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THE SELECTION OF THE OPTIMUM PARAMETERS FOR AN
ATOMIC ELECTRIC GENERATING STATION '

A. Ya, Kramerov

Translated frovatomnayavﬁnergiya. Vol, 10, No. 3, pp. 211-221, March, 1961
Original article submitted June, 1960

A system of equations has been derived, giving a set of optimum parameters for an atomic
electric generating station, which insure minimum cost of the electrical energy produced. It is as-
“sumed that the layout, materials, and type and elements of equipment have been previously se-
lected, and that the problemisone of finding ,the optimum numerical values of the constructional
and operational parameters of the elements of the station. Quite general approximate relation~
ships are used to express the costs of the elements of the installation as a function of the parameters
being sought, Attention is paid to the mutual relationships which exist among the parameters,
through the equations which describe the processes going on in the station, as well as to the limita-
tions which are imposed by the need for reliable operation,
The system of equations derived may be used to check the optimum parameters of various
projected two-loop installations with nonboiling reactors, employing the maximum allowable
fuel element temperatures, Examples are given to show the importance of the independent prob-
lem of expressing some of the optimum parameters in terms of other parameters obtained from
individual equations of the system, / '

General Conditions of Minimum Cost.

The minimum cost of electrical energy occurs for the condition that the partial derivatives of the expression
for the cost of 1 KWH (c,), taken with respect to the independent parameters xk, are equal to zero, thus:

dine ’ 3 ’ ' ’ '
Fh (:I:,‘) "—2 m’? = 2 CCi —‘(1+n)Nb'{‘ nI’Vint:O. . (1)
i . . -
Since the x's are independent parameters the problem is to calculate the relations ¥ p(x)) = 0 existing between
them, which describe the physical processes taking place in the atomic generating station and thus give expression

to the limiting conditions insuring reliable operation of the station,

% 2
In Eq. (1), cesa_v_e_—_ 11:

is the cose of 1 kw-hrof electrical energy produced (here Ny = N, = Ny, Is the

’

" useful electrical output, equal to the difference between the total output Ny, and the internal losses Nijpe,G = {;Cl

is the cost of building and operating the station over its normal period of productivity 7,* including fuel consump-
tion); ¢ ='C1/C is the fraction of the total cost C represented by the ith component Cy; n = Nine/Ng is the fraction
of the energy consumed in internal losses, The logarithmic derivative of a quantity Y with respect to xy will be
designated from now on by Y' = 3 In Y/3 In x); thus: N =9 In Ny/d 1n xg and Ny = 3 In Njp,/d 1n xp.

It follows from Eq, (1) that the logarithmic total differential of the cost of the station must be equal to zero
for optimum parameters, thus:

ding, = ;‘%‘ = Z Fdlnz,=0. o 2
e o

® 1t is to be understood that this period is not equal to the period of amortization of the equipment of the station, -

201
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The deviation of a given Fy from zero is a measure of the fractional increase in cost per kw-hrover the minimum
value, which {s a feature gained by the use of "logarithmic” derivatives in the present paper,

Equatlon (1) gives the optimum parameters, which, generally speaking, may not satisfy all the inequalities
¥ (xk) % 0, which represent possible conditions for the construction and reliable operation of the generating station,
but which are not taken into consideration in setting up the system (1), These inequalities should be replaced by
equations; i.e., they should be used as "limiting™ conditions and included among the conditionis which are considered
directly in looking for the optimum, If one of these conditions actually limits the system it may have to be revised
accordingly, and solved anew,

The Relation of the Cost to the Parameters

In the following discussion it {s assumed that the varfous types of elements in the station have been decided
upon; i.e., the decisions have made as to suitable constructional layout and scheme of operation under the given
conditions, the materials to be used, the number of parallel connected units,etc, Under these conditions, the cost
of an element of the generating station {s determined by the weight of material used and the complexity of fabrica-
tion, which, as a rule, depend only slightly on the parameters, except in those cases where a pafameter change is
accompanied by reducing the dimensions of an element down to something smaller; for example changing the diam-
eter of the fuel elements, which affects the cost of the fuel, In a rather well-known way, all this justifies the further
step of representing the cost C; of an element of a fixed type of generating station in the form of a polynomial in-
volving the weight of Gy, in particular the polynomial of the first degree: -

