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ARTICLES '

THE BFS-1 COMPLEX: A MICROTRON FOR STUDYING
FAST-REACTOR NEUTRON SPECTRA

A. I. Leipunskii,* V., V, Orlov, UDC 621.039.526
Yu. A. Kazanskii, V, P. Zinov'ev,

F. I. Ukraintsev, N. A, Klintsov,

A, V. Shapar', G, N, Ankin,

V. T. Vasin, V. F. Efimenko,

P. S. Klemyshev, V. L. Parashchuk,

V. A. Romanovskii, V. E. Rydkii,

G, V. Sazonenkov, V., I, Sokolov,

V. F. Filyaev, and Yu. M. Choropov

Highly accurate kndwledge of the basic characteristics of reactors is required in the design of indus-
trial fast power reactors, That is the reason why comprehensive investigations are carried out on fast
zero-power critical assemblies, with the purpose of improving the accuracy of power reactor character-
istics calculations. An important place is reserved for the study of neutron spectra in this research. Here
. the reason is that the number of reactions taking place in a reactor (fission, absorption, scattering) is de-

termined by the interaction between neutrons and nuclei over a broad range of energies (from 100 eV up to
10 MeV), where the interaction cross sections undergo significant changes. Consequently, exact deter-
minations of the number of processes taking place in a reactor are required in order to obtain precise in-
.formation on neutron spectra. An experimental study of neutron spectra is also needed in order to verify
and correct many-group systems of constants, and in order to effect improvements in computational pro-
_cedures, Various topics associated with the study of neutron spectra in fast reactors were taken up in dis-
cussions at the International Conference on Fast Reactor Spectrometry held at the USA Argonne National
Laboratory [1]. The time-of-flight method offers the greatest range, of all the methods available for mea-
suring neutron spectra in fast critical assemblies, The lower energy limit in the time-of-flight method is de-
termined by the ratio of the number of neutrons in the spectrum at that energy to the background of delayed
neutrons, and falls within a range from 10 to 100 eV, depending on the hardness of the spectrum. The up-
per limit is set by the path length, ‘and accordingly by the power of the pulsed neutron source.

The time-of-flight method makes it possible to measure the spectra of leakage neutrons from a sub-
critical reactor (usually at keps = 0.9 to 0.97). The neutron spectra within a critical reactor can be ob-
tained from the measured spectra, if corrections owing to the absence of spectra of scalar and vector neu-
- tron flux, perturbation of the spectrum by the exit channel, and the difference in the neutron spectra in a
critical reactor and in a suberitical reactor, are introduced, These corrections have been studied by sev-
eral authors [2-4], and they have been established as small ones, For example, according to data reported
in [1, 3, 4], the difference in the spectra at the center of the core in a critical reactor and in a subcritical
reactor (Keff = 0.85 to 0.87) does not exceed 10% over the energy range from 100 eV to 10 MeV.- Perturba-
tion of the spectrum by a 90 mm diameter exit channel amounts to no more than 3%, according to data re-
ported in [2], At energies below 1 MeV, the difference in the spectra of the scalar neutron flux and vector
neutron flux at the center of the reactor, where the neutron flux gradient is small, amounts to several
percent [2]. Consequently, computational corrections, amounting to about 15%, have to be introduced into
the measured spectra of neutron leakage from the center of the reactor core.

*Deceased.

Translated from Atomnaya Energiya, Vol. 36, No, 1, pp. 3-5, January, 1974. Original artxcle sub-
mitted February 1, 1973,
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Fig. 1. Layout of the BFS-1 microtron facility. 1) detéctor in
shielding; 2) collimators; 3) gates; 4) BFS-1; 5) core; 6) target; 7)
electron guide; 8) microtron.

At the Power Physics Institute (FEI) measurements of neutron spectra in fast assembhes by the
time-of- flight method are carried out on the BFS-1 microtron facility.

The BFS-1 testing facility makes it possible to simulate fast assemblies with core dimensions to
1.6 m. The design features a 2 m diameter steel tank standing 2 m high, and surrounded by shielding,
Matrix tubes 50 mm in diameter, 1 mm wall thickness, into which reactor materials are loaded in the form
of discs 46.7 mm in diameter and ‘either 10 mm or 5 mm thick, are set upright in the steel tank, on a sup-
port plate with a 51 mm pitch hexagonal grid. Details on the design of the test facility are given elsewhere

[51.

The pulsed mode of reactor operation is brought about by inserting a subcritical assembly (kepf = 0.9
to 0.97) of a pulsed neutron source into the core, A uranium target or lead target of the type used in the
electron accelerator of a microtron facility is used as such a pulsed neutron source, and is placed at the
boundary separatmg the core and the reflector. The target is a cylinder 40 mm in diameter and 60 mm

 high; it is positioned in one of the reactor channels and is cooled by compressed air,

The microtron employed is described elsewhere [6]. The microtron is operated in the following

.. mode when the reactor spectra are measured by the time-of-flight method: the energy of the accelerated
electrons is 29 MeV; pulse width is 2 usec; - current pulse is 10 mA; frequency 50 Hz; mean neutron yield
from target 10! neutrons/sec, ‘

The neutron flux is extracted from the center of the assembly through an exit channel of cross sec-
tion 100 X 100 mm, The extracted neutrons are directed to an evacuated neutron guide set in the earth; this
guide is a 500 mm diameter steel tube, The guide diameter is increased to 800 mm at a distance of 170 m,
and to 1000 mm at a distance of 550 m, The total length of the neutron guide extends 750 m; measuring
chambers are placed along the length of the gulde at distances of 53 m, 230 m, and 760 m from the center
of the reactor,

The neutron beam extracted from the reactor is shaped by -two collimators. The first collimator is
located within the neutron guide at a distance of 10 m from the reactor center, the second in the first mea-
suring chamber at a distance of 53 m from the reactor.

The dimensions of the colhmatlng holes are selected such that neutrons cannot gain access to the de-
tector from the walls of the exit channel, and the same applies to neutrons scattered singly on- the walls of
the neutron guide, When measurements are taken on a 230 m path length, the diameters of the holes are
selected at"64 mm and 86 mm, respectively for the first and second collimators, There are also several

N
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=) e A baffles placed in the neutron guide to cut down on the num-
i C _.‘,-./"""~ ber of neutrons getting through to the detector after being
2 /‘& H scattered. Figure 1 shows the basic components of the

£ T & P BFS-1 microtron test facility and the time-of-flight spec-
E - ' trometer,
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T
)

A high-efficiency neutron detector consisting of a
polyethylene block accommodating 120 type SNM-43 helium
gas counters was developed for the express purpose of aid-
T IR TR N I ing measurements of neutron spectra by the time-of-flight

102 104 104 w method; each counter is enveloped by a cadmium jacket.
_ Energy, eV The parameters of the detector are: neutron recording
Fig. 2. Spectrum of leakage neutrons from  o¢ri0iency 0.1 for E = 30 eV and 0.063 for E = 200 keV (it
ce?‘ter of BFS-27 critical assembly. is a smooth function of the energy)*; the time indeter- \
minacy is 2-3 psec; the area of exposed surface is 2500 cm? background proper is 1 cps. The detector
is virtually insensitive to v-radiation, Time analysis is carried out in the course of the measurements us-
ing the equipment of the FEI reactor measurements data center, and the experimental data are processed on
the Nairi-2 computer,

=
i
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T T TTTIT
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At the present time, measurements of neutron spectra are being taken for neutrons from BFS assem-
blies over the energy range [rom 30 eV to 200 keV, on a path length extending 230 m. The soft part of the
spectrum of leakage neutrons from the BFS-27 assembly is shown in Fig, 2 as an illustrative example,
The measurements were taken at reactor breeding ratio k = 0.9, The energy resolution AE/E amounted
to 60% for neutrons of 100 keV energy and 6% for 1 keV neutrons. The count rate for the 5 usec channel,
at microtron current 7 mA, was 6-10° cph at the peak of the spectrum and 1.5 102 cph at energy 1 keV.
The constant background due to delayed neutrons and to the intrinsic background of the detector was 4 cph
for the 5 usec channel, Background was measured immediately prior to the next burst from the reactor
on a time window 1280 psec in width. The variable (correlated) component of background was measured
by the resonance-filter method. The resonances used were those of cobalt (132 eV and 5.015 keV), man-
ganese (337 eV and 2,375 keV), and sodium (2.85 keV). The relative backgrouad levels are listed below:

Neutron energy, eV 132 337 2850 5015
Total background, % 35 13 20 7
Variable component of

background, % 1 1.5 15 5

~ Corrections were. introduced when the results of the measurements were processed, the most essen-
tial corrections being for resolution and for attenuation of the beam of neutrons in dead pockets of the neu-
tron guide and in air. ~For the example cited (see Fig. 2), the first correction was 30% at neutron energy
170 keV and less than 5% at neutron energies below 1 keV, This correction was greatly affected by the du- '

ration of the reactor pulse, and decreased as the pulse width was narrowed. The size of the second cor-

rection is due to the presence of a relatively large amount of air (15 m) and aluminum (8 mm) on the path
traversed by the neutron beam. The error in the measured spectrum of leakage from the subcritical reac-
tor is.15 ¢ over the energy range from 500 eV to 10 keV, 20% below 500 eV, and 30% at energies above '
50 keV, .

Note that the time-of -flight method does not enable us to obtain all of the necessary information on
the neutron spectrum of a fast reactor. A hydrogen proportional counter is being used at the BFS-1 test
stand in studies of the neutron spectrum over the energy range from 10 keV to 2 MeV, and a scintillation
spectrometer with a stilbene crystal is being used for studies in the range of energies upwards of 0.8 MeV.

In conclusion, the authors avail themselves of this opportunity to express their heartfelt thanks to
1. G. Morozov for his kind and persistent attention to the progress of the work, to Yu. Ya, Stavisskii and
A. 1. Abramov for their helpful discussions when the facility was in its design stage, and also to all the
staff members of FEI who took part in building the facility.

*In the energy range from 30 eV to 50 keV, the relative variation in effectiveness, measured experimen-

‘tally, is known to within 10%.
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LUMINESCENCE OF SECONDARY URANIUM MINERALS
AT LOW TEMPERATURES

B. S. Gorobets and G. A. Sidorenko UDC 535.372:549.755.35

Numerous secondary uranium minerals, in which uranium is present in the form of uranyl UO%+,
must be isolated and recognized in the searchforuranium ore, All uranyl minerals are very important
indicators of uranium mineralization; some of the uranyl minerals, such as vanadates, uranite, hydrox-
ides, and schroekingerite, are of interest as independent raw material sources, when these minerals are
present in considerable quantities, ' ‘

Mineralogists have for a long time used uranyl minerals' ability to emit ultraviolet luminescence ra-
diation [1-3]. But contrary to the synthetic uranyl compotinds [4], the photoluminescence spectra of the
uranyl minerals were determined only for a few objects with a bright radiation at room temperature [2, 5].
The majority of secondary uranium minerals exhibit a bright luminescence radiation only at sufficiently
low temperatures [6]. The goal of the present work was the determination of the luminescence spectra of
the rather complete group of uranyl minerals at 77°K and 298°K and the interpretation of the spectra in
terms of physics; detailed investigations of the compositions of the minerals on the basis of the resulting
data; and the development of the Iummescence technique as a reliable and rapid method for recognizing
uranyl minerals present in traces.

The luminescence spectra were recorded with an ISP-51 Spectrograph which was equipped with a pho-
toelectric FEP-1 attachment, an FEU-38 photomultiplier, and an EPP-09mZ recording potentiometer, A
test tube, which was made of quartz glass and contained a mineral sample of 5 mg or more, was placed
into a transparent Dewar vessel containing liquid nitrogen. Luminescence of the mineral was excited with
the light of an SVD-120A mercury-filled quartz lamp. A UFS-2 filter and a layer of 10% CuSO, solution
were used to single out the excitation interval ranging from 40,000 em™! to 25,000 cm~!, The accuracy of
the frequency measurements and the luminescence spectrum amounted to 10-20 cm~! in the interval 20,000-
16,000 cm~'. This accuracy suffices in work on minerals, because various samples of a particular mineral
are characterized by a shift of identical lines in the spectrum, with the shift frequently exceeding the above-
indicated accuracy limits. The shift results from impurities, various degrees of order of the structure,
and deviations from stoichiometry in the samples considered. Table 1 lists the frequencies of the spectral
lines; the frequencies were averaged over all samples of a particular mineral,. The objects of our inves-
tigations were initially identified on the basis of the Debye diagrams, ’

Phosphates and Arsenates

The minerals examined were separated into two isostructural groups with basically different lumines-
cence spectra. The first group comprises the uranites: autunite (15),* torbernite, and mixed copper —cal-
cium uranites (4), natroautunite (1), uranospinite (2), novatekite (2), uranocircite (4), and the following
minerals which had been synthetized by I. G, Zhil'tsova from aqueous solutions: Ca-autunite; H-autunite;
(Ca, Ba, H)-autunites., The second group comprises phosphuranylite (6), Sr-phosphuranylite (1), and re-
nardite (2). '

*The number of samples is indicated in parentheses. All minerals of the first group contained 6-8 mole-
cules H,O (mefa-form), but, for the sake of simplicity, we use their names without the prefix "meta."

Translated from Atomnaya Energiya, Vol, 36, No. 1, pp. 6-13, January, 1974. ‘Original article -
submitted April 19, 1973. ' ' '
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TABLE 1. Spectroscopical Characteristics of the Luminescence of Secondary Uranium
Minerals at 77°K

Oscillation frequencies (cm‘l) of electrons
Minerals .
AR,
ko Ry ko k3 ke 13 [Aha]
Phosphates and arsenates:
a) uranites o I. 1995030 119130 18 310 17 480 | 16 660 82545
Me[(UO,)(X0,)],- (6—8) H,0, {19 060] [18230] | [17400] [900=10]
where Me—Ca, Ba *, Mg, Cu; | II. 1950050 18730 17970 17 200 | 16 420 760--15
X=P, As* III. 19 600-100] , 18090 17 320 (46 550) 760420
natroautunite 1. 19980420 19180 18 390 17580 | 16 820 79545
Na[{(UO,)(PO,)],- (6-8) H,0 [19090] [18 290] {47 520] | {16 750) [880+10]
: I1. 19570450 18 800 18 050 17290 760410
b) phosphuranylite-renardite 18 80070 18 070 . 17360 (16 650) 7205
(Ca, Sr, PbY(UO2)3(PO4)2(0H)2
X 2H20
Silicates: ’
uranophane 19 40080 18 670 17 960 (17 250) (730)
Ca I())OZ(Sioa)OH]Z-SHzO ‘
B-uranotil 19 57010 18 810 18110 (17 500) 750£10
Ca[UQy(Si03z)0H],-5H,0 .
soddyite (192504-10) 18 150 17410 16 680 | (15 940) 74010 ;
(U03),8i04-2H,0 _ ' , -
boltwqodite : :
Na[UQ,(Si03)0H]-»H,0 1. 19720410 18 950 18200 17 450 77010
L II. 19 580430 18 820 18 080 (750)
NH,[UO4(5i0;)0H}-nH,0 1. 19800420 18 990 18 180 (17 360) 810
II. 19 510+30 18 800 18 060 : (740)
(K, Na, Ca){U0,(Si03)0H] (19 750) (18 950) 18 000
xnH,O wheren =1 -4): )
Carbonates and sulfates: A
uranotallite and bavleyite 21 000 20 080 (19 230) - | 17550
Ca,U0,(COg)3-8HLO 20 8404-20 19990 | 19170 18340 | 17510 | 16730 | 830410
. 20 680 17440 | 16 600
Mg,U0,(CO3)3-18H,0 20610 17 390
schroekingerite (20 740) 19980 19470 18410 | 17480 | (16 450)f 835--5
NaCazU0,(C03)380,F-10H,0: 20 700+-10 - 49920 19110 18330 | 47450
20 660 19830 |- 19090 18230 | 17 360
20 610 19 640 © 19000 (18170 | 17250
20 530 19 580 18930 .
20 470. 18100 |
20 420 18 010
meta-uranopilite - 19650 (k40) :
© (U0,)6804(0H)10-5H,0 %g (1)38 ((I;é,) ) - 18330 17 530 16 730 8005
( ) (%4 :
zippeite : 18 550100 17800 - 17050 (16 300) 7502-20
0.).50,(0H)(3 - 5)H:0 ]
anadat, .
Vanadane 18 980 18120 | . . o
K1 (UO,)5(VO0,),-3H,0 18 6901-20 17 890 17 090 ) 80045
calciocarnotite © 19 480410 (19000) 18 300
Ca(U02)5(V0y),-8H,0 ' , 18 820 :
U Molybdates 18 980430 - 18 270 (17:600) : . 74010
U hydroxides 18 350—18 570 |17860—-17940{17280—17420| - . ) (640—700)

Note, 1. The frequencies of the I series of uranocircite and uranospinite {*) are by about 100 cm™! smaller than
the indicated frequencies, 2, The frequencies of the antisymmetric oscillations are indicated in brackets,

3, Smeared "lines",which were approximately determined, are indicated in parentheses, 4, The frequencies of
the fully symmetric oscillations were singled out in groups consisting of several lines,

The minerals of the first group are characterized by a bright yellow-green luminescence at 298°K;
the spectrum consists of a series (I) of equidistant lines (Fig. 1a), The spectra of all the minerals are
almost identical, but in the case of natroautunite, the lines are slightly shifted towards higher frequencies
(ky ~ 19,980 cm™), whereas the shift goes toward lower frequencies in the case of uranospinite and urano- .
circite (k, = 19,830 em~1!) when compared with autunite (ko ~ 19,920 cm™Y), The shifts are an important
indicator for the recognition of these minerals which are hard to analyze. Three types of spectra are ob-
served at 77°K. In the spectrum of type I, which is characteristic of all synthetic samples (Fig. 1a), only
the series I of equidistant lines is observed, which is also found at 298°K. In the spectrum of type II (ma-
jority of natural samples), two series (Il and II) of equidistant lines are present (Fig. 1b). In the spectrum

of type III (Fig. 1c), a single, new series (III) of equidistant bands is observed; series I usually fails to
appear at low temperatures,
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Fig. 1. Luminéscence spectra of uranyl phosphates and uranyl arsenates at 77°K (solid lines)
and 298°K (dash—dot lines): a-c) meta-autunite group, spectra of types I, II, and II[; 1) initial
spectrum; 2) after 30 min heating at 150°C; 3) after storing the heated mineral for several days
in air; ratio of the intensity scales: L{max Imax = 3, L:1,: I, = 100:1:20; d) phosphuranyhte

—renardite group, Iy max [ ax ~-100.

Fig. 2. Luminescence spectra of uranyl smcates at 77°K (solid line) and 298°K (dash dot lme)
a) uranophane, b) B-uranotil; ¢) K and (K, Na, Ca)-boltwoodites; d) Na-boltwoodites (the dashed
curve refers to a mixture with an unknown phase); e) soddyite (Republic of Zaire); 'THax 738X
~ 10-100 for the various samples,

The interpretation of the luminescence spectra of the minerals is based upon both experimental and
theoretical data which were previously obtained for synthetlc uranyl compounds. [4]. The line with the high-

est frequency k, corresponds to a pure radiative electron transition from the lowest excited uranyl state
2 P | 4
u
e nuclei begins after the transxtlon. The oxygen nuclei tend to assume a new equilibrium position in

the linear O—U—-0O molecule, Three types of oscillations of the oxygen nuclei relative to the uranium nu-
cleus can be excited: fully symmetric oscillations, antisymmetric oscillations, and deformation oscillations

Eﬁuwgtp}l into its ground state 0-20'2 ¢ ‘;; In accordance with the franck— Condon principle, the relaxation
of t

S
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TABLE 2, Crystallochemical Formulas of
the Meta-Autunites Examined (in the order
of increasing structural imperfection); Re-

[1.
sociated with electron transitions.
quantum is characteristic of the spectrum of type I

Fully symmetric oscillations are most closely as-
The corresponding

sults of Chemical Analyses (Fig. 1a) and is Akg = 825 cm~! in autunite; up to 6 of
Type these guanta, which correspond to equidistant lines k,
of the = ky—nAkg (wheren =1, 2, ...) can be emitted (see
Formula {fgga' Remark Table 1), In the antisymmetric oscillations, the poten-
center tial energy excess which appears after an electron
a1t ; transition does not decrease in a first approximation
Cay,00l(U02)2.00(POL)s. 0] %,1H,0 I [Synthetic, and, hence, these oscillations should not be excited at
= %%eflté.um all. Nevertheless, the emission of one quantum of an-
la tisymmetric oscillations is observed in structures in
Conl(T0a)eolFOV el BATQ ) 1 IF Navural, ~which O—U-0 is structurally unbalanced [4]. For éx-
o Fig. ample,o*in autunite in which the uranyl imbalance amounts
Cag,00l(U02).12(POL)z. 00l - 7,4H,0 I, I |Thesame to 0.2 A, one observes at 77°K in addition to the k,
R e e L ine o Series I, narrow lines of an antisymmetri ura-
' spectrum nyl oscillation beginning withn = 1: k ky_1—2kgq,
on Fig. where Ak, ~ 900 cm™! (see Table 1 and Figs, 1la and b),

fo

In order to study the contribution of water to the
rmation of I, II, and III centers which correspond to

- the radiation series I, II, and III, the minerals were dehydrated by heating them for 30 min in air at some
temperature between 50 and 250°C. Heating at 50-100°C irreversibly destroyed almost all II centers (see

Fig. 1b). The stability of the I and III centers is high

after heating to 250°C. The process is partially reversible:

er, and their radiation disappears completely only
after keeping the samples for several days in

air, the lines of the I and III series were restored to about 20% of the mltlal intensity (see Figs. la-c,

dashed lines).

In order to determine the nature of the I, II and III centers, we considered the structure of meta-

autunite,
of which is compensated for by interlayer Ca?*, Na™,

It is generally accepted [7, 8] that meta- autumte consists of {[U0,]** [PO,]*"}1~ layers the ¢harge

and other cations. Ca2+ ions occupy half of the cat-

ion positions, which results in various degrees of order in the redistribution of Ca?* and the coordinated

water molecules. Na™ ions occupy all cation position

s and, hence, the structure of natroautunite has in-

creased order and stability, Four water molecules enter into the first coordination sphere of the cation
(water I) and the other water molecules usually two (water II), appear in the second coordination sphere,
The excess over these. six molecules can be present in the form of a weakly bound interlayer water or in

the form of oxonium (H;O%) which compensates for de

Substantial deviations from stoichiometry (Tabl
terlayer cations and; hence, of the water are correla;
" centers are formed as a consequence of the nonunifor
The form of the binding of the water in the autunites w
weight-loss (DTG) curves, Three steps of the weight
thetic autunite, which is distinguished by complete stq
natural autunite (see Table 2). Two molecules of I w

ficiencies in the Ca’* and Na™ cations.

e 2), with which various degrees of order of the in-
ed, are observed in natural autunites. [, II, and III
m binding of the uranyl to the various forms of water.
as studied on the same samples with the technique of-
loss [2 + 4 + (0-2)]H,0 are characteristic of syn-
ichiometry and a completely ordered structure from
ater, which is weakly bound to the cation, are lost at

temperatures of about 50°C, The removal of this wat
second step corresponds to the loss of I water (4H,0)

er does not influence the luminescence spectrum, The
in the range 50-250°C, whereupon autunite transforms

into the form Ca(UO,),(PO,),(0-2)H,0 and no longer emits luminescence radiation (the subsequent step of

. losing (0-

2)H,0 at 400-500°C is therefore not associated with a transformation of radiation centers).
4H,0, along with UO,, are constituents of I centers, i.

Thus,

e., these centers are complexes with water, These

centers are the main luminescence centers in phosphates and arsenates of the uranite-structure group.

The lowest thermal stability (up to 50-100°C),

irreversible destruction of the centers, and lumines-
cence at low temperatures only are characteristic of the II centers,

II centers do not appear in synthetic

autunites in which stoichiometry is rigorously observed, All these properties imply that, obviously, the
H;0" oxonium of low thermal stability (2H,0 = H;O" + OH") and uranyl are constituents of the II centers,

The attenuation of II centers at 298°K seems to be rela

ted to the simultaneous presence of oxonium and OH™,

which dissipates the energy of the optical excitation of uranyl [9].
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17000 18000 19000 20000 K,cm

Fig. 3. Luminescence spectra of carbonates, sulfate —car-
bonates, and sulfates at 77°K-(solid line) and 298°K (dash
—dot line): a) schroekingerite (the electron-oscillation terms
are indicated in the insert); b) uranotallite, 28X [[38%X~2;
¢) meta-uranopilite, IH2X;[M3X ~ 3; d) zippeite, [3X . A%
= 30.

In autunites, which are characterized by a III spectrum, the water is also lost in the temperature
range 50-250°C, but, in distinction to the autunites with I and II spectra, the DTG curves are smooth, be-
cause the gradual loss of "unordered" water is superimposed upon the steps corresponding to the loss of
the fixed I and Il water (2 + 4H,0). The III centers are, in essence, groups of centers which can be formed
by uranyl when order-destroying water molecules accumulate in the neighborhood of an uranyl molecule.

9

Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7




Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7

a It seems that small regions of I and II autunites are present

in the IIT autunites, because the luminescence of the Mordered"
I centers is observed at 298°K; the I centers so far appeared
attenuated as "unordered" III centers. The III centers begin
to emit luminescence radiation at low temperatures, when the
narrow lines of the I centers usually cannot be recognized on
the background of the smeared lines of the fully symmetric
oscillations of the III centers (line width 500-600 cm™1),

The influence of Ca?*, Ba?*, and Mg?* cations upon the
uranyl radiation is necessarily smaller than the influence of
the various types of bound water. The luminescence spec-
tra of autunite, uranocircite, and the other minerals are
therefore hardly distinguishable. However, the influence of
the Cu®* cation upon the uranyl is clearly visible in torber-
nite: torbernite does not emit luminescence radiation, It is
well known that Cu?? is an active attenuator of the lumines-
cence and, at the same time, a highly polarizing agent. The
consequence is a substantial overlap of the wave functions of
d Cu?" and uranyl and the subsequent quenching of the (exter-
nal) luminescence., But even when only a few percent of Ca
(in mixed copper —calcium uranites) are present, lumines-
cence is excited and spectra of types I, II, or III are observed
in the various samples. This luminescence must be most

1 I L — likely related to layers of Ca-autunite in the bulk of torber-
17000 18000 13000 X, cm nite, because an isomorphous Ca?*—Cu?* replacement is un-
Fig. 4. Luminescence spectra at 77°K likely.
of: a, b) vanadates: carnotite and cal-
ciocarnotite; c¢) uranyl molybdates; d)
uranium hydroxides,

i,rel, units

A weak, green radiation at 298°K and a bright yellow-
green radiation at 77°K (Fig. 1d) are characteristic of the
minerals of the isostructural group of phosphuranylite—re-
nardite, The cations (Ca, Sr, Pb) have no influence upon
the uranyl luminescence, Both the low intensity and the diffuse band structure at 298°K are related to the
reduced number of water molecules in the coordination sphere of uranyl (e.g., reduced relative to the I
centers in autunite), and to the presence of OH™ ions. Similar reasons for the attenuation of the uranyl
luminescence in aqueous solutions at 298°K were described in [9], where electrolytes stimulating the dis-
sociation of H,0 molecules into H* and OH~ were introduced into thesolutions, However, uranyl lumines-
cence is observed at lower temperatures, because, due to the enhanced association of the water in the co-
ordination sphere of the uranyl, the interaction between uranyl and the quenching OH~ ions is reduced, The
same arguments can be used for an (at least qualitative) explanation of the partial or full attenuation of the
luminescence of silicates, some sulfates, uranium molybdates, and uranium hydroxides at 298°K.

Silicates

We studied uranophane (9), p-uranotil (8), boltwoodite (5), soddyite (2), and some of their synthetic
analogs, All these minerals (except for soddyite) are characterized by a weak green radiation at 298°K
and a bright yellow radiation at 77°K. The luminescence spectra of these minerals are a reliable charac-
teristic for their recognition at 77°K (Fig, 2). Uranophane and B-uranotil, which have identical composi-
. tion but different structures, are particularly distinguished (see Figs. 2a, b). An important detail is ob-
served in the spectra of several Na boltwoodites (Fig. 2d, dashed line) and of synthetic NH, boltwoodites
(see Table 1) in which two series (I and II) of fully symmetric oscillations have been detected, Series I is
homologous and the relative shift of the lines of seriés I is related to different influences of Na*+ and N’H;L
cations upon uranyl. The II series coincide in Na and NH, boltwoodites, Series II can be explained by the
presence of a finely dispersed admixture of a certain "cation-less" uranium phase, the low concentration
of which in these minerals has so far prevented the identification of these minerals from x-ray diffraction
patterns., The decrease in Akg to 740-770 cm™! indicates that the uranyl ion is extended by about 5% in the
structure of the silicates,

10
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Carbonates, Sulfate — Carbonates, and Sulfates

The most frequently found minerals of these classes were studied: uranotallite (2), bayleyite (1),
schroekingerite (7), meta-uranopilite (2), and zippeite (4). No differences were observed in the lumines-
cence spectra of isostructural carbonates, i.e., in the luminescence spectra of uranotallite and bayleyite
(Fig. 3b). The spectrum of schroekingerite is distinguished from the two spectra at 77°K (Fig. 3a). The
high brightness of the bluish-green radiation within a broad temperature interval can be explained by the
high concentration of water of crystallization and by the absence of OH™ in these minerals, The value Akg
~ 830-840 cm™!, which is the usual value for the known uranyl salts [4], is characteristic of UO}". The
emission lines are narrow, which means that the structure has a high order and the minerals, are homo-
geneous, Numerous lines of O—U—-O deformation oscillations are observed, and other lines, which are
apparently related to oscillations of lattice ions associated with uranyl, appear in the spectra, Antisym-
metric uranyl oscillations were not established in carbonates and -sulfates, because the O—U—-O configura-
tion is balanced. Anti-Stokes transitions (k;, and ky; on Fig, 3) are observed at 298°K. These transitions
are photothermal transitions: the energy of the optical excitation of an electron in UO}* appears added to
the energy of the thermal lattice vibrations so that a stationary population of the sublevel n* = 1 of the ex-
cited UO, state is formed during a lifetime of about 1074 sec. In this case, a fluorescence transition can
take placefrom the two sublevels n* = 0 or n* = 1 of the excited state to the sublevelsn = 0 orn = 1 of
the ground state, In this case, the following emission frequencies are observed: k;, = k, + Ak and kg
= k; + Ak} (the meaning of the notation can be inferred from the insert of Fig. 3a). The anti-Stokes lines
make it possible to determine the wavelengths of the fully symmetric O—U—O oscillation in the excited
state: Ak¥ ~ 650 + 30 cm™! in the case of uranotallite and 700 + 30 cm™! in the case of schroekingerite;
it is well known [4] that Ak is always smaller than Akg, because the force constant of the bond in the
O—-U-0 molecule is in the excited state smaller than in the ground state,

The sulfates uranopilite (5H,0—-meta-form) and zippeite are characterized by a moderate green lu-
minescence, The corresponding spectra are shown in Figs. 3c and d. The radiation at 77°K is bright and
yellow-green; broad bands of fully symmetric oscillations appear in the spectra. k;, and ky; anti-Stokes
transitions are observed in uranopilite at 298°K as well as at 77°K. The Ak¥ value is about 600 cm~!, where-
as Akg ~ 800 cm -1, The partial attenuation of the luminescence at 298°K proves that OH~ ions are present
in zippeite and uranopilite,

Vanadates, Molybdates, and Hydroxides

Common features of the minerals of these classes are the absence of radiation at 298°K, a bright
yellow luminescence at 77°K, smeared "lines" in the spectra, and low Akg values, The vanadates were
represented by carnotite (3), calciocarnotite (3), and francevillite (1). The luminescence spectra of carno-
tite and calciocarnotite are complicated, There appear at least two uranyl centers of different nature
(Figs. 4a, b). So far it has been difficult to interpret these centers, The radiation spectrum of francevil-
lite consists of a diffuse band with A4y ~ 18,300 cm™,

Almost identical are the luminescence spectra of the molybdates which were represented by umohoite
(5) UO4(MoO,(H,0O,)) ~2H;0; ~(Ca, "Na)-uranomolybdates (8) (Ca, Na) - (UO,);(MoO,)3(OH)4 - 8H,O; and iriginite
(1) UO04(Mo0,0,(H,0),) - H,O (Fig, 4c). Obviously, a uranyl center of a certain type causes the luminescence
in these minerals. The structural similarity between (Ca, Na) uranomolybdates and iriginite is beyond
any doubt. These molybdates are typical hydrated U* molybdates with a rather incomplete structure,
The additional Ca?* and Na* cations are rather unimportant, Umohoite has a particular structure, but is
related to both (Ca, Na) molybdates and iriginite by a layer structure, weak binding between the layers,
and interlayer water, Umohoite is a mineral with variable U**/U®* ratios; the color of the mineral be-
comes brighter when U®* predominates, Luminescence can be observed in the bright varieties of umohoite,
whereas no radiation is emitted from the.dark varieties,

Uranium hydroxides form a group of minerals having the formula Mey [UO,) yO02, (OH) s ] [z +x
+ y]+-H,0, wherein Me stands for Ca, Ba, or Pb. The luminescence spectra of the hydToxt&Yes consist of
three hlghly diffuse bands (Fig. 4d). The luminescence spectra of the hydroxides are dlstmgulshed from
those of the molybdates by the absence of the band at 19,000 cm™!, An influence of the Me?* cation upon
the radiation centers could not be observed in hydroxides. X-ray diffraction patterns have revealed that
hydrogen — oxygen molecules of various forms are the principal connecting link in the cementing of the
layer of U hydroxides. It seems that a polymerization of the uranyl —hydroxyl radicals [UOZ(OH)]2 takes
place. It is generally accepted [10] that the polymerization leads to an attenuation of the liminescence at
298°K and causes a yellow-orange luminescence at 77°K.
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Recognition of Uranyl Minerals

Considerable difficulties are encountered in the recognition of secondary uranium minerals, because
these minerals are similar in their color, optical constants, type of aggregation, and paragenesis. Fur-
thermore, the difficulties originate from the problem to isolate the minerals in pure form in amounts which
suffice for chemical analysis. The possibilities of Debye diffraction patterns are limited because extensive
work must be done to obtain these patterns, though their reproducibility is low. It is therefore most con-
venient to use the luminescence technique in the beginning for the recognition of the minerals, particularly
since the minerals are not destroyed and need be present in amounts of only a few milligrams. In order to
supplement the previously known [1-3] luminescence determinations at room temperature, we propose to
make luminescence measurements at low temperatures, because a greater number of luminescent minerals
can be studied at low temperatures and the accuracy of the measurements increases considerably. It is
then usually possible to unambiguously recognize a particular mineral or to determine at least the crystal-
lochemical group of related minerals with the same structure, The standard luminescence spectra of Figs.
1-4 or the characteristics listed in Table 1 can be used for the determination of the minerals.

