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THE SEVENTY FIFTHIHRTHDAY’OF ACADELHCIAN A L

NIKOLAI ANTONOVICH DOLLEZHALI '- ' ' o '~ 1 ST T
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The editorial staff of "Atomnaya 'Energiya" cordially congratulate member of the editorial board of
the journal Academician Nikolai Antonevich Dollezhali on his 75th birthday and wish him good health, - long
life and further creatwe successes..

Transglated from Atomnaya Energiya, Vol. 37, No. 4, October, 1974.
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ARTICLES | ' . |

BASIS OF THE STANDARD LIFETIME OF POWER
GENERATING UNITS OF NUCLEAR POWER STATIONS

" L. D. Gitel'man, E. F. Ratnikov, UDC 621.311.25:621:039. 003
and V. V. Khanin

The standard lifetimes used for nuclear power stations are oriented to the corresponding values for
thermal power stations and do not take account of technical—economiccharacteristics and the rate of scien-
tific—technological progressin nuclear power generatxon The experlence built up in the planning and opera-
tion of commercial nuclear power stations permits, justifiably, an approach to the determination of this
index. The solution of this problem nevertheless is related to the preparation of a plan for new standards
of amortization in the industry of the USSR. '

. The timing of plant replacement is determined by the degree of limitation of capital investments in
the development of power generation, by the increase of demand for electric power, the production capa-
city of the power plant design, the overall amount of stock of a theoretically obsolete plant, etc. In order
to take account of these limitations, certain authors propose complicated procedures for calculating the
long-term lifetimes, the essence of which reduces to the construction of a dynamic. model of the extended
regeneration of basic resources in this branch [1, 2]. However, the large error in the starting data when
forecasting over a long term (20-40 yr) and the idealization of the model, in practice do not justify the -com-
plexity of the calculations. It should be kept in mind also that the standard lifetimes are an average quan-
tity established for a number of plants. Therefore, for every actual item, a deviation from the standard
lifetime must be assumed.

In the authors' opinion, when establishing the standard lifetimes for plants with a long period of
operation, simpler methods can be used which give approximate results but, at the same time, con51der

the problem as one of iteration.

The lifetime of the power generating plant of a nuclear power station is understood to be the period
of time during which the plant maintains its capability of performing producuon functions within the limits
of permissible deviations and in accordance with safety, reliability, production quality and operating ef-
ficiency. In special cases, shortening of the plant operation is determined by physical wear, efficiency of
maintenance, ethical wear and tear and economic expediency. The standard lifetime of the power genera-
tion unit of a nuclear power station is determined by that factor whose effect is manifested earlier than the
others. Consequently, in the first stage of the calculations, it is necessary to explain the relation between
the lifetimes determined for each one of the factors mentioned. '

In this present paper, we discuss the results of investigations carried out by the authors to deter-
mine the lifetime of the power generation units of nuclear power stations prior to ethical wear and tear.
The methodological prerequisite for determining the lifetime of plants according to ethical wear and tear
in long-term calculations is the theorem advanced by Novozhilov [3]. - According to this theorem, techno-
logy becomes obsolete for use after the costs of the production factory (without renovation) exceeds the
lumped costs of a new plant. In order to determineé the lifetime of the power generation unit of a nuclear
power statlon prior to total ethical wear and tear, it is necessary to solve the equation

S8%e)+ S5T0) -+ S5F(0) =SB+ S3 ) +S10) + ST (6 + En [K™ (99— Ko (t)] + 625, W
where SST(t) and S (t) are functions reflecting the change with time t of the fuel component costs of electric

power in operatwe and newly installed power generating units respectively, kopecks/kW -h; SST(t) and
Sf(t) are functions reflecting the change of maintenance costs of operatlve and newly installed power

Translated from Atomnaya Energlya, Vol. 37, No. 4, pp.291-296, October, 1974. Original article
submitted August 24, 1973.
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generation units, k0peéks/kW-h; SSII,' (t) and SBr(t) are functipns reflecting the change of inc‘iden_tal expen- -

diture on the cost of electric power in operative and newly installed power generation units, kopecks/kW- h;
Sg(t) is a function reflecting the change in the amortization component cost of electric power in newly in-
stalled power generation units, kopecks/kW-h; E, is the standard coefficient of capital investment effi-

‘ciency; KP(t) is a function reflecting the change of specific capital investment in the construction of newly
installed power generation units (taking account of the fuel charge), kopecks/kW*h; KST (t) is a function

OsT .
reflecting the change of liquidation costs of the operative power generation unit, kopecks/&kW- h; A ZSIST(t)
is a function reflecting the change of the lumped costs relative to the power generation system, in con-
sequence of the installation of a new and higher capacity power generation unit (founding of an auxiliary
emergency and maintenance reserve), kopecks/KW- h.

We simplify Eq. (1) in the following way. First of all, we neglect the terms S;Su’? (t), Sgr(t) and KSO%'T(t)

in view of their relati_vely small value; secondly, the term Sgr(t) is taken to be equal to a constant quantity,

- arising from the average costs during the proposed lifetime of the new power generation unit.

It should be mentioned that the determination of the function AZSIST(t) is very comple'x.' Taking ac~
count of this function may influence the result, as with increase of unit capacity of the power generation
plant, the incidence of accidents increases. However, as this effect will be to the side of increases of the
calculated value of the lifetime, then in the first stage of operation the term AZSIST(t) need not be taken
into account. - .- _ : o . . o o

We carry out the following substitution:
ST =, (1 ST~ 5= iy (1)
87 (5) = @ug (); ST(O) + EnK™ () = P, (0).
After transformation, we rewrite Eq. (1) in the form:
F () = @y () + Oz (1) — P (1) —~ @ny (1) = 0, : ' (2)

where ki, k;, k; and k, are suffixes assuming values which correspond to a spécific variant of the starﬁng
data: ' '

Py (6) = guie "M . 3)
Prg (1) = Gng +5ngf5 o 4)
gk, i=1; .
cphs (t) = qk3+Sh3t1 O<t<301 L=2; » Co (5)
b, t>30, i=2; :
Esp (100 , 4 X ) A
SO (1), s
Pry (1) = k L;t) 100 (6)
“4ex®sp 1 » :
PE— hgx.“ (—TT—*— En)y I,=2;

wherei = lcorfesponds toafunction for thermal reactors; i = 2 ig the same for fast reactors;. ksp(t) isa
function reflecting the change with time of the specific capital investments in the construction of newly
installed power generation units with thermal reactors, roubles/kW; hﬁ and hﬁ are the average number of
hours of utilization of installed capacity, h, during the lifetime of a power generating plant with thermal
and fast reactors (we assume hlt1 = 6000 h and hﬁ = 7000 h); Ty, is the standard lifetime of the power genera-
tion unit of the nuclear power station, yr (we assume Ty = 30yr); agx is the coefficient which takes into ac- }
count the increase of the specific capital investments in the construction of the power generation units of
nuclear power stations with fast reactors and with MHD generators in comparison with thermal reactors.

The analytic form of Eq. (3) to Eq. (6) is chosen in accordance with the following cbnsiderations.

- The change with time of the fuel component costs of electric power for thermal reactors Pk (t) and ¢k3(t)

when i =1, is described most satisfactorily by an exponential function which also was used in the calcula-

tions. For future power generation units with fast reactors, a considerable indeterminacy is characteris-
tic in relation to the magnitude and ratio of reduction of the fuel component costs. Therefore, the function
<pk3(t) when i = 2 over the period of time 0 = t = 30 was given in the form of a straight line joining the starting
level with the suggested value of the fuel component at the end of this period and beyond its limits this
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function was assumed to be equal to a constant quantity b, resultmg from the suggestion concermng stabiliza-
tion of the magnitude of the fuel component costs approximately at this level. :

Maintenance costs @k,(t) have a tendency to increase in proportion with the physical wear and tear of
the plant. The analysis carried out by us of the data on maintenance costs over a large number of thermal
power stations confirms this conclusion. However, it has not been possible to establish a strict rule for
the change of maintenance costs during the period of operation of the power generation plants. Therefore,
the simplest linear relation was assumed.

The analytic form of Eq. (6) will be single-valued if Sg(t) and K(t) are expressed in térms of their
definitive parameters. '

For calculations of the lifetime of the power generation units of nuclear power stations, it is necessary
to assume: 1) forecast of a time variation of the running costs (without renovation) of the operative power
generation units; 2) forecast of the introduction into commercial operation of prospective types of energy
sources and energy converters and forecast of the change with time of their efficiency indices in consequence
of structural improvements and of scientific—technological progress in adjacent branches. The uniqueness
of the preparation of this data block occurs in that the required data is of a different nature, has a different
degree of authenticity and also diversity in form of quantitative presentation. For example, planning data,
foreign data,and statistical data concerning the operation of thermal power stations may serve as sources.
Moreover, characteristics with a large degree of indeterminacy may be given in the form of discrete level-
. variants (for example, the magnitude of the fuel component costs for fast breeder reactors will hardly be
below 0.03 kopeck/kW h and not higher than 0.1 kopeck/kW - h).

The question of the specific capital investments is resolved more decisively. The problem is made
worse in that the magnitude of this index is determined to a considerable extent by the unit capacity of the
power generation plant. Consequently, knowing the law of variation of the specific capital investments on the
unit capacity Ksp f(Nye) and the increase of unit capacity with time Nye = ¢@(t), the function Kgp = F(t) can
bé constructed.

Analysis of the planning data and published data permits a relationship to be obtained for thermal
reactors:

Ky, =1447.7a: V%,
where aris a coefficient which takes account of the cost of the reactor fuel.

Power generation units with a capacity of 1000 MW were chosen as the objective for which the life-
times were determined. As the range of variation of the starting data was given over wide limits in the
long-term and the differences in the technological—economic indices of power generation units with reactors
of the VVER and RBMK type are insignificant, the calculatmns carried out are admissible for both types of
reactors.

" All the potential "claimants” to the replacement of operative nuclear power stations can be divided
into three groups according to their degree of productive utilizability at the instant of the forecast: 1)°
utilized in the production stages; 2) not having received the final technical exploitation which is expected in
the forecast period; 3) not yet studied in a scientific project. From the first group, nuclear power stations
* with thermal reactors are of the greatest interest with respect to their long-term significance and from the
second group, MHD-generators and nuclear power stations with fast reactors; from the third group, the
production of power by means of controlled thermonuclear fusion. However, in view of the considerable
inertia of the system* it is obvious that they will not all begin commercial operation before 2000AD. There-
fore, sources of the third group have not been taken into account in the forecast. This circumstance, and
also the fact that the results obtained have been extrapolated beyond the limits of 2000 AD, have led to the
necessity for the introduction of yet another assumption: lifetimes obtained with a value of more than 30 yr
are accurate on condition that over the time interval (2000 + Ti)T no new source of power, which has not
been taken into account in the forecast, will start to be brought into commercial operation. Such an
assumption is possible, as the problem being considered is one of iteration. In the next review of standard
lifetimes of basic resources (for example, over 10 yr)the possibility emerges of taking account of new trends
of scientific-technological progress.

*For example, it is shown in [4] that the period from the start of development of fast power reactors up to
_the instant of mass utilization amounts to20 yr approximately.
tHere 7; = t1—30 where tj is the calculated Value of the lifetime in the i-th variant.
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For each of the chosen "claimants" the year from which its commercial operation will start on a wide
scale was estimated, and the most important parameters were predicted, the change of which to a con-
siderable degree determines thé magnitude of the running and capital costs. ‘

, The method of expert estimates (the Delphi technique) was used in the investigation; this per-
mits qualitative improvements and rapid changes to be taken into account. The forecasting scheme
consists of the following stages: 1) preforecast orientation; 2) formulation of the problem; 3) processing
of tables of expert estimates; 4) formation of an expert group; 5) procedure of working with the experts;
6) processing and analysis of expert estimates; 7) verification of forecast; 8) results of forecast.

As a result of the preforecast orientation, a tree of purposes is constructed, representing graphically
the objective of the forecast (Fig. 1). This permits its structure to be revealed, significant variables "
to be distinguished and their heirarchy and interrelationship to be ascertained. Analysis showed that the
production efficiency of electric power in nuclear power stations depends to the greatest extent on the in-
crease of the unit capacity of the reactor and the introduction of fast reactors and MHD generators. Ac-
cordingly, tables of expert estimates were devised, the increase with time of the unit capacities of thermal
neutron, nuclear reactors; the time from which commercial operation of fast neutron reactors will start
and the increase with time of their unit capacities; the start of the introduction into commercial operation
of MHD-generators. Questionnaires were added to the tables in order to determine the competences of the
experts. :

An important stage of forecasting by the method of expert estimates is the determination of the re-
presentativeness of the expert group. An index of representativeness — the mathematical expectation of
competence of the expert group M (K) — has been proposed in the procedure for scientific—technological
forecasting according to the complex problems of development of the national economy, developed in [5].
The authors of this procedure assume that the group is representative if the condition M (K) > 0.67 is satis-
fied. For our expert collective body, the mathematical expectation of competence was found to be equal to
0.79. Verification of the representativeness by other methods [6, 7] also confirmed that the group of ex-
perts participating in the estimate of the outlook for scientific—technological progress, were highly quali-
fied and adequately representative for considering the conclusions made on the basis of the forecast esti-
mates to be reliable. . :

In processing the expert estimates by the procedures suggested in [8-10], the following results were
obtained: o

a) the equations of regression, defining the change with time of the unit capacities of thermal neutron
Nflc and fast neutron reactors Nﬁc: '
NI —58.4 (19721 ) — 114237, ™
. _ NS =53.2(1972 4 1) — 104265, - ®8)
where t is a variable, corresponding to the seria] number of the year; 1972 is taken for the start of the
reckoning (0 = t = 30); ‘

b) the estimate of the mathematical expectation of the time of introduction into commercial operation
of the power generation units of nuclear power stations

TABLE 1. Coefficients of Functions (3)-(6) with fast neutron reactors:
Value of coefficients M [+f] = 1986;
Function 0 s b ap En . .
' . c) the estimate of the mathematical expectation of
0.20 | 0.01 . the starting time for the introduction into commerecial
0,20 | 0.03 o - operation of MHD generators:
gl o | --
! ’ ) ' ' MH. P
0,2(5) 0 . Mix Dg] 1994,
0,25] 0 . o L. ;
o —0,03| 0,001 _ .An indirect verification showed that the forecast
k2 —0,03 | 0,002 | ~ obtained is quite realistic.
0,20 0,02 | . '
Puy for i=1 8’%2' 8183 ' * The expert estimates obtained comprised part of
0,25 | 0,04 _ the data block for solving Eq. (2). Functions reflecting ,
Prg for i=2 | 0,4 |-0,005) 0,03 ossible variation of running costs of production in nuclear
| 1.0 | 0,08 b g p ~
Pry 1%5 8,}?) power stations were specified in the form of variants. The

values of the coefficients of the functions are given in the table. .
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A series of calculations was also carried out with an additionally introduced condition. The relations
Nﬁc = @(t) and Nﬁc @ (t) were taken not from the equations of regression (7) and (8), but from the equations
of the straight lmes passing through the boundary (maximum) estimates of the experts in 1980 and 2000 AD

M= 120(t+1972)—236000 R - . ©)
NEi=100 (1972 4 £) —197000. | ' : (10)

The calculations were carried out according to a specially developed program on a computer. A total
of more than 800 variants was evaluated, determined by combinations of different starting parameters.

The following conclusions can be drawn on the basis of the data obtained. In conjunction with the
calculations of the most pessimistic estimates relative to the change with time of the technological—economic
indices of the power generation of nuclear power stations, brought into operation in the current five-year
period, and the most optimistic estimates, the lifetime of future power generation units before total ethical
wear and tear amounts to not less than 30 years. Actually, with other combinations of the factors being
estimated and with the condition that during this time no new source of power will be brought into use for
industrial operation which is significantly more efficient than the existing sources, the lifetimes may prove
to be even greater. According to the results of the calculations it may amount to 50-60 years or more.

The result obtained, at first sight, may prove to be unexpected. The lifetime of the power generation
units of nuclear power stations exceeds by far this index for thermal power station units. This is due to the
considerable qualitative difference in technique and technological processes achieved in nuclear power sta-
tions, which permits the fuel cycle of a nuclear reactor to be improved over wide limits and the efficiency
of already operating power generation units to be increased constantly. * In connection with this, investiga-
tions into the determination of the physical lifetime of the main plant of a nuclear power station acquires
importance, as it ig the basis for proposing that this period will prove to be less than the lifetime accordmg
to ethical wear and tear.
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*We note that foreign authors estlmate the econormcal lifetimes of nuclear power statlons to be greater
than 40 years [11, 12].

1033

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000400040002-5



Deelassified and Approved For Releaser 2013/02/21 :-CIA-RDP10‘-02196R0004_00040002-5

CALCULATION OF HYDRAULIC-RESISTANCE -
COEFFICIENT AND VELOCITY PROFILE IN PIPES
WITH REGULAR ROUGHNESS

M. Kh. Ibragimov and L. L. Kobzar' : UDC 532.542.4

Experiments carried out under the direction of M. D. Millionshchikov on the investigation of the
hydrodynamic characteristics of flow in rough pipes and an analysis of the results obtained [1-3] allowed
us to develop a method for calculating the velocity fields and the hydraulic-resistance coefficients in pipes
having regular roughness. The experiments showed that the hydraulic-resistance coefficient and the velo-
city profile in a rough pipe are determined by the dimensions, shape, and relative position of the roughness
elements. Therefore the calculation method for the hydrodynamlc flow characteristics should take account
of these parameters.

The treatment of the problem being considered from the point of view of an equivalent roughness is
justified for natural roughnesses, when it is impossible to determine the actual surface characteristics.
The forms of this roughness are limited in number, and can be classified. For artificial roughness, in
view of the large variety of its forms, this method becomes difficult to use. For pipes with regular rough-
ness (roughness formed by identical projections, uniformly distributed over the pipe surface) a more promis-
ing approach is that in which the flow past an individual projection is considered as an external flow. Such
an approach has been developed in [4, 5]. The methods assumed in these works can be used to calculate the
additional resistance caused by the roughness only for the case in which the drag coefficient of an isolated -
projection and the velocity distribution at the wall are known, and the projections have no effect on each

Fig. 1. Pictures of flow past annular pro-
jections: a, b) experimental picture and
simplified calculation scheme of the flow
for large distances between the projections,
respectively; c) simplified calculation
scheme for flow past projections positioned
close to each other.
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other. When the roughness elements are close together, and there is cons1derable interference none of the T

available treatments for calculating the contnbution of the pipe roughness to the total resistance are apphc— :
able. ‘ :

In the investigation of the hydraulic resistance of a rough pipe from the. point of view of an external
flow it is usual to raise the question of the velocity distribution in the immediate proximity of the wall,
which depends on the form and magnitude of the roughness, Both for experimental investigation and also
for the theoretical description it is difficult to include all the details of the velocity field at a rough wall.
Therefore it is usual to consider some mean velocity profile in a fictitious equivalent smooth pipe having
the same values of liquid flow rate and pressure losses as the rough pipe. The selection of the equivalent -
diameter of a rough pipe suffers from a well-known difficulty. As a relatively smooth wall of such a pipe
we frequently use a cylindrical surface, having a diameter equal to the reduced diameter:

Dye = V4V/”Lu

where V and L are the inside volume and the length of the pipe, respectively. However, the selection of
this diameter is not justified from the physical point of view. If we take into account the presence of vorti-
cal zones that arise because of the flow separation behind the projection, where there is no resulting flow
in the direction of the main flow, then we can assume that the effective diameter of the rough pipe is less
than Dre. This is confirmed by the results of the investigations carried out by the authors on the veloc1ty
fields in pipes having artificial roughness {2, 3].

To explain the question dealing with the effective diameter of a rough pipe, the actual mass flow rate,
known from experiment, was compared with the calculated flow rates determined by integrating the mea-~
sured velocity profiles [6]. The integration was carried out by two methods: by reading the coordinate y
from the reduced diameter Dyg and from the inside diameter Dj,. In the investigation we selected variants
of roughness with closely spaced annular projections;. these variants are characterized by considerable
mutual screening of the projections, as a result of which the main flow does not penetrate into the interior

of the depressions. A comparison showed that for the pipe variants being considered, the effective diameter
should be close to Dip.

The selection of the magnitude of the effective diameter of the rough pipe can be substantiated by re-
sults of the analysis of the experimental picture of flow past the roughness elements. From the experiments
it follows that there is a flow separation at the roughness element, and afterwards the flow rejoins the wall
at a distance equal to approximately eight projection heights [7, 8]. At the point of rejoining, a counterflow
forms, which moves along the channel wall opposite to the main flow (¥ig. la). If the flow in front of the
projection is completely turbulent, then over a wide range of Reynolds numbers Re and turbulence inten-
sities, no noticeable effect of these parameters on the flow picture and length of the separation zone is
detected [7]. In front of the projection there also forms a vortical zone, however, having considerably
smaller dimensions than behind the projection [8]; the dimension of this zone in the flow direction can be
assumed equal to the projection height (see Fig. 1a).

On the basis of the picture, represented in Fig. la, of the flow past the roughness elements, we can
draw the following conclusion: since the vortical zones in front of and behind the projection do not partici-

pate in the main motion of the liquid, then we do not have to take them into account in the calculation of the
effective diameter of a rough pipe.

Figure 1b shows a simplified calculation scheme of the flow past the projections, corresponding to
the experimental flow picture in Fig. la. The lines AB and DE (see Fig. 1b) — the boundaries of the o
penetration of the main flow — are assumed to be straight lines. The angles a and B between the boundaries
of the main flow and the x axis can be called the angles of penetration of the main flow. The lines AB and
DE are considered as boundaries of the unseparated flow, on which the velocity equals zero.

Thus, the effective diameter of a rough p1pe can be calculated from the equation

=V &V./xnL,

: where Ve is the inside volume of the pipe after deductlng the volume of the vortical zones.

When the projections are close together (see Fig. 1c) their flow picture remains the same (8]; the -
vortical zones overlap. The vertically hatched region in Fig. 1lc should not be taken into consideration for
determining the effective d1ameter of the rough plpe.
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The proposed method for determining the calculated diameter can be applied to roughness of any
form (in Fig. 1 the roughness is represented in the form of annuli). For annuli having a smooth surface,
the boundaries of the main flow are tangential to the surface of the projection, with the values of the angles
a and B8 not varying (@ = arctg (1/8), g = 45°). For three-dimensional projections, the angles o and g8 for
each point of the separation line are plotted from the x axis to a plane perpendicular to the separation line
at the given point; if the projections have a smooth surface, then we can proceed just as in the case of
annuli with a smooth surface.

The picture of the flow past a projection, presented in Fig. 1, is confirmed by experimental data on
the hydraulic resistance of pipes with annular insertions. Experiments show that with increasing relative
distance between the annuli s/k from 0 to 6-10 (based on the data of different authors) the hydraulic-re-
sistance coefficient increases, and with subsequent increase in s/k, it decreases. This can be explained
by the fact that atfirst (0= s/k = 6-10) the effective height of a projection h (see Fig. 1c), and, along
with it, also the hydraulic-resistance coefficient, increase; then (s/k = 6-10) the effective projection
height remains constant, equal to the geometrical height k, and the hydraulic-resistance coefficient de-
creases, since the number of projections per unit pipe length decreases.

It was shown in [6] that in measuring the distances y from the effective diameter De the experimental
velocity profiles in rough pipes are well described by the function

%=f(n+An)—7 (An), ’ 6)

where f is the velocity law for a smooth pipe; A7 is a quantity that characterizes the displacement of the
‘velocity profile for a rough pipe relative to the velocity profile for a smooth pipe. Equation (1) expresses
the experimentally established fact that in smooth pipes and rough pipes having the same shearing stress ;
on the wall, the peaks of the velocity profiles coincide. |

Figure 2, a and b shows in the generalized coordinates [u + f(An) Au] —logmn, the experimental Velo— '
city profiles constructed by using the effective diameter of the rough pipe; here my = 1 + An; f is the Mil-
lionshchikov velocity law for a boundary layer [9]; Al = 2, 5In{{1.5(1 + r/R)]/[1 + 2(r/R) %1} is the Reichardt
correction [10], which takes account of the difference between the velocity profile in a circular pipe and
that of a boundary layer. The representation in generalized coordinates is essentially the reduction of the
velocity profile in a smooth pipe or a rough pipe to the velocity profile for a boundary layer. Since very
many points are represented in Fig. 2, for convenience they are divided into five groups (I-V), where the
values of the ordinates for group II by a convention are reduced by a factor of 2.5; for group III, by 5; for
group IV, by .7.5; and for group V, by 10. The experimental velocity profiles are in satisfactory agree-
ment with the theoretical profile for a boundary layer (see curve 1). The dimensionless displacement A7 '
in Eq. (1) is determined from the well-known values of the hydraulic-resistance coefficient and the Re
numbers by the method of successive approximations, using the relation '
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w=V T

- Thus, we have established the relation between the hydraulic-resistance coefficient and the velocity
profile in smooth pipes and in rough pipes. This relation will be used for calculating the hydraulic-resis-
tance coefficient of a rough pipe. : '

Hence, a rough pipe can be considered as a- smooth pipe with diameter De and resistance equal to the
resistance of a rough pipe. For a stabilized liquid flow in a rough pipe the equilibrium of the forces ap-
plied to an element of liquid bounded by the pipe surface and two cross sections perpendicular to the pipe
axis and located at a distance AL from each other can be wntten in the form

DZ - .
A=y DAL 4 P, 2

where Ap is the drop in static pressure over a pipe section of length AL; Tfp is the tangential stress at
the wall, which is assumed constant over a cylindrical surface of diameter Dy; and Pr is the force of re-
sistance of the roughness projections. '

We substitute the following values into Eq. (2):

nDZ AL P':e
» Bp=Rep 3

Fe=

Mr.e Pue
T T 8 :
* (here Ae and Ar.e are the total resistance coeffxclent and the frictional-resistance coefficient, respectlvely),

and we obtain '
De

’“e My e+ Py —_ALFpu/ :

3)

~ The frictional-resistance coefficient Agy o can be assumed equal to the frictional-resistance coefflclent for

~a smooth pipe of diameter Dg with given Re (Afr, ¢ = Agm_ ), and the excess of the total hydraulic-resistance
coefficient of a rough pipe over the hydraulic-resistance coefficient of a smooth pipe for given Re can be
denoted by &p. o = Pr[De/(A LFepu%/2)]. Then

Ae=Ametre- ‘ » (4) ’

The force of resistance of the roughness projections is related mainly to the resistance of the shape
of the individual roughness projections Pgj. We can assume that

te=1(Ks) 5)

where the quantity .
, . De
Ke=2Pa rp et | (6)

. which determmes the reslstance of the shape of the roughness pro;ectlons and is related to their geometric
dimensions, is called the generalized roughness parameter. The function (5) is determined experimentally.

An analysis of the experimental data on free flow past bodies [11] shows that the resistance of a shape
for bluff bodies is a certain function of the angle of attack (the angle between the velocity vector and its pro-
jection on the flow surface). For bodies having a constant angle of attack over all their faces (inclined plane,
~cone) the resistance of the shape for free flow can be represented in the form

.&—deW : . )

where c is the resistance coefficient for a shape with angle of attack equal to 90°; v is the angle of attack;
f(v) = 1 is some function of the angle of attack; F is the front face of the body; and u is the free-flow velo-
city. The coefficient ¢, which is the resistance coefficient for a body in the shape of a plate located per-
pendicular to the flow can be assumed constant and independent, within certain limits, of the configuration
of the plate (circle, square) and of Re, which is confirmed by experimental data [11].

For free flow past bodies having an angle of attack that is variable over their front face (cylinder,
sphere) we can assume that the form of Eq. (7) remains the same, the coefficient ¢ has the same sense,
and the function f is determined from the angle of attack, averaged over the front cross section:
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If the velocity field at the flow past the body is inhomogeneous, and the angle of attack is variable over
the front face, then the expression for the resistance force of the shape has the form

2 X .
Ps=CSf(v)£;—-dF,‘ , | ©)
where y and u are the instantaneous values of the angle of attack and velocity of the hquld and C is a con-

stant coefficient.

Taking account of (6) and (9), the parameter Ky for regular roughness can be represented in the form

K, =2 fo( )[“‘”]”{’TF, (10)

111
where N is the number of roughness projections on the section of pipe of length equal to the long1tudmal
step S. . The instantaneous values of the velocity are calculated from Eq. (1).

For the function f(v) on the basis of the experimental studies [12 14], the following hmltmg values
were determined: »

=1 for p=45—90°,

0<f () for 0<H<4S™ an

The absence of an effect on the resistance of a projection of the angle of attack in the limits of its variation

(45-90°) is in satisfactory agreement with the experimental picture of flow past a roughness element. As
~was noted above, in front of a steep projection there forms a vortical zone, whose region of action can be

approximately marked off by a straight line passing through the leading edge of the projection at a 45° angle
to the direction of flow. The boundary of the vortical zone can be interpreted as the effective front face of
the projection. With such an assumption, projections with angles of attack from 90 to 45° prove to be
equivalent. The limiting values of the function f(y) with variation of the angle of attack from 0 to 45° are

satisfied by the function

f(¥)=sin 2% - o (12)
the quanuty n is determined from experimental data.
The hydraulic—resistance coefficient is calculated from Eqs. (4), (5), and (10), taking into account

‘the interaction of the projections; however, in calculating the quantity Ky the integration is conducted ac-

cording to the effective frontal cross section Fy, determined by the effective height of the projection h_ (see
Fig. lc).

The form of the function §r e= f (Ky) was determined experimentally: Both the characteristic ex-
perimental data of the authors of the present work, and also the data of other authors [8, 15-18] were used.

On Fig. 8, along the ordinate axis, we plot the values of ¢r_e = Ae—Agm. - and along the abscissa axis

".. we plot values of Ky. The numbers with the points in Fig. 3 indicate the notation of the variants correspond-

ing to the notation of the references. We first plotted points for variants of roughness with steep projec-
tions, for which £(y) = 1. Then we calculated the values of £y, ¢ and K, for pipes with semicircular annuli;
for the exponents in the function f(y) we took the values 0,1,2,.... For n = 2 the experimental points have

'optlmum agreement with the general law (see Fig. 3). Thus, the function f(y) can be represented as

fly )—sm2 2y. -
"The averaging line of all the experimental points in Fig. 3 is approximated by the equation
Le= 30K‘ 8 : ~(13)

'For the function gr e = I(Ky) we fit the expenmental points for the roughness with relative height of pI‘O]eC- :

tmns k/R = 0-0,2 and relative longitudinal distance between the projections s/k 0-20.

“To calculate the hydraulic-resistance coefficient we used the method of successive approximations,
which consists of the following. We are given the coefficient Ag > Agm e, based on which for given Re we

-determined the velocity profile (1), then the parameter Ky, and finally, the calculated values of the re~

sistance coefficient Ag; after this, we are given the second approximation for A, ete. To find the velocity

- 1040 -
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profile (1) it is also necessary to use the method of successive approximations. _In [19] a simpliﬁéd me_athod
was proposed for determining the displacement An in Eq. (1) based on the known values of Ao and Reg.

