196R000700080002-8 |
PE ~E)=—1_ ﬁE, [1_'-2-(_1 _%)] X 0(E'~E)8(E—(1— B)E'), )
where ¢u) =1+ Z'(Ul/'(f) Py(u) is a function characterizing the angular distribution of elastically scattered

neutrons in the center of mass system, 6 (2) is aumtary functlon B 4M/(TVI + 1) , and M is the mass number of
the moderator auclei.

Substituting (11) into (8) we obtain.

A(E)——ﬁEli——_‘; B(E) = "”EZ[HEL-;-(::; ¥l » (12)
Since
— 1“ A ——
w(E)=~ ‘duw(n)— 00 WI(E
1
1
1 ! 20,
=7 Jamow=gtim (13)

(where ,: is the average value of the cosine of the scattering angle and :2 is the mean square value), the results
(12) can be rewritten in a more physically descriptive form:

AE—ApE—i ) 0B) =B @B —p &) (14)

It follows from (14) that b*E) = 0'and AE) =0. For u=1,AE)=b*E)=0.
- Let us investigate the nature of the neutron spectrum under the conditions
. w(E)=const; p?(E)=const; 3,=ZIVE7,

o (15)
which make for easy calculations in (5) and (7) and at the same time are sufficiently general.
Using (5), (7), (14), aand (15) we obtain:
for q=0 .
= E*ex 1 1—r3 Ve }
em(r)=E"exp { — 7B (1—) rZ.} ; . (16)
4 1 .
K =Fas = - (19
for q=0
- 2___[A__t. 3. (18) .
B (—m 2 Gk .
A [q_(Em)H!
K= B(l—p)b [i _ (E*) ] ! (19)

where 6 =1 + (i~ 72)/ (1- )’

These results show that for a constant elastic scattering cross section (g =0) the average energyv around
which the neutrons are grouped in their motion along a trajectory depends on the source energy anddecreases
exponentially with distance (16), In this case the width of the energy spectrum increases monotonically [K =~
1/r, cf. [17]]. Since our results are valid for K(r)»1{10], Eqs. (16) and (17) can be used at distances
' 4 1 '

"< ga—mes T
which for heavy moderators (8 «1) and highly anisotropic scattering (1 — p «1) are appreciably larger than the
neutron mean free path I =1/Z.

(20)

When the elastic scattering cross section increases with energy (q>0), the average neutron energy de-
creases monotonically with distance {ep, ~ (1/r), cf. (18)]. The width of the energy spectrum in this case in-
creases monotonically, approaching the constant value K= =4¢q/8(1 — )6 *E/AE)»1 (19). For( €y/E " «1
the nature of the neutron energy spectrum is mdependent of the source energy and is determined by the pro-
perties of the moderating medium.
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If the elastic scattering cross section decreases with increasing energy (q <0) th€ neutrons in slowing
down along the trajectory will accumulate at a distance r= —2/[g8(1 - ) ES(E+)] (18). In this case the width
of the energy spectrum will increase monotonically (19). It follows from the requirement K(r)>1 that the re-
sults (18) and (19) for g<0 are valid at distances where

() Bagé—qm l/ —2§ 3 (E) <1,

Now let us investigate the nature of the change of the gamma spectrum along a trajectory. We assume
that the change is due mainly to Compton scattering, which is the case over'a wide range of gamma energies
[21. Usmg the differential Compton seattering cross section from [2] it is easy to find from Eqs. (8) in terms
of the variableso = E/mec2 used in gamma spectroscopy

3, & Pe0: [1—2a]; A(a) ~az[1 —i;-oc]
B2 (o) = 0.4as [1 — a], : ., @b

where pg is the electron densmty, oT-Swr‘ /3 is the Thomson cross section, and re 'ez/mec is the classwal
radius of the electron.

(20a)

Substituting (21) into (5) and (7) we obtain ’

-

r=[1 -2t 420, —«]/ (omp0x);

=2

(22)
K () =[1—4.

+'s_;4_am1n =1

(23)
It follows from these results that the gamma energy decreases along a trajectory inversely proportional
to the distance (for oy, «a *eof. (22)). The width of the energy spectrum decreases since K(r) ~ Vo, ~r(23).

For ap, «a* the average gamma energy and the dispersion of the distribution function obviously do not depend
on the source energy but are completely determined by the length of the path traversed (cf. (22) and (23)).

_With a decrease in gamma energy the photoelectric absorption in matter becomes important. This can
affect the numerical values of K(r) and a, (r), which is easy to take into account by using the results in {10],
It should also be noted that for o «1 the gamma scattering is isotropic and the results obtained describe es-
sentially the evolution of the energy spectrum along the actual path. -

- We turn now to the penetration of charged particles through matter. In order to compare our results with
those of other authors we change to the characteristics used to describe the penetratlon of charged particles
through matter. Let kg, = — dE/dx be the energy lost by a particle per unit path length as a result of collisions.
It is defined in the following way [3, 5]:

kg (E) = ( '3, (E; E')dE’, 24)

ot

where T (E; E")dE' is the probability that in a unit path length a particle with kmetlc( energy E will lose energy
E'in the raqge dE' as a result of collisions; E, is the maximum energy transfer.

.- By making these changes of variables it is easy to show that (cf. [8)
| ko (E) = A (E) 2, (B).

- (25).
Similarly the quantity defined as (cf. Eq. (10.4) of {3])
- . |
Z_ 112 . ’ ’
p-§(E)zs(E,E>dE, - @6)
is expressed in terms of a combmatlon of quantmes 8)
pP= 2 (E) [bZ(E)+A2(E) _ : @7

' Using the newly introduced chardcteristics, neglecting absorption, and taking account of the fact that
K »1 we can write Eq. @) in the form

i
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- dE _ m(—EP

@O, EYdE = ——_—Vznszz = exp { 702 (r) } ’ (28)

where ’ i '

o e, e Eg+ dEp? (E)
(= Ky T er (Em) ) ksst & @9)
. . Sm
and e (v) is determ'meq fr_o'm

o 1§+. iE . . . :

T ) kg (E) - o (30)
€m

We assume as in [8) that the particles penetrate a thin enough layer of material so that the average
change in energy is small in comparison with the energy itself. In this case assuming that p? ) and kgt E)
are constants we obtain '

Q2(r)=rp% em(r)=E"—rkg.
. i (31)
Substituting (31) into (28) gives a result which agrees with [3, 8].

The change in energy of particles during slowing down was taken into account qualitatively in [8]. To
do this it was proposed to replace the multiplication by r on the right-hand side of the first of Eqs. (31) by
integration over dr and thento transform this integral into an integral over energy by using (30). Thus the re-
sult obtained in [8] agrees in form with (28) where Q(r) has the following form: '

E+
"\ 4EQ(E)
Q0= S5 | (32)

m

We illustrate the difference between (32) and (29) by considering the propagation of nonrelativistic fast
heavy charged particles in matter. In this case 3, 4]

0% (E) = 4Cmic's* = const;

) _ 2Cmymctz2 4E m,
kst(E)————'E ln[—I——m—],

33)
(34)

where m and ze are the mass and charge of the moving particle, andC =1rpe1rze. The final result can be ob-
tained in a simple and descriptive form. '
By substituting (33) and (34) into Eq. (32) of [8] it follows that
Q2 = rp?,
. o rp 35)
where r is the path length traversed by a particle.

Substituting (33) and (34) into (29) and (30) and treating the'logarithm as a slowly varying function we

obtain :
Em .(r)=E+]/1 —& ) 38
2 (r) = e (B2 (1—(—r/RP
=N =5 ) 4E* m, (i—r/R] °
o[ ] 37)

where R =E¥/2kg €.

It is obvious that R is only of the same order of magnitude as the total range of a charged particle in
matter since it has already been noted that Eq. (34) is valid only in the high-energy region (for energies > 1.5
MeV for protons and > 5 MeV for alpha particles {3]). For fast particles this agreement may be close (when
E™* is large).

Using (35) and (37) we obtain

Q) __ 22(1—2) (

r, '
20 - A—a—= \* =T)' (38)

It follows from (38) that our results agrée with those of [8] for thin layers of material, i.e., for small
x, since as x—0
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20~ (1-5). 6

Equation (35) was well confirmed experimentally [12]. It should be noted that in this case samples of
rather thin foils (x «1) were used. For a foil thickness even of the order 0.2 R we find from (39) that the -
difference betwee (35) and (37) is 10%, which is within the limits of experimental error. The difference be-
tween (35) and (37) begins to be 1mportant for penetration through sufflmently thick layers of material (x=0.5,

QB/9 =0.67).

It follows from (38) that in the penetration of sufficiently thick layers of material the width of the energy
spectrum of the particles must increase more rapidly than predicted by the results in [8], approaching infinity
as r —R., However our results are valid so long as the width of the energy spectrum is small, i.e., for K»1,
and also as long as Eq. (34) is valld Using (29), (36), and (37) we obtain

K "= [ 4B+ m,. ] (1-r/R)2 _
| [=(—%)] | | @0)
In‘ this case we find from the condition K »1 that our results are valid at distances '
> ‘/ v 4E+ 2y e <L , | (41)

i.e., along most of the path traversed by a particle before coming to rest if Eq 34) holds Thls shows that
energy flucmatlons are negligible along most of the path,
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TOTAL,BACKSCATTERING COEFFICIENTS FOR
OBLIQUELY INCIDENT 15-25-MeV ELE CTRONS

V. V. Gordeev, V., P, Kovalev, ' . UDC 539,171.2
and V., I, Isaev :

Total coéfﬁcients, angular distributions, and other characteristics of backscattered electrons are needed
for shielding calculations, the shaping of radiation fields, etc.

It is rather difficult to describe differential and total characteristics theoretically. Satisfactory results
have been obtained under a number of restrictions [1, 2]. At the same time total election backscattering coef-
ficents have been measured in.only a few cases [3, 4].

Total backscattering coefficients for 4.7-14-MeV electrons incident obliquely on aluminum and lead tar-
gets of semiinfinite thickness were measured in [3]. Similar measurements for aluminum, iron, copper, and
lead using 12.8-25-MeV electrons were reported in [4]. We have performed relative measurements of total
electron backscattering coefficients as a function of target thickness and the angle of incidence of the electron
beam for aluminum, copper, and lead targets.

The measurements were performed at the LUE-25 electron linear accelerator [5]. A beam of electrons
1 cm in diameter from the accelerator was incident on a target in air at a distance of 7 cm from the exit window
of the accelerator. The targets were 10 cm in diameter and varied in thickness from 0.81 to 10.5 g/ cm?, In
order to record the electrons which penetrated a target of thickness less than the electron range in the target
material a copper hemispherical shell 2 cm thick and 10 cm in outside diameter was connected to the target.
The hemisphere was placed so that the electrons which penetrated the target were incident nearly normally
on the hemisphere, since the total electron backsecattering coefficient is minimum for normal incidence. The
target and hemisphere were rotated by remote control. The charge deposited on the target and hemisphere
was collected on a 100-mF energy-storage capacitor whose potential was measured by an electrometer ampli-
fier. The discharge time of the whole circuit was approximately three orders of magnitude longer than the
irradiation time. The charge incident on the target was monitored by a secondary emission detector. Follow-
ing [4] we can write :

1—n® 2 _ 20 2)+3,(8, 2)
1-—mg (x) a0 (@) + 45,00 S )

wheren @, x) is the backscattering coefficient for electrons incident on the target surface, 6 is the angle be-
tween the normal to the target and the direction of the incident beam, x is the target thickness, q@, x) i5 the

/

nn - :
4 j P
} Cu
J
Fig. 1. Total electron backscatter-
ing coefficients for copper and lead
z targets at O) 15, x) 20, and A) 25
MeV.
1
| 1 |
0 48 1-cos8

Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 110-112, August, 1976. Original article sub-
mitted August 6, 1975, N
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Fig. 2. Dependence of electron backscattering coefficients on target thickness and the angle
- of incidence for a) aluminum and b) copper atQ) 15, x) 20, and A) 25 MeV,

Fig. 3. Dependence of total electron bécks‘catterin_g coefficients on target thickness and the
angle of incidence for lead at' Q) 15, x) 20, and 4) 25 MeV. :

‘charge deposited on the target and hemisphere, qg®, x) is the charge of secondary electrons, ny(x), q(x),
and qg,(x) are, respectively, the backscattering cOefflCLEI‘lt the charge taken from the target and hemisphere,
and the charge of secondary electrons for normal incidence of the electron beam on the target. The values of
q¢@, x) and qg,(x) were obtained during the course of the experiment, and the values of n,) were taken from
[6, 7]. Following [8] the values of qg @, X) were calculated from the expression

QB(G x) = g () 8o [1 4 Bn (6, I)], - ’ Ny (2)

where § is the aecondary emission coefficient for the incident beam, and g is the efficiency of scattered elec-
trons in formmg secondary electrons, For the range of electron energies investigated 3 =1. The values of
8o given in [6] are 2.1, 2.8, and 4% for aluminum, copper, and lead, respectively. 6, varies slowly wmth
energy and was assumed constant in the calculations,

Using Eqs. (1) and (2) it is easy to obtain thé relation

18 2, ) PN ACE -
®, 2) =375, 1— ; ) ] Mo (%) qola) : (3)

The results were processed in the following way. Usmg Eq. (3) the value ot‘no(x) was calculated as a

function of the target thickness for normal incidence of the electron beam:, Thenn@, x) was calculated by
using these values, v

~ Figure 1 shows the measured values of the total electron backscattering coefficients for various angles
of incidence of the eleciron beam on targets of semi-infinite thickness.

"The expemm‘ental' data are adequately described by the empirical formula _
1(B, oo)=exp [a+ b (1 —cos0)i, D (4)

where a aad b are coefficients depending on energy and ‘the target material. For leada =3 — 0.06E, b=2 +
0.05 E; for copper a =1.15 — 0.03E, b=3.8+0.02 E (here E is the.electron energv in MeV). For aluminum
a and b are equal to 0,35 and 4,71 reSpectlvely at E =15 MeV. The values ofn €, «) in Eq. @) are given in
perceat.

Figures 2 and 3 show the measured values of the total electron backscattering coefﬁciénts as functions
of the target thickness for various angles of incidence of the initial beam. The values of n§, x) increase with
increasing target thickness and reach a maximum for a thickness approximately equal to x =cosd /(1 + cos@),
where x is in units of the extrapolated electron range in the target material. This is true for the whole energy
range studied. The error of the relative measurements is determined mainly by the error of the electrometer
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amplifier, and is +10% for the ratio qt(e', x))qto '(x)v. The maximum error of the measurements in [7] is no
more than +12.5%. Because of its small absolute value the error in the determination of 6, does not appreci-
ably affect the error in the measured value of @, x) .
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50-MeV ELECTRON SYNCHROTRON WITH CYCLOTRON
PREACCELERATION

S. P. Velikanov, V. I.'Kvo_chka o UDC 621.3.038.61
V. S. Panasyuk, V. V. Sanochkin,
Ya. M. Spektor, B, M. Stepanov,
Yu. M. Tereshkin, and V, B, Khromchenko

P

The operating principles and design of pulsed accelerators with an extremely strong magnetic field have
been described [1]; in [2], there is a model of an electron cyclic accelerator with a pulsed magnetic field with
which experiments were performed on the acceleration of electrons to 2 MeV in the field of an Hyyy standing
wave. Elements of the theory of cyclic acceleration of particles in a cylindrical cavity containing an Hyy; wave
have been presented [3]. One of the characteristics of the acceleration principle is the preacceleration of
particles to relativistic energy along a spiralling orbit by the electric field of a standing wave at a fixed fre-
quency. Further acceleration is carried out in the field of this same wave and also in a rotational electric
field to maximum energy along an orbit of constant radius.

This paper discusses a cyclic electron accelerator éonstructed_fdr use as a source of synchrotron radia-
tion in the vacuum ultraviolet region and also discusses the results of preliminary experiments intended to check
the theory given in {3]. The operating principles of the accelerator have been described [1-3].

Accelerator Design

The main design feature of the accelerator is that the electromagnet for the guide magnetic field is at
the same time an accelerating uhf resonant cavity and a vacuum chamber [1-3]. Because of this, the frequency
of the uhf oscillator is selected on the basis of minimal energy capacity in the excitation system for the elec-
tromagnet. Optimization of the normal mode of the resonant cavity with respect to this parameter leads to an
oscillator frequency value wy< 1.8 - 10'° sec-!, which corresponds to a relativistic orbit radius r.=1.6 cm.
It is necessary to accelerate electrons to an energy € = 50 MeV in order to obtain particle radlatlon in the re-
quired wavelength region \g < 600 A)

The following basic units in the design of the. accelerator can be identified: electromagnet, resonant
cavity, acceleration chamber, excltatlon system for the electromagnet, oscillator for the accelerating field,
and particle injector. :

Translated from Atomnaya Energiya, Vol. 41, No. 2, pP- 113-117, August 1976. Original article sub-
mitted July 14, 1975, .
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Fig. 1. a) Diagram of electromagnet with acceleration chamber: 1) accelera-
tion chamber; 2) injector; 3) unit for excitation of resonant cavity; 4) electro-
magnet; 5) guard cylinders. b) External view of electromagnet assembled
with acceleration chamber: 1) electromagnet; 2) guard cylinders; 3) injector;
4) tightening clamps; 5) acceleration chamber; 6) vacuum channel, c) Depen-
dence of magnetic field decay index in median plane of electromagnet on dis-
tance from the axis.

Electromagnet, Resonant Cavity, and Acceleration Chamber. To obtain the specified accelerator para-
meters, it is necessary to excite a guiding maguetic field with an induction B~ 10 T on the orbit. This ex-
plains the choice of an iron-free design for the electromagnet. The electromagnet (Fig. la, b) is a massive
single-turn loop, the internal surface of which must create the required falloff of the magnetic field and act
as a cavity resonator with a normal frequency equal to the frequency of the accelerating field. Figure lc shows
the dependence of the decay index on distance from the electromagnet axis in the median plane. The shape of
the internal profile of the electromagnet is selected so that the decay index at the relativistic orbit is suffi-
ciently removed from the condition for parametric resonance. As shown by calculations, resonance coupling
and nonlinear resonances represent no hazard for the accelerated electrons.

Fig. 2. Current trace for excitation system
: for magnetic field,
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Fig. 3. Oscilloscope traces of basic processes in the aceelerator: a) light,
b) y-ray, c) magnetic field, and d) accelerating-field pulses.

Fig. 4. Dependence of minimum uhf-oscillator power on accelerator ener'gy:
O) experiment.

The magnetic fields near the ends of the electromagnet reach 30 T. Therefore measures must be taken
to insure mechanical stability of the system, In our case, where the actual length of the current pulse (1 <
1075 sec) is small in comparison with the period of the natural oscillations of the system, mechanical stability
is provided by the choice of a sufficiently thick wall for the copper loop'and by tightening ‘of the loop with
clamps at the point of current feed. ' '

The resonance properties of the resonant cavity (frequency and Q) are mainly determined by the shape
and size of the internal surface of the foop and by the degree of screening of the cavity. The dimensions of
the internal cavity were selected so that the resonance frequency corresponded to the optimal oscillator fre-
quency f=~ 3900 MHz. Reduction in the diameter of the opening of the loop near its ends (see Fig. la) makes
it possible to obtain not only the required configuration of the magnetic field in the electromagnet but also con-
siderable screening of the internal cavity with respect to high frequencies. To increase the screening of the
resonant cavity at the ends of the loop, guard cylinders transparent to the guide magnetic field are installed
at the ends of the loop. This makes it possible to obtain a resonant cavity with Q = 10°%.

An acceleration chamber can be either the internal cavity of an electromagnet in which the required
_vaceum is produced or a glass vacuum envelope installed in an electromagnet that is not vacuum-tight. As
shown by experiment, the use of the internal cavity of the electromagnet as a vacuum chamber limits the maxi-
mum energy of the accelerator to : =15 MeV because of breakdown of the vacuum gap at the point where the
electromagnet is connected to the excitation system. The cause of the breakdown is plasma from the uhf dis-
charge and from the particle injector. A glass vacuum chamber (see Fig. la, b) increases the electrical
stability of the electromagnet and simplifies its design. It should be noted that the plasma from the uhf dis-
charge within the vacuum chamber screens the quasistatic electric field of the electromagnet, which has a
perturbing effect on the accelerated electron bunch, and also removes from the walls of theacceleration cham-
ber the charge of accelerated particles striking them.

For an acceleration cycle about 2.5 - 1078 sec long, the electron range does not exceed 1000 m, which
offers an opportunity to decrease the demands on the vacuum system of the accelerator. Calculations using
the technique in [4] show that the relative particle losses through scattering by residual gas are no more than
19% for a vacuam of ~10~¢ mm Hg and an initial electron energy of 5 eV, A vacuum of 1074-107° mm Hg is
maintained in the acceleration chamber.

Excitation System for Electromagnet. If ‘one assumes a sinusoidal variation of the magnetic field (using
the first quarter-cycle for acceleration) (3], the system for excitation of the guiding magnetic field then de-
generates into the simplest pulsed current generator (PCG) in which the current in the load is produced by
discharge of a condenser bank into an inductive load (electromagnet). The energy stored in the condensers
of the PCG must exceed the energy in the magnetic field of the electromagnet; in addition, one should strive
to reduce the parasitic inductance of the PCG, including the inductance of condensers, spark gaps, and leads,
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Fig. 5. Dependence of accelerator intensity on level of initial magnetic field for 1) P =
10 kW and 2) 2.5 kW.

Fig. 6. Dependence of accelerator 'inténsity on intensity of accelerating field.

in comparison with the inductance of the electromagnet. In our case, the PCG is a bank of 24 low-inductance,
high-voltage IK-50-3 condensers which are switched into the total load by three low-inductance, vacuum spark
gaps. The parasitic inductance of the PCG is 1078 H; the inductance of the electromagnetic is 2 - 107 H. The
total energy capacity of the bank is 90 kJ; the maximum current in the electromagnet is 2.5 MA; the frequency
of the natural oscillations of the LC circuit is 10° Hz. :

The excitation systém also includes a preliminary field bank (PFB) which produces a field of low ampli-
tude (~0.1 T) in the electromagnet but one of sufficient duration to produce the required condition of cyclotron
resonance at the center of the acceleration chamber. The bank consists of four IMU-5-140 condensers which
are connected to the electromagnet by a vacuum spark gap through a Bitter solenoid with an inductance L, =
2+10° H. The maximum current of the bank is 4 - 10% A; the frequency of the circuit is 5 + 10° Hz,

An oscilloscope trace of the magnetic field of the electromagnet at small values of the main magnetic
field (for convenience of illustration) is shown in Fig. 2.

. The repetition rate of current pulses in the electromagnet, and consequently of cycles of acceleration,
is determined by the time for restoration of the electrical stability of the vacuum spark gaps and by the charg-
~ ing rate of the PCG device. The time between two successive firings of the spark gaps is ~5 min.

_Oscillator for Accelerating Field. An acceleration mode with the initial rate of rise of the magnetic field
different from zero is possible with sufficiently high intensity of the accelerating field, as has been shown [3].
Using the parameters for the excitation system for the magnetic field, and setting w;=1.8 .10 sec™ and ¢ =
50 MeV, we obtain a minimum intensity of the accelerating field E =5 - 10° V/m, which corresponds to an ac-
celerating-field oscillator power P=2.7 - 10° W when the accelerating resonant cavity has a Q~600. Such os-
cillator power corresponds to zero intensity of the accelerator. The working power of the oscillator should
be selected so that the intensity of the accelerating field is greater than the intensity of the space-charge field
of a bunch. A magnetron is used in the accelerator which has a power of 200 kW in a pulse of 2.5- 1078 sec;
this permits acceleration of up to 10! partlcles 51.

‘Electron Injector. Accordmg to the operatmg principles of the accelerator, the source of particles
should be located at the center of the acceleration chamber. There are several methods for realizing such
an injector; it is most convenient to use as a source of electrons an erosion plasma which is injected along
the magnetic lines of force into the central region of the acceleration chamber by means of a coaxial plasma
accelerator (Marshall gun) [16]. The density of the plasma injected by the gun into the center of the accelera-
tion chamber is ~10!! em-3. The diameter of the plasma beam at the center of the accelerator is no more
than 10 mm (for an axial field with an induction of 0.1 T). The axial velocity of the plasma is no more than
5+ 10% cm/sec which is acceptable for the capture of electrons into the acceleration mode. Reproducibility
of plasma flux parameters is not worse than 20%.