The proper choice between two or three minerals of a single class is the greatest problem in routine
mineralogical determinations.. Typical errors are made in the pairs uranophane— B -uranotil, uranopilite
—zippeite, carnotite—calciocarnotite, Low-temperature luminescence spectra are particularly useful in
similar cases,
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ION FIELD-EMISSION MICROSCOPY OF URANIUM,
PRELIMINARY RESULTS

A, L. Suvorov, G. M. Kukavadze, UDC 535.82:546.791
| : T. L. Razinkova, B, V., Sharov, ' ‘
f V. A. Fedorchenko, A. F. Bobkov,

and B. Ya., Kuznetsov

The unique possibilities provided by ion field-emission microscopy (first of all, the resolution on the
atomic scale on surfaces of objects examined) are nowadays by no means fully used. The reason is that
it is difficult to obtain ion field-emission images of nonstandard materials (which are of greatest importance
for practical applications), Furthermore, it is difficult to interpret the resulting images and to identify on
these images atoms of a particular species, molecular complexes, defects of various types, etc.

Analyses by ion field-emission microscopy were not made on new materials (particularly fission ma-
terials), mainly because a complete theory of image formation in field-emission microscopes is missing
and because the principles on which the evaporation by a field is based are not yet fully understood. The
present state of the theory and the most important papers which resulted in progress in this field have been
discussed in a review [1]. ' '

The goal of the first stage of our work was to determine the possibilities provided by field-emission
microscopical investigations of uranium samples, to find the most efficient conditions for the analysis of
I ' these samples, and to develop several related methodological details. No doubt, research on the crystal
| structure, defects, and the dynamics of several processes occurring on both the surface and in the bulk of
' _ uranium (and other fission materials) can render new information, when field-emission microscopes are
employed, : :

\ Except for work on the field-emission microscopy of uranium dioxide [2], there are practically no
publications on the ion field-emission or electron field-emission microscopy of fission materials and, par-
ticularly, uranium. The work must concern primarily the ion field-emission microscopical investigation
of alloys, since the results obtained in this area are of greatest importance,, ‘

- Fig. 1. Optical image of the profile of a typical symmetric
uranium point (X600).

Translated from Atomnaya Energiya, Vol, 36, No. 1, pp. 14-18, January, 1974. Original article
submitted March 6, 1973. . ‘
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'

Fig. 2 \ Fig, 3
Fig, 2. Ion field-emission image of the surface of a sample of o-uranium; the image was cb-

tained in a gas mixture of He + 0.5% H, at T = 78°K. The (010) pole protrudes into the cen-
ter of the image. :

Fig. 3. Electron field-emission image of a sample of a-uraniumwhich was smoothed by heat-
ing and additionally purified by field-induced. evaporation in vacuum.

1. Samples, We used in our work as initial materials wire with a diameter of 0.3 mm (technical,
natural uranium) for the samples which had the form of sharp points. We employed the well-known tech-
nique of automatic electrochemical etching [3]. The electrolyte consisted of 12% by weight chromium an-
hydride, 8% by weight orthophosphoric acid, and a small amount of water., The etching was effected in two
stages at a constant voltage, In the first stage, the diameter of the wire was reduced to 0.1-0.05 mm (U

= 12 V, Igtep & 100 mA); in the second stage, the voltage was reduced to 4 V in proportion to the decrease
in the current (I  30-5 pA). Sharp points with a typical radius of curvature of less than 1000 A at the tip
were formed (Fig. 1). When the etching was effected with a variable voltage, the surfaces of the resulting
points were rough and "pitted." After the etching, the finished points were washed in alcohol,

2. Experimental Setup. All experiments were made in the semimetallic sectional field-emission
microscope of [4] at a sample temperature of 78°K. The vacuum system of the setup was modernized and
made it possible to work with spectrally pure H,, He, Ar, and Ne, and mixtures thereof as image-forming
gases, The partial pressures of the gases were monitored with the -aid of the omegatron of [5]. First, an
oil-diffusion pump was used for the pumping and, afterwards, an electric discharge sorption pump, The
entire system was heated. The initial minimum pressure amounted to about 5.107% mm Hg,

A three-chamber electro-optical UM-92 converter with magnetic focusing [6] was used to enhance the
brightness of the field-emission image. The images were photographed with a "Zenith B" camera having
a "Helios-40™ lens, The photographs were made on fluorographic RF-3 film, The exposure time depended
upon the gas used and amounted to 1-30 sec,

The electron field-emission images of uranium samples were obtained in a sealed electron field-em-
ission microscope of glass. The highest vacuum was in this case ~1-107! mm Hg,

3. Experimental Results and Their Discussion., Theoretical estimates of the evaporating field, which
were given in [7] for uranium in vacuum at T = 0°K, rendered the value Fgyn, = 424 MV/cm. This means
that the use of pure helium as the image-producing gas does not provide a stable ion field-emission image,
because the field which is required for autoionization of helium is 450 MV/m, i,e., the uranium sample
evaporates while the reflection image of the sample is made. Neon (Fimage = 370 MV/cm) or argon
(Flmage 230 MV £m) are more advantageous from the theoretical viewpoint, However, it is generally
accepted that a satisfactory, stable ion field-emission image of a sample depends not only upon the rela-
tion between the image-producing and the evaporating fields. Of additional importance is the dynamics of
the field-induced evaporation process which is introduced for the final polishing of the sample surface to be
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Fig, 4. Computer-calculated model of a sector of the ion
field-emission image of an uranium sample oriented paral-
lel to the [001] axis. '

projected. The cohditions of field-induced evaporation determine the final form of the sample surface,

.Since no complete theory is available at the present time, the corresponding conditions can be correctly

chosen only on an empirical basis derived from numerous experimental data and general concepts. The
highly efficient technique of interaction ("acilitating™ or "promoting") between field-induced evaporation
and autoionization is in a similar development stage [8, 9].

We used H,, He, Ne, Ar, and gas mixtures of He + 0.5% H,, He—Ne, and Ne—Ar as image-forming
gases in research on uranium samples,

Helium, The first good result was that high mechanical strength of the needle-like uranium samples
could be obtained. The samples sustained the tensile stresses generated by fields of the order of 500-550
MV/icm. A total of about 50 samples were analyzed four of which, i,e., 8%, were destroyed by the inter-
action with the field. This proves that the theoretical strength of materials {10] can be obtained in samples
used for autoionization microscopical analysis, Thus, there exist unique possibilities of verifying the the-
ory. The destruction of the samples can be explained by their symmetry [11] which results in a shearing
stress component. :

Moreover, our results make it appear doubtful that the above estimates of the evaporating field are
reliable. The figures are apparently higher in the case of real samples. This conclusion was drawn in ob-
servations of stable helium autoionization images of uranium, which were obtained after field-induced evap-
oration at increased temperatures, However, information on the crystal structure of the samples cannot
be deduced from the resulting images, though a certain symmetry can be recognized on some of the images
and though some sets of bright spots can be tentatively identified with rings of plane nets (edges of crystal-
lographic planes), '

Argon. Argon was more efficient as the image-forming gas, The images obtained with argon exhibit
to an‘increased extent the "endency to the formation of a ring-shaped structure,” However, we must re-
call that the argon autoionization images were unstable in all cases. This can be explained by the inadequate
vacuum conditions which.in the case of field-emission microscopy with argon played a deciding role. (The
examples of autoionization images of aluminum samples are very significant in this context [12, 13];
changes in the vacuum resulted in a sharp improvement of both quality and resolution of the autoionization .
images obtained with argon.,) . )
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Neon. The autoionization images which were obtained of uranium samples in pure neon had a quality
similar to those obtained in argon, but were characterized by increased stability. The brightness of the
images obtained in neon is by about an order of magnitude lower than the brightness of the images obtained
with argon or helium, : '

The results of the expériments which were made with pure gases in the above-indicated vacua lead to
the general conclusion that the field-induced evaporation in these gases does not result in a final form of the
tip of the point required for a-detailed reflection pattern of the point's surface,

The best results were obtained when helium with added hydrdgen was used as the working gas. The
preliminary evaporation of the sample with the aid of a field was effected in this gas mixture and also the

Fig. 5. Standard stereographic_ projections of o -urani-
um upon a) the (010) plane; b) the (001) plane.
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Fig. 5. (Continued), c) the (110) plane.

ion-emission image was obtained. A typical ion field-emission image is shown in Fig. 2. This image
made it possible to determine the crystallographic orientation of the sample and to make the crystal faces
appear. The images obtained were rather stable. It seems that a further improvement of the image qual-
ity will depend upon a careful selection of the amount of hydrogen added and, no doubt, upon improvement
of the vacuum,

Attempts to obtain ion field-emission images in pure hydrogen and in He—Ne and Ne_ Ar gas mix-
tures (concentration 50 :50) were unsuccessful,

The possible plastic deformation and partial destruction of the uranium samples in the field-emis-
sion microscope imply that distorted rings of the edges of crystallographic planes, which are unresolved
in their atomic details, appear on the image., Moreover, typical streaks of contrast, which were several
times discussed [14], appear on all these images. Since asymmetry can be the reason for the deformation

‘and the destruction of the tip in the ion field-emission microscope — with certain contrasts developing

— checking the samples (preliminary checks under an optical microscope and subsequent checks after the
analysis in the ion field-emission microscope by means of an electron microscope) is not only desirable
but also necessary for the correct interpretation of theion field-emission images.

Figure 3 is the electron field-emission image of an uranium tip which had been smoothed by heating
and additionally cleaned by field-induced evaporation in vacuum, Though this image cannot be considered
satisfactory, the image still provides some information. With the aid of the methods of electron field-
emission microscopy, one can obtain even in the present stage some information on the emission charac-
teristics of uranium,

4, The Interpretation of the Images. The interpretation of the images, particularly the determina-
tion of the crystal orientation of samples and the indexing of the crystal faces, were effected in two ways:
modeling of ion field-emission images, and calculation of standard projections.

Figure 4 shows a computer-calculated model of an ion field-emission image of an ¢ -uranium sample
which was oriented parallel to the [001] axis. The description of the program used for the calculations is
included in [15]. A qualitative comparison of the calculated models and the real ion field-emission images
makes it possible to determine the crystallographic orientation of the sample, Moreover, the modeling of
ion field-emission images of uranium samples must evidently aid in the subsequent understanding of the
field-induced evaporation process (obtention of the required final form of the tip). The interpretation of
the ion field-emission images by means of the defect structure of uranium cannot be completed without
modeling.

Three stereographic projections of @-uranium (Fig. 5) on the (001), (010), and (110) planes were cal-
culated for indexing the faces on the images of the uranium samples, Our interpretation of the ion
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field-emission images has shown that a (010) pole protrudes into the center of the image., This effect is
related to the technology of preparing the samples for the investigations. A wire with a diameter of 0.3
mm is usually obtained {16] by wire drawing at low temperatures (150-200°C), which renders a texture of
the {010} type. ‘

The calculations were made for the faces with the low indices (it is well known that the morphological
importance of a crystal face is inversely proportional to the quantity S = vh? + k% + 72, where h, k, and 1
denote the Miller indices), The calculations were extended to the {521} faces. The calculated stereograph-
‘ic projections made it possible 'to determine the crystallographlc orientation of the uranium samples ex-
amined and to provide the main faces with indices (see Fig, 2). :

The authors thank Yu. G. Abov for his interest in the present work,
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THE FLEXURAL STRENGTHS OF DISPERSE MATERIALS
BASED ON URANIUM AND MOLYBDENUM DIOXIDES
BETWEEN 293 AND 1870°K

I.. E. Kakushadze and R. B. KoteL'nikov UDC 621.039.542.33

The serviceability of disperse fuel elements depends largely on their mechanical strength. The
strengths of ceramic materials are usually measured by means of flexural or compression tests,

We investigated cermets of uranium dioxide particles, —315 + 200 u diameter, covered with molyb-
denum, and mixtures of uranium dioxide granules with molybdenum powder, The preparation technology
and some properties of these materials were described in a previous article [1]. By hot pressing we first
prepared billets in the form of cylinders 10 mm in diameter and 20 mm long, With a diamond disc, without
cooling liquid, from each billet we cut four rectangular specimens 3 x 3 mm in cross section and 15 mm
long. In the cross section of each such specimen there were about 150 uranium dioxide particles. In the
course of his argument, Tret'yakov [2] remarks that in flexure tests on cermets of the VK (tungsten—cobalt)
hard-alloy type, the admissible ratio between the intersupport spacing and the specimen thickness is 3-4.
In our experiments this quantity was 3,43, The marks left by the diamond cutter were longitudinal in direc-
tion. Specimens with surface defects were smoothed along the axis with dry M-20 emery paper. In all
cases at least one face was left untouched after diamond cutting. In the tests, the specimen was placed on
the support so that the diamond-cut face was subjected to tension, Thus we can assume that all the speci-

mens had identical mechanical treatment of the surface — diamond
P cutting with the marks along the principal axis. The specimens were
' not heat-treated after cutting, The density of the specimens was 96
+ 1.2% of the theoretical value, The scheme of loading and heating is
shownin Fig. 1. The distance between the tungsten support prisms
~_ - was 10.3 mm, The specimen was loaded at 4.08 - 10° N/m? - sec (or
2.5 kg/mm?- min), The specimen was heated by radiation from a strip
heater through which power-frequency current was passed. To reduce
5 heat losses, the high-temperature zone was protected by a system of
screens. The specimen surface temperature was measured by means
of an OPPIR-09 optical pyrometer through holes in the screens and
heater. The pyrometer was calibrated against a platinum—platinum
—rhodium thermocouple attached to the specimen, The working me-
dium for the tests was high-purity helium containing about 0.012 vol. %
of impurities (according to its rating). Before admission to the ap-
paratus, the helium was repurified by passing it through silica gel,
- copper shavings at 1000°K, and silica gel again. The fact that the lat-
tice parameters of the phases of the cermets and the specimen surface

S

“

Fig. 1. Scheme of apparatus color remained unaltered after the high-temperature experiments

for flexural tests. 1) Tanta- showed that the helium was pure enough for the work. During the ex-
lum sheet heater; 2) tungsten periments, the excess helium pressure in the furnace chamber was
loading prism; 3} specimen; 5-10%2 N/m? (or 3.7 mm), and the volumetric flow rate through the

4) tungsten support prisms; chamber (which was about 5 - 1072 m? in volume) was 4.2 -10~¢ m3/ec.
5) molybdenum block. At each temperature we tested at least three or four specimens from

Translated from Atomnaya Energiya, Vol. 36, No. 1, pp. 19-23, January, 1974. Original article
submitted April 12, 1973,

© 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A
copy of this article is available from the publisher for §15.00.

19

Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7



Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7

s of1* 10-7,N/m?

(=

7, N/m?

S oge 107

-

15
. 1 ! |
5w 15 Mo;voL% 5 10 15 Mo, voL%

Fig, 2, Static flexural strength of cermets of uranium di-
oxide and molybdenum vs composition at various tempera-
tures in °K: a) 293; b) 1240; c) 1570; d) 1870, 1) Cer-
met of molybdenum-=-coated particles; 2) mixed cermet,

a given batch, The flexural strength was calculated by means of the usual formula. On inspecting the bro-
ken specimens we found no appreciable bending even after tests at 1870°K. Fracture occurred in a plane
perpendicular to the principal axis of the specimen. Regardless of the type of cermet, the composition,

and the test temperature, fracture occurred across the particles of uranium dioxide, There was no prefer-'
ential fracture in the molybdenum interlayers or "husking" of the uranium dioxide particles from the molyb-
denum matrix, The deviations from the mean value, plotted in Figs, 2 and 3, correspond to the root-mean-
® square deviations of the experimental points for the given type of cermet, From these results we can draw
the following conclusions.

Over the whole range of compositions and temperatures examined, the coated-particle cermet is
stronger than the mixed cermet,

At temperatures betiveen 293 and 1500°K. we observe that the strengths of both types of cermet tend-
to rise with increasing molybdenum concentration. - The cause of this is apparently that molybdenum is
stronger than uranium dioxide, as we see from Fig. 4. Here we must bear in mind that the experimentally
measured flexural strength may be several times greater than the tensile strength, despite the fact that
fracture is due to tensile stresses in both cases. For example, Rudenko [3],- who investigated a material
based on silicon carbide at 290-1670°K, showed that the flexural strength is 2,5 times higher than the ten-
sile strength, Consequently the tensile strength of uranium dioxide ‘must be below the values given by
curves 1-3 in Fig. 4. : :

When the temperature increases from 293 to 1500°K we observe a tendency for the strengths of both’
types of cermet to increase. On the basis of investigations of a number of substances, Savitskii [4] showed
that the strengths of brittle materials increase on heating owing to the appearance of a certain amount of
plasticity which reduces the stress concentrations and makes it possible for the material to exert its total
strength, The temperature range of maximum strength of brittle materials is 0.5-0.8 times the absolute
meltmg point for tension, and 0.5-0.7 times the absolute melting point for compression. So we can assert
that the strengthis of the cermets increase with temperature, mainly owing to increase in the strength of
the uranium dioxide (see Fig. 4) and decrease of the microstresses in the cermet, The strength of molyb-
denum decreases with rise of temperature. But the strength of the cermets can nevertheless rise over a
certain temperature range owing to the increasing strength of the uranium dioxide, because the molybdenum
concentration is not' very great, The thermal expansion coefficient of uranium dioxide is about twice that
of molybdenum. Therefore stresses arise in microvolumes of the cermet during cooling of the specimens
in the course of preparation, A-similar problem of the stresses in a two- -phase system was solved theoret-
ically by Zaitsev [5], ard the results were confirmed in investigations of the microstresses in the carbide
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Fig. 3. Static flexural strength of cermets of uranium diox-
ide and molybdenum, of various compositions, vs tempera-

ture. 1) Cermet of molybdenum-coated particles; 2) mixed

cermet, Molybdenum concentrations in cermets: a) 5.2 and
5; b) 10.3 and 10; c¢) 16.0 and 15; d) 20.3 and 20 vol. %.

phase of a VK alloy by the x-ray method [6]. The theoretical results for cermets of molybdenum-coated
uranium dioxide particles are plotted in Fig. 5. In the calculation it was assumed that Eq; = 2.94 - 10
N/m? [7], EU02 = 1.71- 10" N/m? 8], and Mo = HUO, = 0.3. Information on the thermal expansion of the
phases was taken from [9] and [10]. During cooling, in uranium dioxide undergoing "hydrostatic" pressure
from the molybdenum, all three principal stresses are equal, but in the molybdenum the determining stres-
ses are the shear stresses 7, which reach a maximum at the interior.surface of the coating lying against
the uranium dioxide, At high temperatures, stress relaxation occurs, When the cermet is cooled below

" the recrystallization temperature of molybdenum (about 1270°K), the stress removal process ceases. The
stresses should not exceed the yield point for molybdenum or the breaking strength for uranium dioxide.
At 293°K the yield point of molybdenum is 70+ 10" N/m? [7], which is below the calculated value Tpax = 100
-10" N/m? (see Fig. 5). Consequently, on cooling, either the molybdenum should undergo plastic deforma-
tion, or the dioxide.should break, or fracture should occur at the boundary between the uranium dioxide
and the molybdenum. From Figs. 4 and 5 we see that the stresses in the uranium dioxide particles, at any
rate for molybdenum concentrations less than 10 vol. %, exceed even the flexural strength, which, as we
have stated, is higher than the tensile strength. Despite the decrease of these stresses due to plastic de-
formation of the molybdenum, they remain high. It was on account of precisely these stresses that, in all
the prepared cermets we observed particles of uranium dioxide broken by cracks, as we see, for example,
on a photograph of the microstructure (see figure in [1}). During heating, the tensile stresses in the ura-
nium dioxide particles decrease, and at a certain temperature compressive stresses, which of course are
much better withstood by brittle materials, can arise in them, In this state the cermet can be likened to
prestressed concrete. Under the compressive stresses, the cracks, which arose in the uranium dioxide

particles during cooling, begin to grow., Therefore the strength of the cermets increases as the tempera-
ture rises to a certain limit,

As the temperature increases from 1500 to 1870°K, for cermets with molybdenum concentrations of
5 and 10 vol, % we observe a tendency to increase of strength, whereas the strength of cermets with molyb-
denum concentrations of 15 and 20 vol, % falls, This phenomenon is apparently due to a decrease in the
strength of pure molybdenum to a value below that of uranium dioxide. It must be borne in mind that the -
. area of contact between the uranium dioxide particles and the molybdenum is four times as great as the
diametral cross section of the former, Therefore fracture does not at all have to occur in the weakest
phase, i.e,, the molybdenum. In tests throughout the investigated temperature range, fracture occurs
across the uranium dioxide particles, as we have already stated. A decrease in the strength of the rholyb—
denum has little effect on the strength of specimens in which its concentration is low, but specimens in
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Fig. 5.

Thermal stresses in phases of cermets at 293°K vs the temperatures at which they
cease to relax during cooling, -

which its concentration is high lose sfrength Furthermore, molybdenum present in cermets, as suggested
with some justification by us to explain the conductivity 1], must contain uraniim and oxygen from the di-

oxide as impurities,

The, strength of such a solid solution at high temperatures may be higher than that of

pure molybdenum. Since impurities penetrate the molybdenum layers only to a certain depth, if the molyb-
denum concentration is low the layers will consist wholly of solid solution, but if it is high they will con-
sist largely of pure molybdenum. Therefore the influence of the impurities decreases as the molybdenum
concentration increases, and the strength at high temperatures thus falls
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RADIATION-INDUCED SWELLING OF 0Kh16N15M3B STEEL

V. N, Bykov, A, G, Vakhtln, UDC 621.039:54
V. D. Dmitriev, L. G. Kostromin,
A. Ya. Ladygin, and V. 1. Shcherbak

A large number of published papers have been devoted to studying the radiation-induced porosity of
the austenitic steels used as construction materials in the active zone of fast reactors., Nevertheless, there
is still no reliable information as to the temperature and dose dependence of the radia_tion—'induced swelling

" of 0Kh16N15M3B steel, which is widely employed as a material for the fuel-element cans of fast reactors,

In this paper we shall present certain results obtained by the electron-microscope analysis of radia-
tion-induced porosity in 0Kh16N15M3B steel irradiated with neutrons in the BR-5 reactor,

MATERIALS AND METHOD
\ .

The samples for electron-microscope study were discs 3.5 mm in diameter and 0.4 mm thick, cut
from various parts of fuel-element cans irradiated in the BR-5 reactor with integrated fluxes of 4.3+ 10%
~neutrons/m? at 430-580°C.. After preparation the fuel- element cans were annealed at 950°C for 10 min in
vacuo. '

The preparation of the-objects for examination under the electron microscope and the method of ana-
lyzing the results were described earlier [1]. We should only mentlon that, in contrast to the present in- i
vestigation, the film thickness there lay between 1200 and 2000 A, the porosity being calculated by another
method [2].

Swelling of 0Kh16N15M3B Steel

Electron-microscope examination of the irradiated samples revealed the presence of inclusions, |

AN %

0,01 1 I L
400 450 500 550 T ,°C

: X in®
Flg 1 Fig. 2
Fig. 1. Microstructure of 0Kh16N15M3B irradiated with a dose of 36 displacements
/atom at 520°C (X100,000).

Fig. 2. Swelling of 0Kh16N15M3B steel irradiated with a dose-of 30 displacements
/atom as a function of the irradiation temperature,

Translated from Atomnaya Energlya Vol. 36, No. 1 pp. 24-26, January, 1974. Orlgmal article
submitted May 28, 1973
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Fig. 3. Concentration, mean diameter (), and maximum diameter
(A) of cavities in QKh16N15M3B steel irradiated with a dose of 30 dis-
placements/atom, as functions of the irradiation temperature.

Fig, 4, Dose dependence of the swelling of 0Kh16N15M3B steel at
525°C. . :

loops, and cavities, the dimensions and concentrations of these varying with the conditions of irradiation.
Figure 1 shows the microstructure of 0Kh16N15M3B steel irradiated with an integrated flux of 4.3 102
neutrons/em? at 520°C. The concentrations py. mean diameter dy, and total volume of the cavities AV/V
(the latter being taken as equal to the total swelling of the steel) calculated on the basis of the electron mi-

ccrographs are illustrated in Figs, 2-5. The size distribution of the cavities is shown in relation to the
dose of irradiation in Fig. 6.

Since the experimental results as to the radiation-induced swelling were obtained for samples ir-
radiated in neutron fluxes having a variety of spectral characteristics, the experimental data were com-
pared by reference to the number of displacements per atom (kt) (d/a) rather than by reference to the in-
tegrated flux, For this calculation we used a modified displacement model developed for the irradiation of
materials by fast neutrons [3]. For comparison, Figs. 4 and 5 also show the integrated neutron fluxes for
an energy spectrum corresponding to the center of the active zone in the BR-5 reactor,

Experimental examination shows that the radiation-induced swelling of steels depends on a large num-
ber of factors, primarily the irradiation dose and temperature, It is accordingly of particular interest to
devote more detailed attention to the way in which the total volume of the cavities depends on these factors,

Temperature Dependence of the Swelling, The total volume of the cavities first increases with tem-
perature (Fig. 2), reaching a value of 1.4% for 30 displacements/atom, ‘and then falls, i.e., the tempera-
ture dependence of AV/V has a bell-shaped form with a maximum in the region of 500°C, The increase in
AV/V on raising the temperature from 430 to 500°C (Fig. 3) is associated with an increase in the dimen-
sions of the cavities, since the concentration of the cavities has a tendency to fall with rising temperature
in this region, On further raising the irradiation temperature to 560°C the concentrations and mean diam-
eter of the cavities both diminish. For an irradiation temperature of over 560°C the concentration and
mean diameter of the cavities hardly depend on the temperature at all — if anything they increase slightly.
The dependence of p, on T may be explained as being due to a fall in the rate of formation of the cavity nu-

clei with increasing temperature, owing to a reduction in the degree of supersaturation of the matrix with
point defects, _ o

As regards the physical reasons for the change in the mean size of the cavities, the following should
be noted. It follows from the expression for the rate of growth of a vacancy-type cavity of radius r [4]

dr

& % [(C,,DU — C1D1) — Ds exp ( ﬁ? )] '

where CyDy, and CiDj are the diffusion flows of vacancies and interstitial atoms at the surface of the cavity,
Dg is the self-diffusion coefficient, v is the surface energy, and Q is the atomic volume, that the quantity
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Fig, 5. Dose dependence of the mean diameter and concentratlon of the cavities

in 0Kh16N15M3B steel at 525°C,

Fig. 6. Size distribution of the cavities in 0Kh16N15M3B steel irradiated with
doses of 36 (@), 30 (O), and 12 (A) displacements/atom at 525°C,

dr/d't is determined by the ratio of two terms: the first describes the difference in the diffusive flows of
point defects at the surface of the cavity, the second describes the thermal annealing of the cavity,

On increasing the irradiation temperature from 430 to 525°C, the radius of the cavity may also in-
crease owing to the increase in the excess flow of vacancies to the surface of the pore as a result of the
increase in the mobility of the vacancies, despite the reduction in the concentration of these as the tem-
perature rises, At the same time, the second term in the equation for dr/dt, always negative for vacancy
pores, also increases with rising irradiation temperature, owing to the increase in the self-diffusion coef-
ficient,

The reduction in the supersaturation of the matrix with point defects and the intensification of the
thermal dissociation of the cavities may be used to explain the reduction in the mean diameter of the cavi- .
ties for 0Kh16N15M3B steel for irradiation temperatures above 525°C,

However, from 560°C the character of the temperature dependence of p, and dy changes once again:
on further raising the temperature the concentration and mean diameter of the cavities hardly depend on
temperature at all, "This kind of change in the kinetic characteristics representing the generation and
growth of the cavities may presumably be explained as being due to the stabilizing influence of the helium
formed as a result of (n, @)-reactions in the steel under consideration. Estimates based on the van der
Waals equation, in fact, showed that the stabilization of these cavities at 560°C required 2-1073 at.% of he-
lium for a value of v = 1500 erg/cm? and a van der Waals constant of 4+10-% cm3/atom He. We note that .
recent work on the experimental determination of the amount of helium in irradiated steels of the 304 [5]

. and 347 [6] types has shown that the helium content of these materials (for comparable dose of irradiation)
greatly exceeds the calculated contents, being equal to 3-107% and (9-10) . % at.%, i.e., an order of mag-
nitude greater than is required for the stabilization of the cavities in our own case.

Dose Dependence of the Swelling. The volume increment due to the formation of cavitiés in both
0Kh16N15M3B steel and steel of the 316 type [7] varies with the irradiation dose in accordance with a power
law (Fig. 4). The graphically-determined power index for an irradiation temperature of 525°C is slightly -
less for our present material than for steel 316 and equals 1.5. Extrapolation of the experimental data to
a dose of 85 displacements/atom, corresponding to an integrated flux of 1023 neutrons/cm?, shows that, on
allowing for the foregoing power index, the maximum swelling of the steel for this dose may amount to

6-7%.

The increase in AV/V with increasing kt is chiefly associated with the development of new cavities
(Fig. 5), since the mean diameter of the cavities hardly depends on the dose at all,
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We see from the size distributions of the cavities illustrated in Fig. 6 (for irradiation with a variety
of doses at the same temperature) that the size dependence of py is of a complex nature. The reason for
this may lie in the effects of a whole series of factors (stress the presence of gas, and so on) on the gen-
eration and growth of the cavities,

Analysis of the changes taking place in the size-distribution curves of the cavities with increasing ir-
radiation dose indicates that with increasing number of displacements per atom the character of the rela-
tionship between py; and d remains almost constant; there is only a slight rise in these curves in the direc-
tion of greater concentrations and a_slight displacement in the direction of greater sizes. Thus the experi-
mental results indicate that, on irradiating 0Kh16N15M3B steel, the deveIOpment of porosity takes place
chiefly by virtue of the growth of new cavity nuclei,
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UTILIZATION OF PULSED SORPTION COLUMNS FOR THE
DECONTAMINATION OF LIQUID RADIOACTIVE WASTES

F. V. Rauzen, E, I. Zakharov, ' UDC 621.039.325

B. E. Ryabchikov, V., D. Konorchenko,
and E. G. Odintsova

r

An increase in the efficiency and economy of the decontamination of liquid radiodctive wastes by an
ion exchange process can be attained by improvement in its technology and instrumentation. Pulsed col-
umns ‘with special partition plates, developed in the USSR [1-2], which are prospective ion-exchange ap-
paratus, are applied in a number of hydrometallurgical processes, including the decontamination of waste
liquids [3, 4]. In industry, continuous ion-exchange installations operate with a performance of up to 300
m?/h, utilizing columns up to 3.4 m in diameter. The advantages of these apparatus are the small once-
only charging of the sorbent into the installation (5-15 times smaller than into filters), high specific per-
formance (Wp = 35-45 m3/n}2h), small size, and simplicity of design and control [5].

The purpose of the present study was an examination of the possibility for applying these apparatus to
the decontamination of liquid radioactive wastes, :

Design and Operation of Pulsed Columns

A pulsed countérflow column with multilayer column packing (MCP) is a vertical cylinder inside
which downfall plates are mounted; settling zones for separating the sorbent and the solution are spaced
from top to bottom (Fig, 1). ’

Connections for the pulse chamber and the air-lift, which pumps the resin to the connecting pipe for
the inlet and outlet of the sorbent and the solution, are found in the zones. Downfall plates with a 40-60%
transfer cross section in conjunction with the pulsations (reciprocating oscillation of the liquid in the col-
umn) provide a better distribution of the components over the cross section of large apparatus with little
longitudinal mixing, ‘

During operation of the column, the sorbent is fed into the upper zone, from which it enters the
packed section, where it moves owing to the difference in the densities of the phases (as a pseudoliquid) in
the flow of the solution, '

The saturated sorbent is collected in the lower settling zone, from which it is pumped by the air-lift
into the next device, as shown in the diagram. Draining from the upper zone, the solution proceeds to fur-
ther treatment, » : :

A continuous-action sorption facility usually consists of three columns: sorption, regeneration, and
washing (Fig. 2). Separators are used to recover the solution conveying the sorbent in the air-lift. The
sorbent moves from the separators into the next column, but the transporting solution returns to the ap-
paratus.

During pulsation, the solution is intensively agitated by each plate; therefore the rate of diffusion of
the ions in the solution does not restrict the process and the rate of exchange, Because of this, the reguis-
ite contact time of the sorbent with the solution and its charging time are reduced. '

The velocity of the solution in the column must be somewhat lower than that, for which a small frac-
tion of the sorbent can be removed. This velocity (Vg) is 0.8V, during sorption, where V, is a characteris-
tic velocity of the sorbent, i.e., the rate of fall of an average fraction of it in a motionless solution,

Translated from Atomnaya Energiya, Vol, 36, No. 1, pp. 27-31, January, 1974, Original article
submitted April 20, 1972; revision submitted March 6, 1973. . : :
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Fig. 1. Diagram of the framework of a pulsed sorption column in a test facility: 1)
connecting pipe for emptying the column; 2) lower settling zone; 3) connecting pipe
for recovery of the solution; 4) air rotameter; 5) pulse chamber; 6) valve; 7) pack-
ing zone; 8) column packing; 9) upper settling zone; 10) pressure stabilizer; 11)
pulser; "12) overflow box; 13) funnel; 14) sorbent and solution feeder-separators;
15) valve; 16) screen; 17) solution recovery line; 18) air-lift; 19) raw solution ro-
tameter; 20) pump. ‘ »

Fig. 2. Diagram of a continuous-action facility: 1) sorption; 2) washing; 3) regen-
eration columns; 4-6) separators for the recovery of the sorbent from solution; 7)
container for preparation of regenerating solution. '

Provided that retention of the sorbent Q@ (holdup) in the column for a flow rate ration = st/Q1 =1:50~
1:500 is small and comprises 0.5-5% (the sorbent occupies a very small part of the volume and the cross
section of the column), the actual velocity of the solution and the specific performance agree numerically.
Therefore, the specific performance of these columns is significantly higher than other apparatus 6, 7]
with a guasi-liquid layer of sorbent,

The rate of movement of the sorbent through the apparatus depends on the velocity of the solution:
Vsp = (Vo—Wp)g, where ¢ is a coefficient which takes into account the retardation of the movement of the
solution, The coefficient equals one during sorption, when the retardation is small, and 0.6-0.8 during re- .
generation and washing, when £ = 10-30%. Under optimal conditions, the rate of fall of the sorbent is Vg
= 20-30 m/h, which corresponds to a residence time 7y, = 2-3 min/m of column height,

Calculation of Columns, The calculation of pulsed sorption columns is known from the methods ap-
plicable to the calculation of extraction columns [8, 9], since the behavior of the sorbent particles in them
is similar to the behavior of the dripping of the dispersed phase during extraction. Data on the kinetics and
the statics of the processes, the hydrodynamics of the column, as well as a mathematical model of the ap-
-paratus are required for the calculation, Knowing these parameters, one can calculate the diameter and
the height of the apparatus, and then design an industrial facility, using mathematical simulation techniques,

The kinetics and statics of a process have been studied in standard solutions which duplicate the com-
position of solutions from Moscow decontamination plants, in which the cations Na¥ and Ca®* and the anions
Cl- and SO}~ comprise the main bulk of the contaminants.