=2} kyyGlii o Ci+ kG =

‘= a constant part (depending on.the type of element) + a variable part (depending on the parameters, through the
welght of the element), where ki; and ny; are constant coefficients: Ci‘ = Ky, represents the constant components of
the cost: ngy = 0; ky = kys ngy = 1, Havlng assumed a linear relation between cost and the weight of equipment of
fixed type, and bearing in mind that for a fuel cycle without fuel recovery the cost of 1 kg of fuel element depends
linearly to the degree m (with m ~ 1) on the enrichment X of the fuel (term in X) and on the surface of 1 kg of
fuel element to the degree L (term in the fuel element diameter dfe), we obtain, instead of Eq, (1). the expression.

1’k= _aQQ —{—athmt + YlX +CXJ' *‘a'rm +cpp1+c PII CTF cASSrd FE +
. (3)
X ar
+ S°+ Ve PL SoL oL =

where Nb Qn b N'ps Nb Q' + Ny Q is the heat output of the reactor; 1, is the gross efflcxency~ aQ' =n+1l-—

ey + cSTGI) =n+cp+ cx + CSG + cx + cBL' ap =n+l-—cg;andag, =n+ c’lg are coefficients equal to the frac-
-tional change in cost of 1 kw =hr of electrical energy, corresponding with unit fractional change in heat output (ag),
efficiency (a; ), and coolant circulating losses (aqp) respectively; a/ L is the fraction of the total reactor length L,
proportional to the length of the active zone I; cgj, is the variable part of the cost of the electric generating instalia-
tion; cSTGI = cg, + cStGL+ cPTGI is the variable part of the cost of the steam turbine generator installation (STGI):

: cP = cP + cP is the variable part of the cost of pumps; ¢ + PI + l"’II is the variable part of the cost of the

. SG SG
generator; cx = c‘é + cg is the variable part of the cost of the reactor- c’l;L E, + ch {s the variable part of the
P =P P1 p
cost of piping in the first heat-exchange loop; ¢ = cpmp + cSGmSG + cB mp + €, My is the sum of the effective

costs dependent upon the coolant pressure in the firstheat—exchange loop taking account of the degree of depend-~
ance myj; IIJI = CelsG + z Csrer™ is the same thing for the elements which carry the pressure of the working

part of the second heat-exchange loop; cpy is the cost of the nuclear fuel (heating material) consumed during the
period of economical operation; cpp is the cost of the fuel elements consumed (along with the replaceable parts of
“ the fuel channels); ¢ Ags 1s the cost of making up the fuel element assemblies, consumed during the period of eco-
nomical operation, '

The meaning of the superscripts on the c's is as follows: x — variable part of the cost; v— variable part of the
cost, which is proportional to the dimensions (volume) of the element; p — the same, but including the proportionality
to the pressure by the factor m. The subscripts show what element, system,.or process the c's belong to, thus: I —
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first heat-exchange loop; I — second heat-exchange loop; R — reactor, P — pump, The fractional costs, Cy, represent
the fraction of the total cost of construction and operation of the station given by: :

C; = Ci :

. I.‘ E.Ci:'

The components enteriné into the optimizing conditions are the logarithmic derivatives Y, taken with respect
to the desired independent parameters xy, of the quantities Y, which serve to express the cost and the output, Some
of these are "elemental” geometric quantities, such as the cross section of the reactor Sy, the diameter of piping Spr
the equivalent diameter of the fuel emenets dgg, and the length of the active zone !, some may be operating quant-
fties, such as the pressure py and py; in the first and second heat-exchange loops; some may be physical, such as the
enrichment X, and the degree of burnout G; but at any rate they are good variables to use as the independent param-
eters that we are looking for;" the process being that the derivatives in question go to zero, except for the derivative
of a given parameter with respect to itself, which is equal to unity, thus: ’ '