EXPERIMENTAL RESULTS

Particle acceleration can occur only with a rate of rise of the magnetic field in the electromagnet that
is not too high and with a fixed intensity of the accelerating field in the resonant cavity [3]. The relation
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determining the maximum permissible rate of rise of the magnetic field as the initial time through the intensity
of the accelerating hf field was found by detection with a scintillation counter of the y-ray pulses produced by
the accelerated particles during their deceleration in a target (Fig. 3). This dependence is shown in Fig. 4
-after conver!sion to the coordinates "oscillator power —accelerator energy" with allowance for the parameters
of the device. The curve in Fig. 4 makes it possible to determine the minimum uhf oscillater power required
for acceleration to an energy e =ym,c? for constant length of acceleration cycle and sinusoidal rise in the mag-
netic field. Good agreement is observed hetween theory and experiment.

The dependence of accelerator intensity (in relative units) on the level of the initial magnetic field set
by the PFB (see Fig. 2) is shown in Fig. 5. Here the accelerator intensity is assumed proportional to the
bremsstrahlung intensity. A certain increase in intensity with increase in B; at small values of B; is explained
by an improvement in the operating mode of the injector. The steepness of the drop in the curve at B; =B, de-
pends on the amplitude of the accelerating electric field, The width of the region of the drop increases as the
amplitude increases, which indicates an increase in the area bounded by the phase-stability curve. This re-
sult is in accord with theory {3].

The energy spread of the accelerated electrons also depends on the intensity of the accelerating field.
Writing the equation for the separatrix in the coordinates u=p — p¢, ¢, where p, is the momentum of the
equilibrium particle and ¢ is the particle phase with respect to the wave of the accelerating field [3]), we ob-
tain at the time of completion of acceleration (3]73/at|T/4 =0) with py>» mye, '

eF (sing—1) = ——2 u2,
Pe
. : 1)
~ Then it is easy to determine the maximum energy spread of the accelerated particles:
A’;-— . 2eE
e mgeywy . 2)

The relative amplitade of radial phase oscillations Ar/r is also determined by Eq. (2). SabstitutingE =2 - 108
W/m and y =30 in it, we obtain Ar/r,~0.07 or the diameter of the electron bunch d =2Ar~2 mm. The diame-
ter of the electron bunch is determined experimentally from the width of the y pulse emitted when the beam of
acceleratéed electrons impinges on a target with allowance for the variation of the magnetic field in the system.
The resultant value of the diameter (d~2.5 mm) is inh agreement with the theoretically determined value.
Visual observatioas and photography of the synchrotron radiation from an accelerated electron bunch confirm
this value.

As is well known, synchrotron radiation from electrons accelerated to relativistic energies is a source
of information about accelerator intensity. Keeping in mind the features of the injector used in this accelera-
tor and taking into account the results of [3], we obtain the expression

' 3
) ]} ! . (3)

for accelerator intensity, where Ny=n,V (V is the volume of the region in which particle capture into the ac-
celeration mode occurs; n; is the density of the plasma electrons from the source at the center of the accelera-
tion chamber) i :

N=N, {%—-i arcsin [1—2 (
By max

The resultant dependence is shown in Fig. 6 (curve 1) in the coordinates (N/Ny, E). Also shown is an
experimental curve obtained by measurement of the intensity of synchrotron radiation from electrons accelera-
ted to 20 MeV and normalized at the maximum intensity (curve 2). The discrepancy between experimental

and theoretical relations can be explained by the mﬂuence of space charge at the time of electron bunch forma-
tion [5].

The absolute value of the numbers of accelerated particles can be found by comparing the intensity of a
narrow spectral range of synchrotron radiation with the radiation from a lamp calibrated against an absolute
black body in the same spectral range. The intensity of synchrotron radiation is converted into accelerator
intensity by means of the formulas given in [7]. Measurements showed that the intensity of the accelerator was
better than 5 - 108 particles per pulse for an amplitude of the high-frequency field E =2 - 108 V/m.

In conclusion, the authors are grateful to A. A. Sokolov for valuable advice furnished during the period
of accelerator startup and testing and to the staff of the Department of High-Voltage Engineering at the Lenin-
grad Polytechnic Institute for help in the development of the PCG. -
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PROSPECTS FOR THE USE OF NUCLEAR-PHYSICS ANALYTIC
ME THODS IN BIOLOGY AS ILLUSTRATED BY THE WILT PROBLEM

V. Ya., Vyropaev, I. F. Kharisov, . o UDC 543.53:633.51
O. D, Maslov, E. L. Zhuravleva,
and L. P. Kul'kina

The investigation of.the role of microelements in various biological processes is undoubtedly not only of
purely scientific interest but also of great national economic significance,

It is well known that such elements (macroélements) as C, H, O, N, 8, P, K, Na, and Ca form vitally
necessary components of parts of plant cells and the microelements Cu, Fe, Co, Mn, Zn, Mo, Se, Sb, I, and
tens of others play an important role in the biological processes occurring in living things.

According to Vinogradov [1, 2], one can assume the presence of all chemical elements in living matter,
and it is natural to expect that they perform a definite biological task. However, the question of exactly what
b1010g1ca1 task is performed by a given microelement has not been resolved thus far (3], Obviously, one
of the reasons is the absence of reliable analytical methods which would make it possible to perform analysis
over the entire spectrum of-elements on the test samples of small mass (0.1-0.01 g) that are typical of biology

4].

Biolbgic"al objects (planté or living organi'sms) have a remarkable property from the viewpoint of activa-

tion analysis — their matrix is described by the mean conventional "formula of life" Hyg01450C1450P15N16S, 1.€.,

those elements which yield short-lived radioisotopes under neutron activation. This circumstance makes it
possible to perform neutron activation analysis of a series of elements with high instrumental sensitivity and
places the method of neutron activation in pri.me position for the analysis of biological objects for elemental
composition from the viewpoint of discovering the biological task of microelements. The combination of neu- '
tron activation analysis with such nuclear-physics methods as autoradiography, tracer atoms, étc., is even
now proving to be of significant help to the btologlcal sciences in the solution of scientific and practlcal prob- -
lems, . . ‘

In this regard we discuss a very 1mportan't specific example — the problem of cotton-plant wilt. Wilt
is a fungous disease which leads to withering and death of the cotton plant. The disease is a typical one for
many agricultural crops. At the present time, the causes of this phenomenon have not been completely ex-
plained, but there are two basic hypotheses: Withering of the cotton plant occurs because of failure in feeding
through the action of the parasite fungus resulting in blockage of transport vessels in the plant; withering and
death of the plant occur through the action of toxins developed by the parasite fungus which enter the organs
of the plant. :

Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 118-122, August, 1976. Original article sub-
mitted October 18, 1974.

This material is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 1 0011. No part
of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying,
microfilming, recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $7.50.
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Fig. 1. Gamma spectra from samples of cotton-plant roots: 1) diseased, 2) healthy.

Wilt causes tremendous economic loss and hinders further increase in cotton productivity. The disease
is so widespread that it reduces the cotton harvest significantly. Losses because of wilt amount to 10-30%
and more in all the cotton-growing areas of the world. '

At the preseh.t time, no one disputes the fact that it is possible the infection of the cotton plant by wilt
is connected in some degree with definite anomalies in the content of certain microelements in soil and plants
which affect both the wilt-resistance of cotton plants and the vital activity of the parasite fungus [5-7].

Because of this, healthy and wilt-infected cotton plants were examined for the content of various micro-
elements by means of neutron activation, The main purpose of these studies was to determine the quantitative
content of microelements in various plant organs and to attempt to establish on the basis of the experimental
data some regularity in the behavior of the relative content of these elements. g

Cotton-plant samples were selected from plants of a single crop cultivated under identical soil conditions
and were prepared from five to 10 plants, i.e., they were averaged for a given field. The selected samples
were separated into parts for irradiation: roots, stems, leaves, bolls, and fibers,

Since neutron activation analysis makes it possible to perform studies of microelement content with a
sensitivity as high as 1073 g/g, it is necessary to maintain particular sterility in the preparation of ‘samples
for irradiation. In addition, one ought not subject the samplestoany physical or chemical effects since it has
been established that up to 75% of certain elements is lost in thermal and chemical incineration (8].

The samples were prepared in the following manner: The cotton-plant samples, after being thoroughly
cleansed of dust, were dried in a drying cabinet without ashing at a gradual rise in temperature from 50 to
120°C over a period of 10-15 h. The air-dried samples were ground into a powder in an agate mortar. Sam-
ples in the form of pellets 20 mm in diameter, 2-4 mm thick, and weighing ~1000. mg were prepared from
this powder by compression at pressures up to 250 atm. Such samples proved to be very convenient and prac-
tical to work with. They were compact, had sufficiently high mechanical strength, small volume, high density
and mass (which is very important in the preparation of samples from plants and other biological objects),
and also fixed sized and shape. In addition, accuracy of calibration is considerably increased for them, and
an optimal geometry for spectral measurement is easily selected.

The samples were packaged (each peilet separately) in polyethylene and placed in a stack along with stan-
dards in a special container of pure aluminum. The irradiation was carried out with a thermal neutron fluence
of 10%¥ n/em? ¢=2.3-10' n/cm?-sec, T;..=70 min). The neutron fluence was determined from the induced

irr
activity of standards with known activation cross sections.
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TABLE 2. Relative Content of Microelements in Various Parts of the Cotton Plant, g/g

Plant Ng | K Co | Fe.|{ ColCu [2Zn ] sc T Cr Ga Br | Sr Mo | La | Ba | Au .| Th
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Note. Healty (—) and wilt-infected (----- ) plants.

In this cycle of experiments, analysis was made of the content of long-lived radioactive isotopes. Be-

cause of this, the samples were "cooled" for two days in order to allow decay of the short-lived radioisotopes,
which give rise to considerable interference in the determination of other elements because of high activity.
A detector with a volume of 40 cm® having a resolution of 3 keV for the '3'Cs photopeak (E. =661.65 keV) was
used. Spectra were analyzed on a Minsk-32 computer (determination of areas under the peaks including sub-
traction of background and corrections for detector efficiency, holding time, and counting time for each iso-
tope analyzed as a functiop of decay constant, etc.,) [9].

Each sample was counted twice — two and four days after irradiation. In this situation, the counting
time increased from 20 min to several hours. Such a counting procedure resulted from an attempt to obtain

information about the comparatively short-lived isotopes and to reduce the Compton background from them in
the development of the long-lived isotopes.

Isotopes contained in the test samples were identified from known y-transition energies and half-lives
for radloactive isotopes [10]. A quantitative determination of the content of elements was made by an absolute
method from the known thermal neutron fluence and the handbook on nuclear-physics constants [11]. Spectra from
samples of diseased and healthy roots of cotton plants are shown in Fig. 1 for Tipp =4 days and Tego] =10 h,

The final results of the analysis are shown in Table 1. As is clear from Table 1, the activation method
makes it possible to perform multielement high-sensitivity analysis of cotton plants and to reveal the differences
in elemental content in parts of diseased and healthy plants. Up to 25 elements were determined simultaneously
with sensitivities to 1077-1078 g/g. (This is not a limit, as is clear from the spectra of these samples.)

As already noted, the quantitative determination of elemental content was made by an absolute method.
It is obvious that the calculated results contain an error in this case since the handbook nuclear-physics con-
stants are not-always exact. Nevertheless, the error of the resultant data is no more than 20% when one con-
siders the fact that the energy spectrum of the neutrons with which the samples were irradiated was extremely
pure in thermal neutrons (cadmium ratio greater than 100).

The errors of the ratios W/H given in Table 1 are minimal since these are ratios of the net areas of pho-
topeaks produced under completely identical conditions (irradiation, cooling, and counting times, normalization
with respect to mass, identical spectrometer, ete.). :

Special conclusions drawn from the results of our studies are the task of the biologists, but it is impos-
sible not to point out the significant difference in the content of most of the elements in the parts of healthy and
wilt-infected plants. While it is known what biological task is performed by such elements as Na, K, Ca, Fe,
and Cu, the identified elements Se¢, Cr, Co, Zn, Ga, Br, Mo, Au, Cs, Sb, Rb, Th, and rare-earths show that
the difference in their content is evidence of their biological role in the life of the cotton plant and in the ac-
tivity of the parasite fungus.

Table 2 gives data for the relative content of 17 elements (ratio of the isotopic content in parts of wilt-
infected and healthy cotton plants) in the parts of a cotton plant. Analyzing the resultant data, ‘one can say that
the relative concentrations of such elements as K (except for leaves), Sc, Cr, Fe, Zn, Ba, La, and Th are
considerably higher in all parts of a cotton plant infected by wilt, and the relative concentrations of Ga, Br
(except for fiber), and Mo are considerably lower. The relative content of Na, Ca, Co, Cu, Sr, and Au varies
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over broad limits, for example, from ~0.3 to ~3.0 for Na. A higher concentration of Cs, Sb, Ce, Sm, Eu,
Yb, and Rb is observed in the roots of wilt-infected cotton plats as compared to healthy plants. Such a varia-
tion in microelement concentration is obviously the cause or the result of infection of the cotton plant by-wilt.

Solution of the wilt problem requires the organization of systematic analysis over a number of years in
order to reveal the specific role of the elements and to establish a definite regularity in their content and be-
havior. The problem can undoubtedly be solved through collaboration of SpGCIallStS at centers for actlvatlon
analysis and scientists studying this problem. : :

In conclusion, the authors express their gratitude to G. N. Flerov for supportmg this work and for con-
tinuing interest, and to A. A. Kist and Z. E. Bekker for valuable discussions of the results. -
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PROBLEM OF THE INTENSITY OF AN ELECTRON
SYNCHROTRON WITH CYCLOTRON PREACCELERATION

M. Yu. Novikov, Yu. M Tereshkln UDC 621,384,634:621.384,683
and V. B. Khromchenko S

The paper is devoted to a theoretical estimate of the intensity of the electron synchrotron with cyclotron
preacceleration, described in [1]. With this method of injection, the limiting intensity of the electron beam is
determined mainly by the effect of Coulomb forces at the instant of electron capture in the acceleration cycle.
Synchrotron oscillations are considered, taking account of the azimuthal component of the electric field of the
beam space-charge,and the limiting intensity is found from the conditions which correspond to collapse of .
stability of these oscillations. The general procedure for the calculations is taken from [2, 3] and differs only
in that the radius of curvature of the beam considered (~1.6 cm)is comparable with its dimensions. As the
main purpose of the paper consists in finding the lower estimate for the limiting intensity, the screening ef-
fect of the walls on the beam is not taken into account and, moreover, only the azimuthally homogeneous
charge distribution is considered [2, 3]. Thé beam is assumed to be infinitely long in the axial direction.
Figure 1 shows the dependence of the intensity on the amplitude of the uhf field for the case when the guiding
magnetic field increases accordlng to the resonance law found in [4]. Figure 2 shows the dependence of the
intensity on the delay time 7= ((2B/B) lt 0]1/ 2, depending on the parasitic reactivity in the GIT circuit. It can
be seen that a reduction of the delay above a certain characteristic value leads to a sharp fall in intensity of
the beam. The curves obtained are found to be in qualitative agreement with the experimental curves [1].

8
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~ 12t 3]
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28t [~
3 4
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s~ 4r 3
g 2}
b
N 1 1 1 1 1 i
g 8 16 2% j2
& kv /em 1:10% sec
Fig. 1 ‘ Fig. 2

Fig. 1. Dependence of limiting beam intensity on the amplitude of the
field. '

Fig. 2. Dependence of limiting beam intensity on the delay time 1) E =
25 and 2) 12.5 kV/em.
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EFFECT OF HARD ORE-ENCLOSING ROCK ON THE
EFFICIENCY OF UNDERGROUND LEACHING

I. K. Lutsenko, A. A. Burykln - | UDC 669.823
and V. K Bubnov

. In this project, a group of experiments is carried out to determine the effect of the granulometric com-
position of ore-enclosing rock, crushed by an explosion, on the uranium extracted from it, by studying the
~ dynamics of motion of solutions of sulfuric acid into the interior of ore fragments, the kinetics of the leaching
process, and the completeness of uranium extraction. Widely abundant ore-enclosing rocks were used in the
experiment (Table 1) contammg almost identical uranium minerals — thchblende and sooty uraninite, forming
veins and impregnations.

It is determined that the rate of movement of a solution of acid in the ore fragments is not constant and
decreases with penetration into the fragment. The maximum rate is observed at a depth of 10 mm.

The process of capillary leaching of uranium with solutions of sulfuric acid from different rocks pro-
ceeds with unequal kinetics, as a result of which the uranium extraction varies from 20 to 98%. The rocks
: . can be arranged in the following series, according to the in-
TABLE 1. Characteristics of Rock and Dy- tensity and completeness of uranium extraction: felsite-
namics of Motion of Solutions of HySO, in- porphyry, granite, argillite, trachydacite, and basalt,

ide _
side Ore Fragments Table 2 shows the granulometri¢ composition of the

Porosity polution move - ore fragments, which must be achieved during crushing of
o s ment rate, mm/ F :
re-enclosing . ih, to depths 10; the various rocks by an explosion, to prepare them for the
rock _ total _effecu"e20;30;40:60,and . process of sulfuric acid leaching, with the aim of extracting
100 mm resp. uranium in quantities of 77-93,5%.
Felsite - porpl 1,5 1,1 | 0,16; 0,1
porPYLY 0,08; 0,06;
: 0,005
Granite - 2,4 0,89 0,1; 0,09;
0,03; 0,01;
0,003
Basalt 1,3 0,61 |0,04; 0,008;
0,002; 0,001;
0,0003
Trachydacite 2,54 0,57 |0,3; 0,01;
: 0.008; 0,003;
: 0.001; 0,0005
Argillite 1 141 0,72 [ 0,4; 0, 05
‘ 0,008; 0,003;
: 0,001; 0,0003

TABLE 2. Results of Uranium Leaching from Rock

Granulometric composition of

- . d
Ore -enclosing batch Uranium con- Duration of leachmg, Extractes

. rent % i days uranium in
rock - yield of : active total solution, %

size, mm grades, % time | time

—100-+50
—50+-25
* —254-0
Granite . —200+100
—100-L50

Fel;ite-porphyry —200--100 0.915 102 150 635

0,055 83 120 91,0

Argillite : —200+4-100
: . ‘ i 0,079 . 84 180 84,0

T
2
[\
<33
I = QO BN DD = N DD DD
DOONNNIGO 100D s i~ - ©

Trachydacite —200+4-100

. ) 1 —100-4-50
—50-1-20
—25-4+0

“

CODDONOROODDO=NWD

0,050 160 280 71,5

(323"

Original article submitted May 21, 1975.
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INTERPRETATION OF AUTOIONIC IMAGES OF THE DISLOCATION
STRUCTURE OF URANIUM BY MEANS OF A COMPUTER

A. L. Suvorov and T. L. Razinkova UDC 535.82:546.791

In order to interpret autoionic images of samples of @-uranium containing dislocations, a simulation pro-
gram has been developed and carried out for the matching contrast of images by means of a computer. The
program takes into account the anisotropy of the elastic properties of the material; the calculation of the atom-
ic shifts in the dislocation field is carried out in accordance with [1]. The basis of the simulation is the
method of thin shells [2]. The local brightness of the images of different atoms is taken into account by the
method proposed previously in [3].

The calculations were carried out for two possible uranium orientations: [010]and {001]. The radius
of the cusp of the sample was equal to ~110 A and the thickness of the surface layer mapped was 0.4 A. Cer-
tain parameters of the atom environment were calculated in passing: the maximum number of neighbors of the
i-th order, translation vectors to the corresponding neighboring atoms, and the distance to these atoms,

- &
i
o d
-
o d
T
*

Fig. 1. Models of autoionic images of uranium samples, calculated by computer, oriented
along a, b) [010] and ¢, d) [001]. The point of emergence of the line of dislocation b=b,
[010] for a and b; b=c, [001] for ¢ and d) at the surface of the sample is marked by a star.
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Examples of the caleculated models are shown in Fig, 1. The models correspond to autoionic images
of a sample containing a spiral dislocation b=1b,[010]; the orientation is [010]. For model a, the line of dis-
location emerges at the center of the (010) pole, converting the mapped edge of the crystallographic planes
to a four-turn spiral (n=4). For model b, the line of dislocation is shifted parallel to [010] along [001] by
10 ¢, [exit at pole (021)]; the spiral has two turns, n=2. Models ¢ and d are calculated for samples oriented
along [001], containingadislocation b=cy[001]. The line of dislocation is shifted parallel to [001] along [010]
by 5bg in (c) and 10b, (d). The interpretation of the models is not single-valued: n=1 or 2 (c) and n =~ 3 (g),

The analysis carried out in this paper of the many models permits a conclusion to be drawn about the
nonvalidity of application to uranium of the (g.b) criterion {4]. Therefore, machine simulation of autoionic
images of the dislocation structure of uranium represents a unique method for their interpretation.
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DETERMINATION OF THE DEGREE OF SENSITIVITY
OF MASS-SPECTROMETERS TO MICROIMPURITIES

M. L. Aleksandrov, N. A. Konovalova UDC 53.089.52:621.334.8
and N. 8. Pliss

If a sample being investigated by means of a mass spectrometer contains, in addition to the substance of
certain mass M, also a substance of mass M;=M +AM, |AM| =1 to 2, the amount of which in the sample is
very small in comparison with M, then we call M; a microimpurity to M. The mass M, is assumed to lie in
the region of mass-scanaing in which is extended the so-called "tail" of the peak of the mass M, and therefore
reliable and accurate qualities of the detection and estimation of the parameters of the mass—Mt signal must
be determined by the intensity and instability of both the noise sighal of the "tail" at this mass, and by the ef-
fective signal of the microimpurity at the output of the sensing system (multiplier —amplifier).

In this paper, an algorithm of detection is proposed, based on the theory of statistical solutions and
making it possible to introduce an objective measure of the sensitivity of a mass spectrometer to microim-
purities. The proposed algorithm takes into account nonlinearity of the multiplier —amplifier system,

The statistical formulation of the problem of detection reduces to verification of the statistical hypothe-
sis conceriing the equivalence of the mean values of two sets Hy:EY =EX with a one-sided alternative H, :
EY>EX, where the set X defines the measurements outside of the mass peak M; and Y defines the measure-
ments at the peak, i.e., H; is the confirmation of the absence of an impurity and H; is the confirmation of the

~presence of-an impurity. - '

As the statistical criterion in the paper, the well-known Student criterion t is assumed, with a correc-
tion to the number of degrees of freedom in view of the uncertainty of the dispersions [1, 2]. The quantity t
is calculated by measurements at the mass peak M; and outside of it, and its value is compared with the thres-
hold value t,, determined by the Student distribution with the corresponding number of degrees of freedom,
so that P(t>t ) =a, if Hyis correct. If it is shown that t>t, then the solution is applied in favor of H,. In
this case, for every chosen value of a(sually o = 0.01-0.05), the power of the criterion can be calculated,
i.e., the value of 1 — g =P(t>t,) with the accuracy of M;. It is'clear thata is the probability of a false detec-
tion, and 1 — B is the probability of a true detection. We call the pair @, 1 — B) the reliability of detection.

Suppose that at the input of the sensing system of the mass spectrometer there is applied a mixture ofa use~
ful signal and noise. They can be assumed to be Poisson ion currents with intensities of A5 and Ap, respec-
tively. It is clear that the measured output data depend both on Ag and Ay and on the characteristics of the
sensing system. The paper investigates the dependence of the reliability of detection on Ag and A, and the
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characteristics of the system. If Ap is the intensity of the main peak (mass M), then the ratio As/xp, detected
with a specified reliability @, 1 -~ ) can be assumed for the objective microimpurity sensitivity of the instru-
ment, ‘ ) .