Knowing the kinetics of a process, one can calculate the height equivalent to a theoretical plate
(HETP). From Fig. 3, it is seen that equilibrium is established in the system after ~20 min. With a
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Fig. 3. Kineticsof the sorption of cations on KU-2-8 resin (y is the concentration
of ions in the resin): 1) TNa®™ + Ca™**; 2) Ca™; 3) Na*t.

Fig. 4. Determination of the number of theoretical plates (x is the concentration
of ions in the solution): 1) sorption isotherm for the sum of Na* and Ca’* cations
on Kationite KU-2-8 in H*-form; 2) optimal operating curve; 3) operating curve
for test 3; 4) operating curve for test 2,

3 min/m sorbent residence time for these kinetics, there corresponds a calculated HETP = 1.5-2.0 m,
The distribution of cations between the sorbent and the solution is shown in Fig. 4.

The plotting of the operating curve of a process for optimal conditions showed that about 10 theoret-
ical plates (NTP) are required with sufficient impregnation of the sorbent for the complete decontamination
of the solution; the flow rate ratlo in thls case isn = 1:200.

Thus, a column of height Hopr NTP x HETP = 15-20 m is requlred for complete decontamination .
of the solutlon Similar dependences are also obtained for other operations involving KU-2 and AV-17 res-
ins, for which the height of the column required for the decontamination of the solution was determined.

Description of Test Facility, The possibility of the application of pulsed columns for the decontami-
nation of liquid radioactive wastes, operational designs, and the optimal operating regions of new appara-
tus were tested in a laboratory facility with .a performance of 100-150 liters/h. The processes conducted
in various apparatus (sorption and regeneration) in a continuously operative facility occurred at intervals
and were studied successively in two apparatus, during which the column functioned continuously in each
operation until the establishment of a stationary state,

The test facility consisted of two sorption columns, 76 mm in diameter and 4.8 m high each (since
the housing for the apparatus was not tall enough) operating on KU-2 and AV-17 resins, sorbent feeder-
separators, regeneration solution preparation tanks, raw and treated water storage tanks, pump, com-
pressor, pulser, and rotameter rack. The framework for each column is shown in Fig. 1.

The columns were situated at different points in order to coordinate the self-flowing movement of the
solution. The sorbent feeder-separators were placed in pairs dbove the columns. They functioned alter-
nately as feeders and separators of the sorbent and the transporting solution,

In order to simplify the operation of the facility as a pulser, a valveless reciprocating pump with a
performance of 150 liters/h was utilized. In addition the pulse strength J = 600 mm/min in both columns,
In order to stabilize the level of the solution in the pulse chambers of the column, the pulser was actuated
by compressed air from a compressor through a pressure stabilization unit.

Pulsed Column Tests. After rolling and hydraulic tests with tap water, tests were conducted on the
decontamination of liquids and radioactive wastes processable by the Moscow decontamination station. In
these tests, .the flow rates, concentrations, and radioactivity of the raw solution and the filters were mea-
sured after the cationite and anionite processes in the columns during sorption and regeneration, We de-
termined the cubic content of the resins before and after sorption., The "sorption—desorption—washing of
resins" cycle was repeated four times. Each test of the sorbent took about 10 h, Regeneration and wash-
ing occupied 1~-2 h. The first two cycles were conducted under conditions of free fall for the sorbent. The
operating conditions were altered in the next two cycles in order to increase the residence time of the sor-
bent in the column.

'
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TABLE 1, Decontamination of Liquid Wastes with a Low Level of Activity by Pulsed Sorp-
tion Columns and Filters ' )

R ISNE : = g = Concentration,. Resin capacity, g;iggt?%n.-
3 > Z ;;9’ 8 5 iy mg~eq/liter : mg-eq/g ation coeffic,
Test § SE |2 PE 2|25 KU-2 | AV-17 i NTP
- &S “§§ 3 = g 2185 | war | care| 0 s02™ | & 5 2 g El <
2 3|0 oY G O 2 |'E oo . '*-"&;u""""';',».\z‘; - =
SalgEslz s loEs I8 E 885 8188158 |48 | @
Pulsed columns
7,5.10"%1] 29,4 13,9812,6410,6212,0 _ }
1 100 23,8 1:55 1,1-10-4¢} 6,0 |10,38]|0,4510,1 10,4 0,8 ] 0,3 | 0,62 i 25 1,0—-2
6,9.10-%-| 45,6 [3,98]2,48(2,35(1,84| — — — — — _
2 120 28,6 1:65 2,0.10-¢| 4,1 |0,1 10,4 [0,1 |01 0,2(1,25,0,6] 1,34 6 14 1,5-=2
’ 6,4-10-4| 58,5 16,0 |2,32)1,2311,68} — — — — — - o
3 120 28,6 1:110 | 4,4-10-3| 4,0 (0,1 {0,05{0,14 (0,1 | 0,4 2.7 1,01 1,89 | 35 55 3—0
53,0 (3,30 |2.68]008t (148 — | — | = | = | —~ | — | —_
4 100 23,8 1:100 — 4,0(0,4 §0,05[0,2 0,1 10,724 0,911,483 | 13 50 3—>
Filters
7,6-10-4( 37,5 13,9812,7 [0,66]2,22] — | — | — ’_. — ] = _
5 25 6,50 1:473 | 5,6-10-3| 4,3 (0,1 [0,05]0,1 0,1 | O 3,0 0 0,38 | 32,9 | 37,5
6,9-10-¢ | 15,7 |5,0 12,45[1,32|1,89
6 25 6,5 1:120 | 9,7-1073 7,8 10,4 [0,05]0,1 10,1 |0 2,23 19 0,54 9.3 | 36,1
5,710~ | 31,8 14,9712,66|0,74| 1,4% :
7 25 6,5 1:145 | 6,5.10-5 1,6 /0,1 {0,05]0,4 0,1 |O 2,840 1,15 o 9 27
6,5-10-4 | 12,8 {5,3712,6810,73|2,44 ;
8 25 6,9 1:1143 |5,4-10-5] 1,2 (0,1 |0,05]0,1 |0,1 0 2,58 |0 1,05 7,2.| 30,4

Note, 1. Volume of charged resin in tests 1 and 2 V(KU-2) = 3,75 liters, V(AV-1T) = 1,5 liters;in tests 3 and 4
V(KU-2) = 4,0 liters, V(AV~17) = 3,75 liters, 2, The capacity was calculated at equilibrium. It was assumed
that the sorbent is regenerated completely, 3, The first line gives the properties of the raw solution, the second
gives the properties of the column effluent

For comparison, tests were conducted simultaneously on the decontamination of the same solutions
in sorption filters 69 mm in diameter, with ion-exchange layers 1 and 2 m in height,

Averaged results of tests on pulsed columns and filters are presented in Table 1, From a compari-
son of the data obtained, it is seen that the performance of the columns is 4-5 times greater than that of
the filters. As one should have also expected, the decontamination coefficients in the first two tests of
the columns were found to be smaller than those for the filters. In succeeding tests, it was not possible to
bring the decontamination up to the same (or larger than for the filters) values. The capacity of the sor-
bent in the first two tests is much less, and in subsequent tests approaches the capacity of the filters,

Analysis of the data from hydraulic tests indicates that the performance of the facility is limited by
the throughput of the anionite columns and that one can increase it up to 140-160 liters/h, employing coar-
ser anion-exchange resin. The amount of sorbent found in the column during sorption is 0,5-1.0 liter in
the first tests, and 3-5 liters in the rest, which is much lower than in a filter with the same performance.

The first tests showed that the NTP during sorption of cations is small, and is 1.5-2, which corre-
sponds to an HETP = 2.1-2.7 m. This value is somewhat larger than the theoretical value, .which can be
explained by the low performance of the cationite column, i.e., the apparatus operated under nonoptimal
conditions, In order to obtain the prescribed decontamination parameters, a column or a cascade of col-
umns, H = 21-27 m in height, is required. Under these conditions, a pulsed column facility has a smaller
once-only charge of sorbent and higher specific performance than the filters, but its size is greater. In
order to reduce its size, it is necessary to reduce the HETP, which can be achieved by the use of sorbents
with better kinetic properties, for example, macroporous ones, or to increase the residence time of the
sorbent in the apparatus, for which one should increase the retardation of the resin. The next two cycles
were conducted under such conditions, For this purpose, a layer of quasi-liquid resin, 3-3.5 m in height,
maintained either with the aid of an air-lift or a special "transport" pulser, was established in the column

[2]. The layer of sorbent is subdivided by the plates, and the movement of its particles occurs during the
transporting pulses, ’

The results showed (tests 3 and 4, Table 1) that, with the same performance as in the preceding
tests, the decontamination coefficient and the sorbent capacity increased sharply. The discharge solutions
surpassed in quality those obtained in a facility with filters, The value of the NTP increased to 4-5, and
the HETP was correspondingly reduced to 0.8-1.0 m. Under these conditions, one can obtain the pre-
scribed properties in a column up to 10 m in height,

-
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The regeneration and washing in a system with transport pulsation also proved to be efficient, Thus,
under these conditions, the columns possess advantages in all essentials.

At the present time, designs for columns with transport pulsation, which provide an -even greater
efficiency that allows one to reduce the size 4f the apparatus, to increase the capacity of the sorbent in
comparison with that of filters, and, correSpondmgly, to increase the concentration coeffxment are under
development, : :

Based on the results obtained, the raw data are provided for the design of a combined continuous ac-
tion facility with a performance of 1 m3/h.
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CALCULATION AND PREDICTION OF RADIQACTIVE
CONTAMINATION OF THE LOWER ATMOSPHERE
BY ATOMIC POWER STATION STACK DISCHARGES

N. E. Artemova _ UDC 551.510.72

In the selection of an area for any reactor installation, one primarily takes into consideration the lev-
el of possible radiation hazard both for the population in general and for individuals living near the unit since
the radiation effects on the population must be as low as possible., This can be achieved mainly by high-
quality planning, construction, and operation of an atomic power station. However, no minor role can be
assigned to the location of an atomic power station, in the selection of which one must take into account all
the features of meteorological dilution of the radioactive products discharged into the atmosphere during
operation of the atomic power station that are characteristic of the proposed area of construction,

Experience with operating atomic power stations shows that the fundamental criteria and physical
premises which are the basis for estimating atmospheric diffasion in the operating area of an atomic power
station are valid, Dispersion of a contaminant discharged into the atmosphere occurs, as is well known, as
a result of its entrainment in turbulent atmospheric vortices of various scales with the intensity of the tur-
bulence being determined by the thermodynamic state of the surface layer of the atmosphere, The direction
of contaminant transport depends on the predominant wind direction. All cases of contaminant dispersion
can be classified for the several categories of thermodynamic stability responsible for contaminant trans-
port to the ground and the formation of a surface concentration field. For each class of atmospheric sta-
bility, definite values of maximum surface-layer contaminant concentration and definite localization dis-
tances from the source are observed and can be calculated.

At the present time, there are a large number of papers devoted to the evaluation of the degree of
atmospheric contamination by discharges from various types of sources. However, if one is speaking of
rapid methods for calculating atmospheric contamination suitable for practical use and having the necessary
nomograms and curves, two such groups of techniques should be mentioned.

1. Methods of Sutton and Pasquill, The latter was subsequently further developed by Mead, Beatty,
and Bryant, and was incorporated by them into the procedures of the United Kingdom Atomic Energy Author-
ity and was recommended to the World Meteorological Organization as a method for calculating the disper-
sion of discharges from atomic reactors,

2. Methods for calculating industrial contamination of the atmosphere developed in the USSR at the
Main Geophysical Observatory (MGO), at the Leningrad Hydrometeorological Institute (LHI), and at the In-
stitute of Experimental Meteorology (IEM) which have been checked by a large amount of experimental ma-
terial and which were used successfully for planning and forecasting.

These two groups of techniques are based on two different approaches to the description of atmos-
pheric diffusion; statistical and semiempirical using analogy with molecular diffusion (and in some cases
a combination of both approaches). Each has certain advantages and deficiencies. The difference between
them is mainly that the statistical theory is based on the study of fluctuations as a statistical ensemble and
considers their influence on the nature of the entire field including the average flow while the semiempiri-
cal theory assumes the average flow to be a steady state and studies its features and its influence on other

. properties. The use of one or the other method for calculations of surface-layer contaminant concentration

Translated from Atomnaya Energiya, Vol. 36, No. 1, pp. 32 37, January, 1974, Original article
submitted April 11, 1973,

© 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011,
No part of this publication may be reproduced, stored in a retricval 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.

33

Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7



Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7

y,m

800 51974
- 2107 )

. 00~ C en7 _____T_

400 —

200 —

y,mf b
800 =

600~ _ 21’ |
— w7 ]

400

L zm& ’
41077 r L
660 t~ . ! g

200— T et i
D

HE + ‘!H:FT i 4 “ }‘;\\ 1
ammmy it ; PO RR

0 7 2 3 4 X, km

Fig. 1. Surface-layer concentration field for a weightless, -
long-lived contaminant calculated by the Sutton (a), LHI (b),
IEM (c), and MGO (d) methods.

leads to identical resuits if one takes into account the averaging period for the set of meteorological param-
eters used and the accuracy of each method. The best agreement with experimental data, and conse-
quently the best accuracy, is obtained with calculations of contaminant dispersion under averaged condi-
tions, i.e., for those weather categories which are characterized by conditions of weakly developed con-
vection and an equilibrium (neutral) thermodynamic state in the surface atmosphere,

As an illustration, Fig, 1 shows the surface-layer concentration field of a weightless long-lived con-
taminant calculated for a continuous discharge of unit intensity by the methods of Sutton [1], LHI [2], MGO
[3], and Bosanke— Pearson—Denisov [4, 5] (the last is a variation of the IEM method for a nonsettling con-
taminant), The discharge height is 110 m, the thermodynamic stratification is slightly unstable and close
to equilibrium, and the wind velocity at anemometer height, or the average velocity in the 0-110 m layer,
is 5 m/sec. Table 1 gives brief characteristics of the methods for calculating contamination of the surface
layer of the atmosphere by the different techniques. The error in concentration determination by the IEM
and LHI methods is approximately 50%. The accuracy of the MGO method is 30%. The relative error was
not determined for the Sutton method.
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The following notation is used in Table 1: x, y, and z
are the axes of a Cartesian coordinate system, The wind di-
rection is in the x direction. The source is located at the point
(0, 0, H); H is the stack height, m; g is the contaminant con-
centration in the surface layer of the atmosphere, 1/m% Cy
and C, are the Sutton virtual coefficients for turbulent diffu-
sion, mn/z; u is the wind velocity, m/sec; n is the Sutton
stratification parameter; y? is the contaminant dispersion in
the y direction, m? by and b, are empirical constants; qp;
is the maximum surface concentration; xp; is the distance
from the base of the source to the point of maximum surface
concentration, m; uy is the critical wind velocity, m/fsec; A
is a climatological parameter; m and F are respectively pa-
rameters which characterize the emission rate from the stack
of the gas—air mixture and its gravitational settling; V is the
volume of discharged gas—air mixture pér unit time, m3/sec;
AT is the temperature difference between the discharged gases
and the ambient air, deg.

As is well known, the vertical temperature gradient in
the lower layer of the atmosphere and the wind characteris-
tics, ‘'which are responsible for the thermodynamic state of
the atmosphere, and the intensity of vertical and horizontal
transport of a contaminant are quite variable quantities and can
change their values even over comparatively short periods of
time, The LHI, IEM, and MGO methods take into account the

P 7 3 T m variation in wind direction over periods of 20-30 min and "

therefore make it possible to estimate "single-discharge"
values of the concentration, i,e,, a concentration averaged
over 20-30 min, The Sutton method assumes a constant wind

108

Fig. 2. Change in axial surface con-
centration of a weightless, long-lived

contaminant, . . .
direction and consequently makes it possible to calculate in-

stantaneous values of contaminant concentration, i.e., con-
centration averaged over 2-3 min. In the main, this explains the difference in concentration values ob-
tained from Sutton's method and from single-discharge averaging methods. In addition, the Sutton method
can lead to significant errors in the caleculation of surface concentration at large distances from the source
because of the lack of justification for the assumed scheme for spatial variation of the turbulent diffusion
coefficients,

The Pasquill - Mead method [6-8] offers an opportunity to determine comparatively simply contami-
nant concentration in the surface layer of the atmosphere for instantaneous, single discharge, and contin-
uous discharge, for various categories of atmospheric stability, and at sufficiently large distance from the
source by using the tables and curves of Pasquill for averaged values of the lateral and vertical expansion
of a jet. Gifford's model of a fluctuating jet [9], which is extensively used in studies of the features of
horizontal dispersion of a jet from a continuously operating source, makes it possible to identify the operat-
ing time of a source of finite duration (instantancous, single discharge) with the time of sample collection-
or the time of averaging the concentration from a continuously operating source. Consequently, the Pas-
quill— Mead method can also be used for estimating instantaneous, single-discharge, and mean annual con-
centrations from a continuously operating source, The error in the determination of concentration by the
Pasquill — Mead method is approximately 100%. - Figure 2 shows the change in axial concentration for in-
stantaneous (curve 1), single-discharge (curve 2), and mean annual (curve 3) averaging calculated by the
Pasquill — Mead method for continuous discharge of unit amount per second of a weightless, long-lived con-
taminant at a height of 110 m and for equilibrium stratification of the atmosphere and an averaged wind
speed of 5 m/sec., TFor comparison, the dashed curves show the change in axial concentration from a con-
tinuously operating source calculated by the Sutton method with instantaneous averaging (curve 4), the MGO
and LHI methods with single-discharge averaging (curves 5 and 6), and for mean annual averaging in the
case of a circular wind rose by the method of the Institute of Applied Geophysics (curve 7), which is de-
scribed in [10]. The Pasquill - Mead equations are:
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TABLE 1. Computational Formulas and Parameters Usedin the Various Methods

: Averaging
Method Basic equation for concentration Parameter values time
y2 ’ H2 .
— _— C¢,=0,2 2=3 min
‘ CEE e Cia?" Cy=0 12 . (instantanéous)
Sutton q(z,y,0)= aC Couztn ‘n=0,2
o \
. 54 e2y2 —14,55H1,18 _
LHI 9@y 0=—""—""0733 " y?=(0,220,9)2 20-30 min
_H " (single discharge)
b,x  2bix2 :
0)— Fe TV _ by =00i from 10 to 40 min
IEM q(zy,0)= Vm byoyust b, = 0,02
92, ¥ 0) = uS1 (3/zw) 2 (y/2) r (w/itn) A=0,12% 20=-30 m
MGO - AmF m=—1 (single dlscharge)
=y var F=1
VAT ’ VAT =280
zM:ZOH upg = 0,65 ‘/ 1, S1, S, are taken from the
approprlate curves in [3]

*The value A=0,12 is recommended in the MGO method for calculating the dispersion of a contaminant dis-
charged into the atmosphere from an elevated source under conditions of déveloped turbulent exchange in the
central zone of the European portion of the USSR, There are no instructions in [3] for neutral stratification con-
ditions,

168 e e _
Bnst =" Ghan (instantaneous source)
H2
168 ¢ he ,
Ising™= ~ Oghzu  (prolonged source; from 20-
30 min to several hours)
-2.303 E
— e .
qg= BRI (continuous source)

Here, H is stack height, m; h is the vertical expansion of the jet, m; 8 is the lateral expansmn of the jet
in the case'of an instantaneous discharge, deg; x is distahce from the source, m; Gp is the lateral expan-
sion of the jet in the case of a prolonged discharge, deg; u is the wind velocity, m/sec.

The parameters 6, 6p, and h are taken for various distances from the source for weather categories
D and C-D in accordance with the recommendations of Pasquill and Bryant [6, 8].

Analysis of Figs, 1 and 2 shows that within the limits of accuracy indicated for the various methods,
the calculated results of surface-layer concentration of a contaminant discharged from the stack of a con-
tinuously operating installation agree rather well for identical averaging periods, Consequently, any of
the methods can be used for estimating pOSSLble or existing atmospheric contamination from a source dis-
charging radioactive products. One should remember, however, that in each specific calculation it is nec-
essary to be guided by the necessary accuracy in the determination of the concentration and by typical dis-
persion conditions for the given region.

The coefficients of turbulent diffusion obtained by Sutton and used in calculations of contaminant con-
centration by his method are only valid for dispersion under neutral conditions and only for 2-3 min averag-.
ing. The Pasquill - Mead method is attractive because of its simplicity; however, determination of con-
centration by this method, as acknowledged by the authors, may give errors of several orders of magni-
tude under extreme stability conditions (strongly developed instability and moderate and strong stability).
The MGO method-is mainly used for calculation of contaminant dispersion under conditions of developed
convective exchange and for the determination of single-discharge (20-30 min) concentrations. In general
form, the LHI method (for various stability conditions) uses a number of parameters that are-difficult to
measure and cumbersome calculations which require a certain amount of preparation. The IEM method is
mainly suited for the determination of the deposition density of contaminants that settle out.

36

Declassified and ApproVed For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7




Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7

A
n'!

1 O I U1 N I 1 W L O I 1111 M O Y1 T LT N M 0 11 I B AL 11D
wt @ w? i’ 1° il 107 e’ 0t Tt

Fig. 3. Dependence of q;(Ty)/q,(Ty), the ratio of concentra-
tions averaged over different periods of time, on 7,/7,, the
ratio of the averaging periods.

There is much experimental data obtained in the Soviet Union and abroad [1, ‘5] which indicates that
the magnitudes of surface-layer contaminant concentrations averaged over different periods of time are
related to the length of the averaging period. This dependence is given by

q 10,2

fz—:k(rgm)o ,

where gy and q, are the surface-layer concentrations of the contaminant; 7y and T, are the corresponding
averaging periods; k is a coefficient of proportionality which takes into account the stability of the basic
parameters that determine diffusion of the contaminant, mainly the stability of wind direction; k = 1 for
short-period concentrations (averaging over a day or less).

The relation presented is rather universal and can be used, for example, for predictions of possible
mean annual contamination of the surface atmosphere around an operating plant from measurements over a

- finite sample-collecting period, In this case, the magnitude of the coefficient k is determined by the elonga-

tion index n/, of the mean annual wind rose where n; is the frequency of any direction of the eight-point
wind rose for equal probability of all directions and is 0.125; n is the actual frequency of the predominant
wind direction (in this case, k = (1/2)a/nhy). Figure 3 shows the relation given in graphic form for k = 1.

The relation given makes it possible to use the simplest and most effective methods for calculating
surface-layer concentrations of contaminants in order to predict the magnitude of atmospheric contamina-
tion for any period of source operation and for meteorological information collected over an arbitrary time.

Since radiation safety standards regulate the mean annual maximum permissible intake of radioac-
tive isotopes into the body and the mean annual dose of external radiation, they are a basis for estimating
the allowable atmospheric contamination produced during normal operation of an atomic power station in
accordance with the mean annual meteorological characteristics of the given region, Having information
covering a period of many years about the frequency of various types of atmospheric instability and the
mean annual wind in a specific region, one can determine, as shown in [10] and by other methods as well,
the probable mean annual atmospheric contamination and calculate the possible external irradiation of
people and the intake of radioactive isotopes into the body through the lungs.

A comparison of calculated mean annual surface layer concentrations with the maximum permissible
mean annual concentration is a basis for establishing norms for the amount of power station discharges or
for establishing the parameters for the ventilation stacks. However, such calculations can be carried out
only in those cases where the premises underlying the computational scheme are valid (primarily, a smooth
and level topography in the area where the source of the discharge is located and homogeneity of the ver-
tical thermodynamic structure of the surface layer of the atmosphere). Topographical features (mountains,
river valleys), high frequency of unfavorable meteorological conditions observed during formation of ele-
vated inversions at discharge height, or a combination of these and-other conditions (which exists rather
often) are extremely undesirable at the location of an atomic power station.

- Thus, in considering plans for the location of an atomic power station, it is necessary to know the
following from the viewpoint of ensuring radiation safety of the population in the surrounding territory dur-
ing normal operation:

1. Data about the projected atomic power station — power and type of reactor, composition and
amount of products discharged, height, rate, and velocity of discharge, temperature of the discharged
gas —air mixture,
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2. Climatological data — mean annual wind rose, chart of wind velocities with corresponding mean
annual frequency, mean annual wind velocity (preferably for each compass point), mean annual frequency
of elevated inversions (at discharge height), mean annual frequency of calms and fog, their average and
maximum duration, mean annual daily and maximum air temperature during the warm season,

The frequency of elevated inversions at discharge height can be obtained from temperature and wind
soundings taken at points no more than 100-150 km from the location of the atomic power station. The
other data can be taken from observations made at weather stations in the standard network which are lo-
cated as close as possible to the proposed location of the atomic power station and no farther than 40 km if
the topography is smooth and level, If the locality is hilly and cut by river valleys, one should determine
the most representative weather station in order to avoid using data from those stations which are lo-
cated in areas with a specific microstructure of the wind regime (for example, those in river valleys). In
this case, the distance to the reference weather station should be no more than 20 km,

In considering the problems associated with the estimate of possible atmospheric contamination by
radioactive products during the operation of an atomic power station, one also needs a plot (sketch map)
of the region around the location of the atomic power station out to a radius of not less than 200 stack heights
(20-50 km) on which the topography of the region should be shown along with the location and absolute datum
for the reference weather stations closest to populated points, residential areas around the power station,
and industrial areas. It should be noted that when it is necessary to locate an atomic power station in areas
with complex topography and wind and temperature regimes, a 4-5 year set of weather observations must
be planned and carried out ahead of time at the proposed point of construction with obligatory temperature
and wind soundings of the 200-300 meter layer of the atmosphere (height of the soundings is determined by
the height of the ventilation stacks), '
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REVIEWS

MIXED RADIATION DOSIMETRY

B. A, Briskman and R. B. Novgorodtsev UDC 539.1.01/39.1.08

In titling the review in this manner, we have in mind the measurement of absorbed doses* in materi-
als irradiated in nuclear reactors, In addition, since such measurements involve an extremely extensive
group of problems which have been discussed in a number of reviews mainly by foreign authors, we shall
confine our considerations only to those problems associated with the determination of the contributions to
absorbed dose from the separate components in reactor radiation fluxes. Obviously, these problems are
most complicated and are of great interest for in-reactor measurements. Their solution is necessary for
the following reasons. First, in studies of the interaction mechanism in radiation physics, chemistry,
biology, and material studies, the question often arises as to whether the effect produced by the same ab-
sorbed dose from different types of radiation will by the same. Second, data on absorbed doses are needed
for the very broad range of materials being irradiated in nuclear reactors, Direct measurement of them
for each chemical element in an actual reactor is unrealistic. As a rule, a method is used in which data
obtained for some standard material is converted to the dose in the desired material. To do this, it is
necessary to know the dose composition in the standard material and the neutron and v-ray spectra., Third,
for correlation of irradiation results in different reactors, it is necessary to use certain irradiation param-
eters which can be the total absorbed dose or its neutron component.f

A large number of papers on in-reactor dosimetry has been published. The TAEA reports [1-3], the
papers devoted to calorimetry alone [4-8], and the monograph on chemical dosimetry [9] should be con-
sidered as the most complete reviews in this field, The problem is discussed in an extensive chapter in
the monograph [10]. However, with the possible exception of the very complete and interesting book [3],
relatively little consideration is given to separation dosimetry in all the papers mentioned. Since the de-
termination of the composition of absorbed dose does not depend in principle on what method is used (calor-
imetric, chemical, etc.) for this purpose, we shall also consider the problem of separation dosimetry in
its most general form,

Just how is dose composition determined? Breaking up the entire reactor neutron spectrum into fast
(E > 0.1 MeV) and thermal neutrons (as a rule, the contribution from neutrons of intermediate energy can
be neglected under the condition that it is taken into account in the fast-neutron contribution), we have

p,=DI+Df +D", o

where D; is the absorbed dose in the i-th material. We shall assume a charged-particle contribution to the
absorbed dose accompanies radiative capture of thermal neutrons or the interaction of y rays with matter.

The quantity D%h is determined from the known thermal-neutron flux including consideration of radio-
active decay scheme, capture v radiation, v radiation accompanying § decay, p-particle energy, etc, Cap-
ture v-ray spectra are given in [11]. A scheme for the calculation of absorbed energy of capture y radiation
from surrounding materials is discussed rather thoroughly in [12]. Equations for the calculation of self-
absorption in large, cylindrical samples are given in [13]. Examples of the calculation of Dtlh including

*For specialists in reactor engineering, more familiarly energy deposition although these quantities are
not equivalent, strictly speaking, and have different physical significance.

+For brevity, we shall call the collection of methods for solving the problem separation dosimetry for re-
actor radiations. :

Translated from Atomnaya Energiya, Vol. 36, No. 1, pp. 39-49, January, 1974. Original article
submitted October 31, 1972; revision submitted March 20, 1973.
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self-shielding are given in [3], in [14, 15] for aluminum without consideration of self-shielding, and in [16]
for polyethylene, It is shown in [15] that the dose in Al for radiative capture of thermal neutrons results
from the absorption of the primary vray (E = 7.7 MeV), the secondary v ray during g decay (E = 1.8 MeV),
and the p-particle energy (E = 1.23 MeV) in the following ratio, 0.30:0.09:0.61. In this case, DE&I = 5.48
-10"13gth Mrad/h. In a number of cases, the dose from the reaction H(n, ¥}D with E, = 2.2 MeV is im-
portant [17, 18]. -

The calculation of Dy in an irradiated sample from the (n h» ¥) reaction in the j‘acket around the sam-
ple is similar to the calculation of D%h [5, 19]. The quantity D% can be determined more easily if heavy
charged particles result from the interaction of thermal neutrons in reactions such as 1B, o)L, SLim,
@)3H, and 14N(n, p)14C. It is logical to refer here to the dose from fission fragments, which is of great im-
portance in chemonuclear processes. This dose is calculated on the basis of ®th, the uranium fission
cross section, fragment energy, self-absorption in uranium, and the range of fission fragments in the ir-
radiated material [20-22]. Thus it is only necessary to know &th (thermal-neutron flux density) for a de-
termination of D%h from input data,

It is considerably more complicated to determine the first two components of the dose since the fast-
neutron spectrum is known inaccurately as a rule and there is thus far no experimental data on the spec-

trum of in-reactor radiation (with the exception of [23] and information on the performance of spectral mea-

surements in [24]).  Apparently beginning with [25] (although the first separation of effects from various
kinds of v + @ + g radiations by calorimetric methods was described in [26, 27]), greatest consideration
was given to the measurement of absorbed dose rate or the dose itself in.two materials in which the v ray
and fast-neutron interactions differed rather markedly (the quantity Dth was taken into account in advance),
We write down the following relations (here, the additivity of dose is taken into consideration):

D, =D} +DF;

Dy =D} + D%
We introduce the following notation: (D;/D,)" = K. (D/Dy = K,; Dy/D, = K, where K., is the ratio of
the y-ray energy mass-absorption coefficients u,/p (this statement is only valid for sufficiently thin sam-
ples where self-shielding can be neglected) and K,, is the ratio of the neutron mass-absorption coefficients

un/p (or theneutron scattering integrals). Then the relative fraction for the neutron component in material
1 is calculated from

(2)

K,
Kn—K,

my =

(1 — Ky/K), 3

and in material 2, from

my = (K — K )/(Kn—K,). (4)

The most complete and reliable information on values of u,/p for monoenergetic v radiation is given
in [28, 29]. There is selected data, for example, in [3, 30]. Values of “a/p for v-ray sources of complex
spectral composition are given in [3, 31]. In Table 1, taken from [31] with some exceptions, average val-
ues of u,/p (cm?/g) are given for various y-ray spectra,

Values of Ky, for elements with Z = 8 and for chemical compounds such as CH,, H,0, etc. can be
calculated from data in [32] for sources of monoenergetic neutrons. For Z > 8, there is similar data [33]
for a number of elements in a narrower energy range, Values of K, relative to the dose in graphite are
given in [5, 14, 34, 35] for various types of reactors and other sources of complex spectra with the con-
tribution from inelastic neutron scattering to the absorbed dose taken into account in [35]. The scattering
integral ratios D;/DC for neutron spectra described in [36, 37] are given in Table 2 (DC is the dose in
graphite),

Theoretical and experimental neutron dose data for BEPO and DIDO reactor spéctra normalized to
unit thermal neutron flux is given in [38] for an extensive set of elements,

Without analyzing the accuracy and correctness of the concept behind the published values for Ky and
K., we only point out that determination of absorbed dose composition using the method described above
has been accomplished many times, Ionization, chemical, solid-state, and calorimetric detectors are ex-
tensively used for the purpose,

Ionization Methods. The application of these methods reduces to the ué.e of homogeneous ionization
chambers (IC) made of materials differing in hydrogen content [3, 10, 18].
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TABLE 1. vy-Ray Energy Mass.Absorption Coefficients for Various Radiation Sources

Radiation source
HIFAR BSR
- IRT RPT fission . exp
U l L 1 | I
! Element | average energy, MeV
0,88 | 1,05 | 1,20 | 1,40 15| 45 | o007 | Lo
energy range, MeV
0.1—4.0 | 0.1-4.0 | 0,19—8,2 | 0,42—10,0 | 0,13—40,0 | 0.4—10.0 | 0,3—7,6 | 0,1--10,0
H 0,0486 0,0483 0,0468 0,0449 0,0471 (0,0309 0,0504 0,0490
G 0,0246 0,0245 0,0238 0,0231 0,0240 - 0,069 00,0255 00,0248
H,0 0,0274 0,0272 0,0264 00,0250 (1,0266 0,0188 14,0283 (),Q‘_’.TS
Al 0,0242 0,0239 0,0233 00,0229 00,0236 0,0182 00,0248 Q,()243
Ar 0,0235 0,0229 0,0222 00,0218 0,0227 0,0181 0,0234 (14,0232
Fe 0,0274 0,0255 0,0241 0,0235 0,0253 0,0207 43,0251 0,0257
Mo - 0,0426 0,0339 0,0293 0,0270 00,0362 0,0271 0,0288 0,0342
Pb 0,0900 0,0633 0,0500 0,0379 0,0632 0,0290 0,0011 00,0664
U 0,120 0,0879 0,0743 0,0524 0,0761 00,0412 01,0725 0,0018

Note. HIFAR-enriched U-Al alloy, D,O moderator and coolant (U, L are the upper and lower limits of the in-
tensity of the low-energy portion of the spectrum); BSR-I, BSR-1I, IRT -highly enriched fuel, H,O moderatorand
coolant, In all these reactors, the data is given for the edge of the core; RPT measurements were in the graphite
thermal column (there is a large contribution to the RPT spectrum from capturey - radiationin graphite and steel);
fission is the **3U fission spectrum; exp is the empirical approximation (E) = exp (~1.11E),

Two ionization chambers were discussed in [10] for measurement of dose composition: a tissue-
equivalent chamber and a C—-CO, (or Teflon— CO,) chamber. In this case, a system of equations similar
to Eqs. (2) was used:

T —1.041" - N;
€ =1.04I' - KN, ()

where T is the ionization in the tissue-equivalent IC produced by T" (rad) of v radiation + N (rad) of neutron
radiation in units of the ionization produced by 1 R of v radiation; C is the ratio of the ionization in the
C-CO, IC produced by the v + n dose to the ionization produced by 1 R of v radiation; K is the ratio of the
ionization produced by 1 rad of neutrons in tissue to the ionization from 1 R of v radiation, In [18], the fol-
lowing relation,

KLO'WLC-DBU.—%.WLI-DE:M‘-‘[, ) (6)
was proposed for the determination of dose composition in a sample where K and K, are the y-ray mass ab-
sorption coefficients in the chamber material and in the irradiated sample; E and E; are the kerma in the
chamber material and in the samples when in identical neutron fluxes; We and W, are the average ion-
formation energy for secondary electrons from v rays and for protons and recoil nuclei respectively, elec-
tron volts per ion pair; Dy and DY are the corresponding dose rates in the sample, rad/sec; I is the cur-
rent in the chamber, A/g. Values of W in various gases (air, argon, CO,, C,H,, C,Hy) for electrons, v
rays, and o particles are given in [39]. Values of W are given in [2] for a considerably larger set of ele-
ments. As a rule, it is assumed that W for protons and Tecoil nuclei agrees with the W for « particles al-
though averaging (for example, over the fission spectrum) leads to a difference amounting to ~6%. The
values of E/E  are ratios of neutron scattering integrals, which have been mentioned above. Some are giv-
en in Table 2. In [18], these quantities are given for muscle and bone (sample materials) and also for CH,,
CH, C, and aerion (a conducting plastic used for the construction of IC in'[40]) for three kinds of neutron
spectrum, Such methods for the determination of dose composition were used in {41-43]. For the deter-
mination of fast-neutron kerma in biological samples irradiated in horizontal channels of the IRT reactor,
the same authors used IC made of polyethylene and polystyrene [44].