-

Vo =208 0 for kot LandY =1 for k=l <
nzy

The remaining Y values entering into Eq, (3) — the heat output Q, the steam gehetator surface F, the station effici-
ency, 1, and the intemnal circulating losses N; . — are all functions of the directly determined geometric, operational,
and physical paramaters,® and in this sense are "secondary” parameters of the atomic generating station, Therefore,
in what follows, we shall simply let these values be determined through the primary parameters as these are governed
by the limitations placed upon them by a two loop generating station using nonboiling reactors, At the same time
we are looking for their logarithmic derivatives Y* =9 In Y/3 In Xk (entering into the condition F) = 0), which are
the coefficients standing before (d In xy) in the expression dIn Y = i“,(Y’d_ln Xg. Substituting these derivatives into

Eq. (3) yields the desired system of equations, defining the relations between the optimum parameters,

‘Relations between the Primary and Secondary Parameters of the Aiom_ic Genété-ting
Station

The relations between the parameters and the limitations placed upon them depend on the laws governing the
physical processes taking place in the generating station, as well as on the constructional possibilities and the de-
mands of reliable operation. The following results have been obtained from these relationships after a number of
transformations and familiar simplifications, '

Reactor heat output,

Q=Gc(Tmax_Ts)f-1
and ' Toax -
—(1_ n _fmax . ts 7 _ _
dlnQ=(1 xB)dlnG—{-TmaX_TsdlnTmaX Tm'ak _TsdlnTs fXFdlnXF

- , . (5)
_x<E——B>dln’€FE +#(1—B)dInd, +x_ dlne+xBdIn S,

¢ 1s the heat capacity of the coolant; Tmax Is the maximum temperature of the fuel elements; Tg is the boiling
point of the working fluid in the steam generator; f = K~ & ip~ 8 i X Xg— 1_)'1 is a coefficient equal to the ratio
of the maximum temperature difference in the first loop (Tpax — Tg) to the coolant temperature rise in the reactor,
AT = Ty — T, (where T, is the temperature of the coolant on entering the reactor, and T is the teiperature on
leaving the reactor); K = KarK g = (Tmax = T2)/AT is a coeffictent in which Ky = ATpp,y /AT expresses the non-
uniformity in coolant temperature rise along a reactor fuel channel, a quantity which is practically independent of

® It should be noted, that in a number of cases, the enrichment X is more conveniently determined as a function of
other parameters of the reactor, which have to do with insuring criticality.
: -
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the choice of parameters which we are discussing; Kg = (T, — T4) /BT ax is the coefficient of overheating of
the fuel elements, which, for a fixed distribution of fuel elements along the fuel channel depends only on the stmple -
ratio y = AT / 8 (as can be seen, for example) from dimensional considerations; 8 is the mean temperature dif-
ferential between the fuel elements and the coolant; k .= K/f K, =K/fx olnK/a Iny; fyn= 0 Inf/a InXg
and B = (1 —St* ) h/a — 1 — are coefficients determined by the ');hermal engineering” of the first loop of the reactor:
St'= @ InSt/d In Pe; St=o /wyc Is Stanton's criterion; Pe = RePr = wdyc /X is Pekle's criterion; o is the coeffici-
ent of heat release from the surface of a fuel element to the coolant; h is the coefficient of heat release to the cool-
ant from a point on the fuel element where the temperature Ty, a4 is reached: € g = Spg /S, is the fraction of the
cross section of the active zone S, occupied by the cross section of fuel elements Sgg; € = S/5, is the fraction of the
cross section of the active zone S, occuped by the cross section of coolant channels S; & {p and & ij are-the fractions
of the heat going into heating (6 ip = Ogp /A1) and evaporating (8 1 = Af; /A1) the feed water to the steam generator;
Xp is the degree of cooling off of the coolant in the evaporational part of the steam generator (see below),

The value d In Ty 44 = 0 holds, except for the case where the maximum surface temperature of the fuel ele-
ments {s limited by the boiling point of the coolant; thus: Tpy,y = Te(pp). In the latter case (for water) we can use
the empirical expression:

T,—273=t,=100{/p,
from whieh -
1 Ts(py)—273

dlnT . =dInT, (1)~ T (5D

d In p;.