Examples are given of the calculation of the detection reliability for certain ratios of Ag/Ap and for cer-
tain characteristics of the sensing system (different electron —electron emission coefficient), Moreover, the
construction of a confidence interval is given in the paper, for the intensity of microimpurity signal and for
values of the upper and lower levels (P; =0.95; P,=1 — P; =0.05) of its explicit form. '
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v FIELD INITIATED BY A MONODIRECTIONAL
NEUTRON SOURCE IN AIR

A. V. Zhemerev, Yu. A. Medvedev, ' UDC 539.124.17
and B, M, Stepanov ' ' ’

We investigate analytically the y field generated in air as the result -of the capture by nitrogen nuclei of
neutrons (in the general case from a pulsed source) with energies £0.45 MeV, The source of unscattered
neutrons is assumed monodirectional and the scattered neutrons are treated in the age approximation. As-
suming isotropic elastic scattering of neutrons after the first collision the following expression can be derived
for the source of capture y radiation Q(r, £, t): '

e & Y=q(r, ) ®(a, BE).

Here q(r, t) is a function describing the capture y radiation from an isotropic neutron source {1], r is the
polar radius, ¢ is the cosine of the polar angle, a =v7/A, 8 =r/2VT, 7(t) is the age of a neutron undergoing
moderation and depends on the time, and A is the range -of a neutron at the source energy. .

1)

Equation (1) is written in spherical coordinates with the drigin at the neutron source and the z axis along
the direction of emission of the neutrons, &(a, pt) describes the anisotropy of the source of capture gamma
radiation

®(a, Bt) =V Toxexp ((@—BE?) [t —erf (z—BE)],
where erf(x) is the error function. The anisotropy decreases as ¢ increases as a result of the spreading out

of the neutrons over a larger volume. The anisotropy increases as g increases because of the increasing
role of neutrons experiencing their first collision close to the point of observation.

~ Equation (1) was used to investigate the intensity of the y radiation initiated by a monodirectional neutron
source in air. '

It was shown that the anisotropy of the intensity of they radiation is more pronounced than the anisotropy
of the source of capture y radiation &(a, g¢) and decreases with increasing distance. This results from the

- fact that the range of capture y rays is longer than A and V7.

~ LITERATURE CITED
1. A.V. Zhemerev et al., At, Energ., 38, 174 (1975).
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BASIC LAWS FOR THE FORMATION OF TISSUE DOSES
FROM COLLIMATED BE AMS OF MONOENERGETIC NEUTRONS

V. N. Ivanov : P UDC 577.3:539.12,04+539.125,52

The distribution of the neutron tissue dose produced by collimated beams is a little-studied area of radia-
tion tissue dosimetry [1]. Tissue doses of neutrons with energies from 100 eV to 1 MeV were calculated in
[2] for beams with radii from 0.5 to 6.5 cm. :

The present article studies the laws for the formation of the neufron tissue dose and its components
using the data from [2]. The recoil nuclei dose buildup factors in the cross section of the beam and the rela-
tive neutron depth tissue doses and their componerts were analyzed for neutron heams of various diameters,
These values were compared with similar data for the broad~beam neutron irradiation of the human body.

~ Figure 1 shows the variation of the recoil-nucleidose with the beam diameter. It is clear from the figure
that the buildup factor varies most rapidly for beams with radii < 3 em., For larger radii the curves approach
a rather gently sloping plateau, more rapidly the lower the neutron energy. As the neutron energy increases,
the slope of the plateau increases and its length decreases., For example, for 1000 keV neutrons the plateau
region at a depth of 9 cm begins for radii of more than 4 cm where the buildup factor changes from 3. 8 t0 4.8,
i.e,, by 26%. Naturally it is higher for broader beams and low-energy neutrons.

Figure 1 shows broad-beam buildup factors corresponding to an infinite beam radius. A comparison of
these data with the buildup factors for finite-radius beams shows that the scattering of neutron energy beyond
the limits of finite beams increases with increasing depth.

_ The scattering of energy beyond the beam limits for the dose components arising from the capture of ther-
mal neutrons in nitrogen and hydrogen is appreciably larger than for recoil nuclei. For beams from 2.5 to
6.5 cm in radius at tissue depths < 15 cm the proton dose from the UN@m, p)lC reaction in the cross section
of the beam is ~10-75% of this dose for broad beams. The gamma dose from the 'H(, y)?H reaction in the
cross section of the beams does not exceed 40% of the broad beam dose. : »

The recoil-nucleidose remains constant over the cross section of the beams independently of their size.
The dose from the capture of thermal neutrons at the edges of beams with radii > 2.5 cm is 10-20% smaller
than the average dose in the cross section of the beams. Immediately beyond the beam limits the recoil-nuclei

Oy o s e S

Buildup factor
(V)

Bearn radius, cm

Fig. 1. Recoil proton dose buildup factor as a function of beam
radius for various tissue depths along the beam axis, em. 1)z =
4.5, 2) 3.5, 3) 1.5, 4) 2.5, 5) 9.0, 6)4.5, 7) 1.5, 8) 2.5; 9, 10)
0.53 , — — — —) initial neutron energy 0.1 and 1000 keV,
reSpectlvely .
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dose decreases by a factor of 10-50 at the tissue surface and'_by 3-10 at a depth of 6-8 cm, depending on the
neutron energy and the beam diameter. . The dose from the products of the (n, p) reaction in nitrogen and @, -
v) in hydrogen varies almost exponentially with the distance from the beam axis.

The article also discusses the laws for the formation of the integral absorbed dose.
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TOTAL CROSS SECTION FOR THE INTERACTION
OF COLD NEUTRONS WITH WATER

S. B. Stepanov and V. E, Zhitarev . UDC 539.171.02.162.2

Using a longwave erystal spectrometer we have measured the total cross sections for the interaction of
cold neutrons with light:water in theliquid and gaseous states at several temperatures by the transmission
method, The measurements were performed [1] with liquid water for neutron wavelengths A =15-19 A and with
water vapor in the A =8-19 Arange The total cross sections obtainéd are shown in Tables 1 and 2

For the range of wavelengths investigated there were no appreciable deviations from a linear dependence °
of the cross section gg on A. The temperature dependence of the scattering cross sections and the slopes
Aas/m\ for the liquid are related to the temperature changes of the structure and the dynamics of water, in
particular to the change of the concentration of free molecules. The cross sections obtained for vapor are
5-10% larger than those calculated from the Krieger — Nelkin model, while the slopes agree with the calculated .
values to within ~4%.

14
!

TABLE 1. Total Interaction Cross_Seg‘:tiqn
for Liquid Water, b

T, -
X 15 16 17 18 | 19

1294 | 30248 | 308410 | 32147 | 331+11 | 34248

: 353 | 37948 | 4048 | 423148 | 4421410 | 455+145

° 403 | 461412 | 477+11.] 509+9 | 534+9 | 558410
453 | 524+16 { 539+14 | 582415 | 614+18 | 649425

488 | 530+18 | 629422 | 653422 | 697424 | 715+18

523 | 686--27 | 693+16 | 733435 | 767+18 | 823+31

« {b=10-28 mz.

TABLE 2. Total Interaction Cross Sections for Water Vapor ‘ : o

w3 '
10 | 1 | 1 [ 13 | wn 15 16 17 | 18 19

T,°K |

403 53030 568+29 | 583+26 | 633130 | 686+21 | 69618
423 1335431379420 405421 | 4153191 479+21 | 506+19 | 556413 | 584+ 16 | 627+17 | 649116 | 682+14 | 751+ 19
453 | 323¥i9|38919 | 42819 | 45718 | 50117 | 524-+23 | 580F12 62416 | 64512 | 70411 748+11 | 767+14
473 | 353213 |382%14 | 435724 | 480718 | 522720 | 55321 | 595+16 637416 [ 674414 | 743+14} 751+13 [ 780+34
513 136115 | 44215433+ 13| 495+13 | 536 14 | 5807 | 613+6 660410 {69148 | 731412 751+9 [807+9
553 | 376121 | 40812 | 45123 | 48414 | 540+ 14| 58T+14 | 61210 670413 | 6914+15| 738+12 | 79016 | 832+16
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'LETTERS TO THE EDITOR

EFFECT OF THE COMPOSITION OF FRIABLE ORE-BEARING

ROCKS'QN THE EFFECTIVE.NE_SS OF THE PROCESS OF

UNDERGROUND LEACHING

A. A. Burykin, I. K. Lutsenko, . '_ _ UDC 669.823
B. V. Vorob'ev,* and S. I. Korotkov '

) " The . intensity of the process of underground leaching and the completeness of the extraction of uranium .
from a nonuniform ore-bearing stratum is determined by the rate and degree of extraction of uranium from
the individual layers of rock which have different lithological composition. In the present communication we

_give the results of experiments on the extraction of uranium from samples of a productive horizon composed

of continental gray sands, argillaceous sands, silts, and clays, with some fragments of carbonified flora
(Table 1). - ' '

The tests were carried out in cylindrical Plexiglas tubes 0.25 m long and 9 cm? in cross-sectional area,
The ore was charged into the tubes when the model was in a vertical position, a little at a time, with gradual
wetting of the investigated material from below with water. When the. tests were carried out, the model was

subjected to a constant pressure gradient equal to unity (J=1). In the tests involving the extraction of uranium

from coals, fragments of carbonified wood measuring 6 X3 x3 cm were placed in sterile quartz sand. The rate
of filtration of the solution through the sand — coal system was maintained at 0.18 m/day.

* Deceased.

TABLE 1. Characteristics of Ore Samples

0.01- [Filtration|U in

Sam : E
" No P Rock mm frac-lcoef. K, [sample, 3
B tion, & |m/day |% E
| ’ 5
1 {Medium-grained o -
_ slightly clayey ] oo
sands 5,8 0,16 | 0,049 g
2 |The same 6,4 0,14 0,080 ]
3  |Uneven-grained &
clayey sands 25,9 | 0,01 0,075
4 |The saine 22,6 0,01 0,048
5 |Medjum-grained
and large - :
rained sands 3,0 1,0 0,022
e same 3,1 1,2 0,029
7 {Medium-grained
sands with
| organic ’
remnants * 3,5 0,3 0,019 001 1 | I ! i ;
8,9 Carggéurfélexcli_ : ! 5 10 15 20 25 30 L:S
nant - : !
) A : 207 21’1200’ Fig. 1. Variation of uranium content of

samples during the leaching process (the
numbers nexttothe curves correspond to
the numbers of the samples in Tables1and2),

‘Co[g =1.%%.
+With respect to the surrounding sands.

Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 132-133, August, 1976. Original article sub-
mitted May 21, 1975; revision submitted February 16, 1976,
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TABLE 2. Extrac‘tion of Concentration of Uranium in Product Solutions

Ui " First stage . o . Second stage Uin
FamPl omple, | WS =05 | LS =10 LS =1,5 L:S =2,0 L:S=25 L:s =30 [sample

o, 7% - | — _ after
c._. E c E c E c E c E ¢ | E ftest % .

6 [002 |02 | 45 [0 | €3 | 003 | 68 [001 | 74 |00 | 7 |00 | 7 {0007 -

5 | 0020023 | 55| 0,02 | 60 | 0,02 | 65 |0,013 | 68 | 0,043 71 | 0,043 | 72 | 0.006
1 | 0,049 0,65 | 65 | 0,22 | 8 [ 0,01 | 8 o001 |90 |00t | 91 [ = — | 0,004
2 | 0080 {040 | 25 [ 0,9 | 8 |003 | 8 {046 | 9 | 0,016 | 91 | 0,015| 92 | 0,006
3 10075099 | 68 | 0,03 | 67 | 0,015 68 |0,013 | 69 — | =7 = {00
4 0048|030 |-32 | 0096| 43 | 0001 | 44 |0.01 | 45 | 001 | 46 | — | — | 0.026
7| 0,019 | 0,006 4 | 0,167 48 | 004 | 760,013 | 79 | 0,017 | 84 | 0,02 | 90 | 0,002

. Notes, C = concentration, g/liter; E = extraction, %.

The leaching reagent used was a 30 g/liter solution of sulfuricacid. The tests ended with a uranium
concentration of 1-3 g/liter in the production solutions. The results of the experiments on the extraction of
uranium from ores, as a function of the yield of the production solutions, are shown in Table 2 and Fig. 1,
from which it-can be seen that two stages can be dlstmgulshed in the uranium-leaching process from the stand— '
point of intensity of extraction.

In the first stage (L :S < 1) the uranium enters intensively into solution, with the intensity determingd
by the direct interaction of the filtering solvent with the surface of the ore particles. The process takes place
predominantly with convectwe diffusion [1, 2].

From clayey sands WLth a pelite fraction of 22-26% the extractlon of uranium in this stage amounts to
43-67% (see Fig. 1, curves 3 and 4), with a residual content of 0.028-0.025% in the sample. The extraction
of uranium from samples with a pelite-fraction content of 3-6.4% (see Fig. 1, curves 1, 2, 5, and 6) is 60-88%
in the first stage, with a residual uranium content of 0.06-0.012% in the sample.

In the second stage the uranium goes into solution extensively because molecular diffusion predominates.
In this stage the increment in the extraction of uranium from clayey sands (samples 3 and 4) is no more than
1% per unit of L:S, and the value for sands with a low pelite-fraction content (samples 1, 2, 5, and 6) is 1.6%
(see Table 2). The extraction for L:S=2.5-3,0 amounts to 72-92% for ores of this lithological type.

For the leaching of uranium from samples with a high organic-remnant content (C.,=1:5%) we observe
a more complete extraction of the uranium into the solution. For L:S =1 the extraction of uranium is 48%
when it is present in an amount of 0.167 g/liter in the solution (see Table 2). When the L :8 ratio is further
increased to 3, we can increase the uranium-extraction level to 90%, with a residual content of 0.002% in the
sample (see Fig. 1, curve 5)

The extraction of uranium from carbomfled wood remnants with an initial content of 2.1%and 1.2% a-
mounted to 94-95% over a 32-day period, with a residual content of 0.078-0.111% in the coals. The maximum,
average, and minimum uranium content values in the production solution at the end of the test were 0.5, 0.04,
and 0.01 g/liter, respectively.

Thus, the intensity and completeness of extraction of uranium from a multilayer ore-bearing stratum
with nonuniform water-bearing properties depends on the coefficients of filtration of the lithological types of
the ore-bearing rocks. The higher the coefficient of filtration, the more intensive will be the leaching of the
uranium. Nonuniformity in the lithologicai composition of the ore-bearing rocks must result in uneven ex-
traction of the uranium from the ore-bearing horizon.

The process of leaching of uranium from ores is divided into two stages according to the intensity of
extraction. The first stage is characterized by intensive leaching, during which 63-88% of the total uranium
content of the ore is extracted under experimental conditions, while in the second stage the extraction inten-
sity is low. ' '
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DE TERMINATION OF SPECIFIC ENERGY LOSSES BY
CHARGED PARTICLES IN MATTER

G. N. Potetyunko | o L7 . UDC 539.12.04

One of the methods for determing specific energy losses by charged particles in matter is based on
measurement of the reduction in the energy of a beam of particles passing through a layer of test material;
one transmits a beam of charged particles through a layer of absorber of thickness d and measures the energy
of the beam ahead of the absorber (E,) and beyond it (E,). One takes the ratio . ’

' ' AE/Az=(E;—Eg)/d

1)
as the value of dE/dx at an energy E given by

E=(E+En)2. S @

It is assumed that the method described gives a value of dE /dx which differs little frorxi the true value for suf-
ficiently thin absorbers. S
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Fig. 1. Range R (E) and quantity 1/(dE/
dx) for the case of ‘He-ion transmission
through aluminum (see tables in [1}).

Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 134-135, August, 1976. Original article sub-
mitted October 23, 1975; revision submitted February 23, 1976.
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~ In the present paper, an attempt is made at rigorous justification of this method for the determination
of dE /dx, and the factors influencing its error are investigated.” In addition, another method for the analysis
of experimental data obtained in the type of experiment described is proposed which is of a more universal
nature.

~We have
R(E)zi dEjdz * 3)

Here, R(E) is the range of the particles in matter.

We assume that in some interval [E, E2] the function dE/dx is closely approximated by the following
expressions:

dE 1
Tdr | et 2aE @)
or '
. .
m:-RE(E)=a‘+2a2E. 5)
We then have from Eqs. (5) and (3) v
' R (E)=ag+a;E + ayE2.
, (6)
From Eq. (6) we obtain
R (E) = R (E3) = a4 (Ey— Ep)+ a5 (E3 — E3). (0
The difference R(E,) — R(E,) is the thickness d of the absorber, and we finally have in place of Eq. (7)
AE 1 :
d  aygtap(Ey+Eg) !’ 8)

where AE =E; — E,.

The right side of Eq. (8) completely matches the right side 6f Eq. (4) if-in the latter we take-into account -
the condition (2), and the left side of Eq. (8) matches the right side of Eq. (1).

Thus it ié shown that if in the interval [E,, E;]the range of a partlcle is éx'ac.t{y described by 1E:q . (6),
then Eq. (1) under the condition (2) gives a completely accurate value of dE /dx regardless of the thickness of |
the absorber.

We estimate the effect of an error in the approximation (6) on the error in the determination of dE/dx,
We assume that '
R(E)=a9+aE+ axE2 A (E), (9

where AE) is the error of the approximation. We assume that AE) and its derivative Ai; are sufficiently small
quantities, We then have

,{ EvbEy | AE)—A (Ey .
e _sE  TPE (S —; : (10)
dz . d lag+as (E1-+ Ey)]2 :

Equation (10) makes it clear that the error of this method for the determination of dE/dx is determined
by the errors AE) and Af; and the quantity AE. It is typical that, as is learned, this method gives sufficiently
reliable results only in the case where within the interval [E;, E,| there is sufficiently accurate simultaneous
approximation of two quantities — the range and its derivative: '

R(E)=ap+aE -+ arE%

1 (1)
R (E)=W=ﬂx+zazE-
We now investigate how the error of the method varies with change in AE. We assume i
' A(E) =~ a3E3.
(12)
We then obtain in place of Eq. (10)
747

Declassified and Approved For Release 2013/09/23 : CIA-RDP10-02196R000700080002-8



Declassified and Approved For Release 2013/09/23 : CIA-RDP10-02196R000700080002-8

dE/dz—AE/d a3 s o [ GE ’

(dE/dx)exp 4 AE (dz )exp : - (13)
where (dE/dx)ex is the experimental value of dE/dx found by the method described. Consideration of higher
powers in Eq. (12) for AE) does not change the nature of the dependence of the error of the method on AE.

For a visual evaluation of the validity of approximation (11) in the interval [E{, E,] for various absorber
thicknesses and incident particle energies, it is very convenient to use a diagram in which two curves are
plotted — R(E) and 1/(dE/dx) (see Fig, 1). We assume that the thickness of the aluminum foil is 150 ug/cm
From Fig. 1, it is clear that for *He-ion energiesof 0.30 or 0.15 MeV/nucleon we arrive respectively at the
linear or curwlmear portions of the 1/(dE/dx) curve, i.e., the approximation (11) elther holds or does not
hold.

Thus this method for the determination of dE/dx gives sufficiently reliable results only at energies which
are sufficiently removed from the region of the maximum in the dE/dx curve. In order to obtain such results
by the method described for energies in the region of the maximum in the dE/dx curve, or ahead of it, it is
‘necessary to prepare very thin films of test material (~20-30 pg/cmz), which is complicated and leads to ad-
ditional uncontrotlable errors because of possible nonuniformity in thickness, Nevertheless, the experimen-
tal scheme for the determination of dE/dx can be maintained as before in this energy region also if one uses
another method for analyzing the experimental data. We briefly describe this method.

We assume that in the interval [E ., E, . ] the range is approximated by a polynomial of n-th degree
with respect to energy, :

R(E)=tg+a,E-+apE2+ ...+ a,En

(14
Then
dE 1 A
a3z = (15)
d R (E n
z , = (E) Z kap EPt
k=1 "
and
d/AE ==y =a Fy-+asFa+ .. AapFg.
(16)
Here,
Fy=1; Fo=Ey+ Ex; _
Fy=E}+E(Es+E} } an
Fp=E} 4 E}2Ey+ .. .+ E\EF 2 EYL

The general scheme of the proposed method is as follows. We assume there is a set of experimental
results '
iy Eygjy Eij. (18\

Using them, we construct a table of the quantities appearing in Eq. (16):

Fop, Fapy oovs Fnpy yps P=1, 2, ...u N, (19)

following which we determine the parameters ay, k=1, 2, ..., n, by the method of least squares., Knowing
these parameters, we calculate the difference R —a, and dE/dx from Eqs. (14) and (15). To determine the
parameter a,, it is necessary to know the range at any value of the energy in the interval [Emm, Emaxl.

The basic feature of this method for the analysis of experimental data is that itsuse is not associated
with any limitations on absorber thickness; only one limitation is important here — the particles must pass
through the absorber. This circumstance makes it possible to improve the exoerlmental scheme. Using a
sufficiently thick absorber, we measure the energy E,j;; we simultaneously record the backscatter spectrum
and reconstruct dE/dx from it-[2]. Thus dE/dx can be determined by two completely independent methods
from the results of a single experiment,

~In conclusion, the author takes great pleasure in thanking £. T. Shipatov for valuable discussions of the
problems touched on in this paper.
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USE OF "BEAM UNFOLDING" FOR CALCULATION OF
B-FLUX ABSORPTION IN THE SEGMENT MODEL

V. A. Kuz'minykh and S. A. Vorob'ev ' ‘ UDC 539.121.7

This paper discusses the use of the segment method in the solution of the problem of g-particle interac-
tion with nonflat absorbers. In the segment method, the function of the particle differential flux I(T, x, u) is
represented in the form of an expansion in Fourier series and Legendre polynomials. The transition from the
j-th segment of particle trajectory to the (j +1)-th segment is performed through the recurrence relations for
the coefficients of the expansion. Entrance into the computing cycle at j =0 is accomplished by assignment of
the coefficients in the expansion of the source function Iy(T, x, u) [1, 2].

Lj2 »
I;h=2L—n S dzexp(—
~Lf2

Z kz) Sano(T, z, u) Py(w), ‘ 1)

where L is the period of the expansmn in Fourier series; U=cosg; 0 is the angle between the direction of par-
ticle motion and the OX axis, ' »

~ If the variables are separated in the source function in order to bring out the angular dependence in ex-
pllClt form, we have
Io(7T, :é, u)=N(T) f () ¢ (u), (2)
where N, f, and ¢ are functions describing the energy spectrum, spatxal dLstrLbutlon and angular distribution
of source particles, respectively.

"For a monoenergetic particle beam, one can write

Io (2, =8 (—20) () ®

Fig. 1. Dependence of the backscat-
tering coefficient of 0.5-MeV posi-
trons for C, Cu, and Sn on the ratio
a/b of the semiaxes of the ellipsoid;
1, 2, 3) respectively 0.2-, 0.5-,
and 1-MeV positrons on aluminum.

Translated from Atomnaya Energlya Vol. 41, No. 2, pp. 136-137, August, 1976. Original article sub-
mitted November 6, 1975. : .
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Fig. 2. Distribution of annihilation centers with depth for C, Cu, and Sn absorbers,
an initial positron energy of 0.5 MeV, and a/b=1; numbers above the curves for alu-
minum denote the value of a/b. '

Fig. 3. Distribution of absorbed energy over depth for an aluminum absorber and
0.5-MeV positrons; numbers denote the value of a/b.

In writing down the source functions (2) and (3), the interaction of some arbitrary particle flux I%, with a
nonflat ahsorber can be represented as the interaction of a particle flux I, with a flat absorber. For this pur-
pose, the original distribution of particles in the beam should be munfolded” into a distribution over angle with
respect to the normal to the absorber surface. The problem is solved by the general scheme of the segment
method [2] using the resultant angular distribution ). The described operation of "beam unfolding" makes
it possible to obtain from the segment method integral characteristics at the absorber surface for particle
interaction with matter and provides an opportunity to calculate problems involving different geometries by
means of a single program.

Here we solve the problem for a parallel uniform beam of particles (beam radius r;) incident on an ab-
sorber with a front face that has the shape of an ellipsoid of rotation. The geometry of the calculation is shown
in Fig. 1. The operation of "beam unfolding" consists of the transition from the radial beam density ¢ (y) =
y/rrr% to the probability density ¢() for the impact of particles on the surface of the absorber at an angle § with
respect to the normal.