The method presented for calculating the coefficient Ae is used for An = 7.8, This condition cor-
responds to the complete appearance of roughness. The function Lr. o (Reg) for An < 7.8 (transition from
hydraulic smooth regimes to regimes with complete appearance of roughness) is found from an empirical
equation, if we know the point on the curve A¢ (Reg) at which An=1. 8, i.e., we know }‘e'z s and Regq.¢:

Lre (L Bee o5
P M( m arctgm lg — Reos +0, ) R

where M is a normalizing factor:

1
M=~ Re
—arctgmlg——&+05
n Rege

The coefficient determines the slope of the function (¢y, ¢/¢y. 1. a) (Reg), and Rese is its position relative
to the abscissa axis. The quantity Rege is a criterion that characterizes the measure of the relation of the
thickness of the viscous sublayer 6 and the effective height of the prOJectlon h. Form and Rege we obtain
the following empirical equations: .

. T .

1g Reop=3.3 , 0.00424
——40.00132
. Re
The behavior of the function (¢r, e/Zy, ¢ 1.5) Ree) allowed us to refine the considerations given earlier
concerning the nature of the flow past a roughness projection. Thus far, in the calculation method we have

assumed that the angle of penetration of the main flow & is constant over the entire region of regimes with

~ increasing roughness, and equals arctg (1/8). In order to satisfy the experimental data it is necessary to

assume that the angle_ o increases insignificantly with increasing Reg:
o= arctg %- [1+0.15(1 _e—nee/ioe)]_

The increé,se in the angle @ with increasing Re can be explained by the fact that the structure of the
turbulent vortices is destroyed as a result of which their ability to penetrate into the interior of the de-
pressions increases.

In Fig. 4 a comparison is given of the calculation results based on the assumed method with the ex-
perimental data for characteristic variants of roughness. The calculated values of the hydraulic~resistance
coefficient and Re are reduced to the diameter Dyg. The calculations were carried out for two-dimensional
and three-dimensional projections of various shapes. In the majority of cases, the calculated values of the
hydraulic-resistance coefficients differ from the experimental data by no more than 20%. In individual
cases, this difference reaches 25-30%. The coefficient A for certain variants of rough pipes differs from
the coefficient of resistance of a smooth pipe by 1-2 orders of magnitude. For Re > 4-10° in the case of
three-dimensional streamlined projections, the calculation error can be greater than 30% owing to the fact
that in the calculation, variations in the flow mechanism characteristic for such projections with increasing
Re, have not been taken into account.

The agreement between calculation and experiment that has been obtained confirms that we have found
the fundamental laws for taking account of the contribution of the roughness of a surface to the hydrauhc
resistance of a channel. : ‘
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THE COMPOSITION OF URANINITE FROM PEGMATITE
AND URANIUM—MOLYBDENUM DEPOSITS

V. A. Strel'tsov, V. A. Boronikhin, UDC 549.514.87 + 548.32
and A. I. Tishkin :

Uraninite is a widely occurring mineral of pegmatites and metasomatic high-temperature uranium
deposits [1-4]. It is present far less frequently and in smaller amounts in medium-temperature vein de-
posits, where uranium oxides are represented mainly by pitchblende [6-7]. The theoretical composition of
uraninite is often expressed by the formula UO, (8, 9], but chemical analysis shows that it always contains
not only uranium (IV) but also uranium (VI) and in many cases thorium and rare earths; zirconium and a
number of petrogenic elements, particularly calcium, are also sometimes present [8-10]. It has also been
established that the content of thorium and rare earths in uraninite from pegmatites is higher than in this
mineral from medium-temperature deposits [8-10], and that the lead content is proportional to the age of
the mineral., Whereas isomorphic replacement of uranium by thorium and rare earths is an accepted fact,
the position of lead in the structure of the mineral and its chemical form are disputed [11-14]. The pos-
sibility that calcium is present in the crystal structure of uraninite is admitted only by certain investiga-
tions [15], despite the fact that Albermanetal. [16] have given experimental proof of isomorphism in the
gsystem UO,—CaQ. Isomorphism of zirconium with uranium is also postulated [17, 18|. Isomorphism of
iron (II) with uranium (IV)is indicated by Heinrich [18], this conclusion being based on the presence of
these elements in the composition of davidite. However, the result is purely empirical, because the struc-
ture of the mineral has not been interpreted. Most authors assume that the presence in uraninite of cal-
cium, magnesium, ferric and ferrous iron, and other elements, found from time to time and in various
different amounts, is due to fine intergrowthof the corresponding minerals with uraninite [9, 10, 19, 20].

The practical use of x-ray spectrometry in mineralogical research opened up new possibilities for
investigating the composition of minerals and the distribution pattern of individual elements in them. To
perform investigations by this method we selected uraninite crystals from deposits of the pegmatite and
urahium-—molybdenum types. Such a choice of deposits with markedly different geological conditions of for-
mation enabled us to get a fuller picture of the changes in the mineral's composition.

Fig. 1. Optical image of crystals A, B, and C of uraninite (polished section; magni-
fication of A and B 350, magnification of C 165): Ur, uraninite; Ga, galena; Py,
pyrite; Qu, quartz; Mec, microcline—perthite; Hy, hypersthene; R, rim of decom-
posed hypersthene; the lines are the profiles of the concentration curves.

Translated from Atomnaya Energiya, Vol. 37, No. 4, pp. 306-315, October, 1974. Original article
submitted September 27, 1973,

®© 1975 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 $15.00.
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TABLE 1. Composition of Uraninite from Uraninite was analyzed in a Cameca MS-46 micro-

Pegmatites from X~-Ray Spectral Analysis analyzer. We recorded the intensities of the analytical
Data (wt.%) lines ULq,, PbLg,, FeKq,, CaKy , ThMgy,, CeLy , Vig,,
Crystal A Crystal B | _ CrystalC Zrlg,, SiKey, SKq, with an accelerating potential of 35,
Elements &E Ty %E ::;3 %’ogo gg 30, 30, 20, 20, 20, 20, 20, 20, and 20 kV, respectively
3 §B %3 9| 3E TR z& (probe current 15 nA). The crystal-analyzers were LiF
. B n "
v si.0 |52.4 |55.4 5211 5[;; sg’g for ULO;1 a:(t;l PbLa}I,‘hquartz (1011) 2;1{1;1 PETd ;or Fngl,
Th 7,8 | 7,8 | 9,0 N s ) "PET" for Ca s , , , an an
R s . Tot constarty o e ot
0,2 | 0,31 0, . , , " n iKn . i s _
gz AR E R R AR R KAP" for ZrLa1 an Sch,l1 e sensitivity of the deter
0 ‘(calc)ub- 11,75 11,37 (12,02 | 14,75 | 14,45 11,49 mination of the elements in uraninite was as follows: Pb
: ted) 2 . 0.3%, Fe 0.06%, Ca and S 0.05%, Th 0.04%, Zr 0.07%,
Totals -1 96,551 93,87198,02| 96,15} 92,85 93,99 and Si 0.07%. The standards were metallic uranium, iron,
. zirconium, silicon, and ThO, of ar grade, and also galena
Note, The low analysis totals are due to the absence and Iceland spar. Rare earth elements were not analyzed

of quantitative determinations of rare earth elements,

quantitatively owing to the absence of standards. To deter-
mine the true concentrations, the relative intensities were
corrected by factors derived from a modified Springer
program [21], in which we used the u/p ratios from [22], the values of s and o being taken from [23]. The
accuracy of the determination of iron and calcium in uraninite was of the order of 20 rel. % and +5 rel. %,
respectively; that of the other elements was =2 rel. %. :

In the pegmatite deposit, the age of which is about 1, 800, 000, 000 years, * uraninite was formed in
paragenesis with molybdenite in the stage of formation of hypersthene—feldspathic veins imposed on peg-
matites [24]. The principal mineral of the next stage is quartz; it contains inclusions of pyrite, pyrrhotite,
and chalcopyrite. Uraninite metacrystals are usually located in hypersthene or at its contact with micro-
cline —perthite, less frequently in the latter itself. Replacement of minerals of the hypersthene—feldspathic
veins by quartz of the later stage led to the appearance of uraninite and molybdenite (sometimes with relicts
of silicates) in it. The usual size of the uraninite crystals is about 0.5 mm, the color in reflected light is
gray, the reflectance in the wavelength range 440-740 nm is 18.4-16.0%. The crystals are permeated by
microcracks which are occasionally filled with galena, pyrrhotite, and quartz. Furthermore, the uraninite
crystals display oval galena inclusions, not more than a few microns in diameter.

For analyses in the x-ray microanalyzer we used uraninite crystals present in hypersthene, micro-
cline—perthite, and quartz. Figure 1 gives the results of an investigation of three crystals (A, B, and C)
from the same specimen. Qualitative identifications, performed by electronic and x-ray scanning of cross
sections and areas, revealed that (regardless of the associated minerals) uraninite contains not only uran-
ium but also thorium, lead, calcium, iron,cerium and other rare earth elements. Zirconium and silicon.
are sometimes present. No other elements were detected with the sensitivity range of the method.

Figure 2 shows the distribution pattern of uranium, thorium, lead, iron, sulfur, and calcium in
uraninite., In crystal A uranium and thorium are distributed uniformly, but in crystals B and C the edges
are slightly enriched with them. The marked increase in the thorium concentration in the bottom right-
hand part of crystal C is correlated with the grain of some kind of mineral with no uranium. The distribu-
tion pattern of these elements is also seen in the profiles (Fig. 3). The marked decreases in the uranium
and thorium concentrations observed on the graphs are due to galena and pyrite inclusions in crystal A and
to the presence of a free space in crystal C. This is readily seen both in the photomicrographs obtained by
means of an ore microscope (see Fig. 1), and in photographs of scanning in reflected electrons with nega-
tive modulation (see Fig. 2, I).

Lead is distributed fairly uniformly; higher concentrations of this element (see Fig. 2, IV) are due
to galena inclusions. This is indicated by sectors with sulfur concentrations higher than the background
concentration (see Fig. 2, VI), corresponding exactly in position and configuration to the sectors of higher
lead concentration.

Iron is also distributed fairly uniformly (see Fig. 2, V). The iron concentration in the crystals always
exceeds the background value. The occasional and slight increases in the concentration of this element
usually correspond to pyrite inclusions visible under the microscope (see Fig. 1, crystal A). However,
the sectors of higher iron concentration do not always coincide with those of higher sulfur concentration;

- this is seen from a comparison of photographs V and VI (F1g 2) and the concentration curve of crystal A

*The age was determined by the U/Pb method.

1044

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000400040002-5v



Declaséified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000400040002-5

TABLE 2. Composition of Uraninite from (Fig. 3). This indicates that uraninite contains inclusions
Pegmatites, from Chemical Analysis Data not only of iron sulfides, but also of iron oxides. '
(wt. %) _ The concentration of calcium, which is uniformly
Oxides . C g : . 3 - distributed, exceeds the background concentration over
_ the whole area of the uraninite crystals. The marked
NayO 0,22 BE v increase in the calcium concentration (Fig. 2, VII) is
K0 . 0,08 R correlated either with microcracks and inclusions (cry-
3}’;)0 . Tﬂfgfs . . stals A and B) or with an independent mineral (crystal
Ca0 0,30 0,30 0,32 C, lower right-hand side). The cerium and yttrium
MnO 0,20 : .
Fe,03, FeO 0.62 | 0,22 0,23 concentrations in uraninite everywhere exceed the back-
K}’Z%a ' 28:23 19,01 20,09 ground with uniform distribution of both elements.
gngOs : f'gg 28 | 30 The zirconium concentration does not exceed the
'I‘i022 ' 0,03 : background value in any of the crystals investigated. The
%fh%zo 0,046 595 6.99 occasional sectors with high concentrations of this ele-
U0, . 37,77 39,77 42,03 _ ment correspond exactly both in shape and size to the
3853 ' 28:?;’3 2_5’55 27,00 sectors with higher silicon concentrations. We can there-
gzos _ 8,2’;55 C fore infer that the uraninite crystals contain fine, non-
H,0- Not uniformly dispersed zircon crystals, usually not visible
H,0+ T o L3 under the microscope.

v Quantitative determinations of the uranium, thorium,

Totals 99,63 94,63 100, 00 ~ iron and calcium contents of the mineral (Table 1) at

= ] ] . _ - points with no inclusions of other minerals revealed slight

;"%; lslﬁzliﬁﬁtyilﬁrfﬁf&l :;ar;);s;iso;utéletomr:ﬁral: variations in these contents both in different sectors of

chanical admixtures of other minerals; 3) preceding : the same crystal and in different crystals. It will be seen

data converted to 100 %. '~ from Table 1 that at the edges of the crystals the uranium
contents are usually higher and the lead contents lower,

_ i.e., the peripheral sectors of the crystals are enriched
with this element. From Table 1 and the graphs in Fig. 3 we can draw the conclusion that with an overall
high lead concentration and only a local increase in the sulfur concentration above the background value,
only a small part of the lead in uraninite is combined with sulfur in galena. This confirms the conclusion
drawn by Kirkingkii and Makarov [13]. A comparison of the results of x-ray spectral (Table 1) and chemi-
cdl (Table 2)* analyses shows fairly close agreement of the results of these two analytical methods only
in the case of calcium, iron, and lead. The absence of quantitative determinations of the rare earths and

- the impossibility of separate analysis of U(IV) and U(VI) by the x~-ray spectral method did not enable us to

calculate the crystallochermcal formula of uraninite.

In the uranium—molybdenum deposit, the age of which, accordmg to the K—Ar method, was about
270, 000, 000 years, uraninite was segregated in the third stage of mineral formation, It was preceded by
the stages of beresitization of the country rocks and of formation of quartz veinlets; quartz—carbonate
veinlets with sulfides were formed in the final stage. Uraninite metacrystals, hundredths or thousandths
of a millimeter in size (sometimes present together with hydromica) form disseminations around pitch-
blende veinlets in the rock. In reflected light the mineral is gray; the reflectance is 16- 17%. Galena in-
clusions are very rarely seen in the uraninite.

~ Qualitative analysis, performed by scanning 40 uraninite crystals in reflected electrons and x-rays,
revealed that they contained lead, iron, and calcium as well as uranium. Thorium, rare earths, zirconium,
silicon, sulfur, and other elements were not detected within the sensitivity range of the method. As we
see in the photographs of one of the analyzed crystals (Fig. 4), all the elements detected are distributed
uniformly, which is also confirmed by the concentration curves (Fig. 5). The fairly uniform distribution

- of lead and iron in uraninite at the background content of sulfur, together with the uniform distribution of

calcium enable us to assume that these elements are present as isomorphous impurities.

Table 3 lists the results of quantitative analysis of five uraninite crystals identical in qualitative
composition to the other crystals. The variations of the element contents are slight, being less than 1.3%
even for uranium. The total percentage of the elements in each analysis is also within the norm.

*The ahalysis was performed in the Central Chemical Laboratory of the Institute of Geology of Ore De-
posits, Petrography, Mineralogy, and Geochemistry, Academy of Sciences of the USSR, by D. N. Knyazeva.
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Fig. 4. Optical image of crystal No. 1
(polished section; %165): The line de~
notes the profile of the concentration cur-
ve; I) scanning in absorbed electrons,
negative modulation; II-V) scanning in
x-rays ULq;, PbLal, FeKa1 and CaKai;
scanning sector 50 X 50 p.
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TABLE 3. Composition of Uraninite from " The following conclusions can be drawn from our
Uranium—Molybdenum Deposit from X-Ray data. .
Spgctml Analy sis Data (wt. %) 1. The uraninite from both deposits always contains
Specimen Specimen f,{’:;g‘o not only lead, bat also uniformly distributed calcium and
Elements = _No' 282 No. 46 158 iron, which muét be regarded as elements isomorphic
crystal Jerystal | crystal fotystal ferystal with uranium and must be included in the ideal formula

No. 1 [No. 5 | No, 12 | No.23 [No, 16 ]
of uraninite, Thorium and rare earth elements, which

' are also distributed uniformly, are characteristic only of

U 7,4 | 77,9 77,6 | 77,8 | 76,5

Pb 5,34 566 54| 58| 5,92 high-temperature uraninite. Zirconium, detected by

Ca 1,54 1,87 1,221 1,24 1,93 . .
 Fe 049] 07| o.19| 0,23 0,14 chemical analyses in the mineral from both deposits, is

0“’:};‘:{“‘ 14,61 | 14,32 | 14,50 | 14,56 | 14,63 due to zircon inclusions, as previously noted by Zhukova

[25]. The absence of isomorphism between uranium and
Totals 99,38 [ 99,92 | 98,92 | 99,13 | 99,12 zirconium in uraninite, in contrast to the isomorphism in

‘ zircon, may also be characteristic of other uranium
deposits (an example of the manifestation of the reverse
polarity law [26]).

2. Ancient high—temperature uraninites differ from the later medium-temperature uraninites by the
higher lead content and the lower calcium content. Only a very small part of the lead present in uraninite
is combined with galena. Whereas the differences in the lead contents are due to the different ages of the
mineral, the lower calcium content of high-temperature uraninite does not agree with experlmental data on
the effect of temperature on the solubility of calcium oxide in uranium dioxide [16]. The observed discre-
pancy is apparently due to migration of calcium from uraninite when the minerals of uraninite-containing
pyroxene—feldspathic veins are replaced by quartz. This assumption is also confirmed by the reduced
lead content in the edges of uraninite crystals. All this evidence indicates a change in the composition of
uraninite astime passes, not only as a result of nuclear reactions of radioactive elements, but also as a
result of the superimposition of more recent hydrothermal processes.

.LITERATURE CITED

1. A. E. Fersman, Selected Works, Pegmatites [in Russian], Vol. 6 Izd-vo Akad. .Nauk SSSR, Moscow ..
(1960).

2. N. P. Ermolaev and ‘L. S. Tarasov, in: Principal Features of the Geochemistry of Uranium [in Rus-

sian) Izd-vo Akad. Nauk SSSR, Moscow (1963), p. 70.

A. 1. Tugarinov, ibid, p. 110.

4. V. 8. Kazakov, A. V. Kuz'menko, and I. S. Rutkevich, in: Geology and Problems of the Origin of
Endogenous Uranium Deposits [in Russian], Nauka, Moscow (1968), p. 43.

5. A. I Tishkin et al., in: Proceedings of the Second Geneva Conference [inRussian], Vol. 3, Atomizdat,
Moscow (1959), p. 110. '

6. Vik. L. Barsukov, G. B. Naumov, and N. T. Sokolova, in: Principal Features of the Geochemistry
of Uranium [in Russian], Izd-vo Akad. Nauk SSSR, Moscow (1963), p. 139.

7. A. L Tishkin, in: Geology of Hydrothermal Uranium Deposits [in Russian], Nauka, Moscow (1966),
p. 322.

8. O. I. Shubnikov, Minerals of Rare Earth Elements and Their Diagnostics [in Russian], Izd-vo Akad.
Nauk SSSR, Moscow (1952).

9. A. I Tishkin, Minerals: Uraninite [in Russian), Vol. 2, (2nd edition), Nauka, Moscow (1965), p. 118.

©»

10. V. M. Soboleva and 1. A. Pudovkina, Uranium Minerals [in Russian], Gosgeoltekhizdat, Moscow (1957).

11. R. Berman, Amer. Mineralogist, 42, No. 11-12, 705 (1957).

12. V. A. Leonova, Dokl. Akad. Nauk SSSR, 126, No. 6, 1342 (1959).

13. V. A. Kirkinskii and E. S. Makarov, Problems of Geochemistry [in Russian], Nauka, Moscow (1963).

14. V. L Lebedev, Zap. Vses. Mineralog. O-va, 88, No. 6, 667 (1959).

15.- E. S. Makarov et al., Geokhimiya, No. 3, 193 (1960).

16. K Alberman etal., J. Chem. Soc. Structure Reports, 15,1352 (1951).

17. E. S. Makarov, in: Principal Features of the Geochemmtry of Uranium [in Russian], Izd-vo Akad.
Nauk SSSR, Moscow (1963), p. 27.

18. E. W. Heinrich, in: Mineralogy and Geology of Radioactive Raw Materials [Russian translation], IL,
Moscow (1962), p. 13.

19. R. V. Getseva and K. T. Savel'eva, in: Manual for Identification of Uranium Mmerals [in Russian],

: Gosgeoltekhizdat, Moscow (1956), p. 103.

1050

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000400040002-5




20,
21.
22.
.:23.

244

25.
26.

Declassmed and Approved For Release 2013/02/21 : CIA-RDP10- 02196R000400040002 5

V. A. Leonova, Zap. Vses. Mineralog. O-va, 88, No. 1, 21 (1959)

G. Springer, Fortschr. Mineral., 45, 1 (1967).

K. Heinrich;, X-Ray Absorption Uncertainty The Electron Mlcros00pe Wiley (1966)
P. Duncamb and G. Reed, Nat. Bur. Standards. Spec. Publ., No. 298 (1968).

" A. L. Tishkin and V. A. Strel'tsov, in: Outlines of the Geochem.lstry of Individual Elements [in Rus-

sian], Nauka, Moscow (1973}, p. 148
V. L. Zhukova, At. Energ., 9, 1, 52 (1960).

V. S. Sobolev, Introductlon to the Mineralogy of Slhcates [in Russian], L'vovsk. Gos. Un-ta, L'vov
(1949)

1051

Declassified and ApproVed For Release 2013/02/21 : CIA-RDP10-02196R000400040002-5 -




Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000400040002-5

THE MECHANICAL PROPERTIES OF SINGLE CRYSTALS
'OF IRRADIATED «-URANIUM WITH FREE OR RESTRAINED

RADIATION GROWTH

Yu. M. Goloﬁchenko, F. P. Butra, UDC 669.822:621.039.553.3
V. F. Portnov, V. N. Burmistrov,. '
I. A. Korobeinikov, and O. L. Fufaeva

A study of the mechanical properties of single crystals of a-uranium irradiated by neutrons with
free radiation growth has shown that these crystals have marked residual plasticity in comparison with

.polycrystalline uranium irradiated in similar conditions of dose and temperature. However, when the dose

is increased the single crystals rapidly grow; their relative elongation under tension rapidly falls to zero
when the radiation growth reaches 50% under a flux of 2° 10% neutrons/cm? [1].

Radiation growth of uranium is due to the formation of new atomic layers parallel to the (010) plane
by aggregation of intermediate atoms created by the irradiation. Thus the marked damage to the lattice

" resulting from shifting of atoms and formation of stable complexes of defects leads to complete blocking of

the plastic deformation systems.

It was supposed that during irradiation of single crystals of uranium under restrained radiation growth,
the equilibrium concentration of single radiation defects should be reduced owing to their accelerated an-
nihilation in the stress field, leading to a lower rate of formation of stable complexes of defects, and con-
sequently to an increase in the plastic properties of the crystals over those obtained by irradiation with
free radiation growth. This is confirmed by the information in [2]: structural damage is less in neutron-
irradiated graphite when growth is restrained than when the specimens grow freely.

There is no information on the quantitative values of the external stresses which restrain changes in

Po-81 7 Ne-K
\ — : /4// - Pb-81 1 Zz /Na-/r
/ G, /4/ G,

'o SREIREBKERS
RS 2020‘02030:‘30

NN
\ \
XL X

\ : ‘ S
2 4 5 . 4
Fig. 1 Fig. 2

Fig. 1. Box for irradiating single crystéls of e-uranium with restrained growth.

1) Monocrystalline specimen; 2) brass insert; 3) projection in box to width of

specimen; 4) holes for attachment of lid of box; 5) brass plate equal to thickness
* of specimen.

Fig. 2. Device for determining stress restraining elongation of single crystal
during radiation growth., 1) Cylindrical steel box with internal diameter of 4 mm;
2) aluminum crusher; 3) monocrystalline specimen; 4) hole for passage of
Na—K alloy; 5) screw-threaded plug.

Translated from Atomnaya Energiya, Vol. 37, No. 4, pp. 316-321, October, 1974. Original article
~ submitted September 27, 1973 ,

© 1975 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 $15.00.
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the dimensions of uranium crystals due to radiation growth. - From the work of Buckley [3] it follows that
the force which restrains the dimensional changes exceeds 2 kg/mm?, and when elongation of a single cry-
stal by radiation growth is limited, it undergoes plastic deformation.

In this connection we have studied the mechanical properties of single crystal of a-uranium irradiated
with free or restrained radiation growth, and have determined the force which prevents elongation of a
single crystal as a result of radiation growth in a direction close to [010].

Specimens, Growth Conditions, and Experimental Method

Monocrystalline specimens were prepared from electrolytic uranium of high purity (99 99%) bya—p8
recrystallization.

To study the mechanical properties we used flat tensile test specimens with working sections 8.5 or
10 mm long and with cross-sectional areas Qf 0.6-0.82 mm?.

The specimens for irradiation with restrained growth were placed in aluminum boxes which limited
their growth in all directions (Fig. 1). The stresses which restrained the shape changes of the uranium
were determined on cylindrical specimens 3 mm in diameter and 7-11 mm long. The indicators were

aluminum crushers. The device for determining the stresses which restrain shape changes is shown in
Fig. 2. )

Single crystal specimens of both types were chosen so that their longitudinal axes were close to the
[010] direction with maximum radiation growth (Fig. 3).

The boxes with the specimens and the device for determining the stresses restraining shape changes
were placed in a capsule filled with liquid Na—K alloy. Some of the flat tensile test specimens were sus-
pended freely in the capsules, :

The specimens were irradiated in a water channel of an SM-2 reactor to integral fluxes of 2.4 10%
or 6.4-10%" neutrons/cm?. The neutron flux intensity at the point of irradiation was 2.2 10! neutrons/cm?
-sec. The temperature of the uranium specimens during irradiation were below 100°C.

Tensile tests on the specimens were performed at room temperature on a remotely-controlled MM-

150D machine with automatic recordmg of the tensile test diagram. The loads and extensions were recorded
to within 1%.

After irradiation, the specimens and crushers were measuredon an MID-1 remote microscope to
within 0.01 mm.

The stresses restraining shape change were determined from the shortening of the crushers with the
aid of calibration curves (Fig. 4). During irradiation, the crystals and crushers became curved; there-
fore the shortening was determined as the mean of the maximum and minimum lengths of the crushers.
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TABLE 1 Mechanical Properties of Single Crystals Irradiated with Free and Restrained
Growth and Annealed (Tensile Deformation at Room Temperature)

© = 2.4-1020 peutrons/cm’ ©=6.4-1020 peutrons/cm®

specid V A Go.2 .0 rel anneal- |speci : Sp, 0.2, Srel anneal-
en | y ) ; _{men Lat T ing con-
No. state kg/mm| kg/mm*| - % f,’i‘tgif:s“ No. sate kg/mm®| kg/mm?| * | ditions

4 1 Free 33,7 - 0 13- | Restrained, 18,2 16,8 1,2

owth growth

2 he same{ 16,8 — 0 14 | The same | 21.8 11,0 3,3

3 e on 29,5 — 0 15 « w 32,0 9,9 1,8

4 « n 8,5 0 16 | ". . 8,5 7,7 3,4 | 600°C,

) ' 2h
5 " = 40,6 26,0 3,5 )
6 Restrained; 34,3 17,9 4,0 [ 600°C,
growth ’ : 2 h

7 The same | 28,7 14,3 1,3

8 " on 43,1 19,6 2,7

9 o 38,3 13,0 5,8

10 » » | 335 | 11,5 | 44

11 »  » ©32,7 14,1 2,5

12 » » - 19,1 17,1 17,1 600}: C,

: 2

To check the results, we tested the crushers under compression after irradiation. The load cor-
responding to the onset of plaistic deformation of the crusher was taken to be equal to that restraining force
which could prevent changes in the dimensions of the uranium specimens during radiation growth. The
results obtained by the two different methods were in good agreement.

RESULTS

In connection with the anisotropy of the lattice of a~uranium, it is customary to distinguish three
groups of single crystals (Fig, 3) with different deformation types — the so-~called A, B, and C crystals [4].

Some of the test specimens belonged to group C, in which the main type of deformation under tension
is twinning in the (172), (176), and (112) planes, and under compression twinning in the system (130)—[310]
followed by slip in the twinned regions. Other specimens belong to a transitional group, since one cannot
. draw a sharp boundary between group B and C. These crystals deform either by slip in the system (010)
—[100] under tension or compression, like the B-crystals, or by twinning followed by slip, like the C
- crystals. The results of mechanical tests on the irradiated crystals are listed in Table 1.

Investigation of the specimens irradiated with free growth by a flux of 2.4 - 10%° neutrons/cm? revealed
that they break without residual elongation at low stresses.

Increase in the irradiation dose led to éuch marked chahges in the shapes and sizes of the specimens
that they were unsuitable for further tests and broke when bent through less than 90°.

Specimens which had been irradiated with restrained growth by a flux of 2.4- 10%” neutrons/cm? re-

tained their residual plasticity to the level of 1.3-5.8%. An increase in the integral flux to 6.4-10?° neutrons
/cm® somewhat reduced the plasticity (6 = 1.2-3.3%). Annealing of the specimens irradiated with either
free or restrained growth at 620°C for 2 h leads to some restoration of the plasticity.

Table 2 lists the results of a determination of the stresses restrammg the dimensional changes in
the specxmens durmg radlatlon growth. :

v The measured value of the stress restraining the

changes in uranium during irradiation was 6.5-7.2 kg/mm?
and remained constant when the flux was increased. From
the results of these experiments we determined the critical

TABLE 2 Stresses Which Prevent Shape
Changes in Uranium Crystals due to Radia-
tion Growth

Imeg‘alsf/l“r"é Restraining . Integfalﬂ“x~2 Restaining - ghear stress of twinning, 0g, since the crystals deformed
neutronscs St"fss'_l‘g( neutrons/em ‘;;eriz kg on compression by twinning in the system (130)—[310]. The

value of ¢g was calculated from the expression og = 0y sin X,

2,4-1020 . 6,5 2,4-1020 7.1 cos Ay, where o, is the yield point (in our case, the stress
©2,4-10% 7.2 6,4-10% 70 which prevents changes of shape), and sinx, cos A is an
' orientational factor relating the direction of the specimen
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axis to the plane and d1rection of tvw.mung [5].
° ° The values of og thus found are ‘the same for crystals
irradiated by fluxes of 2.4° 1020 and 6.4 - 10% neutrons/cm?,
! ! ! ! | L and are equal to 2.2 kg/mm?
1 2 I 4 A
* @*19% neutrons/cm’ According to [1, 6], the critical shear stress of twin-
Fig. 5. Critical shear stress vs neutron ning in the gystem (130)—{310] is 1.5 kg/mm? for nonirradiated
flux @ for twinning system (130)—[310] crystals and 2.6 kg/mm? for crystals irradiated with a flux

of 5.5- 10" neutrons/cm?,

From our results and the literature data {1, 6] we plotted a graph of the critical shear stress of

~ twinning in the system (130)—[310] vs the degree of irradiation (Fig. 5). We see that the critical shear

strength of twinning in this system depends only weakly on the flux and reaches saturation at a flux of less
than 5.5+ 101 neutrons/cm?. The slight discrepancy between our results and those in [1] must be sought
in the difference between the methods of measurement

DISCUSSION OF RESULTS

Single Crystals Irradiated with Free Radiation Growth. From earlier [1, 7] and the present results
we can infer that crystals of a-uranium of various orientations, when irradiated with free growth, com-
pletely lose their residual plasticity under tension: the B-crystals do so at a dose of 2- 10*°neutrons/cm?,
and the C-crystals at 2.4- 10% neutrons/cm?, while A-crystals irradiated with a dose of 5.5 10" retain
their tensile plasticity. There is no information on the behavior of these crystals at high doses. However,

‘the existing indirect data can be used for this purpose.