Steam generator surface F, The exact expression for F and its partial derivatives with respect to the desired
parameters is fairly complicated, since there are different components in the steam generator with different heat
capacities and different temperature differentials 6 j, including the heating differential @ p, the evaporation
differential 04, and the superheat differential 6 gy, Simpler expressions are obtained by leaving out the heating and
superheat components, or by equating the evaporation and superheat_differentials, Then the mean temperature
differentials will be equal for all these components; thus: e, =0 p=8;= BSH =6 i (AT/m XF) and the expression for
the surface of the steam generator takes the form:

GCA ] — Ge . (6)
F= }J F = Z a— = a.——— In XF' )
i i ,
Here .
X To+(1—8igy)AT —7,  temperature differential entering evaporator
= TTT,F8pAT—=T, ~ temperature differential leaving evaporator

i.e., "the degree of cooling ofi™ of the coolant in the evaporating part of the steam generator; . o = ( ;43 615/e; !
is the mean heat transfer coefficient in the steam generator; 81; = A1J/ z Al_] is the fraction of the heat transferred
in the Jth component of the steam generator,

From Eq. (6), taking 611 to be constant, it follows that

dlnF=dlnG+dln(lnXF)—dlna.

For constant diameter and spacing of the tubes in the steam generator we can write

dlna

dln o= Fre

d]nRe—aRe(dlnG d In Sgi),

where the criterion is given by Re = wd, /v =G/sgg dglyviw= G/Sggy Is the coolant velocity; dg is the hydrau-
lic diameter; Sg; s the coolant channel cross section m the steam generator; ¥ and v are respective%y the specific
gravity and viscosity of the coolant, In toto, we get the' equatlon (approximately correct even for ep + 05 # Bgy:

d1nF =dInG (1~ apo)+ ored InS, . +dIn(In’Xp). oM
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The efficiency n. The thermal efficiency of an ideal regenerative cycle is

_q _TxAS

AL

where Ty, and AS are respectively the mean temperature and the reduction in entropy for withdrawal of heat from
the cycle; Al is the increment in heat content in adding heat to the cycle. After rearrangement, and bearing in mind
the approximate equality of the mean heat capacities of the working fluid

- Ta 7 Ta
{ cpdlnT  § epaT
C_ T1 ng
. = Tz - Tz *
§ dInT S dar
Ty Ty
we get
(8)
0, = 1—-%0.
Here ' '
i = 2At
C= 1+—1T [alP(1+ ) +

o34 ]

where El') and ?:'i', are respectively the mean heat capacity of water and vapor:. AtSH is the .superheat of the vapor,

In the absence of insufficient heaiing of the water or superheat of the vapor (Atp = Atgp, = &4 =8 isH = 0),
the correction factor < in Eq, (8) is equal to unity, -

Usually (c — 1) << 1 and changes only slightly. Therefore we can consider that

dy, =c.T.§de T"d ~Txdln T,
Ts Ty
and

. CTx/T ) . d ln T
dlon =q——mdInT, = Ts/cT,;ii ’ _ 9)

and we can write T, everywhere,withthe understanding that it means cTy. -

Power required for coolant circulation, Neglecting compressibility, we can write the following expression for
the power consumed in coolant circulation, which does not reappear as electrical energy:

1—npny G- 1—mpmy, G ¥ _ A—npnp, G° (10)
Niow ———TPMp G5 ( > - .
int w Y T T v?-gz Siy Zgnp y? ZS‘“

where 1 p is the efficienty of the pump; 1 b is the efficiency of the heat power installation; Ap is the irreversible