The desired angular distribution has the form

dy _ a’y
@ (w)=yu) Qi (I—u (1 — a2/ )

and the cosine of the maximum angle of particle incidence on the surface is

i ax = {(B>—rd)/(¥2—r} (1 — a2t/ 5)
If the ratio of the semiaxes of the ellipse a/b—0, the angular distribution approaches the distribution corres-
ponding to normal incidence of particles on the absorber, ¢@)—&@u —1).

Input data obtained from: Egs. (1), 3),and (4) for uyax =0 were used in a program for calculation of the
characteristics of positron transport through matter in which fluctuations of energy loss and positron annihila-
tion in flight were included. The results obtained describe the interaction of an "unfolded beam" of particles
with a flat absorber and of a uniform beam with a solid of rotation, the size of which is considerably greater
than the particle range R, in the given material. In the present case, b>Ry.

Figure 1 shows the dependence of the total ba ckscattering coefficient for 0.5-MeV positrons on the ratio
a/b of the semiaxes of the ellipsoid of rotation. The magriitude of the total backscattering coefficient depends
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strongly on the angle of particle incidence for a flat absorber [3]. For an ellipsoidal absorber, this dependence
is manifested in integral form. For slight curvature of the sample surface, @/b) < 2, the backscattering co-
efficient increases rapidly as a/b increases with the dependence 1 (a/b) being stronger for light materials than
for heavy materials. When the curves are extrapolated toa/b=0, the values 7 (0) agree with the previously
calculated backscattering coefficients for norma! incidence of particles on a flat absorber [4]." Significant
changes in the relationship 5 {a/b) do not occur when there is'a change of incident-particle energy to 1 MeV,

The distribution with absorber depth of annihilation centers and of absorbed energy broadens markedly
with increase in ¢/b and the maxima are shifted toward the face. Furthermore, the maximum depth of particle
penetration is unchanged for an aluminum absorber (Figs. 2 and 3). The curves are compressed and shifted
toward the face (Fig. 2) when a/b=1 as the atomic number of the absorber material increases because of the
increasing importance of the role of elastic scattering, The tail of the distribution curve for absorbed energy
becomes linedr-as a/b increases. This is clearly seen in Fig. 3. The results indicate strong dependence of
spatial distributions and backscattering on the form of the inifial angular particle distribution ¢(u). This makes
it possible to talk about the applicability of the "beam unfolding" operation for the determination of the form
of () for which the absorbed energy, or any characteristic associated with it, is distributed over absorber
depth according to a previously assigned law. With linear dependence, one can obtain a uniform value of ab-
sorbed dose over thickness by bilateral irradiation of an object.
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MEASUREMENT OF SPECTRAL CHARACTERISTICS OF SLOW-NEUTRON
FIELDS USING CADMIUM RATIOS OF ACTIVATION DETECTORS

I. A. Yaritsyna, E. P. Kucheryavenko, UDC 539.125.516,22,074.85. 08
I. A, Kharitonov, and T. M., Kuteeva

In moderating systems, the energy distribﬁtion of the slow-neutron flux density has the form

A (E/kTy)

q:(E)=q>th(kT_n)2exp(--E,an)-!-fr-epi Fite o 1)

where @y, is the thermal-neutron flux density; ¢epi/¢th is the ratio between the epithermal flux density and the
thermal flux density; Ty is the neutron temperature; o is a parameter which takes into account the deviation of
the epithermal neutron spectrum from a 1/E spectrum. : ' '

The limit function AE /kT),) determines the nature of the distribution near the lower energy threshold for
epithermal neutrons uk Ty, and has no significant effect on the shape of the spectrum.

A method was proposed [1] for the determination of Ty, ¢4, and gepi/¢y, based on the irradiation of a
set of three resonance detectors in a test field, for example, !%Au, Cu, and 1"*Lu. Compiled tables make it
possible to determine the spectral characteristics, except for o, from measurements of the saturation activity
of the detectors., '

In this report, a method is proposed which makes it possible to determine the spectral characteristics
including o using only two resonance detectors in all.

The cadmium ratio for a resonance detector of thickness t [2] is given by the expression.
' Gin (1) g (Tp)+7C (2. Tn) Gr () 1

Realt)= -
T i, T W
= —JC (%, Ty} " Fea
I
(@, 67) =
o 0
~ I
Ca, Tp) Gy (t) Iz, Gy) % @

. where Cq, Tp) is a renormalization correction for the epithermal-neutron fraction
v N 1 |
T 14 gen V e

h¢, Gy) is a correction of the reduced resonance integral I' when o = 0; R is the cadmium ratio for a thin 1/V
detector; g(Ty) is a coefficient which allows for deviation of neutron absorption cross section from 1/V behavior
in the range E < pkT,; W' is a coefficient which allows for deviation of the cross section from 1/V behavior in
the range ukTp < E < En4; Fog is a correction fpr the absorption of epithermal neutrons in the cadmium filter;
Gth 2nd Gy are the self-shielding factors for thermal and epithermal neutrons.

TABLE 1. Detector Parameters and Cadmium Ratios

Parameter
Elemeny ™
mg/ Fea | Gm | Cr o, b l I b l Rey
CcIm k
197Au | 18,6 | 1,01 |0,981] 0,53 | 98,8+0,3 1513i40 6,321+0,03
55Mn | 15,0 | 1,00 (0,992} 0,92 |13,23+40,10 7,8+0,4 | 47,71+0,4
51y 63,7 | 1,00 (0,985} 1.0 4,934+0,06| 0,48+0,1 9142

Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 138-140, August, 1976. Original article sub-
mitted November 25, 1975. . '
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Fig. 1. Determination of spectral characteristi¢cs of a slow-neutron field in a cavity.

Fig. 2. Shape of neutron spectrum in a cavity: ——) 1/E spectrum; histogram gives
computed spectrum. '

The cadmium ratio for a thin 1/V detector can be expressed after some transformation through the param-
eter k(9) tabulated ‘by Westcott [3] for two values of Ecg:

R

054« - 4k (6) Jt+2a
76 (ao Tn V n o

. ey 3
k)= l/"kETid ) _ ©)

. The renormalization correction [4] is calculated from the expression

€ (o, Ty)=(0. 5+a)( Ly )0'5”- " ' , @)
Accordmg to [6], the couplmg equation can be wrltten in the f0110wmg form: -
Tn—Tm =Cf .
Tm ()
where Ty is the moderator. temperature and C is a coupling constant '

An analysis of neutron temperatures in various moderators for Ty, close to Ty=293.7°K s.1owed that
C=3.46+0.09 [6]. - :

. After substitution of Eqs. (3)<(5) -mEq. @), we have

3.46¢(T)To 1 Wp\-05-a
Gth() Ta—To OB+ ( To ) TGr-(t)U—oh‘(a, Gr)

RGa(®) = ' ' S ' . (6)

A [ Ym gt N
s 53514 mg)—] —-w Gr (t) 5= 1 (e, Gr)

1
T

1
Fea

Equation (6) indicates that the cadmium ratio for a resonance detector depends only on T, anda. By
solving a system of equations like Eq. (6) for two resonance detectors, one can determine T, and o, find f
by using Eq. (5), and determine ¢, from the saturation activity of one of the resonance detectors by the cad-
mium-difference method. :

Table 1 gives the detector parametera and measured cadmium ratios used for the deter mination of the
spectral characteristics of slow-neutron fields inside a cavity 120 mm in diameter in a polyethylene modera-
tor in the form of a 690-mm cube. The spectra. of slow neutrons were obtained by moderation of fast neutrons
from six 239Pu(oz, )Be sources located symmetrically with respect to the center of the cavity m the moderator.,
at a depth of 33 mm, .

The detector parameters g, I' and G, Fog were taken, respectively, from [7, 8].
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© Values of the characteristics o and Tp were determined by a graphic method from the intersection of the
functionals Rogf, Typ) in the @-T, plane (Fig. 1). - Theaverage value of the neutron temperature was Tp =
(314+3) K and @ = — 0,015 £0.003. Analysis of the quantities appearing in Eq. (6) shows that the error in the
determination of Ty and @ is mainly associated with the group G, (t)I'/o,, which is determined by the parame-
ters of the detector. To achieve the required accuracy, therefore, one should select detectors for which the
resonance parameters and absorption cross sections are well known. The fraction of epithermal neutrons
was £=0,028 +0,001 according to Eq. (5). The thermal neutron flux density determined by the cadmium-dif-
‘ference method from the saturation activity of the gold detector was ¢y, =(5.73 £0.06) * 108 n/m?-sec,

" To obtain an independent estimate of the parameter ¢, the spectrum of slow neutrons in a cavity in a poly-
~ ethylene moderator was calculated by the Monte Carlo method, The program BNAB-26 [9] for producing group
constants was used in the calculation. The actual source — moderator system was idealized; the fast-neutron
sources were represented in the form of a spherical layer with a volume equal to the total volume of all the
actual sources and a mean radius of 100 mm; the moderater was represented in the form of a spherical system
with the actual volume maintained.

"The computed shape of the neutron s_pectfum in the 6avity is shown in Fig. 2 on a logarithmic scale.

_ To evaluate «, it is necessary to approximate some portion of the spectrum by a straight line. The ques-
tion of assighment of definite points to the line y =a In E can be solved by seeking a line of the indicated form
with least variance, .

The minimum variance is determined by the error of the calculation performed which is the result of
the uncertainty in the shape of the primary spectrum from the 23%py (¢, n)Be fast-neutron sources, the uncoer-
tainty in the values of the microscopic neutron-interactionconstants used, and the idealization of the actual
source — moderator system.

As shown by analysis, the maximum error is contributed by the uncertainty in the spectrum of the *°pu

(e, n)Be neutron sources., By comparing spectra from **Pu@, n)Be sources measured by various methods
[5, 10, 11] and representing the entire spectrum in the range 1.0-11.0 MeV in the form of partial amphtudes
with an energy width of 1 MeV, one can estimate the mean-square deviation for the partial amplitudes for each
of the methods cited. Assuming that the neutrons in the partial amplitudes make an equally probable contribu-
.tion to the 1/E spectrum in the cavity, which is acceptable in the evaluation of an error, the uncertainty of
the source spectrum in the range 1-11.0 MeV makes a contribution o = +10% to the error of the 1/E spectrum.
Fitting the equation of a line with a variance corresponding to ¢ =10% showed that the spectrum in ‘the range

1-5+10% eV canbe approximated by the line y =aln E where ¢ = —0.015 £0.002. The calculated and experimental
values of the parameter are in satisfactory agreement within the limits of estimated error.

Thus the proposed method has a number of advantages: it makes possible the additional determination
of the parameter a; it requires a total of two activation detectors for the determination of all spectral parame-
ters; in the determination of T, and &, it uses cadmium ratios, for which the measurement technique is sim-
pler than the measurement of detector activities.

The authors are grateful to G. G. Orlov for calculation of the slow-neutron spectrum in the moderator.

/
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INVESTIGATION OF THE REMOVAL OF T AND 85Ky
DURING PROCESSING OF IRRADIATED vo,
IN AN OXYGEN MEDIUM

A, T. AgeenkOV and E. M. Valuey UDC 621.039.713

The development of efficient methods of removal and decontamination of radioactive gaseous fission pro-
ducts of uranium is linked with 2 study of the removal of T and 8°Kr during the processing of irradiated uranium
dioxide in an oxygen medium at elevated temperature. This process is considered one of the principal manu-
facturing operations in the reprocessing of nuclear fuel [1]. The reaction 300, +0, =U304 leads to conversion
of the dense UQ, into a finely dispersed powder of U304 and is accompanied by a change of the cubic crystalline
lattice of UQ, first of all to the face-centered tetragonal lattice of U;O; and then to orthorhombic U;05. The
double recrystallization of the fuel considerably increases the mobility of the fission products, including the
gaseous products [2]. An increase in the rate of removal of the gaseous fission products promotes crushing
of UO, during oxidation into uranous —uranic oxide powder with a particle size of up to several microns.

Samples of 3%-enriched Uo, were investigated in a cladding of zirconium alloy with a diameter of 9.1 mm
and length 40 mm; they were opened at the ends. The fuel burnup, calculated by the 3’Cs content, amounted
to 5600-22,000 MW - day/ton U.

Preliminary experiments on the oxidation of unirradiated samples with the same geometry showed that
at a temperature of 400-500°C during the initial time of interaction of oxygen with the oxide fuel, distributed
near the open ends of the sample, it takes place quite rapidly. However, the access of oxygen into the reac-
tion zone is hindered in proportion with the consolidation of the U;0, powder formed, and further oxidation of
UQ, almost ceases. In consequence of the high strength and plasticity of the zirconium alloy, rupture of the
cladding, as was observed in 3], did not take place. Therefore, the claddings of the samples were subjected
to preliminary hydrogenation [4], as a result of which the zirconium alloy completely lost its plasticity and
its strength was, reduced from 35 to 1-3 kg/mm? [5]. During the oxidation processing, the hydrogenated clad-
ding was ruptured by the action of the U;0; pressure, which assisted to completion the reaction U0, =+ U,y0;4.

A diagram of the experimental facility is shown in Fig. 1. The samples were inserted in the leak-tight
ampoule and, with the periodic addition of oxygen, they were maintained for 2 h at a pressure of 300-760 mm

TABLE 1. Conditions and Results of Experlments on the Removal of T and 8%Kr from
Irradiated UQ,

Amo- |Conditions of |Contentinoriginal sam- | Removal of gaseous fission products from UO,
N untof |oXygen treat. |ples Ci/tonU - hydrogen treatment oxygen treatment
o
' i - of original con-
of Uin temper- holding = % of initial . e g
2™ lawre, |pim Ci/tonU | qrare Ci/tonU [tentafterhydro-
BXPL | b, |- c N ©. T 88Kr gen treatment
g E T |ske | T |[eKe| T [ ssxr o | ske
1 8.1 420 2 4346 1100+300 | 10,0} 11,0| 23,3 | 1,0 14,0 85 42,5 7,7
2 10,2 420 |° 2 170+15 5600+500 31,0 55,0 18,5 ] 1,0 71,41 1250 51,3 25,5
3 7,5 420 4 6448 22004500 10,0 [ 141,1] 17,2 | 0,9 28,01 368 53,7 16,7
4 9,5 420 4 110412 - 3100+500 | 25,5 42,01 23,2 1,3 | 67,4 600 | 80,2 21,3
5 10,2 520 3 170+15 5600500 35,0 | 49,0 20,5 0,9 79,2 1166 58,7 23,8
6 10,0 520 3 170+15 5600-+500 25,0 | 57,0] 14,7 ] 1,0 77,01 1130 33,1 23,1
7 12,8 520 3 170+15 5600-+500 36,04 .52,01 21,2 0,9 75,7] 1410 56,5 | 28,8
8 11,0 620 2 6418 22004500 ,01 68,01 17,2 0,8 27,6 403 52,0 18,3
9 1,4 620 2 110+12 31104500 17,0 | 114,0] 15,4 | 3,7 54,0 706 58,0 22,8
10 12,3 620 4 436 11004300 8,0 6,0| 18,6 | 0,5 | 43,7 167 80,0 15,2
1 13,2 620 4 170415 5600+500 | 33,0 32,0( 19,4 | 0,6 |112,5( 1916 82,2 39,1

Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 140-142, August, 1976. Original article sub-
mitted December 1, 1975.
This material is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part
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&5 collection of gases; 4) vacuum connections;
. \l\ :,,:,, % 5) oxygen supply line; 6) hydrogen supply
T T :ooa ° line; 7) mercury compresser; 8) moisture
oo, 4 o decomposer; 9) heating element; 10) reac-
°o:3ﬂ § /2 ° tion ampoule; 11) sampler; 12) thermocouple.
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Hg and a temperature of 650-700°C. At the end of the process the gas phase was pumped out from the reaction
ampoule into a calibrated vessel for analysis. Then, atapressureof 100-200 mm Hg, oxygen was fed into the
reaction ampoule and held for a specified time. The gas, -after the oxidation treatment, was.pumped out into a
vessel for analysis through manganese heated to 700°C .to decompose moisture. The content of T and 8%Kr were
determined in the gas by a radiochromatographic method [6]. In order to determine the initial and final content
of T and ®5Kr in the uranium oxides, the samples were dissolved in HNO; with heating and the aqueous and gas
phases were analyzed. The total content of T and 85%Kr in the samples being investigated were determined as the
sum of their quantities in the samples during hydrogenation, oxidation, and dissolution. In addition, the con-
tent of T in the zirconium cladding was taken into account [7]. ’ ‘ )

The most important factors which affect the principal parameter (the removal of gaseous fission products
from the fuel) are: the degree of burnup of the fuel, and the temperature and time of oxidation treatment. In
order to explain the dependence of the removal of T and 85Ky on these factors, it was necessary to produce a
mathematical model of this process. For this, a complete 23 factor experiment was planned and carried out
[8]. The conditions for its accomplishment and the results of the experiments are shown in Table 1. Experi-
ments 1-4 and 3-11 were not duplicated. In order to determine the dispersion of the reproducibility, the ex-
periment was repeated three times at the reference level (columns 5-7). '

It can be seen from the results obtained that T and 3°Kr are removed from the fuel in the gaseous phase
during hydrogen and oxygen treatment. As a result of the hydrogen treatment, ~18.5% T and ~0,97°Kris
released. The relatively large release of T in comparison with 35Ky obviously is due to its greater mobility
in the fuel, and also the effect of isotopic exchange with the protium present in the gas phase,

The results of the experiments on the oxidation treatment enabled a mathematical model of the process
to be compiled in the form of regression equations, which can be used to calculate the amounts of T and 85Ky
removed from the fuel. The total removal of T and 85Kr during the hydrogen and oxygen treatment can be cal-
culated by the equations ' :

Np=69,4+0,58 (B—14,5)+ 9.4 (v—3) +0.046 (T °C—520);
Ngr =249 1,15 (B—14,5)-+0.03 (T °C—520) - 2.25 (t—3),

where N and Ny, is the total removal of T and 85Kr during hydrogen — oxygen treatment, as % of the initial
content; B is the fuel burnup, MW - day/ton U - 103; 7 is the time of oxidation treatment, h; and T° is the tem-
perature of the oxidation process, °C.

The removal of 7.7 to 39.1% of 3Kr during the oxidation treatment of the fuel does not contradict pre-
viously published data. Thus, in the oxidation of UO, with air in a boiling layer at 450°C, 27% of 8%Kr was re-
moved [9]. C

The release of T by gés—thermal process.'mg amounted to 90%. The published data on the removal of T
during oxidation of irradiated UO, are contradictory and are found in wide limits from 8% [10} to 99.9% (11].
The low values for the removal of T, probably were obtained under conditions of incomplete oxidation of UQ,.

The investigations carried out and the equations obtained permiit the yield of T and #Kr to be determined
by a namerical method, for fuel with different burnup at the temperature and during the time of treatment '
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within the limits studied, and also permit one to plan means of ensuringthe required degree of removal from fuel of
-gaseous fission products,

The authors express their thanks to Z, V. Ershov for usefil discussions, to A. F. Shvoev, A. A,
Buravtsovand V. V. Kravtsev for assistance in carrymg out the experiments.
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PULSED AIR-CORED BETATRON POWERED FROM
A MAGNETOCUMULATIVE GENERATOR

. A. I, Pavlovskii, G. D. Kuleshov, UDC 621.384.634.3
R. Z. Lyudaev, L. N. Robkin,
and A. S. Fedotkin

The power Supply for charged-particleaccelerators, operating in the single-pulse regime, usually is
effected from condensers of inductive storage devices of electrical energy. More frequently, condenserbanks
are used, whose power capacity oftén reaches tens and hundreds of kilojoules and have & mass of many tons.
These power supply sources can be used mainly under steady-state conditions, At the same time, there are
problems which require the use of transportable accelerator facilities. Because of this, a power supply sys-
tem has been considered for high-powered pulsed air-cored betatrons from magnetocumulatwe generators
(MCG) [1], with a specific power capacity which is greater by a factor of thousdnds and tens of thousands than
condenser storage devices. The generation of powerful electrical pulses in MCG is achieved by the efficient
conversion of the chemical energy of explosives into electromagnetic energy by means of the compression of
a magnetic field by conductors moving under the action of the explosion.

The relatively high inductivity of the electromagnet winding of air-cored pulsed betatfons of the coil type
[2], makes difficult the efficient transfer of energy from the MCG. Therefore, for experiments with MCG,
a design of pulsed air-cored betatron was developed with profiled field-shapers of the type shown in [3], whlch
enables its electromagnet to be matched easily with the MCG.

The special feature of the design is the shaping of the betatron field from a randomly pulsed axisymmetri-
cal magnetic field by positioning in it azimuthal-open circuit conducting shells§ of the required shape [4].

The conducting shells (Fig. 1) ensure the shaping of the betatron field with a stepped configuration:

Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 142-144, August, 1976. Original article sub-
mitted December 1, 1975.
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' Fig. 1. Diagram of betatron field shabing with cdhducting shells,

Fig. 2. Structure of the pulsed air-cored betatron.

H(ry=H,(r) when 0 r << Ry—6;
H(r)=Hq(ro/r)» when Ry <r< Ry,

where r, is the radius of the equilibrium orbit; Hy is the field in it; 0<n <1 is the field decay index; § is the
thickness of the conducting shells ( is chosen equal to several thicknesses of the skin layer).

The required ratio between the magnetic field strength’ (Wider condition) is achieved by separation of
the initial current & into currents & and & and their further deformations. The required decay of the field
in the region of stability is provided by the curvature of the shells or, in the .case of cylmdrlcal shells, by
an azimuthal gap on the outside of the shaper, symmetrically relative to the median plane of the betatron.

Figure 2 shows a schematic section of an air-cored inductive accelerator. The mltlal axisymmetrical
magnetic field is created by two triple-loop four-turn coils of the electromagnet 1 and 1', comec»ed in series,
with a total inductivity of 3 uH. The coil windings are made of copper with cross section 4 - 10 mm? and a
pitch of 28 mm. The distance between the coils is 3 mm. The inside diameter of the winding and the helg‘lt
are 160 and 38 mm, respectively.

3

—
-

|
[N

MCG

L

L

- Fig. 3. Electrical circuit diagram of a pulsed air-cored betatron with power sup-
ply from a magnetocumulative generator.
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The required magnetic field distribution in the working region is created by eylindrical shapers, pos1—
tioned coaxially with the coils and symmetrically relative to the median plane,

The inside shaper 2, in order to ensure sufficient magnetic resistance of the gap, is made in the form of
a wound-on eight-layered cylinder of copper foil with a size of 0.25 x2 mm with lavsan insulators between layers
(0.05x3 mm). The height of the shaper and its inside diameter are 180 and 92 mm, respectively.

The outer shaper consists of copper cylinders 3 and 3', cut along the generatrix with a gap of 3 mm.
The inside diameter of the shaper is 270 mm, the height of the cylinder is 80 mm and the wall thickness is 5
mm. Along the slit of the cylinder are laid six layers of lavsan with with a thickness of 0.05 mm. In order
to improve the azimuthal structure of the field, ¢opper screens with a thickness of 0.8 mm, a height of 80 mm,
and an azimuthal extent of 90° are installed on the inside wall of the cylinders, symmetrically relative to the
slit. Lavsan insulation is also laid between the screens and the cylinder.

The required magnetic field decay in the region of stability is provided by an azimuthal gap with a height
of 40 mm between the cylinders of the outer shaper. A sealed-off vacuum chamber 4 is used in the betatron.

-The injector is a triple-electrode electron beam with a straight-channel tungsten cathode. The target is

fastened on the rear side of the anode. The spread of accelerated electrons at the target was achieved by local
perturbation of the magnetic field on the orbit created by the sector winding 5.

For mechanical strength of the accelerator, along the outer surface of the electromagnet coils, the inner
and outer field-shapers,a binding of glass tape is laid with subsequent impregnation in EPK-4 vacuum compound.
In order to ensure intercoil insulation and mechanical strength, the coils, before binding, were soaked with an
epoxy compound with quartz filler of the type EZK-1, The design of the betatron was calculated on a single
triggering with the MCG. The duration of the acceleration cycle was ~100 ysec,

The radius of the equilibrium orbit of the betatron is ry;=7.8 cm; the energy of the accelerated electrons
is E =0,1VvW MeV, where W is the energy in joules transferred to the coils of the electromagnet from the MCG.