According to [1, 7], crystals of various orientations, when irradiated, acquire various reductions in
the residual elongation, which are as follows: for the A-crystals, 45% {(from 130 to 70%); for B-crystals,
75-90% (from 160 to 44-16%); and for the C-crystals 95% (from 120 to 7%). Thus, according to the degree
of increase of radiation blocking of various systems of deformation of a-uranium, these systems can be
arranged in a series: i) system of deformation by twinning (130)—[310]; ii) system of deformation by slip,
(010)—[100]; iii) system of deformation by twinning on large-index planes {(172), (176); etc., etc.

In comparing the influence of the test temperature for nonirradiated crystals and the dose of irradia-
tion on the critical shear stress of slip in the system (010)—[{100] and twinning in the system (130)—[310],
we can make the following observations. Reduction of the test temperature of the nonirradiated specimens
[1, 7, 8] and increase of the dose to 2-10*" neutrons/cm? [4] leads to a marked growth in the critical
shear stress of slip in the system (010)—{100]. At the same time, neither reduction of the tem-
perature [7, 8] nor increase in the dose to 6.4 10%® neutrons/cm? (see Fig. 5) has any appreciable influence
on the critical shear stress of twinning in the system (130)—[310).

This leads us to infer that crystals of @-uranium deformed by twinning in the system (130)—[310]
(A-crystals in tension or C-crystals in compression) should retain their residual plasticity at radiation
doses of 6,4 10% neutrons/cm?® or more.

The changes in the properties.of freely growing crystals when the radiation dose is increased or
after annealing can be explained by the observations of Hudson [9, 10), who found that radiation defects in -

uranium foils are reinforced by increasing the dose or by annealing which reduces the number of these

defects and increases their size.

Smgle Crystals Irradiated with Restrained Radiation Growth. In considering the causes of the reten-
tion of plasticity by these crystals, we must note that irradiation causes elastic macrocompressive stresses
in them. If the rate of radiation growth exceeds the rate of radiation relaxation, the elastic stresses will
increase. On the attainment of some critical value, these stresses will relax as a result of plastic deforma-
tion by the most advantageous system of deformation, either twinning (130)—[310] or slip (010)—[100]. In
assessing the plastic deformation capability in postreactor tension of specimens which have been restrained
during irradiation, we must bear in mind the inhomogeneity of the C~crystals, i.e., the fact that they con-
tain regions with different orientations, namely twinned regions which will have an orientation favorable for
slip in the system (010)—[100] and untwinned regions (with the original orlentatlon) which deform under
stress by twinning in the planes (172), (176), and (112).

v The explanation of the marked residual plasticity of the test specimens must evidehtly be sought in
the different types of strengthening of systems of twinning and the system of slip during irradiation with
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free and restrained growth. In free crystals both these systems of deformation are completely blocked [1],
‘but in restrained crystals at least one is not completely blocked. This state is realized if we consider that
stresses greatly retard recombination of the point defects under tension and promote it under compression
of the lattice [6]. The decrease in the concentration of point defects in a compressed crystal must lead

to a decrease in the rate of accumulation of stable complexes of defects.

Simultaneously with this we can suppose that the stresses increase the mobility of the vacancies in
" the compressed regions in the [010] direction. In freely growing crystals in which stresses are absent,
diffusion of vacancies in the [010] direction is hindered [11]. Adsorption of vacancies by the additional
layers should lead to a decrease in the dimensions and stability, and possibly to partial disappearance of
the latter.

Thus irradiation of restrained single crystals leads to a decrease in the rate of accumulation of
stable complexes of defects, and consequently to a lower change in properties.

Konobeevskii et al. [1], like the present authors, established a complete loss of plasticity of irradia-
ted B-crystals, in contrast with previous investigations [7] in which these crystals displayed marked re-
sidual plasticity. These discrepancies are due to the different conditions of irradiation: Butra et al. [7]
studied crystals restrained between two plates, i.e., irradiated with hindered growth.

The rise in plasticity (6 = 17%) during annealing of single crystals irradiated in the restrained state
by a flux of 2.4-10?° neutrons/cm? indicates that the deformation-blocking defects in the restrained speci-
mens are less stable than those formed in freely-expanding crystals, annealing of which gives a total plasti-
city of 3.5%. To judge by the results of annealing of specimens irradiated in the restrained state by a flux
of 6.4 10?0 neutrons/cm?, we can suppose that the small rise in plasticity (6 = 3.5%) is due not only to an
accumulation of stable complexes when the irradiation dose is increased, but also to an accumulation of
foreign atoms of fission fragments, causing stable damage which is not removed by annealing. These
changes also cause differences between the properties of restrained crystals irradiated by different fluxes.

Restraint of Shape Change and Radiation Growth. Plastic deformation by twinning in the system (130)
—-[310] in restrained single crystals occurs during irradiation with stresses which prevent shape change.
For specimens of the chosen orientations these stresses are 6.5-7.2 kg/mm? and are independent of the flux.
The constancy of the stresses restraining shape change is due to the fact that the critical shear stress of
twinning depends only weakly on the flux, reaching saturation at lower degrees of irradiation than in our
experiments. For single crystals of other orientations deformed by compression in this system, this
stress will be somewhat different. For example, for crystals oriented strictly in the [010] direction, the
stress restraining shape change is calculated to be 4.8 kg/mm?. The deviation of the restraining stress
towards larger values than the experimental (6 = 7 kg/mmz) for crystals of any other orientations will ap-
parently be negligible, because a stress of 4.8 kg/mm? in the [010] direction will be reached before the
crystal develops a force in any other direction.

Together with the study of restraint of shape change in uranium, the question arises of the restraint
of radiation growth and of the influence of stress on the rate of radiation growth.

In the opinion of Buckley [3], who studied the influence of external stresses on radiation growth in
uranium, retardation of this process as a reduction of the efficiency of accumulation of aggregates is pos-
sible, but only at stresses not less than the macroscopic yield point. He showed that application of stres-
ses of up to 2 kg/mm? does not affect the rate of growth of a pseudomonocrystal of uranium. This stress
was insuificient not only for appreciable retardation of the rate of radiation growth, but also for suppression
of shape change. The presence of a state of stress must evidently lead to retardation of radiation growth,
because the formation of additional layers by aggregation of point defects involves, first, the work done in
overcoming the elastic forces, secondly, a reduced concentration of point defects, and thirdly, a reduction
in the anisotropy of diffusion of point defects. '

The results of our present work do not directly confirm that there is a reduction in the rate of radia~
tion growth under the influence of stress; however, the data from mechanical tests on single crystals in-
directly confirm this assumption.
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MODE TRANSFORMATION IN THE RESONATOR OF A
'DRIFT-TUBE LINEAR ACCELERATOR

V. A. Bomko, A. P. Klyuchareyv, o UDC 621.384.6.01:621.384.643
and B. I. Rudyak ’

Cavity resonators with drift-tubes are widely used in linear accelerators for energies up to 200 MeV.
One of the basic shortcomings of such a device (especially in long resonators) is low stability under transi-
ent and steady state conditions of the distribution of amplitude and phase characteristics of the accelerating
field with respect to all kinds of frequency perturbations and with respect to the magnitude of the beam cur-
rent. This is caused by the poor dispersion properties of this kind of resonator for the working wave, so
that any perturbation leads to coupling between the fields of the working wave and neighboring wave modes.
In recent years methods have been developed for stabilizing the field distribution [1~5] which are based on
compensating for the interactions between modes. However, these methods all have the disadvantage of
considerable complexity and a tedious alignment procedure. In addition, the use of stabilized devices
hinders control of the degree of stabilization of the field distribution. This is due to the method used to
control the energy of heavy particle beams in linear accelerators [6, 7].

It was shown in [8-10] that the changes in amplitude and phase of the working field (wave) along the
resonator due to loading by the beam or to the appearance of frequency perturbations (of any origin what-
ever) may be expressed by means of the amplitude and frequency characteristics of higher number modes
Enl(1=1,2,3,...).

The RF energy expended in compensating for losses at the resonator surfaces and in accelerating
the beam produces a response in the resonator which leads to excitation of these waves despite the fact that
the RF feed works only at a specified frequency. In this case, the nearer the frequencies of the higher
order waves are to the frequency of the working wave the larger the amplitude with which they appear in
the resulting field [11]. Thus, the main problem with any field stabilization technique is to ensure that the
frequencies of the modes adjacent to the fundamental are as high as possible.

The present article describes the results of an experimental study of the processes involved in trans-’
formation of wave modes belonging to the lower part of the wave spectrum EyZ (I = 1,2,3,...) which are
excited in drift-tube resonators when an antipode rod resonator system as shown in Fig. 1 and described in
[12, 13], is introduced. These investigations were carried out on the resonator of a linear multiply-charged
ion accelerator (LUMZI~10) of length 18 m, with 97 drift-tubes, with accelerator units ranging from 7 to
28 cm in length, and with a working wavelength of 2.13 m.

Interaction of Two Resonant Systems

When many resonant systems interact simultaneously a complex pattern of wave mode transformations
is observed. Thus, the experiments were carried out in succession: beginning with simple systems and
proceeding to complex multicomponent mode transformation processes. We now consider the simplest
case of two interacting resonant systems. :

One of the resonant systems is the drift-tube resonator itself. The other is a conducting rod attached
radially to the wall of the resonator. The coupling of the natural mode fields of this kind of rod with the
fields of Ey; waves is largest if the angle between the rod and the drift-tube supports is 180° [12, 13].
Then, as in what follows, the conditions for coupling with the RF feed are such that only E¢; modes are
excited. Excitation of rod resonator systems is then indirect (due only to resonance interaction with the
- fields of these modes).

Translated from Atomnaya Energiya, Vol. 37, No. 4, pp. 326-331, October, 1974. Original article
submitted August 27, 1973; revision submitted January 28, 1974. ‘ '
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The variation in frequency of the resulting waves as a func-
tion of the closeness of the natural frequencies of the resenator .and
the rod resonant system is shown in Fig. 2. The required frequency
difference between the interacting resonant systems was reached
by varying the insertion depth, b, of the rod. The natural frequen-
cies of the resonator for Ey; modes are denoted by the symbol
f1@=0,1,2,3,...) in the figure. In the case of all these waves a
resonance splitting and the appearance of coupling frequencies is
observed as their natural frequencies converge with that of the rod.
This agrees with the general idea of resonance interactions between
two systems [14]. In this case the change in mode frequencies with
index I corresponds to their smooth transformation into the coupling
frequency as the rod length is increased and subsequently into its
natural frequency, combined with the onset of transformation of the -
rod frequency into the coupling frequency, and finally into the natural
frequency of the resonator corresponding to the Eg(l-1) wave. This
kind of smooth transformation is followed for all modes, so the
frequency dependences shown in Fig. 2 appear outwardly to be a
smooth transformation of higher modes into lower.

Fig. 1. Accelerator structure with
stabilizing devices.

Two families of curves are shown in Fig. 2. They correspond to different positions of the rod on the
generatrix of the resonator (solid curves — rod placed at a point equidistant from the end walls of the re-
sonator; dotted curves — rod placed in close proximity to the end wall). In the first case the coupling coef-
ficient is maximal for all odd waves (I = 1,3,...) and minimal for even waves. At the point where they
coincide an especially small deviation of the coupling frequencies from the partial frequencies is observed
for the zeroth mode (I = 0), for which there exist only longitudinal components of the electric field in the
ideal case. Waves with odd increases have a significantly larger degree of interaction since the rod is
placed in one of the modes of the longitudinal (maximum radial) components of the electric field. Thus,
the natural frequencies begin to be transformed into the coupling frequencies at a much larger distance
from the points of coincidence and they change very smoothly. ' '

A series of curves showing the transformation of the longitudinal field distribution along the axis of .
the resonator when varying the length of a rod placed in the node of the longitudinal field of the E; wave is
given in Fig. 3. The group of curves, A, corresponds to transformation of the field of an Ey, wave for law
coupling frequencies. At first (upper curves) the field grows near the output side of the resonator and de-
creases near the input side. Then it becomes increasingly more similar to the longitudinal field distribu-
tion of the natural mode of the rod (lower curves). Analogously, the group B corresponds to this change
for an E¢yy wave. Over some portion of these frequency changes a field distribution is observed which is a
combination of the fields of two secondary waves. These are the upper branch of the coupling frequency of
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the Egy and the rod modes (denoted by Ejyy) and the lower branch of the coupling frequency of the Eyy and the
rod modes (denoted by Eg4). As the rod length is mcreased further there is a gradual development of fields
corresponding to a transformation from Eg into Ego and then into the field of a pure Ey, wave. '

An analogous process occurs for wave Eg, as well. The position of the rod corresponds:to the maxi-
mum of the longitudinal f1eld in the central half wave. In this case of coincidence of the properties of the
secondary waves, Eg, and Eon’ and later a gradual transition of Efj; into Eyy is also observed. A process
similar to degeneracy of the central half wave is observed in Fig. 3C. - For increasingly higher modes this
process of smooth transition of wave fields with changing rod length occurs in an analogous fashion. It may
be written in the form of a symbolic chain: ' '

El—>El——>Elt1—>El*_1- (1)

Here the asterisk denotes the result at the end of the chain. For'sixhplicity the first two numbers in the
mode indices of the waves are left out. :

_ At rod lengths corresponding to coincidence points a significant drop is observed in the field. This
is explained by the fact that the interacting resonant systems have different Q-factors. For weak coupling,
a low Q for the rod resonance weakens its effect on the field distribution in the cavity. For strong coupling,
the Q for the resulting waves is reduced. Experimental studies confirm these conclusions. At the Ey;
- E&(l-x) transition points a significant reduction of the fields was always observed (in some cases by three
orders of magnitude). ' :

Wave Interactions in Multiply—Connected Systems

When two or more rods are placed in a cavity the interactions become more complicated. Increasing
“the number of rods allows a greater splitting of the resulting mode frequencies from the lower boundary of
the E¢; band. Thus a greater stabilizing effect on the field distribution of the working wave may be ob-
_tained. The general form of the accelerator is shown in Fig. 1. In choosing the locations for the rods .
-along the generator of the cavity we proceed from the fact that the maximum coupling coefficient results
when the rods are placed at nodes in the longitudinal field distribution. Thus in the followmg we have
placed them at the nodes of waves whose index ! was equal to the number of rods, n :

In the general case, the process of successive mteractmn of one coupling wave with another, pro-
. duced as a result of n rod resonances, one after the other, as their lengths increase, may be represented
in the form of the (typlca.l) chains:

E,—-»-El —~FEt >E_~>Efs—~...>Ef, for ‘I'>n;

Ez—*Ezv—>E1—1—"El—r—>El—,2—>'~-;;E:)F—>Eo for l=ﬂ; ' . : (2)
EI»E[‘»E,t1_—>Ef_1—>E,t3—> ---—>F3'—->E0—>EO" for 1>05.
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These transformation chains show that a wave with index I = n is converted to a zeroth mode wave as a

~ result of successive resonant intermode interactions. All waves with higher indices become waves of the
first, second, etc. modes, respectively. Waves with mode indices lower than the number of rods undergo
analogous transformations at the beginning of the chain. However, at the end of the chain they are succes-
sively transformed into zeroth mode waves and then degenerate into the lowest secondary wave with a coupl-
ing frequency approaching the frequency of a rod mode. »

Figure 4 shows the results of an experimental investigation of the frequency transformatmns in the
‘cavity of LUMZI-10.  Seven rods of equal length were placed at the nodes of the Eq; wave for the cavity.
The rods were placed opposite the accelerating structures which had drift-tubes of varying lengths and
diameters. The sequence of seven transformatlons of the E¢y, wave is apparent in the figure. The forma- -
. tion of a new frequency spectrum of Eml modes is observed in the right hand side of the figure. In the
Ey] wave bspectrum, the frequencies of all waves with I > 0 are the coupling frequencies over a wide range

\
\
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Fig. 5. Frequency characteristics of the resulting coupling waves Eou,
Eg, and Eg in the resonator for various numbers of resonance rods:
®)1; A)3; X)5; ©7; m)9; @) 12; O) 18,
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of rod lengths and they approximate the frequencies of the Ey} waves very smoothly. This ensures the
~ absence of rigid requirements in the tuning accuracy of the frequencies for other kinds of stabilized systems.

The right hand part of the frequency spectrum of Fig. 4 shows that if the length of the rods is changed
in this rahge then it is possible to regulate the steepness of the dispersion curve within wide limits and
thereby to change the degree of stabilization. This is a fact of considerable importance for linear accelera-
tors in which the energy of the accelerated particles is regulated. The creation of segments with a uniform
accelerating field distribution whose lengths are less than that of the cavity and the control of the lengths of
these segments require a certain weakéening of the stabilizing action of the rods.

Conipensatin'g for the Effect of Parasitic Waves

» The optimal conditions to compensate for the perturbing effect of parasitic waves on the field distribu-
tion of the working wave were determined. As is known [1, 3] this is done by constructing a part of the dis-

persion curve which is symmetrical to the lower boundary of the frequency spectrum of the Ey; mode

(1=0,1,2,...). Inthe case of antipode stabilization the intensity of opposing wave modes was taken into

account while studying the compensation effect. Maximum compensation was sought by varying the length

of the rods in the frequency range of the secondary coupling waves at the end of the chain of Egs. (2).

Figure 5 shows the results of an investigation of the frequency transformations obtained in an ex-
.perimental cavity with drift-tubes and an antipode stabilizer, whose length was the same as the cavity of
the LUMZI-10 heavy ion linear accelerator and whose transverse dimensions were 5 times less. The two
familifs of curves are, respectively, the resulting values of the upper and lower coupling frequencies of
_ the E(y7 mode for the case I—n = 1 as a function of the length of the rods, b. The parameter is the number
of rods, n. The intensity of the lower coupling waves is very small due to the low Q-factor of the rod re-
sonances and the reduced coupling coefficient of these resonances with the natural modes of the resonator.
As a consequence of the compensation the effect on the field distribution of the Ey, waves begins to appear
for rod lengths much less than the length needed to ensure an equal distance between frequencies.

The results of an experimental investigation of the degree of stabilization of the E, field distribution
for the above nientioned model are shown in Fig. 6. Curves a and b correspond to the case when there are
no stabilizing elements present. A uniform field distribution (see curve a) is established in the unperturbed
resonator. However, following a perturbation by Af/f = 2%, the frequency of the last unit of the accelerator
structure underwent a significant dip (see curve b). The remaining curves were obtained when 12 rods in
an antipode system were placed in a cavity at the perturbation frequency. From Fig. 6¢ and d, it is clear v
that the length of the rods was not optimal, so that the coupling waves corresponding to the upper or lower
resonances have a greater effect. Curve e corresponds to a rod length such that the upper and lower coupl-
ing frequencies are equally spaced from f;,, The resulting dip denotes a larger effect due to the upper
coupling modes (Eo’;l). The field distribution (see curve f) corresponds to the optimum when the effect due
to the upper and lower waves on the field distribution of the working wave for a perturbation in the cavity is
compensated for. ' :

. The results of this study of the interaction of waves in the cavity of a linear accelerator have great
practical significance. They enabled the development of a method for stabilizing the field distribution of
the working wave based on the use of a new stabilizing structure. This investigation made it possible to
determine the optimum conditions to compensate for the coupling between fields of the working wave and
other natural modes of the cavity and to significantly improve the cavity dispersion properties.
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COMPARISON OF COSTS OF PURIFYING RADIOACTIVELY
CONTAMINATED WATER BY SORBENTS OF MULTIPLE-
AND SINGLE-USE’

_F. V. Rauzen and V. V. Aleshnya ’ - UDC 621.039.7

Ion éxchange is one effective method of separation of radioactive components from solutions. Radio-
active isotopes usually present in radioactively contaminated waters are multivalent elements. They can
be separated from solutions in the process of sorption without separating other salts from these solutions.
The radioactive isotopes of cesium, iodine, and sodium are exceptlons Selective natural and artificial
sorbents are used for the sorption of cesium.

The known synthetic ion exchange resins (for example, phenol—carboxyl resin duolite CS-100 [1],
and carboxyl resin obtained by condensation of salicylic acid and formaldehyde and crosslinked phenol [2])
permit removal of cesium from more than 1000 columnar volumes of solutions containing up to 3 g/liter
" sodium salts. After becoming saturated with radioactive isotopes, selectively-acting resins are flushed
by nitric acid (for the transfer of the radioactive isotopes into solution) and by sodium hydroxide solution
(for regeneration of sorption properties). After desorption and regeneration the solutions are evaporated
and the still residues go into storage. The ion exchange resins are used repeatedly.

Research workers in many countries are striving to find cheap single-use sorbents. Installations
exist where purification is done by sorption by natural minerals such as vermiculite {3], clinoptillolyte
[4], filtrolyte [5], and lignin [6]. Artificial inorganic sorbents are also being used and synthesized for
this purpose [7, 8]. -Such sorbents are used only once; after use they are buried, sometimes along with
the tower in which they were kept.

~ The object of the present work is a comparison of the economics of the technological schemes of
purification of radioactively contaminated water with single- and multiple-use of sorbents.

Basgic Data for Economic Comparison

For the comparison of the two variants we shall make the following assumptions.

1. Identical preparatory operations are carried out in both schemes (preparation of the solution and
coagulation). Coagulation is necessary not only for the separation of the suspended and colloidal particles
from the solutions, but also for the separation of alkali-earth elements (calcium, magnesium). This is
necessary for eliminating the effect of the latter on the sorption of cesium ions by both organic and inorganic
sorbents. :

TABLE 1. Consumptlon of Reagents in 2. If the sorbents are used only once, whence their
Regeneration of 1 m® of Sorbent and The1r capacity is exhausted, they are removed for burial.
Cost - 3. The useful life of multiple-use sorbents is 10
Reagent (t:i%’;s"?gp - 'Slf;;el tor, years; after this they are buried. Mechanical losses of the
- . sorbent comprise 5% per year. The rate of filtration is
Nltuc acid_ - - 120 74 ' equal to three columnar volumes per hour. The consump-
., Sodium hydroxide - 80 120 - tion of the sorbent is less than 0. 008 hter/m of the puri-
" Industrial water | - 5000 0,_015
: : : fied solutmn

Translated from Atomnaya Energlya, Vol 37, No. 4, pp. 322—325, October, 1974. Original arucle
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TA BLE 2. Values of D Ensuring Ec = 0. 5 ] 4. After the capacity of the regenerable exchanger
ruble/m? of Solution . . is exhausted, it is flushed with two columnar volumes of
Py, ruble/m” v P,, ruble/m® of sorbent 6% nitric acid solution, two columnar volumes of 4% sodi-
of wastes o | 100 | 200 400 | um hydroxide solution, and one columnar volume of water.
The five columnar volumes of solution thus obtained are
;88 }3 gi %Z é;é evaporated. The degree of evaporation is 25 (concentration
200 300 | 2,4 | 33 | &3 6,5 of salts in the still residue ~800 g/liter).
400 | 3,3 | 4,5 6,1 9,1
5. The used sorbents and the still residues from
100 | 1,4 . 4,7 2,5 4,1 the evaporation of the regenerants represent the waste
120 ool el s b ok - and are stored with or without solidification.
S I D I s We shall compare the variants of purifying radio-
wol os 1.5 2.3 4,0 actively contaminated waters with the use of single- and
80 200 1.1 1,9 3,0 5,1 ‘multiple—use sorbents taking into consideration and dif-
ol wa | S e ferent items of expenditure in separation. These include
expenditures in sorbents and reagents, and also in bunal
| 0,5 | 1.2 21 3.9 and evaporation.
40 200 | 0,7 1,6 | 2,8 5,1 _ . v
300 1,0 2,3 4,0 7,3 For the scheme with regenerable.sorbents the sum
400, 1,8 | 41 | 71 | 13,0 of these expenditures can be determined from the formula
1 : R+V Py+Ver Fb- .
o | B S ) E e T awa I
300 0,7 | 2,1 3,9 7,5 : . R
400 | 1,3 4,0 7,3 | 14,0 for the scheme with single-use sorbents
' Co= R°;';R‘> i )

Here Co and Cy, are the nominal expendltures in the treatment of 1 m® of the solution in single- and mu1t1—
ple-use in ruble/m? solution; Vm and Vg are the volumes of the solution purified in one cycle and referred
to the volume of the sorbent in the tower (the volume can change in the range 100~-2000 m?® solution/m? of
sorbent); Re are the operational costs 1n evaporating 1 m® regenerant, ruble/m® of - regenerant; Ry are
Tegenerant costs for regeneranon of 1 m? sorbents after their use, ruble/m® of sorbent; Vyis the volume
of regenerant per 1 m? of sorbent (equal to 5 m3 of regenerant/m?® of sorbent); Rm and Ry are cost per 1m?
of multiple- and smgle—use sorbent, ruble/m® of sorbent; Vg is the consumption of regenerable sorbents
in purifying 1 m? of solution, it is equal to 10~° m® of sorbent/m* of solution; Ver is the volume of regener-
ant after evaporatmn (equal to 0.2 m® regenerant/m?® of sorbent); Ry, is the expense for burial of 1 m? of
waste, ruble/m? of waste.

The expected annual saving from replacing regenerable sorbents by single-use sorbents is given by
the formula -

Ec = [(Cm—Co) + E (Km—Ko)] Q. . .

-where Ky and Kg are specific capital expenditure in ruble yr/m?; E is the standard eff1c1ency coefficient
" equal to 0.12 yr-! [9]; Q is the annual productivity in m® solution/yr.

" The use of regenerable sorbents is associated with the following complications of the technological
scheme being reflected in the amount of capital expenditure: firstly, additional reagent and evaporation
plants are necessary; secondly, additional communications, gate valves, and pumps for the supply of the
reagents from the reagent plant to the sorption towers are necessary; thirdly, the towers must be made of
stainless steel. v

The specific capital expenditure is taken equal to the expenditures for the Moscow purification station,
where the productivity is 150, 000 m3/yr [10). - A departure from this productivity does not imply changes
of capital expenditure and leads only to a change in the amount of equipment.

The specific capital investment in the evaporation plant is 1.8 ruble - yr/m®, The specific capital
expenditures in the reagent plant together with the installation of additional communications and equipment
roughly comprise 0.14 ruble - yr/m®. In replacing the carbon steel towers by stainless steel towers the
specific capital expenditure increases by 0.06 ruble - yr/m®,

The specific capital expenditure in the scheme with regenerable sorbent is higher than the corres-
ponding expenditure in the scheme with single-use sorbent by 2 ruble - yr/ma. Formula (3) now becomes
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Rb p,z }?b S =4
100 1001 P i =400 Y2300 Y200 V=100
20 ol
. i ! 200 . 1 ] |

0 20 100 200 300 = 4w Ry, 0 20 100, 200 300 400 Ry
Rp D3 ‘ ' ,

: ' Fig. 1. Ranges of Ry and R, for dif-

ferent values of Vi, and D at Ec = 0. 5
100 - A =300 Q=200 K100 m
&X; = m ruble /m? of solutlon.
20 | 1 [ | '
0 20 100 200 300 400 R, ‘
Ec = (Crp—Co+0.24) Q ruble/yr, . (4)

Expenditures in Purification of Radioactively Contaminated
Water ' o ' '

Expenditures on Sorbents Rm and Ro. At present only synthetic resins are known among the regener-
able sorbents. Their cost varies in the range 2-5 thousand ruble /ton {11] oxr 1000 ruble/m?, since 1 m of
sorbent occupies a volume of 3-5 m®.

Since the consumption of regenerable sorbents is less than 0.008 liter /m® of the purified solution, the
expenditures in regenerated sorbents can be neglected. Not having accurate data on the cost of single-use
sorbents and taking into consideration the contmumg study of their synthesis and selected we estimate the
cost of the sorbents to be equal to 20-500 ruble/m?® of sorbent.

Burial Expenditure. The cost of treatment and burial of 1 m® waste is {10]: burial of liquid concen-
trates 200 ruble; cementing and storage of blocks 115 ruble; bitumenization and storage of blocks 85 ruble.
With an increase of the productivity of bitumenization installation the cost of bitumenization and storage
of blocks may be expected to decrease to 60 ruble/m3, We assume that the cost of burial lies in the range
20-300 ruble/m3 of wastes, i.e. we include a cost which is several times smaller than that existing now.

Evaporation and Reagent Expenditures Rg and Ry. These expenditure items pertain only to the use
of regenerable sorbents. At the Moscow purification station the evaporation cost per 1 m® of regenerant
is 21.4 ruble/m® [10]. :

The consumption of reagents in regeneration of 1 m?® sorbent and their costs are given in Table 1.

The overall cost of reagents in regeneration of 1 m?® of sorbent and the evaporation of these solutions
(ViRg + Ry) is about 130 ruble. '

" Saving from Replacement of Regenerable Sorbents by

Single-U se Sorbents

For identical productivity, formula (4) can now be written in the form
Ec = [(130 + 0.2Ry, +0,24V,) D— Rp— Ry ] X Vi—ﬁrublés/ms D = Vy/Vn. CG)

Thus the economy from the repla.cement of punflcatxon by multlple use sorbents by pur1f1cat1on by

‘single-use sorbents is

e = (Ror Byr Vi D). @

The behavior of (6) as a.'function of these factors was investigated using a computer. The numerical values
Ec > 0. were determined in the following range of variations of the parameters: D= 1-4; Rb 20-200;
Rg = 20-500; Vm = 100-2000. .

It was found that: 1) the value of Ec for the above values of Ry, Rg, D, and Vn-l varies in the range
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TABLE 3. Values of D Ensuring Ec=1 0-1.47 ruble/m® and does not exceed 1.5 ruble/m; 2) Ec,
ruble/m® of Solution _ decreases with the increase of Rg and Rb’ 3) Ec mcreases
Rh.ruble/ms, ' v Ry, rubles/m? of sorbent with D; 4) for Ec > 0.3 Ec decreases with the increase
of wastes M™% | 100 | 200 | 400 of Vpy, while for Ec < 0.3 it increases with V. This
happens because for extreme values of Vy, the values of

200 100 ] 2,3 3,2 4,2 6,4 Ec change in the following way: for Vp = 100 from 0 to

1%8 288 }’2 %;2 21(1) 215‘ 1.47, and for Vy, = 2000 from 0 to 0.30.

40 100 1,0 |" 2,2 | 3,7 | 7,1

20 100 [ 0,7 2,1 3,8 7,2 For Ec < 0.5 the saving in using single-use sorbents

instead of regenerable sorbents will be very small. The
annual saving is (thousand ruble): less than 16 for daily
productivity of 100 m?®, less than 82 for 500 m®, and less than 165 for 1000 m, )

The values of D, for which Ec is equal to 0.5 and 1 ruble/m?, are given in Tables 2 and 3. The values
of D are very large (>10) for Vy, > 400 at Ec = 0.5 ruble/m and for Vy, > 100 at Ec = 1.

The range of values of D, Vi, Ry, and Rp, for which Ec = 0.5 ruble/m? of solution, are. shown in Fig.
1. It follows from this figure that a perceptible saving from the replacement of regenerable sorbents by
single-use sorbents can be obtained only in the following conditions.

1.  The volume of the solution purified by regenerable sorbents in one cycle is smaller than 500
columnar volumes.

2. In storage of the wastes in 11qu1d form (Rp, = 200 ruble/m? D must not be less than two to four and
Ry no more than 150 ruble/m®,

3. In cementing of the wastes (Rp, = 120 ruble/m3) it is necessary that D=2-3andRg < 60 ruble/m
For D = 3-4 ‘R, may reach 150 ruble/m?.

. 4. In bitumenization of the wastes (Rb 80 ruble/m®) and for identical volume of the fllter cycle
D=1)Ry= 20 ruble/m3. ¥ D =2, ‘Ro = 100-150 ruble/m?® is admissible.