In Eq. (6), the value of W for ¥ rays and recoil protons in a given material differs little (a few per- '
cent at most). At the same time, Boyd showed [3, p. 193] that oxygen and carboun ions formed during ir-
radiation of a C—CO, IC have energies of 1-1000 keV and the value of W for these ions is twice the value
of W for electrons (from measurements with the chamber mentioned and with a graphite calorimeter). The
sensitivity of such an IC is 0.1 pA/mW for v radiation and 2.5 uA per 1012 n-cm~2-sec-! for neutrons with
energies above the nickel threshold. This difference makes it possible to use an IC and a calorimeter made
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TABLE 2, D;/DC for the Neutron Component of Dose

Material
Fast neutron spectrum
H D 0O Mg

1/E spectrum over e

0-1 MeV 87.9 16,4 0,75 0,42

0-2 MeV 8L.1 19.4 0,84 0,38

0-3 MeV 71,0 20,9 0,75 0,38
Homogeneous moderator

C 71.2 20,7 0.78 0,36

D,0 . 67.3 20,5 0.75 0,36

HgO | 60,3 21.4 0,72 0,34
Graphite lattice 70,1 22,0 0,77 0,37
DIDO reactor; MKIII fuelelements | 67,9 22,7 0,73 0,38

Fission spectrum BYA 21,9 0,71 0,33

of the same material [45] instead of IC made of different materials. Since such a conclusion is not in ac-
cord with the premises of [41-43], the question of the variation of W in CO, remains unsolved for mixed
radiation; this is also noted in [18].

Liquid IC appear promising for separation dosimetry, They consist of two electrodes separated by
a few millimeters and are filled with a dielectric fluid of high purity. Four dielectrics were used in [46-
48] for this purpose: pentane, hexane, heptane, and isooctane (the last proved to be the best). An elec-
. trochemical dosimeter [49] can also be used for this purpose, employing an aqueous solution of H,SO, in
which hydrogen peroxide and pure hydrogen are formed through the action of radiation.

The chambers mentioned can also be used for the determination of the thermal neutron contribution
to the absorbed dose. Thus an IC with copper electrodes and filled with boron trifluoride was used in [50].
With the IC belong the Hurst proportional counters [51-53] in which the pulses from vy-ray secondary elec-
trons have a considerably smaller amplitude than those from recoil protons, making it possible to separate
the dose from fast neutrons by discrimination against pulses from vy radiation. Simultaneous recording of
DY and D? is achieved by the modification of the Hurst counter proposed in [54]. '

It should be noted that in most cases the use of IC in nuclear reactors has an upper limit on dose rate
because of temperature effects, ’

Chemical Methods, These methods were reviewed in 1963 [9]. Papers published after 1963 are
mainly discussed below.

The use of chemical methods in separation dosimetry is based on the fact that in a number of mate-
rials the change occurring because of the effects of ionizing radiation does not depend, or is slightly de-
pendent, on LET, Such materials can be used for the determination of the total absorbed dose from mixed
radiations over a broad spectrum, At the same time, a strong dependence of radiochemical effects on LET
appears in many materials, A combination of materials in the first and second groups provides a solution
for the problem formulated. In this case, the relation used for the determination of the radiochemical
total yield is ‘ :

gef =G,D*/D+G,D"/D, ' (7

where G., and Gy are the radiochemical yields for v rays and fast neutrons respectively. The fundamental
difference between Eq. (7) and Eqgs. (2)-(4) is in the replacement of the coefficients K, and K, by the ratio
of the corresponding radiochemical yields.

In the first group of chemical dosimeters is a cerium sulfate solution, the G of which for y rays and
fast neutrons is 2.32 [55, 56]. Its basic deficiency is temperature dependence of the response (for tem-
peratures above 35°C), The upper limit of the response is 100 Mrad. In the 0.1-3000 Mrad range, ni-
trous oxide, N,O, has been used repeatedly [2, 57-59]. In.its dissociation, N, and O, are formed, the
amount of which is a measure of the absorbed dose (GN2 = 10.0 + 0.2, Go,.= 4.0 = 0.4). For the proper
interpretation of the response of this dosimeter, one should take into account the contribution from the
YN, p)™C reaction, which amounts to 50% of the total dose in a number of cases [60].

Cyclohexane can be used for doses up to 16 Mrad. Hydrogen is obtained from its radiolytic dissocia-
tion (GH = 5.2 [61]). For the determination of dose composition, deuterated cyclohexane, C¢Dy,, is used
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simultaneously with CgH;, [3]. One can obtain only a crude estimate of the dose components with this meth-
od,

Aqueous solutions of glucose and maltose [62-64], for which G—y/Gn = 1.15-1.10, are used for doses
up to approximately 100 Mrad. At high dose rates (more than 104 rad/sec), however, it is recommended
[65] that one use dry glucose and analyze the gaseous produets of radiolysis by gas chromatography. Aque-
ous solutions of oxalic acid are also used for the same purpose [66, 67]. Determination of dose composi-
tion is performed by means of oxalic acid solutions in H,0 and D,O [66]. In this case, Gy = 3.3 was ob-
tained for protons and G, = 2.8 for deuterons. These same solutions together with calorimeters were used
for carrying out comparative dosimetric measurements at the ISIS reactor [68].

For fluorocarbons, which are used in reactors in the 3-50 Mrad dose range, the values of Gy and G,
agree within 10-15% [69]. Dyed polymer films, the optical properties of which change under irradiation
[70, 71], belong among the chemical systems having a yield slightly dependent on LET.

Above all, the ferrosulfate dosimeter (FSD), for which Gy/Gn = 2,0, ought to be placed in the second
group of chemical dosimeters, Althoughthe FSDhasnot found application in reactors because of the low up-
per limit on measured dose (4 -10* rad), various modifications of it (the introduction of copper ions [72],
increasing the upper limit to 10 Mrad) make it possible to use this system in separation dosimetry. The
limitation on the use of the FSD for determination of the v and neutron components of the dose is also as-
sociated with a known uncertainty in the quantity G, particularly for recoil protons with E <150 keV. A
theoretical calculation of Grelf for recoil protons was made in [73] on the basis of the concept of a local ra-
diochemical yield determined at each point of the proton range. Values of Ggf equal to 6.4 and 6.9 respec-
tively were obtained for two horizontal channels of the BR-5 reactor.

Chlorinated hydrocarbons used for this purpose '('m particular, tetrachlormethane [74] for doses up to
approximately 2 Mrad and tetrachlorethylene [75] up to 0.2 Mrad) are practically insensitive to neutrons,
A combination of a deaerated FSD and a bichromate dosimeter was proposed [76] for doses up to ~5 Mrad.

The use of plastic [77] and liquid [78] scintillators is based on principles similar to those given above,
In the second paper, the reduction of radioluminescence in liquid activators (n-terphenyl and 2, 5-diphenyl-
oxazole) was used in an experiment designed for the determination of dose composition. The radiolumines-
cence degradation effect was used with polycrystalline scintillator films [79].

In most solid detectors, dose composition is determined through a difference in hydrogen content.
Thus the use of polymer films of polyethylene and cellulose diacetate [80] and also of polytrifiuorochlor-
ethylene [81] proved to be technically feasible. Such an approach also occurred in [82] where the gaseous
system CO,, C,H, (or C,H,), and N,O was proposed. Free stable radicals formed by the irradiation of
amine salts of organic acids were detected by means of EPR in [83]. They contain up to 14% of hydrogen
making it possible to separate out the neutron component of the dose. Because a number of solid-state de-
tectors have a response with a marked dependence on LET, such detectors are often combined with chem-
ical detectors. Thus a combination of liquid chemical dosimeters (FSD and cerium solutions) and thermo-
luminescent dosimeters (aluminophosphate glass, manganese activated) was used in [84], and in [85],a com-
bination of chemical dosimeters (oxalic acid and glucose) and solid-state dosimeters (the same glass, but
measurements in the megarad region were made through the change in optical density). At a lower dose
range, SGD-8 glass can be used [86]. In some cases, the combination of a chemical dosimeter and a cal-
orimeter is feasible [32].

As with IC, it is possible to pick out the thermal neutron contribution to the absorbed dose in a num-
ber of cases by means of appropriate additions to the chemical system. Thus, a glucose dosimeter with
108 introduced in the form of boric acid was used in [87].

Solid-State Methods. In most cases, such detectors are used in the low-dose region of the biological
range. Nevertheless, present progress in the construction of microdetectors leads one to hope for con-
siderable increase in the limit on the dose measured with them. Their use in reactor dosimetry is de-
scribed most completely in [3, 88]. As a rule, these detectors are insensitive to fast neutrons and are
used for measurement of the v component of the dose or the thermal neutron contribution (for example,
through the formation of tracks in mice which are fixed after irradiation by etching [89]). The manganese-
activated phosphate glasses mentioned above [90] make it possible to measure DY up to 20-30 Mrad. In
the thermoluminescence region, it is convenient to use LiF, A TLD-700 (almost pure "Li) and TLD-600
(highly enriched in $Li) pair provides a determination of DY and Dty [91]. The sensitivity of TLD to fast
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neutrons when using a TLD in combination with a tissue-equivalent IC for separation dosimetry was inves-
tigated [92] and the variation in y sensitivity of a TLD-700 during neutron irradiation has also been studied
[98]. No change was detected up to 1600 rad. An increase in TLD sensitivity to fast neutrons is achieved
by dispersion of the phosphor in hydrogenous materials, The semiconductor dosimeters are practically
solid-state IC. Their sensitivity to fast and thermal neutrons is provided by the deposition of a thin layer
of hydrogenous material on a silicon diode or by a coating of boron or uranium respectively [94]. In the
first case, the conduction current arises because of recoil protons, and in the second case because of &
particles or fission fragments. .

A scintillation spectrometer with a stilbene crystal has been used for separation dosimetry [95]. In
this case, the well-known method of pulse-shape discrimination was used.

Calorimetric Methods. The most widely used method for separation dosimetry is the calorimetric
method [5, 14, 15, 34, 38, 66, 96-114]. The construction of the calorimeters is most diverse: adiabatic,
quasi-adiabatic, "kinetic," isothermal, "pedastal," with temperature differential in a gas gap, in a solid,

.etc. A review of such calorimeters and methods is given in [3-8]. Despite the diversity in technique, the
principle of separation dosimetry remained the same; measurement of absorbed dose rate in different ma-
terials with subsequent application of Eq. (3). In this work, as a rule, the absorbers used in the calori-
meters were hydrogenous materials (CH,, CH, H,0, etc.) in combination with heavy materials or with ele-
ments making up the chemical compound (C, CO,, D,O, Teflon, etc.) or an element and its hydride (Zr
and ZrHy).

In all the methods described above for the determination of the components of absorbed dose, two de-
tectors were most often used. To increase accuracy, a set of materials which made it possible to "over-
determine™ an equation system such as Eqs. (2) was used in a number of cases (for example, in [34, 66,
99]). The use of least squares was recommended for its solution in [3], the proposed approach being a
particular case of the more general method for solution of overdetermined systems of linear equations
[(115].

As far as we know, none of the authors evaluated the accuracy of the method used with the exception
of [5]. This also explains why the published data is often quite contradictory, particularly the values for
Gn. ’

One of the authors of this review showed [116] the mean-square error in the determination of the rel-
ative magnitude of the neutron component m of the dose is given by

(8)

n—11\2 . K, z IS K 2
oh= (e 2 ) o () ek [y — 1] o
We shall analyze the error & for two pairs of materials usually used in separation dosimetry of re-
actor radiations: CH,—C and ZrH,—Zr (n = 1.42 [15]) in a light-water reactor. We discuss two versions:
1) the fraction of the neutron component in the absorbed dose for hydrogen is my = 0.82 (usual for experi-
mental channels located in the reactor core); 2) my = 0.5 (for channels in a reflector). For these mate-
rials Kpy = 8.80, Ky, = 1.14 [34], Ky, = 22.8 [15], and K,,, = 1.013 (E = 0.6 MeV). In both cases, the es-
timate of the errors &g, and ek, are x1% and +5% reSpec2tively. The results are given in Table 8. The
last two columns of the table give the error in measurement when using the "outstripping" effect about
- which more will be said later. The value of K is obtained from :

. 1
b= Dgu,/Pg =1+ pu [m—ij ) (9

where PH is the weight fraction of hydrogen in the hydride of the desired element B: K.'y = (Dg/D\)Y;

Kn = (DB/Dp)"; €., €n., and &y are respectively the first, second, and third terms on the right side
of Eq. (8); m = D%H/DBH' Values of afn and g, were calculated for two values of the error gp in the
measurement of absorbed dose rate equal to 3% (in the numerator of the fraction) and 5% (in the denomina-
tor of the fraction). As is clear from Table 3, a completely acceptable value of 5-8% for em is obtained
for irradiation in the reactor core only for the CH,—C pair, For the same pair in the reflector the error
reaches 25-40%, and for the ZrH,— Zr pair the error is 35-56% in the core and 180-300% in the reflector.
The values of ey rise sharply for my < 0.5. It should be pointed out that the estimates of ep amounting to
3 and 5% are rather optimistic if only because they are related to measurements of energy deposition and
not of absorbed dose. The violation of electron equilibrium in the calorimeters used makes a realistic
evaluation of the error in the measurement of absorbed dose rate extremely difficult,
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TABLE 3. Error in Measurement of Neutron Dose Component

K ; N 2l . 3
Material my | B L | Ry x 108 [ eyx 10t | efy 104 | EmX 10T 6T ct08 g X102
n v
22,4 4.9
sy 1, —C . 9 A ar s s a5 y
v CH,—C 1,15 ,18 10,548 0,9 | 0,5 00 73 1,25 1,65
(py==0,143) 0,82 10 .
11: 34,5
g . 5 < Q i 2 1
ZrH, —7Zr 1,05 1,143/ 0,119 60 0,60 3060 5.0 6 11,0
(P =10,0154)
G16 25,5
1, —C ’1.- ’3 Y,— s lrr [ ki 3,1,2 <
Cit,—C 1,15 1,34 {0,170 31,5 0,55 1670 .2 4 8,1
10,50
- 30290 178
e, — : 4 97 4 06 17 B g
/rH, —Zr 1,05 1,04 10,027 1430 0,06 36500 396 1730 o650

Analysis of the structure of the error in the determination of the quantity m shows that the error &Ky
can be neglected when using a pair of materials which are markedly different in their interactions with
neutrons and v rays (K, > K,). The main contribution to &, is made by the error g, i.e., the error in
determination of the dose rates in the two materials, The quantity g, is rather small but not always. In
fact, the CH,—C pair received widespread acceptance particularly because the ratio of the mass absorp-
tion coefficients /J,a/p remains practically constant over a broad range of v-ray energies, and consequently
the error gg . can be neglected because of the absence of data for the v-ray spectrum, Sometimes a pair

- consisting of polyethylene and a heavy metal (Bi [105], Pb [106]) is used. The use of such pairs, which at

first glance seem very suitable, leads to quite large values for EK o Since K, » Ko in these cases, .Eq.
(8) takes the form

1—m , .

- (e, i) - (10)

Em =
m m

Since the y-ray spectrum is poorly known, the quantity &g, may be ~100%. In fact, in the range 0.3 <E,,
<2 MeV, we have 0.93 < (ua/p)pb/(ua/P)CHZ <7.74 and 0.94 < (ue/Ppi/lke/PcH, < 8.01; one can note for
comparison that in the same v-ray energy range 1.139 < (ua/p)CHz/(ua/p)c <1.141. Then, for example,
we obtain &5 = 300% with mcH, = 0.25 when using the pairs CH,—Pb or CH,—Bi.

A similar situation holds in the determination of the absorbed dose rate Dy in hydrogen proposed by
some investigators [117] for correlation of the results of neutron irradiation of metals. In fact, epg is
determined from

o _ K:f(l—pm? , K—1 )22

by = TR—1 e *Pn T (Ktrer) e (11)

and the quantity Dy itself is determined from consideration of additivity with respect to the data for dose
rate in the element B and in its hydride BH:

K—1 ’
DH_-_DB_—_p?-H—. (12) -

Here, as before, K = Dgy/Dg. It is assumed €Dy = &DpQ- Analysis of Eq. (11} shows how important
the correct choice of material pairs is for the determination of Dy. Numerical calculations for the two
pairs CH,—C (1) and ZrH, g—2r (2) for the two values 0.82 and 0.5 for my yield

(sDn)zl(eDH)*=4'20'8Dzr/€Dc’ my=0.82;

(SDH)Z/(BDH)i =6’32'8D2r/BDG’ my =0.50
(it is assumed gy = 05 the conversion from my to K is in accordance with Eq. (9); the subscripts 1 and
2 correspond to tEe element pairs), i.e., for EDyy = €D the measurement error epy when using the sec-

ond pair of materials is four to six times greater than for the first pair. When gy is taken into consider-
ation, this difference becomes even greater,

The values given above are related not only to calorimetry but also to any dosimetric method or sys-
tem which is used for solution of the problem being discussed with the sole difference that other methods

45

Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7



Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7

give poorer results in comparison with calorimetry. The consequences of such errors in application to
radiation processes using mixed radiations can be quite serious [116].

One can therefore reach the following conclusions: 1) the error in determination of absorbed dose
composition is quite large; 2) the magnitude of these errors is mainly determined by errors in measure-
ment of dose rate or of the dose itself; 3) the existence of such errors is a chronic defect of the separa-
tion method for determination of dose composition; 4) since the error in the measurement of dose rate by
chemical methods is considerably greater than for calorimetric methods as a rule, we consider the use of
chemical methods for separation dosimetry of reactor radiations to be inadvisable. In technical reactor
dosimetry, their area of application may be the measurement of total doses (when G, = G,) and in mea-
surements of exposure doses in a number of cases (when G, « G,). Liquid or gas chemical dosimetric
systems are irreplaceable in performing loop experiments [118],

Where should one look for an escape from the situation that has developed? If one considers the com-
plexity of in-reactor measurements and the effects of some factors which often cannot be taken into account,
one must not count on a significant increase in the acecuracy of absorbed dose measurements. We consider
most realistic a fundamental rejection of direct measurement of dose rate preceding the determination of
composition, We have developed two methods for simultaneous determination of absorbed dose rate and
composition for reactor radiations in which (and this is the point) the determination of the relative contri-
bution of the radiation components to the dose is not associated with a previous measurement of total dose
rate in different materials,

Relaxometer Method [119-121]. To determine dose composition one can use not only the difference
in energy mass absorption coefficients for a given form of radiation in two materials but also the differ-
ence in the linear absorption coefficients for two forms of radiation in a single material, This idea is also
the basis for the relaxometer method. During irradiation of a detector of given geometry, the temperature
field in it depends on the distribution of internal heat sources, i.e., on the nature of the radiation flux at-
tenuation which, in turn, is a function of the absorbed dose composition. Thus the problem reduces to the
establishment of this last dependence and a temperature measurement at given points in the detector, The
error of the relaxometer method is considerably below the error of existing methods for mgy, <0.5, L.e.,
for reactor channels in a reflector, and is 8-10% over practically the entire range of mcy, values.

"Outstripping" Method [121, 122]. Unfortunately, the relaxometer method can be used only in sym-
metric radiation fields and the time required to make the measurement is quite prolonged (approximately
3-4 h). This gave us the incentive to return to the use of the difference between Lg/p in two materials but
at a qualitatively new level. An attempt was made to measure in in-reactor experiments not the dose rates
but their ratio K (to replace absolute measurements by relative ones)., Furthermore, one can immediately
determine m and then obtain from an independently measured value of the dose rate the absolute value of
Dp. The experimentally determined dependence of the time to intersection of the temperature curves of
two calorimeter elements on the ratio of the energy deposition in them was-used, The method was realized
in the design of an adiabatic isothermal calorimeter [123]. In the course of a single experiment, the ratio
K and the total absorbed dose rate are measured, The systematic error in the measurement of K does not
exceed 0.6-0.9% and the convergence is no worse than 1%. Use of the "outstripping" effect made it possible
to reduce g, by factors of 3.3-5.3 in comparison with existing methods (see Table 3) and to reduce mea-
surement time markedly.

Obviously, the use of the outstripping method significantly facilitates the determination of absorbed
dose composition.

In conclusion, we turn to the choice of material for the determination of composition and dose rate,
As follows from the examples given above, the use of a pair of materials — a chemical element plus its
hydride with maximum possible hydrogen content — is best. Taking this into consideration, the poly-
ethylene —graphite pair is preferable, The Zr-ZrHy pair, of course, is without competition for investi-
gations at high temperatures but is markedly inferior to the CH,— C pair with regard to accuracy. At
times the supplementary use of polystyrene in combination with C or CH, has been proposed [34, 104].
Polyethylene is inferior to polystyrene with respect to radiation stability., In those cases where an in-
vestigator is interested only in the total absorbed dose in a given material, its direct measurement by any
calorimetric method is undoubtedly the most precise. However, since knowledge of the dose in an exten-
sive set of materials is required in point of fact and the replacement of absorbers in irradiated calorime-
ters is extremely difficult (particularly because of their activation) (even in heat deflectors [124]), mea-
surement of the dose Dg in some standard material is most convenient, Conversion from Dg to Dj in a
given material is accomplished by means of the expression
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D;=D! K, 4 D% K. (13)

In most cases, polyethylene can be such a standard material, This conclusion is based on the following
considerations, '

_ 1. As shown in a number of papers [5, 35], the quantity X, = (Di/DCHz)n in the range 6 < Z < 82 and
over a broad set of neutron spectra (from a 1/E spectrum to a fast-reactor spectrum) is independent of the
type of spectrum within 6-10% and with g, affecting e, very slightly,

2. The quantity K = (Di/Dcp,) Y for Zef < 20 depends little on the effective energy of a reactor v-
ray spectrum (see examples for CH, and C). For Z = 20, K, varies by +2% over the range 0.4 <E, <2.0
MeV, '

3. As shown above, the maximum accuracy in the determination of dose composition is obtained
when using the CH,— C pair,

4, Limitation of the accuracy in K, to the value Z = 20 does not play an important part in many cases
since the magnitude of the total absorbed dose is mainly required in radiochemical studies where the radia-
tion yields for y rays and neutrons are approximately the same in most cases. In radiochemistry prob-
lems, low-Z elements are mainly considered, In radiation physics problems where elements with medium
and high Z are used only the neutron component of the dose is required, obviously, since vy irradiation in
a background of neutron radiation does not yield significant radiation transformation, In this case, the
quantity K, is not needed.

5. Graphite is a radiation-resistant material for use as a standard material in the measurement of -
y-ray absorbed dose [125]. The change in its thermophysical properties under neutron irradiation is quite
small, which is important for calorimetry, and it has been thoroughly studied [126]. Polyethylene is con-
siderably less radiation resistant; however, its mechanical strength increases under moderate irradia-
tion, the working temperature increases to ~200°C, and the change in thermophysical characteristics as a
function of absorbed dose has been studied rather thoroughly [127, 128]. We have shown previously that
the energy stored in polyethylene during irradiation does not exceed 0.7% [129]. Unfortunately, the low
thermal conductivity of polyethylene increase the calorimeter time constant,

From our estimates, the error in the determination of total absorbed dose in elements with Z < 20
by conversion of data for absorbed dose rate and composition in polyethylene obtained by the outstripping
method is 5-15% in the range 0.85 > myg > 0.40 and 3 < egn <5%. Under the same conditions, ep, is 7-11%,
which satisfies present requirements,

At the present time, work is being done on standardization of y-ray absorbed dose measurements
[86] and neutron flux measurements in reactors [130]. The time has come for standardization of reactor-
radiation dosimetry also. We hope that this review will prove to be useful in the performance of such
work,

The authors thank V, I, Ivanov, Yu. I. Bregadze, and V, V, Generalova for discussions and valuable
advice.
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ABSTRACTS

APPLICATION OF THE BUBNOV - GALERKIN METHOD
TO A MULTIGROUP CALCULATION OF A
TWO-DIMENSIONAL REACTOR

I. P. Kukharenok UDC 621.039.51.12

Using an example of a solution of an integrodifferential equation with three variables:
M(u$ r,z)@u,r Z)+0N(u, r, z) (P(uv Ty Z)ZO

we give a new method for obtaining calculation formulas of variational methods, on the basis of which cer-
tain concepts of tensor analysis are assumed. It is possible that this method has an analogy with the Dirac
method [1] and reduces to the following: at first, in simple spaces, to find reference operators; then,
using tensor transformations, to construct an operator that represents the reactor in the complex space of
interest to us. Evidently, the principal advantages of such a method are the uniformity of the procedures
and the quick operation with a given number of trial functions,.

The method is realized in a program for calculating a cylindrical reactor [2]. The spatial-energy .
distribution of neutrons is sought in the form of a triple series:

@ (w,ry5)=tihd (@) 120 £ (),

where the h:(u) are local functions (this is equivalent to using a group method for describing the energy de-
pendence). The functions f;(x) = f3(r), f;(z) can be as follows: 'a) given in the form of tables, i.e., prac-
tically arbitrary; b) polynomials of the form f,(x) = b igf(x), where the functions gj(x) are given in tke
form of standard tables, and the coefficients bgi can be arbitrary; c) the coefficients b,; are eigenvectors
of the matrix that represents a multiregion one-dimensional one-group reactor-model in the space g;(x);
the diffusion coefficients, the absorption cross section of the thickness of the band of the model can be ar-
bitrary.

The principal constraints on the program are the following: no more than 26 groups, up to 25 trial
functions in the given group, and up to 40 bands. Presently the program is included in the complex of [3],
according to which macro- and micro-cross sections are calculated taking account of the blocking of reso-
nances, the number of processes, and the breeding ratios; we derive the reactor criticality by variation
of concentrations, This complex is in the code of a BESM-4 and is formulated just as the standard pro-
gram of an IS-2 system, The volume of the complex is 8500 words.

The calculation time of the program [2] for 26 groups, 5 x 3 trial functions, 10 zones is ~6 min.
Examples are given (the f, are Bessel functions, and the f; are cosinusoidal functions) showing that for
such a number of trial functions, a calculation accuracy of the neutron fields of multizone profiled fast
reactors that is sufficient for practice is attained.
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MEASUREMENT OF THE ABSOLUTE INTENSITY OF
THE 278 keV LINE OF Np?3?
Yurova, A. V. Bushueyv, ' UDC 539.122.164

L. N,
V. I. Petrov, A. G. Inikhov,
V. N. Ozerkov, and V. V., Chachin

Using a Ge(Li) spectrometer, we have measured the absolute intensity of the 278 keV line of Np23?,
The line was observed in the spectrum of a uranium sample irradiated in the thermal column of the F-1
reactor at the [, V. Kurchatov Institute of Atomic Energy.

In order to determine the absolute inténsity, we used the expression

YE.’ZD?‘I = 2o (1— : )
P Ngo8,  ngnvg (1—e MPloye=ANPlogg \ ™" Reg / *

where A, is the total number of pulses in the peak; Ny is the number of U? nuclei in the sample; o8 is

the cross section for radiative capture of thermal neutrons in U8 (g8 = 2,69 + 0.03); e is the efficiency
< p ctn y

of the Ge(Li) spectrometer for E, = 278 keV, which was determined by using a Hg?® source (No, 049 in
the TAEA collection); Rgq is the cadmium ratio for the foils used, which was found experimentally to be
70 + 3; nv, is the neutron flux at the sample during the period of irradiation, estimated using gold foils
20 p thick which were loaded together with the uranium samples.

The coefficient K takes into account the self—absorption of the 278 keV gamma radiation within the
uranium sample; the value of K was determined experimentally from measurements with a collection of
samples of various thicknesses. The activities of the gold foils were measured with a calibrated scintilla-
tion spectrometer,

An EVM M-220 computer was used to analyze the spectra obtained. We list below the values of the
absolute intensities (for comparison, the results of [1, 2] are listed as well):

Absolute Intensity

Results of [1] - 0.141 £ 0.007
Results of [2] 0.145 + 0.004

Present results. 0.141 = 0,004
It is clear that the results are identical within the limits of error.
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PARAMETERS OF THE RADIATION FIELD NEAR AN
APPARATUS USED FOR AGRICULTURAL IRRADIATION

V. P. Bulatov and E, I. Tsygankov ' UDC 621.039.83

The "Gamma-field" radiation engineering apparatus is used for agricultural irradiation under natural
conditions in a vegetation process in order to obtain source material for selection, and also to solve a num-
ber of problems connected with plant-growing. The apparatus was placed in a field. An earth embankment
was built at a radius R, = 30 m from the apparatus, and a protective zone terminated at a radius Ry = 200
m. A 1660 Ci Co® source was placed in a container at a height of 3.5 m from ground level, The radius
of the irradiation zone Ry ~ 25 m. We studied the regularities of the formation of the radiation field in the
irradiation zone as well as outside its boundaries, and developed the engineering technique for calculating
the optimal parameters for such types of apparatus. It should be noted that few studies of the radiation
field of such a geometry have been published. '

The present experimental studies are used to obtain semiempirical relations which enable one to cal-
culate the spatial distribution of the dosage rate within the irradiation zone and beyond its boundaries. The
dosage rate at the surface of the ground in the irradiation zone can be calculated with the formula

QohEy

4av (B2 402 )

c2rt

Pl = Ry

+Yar 1.6-107 (1.1,. ) R/sec (1)
where Q, is the activity of the source in photons/sec, ¥, is the mass absorption coefficient in cm?/g of pho-
tons with energy E, in air, r is the distance in cm between the detector and the projection on the earth's
surface of the point at the location of the source, and h is the height in cm at which the source is located.
The variation of the dosage rate beyond the boundaries of the earthen embankment is given by the following
expression:

- P (r)=8.9-10-4Q (9_00—-2,73‘10'4r+2'oe—1,2-10-4r)’ (2)

where r is expressed in cm, P in uR/sec, and Q in Ci, The first term in Eq. (2) is dominant in the region
r = (1-2)A, where ) is the gamma photon mean free path in air, and the index of the exponent of this term
is close to the coefficient of linear attenuation in air of gamma photons whose energy is ~180 keV, The
second term in Eq. (2) results from the radiation reflected from the ground in the zone of irradiation and
passing (glancing) over the embankment in the direction of the detector, while the index of the exponent has
an absolute value approximately equal to the linear attenuation coefficieat in air of gamma rays with energy
~700 keV,

The error in the radiation level estimated with the semiempirical formulas (1) and (2) is at most
+10%. In order to determine the optimal dimensions of the shielding embankment for the given dimensions
of the shleldmg zone (400 m in diameter), the Monte Carlo method was used to make theoretlcal calcula-
tions on the EVM M-22 computer, with an error of +(15- 20)%

The calculations showed that for R; = 30 m and Ry = 200 m, the optimum height of the embankment
= 6 m, The formula which is given in the present article can be used to calculate the height of the pro-
tective embankment when the dimensions of the zone of irradiation lie in the interval 10 m <R, <30 m.
For R, > 50 m, the height of the embankment is almost independent of the radius of the zone of irradiation
and is equal fo the height at which the source is located plus two or three meters.

Original article submitted May 14, 1973.
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LETTERS TO THE EDITOR

CALCULATION OF INTEGRATED CROSS SECTIONS OF
COMPTON INTERACTION, SCATTERING, AND
ABSORPTION OF y QUANTA FOR STATISTICAL
MODELING OF TRANSPORT PROCESSES

O. S. Marenkov and V. N, Mitov ’ UDC 539.121.72/15

The energy -dependences of the integrated cross sections of Compton interaction and actual scatter-
ing of y quanta with accuracy up to a constant multiplier are determined by the following expressions:

o ()= (Efﬁ—i—ﬁs)ln(1+ﬁ)¥é—s+(1—l—ﬁ)'1+(i+ﬁ)‘2; (1
e ®= g = 2 e B gy, (2

where 8 is twice the energy of 'yquanta in units of electron potential-énergy. The mtegrated cross section

~ of actual Compton absorption o,4(8) = o(B) - —0g(h).

For statistical modeling of ¥ transport in a substance by the Monte Carlo method, the linear atten-
uation factors for Compton interaction, scattering, and absorption are calculated based on (1) and (2). In
the energy region 8 <1, degradation of the energy of the quanta during "slowing" occurs comparatively
slowly, and repeated _apphcatlon of Eqs. (1) and (2) from the point of view of expenditure of computer time
becomes less economical owing to the presence of a logarithmic function, which can be calculated using a
standard subprogram.

It is known that in the -y-quanta energy region 8 < 1 for the functions o{(B), os(B), 6,(B) we can obtain
expressions in the form of series in powers of 8. Like powers of the expansion can be a source of approxi-
mation formulas.of polynomial type for calculation of the cross sections. We obtain power expansions in
general form. To do this we use the wéll-known expansions in powers of series of logarithmic and binomial
functions:

In (1 £B)= Z — )R Bk ‘ . | (3)

h=1.