In order to ensure the optimum and stable conditions of injection, electron capture in the acceleration
cycle, and convenience of preliminary adjustment, a two-stage cycle of operation of the betatron was chosen
(Fig. 3).

The initial betatron field is created by the discharge of the condenser bank C, through the winding of the
electromagnet Ly and the auxiliary inductance Lg, In this phase of field change, electrons are injected into the
chamber and are accelerated up to an energy of 1 MeV. Then the spark-gap P; connects the magnetocumulative
generator to the betatron and the main acceleration cycle begins. The electron cutoff at the target is effected
by switching-in the winding of the coil L, through the spark-gap P, to the MCG. In the tuning cycle, the switch
K is changed over to position 2 and the winding of the coil is energized from the capacitor C, at the end of the
first phase of the acceleration cycle.

The spark-gaps Py, P; and P, are of the trigatron type, P, and P, are of the explosive type, controlled
by explosive delay lines, P; has a solid dielectric in the working gap, which disintegrates on discharge of C,
through the Nichrome wire located inside the dielectric. Startup of the injection unit is effected through the
isolation capacitor C; and the cable line of the delay KL. Capacitors C;, C; and C, were charged from the
rectifier through resistors Ry, Ry and R,. :

As the power supply source for the accelerator electromagnet was used a dual-cascade spiral MCG with
a spiral diameter of 160 mm and a length of 1 m, which permitted an energy of up to 3 MJ to be produced in a
load, moved to a safe distance (depending on the degree of matching between the load and the MCG), with an
initial energy of 1 kJ (power amplification up to 3 - 103, efficiency 10%) {1]. Matching of the load (electromag-
net of the accelerator) with the MCG was effected by means of the line transformer Tr. The current in the
load circuit was switched in only at the last stage of operation of the MCG, by means of the explosive contrac-
tor ("cut-off" low-voltage front of the current pulse). The energy from the MCG was transferred to the ac-
celerator along a cable line with a length of ~10 m,

In the explosive test after capture of the electrons and their preliminary acceleration up to an energy of
1 MeV, an "interception" cycle of the electrons and their further acceleration up to an energy of ~100 MeV was
achieved. The maximum current in the windings was ~8 - 10° A, The amplitude of the magnetic field at the
equilibrium orbit at the instant of discharge was ~40 kOe. The energy transferred to the load (the betatron
electromagnet) from the MCG amounted to ~1MJ.

The injection cycles, acceleration, and discharge of the electron beam at the betatron target were con-
trolled by means of synchrotron and bremsstrahlung radiation sensors.
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INCREASE IN BEAM RADIUS AND SIZE OF IMAGE ELLIPSOID
BECAUSE OF ERRORS IN A LINEAR PROTON ACCELERATOR

A._ D. Vlasov : UDC 621.384.64.01

Random errors in linear proton accelerators lead to an increase in the radius of the accelerated beam.
From the work of Smith and Gluckstern [1], this increase was defined as the increase in the transverse oscil-
lations of individual particles where only the first power of the errors were taken into consideration. However,
it was discovered in 1972, in computer simulation of the effects of errors, that the growth of beam radius in
large accelerators markedly exceeded the values predicted by existing theory [2]. Subsequently, a method was
developed for calculation of the radius from the oscillations of individual particles which took into account the
second power of the errors and which eliminated the observed discrepancies [3-5].

Another approach to the problem was proposed [2] in which the radius of the beam was defined as the
largest of the transverse coordinates x and y of the points of the ellipsoid representing the beam in the four-
dimensional phase space xx'yy'. In this case the volume of the ellipsoid was assumed constant and the cal-
culation performed to an accuracy that included the second power of the errors. The effect of separately selec-
ted forms of parametric errors — inaccuracies of the field gradient in quadrupole lenses and lens rotation
around the longitudinal axis — were calculated analytically on the basis of the ellipsoid approach, first approxi-
mately [2] and then more precisely [3, 4]. It was established that the ellipsoid approach was applicable only
when particle phase oscillations and time variation of errors were absent or did not have a significant effect.

This paper discusses the increase in beam radius on the basis of the ellipsoid approach for the combined
effect of all parametric and coherent errors (transverse displacements and tilts of lenses belong in the latter).

Particle motion in the direction of the x axis in a periodic accelerating and focussing system with errors
. is described by the equation

(d2/dz?)+ (B+ AvE) 2+ AvRy— Vg (£~ %) = ba- )

The equation for the y axis is similar. These equations give values of x, x', y, and y' only at the boundaries
of periods; x¢ and y,, are the coordinates of the center of a bunch; v, is the characteristic frequency without
consideration of Coulomb repulsion; 1% is the Coulomb repulsion coefficient; the coefficients A-vi and A”E(y de-
pend on parametric errors and the term Ax on coherent errors. A bunch of accelerated particles can have
the shape of a uniformly charged ellipsoid. Setting x =x,+Xe and y =yc +yg, L.€., T =Ic ¥re, W€ separate Eq.
(1) into two equations: ' :

(d220/dz?) + (Vi + AvZ) zo+ AvE Yo = Ay - @)
(d2zg/dz2) -+ (v§ —v; 4+ AvE) zet Av_fcyye= 0, 3)
(
and do the same for the y axis. This separation is only possible when the coefficients in Eq. (2) which vary
with phase oscillations are identical for all particles, This condition is satisfied since it conforms to the
general condition for the applicability of the ellipsoidal approach. Thus the initial portion of the problem is
separated into two simpler problems previously considered. Equation (3) describes the motion of a particle
within the bunch, which is subject only to the effects of parametric errors. For its calculation, we use the

Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 144-145, August, 1976. Original article sub-
mitted December 9, 1975. : :
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solution rg —roe ar Obtained on the basis of the elhpsmd approach [41. Equatlon (2) describes the motlon of
the center of a bunch, which can be ¢alculated as the motion of an individual particle using [5]. Let the initial
amplitude of the oscillations of the center of a bunch be zero (ro;= ag). Then rg=r;N, and the motion of the
center of the bunch is only produced by coherent errors although parametric errors also affect the velocity of
this motion. The angular velocities of the vectors rg and re are vy and Vv} — vq Because they are not the
same, one should consider r =rg +rc » :

9=r/r0=QPaf+1V. . @)

Accordmg to (4], 9par and G?ar have a log-normal distribution when a sufficiently large number n of
periods have been traversed, and their mathematlcal expectatlon values (mean values) are, in accordance with
Eqgs. (19), 20), and (24), ‘

Bpar=1.39 éxp [—Z—_n @+ A,)] ;
2 g : (5)
_ VECRE (1+ 73 )e‘(p (an (3 A,). | ,
According to the results of [5], we obtain for =0 '

M (N?) =Ky exp [4n (A+ A}, M (N%) =Ko exp [4n (30 +4A 4 — Ag cos ],

A coh Ky © KxA coh - :
4(A+4g) 7 T 2(2A+3A—AgcosE)

K.M =

Here, §~=2(a — B} + const; o and B are the phases of the particle oscillations along the x and y axes. Expres-
sions are given in [5] for the parameters A, Ay, A,, and Agop which characterize the effects of errors in a
single period where one should read r, in place of a,. In Eqs (6), A+ A, is written in place of A; in order to
include all forms of parametric errors,

. The final portion of the problem involves the determination of the distribution of the quantity 9 4). We
limit ourselves to the case of a relatively small effect by coherent errors. Then the distribution of 6 is ap-
proximately log-normal like the distribution of epar' Assuming the quantity N? also has a log-normal distribu-

tion, we obtain R . i

s KR
yvaygl/i8 — p1/8
(A (vt K}y

M (V)=
) x_exp:[rf (% A+A,+i22-cos‘§'v) ]
The mean values of @ and its square are '

o K3/‘* . 5
B pardoon Toon=1+ Tagx—us exp| — (838 —23c08) ],

2.1.30k3*
e p[

K . N
M (eZ)—(1+Ke)M(epar, Ko=-2 4 i — (3A+58,—24, cos g)]._

Thus the relative contribution of coherent errors to the mean increase in beam radius slowly falls along the
accelerator.

Setting @ =V1+ 1/VZexp (U), we find

u=2 ln9-——1-lnM(62). 02=M (U—u)? = —21n§41n M (62).

The confidence coefficient, i.e., the probability that the increase in beam radius ¢ does not exceed the '
confidence value :
=V 15

= exp{u+ mo),

is

. - Pm=%+ 1 ."s’iexp ( ;2 ) du%%—i—(b(m).. ’
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From tables of the function &(m), pm =O.8413,' 0.9332, and 0,9800 for m=1, 1.5, and 2.054,

Motion of the center of the bunch depends onf. Strictly speaking, therefore, § and Py, should be deter-
mined by averaging over all possible ¢ from 0 to 2r. However, one can roughly assume that cos¢=0.

For example, let A =0.006, A =0.003, and Aygp ='(,).()02. in the main part of the accelerator. Then Ky;=
0.0556 and Kyy=0.00238 when cos¢ =0. The initial values of 9-coh and K¢ will be 1.175 and 0.428. For n=100,
,\{VZ (8)t1>tainocoh=1.120, K =0.206, fpar =6.72, M(B'gar)=62.5, u=1.874, 0=0.536, and finally, 6 =7.52, 6=
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FLOWMETER WITH RADIATION DETECTOR FOR WELLS

I. G. Skovorodnikov ‘ - ' UDC 550.832.08

Tachometric flowmeters are presently widely used to measure both the velocity and the direction of fluid
flow along the shafts of wells. These instruments usually consist of a detector-vane, a tachometric converter,
and a measuring block on the earth's surface. The low sensitivity at small flow rates is the main disadvantage
of these flowmeters; the low sensitivity results from the braking forces acting between the detector and the con-
verter. A flowmeter with a tachometric radiation converter does not create a braking moment. The presently
used surface flowmeters equipped with radiation detectors (1] do not allow the determination of the direction of
the flow. '

The V. V. Vakhrushev Mining Institute of Sverdlovsk has developed a well-type flowmeter with a radiation
detector (Fig. 1) which is characterized by high sensitivity and allows the simultaneous determination of both
‘velocity and direction of a flow. The characteristics of operation of the flowmeter are completely independent
of the electrical and mechanical properties of the fluid in the flow to be examined.

The flowmeter (see Fig. 1a) comprises a vane 1 mounted in bearings in a frame 2, and a well-logging
radiometer, A radioactive isotope 3 is mounted in an eccentric position relative to the axis of rotation on one
of the blades of the vane. The frame is connected with a cup-like lead shield 4 which is atta ched with setting
serews 5 to the lower end of the go-devil radiometer 6. The shield dimensions are such that the shield com-
pletely covers the radiometer detector 7 and shields it from the scattered radiation of the isotope. The bottom
face of the lead shield is provided with a wedge-shaped (in a cross-section plane) cut § situated so that the source
of the ionizing radiation passes exactly in front of the center of the cut when the vane rotates. This results in
a narrow-beam geometry, i.e., only the direct radiation from the source is incident upon the detector. Cen-
tering springs 9 guarantee that the instrument is set to the well axis. The instrument in the well is connected
via a well-logging cable 10 with the measuring panel 11 of the radiometer and its recorder 12.

Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 146-147, August, 1976. Original article sub-
mitted December 17, 1975. . ’ '
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Fig. 1. Well-type flowmeter with radiation detector: - a) longitudinal cross section of the
instrument; b) transverse cross section of the shield along the line A —A; ¢ and d) record-
'ings of the radiation intensity in ascending and descending flows, respectively.

. Fig. 2. Caleulation 6f the width of the cut in the shield: 1) radiation source; 2) detector
of the radiometer; 3) lead shield; 4) cut in the shield; 5) axis of rotation of the source.

In the measurements the fluid flow sets the vane into rotation and the radioisotope is moved-toward the
cut in the shield. In the case of clockwise rotation, the configuration of the cut as shown in Fig. 1b implies
.- that the radiation intensity recorded by the recorder first increases slowly in proportion to the increase in
the width of the cut in the shleld then the radiation intensity increases sharply when the isotope goes beyond
the limits of the cut. Figure lc is a recording which was obtained in this case of the changes of the radiation
intensity in the course of time. In the case of reversed direction of flow, the vane is rotated to the other side.
In this case the radiation intensity first increases sharply and drops thereafter gradually, as indicated in Fig.
1d. Thus the direction of the flow can be easily determined from the form of the curve produced by the recor-
der of the radiometer. The velocity of vane rotation is calculated from the number of peaks appearing on the
recording per unit time. Time marks are applied to the diagram with the aid of a special relay in the recor-
der.  The dependence of the rate of vane rotation and the flow rate upon the well level is determined by cali-
bration {2].

The flowmeter can be used as an attachment to serially produced well-type radiometers so that the in-
strument can be used at low cost and widely employed by producer organizations. The author has calculated
the parameters of the main components of the flowmeter and has made additional tests for the determination
of these parameters: amount of the radioisotope on the vane, thickness of the shielding, width of the cut in the
shield, and optimum distance between the detector, the shield, and the radiation source.

The cobalt radioisotope °Co was used as the radiation source in the flowmeter. The source power should
be such that the y radiation generated at the point of the detector of the radiometer is at least by two orders of
magnitude greater than the average radioactivity of the surrounding rocks. In this case the influence of the
natural radiation from the well walls upon the results of the measurements can be ignored. Furthermore, a
high radiation intensity reduces signal fluctuations at the radiometer output. Based on these requirements and
with an assumed distance of 10 cm from the source to the scintillation detector, it was found that the required
source intensity amounted to about 50 uCi. The distance from the radiation source to the detector was chosen
on the basis of the optimum length of the collimating channel [3] and the design feabures of the well instrument
of the 10gglng radiometer [4].
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It was assumed in the calculation of the thickness of the bottom portion of the shield that the radiation
from the source must be reduced at least tenfold to obtain a reliable determination of the radiation intensity

- .differences when the isotope is in the position opposite the cut in the shield and beyond the cut behind the shield.

The thickness of the shield was determined with the nomograms of [5] which indicate the attenuation of y radia-
tion of various energies in dependence of the thickness of a lead layer. In accordance with the above require-
ments, the bottom face of the shield must have a thickness of at least 3.5 cm. The absorbing effect of the
fluid between the source and the detector of the radiometer can be disregarded. The thickness of the shielding

side walls, which protect the detector from soft radiation scattered by the well walls, was assumed to be 1 em.

The width of the cut in the shield at a given distance between the source, the shield, and the radiation

detector is selected so that the entire radiation passing through the gap is fully incident upon the detector of

the radiometer. It follows from the geometrical considerations outlined in Fig. 2 that the maximum width of

. the cut in the shield can be calculated with the formula

4(12)

S=—ZuTiy

where d denotes the diameter of the radiation detector (scintillator); I; denotes the distance between the source
and the center of the shield; I, denotes the distance between the detector and the center of the shield; and h de-
notes the thickness of the shield, The isotope must be attached to the vane at a distance r =d/2 from the axis
of rotation. '

When the distance between the source and the detector is 10 cm and the 3.5-em-thick shield is placed in
the center position between the source and the detector, the maximum width of the cut is 1 cm in the case of
an Nal crystal used with an FEU-35 photomultiplier as the detector.

These geometrical conditions of the measurements were reproduced in an experiment made with a
PGOCh-1 (Agat) scintillation radiometer and an S-41 radiation standard containing 0.1 mg Ra. The standard
was manually rotated with various rotation rates. A well-logging PASK-8 potentiometer was used as the re-
cording instrument. The recording paper was wound off with maximum velocity by a special electric motor

in the control panel of an AEKS-900 logging station. The diagrams recorded were sawtooth-shaped and fully

correspond to those shown in Fig. 1c and d; the sharp peaks indicate that the distance between the source, the
shield, and the detector had been properly chosen.

. We determined also the greatest admissible rate of vane rotation at which the radiometer can still deter-
mine changes in the intensity of the radioactive radiation passing through the cut in the shield. The calculation
was based on the relation between the time constant 7 of the radiometer, the velocity V of the motion, and the

_ thickness b of the radioactive layer: b/V »71, which relation is well known from the theory of gamma logging

[6]. When we assume that the length h of the cut in the shield is equal to half the length of the circle described
by the isotope and when we switch from the velocity of the movement to the number n of rotations, the above
relation assumes the form 1/n » 7.

In the serially produced logging radiometers [4], the minimum time constant is 7=0.5 sec. The maxi-
mum number of vane rotations for this T value must not exceed 60 rpm. If necessary, the greatest admissible
rate of vane rotation can be increased by decreasing the time constant of the radiometer. :

As far as recordings made with the radiometer are concerned, there are no restrictions for the minimum

‘rate of vane rotation. Therefore the lower sensitivity limit of the flowmeter depends only upon the frictional

force experienced by the vane in its bearings.

At the present time the well-type flowmeter with the radiation detector is in the stage of the design de -
velOpmen+ of a prototype.
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RADIOACTIVITY OF THE WATER IN THE z
GROUND SHIELD OF ACCELERATORS

V.»"D_. Balukova, V. 8. Lukanin, UDC 551.510.72:614.876
B. §. Sychev, and 8. I. Ushakov

The construction of the high-current proton accelerator Mezornaya Fabrlk;\a (Meson Factory) [1] calls
for research on-the degree to which the subsurface water is contaminated by the accelerator. Radioactive
isotopes which are formed in the ground shield of the accelerator and in the subsurface water may travel over’
substantial dlstances and create- a potential hazard by contaminating water~-supply sources.

In [2,—5] the activation of soils by secondary particles generated in proton accelerators and the washing-
out of the resulting isotopes by subsurface water were investigated. - The induced radioactivity of the water
was earlier considered in [6-8].

We consider in the present work the activation of the subsurface water taken from the premiises of the
Mezonnaya Fabrika in Krasnaya Pakhra, Moscow District; we studied the absorption of the isotopes formed
in the water by the soil. The water had been irradiated for 35 days by secondary particles (with energies of
up to 70 GeV) generated by the proton synchrotron of the Institute of High-Energy Physics (city of Serpukhov).
The flux of particles with energies in excess of 20 MeV amounted to 4.5+ 0.7) - 107 particlqs/cmz . sec at the
point of irradiation; the flux of thermal neutrons was (2.0 + 0.3) * 107 neutrons/cm? - sec.

The water was stored for one month after its irradiatiod. The short-lived isotopes (T1/2 < 1 week) had
practically decayed after that time, The induced y radioactivity was measured with a semiconductor spéctro-
meter. The induced g radioactivity was determined with a UMF-1500 device with small background and
with a Protok 4r-3-counter (for measuring the tritium). -A ring counter was the radiation detector of the UMF
equipment. The specific activities of the isotopes were determined with the method of measuring the g radia-
tion of thick-layer sources [9]. The isotope composition of the source and the contribution of each isotope to
the measured activity were determined by constructing the absorption curve of the B radiation in aluminum.
The tritium concentration was measured in distilled water which had been irradiated along with the subsurface
water. One month after the irradiation, only the g emitter, the tritium, remains in the distilled water (the
tritium is formed only from oxygen, as in the case of ‘the subsurface water); the tritium need not be separated
from the other isotopes. The results are listed in Table 1.

The subsurface water which had been contaminated inthe region of the accelerator comes into contact with
the rocks of the water-bearing level which can cause purification of the water mainly by absorption of the iso-
topes by the soil. The absorbing capability of the ground for the radioactive isotopes is characterized by the
distribution coefficient, which was determined as follows: 5 g of soil were placed into a receptacle to which
50 g of radioactive solution were added; the contents were miked; thenthe solution was divided with 4 centrifuge
and the residual radioactivity of the solution was determined. The distribution coefficient was calculated with
the formula K4 = Ag/Ag, where Ag denotes the specific activity of the solid phase (sml), and Af denotes the .
specific activity of the fluid phase (solutlon removed by centrifuging).

In order to determine the distribution coefficient of beryllium, irradiatéd subsurface water was the ini-
tial solution. When the absorption of the remaining isotopes was investigated, radioactive standard samples
of NaCl, (NH,),HPO,, SO, ions, and CaCl, dissolved in nonirradiated subsurface water were employed. The
results are listed in Table 2, It follows from Table 2 that the absorption depends upon both the isotope and
the type of the soil (samples from the premises of the Mezonnaya Fabrika).

Translated from Atomnaya Energiya, Vol, 41, No. 2, pp. 148-149, August, 1976. Omgmal article sub-
mitted December 23, 1975.
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-TABLE 1. Measured Values of the Speci-
fic Isotope Activity
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The absorption of tritium was not investigated, because the trltlum moves in the subsurface currents and
is hardly retained by the soil [11] ‘

Let us compare the contamination of a water-bearing layer by actlvatlon of the soil and the subsurface
water. We assume that the water intake wells are located more than 1000 m from the accelerator. Since the
real migration ofthe underground water changes from 1,5 m/year to 1,5 m/day [12], we assume that the velocity ofthe
ground water at the site of the accelerator is 1 m/day. Only the isotopes T and #2Na are still in the contamina-
“ted ground water when it arrives at the well. The concentration of the other isotopes is much lower, owing to
absorption and natural decay. Thus, only T and *?Na can cause contamination.

Soil samples, which had been picked at the building site of the accelerator were irradiated in our work
along with the subsurface water. After the irradiation, the concentration of the 22Na isotope in the soil was
measured. It was observed that the specific 2Na activity in the soil is about 200 times greater than the ex-
perimentally obtained specific 22Na activity in the subsurface water. Estimates show that the specific activities
of tritium in water and soil irradiated under identical conditions are approximately the same. ’ '

The natural bedding of the water-bearing layers consists of a solid phase (85%) and water (15%). There-
fore when the water-bearing layer is directly irradiated in the form of the solid phase, six times more tritium
is formed than in the liquid phase, whereas 1200 times more 22Na is formed.

The tritium which is formed in the ground is fully washed out by the underground water [4], whereas only
10-20% of the sodium are washed out {4, 5]. The amount of tritium which enters into the subsurface water
after having been washed out from the soil is six times greater than the amount of tritium formed by the ac-
tivation of the water proper; in the case of **Na, the amount is 100 times greater,

Thus, the risk of contaminating underground water depends upon the activation of the soil proper and the
subsequent removal of the radioactive elements which are washed out by the subsurface water, The activation
of the underground water can be practlcally disregarded.

~The authors are indebted to V. N. Lebedev for supporting the present work.
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EFFECT OF y RADIATION OF PRESOWN SEEDS ON THE
CROP YIELD AND PRODUCTIVITY OF OPEN-GROUND
TOMATOES UNDER THE CONDITIONS OF THE
MONGOLIAN PEOPLES REPUBLIC |

D. Voloozh and D.. Zhamyansurén : UDC 577.3:539.12.04

In recent years, many investigations have been carried out on the presowing irradiation of seeds of agri-
cultural cereal crops by y -quanta for increasing the crop yield. The case of the stimulating effect of small
radiation doses and the investigation of the mechanism of the biological effect of ionizing radiations is interes-
ting from the theoretical and practical points of view [1-9]. The effect of stimulation and the radiosensitivity
of agricultural plants have been studied intensively by different authors [10-14].

The irradiation of seeds causes a change of the physiological and biochemical processes [8, 15-17, 18,
19]. It is well known that the effect of irradiation depends on a number of factors, in particular on the tem-
perature, oxygen concentration durmg irradiation, and different geographical zones,

- Because of this, experiments were initiated on the presowing irradiation of a number of plants under
the conditions existing in Mongolia. -

Materials and Procedure. The effect of preéovbingy—irradiation on the crop yield and biochemical changes
of fruits has been studied on early varieties of tomatoes. The experiments were carried out in the testing field
of the Scientific-Research Institute of Plant-Growing and Agriculture in 1971-1973 at Dzun-Khara, in order to
find the optimum dose of irradiation of tomato seeds for the purpose of increasing the crop yield and for im-
proving their quality in the extreme climate of the Mongolian Peoples' Republic.

In the experiment, dried tomato seeds of the Nevskii variety were used, divided into districts of the
main agricultural zones .of Mongolla The repeatability of the experiment was duplicated and the seeds were-
obtained from the 1970-1972 crop. The irradiation source was 137Cs with a dose intensity of 56 R/h. The total
exposed doses of radiation amounted to 0.1; 0.5; 2.5; 3.0; 4,0; 5.0; 6.0 and.7 kR. The seeds were sereened
seven days after irradiation by a procedure used for these crops. Plants from unirradiated tomato seeds were
used as a control.