CONCLUSIONS

The investigations of the expenditure in the purification of radioactively contaminated water make it
possible to plan the paths to be followed in subsequent investigations on the synthesis and selection of sor-
bents and also on the development of methods of solidifying and burial of wastes.

1. A search for cheap single-use sorbents with isotope separation capacity exceeding the capacity of -
regenerable sorbents at least by a factor of two.

2. Production of regenerable sorbents with such a capacity that would ensure purification of more
than 300-500-m?® of solution per 1 m® of sorbent.

3. Development of cheaper burial processes.
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LONGITUDINAL INSTABILITY OF A CIRCULATING
BEAM INTERACTING WITH A PASSIVE RESONATOR

V. I. Balbekov and P. T. Pashkov 7 UDC 621.384.6.01:621.384.634

A 70 GeV beamcirculating in a steady magnetic field in the accelerator of the Institute of High-Energy
Physics with the accelerating voltage disconnected exhibited longitudinal instability [1, 2]. It was found that
the instability arose as a result of the interaction of the beam with the resonators of the accelerating stages."
The linear stage in the development of such instabilities was considered theoretically in [3-5] when the
particle distribution differed little from the uniform state. In thispaper we shall refine the equations of
the linear theory and reduce them to a form convenient for specific calculations. In addition to this we shall
analyze the nonlinear stage of the instability numerically, i.e., we shall consider a strongly bounced beam.
The calculation will be carried out using the parameters of the Institute of High-Energy Physics accelerator.

Threshold and Increment of the Instability

Let us consider a wave of beam current ~exp (ikd —iwt), where k is the number of the harmonic,
w ~ kQ; L is the average angular velocity of the particle. Following the usual method [3-5] we obtain
the dispersion equation

1 .
(wtw) | 2By, . &)
-1

where x = p—p(/Ap,, is the deviation of the particle momentum from the average value, referred to the
half-width of the momentum spread with respect to the base, F(x) is the normalized equilibrium distribu-~
tion function; :

IApm,

rie= (g —1) (1552 ) s n=a—y | | @)

o is the expansibn coefﬁcient of .the orbits; v is the relativistic factor;

s ie2NZy Apm \—2 .
utiv =g () : @)

R is the average radius of the machine; N is the number of accelerated partlcles, Zx is the total impedance
"~ of the accelerating stages at the frequency kQ,. '

‘For a deta,lled analysis we chose a smooth function consisting of sections of parabolas:
(1-—lz[ /(1 —a),

3 a<<|z{<1; /
Fz)= 2(1+a) 1—,L2_Ia,”[x|<a; )
0. |z| =1,

where the parameter a is capable of varying from 0 to 1. Figure 1 shows the lines of constant values of
r and € in the u, v plane for a = 0.5. The diagram is symmetrical with respect to the real axis. In order
to calculate the frequency and increment of the oscillations we must find u and v from Eq. (3), plot thls
point on the graph, determine r and € by interpolation, and then use Eq. (2).

The inner region of the diagram bounded by the curve € = 0 corresponds to the stable state. The
brok_en lines in Fig. 1 indicate the region of stability for a equal to 0.1 and 0.9, For the limiting values
of the parameter a (0 and 1) there is no threshold since the derivative distribution function exhibits

Translated from Atomnaya Energlya, Vol. 37, No. 4, pp. 332-335, October, 1974, Orlglnal article
submitted November 10, 1973 revision submltted February 14, 1974,

© 1975 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 315.00.
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Fig. ‘1. Dlag'ram for calculating the threshold and increment
of the instability (a = 0.5). ’

discontinuities. The break in the boundary to the stability region may be attributed to a discontinuity in the
second derivative of F(x). ‘

We see that the threshold depends quite strongly on the form of the distribution, especially for v = 0
(reactive impedance). This is realized, for example, in the case of negative mass instability (the part of
the ray v = 0, u < 0 situated outside the region of stablhty) To a coarse approximation the stability condi-
tion may be expressed as '

Vit <0, 0,2

4n poR

N<(O 1+0,2) 20R | 0,

Zy |

]

Po
which approximately coincides with the estimate used in {5].

If the intensity greatly exceeds the threshold value, Eq. (1) may be solved-in general form:

. —_— 32
r-{—t.eNI + (Vu—{—w-f-—mv—__ﬁ) s
where the stroke denotes averaging with respect to the distribution. For distribution (4) x2=0.1(1+a?. -
In the ordinary form of writing, the instability increment takes the form

~O CENInZi |~ % aie [ AP 2 3,/ _ 4ntRpy ) . I . n |kn| : :
ot () L s T |/ ) ot (4 it L8 g

(6)

-

Let us find the increment for the Institute of High~-Energy Physics accelerator using the following
parameters: N = 10'%; R =236 m; p,= 70 GeV/c; a =0.0111; Apm/py=4- 10-%  The total impedance
of the accelerating stages calculated on the basis of measurements made on the natural frequencies of the
resonators has a maximum value at the thirteenth harmonic of the rotation frequency Z;3 = (170 + i70) kQ.
From Eq. (3) we find: u = -0.22, v = 0.54; hence r = 0.55; € = 0.43, (Im w)-1 32msec. Equations (G)and
(7) with a = 0.5 give almost exactly the same values: r = 0.57, € = 0.45. The measured value of (Im w)-1
= 30 msec [2]. -The calculated 1nstab1hty threshold is also close to.the measured value: 2.7° 10" and
~3- 101 respectively.

Nonlinear Stage in the Development of Instablllty

The exponential growth of the perturbation continues until the azunuthal distribution of the parttcles

differs little from unlformlty ‘The subsequent behavior of the beam may be studied by numerical methods. -

For the Institute of High-Energy Physms accelerator the total impedance of the resonators at the
twelfth and fourteenth harmonics is approximately three times less than at the thirteenth. For numerical
analysis we therefore chose the case in which the instability initially developed at the thirteenth harmoniec.

. Subsequently (in the nonlinear stage), harmonics of the current constituting multiples of 13 appeared; how-

ever, no corresponding voltage harmonics arose, since the impedance of the resonators at such high fre-
queticies was very small. The accelerating voltage may accordingly be expressed thus:
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V(@)= —1ZaJq (t)|cos[qszot+¢q'(t)+Argqu, o o (8)

where q = 13 is the number of the resonance harmonic; z/)q is the phase of the beam current. The processes
taking place in the beam have characteristic times greatly exceeding the attenuation times of the oscillations
in the resonators, i.e., in this sense Jq(t) and zpq(t) are slowly varying functions.

The ‘motion of the particles in the circulating beam is described by the phase equation [6]:

. eqn| 2474 (2) ‘ . .
G = — Tt cos [0+ (0 + Arg Zql, ©

which was solved in the following manner, Four hundred macroparticles were placed in the phase plane

in such a way as to obtain a parabolic momentum distribution [distribution (4) witha = 1]. An initial ac~
celerating voltage in the range 0.5-5 kV was specified. Then Eq. (18) was integrated in the range At £ 0.5
msec for a constant beam current. At the end of the step the macroparticle coordinates so found were used
to caleulate the amplitudes and phases of the current and voltage, after which the process was repeated.

We also employed other methods of specifying the initial fluctuation, for example, a 6-shaped per-
turbation of the charge density. No qualitative differences appeared.

The development of instability in the phase plane is illustrated in Fig. 2 (the reduced momentum of
the particles x is plotted along the vertical axis). The initial phase distribution is uniform and is therefore
not shown in the figures.

We see that, under the influence of an induced voltage, "bunches" moving toward the center of the ac-
celerator are separated out from the beam. Owing to the difference in the rotation frequencies of bunches
with different energies, beats arise in the amplitude of the beam current and the voltage on the resonators
(Fig. 3). As time progresses, the energy spread, the difference in the frequencies of rotation, and hence
the frequency of the beats all increase. An increase in the initial spread slows the development of instabil-
ity and reduces the maximum voltage. In the initial section the voltage rises exponentially, the increments
coinciding with the values obtained from the equations of linear theory witha = 1: for curve I (Im w)l=25
msec and for curve I (Im w)-! = 46 msec. These curves are in good agreement with experimental resilts
obtained in the Institute of High~Energy Physics accelerator [2].

It is interesting to follow the behavior of the beam in relation to the pbase of Z for a fixed 1Z|. Let
us consider the hypercritical range of energy, for which n > 0.

For Arg Z = —7/2 instability is absent, and the initial perturbation is repeated periodically in the
beam. The ray v = 0, u> 0 corresponds to this case in Fig. 1. With increasing Arg Z the rate of develop-
ment of the instability and the maximum voltage on the resonators increase (see upper half-plane in Fig. 1).
The rate of turning of the beam also increases up to Arg Z = 0. Then the picture changes slightly: the
grouping at the original radius increases, but the displacement of the beam along the radius is retarded.
For Arg Z = 7/2 the beam groups entirely in the original orbit, the form of the bunches coinciding with the .
form of the ordinary separatrix (cos¢g = 0). This kind of instability has the maximum rate of development.
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. This case gives a coarse representation of the limiting state of the beam for negative mass instability,
although in actual fact all the harmonics of the beam current should make a considerable contribution.

The region Arg Z > /2 (lower half-plane in Fig. 1) corresponds to negative resistance and may be
realized by means of feedback circuits. The behavior of the beam differs in no way from the preceding
~case, except for the fact that the separatmg bunches collect energy in the resonators and the1r radius of
rotation increases.,

. " The authors wish to thank A. I Basov; V. V. Polyakov, 1. I. Sulygin, and B. K. Shembel' for infor- .
‘mation as to the results of a study of this effect in the Institute of High-Energy Physics accelerator and for
fruitful d1scuss1ons, and also L. A Polyakova for help in the numerical calculations.
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MEASUREMENT OF RATIO OF EFFECTIVE CROSS
" SECTIONS OF CAPTURE IN *?8y AND FISSION OF %%y
IN A FAST-THERMAL CRITICAL ASSEMBLY ‘

M. V. Bychkov, A. V. Skobakarev, - | UDC 539.125.5.17
A. P. Malykhin, I. V. Zhuk, _ '
Yu. I. Churkin, and O. I. Yaroshevich

The procedure and results of measurement of the ratio of the effective éross sections of capture
in %7 and fission of #% (o%/a‘g) in the fast spectrum of neutrons on the critical assembly BTS-2 [1] are

given., The determination of 5%/5% is based on the measurement of the intensity of 2%y ‘y-radiation (Ty /,
= 23.5 min; E. = 75 keV) in a thin depleted uranium indicator and of the traces of fission products of 35U
from an enriched uranium indicator when irradiated in the investigated fast and thermal neutron spectra.

Uranium indicators 0.1 mm in thickness (27 mg/cm2 uranium) and 10 mm in diameter, made of
U—A1l alloy (uranium deplected of B% 230 times) were used for the measurement of the rate of capture in
3%, The rate of capture in 28 was determined from the 75 keV photopeak with a y-spectrometer with a
45 X 2 mm Nal(Tl) crystal and AI-128-2M analyzer. A 0.09 mm thicklead filter, proposed in [2], was used.
for the separation of the 75 keV y-line against the large background of y-radiation of the fission products
of uranium. In the measurement of v -radiation of 23y v-radiation of nonirradiated indicator, the intensity
of the background of the y-spectrometer, and the intensity of the y-radiation of the fission products of
uranium, which was determined with the use of a highly enriched uranium indicator, were taken into con-
sideration. ’ "

Thin fission sources made of uranium enriched to 90% in #%U (24 pg/cm? of 3%U) were used in the
measurement of the fission rates of #°U. Silicate glass of 0.1 mm thickness and 7 mm diameter was used
as a detector of the fission products; the surface of the glass was specially treated for eliminating the back-
ground from the defects [3]. : -

The uranium indicators were calibrated in the thermal column of the reactor of the Nuclear Physics
Institute of the Academy of Sciences of BSSR using the constants o ; = 580.2 = 1.8 barn [4] and ogo = 2.721
+ 0.016 barn [5]. o '

The value of 5%/5% avei'aged over five measurements was 0.107 = 0,002,

The following errors were taken into consideration in the analysis of the results of measurements:
1) root mean square error of measurement of the ratios of the intensities of.75 keV y-radiation and the fis-
sion products (0.8%); 2) error of the constants used (0.7%); 3) error due to different yields of fission pro-
ducts of %%y ana ¥%y taking into consideration the 7y -background of the fission products in the equipment
7 -spectrum of the enriched uranium indicator (about 2%); 4) systematic error associated with different
blocking of 2% resonances, dispersion and scattering of neutrons during the irradiation of the indicators in
the investigated and thermal neutron spectra (0.16%). The overall error of measurement of aac/c_rg in BTS-2
was £2.3%. o : : '
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CALCULATION OF PRESSURE AND TEMPERATURE WITHIN
THE CASING OF A WATER—-WATER REACTOR

1. Misbak | . UDC 621.039.584.001.2

- The casing plays an important role in the trapping of radioactive fission fragments and mustnot be dam-
aged even under emergency conditions. In order to estimate the casing load, a mathematical model for the
calculation of the temperature and pressure in the event of damage by the emission of the primary coolant
is developed. In developing the model it was important to take into consideration the partition of the inner
volume of the casing by walls and constructions, and to describe this system of interconnected sections.
The resistance of the openings between the sections to the flow of an expansible coolant (vapor) results in .
the formation of a pressure difference with the possibility of disruption in the integrity of the walls, dam-

" age to the technical safety system, and, at the worst, damage to the casing itself.

The model pfimarily describes the éxpansion of a mixture of air and vapor from a given source (break
in the loop) ih a system of adjacent sections. Assuming thermodynamlc equilibrium of the water, water
vapor, and air, the air-mass

Wi oS - @

the coolant-mass

£ - Sap | - @

and the internal energy balances for the mixture
d-[ (UA+UC) Q{+2.| (G1 Jh1AJ+G' ]h‘l J) . » ) . (3)

are formulated for each section. Here M is the mass, kg; G is the flow rate, kg/sec; T is the time from
the start of the damage, sec; Q is the thermal output, J/sec; h is the specific enthalpy, J/kg; A denotes
the air; C denotes the coolant; i denotes the number of the section; i, j denotes motion from the i~th to
the j-th section.

The sum over "j" in Eqs. (1-3) expresses the interaction of the i-th section with the surrounding '
system of sections, mcludmg the emission of the coolant from the primary loop and the effect of the sprink-
ler and ventilation system. In Eq. (3) h1 i hZJ is the enthalpy of the coolant (air). The thermal outputs

Q! delimit the effect of random heat sources. By utilizing the equations of state for water and air, as well
as the conditions for the constancy of the sections' volumes (V1 = const), one can convert Eq. (3) into a dif~
ferential equation for the temperature of a section. The pressure is determined by the partial pressures
of the air and vapor at a given temperature. ’

The system of differential equations obtained is solved numerically by means of a TRACO program in
FORTRAN IV language. - Preliminary calculations allow one to draw the following conclusions.

~ The division of the vacant volume into a system of sections influences substantially the behavior of the
pressure inside of the casing. The pressure in the present sources in the sections exceeds significantly

Original article submitted October 22, 1973.
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the mean pressuré. The maximum pressure differences between the sectionsdepend first of all on the .
rate of evacuation of the primary loop, the location of the damage in the loop, the cross-sectional areas of
the flow between the sections, and the coefficient of transport of water droplets by the flow.

p VERSUS T PHASE DIAGRAM OF THE URANIUM—OXYGEN

SYSTEM

Yu. V. Levinskii _ | ' UDC 541.01.123:546.791

On the basis of an analysis and generalization of the experimental data, a p versus T phase diagram

has been proposed for the uranium—oxygen system in the temperature interval 800-3000°C and range of

Fig. 1. p versus T phase dia-
. gram of the uranium-oxygen
| system. ‘
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Fig. 2. Isobaric cross sections of the phase diagram of the uranium—oxygen
-system at pressures 1 (a) and 10~° atm (b). :

Original article submitted February 15, 1974.
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pressures. 10‘”-10 atm (Fig. 1), representmg the projection of the isotherms—isobars of monovariant reac-

~ tions onto the p versus T plane. With the aid of this diagram, using information on solublhty, any isobaric

and isothermal cross sections of the uranium—oxygen system can easgily be constructed (Fig. 2).

TO THE ELEMENTARY STATE BY HYDROGEN?

Yu. N. Tumanov and N. P. Galkin _ L :UDC 546..791.6.161:669.094.1

The work analyzes the results of unsuccessful attempts to reduce elementary uranium from the hexa-
fluoride with plasma hydrogen according to the scheme cited in Fig. 1. The basic reduction products are
uranium tetrafluoride or a mixture of the latter with lower fluorides of uranium, the gross composition of
which lies in the range 3.68-4.0. The composition of these products depends little on the temperature of
the reduction (it reaches 3000- 5000°K), the mole ratio Hy: UF; (6.4~ 640), or the consumption of electric
power.

To explain the experimental results, the thermodynamics of the reactions in the system UF;—H,
are discussed, as well as the kinetics of recombination processes and phase transitions in the receiver
of the reaction products. It was shown that the large values of the equilibrium constants of the summary
reactions of reduction of uranium from the hexafluoride by molecular and atomic hydrogen are due chiefly

.to the first two cofactors in the product Keq = Ikpl, where kpl represents the equilibrium constants of the

intermediate reactions. The subsequent reactions do not go to completion thermodynamically, even at
temperatures of 3000-5000°K, where the equations of reduction are essentially formal. Actually, at tem-
peratures above 300°Khydrogen loses its reducing ability, since it does not form a thermodynamically

stable compound with fluorine. The lowering of the valence of uranium in the system UF;—H, occurs as a
result of thermal decomposition of uranium fluoride, which dissociates under conditions of plasma tempera-
tures. Therefore, in the interaction of uranium hexafluoride with plasma hydrogen, at temperatures above
3000°K the latter plays the role not of a reducing agent, but of a heat carrier.

Since the ‘reactions in plasma heat carriers proceed under conditions close to thermodynamic equili-
brium, while the reduction of uranium from the hexafluoride by hydrogen does not go to thermodynamic

. completion even at 5000°K (as yet it is technically difficult to heat hydrogen even up to this temperature),

it is concluded that the use of hydrogen reduction for the production of elementary uranium from the hexa-
fluoride is unpromising.

Elementary uranium can be produced from the hexafluoride if the latter is heated (atp = 1 atm) to

. F
2 2 . -
N H / , . Fig. 1. Scheme of reactor for the

H—== . . .
* I H :3 reduction of uranium from uranium

—=#5# hexafluoride with plé}Sma hydrogen.

' 1) Uranium hexafluoride; 2) plasma-

. tron; 3) filter; 4) uranium tetra-
fluoride; 5) receiver of reaction
products; 6) plasma reactor-mixer.

Original article submitted February 18, 1974
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~6000°K. However, uranium or fluorides in which the valence of uranium is =3 can be isolated only under’
the condition that the rate of condensation at the exit from the reactor is greater than the rate of gas phase
recombination of uranium or uranium fluorides. An estimate shows that this cond1tlon can be fulfilled for
lower fluorides of uranium, and ev1dently for uranium.,

The results of the investigation show why uranium tetrafluoride is the basic product of the reaction of
uranium hexafluoride with hydrogen in the absence of special quenching: at the exit from the plasma reactor
there is a condensation of the reduction products and a recombination of uranium fluorides in the heterophase
region to the most thermodynamically stable compound under these conditions — uranium tetrafluoride.

CALCULATION OF SOME DIFFUSION PARAMETERS AND
GAS GENERATION OF PARTICLES ON HEATING THE
SAMPLES AFTER IONIC BOMBARDMENT

A. A. Pisarev and V. A. Pisarev UDC 539.12.17:533.15

The results of machine calculatiohs of the diffusion and gas generation of particles injected into the
metal during the ionic bombardment are given. The calculations are based on the solution of the simultane-
ous equation of diffusion determined on the semiinfinite straight line having zero limiting conditions. The
initial Gaussian distribution function of the particles ¢ (x, 0) is cut off at a certain distance x, from the
vacuum surface x = 0 for satisfying the limiting condition ¢ (0, t) = 0. The gas flux j from the metal in a
vacuum is determined by Fick's first equation. The diffusion equation was solved for the case of linear
- increase of temperature T with time when the velocity was a. The distribution of the particles in the sample
was considered in the dimensionless coordinates ¢ = x/xm, where Xy, is the coordinate of the center ¢ (0, t).

According to [1], the activation energy for the diffusion Q can be expressed according to any character-
istic temperature T* in the bell-shaped curve j(T). Figure 1 gives the isoenergetic curves which simplify

6K

18-

108 )
‘ .',0-10

70—12_

TR TR T T“"K
Fig: 1
Fig. 1. Isoenergetic curves of the dependence of the
parameter C on the characteristic temperature T* for

~ different values of the activation energy for diffusion
Q =5 to40 keal/mole.

"Fig. 2. Dependence of the gas-generation parameter
f on o4 for different values of 4.

Original article submitted February 25, 1974.
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Fig. 3. The function j(T)
for different combinations
of the parameters ¢ and o03.

j, relative units
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the determination of Q according to the value of T* and the parameter C = pi,a/Fk, (F is a parameter de-
pending on the choice of T*, kjis the lattice vibration frequency, py, = Xp,/A, and A is the lattice para-

meter).

For T* we preferably use the temperature Ty, of the occurrence of the maximum of j (T); in this
case F = . It has been shown that Tmax and £ depend on the shape of ¢ (0, t), Figure 2 shows thé relation
f (oy) for dlfferent values of &), where 0y is the relative half-width of the Gaussian function ¢ (0, t); 4 = x;
/Xm. It is important that for small values of 0y, the parameter f and the value of T35 are practically
constant.

The calculations of j(T) (Fig. 3) explain the small variation of the tail of the function j(T), observed
experimentally [2], and its displacement in the low-temperature region on increasing the width ¢ (0, t);
moreover, they indicate that a sharp increase of f (0y) and a decrease of f (&) are associated with the
occurrence of the false low-temperature maximum of j(T).

It has been shown that the diffusion model used in the calculations cannot be applied for wide original
distributions because of the occurrence of false peaks in j(T); these are caused by the abnormally large
concentration gradients close to the vacuum limit, which arise in the initial stage of heating. From Fig.
4, it follows that for a small value $; = 0.01, we observe two maxima 8c¢/dx: at 450 and 600°K, which cor-
respond to the false peak and the real peak in the curve j(T). For ;= 0.1, whenc (x, 0)iscut off far from
the limit, the maximum 8c/dx occurs only at 600°K. - '

In the determination of Q, it i8 recommended that the experiments be carried out with low doses and
high ionic energies; the ascending branch of j (T) should not be used for the calculations.

In the study, we observe some peculiarities of the variation of the concentration profile and the rate
of gas generation during the process of heating of the sample. In particular, we observe a shift of the
maximum of ¢ (x, t) in the depth of the sample on heating and a decrease in the height and an increase of
the width of the profile. It has been shown that for T > Tyax the diffusing particles "forget" their previous
history, and the concentration proflle and the gas-generation curves prachcally do not depend on the shape
of initial distribution.

¢, relative units

¢, relative units [~ -

Y

)

05

; 2 w0

- Fig. 4. Dependence of the particle concentration in the sample on the depth 3/9,
close to ¢ =+, in different stages of heating for g; = 0.3: 1) part of the initial dis-
-tribution; curves 2 to 8 were plotted correspondingly for the temperatures 450 to
750°K with intervals of 50°K; the values of ¢ in curves 6 to 8 increase correspond-
ingly by 10, 100, and 1000 times.
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ALLOWANCE FOR GEOMETRY IN ACTIVATION ANALYSIS
INVOLVING FAST NEUTRONS GENERATED IN A CYCLOTRON
BY THE REACTIONS °Be(d, n)”B AND *Be(p, n)'B

V. A. Muminov, B. Akablrov, ‘ » UDC 543.53
and N. Abibullaev ‘ '

It is extremely important in neutron-activation analysis to take due account of the sample-irradiation
geometry, expecially in the case in whlch a thick target bombarded with cyclotron-accelerated fast particles
forms the neutron source. :

Using existing functions for the angular distributions of the neutrons arising from the reactions ?Be(d,
n)1’B and 9Be(p n)°B and an auxiliary geometrical construction, an elementary equation is derived with this
end in view and used for calculaung the fall in neutron flux corresponding to various target-sample dis-
tances, and also the flux variation along the sample radius.

The fall in neutron flux is given in tabular and graphical form in relation to these two parameters.
The calculated fall in neutron flux along the radius is compared with experimental results, and the fall
expressed as a function of distance, corresponding to isotropic radiation. Certain conclusions are drawn.

Original article submitted January 3, 1974.
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LETTERS TO THE EDITOR

OBSERVATION OF ANOMALOUSLY LARGE PORES IN
NICKEL BOMBARDED BY CARBON IONS

V. I. Krotov, S. Ya. Lebedev, UDC 621.039.531:546.74
and V. N. Bykov

At the present time, there is great interest in simulation of radiation-induced swelling by irradiating
structural metals and alloys with accelerated ions [1-3]. The use of accelerators for this purpose makes it
possible to obtain such a dislocation density in the surface layer of test specimens, within a few hours, as
would be achieved only in the course of several years' testing in a reactor. But further theoretical and ex-
perimental investigations will be required to justify the validity of extrapolating the results obtained through
gimulation of reactor irradiation conditions. '

It was in this context that we undertook studies of the special features of development of porosity in
nickel exposed to bombardment by argon ions and carbon ions of 70 keV energy. The irradiation experi-
ments were carried out on an ITU-100 accelerator [4]. A nickel specimen (0.1 mm thick and 3 mm in dia~
meter) was annealed at 800°C for one hour in a 10~° torr vacuum prior to irradiation. The specimen was
then thinned down electrolytically and examined under an electron microscope in order to monitor the
quality of the thinning operation. Irradiation conditions were: a) 70 keV carbon ions to doses of 5- 1017 and
10'8 jons/cm? at 550°C; b) 70 keV argon ions to doses of 10!7 and 7- 10! jons/cm? at 550°C; c¢) helium ions
to a dose of 2- 10*¢ jons/cm? followed by irradiation with 70 keV carbon ions to a dose of 5- 107 jons/cm?
at 550°C. The results of electron microscope studies of the test irradiated specimens are entered in Table 1.

Figures 1 and 2 show electron micrographs of specimens irradiated with carbon ions to a dose of 1018

ions/cm?, as well as of specimens irradiated with helium ions and subsequently irradiated with carbon ions.

Micrographs of portions of the specimens whose thickness was greater than the path of the ions, cal-
culated at 1000-1100 A and ~200-300 A in the case of carbon ions and argon ions, respectively, were used
in processing the results.

‘ Fig. 1 ' h Fig. 2
Fig. 1. Electron mlcrosco;uc photograph of nickel specimen irradiated by 70 keV carbon
ions at 550°C, dose 10'° ions/cm?® (magnification X90, 000).

Fig. 2. Electron micrograph of nickel specimen irradiated by 50 keV helium ions at room
temperature, dose 2 10'® jons/cm?, with subsequent irradiation by 70 keV carbon ions at
550°C and dose 5 10'7 jons/cm? (magnification X90, 000).

Translated from Atomnaya Energiya, Vol. 37, No. 4, pp. 343-344, October, 1974. Original letter
submitted September 12, 1973.

© 1975 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 1001 1. 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 $15.00.
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TABLE 1. Results of Electron Microscopic Investigation of Irradiated Specimens

Bombarding ion
Characteristic
carbon argon:

Dose, cm=? ' 5.4017 1018 1017 5.4017
Pore concentration, ¢m™3 R : ~ 1014 ~ 1014 ~ 1016—1017 | ~ 1016—{017?
Maximum dimension of pores, A ' 1500 2200 200 | 400
Minimum dimension of pores, & 300—500 500—1000 | _— —
Porosity, % . g s 13 - . = .. .]. o5

No pores were observed on portions of the specimens of s'ufﬁciently small thickness (respectively _
<500-800 A and <150-200 A for irradiation by carbon ions and argon ions). Clearly, with decreasing speci-
men thickness the relative yield of vacancies on the surface increases, while the thickness of the specimen
becomes less than the path length of the ion, so that the dislocation density decreases abruptly. Starting
with the specified thicknesses, the equilibrium concentration of vacancies in the specimen proves to be in-
sufficient to support the growth of pores. But even when specimen thicknesses are in a very low range
~200-300 & (in the case of irradiation by argon ions), when it would appear that vacancies must lead off to
the surface at a high rate, a sufficiently high dislocation density would ensure the vacancy concentration
required for pore growth. Apparently, the increase in the yield of interstitial atoms of the target material
on the surface as specimen thickness decreases also has a definite role to play, and that also contributes
to the rise in vacancy concentration through lowered recombination.

The pore concentration in specimens irradiated with carbon ions to doses of 5- 104 and 10 jons/cm?
is practically identical at a level of ~10!* cm=* (see Table 1). Clearly, this is due to the concentration of
active centers available for condensation of vacancies. - As the irradiation dose is stepped up, new pores
do not form, but instead we find a further growth of the pores already present. This point is confirmed by
the minimum dimension of the pores (see Table 1). A certain spread in pore dimensions would seem due
either to the different effectiveness of vacancy condensation centers or to local inhomogeneities in the struc-
ture of the specimen such as would affect the rate at which vacancies drain off to the given center.

The maximum dimension of the pores (~2200 4) is roughly double the calculated path length of the
carbon ion traversing nickel. The random yield in the direction of channeling as a result of collisions with
lattice ions on the part of either the initial ion or the secondary and subsequent atoms from collision stages
can cause damage at a depth far in excess of the ion path length.

The emergence of pores beyond the damage zone may also account for the diffusion redistribution of
vacancies and lattice atoms with the formation of a closer to equilibrium pore configuration. In addition,
the clearly defined faceting and pore orientation in the crystal lattice also show a similar effect. We get
the impression that the pore growth was limited only by the specimen thickness, which averages ~1500 A.
Coarser pores not emerging at the surface were observed in the thicker portions of specimens.

In specimens irradiated by argon ions, we note an extremely high concentration of pores (~10%6-1017),
A count of the number of pores becomes more difficult because of the abundance of all sorts of fine pores
whose dimensions do not exceed 30 to 50 A, as well as intense overlap of pore images on the electron micro-
graphs. In this case the penetration of argon atoms into the specimen metal brings about the formation of
an appreciable number of active vacancy condensation centers during the irradiation process. The spread
in pore dimensions can be accounted for in terms of the difference in pore "age", whereas all the pores are ‘
of identical "age" in bombardment by carbon ions. ‘ . i

In specimens irradiated sequentially by helium ions and carbon ions (see Fig. 2), a certain ordered-
ness in the pore arrangement was observed on some portions.

Hence, ion irradiation makes it possible to discern some regularities of pore development which are
needed in the study of radiation-induced swelling of materials.
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KINETIC INSTABILITY OF AN INTENSE BEAM OF | Bty e
CHARGED PARTICLES IN A STORAGE RING

N. N. Naugol'nyi : = : . UDC 621.384.61

Many papevrs have appeared on the longitudinal motion of beams of charged particles in circular ac-
celerators, taking account of space-charge forces. An extensive bibliography on this problem is given in [1].

The so-called "negative mass" instability (NMI) of a beam can arise in a smooth nonresonant per-
fectly conducting cavity. The instability develops at energies above a critical value [ = v-2—a < 0, where
Y= .(1-—32)‘1/ 2 js the familiar relativistic factor; a = (1—n)‘1, where n is the exponent in the expression for
the radial decrease of the magnetic guide field [2]] at frequencies w = vwy(1 + &) close to integral multiples
of the rotational frequency wy (161<< 1). For a small equilibrium beam density p, the growth rate of the
oscillations Im vwy6 is proportional to p}, 2. Qur results show, however, that as the ring current increases,

‘a kinetic instability of the beam rather than a hydrodynamic NMI develops. - It is clear that a kinetic instab-
ility can appear earlier than the NMI since an appreciable threshold current is generally required for the
development of an NMI because of the thermal spread in momenta.