" pressure drop in the first loop, G is the coolant flow; Lj = ( Al{/dp + Ejoca))i is the coefficient of resistance of the
ith part of the path in order, having cross section S, length I ;, hydraulic diameter dp,, and total coefficient of local
resistances £1gcap; A s the coefficient of friction, Provisionally, we shall break the first loop down into sections,
cormresponding with the reactor, the steam generator, and the piping, The piping resistance depends principally on
‘the local resistances, determined by the lay-out and construction of the loop, and hence is only slightly dependent
on the parameters selected, Therefore we set L., = const, which gives d In Lp; = 0. On'the other hand, in the reac- -
tor and the steam generator, where there fs an extensive heat-exchange surface, friction usually plays a substantial
role, Therefore, after a number of transformations, we obtain
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dlnNig=d1InG[3+ M (1 _gPL)+(1_o?)gsg—zmny_zgmd InSp —(2—4)EdlnS,— 3 dIne +
+E(1—4)dlInggg +EdInl +5 dIn(InXe)—E (3414 —a")dInSgq an

where &= Ap;/ £ Ap; = Apj/ AP s the fraction of the ith component in the total resistance of the first-loop; A* =
=dlnA/dlnRe; @'=d1na/d InRe.

Concrete Optimum Conditions

To obtain the system of equations which gives the optimum' values of the independent variables, we substitute
into the optimum condition of Eq. (3) the values of Q', N' n', F', and X', given by Eqs. (5), (7), (9), and (11) in the
form of coefficients standing before the differentials of the correspondmg independent parameters G, T, P P
Sp» Sgg* S0 € » € pg» dpps 14 and T, Combining the coefficients standing before the differentials of each of tﬁese
independent parameters, we obtain the concrete optimum conditions; :

1) Fo= —aq(1—%B)+ a5 [3+M (1 —gPL)+(1,—&')ng+cs’§3(1_J')=0; (12)
o . . : :
2) Fr, ¢ = Tax T + Cn/*—'—“ _0 A (13)
TS CTX

This equation may be written in the form of a coefficient standing before d 1n Pppe starti.ng with the relation
FPII = FT d In Ty, from which:

Fo _ gy 4Ty 1T——273[ ( “1>_1“‘“ﬂ(c—?rif'l)—l]*c%:-o (13"

n Tsq Inp

(here and below T = Tg (pn):

1 T (p1)—273 . Ts .1, _
3) For=- %777, Gy ( Ts (D / +ep=0,

(14)
which holds for water coolant, if, as the maximum admissible temperature, we take Ty = T (p ). If, however,
the admissible temperature of the surface of a fuel element is Ty, < T (pI) -it is a good 1dea to lower py so as to
make T (pI) For a gaseous coolant:

Tmax-
F, =c—2¢ 2I0Y _p: 9, _0o © - i e
Pr I intdlnpy I int .7’ o :
since for an ideal gas:
dlny ] Pr )
61np1 alnplln RT 5
P - 0- -
4) FXF_anXF mtInX + InXp . ' ' (15)
5) FSPL:: —2amt§ ‘ CPL O; ) : . ’ A (16)
o ' ' 6) Fsgo= — mtESG(B—{—h —a )+ a (‘SG—-O ' amn

We also get the six coefficients standing before the differentials of the fundamental reactor parameters- Spr €, €
dpgs 1, T, upon which the initial enrichment X depends, which is what insures that the reactor will still be crinc
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after running under optimum conditions to a fuel burn-out T, As before, setting Xéo = d1nX/d3 InSy Xeg =
= 3 1nX/d In €, etc,, we have:

7) Fgo= — quB —a; Er(2—1") } cﬁiein?(’so -+ 6’§= 0; - | (‘18)

8) Fe= — aQ”?,zl' - 3a’inlE’R+ CfueftXe =0; | | v(lg)