-

A preity (%) en | (4)
. . . . k 1 . N
Series (3) converges in the interval -1 <8 < 1, and series (4) converges for |4 <1. In our problems g >0
always; therefore, we will not consider the values 8 < 0 in what follows. ‘Substituting (3) and (4) for the

cases m = -1, -2, -3 into Eqs. (1) and (2), after simple transformations we obtain

- wf 2 8 : 5
oB)=2} (=B (k—1—1+k+2 +3+k+2) : - @)

k=0 .

S e 8 5. R
O (ﬁ)=2(—l3)h (k—_'_;j*l—gk-i—?)i (6)
k=0
., 8 24 2 k2

% )= 2( B (kHTHZ P g AR (7)

Translated from Atomnaya Energiya, Vol. 36, No. 1, pp. 53-54, January, 1974 Orlgmal artlcle
submitted May 18, 1972.
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TABLE 1. Energy Dependence of Accuracy The series (5), (6), and (7) converge comparatively
of Approximation Formula (12) slowly for 8 <1, which is due to the slow convergence
of the series (3) and (4). Thus, use of the first five
B Energy, keV’ 8, % : terms of the expansions (5) and (6) gives for the case
B = 0.4 an error in the calculation of ¢ and ¢4 of 2.3 and
0,2 51,1 0,0005 7%, respectively,
0.4 102,2 0,006
0,6 153,3 0,02 It makes sense to use polynomial-type approxima-
8 §2§§ 8 o _ tions based on (5), (6), and (7) for calculational purposes

only for the case 8 « 1, which is of little interest in the
practical relation of the energy regions. For the case
B=1we develop éxpansions that are of interest also in the calculated relation. For this purpose we apply
the Euler transformation one time to the slowly converging series (3):

In (14 )= — [

Thvas

(_5)1& . > ik 51{11_ ﬁ\h
T+ D) (=1 g [ Z T (8)

h=1

Series (8) converges for 8 = 1, It is not difficult to verify the expansions (8) in comparison with (3) using
refined calculations. Substituting (8) into (1) and (2), after transformations, we obtain

1 B2 ;é_'_ S 3 k?—3k—2 .
®=15 [T 50 D W s ey : ®

h=2

1 28 (B2—2 . 8 —R . ‘
Us(ﬁ)—i_*_s 3AFpe P hzl T—E’i—f—S_] (10)

' - 2 = .

14 3(1-+4p)2 E(kd-1) (k+2) (k+3)
The series in Egs. (9), (10), and (11) converge for g = 1.

The calculational advantages of the expansions (9), (10), and (11) in comparison with (5), (6), and
(7) are illustrated in example (9). Restricting ourselves to two terms of the series in (9), we obtain the
approximation formula ‘

g (f) =~ (12)

1B 8 1.1
1+rs(1+5+ $B 455 8).

The errors & of the calculation ¢(8) based on the formula (12) are presented in Table 1.

As follows from Table 1, the errors in the calculation of ¢ in the region 8 < 1 are small and decrease
with decreasing energy. There is practical sense in the successive use of expressions (1) and (12) for
statistical modeling of the "slowing" of v quanta, which economizes the computer time.

Note that expression (12) can be used in a wider energy range., For B > 1 the series in (9) is diverg-
ing; however, the partial sums of the series can serve as a good approximation for calculating the corre-
sponding function in a definite range of variation of §: thus, the error in calculation of ¢ using (12) for
B =2is 0.6%; we can recommend the use of expression (12) in the energy region 8 = 2,

55

Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7



Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7

_CALORIMETRIC DOSIMETRY AND A PROCEDURE FOR
IRRADIATING SAMPLES, IN ELECTRON ACCLERATOR
INVESTIGATIONS OF THE RADIATION STABILITY

OF PETROLEUM OILS

A. D, Stukin and G. I. Shor UDC 539.12.08:621.384.658

We carried out our investigations on an electron accelerator mounted on the stand of a RUP-400-5
(RUP-3) x-ray set [1] with a BPV-400 x-ray tube. The anode reflector of the tube was replaced by a flange
with an aluminum foil diaphragm (diameter 40 mm, thickness ~2 p), so that the beam of acclerated elec-
trons could exit to impinge on the specimen. The accelerating voltage was regulated over a range from
20 to 400 kV, ‘the maximum current of the extracted electron beam was about 500 pA (the foil was per-
forated at higher currents),

The range of low-energy electrons (0.3 to 0.4 MeV) traversing organic materials was roughly 1 mm,
and the thickness of the layer of oil to be irradiated, in amounts sufficient for the subsequent analyses, was
much greater. Moreover, the electron intensity in the beam transverse cross section decreased from the
center edgeward [2], while the distribution pattern was not known precisely. The entire volume of the spe-
cimen was therefore agitated, in order to secure uniform irradiation of the oil,

Favorable conditions for heat transfer from the surface layer of oil to the bulk of the specimen exist
in the process of intensive and uniform agitation. This then favors reliance on the method of adiabatic cal-
orimetry (3], using the irradiated oils themselves as sensors 4], in the dosimetry of the electron beam,

The dosimetry and the irradiation were carried out in cells of two distinct types, depending on the
nature of the specimen under investigation and the irradiation conditions specified. ' :

The cell (Fig. 1) was a glass vessel about 50 cm? in volume, into which was poured the oil to be ir-
radiated. A four-blade agitator paddle mounted in this vessel was actuated by a rotating magnet (MM-2
device), through the aid of a tiny steel beam soldered to the glass for that purpose. Recesses on the side
surface of the vessel provided wells for four thermocouples. The top and bottom wells were located in
mutually perpendicular vertical planes. The cell was lined with a layer of ashestos as lagging to cut down
heat losses. ’ :

When oil or grease samples of high viscosity were irradiated, we used another cell (Fig, 2) with a
mechanically driven agitator, This cell was a stainless steel vessel 65 mm in diameter and 50 mm high;
the vessel was screwed down to the flange of the accelerator output window, A shaft protruding through
the bottom of the vessel had a multibladed agitator at one end and was connected via an ebonite hard rubber
coupling to the shaft of a PD-09 miniaturized electric motor at the other end (~3 rev/sec). Two thermo-
couples were inserted into the vessel through leaktight seals, so that they were insulated electrically from
the walls of the vessel. Two pipe connections-on the side surface of the vessel made it possible to estab-
lish the required gas medium, to evacuate air, or to sample off gases released in radiolysis, A tin plate
jacket connected to the thermostat was fitted onto the body of the vessel in order to maintain the tempera-
ture of the specimen at the preset level throughout the irradiation process.

The oil to be irradiated heats up when acted upon by the electron beam. The temperature T of the
specimen will rise linearly, for a certain time 0 <t = 7 (t = 0 is the time of onset of irradiation), no matter

Translated from Atomnaya Energiya, Vol. 36,.No. 1, pp. 54-55, January, 1974. ‘Original article
submitted January 30, 1973. '
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Fig. 1. Cell with magnetically actuated agitator paddle: 1) stream

of electrons: 2) sample tobe irradiated; 3) asbestos lagging; 4) ther-
mocouples; 5) steel beam soldered to glass; 6) magnetic agitator; 7)
agitator paddle; 8) glass vessel, :

Fig. 2. Cell with mechanically driven agitator paddle: 1) pipe connec-
tions; 2) electron stream; 3) sample to be irradiated; 4) -thermocouples;
5) packing gland; 6) agitator paddle; 7) stainless steel vessel; 8) flange - -
of accelerator output window,

what the ambient temperature. Since the heating rate dT/dt is determined soiely by the dose rate P and
the specific heat C of the material irradiated over the linear portion, we have

P—C(dT/dp). (b

The rate at which the temperature of the specimen rises is recorded with the aid of a M95 mic¢roam-
meter and thermocouples included in a compensation circuit, The dose rate is calculated from the for-
mula

P=C(dT dl)o.

dartar

(2)
The constant dT/dI = K is determined with the aid of a'laboratory thermostat-[4]. Its value depends on the
type of thermocouples employed, the manner in which they are included in the circuit, and their number.
The formula used in calculating the absorbed dose power is:
P—1.5.4103KC (dl/dt), Mrad/h, 3

where the constant K .is expréssed in deg/uA, C in cal/(g-deg), and dI/dt in pA/sec.
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STAGES OF FORMATION OF URANIUM AND RARE
EARTH METAL MINERALIZATION IN
SEDIMENTARY ROCKS

V. I. Danchev ) UDC 553.495:553.068

Insufficient attention has been paid to the formation of higher concentrations of uranium and a number
of other elements (germanium, beryllium, molybdenum, vanadium, selenium, rare earths, etc,) under
~exogenetic conditions, although such research could shed much light on the laws of spatial location of min-
erals of great practical importance, )

The different migratabilities of uranium and its accompanying elements are due to the diversity of
their concentration forms (sorption forms, organometallic complexes, mineral segregations), which ap-
pear in the early stages of formation and alteration of the adjoining rocks, This enables one to designate
a number of mineral-geochemical indicators of the lithogenesis stages characterizing the paragenetic as-
sociations of elements for each stage,

The manifestation and the role of the various different stages of origin or ores (early — sedimenta-
tion-diagenetic ‘and late — epigenetic) differ from one type of ore-adjoining rock to another., In carbon-
aceous shales, coals, and phosphate rocks the early stages are usually most distinct, In detrital rocks of
high filtration capacity, the late (imposed) epigenetic concentrations are more marked., These exhibit a
specific zonation and sequence of ore deposition. Carbonate rocks are characterized by the occurrence
of both the early and latest processes of migration and concentration of the ore substance, as shown by the
diverse textural and structural characteristics. Of course, to assess the occurrence of the early and late
stages of ore genesis in each specific deposit we can also make use of a number of specific features: the
presence of signs of erosion and redeposition of rocks of the ore-bearing horizon, the involvement of ore-
bearing deposits in zones of submarine slumping, the appearance of late-diagenetic clastic dikes intersect-
ing ore beds in uranium—coal deposits, etc. The sequence of secondary processes of ore genesis is estab-
lished from the ratio of the ore-bearing intercalations with dislocations of different ages, and from the
character of the epigenetic fissuration of the ore-adjoining rocks.

‘Experience in the investigation of exogenetic deposits and a number of rare metal deposits indicates
that higher concentrations, including ore concentrations, are formed in different stages of lithogenesis of
the adjoining rocks. In accordance with this, four exogenetic uranium concentrations are distinguished
with different conditions of formation: sedimentation —diagenetic (essentially sedimentary); polygenetic,
bearing traces of different stages of the exogenetic ore process; essentially epigenetic, imposed or hydro-
genic [1]; metamorphogenetic with clear traces of the sedimentary process and later migration of uranium
in abyssal zones of the Earth's crust (Table 1).

Ideas regarding the stages of exogenetic ore formation have suggested the use of special methods for
investigating ore and the adjoining rocks, revealing their characteristics in the early and later stages of
ore genesis,. These methods include:

a) compilation of a series of facies-paleogeographical, lithological—geochemical profiles and maps
for deposits of the pre-ore, ore, and post-ore stages of formation of the adjoining rocks, which
enables one to reveal the basic principles of early (sedimentation-diagenetic) ore genesis;

b) construction of geochemical and epigenetic profiles and maps, enabling one to reveal in greater de-
tail the epigenetic zonation, to which the accompanying imposed ore concentrations may be related.

Translated from Atomnaya Energiya, Vol. 36, No, 1, pp. 55-57, January, 1974, Original article
submitted February 19, 1973.
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TABLE

1. Formation of Exogenetic Uranium Deposits

STAGES OF FORMATION AND ALTERATION OF ADJOINING ROCKS

Sedimetogenesis Diagenesis Epigeﬁesis (Catagenesis)

I [ It | 1 early v late V' hypergenetic
Disinteg-\ lTransEort of Accumulation i . O  cedi i regre_ss_ile___.“__/’ processfes»
:hlion of disintegrauon"of components 1ageneuc conversion of sediment to sedi- — - .

+—a——-—‘" . mentary rock progressive \ metamorphic
parentrocks [T products lof sediment . Tpl
| | processes

PROCESSES OF MIGRATION AND CONGENTRATION O

F URANIUM

‘Aclive migration of
uranium ih. an oxidizing

i environment as uranyl
carbonate, uranoor=

‘ ganic, uranyl molyb-
date and other.com-

‘ plexe;, and also as

hydroxyl-uranyl, uranyl}

sulfate,etc,

l

Mechanical dis- l

integratio
chemical

n and
de~

composition of
rocks, apro~ |
minent part be-
ing played by

living matter

phates, clay minerals,

Possible entry of U,As,Sb,Hg, F, and other elements into the sediment-
I ation basin together with effusive materials and diagenetic aquifers

‘Sorption of uranium and aécqmpanying elements (V, Cu, Mo, Pb, Zn,
Se, Tr, Ge, Be, Ni, Co, etc.) by organic and mineral colloids, phos-

Reaction of the sediment components with one
another and with the ambient medium '

formation of organic acids and theirsalts, with
evolution of CO,, H,S,NH;, CHy, H,, etc.

1, Predominantly in Marine and
Lacustrine Deposits

Exchange reaction |  Compaction of
between bottom " sediment, redis~
water,and mud tribution of sub-
solutions stance, partial

’ dehydration of
sediment

Removal of readily soluble salts

Bottom Mud _.  Solid phases|
water solution T ofsediment
U=11-10"%g/l | Us11.10-%g/1 | U=11-10-*-
11-10-%%

hydroxides of -Fe, Al, Mn, etc.)

Redox reactions with formation of nodules and
concretions, replacement by iron sulfides and
sooty uraninite of organic residues

2. Predominantly in Alluvial and other Stream
Deposits and Peat Bogs

In addition to processes characteristic of basin
sediments, superimposition of interaction with
ura.mum-bearlng subsurface waters

A charactepsuc feature is formation of reducing
barriers on which uranium is concentrated ("exo-
diagenesis® concentration)

Biochemical decomposition of organic matter with

1, Formation of reducing geo=
chemical Barriers with corres-
ponding associations of ele~
ments'in aquifers of sedimentary
strata containing organic matter
and sulfides '

[U +Cu, Pb, Zn (Se) etc.]
. and [U+3Se, etc.])

2. Rupture of so:ption bonds of
uranium (and a number of other
elements) with organic matter,
and their deposition as dis~
persed oxides (and other com-=
pounds) ; partial migration of

these to the most deformed
and fissured sectors of the bed

Metasomatic replacement of
various components of the rock
sooty uraninite and pitchblende

EXOGENETIC URANIUM DEPOSITS

T

Oxidation zones of SheetHke-Tentcular ore bodies withstratified and
endogenicand | Clastogene deposits coagulation structures; nodules, conicretions, Epigenetically |1, Essentiallyhydrogenic
exogenetic Mari . uniformly dispersed mineralization forms alteredsed- | epigenetic deposits with
arine and alluvial . i _
deposits uranium-thorium 1, Predominantly inmarine and lacustrine deposits imentaryur- | ore bodies of character
i anium de- | isticrolishape
Residual and in~ placrjers ) ) in carbonaceous= argxllaceous phosphate and posits, fre- | ,
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mulation of :own coas, ,g,? 1es, p_eat 0gs, etc. texture of persed and vein forms of
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Within epigeosynclinal and epiplatform orogenic depressions of activated ancient mountain regions
there is the possibility of entry of uranium and a number of other elements together with effusive material,
and there may also be fumarole and hydrothermal activity, both during sedimentation and diagenesis and
in the later stage of alteration of the ore-adjoining rocks. This is accompanied by convergence and inter-
action of exogenetic and endogenic processes of ore formation [2]. Table 1 also shows the possible role of
endogenic sources, of uranium and other elements,
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GEOCHEMICAL ISOTOPIC ANOMALIES AND THE
HYPOTHESIS OF NATURAL NUCLEAR REACTORS

R. S. Prasolov . UDC 539.183.2+621.039.5

Some experimental data have by now been accumulated concerning variations in the abundance of iso-
topes of a number of etements found in natural substances. For example, deviations of 3-20% from the
Clarke isotope ratios have been observed in the case of ?H, '3C, %0, and other isotopes. These differences
may be attributable to isotopic fractionation in gravitational and temperature fields, to diffusive and bio-
geochemical separation, and also to phenomena involved in evaporation and radioactive recoil following
alpha disintegration [1-4]. | . ”

However, in addition to the minor differences mentioned above, observations reveal some very sub-
stantial isotopic anomalies which are difficult or impossible to explain on the basis of the above-mentioned
mechanisms, For example, isotopic variations of the order of 10%-101% [1, 3-9] have been observed in
the case of isotopes of helium, neon, xenon, samarium, plutonium, and other elements. One of the most
probable reasons for such large deviations may be the occurrence of various nuclear reactions, including
reactions of the (n, y) type, in natural neutron fields, as the result of cosmic radiation, spontaneous fis-
sion of heavy nuclei, and other neutron-generating processes, which have been discussed in [3, 5]. It must
be noted that some studies for determining the value of the natural neutron background (in particular, on the
basis of the accumulation of fission-produced xenon in minerals) have shown a discrepancy between the cal-
culated and measured values of the background, with the calculated neutron flux sometimes greater by sev-
eral orders of magnitude than the measured value,

In the light of these facts, an explanation of the observed anomalies should be sought on the basis of
the hypothesis of natural nuclear reactors (NNR) [3, 5, 8, 10, 11]; the anomalies conform to the laws de-
duced from this hypothesis. In particular, if other conditions are equal, there should exist a correlation
between the effective neutron cross section and the value of the isotopic deviation for each particular iso-
tope. We give below the results of a study bringing out such a correlation in the form of a single-para-
meter function ¢ = f(0); this is only a crude first approximation and does not take into account the length
of time the neutron field has been actmg, the probable mlgratlon of isotopes under geophysicochemical in-
fluences, and other factors.

The most probable kinds of NNR are those which involve thermal neutrons produced by the fission of
27, for this reason, the effective neutron cross section, o, for (n, v} reactions, or the partial cross sec-
tion of the (n, f) reaction for fragment products, was taken on the basis of known data used in reactor de-
sign for thermal reactors [12, 13], although in theory a number of anomalies may be caused by fluxes of
intermediate and fast neutrons, resonance-absorption phenomena, etc,

The numerical value of the isotopic deviation ¢ was found from the ratio ¢ = (Xpax—Xmin)Xmin»
where xmax and xpi, are the maximum and minimum experimental values of the percentage of the isotope
under consideration in the natural mixture of isotopes of a particular specimen, as glven in a number of
studies [1-9], or else the extremum values of ratios of the type 2By B8y,

Since the generation of a particular isotope from different original isotopes may have different values
of ¢, we first found the value of the Clarke factor of the element — the abundance of the isotope — the cross
section of the nuclear reaction, on the basis of which we can make a rough choice of the cross-section val-
ue ¢ corresponding to a particular value of the parameter @. We assumed an (n, v) reactlon for all of the

Translated from Atomnaya Energxya Vol. 36, No. 1 pp. 57-59, January, 1974. ‘Original article
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isotopes analyzed; an exception was made in the case of 4°Ce, for which the NNR [8] was found to be more
probable with an (n, f) reaction, whose partial cross section (taking into account the yield of fission frag-
ments) is about 30-60 b, Despite the relative abundance of experimental data for inert gases, we did not
analyze these data in the present study, since the values of ¢ are very poorly defined, owing to the difficul-
ty of preserving these gases [5].

In Fig. 1 we show the results obtained by processing experimental data for elements whose chances
of being preserved in the crystal lattice of a mineral from the NNR zone are much higher than those of in-
ert gases., In keeping with the concept of NNR, we find the expected correlation: as the effective neutron
cross section increases, the isotopic deviation increases approximately as ¢ ~ ¢%?, It seems that if the
results of geochronological measurements of the age of the anomalous specimens or the integral neutron
fluxes were available, the dispersion of the points along the correlation line ¢ = f(¢) would be smaller.

We shall consider below the results of findings on the plutonium content of specimens of natural sub-
stances, since plutonium can also serve as an indicator of NNR sites; the same is true of isotopic devia-
tions of samarium, neodymium, and other elements [8].

Originally, the searches for natural plutonium were undertaken in order to determine whether the
artificial production of plutonium was worth the considerable effort it required. It was found that in ura-
nium minerals, under the influence of spontaneous-fission neutrons and other components of the natural
neutron background, the maximum plutonium content was no higher than 2°pPu/U = 10711, i.e., that the
concentration of plutonium was too low for practical purposes [3, 14]. Later, however, higher concentra-
tions of plutonium were discovered.

In [6, 7] plutonium-content ratios of 2%Pu/U ~ 10~¢ were reported. The excess of ?¥U may also be
due to the formation of plutonium in the 23U, 28)%39Pu reaction and the subsequent disintegration 23%Pu
— 25y + ‘He, A ¥5U excess of the order of 0.3-0.02% was found in [8, 15]; whén recomputed in relation
to the original 2%Pu/U ratio in the NNR, this yields a value of 107°-107¢, which may be of interest for prac-
tical purposes.

Hoffman et al. [9] describe the results of searches for #4Pu, which was found to occur in quantities
10%-10% times as large as the estimates based on the concept of 24Py arriving on earth from outer space,
The first substances in which 24Pu was observed were products of thermonuclear explosions accompanied
by neutron fluxes of high density. If we consider the possibility of pulsed operation of NNR not only in the
earlier but also in the later geological epochs, including the present [11], it becomes possible to explain
on the basis of the NNR hypothesis the observed differences in both 23%Pu content and 44Pu content [11, 16]:
both isotopes are produced in NNR from uranium subjected to high NNR neutron fluxes,

The last assumption is partly confirmed by a comparison of the values of integral neutron fluxes
found on the basis of direct neutron-flux measurements [3] and calculated from the values of isotopic devia-
tions in NNR [8]. For measured fluxes of up to 104 neutrons/cm?-day and geological time values of the or-
der of 10° yr, which is characteristic for uranium minerals, the integral background reaches values of
¢, = 105 neutrons/cm?, For isotopes from an NNR site the integral neutron flux is & ~ 10% neutrons/em?,
yielding a ratio of &/3, ~ 10°,

Just as the 2%Pu/U ratio was found to vary by factors of 10-108, so the 24Py content and the integral
neutron fluxes are found to vary by factors of 108-108,
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On the basis of the above results obtained from comparisons of isotopic and neutron characteristics

of geological specimens, there is reason to hope that the NNR hypothesis will prove useful for various
practical and theoretical lines of study in a number of research programs.

o
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13.
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15.
16.
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THE THERMAL CONDUCTIVITY OF URANIUM DIOXIDE

V. I. Kolyadin, E. P, Il'in, UDC 536,21:546.791
A. G, Kharlamov, and V, V. Yakovlev '

The thermal conductivity of uranium dioxide is a structure-sensitive property depending on a number
of factors such as temperature, density, stoichiometric composition, preparation technology, burn-up, etc,
This'is the cause of the discrepancies between the results of measurements made by different authors (es-
pecially above 2000°K). Therefore to obtain reliable information on the thermal conductivity of uranium
dioxide prepared by any particular technology, we need further experimental investigation,

According to the theory, heat transfer in uranium dioxide can be effected by phonon, electron (includ-
ing -ambipolar diffusion of electrons and holes), and radiative components, The total thermal conductivity
[1] takes the form

1="7.ph+Ye+trad - (1)

The contributions of the components depend on the temperature. The thermal conductivity of uranium diox-
ide due to the phonon component is given by ' '

- 1 '
Xph =21 p7 " B &
where the coefficients A and B are found empirically from the experimental results.

Above 1500°K, uranium dioxide acquires semiconducting properties, and complex structural transi-
tions can occur in it (grain growth, formation of columnar structure), At high temperatures, an impor-
tant role in the process of heat transfer can be played by internal radiation and diffusion of the charge car-
riers, The radiative component is given by

16kn273
Yrad =34 (3)

~ while the contribution made to the thermal conductlvity of uranium dioxide by the semiconductive mecha-
nismof charge carrierdiffusion is given by a modification of the Wiedemann—Franz law

Xezzrl:;a[w—zg(;z&(ﬂ z};; )] o - (9

where e is the elementary charge, ¢ is the total electrical conductivity, oy and o, are the electron and hole
conductivities, E, is the activation energy, « is the absorption coefficient, n is the refractive index, k is
the Stefan —Boltzmann constant, and T is the temperature in degrees Kelvin,

We chosé for consideration the results of experimental work in which the authors investigated speci-
mens of sintered polycrystalline uranium dioxide of the stoichiometric composition (0 : U = 2,00). The data
on the thermal conductivity of uranium dioxide [2-14] were first corrected to 95% of the theoretical density.
In averaging the values, by analogy with Eq. (1) we supposed that ye ~ T, and that the absorption coeffi-
cient @ is an exponential function of temperature, This led to a unified analytical relation (curve 1, Fig,
1): '

%{T)=(3.774-0.0258T) "1 4- 1.1 10-6T -1.01.10-1373 exp 7.2. 1047, (5)

Translated from Atomnaya Energiya, Vol. 36, No. 1, pp. 59-60, January, 1974. Original article
submitted March 7, 1973. '
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Fig., 1, Temperature dependence of thermal conductivity of polycrystalline uranium
dioxide. 1) Recommended values according to Eq. (5); 2) possible graphs from (8, 12};
" 3) region of scatter of experimental data; 4) values averaged by "Round-Robin" pro-
gram [15]: A = 0.115-1.14-107*T + 4.4-1078T2-5-10"12T3, m) Presentauthors'results,

Fig. 2. Microstructure of specimen (etched, ><40)‘. a) Before tests (x340); b-d) after
tests (on outer surface, in central region, and in axial hole, respectively, »340).

Muller [15] recently published the results of an investigation of the thermal conductivity of uranium
dioxide based on the "Round-Robin" program. In this project, nine laboratories made measurements on
specimens prepared by the same technology, but using different methods. The averaged results, in the
form of a cubic polynomial, are plotted by curve 4 in Fig. 1.

With the aim of checking the data, we also carried out experimental investigations of the thermal
conductivity of polycrystalline sintered uranium dioxide of the stoichiometric composition. The measure-
ments were made by two different methods at 350-2500°K [16]. Up to 700°K we used the method of quasi-
stationary linear heating. The experiments were performed in vacuum, We measured the temperature
dependence of the thermal diffusivity, and calculated the thermal conductivity values with the aid of data
from [9] on the thermal capacity. ‘

The experiments at high temperatures were performed on specimens of cylindrical shape by the sta-
tionary method of radial heat flow in purified argon. This method is based on Fourier's well-known solu-
tion of the equation of thermal conductivity. By means of an optical micropyrometer we measured the tem-
perature in radial boreholes in the specimen, imitating the black-body model., The ratio of the total height
of the assembled specimens to the external diameter was over nine. To avoid breakage of the specimens
by thermal stresses we used two heaters, one of which gave the overall temperature level, while the other
gave a radial temperature drop within about 30-100°C. The heat flux (needed to calculate the thermal con-
ductivity) was determined by means of the current and voltage in the working part of the internal heater.
The test specimens were tablets with an external diameter of 18 mm and a length of 6 mm, with a density
equal to 95.5-97.7% of the theoretical value. In the experiments with linear heating, the relative maxi-
mum error of a single measurement of the thermal conductivity was 8%; in the experiments with the sta-
tionary method of radial heat flow, it was 15-25%.

The results of the thermal conductivity measurements are shown in comparison with similar data of
other authors in Fig. 1. We can expect that the thermal conductivity values for uranium dioxide included
between curves 1 and 4 will represent the region of most reliable data., The results of our own measure-
ments lie in this interval to within £10%.
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By microstructural examination of the specimens after the heat tests, we found a marked growth in
grain size, reaching about 200 p, as'against the original values of about 6 u (Fig. 2).

The results of our experiments above 2000°K confirm the increase in the thermal conductivity of
uranium dioxide which has beeén observed by various authors, This phenomenon is usually attributed to
an increase in the transparency of the coarse-grained ceramic or to intensification of the processes of
charge-carrier diffusion. ‘
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HIGH-ALTITUDE MEASUREMENTS OF THE NATURAL
RADIOACTIVITY OF THE AIR

A. £. Shem'i-zade and R. U. Mambetov UDC 551.577.7

During July and August of 1971 the atmospheric concentration of short-lived radioactive decay prod-
ucts determining the magnitude of the specific natural radioactivity of thé air was measured on the Abramov
glacier in the Alaiskii mountains at a height of 3850 m above sea level. The air was pumped through type
F PP paper filters, The beta activity of the filters was measured by a familiar technique [1]. The air sam-
ples were taken at heights of 1.5 and 0.25: m above the surface at two points: on the shore slope and on the
axis of the glacier surface. These measurements gave the average value of the concentration of naturally
radioactive isotopes in the air at high altitudes, the nature of its daily variation, and the ratio of the con-
centrations of radioactive nuclei above the rocky slope covered with a scanty layer of soil and over the cen-
ter of the ice surface. l

The maximum value of the specific radioactivity of the air at 1.5 m above the surface was 10.8 - 10713
Ci/liter recorded on the glacier slope at 1 p. m, Tashkent time July 27; the minimum value on the glacier
slope at that same height was 2.7-10713 Ci/liter recorded at ¢ a. m. on August 9. The average morning
value (between 8 and 10 a. m,) of the specific radioactivity at 1.5 m above the surface was 4.6 1078 ci
/liter. In the Tashkent region the monthly average over a six year period of the specific radioactivity of
the air during July and August was 15.5 - 1071® Ci/liter with a minimum value of 12" 10713 Ci/liter. These
measurements were made on air samples taken at a height of 1.5 m at 9:30.a. m. Thus in the summer
months the concentration of radioactive decay products in the air above the Abramov glacier was about a
third as large as in Tashkent,

Figure 1 shows the measured values of the radioactivity of the air above the slope at a height of 1.5
m above the surface. No measurements were made between July 27 and August 1. After August 2 the level
of radioactivity remained the same as on the first days of the month and did not exceed 4.0 - 10-13 Ci/liter,

It was shown earlier [2] that the concentration of radioactive decay products in the atmosphere de-

pends on the development of solar activity and the geomagnetic effects caused by it. In particular it was
observed that magnetic storms lead to an appreciable in-
crease in the natural radioactivity of the atmosphere. Va-

17 . riations in the natural radioactivity of the air (Fig. 1) can

- be accounted for by comparing them with the variations in

nr the earth's magnetic field. From July 24 to 26, 1971 a

= group of spots which gave rise to the magnetic storm of July

- 1l 26-27 passed across the central meridian of the sun, The

s : following data on this magnetic storm were recorded at’

- i ‘ : Askhabad which is located at nearly the same latitude as

L '. ‘ " the station on the Abramov glacier: the storm began at 3

L | | l ’

p.m,, July 26 and ended at noon July 27; thve active period
1§ extended from 5 to 8 p. m, July 26. The rectangle above
P L L L A the histogranm of Fig., 1 marks the start and end of this mag-
Date netic storm by Tashkent time; the black band in the rec-
Fig. 1. Measured values of the radioac- tangle indicates the active period. It can be seen that the
tivity of the air above the glacier slope. natural radioactivity of the air increases as the magnetic

Concentration of radioactive
nucleis 10-2, Gi/liter

Translated from Atomnaya: Energiya, Vol. 36, No. 1, pp. 61-62, January, 1974, Origihal article
submitted April 4, 1973.
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storm develops. From July 28 to 31 and August 1 to 9 the geomagnetic field was quiescent; during this
time the natural radioactivity of the atmosphere over the Abramov glacier remained at a low level, The
disturbance of the level of radiouctivity before the beginning of the magnetic storm of July 26-27 is possibly
a consequence of the magnetic storm of July 21-22 [3].

The daily variation of the natural radioactivity of the layer of air near the ground is determined by the
emanations which are emitted from the earth and remain close to the surface [4]. The normal daily varia-
tion in the absence of atmospheric fallout, fogs, strong winds, and other perturbing phenomena, depends
mainly on the daily variation of the turbulent volume of the atmospheric layer near the earth's surface 5I;
this volume increases as the surface temperature of the earth rises. The high-altitude measurements
show that the daily minimum occurs at 6 p. m. and the maximum at 8 a. m. Tashkent time, No measure-
ments were performed before 8 a.m. A correlation is observed between the variation in the radioactivity
of the air and the daily variation of the air temperature which is maximum at § p.m, and minimum at 8
a.m, No nocturnal or predawn temperature measurements were made.

It is interesting to compare the concentration of natural radioactive aerosols over the rocky slope
of the glacier and over its center. Since rocks and soil form an exhaling surface and since radioactivity
decay products can enter the air layer above the ice only through moving air masses, it is obvious that this
kind of investigation can be useful in studying the circulation of the air in the vicinity of the glacier. Aero-
sol samples were taken simultaneously in the center of the glacier and on the slope at heights of 1.5 and
0.25m above the surface, Asmightbe expected the concentration of radioactive nuclei turned out to be higher
above the rocks than over the surface of the ice. At heights of 1,5 and 0.25 m the air above the rocks con-
tained respectively 1.6 + 0.2 and 2.5 0.5 times more short-lived radioactive decay products than the air
above the ice surface. It is known that the concentration of natural radioactive nuclei above an exhaling
surface decreases with height [4]. Therefore the increase in the ratio of the concentrations over ice with
a decrease in the heights at which the samples were taken can be accounted for in two ways, In order to
obtain a unique answer to this question we calculated the ratio of the concentration of radioactive nuclei at
1.5 m to that at 0.25 m. For the rocky slope of the glacier it was 0.8 + 0.2, and for the ice surface 1.3
+ 0.1. Consequently the level of natural radioactivity of air layers decreases as the ice surface is ap-
proached. '

In conclusion we note that the relatively low natural radioactivity of the air recorded at high altitudes
‘is perhaps a consequence of the proximity of the extensive nonexhaling ice surface,
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CONDENSATION TYPE CRYOSTAT CHANNEL FOR
LOW-TEMPERATURE EXPOSURES

V. D. Parkhomenko, B. N, Goshchitskii, UDC 621.039.555.34
S. F. Dubinin, P. M, Korotovskikh,

S. K. Sidorov, V. G. .Chudinov,

and Yu. G. Chukalkin

The following can be used for cooliﬁg purposes in facilities designed for in-pile irradiation at tem-
peratures close to the boiling point of liquid nitrogen: 1) gaseous coolant (usually nitrogen or helium) [1-3];
2) technical grade liquid nitrogen (oxygen content to 10 wt. %) [4, 5]; 3) pure liquid nitrogen (oxygen con-
tent 0.1 to 0.001 wt. %) [6-10].

Some fairly complicated technical problems remain to be solved in the operation of facilities of the
first type mentioned when fast flux and accompanying v-emission are of high intensity: evacuation, purifi-
cation and storage of large amounts of gaseous coolant, use of special high-capacity oil-free compressors,

te. [1-3]. Simpler systems are available [2], but their use calls for large amounts of tonnage nitrogen.

The use of tonnage nitrogen as coolant in facilities of the second type mentioned involves a serious
explosion hazard [1, 11, 12] the nature of which has been described in sufficient detail in the literature [12].
Special precautionary measures are called for [11] in the design of this type of system, and these entail a
penalty in terms of larger amounts of coolant.