Let us consider a circular beam of radius @ circulating in a metal toroidal chamber of minor radius b.
The general dispersion relation for longitudinal oscillations in such a system is rather complicated. In the
ultrarelativistic case good accuracy is ensured by using the long-wavelength approximation Indbi«<1,
where n? = ki —K? is the square of the transverse wave number, kj is the longitudinal wave number, k = w/e,
and c is the velocity of light. There is no need to present a detailed derivation of the dispersion equation.
Following the procedure of the self-consistent approximation and satisfying the appropriate boundary con-
ditions on the surface of the beam and the chamber we obtain ’

%(ell~-1)x21nb/a+1=0. (1)

gp=1+ (W /w) X [dppdpu (p—pg)]/[Y(w—kjV)] is the dielectric constant of the beam, wg = (47pe’/m)* /2 ig the
Langmuir frequency, and dpu(p—po) is the derivative of the background distribution function with respect

to the longitudinal momentum p. In evaluating the Cauchy type integral in the expression for gj in accord
with the form for writing the Fourier expansions of perturbed quantities ~expi (kjz—wt), the pole at w = kv
is bypassed below. Limiting ourselves to analytic distribution functions u(p—p,) with small dispersions
(6p?) and using the relation 3pwy = Mwe/py [3] it is easy to find :

' dppdpu (p— Po)

Tk = —y"! {vnwo | (0—vee)?-+ inp?apu,es.iv|n|mo}, v
where OpUyeg is the resonance value of the derivative dpu(p—py) at the point p—p; = po(w—vw) /mvw,,

We now write Eq. (1) in the form

2¢2 B E )
22)\’ %2 1n bja {nveg | (0 —veg)2 +inp2dpyes | v M| wo} =1 2)

The solution of this equation must be sought in the form w = vwy(l + 8). Neglecting the thermal sprea.dv .
in the beam we have for 6] <1 ' . S

8P =—t= VEBZET v (1497 " (3)
where £ = (w%a2/2'ycz)1n (b/a). If £ < 0 the NMI develops with a growth rate for —§ < v~? equal to [3]

Translated from Atomnaya Energiya, Vol. 37, No. 4, pp. 344-346, October, 1974. Original letter
submitted October 12, 1973.
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1 In b/a/2v3)”’ SRS ’ 4)

Assum.mg that the imaginary part of (2) is much smaller than the real part (for Im w = 0) and taking 6 = = 50

: +(6)( ), we find the correction to the frequency w:

5"’—'1026‘0"0puresf2 ] nlx VEB? (E'ﬂ‘-z)].:‘ :
‘ |5"’2|<<1§ﬂ"2(§+?'2)|

Since for decreasing distributions, symmetric with respect to.p;, 3p“res —6/1,-in view of the obvious
inequalities A

)

—t>| VEF z'(§+v'-2>|(§<'0). |
CE< VEBREETYD (§>0)

it follows from Eq (5) that Im 6(1) < 0 for I£) < y~2, i.e., in this case the oscillations are damped as a
result of the thermal spread in the beam. According to (5) the kinetic instability appears for —¢ > y~2, -and

-for decreasing distributions solution (3) is unstable with a negative value of the root 6(0) If —t —-_'y‘z

Eq. (5) no longer holds. For IgB-Z(g + 7‘2)| < 16(0?] we obtain d.lrectly from Eq. (2)
<'>=(n/21n|)‘”p6<°’ [iytres 1™ (—5 =7 | - (6)

. In the last expression there is always a value of the root w1th a posmve 1mag1nary part which cor-
responds to growing oscillations. Thus an 1nstab111ty arises if —¢ = y~%, or in explicit form

. 22 7
2 [ A
wg > nyat o bla * ] (7)

It should be noted that the instability under consideration is possible only for energies above the
critical value (¢ < 0), i.e. it is a kinetic NMI. The solution with £ > 0 can be unstable only if the momentum
distribution functions of the particles increase to the limits (two-beam instability).

The results of Eqs. (5) and (6) can be written in a more descriptive form by carrying out an analogy
with the propagation of longitudinal waves in a homogeneous medium with € = 0, We introduce a complex
functmn & whose real and imaginary parts in accord with (2) are

Re & ==1 —x2Ec?/(0 — vwg)2;
Im e = —inp? dyle u2Ec/n | N | V2L
Hence
doRe e (8) =2 (8 + 8OE 4 5:0) fvaagd 022,
If [Reel > [Imel@mé(® = 0) Eq. (5) takes the form
) [{1}]

§' = —i Ime/d,Reeviy (6=108+).

Since for —& = -2 the value of dyRe € 6y = 0 (anomalous dispersion) and Ime (6() > 0 (for decreas-

Aing distributions) the solution 6(0) is unstable anc’,.,,descnbes a "slow" wave with a "negative" energy. Equa-
tion (6) corresponds to the instability of "zero" energy oscillations: 8, Re € (6(0)) = 0.

In addition it should be noted that condition (7) may be insufficient to ensure the initiation of an instab-
ility because of the finite conductivity of the chamber walls surrounding the beam. Taking this into account
leads to a decrease in the absolute value of the growth rates (5) and (6) since a dissipative instability at
energies above critical develops in waves of "positive" energy [1]. By applying Leontovich boundary condi-
tions at the surface of the chamber and making appropriate calculatmns we obtain an equation similar to (1)
if we make the substitution

%2 In b/a — %2 In bla — iTk/b,

where £ = (¢ 17/ 4/2) (w/0)!/? is the impedance of the chamber material and ¢ is the static conductivity in
reciprocal seconds. Then under these same assumptions we write instead of (5) and (6) '

5£ Yy [_ o 'r]l 50 dptires —g'Reglkblab/a]/[i 2 —VW] ) . (8)

8¢ =[inp?s0* dpures/| n| n—ERe/Mb Inbla)'/2. - )

The instability threshold is determined from the condition that Gé') be real and for —¢ ~ y~2 has the
form
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In conclusion we consider ‘some numerical examples. For the parameters of the electron storage ring
at the Physicotechnical Institute of the Academy of Sciences of the Ukr SSR [4] with a reduced energy.v.=.100-
200 the instability according to (7) develops for a density py ~ : 10'2 cm™3., The growth rate close to the point

"=t ~ y~2, calculated from Eq. (6) for a normal momentum distribution with a relative spread (5p2>1/ 2
/p = 10~%, is 10° sec™!. For a high-current electron storage nng [5] with ¥ = 12 and a design current I = 10°

A inequality (7) is satisfied if the linear charge density 1I'a2p0 2 10 em™, which corresponds to a ring cur-
rentI =~ 500 A.

LITERATURE CITED

1.  A. A. Kolomenskii and A. N. Lebedev, Proceedings of an All-Union Conference on Charged Particle
* Accelerators [in Russian], VINITI, Moscow (1970), p. 261.

2, A. A. Kolomenskii-and A. N. Lebedev, The Theory of Circular Accelerators [in Russian], Fizmatgiz,
" Moscow (1962), p. 145.

3. H. Bruck, Circular Charged Particle Accelerators [Russmn translation], Atomizdat, Moscow (1970),
- p. 254,

4, Yu. N. Grigor'ev et al., Atomnaya Energiya, 23, No. 6, 531 (1967)

5. I. Beal et al., Proc. of 8th Intern. Conf. on ngh EnergyAccelerators, CERN 1971, IAEA, Geneva
(1971), p. 600 v

1084

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000400040002-5




Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000400040002-5

-EFFECT OoF ENERGY DEGRADATION ON THE ENERGY

v T4

SPECTRUM OF FAST ELECTRONS IN MATTER

V. S. Remizovich R UDC 539.124.17

In passing through matter fast electrons lose their energy as a result of collisions with atomic elec- »
trons. For fast particles with a kinetic energy T > I(Z), where I(Z) is the ionization potential of the atoms -
of the medium, the distribution of particles in depth x and energy. T was first obtained by Landau {1] for

. thin absorbers. In subsequent papers [2-4] refinements were introduced into Landau's theory taking ac-

count of scattering, radiation losses, the effect of density-etc. In all these papers it was assumed that the
energy loss

A=To—T« T, - ' (1)

is small. Here T, is the initial kinetic energy of the beam particles. It was assumed that the probability
of energy loss per unit path length w(T/s) is mdependent of the ﬁnal energy: i.e.

w(T/e) ~ w(Tose), : 2)

where € is the energy lost by a particle in one collision. Condltlon (2) is not satisfied at deep penetratlons,
and condition (1) is too general. Therefore it is desirable to define more accurately for just what enexgy
losses A and to what depths the substitution (2) can be used in the transport equation, and also to refine

the expression for the distribution function. To do this let us consider the next term in the expansion of
the relaxation of the probability of energy loss

w (T/e) ~ w (Toje) —a 2200, | v (3)

which is accurate to terms of the order ~A /T, Then the transport equatwn can be written in the form

oN (x, A) -—N [w (To)—A +S dew (Tole) N (z, To_.s)
8 1or : © dw(Tole) 7 ' (4)
/ w (2 of& ~£) de;
o § 20U N (@, Ay dot S are-eN (5, A=) de; ‘ :

0

N (.‘l‘ =0' A)=6 (A)l

- where N = v(T)(x, T) is the flux density of electrons of energy T at depth x, v is the velocity of the particles,

and f(x, T) describes the distribution in depth x and energy T. Equatlon (4) can be solved exactly by taking
the Laplace transform with respect to A:

' ico 46 )
dw (To/ -1
¥ (a, A)=% { avexp{pa— | aowaaom (L)Y )
. —ico+0 g(p, %)
where, as in [1], o
W(Tolp)= | dew (Toie) 11—, : S ®

and the function g(p, x) is given by

P ) . .
§d ()~ | - ™

Translated from Atomnaya Energiya, Vol. 37 . No. 4, pp. 346—347 October, 1974, Original letter
submltted December 11, 1973,
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The solution (5) is applicable in the nonrelativistic and relativistic cases. However, it is a priori evident

that the nonrelativistic case T < 1 (the energy is measured in units of mcz) is the most interesting. In this
case the specific energy loss depends strongly on energy, &(T) = (dT/dx)jon ~ (1/T) In Ty, and the effect of
energy degradation begins to manifest itself at relatively small depths. In this case by using W(Ty/p) from
1], and solvmg Eq. (7) we obtam from Eq. (5) the following expression for N(x, A):

1040

(g, T_o)z z:u' S dsexp{ s——+s[1-—exp{(1—e-€) (L; +0 423—lns)}]} (8)
- -— ioo+-0 .
where
‘ :rmoZre
= 2RoLi T
. _To dT ];2 .
R(,=S0 ek Li=1n1.34 —r 12(Z) ! - | )

Z is the charge of the nucleus, r, is the classical radius of the electron, ng is the atomic density of the
medium, L; is the ionization logarithm, and R, is the range of electrons of energy T, in the continuous loss
approximation. In this notation Landau's solution has the form

0040

Ny (E. %’)=% —iLodsexp{_s-T—o-—-_sg(L;-yn.z*zs_lns)}, - o (1@)

Analysis shows that Eq. (8) goes over into (10) if - ‘
- s & Ro/Lyy AL TolLie . (1)

~ We note that L1 is large in hght elements. Thus for 50 keV electrons in helium I; ~ 15. Conditions (11)
define a domain of depths and effective energy losses where Landau's: distribution can be used. In'addition
we see from Eq. (8) that the distribution obtained is not expressed in terms of any universal function, in

' contrast to Eq. (11) which is expressed in terms of the universal function [1] ¢,(A), where A= A(§, A).
Thus the property of universality of the distribution function is not general, but is related only to the use
of approximation (2). Numerical calculations performed by using Eq. (8) show that as the depth increases
the energy spectrum is displaced into the region of larger energy losses A. The most probable value of
the energy lost by particles increases with depth somewhat more rapidly than following from Eq. (10) since
the slowing down power of the medium increases with a decrease in particle energy.

For relatlmstlc electrons (T > 1) the refined distribution function (10), as before, is expressed in
terms of a universal function

’ N(g, -;—0)=—1t-2—_—2§-cpb ), o (12)
where
_ =z 2nngZr2
= RoL; Ty *

and the parameter A is defined by
. - Ao m
N g_é_)—zTojLu e 2te =28
( T T/ 1—exp (—2§)

which for £ < I goes over into the familiar expre ssion for Ay,

%
_[Li+o.423-|-1n1 — ] , 19

Ay _To 14
(g, 7 ) (L +0.423Int]. (14)

_ The author thanks A. S. Kompanelts and M. I. Ryazanov for their interest in the work and for helpful
comments.
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SPECIFIC HEATS OF YTTRIUM AND GADOLINIUM

AT HIGH TEMPERATURES

I. I. Novikov and I. P. Mardykin UDC 536.63

The prospect of using elements of the lanthanum series in nuclear power installations [1, 2] neces-
sitates an investigation of their properties over a wide range of temperatures. The experimental studies
of these elements have been confined to a small number of the metals and to limited temperature ranges. The
published data in a number of cases differ by more than the total systematic errors and are often contradic-
tory [1-3].

There is practically no information on the thermal properties of the heavy lanthanides of the yttrium
subgroup at high temperatures.

Measurements of the specific heats of yttrium and gadolinium in the 1100-1800°K temperature range,
including the liquid phase for gadolinium, were undertaken as a part of the ongoing investigation of the ther-
mal and electrical properties of the lanthanides [3].

The specific heat at constant pressure Cp was measured with apparatus based on one of the various
regular thermal regimes of the third kind — the method of radial temperature waves [4]. These studies
were performed simultaneously with measurements of the theoretic conductivity.

~ In the variant of this method used [3] measurements of Cp are reduced to measurements of the ampli-
tude of the temperature oscillations of the outer surface of a hollow cylindrical sample. These oscillations
are produced by modulating the inner surface of the sample, or crucible in the study of liquid metals, by
electron heating. The systematic error of the data on the volumetric heat capability is ~ 7%.

The specific heat of yttrium was meesured because of the divergence of the estimated and experimental
values [5] noted in [3]. The specific heats of yttrium [5] and gadolinium [6] have also been measured by the

" method of mixtures. It is interesting to compare these results with data obtained by the method of radial

temperature waves.

Experiments were performed in vacuo (1075-107* torr) on samples of 99.8% pure yttrium and 99.75%
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F1g 1. Speclflc heat of @ yttrium at high temperatures 1) Data from [5]; 2) our
-data; 3) estlmate from [9].

- Fig. 2. Specific heat of gadohmum at hlgh temperatures 1) Data from [6]; 2) our
data.

Translated from Atomnaya Energiya, Vol. 37, No. 4, pp. 348-349, October, 1974. Original letter
submitted December 17, 1973.
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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 $15.00.
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TABLE 1. Volumetnc Heat Capac1ty of

- Liquid Gadolinium

pure gadohmum in the form of hollow cylinders 7 cm long

" having outside dxameters of ~ 15 mm and inside diameters

: C,cal/ecm® | |e, cal/lem®
o H °K »
LK | leg T deg
1600 0,442 | 1750 0,438
1650 0,440 1800 0,435
1700 0,440 -

sults for the 8 phase.

" of ~6 mm.,

'The percentages of the impurities in yttrium were:

Cu ~ 0.025; Fe ~ 0.02; Ca < 0.004.

Gd, Th, Dy, Ho < 0.1; Fe < 0.01; Ca < 0.03; Cu < 0.05;
Ta ~ 0.06; in gadolinium: Y ~ 0.08; Tb ~ 0.07; Eu ~ 0,04;

A polymorphic a—p phase change occurs in gadolinium
at ~1535°K and in yttrium at ~1760°K. The resulting soften-
ing of the samples made it impossible to obtain stable re-

The results obtained for the o phase of the metals studied are shown in Figs. 1and2.

The mean-square deviation of the experimental points from the smoothed values (curve 2 of Figs. 1
and 2) is ~4%, which agrees with the estimated values of the random errors.

The values of C,, were determined by using the values of the density p measured in the 300-1200°K

range for yttrium, and in the 200-920°K range for gadolinium [7].

Since no polymorphic transformations

are observed in the 1100-1500°K range for gadolmium, and up to ~1750°K for yttrium, the density was
estimated by interpolation relations [7]. :

Table 1 lists values of the volumetric heat capacity of liquid gadolinium. The data on the heat capa-
city of @ yttrium for T > 1100°K agree with the results obtained by the method of mixtures {5].

The data on the heat capacity of gadohmum in the 1150-1500°K range are 6-8% higher than the pub-
lished values [6].

This difference is close to the total systematic error.

The extrapolation of the data to lower temperatures leads to results in agreement with [8],

The lattice, electronic, and other contributions to the spemﬁc heat of & gadohmum at 400 and 1000°K
calculated in the same way as for yttrium at 1000°K are shown in Table 2.

It should be noted that the almost total lack of data on the physical and chemical prOpertles of gadolin- v

_ium, particularly at high temperatures, necessitates purely qualitative estimates.

This

applies particularly

to an estimate of the contribution of the f electrons which is performed primarily to determine the character-
istics of the lanthanides in comparxson with elements of nontransition groups.

The analysis of the specific heat is based on the assumption that the value of C for T > GD, where op
is the Debye temperature, is described by the expression

C=C3+Ce1+8C+C,

1)

where Cg, is the lattice specific heat at constant volume, C el is the electronic specific heat, 8C is de-

~ fined by the relation 6C =

(oz2V/BT)T where a is the volume coefficient of expansion, V is the atomic volume,

BT is the isothermal compress1b1hty, C' is the contribution from the formation of thermal Vacancles and
from anharmonic vibrations.

CV is computed in the Debye approximation.

The lack of published information on B for gadolinium at thh temperatures makes it 1mposs1ble to
determine 6C directly. The Nernst— Lmdemann relation 6C = ACpT where A is a parameter, was used

to estimate 6C. A is approximately constant over a wide range of temperature [9].

the conduction electrons, C®PR ig estimated by the standard method.

el

on

The contribution of

The value of the coefficient in the expansion for the electronic specific heat of y éadolinium in the
paramagnetic region agrees closely with the values for other lanthanides [9- 11).

specific heat of gadolinium there is the problem of deterrmmng the contributions of the 4f electrons, cf

In analyzing the electronic

TABLE 2. Calculated Contributions to the Specific Heat of Gadolinium

el’

¢,.cal/g-atom * deg - ac cgn -
0., °K A-106 ‘ cy X ) -
. P g-atom/cal T=R00°K | T 1000°K | T=400"K | 7_400°K | T=1000°K | T = 400°K | T 1000°K
173 1,48 6;9 ' 7,75 5,92 ] 0,03 ’ 0,11 1,15 2,87
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related to the transition of these electrons to higher enefgy levels of the multiplet, to levels formed as a
" result of the ground-state splitting in the trivalent Gd*t ion in the field of the crystal lattice [12].

It has been established that this contribution can be appreciable at ~1000°K and higher in éenum,
neodymium, and samarium [13, 14], The value of Cg) for gadolinium cannot be calculated directly becaise
of a lack of the necessary data Attempts to estimate Cf by starting from the experimental values of G

and the calculated values of CJ, Cci’n, and 6C given in Table 2 do not give acceptable results.

Thus the procedure which generally satisfactorily describes the experimental data for other (light)
lanthanides is inadequate for gadolinium. There are other anomalies characteristic of gadolinium [2].
A satisfactory explanation of this fact has not yet been found. '
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'THE METHOD OF RECURSIVE SUMS AND INTEGRALS

FOR SOLVING MULTIGROUP NEUTRON DIFFUSION
EQUATIONS ' '

V. Yu. Vasil'ev and A. D. Dymnikov . UDC 539.125.5.172:621.039.512.4

We present a method for calculating the spatial distribution of one-dimensional group neutron fluxes
and currents based on writing the solution of a standard system of equations equivalent to the initial system
of diffusion equations as nonlinear recursive integrals. Such integrals are similar to ordinary integrals
(linear quadratures) and are in fact nonlinear quadratures. 'This way of writing facilitates the solution of
multizone problems, some problems of optimization, perturbation theory problems etc.

The multigroup neutron diffusion equations in a reactor, written in vector—matrix form

< [raD ") 7%m(r)] =r*[Z()—AF (N O W), "
, r€lrg, ral, @=0, 1, 2,
are transformed to the standard form _ ‘

, | S XO=T (X (), \ ) @

by the substitutions S
X _ [P0 o) : ®)

*o={xo)- ( o0 )
0 - Tu(n M)y, . : .

ren=(r, o) | @
Tig (ry M= r*[Z () —AF (N]; , . ' (5)

Toy () =r"%D-1(r).

Here ®(r) is a vector-function whose components ¢ 1(r) describe the group neutron fluxes, D(r) is the dif-
fusion coefficient matrix, Z(r) is the group removal cross sections and intergroup transfer cross sections
matrix, F(r) = {x;VZe(m)Ik}, (2, k=1,2,...,N), Ais the eigenvalue of the problem Amin = 1/Kggs. The
rest of the notation is standard. }

It is assumed that the neutron group cross sections are piecewise contmuous functions of the coordi-
nate and satisfy the boundary conditions .

Xy (ro)=X10=0, Xy(rn)=2Xzp,=0 . (6)
or for a plane region without symmetry with respect to the center

X (r)=Xao=0, Xy (rn)=Xpn=0. T @
The solution of Eq. (2) has the form .
XNy _ X0
(xt ) =2 o (%)

Ryy (r/re) Rz {r/ro) ' ' ' - :
Rirfro) = (Ri,il (r/r;] Rai (r/rog ) i » (8)

- Translated from Atomnaya Energiya, Vol. 37, No. 4, pp. 350—351, October, 1974. Original letter
submitted December 13, 1973.

© 1975 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 $15.00.
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" where the elements of the matrlzant Rpt(r/ro)(p t=1, 2) are N X N matrices and the matrlzant itself satis-
fies the matrix differential equation

Fd; R(rjr)=T(r MR (rirg)s. R (r_o/ro)=E. ‘ ' - (9)
- By substituting (6) into (8) we obtain an equation for A: :
[ Raa (ra/ro) =0. (10) -
Similarly for condition (7) we have |
| Rag(rafro) [=0. o (11)

We now write the solution for Rpt(r/ro) in the form of nonlinear recursive integrals. We introduce
the ordered sequence of m elements a;(i = 1,2,...,m). We divide the domain of the argument r in Eq. (2)
into n parts (generally unequal), and denote the matnx-functlon T(r, A) at a certain point £4 of the j-th
interval (j = 1,2,...,n) by T(§j, A) = T(j, A) where §J E(rJ -1> Tj ). We assume that all points of discontinuity

of the function T(r, A) are among the points of subd1v1s1on We choose the elements of the sequence in the
form

a2j+i=(i '—”) Tﬂﬂlz (]) Ar}'+xT"lnz (’+1) Arj+1; ! . (12)
) Arj.

Here % is an arbitrary real parameter generally chosen close to 0.5 in practice. The subseripts ny and ny
form one of the two possible combinations: ny =1, n,=2; np=1, ny = 2. ' :

. . m : . .
. We call the recursive operation Sy on the elements of our sequence of recursive sum from k to m
and define it as ' .

SP—amSPlysr-2 SE-1=E; Sho%=0. - (3)

With the notation Rnpnt(r /ro) = Rnpnt(]) for the matrl.x elements we write Eq. (9) in the following dif-
ference approx1mat10n

Ty (I)f_npnt (i—1)=A"j s;t {(1—6117) T"p”s 0] Ensn‘ (i.)+6‘PTnpn.s [(1——%) Ensnl (j)'{_,“-‘;'n.snt (j—i)]}; . (14)
(ps L= 'lvb 2).
n )= Jim Ry n, (0 (=120 00 ).

Here 61p is the Kronecker symbol. It can be shown that this equation is solved.by recursive sums:
ny () =S35277, : (15)

It should be noted that in evaluating the recursive sum for Rnpnt(_]) it is necessary to set Ary = Ar]+1 =0
G=0,1,2,...,n). :

_ We call the limit of the recursive sum S§Et+ 2P agn— (Arj — 0) the Riemann pt recursive integral
_ [1] and denote itby

llm SZ""'2 P=x pt]S (r) dr. : . (16) |

Ar
i 7o .

As Ar] — 0 (n — =) the difference equation (14) goes over into Eq. (9), and the matrix elements of the
matrlzant can be written as recursive integrals

Ry, o, (riro)=<pt| S T (r)dr. IR 17)
pt .
. A

We note that the multiplicative integral [2] which is also a solution of Eq. (9), corresponds to the
Euler difference scheme
R()—R(—1)=ArsT () B (i—1). . (18)

A comparison of schemes (14) ahd (18) shows that the first should converge more rapidly. Actually
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a humerical realization showed that for a homogeneous reactor (@ = 0.1, 2) the relative error in A is pro-
portional to 1/n!*9”%% and in the neutron flux distribution 11— Z¢ (J)/E tpexa"t(])l ~ 1/nt7721 1t ghould be

noted that even for a small number the method of nodes gives a reasonable approximation. Thus for a
homogeneous reactor the solution of Eq. (10) for n = 1 (N = 1, 2) leads to an expression for Ky¢r which is
well known from general theory [3], with the geometrical buckling B? = 2/R? for all @. An increase in n
gives a better value of B?. Therefore for a large core where B is small the convergence is more rapid
than for a small core. It is easy to see also that the amount of calculation is determined only by the number
of nodes, and does not depend on the number of discontinuities in the macroscopic cross sections. The -
continuity conditions at the surfaces of discontinuity are satisfied automatically.

The first step in solving Eq. (2) is to find Ay j, from the critical conditions (10) or (11). Then the
components of the vectorsX,, and Xjpare determined from the appropriate linear systems. Then it is
possible to proceed to the calculation of the spatial shape of the neutron flux or current from Eq. (15).
Here for convenience in constructing the program it is necessary to choose in each case the one of two pos-
sible algorithms which is not related to the calculatlon of the (2j + 1)-th element Q341

It is important to note that the algorithm of the recursive sums preserves the Wronskian of system
(2) equal to unity in each elementary interval.

The recursive sums (13) have useful properties permitting various analytic transformations such as
differentiation with respect to any of its elements, resolution into partial recursive sums etc. These pro-
perties facilitate the analysis of problems and give the solution certain advantages generally characteristic
of solutions in explicit form, . :
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TEMPERATURE DEPENDENCE OF TOTAL COLD NEUTRON
CROSS SECTION IN LIGHT WATER AND BENZENE

S. B. Stepanov, V. E. Zhitarev, ' UDC 539.171.02;162.2
F. M. Zelenyuk, 'and V. Ya. Kras11'n1kov

A comparison of an experimentally measured total scattering cross section with a calculated cross
section based on some scattering model can serve as a supplementary, and often very useful check on the
correctness of the approximations used in construction of the model. Unfortunately, such a comparison
is usually limited to the neutron energy region above 103evV(Am9 A) and to scatterer temperatures of
~293°K. At the same time, it is precisely in the description of the scattering of long-wave neutrons that
great difficulty arises and a definite tendency toward divergence of theoretical and experimental data is
noted. The latter also applies to the temperature dependence of the cross sections. This situation mainly
results from the sparseness of experimental matenal in the region of low neutron energies and over a broad
temperature range.

The aim of the present work is to fill this gap partially. The total interaction cross section in water
and benzene was measured for fluid temperatures of 294-523 and 295~543°K respectively for neutrons of
‘wavelengths 8-14 A (E = 0.00128-0. 000420 eV).

The cross section was determined from measurements of sample transmission for a given material.
Measurements were made with equipment set up at the IRT reactor of the Moscow Engmeermg Physms
Institute [1].

A doubly-bent 00pper neutron pipe was used as a neutron filter with a limiting wavelength Al ~ 6.5 4

0
¥’ 280 T 3
600~ (1 a . - i t
TR B
= 500t [ $ o4 ¢
}E:: 3 L '3 ¢ S' 2007 I L Y E
0
< 400 . [ Y E 3 { 1
< . [ S = w0t % ! : ; 3 t
L L & i XA
300 o __-i'i--—‘l‘;""'ii‘ k é./ D
: I___h__—;i—--'!, 20 - B |
200 ,’¥ ! 1 | i 1 _1 ] | I ] ] 1
8 e .m0 ff T 24 8 9w 1 12 B #aAk
_ Fig. 1 =~ 4 Fig.'2
Fig. 1. Total interaction cross section for water: i) present work; 1) T = 294°K; 2) T = 453°
3) T = 532°K; — — —) atlas [3]; f) data from [7]; O) calculation [5] for T = 550°K.

Fig. 2. Scattering cross section per hydrogen atom for benzene: §) present work; 1) T = 295°K;
2) T = 453°K; 3) t = 543°K; A, E) experiment [4, 7], T = 294-296°K; upper points } 8-11 A at

"295°K [8]; — — —)calculation based on the Krieger—Nelkin model [4], T = 295°K X) calcula-
tion [6], T = 295°K.

 Translated from Atomnaya Energiya, Vol. 37, No. 4, pp. 351-353, October, 1974. Original letter
subm.ltted December 27, 1973. :
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TABLE 1. Total Interaction Cross Section for Water, b

'Temperature, : e i r A S . —
°K S s l 9 | 10 , 1o 13 -} 14
- 294 1- 22248 241+14 © 242440 . 2539 260410 286+12 | . .299%12. .
403 311443 321415 33511 380414 39011 396411 434110
453 3M7+13 357+11 - 36311 405414 446411 4684:12 507414
488 3628 38247 433+9 46310 50047 93747 . 57448 .
523 37T+ - 423112 460114 [ 507410 536-+10 594+11 647410 -

TABLE 2. Total Interaction Cross Section for Benzene, b

Temperature, A A

°K 8 | 9 | 10 T 12 13 ! 14 -
205 694425 736430 7694-20 8484-25 8934-30 960430 102&30--;
348 1 800340 8573-20 870340 906430 |- 9804-40 1030440 11054-35 -
- 403 800330 858F 40 928330 968330 109425 11263°40 .| 11266440
453 897457 | - 931447 1050F54 106030 156740 | 128047 | 1345407
488 852440 ° | 1043440 108440 11617040 | 1263340 |- 13513540 1390355~
523 910430 | 1060440 1220440 1235540 |- 1330440 1450F30 1560330 -
543 1012159 | . 1100463 125350 1340448 143&58 1527448 1603£63 ':

i

and a crystal monochromator made of a fluorophlogopite plate (2dypy = 19.97 A) was used to select mono-

. chromatic neutrons [2]. The wavelength resolution of the device was about 3% over the entire range covered.

The samples studied were placed in the neutron beam after it emerged from the neutron pipe. The
samples were in a hermetically sealed, electrically heated container. The body of the container was made
of stainléss steel. Two plane-parallel alummum—alloy disks sealed with Teflon gaskets were inserted in
the central portion of the body perpendicularly to the axis of the neutron beam. The disks were separated
by a ring which created the required gap for the liquid sample under study; a the rmocouple was located in
the gap. The size of the gap was 1 and 1.5 mm for water and 1.5 and 2 mm for benzene to an accuracy of

'£0.01 mm. Sample transmission varied from 0.1-0.6. The thickness of the aluminum disks was selected

in accordance with the pressure within the container — up to 15 mm. The transmission of the empty con-
tainer was 0.5-0.9. The thermal expansion of the gap with change in temperature was taken into account
in the calculations, but it had practically no effect on the results because of its smallness. The uncertainty
in the temperature was no more than 3° in all measurements.