9) FEFE =agx (% — B>‘+ aintER“ —A)+ Cfue’lnXéFE =0 (20)

10) Fogy = —age(1—B) - amth (1=2) e mXs —cpssr=0; | | @1
1) Fi=agta, E -+ ¢, X +g =0 (22

Use of the System of Optimum Conditions

The system of equations Fy = 0 enables us to verify in how far a rational choice has been made for the basic
parameters of an atomic generating statfon from the point of view of the cost of the electrical energy produced,
For this purpose we determine the derivatives of the above coefficients in the form Fl, = 3 Incg/d Inxy, Eachof
"the Fy's is the difference between a sum of positive terms, F'l'; » giving the increase in the cost ¢, as the given param-
eter is increased, and a sum of negative terms, Fj, giving the decrease in the cost, “At the strictly optimum point
Fi{ = Fp, Le,, F = Ff(' = Fj = 0. The values of the station parameters can be considered sufficiently close to opti-
mium, in the following two cases: first, when l Fy |<< 1, and second, when | Fy | << | Ff(' | or | Fy | << | Ff( | . The
first case means that in the range which applies to the given generating station, appreciable fractional changes,
ka/xk. in the parameters correspond with only insignificant fractional changes in the cost of the electrical energy,
ife.,
dcp

%e _ ‘2@«‘“’_!«
o k xp,

The second case means that the given parameter has been taken near the optimum value, regardless of the extent

to which it affects the cost of energy generated. It is not necessary to fulfill the second condition, if the first con-
dition is "sufficiently” fulfilled. However, this "sufficiency” is often difficult to evaluate, without having recourse

to the second condition, If for any value of Fy, the largest of the sums of the positive or negative terms is very small,
Le., | Ffz [<<1orl Fy | << 1, then over the range of variation in question, the given parameteér has only a slight
effect on the cost of electrical energy. In this case, the second condition may be left out of consideration, as far as
Fk Is concerned, )

With the help of the system of equations (12) — (23) it is in principle possible to solve the considerably more
complicated problem of finding all of the optimum parameters for an atomic generating station of a desired type,
'The steps are as follows: a) orientational parameters are chosen from previous experience; b) estimates are made of
the necessary cost and power requfrements of the units of the station; c) approximate relations areset up for the
variation of the power and cost of the station units as a function of the parameters chosen, Here everything can be
expressed in terms of the costs and powers of step b), on the basis of the expressions derived previously for the neces-
sary relationships (or similar expressions having the proper coefficients of the form F).). Thus, for example, the cost
of the elements whose weight is proportional to volume is G; = Cg Vilvg [or if the pressure plays a role too, then
Cj = C{ (Vi/ViXp/py)™i]. Similarly, the cost of 1 kg of fuel element is given by the expression:

Cr=chr G )+ Gl 1)

where the index o refers to quantities previously chosen in accordance with steps 2 and b),
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In addition to these cost factors, the system Fy = 0 also contains the fraction of the output consumed in cir-
culating the coolant in the first loop, n = Ni/Np, which may also'be expressed in terms of the parameters we are
looking for; thus: - . '

10 6y v (€Y
Nipe _ MgV 28 \ Sy "
My = e Tl

n= 1——nb;

where Ky = W, ,./y 1s the ratio of the maximum to the mean coolant velocity in the reactor fuel channels; L =

= ZIL -(S/Si)2 is normalized coefficient of resistance of the first loop; n, =1, m- ch/ T) is the efficiency of

the station (gross), and f = 1 /XF -1+ K- 8jp is a function already expressed in terms of xy. To find the deriva-
tives X' of the required fuel enrichment X with respect to the reactor parameters dpps S0e€ s €FEs 1 T, Lt Is necessary
to find a convenient expression for the criticality condition at the end of life: ¢ (dpg, So. €, € pps 1 £)=0,