‘As the criterion for the stimulating effect of the y-quanta, the germination of the seeds, the number of
fruits produced from a single plant, the content of dry matter, and the total sugar were investigated. The ger-
mination of the seeds is expressed as a percentage, and the fruityield incentners/ha, The amount of dry mat-
ter was determined by a gravimetric method and the total sugar by Bertran's method.

TABLE 1, Effect of y-Irradiation of Seeds on the
Average Weight and Number of Tomato Fruits

3 [ [
1 O ] : o Py 1o 8. I a
/ B0y | 588 |Eote|Tey|%as | 508
Ha gém 53“5 k= ZEQ. <20
Con-
trol 18,5+2,37|38,8+1,31
© 0,1 - {19,4+1,8 |38,642,2414,0 19,64-3,5(39,2+4+1,98
0,5 16,9+43,0 141,3+2,20)5,0 17,54-2,9/38,94-2,80
2,5 20,94-7,4 143,1+2,1016,0 17,9+43,1|38,2+4-2,08
3,0 21,3+5,3 (44,2-+1,10{7,0 15,040,1436,3+3,01

Scientific-Research Institute of Plant-Growing and Agriculture, Dzun-Khara. Institute of Physics and
Technology, Academy of Sciences of the Mongolian Peoples’' Republic, Ulan-Bator. Translated from Atomnaya’
Energiya, Vol. 41, No. 2, pp. 149-151, August, 1976. Original article submitted January 28, 1976.
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Fig. 1. Dependence of tomato seed germination on radiation dose.

Fig. 2. Dependence of crop yield of tomatoes on irradiation dosage: O) 1971; A) 1972;0) 1973,
®) average value for these years,

Preliminary Results and Discussion. Figure 1 shows the dependence of the seed germination on the radi-
ation dosage. It can he seen that seed germination decreases with increase of the total exposed dose of radia-
tion and at 7.0 kR it is reduced almost by 60%.

During the exposed dose of radiation (2.5 to 4.0 kR), a stimulating effect of the y-quanta is observed on
the number and average weight of the fruits (Table 1). In this same dose region, the crop yield is increased
(Fig. 2). With all radiation doses it varies from year to year and this, obviously, is due tothe difference in
temperature during irradiation, the physiological state of the seeds, and the meteorological conditions during
the vegetative development of the plants.

In the case of irradiation with a dose of 6-7 kR, the development of the plants is retarded and the crop
yield is reduced by 23%. With a radiation dosage of 2.5 to 4.0 kR, the crop yield is increased by 16.8-18, 6%,
which coincides with the data of [4, 6]. In our experiment, with a stimulating dose of 2.5 kR, the ripening
period of the fruits is shortened by 5-7 days, which is very important under Mongolian conditions. It is most
interesting that the physical condition of the plants is improved in proportion with the increase of the radiation
dose, but the ripening period of the fruits is delayed in comparison with the controls. This delay is observed
at a radiation dose in excess of 4 kR. In the case of a high radiation dose, plants are produced with thickened
stalks, rich leaves, and colors. An increase of yield is observed with increase of the average weight and num-
ber of fruits, These same data are derived in [6, 15].

The dry matter was determined in the middle of August — in the period of complete ripening of the fruit
(the start of ripening comes on August 1, and the end of the last harvesting on September 1). Table 2 shows
the dry matter content in the fruits, which increases with radiation doses of 0.1 to 4, O kR and in the case of
5-7 kR it is found to be within the norm limits.

The total sugar content in the fruits (Table 3) for all radiation doses fluctuates within standard bounds
which also coincides with the data of [8].

The results of the investigation show that prolonged y—'irradiation of tomato seeds of the Nevskii variety
- with doses of 2,5 to 3.0 kR stimulate crop yield by 16.8-17.1% in consequence of the increase in number and

TABLE 2. Content of Dry Matter in Toma- ~ TABLE 3. Content of Sugar in Tomato
to Fruits i ‘ Fruits
= ==~ o =3 S g SN s
2 & 85 %‘E'a‘. Ig % 3 g t"7:‘—‘5"5" 2 % |sugar con- | §59 | T % |Sugar con- ig'g
q - o8 T e o ‘..15 0‘3!: g - o 1S o . Eab
2yl 58 |ExE{Sg|pE2 |g:28 g glean® | BgE | F gl | Ess
331858 |388 25|/ E8 |58 23 SHIER 343
Contro| 5,4440,32 | 100 . ) Control{ 2,5040,01 | 100
0,1 |5,86+0,26 | 107,7 | 4,0 | 5,8240,26 |'107,2 : 0,1 | 2,48%0,09 | 98,1 4,01 2,48+0,01 98,0
0,5 | 5,680,04 | 104,4 | 5,0 5,42+0,21 | 99,9 = .5 | 2,450,14 | 96,7 5,0 | 2,29+0,01 95,0
2,5 | 5,75%0,22 | 105,2 | 6,0 5,264+0,12 |7 96,6 2'512/35%0.17{ 92,9 || 6,0|2,45%0,12 | 96,8
3.0 | 5,72%0,20 { 105,14 | 7.0 | 5,39%0,04 | 99,1 3.0 1 2,40%0,02| 9,8 | 7,01 2,34+0,03 92,4
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average weight of the fruits and the dry matter content. This irradiation only slightly affects the variation
of the sugar content of tomato fruits. '
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JUBILEE CELE BRA TIOINS‘ AT DUBNA

A. I. Artemov

Twenty years ago, in March 1956, representatives 6f'a number of socialist countries subscribed to the
founding of an international scientific-research organization — the Joint Institute of Nuclear Research. To
this event was devoted a week of jubilee celebrations, which took place on June 1-6, 1976 at Dubna,

On June 1, the Committee of plenipotentiaries of the member countries of the Joint Institute of Nuclear
Research was set up. At this session, the Republic of Cuba was accepted into the constitution of the JINR by
unanimous decision. C ' N

On the following day, in the presence of numerous guésts and colleagues of the institute, a joint celebra-
tion session of the committee of plenipotentiaries and of the Scientific Council of the JINR was held. It was
opened by the representative of the Soviet Union, A. M. Pétr_bsfyants, Chairman of the Committee for the
Utilization of Nuclear Energy. c ' .

The society of scientists — physicists, formed in March 1956, he said, was the first scientific organiza-
tion of the socialist countries. Whereas it was not yet a test of collaboration with an adequate experimental
basis, it was not sufficient for the specialists. All this was created gradually by combined efforts. More
important are the achievements of the JINR today — a universally acknowledged and authoritative scientific
center, making its weighty contribution to the knowledge of the fundamental properties of matter.

The initial experimental basis of the Joint Institute comprised two accelerators — 680-MeV synchrocy-
clotrons and a 10-GeV synchrophasotron. Now this basis has been expanded considerably. The institute has
available such unique facilities as a pulsed fast-neutron reactor, multicharged ion cyclotrons, large magnetic
spectrometers, bubble chambers, and a powerful computer center. The scientific successes of the JINR mostly
are determined in that here, groups of talented scientists from all the member countries work.

Fig. 1. Presentation of the Order of the Peoples' Friendship to the Joint Insti-
tute of Nuclear Research.

Translated from Atomnaya Energiya, Vol. 41, No.- 2, pp. 1563-155, August, 1976.
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Summing up the 20-year activity of the institute, it may be said with total justification, continued A. M.
Petros'yants, that the experience of the society of the scientists of the various countries was very successful.
The institute had become a source of physical ideasand fundamental data on the microworld. At the same time,
it is a source of many technical inventions and scientific-technical experience, which are widely used in ap-
plied research and in solutions of national-economic problems.

Remarking on the important contribution of the institute in the training of scientific and engineering per-
sonnel, A. M. Petros'yants said further, *The Joint Institute of Nuclear Research is entering into a new decade
of its activity with clear aims and great scientific problems. We wish all colleagues of the institute great
creative success." ,

The speech cleared the floor for the President of the Academy of Sciences of the SSSR, A. P. Aleksandrov.
He briefly touched upon the history of the formation of the Joint Institute of Nuclear Research and he mentioned
the prominent successes of the Dubna physicists in the investigation of the elementary particles of the atomic
nucleus, and also in the establishment and strengthening of international scientific collaboration. A. P.
Aleksandrov warmly congratulated the international group of the JINR with the jubilee and the highest govern-
ment award of the Soviet Union — the Order of Peoples' Friendship. On the instructions of the Presidium of
the Supreme Soviet of the SSSR, A. P. Aleksandrov conferred the award on the representatives of the institute —
the Director of the JINR, Academician N, N, Bogolyubov and the Vice-Director Academician K. Lanius (Ger-
man Democratic Republic) and Professor Ch. Shiman (CzSSR).

In reply, Academlcian N. N. Bogolyubov warmly thanked the Central Kommissariat of the Communist
Party of the Soviet Union and the Presidium of the Supreme Council of the SSSR for the inspiring assessment
of the activities of the Joint Institute and for the high award.

Then N, N, Bogolyubov gave a report on the work results of the institute over 20 years.

The government of the Soviet Union, in replying to the pioneer of the formation of the JINR, in the intro-
duction passed on to the two institutes found in Dubna. On this basis were created the laboratories of theoret-
ical physies, high energy, nuclear problems, nuclear reactions, and neutron physics. Later, the labora-
tories of computér techniques and automation were set up and also the Division of New Methods of Acceleration.

Today, the Joint Institute of Nuclear Research is well known as a prominent scientific center, one of the
most prominent in the world. The results of important investigations created authority in it and brought uni-
versal recognition. The scientific achievements of the JINR are due to the democratic principles of its or-
ganization and activities, its unique experimental basis, and its wide international connections. The success
of the institute is decided by the people: talented scientists, experienced engineers and technicians, highly
qualified workers and employees. Today in the JINR, among the 900 scientific workers are 5 academicians
and 8 corresponding members of the Academy of Sciences, 90 doctors, and 380 candidates of science.

Theoreticians of Dubna made a fundamental contribution to the physics of elementary particles, the
theory of the nucleus and quantum statistics. One of the principal results of the work on the quantum field
theory consists in that for the first time an axiomatic physical thoery was constructed, which led to the appear-
ance of a new language and a change of the very style of physical thinking. The advantage of the new approach
was manifested most clearly in the proof of the dispersion relations, which have been at the foundation of
numerous qualitative and quantitative theories for describing hadron interactions.

The region of superhigh energies occupies a special role in the physics of elementary particles and nu-
clear physics. Asymptotic mechanisms inhadroninteractions, which have been studied intensively on the basis
of the general principles of the quantum theory of fields, enabled abundant information to be obtained about the
physical phenomena in the microworld.

During the last twenty years, theoretical nuclear physics has changed completely, having developed on
the basis of the constantly growing experimental capabilities. Modern theoretical nuclear physics has enabled
the diverse and, at first sight, contradictory properties of atomic nuclei to be described by the application of
the many-body quantum theory.

Considerable achievements in physics at Dubna have been made in the theory of condensed media. This
scientific trend is most closely affiliated to applied problems of modern science. A fundamental result was the
establishment in 1958 of the microscopic theory of superconductivity.

An extensive program of investigations with nucleons and mesons in the energy region up to 10 GeV has
been carried out on the synchrophasotron of the High-Energy Laboratory. The antisigma-minus hyperon was
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discovered and a new series of resonances was detected. Interesting investigations of vector meason decays
were undertaken and they led to the discovery of pi-zero meson decay into an electron —positron pair.

The construction of facilities with propane and hydrogen chambers enabled investigations in the field of
resonance physics and the physics of multiple processes-to be developed. Series of investigations in the study
of scattering of protons and mesons by nucleons and nuclei received international recognition.

_ The addition to the synchrophasotron of unique qualities based on the relativistic acceleration of nuclei,
the acceleration and extraction from the synchrophasotron of beams of deuterons, « particles, and carbon
nuclei, have permitted the start of a new field of science — relativistic nuclear physics.

Throughout the 20 years, the Laboratdry of Nuclear Problems group has successfully worked on prob-
lems of medium-energy physics, which contributed to the excellent performance of the 680-MeV synchrocyclo-
tron,

Important data have been obtained on the physics of hadrons. Analysisof nucleon —nucleon interactions
has enabled the law of charge dependence of nuclear forces to be carefully verified. Detailed data on meson
creation have been obtained, The validity of the dispersion relations was demonstrated for the interaction of
pions and nucleons and the coupling constant of the pion with the nucleon was determined experimentally.

The symmetry of the muon-electron in weak interactions was investigated and confirmed and for the first
time recoil nuclei from a muon neutrino were observed. The beta-decay of pions was discovered. The law of
conservation of lepton number was investigated and the conclusions of the theory of universally weak interac-
tions were verified. '

Based on experimental data about exclusions in different weak particle decays, an idea was expressed
and verified concerning the existence of two types of neutrino. :

A large work cycle has been carried out on the study of mesoatomic phenomena, and also a new physical
phenomenon has been discovered — double charge exchange of ions by nuclei.

A broad program of investigations into nuclear spectroscopy has been accomplished successfully. More
than 100 new isotopes have been discovered. These investigations have provided important results for veri-
fying the superfluid model of the nucleus, developed by theoreticians of the institute.

On the synchrocyclotron, during the last 10 years, together with doctors and biologists of the Academy
of Medical Sciences of the SSSR, medical —biological and oncologistic investigations have been carried out
using protons and pions.

At present the synchrocyclotron is undergoing reconstruction to a high-powered phasotron.

N. N. Bogolyubov spcke in detail about the joint work of the physicists at Dubna, Serpukhov, and Batavia.

Large-scale physics facilities were constructed for investigations on the Serpukhov accelerator by specialists
of the JINR: 2-m hydrogen and propane chambers, spark spectrometry, a complex for searching for new par-
ticles, and other instruments. In these joint experiments, data were obtained which are of great value for the
theory of elementary particles, and a new step was taken in the investigation of antimatter. Now the Dubna
physicists are participating in the development of an accelerator-storage device complex in the Institute of
High-Energy Physics. A series of first-class experiments on the study of nucleon interactions has been car-
ried out in Batavia with the aid of a unique instrument constructed in the JINR — a jet hydrogen target.

Later N. N. Bogolyubov summed up the activities of the Laboratory of Nuclear Reactions, where out-
standing work on the synthesis of the transuranic elements has been achieved on the multicharged-ion cyclo-
tron.

Long-duration experiments with heavy ions have led the scientists of the JINR to the discovery of new
physical phenomena: spontaneous fission of nuclei with anomalously short periods of the isomeric state of a
new type of radioactive decay of the nucleus — the emission of delayed protons. In heavy ion-transfer reac-
tions, more than 30 new isotopes of light elements with a large surplus of neutrons have been synthesized.

Interesting investigations have been carried out on the structure of neutron-deficient isotopes. Unique
data have been obtained on heavy quasimolecules,

At present, a group from the laboratory is assisting Polish physicists toinstalla 2-m cyclotron for the ac-
celeration of multicharged ions. Work is being carried out successfully on the building of the largest cyclo-
tron with a pole diameter of 4 m. ' :
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Future applied projects are being worked on successfully in the laboratory .— and construction of nuclear
filters, the development of methods of activation analysis, etc.

Having described the work of the Laboratory of Computer Techniques and Automation, the speaker talked
about the search for new methods of acceleration of particles and nuclei, with which the Division of New Methods
of Acceleration of the JINR is occupied. One of the most important trends of its activities is the development
of the collective method of acceleration. Preparation is now going on for the startup of a prototype heavy-ion
accelerator, . :

Scientists of the JINR have unique possibilities for experiments on the pulsed fast reactor, constructed
by the physicists and engineers of the Neutron Physics Laboratory and with considerable assistance from the
FEl in Obninsk. In the spectrometric investigations carried out on this reactor, extensive data have been ob-
tained about neutron resonances of nuclei. An original procedure has enabled polarized neutron beams to be
obtained, and the magnetic moments of highly excited states of nuclei to be measured, a large program of in-
vestigations of the alpha-decay of neutron resonances has been carried out, and also gamma-spectra in the
resonance capture of neutrons has been studied. For the first time, experiments have been carried out on
the detection and storage of ultracold neutrons in a closed cavity,

At present, a new and more powerful pulsed reactor, IBR-2, is being constructed. This will be a unique .
facility and physicists of the member countries will be provided with first-class conditions for investigations
of the structure of the nucleus and studies of condensed media.

At the end of his report, N. N. Bogolyubov said; "Permit me in the name of all the workers of the Joint
Institute of Nuclear Research to express our thanks to the Communist and Working Parties and to the govern-
ments of the member countries of the institute for constant and generous support in all stages of development
of the JINR during these 20 years. We express our appreciation to the plenipotentiaries of the governments
of member countries for their efficient supervision. We consider it our duty to mention the exceptional fruit-
ful work of all the members of the Scientific Council of the institute for having shown a great interest in the
choice of the main trends of research in the Joint Institute of Nuclear Research ... .

Concluding this report, I want to mention that our institute has outstanding achievements and traditions.
But the most important is that we see the institute has excellent prospects. I am in no doubt that this will
enable the scientists of socialist countries to achieve new boundaries in knowledge of the secrets of the micro-
world of elementary particles and of the atomic nucleus."

After the report, salutory speeches were made by the plenipotentiaries of the member countries of the
JINR, Kh. Kristov (Bulgaria), L. Pal Hungary), Le Van Tkhiem (Democratic Republic of Vietnam), F. Hilbert
(German Democratic Republic), Kim Gen Chun (Chinese Peoples' Republie), T. Saéns (Cuba), D, Tsévégmid
(Mongolia), Ya. Felitski (Poland), I. Ursu Romania), and Ya.Kozheshnik, (Czechoslovakia), and also the
Ambassador Extraordinary and Plenipotentiary of Czechoslovakia in the SSSR, Jan Gavelka.and the representa-
tive of the Council for Economic and Mutual Aid A. F. Panasenkov. In their salutory addresses they mentioned
the decisive contribution of the Soviet Union in the creation of the JINR and stressed that the institute is a large-
scale international scientific-research organization, an excellent example of socialist scientific integration.
The Joint Institute of Nuclear Research has rendered inestimable assistance to the scientists of the socialist
countries in the development of nuclear physics, the training of national research personnel, the creation and
establishment of national scientific centers. The 20-year activity of the JINR gives every justification to sup-
pose that joint scientific research will play a major role in integrated processes of socialist collaboration.

The plenipotentiaries communicated to the international group of the JINR the congratulations of their
governments on the occasion of the 20th anniversary of the institute,

The jubilee celebrations at Dubna concluded the 40th session of the Scientific Council of the Joint Institute
of Nuclear Research "Twenty years of the JINR and the development of the physics of elementary particles and
of the atomic nucleus." At the session, distinguished scientists of the socialist countries presented their re-
ports: the Vice-President of the Academy of Sciences of the SSSR, Academician A. A. Logunov (report "High-
energy physics"), Academician I. Todorov (Bulgarian Peoples' Republic) and Vietham Professor Nguen Van
Kh'eu ("Theoretical investigations in the field of physics of elementary particles"), Vice-Director of the JINR
Academician K. Lanius and Professor R. Poze from the German Democratic Republic ("Automation of a
physical experiment and the application of computers"), Corresponding Member of the Polish Academy of
Sciences A, Khrynkevich ("Nuclear physics and investigations with multicharged ions"), Chancellor of the
Mongolian State University N, Sodnom ("Medium energy nuclear physics") and the Hungarian Academician
L. Pal ("Solid-state physics and investigations with neutrons"),
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The Scientific Council approved the problem-thematic plans of scientiﬁc-research work and the inter-
national cooperation of the laboratories, and the decision of the judge of a competition for JINR awards.

STANDARDS OF THE INTERNATIONAL ELECTROTE CHNICAL
COMMISSION IN NUCLEAR INSTRUMENT MANUFACTURE

V. V. Matveev and L. G. Kiselev '

Fifteen years have passed since the first meeting of the Technical Committee 45 of the International
Electrotechnical Commission (TK 45 MEK). During this period, TK 45 has worked on 40 publications on stan-
dardization in nuclear instrument manufacture. TK 45 is the most active technical committee of the MEK,
Several tens of governments have participated in its work, directing through its national committees comments
on the documents processed. About 15 governments, including the Soviet Union, USA, France, Great Britain,
Poland, Italy, Japan, etc., have participated in its documents and working groups directly at the sessions of
the technical committee. ' ‘

The earlier publications of the MEK were called recommendations, but since 1975 they have been issued
as standards and are intended for international usage. For the purpose of cooperation of the international uni-
fication of the MEK, the wish has been expressed that for the national committees in its constitution the text of
the national standards should be asclose as possible to the fext of the publications.

The standards of TK 45 MEK express agreement from the international point of view on a wide circle of
problems in various applications of nuclear instrument manufacture. They are the reflections of the latest
achievements concerned with the design principles, characteristics, the methods of testing equipment for nu-
clear instrument manufacture.

The regular meeting of TK 45, its subcommittees, and its working groups was held in San Diego (Cali-
fornia, USA) from December 4-13, 1975. At the sessions, where more than 65 delegates from 12 governments
of Europe, America, and Asia participated, the activities during the past year were summed up.

In 1976, 391 chapters came off the press of The Detection and Measurement of Ionizing Radiations by
Electrical Methods of the International Electrotechnical Dictionary. The terms and their definitions in this
dictionary are given in three languages, including Russian for the first time. It is advantageous in domestic
scientific-technical literature and standard-technical documentation to use standard terminology. Publication
516 of the MEK, A Modular System of Data Collection — the CAMAC System, has been issued. This publica-
tion fixes in the international standard the principles of organization and the constructional features of the
CAMAC system, worked out initially by the ESONE committee. In Publication 515, the characteristics and
methods of testing radiation detectors for use in nuclear reactors are given. Publication 231D has been issued,
which specifies the general principles of design of equipment in pressurized water reactors.

The characteristics and methods of testing dc amplifiers, which are widely used in nuclear-instrument
manufacturing equipment, are laid down in Publication 527. This publication also contains the definition of
terms which find a wider application in various measurement devices, as well as methods of verifying the
metrological characteristics of the latter.

Publication 504 is devoted to the technical characteristics and methods of testing dosimeters for deter-
mining hand and foot contamination. Publication 463 has been issued with an account of the technical charac-
teristics of portable dosimeters and monitors for x-ray and y radiation for the determination of radiation safety.

In addition, TK 3, which is concerned with the standardization of symbols and markings, has issued
Publication 117/4A, where symbols are laid down for the marking of radiactive radiation detectors. This
publication has been developed on the basis of the initial proposals of experts of the SSSR in TK 45,

Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 156-157, August, 1976.
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In 1976, two further publications will be issued, relating to the CAMAC interface system. It should be
‘noted that, together with the standardization of the CAMAC interface TK 45, TK 66 forms the standard "Inter-
face system for programmed measuring instruments, " on which is basedthe Hewlett —Packard System (USA).
At the TK 45 meetings, on the proposal of Soviet experts concerning the coordination of work on interface sys-
tems in MEK, it was decided to exchange information between TK 45, TK 66, and TK 65, and also PK 3, TK
85, ISO. At present, there are no documents on interface systems in the last two committees,

On the results of consideration of the comments of the national committees, of five documents from the
TK 45 Secretarjat, it was decided to transfer to the category of documents of the Central Bureau and to dis-
tribute them for voting according to rule in six months. Among them is document 454 (Secretariat) 37, where
the general principles are proposed for the use of digital computers in nuclear reactors, document 45A
(Secretariat) 38 which is supplementary to Publication 231 and defines the general principles of equipment
design for liquid-metal fast reactors. In document 45A (Secretariat) 44, the order of carrying out periodic
tests and inspection of the safety systems of reactors is stated. In documents 45 (Secretariat) 184 and 187,
the dimensions of ~measuring glasses for liquid scintillators and test tubes for radioactive samples are laid
down, :

A number of documents will be exploited as documents from the Secretariat and the Working Groups.
Document 45A, Reactor Equipment, continues the elaboration of the documents: General Principles for Com-
munication Lines of Reactor Safety Systems — 45A (Secretariat) 45, The Collection and Assessment of Data
on the Reliability of Plants for Reactor Safety Systems — 45 (Secretariat) 34. At the meetings of PK 454,
proposals were considered for the improvement and revision of Publication 232, The General Characteristics
of Reactor Equipment. Many situations of this document, in particular mechanical characteristics, are ob-
solete and therefore it was decided to include a number of the statutes of this publication in Publication 231
which is planned for reissue, and discontinuing action on Publication 232. The chairman of the IAEA, A.
Grabov, participated in the work of PK 45A, which prOposed to exchange information in the field of standard-
. ization of reactor equipment between both organizations.