A counter filled with a mixture of 97% 3He and 3% Ar was used as a neutron detector.

Figure 1 shows the dependence of the total interaction cross section a¢(A) for water at three sample
temperatures. Alsoshownare experimental and theoretical data from other authors.

Based on the measured total cross sections for benzene molecules, the scattering cross section per
hydrogen atom in benzene, O‘E, was calculated. In such calculations, the following procedure is usually
used: subtraction from the experimentally measured total interaction cross section for a molecule of the
absorption cross section of hydrogen and of the total cross section of carbon, each multiplied by the cor-
responding number of atoms in the molecule, and subsequent division of the result by the number of hydrogen
atoms. Such an operation was justified in this case by the need for a comparison with the results of others

- and by the smallness of the contribution to the cross section from carbon and absorption in hydrogen (less

than 2%). The total cross section for carbon atoms and for absorption in hydrogen was taken into account

by using the data in [3]. The dependence ogl (A) at three temperatures is shown in Fig. 2 together with other
results.

The error in the values obtained for the cross sections including uncertainties in sample thickness '
varied within the limits of 1.5-6%. The complete results are shown in Tables 1 and 2.

The figures indicate a marked rise in the cross sections for water and benzene with temperature. ,
However, the slope of the dependence for benzene varies considerably less. A qualitative connectionbetween
the slope and the nature of the dynamics of the scatterer established in [4] can be explained by the existence
in water of a strong intermolecular interaction leading to the formation of a complex structure which de-
termines the formation of the low-energy portion of the frequency spectrum. The excitation of this spectral
region at elevated temperatures strongly affects the scattering of the longer wavelength neutrons.
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The agreement between the different expenmental results and between experimental and calculated v
results is satisfactory at room t;emperature However, calculated data for water at 550°K [5] dJ.ffer greatly-
from the present results (see Fig. 1). For benzene, there is a calculation [6] at 295°K based on the model
- - of a free gas of semirigid molecules covering the neutron energy range 0.00062-1.0eV. The excellentagree-
ment between theoretical and experimental data for liquid benzene confirms the concept of weak intermole-
cular interaction in benzene. How well the model can describe the temperature dependence of the cross
section is unclear, however. ' ‘ - ‘

From the data given, there is an obvious interest in the comparison of experimental and theoretical
data in the low-energy region (E < 10-3 eV) over a broad temperature range. It arises out of the lack of
such a possibility at the present time and from the divergence of such results as do exist. This situation
ought to stimulate the performance of calculations and experiments under the conditions specified.
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COMPARISON OF ACCIDENT DOSIMETRY SYSTEMS
AT HPRR

I. B. Keirim-Markus, V. A. Knyazev, .  _ UDC539.12.02
and S. N. Kraitor

To select the dosimeter most suitable for providing accident monitoring. of personnel, a cycle of
international comparisons of accident dosimetry systems was carried out under the auspices of the IAEA.
A second comparison was made in 1971 at Oak Ridge (USA) at the pulsed reactor HPRR [1]. Specialists
from 12 countries participated in this comparison including those from Great Britain, Canada, USSR, USA,
France, and others; from the USSR, there were specialists from the Institute of Blophysms of the USSR
Ministry of Public HealthIBF), from FEI, and from GKAE USSR.

At the present time, final results of the comparison have been published [2 5]. It is of interest to
compare them and to determine the state of personnel accident dosimetry. "

Various kinds of accident dosimeters were represented at Oak Ridge. Thermoluminescent, photo-
luminescent, and film dosimeters were used for gamma dosimétry. Neutron dosimeters were based on -
the use of activation and track detectors. At the same time, there was a comparison of the measurement
of neutron kerma with area dosimeters and spectrometric sets of resonance and threshold detectors.

IBF was represented in the comparison by the IKS-A personnel accident gamma dosimeter [6], by
the neutron track dosimeter DINA [7], and by the neutron spectrometer DISNEI [8] based on fissile iso-
topes; FEI was represented by the personnel accident gamma—neutron d051meters AIDA [9] and T]DA [10]
in which the IKS-A gamma dosimeters are also used.

The dosimetric systems were irradiated at 3 m from the center of the reactor core. - Furthermore,
the dosimeters were located both in air and on the surface of phantoms. There was a total of four pulsed

‘irradiations in two of which (first and fourth) there was no shielding; the second was performed behind an

iron shield 13 cm thick and the third behind a plastic shield 12 cm thick. The shielding was 2 m from the
center of the core. .

For a quantitative evaluation of the results of the comparison, the average and maximum errors

Fig. 1. Spectrum of HPRR neutrons
outside an iron shield by calculation

" (1) as measured by the neutron spectro-

. meters DISNEI (2) and SNAC (3), and
as measured with a set of threshold

. detectors using iteration analysis (4).

 £p(6), n/em?- log E* 10" fissions - .

N ! 1 ! L
St e’ Wt o 0 w0t w
: " . Neutron energy, eV ' .

Translated from Atomnaya Energiya, Vol. 37, No. 4, pp. 353 356 October, 1974. Original letter
submtted January 7, 1974.

" ©1975 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, wzthout written permission of the publisher. A copy of this article is avatlable from the publtsher for $15.00.
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TABLE 1. Maximum Measurement Error TABLE 2. Average Measurement Error
. for Accident Dosimetric Systems, % for Accident Dosimetric Systems, %
. ' . - . . - ) "I )
o L o S o
. i,‘-{ﬂ"g gr |=" 8 -S %fgff;‘ {= 8 |2 5
< on )] ) cg=92 19 X -
Coutry |582:Sef 288 | EE % Comny 1BE2.Sz|EEE |EEE
SEges2l 284 ZE B 55 8css|esz |5E%
SSEyUSE 938 |95 ¢ S0t |8e8 |88
Canada (AECL)|  Otod-13 | —21to—1,8] —25t0+17 Canada (AECL) 5,2 10 13
Great Br(itain )—2,2t0—|—15 — 3410419 |17 010457 Great Britain (AERE) 6,8 20 29
AERE - _
-Fr(ance SCEA) —20t04-0,8/—0,3t0--19 —)41:0—6 3 France (CEA{(_ 9,1 15 17
Czechoslovakid—2,0t0-}-40 — —4,2t04+-23 Czechoslovakia | 17 — 10
Hungary —43to417 | —28t0-18 | —15t01-28 Hungary . 2 18 13 -
Tndi¥ —65t0-+18 | —7Ut0-+-13 | —12t0 414 India : 32 32 6,9
Italy —8,Tto+96 |—7,0t0-+120|—1,3t0--22 Italy ‘ 35 48 23 -
West Germany T 8to431 | —15t0-1-26 — - West Germany 14 15 8,2
Poland _49t0-1-6,4| —70t0—26 | —26t0113 Poland 59 - 50 15
USA (SRL) —2410-4-6,0 . —33to--13 . USA(SRL) 11 - 18
USA (1) S — —14t0 1-26 USA(L - - 12
USA (2),0RNL|—9 0t0—1,9} ~ — —2,1t0-6,9 USA(2), ORNL 5,0 — 3,0
» : g USSR.(1), IBF 5,2 51 7,0
USSR (1), IBF - [—6,7t045,0]+-1,2t0+9,8| —121016,3 USSR (2), FEI 1 10 4,4
o ) . - Iugoslav1a 15 11 4,2
USSR (2), FEI | —15—12,3- —20t0-+-8,5|—6,9t0—1,9 :
Tugoslavia —14t0+25 | -2,310+23 | —12t0—1,6

were calculated for measurements of neutron kerma and gamma dose by the various dosimeters for all
measurements during three of the pulses (soviet specialists did not participate in the experiments during the
first pulse and therefore the corresponding data were obtained from that for the fourth pulse by conversion
relative to the number of fissions per pulse). The errors were determined with respect to the average
value for each pulse based on the measurement regults for all dosimeters with the exception of isolated
deviations in neutron measurements (for example, the Polish data for the first pulse and the Italian data
for the third pulse). In addition, in measurements behind the iron shield, the average value of neutron

" kerma in air was determined from the spectrometric detector sets submitted by Great Britain, Canada,
USSR, USA, and France. In the method of analysis used by their specialists, there is no assumption about
the Fermi nature of the neutron spectrum in the energy region 0.4 eV to 0.7 MeV, which can lead to a large
- underestimate of the dose. The results of the calculations are shown in Tables 1 and 2.

The tables indicate that the errors are basically within the limits of +20% although there are also
rather significant deviations (60-120%). This is more clearly visualized in Table 3 where the results of
measurements in air are shown along with the region of 10% deviation from the average value. The spread .
of the readings may be associated with dosimeter characteristics, calibration with different sources, and
nonequivalent locations of the dosimeters.

Of the neutron spectrometric systems, the least error in measurement of neutron kerma was noted
for the various versions of the Hurst set of threshold detectors [11] submitted by Great Britain, USSR (IBF),
and USA (ORNL) when modern methods of analysis for determination of the readings were used (for example,
the modified method of effective cross section and threshold energy [12] or iteration [13]). The average
error for these spectrometers was no more than 5-7%, and the maximum error was 7-15%. Approximately
the same error applied to the SNAC activation spectrometer (France) and the set of detectors submitted by
the Canadians, which included isomeric rhodium and indium detectors. : '

As an example, we show in Fig. 1 the results of measurements by different ‘methods of neutron
spectra in air behind an iron shield 13 cm thick [4, 13, 14] normalized to 107 fissions per pulse. A cal-
culated spectrum [5] is also shown for comparison. It is clear that the calculated and measured results
are in good agreement in the neutron region above ~100 keV. At the same time, all the measured spectra
are above the calculated spectrum for slow and intermediate neutrons. This is because the scattering of
neutrons by surrounding objects, equipment, phantoms, etc. was not taken into account in the calculation.

. Of the personnel neutron dosimeters, the DINA dosimeter consisting of ¥"Np behind a filter of 0.1
: g/cmZ of 1%B and ¥y together with track detectors exhibited the greatest accuracy.

The gamma dose was measured most accurately'with thermoluminescent and phofoluminescent dosi-
meters submitted by the USSR (IKS-A) and by the USA (ORNL dosimeters) and Ly the film dosimeters used
in Jugoslavia.
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TABLE 3. Measurement of Neutron Kerma and Gamma Dose in A1r for Various Dosi-
metric Systems

iPulse .

-charac- Neutron kerma, rad n Gamma dose, rad -

teristics - mms 3+ 10% spread o

: ary ' Hungary USA (1)

First pulse, RE) Jugoslavia — Czechoslovakia

no shield-~ USSR (1. IBF India
1d. est Germany —poland
ing (yie __West Germ: Canada (AECL) Italy
" 9,02 * 10 USSR (2), FEI France (CEA) reat Britain
" fissions) Poland—iUSSR(2) FEI UsA (SRL)] FAERB
100 200 700 5 4 50 60 70 a
Czechoslovaki SA (2), ORNL "

second pulse,| West Germany— IC_IF DR @.FEl - USSRE. FEICEI;:IY 12912 yssr (0, L —
- " ugoslavia E [ crechorlovap
11?';%‘131‘3 USSR (2), IFEI g(CLA) Ghnada (ARCDY Jué?,?fﬁ,{a Caechoslovalda

. € Hungar i
thick = Poland-— IS oo sy Canada(&cg _ _USA(1) Great Britain
(yleld, 9.1 . Indiz— | USAGRD Stain [(AERE)
10 ‘ ( AERE) I
fissions) i 50 100 w200 g 10 B W a3

. < (@,

Third pulse, o, SHABAFCUUA G yogn ¢, ey | 5 Comude CEOLL i 2 sl
Plasg USSR (1), 1BF —USSR (D), | H USSR (1) 16 Y sAsRL
shield 12 | France (CEA), ["—Tugoslavia ina . K - USSR (2), FEI ftaly (sm1y
cm thick [Hungary, ¢ West Germany | 2 France (CEA) Steat Britain
(yield, Boland U LoAL2), Cz«.choslovalua Iraly g Poland ' (AERE)

6.3 * 10% [ c ‘ ‘ ‘ _
fissons) | 2 40 L2 70 w - 0. & W .

We note with satisfaction that our dosimetric systems were among the best.

The cdmparisons indicate that at the present time there are dosimeters for the measurement of gamma
In the choice of gamma dosimeters, preference should be

given to glags thermomoluminescent (IKS-A) and photolummescent (ORNL) dosimeters since photographic
films are sensitive to climatic factors.

In the choice of neutron dosimeters, the DINA dosimeter is preferable, and for rapid determination

of neutron dose, the isomeric rhodium detector is recommended.

Sl S -

roase

11.
12,
13.
14.
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OPTIMAL SAMPLE DIMENSIONS FOR GAMMA
ACTIVATION ANALYSIS

'S, 'P. Kapitsa, Yu. T. Martynov, ' : UDC 543.53
V. N. Samosyuk, V. V. Sulin,
and Yu. M. Tsipenyuk

One of the main advantages in the use of y-rays in activation analysis is their great pentrating power.
From that follows two extremely important consequences for many applications: 1) the entire volume of a
sample is analyzed; 2) the weight of the analyzed sample may be taken sufficiently large, which is absolutely
necessary, for example, to ensure representativeness in the analysis of the elemental composition of rocks
and ores. We consider factors that limit the dimensions of samples analyzed.

Analyzed samples are usually irradiated with bremmsstrahlung having a maximum energy of 10-20
MeV produced in electron accelerators (betatrons, microtrons, linear accelerators), and the induced acti-
vity measured with a single-crystal scintillation spectrometer. The energy of the y-rays from the activa-
tion products ordinarily lies in the range 0.1-1 MeV. Therefore, although the primary radiation penetrates
rather deeply into the sample, the secondary y-rays from the internal regions, which are of considerably
lower energy, are absorbed. It is completely obvious that under such conditions it is difficult to make a
judgement about the accuracy of the analysis and its representativeness.

For efficient use of the primary and secondary y-rays, the geometric dimensions of samples during
irradiation and measurement ought not to be the same in view of the features of a photonuclear reaction
mentioned. It is rather simple to solve these requirements. The sample is selected in the form of a cylin-
der (or nearly so) the dimension h of which along the axis is determined by the degree of absorption of the
activating y-radiation in the sample material, i.e., the value of h should be approximately equal to the
length over which the intensity of the activating radiation is reduced by a factor e; the radius r of the cylin-

. der is estimated from the absorption of the y-rays emitted from nuclei in the material for which analysxs
- .must be made. This radius is selected equal to that sample thickness for which the attenuation of the 'y—ray
intensity from the desired isomer is also a factor e, (Fig. la).

Secondary y-radiation is measured with a ring crystal having internal cavity dimensions equal to the
dimensions of the analyzed sample (Fig. 1b). Thus the geometric dimensions during irradiation and

1 r
== |,
W h v =
i-[]< f2r =
a - ) , b

Fig. 1. a)Diagramofirradiationofsample to be anal-
yzed in the bremsstrahlung beam of an electron accel-
erator; b) measurement of induced 7 activity with a
ring detector: e-) electron beam; W) bremsstrahlung
target; y) bremsstrahlung; 1) sample to be analyzed;
2) scintillatiou crystal.

Translated from Atomnaya Energiya, Vol. 37, No. 4 pp 356-357, October, 1974. Original letter
submltted February 1, 1974.
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measurement are different which reflects the nuclear physics characteristics of these radiations. The
dependence of the dimensions of the sample and y-spectrometer on the energy of the irradiating and re-
corded yradiation makes it possible in each specific case of y-activation analysis to set up the best condi-
tions for activation of the sample and for recording the y-radiation from the induced activity. In this way
the maximum permissible sample weight is also determined; exceeding this weight leads to no significant
improvement in the sensitivity or accuracy of the analysis.

For experimental confirmation of the statements made above, a comparison was made of activation
results for samples with a varying content of gold selected from a gold deposit. A portion of each sample
weighing from 200-300 g was packed in a "standard" cylindrical container 60 mm high and 60 mm in dia-
meter, and the remaining portion packed inan "optimal" cylindrical container 35 mm high and 18 mm in
diameter (these dimensions are not entirely optimal; they were dictated by the dimensions of a cry-
stal on hand)., Each loaded container was irradiated by microtron bremsstrahlung radiation with Emax
= 9 MeV and an average current of accelerated electrons equal to 30u4A. The sample irradiation time,
the "cooling" time, and the measurement time were 18, 3, and 18 sec. A mechanical transporter [1]
was used to transfer the loaded containers. v

Activity of the samples in a standard container was measured with a y-spectrometer having a 70 X 70
mm Nal(T1) crystal, and the samples in optimal containers were measured with a similar spectrometer
having an NaI(Tl) crystal of the same dimensions but with a well 18 X 35 mm in size. The y-ray spectra
from induced activity in the samples were recorded with a multichannel pulse-height analyzer in an energy
interval corresponding to the 'y rays from gold activation products resultmg from the (y, ') reaction (E =
277 keV).

Figure 2 shows the instrumental y-ray spectra of the induced activity from two such portions of a
single sample containing 50 g/ton of gold. Despite the reduction in sample weight by a factor of four, it
is clear that useful information about gold content in the sample was increased by a factor of five in the
case of the "optimal" container, which confirms our assertions. Indeed, as has been shown [2], the detec-
tion efficiency for y-rays with an energy of 0.3 MeV is about 20% for ore and rock samples packed in the
"standard" container we used. This means that in counting the y-activity of such a sample under 4r condi-
tions, the number of recorded decay events can be increased by a factor of four to five at the most. At the -
same time, with improved sample geometry, we have obtamed experimentally an increase in useful in- ’
formation per unit weight by a factor of 20.
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DETERMINATION OF 234Am HALF-LIFE

V. G. Polyukhov, G. A. Timofeev, ' | UDC 539.163:546.799.5
P. A. Privalova, V. Ya. Gabesk1r1ya ‘ '
and A, P, Chetverikov

Unt11 the present time, a large uncertainty has been observed in the value for the a-decay half-life
of 2*Am (Tgy). This is very apparent from Table 1. Another determination of it was made because of
the importance of the knowledge of the value of Tys,; for both scientific and purely practical purposes.

Americium samples of two isotopic compositions were used in the present work (Table 2). All the
expenmental results are given for the 95% confidence interval.

The chemical and radiochemical punﬁcatlon of the samples, the methods of source preparation, and
the radiometric measurements were similar to those described previously [8]. Americium concentration
in the original solutions was established through the results of weight and complexometric [9] determina-
tions.

_ Isotopic composition of the samples was determined on an MI-1311 mass spectrometer with ion re-
cording by means of a BEU-1A secondary electron multiplier. Analysis of each sample was performed
three times over the mass range from 238 to 244. Masses other than those indicated in Table 2 were not

" observed. :

Alpha spectrometry was accomplished on an alpha spectrometer having a surface barrier Si(Au) detec-
tor. The overall resolution of the alpha spectrometer obtained with working sources prepared from sam-
ples 1 and 2 was no worse than 25 keV. Figure 1 shows a typical @-spectrum from a source prepared from
sample 1, ' '

In order to eliminate the effect of the low-energy distribution on the analytical results, the a-spectra

were analyzed by comparison of proportional parts of the areas under the peaks of the most intense @ lines

241Am and ’Am (E = 5486 and 5275 keV) allowing for relative yield, The relative yields of these a lines,
Whlch were obtained by averaging previous results [2, 10 15], ‘were respectlvely 85.0 £ 0.74 and 87.3 + 0.34%.

N, cts _
» g §
83
{
310% - X
210%
g
—~ =
g S L
S0t |- RN g 2
S 3 2
3 g
. v OO Q o,
5100 5200 : 5300 5400 5500 £y, keV

Fig. 1. Alpha-spectrum from source prepared from sample 1.

Translated from Atomnaya E‘nerg1ya Vol. 37, No. 4, pp. 357-359, October, 1974, Orlgmal letter
submltted March 14, 1974
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TABLE 1. Summary of Data for Ta243

. Date of | T T, ! Reference
determination .- a4s: yE- ne
1953 - 88004600 4]
1956 7600 - 2]
1956 7600+370 3]
1958 7951448 S
1959 7720-£160 (5]
1960 - 7650550 (6]
1968 7370440 (7

 TABLE 2, Characteristics of Americium Samples Used in the Determination of Tay;

Characteristic o Sample 1 " Sample 2 v
Americium concentration in original solution after dlssolvmg _ ’ —
sample, mg/g of solution . 0,2/30_‘4:(‘),0010l ‘ 0,3950 +0,0018
3 . ) -‘ 2 [\ ' ' )
Content of inert impurities, wt,% l 0,3 <0,5
Contamination by extraneousa-emiteers, % of total g-activity l «<0,1 < 0,09
Mass spectrum, at, “® : ' ’ : '
241A1 3,379-40,030 0,5244-0,019
288Am 96,621-£0,050 99,476+0,019
Alpha-spectrum, % of total &-activity :
2HMAm 37,394-0,47 ©7,9840,30
243Am 62,61+0,47 192,0240,3v

The data from o-spectrometric analyses of samples 1 and 2 (See Table 2) are the average of 17 measure-
ments.

From the original solutions, eight series of 4mo sources were prepared for sample 1 and four series
for sample 2 (in accordance with the number of separate dilutions).

Values of the spec1f1c a-activity QZa were calculated from 4ma measurements of the individual sources.
The results of the determination of Qq for the separate series of 4ne sources were checked by means of
dispersion analysis [16], and having established their membership in the appropriate general set, they
were combined and analyzed by the least-squares method for measurements of unequal accuracy (Table 3).
The total error of Qy, includes the error in the determination of the weight concentration of americium in -
the original solutions (0.60 and 0.46% for samples 1 and 2 respectively). '

Values of Ty3 Were calculated by the following three methods: from the Qzy, @-spectra, and mass
spectra obtained; from the Qyx,, and the a-spectrum obtained and the known value of the *!Am specific c-
activity Qgaqis from the known half-life of !Am and the measured @- and mass spectra.

1 -1

TABLE 3, Results of Qxg Determination for Americium Samples, dis -gec~l.g
Sample 1 Sample 2
A* 1 QpoXx10-9 A l_oxa;- 09 A Qygx10-9 A QX,ZV,X‘ 10-9 A Qg x10-9 A |Q2ax10—9 A QpgX10-2
t | 11,514 | 12 | 11,753 | 23 | 10,897 | 34 | 11,554 | 45 | 10,957 | 1 | 8,062 | 12 | 7,620
2 [ 11,522 | 13 | 11,480 | 24 | 11,198 | 35 | 11,058 | 46 | 10,59¢ | 2 | 7,706 | 13 | 7,911
3 11,496 14 | 41,506 25 11,251 | 36 11,595 | 47 11,630 3 8,009 14 8,175
4 | 11,423 | 15 | 11,824 | 26 | 11,445 | 37 | 11,581 | 48 | 11,760 |. 4 | 7,912 | 15 | 8,019
5 | 11,145 | 16 |-11,560 | 27 | 11,397 | 38 | 44,843 | 49 | 14,247 | 5 | 8,003 | 16 | 8,160
6 | 11,386 | 17 | 11,636 | 28 | 10,757 | 39 | 10,782 | 50 | 11,246 | 6 | 8,021 | 17 | 7,887
7| 11,520 | :18 | 11,376 |. 29 | 11,339 | 40 | 11,599 | 5 | 11,306 | 7 | 7,959 } 18 | &,146
8 | 14,439 | 19 | 11,049 | 30 | 11,309 | 41 | 10,950 | 52 | 14,647 [ & | 8,014 | 19 | 7,977
9 | 11,233 |- 20| 11,005 | 31 | 10,858 | 42 | 11,672 { 53 | 14,553 | 9 | 8,076 | 20 | 8,186
10 | 11,408 | 21 | 14,282 | 32 | 11,000 |"43 | 11,477 | 54 | 11,508 [ 10 | 7,820 | 21 | 8,103
1| 11,574 | 22 | 11,278 | 33 | 11,476 | 44 | 11,765 11 | 8,75 | 22 | 7,710
Dyq=(11,35840,103)-10° dis *sec™?* g™} : Oza=1(7,984 .

$0,079)-100 dis-sec™1+g-!

* A) number of 4% source.
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| TABLE 4. Determination of Toys - V N ‘

Method of determination © Samplel- | " sample?

From the values found foer o . 739387 7369-£.77
the o.- and mass spectra - ] ‘ i o
From the values found for the 7397-+88 - 1378

a-spectrumand
from the known 'I’E

From the a- and mass spectra fi 7390i490
obtained and the known : :

T
1% 4

~ In the calculations, we assumed the following: Ta241 =432,7 £ 0.7 yr Qugy = 1.26830 .10 dis - sec-t
g-!) [17]; the atomic weights of 2!Am and **Am are respectwely 241.057 and 243.061 [18] (on the 12¢ geale);
1 year = 3.15567 - 107 sec; In 2 = 0.693147; N, = 6.02252 - 10%*-mol-1. '

Sample 2 is the most suitable for the determination of Tyq3 by the first two methods, but because of
the strong dependence of the final result on the accuracy of the @~ and mass- spectrometric analyses the
value obtained by the third method of calculation is not given.

Values of Tgps c2lculated from the data in Tables 2 and 3 by the three methods mentioned are shown
in Table 4. The data in Table4 are not of equal accuracy (obtained by different methods) [19] and therefore
the final value Ta,,; = 7380 + 34 yr Qa3 = 7.374 = 0.034 - 10%dis - sec~! - g!) was determined as a weighted
mean value.

The resultant value of Ty is practically in agreement with the value given by Brown and Propst [7]
and is considerably lower than data in [1-6].
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COMECON NEWS

XXVI SE'S’SION OF THE COMECON PERMANENT |
COMMISSION ON THE PEACEFUL USES OF ATOMIC ENERGY

i
V. A, Kiselev

The XXVI session.of the COMECON Permanent Commission on the peaceful uses of atomic energy
was held in Leningrad, June 18-21, 1974, Participating in the work of the Commission were delegations
from Bulgaria, Hungary, the German Democratic Repubhc, the Republic of Cuba, Poland Rumania, the
Soviet Union, and Czechoslovakm

Reports were heard from the cha1rman of the Commlssmn on "COMECON activities over 25 years
and realization of the integrated developmental program in the field of peaceful uses of atomic energy," by
the USSR delegation on the Leningrad nuclear power station, and the discussion covered further develop-
ments in collaboration between COMECON member-nations in monitoring and control of nuclear reactor
facilities, radiation technology and radiation equipment, including procedural and instructions documents on
radiation ster111zat1on of materials and medical wares, standardization of instruments and nucleomc in-
strumentation,.

Approprlate recommendations and resolutions were adopted on all of these topics.

Translated from Atomnaya Energiya Vol. 37, No. 4, p. 361, October, 1974,

© 1975 Plenum Publishing Corpor[z'tion, 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 $15.00.
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COLLABORATION DAYBOOK

The twenty-seventh session of the work team on nuclear instrumentation was held April 2-5, 1974, in
Dresden. Reports of the science and engineering conference on "Monitoring and control of nuclear reactors
and nuclear power stations" were discussed, and proposals were prepared for further collaboration in this
field. The overall concept and the structural layout of the system designed for monitoring leaks in fuel
elements and the radiation safety of nuclear power stations were discussed and approved. The development
of common standards and requirements for the design of systems of nuclear instrumentation and equipment
for laboratory use and industrial use was discussed in detail. A list of integrated circuits recommended
for use in nuclear instrumentation and equipment for laboratory use and industrial use was discussed in
detail. A list of integrated circuits recommended for use in nuclear instrumentation was agreed upon.
Standardization topics were also discussed.

The fourth session of the KNTS [Science and Engineering Coordinating Council] on nuclear power sta-
tion water management was held in Budapest May 13-16, 1974. The draft work plan for 1975-1976, for this
KNTS, was discussed and approved, and a draft program of scientific and technical collaboration in the field
of nuclear power station water management was drawn up for the 1976-1980 period. Reports from delega-
tions of specialists of the various participating nations on water conditions of the primary and secondary
loops of VVER-1000 reactors and on the selection of structural materials, on the development of instru-
ments for measuring boric acid concentration in the reactor primary loop coolant, and on the status of
work in the field of monitoring the seal of fuel-element cladding and radiometric analysis of reactor loop
coolants, were heard and discussed. Suggestions on basic principles in the organization of chemical water
treatment at nuclear power stations were discussed, and recommendations on how best to organize work

in this area were worked out. Topics pertaining to improvements in the activities of the KNTS were also
discussed. ‘ o

* * . %*

The third session of the KNTS on research reactors was held May 14-17, in Sofia. Reports from
delegations of specialists of the various countries on the progress of work on the program of collaboration
on the topics "Improvements in existing research reactors, expansion of their experimental potentialities,
and coordination of their use in various lines of research, " and "Development of new research reactors
with improved neutron-physics characteristics" were heard and discussed.

A delegation of specialists from Rumania reported to the session participants on progress in pre- .
parations for the symposium entitled "Experience in the operation and use of research reactors," which
is scheduled for September 30 through October 4, 1974, in Rumania,

Topics assomated with the fulfillment of distinct stages of the 1974-1975 work plan for the KNTS were
also discussed, as were proposals put forth by delegations of specialists on the 1975-1976 work plan. A
draft plan of scientific and technical collaboration between COMECON member-nations in the field of nu-
clear research reactors for the years 1976- 1980 was also mscussed

%k * ok

The eighteenth session of the work team on reactor science, reactor engineering, and nuclear power
was held May 21-24, 1974, at Bialobrzeg near Warsaw The work team dmcussed and agreed upon a

Translated from Atomnaya Energlya, Vol. 37, No. 4, pp. 361-362, October, 1974,

© 1975 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 $15.00.
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-realization plan for the program of collaboration between COMECON member-nations in the field of dissociat-

ing gases as coolants for fast reactor facilities, The first draft of a plan of scientific and technical collabora-

tion in the field of reactor science and engineering and nuclear power for the 1976-1980 period was discussed. !
Information put forth by a delegation of USSR specialists on the progress and results of research conducted

in COMECON member-nations within the framework of the program of collaboration in the area of the VVER-

1000 reactor facility was discussed, as well as a balance sheet on the conference " Monitoring and control of .
nuclear reactors and nuclear power stations. " Proposals dealing with further collaboration in this area were

‘also heard and accepted.

Proposals were presented by delegations of specialists on the preparation and holding of a seminar to
expedite exchanges of experience on the installation and operation of VVER type reactor facilities, and a
seminar planned to familiarize specialists of COMECON member-nations with specific topics concerning
the building and integration of nuclear power stations with KS-150 reactor facilities cooled by carbon dioxide
gas.

The third session of the KNTS on radiation safety was held in Moscow, May 21-24, 1974.

Reports were heard on work being done within the framework of the program of collaboration (on re-
quirements for pro’oe_ction of the environment in normal operation of nuclear power plants, methods for
taking air samples, radiometry of gases and aerosols in the surroundings, etc.), and on the progress of
work on documents stipulating regulations and procedures in the COMECON member-nations for the area
of radiation safety (procedures to be followed in determining limits of permissible discharges of radioactive
products to the surroundings at nuclear power stations and research reactors, recommendations on monitor-
/ing the state of the external environment when *¥*I gains access to atmospheric air in industrial effluents and
discharges, etc.).. After the materials presented had been discussed, the Council decided to concentrate
the work of specialists under its guidance on developing recommendations pertaining to permissible doses,
including population doses, and on procedures for determining scaling coefficients between the concentration of
radioactive materials in the air and the dose with migration taken into account — -principles underlying the
determination of a public health zone. The Council brought greater precision into coordination and further
collaboration involving ‘working bodies of the Commission (KNTS 1-3, work team on reactor science and
engineering and nuclear power, and section 5 PK on electric power), the siting and scheduling of a con-
ference on radiation safety in connection with the operation of nuclear power stations (CSSR, September,
1975), and a tentative agenda for the fourth session of the KNTS-RB [KNTS on radiation safety] (now schedu-
led for Leipzig, GDR, September 24-27, 1974); resolutions were adopted on a variety of topics.