Apparently, facilities of the third type (condensation type with natural coolant circulation), operating
on the thermosiphon principle [7-10], are the most convenient in service. These systems eliminate re-
liance on special-purpose compressors to transfer coolant, are explosion proof, and make it possible to
attain reasonably high thermal capacities. Since the coolant flows through a closed loop, no additional puri-
fication steps are required to keep the system going.

'The condensation type channel-cryostat that has been developed and fabricated was placed in the re-
actor reflector beyond a beryllium layer with thickness of the order of 64 mm. The working volume zone
of the channel-cryostat is characterized by the following average radiation levels: +y-radiation dose rate
6-108 R/h; thermal flux 8 - 10*® neutrons/em?- sec; fast flux (E = 0,8 MeV) 5-10'? neutrons/cm?-sec. As
a result of special measurements taken [13], it was established that radiative heat release at the location.
of the channel-cryostat amounts to roughly 0.6 W/g in all of the materials used in the design of the system,

Figure 1 shows the basic layout of the facility, consisting of the following principal components:
channel head with shield plug, heat exchanger, channel-cryostat, and vacuum jacket. Tonnage nitrogen
is supplied from a TRZhK-4M vessel, under 2 to 2.5 bar pressure, to the heat exchanger through vacuum-
insulated piping. When the operating level is attained, further supply of nitrogen is handled automatlcally
with the aid of a level sensor (D,) installed in the heat exchanger, The signal from the level sensor is fed
to an EPV-2 potentiometer controlling the magnetically actuated valve MK, which controls the flow of tech-
nical liquid nitrogen to the heat exchanger. An electrically heated copper —constantan thermocouple was
used as the sensor. The operating principles of the sensor are based on the difference in the heat trans-
fer coefficients in gaseous nitrogen and liquid nitrogen.

After the heat exchanger is filled, pure nitrogen gas is fed into the channel-cryostat under pressure
on the order of 2 bar, and the gas condenses on the inner surface of the heat exchanger and trickles to the
bottom of the channel-cryostat. The two thermocouple level sensors D, spaced 4 cm apart are designed to

Translated from Atomnaya Ene«rgiya, Vol. 36, No, 1, pp. 62-64, January, 1974. Original article
submitted April 4, 1973.
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Fig. 1. Basic layout of system: 1) shield plug; 2) technical grade
liquid nitrogen; 3) heat exchanger; 4) vacuum jacket; 5) channel-
cryostat; 6) pure liquid nitrogen; 7) specimen; 8) core; 9) re-
flector; 10) feed line for technical grade nitrogen; 11) magnetic-
ally actuated valve; 12) technical grade liquid nitrogen tank; 13)
roughing pump and diffusion pump; 14) electronic potentiometers;
Dy, D,) liquid nitrogen level sensors.

maintain the level of liquid nitrogen in the channel-cryostat. The lower sensor is immersed in the liquid
nitrogen, the upper sensor in the nitrogen gas. The thermocouples of the sensors are calked in 5 mm di-
ameter stainless steel spheres. The thermocouples are heated by radiative energy release in the spheres,
so that the final setting of the level is carried out as the reactor is brought up to full power, Pure liquid
nitrogen evaporates while the system is in operation, thereby removing heat from the object irradiated and
from structural parts of the channel-cryostat and moving over to the heat exchanger, where the nitrogen
recondenses, and so on. A certain equilibrium pressure (on the order of 1.3 bar) is established in the
channel-cryostat whenthe system is in operation, and this equilibrium pressure is arrived at on the basis

of the amount of heat released in the channel-cryostat, in the specimen, coolant, and the heat exchange sur-
face.

The thermal conductivity of the heat exchanger material exerts some slight effect on the total ther-
mal resistivity. For example, replacing the stainless steel with copper reduces the thermal resistivity
by roughly 3-5%. That made it possible to fabricate the system entirely of 1Kh18N10T stainless steel,

The channel-cryostat was made of a tube 40 x 0.5 mm extending 2850 mm in length, which was threaded into
the heat exchanger with an indium seal. The heat exchanger itself is a cylindrical vessel (diameter 169
mm, length 950 mm, wall thickness 2 mm) presenting a total heat exchange surface (90 thin-walled 10 mm
diameter tubes) of the order of 2 m?2, The outer shell of the vacuum jacket is made of 3 mm thick stainless
steel, and imparts sufficient strength to the design so that the channel-cryostat is capable of coping with
leaks,

Flexible stainless steel leakproof sleeves are employed to feed the liquid nitrogen to the heat ex-
changer. The outer sleeve is 32 mm in diameter, the inner one 10 mm. The spacing between the sleeves
" is utilized in order to pump out the vacuum jacket, Spacer rings in the intervening space keep the two
sleeves apart. Gaseous technical grade nitrogen from the heat exchanger passes through the flexible 32
mm diameter sleeve without vacuum insulation.
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After the specimens have been loaded in, the channel is hermetically sealed with a plug, and the chan-
nel-cyrostat and the internal cavity of the heat exchanger are both evacuated, with the reactor on power,
to a pressure of 1072 torr, The vacuum jacket is then filled with helium gas under 2.5 bar pressure, so
that the radiative warmup temperature of the design elements can be lowered to 300-350°C. If it is felt
that the specimens should not be warmed up, then they can be raised up to the plug in their initial state and
lowered into the exposure zone, with the reactor shut down and without depressurizing the channel, with
the aid of a special device, The vacuum jacket is pumped out and the heat exchanger is filled with the re-
actor off power, since the temperature of the design components rises to 700-800°C as a result-of radia-
tive heating, when the reactor is at the rated power level of 10 MW and the pressure in the jacket is'5- 103
torr. The channel-cryostat is then filled with pure nitrogen, the Specimens'are—transferred to the expo-
sure zone, and there they are cooled by pure liquid nitrogen,

The flowrate of technical grade nitrogen with the reactor on power at an output level of 10 MW, and
with the total weight of materials to be irradiated at 300 g (specimens 80 g, liquid nitrogen 80 g, channel-
cryostat 140 g) is 17-18 kg/h, of which 11.2 kg/h is accounted for by losses in the piping, 2.8 kg/h by los-
ses in the heat exchanger and in the channel-cryostat, and 3.6 kg/h by the flowrate of material for cooling
the specimen and cooling the design components. The large losses in the piping seem to be due to
the considerable extent of the piping (which is on the order of 20-meters)., Figure 2 shows how the
flowrate of tonnage nitrogen varies with the reactor output power, given the above quantity of materials to
be irradiated. :

The boiling point of the nitrogen in the channel-cryostat is determined by the boiling point of the ni-
trogen in the heat exchanger and by the thermal resistivity of the heat exchanger. Consequently, stabiliza-
tion of the temperature of the specimens requires maintaining the nitrogen vapor pressure in the heat ex-
changer at a constant level both during the time the tonnage liquid nitrogen is being pumped and during the
period of stationary performance. When the 32 mm diameter effluent piping is employed to remove vapor
from the heat exchanger, pressure flucutations in the channel-cryostat are found to be roughly +0.1 bar,
which matches temperature fluctuations £1°. The temperature of the specimens immersed in the pure
liquid nitrogen was 78-80°K. '

Several exposures each lasting 50 to 100 h were carried out in the channel-cryostat facility. The
channel-cryostat became depressurized within one hour after operation started, as the first irradiation was
being carried out. An investigation of the channel in a hot cave revealed that the piping bulged out at the
site where it was welded to the bottom, and came loose from the bottom at several points. Apparently, an
explosion was the cause of the depressurization, since mass spectrometric data show the '"pure! nitrogen
we were using to contain 0,5% oxygen. In subsequent experiments, the pure nitrogen obtained from the
liquifying machine was subjected to supplementary dry-out in a zeolite-packed column, and was run through
copper shavings at a temperature of 550°C with the object of reducing oxygen content still further, After
that purifying step, the oxygen content in the gas was brought down to a level of 0.002% or lower, and the
channel-cryostat functioned unimpairedin all further work.

In conclusion, the authors express their gratitude to V. F. Onishchenko, M. T. Telichko, V. G. Vol-
ogin, and G. I. Vachkova for their kind assistance in fabricating the facility and performing the tests,
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DISPERSITY OF AEROSOLS FORMED DURING COMBUSTION
OF THE COOLANT AND MATERIALS OF THE CORE OF
A FAST REACTOR

B. N. Rakhmanov, S, V. Malyutin, : UDC 621.039 58
0. M, Zaraev, and I. E. Konstantinov

In [1] mechanisms for the formation of radioactive aerosols during breakdowns in fast reactors are
considered. We note that there are two types of possible breakdowns. First, breakdowns in which there
is a leak in the first reactor loop and a loss of part of the coolant without destruction of the core, In this
case radioactive sodium at 500-600°C [2] ignites when it comes in contact with the air, forming a large
number of aerosol particles in the form of a mist. Second, breakdowns in which, besides the combustion
of sodium, there is a partial melting of the reactor core [3]. For such a breakdown the air medium of in-
dustrial areas is contaminated by radioactive aerosols owing to the combustion of sodium, which leads to
vaporization of the nuclear fuel, and separation of the fission products and structural materials,

We investigate, under laboratory conditions, the dispersity of aerosols formed during combustion of
sodium. The apparatus for the combustion consists of an electric heater and a six-stage impactor located
in a Sh-I fume hood having volume 0.55 m3, The electric heater, which is designed to operate at up to
1000°C, is supplied from a low-voltage VSA-6M rectifier, The characteristics of the six-stage impactor
are described in [4].

Sodium samples of wéight 0.1-20 g are first heated up to 540°C, and then burned until an aerosol mass
concentration of 2-1072-15 g/m? is obtained., The amount of metal deposited on the stages of the impactor
is determined by the standard method of neutron-activation analysis [5, 6].

Experimental results show that the spectrum of the dimensions of sodium aerosol particles is de-
scribed well by a logarithmic normal law, where with increasing mass concentration there is an increase
in the aerosol median diameter, By processing the results of a series of experiments by the least-squares
method, we determine an empirical power dependence between the median mass aerodynamic diameter dgy
(u) and the aerosol mass concentration G (g/m3) : ‘

da=1.1G0.3,
Experimental results are shown in Fig. 1, which gives, for eomparison, the curve obtained in [7].

In addition to the noted dependence we determine the magnitude of the coefficients that characterize
the rate of combustion of sodium p and its transition during the combustion into the aerosol state ¢. Mean
values are determined for the following coefficients: p = 2.1 kg/m?.h-vol.% O, ¢ = 0.23. These values
agree with the values recommended in.[8]. '

To study properties of aerosols formed during condensation of vapors of various materials we con-
‘structed apparatus for obtaining aerosols in a constant-current arc [6]. It consists of an arc furnace and
a six-stage impactor, The arc furnace contains two electrodes positioned at an angle of 135° to each other.
The lower electrode is the copper bottom, in which the sample vaporizes; the upper electrode is made of
tungsten and is fastened using sylphon bellows. Both electrodes are water-cooled, The arc electrode is
fed with a 30 V constant voltage from a PSO-300 welding transformer, which -supplies an arc current of up
to 250 A. The sample being consumed is fastened to the furnace bottom using a threaded coupling. The

Translated from Atomnaya Energiya, Vol. 36, No. 1, pp. 64-65, January, 1974, Original article
submitted April 11, 1973.
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TABLE 1. Data on Dispersity of Materials
Being Investigated

Median mass d
Ignited material | aerodynamic Standar
L PR
gn diameter, s deviation |
S Y Y B T |3
Tungsten 0,9- 1,3 3,2—3.5 W2 4 66w’ 2 4 564" 2 4 §G,g/m
Aluminum i 0,4—0,5 2, 7 - 3,8
+5°dmrg. 0.5- 0.7 2.4 3.6 Fig. 1. Dependence of median mass aero-
Steel +sodium =0T dynamic diameter on initial aerosol mass
concentration: 1) our results; 2) data of [7].

sample can have the form of a cylinder up to 15 mm high and up to 20 mm in diameter. The arc is ignited
when the sample touches the upper electrode and burns between it and the electrode. The samples should
be metallic; however, if nonmetallic samples must be used, this can be accomplished by placing them in

metallic contamers

The entlre experimental apparatus is placed in a type 3K-NZh hermetic glove box, which enables us
to carry out experiments on the ignition of radioactive materials.

Using this apparatus we carried out experiments on the ignition of tungsten, stainless steel in a mix-
ture with sodium, and also aluminum together with sodium, In all cases the ignition conditions were iden-
tical (current of 250 A). The aerosols were sampled from the six-stage impactor. The method of analyz-
ing the samples is the same as that described above. Results obtained for an investigation of the dispersity
are given in Table 1,

Experimental results on the combustion of various metals show that the distribution of aerosol par-
ticles with respect to aerodynamic diameters with good accuracy is described by a logarithmic normal law,
where the median mass aerodynamic diameter 0.4-1.3 u, and the standard deviation is within the limits
2.4-3.8. The coefficient of trapping of aerosols calculated in various regions of the respiratory system
using the recommendations MKRZ-1966 [9], equals 0.15-0.34 for the pulmonary region, 0,08 for the tracheo-
bronchial region, and 0.12-0.30 for the nasopharynx.

The apparatus that we have developed and tested allows us to investigate the characteristics of aero-
sols formed during combustion of various materials, i.e., we can estimate both the trapping of aerosols
in the respiratory organs and the rate of decontammatlon of air in various areas,
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DETERMINATION OF THE YIELDS OF CERTAIN '
FRAGMENTS IN THE FISSION OF 238U BY REACTOR
SPECTRUM NEUTRONS ’

L. N, Yurova, A. V. Bushuev o . ! " UDC 539.173.8
and A. F. Kozhin ) .

Information on the probability of the formation of various products of the fission of *3U by neutrons
of the reactor spectrum is of interest not only for fission physics, but also essential for evaluating the in-
tensity of the reaction 33U (n, f) in nuclear reactors and the burnout of nuclear fuel. However, in certain
cases the accuracy of the available data is insufficient. The difference in the values of the yields cited by
different authors for certain fission products reaches 30% (Table 1),

Information on the yields of fission products can be obtained from the results of measurements of the
v radiation spectra of fissioning materials irradiated in a reactor. With the aid of a Ge(Li) spectrometer,
it is possible to isolate in the summary spectrum the lines belonging to definite fission products, and eval-
uate their intensity.

In this work a comparison was made of the intensities of the lines in the v radiation spectra of the fis-
sion products of %8U and »5U, Using the available data on the yields of the products of fission of 2357 by
thermal neutrons [6], we determined their yields in the fission of *¥U. The number of fissions of 238y and
237 was found according to the intensity of the v radiation of 14013,

Since the yields of certain fission products depend substantially on the energy of the neutrons causing
the fission of 23U, the values taken from [6] can be used in those cases when the irradiation of samples of
251 is conducted in a sufficiently thermalized neutron spectrum. -

In this work foils enriched up to 90% with respect to *¥U were irradiated in the vertical channels of
an TRT-2000 reactor at a distance of 25 cm from the boundary of the active zone, where the cadmium ratio
for the reaction 235U (n, f) reached 45. Foils with a ?*U content reduced 200-fold, surrounded by a cad-
mium screen, were irradiated in the active zone of the same reactor. Special measurements showed that
the ratio of the fission cross sections 3%g/2¥g; was 5.6+ 1074, and the contribution from the fission of *¥U
to the total intensity of the fission of the 23*U-poor foil did not exceed 0.5%.

TABLE 1. Yields of Products of the Fission of ?33U by Réactor Neutrons

A . . Values
.. Fission Results of this woerk Values of other studies used [6]
product :

Yo% Ey, % | B2 % E3, % 1] 21 £3] [41 3] | YL % | £ %
95Nh 5,406 3,0 — — 6,1+0,5 5,8 1 5,47-+0,19 | 7,2421,31 | 5,52 | 6,52 —
97Nb | 6,06 24 1 — | — | 5:9%0.6 | 4,9 | 5,912:0,18.] 6,00:0,37 | 5,42 | 6,05 | —
103Ru 5,940,338 | 1,2 | 5,4 | 5,5 | 6,6&1,0 | 5.8 | 6,26:£0,19 — 6,39 .2,85| 5
1311 2,914-0,15 4,5 2.6 5,2 — 3.2 3,6240,14 —_ 3,33 12,79 1,8
132] 4,75 1,2 — — 4,74+0,3 4.4 5;27+0,32 | 4,2340,34 | 4,89 | 4,16 —
1331 6,92--0,23 2.1 2,5 3,3 — — S — — 5,72 | 6,75 1,8
1Ce 4,90 1,4 — — — — — — 5,62 | 5,84 —

. 143G 4,844-0,14 1,2 2,6 2,9 — —_ — — 4,89 | 5,93 1,8
14400 4,34 1,6 — — 4,840,3 — — — 44215411 —
17Nd 3,144-0,13 3,3 2,5 4,2 | 2,83+0,25 — — — 2,81 [ 2,23 1,6
Note, Here E, is the experimental error;E; is the indeterminacy of the nuclear data; E; is the total error, '

Translated from Atomnaya Energiya, Vol. 36, No. 1, pp. 66-69, January, 1974. Original article
submitted April 25, 1973. '
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Fig. 1. v Radiation spectra of products of the fission of 2¥U (a) and %8U_@b) by
reactor spectrum neutrons, with a time of exposure of three days.

TABLE 2, Relative Yield of Fission Prod- As a result of the reaction 28U (n, v), *%Np was
ucts ' accumulated in the impoverished foil; its v radiation
created a background in measurements with certain fis-
. »8 /v 0 o . . .
Fission product Yi/yy Ey, %) En%| Exn% sion products. To reduce this background, the foil of
impoverished uranium was covered with a shield of nat-
95N} 0,8384-0,29 30 | 1,9 | 3,5 : Lo . .
97Nb 1002031 24 | 19 | 3% ural uranium during irradiation, which greatly atten-
103Ru 2,085+0,048 | 1,2 (- 1,9 | 2,3 uated the flux of neutrons with the resonance energies of
1317 1,04240,051 -| 4,5 | 1,9 | 4,9 238
1321 1,162:0,026 | 1,2 | 1,9 | 2,3 U.
1331 1,02540,029 | 2,1 | 1,9 | 2,8
141Ce 0,8394-0,020 { 1,4 | 1,9 | 2,4 In measurements of the yield of fission products
143Ce 0,816-:0,019 | 1,2 | 1,9 | 2,3 ith half-li 1 th th. th . £i
144Ce 0,802+0,020 | 1,6 1,9 | 2,5 with half-lives less than one month, the duration of ir-
147N 1,406+0,053 | 3,3 | 1,9 | 3,8 radiation was 10 h, while in the case of measurements

of more long-lived fission products it was 80 h. Foils
of impoverished and enriched uranium were irradiated in
the reactor simultaneocusly. '

The relative intensity of the fission reactions in the foils was determined according to the recording
of the v radiation of 40La (E+ = 1596 keV) with a spectrometer with a crystal of Nal(Tl), possessing high
efficiency of the recording of hard vy radiation. Measurements of 140La were begun 12 days after irradia-
tion, when the radiation of other fission products close to the peak 1596 keV of 14'La dropped to a negligible
level, The spectra of the irradiated foils were measured on a planar Ge(Li) detector with a volume of 2
cm? and a 512-channel pulse-amplitude -analyzer. The energy resolution of the spectrometer was 2.0 keV
for E., = 122 keV (*'Co) and 2.9 keV for E, = 662 keV (19Cs). The areas of the photopeaks were calculated
on a NAIRI-2 electronic computer, '

", In a consideration of the v radiation spectra of the fission products 2-10 days after irradiation (Fig.
1), it was discovered that the lines belonging to *3Ce (293 keV), ' (364 keV), 1331 (530 keV), ¥'Nb (858
keV), and '3 (668 and 773 keV) are always most clearly distinguished in them. .

The lines of ™Nd (91 keV), #4Ce (134 keV), 1Ce (145.4 keV), 1BRu (497 keV), zr (728 and 756
keV), and %Nb (764 keV) were distinguished in the vy spectra of the fission products 30-90 days after irra-
diation (Fig. 2). The «v lines were identified according to the data of [7, 8]. '
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Fig. 2. v Radiation spectra of products of the fission of 2357 (2) and 28U

(b) by reactor-spectrum neutrons, in the case of a time of exposure of 30
‘days.

The most accurate results were obtained in measurements of the yields of 1321 103Ry, a‘nd e
— their peaks wére most intense and the measurements performed under conditions of a high effect-back-
ground ratio, For photopeaks with low statistics (%Nb) or low effect-background ratio (<0.5) of such iso-
topes as 147Nd and 131, the accuracy of the results is reduced., A high accuracy of the yield for the fission
of 143Ce was obtained on account of the large number of measurements performed with the given fission

product.

For vy lines with energies up to 400-keV we measured the coefficients of self-absorption in impover-
ished and enriched foils. The difference in self-absorption was taken into consideration in the final re-
sults. Table 2 presents the averaged data on three independent experiments; in each experiment five
measurements were performed for short-lived fission products, and 10 for long-lived products. ‘

" The yield of the i-th fission product of 28U was determined according to the working formula

s e A A
oy da A A
* ¢ Yia A:L Ai(l

where Ai’ and A5i are the areas of the photopeaks belonging to the i-th fission products in the spectra of

77

Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7



Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7

impoverished and enriched foils; A}, and A%, are the activities of 4°La accumulated in the impoverished
and enriched foils; Y® is the yield of the i- th product of the fission of %5y by thermal neutrons; Y4 and
Y 5 are the yields of "%La in the fission of 238U and 235U, :

The probability of the formation of 14'La in the fission of 238U has been studied in a number of inves-
tigations, in which the following values of Y8 q (percent) are cited: 6.15 [1]; 6.0 [2]; 5.96 [3]; 6.03 [4];
6.01 [9]; 5.70 [10]; 6.34 [11]. The first two values of Y8 are the recommended values, obtained by the
authors as a result of the analysis of previously determmed values; the remaining five values are the re-
sults of the latest experimental studies. If the same statistical weight is assigned to all the values, we
obtain Y}, = (6.03 + 0.07)%. The yield of 49La in the fission of 2¥U by thermal neutrons has been inves—
tigated by many authors., According to the data of [1, 2, 6, 12], it is (6.34 % 0.10)%. Using the indicated
values of the yields, we find: Y§,/Y} = 1.05 + 0.02. Substituting this value into the working formula
and using the experimental values of A8 and A /ALa’ we obtain the ratios Yf/Yf cited in Table 2

" Table 1 presents the values of the yields of the fission products of 238U discussed in this work; these
values were calculated on the basis of the data on Y?, taken from [6]. Table 1 also contains the results of
[1-5]. From the table it is evident that the results obtained agree on the whole with the data of previous
studies and supplement them, The probable cause of certain observed differences lies_ in systematic er-
rors inherent in the experimental methods, In the indicated studies, together with radiation chemistry,
we also used mass spectroscopy and v spectroscopy; the number of fissions in the samples was defer-
mined with double fission chambers, trap mdlcators or according to a spectally selected fragment indica-
tor (¥Mo, %zr, 40La),
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URANIUM AND PLUTONIUM LOSSES WITH STEEL IN
THERMAL DECLADDING OF FUEL ELEMENTS

G. P. Ndvo/selov, Yu. D. Dogaev, UDC 621.039.59
and S. A. Perevozchikov '

The separation of high-level fuel assemblies for fast reactors, decladding of those fuel elements, and
separation of the steel from the fuel, are the most complicated topics in the study of the fuel recovery pro-
cess, Minimizing losses of nuclear fuel with the declad steel is of the utmost meortance since that sets
the prerequisites for long-term storage of the steel without further reprocessing.

It has been demonstrated both theoretically and experlmentally that fused steels at temperatures of
1500°C in vacuum or in an inert protective atmosphere engage in practically no interaction with uranium
dioxide or plutonium dioxide, and that the content of either of these elements in the slug is not greater than
5.10"2 wt.%. Studies of the distribution of uranium and plutonium in the declad slug have established the
fact that over 99% of those elements is to be found on the surface of the slug, in the form of the dioxides,
whereas only about 1% is- found uniformly distributed throughout the bulk of the slug [1]. Another relevant
finding [1] is that the fission products formed exert only an insignificant effect on interactions between the
- dioxides (UO, and PuO,) and the chromium —nickel cladding steels [2].

Quite possibly, some of the fuel becomes destroyed in the irradiated assemblies. Even though the
powders can sinter together during the thermal decladding process, at a rate proportional to the tempera-
ture, the time, and the degree of dispersion, the probability that large unsintered particles are present,
as well as a slight quantity of powder formed as a result of mechanical damage to sinter pellets at the point
of phase separation, is not to be discounted. Fuel losses through capture of individual fuel particles by the
steel is therefore not ruled out. The wetting angles of the uranium dioxide and plutonium oxide attacked by
molten Kh16N16M2B steel are respectively.136 + 5° and 101 + 2°. Surface tension retains uranium-dioxide
and plutonium dioxide pellets extending to 11 mm and 5 mm respectively [3], so that it is not too likely
these will end up in the steel in powder form, but the possibility that the steel may entrap coarser particles
is not excluded. -

It is interesting to consider the behavior of solid particles within the volume of molten steel, Sever-
al papers have addressed themselves to this problem [4-7], showing that the rate at which the particles
float to the surface is satisfactorily described by Stokes' law,

To calculate the rate at which uranium dioxide particles sized 100 p or smaller undergo sedimenta-
tion in the molten chromium—nickel steel, we can resort to Stokes' equation:
2 D—D’

s T ' th

and.for particles ranging from 100 p to 2000 p in diameter we can resort to Allen's equation [8]:

-v=5‘1.53ri/.(—0%,0—1)2D—nl, (2

where r is the particle radius, in cm; 7 is the viscosity of the stream, in poises (g-cml-sec7!); D, D
are the densities of the materials forming the particle and the liquid, in g/cm™3; g is the force of gravita-
tional acceleratlon in cm-sec”2,

Translated from Atomnaya Energiya, Vol. 36, No. 1, pp. 69-70, January, 1974, Original article
submitted April 26, 1973.
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TABLE 2, Sedimentation Rate and Sedimen- . Upon computing the sedimentation rate of the par-
tation Time of Uranium Dioxide Particles ticles on the basis of Eqs. (1) and (2), we can then de-
in Molten Steel » termine the time it takes those particles to reach the

- Particle sedimentation time, in surface of a drop of molten steel, Assinged values in
o § fSedimentation |steeldroplet of diameter* these calculations are: density of uranium dioxide 10,95
S ¢ jrate,mm/sec ‘ A g/em?® [9], density of steel at 1500°C 7.10 g/em3 [10-12];
g Smm | Smm (7mm |10mm viscosity of stream 4.1+1072 P as determined from the
T equation = vD, where v is the kinematic viscosity of

10 51.10-2 | 58,8 | 98,0 | 139,3 | 196,0 EYaZS grade steel [13], which is 4.1-1072 P,

60 1,8 1,7| 2,8 40| 5.6
1(1)88 92(1) (?G <<}*0 <11’4 %ﬁ’ Table 1 lists computed values of the sedimentation
2000 | 190,0 €1 |K1 <t <t rate and sedimentation time of uranium dioxide particles

of different size in droplets of molten steel, It is evi-
dent from the tabular data that particles 100 p in diam-
eter emerge to the surface of the steel droplet within
1-2 sec, while particles larger than 1000 u emerge at
the surface of the droplet within a fraction of a second, Sedimentation time stretches to longer than a
minute only in the case of particles of diameter less than 10 u. If we take into consideration the marked
effect of sintering of particles sized smaller than 100 p diameter and the high surface tension presented
by the molten steel, we see that the probability of fine particles ending up in the slugis very slight indeed,
Moreover, fuel losses and hence steel activity losses are determined by entrapment of coarse fuel par-
ticles. Nevertheless, the difference in the densities of the fuel and of the medium are responsible for the
emergence of the coarser particles from the steel, and also for the high degree of separation of steel and
fuel.

" *Sedimentation time of particles given in seconds,

These calculations confirm our earlier conclusions [14] to the effect that the separation process can
be successfully realized within the steel droplet per se, since a continuous noncrucible process for ther-
mal decladding of fuel elements can be achieved within the time it takes the steel droplet to form,
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THERMAL DECLADDING OF OXIDE FUEL ELEMENTS
WITH STEEL SEPARATED FROM NUCLEAR FUEL
BY FILTRATION

G. P. Novo\selov, A, T. Ageenkov, UDC- 621.039.5
V. F. Savel'ev, and S, E. Bibikov :

The degree to which nuclear fuel meat can be separated from steel when thermal cladding of fuel ele-
ments is resorted to [1, 2] depends on the physicochemical properties of the molten steel, of the nuclear
fuel, and on the design of the equlpment employed, This article deals with an attempt to establish some of
the regularities evident in the process which affect how efficiently the steel is separated from the fuel,

Experiments were conducted in a resistance furnace with a graphite heater (see Fig. 1). A crucible
with holes in the bottom, and a movable ingot mold with a magnesium oxide screen support were placed in-
side the heater. A mechanism consisting of a supporting screw, rod, and bellows, to keep the furnace
pressuretight during filtration, is provided to facilitate vertical motion of the mold. The bottom of the
mold covers the filtering holes of the crucible when the mold is in top position, The mold is lowered dur-
ing filtration, so that the molten steel can escape from the crucible-into the mold.

The fuel elements figuring in our experiments were in the form of Kh16N16M2B steel tubing 300 mm
in length and 6 mm in diameter, filled with pellets of sintered uranium dioxide; each assembly consisted
: of 12 to 15 fuel elements. The assemblies were loaded into
the crucible, the furnace was evacuated (p = 1072 to 5-1072
mm Hg), and heated at a heating rate of 10 to 20 deg/min to
“temperatures of 1450-1550°C, as measured with an OPPIR-09
optical pyrometer,

J
m[\ 1 =
A AN )

In the first experiments, the mold was left in the bottom
position, so that the steel could flow freely into it, when mol-
ten, through the channels between the pellets and through the
holes in the crucible bottom. It is clear from the tabular data
that some of the steel (see experiments Nos, 1, 2) remained
on the pellets in the form of separate droplets The weight
of those inclusions ranged from 0.5 g to 10 g, and the coarsest
such inclusions were detected in the top layers of the fuel. The
probable reason is that the molten steel forms menisci (Fig.
2) as in melts in the channels, Surface tension hinders the
flow of molten steel, The pressure exerted by the column of
molten steel h is brought to equilibrium. The pressure ex-
erted by the meniscus. of molten steel is found from the for-

mula [3]:
B 20(:;;550 , (1)
Fig. 1, High-temperature resistance )
furnace: 1) crucible; 2) movable mold; where h is the pressure (mm) exerted by the column of molten
3) -support screen; 4) graphite heater; " steel; r is the radius of the channel between the pellets, in
5) rod; 6) bellows; 7) support screw. cm; g¢-is the surface tension of the molten steel (1340 to 1750

Translated from Atomnaya Energiya, Vol. 36, No. 1, pp. 70-72, -January, 1974. Original article
submitted May 3, 1973. .'
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TABLE 1. Performance in Separation of

Fuel Meat and Steel .
;E):' Load » HUnload . ';,'“
(V] O - (=
i w|»| € |Ed| w33
aE | g B 2 .9 Ll (gw|g s
BEl 3 | & i 82a |SEIBSI58
1 1528,31452,2] 0,86 590,8 389,7] 10,6
2 [660,0]523,0 0,79 707,0 1476,0 6,6
3 |574,0(487,0| 0,85 602,5 |458,5{ 4,7
4 [621,01507,0] 0,82 648,1 |479,9| 4,2
5 1660,5|751,2| 1,14 684.6 | 727.1 3,5
6 |480,8 590,9 1,23 494,3 1577,4 2,7 . . . . .
7 1517,8]655,7] 1,27 536,2 | 637,3 3,4 Fig, 2. Diagram illustrating cell
8 [401,2]596,1 1,48 407,8 {589,5 1,6 : i L i
9 |27000]395.0] 1,46 271.2 | 3938 05 with hanging droplet: 1) uranium
10 1300,0|800,01 2,67 |.301,5|789,5| 0,5 dioxide pellets; 2) steel droplet.

dynes/cm [1]); p is the density of the steel (at temperature 1500°C, we have p="1.1 g/crn3 4, 5]); 6is the
wetting angle for steel wetting uranium dioxide (130-145° [1]).

Figure 3 shows how the pressure of the molten steel meniscus h varies with the hole diameter 2r,
as calculated on the basis of Eq. (1). It is clear from the graph that the meniscus pressure at the 1 mm
filtration hole offsets the pressure exerted by a column of molten steel standing 55-60 mm high, That
constitutes evidence that the molten steel droplets retained in the pellets are capable of attaining large di-
mensions, The more droplets are left suspended in the pellets, the less efficiently will the molten steel
be separated from the fuel. Accordingly, a single liquid-metal bath should be set up and the molten steel
should then be filtered out. In that case we should find it easier to-overcome any phenomena hindering fil-
tration of the steel, first because the liquid-metal bath minimizes the number of menisci interfering with
filtration, and second because it increases the hydrostatic pressure of the molten steel; third, because it
causes fine droplets forming on account of other reasons to merge [6],

We melted down fuel element jackets with filter holes covered over (with mold in topmost position)
with the object of verifying these conclusions. Steel accumulated in the crucible, forming a liquid-metal

bath, in this instance. After the cladding had been melted down, the mold was lowered to the bottom posi-

tion at a speed of 2 to 5 cm/min, and the steel was filtered out. It is clear from the tabular data that the
formation of the liquid-metal bath brought the content of the steel in the fuel down from 10.6% to 4.4% (see
Table 1, for experiments Nos. 3 -and 4).

The completeness with which the steel is separated increases as the steel-fuel ratio is increased
(see Table 1, for experiments 4-10). As the ratio increases, the pellets become more deeply immersed

14
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in the molten steel, and that lessens-the likelihood of discrete steel droplets taking shape in the fuel,
When an additional amount of steel is introduced and the pellets are completely immersed into the melt,
separation of fuel from steel becomes maximized, Figure 4 shows how the separation of steel from fuel
varies with the steel-fuel ratio. It is obvious that the steel content in the pellets dropped from 10.6% to
0.5% as the steel-fuel ratio is stepped up frorn 0.9 to 2.7.

The results obtained show that the formation of the liquid-metal bath and filtration of the molten steel
are responsible for the virtually complete separation of fuel from steel. If the steel-fuel ratio exceeds
1.0-1.5, the curve in Fig. 4 changes in slope, tending to some limit., That seems to be evidence'that the
pressure of the molten steel meniscus is not the only factor hindering more complete separation of the
steel; further studies will be required to prove that point,
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TEMPERATURE MEASUREMENT IN HIGH-FLUX "
REACTORS USING THERMOCOUPLES

N. V. Markina and V. A. Tsykanov © UDC 621.039.533+537.324

Reliable measurement of temperature is an obvious requirement in many investigations, The ability
to measure temperature accurately and reliably is of especial importance within nuclear reactors. The
present communication discusses the problems of temperature measurement in high-flux reactors,

Experiments to determine the differences in the readings of microthermocouples of ordinary indus-
trial calibrations when operated in a reactor radiation field were carried out in the SM-2 water-moderated
water-cooled intermediate reactor. It is known [1, 2] that effects of two kinds arise.in thermocouples un-

i der the action of nuclear radiation: instantaneous effects
p,x10% rad/h » (caused by ionizing radiation and disappearing when irradia-
0 1 2 3 4 5 tion ceases), and integral effects (accumulating with integral
dose and remaining when irradiation ceases).