PK 45B, Dosimetric Instruments and Radiation Safety Instruments, undertook the preparation of the
document RG B3 (Secretariat) 23 on absorbed dose meters and monitors for B - and y-radiations, and also
several documents related to the characteristics of meters and monitors for radicactive gases, in particular,
. iodine and tritium in the vapor phase, The document Portable Meters and Monitors for Equivalent Neutron
Dose — 45 B (Secretariat) 25 was prepared, and also a new edition of Publication 325, relating to meters and
monitors for surface contamination by o and 8 radiations.

The Working Group RG I, Terminology, continues work on refining terms and their definition, used in
the PK 45B documents, RG 3, Interchangeability, has prepared as a Secretariat document a plan for a standard
on a consistent interframe organization of the CAMAC system. RG 5, Geological Survey Equipment, has pre-
pared a document concerning the plant used for the sorting and high-speed analysis of radioactive ores. RG 6,
Radioisotope Instruments, is preparing a document on the characteristics and methods of testing density meters.
RG 9, Detectors, has prepared a new issue of Publication 340, which lays down the methods of testing ampli-
fiers and preamplifiers for semiconductor detectors, and also documents on the definition of the terms used
here. RG 10, Multichannel Analyzers, has prepared a document on the determination of the measurement
error of the "live" time of analyzers for inclusion as a subchapter in document 45 (Secretariat) 189, Methods
of Testing Multichannel Amplitude Analyzers. Preparation of a document is continuing which establishes the
technical requirements and methods of testing devices used with analyzers at high loads.

Other documents will be prepared by the working gi'oups.

At the next sessions of TK 45, its subcommittees and working groups, the Soviet delegation participating
will consist of V. V. Matveev, L, G. Kiselev, L, M. Isakov, and Yu. K. Kulikov.
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CONFERENCES AND MEETINGS

NEW MATERIALS AND PROGRESSIVE TECHNOLOGY IN THE
PRODUCTION OF PLANTS FOR NUCLEAR POWER STATIONS

Z. G. Usubov

On January 5-8,1976,at the Exhibition of Achievements of the National Economy of the USSR in Moscow,
a conference took place on Experience of Introduction and Prospects for the Development of New Materials
" and Progressive Technology inthe Production of Equipment for Nuclear and Thermal Power Stations, which was
heard and discussed at sessions of three sections of 135 reports by scientists and eminent specialists from
power engineering construction factories, metallurgical, power generation, aviation, chemical, and other
branches of industry.

The conference was opened and a report was presented on the problems of power engineering construc-
tion in the 10th Five-Year Plan by the Minister for Power Engineering Construction, V. V. Krotov.

At the plenary session, reports were heard on the present-day situation and the prospects for develop-
ment of new materials and progressive technology in the production of plants for nuclear power stations (N. N.
Zorev), materials for the main units of power generating equipment for thermal power stations (I. R. Kryanin), and
the demands for materials for power generating facilities (V. N. Zemzin).

Great attention was paid at the conference to the achievements of Soviet power-engineering construction
and to the future development of materials and production technology for nuclear and thermal power station
plants. .

The principal reports of the first section were devoted to the creation of new materials for nuclear power
facilities, progressive technological processes, control methods, and also to the introduction of automated ‘
technological plants. New steels were analyzed for the manufacture of reactor vessels, steam generators,
volume compensators, hydroreservoirs, and other units of the primary circuit of the VVER-1000.* The new
steels have higher technological and strength properties, they are more resilient, and in radiation stability
they surpass those used abroad.

_ New materials were proposed not only for VVER facilities but also for RBMK T facilities, with dissociat-
ing coolant for fast and gas-cooled reactors.

New materials were recommended for cladding, the use of which prevents sticking in the screw threads
of joints in nuclear facilities in the case of prolonged operation in a coolant medium with high parameters.

The results of work, where efficient methods of increasing the radiation stability of reactor vessels were
proposed, are of considerable interest.

Reports concerning the development of new technological processes for the manufacture of plants for
nuclear power stations occupied a high place in the conference, starting with extraction of the metal, forging,
welding, thermal treatment and final mechanical treatment, assembly, and testing.

Urgent problems of development of metallurgical processes for increasing the quality of metals were
highlighted in the reports. A new technological process was proposed for the manufacture of large-scale steel
castings in shapes with differential cooling with respect to height. A technology has been developed and a one-
piece shell with spurs has been manufactured for the PGV-1000 steam generator, corresponding in mechanical
properties to the requirements of the technical conditions. A new stainless steel of the martensite class with
a small amount of stable residual austenite has been studied comprehensively, as applicable to the operating

* Water -cooled/water-moderated reactor. '
1 High-power boiling reactor,

Translated from Atomnaya Fnergiya, Vol. 41, No. 2, pp. 157-158, August, 1976.
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conditions of the GTsN-195 vessels and the slide valves of the Du-850, A new technology and plant was proposed.
for drop-forging unique fittings for nuclear power station plants, and also the manufacture of large-scale and
single-piece drop-forged profiled units of manifolds. Problems were discussed for the modernization of forge-
pressed plants for the production of large-scale blanks, and a new technology was recommended for the manu-
facture of forgings from blanks, enlarged by electroslag welding. ,

The greatest number of reports was devoted to the development of materials, technology, and automated
plants for welding and filling during the production of units. New welding materials and technology for electric
arc welding of case units of nuclear power station plants were proposed, which will provide, inadditionto high
mechanical properties, stability of the welded joints against the formation of cracks during welding and thermal
treatment., There was interest in the new technology of gas-electric welding in the slit separation of thin-
walled vessels, which is extremely promising for use instead of flux-welding. One of the most promising is
the electron-beam weld. The successful introduction into turbine-producing factories has permitted the neces-
sary experience to be built up for the start of industrial operations associated with its acceptance in the manu-
facture of-nuclear power station plants. The industrial application of the process will permit the output of
welded thin-walled units to be increased by a factor of 10-15, and the consumption. of welding and structural
materials and electric power to be reduced, and will permit the process. to be mechanized and automated,
as well as improving the working conditions of the welders.

An austenitic steel has been developed for electrode tapes, intended for single-traverse filling or for
making the first layer of a two-layered anticorrosion lining of the inside surfaces of VVER pressure vessels,
and alternatives of single- and double-traverse filling have been studied, which will ensure the required ag-
gregate of properties during filling of the vessel units, In order to increase the output of the process of anti-
corrosion filling, an expemmental ~-industrial testing of a sample of the new filling plant has.been developed
and has taken place,

There is considerable interest in the use in nuclear engineering of steel plated by an explosion. A tech-

' nology has been developed and introduced for the direct explosion plating of forgings, castings, and thick plates

(without subsequent rolling), The technique has undergone experimental-industrial testing. At present, a
workshop plating technique is under development, which includes the construction and extensive investigation
of an experimental explosion chamber,

Problems of the surface protection of nuclear power station plants by a chemicothermal treatment method

_of fast reactor units from scoring and self-welding, tempering of large-scale forgings for power-generating

plants, the formation of cracks during thermal treatment after welding and filling of casings, prospects for
the use of special coatings for preventing oxidation of nuclear and thermal power plant units during heat treat-
ment also have been reflected in the addresses of the conference participants.

Reports were extremely interesting, in which detailed data were cited about the materials, technology,
and equipment in the production of nuclear power station pipelines, zonal electrical heating for welding and
the heat treatment of welded joints, and mechanical treatment of large-scale plants.

A part of the reports was devoted to the development of a technology of manufacture of thin-walled pre-
cision tubing. A large group of reports highlighted the problems connected with automation of nondestructive
testing of blanks and welded joints and with strength tests of materials used for the manufacture of nuclear
power station plants, Reports were also presented which were devoted to the theoretical and experimental
investigation of the stressed state of nuclear power installation structures.

The resolutions of the conference reflect paths for the development of new materials and progressive.
technology in the production of nuclear and thermal power station plants, the mechanization and automation
of production processes, increasing the quality of production and output of work, and measures for metal
economy.

The completion of the problems posed will require great creative efforts by the factory workers, scienti-
fic-research institutes, design bureaux, and other organizations of the various ministries and departments,
and will promote further accelerated development of the country's power generation and modernization of its
power -engineering basis.

Theses of the reports were issued at the start of work of the conference. It is proposed to issue the
reports,
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SEMINAR ON WATER-COOLED/WATER-MODERATED
REACTORS IN FRANCE

A, D, Amaev and V. N. Filippov

; Three two-sided seminars were held in 1974-1976 on water-cooled/water -moderated power reactors
(VVER) within the framework of the agreement between the Soviet State Commission for Atomic Energy and
the French Commisariata 1'f nergie Atomique (CEA).  The last of these, on fuel composition and fuel element
structural materials, took place at the Saclay Nuclear Research Center from February 18-24, 1976.

The program of the seminar included, in addition to the theoretical part, a visit to the laboratories, re-
search reactors, and workshops. Five reports were presented by the Soviet Union on test-rig and reactor
tests of VVER and AMB reactor fuel elements, and also fuel assemblies for RBM-K reactors.* The French
specialists read eight reports and gave the Soviet delegation a large number of leaflets on intrareactor mea-
surement techniques and "hot" laboratory equipment.

The leader of the French delegation, J. Delafosse, recounted in his report the development program of
nuclear power stations in France. In recent years, the French program for the construction of nuclear power
generating plants has undergone significant changes. Instead of the gas —graphite reactors, which are tradi-
tional for France, it is planned in the future to install nuclear power stations with light water reactors (LWR)
of the pressure-vessel type. This decision is explained mostly by the complicated fuel — power balance of the
country, due to the limitation of mineral fuel resources and the power generation crisis. This situation com-
pels France to increase the quota of electric power produced by nuclear power stations from 2% in 1973 to
40% in 1985, with an annual increase of power generating capacity of 5-7 - 10 MW (el). In order to ensure the
required rate of construction of nuclear power stations, it has been recognized as advantageous to purchase
a license on a reactor with a capacity of 925 MW (el) by Westinghouse (USA). France intends to construct 17
of these reactors up to 1980. From 1980 to 1985, it is proposed to construct a further 30 reactors, of which
six will be of 1300 MW (el) capacity. The latter are being developed by French specialists and after 1985 it is
proposed to construct nuclear power stations with reactors only of this type.

The first charges of the 925 MW (el) reactors will be produced with a fuel element design of Westinghouse,
but subsequent charges will be with improved assemblies of French design. In connection with this, the French
CEA is working on a broad complex program of numerical and experimental investigations of fuel, structural
materials, and the construction and means of testing fuel elements and fuel element assemblies.

Reactor testing of materials and fuel elements is carried out in the reactors OSIRIS at Saclay, SILOE at
Grenoble, BR at Moll, and the prototype of the portable facility PAT at Caderache. The characteristic feature
of the OSIRIS and SILOE pool-type reactors is their saturation with experimental devices. Thus, in the OSIRIS
reactor, with a capacity of 70 MW, there are five loops in which several channels can be tested independently
(coolant — water, sodium and gas). In the same tank is installed a mockup of the ISIS reactor with a capacity
of 1 MW, which is used for translucent neutronography. In OSIRIS, a procedure has been developed for. the
gamma-spectrometry of fuel elements directly in the tank, which together with the neutronography method per-
mits the fuel burnup in the fuel element to be monitored nondestructively at various stages of testing. Beside
the loop facilities, individual channel-probes are used extensively. Four types of standard channel-probes,
which have been developed and have been used for many years, are for repeated use in the irradiation of -

<materials and fuel element rods in research reactors. They are single-type for the French CEA research
centers. Tests and subsequent investigations are carried out by a single procedure, which enables the re-
sults obtained to be compared. For different testing programs, numerous structural devices and accessories
have been developed. Reliable multisectional heaters are worthy of mention, which are installed in

* High-power boiling reactor.
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experimental channels in order to ensure the required temperature for testing of the samples. The channels
are equipped with thermocouples for measuring temperatures up to 2600°C, tensometric sensors, membrane
sensors for measuring the pressure inside the fuel elements, movement sensors with signal transmission by
means of waveguides, and other devices. Data from the experimental devices are collected and processed by
means of portable computers, and automation is used extensively, All this makes it possible to economize in
time and to carry out different experiments simultaneously. The following figures were given for the scale

of investigations in the SILOE reactor with a capacity of 32 MW: total number of channel-probes tested in the
reactor over 10 years of its operation exceeds 1000; total time of operation of all experimental facilities — in
excess of 1 million hours. The saturation of the "hot" chambers of the Saclay laboratory should be mentioned,
with its modern facilities and instruments. In addition to the standard complex of testing machines and micro-
scopes in the chambers, there are facilities for the continuous measurement of the dimensions of fuel elements
by means of sliding induction sensors, equipment for x-ray spectral analysis of the KAMEKA type, facilities
for autoradiography, etc. Particular attention should be paid to the saturation of the "hot" laboratory with
various lift~-portable intralaboratory mechanisms, and also the reliable systems of manipulators of American
and French production.

Within the framework of the LWR program, the French CEA has extensively extended work on an inves-
tigation of the alloy Zircalloy-4, which is used as a cladding material for fuel elements, Although this alloy
Is considered to have been thoroughly studied, data on creep in a diametral direction, plasticity and strength
after irradiation are very few, which makes it difficult to choose the optimum scientifically based conditions
of heat treatment and chemical composition of the alloy. The effect was investigated of the content of oxygen,
tin, and also the annealing temperature of cold-deformed fuel element tubes in an assembly of short- and long-
duration mechanical features before and after irradiation. Samples of almost every variation of alloy com-
position were subjected to irradiation, and also different conditions of heat treatment. Starting from 1970,
‘more than 20, 000 measurements have been made on irradiated tubes. It has been established that an increase
in the alloy of the content of oxygen to 0,16% and tin to 2.6% considerably improves the resistance to creep in
" the diametral direction. Complete recrystallization annealing at 600°C is recognized as the optimum heat
treatment. Because of the results obtained, new requirements have been introduced into the French technical
requirements for the content of tin and oxygen in the alloy, intended for fuel element cladding, and also testing
of the tubes has been introduced at an internal pressure with a specified uniform and nonuniform increase of
diameter. In addition to Zircalloy-4, investigations have been carried out of a zirconium alloy with 1% niobium.
It has been established that an oxygen content of not less than 0.1% in the alloy and annealing at 700°C improves
the creep resistance of the alloy under reactor irradiation conditions, At higher temperatures of annealing,
the strength characteristics are improved but the creep resistance is worsened. It is found that fuel element
claddings of the zirconium —niobium alloy with oxygen have a lower diametral creep by a factor of 1.5 than
those of Zircalloy-4 alloy, heat-treated at optimum conditions.

Work has been carried out in the following directions for uranium dioxide reactor fuel and for the fuel
element as a whole: establishment of the limiting thermal loadings; study of the yield of gaseous fission pro-
ducts as a function of the working conditions of the fuel elements; determination of the boundary transitional
power cycles in the case of a cyclic type of operation of the fuel elements; determination of the effect of fuel
contamination on the efficiency of the cladding; investigation of fuel compaction and fuel pellet shrinkage in
the longitudinal and transverse directions; study of the mechanical interaction between the fuel and the fuel
element cladding; investigation of the thermal conductivity of fuel and the diffusivity of the gap between the
fuel and the cladding, ete.

Considerable successes have been achieved by the French specialists in the creation of a technology
for the manufacture of fuel pellets with a size stability on irradiation. The results obtained in the investiga-
tions of fuel and claddings have enabled the French to recommend the manufacture of fuel pellets without the
introduction under the cladding of helium under pressure, as was forseen in the Westinghouse plan. In other
requirements on the fuel and fuel elements, there are no differences from international requirements,

Tests of the fuel elements at increased loadings have led French specialists to the conclusion that, from
the point of view of long-term efficiency, the permitted linear capacity may exceed 600 W/cm. Consideration
of this problem from the position of possible emergency situations, for example by the dehydration of the ac-
tive zone due to rupture of the large diameter pipelines, indicates the necessity for limiting it to 370-400 W/
em for the accepted reactor emergency cooling systems. Exceptional importance is attached to safety prob-
lems of nuclear power stations with LWR reactors by the French CEA and large funds are assigned for carry-
ing out experimental work.
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INTERNATIONAL CONGRESS ON REACTORS ‘

V. I. Mikhan .

The congress took place from March 30 to April 2, 1976 in Disseldorf (Federal German Republic).
These congresses have been held annually by the Society of West German Scientists — specialists in the field
of nuclear energy. Its principal participants are representatives of the various research and industrial or-
ganizations in the Federal German Republic. Specialists from other countries, mainly Western Europe, also
participated in the meetings of the Congress. About 1900 people were present at the 1976 congress, of which
about 1700 were from the Federal German Republic.

The meetings of the congress were divided into plenary and sectional. At the plenary (morning) sessions
summary reports were read, associated with the development of nuclear power generation: the utilization of
low-grade uranium ores, methods of uranium enrichment, the effect of meteorological conditions on the spread
of fallout from nuclear power stations, experience in the development, construction, and operation of nuclear
power stations with pressurized light-water reactors (Biblis-A) and high-temperature gas-cooled reactors
(TNTR-300). The construction of thermonuclear reactors was also considered, the consequences of possible
emergency situations at nuclear power stations, the results of investigations of reactor safety, and the effect
of irradiation on the vital activity of cells, etc. Thirteen of these reports were read.

In the summary reports, well-known data were contained in the majority of cases. The purpose of these
reports was to convince a wide circle of the scientific-technical community and directors of various industrial
firms in the necessity and advantages of nuclear power development and the safety of nuclear power stations
both for their staff and for the surrounding population.

The afternoon sessions were held in four sections, so that at some of them two or even three meetings
were sometimes held simultaneously. Thus, on one day of the congress, reports were heard simultaneously
at six meetings. In all, 228 reports were read.

The theme of the first section concerned the characteristics of reactors and reactor experiments. The
main attention was paid to an investigation of the various aspects of safety of nuclear power stations, The
program of work for this section included 78 reports.

The main development of nuclear power generation in the Federal German Republic at the present time
consists in nuclear power stations with pressure vessel light-water reactors with boiling and nonboiling water.
Therefore, about half of the reports of the first section was devoted to the safety of light-water reactors. In
the majority of them, the behavior of the various units of the reactor facilities in emergency situations was
considered theoretically, mainly in the case of rupture of plant housings and pipelines, causing the loss of
coolant. The dynamics of change of the coolant parameters under such emergencies, and the behavior of the
plant units and fuel elements were determined by calculations. ‘

The greatest interest was in the experimental investigations of the safety of light-water reactors. Among
these should be mentioned a study of the behavior of fuel cassettes in the case of rupture of the circuit of a
boiling-water reactor, an investigation of the swelling of fuel element claddings with the loss of pressure and
a change of coolant pressure, and stresses in the pressure vessel as a result of ruptures, on models,

Some reports touched upon investigations of the safety of high-temperature gas-cooled and fast reactors
with liquid-metal coolant, which are assessed in the Federal German Republic as the most promising for the
future development of nuclear power generation. At the meetings of this same section, problems associated
with melting of the active zone were considered. It was stressed that the monitoring and control systems
developed for reactors, make such an emergency extremely low probability. Nevertheless, the properties of
the alloy formed, the scale and consequences of melting under different conditions, etc., are being studied
carefully. :

Translated from Atomnaya Energiya, Vol. 41, No. 2, p. 160, August, 1976.
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The second section (62 reports) was-devoted to fuel elements and the fuel cycle. 1t should be noted that

- the design of the fuel elements, fuel cassettes, and their characteristics were almost undiscussed. - The main

attention was paid te reprocessing of lrradlated‘ fuel, its technology, trapping the gases released, removal of
radioactive waste, and safety.

As concerns the fuel elements themselves for light-water, high-temperature, and fast sodium reactors,
only certain specific problems were considered for them, such as, for example, new ideas about creep of zir-
conium alloys, the results of the latest investigations of fuel elements in the case of a rapid loading, etc,

The theme of the third section was the planning, construction, and operation of reactor facilities and
their plants. In the 60 reports, the results of developments, investigations, and experience in the operation
of the various monitoring sensors for reactors, methods of measuring the characteristic parameters of reac-
tors, were presented. The design and operating conditions of primary circuit plants were considered.

In this section, ‘great attention was paid also to the reliability and safety of reactors. The necessity
for careful monitoring of the reactor plant in production and in operation was stressed. Ina number of reports,
statistical operating data of the reactor and various plants were analyzed.

At the meetings of the fourth section (28 reports), reactor concepts were considered and problems of
economics. Prospects for the development of high-temperature gas-cooled and fast reactors, with both sodium
and gas coolant, were discussed mainly, Several reports were devoted to thermonuclear facilities and also to
the possibility of using the high-temperature heat produced in gas-cooled reactors for technological purposes.

The congress was excellently organized. Before the start of the meetings, each participant was given a
detailed program and a collection of short accounts of all the reportsof the sectional meetings. During working
of the congress, several interesting excursions to research centers and to stations Wlth reactor facilities were
organized for the participants, '

AM'ERICAN—JAPANESE SEMINAR ON THE PLANNING,

OPERATION, AND USE OF PULSED FAST REACTORS

E. P. Shabalin

The seminar was organized by the Americal National Council for Science and the Japanese Society for
the Promotion of Science, and took place from January 19-23, 1976 in the nucledr research laboratory of Tokyo
University at Tokai-Mura (approximately 100 km from Tokyo). Japan was represented by 11 participants and
18 observers, the USA by seven participants; scientists from other countries were also invited: two participants
from France and the Soviet Union and one participant from Great Britain.

Reports (35 in all) were presented at the seminar devoted to the planning, calculation, and investigations
of pulsed fast reactors with both self-quenching (Godiva-type reactor) and periodic action with external quench-
ing of the pulse. To the latter type, besides the IBR-30 and IBR-2 reactors at Dubna, the Japanese reactor
YAYOI which has been recently brought into operation (at the end of 1975) also belongs. The participants of the
seminar were able to familiarize themselves thoroughly with this unique reactor, through the numerous reports.
of Japanese scientists (Kh. Vakabayashi, Sh, An, etc.) and directly during its inspection. The YAYOI reactorhasa
compact active zone of metallic highly enriched uranium (critical mass about 28 kg) and a thick reflector of en-
riched uranium and lead. Equipped with five systems of fast and slow reactivity changes and with a complex
control and interlocking system, the reactor can operate in several cycles: pulsed and periodically repeated
power pulses, single-burst cycle, power pulses according to a sinusoidal law, in the constant power cycle and
In the booster cycle (i.e., as a neutron multiplier with an externally pulsed source). It is interesting that in
the YAYOI reactor, the previously used methods of reactivity modulation are not being used; instead, circula-
tion of the active element, affecting the reactivity, through a closed pneumatic loop and "shooting through" of
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the active element (a nylon "bullet") through the reactor by means of an explosive device with a periodic action
(machine-gun type) is used. The minimum power pulse duration of the reactor is 58 usec. The maximum
power of the reactor per single pulse is 1 MW and the average power in continuous operation is 2 kW (reactor
cooled by air). :

Another interesting feature of the YAYOI consists in that it is installed on rails and can be moved to any
of four positions for operating with one of the experimental facilities — thermal column, time of flight spectro-
 .meters and time of retardation inlead, a cryostat for irradiation at low temperatures, etc. The purpose of

the reactor is: fundamental investigations in nuclear physics and the physics of the condensed state, applied
" work on biological shielding and fast neutron dosimetry, and boron therapy. :

The report by D. Rosher (USA) on the startup tests of a new American pulsed reactor of the self-quench-
ing type SPRIII was interesting. It is intended for the intrazone irradiation of samples by neutrons with a
fluence of up to 6 - 10" n/cm?; the diameter of the cavity for irradiation is 18 cm. In one of the reports, D.
- Rosher suggested a method of determining the integrity of the fuel elements by the nature of the fluctuations
" after the power pulse.’