* * *

" A conference of specialists from COMECON member-nations on methods in shielding design and on
the properties of materials used in nuclear power station reactors was held in Moscow, June 3-5, 1974.
Reports from specialists of COMECON member-nations were heard and discussed. These reports dealt
with "Development of unique methods for the design of shielding for reactor facilities. Research, develop-
~ment, and verification of systems of nuclear constants for nuclear shielding design, " and "Searches and
investigation of the properties of materials for reactor shielding. " Proposals submitted by delegations
of specialists of COMECON member-nations on further work in this area were agreed upon.

x k%

A conference of specialists from COMECON member—natlons on programs and methods in the physical
design of fast reactors was held in Dimitrovgrad on July 1-5, 1974. .

Reports presented by specialists on the work bemg done on "Optimization of the physical character-
istics of fast power reactors, " and "Development of programs and sets of programs for physical design
calculations of fast power reactors, " were heard and discussed at this conference. The program of col-
laboration between COMECON member-natlons on the topic "Physics research with fast reactors" was also
d1scussed :

*The conference participants drew up proposals on further collaboration in this area.
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INFORMATION

SILVER JUBILEE OF THE SOVIET OF MUTUAL
ECONOMIC AID

A. F. Panasenkov

The Sovietof Mutual Economic Aid, the first interstate economic organization of socialist countries,
completes twenty five years of its activity this year. The formation and the major periods of activity of
SMEA have been inseparably linked with the economic development of the socialist countries and of the
world wide socialist system as a whole. ' '

Creating the SMEA in 1949 its members expressed deﬁerminatiqn to develop extensive economic col-
laboration based on gradual development of international socialistic division of labor for building a thoroughly
developed socialistic society in the member countries, and for ensuring world stability.

The- objective of the Soviet of Mutual Economic Aidis to contribute through coordination of the efforts
of the member countries toward a further intensification and perfection of the collaboration and develop-
ment of socialistic economic integration, a balanced development of the national economy, an acceleration
of the economic and technical progress in these countries, an increase in the level of industrialization of the
countries with less developed industry, a gradual approach and equalization of the levels of economic
development, and a steady rise of the welfare of the people of the member countries. '

The best index of the fruitful activity of SMEA is provided by the notable achiévements of the socialist
countries during the past 25 years. The countries of the socialist commonwealth comprise the most dyna~
mically developing region of the world. At present these countries including 18.5% of the territory and
9.6% of the population of the world (over 366 million people), account for about 33% of the world's industrial
production compared to 18% in 1950.

The problems of providing fuel and energy to the member countries of SMEA have been successfully
solved through making joint efforts in the development of energy resources. A general agreement has been.
signed for collaboration in the exploitation of Orenburg condensed gas deposits and joint construction of a
main gas pipeline from the Orenburg region to the western border of the USSR (about 3000 km in length)
and also of a gas treatment plant. These developments are an important addition to the largest oil pipe-
line of the member countries "Druzhba" and the gas pipeline, which have been in existence for ten years.

An important measure toward the realization of the complex program is the agreement for the con-
struction of a 750 kV power supply line (PSP-750) 900 km in length, which would permit parallel operation
of unified power systems (UPS) "Mir" of the member countries and the unique European power system of
the USSR. By 1980 PSP-750 will increase the power of UPS of the member countries of SMEA to 205, 000
MW which offers the possibility of making large unit power blocks. »

Scientific—technical collaboration is also being developed extensively. The members of SMEA have
prepared (and member countries signed) 48 multilateral agreements on joint solution of the most important
scientific and technical problems. Thirty eight coordinating centers, seven scientific—technical coordinat-
ing councils (STCC), and a number of international associations of scientists and laboratories have been
formed. Over 700 scientific organizations are participating in solving more than 150 scientific and technical
problems. At present the number countries of SMEA are in the forefront of many important areas of world
scientific and technical progress. Over 1.6 million scientists, i.e. a third of the total number of scientists
in the world are working in these countries. ‘ '

The compOSite program of further intensification and improvement of collaboration and development
of socialistic economic integration of the member countries of SMEA, adopted at the XXV session of SMEA,

‘Translated from Atomnaya Energiya, Vol. 37;_ No. 4, pp. 363-366, October, 1974.
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-stresses the introduction of atomic energy in the national economy on an industrial scale.

In a short period the collaboration has made possible the creahon of atomic scientific-research
centers, each equipped with an appropriate scientific experimental base. This has undoubtedly aided the
‘extensive growth of scientific research, engineering development and emergence of new institutes, labora-
tories, and enterprises for the use of atomic energy in different areas of national economies.

Research atomic reactors, cyclotrons, radiochemical and physical laboratories equipped with modern
equipment have been constructed and put into operation. :

Taking an active part in the work of the permanent commission of SMEA on the peaceful uses of atom-
"ic energy (CPUAE SMEA) the delegates from Bulgaria, Hungary, GDR, Poland, Rumania, USSR, and
Czechoslovakia, and from 1972 also of the Republic of Cuba, have made significant contributions in develop-
ing collaboration in respect of nuclear energetics, nuclear instrument manufacture, isotopes and tracer
compounds, radiation safety and protection technology, use of radioisotope methods and equipment in dif-
ferent branches of national economies ete. '

The commission has worked out and adopted recommendations on standardization and specialization
of production of about 80 groups of parts used in nuclear instrument manufacture, about 1000 isotopes,
tracer compounds, and radiation sources, and about 20 denominations of articles of protection technology.

A prominent place in the collaboration in peaceful uses of atomic energy has been occupied by the
- scientific—technical collaboration, in particular, the coordination of scientific—technical research, design
and constructional developments in nuclear engineering, and the determination of the most efficient use of
"~ atomic energy in different branches of national economies (electrlc power, metallurgical, textlle, chemical,
food and agricultural industries, public health).

Within the framework of the coordinated scientifical —technical themes the commission has adopted a
series of scientific—technical measures. During the past ten years it has organized 14 science conferences,
31 symposia and seminars, about 160 meetings of specialists for the discussion of specific scientific and
technical problems, and also three exhlbltlons Representatives of JAEA have participated in a number of
these events.

An important event of 1974 was the scientific—technical conference held on 25-27 June at Obninsk,
dedicated to the twentieth anniversary of the inauguration of the first atomic power plant in the USSR and the
world, which marked the beginning of a new era in the industrial use of the enormous resource of nuclear
power for peaceful purposes.

In the last sessions of SMEA, the highest body of the Soviet of Mutual Economic Aid, in 1972-1974 the
importance and special significance of an accelerated development of nuclear energetics ahd of the improve-
ment of collaboration in this field have been stressed. This attention to nuclear energetics is reflected in
the fact that an appreciable increase in the electric power production by atomic power plants is planned in
the structure of the fuel energy balance of the countries up to 1980 and in a preliminary prognosis of fuel
and energy needs up to 1990. o

Agreements and protocols have been signed, according to which the Soviet Union will provide technical
assistance in the construction of atomic power plants in Bulgaria, Hungary, GDR, Poland, Rumania, and
Czechoslovakia with a total power in excess of 8000 MW. Construction of over 20 power blocks with atomic
reactors WWPR-440 has been planned. The total electrical power of the atomic power plants being con-
structed in the member countries of SMEA, including the Soviet atomic power plants, will be 30 35 thou-
sand MW by 1980 and will be several times more by 1990,

For ensuring such a growth of nuclear power an all-encompassing collaboratlon in the development
of the WWPR-1000 reactor has acquired a special significance. Within the framework of SMEA sci-

" entific—technical, constructional, and design measures have been worked out and approved for accelerat-
ing the work for the construction of WWPR-1000. These measures envisage a collaboration of the member
countries of SMEA in 1973-1975 in a more intensive scientific—technical validation of the solutions used
in the design of the reactor equipment, in the development of improved constructions of individual forms
of the basic and auxiliary equipment, and also in conducting a number of seminars, meetings, and two-day
consultations with the specialists of the countries.

The endurance characteristics of construction materials and equipment of this reactor installation,
for example, steam generators, circulating and other pumps, valves with remote control etc. , are being
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studied in the USSR, Czechoslovakia, and Poland. Low- and high-efficiency sensors for measurin‘g energy '
releases and temperatures in the active zone (as well as other instruments) are being developed in GDR,
Poland, and Rumania. Considerable work on the investigation of the water regime in boric control of the

reactor installation is being carried out in Bulgaria, Hungary, GDR, and USSR.

The construction of the WWPR-1000 reactor has started with the building of the fifth block of the
Novovoronezhsk atomic power plant.

Proposals on possible directions of collaboration in the developmentof reactor installations with 2000~
3000 MW electric power and multipurpose reactor installations are being studied within the framework of the
commission.

A temporary international scientific-research association for carrying out investigations on the criti-
cal assembly of water-moderated, water-cooled power reactors has been formed on the recommendations
of CPUAE SMEA. This association functions at the Central Institute of Physical Research (CIPR) of the

- Hungarian Academy of Sciences in Budapest, where a large physical installation has been constructed in a

short time through the joint efforts of the member countries. A program has been devised which provides
for conducting a wide range of investigations by specialists of the member countries.

On the experimental side, in 1973-1974, the international association conducted measurements on the
statics of reactors for the possibility of choosing the most suitable methods of measurements and for further
procedural developments, on the kinetics of reactors for comparing different methods of measuring reactiv-
ity, on the determination of macro- and microparameters as a function of the concentration of boric acid in
the moderator and the temperature effect of the reactivity etc. Theoretical investigations included the de-
velopment of a two-dimensional diffusion program for hexagonal geometry, creation of a library of group
constants, and comparison of computations with experimental results obtained on the critical assembly. A
system of computational programs for acecurate description of the geometncal relations of WWPR type

~grids has been compiled.

With the creation of the temporary international scientific-research association a transition occurred
in the work of the commission from coordination of scientific—technical investigations to a more effective
form of conducting joint work on a definite scientific~laboratory basis. The completion of all the work
env1saged in the program will make it possible to obtain important experimental data which will be subse—
quently used in developments in the design of atomic power plants with the WWPR-1000 reactor.

One of the basic problems is to equip atomic power plants with instruments and electronic equipment
of the control and protection system, dosimetric and radiometric control for water- moderated, water-
cooled reactors. A scientific—technical conference of the member countries of SMEA with the theme "Con-
trol and Management of Nuclear Reactors and Atomic Power Plants" was held in December, 1973 in Warsaw.
It revealed new stages in the growth of work in this field..

The most important problem in developing collaboration of the member countries of SMEA in the field
of atomic energetics is supplying equipment for the atomic power plants and providing technical assistance
in the construction of the plants. An international economic union "Interatoménergo" was created in Decem-
ber, 1973 with its headquarters in Moscow. This union organizes cooperation in the production and delivery

of the equipment, instruments, and materials for atomic power plants, _ensures necessary technical assis-

tance in design, construction, and operation of the plants, parumpates in engineering and production train-
ing of the personnel and so forth. The establishment of trade and scientific—technical relations with other
countries that do not belong to the union also falls within the seope of "Interatoménergo. "

With the signing of the agreement for the creation of "Interatoménergo™ a very important stage\has

“been completed in the solution of a great problem posed by the composite program of socialistic economic

integration of the member countries of SMEA concerning the creation of the necessary prerequisites for the
industrial growth of atomic energy.

In 1973-1974 significant progress was achieved in the work on the water regimes of atonuc power

.plants. The STCC, created by the commission in GDR, developed and examined a series of data and re-

ports on water regimes, corrosion and water cleaning of WWPR type reactors, on the results and prospects
of further development work on deactivation of the first contours of power blocks, on supplying ion-exchange
resins to the plants of the member countries of SMEA and so forth. On the basis of these data the commis-
sion took appropriate decisions and adopted recommendations. '

In accordance with a resolution of the XX VI session of SMEA the commission formulated proposals
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and is implementing collaboration in the field of sc1ent1flc research and des1gn-—constructxon work on high-
power, fast reactors, and is organizing exchange of scientific and technical experience by conducting symposia
and seminars and through other forms of collaboration. For this problem an STCC has been created at
Obninsk at the Physicopower Institute and a program for scientific and technical collaboration has been
worked out. In October 1973 the second symposium on "The Present State and Prospects of Work on Con-
struction of Atomic Power Plants with Fast Neutron Reactors" was held at Obninsk, at which 95 scientific
papers were presented. The symposium made a large contribution toward further growth of collaboration

_ in this field and toward accelerating the development of high-power, fast reactors.

_ In recent years more extensive efforts have been made toward collaboration in the development and
improvement of research-type nuclear reactors. The STCC created to take care of this problem, in 1972,
in Rumania has initiated a number of scientific and technical programs including the development of intra-
reactor research, control and management of research-type nuclear reactors, improvement of the existing
research reactors and enlargement of their experimental potentials, and the development of new reactors

- with improved neutron-physical characteristics.

‘In the field of treatment of irradiated fuel for atomic power plants the following technical and pro-
cedural matters have been developed or are being developed along with the scientific research work within
the competence of the commission.

1) Technical conditions for the assembly of depleted fuel elements of atomic power plants with WWPR-

- 440 reactors approved by the commission and recommended for use as a typical document in clos-
ing contracts for the delivery of depleted assemblies of fuel elements among the countries owing
the plants, and the USSR.

2) General instructions for the transport of depleted nuclear fuei from the plants.
3) Technologiéal scheme of control of extraction treatment of depleted fuel elements of WWPR type.

4) Methods and equipment for determining the content of fissionable elements in the depleted fuel and
their isotope composition.

5) Technical requirements on the development of equ1pment for the unit of fluorination of the nuclear
fuel. :

The activity of the commission and the STCC on radioactive wastes and deactivation in 1973-1974.
centered around the development of industrial technology and equipment, treatment and burial of radioactive
wastes, and also the development of such procedural materials as lists of unique analytical and technical
—economical indices for evaluating the results of existing installations for treatment of liquid wastes of low
and intermediate levels of activity, technical requirements on the design of atomic power plants from the
point of view of deactivation, techniques of simulating modes of operation of underground storage of radio-
active wastes on analog computers, which can be used both for simulating the modes of operation of under-
ground storage of radioactive wastes and for solving problems of safe burial of other highly toxic industrial
wastes.

The work of this STCC also included a large complex of investigations of radioactive contamination
of the Danube river, including the.preparation of annual summaries. These summaries showed that the
observed levels of radioactive contamination of the Danube as of 1973 did not exceed the mean annual per-
‘missible concentrations and did not present a danger to the environment. However, the mean values of the

" overall activity showed a tendency toward continuous’increase. '

A prominent place in the activity of SMEA in 1973-1974 is occupied by the extensive collaboration in
“specialization of the isotope ‘manufacturing industry, use of isotopes and radiation, rad101sotope instruments
~and radlatlon technology, and the technology in different branches of national economies.

On the recommendation of the commission an agreement on multilateral international specialization
and cooperative formation of the industry for 1sotope production articles was signed in January 1974. ‘The
nomenclature of the agreement covers more than 1000 denominations including 52 isotopes and inorganic
compounds, 396 organic tracer compounds, 29 radiopharmaceutical preparations, 19 types of sealed radia-

" tion sources, two types of constant action phosphors, and 514 denominations of stable isotopes and their
tracer compounds.. According to agreement, Hungary will manufacture and meet the needs of the member -
countries of SMEA in respect of 65 denominations, GDR 247, Poland 28, Rumania 20, USSR 551, and
Czechoslovakia 101. . )
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The commission hés furned its attention to the need of further coordination of the devéIOpment and
supply to the industry of new tracer compounds for stable and radioactive isotopes; the proposals for further
specialization of the industry will be worked out on the basis of these results.

' The groundwork for the coordination of the plans of development of the isotope industry in 1976-1980 .
has been done and a program has been adopted which provides for the following: working out proposals for
the solution of the most important problems in this field in 1974~1975, which include ensuring the production
capacity of the industry of isotope articles, development of special cyclotron equipment for producing short-
lived isotopes for medicine, coordination and cooperative formation of scientific-research and design—con-

. struction work on the technology of isotope manufacture and development of industrial capacities etc.

In December, 1973 a symposium on the methods of measurement and testing of sources of ionizing
radiation was held in Moscow and future problems in the field of standardization, control, and methods
of testing sealed radlatlon sources were determined.

The STCC on radiation engineering and technology, created in 1971, formulates and solves the prob-
lems of industrial realization of processes of sterilization of medical articles, for which eight procedural
documents have been prepared and approved, that are unique to the member countries of SMEA. A technical
proposal for organizing industrial manufacturé of radiation-modified wood has been prepared and plans have
been made for work on radiation treatment of polymer materials and industrial rubber articles, sterilized
medical articles and materials, and food and agricultural products. These problems were discussed at the
symposium on radiation treatment of food and agricultural products held in October, 1973 in Bulgaria. Re-
presentatives of IAEA also presented papers at this symposium.

The collaboration in the field of protection and improvement of the environmenthas been developed
more extensively during the past few years in accordance with the composite program. Working out mea-
sures for nature conservation is one of the main scientific—technical problems being investigated jointly
with the use of the most effective forms of collaboration. ‘A program for scientific and technical collabora-
tion on the problem of ensuring radiation safety up to 1980 and the main directions for the collaboration in
this field up to 1990 have been worked out within the framework of the commission.

It is becoming increasingly more important to link the work on radiation safety done by the SMEA -
bodies with the measures adopted by IAEA and other international organizations. The recommendation of
the commission on the transportation of radioactive materials is one of the manifestations of this link. The
work of the commission on the development of collaboration in the field of manufacture of elements of radia-
tion protection technology by working out a number of recommendations on standardization and other docu-
ments of standards also contributes to radiation safety.

Due to the growth of nuclear power and reactor technology, and also more widespread use of radio-
active isotopes and radiation in scientific research, the national economy, and medicine there has been a
significant increase in the demand for nuclear physics instruments and radioisotope equipment including
instruments and equipment for nuclear medicine. Here a significant role is played by the international
economic union "Interatominstrument" (IAI), created in 1972, as a new form of collaboration. The main
task of this union is to ensure the most complete coverage of the needs of the countries in dosimetric radio-
metric, and nuclear-physics equipment including multidimensional and multichannel systems for nuclear
research and nuclear power plants, and also in radioisotope, radiomedical, and fault detection equipment,
nuclear radiation detectors and special instruments for isotope laboratories conforming to the world's
scientific and technical standards. The tasks of this union also include organization of scientific—technical,
industrial, and trade collaboration among the economic organizations of the interested member countries
of SMEA and assistance in trade with other countries. The number of the members of the union has now
increased from 11 to 15, The soviet of the union has prepared and approved a list of nomenclature groups
of instruments in nuclear engineering and has drawn up proposals for specialization of more than 150 types
of instruments and materials for long-term agreements in 1976-1980.

Helping the development and use of atomic energy in all branches of the national economy of the mem-
ber countries, the commission is continuously improving and intensifying its activity, taking an active part
in the unique process of socialistic ‘economy integration.

The jubilee session of the Soviet of Mutual Economic Aid, held in June, 1974, noted that the activity
of SMEA is accompanied by a steady increase of the prestige of this organization in the world. The under-
lying principles of its operation: equality, independence, free will, respect of sovereignty, mutual con-
venience and aid, and high efficiency of collaboration for all participating countries, are making an in-
creasingly greater international impact.
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- The session éxpressed the conviction that the gradial completion of the composite program of social-
istic economic integration will render s1gmflcant help to all the brotherly countnes in the creatlve work of
building socialism and communism. : v
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CONFERENCES AND MEETINGS S |

CONFERE NVC_E ON PHYSICA L ASPECTS OF ATMOSPHERIC
POLLUTION N ‘

B. I. Styro

£

. An international conference was held in Vilinius on 18-20 June, 1974, in which the physical aspects
of atmospheric pollution were discussed. The conference was organized by the Institute of Physics and
Mathematics of the Academy of Sciences of the Lithuanian SSR. About 250 scientists from Bulgaria,.
Hungary, GDR, Poland, USSR, and Czechoslovakia participated in the conference; over 200 papers were
presented. Review papers were presented at the plenary session. Four to five parallel sections held
their meetings, in which the following problems were discussed: ’

neutron activation, chemical, electrochemical, radiochemical, and spectrometric analysis of sam-
ples of atmospheric air, and rain; g '

radiometric instruments and methods of analysis of radioactive samples of atmospheric objects;
instruments, _methodé, and filters for the investigation of atmospheric aerosols and radioactive ions
in air; :

natural short- and long-life isotopes in the atmosphere;

fission products and their behavior in the atmosphere;

atmospheric aerosols and their chemical composgition; .

pollution of the atmosphere by cites; o

cosmic radioisotopes in the atmosphere and their tise for the investigation of the problems in the
physics of the atmosphere; -

meteorological processes and atmospheric pollution;
chemical composiﬁoh of rain and distribution of contaminants in atmospheric fall-outs;
record of atmospheric pollution in glaciers; v _ } '

- washing out of pollutants frbm the atmosphere and self-cleaning of the atmosphere; -
mathematical modeling of the processes of atmospheric pollution; )
exchange of radioactive pollutants between the atmosphere and the oceans; .

* physical aspects of normalization of atmbspheric pollution.

The methodological papers stressed the need for developing and improving the physical methods of
investigation of the pollutants in the atmosphere, the use of neutron-activation determinations, the improve-
ment of accurate chemical and physicochemical techniques for determining small impurities in air, and,
more importantly, the development of automatic methods of continuous monitoring of pollution and com-
mutable systems. Some of the papers were devoted to the improvement of the techniques of studying gase-
ous radioactive contaminants in the atmosphere (*°Kr) whose concentration in the terrestrial atmosphere is
increasing as a result of the growth of nuclear power. : o :

The investigation of atmospheric pollution by fission products needs to be follox-:ved in greatér detail.
In order to improve the methods of pollution prediction it is necessary to study the spatial distribution over

Translated from Atomnaya Energiya, Vol. 37, No. 4, pp. 367-368, October, 1974
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large territories and search for the connection with meteorological processes. This is caused by local

peculiarities of the place of prognosis, since the density of fall-out of radioactive contaminants depends
substantially on the geographic location. Apparently, relationships can be established between different
observation points,

In recent years the investigation of natural (radon) radioactivity of the atmosphere has consisted of
studying long-life products. It is found that along with the products of decay of radon the atmosphere .
contains the same products which enter with terrestrial dust and occur in radioactive equilibrium with 22Rn.

The investigation of cosmic radioisotopes in the atmosphere was also represented at the conference.
Because of the nuclear tests conducted earlier, some of these isotopes (*4C) have not yet reached their
natural values. The rates of formation of such isotopes in the atmosphere depend on action of cosmic rays
on the atmospheric matter, volcanic dust, meteoric material penetration into the atmosphere ete. The
concentrations and fall-out values of cosmic radioisotopes at the Earth's surface and their relationship with
meteorological processes and also with the mixing of the stratospheric and tropospheric air masses were
investigated. Considerable interest was generated by the communications concerning the characteristics
of the behavior of 14002 and tritium oxide in the surface and high layers of the atmosphere and the relation-
ship of their concentrations with meteorological processes.

A number of papers were devoted to the use of radioactive isotopes as tracers in the study of physical
processes occurring in the atmosphere. Radioactive tracers allow a study of the air mass exchange be-
tween the stratosphere and troposphere, the laws and amount of turbulent exchange in the atmosphere, dis-
persal of contaminants in cloud systems and the atmosphere over large distances, coagulation of cloud par-
ticles with solid aerosols, washing out of the contaminants by rain etc. It was noted that tracer methods of
investigation of the atmosphere should be developed, since the current period is characterized by local
ejections of radioactive isotopes into the atmosphere. In the near future, due to the growth of nuclear power,
the contamination from a complex of nuclear power industries will create a general "background"; then the
unique possibility of investigating certain physical properties of the atmosphere would be irrevocably lost.

In the analysis of the processes of self-cleaning of the atmosphere from radioactive and neutral con-
taminants, it was shown that thermophysical processes occurring near the evaporating drops play a signi-
ficant role in the process of removal of aerosol contaminants by rain. The following aspects were also dis-
cussed: the effect of collisions of rain drops with aerosols, change in radioactivity of the falling drops due
to evaporation, determination of the numerical parameters characterizing the wash-out of the contaminants
from the atmosphere, laboratory modeling of these processes, the role of fog and ground condensations
in the washing-out of contaminants, wash-out characteristics of molecular radioactive iodine by falling
rain drops etc.

Mathematical investigations mainly covered the problems of diffusion spreading the radioactive and
neutral contaminants in a turbulent atmosphere. The radioactive dust cloud was regarded as an active con-
taminant interacting with the aerosols and rain drops in the atmosphere. This was the main feature of
some theoretical papers. '

Lately, interest has developed in the pollution from cities and pollution prediction, for which further
investigations are required. This is causedby the fact that with a large complexity and "turbulence” of the
pollution sources the study of their dispersal and concentration in different areas of the cities requires
methodical analysis of the measurements as well as an analysis and evaluation of the obtained results. The
problems of smogs are closely related to the problems investigated in this field. They should be investi-
gated in laboratories in model experiments as well as in natural conditions. Furthermore, it is necessary
to investigate the phenomena of photochemical reactions in the atmosphere, which can lead to large and
stable concentrations of harmful contaminants. Certain meteorological conditions also play an important
role in these phenomena.

In the section devoted to the exchange of radioactive contaminants between the atmosphere and ocean,
the global fall-outs and the fields of artificial radiostopes in the surface layer of the ocean and their stat-
istical structure were discussed. It was shown that 80 may serve as an indicator in the exchange process
and in the self-cleaning of the atmosphere above oceans one must take into consideration the washing of the
surface layer by sea sprays. The radioactive contamination of the Baltic Sea was discussed. "Lenses"
of increased *’Cs concentrations have been detected at some depths along the coast of Sweden. In view of
the planned growth of construction of atomic power plants in the countries surrounding the Baltic sea, a
detailed study of the contamination is necessary, where the concentrations are an order of magnitude higher
than in the Pacific Ocean.
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Finally, the aspects and physical bases of sanitary and ecological settings of permissible content of
harmiul pollutants in the atmosphere, were discussed in one of the sections. The areas investigated were:
dilution of the pollutants entering into the atmosphere and estimation of the dilution factor as a function of
the averaging period; statistical probability estimates of pollution potential; methods of determining ,
optimum level of content of chemical materials in multicomponent contamination etc. It was concluded that
there is a need for setting limits of contamination taking into consideration their effect of living organism
and the change inthe form of their existence during their distribution throughout the atmosphere.

The conference represents an important stage in reviewing the study of the entire complex of atmos-
pheric pollution and the ways of further investigation of these problems. The conference succeeded in es-
tablishing agreements and differences in the study of individual components of atmospherlc pollution and
the prOJecuon of the prospects for further investlgatlons
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VIII INTERNATIONAL SYMPOSIUM ON
THERMONUCLEAR REACTOR TECHNOLOGY

V. 8. Strelkob

The VII Symposium on thermonuclear reactor technology was held from 17-21 June, 1974 in Holland.
About 230 scientists from 75 laboratories and firms of 15 countries of Western Europe and also representa-
tives from USSR, USA, Japan, and Canada participated in the symposium. Seventy five original papers
and two review papers were presented at the symposium.. Problems mainly related to reactor technology
were considered. The program consisted of five sections. '

Experiments in Plasma Physics. (Installationsin operation, those under design and construction,
plans). The papers presented in this section described the construction of the following installations: NOVA
(tokamak with diverter, Japan), TOSCA (tokamak with noncircular cross section and adiabatic compression,
England), DITE (tokamak with injector of neutrals and diverter, England), ASDEX (tokamak with noneircu-
lar cross section and diverter, FRG), TORSO (torstron with turbulent heating, England), HBS (stellarator

- withlarge B, FRG), W—VII (large stellarator, FRG), Ring—Boog (tokamak with gaseous blanket, Holland), and FT
(tokamak with strong magnetic field, Italy). The characteristics of these installations are given in Table 1

These installations have been constructed or are inthe stage of construction that will be completed
during 1975-1976. As is already known, besides these installations several large toroidal installations are
already in operation in European laboratories engaged in thermonuclear research. These are TFR (large
tokamak) in France, belt-pinch in FRG, superconducting levitron and CLEO stellarator in England. Stel-

- larator WEGA andtokamak PETULA are being made ready for operation in France.

) Energy Sources. This section is traditional. In view of the plans for large installations the interest
in high-power supply sources having large reserve energy has increased.

Plasma Heating. This was the shortest section of the pfogram with four papers, where injectors of
fast neutral atoms for heating the plasma in toroidal installations CLEO, TFR, and W—VII were described.

Systems of Data Acquisition and Analysis. Seven papers were presented in this section; in most of
these systems of data analysis on experimental equipment were described. Such systems are being suc-
cessfully used in many experimental installations, where relatively slow processes are realized. An auto-
mated system based on a small computer permits recording of the basic technological parameters of the
installation and also the main characteristics of the plasma.

Reactors of Synthesis. This section includes: predraft development, interaction with the wall, blanket,
and work with tritium, neutrons, and radiation damages, and coils of superconducting materials. This was
- the most extensive section (33 papers). The general predraft development of the reactor was presented in
a review article on the Wisconsin tokamak and in the papers on the Italian project FINTOR, where a tokamak
with a plasma radius equal to 2 m, large radius equal to 10 m, and 50 kOe magnetic field at the axis of the
system is considered. The possibilities of using ordinary and superconducting materials in the electro-
magnetic system of the reactor were compared in the paper by F. Arent et al. (FRG). Several papers were
devoted to.the technical aspects of a reactor based on theta pinch or beam trigger. A large number of the
papers in this section dealt with the problems of radiation damage, blanket construction, tritium breeding,
_and erosion of the first wall. The latter problem was considered only from the point of view of wear and

durability of the wall and the degree of contamination of the plasma by the material of the wall was not esti-
mated. . : '

Translated from Atomnaya Energiya, Vol. 37, No. 4, pp. 368-369, October, 1974.
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" TABLE 1. Basic Characteristics of the Installations '

r
i

Installanon a,CI R, cm 1 kA - H, kOe
NOVA - 1,5 18 1,2 10
TOSCA - 10 30 100 1313
DITE 23 113 340 - 28
ASDEX © 40 154 500 30
TORSO 10 40 e — 20
HBS 4 800 —

W—VII (a) 17 200 - 40
W—VII (b) 35 200 — 40
Ring — Boog 10 50 40 30. -
FT - <20 83 1000 100 -

A review article was devoted to the status of the JET (Joint European Tokamak) project being planned
by a joint group at Culham laboratory (England).
not yet been decided. Tokamak JET, which was initially designed for 3 mA current in the plasma, is now
being planned with a ring chamber, which offers the possibility of increasing the current in the plasma to
5-6 mA. The project envisages the possibility of .demonstrating the self-sustaining D—T reaction. In the
case of success in attaining the required parameters with hydrogen, it is proposed to conduct experiments
with tens of discharges and with a mixture of deuterium and tritium. This idea provided the greatest discus-
sion, since according to the current design the equipment is not suitable for operation with tritium.