The most important result of the SM-2 investigations is
the experimental detection of the instantaneous effects, This
is important for two reasons. Firstly, with previously em-
ployed methods (thermocouple studied after an integral dose
in ordinary irradiation devices) instantaneous effects cannot
be detected and a special procedure [3] is needed to investi-

. gate them; secondly, the widely-held opinion that instantane-
ous effects are small is incorrect for high-flux reactors
4, 5]. :

In the tests the thermocouples were calibrated absolute-
ly in terms of reference points directly in the reactor chan-
nel [3]. We denote by E (t) the reading of the thermocouple
at the reference temperature at zero reactor power or out-
side the reactor, and by Ey(t) the reading of the same ther-
mocouple at the same temperature but at a reactor power N,
The instantaneous effect is then characterized by

ar,°c

AE, mvV

AE=Ey ()—Eo(2).

~ Figure 1 shows a plot of AE versus thermal-neutron and
. gamma flux intensity for Chromel— Alumel and VR5/20 tung-
0’30 — 71 3’ ” sten —rhenium thermocouples calibrated in the reactor.
@+ 10%, neutrons/cr- sec

In the experiments the thermocouples are constantly

Fig. 1. Dependence of AE (instantaneous subjected to the action of reactor radiation and integral ef-
effects) of Chromel - Alumel (a) and VR5 fects accumulate. After a sufficiently large integral dose

/20 tungsten—rhenium (b) thermocouples has been accumulated, the measured reading of the thermo-
on thermal neutron flux intensity & and couple will contain both an instantaneous and an integral com-
v intensity P., at 660°C (differently in- ponent, i,e., one is measuring the total effect of the radia-
dicated points correspond to independent tion (Fig. 2). The two effects can nevertheless be separated
experiments). from each other, To this end one must compare the readings

Translated from Atomnaya Energiya, Vol, 36, No. 1, pp. 72-74, January, 1974, Original article
submitted May 24, 1973.

© 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A
copy of this article is available from the publisher for $15.00.

84

Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7




Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7

E,mV T oo
2.2

670

660

7702 DN D OO T W IR NS RN NS N SO SHEE SRS R S 650
0 2 4 6 é 10 12 %1, days
! b
075t ;
050
525 . .
T T T THN Y T N TR S Tl SO
0 2 4 5 8 W 7 - % 7,days

' Fig, 2. Variation of Chromel—Alumel thermocouple
readings E during experiment at hardening tempera-
ture of aluminum (a) and relative variation of reactor
power N (radiation intensity) at corresponding moments
of time (b). v :

of the thermocouple in the reactor at some value of the power not with readings before the thermocouple is
installed in the reactor, but with readings at zero power measured almost immediately, i.e., at the same
integral dose. Investigations showed that this sort of separation is sufficiently correct and that the instan-
taneous effects remain constant up to integral doses ~10%% neutrons/cm?,

The instantaneous effects were found to depend on the radiation spectrum and on the temperature at
which the measurements were made, To elucidate the influence of temperature a special experiment was
carried out exploiting the different signs of the instantaneous effects on Chromel—Alumel and tungsten
—rhenium thermocouples [5]. The thermocouples were mounted in a copper block the temperature of which
could be varied, According to calculation the temperature drop across the block could not exceed 3.6°C.
However, in experiments at intensities P,, = 9-10° rad/sec, & = 4- 101 neutrons/cm?-sec, &, = 4-10%
neutrons/cm?- sec, the difference in the readings of the Chromel— Alumel and tungsten—rhenium thermo-
couples amounted to ~80°C, which corresponded to the sum of their instantaneous effects, Further, the

difference was observed to depend on reactor power (radiation intensity) and on temperature up to '~500°C
(Fig. 3).

An analysis of the experimental results obtained in these tests and in the reference measurements
shows that instantaneous effects are independent of temperature in the temperature range 500-1100°C.
This made it possible to compare measurements in different channels at the hardening temperatures of

* zine, aluminum, silver, and copper, equal respectively to 419.5, 660, 960, and 1083°C. The compari-

son showed that the results in the various channels differ, which in our opinion is due to the influence on
the thermocouple readings of the spectrum of the reactor radiations.

[CA_IVR' O G o o o e et e om0 i o e )

40~ :
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Fig. 3. Difference of readings of Chromel — Alumel
(CA) and VR5/20 thermocouples due to instantaneous
effects versus temperatu. @ for various reactor powers.
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Our experiments thus lend strong support to the picture of instantaneous effects in tﬁermocouples in-
duced by the action of fluxes of mixed reactor radiations. In high-flux reactors (the SM-2, for example)
the instantaneous effects may be sufficiently large that they must be taken into account in precision tem-
perature measurements, The instantaneous effects remain constant up to an integral dose ~10%0 neutrons
/em?, The instantaneous effects in Chromel—Alumel and VR5/20 tungsten —rhenium thermocouples are
temperature independent in the temperature interval 500-1100°C.
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THE CALCULATION OF THE SPACE-ENERGY
DISTRIBUTION OF SECONDARY
ANNIHILATION RADIATION

Sh. S. Nikolaishvili and G. N, Dzhashiashvili - UDC 539.122.13

In the usual calculations of the transmission of v radiation through matter the process of formation
of electron—positron pairs is considered as pure absorption, and the secondary annihilation radiation is
neglected. The first estimate of the contribution of secondary y-rays to the desage buildup factor was giv-
en by G. Gol'dshtein [1, 2]. The problem of the secondary annihilation radiation was considered most
thoroughly in [3], which contained the results of numerical calculations for a number of standard sources.
A new approach for solving the problem is presented in the present article, The apparatus of conjugate
transfer equations is used in the form developed by G. 1. Marchuk and V. V. Orlov [4]. The correction
to the dosage buildup factor due to the annihilation radiation is calculated for a plane perpendicular source
of unit strength emitting monoenergetlc y-rays in an mfmlte homogeneous medium,

If we denote this correction at a distance x from the source by &b(x), we obtain

o 0.5

8b (x) =2x 3 PE(lz—t])de \‘Upair(l)cpo(t,k)d}., (1)

-0 M

i

where ¥§(x) is the solution of the conjugate equation for A = 1 with a free term corresponding to the dosage
bulldup factor (the wavelength of the y-rays is measured in ‘Compton units), @y(x, A) is a function describ-
ing the spectral distribution of the y radiation at a distance x from the source, and Upair(?\) is the cross
section for absorption of y-rays with wavelength 2, resulting in pair formation,

At this point, we introduce into the discussion the spatial moments of the functlons PE(x) and @y(x, A),
which are defmed by the formulas

wi =iy | w5 @ : : @
and '
Ha (M) = (, ), ‘; o (2> 1) (Goz)>™ dx, (3

—oo

where g, and oy are the values of o(}) for A = A; and X = 1 respectively (here ), is the wavelength of the
primary y-ray emitted by the source). Using the notation
' 0.5 v _
My = S e (A) .pair () dh : (4
ho '
and
Y 8b (2) (ggx)?" dz, : B (5)

— o0

—_0Oo
fn = 2n)!

‘we obtain after simple transformations the result that

n ' .
. 1 Tg 2k y P
hn:MZJ'L Z (E) *Mn—k“?z' (6)
k=1

Translated from Atomnaya Energiya, Vol. 36, No. 1, pp. 74-75, January, 1974. Original article
submltted June 13, 1973.
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TABLE 1.  The Relative Contribution of An- TABLE 2. The Relative Contribution of An-
nihilation Radiation to the Dosage Buildup nihilation Radiation to the Dosage Buildup’
Factor for a Plane Perpendicular Source, % Factor for a Point Isotropic Source, %.
Eq MeV  EpMeV
1 2 4 7 10 15 1 2 4 7 10 15
Lead ' Lead
10 | 5,80 | 5,79 | 5,60 | 5,30 | 4,86 | 4,48 10 | 6,85 | 6,54 | 5.66 | 5,09 | 4,54 | 3,76
8 5,77 | 5,67 | 5,35 | 4,79 | 4,26 | 3,70 3 6,69 | 6,26 |.5,36 | 4,65 | 3,96 | 2,98
6 5,69 | 5,51 | 5,16 | 4,54 | 3,93 | 3,22 6 6,60 | 6,02 { 5,09 | 4,29 | 3,64 | 2,70
Iron ’ Iron

10 7,42 7,44 7,05 6,45 6,10 5,69 9 4 9 44 7.76 6,81 6.30 5,68

8 | 718 | 7.05 | 6,49 | 5,97 | 5.58 | 5.19 19 'S "7 | 601 | 602 | 550 | 405
8 | 8.8 | 8.67 | 691 | 6,02 | 5. ,

6 | 6,65 | 6,40 | 5,74 | 5,20 | 4,85 | 4,49 : 275 | 428

8,3t | 7,95 | 6,18 | 5,22

In this way, knowing the moments of the solutions of the original and conjugate equations, we calculate the
moments of the funetion ob(x) from Eq. (5). By using well-known methods [1, 5,: 6], the dependence of

ob on x can be found from these moments. The problem of the spectral distribution of the annihilation ra-
diation is solved in a similar manner,

The authors have used the method described here to calculate the function éb(x) for plane iso-
tropic, point isotropic, and plane perpendicular sources.in lead and iron, A number of results of the cal-
culations for sources with initial energies of 10, 8, and 6 MeV are shown in Table 1 and 2.

The results given in Table 1 agree with those of [1, 3]. The displacement of the positron between the
points of origin and annihilation was neglected in our calculations. It was shown in [3] that the error in the
results of the calculations introduced by such a simplification is inconsequential, The Compton scattering
cross section was calculated exactly by using the Klein —Nishina— Tamm formula. The cross section for
pair formation and photoelectric absorption were calculated from tables [5], using the linear interpolation
formula. For energies E = (0.5108/2, which is less than the threshold for pair‘ formation, the tabulated
values of the photoelectric absorption function were first of all multiplied by E3-5 to be consistent with the
known behavior in the low energy region of the function being calculated 1].

The authors are very grateful to S. G. Tsypin, V. G. Zolotukhiv, and A. A. Abagyan for discussion
of the results and valuible comments,
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TEST FACILITY FOR STUDYING KINETICS OF
RE LEASE OF GASEOUS RADIOACTIVE FISSION-
PRODUCTS FROM IRRADIATED MATERIALS

D. M. Skorov, A, l. Dashkovskii, _ v ' UDC 621'.039.548'.343
A. G. Zaluzhnyi, and O, M. Storozhuk ‘

Closer attention has been given to the study of the diffusion mobility of inert gases from reactor ma-
terials in the recent period,since gaseous fission products form in reactor materials in response to neu-
tron bombardment, and these fission products are associated with. undesirable effects such as radiation-in-
duced swelling and embrittlement,

The diffusion mobility of gases in a reactor material can be calculated from the kinetics of gas re-
lease during the heating process, Several test facilities employed in determining the kinetics of release
of radioactive isotopes of inert gases from test specimens during isothermal annealing processes have been
described in the literature [1-4]. The operating principles of these facilities are based on the fact that the
inert gas released from the test specimen during the annealing process becomes entrapped by the stream of
helium sweeping over the specimen, and is then collected in a trap cooled by liguid nitrogen. The amount
of gas collected in the trap is determined from the activity of the gas. The facilitiés desgribed to date suf-
fer from certain shortcomings, First, many other readily volatile radioactive fission products (cesium,
iodine, etc.) having an emission energy close to the emission energy of the gas under analysis (say, 133xe
or 18] are contained in the irradiated fuel specimens to begin with, in addition to the inert gases, These
radioactive fission products entrained in the helium stream can also end up in the nitrogen-cooléd trap in-
tended for the collection of the gas under analysis, and are responsible for a large error incurred in the
determination of the quantity of gas released, And secondly, a rigorously high purity is required of the
helium, since the test specimens can become oxidized during heating and the kinetics of gas release from
the test specimens may be altered as a result. :

The test facility we propose here (see Fig. 1) makes it possible to eliminate those shortcomings by
heating the test specimen in a high vacuum with continuous oilless evacuation of the effective volume by
high-vacuum pumps, and by keeping nongaseous fission products out of the trap intended to collect the in-
ert gases, - - : '

. Figure 2 displays a diagram of the vacuum system used, This system is made up of the high-vacuum
chamber (see position 6 in Fig, 1, and position 1 in Fig. 2) fabricated from stainless steel with cermet
leads. The chamber accommodates the test specimen.in the form of foil and suspended from the current
insulators, The test specimen is heated by bombarding electrons emitted from-a tungsten cathode. The
accelerating voltage is generated by a UIP-1 general-purpose power supplies pack. The cathode warmup
is controlled with the aid of a RNO-250-10 transformer included in the circuit and operating through a S-
0.5 voltage stabilizer, The temperature of the specimen is measured with the aid of a thermocouple, The
temperature range in the investigation was limited in practice-solely by the vacuum needed in the study of
any particular material (at 1500°C, the required vacuum was 107%to 107" mm Hg). The chamber is flange-
connected to the manometric tubes LT-2 and LM-2 and communicates via high-vacuum globe valves DU-25
to the zeolite-packed nitrogen trap, and to the ERA-100-2 electric discharge set generating the high vacu-
um in the system. '

The vacuum system is evacuated, via the globe valves, by the electric discharge set, and in contin-
uous evacuation the vacuum parts of the facility are heated to ~450°C by an external heater, The specimen

Translated from Atomnaya Energiya, Vol. 36, No. 1, pp. 76-77, January, 1974. Original article
submitted June 14, 1973, ' :
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- Fig. 1. Diagram of facility for determining kinetics of release of radioac--
tive gaseous fission products: 1) test specimen; 2) current conductor insu-

lators; 3) tungsten cathode; 4) thermocouple; 5) external heater; 6) anneal-
ing chamber; 7) current leads, '

is then warmed up to the prespecified temperature in the outgassed chamber by electron bombardment,
with one valve closed. . The inert gases released by the specimen during the annealing process pass, in
unison with the stream of chemically active gases geneérated by the partial pressure difference in the cham-
ber and in the electric discharge pump, through the zeolite-packed liquid-nitrogen-cooled cold trap. Here
the inert gases to be analyzed (krypton, xenon) are frozen out, since their critical liquefaction tempera-
ture is higher than the temperature of the liquid nitrogen. The vapors of volatile elements (cesium, iodine)
released from the specimen with the gases during the high-temperature anneal do not end up in the nitrogen
trap, since they condense on the walls of the vacuum piping (intensively cooled with water) connecting the
trap and chamber. The relative amounts of gas collected in the trap within the specified diffusion anneal
time are determined on the basis of the activity of the gas, Different recording techniques can be resorted
to [1-4] to match the type of radiation to be analyzed. The total quantity of gas (in relative units) can be
found by melting the specimen down, '

Fig. 2. Arrangement of vacuum system: 1) anneal cham-
ber; 2) high-vacuum globe valves; 3) nitrogen trap; 4)
electric discharge pump,
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Consequently, we see that, by measuring the fraction of gas released from the specimen during the
specified diffusion anneal time, we are able to calculate the diffusion coefficient of the inert gas in the ma-

‘terial,
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INTERACTION OF THERMAL NEUTRONS WITH
1S2mEy NUCLEI

I. A, Kondurov, A, M, Berestovoi, . UDC 539.171.017:539.184.5
A, I, Egorov, E. M. Korotkikh, ’
and Yu. V, Petrov

In the interaction of neutrons with excited nuclei inelastic scattering of the second kind can occur with
the transfer of the excitation energy of the nucleus to the scattered neutron [1]. Miyano and Morinaga [2]
attempted to detect this effect indirectly from an analysis of the cross sections for the formation of 148pm
and 4pm by the irradiation of 47Pm with thermal neutrons. We have measured the effect directly by
searching for fast neutrons produced by the irradiation of isomeric 152MEy nuclei with thermal neutrons.

The isomer was obtained by irradiating samples containing ' Eu in a reactor. The samples were
made of natural or separated europium oxide brazed onto both sides of aluminum backing 12 p thick. Disc-
shaped samples 34 mm in diameter with a !Eu content of about 100 mg were pressed between two alumi-
num foils 20 u thick, The samples were irradiated in a vertical charnel of the VVR-M reactor where the
unperturbed thermal neutron flux was 1.4+ 10! neutrons/em?. sec™. The perturbation introduced by a sam-
ple, and the self-shielding were taken account of by irradiating a test specimen and measuring its activity.
The accuracy of determining the number of isomeric nuclei this way was 8%. ’

Samples containing about 1 mg of ¥*™Euy were placed in a horizontal channel of the reactor where
the thermal neutron flux was (5.8 + 0.3) - 108 neutrons/cm?. sec. In view of the small size of the expected
effect the beam of thermal neutrons was modulated by a disc of cadmium and aluminum rotating with a pe-
riod of 1 sec. This does not modulate the background of fast neutrons. The accuracy of the period to the
order of 107° sec was ensured by a quartz oscillator.

The fast neutron detector was a 23U fission fragment spark counter surrounded by a Plexiglas moder-
ator and a shield of cadmium and boron. The thermal neutrons resulting from the slowing down of fast
neutrons in passing through the boron—cadmium shield were counted. The spark counter with particle dis-
crimination by ionization density completely removes the effect of the intense y radiation (up to 10 R/sec)
from the sample. The counting efficiency of the fast neutron detector, measured with a calibrated Sb—Be
source furnishing 24 keV neutrons, varied from 2.5 to 3.5-107%, The accuracy of determining this quan-
tity (+15%) depends mainly on the accuracy of the calibration of the neutron source.

The detector pulses were recorded in two counting channels which were gated in step with the modu-
lation of the thermal beam. The variable component of the fast neutron counting rate was determined; it
falls off with the half-life of %2MEy, equal to 9.2 h (3]. The main limitation in this experiment was the
background of fast neutrons from the reactor channel, The background count was 1400 sec™!, of which 75%
were counts of fast neutrons scattered directly by the sample, The accuracy of measuring the effect was
approximately 0.003 of the background. '

An analysis of the measurements gave an average value of the cross section for the "acceleration"
of neutrons by the 12MEy isomer

6=(0.15 = 1.46) b,

This means that there is a 95% probability that the reaction cross section does not exceed 3 b.

Translated from Atomnaya Energiya, Vol. 386, No. 1, pp. 77-78, January, 1974. Original article
submitted July 9, 1973.
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LIMITATIONS OF EFFECTIVE ACCELERATING
FIELDS IN RING ACCELERATORS

V. G. Makhan'kov and M. G, Meshcheryakov ) UDC 621,384.63

The efficiency of ion (proton) acceleration with the aid of relativistic electron rings is a subject that
is being increasingly discussed. The interest in this matter stems from the paper of Mohl et al. [1] and
the ensuing discussion at the 1972 Dubna Symposium on collective methods of acceleration. A further two
theoretical papers subsequently appeared in which an attempt was made to consolidate the main results of

[1]. The linear theory of ring stability was used in [1] to derive limitations on the maximum attainable ac-

celerating fields and thereby on the ion energy increment per unit length,

The main results of [1] reduce to the following. In the simplest accelerator construction the energy
increment per unit length egg¢r cannot exceed 10 MeV/m, but with a more sophisticated construction (intro-
duction of an internal screening cylinder) egqff can reach ~40 MeV/m. At the present time accelerating
fields of this magnitude have already been obtained in ordinary ring accelerators, The authors of [1] make

_the conclusion that only heavy ions can be efficiently accelerated with the aid of relativistic electron rings,

We emphasize that the conclusions and results of [1] were obtained on the basis of the linear theory of ring
stability, '

Electron—ion rings are known (theoretically and to some extent experimentally) to suffer from two
main types of instability. The first instability is connected with electromagnetic radiation and azimuthal

bunching of electrons (in the theory of ordinary accelerators it is known as the "egative" mass instability).

The second instability, the so-called firehose instability, is inherent only to plasma electron—ion forma-
tions, The most stringent limitation on eeqpr 1s imposed by the first kind of instability, This instability is
of a threshold character, however, as it appears ‘only when the number of electrons in the ring N becomes
greater than a certain critical value N dependent oh the energy spread.

The reason for this is that this instability is connected with particle bunching, while energy spread
naturally opposes this bunching. Accordingly, the greater the spread the greater the value of Npp, which
can be roughly found by comparing the growth rate of the instability v, with the magnitude of the spread,
i.e,, from the condition )

Vn < ROW. . ’ (1)

Here n denotes the number of the perturbation harmonic; W = 2rmecRyAyy; « = —(27rR(2,me-y0)‘1, where R
is the major radius of the ring; me is the electron rest mass; ¥, is the relativistic factor; and 2/,

= A'EO/E0 is the relative energy spread. Inserting the known expression for ¥, nto (1) leads to the order-
of-magnitude formula (3.1) of paper [1]:

1 RE (AEG/E)? x
NGkl g B0 BTt
S T Z iy 2 Vers , (2)

where o = (ez/mecz) is the classical radius of the electron; c is the free-space velocity of light; k = (e
/mecd); H, is magnetic field; Z, is the electron ring coupling impedance, the magnitude of which is essen-
tially dependent on the accelerator construction; and Z,(47/c) is the free-space impedance,

Utiliiing relationship (2) and the formula for the accelerating field in a ring accelerator

e2N,
et~ TRy et by | 3)

Translated from Atomnaya Energiya, Vol. 36, No. 1, pp. 78-79, January, 1974. Original article.
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where ¢ and b are the semiaxes of the elliptical cross section of the ring, we fmd

, kg AE)E, = 4
eeeffvo Slnec —‘J’WWT . v ( )
The prevtously cited values of egqf were obtained from this formula on setting H0 22 kG, (AE/E() = 10%

and making certain assumptions concerning |Zp/hZ|.

We note that in the subcritical regime, when Ng < Nyp, the parameters Ng and AE/E, are indepen-
dent and determined by the initial conditions, i.e., to a large-extent by the conditions of the experiment,
_so that the choice of value of AE/E, determines the entire range of values of Ng < Ner.

In the above-critical regime N > N, the situation radically changes. In any case, for not too large
values of N /Ncr a coupling between Ne and AEO/E clearly manifests itself. The problem consists, in-
deed, in finding this coupling. It turns out that the results are essentially dependent on the investigated
mathematlcal models. The nonlinear theory advanced in [2] (the so-called single-mode approximation)*
at first glance confirms a coupling of the form of (2), i.e., a linear coupling, although, as the authors of
this paper note, the results obtained by them are in poor accord with experiment.

On theother hand, an attempt has recently been made to follow through the behavior of the electron
ring in the unstable regime when the number of electrons is 2-3 times in excess of the critical value Ney
[4]. This paper considers the excitation and interaction of ten coherent harmonics, The calculation shows
that even at quite an early stage in the growth of the instability (times of order of 16-18 tenth-harmonic
inverse growth rates and 4-5 first-harmonic inverse growth rates) mixing of the harmonics proves to be
very important, which leads to phase separation of all the ten harmonics considered almost simultaneous-
ly and to a uniform distribution of energy over the harmonics. This confirms the essentially nonlinear
and crosswise character of the interactions, as a result of which a certain self-consistent quasistationary
regime is established. In this case the amplitudes of the perturbation fields are about 5-10 times smaller
(for different values of Ng) than the values given by the single-mode theory.

Further, a more detailed analysis of the final state obtained in [4] has led us to the conclusion that
for a ring in free space the energy spread AEggn resulting from the saturation of the instability is less
than the corresponding linear value AElm relating to the first harmonic by a factor of one-and-a-half to
two. This means that (for a given AEO) e is increased in comparison with Ngy by a factor of four-six,
so that the value of ea'eff is five-seven times greater than the value cited in [1].

This result can be interpreted as the nonlinear suppression of the 'mstability of the low-frequency
modes of oscillation by high-frequency modes which go over into a stable regime. If this is so, then in-
creasing the number of considered harmonics and including in the analysis stable (damped) high-frequency
harmonics must result in an even greater change in the coefficient .«:

B

o =
. h *
ALcrn
Further, simple physical considerations indicate that the presence in an electron ring of ions (pro-
tons) uniformly distributed in azimuth must, in view of their large mass, have an effect on the growth of

the investigated instability. A quantitative result can only be obtained, however, via experimental and
numerical investigations of appropriate models,

The conclusion that suggests itself is that the contemporary state of the theory does not permit a final
conclusion to be drawn concerning the attainable accelerating fields in accelerators of collective type. Ac-
cordingly, the pessimism that has arisen in connection with this matter is, like over-optimism, some-
what premature. '

The complexity of the theory of the processes occurring in accelerators of collective type (nonlinear-
ity, multi-mode behavior, and so on) means that one must resort to studymg various models whose param-
eters would be essentially dependent on a suitable formulated set experiment. It seems to us that numer-
ical simulation would shed some light on this problem., '
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COMECON NEWS

Vth INTERNATIONAL CONFERENCE ON MOSSBAUER
SPECTROSCOPY (BRATISLAVA, SEPTEMBER, 1973)

A. G. Beda and E P. Stepanov

The regularly scheduled international conference of COMECON member-nations on Mosshauer spec-
troscopy was held September 3-7, 1973, in Bratislava (Czechoslovakia), Both in the number of reports
submitted (158) and in the number of participants (231), this Bratislava conference can be acknowledged
the largest to date. In addition to specialists from the socialist countries, there were 80 specialists from
capitalist nations participating in the deliberations of the conference. This conference, like its immediate
precursor (Dresden 1971), emphasized the applied aspect of the topic, and was devoted to applications of
the Méssbauer effect in various branches of science and industry.

The conference program included eight plenary sessions and six panel sessions held in parallel. A
total of 147 reports were read, 13 of these being tutorial review papers. The following basic research
trends were discussed at the panel sessions: 1) spinels and garnets; 2) physical metallurgy; 3) mineralogy

_and geology; 4) chemistry; 5) time dependences; 6) advances in techniques and methodology.

Theoretical aspects of the Mossbauer effect were discussed in a report by S. V. Koryagin (USSR)
which covered the effect of anisotropy of atomic movements (vibrations and diffusion) on the shape of the
Mossbauer spectra, and a report by D. Barba (Rumania) discussing polarized Mossbauer transitions in '
mixed hyperfine interactions,

Most of the review papers were also of an applied nature, For example, a report by K. Raclavsky
(Czechoslovakia) dealt with geological applications of the Méssbauer effect. It was pointed out that this ef-
fect can be exploited in conducting structural and phase analyses of minerals, in prospecting for minerals,
and that the Méssbauer effect can also be put to good use in the mining and ore processing industry., Ad-
vantages and disadvantages of M&ssbauer spectroscopy as compared to other methods used for the same
and similar purposes were discussed, A report by P. Flynn (USA) discussed possible applications of the
Mossbauer effect in monitoring metallurgical processes, in analyzing corrosion products and metallurgical -
slags, in analyzing phase transitions, and in investigating the mechanism underlying tempering of steel,

It was pointed out that the M&ssbauer effect is useful, in measurements within the framework of scattering
geometry, in nondestructive analysis of test specimens (e.g., in determining carbon content in steel and
iron).

The audience responded with interest to a report by G. Frauenfelder (USA) on applications of the
Mossbauer effect in biology where, it was pointed out, enormous possibilities are being opened up, so that
information inaccessible and refractory to any other research techniques will become available,

A report by V. I, Gol'danskii (USSR) on the feasibility of a nuclear gamma-ray laser ("gaser") stim-
ulated great interest, First, the physical fundamentals of the gaser were looked into, and its realization
was shown to be feasible only through recourse to the Mossbauer effect, This was followed by formulation
of stringent conditions imposed on the gaser design. Fulflllment of such conditions is entirely problemati-
cal at the present time,

G. Kalvius (West Germany) reported on the status of Mossbauer research in the field of the actinide
elements (Th, Pa, U, Np, Am), and on opportunities for Mossbauer Spectrosc0py in the study of the elec-
tronic structure and magnetic properties of the actinide elements,

R. N. Kuz'min (USSR) presented a survey of work done on Mdssbauer diffraction structural research,
He took note of the major contribution rendered by Soviet scientists in the development of research in this

Translated from Atomnaya Energiya, Vol. 36, No. 1, pp. 80-81, January, 1974.
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area, and pointed out trends in further reserach, The same topic was broached by E, P. Stepanov (USSR),
in a report which cited recent experimental findings on diffraction studies o{ the interaction between reson-
ance y-emission at 14.4 keV energy and single crystals at the I. V. Kurchatov Institute of Atomic Energy
[TAE],

Numerous reports on solid state physics centered primarily on the magnetic properties of various
compounds and alloys (about 25 in all), as well as phase transitions, dynamical properties of crystal lat-
tices, diffusion in solids and liquids, thin films and particles, and so on,

Noteworthy among papers submitted on relaxation processes is a paper by S, Morup (Denmark) re-
porting on an investigation into the effects of externally applied magnetic fields on relaxation times in fer-
ric nitrate. A paper submitted by B. Balco and G. Howe (USA) dealing with investigations of electronic
relaxation of the iron atoms in hematite near the Morin transition relied on the hitherto much neglected
method of binary Mossbauer analysis with selective excitation of sublevels in the hyperfine structure of the
test specimen; this approach yielded rather interesting results.

Close attention was paid to the reports presented by Yu. V. Baldokhin (Institute of Chemical Phys-
ics of the USSR Academy of Sciences) and I. A, Dubovtsev (Institute of Physics of Metals, Sverdlovsk) on
the influence exerted by radio-frequency fields on the shape of Méssbauer spectra. The conference par-
ticipants held a protracted discussion after the panel had been concluded; prominent contributors to the
floor discussion included D. Walter (USA) and D, Albanese (Italy), who discussed various possible mechan-
isms that might underly mechanisms responsible for the interaction between atoms and an RF-field (mag-
netostriction, movement of domain walls, eddy current), and drew the inference that additional experi-
ments are called for in order to shed further light on the roles played by each of them,

Research efforts centered mainly on complexes in organometallic compounds in the chemical _papers
reported on at the conference,

Some brief communications dealt with applications of the MOssbauer effect in investigations of the
dynamics of ordering of alloys. The concentration dependence of quadrupole splitting and of the hyperfine
Hefr was studied in these papers, and a relationship was established between these characteristics and the
local atomic configurations.

Several original reports discussed a new and promising area of research: Mossbauer studies of ra-
diation damage in solids, A paper by D. Walker (USA) dealt with investigations of temperature peaks.
Other reports described a procedure for studying radiation damage involving implantation of Mossbauer
emitter nuclei such as °'Fe (J. Sawicki, Poland), !¥MTe and !2%MTe (J, Langouche, Belgium) in different
substrates, with subsequent determmatlon of the dose dependence of the resulting hyperfine fields and quad-
rupole splitting.

G. Bortmann (West Germany) and A. G. Beda (USSR) reported on M&ssbauer research in narrow
lines, The former report cited research findings on the shift of the !8Ta line in response to temperature
and pressure changes; the latter report presented new observational findings on the Méssbauer effect on
the long-lived isomeric state of 107Ag, and pomted out factors that act to hinder observatlon of the Moss-

~bauer effect

Applications of the Mossbauer effect to the study of diffusion processes were discussed by Z. Bon-
chev (Bulgaria). The B-ray spectrometer was used in measurements of the energy and intensity of con-
version electrons emitted by nuclei situated at different distances from the surface, after recoilless ab-
sorption of y-photons,

Interesting reports on applications of the Mossbauer effect in hitherto nontraditional areas (such as
archeology) were submitted by L. Keszthely (Hungary) and A. Semopoulos (Greece); in these studies, the
M6ssbauer techniques were applied in studies of iron compounds in pottery, ostraca, and earthenware to
determine what methods were used in the fabrication of the wares in different historical periods.

In conclusion, we must point out that, despite the absence of fundamentally new and basic findings of
a theoretical and experimental nature in the work reported on at this conference, the gathering yielded
great scientific and practical information on a wide range of topics.

Members of the Soviet delegation visited the Méssbauer laboratory at the Slovak Polytechnic Univer-
sity. - The experience acquired by Czechoslovak scientists who organized the laboratory for research proj-
ects involving technical applications of the Mossbauer effect, in response to requests by production organ-
izations, is quite interesting and noteworthy.
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The next regular scheduled conference of socialist countries on Mossbauer spectroscopy is to be
held in Krakow (Poland), in September of 1975.
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COLLABORATION DAYBOOK

4 A conference of specialists of COMECON member-nations, and also the fourth session of the Coor-
dination Scientific-Technical Council (KNTS) on nuclear power station spent fuels reprocessing, were held
conjointly September 11-15, 1973, in Bialobrzeg (Poland). Participating were delegations from Bulgaria,
the German Democratic Republic, Poland, the USSR, Czechoslovakia, and a staffmember of the COMECON
Secretariat, :

The status of research covered by points in the program of collaboration on reprocessing of nuclear
power station fuels, and relating to the study of the physicochemical characteristics of solvent extraction
processes, development of extractors of various types, and development of auxiliary equipment for solving
extraction technology, was discussed at this conference. The timeliness of research on extraction kinetics
of the actinoid and fission-fragment elements was emphasized, particularly in relation to the development
and use of centrifugal extractors., The need to work out engineering procedures in the design of extraction
process equipment was underlined. The feasibility and desirability of preparing engineering specifications
in the development of extractors and auxiliary process equipment was acknowledged with the object of great-
er concretization in further research in this area. -

The KNTS voiced its approval of an engineering specifications project for spent assemblies of fuel ele-
ments of nuclear electric power generating stations utilizing VVER-440 reactors as a standard document
needed in working out and finalizing contracts for the delivery of spent fuel, and also as illustrative con-
tents of general instructions on the proper procedures to be followed in shipping spent nuclear fuel from
nuclear power stations of COMECON member-nations to reprocessing sites, and the sequence of operations
to be followed in this line of work. Engineer"ing specifications to be observedin working out methods and
devices to be used in ascertaining the content and isotope composition of fissionable elements in spent fuel
were discussed. Technological monitoring of extraction processes were discussed, and a setup for moni-
toring extraction reprocessing of spent fuel elements from VVER nuclear reactors was discussed and
agreed upon, as well as engineering specifications for remote analytical monitoring devices applied to the
composition of solutions and slurries, engineering specifications to be observed in the development of
equipment for taking and transporting samples, listings of standards needed to check the methods, and
calibration of monitoring instrumentation,

»

The council discussed the progress achieved to date in preparations for the III Symposium of COME CON
member-nations on the topic: "Research on spent fuel reprocessing," to be held April 22-26, 1974, at
Marianske Lazne (Czechoslovakia)., Basic trends in scientific and engineering research in the field of re-
processing of spent nuclear fuel from nuclear power stations, over the 1976-1980 period, were pinpointed,
and proper sequencing of preparations of a program of collaborative efforts coveringthat period was mapped
out, .