Dr. R. Long (USA) gave a summary report on the six fast-pulsed reactors currently in operation in the
USA, and dwelt on the special features of the design, parameters and thematics of utilization. In particular,
R. Long reported that investigations into the generation of coherent light by "nuclear pumping" occupy 20%
of the operating time of American pulsed reactors. Dr. K. Tom (NASA, USA), reported on the program of
investigations into the creation of a reactor-laser in the USA.

In the report presented by the Joint Institute of Nuclear Research (Dubna, USSR), D. I. Blokhintsev
spoke of the principles of the scram system of the IBR-2 reactor, the startup of which is expected at the end
of 1976, and of the experimental work on verlfymg: the nuclear safety of the reactor. The report created great
interest.

Several reports were given by the Japanese scientists concerning a plan for a pulsed neutron source —
a booster based on a linear electron accelerator. The characteristics of the source are similar to the charac-
teristics of the IBR-2, with an average power of 2 MW.

Individual sessions of the seminar were devoted to equipment and methods of monitoring pulsed reactors,
nuclear safety, the use of pulsed reactors; the latter theme, however, had little representation.

Of the resolutions accepted, the decision for a biannual seminar on the theme of puised reactors may
be noted with a wider representation of reports on the use of pulsed reactors. The proceedings of the seminar
will be published in the first half of 1976.
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SYMPOSIUM ON THE TREATMENT OF RADICACTIVE
WASTE FROM THE NUCLEAR FUEL CYCLE

N V. Krylova and Yu. P. Marty-n.ov

An international symposium was held on March 22-26, 1976 in Vienna, on the treatment of radioactive
waste from the nuclear fuel cycle, organized by the IAEA and the Nuclear Energy Agency (NEA) of the Organiz-
ation for Economic Cooperation and Development (OECD). More than 350 specialists from 32 countries and '
six international orgamzatlons participated. ’

v Close attention is being paid to radioactive waste. This is confirmed by the expanding list of waste
materials everywhere, which will be subjected to reprocessing, and also by the increase of budgets for research
. and reprocessing.

‘The reports of the symposmm covered almost all the problems assoc1ated with the waste from the nuclear
fuel cycle, but the greatest attention was paid, both in the number of readings (21) and in the reaction of the
participants, to the treatment of highly active waste and particularly to the technological schemes presented
for their consolidation. It was emphasized in the reports that, although at present the removal of gaseous
radionuclides (krypton, iodine, etc.) does not present a serious hazard, it is advantageous to develop methods
of discharge and storage, because of the possibility of exceeding the permissible radiation dosages in the vici-
nity of reprocessing plants. The processesdeveloped for the purification of atmospheric effluents are designed
for the separation of iodine by absorbing it on silica gel, impregnated with layers of silver, or on molecular
sieves after oxidation. Later, cryogenic separation of krypton and xenon is carried out, which it is proposed
to store under pressure in stamless steel vessels.

The main trend in the treatment of highly active waste is reprocessing into borosilicate glass, Because
of this, countries in future will be developing the technology of vitrification of waste for use on an industrial
scale in 1977-1987. In the reports presented by the USA, Great Britain, France and the Federal German Re-
public, the results were given of'work on experimental and pilot-scale plants, and also plans for future vitre-
fication plants for highly active waste. Thus, in France a continuous two-stage process of vitrefication has
been designed, consisting of calcination in a rotating drum furnace and fusion in Inconel crucibles with induc-
tion heating. The process has been tested on an experimental plant, operating since 1972 to 1975 A new
facility for workmg on actual waste will be introduced in 1977.

It should be emphasized that there is a change of opinion in Great Britain and USA concerning the vitre-
fication of highly active waste. Thus, specialists from Great Britain, having been convinced of the advantages
of this method, after 1972 reconSLdered their opinion and at present are working intensely on a single-stage
crucible process, Harvest. Research operations are planned to be completed in 1977. It is proposed to start
construction of a plant for waste reprocessing in 1979 and be in operation by 1986. The American specialists,
formerly supporters of the calcination of highly active waste and their storage in this form, now believe that
because of the great achievements in vitrefication, it is possible to speak about the competitive efficiency of
this method. In the USA, the search is being continued for an optimized scheme for the reprocessing of highly
active waste. For this purpose, in the Pacific Northwest Laboratory in an assignment from the Directorate
for Research and Development of Power Generation of the USA, the WFP program — which is a continuation
of the previous WSEP — is being carried out, which is directed at the development of technological processes
and their demonstration in a large-scale scheme for the consolidation of waste. The schemes presented pro-
vide for a two-stage process of calcination —fusion. In order to carry out the calcination, an atomizing —
drying chamber wastested, a drying and calcination apparatus in a boiling bed and a horizontal thin-film eva-
porator. The fusion stages were verified in three variants of the apparatus — fusion in a container, in a con-
tinuous metal smelter and in a ceramic directly heated smelter (heat generated by the passage of a current
in the glass melt). Based on the work carried out, a faclllty is being developed and designed for the

Translated from»Atomnaya Energiya, Vol. 41, No. 2, pp. 161-162, August, 1976,
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consolidation of the waste formed during répr&cessing of fuel elerhents, in a factory with an output of 5 tons
per day. The plant for consolidation is provided with remote control of the process, the possibility of its re-

placement, a complete system of purification of the effluent gases; and a decontamination chamber for with-
drawn plant, : : o :

The integrated system currently planned for waste consolidation includes calcination in a boiling bed or
an atomizing —drying chamber and fusion in a container. However, in the future a change is possible of fusion
in the container to fusion in a ceramic smelter or it is possible that the vitrefication process will be under-
taken in a single stage in the smelter. ' ' S

A facility for boiling-bed calcination, operating in Idaho (USA) since 1963, is shut down at present be-
cause of corrosion of the equipment, difficulty in decontaminating it, and irradiation of operating staff. A
new facility is being developed now, with a higher output (11.4 instead of 0.8 m’® per day) with shielding and
manipulators for the decontamination and replacement of plant which is frequently taken out of service. It
is proposed to start waste consolidation on the new plant in July, 1980,

Work is continuing on the m‘odernization'b of the d_e_s'ign for an experimental two-stage facility VERA in
the Federal German Republic, the startup of which was planned for early in 1976 for actual waste, but has
been delayed because of licensing difficulties in the Federal German Republic. '

Great interest and lively discussion were creatéd‘ by the reports of the Soviet representatives on the
technological developments of a vitrefication process (two-stage "KS-KT" and a single-stage relectrocooking”).
They showed that the Soviet Union is in the forefront in the field of originating a high-output continuous vitre-
fication process. ' TR

The discussion of storage methods of highly active waste showed that at the present time, the majority
of countries intend to store consolidated waste for 30-50 years in controlled surface storage facilities with -
air or water cooling. The appearance in different countries of broad programs for investigating the possibili-
ties of storage of consolidated waste in geological formations (stratified salt, salt domes, limestone, graaite,
and other crystalline and volcanic rocks) should be mentioned. '

Iu parallel with the technological deveIOpmeht of waste consolidation processes work is being carried out
on studying the properties of vitrefied highly active waste (thermal stability, effect of a-, g~ and y-radiations)
and the feasibility of producing durable ceramic materials from them.

A number of reports was devoted to the treatment of ¢-emitting waste, and waste of low and average
level of activity. : : :

The symposium showed, on the whole, that in the treatment of waste from the nuclear fuel cycle, a ten-
dency is observed toward reduction of their volumes both at the formation stage and during further reproces-
sing, and also toward a clear distinction between activity and chemical composition; The problem of reproces-
sing, storage, and burial for each category of waste will be decided separately, and the mixing of various
categories is considered to be undesirable.

It is intended to publish the data of the symposium in September, 1976.

784

Declassified and Approved For Release 2013/09/23 : CIA-RDP10-02196R000700080002-8




Declassified and Approved For Release 2013/09/23 : CIA-RDP10-02196R000700080002-8

THE SEVENTH SPRING SEMINAR ON HIGH-E NERGY PHYSICS

§. G. Matinyan

This already-traditional seminar, organized annually by the high-energy physics group of the Karl Marx
University, Leipzig, took place in Bermsgriin, near Schwartzenberg, from March 15-19, 1976. Colleagues
from the Institute of High-Energy Physics, Tseiten, also participated actively in its work. As a rule, at this
seminar for delivering lectures on the most urgent problems of the physics of elementary particles, physicists
from other countries are invited. On this occasion, among those invited were Prof. J. Polkinghorn (Great
Britain), who read a cycle of lectures on the scattering and formation of particles with large transverse im-~
pulses, and Prof. M. Le Bellak (CERN, Geneva), who reported on the theoretical work of CERN on Regge dia-
gram technique with intercept of the Pomeron, with larger units, and on the analysis of local conservation of
quantum numbers of the charge type and of a transverse pulse in the multiperipheral formation of particles.
The representative of the Soviet Union, S. G. Matinyan delivered a lecture on the Parton —Regge description
of inelastic interactions of high-energy particles with atomic nuclei. Reports of physicists from the German
Democratic Republic were also heard at the seminar (the organizers of the seminar) on the creation of i par-
ticles in different high-energy beams, on correlation phenomena in quark models, on jet models in the forma-
tion of hadrons ine*e-, vp and ep collisions (I. Ranft), and on the creation of heavy lepton pairs in pp collisions
(G. Ranft). In these reports, the discussion took place on the basis of models developed by the Leipzig phy-
sicists, :

A number of original reports were also given: experimental study of K™ p interaction at high energies
(I. Kaltwasser, GDR), thermodynamic model of the formation of strange particles (K. Hengsgen, GDR), mul-
tiple creation in the quark model (Likhard, CzSSR), transverse angular correlations (I. Kripfranz, GDR),
cluster model of particle creation R. Kirscher, GDR) and deter mination of fireball dimensions and angular
correlations (A. Bara, Romanian Peoples' Republic), et al. :

Some experimental work of physicists of the GDR, which was mentioned at the seminar, was carried
out in collaboration with physicists of the Soviet Union and other socialist countries. :

The seminar took place in a friendly atmosphere and was well organized,

Translated from Atomnaya fnergiya, Vol. 41, No. 2, p. 163, August, 1976,
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NEW INSTRUMENTS | |

THE GUPS-1 IMMERSION FOLLOWER v-LEVEL GAUGE

I. I. Kreindlin, Yu. I. Pakhunkov
and I. R. Rubashevskili

The GUPS-1 immersion follower y-level gauge has been developed in the All-Union Scientific-Research
Institute of Radiation Technology (VNIIRT), designed for the continous, automatic, remote-controtled measure-
ment of the position of the interface between two liquid media, which have similar densities, in open and closed
reservoirs (condensers, settling tanks, etc). The GUPS-1 can be used also to control the level of liquids which
are in contact with an air medium. The availability of a standard output signal in the form of a frequency-
changing voltage (GSP GOST 14853-69) enables the instrument to be used in an automatic regulation and control
system. :

The GUPS-1 consists of six units, shown in Fig. 1. The instrument functions in the following way. On
entering the transceiver (Fig. 2) and being scattered by the medium being monitored, y-quanta from the 241
Am radiation source act on the detector placed there, The stream of scattered radiation depends on the den-
sity of the surrounding medium (with increasing density, the stream of scattered radiation decreases).

The radiation quanta in the transceiver are converted into electrical pulses, the average frequency of
which depends on the radiation flux being recorded. The pulsed signal from the transceiver unit enters the
three-position electronic relay regulator. Depending on the position of the transceiver relative to the level
of the interface between the two phases, a control signal appears at the corresponding output of the regulator,
enters the power amplifier where it is converted to a 50-Hz ac voltage with an amplitude of 220V. This vol-
tage is fed to the electric wiring slave mechanism unit, by means of which the transceiver is positioned at
the interface. : ' :

TECHNICAL CHARACTERISTICS OF THE INSTRUMENT

Range of measurement, M. .. ... ecooeo.- e e et et e 0-1.0; 0-1.6; 0-2.5
Basic measurement error for the surface layer between upper and lower media, mm:

ey S AN N
et ¥ N AT Niee

Fig. 1. GUPS-1 Immersion follower y-level gauge: 1) VChP secondary instrument;
2) relay regulator; 3) power supply unit; 4) UITB-20 standard thyristor amplifier; 5)
electric wiring unit; 6) transceiver.

Translated from Atomnaya Energiya, Vol. 41, No. 2, pp. 163-164, August, 1976.
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1 = z o s
ER 5 4 - Fig. 2. Circuit diagram of GUPS-1 level
E gauge: 1) transceiver unit; 2) electric wir-
%" ing slave mechanism; 3) VChP secondary
.: : Reservoir . instrument; 4) power amplifier; 5) electron-
g (condenser) ic relay regulator; 6) transceiver,
=

for a density of the upper medium 1-1.05 g/cm?,
difference between density of media not less than 0.05 g/cm3,
thickness of transition layer not more than 200 mm; not more than +40
for a density of the upper medium 1.5-1.20 g/cm?;
difference between density of media not less than 0.10 g/cm?,
thickness of transition layer no more than 150 mm.
Maximum tracking speed, mm/SeC: . . . v vt vt ittt e e e e e e e 6.3+20%
Range of operating temperature, °C :
for transceiver unit (installed in the reservoir)

and the electric wiring unit {installed near the reservoir). . ... . e e e e ee e ~ from —30 to +50

for the regulator, power amplifier and secondary instrument ' : '

(installed on operator'spanel)........... e et i e e e e e e from —39 to +35
Temperature of medium being monitored in reservoir, °C .. ... . e e . - 5-50
ac mains supply:

VOItAEE, V t v sttt e et e e e 220+ 0%

Cfrequency, Hz. . ................ e e e e e et e e e 50 «

Power requirement, VA, .. ............ e b e e e e e e e et e et not less than 150

In the electrical wiring unit, there is a standard frequency pickup and its output signals carry the data on
the position.of the interface. .Gne of these signals is recorded by a secondary instrument and the other is inten-
ded for bringing in the automatic regulation and control system,

The transceiver unit, in order to protect it from the action of the surrounding medium, has a hermetic
finish, the electric wiring unit has a dust and splash-proof finish, and the power amplifier and secondary in-
strument have a conventional finish.

The construction of the transceiver unit ensures operating safety for the servicing personnel, which al-
lows it to be installed in any reservoir,

The special features of the GUPS=-1 instrument in comparison with the well-known radioisotope level
gauges are: the capability of measuring the position of the interface between two liquid media, which differ
only very slightly in density; a high sensitivity of the detecting part (due to the use of the isotope 241 Am in
the transceiver and a scintillation detector); the capability of carrying out measurements in reservoirs inside
of which are rotating seraper mechanisms or stirrers; the availibility of a secondary control action,

Experimental models of the GUPS-1 instrument have passed the State warranty tests and the instrument
has been recommended for series production. It can find a wide application in hydro- and nonferrous metallurgy
for determining the height of a clarified layer during thickening of different ore pulps, in the annealing branch
of industry for obtaining information about the position of the settled solid phase in suspensions, and also in
situations where operating control of cleaning installations is required.
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S. V. Mamikonyan

EQUIPMENT AND METHODS OF FLUORESCENT
X-<RAY RADIOME TRIC ANALYSIS*

Reviewed by E, M. Filippov

The book reviewed is devoted to a current method for the high-speed analysis of a substance — a descrip-
tion of the procedure and instruments for an x-ray radiometric method XRM).

It consists of four chapters, three appendixes and a bibliography.

. In,the first chapter, the main processes are described of the interactionof atomic and nuclear radiation
witha substance. The procedural principles ofanalysis of saturated layers of a substance are stated, as wellas
methods of eliminating the matrix effect of the media being analyzed and an estimate of the measurement errors.

Radioisotope sources and detectors of characteristic radiation are considered in the second chapter.
Together with scintillation and proportional counters, semiconductor detectors are discussed thoroughly.

In the third chapter, the principles and special features of construction of XRM equipment are considered:
device circuits of various XRM sensors, electronic circuits of preliminary and main amplifiers, amplitude
discriminators, autostabilization systems of spectrometric channels, recording devices and power supply
sources. The possible sources of interference, which affect the measurement results, and methods for their
elimination are discussed here.

In the concluding chapter, industrial XRM instruments are described, which are used under laboratory
conditions for surveying the walls of mine workings and boreholes. Some foreign instruments are considered
in addition to Soviet instruments. "

In the appendixes, the mass-absorption coefficients are given for the characteristic emission of the
chemical elements, atomic differential and integral cross sections of noncoherent and coherent scattering,
the energies of the principal lines and the absorption edges of the emission by the elements,

Unfortunately, there are some faults in the book. In addition to considering methods of estimating the

" measurement errors, a procedure should be given for estimating the sensitivity thresholds of XRM, This

is an extremely important parameter when assessing the procedure for the analysis of a substance, and it
should be given serious consideration.

On p. 146 the author shows the threshold spectrum and calls it the integral spectrum. The integral
curve of the spectrum should tend to-a certain constant value and not to zero with increase of energy.

However, these remarks do not reduce the excellent impression of the book, in which the x-ray radio-
metric method is considered in a concise and lucid form.

The book will be extremely useful for practice and for scientific workers,

* Atomizdat, Moscow (1976); 15 author's folio, .1 ruble 66 kopecks.

" Translated from Atomnaya fnergiya, Vol. 41, No, 2, pp. .165-166, August, 1976.
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I. K. Morozova, A. I. Gromova, _
V. V. Gerasimov, V, A, Kucherysev,
and V, V., Demidova : :

THE LOSS AND DEPOSITION OF CORROSION
PRODUCTS OF REACTOR. MATERIALS*

Reviewed by N, V. Potekhin

The book being reviewed is devoted to one of the most pressing problems of nuclear power generation —
the operation of nuclear power-generating plants. It presents a full investigation of the formation of corrosion
prodicts of reactor materials, loss into the coolant and deposition inside the circuit, The presence of corro-
sion products in the system of the primary circuit and their uncontrolled behavior can significantly reduce the
reliability of a nuclear installation. Therefore, a knowledge of the mechanism of formation of corrosion pro-
ducts and the rules of behavior inside the circuit will assist in increasing significantly the reliability of power-
generating facilities and in improving their operating safety. Published papers in this field prior to 1970 are
used in the book and also the authors' own investigations; it contains much bibliographical information.

In the first chapter, the general mechanisms of formation of corrosion products of steel are considered,
for different temperatures, aluminum alloys, zirconium and titanium alloys, and also the conditions of forma-
tion on metal of passive films. The Purbé diagram is given for the system iron —water at a different tempera-
ture. The material of the first chapter is of a general educational nature and assists in utiderstanding the
mechanism of formation of corrosion products, their specific form and chemical composition. At the end of
the chapter, the composition of the corrosion products is considered, its depéndence on the chemical composi-
tion of the corrosive medium and the temperature,

The second chapter is devoted to the loss of structural material corrosion products into the coolant. In
volume and importance of the information given in it, this chapter is the main one, - In it are described the
kinetics of the loss of corrosion products from steel of the perlite class as a function of the chemical composi-
tion of the corrosive medium, the surface condition, temperature of the medium, rate of movement of the
coolant and irradiation, The transfer to the coolant of the corrosion products of stainless steel, high-nickel,
copper —nickel, zirconium, aluminum, and titanium alloys is also considered. Extensive data are given on
the corrosion rates of all the principal structural materials and the loss of corrosion products into the coolant
up to critical and supercritical parameters,

In the third chapter, the relation between the loss of corrosion products into the coolant is described and
also their deposition on the inside surfaces of the primary circuit, as a function of the nature of the material
on which the corrosion products are deposited, the chemical composition of the deposited corrosion products,
the disperse composition of the deposits, irradiation, etc. These data can he used as reference data on corro-
sion, loss of corrosion products into the coolant and their deposition on the plant of the primary circuit, and
also for the choice of the optimum water — chemical cycle.

The fourth chapter is devoted to activation of the corrosion products and transfer of the induced radioac-
tivity in the circuit of water-cooled reactors. A simplified mathematical model is derived for the transfer of
radioactivity and also a mathematical device for calculating the mass transfer of radioactivity through the cir-
cuit.

In remarking on the theoretical and especially the practical value of the book, certain critical comments
must also be made.

The authors do not analyze the data on corrosion and loss of corrosion products into the coolant. Tables
34, 42 and 43 confirm this. The rate of corrosion and loss of corrosion products into the coolant under one
and the same conditions differ by a certain factor.

The experimental data listéd, without adequate critical analysis makes reading of the book difficult,
In the introduction it would be advantageous to indicate which sections are written by whom.

The critical comments mentioned do not reduce the practical value of the book. It is a notable contribu-
tion to the study of one of the most important problems of nuclear power generation. The authors' research

* Atonﬁzdat, Moscow (1975);15.26 author's folio, 1 ruble 77 kopecks.
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significantly supplements the literature on this important problem. Undoubtedly, it will be met with great in-
terest by a wide circle of specialists and workers in the fields of thermal and nuclear power generation.

N. D. Tyufyakqv’vand A, S. Shtan’
'PRINCIPL'ES OF NEUTRON RADIOGRAPHY*

Reviewed by Yu., V, Sivintsev

Neutron radiography — one of the extremely promising irends of radiation defectoscopy — is exceptionally
young. The first serious work in this field of science appeared in the 1960's. Since then, a large number of
papers have been published in the periodical literature; however, there was as yet no monograph in Russian
devoted to their generalization, '

The authors of the book heing reviewed are well-known Soviet specialists in the field of radiation tech-
niques and have set before themselves the problem of filling this void in Soviet scientific literature.

The monograph consists of a small foreword, seven chapters, and a bibliography of 46 references (16
foreign publications). The text of the book is illustrated with a large number of tables (21) and figures (68).
Undoubtedly, the attention of the readers will be attracted to the excellent photography of the neutronograms
given in the last chapter,

Structurally, the publication being reviewed breaks down into two parts: The first four chapters and a
considerable part of the fifth chapter are devoted to an account of the principal theorems of neutron physics,
and the remaining part (unfortunately, the lesser) contains a description of investigations on the principal
theme of the monograph. From the point of view of the reviewer, this distribution of information in the book
is uneconomical. '

The principles of neutron pliysics are recounted in detail and clearly. Readers, specialists of industry
and scientific-research organizations occupied with nondestructive monitoring, will obtain a clear representa-
tion of the principal concepts and theorems of neutron physics, sources, beams and neutron detectors. At
the high scientific level of explanation in this section of the book stylistic, terminological and even semantic
flaws are encountered. An unfortunate order of words in phrases is used frequently in the text, which ob-
scures their meaning.

In the monograph being reviewed, it is doubtful whether it is worth reporting data on the radioactivity
of the neutron (p. 8) or whether to derive the formula (3.1) for calculating the specific yield of neutrons, in
order to conclude it with the words "as a rule the yield is estimated by empirical relations or is determined
experimentally” (pp. 53-54).

In Table 3.4, the namerical values of the coefficients are given with exaggerated accuracy. On pp. 107-
108, formulas are written unsuccessfully with the use of literal symbols. When describing the methods of
recording neutrons (p. 115), the authors do not consider the inelastic scattering reaction on which, in particu-
lar, is based the use of threshold rhodium detectors. In Table 5.1, data are given about the sensitivity of
photographic materials, but the interpretation of the physical meaning of this characteristic is not given.

The fifth and sixth chapters occupy the middle part of the monograph and are devoted strictly to neutron
radiography — with neutron image detectors and the defectoscopic characteristics of the method. The effi-
ciency of screen-converters, detectors with metallic screens, is characterized thoroughly here (nonphotogra-
phic methods are described in less detail), problems of contrast and poor definition of the neutronograms,
and also factors which limit the sensitivity to defects. Together with the literature data, the authors widely
cite the results of their own original investigations.

Unfortunately, by separating the data of this section from the last and seventh chapter "Practical Prob-
lems of Neutron Radiography," one is prevented from obtaining generalized data about the possibilities and
limits of applicability of the method to a considerable degree.

*Atomizdat, ‘Moscow (1975); 13.73 author's folio, 1 ruble 53 kopecks.
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Other inadequacies of the book are the absence of clear cénélusions, the use of such jargon expressions,
as "poor definition of a detector" (p. 193), "detailed sensmvlty" (. 208) and 2 considerable number of inae-
curate misprints,

In assessing the monograph as a whole, it should be mentloned that Atomlzdat has published 2 useful
resumé of data on the principles of neutron radiography.
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