The next symposium on this problem is planned for 1976.

The location for the construction of this installation has
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"INTERNATIONAL SYMPOSIUM ON THE USE OF
ISOTOPE TECHNIQUES IN GROUNDWATER HYDROLOGY

V. T. Dubinchuk and A. M. Dimaksyan

The symposium was organized by IAEA on 11-15 March, 1974 in Vienna. Participating in the sym-
posium were 199 delegates from 38 countries and a number of international organizations presentmg the
most diverse dlrectlons and aspects of the use of isotope techniques in hydrology.

A g'roup of papers was devoted to the practical use of natural and artificial tritium to estimate the
pature and intensity of underground water feed, including feed through aeration zones, and also to estimate
" the velocity of underground water and the rate of surface and underground runoff. Many papers contained
'the discussion of the results obtained with the use of stable isotopes of deuterium and 13 , used with
success in the investigations of the conditions of feed of underground waters in their artificial filling,
penetration of rain waters into ground waters, feed of cracked water-bearing beds, and feed of underground
waters into deserts.

The study of the distribution of the isotopes 1%0, D, T, 14C available during the period, was the most
characteristic feature of the field investigations in specific territories. This series of investigations pro-
vides the more complete information needed for practical hydrogeological inferences. Thus, E. Masor et
‘al. used 180, D, T, UG for estimating the mechanism and intensity of feed of underground waters of a large
desert region in Botswana; R. Gonfiantini et al. investigated the interrelation of water-bearing beds in
Northern Sahara; G. Kastani et al. gave the most interesting and instructive example of estimating the
regional runoff of ground waters taking the example of a large region adjoining the Senegal river; E. Salati
et al. also investigated a large region and obtained valuable information on the genesis, feed, and regional
runoff of underground waters and the interaction of water-bearing beds in a coastal zone; V. I. Ferronskii,
Yu. B. Seletskii et al. presented a summary of investigations of different types of underground waters in
the USSR using 180 and deuterium; W. Shtal et al. made a very successful use of 0, deuterium, and
carbon to study the origin of hot waters in Greece; V. T. Dubinchuk, V. A. Polyakov, V. M. Kuptsov et .
al. communicated the results of using a set isotope methods based on the use of **0, D, *C, ®%U/*% for
estimating the genesis and the rate of exchange of underground waters of the Mirgalimsk ore deposit region,

“and also for estimating the contribution of different components of mine water influxes. In the same paper
a preliminary theoretical analysis of the possibilities of using isotope methods for the estimate of water

. flow through weakly permeable rocks was given for the first time. Another paper by G. Suze should be
mentioned, which presented very interesting data on the measurement of isotope composition of tritium,
deuterium, and 30 in lysimeters for a comparative estimate of the amount of seepage.

Interesting data on the technology, procedure, and practical examples of use of the radiocarbon dat-
ing method were presented by W. Rawerat et al. (FRG), I. Winorgrad et al., F. Pearson et al., and
T. Guphen et al. (USA). :

Recently, methods based on the study of the change of the content ratio 2343 /8% are coming into use
increasingly more in hydrogeological studies as an influence of the work done in the Soviet Union; this was
reflected in several papers. Besides our paper mentioned earlier, V. M. Kuptsov's results on separation

“of the components of underground waters flowing into mine influxes were given in detail, interesting data
on the use of 24U ﬁssU ratio as an indicator of the genesis of underground waters dated to Sinoman— Tironian
carbonate rocks in the Galelian trough were presented. J. Cowart and J. Osmond (USA) carried out similar

investigations and proposed an approximate quantitative model of formation of isotope composition of under-

ground waters dated to the sandstone bed of Southern Texas.

Translated from Atomnaya Energiya, Vol. 37, No. 4, pp. 369-370, October, 1974.
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Considerable interest was generated by the papers on the use of other isotopes, in particular g,
cosmogenic ¥Ar, !°N, which have been less used in earlier hydrogeologmal investigations.

"The use of artificial radloactive indicators was discussed in a number of papers. -West German -
specialists reported the development of experimental samples of bore equipment for the determination of
the rate of filtration and direction of motion of underground waters, and also for an estimate of the vertical
flow of water. Results of successful use of this equipment were presented.

The smgle—bore method of dilution was dlscussed in detail in the paper by H, Muner (Columb.ta)
Interesting results on the theoretical vahdlty of the two-bore indicator method of determining the effective
porosity were presented by Polish specialists (A. Zuber, A. Lenda, etal.). '

G. Gizerecs et al. (France) have proposed ahd developed a theoretical dispersion model for estimat-
ing the characteristics of transport of polluting materials in water-bearing beds and have carried out a suc-
cessful experimental test The model may be found suitable for the interpretation of bore indicator investi-
gations. ' '

V. T. Dubinchuk, V. S. Goncharov, et al. reported the results of the development of laboratory and
field methods to determine the characteristics of diffusion transport of sodium chloride using the y-radiating
isotope Na; G. Mozer et al. (France) reported on indicator laboratory investigations of the characteristics
of hydrodynamic dispersion as a function of the rate of filtration and the structure of the porous medium.

Of all the known experiments this is perhaps the most detailed investigation of the dispersion process.

The symposium showed that a combination of both different isotope methods and of isotope and tradi-
tional hydrological and hydrogeological methods is being used increasingly more intensively. In practice
the isotope methods are being used most extensively in the underdeveloped and developing countries. This
is explained by the relative ease of availability of the isotope methods and by the fact that the isotope re-
sults permit obtention of the required information about the territorics that have not been well investigated,
without time-consuming traditional hydrogeological investigations. The isotope methods of investigation
are being intensively developed by scientists and specialists in USA, France, FRG, Italy, and England, who .
are improving the techniques of use of the isotopes, extending their practical use in poorly investigated
regions or in those cases where the traditional methods yield ambiguous results, and are using them ex-
- tensively in the study of objects with disturbed hydrogeological and hydrochemical conditions.

All the material presented at the symposium demonstrated the high information capability and effective-

ness of isotope methods in hydrogeology and indicated their ever increasingly widespread use in hydrogeo-
logical practice for obtaining valuable new information on hydrogeological objects and processes, which is
difficult or even impossible to obtain by the traditional methods of investigatlon
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INTERNATIONAL CONFERENCE ON MESON , g
SPECTROSCOPY |

V. A. Belyakov

An international conference on meson spectroscopy was held in Boston (U.S. A.) on the 26th of April,
1974. This was the fourth conference in a series of similar conferences organized since 1968 in the United
States. ' Two hundred and forty physicists from seventeen countries took part. A series of review talks on
separate problems of mesonic states was adopted without the usual division into plenary meetings and paral- -
lel sessions. :

Reports concerned themselves with experiniental and theoretical research on meson resonances, on
the construction of new experimental apparatus (the Omega, LASS, and MPS projects), and the directions
in meson spectroscopy which are at the present moment arousing the greatest interest for physicists.

M. G. Bowler (Oxford, England), D. Binnie (Imperial College, England), B. Gittelman (Cornell
University, U.S.A.), and others reported on the formation and characteristics of non-strange meson states.
An attempt has been made to systematize the present mesonic resonances using a simple quark model.
Beginning with masses of approximately 1700 MeV, data on mesons is inaccurate. In the mass region
between 1700 and 2400 MeV, nine resonances are known, while in the region between 2400 and 3600 MeV
there is evidence of 16 particularities in the meson mass spectrum. For all heavy mesons of mass greater
than 1700 MeV, only estimates of isotopic spins have been made and the fact of the existence of more than
four particles and their decay products ascertained. Phase shift analysis has shown evidence for the exis-
tence of the p' (1600) meson in ete” interactions. This meson has previously been seen in the 4-7 meson
final state. The peak in the region of the Al meson is explained by the collective interactions of three pions
with a large admixture of diffractive mechanisms for the production of the system. In the light meson mass
region detailed studies have been made with very good resolution. The following results have been obtained:

n°-meson | o°-meson | "~ X°-meson

M—547,45+0,25MeVM—783,8+0,3MeVjM=957,46 £ 0,33MeV
I (n~2y)=324+46eV|r=10,2:0,6 MeV |1 <0,8 MeV

The width of the m-zero meson has been more accurately measured (I'= 7.7 = 0.4 eV). The existing
data on the 3-7 system has been analysed from a theoretical point of view. This was reported by T. Las-
inski (Berkley, U.S.A.) and G. Ascoli (University of Illinois, U.S.A.). With the help of a partial wave
analysis, agreement with experimental data has been found in the region of the Al meson for the 1 + Sp7
final state, and in the region of the A2 meson for the 2 + Dp final state, and in the region of the A3 meson
for the 3 + D p final state. These results hold true for small momentum transfers (t = 0-0.1 (GeV/C)Z).'
On the whole there is still no good partial wave description of the 3-7 meson system. Theoretical reports
did not present any new ideas about this system. '

Since 1970 there has been no direct evidence for the existence of exotic meson states (D. Cohen,
Columbia University, U.S. A.). In the p-minus-m-minus and K-minus-7-minus final states and in other
final states, peaks in the effective mass distributions are found at the level of statistical fluctuations which
leads to an upper limit for the production cross section of exotic states of =5-10 pbarn.

Cross sections for the production of m-mesons in e”e” interactions are very small. With increasing
energies of the colliding particles from VS = 1 GeV to 4.8 GeV, the cross section decreases from 70 to 20
nbarns (W. Chinowsky, Berkley, U.S.A.). It was highly important to establish experimentally that the
ratio of the total cross section for efe~ interactions to the cross section for p*u~ pair production is energy

Translated from Atomnaya Energiya, Vol. 37, No. 4, pp. 370-371, October, 1974.
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dependent and equals two at wfé =1 GeV and six at V8 = 4.8 GeV. The energy dependence of the ptu- cross 7
- section strongly contradicts the predictions of the simple quark model (the cross section ratio should be

constant and equal to 0.5) and the colored quark model (the ratio should equal two). Also unexpected was

the copious six and eight particle production in ete- mteractxdns at VS = 4.8 GeV. In this case, antiproton -

production was down by a factor of 100 with respect to p10n productlon while kaon production was down by
a factor of 10. : :

R. L. Eisner (Brookhaven National Laboratory, U.S.A.) and J. W. Hansen (Copenhagen, Denmark)
discussed the situation in the region of the Q@ meson (1250-1400 MeV) and the L meson (1770 MeV). It has
been established that the mass peak in the region of the Q meson is not described by a Breit—Wigner curve
and that the slope of do/dt and fraction of Kp final state change by a factor of two. A light mass component

(with mass of 1242 + 10 MeV) can be separated out in the Q region but a heavy component cannot be isolated.

The 1% state is- preferred in the Q meson region while the 2~ state is preferred in the L meson region.

The accumulatlon of a large amount of experimental data has made possible an inclusive study of
£ meson production in pp interactions at 12 GeV/C and 24 GeV/C and in mp interactions at 11.2 GeV/C,
15 GeV/C and 205 GeV/C (F. C. Winkelmann, Berkley, U.S.A.). In pp interactions at 24 GeV/C the p
meson production cross section has been determined o(p) ~ 10.5 mbarn. In 7p interactions at 205 GeV/C
the p meson production cross section is o(p) = 33 mbarn. It has been estlmated that in pp interactions at
24 GeV/C 1/7 of all pions produced are from p meson decay while in 7p interactions at 205 GeV/C this is
1/4,

Of the 10 possible quantum states of the quark—antiquark system (from 0- to 37) three have been de-

finitely established at the present time.

L=0(g JP=0-  amkK
L=0(gq) JP=1-  popK*(890)
L=1(gq) JP=2+  A2f"K*(1420)

The conference proceedings will be published.
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MEETING OF THE FOUR NUCLEAR DATA CENTERS

V. N. Manokhin

The regular meeting of the four neutron nuclear data centers was held in Paris on May 6-10, 1974.
The representatives from the National Center of Neutron Cross Sections (Brookhaven, USA), Center for
Compilation of Neutron Data (Saclay, France), Nuclear Data Center (Obninsk, USSR), and the Nuclear
' Data Section IAEA, Austria) participated in the meeting. It discussed the traditional problems: the
library of experimental data in exchange format (EXFOR), bibliographic catalog SINDA, worldwide list of
enquiries (WRENDA), reports on last year's activities of the centers, interaction among the centers, a
review of the activity planned at the. previous meeting, and recommendations for the future.

The greatest attention was devoted to the exchange format and the state of the library of experimental
nuclear data in this format. At present the neutron nuclear data is collected by the nuclear data centers.
Each center collects information from its geographic region, exchanges the information with the other cen-
ters, and furnishes the world library of neutron data to the users of its region. The regions served by the
centers are:

USA, Canada — Brookhaven (USA);

West Europe Japan — Saclay (France);

East Europe, Afnca South America, Austraha Asia — IAEA (Vienna);
USSR — Obninsk. ‘

: Each center abstracts the entire literature from its geographic region for the computer library

" catalog SINDA and writes out the factual and graphical information in the special exchange format (EXFOR).
EXFOR is being improved and extended at the annual meetings of the representatives of the four centers.

- The methods of introducing experimental data into the library in EXFOR format of multidimensional tables
(for example, as tables of resonance parameters) was discussed. As a result of the discussion some
changes were incorporated in the format and rules for abstracting were approved that would make it pos-
sible to introduce tables of resonance parameters into EXFOR in a more convenient and compact form.
Problems related to extending EXFOR format to nonneutron nuclear data were also discussed and recom-
mendations were made to the centers to maintain close contacts with the groups and centers compiling
nonneutron data and also to investigate the possibility of taking and developing already existing formats

for nonneutron data. '

At present the computer library of experimental neutron data in EXFOR format contains about 900
thousand rows of information on magnetic tape, numerical results and description of 800 experiments
in neutron physics, and is equipped with a set of operational programs.

The international bibliographical catalog SINDA (about 100 thousand rows of information) is also being
improved and enlarged. In the new 1974 edition the catalog will include additional information on the prés-
~ence of the corresponding data in the computer library of EXFOR. The meeting also discussed the ques-
tions of indentity of the words SINDA and EXFOR, completeness of SINDA catalog, and elimination of re-
dundant and erroneous information. ‘

The worldw1de list of nuclear data enquiries WRENDA -74 was published this year and contains 1190
~ enquiries on the measurements of nuclear data from 21 countries. The committee limited itself to the
review of the state of the enquiries and endorsed the report to the next meeting of the ICND.

Translated from Atomnaya Energiya, Vol. 37, No. 4, pp. 371~372, October, 1974.
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The National Center of Neutron Cross Sections (Brookhaven) issued the first volume of the third edition
BNL-325 containing recommended resonance parameters. The work on the fourth version of the library of
estimated data ENDE/B has been completed. The Center for Compilation of Neutron Cross Sections at

‘Saclay has published "Compilation of neutron cross sections of threshold reactions for neutron dosimetry

and other applications" (EANDC-95U). The nuclear data section of IAEA has published a summary of cross
sections averaged from fission spectra; the work on estimating cross sections of reactions for neutron

.dosimetry is being continued. Conferences on nuclear data have been organized and held. The nuclear data
- center at Obninsk continues to publish the collections of articles "Nuclear Constants" and the collection of
" abstracts "Nuclear Physics Research in the USSR. " A large amount of work is being done on the develop-

_ ment of a computer library of experimental and estimated nuclear data, elaboration of the required ac-

curacies and adjustment of the constants, and estimation and organization of estimates of nuclear data.

The meeting discussed the problems of interaction among the centers, summarized the international
cooperation during the last year, worked out recommendations, and planned measures for all the aspects of
this cooperation.

The next meeting of the four nuclear data centers will be held at Brookhaven (USA) in March 1975.
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 MEETINGS OF SPECIALISTS ON NONNEUTRON
. N
NUCLEAR DATA

"F. E. Chukreev

‘ Following the recommendations of the International Committee on Nuclear Data (ICND) the nuclear
data section of JAEA (Vienna) conducted two meetings on nonneutron nuclear data (everywhere below nuclear
data implies nonneutron nuclear data) in April—May of this year: a meeting of specialists on nuclear data
for reactions with charged particles and photonuclear reactions and a meeting of specialists on nuclear data
for applications. '

The participants from our country in these meetings were the representatives from the Center for
data on the structure of the atom and nuclear reactions of SCAE (State Committee for the use of Atomic
Energy); (CAND) which was created in 1972 to meet the needs of Soviet scientists for nonneutron nuclear
data. In both meetings the reviews of the existing needs for nonneutron nuclear data, prepared by the IAEA,
were discussed. These reviews had been prepared mainly from the material presented at the symposium
"Nuclear data in science and technology" (Paris, 1973) supplemented by some new uses coming into light
after the symposium. Thus, for example, the needs for nuclear data for a number of "exotic" forms of
thermonuclear fuel of type !B have appeared. The discussion showed that the needs for nonneutron nuclear
data are so extensive and diverse that they can not be completely met by the existing groups and centers
for compilation and estimate or by publications in scientific journals and handbooks. In the opinion of the
participants the main difficulties are associated with the following facts: the accessible data are often in-
complete and are not presented in a form suitable for use; the data are scattered in many publications; ’
different values for the same parameters are given in different publications; the published data are rarely
accompanied by an estimate of the error; the data are in practice not available in computer-readable form.
The participants of the meetings agreed that there is a need for a standard source of nuclear data which
would be free from the above drawbacks; they also agreed that the creation of such a data file is possible
only under the condition of close international cooperation and free exchange of both experimental and
estimated data. It was recommended that all nuclear data centers and groups, that would be collaborating
in the creation of the international file, should use the key-word system for abstracting nuclear physics
research, currently in use at the Oak Ridge center, CAND SCAE, and Nuclear data center of B. P. Kon-
stantinov Leningrad nuclear physics institute. It was also decided that a single value together with an in-
dication of its accuracy should be presented in the future file of estimated data.

It was decided to discuss the volume of the information in this file and the format of the presehtation '
in the coming year. '

The participants recommended that a small information bureau be created in the nuclear data section
of IAEA, which must keep a count of all nuclear data, both existing and under compilation and estimate, in
.order to have the best coordination of the activity toward the creation of the file and also to furnish infor-
mation about the compilations and estimates to interested organizations and individual scientists.

Three close meetings on problems related to the creation of the international file of estimated data
are planned for 1975. ' ' ’ ' ‘

Translated from Atomnaya Energiya, Vol. 37, No. 4, p. 372, October, 1974.
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USSR—BELGIUM-—HOLLAND SEMINAR ON TREATMENT
AND BURIAL OF RADIOACTIVE WASTES

N. A. Rakov

A seminar on the treatment and burial of radioactive wastes was held from 18 to 27 June, 1974 at
Dubanain in accordance with an agreement among SCAE USSR, the reactor center of Holland, and the AEC
of Belgium, : : S

Recent results covering all aspects of scientific—technical research and the existing practice of de-
contamination of the wastes resulting from the use of atomic energy were discussed in 25 papers presented
at the seminar.

The processes of purification and concentration of low-activity liquid wastes, including the methods
of jon exchange, evaporation, electrodialysis etc., occupied a prominent place in the program of the semi-
nar. It was noted that the methods of purification, developed and employed in the purification facilities,
permit the reliable attainment of the standard norms of purified water.

Considerable attention was devoted to the development of methods and equipment for the conversion
of the wastes into solid materials (cement, bitumen, glass) suitable for the safe burial and also to the study
of the properties of solidified wastes and the scientific justification of the radiation-sanitary safety of their
burial as a function of different conditions and levels of their activity. It was confirmed that the burial of
radioactive wastes in solidified form is the safest from the point of view of its effect on the environment.
One of the possible places of burial of such wastes may be depleted salt mines under favorable hydro-
geological conditions.

Significant interest was generated by the papers devoted to the characteristics of the method of under-
ground burial of liquid radioactive wastes, to the fequirements of hydrogeological formations and collector
beds, and also to a complex of investigations necessary for ensuring radiation-sanitary safety in the design
and construction of underground storage facilities. Special attention was given to the physicochemieal pro-
cesses in the behavior of radioactive isotopes in underground tables.

The specialists discussed problems related to the burial of radioactive wastes in salt mines. This
method of burial can be promising for the disposal of solidified radioactive wastes. However, even in these
cases it is necessary to impose rigid requirements on the choice of salt mines for creating burial grounds.
One of the main requirements is their inaccessibility to inundation by underground water, which can occur
in 15 cases out of 100 for conditions in Belgium and Holland. The methods of collecting radioactive noble
gases, radioactive iodine, and aerosols from the overhead emissions of atomic installations were also
discussed. It was noted that it is necessary to continue the development of more efficient systems of gas
purification in view of the rapid growth of atomic power plants.

The papers on the disposal of radioactive wastes in seas and oceans generated extensive discussion.
The possibility of dangerous consequences of such burial for the environment was discussed. It was pointed
out that before deciding on the disposal of wastes into seawater on a large scale it is necessary to carefully
study and control the behavior of radioactive wastes, packing and other aspects related to migration of radio-
active materials during prolonged contact with seawater. The soviet specialists expressed the view that
the use of sea and ocean waters for the disposal of radiactive wastes on an industrial scale was inadmissible
because of the possibility of dangerous consequences for the environment; they also expressed doubt about
the economic feasibility of this approach. In this connection a paper dealing with the radioactive contamina-
tion of the Baltic Sea generated interest. A large amount of experimental material was unified in this paper.

Translated from Atomnaya Energiya, Vol. 37, No. 4, p. 373, October, 1974.
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Different national points of view on decontammatlon of wastes of all levels of activity were put forward
‘considering both the present activity and the prospects of development of atomic energetics in the countries:

The specialists from Belgium and Holland were acquainted with the operation of the purification facili-
ties at the Moscow Station of Purification of Radioactive Wastes, the burial of radioactive wastes at the.
Central Station of Radiation Safety, the solution of problems of decontamination of wastes at the Institute
of Physical Chemistry and the Scientific-Research Institute of Atomic Reactors, the test bench equlpment
for treatment of radioactive wastes, and also with a number of other research laboratories.

The seminar was conducted at a high scientific level in a friendly atmosphere.
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- BOOK REVIEWS o '

NEW BOOKS
A. M. Petros'yants. The Nuclear Power Industry in Foreign
Countries, Atomizdat, Moscow (1974). ’

Reviewed by G. Klimov

This book, of relatively restricted volume, contains a good deal of information on the past, present,
and future of the nuclear power industry of the leading capitalist nations: the USA, Canada, Great Britain,
France, West Germany, Italy, Sweden, Switzerland, and Japan. These and other aspects of the develop-
ment of the nuclear power industry in foreign countries have been reflected in contributions by many Soviet
authors. But to date there has been no systematical review publication on these topics. -

The author of the book under review did not set as his task a detailed description of the basic types
of nuclear power reactors, their components, subsystems, circuits and equipment for extracting and con-
verting heat into electric power. The main purpose of the book is to analyze the principal trends, features,
and scope of development of the nuclear power industry in those countries. And to the extent required by
the topic and treatment, a description is given of design features of reactors and nuclear power stations
as well. This part of the author’s plan is well justified.

The nuclear power industry did not arrive straight off at its present state, which can be characterized
in its most general form as a state of intense growth in countries with a nuclear power capability, on the
basis of a fairly limited number of reactor types. The road to materialization of nuclear power has some-
times been a difficult and meandering one, and in the case of several countries, notably Britain and France,
has even been marked by a dramatic reorientation in technical priorities and policies in the field of power
reactor design. The author pays close attention to the elucidation and analysis of these aspects of the prob-
lem. ’ .

It should be emphasized that the author, in his presentation of the text material, not only cites numer-
ous foreign scientific publications, including proceedings of conferences, symposia, and congresses, but
to a certain extent draws upon his personal impressions formed in visits to many of those countries, and
his personal familiarity with the status of the nuclear power industry and nuclear power construction pro-
jects in "real life. " This enhances the reliabilityand persuasiveness of the material, livens the presenta-
tion, and renders the book even more interesting.

An important place is reserved for the description of the fuel and energy situation unfolding both on a
worldwide basis and in particular countries. Existing reserves, and fOrecast reserves, of fossil fuels
and power resources, rates of demand on those reserves and resources, views entertained as to the role of
nuclear power in the present state of the power industry, which is characterized as quite tense on the whole,
are cited in the text. In the unanimous opinion of specialists, as the author points out, the only viable
option of all of the new sources of energy promising stable delivery of electric power on an econoinically.
competitive basis, and really offering an outlook for getting out of the difficulties in the disproportion be~
tween the demand for electric power and the possibilities of satisfying that demand while conserving the
necessary qualities of the living environment, is nuclear power. In this connection, the author provides
an analysis of the development of nuclear power, demonstrates the continuity across generations of reactor
types, and refers to the orientation to breeding of nuclear fuel in the fast breeder reactors as a solution
of the nuclear fuel problem. : ) '

- Translated from Atomnaya Energiya, Vol. 37, No. 4, pp. 374-375, October, 1974.
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The systematic nature of nuclear power development, its rigorous complexity, expressed both in the
intimate relationship with the electrical power industry as a whole and, even more important, in the pres-
ence of! a specific system of fuel supply (peculiar to the nuclear power industry alone), an external fuel
cycle, is emphasized. Measures geared to ensure the functioning of the nuclear power system (building
uranium enrichment plants, fabrication of fuel elements, recovery of spent fuel, disposal of radioactive
wastes by burial, etc.) are therefore dealt with in sufficient detail. The author demonstrates that further
development of the nuclear power industry would be out of the question without such a firm basis.

The book is profusely illustrated. There are numerous photographs helpful in providing a lucid pic-
ture of the external and internal appearance of nuclear power plants and their components, and of enter~
prises involved in the external fuel cycle. The book is also saturated with reference material in the form
of tables of data and numerical data.

, The publication of this book practically coincided with the twentieth anniversary of the commissioning
of the World's First Nuclear Power Station in the USSR, and serves as an excellent proof and illustration of
the enormous role played by the World's First Nuclear Power Station in the formation of the nuclear power

industry. :

The book will be useful to the majority of specialists working in the field of nuclear power, and es-
" pecially so to instructors and students in power and nuclear power departments.

A. D. Turkin. Dogimetry of Rédioactive vGases, Atomizdat,

Moscow, 1973

Reviewed by Yu. V. Sivintsev

- As experience has been accumulating in the operation of nuclear reactors of various types, it has be-
come increasingly more obvious that the degree of radiation hazard regarding internal irradiation at those
facilities has been greatly exaggerated. This inference refers in equal measure to radioactive aerosols and
to gases of reactor origin such as tr1t1um, 14, and radioactive isotopes of the noble gases. Still, one of
the major problems in nuclear reactor radiation safety systems design remains dosimetry of radioactive
gases with the object of arriving at exact quantitative estimates of the contribution made by the component
in question to the total dose involved in radiation exposure. The monograph under review here deals with
this much neglected topic.

Even within the space limitations of this book, A. D. Turkin manages to provide a clear and concise
description of various sources of radioactive gases at reactors, to characterize methods used in the radio-
metry of gases, and to analyze regularities in the formation of tissue doses in the human body and the radio-
ation hazardpresentedby gases vented tothe atmosphere.

In the first chapter, which is devoted to discharges of radioactive gases into the atmosphere, we find
mainly citations and quotes of data from the literature, and comparisons of unique information on the extent
of discharges of tritium, !4C, radioactive noble gases, and iodine, and the1r radioactivity characteristics,
for nuclear reactors of various types. :

. ‘Information on the extent of discharges of radioactive noble gases and iodine in underground nucledr
explosions, also included in this section, fall somewhat outside the scope of the subject matter. In analyz-
ing the formation of tritium at nuclear reactors, the author did not view it as feasible to cite data on the
lithium—water chemical regime, an important and major source of tritium found at water-cooled reactor
fac111t1es

The second chapter (entitled "Techniques in radiometry of gases") affords A. D. Turkm an opportunity
to generalize and review the data in the literature, making generous use of materials originating in his own
investigations. - Here the reader will find a description of methods of absolute measurements of the activity
of gases with the aid of internally filled counters, radiometry of B-active gases with the aid of end-window
counters, ionization.chambers (including determinations of the isotope composition of radioactive noble
' gases), and air—ash storage units. Special sections in this chapter deal with such topics as the radiometry
of 3H, '4C, and radioactive iodine. The reader should take note of the very original procedure used in
monitoring effective trapping of iodine by various sorption—filtration materials, as well as the results,
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obtained through that procedure, of tests of activated charcoal grades. The chapter ends. with sections
-on techmques for calibrating gas radiometers, and determinations of the extent of discharge of radioactive

gases.

In the presentation of information on tissue doses brought about by radioactive gases in the human
‘body (third chapter) the author carefully separates out the aspects of internal exposure and external
exposure. The reader's attention is unquestionably attracted to the detailed presentation of materials on
unique experiments staged by A. D. Turkin in collaboration with-E. S. Trukhmanova and S. V. Levinskii
on ten human volunteers, in the study of regularities involved inthe accumulation, dlstnbutlon, and secretion
‘of 8*Kr and 1%3Xe in, .through, and out of the human organism. The assemblage of data features in particu-
lar the relativelylong (3) o 6 h) half-lives for elimination (biological half-lives) of radioactive noble gases .
from fatty tissue. This information is not only helpful in making correct tissue dose estimates where tis-
sue doses are due to radioactive noble gases taken up in internal human exposure, but also in validating a
method for medsuring these isotopes in the human organism in order to restore a safe radiation situation
in the event of nuclear accidents or spills. Analysis of tissue doses in external B-irradiation was carried
out on the basis of the Levinger formula and experimental data reported by G. B. Radzievskii and D. P.
Osanov. In the section on pathways for the uptake of radioiodine, close attention is given to research find-
ings in programs using human volunteers, in work by S. M. Gorodinskii and colleagues. Here for the first
time are published experimental data on hindrance factors for gaseous radioactive iodine in human respira-
tory organs, obtained at a water-moderated water-cooled reactor facility. The chapter ends with sections
on tissue doses brought about by 14C and ®H in the human body. Unfortunately, in this chapter A. D. Turkin
often makes use of the term "maximum permissible concentration" (MPC), a term which is not recommen-
ded by ICRP, and which is to be replaced by the more correct expression "yearly average permissible con-
" centration" (YAPC). As pointed out in the fourth chapter, the instantaneous concentration (2-3 min averag-
ing interval) in the case of a circular wind rose can exceed the yearly average level by anywhere from 30
to 40 times.

The fourth chapter, dealing with the radiation hazard presented by gases removed from nuclear reac-
tors and vented to the atmosphere, fits organically into the structure of the monograph. The first section
analyzes regularities of scattering of gases through the ground layer of the atmosphere. Here, in addition
to the broadly familiar techniques developed by Sutton and D. L. Laikhtman and others, we also find des-
criptions of the work done by E. N. Teverovskii, who suggested a straightforward technique for determin-
ing the yearly-average coefficients of meteorological dilution for different parts of the Soviet Union. These
figures are based on material collected from extensive observations in the field and on a real scale, in
districts where major sources of impurities vented to the atmosphere are found, and quite naturally lead
to the fruitful concept of maximum permissible discharge (MPD). The calculated maximum permissible
discharge levels for a mixture of radioactive noble gases and their individual isotopes, as well as 1311 ang
¢, are given a good deal of attention in the last part of the fourth chapter. In addition, special attention
is reserved for the results of full-scale experiments on estimates of y-radiation doses due to a jet or
stream of continuous “Ar discharge into the atmosphere.

This monograph will be received with keen interest by specialists on radiation safety and reactor
design. The publication of this monograph removes a large "blank space"” not only in the Soviet hterature,
but in the worldwide literature devoted to these topics.
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