In line with a PKIAE SEV [Permanent COMECON commission-on peaceful uses of atomic energy] res-
olution on development of the whole range of problems associated with radiochemical reprocessing of spent
fast reactor fuel, and proposals entertained by delegations of the participating nations, the Council intro-
duced appropriate refinements into the 1971-1975 collaboration program. The work plan drawn up for the

- KNTS covering the 1974-1975 period was discussed.

Translated from Atomnaya Energiya, Vol. 36, No. 1, p. 81, January, 1974.
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INFORMATION '

THE INTERNATIONAL SYMPOSIUM ON ‘MATHEMATICAL
MODELS OF POWER-INDUSTRY ECONOMICS

Yu. I. K.oryakin

The International Symposium on Mathematical Models of Power-Industry Economics, organized by
the United Nations Economic Commission for Europe (ECE) in cooperation with the Ministries of Power of
the USSR and the Kazakh SSR, was held from September 17-21, 1973 at Alma-Ata. The Symposium was at-
tended by about 250 delegates, representing more than 20 European countries, as well as the United States
and a number of international organizations: the European Economic Community (Brussels), the Interna-

" tional Institute of Systems Analysis (Vienna), and others. ‘

This was the first time a symposium on such a subject was being held under ECE auspices. It was
made necessary by the increasing complexity of the study and management of the power industry and its
various branches.

The participants heard 54 reports, grouped into the following four sections: survey of studies on the
mathematical modelling of the economics of the power industry; description of models of the fuel-power
industry as a whole and its various fuel sectors; description of models of electric—poWer systems and their
development; and methodological questions concerning the construction of ‘models of the fuel-power indus-
try and forecasts of its development. »

Each section included some general reports of a survey nature and some brief comments by individual
authors on the reports presented.

The reports on the mathematical models of the power industry and the place of such models in the
hierarchy of power-industry models were included in the fourth section.

The general report on the first section was presented by A. S. Nekrasov (USSR). He noted that there
is today a very clear tendency toward the development of models covering the entire fuel-energy complex
of a country and that this complex was being considered as a single entity because of the interchangeability
of energy sources. The construction of such models, which in the Socialist countries are of a global-op-
timization nature, is a logical development of the power-industry planning methods designed to ensure
maximum effectiveness of the energy resources and the various forms of energy in the national economy of
each country. The construction of complex power-industry models in countries with a market economy
and those with a mixed economy often results from the State authorities' need to work out steps for stabiliz-
ing the country's energy supplies at a time when energy supply and demand are regulated by the price sys-
tem,

In the second section the general report was presented by M. A, Rubin (USSR). He considered models
constructed for various levels: overall national energy production at the country-wide level; specialized
company-wide energy economies of individual sectors; regional overall energy production; and energy
economies of individual energy-consuming enterprises and industrial combinations. Models at the country-
wide level are formulated for the purpose of studying processes as functions of time. Depending on the
problem, the development of systems may be examined for periods ranging up to 30 years. However, most
of the problems are so‘lvedvby using country-wide overall energy models covering periods of 10-15 years,
since the longer the period under consideration, the less reliable and more indeterminate will be the initial
information, in addition to the fact that for longer periods the solutions are less detailed. Therefore the
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models use variable time-scales, with calculation intervals of 1-2 years at the beginning of the period and
5 years at the end of the period.

The quantity taken as the fundamental criterion for optimal solutions is the minimum of the total ex-
penditure for all stages of the process or the maximum profit on the assumption that the demand is satis—
fied. The view was expressed that additional criteria should also be taken into account: minimum energy
consumption, labor resources, investments, The necessary combination of "vertical™ and "horizontal™
links in the process of optimal planning of the development of the power industry requires the construc-
tion of interrelated economic and mathematical models for optimization of a country's energy economy at
various levels of the hierarchy of models. Algorithms for such interconnections were discussed in a num-
ber of reports.

The general report in the third section (A. I. Zeiliger and G. N. Lyalik, USSR) stated that problems
involved in the planning and operation of electrical-energy systems (EES) that are being solved sequentially
by means of models are approximately the same in all countries: _investigators determine the optimal struc-
ture of power values to be generated and the distribution of these power values, they determined the re-
quirements for new forms of energy installations, they select the optimal parameters for electric power
stations and the times required for their construction, and they plan the annual, weekly, and daily operat-
ing regimes of the EES, The reports presented reflected the experience of a relatively small number of
countries among those working on the construction and application of models for EES: the USSR, France,
Great Britain, and Turkey.

The optimization of EES structure is a very complicated problem owing to its dynamic character,
the discrete development of elements of the system, the large number of variable parameters, and the
nonlinear relations between them. Since an exact solution of this problem is impossible at present, mod-
els are being developed for approximate solutions, Work is being done along two lines. The first is the
approximation of the actual characteristics of EES in the components of the model, in the form of contin-
uous functions which can be used in known mathematical methods of optimization (for example, linear and
convex programming, etc.). This approach makes possible the construction of optimization models in
which the variants of the desired solution are formulated, sorted out, and evaluated automatically, and the
final result is one or more of the variants close to the optimum,

In the second approach the problem is simplified by specifying for the designers the variants of the
desired solution, In this case models are used for an economic evaluation of the specified variants and for
optimizing their secondary parameters (for example, optimizing the fuel costs by appropriately distribut-
ing the load among various power stations). '

The authors of the reports considered in this section expressed a preference for a combination of the
two types of models: first, optimization models are used for determining the region of optimal structures,
and then the investigators make a comparison of the solution variants by selecting different types of equip-
ment, different types and: arrangements of power generation units, ete.

The general report in the fourth section (by A, A, Makarov and L. A. Melent'ev, USSR) emphasized
the system approach that characterizes the methodology of the mathematical modeling of a country's fuel-
energy economy. This approach is due to a very important feature of the power industry in the second half
of the twentieth century: the fact that it is highly complex, as a result of the interchangeability of energy
sources (electrical energy, gas, petroleum products, coal, atomic energy).

At all hierarchical levels, there are strong vertical (intra-industry) and horizontal (inter-industry)
links between power systems, The hierarchical arrangement of large power systems should evidently be
considered a fundamental methodological concept of present-day mathematical modeling in power-industry
economics., Econometric models in the power industry should be constructed in the form of an interacting
set of submodels approximating as ¢losely the hierarchy of the actual power systems as possible,

In nuclear power generation, in addition to the complex optimization of the parameters of an atomic
power station, with the aid of mathematical models, it is rational to study the nuclear power generation
system as a single entity. By such a system we mean the entire cycle of extraction, enrichment, and pro-
cessing of nuclear fuel for the production of electrical energy. It is useful today to study this process as
a single unit because it has been shown that the effectiveness of the development of nuclear power depends
on the choice of methods for utilizing the nuclear fuel to best advantage and also on the combination of rates
of development of nuclear power-generating installations with the choice of optimum relations between the
contributions of thermal-reactor and fast-reactor power-generating plants,
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The special position of a nuclear power system as an element of the total system of power production
is manifested primarily in the fact that the kinds of energy resources and the types of organic-fuel power
stations replaced by nuclear plants will be different for different rates of development of the nuclear power
industry. Therefore, in every calendar period there exists some optimal level of development of the sum
total of the power contributed by atomic plants, It is determined from the fact that atomic power stations
will first replace the most expensive forms of organic fuel (for example, pit-mined coal and, consequently,
the basic stations fueled by such coal, next the less expensivé fuel, and finally, for a given period of time,
the development of atomic. stations will reach a level at which the effect of adding further nuclear power
would no longer be advantageous, or would in fact have a negative effect.

Thus, each particular rate of development of atomic power stations will, by replacing more expen-
sive or less expensive organic fuel, affect not only the amount of "closed expenditure" ("shadow prices™)
of fuel but also the comparative economic efficiency of atomic power stations themselves, These impor-
tant direct and inverse relations can be found by optimizing the rate of development of nuclear power gen-
eration of the model of the overall energy system.' Thus, the optimal rate of development of atomic power
stations can be determined only within the framework of the optimization of the overall energy system and
the more precise optimization of the electrical-energy systems of a given country or group of countries
whose energy systems are interconnected. In an evaluation of the role of atomic power stations in the en-
ergy-economy system it is also important to show the effectiveness of utilization of nuclear fuel for supply-
ing heat, desalting water, and replacing technological heat and fuel in the energy-consuming branches of
industry.

A report prepared by Soviet authors and read by S. Ya. Chernavskii described a system of dynamic
mathematical models developed both for investigating the system of nuclear power generation in a country's
overall power system and for making long-term forecasts concerning the nuclear-power system and op-
timizing its structure so as to minimize the total discounted design expenditures and minimize the system's
natural-uranium requirements, ' '

The model of the overall power system enables investigators to study the relative economic efficiency
of atomic power stations and organic-fuel power stations and also to study (in a first approximation) the
economic efficiency of the placement of atomic power stations in a country's territory as part of the elec-
trical energy systems and their regimes of utilization for the years (intervals) of the design period, which
usually do not exceed 20 years,.

A number of variants were worked out for models to be used for long-term forecasting (25-30 years)
of the development of nuclear power, with the variants differing in the degree of detail, in the various meth-
ods used for introducing the desired variables and the description of the relations between the elements of
the system, :

A similar theme was discussed in a report by W. Frankowski (Polandy. The report discussed prob-
lems involved in the forecasting of the future use of nuclear power in Poland; such problems can be solved .
by means of 11 computer programs that have been worked out for the mathematical modeling of two-com-
ponent nuclear-power systems which are closed with respect to plutonium balance. The solutions make use
of (essentially) linear programming and nonlinear programming. They take account of factors such as de-
lay time, discounting the growth of atomic power-station generating capacity, and changes in the isotope
composition of the plutonium, Models have been developed for the startup of uranium fast reactors, with
the uranium gradually being replaced by plutonium as operating time increases. Poland has no operating
atomic power stations at present, and this fact makes it possible and makes it necessary to study with
great care the initial staige_ of development of nuclear power generation in the country. A number of studies
on mathematical modeling were devoted to the optimization of this stage.

8. Iliffe (Great Britain) also described a systems approach to the analysis of the long-term develop-
ment of nuclear power generation. The model he described and the results of the calculations made with
it involved the balance between the production of plutonium and the demand for it in a nuclear-power sys-
tem (with a different power-stations structure) and the economic links between this system and the coun-
try's overall power system. The calculations dealt not only with the economics of a plutonium-balanced
system but also with the economics of an unbalanced system, In the latter case the plutonium imbalance
determines the reaction of the system in monetary terms,

The results of computer calculation of the model by the DISCOUNT-G program are obtained in the
form of a printed complete picture of the principal indicators of the system for the years of the period
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covered by the calculation, These indicators include the total number of stations put into operation, the
types of stations, the load factors, the fraction of the base load used, the plutonium reserves and the mini-
mum reserve levels, the maximum admissible losses ( /kW), total income, the market price of plutonium,
the excess of plutonium left over, the import and export of plutonlum the removal of stations from opera-
tion, etc,

Because the results of calculations using the model can be shown easily in a visually recognizable
form, the model has already been used for a number of years by the British Atomic Energy Authority for
determining the possible economic effects of various lines of development of power reactors,

Thus, the reports and discussions indicated that the following are among the most important prob-
lems of mathematical modeling in the economics of the power industry:

1. Study of the effects that the development of the power industry produces on the environment, To
solve this complex problem, which lies at the junction of technology, biology, and economics, will re-
quire enormous efforts,. It is apparently necessary to develop special complex mathematical models. At
the present time it is difficult to make any estimate of how complex and effective these models will be.

2. The establishment of a complete and reliable system of informative data, Today the initial in-
formation leaves a great deal to be desired, and therefore there is a great need, in particular, for the
development of mathematical methods that will make it possible to take the optimal solutions while taking
account of the indeterminacy of the initial information,

3. Theproblems of making mathematical models correspond to the research tasks for which they are
to be used. It is by no means always true that the more accurate a model is, the better it will be, In the
opinion of the general rapporteur, A. A. Makarov, there seems to be no sense in requiring a model to be
so detailed that it ean yield a formal solution accuracy greater than the probable error resulting from the
incompleteness and poor quality of the initial information, Therefore we can justifiably use linear models
for describing systems which we know to be nonlinear, '

The Symposium demonstrated the rapid progress and increasing effectiveness of mathematical model-
ing in the power industry in general and in nuclear power generation in particular as the most advanced
modern instrument for the investigation and control of these complex economic systems,
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THE TENTH INTERNATIONAL MINERAL
PROCESSING CONGRESS

M. L. Skrinichenko

The Tenth International Mineral Processing Congress was held in London from April 2 to April 6,
1973. The USSR delegation was headed by I. A. Strygin, Deputy Minister of Nonferrous Metallurgy, and
included 73 specialists representing ministries and enterprises concerned with nonferrous and ferrous
metallurgy and the chemical and coal industries, the Ministry of Geology, the Ministry of Higher Education,
the USSR State Commission on Atomic Energy, and other organizations.

The Congress was opened by C. Chataway. He was followed by Professor Fleming, who delivered a
lecture on "Man and Minerals,"

The meetings were divided into the following technical sessions*: - comminution (7), screening and
classification (3), gravity concentration (3), electrodynamic and magnetic concentration and sorting (4),
flotation (12), process appraisal (3), plant design and practice (3), fine-particle processing (3), computer
control (2), sorting (2), and chemical processing (6).

At the comminution session, G. Agar (Canada) and P, Somasundaran (United States) pointed out that
by changing the number of revolutions of crushing mills according to the hardness and granulometric com-
position of the material being crushed, a considerable increase in output and a considerable saving of en-
ergy can be achieved. A report by W. Cowan and D. Rogers (United States) presented the results of in-
vestigations on ore comminution by the Snyder process. They indicated that the process was universally
applicable: it is equally suitable for comminuting wood, paper, ore, and other materials. They remarked -
on the favorable granulometric characteristics of materials comminuted this process. In a report by D,
Herbst, G. Grandi, and D. Fuerstenau (United States), it was shown that mathematical modeling of the
comminution process makes it possible to answer many practical questions in the operation and design of
comminuting equipment. In general, the reports and the discussion emphasized the need for expanding re-
search on comminution and improving methods for investigating the degree of comminution of ores.

Reports presented at the gravity concentration session gave evidence of the gr‘ow'mg use of methods
of concentration in heavy suspensions in cylindrical separators and hydrocyclones, In a report entitled
"Suspension hydrocycloning of. diamond-bearing ores," presented by an Anglo-American corporation in
South Africa, N, Chaston presented detailed data on the use of Suspension hydrocycloning and described
the characteristics of the hydrocycloning installations put into operation between 1955 and 1972,

The capacity of the installations with respect to input is as high as 560 tons/h. The total capacity of
the installations described in the report is 2300 tons/h, and the particle size of the input ranges from —6
+1to —6 + 0.5 mm, The report specified the composition of the suspensoid (the ratios of magnetite to
ferrosilicon used in the process) and the yield of suspensoid per ton of ore (330-700 g/ton). The diamond
extraction amounts to 97-99%. R. Ignatovic (Yugoslavia) discussed methods of using heavy liquids for the
separation of minerals. He showed that the use of sur‘face—active substances for preliminary treatment of
the initial ore improves the sharpness of the separation and reduces the consumption of tetrabromometh-
ane, . _

At the electrédynémic and magnetic concentration and soft'mg.session, a report by M. Carta et al.
(italy) showed that it was possible to determine in advance what form of energy effect was most acceptable

*The numbers in parentheses indicate the number of reports in each session.
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for achieving a given separation result. He gave examples illustrating the preparation of a surface in
which the energy structure was varied, making it possible to obtain better results in separdtion and flo-
tation. The energy level of the surface was changed by irradiating it with x-rays, y-rays, and «-rays,
by heat treatment, by controlling the conditions during the crushing process, and by triboelectric charg-
ing of the mineral particles before flotation. '

At the process appraisal session, a report by M. Jones and L, Shaw (England) described a micro-
analyzer that considerably expands the possibilities of mineralogical investigation, This device has a high
efficiency and makes it possible to determine the size of mineral inclusions, as well as their relative con-
tent, and to obtain new additional information on the structure of ore minerals, The participants heard a
description of how a microanalyzer could be transformed into a measuring device controlled by an elec-

tronic computer. P. Luckey and L. Osteen (United States) discussed the functions of an existing classifier -

and proposed a modeling methodology and statistical methods for obtaining the characteristics of classi-
fiers that make it possible to construct an exact mathematical model of them,

The reports presented at the plant design and practice session included flow diagrams and data on the
technological equipment of the plants, their indicators, and their operating costs. In particular, G. Hughes
(Canada) described a pilot plant put into operation in 1970 for the concentration of copper—zinc ores, with
a capacity of 3000 tons/day, It served as an auxiliary installation and a training center for the personnel
of the Ruttan Lake processing plant, which has a capacity of 10,000 tons/day. These plants are charac-
terized by central control systems, hydraulic drives for the pumps and conveyors, double hydrocycloning,
the use of single-chamber flotation machines in the crushing cycle, cyclone feed secondary pumps, and
automatic recording of particle-sizes. The process is monitored by means of a system of flow analysis on
the Courier 300 installation. ) ’

The reports presented at the computer control session, as well as a number of reports presented at
the other session, show that the use of electronic computers has become much more widespread in recent
years. Today computers are used for monitoring the operation of enrichment plants and determining the
mineral composition of the ore, in the automatic sorting of ores, in laboratory investigations, and for con-
trolling the enrichiment process at enrichment plants. In particular, as was pointed out in a report by J.
Paekinen, S. Kreul, and S, Heikilla (Finland), the use of electronic computers over a four-year period for
controlling the process of selective flotation at copper—zinc plants yielded substantial economic advantage.

Two reports presented at the sorting session indicate that the areas of ‘application of some specific
methods of sorting are becoming more extensive, D, Collier et al, (Australia) cited the results of inves-
tigations on the use of a thermoemission method for the sorting of asbestos ores and also reported on the
development of a new variant of a luminescent separator for the concentration of scheelite ores, as well
as on the results of the tests conducted with it. The electronic equipment used was a serial computer, A
report by D. Jenningson et al. .(England) contained information on the sorting of coal by an x-ray absorp-
tion method on a 14-stream belt separator,

The réports presented at the Congress, as well as the comments on them, indicate in general that
new and progressive methods have been widely introduced into the practical operation of processing plants,
Electronic computers are being used on larger scale, there has been more extensive use of nuclear-phys-
ics methods for mass analyses of the end product of the treatment process, and methods for the automatic
sorting of ores are successfully being developed, Various ways have been proposed for finding engineering
solutions to the problem of improving the separation process (settling and flotation) by a directed energy
effect aimed at the surface of the minerals being separated (x-rays, v-rays, and o -rays, heat treatment,
and triboelectric charging of particles). There has been a considerable increase in the monitoring and
measuring equipment installed at new processing plants, and hydraulic drives for pumps, conveyors, and
other equipment have come into use. '

There is a tendency everywhere to set up and use large-scale equipment with large unit capacity,

At the last meeting of the Congress, I, A.. Strygin spoke on behalf of the Soviet delegation, comment-
ing on the large number of representatives attending the Congress and the very valuable work the partici-
pants had done. He said that plants in the Soviet Uniton were processing hundreds of millions of tons of
ore every year and that all of the useful proposals made at the Congress could be very helpful in our coun-
try. He noted the importance and necessity of concentrating efforts on the protection of the environment
and on the comprehensive and economical utilization of minerals,
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The participants in the Congress visited several processing plants in Cornwall and the Midlands, in-
cluding in particular a quarry and production plant for the manufacture of cement, crushed stone, and
lime, as well as the West Plant Cavendish Mill, which processes lead—barite—fluorite ore. The flow di-
agram of the processing plant includes washing, crushing to 50 mm, screening and deslurrying, separa-
tion in heavy suspension, and flotation. Separation into three products in heavy suspension of class —50
+9 mm is carried out in a single Wemco cylindrical separator. The separation takes place at a specific
weight of 2.8 g/cm3 in the first chamber of the separator and 3,15 g/cm? in the second. In the first stage,
quartz, carbonates, and other minerals with a specific weight of less than 2.8 g/cm3 are separated in the
light fraction; these are put to commercial use as building material, In the second stage, a fluorite con-
centrate of the metallurgical type is separated in the light fraction. The heavy fraction of the separator
and the deslurried class —9 mm are transported after comminution to the flotation stage., An ore contdin-
ing 35% fluorite, 124 barite, 20-25% carbonates, 20% silicon dioxide, and 1-1.5% lead yields a lead con-
centrate with 70-75% lead, a fluorite concentrate with 974 fluorite, and a barite concentrate with 94-96%
barite. The plant produces 140,000 téns of fluorite concentrate, 15,000 tons of barite concentrate, and
6000 tons of lead concentrate every year.

At the Cronwel Bishop Works, a British gypsum company, the participants in the Congress observed
a plant producing high-purity gypsum. The flow charge of the plant includes crushing, screening, photo-
metric sorting of classes from —40 to 6 mm on the Sortex 711 and Sortex 621 separators, and electrostatic
separation of the —14 + 52 mesh class, An interesting feature of the plant is that the photometric proces-
sing made it possible to obtain extremely pure and highly valuable concentrates of gypsum. The use of- '
other processes does not yield products of such high quality,

The participants also visited the Fauld Works, where gypsum is concentrated in heavy suspension.
The flow charge of the plant includes separation of the —150 + 6 mm class, followed by washing and sep-
aration into three products in heavy suspension in a single Wemco cylindrical separator. Gypsum goes
into the light fraction of the first chamber of the separator, and the part of the first chamber's heavy frac-
tion that goes into the light fraction of the second chamber is barren rock, used as a building material.
Anydrite goes into the heavy fraction of the second chamber,” Regeneration of the suspension is achieved
by means of a magnetic separator. The carefully planned flow chart and the compactness of this plant
make it stand out from the other plants visited., The plant is serviced by three workers per shift when
operating at an input rate of 4600 tons of initial ore per day. The daily output of finished product is 2000
tons of high-quality gypsum. One interesting feature is that light structures — covered tents — are used
for the semibunker storage and for the transport lines. Instead of windows, the tents use a transparent
material similar in external appearance to ordinary corrugated tile,

A special exhibition on 68 stands was organized for the participants in the Congress at the Institution
of Mining and Metallurgy.. A-relatively small number of items was exhibited. Most of them were flow
sheets, photographs, and advertising prospectuses of various firms. A number of installations for the ex-
tractive recovery of copper and the gravity concentration of heavy minerals from thin slurries was shown
in mockup form. Examples of protective meshes manufactured from rubber by Swedish and Norwegian
firms were demonstrated. '

The unext International Mineral Processing Congress will be the eleventh; it is expected to take place
at Cagliari, Italy, in April, 1975, and the twelfth Congress in May, 1977, in Canada,
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ALL-UNION SYMPOSIUM ON RADIOBIOLOGY AND
RADIOECOLOGY, SYKTYVKAR, SEPTEMBER, 1973

R. M. Aleksakhin

The second All-Union symposium devoted to the study of the biological effects of small doses of ioniz-
ing radiation, as a paramount aspect of the problem of protecting the biosphere and conservation of nature,
was held at Syktyvkar September 4-6, 1973. The symposium, organized under the auspices and initiative
of the "Radiobiology" Scientific Council of the USSR Academy of Sciences and the Komi branch of the USSR
Academy of Sciences, drew participation from over 180 specialists.

Evaluation of the consequences of exposure to small doses is of interest from the standpoint of radia-
tion safety in space flight, or from the standpoint of medicine and public health when radioisotopes and
irradiation are used for diagnostic and thereapeutic purposes (this applies above all to x-ray diagnostics).

Attention at the symposium was focused on the radioecological aspects of the problem of low radiation
loads on plants, animals, and communities of plants and animals. Acquaintance with the radioecological
regularities of migration of radionuclides and radiation effects on biogeocenoses lay the prerequisites for
the solution of many practical problems, '

A report by A, M. Kuzin cited reference data on current exposure doses experienced by humans in
the vicinity of a variety of sources (natural background, global fallout levels resulting from nuclear wea-
pons testing, medical procedures, worldwide use of atomic energy for peaceful purposes, etc.), and also
presented forecasts of the degree of irradiation humans will be exposed to in the years 1990-2000. Even
though the principal contribution to the exposure dose is that now made, and to be made in the immediate
future, by the natural radiation background, radioecological concentration processes are still responsible
for the formation of "hot spots" in some individual portions of the environment, and exposure doses will
run well over the average at those spots. R. M. Aleksakhin presented the basic problems in radioecology
in the light of nuclear power development and increasing amounts of radioactive wastes (these include mi-
gration of the more important components of wastes along biological and nutritional chains, radioadaptation
processes, radiation-genetic effects when pbpulations of living organisms are exposed to radiation),

Some of the réports reviewed results of many years of stationary research in regions with heightened
contents of néturally occurring radionuclides in the Komi ASSR (V. I. Maslov, N, A. Titaeva, O. N, Pop-
ova, K. I, Maslova), Information was made available on the intensity of migration of uranium, thorium,
and radium in the system soil—plants—animals; buildup factors were calculated, and the effect of the
combined action by the external irradiation and incorporated radionuclides on plants and animals was as-
certained, The results of experiments designed to estimate the long-term effects of heightened radiation
background on plants and animals are of the greatest practical significance. A report by F. I. Pavlotska
was devoted to the biogeochemistry of the most important fission products: %Sr and 137Cs,

Various natural communities of fauna and flora are characterized by different levels of sensitivity to
effects of ionizing radiations. One of the most sensitive biogeocenoses is the forest, F., A. Tikhomirov
analyzed radiation injury processes affecting the forest, and described radionuclide circulation processes
in forests. '

One neglected area in radioecology, estimates of radiation effects on soil-dwelling animals and their
role in the migration of radioactive materials, was the subject of an address by D, A, Krivolutskii.

Translated from Atomnaya Energiya, Vol. 36, No. 1, pp. 86-87, January, 1974.
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Public health. regulations to be imposed on low radiation loads from a phys1ologlcal standpomt and
relationships between radiation public health interests and radioecology, were discussed in papers pre-
sented by P. V. Ramzaeva and Yu. K, Kudritskii. The problem of small doses in outer-space radiobiology
was broached by Yu, G. Grigor'ev, Attention was focused on the study of the combined effects of radiation
and other factors in space flights, A. N, Sirotkin reported on research results in agrxcultural radloecol—
ogy, throwing light on features of transport of the principal radioactive fission products ‘and nuclides with
induced activity where the participation of agricultural animals is involved, and also on the passage of ra-
dioactive animals into products of animal husbandry. It was pointed out that the agrlcultural link in the
migration chain can be the predominant one in the formation of the radiation load on the human population,

Regularities. of biological effects of ionizing radiations on living organisms are among those least
well studied in radiobiology or in radxoecology Information on the effects of chronic exposure on orga-
nisms living under natural conditions, or on the biological significance of the natural radiation factor, is
particularly inadequate, The symposium set down landmarks for the principal trends in further research,
and contributed to better coordination of that research,

109

i

Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7



Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7

l

MEETING OF THE INTERNATIONAL COMMISSION
ON RADIOLOGICAL PROTECTION ' !

Yu. I. Moskalev

The International Commission on Radiological Protection (ICRP)* met in April, 1973, at Brighton,
England.

The Commission heard a report by Dr. D. J Beninson on irradiation dose limits and decided that
the report should be discussed in all the committees of ICRP in order that all the comments might be taken
into account when ICRP Publication 9 was issued. '

At the meetings of the Main Commission the participants heard reports on the work of its four Com-
mittees, as well as information from the International Commission on Radiation Units and Measurements
(ICRU) on the concepts and principles of radiation protection and measurements,

Chairman H. B. Newcombe of Committee 1 informed the Main Commission of the results of the work
done by the working groups on the biological effects of inhaled particles, the balance between genetic ef-
fects in the first and subsequent generations, epidemiological surveys of human populations exposed to ra-
diation, and the radiosensitivity of embryos and fetuses, Reports on these questions were expected to be
ready in 1974; they would be extremely important in working out practical measures for radiological pro-
tection, -

The Main Commission concluded that in order to work out basic standards for radiological protection,
it was necessary to establish some new working groups which would analyze the available radiobiological
information on how radiation effects were influenced by such factors as the prolongation of radiation effects
as a function of time and the value of the linear energy transfer in the development of genetic and somatic
reactions. A further problem posed was that of finding a quantitative estimate of the detriment, i.e,, the
damage, that could be expected when radiation acted on human populations. In such an analysis it is de-
sirable to compare the frequency of lesions and illnesses of various kinds among persons exposed to radia-
tion with the frequencies among persons whose work did not involve radiation. An estimate of the radiation
damage should take into account the severity of the effects and the natural death rate from cancer, equip-
ment failures, and accidents.

In solving problems of radiological protection, special attention is given to the crystalline lens of the
eye and to the skin. The maximum permissible doses for tissues situated at the surface are higher than
thewhole-body doses. ICRP recommends the use of average doses, However, in the determination of the
crystalline-lens dose it is customary to-evaluate it at the frontal surface-of the lens, which is most radio-
sensitive and may develop cataracts as a result of radiation.. It had been assumed that the frontal surface
of the crystalline lens lies at a depth of 3 mm. However, standard morphological tables show that it is ac-
tually at a depth of 3.5 mm, and the center is at a depth of 4,1 mm, Therefore, when B-rays and soft x-
rays act on the crystalline lens, the average dose will be considerably less than the dose for a depth of 3

_mm, '

On the basis of available data, Committee 1 concluded that the most radiosensitive part of the skin
is the basal layer, It is assumed that in most of the skin the depth of this layer is 50-100 u (5-10 mg/cm?),
The Committee sees no immediate reason for changing the allowable radiation doses for the extremities,

*Some results of the work of ICRP from 1969 to 1973 are mentioned in the report published in; Atomic
Technology Outside the USSR (1973), No. 9, p. 36.

Translated from Atomnaya Energiya, Vol. 36, No. 1, pp. 87-88, January, 1974.

© 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
, No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A

copy of this article is available from the publisher for $15.00.

\

110

Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7




Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030001-7

~ An analysis is being conducted on precise data concerning the genetic effects of radiation therapy on
young people at the reproductive age, as well as the relative significance of radiation carcinogenesis and
"mutagenesis as factors limiting the radiation dose limits.

Committee 2 reported to the Main Commission on the preparation of a guide for the dosimetry of in-
corporated radioisotopes. The report explained the principles on which the calculations were based and
gave specific examples of maximum permissible annual occupational levels of radioactive-isotope absorp-
tion and concentrations of radioactive isotopes in the air of working premises, The first volume of the
guide will give the values for the 20 elements that are most important in practice (*H, %P, %c, %8, %Co,
GOCO, 8931‘, BOSI‘, 132Te, 1251, 1311'_’ 1321’ 134CS, 137CS, 224Ra"226Ra’ Th (nat.), U (mat.), 238Pu, 239Pu, 241Pu,
241Am’ 24ZCm’ 252Cf, 85KI‘, 133Xe, 99M0, and 99Te).

Preliminary estimates indicate that the new values will not differ substantially from those recom-
mended earlier. It is expected that the work on the first volume will be completed by the end of 1973. The
later volumes will contain information for other elements, The Committee also plans to prepare a special
book giving data on decay schemes and effective radiation energies of various radioactive isotopes. This
information will serve as a fundamental guide for the protection of professional workers from the effects
of radioactive isotopes. They will be based on the latest data on the parameters of the "standard" human
being, radiation energies and decay schemes of isotopes, and other data, )

A book on the parameters of the "standard" human beihg is now ready for publication. It will be pub-
lished by Pergamon Press in a blue cover* during the second half of 1973,

The working groups of the Committee are continuing their work on the preparation of reports on ra-
don, thoron, and their daughter products and on the mechanisms of the absorption and separation of radio-
active isotopes from the respiratory tract.

Committee 3 of ICRP worked on protection against external radiation sources. It established a spe-
cial group on the protection of patients being treated with ionizing radiation. It is considering problems
involved in the processing and placement of radioactive materials in hospitals and scientific establishments.
It is expected that the first version of the report will be ready some time in 1974. ’

The Committee believes that the recommendations of ICRP on protection against ionizing radiation
from external sources (Publication 15) and protection of the patient in x-ray diagnosis (Publication 16) are
as yet not widely used in practice, and for that reason attention must be drawn to them again and again,
Accordingly, it was decided to prepare a brief report for the participants in the forthcoming International
Radiological Congress and to publish it in radiological journals. The Committee asked for the Commis-
sion's advice on the possibility of selecting more suitable quantities than the genetically significant dose
for evaluating the relative importance of various types of partial irradiation in comparison with whole-
body irradiation. The Commission considered the question but did not come to any definite conclusion.

Committee 4 informed the Commission of the results of its work in 1972-1973. It is completing the
preparation of recommendations on what action should be taken in cases of irradiation resulting from
equipment failure or other accidents. It is expected that the report on this. subject will be presented to
ICRP in 1974. Also in 1974, the Committee will complete its work on radiological protection in uranium
mines. The information published in this work may prove very useful in ensuring safe working conditions
in other (nonuranium) mines as well, and it was therefore proposed that the work should be retitled "Ra-
diological protection in uranium mines and some other types of mines." The Committee has completed
preparing the information on the practical application of the recommendations contained in Section 52 of:
ICRP Publication 9, which deals with the need to reduce the irradiation doses as much as possible.

Earlier (in 1968 and 1971), the Committee prepared and published Reports 10 and 104, which gave
some information on the accumulation levels and tissue doses absorbed in the organs and tissues of the hu~
man body after single, periodic, and prolonged exposure to the most important radioisotopes. It was found
desirable to combine these two reports into a single book published separately, and this work is expected
to be finished during 1974, The Committee has prepared a proposal on dose equivalents, which is to re-
place part 11B of ICRU Report 19, The dose equivalent is of great practical importance, since the biologi-
cal effectiveness of a given absorbed dose depends on the quality of the radiation and on the irradiation

*As is known, ICRP issues its publications in either brown or blue covers, Works issued in a brown cover
contain ICRP recommendations on radiological protection, while those in a blue cover usually contain
handbook material and surveys of radiation medicine.
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conditions. It is recommended that the dose equivalent H be determined by the formula H = QND, where
D is the absorbed dose, Q is the quality factor, and N is a quantity which takes account of the influence of
other factors. The unit of dose equivalent is the rem,

The members of the Main Commission of ICRP for 1973-1977 were elected at the meeting; in addi-
tion, the members of Committees 1, 2, 3, and 4 of the Main Commission were reelected. . C, G, Stewart
remains Chairman of the Main Commission; the USSR members elected were Yu. I. Moskalev (Main Com-
mission), P, V., Ramzaev (Committee 2), E. E. Kovalev (Committee 3), and A, A. Moiseev (Committee
4). -

According to present plans, the next rheeting of ICRP will be held in March, 1974, at Geneva,
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