The expressions obtained for ¢, X', and nasa function of xy are substituted into the expressions Fy = 0, which
obviously gives a system of equations relating the parameters to be selected, but which, in the general case, it is
impossible to solve analytically, Even in special cases, the simultaneous solution for even a few optimum parameters
meets with great difficulties, An approximate method of solution of this system of equations can be arrived at from
the concrete features presented by the generating station, and is thus a subject requiring special consideration. How-
ever, in many cases, it is sufficient to take the separate equations of the system Fy = 0, and express the optimum
values of some of the parameters (or the simple functions representing them) in terms of other parameters or their
functions. This can be done, for example, with the coolant velocity, and the circulating power requirements, Some-
times it becomes clear from these expressions that some of the parameters have only a very slight effect on the opti- .
mum values of the others, This can appreciably reduce the number of parameters to be solved for simultaneously,
and thus simplifies the work of finding them, ' «

We shall constder several examples of the expressions for the optimum parameters under conditions in which
the system of equations (12) — (23), derived above, is valid.

Coolant circulating power. From Eq. (12), the following expressions may be obtained for the optimum value
of the power Nyp, required to circulate the coolant in the first loop, along with the fraction which this power con-
stitutes of the useful output, n = Nyp, /Nq. : '

a'c§c—*B (‘%(G‘*' 2ing)

axe o x |1 :
 1—xB xtCRptopy (1——uB)(cK—{—c§J-c’F§L\ N WN —nC (24)
=3 ko = » Nipe =7y =n7,
o 1— 1—a int o= "t _
> ARl o b ©

X = CoX =Xt
p+Cht Csrar” b ol - CJ/C is the ratlo of the

= r = = X
where C = '{,Ci.and b CI/AC- 2C1‘°K+°T+°R+°§G+cx+cx +c
variable part of the ith component to the total cost C; cy = cy/C = i: CKy/C is the constant part of the capital

cost, determined by the type of equipment, ¢ =.CT/C is running cost for fuel and operation over time 7; B =

= h/e (1 + St*) =1 (with limited surface temperature of the fuel elements, h = o, and B = St' gives the degree of
change of the criterion St); k = K{ K/fi(f =K— & ip + 6 iP/XF — 1), Here we introduce the proportionality coef~
ficlent kp = c}‘,/ Nyne equal to the variable part of the cost of 1 K, of performance by the pumps in the first loop, and
CeT = C}’ Np = cgw = ©pT » the calculated expenditures in the production of the electrical energy, produced in time 7.

On the strength of the relatively small values of o, ch, B, aqp; and A* in Eq. (24), the factor in brackets fs
usually only slightly different from one, and the optimum cost fraction may be represented approximately in the form:

: X,
y o A—xB CK+CR+q§L E . (25)

2 kg
o

Saturation temperature of the working fluid in the steam generator, From Eq. (13), we obtain the optimum
value of the mean temperature for transferring heat to the working fluid (water) in the steam generator:

T, _ 1 _h>_a/1 9y N2 | %q Tmax _ P Ts Tmax _ Ts £_1>.
7 =2\ 73 ) z(“zg) B L S b e G A D @6)

aQ
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In view of the rather weak dependence of the right side of this expression on Ts. solution by the method of successive
approximation presents no great difficulties. If we neglect the effect of steam pressure on the. cost of steam piping,
i.e., if we set o = 0, then: ' :

—%—=%(1—~)+ /—(1— Y T';}:"- ; e

If, in ad&ition. the quantity

“Q  Adn—er—dgrg

is taken equal to unity, which is particularly true if we assume that the constant part of the capital costs plays a

. dominant role, Le., Gy >> C—Cy (here cp = X e = 0) we obtain T/Ty = JTmax 7Tx, f.e., a familiar
but obviously very lnaccu:ate result, which corresponds, practically, with the condition of maximum output’ rather

than minimum cost, The deviation of cP from zero and especially the deviation of ap/ a¢y from unity, introduce

substantial corrections into the optimum value of Ts. It will be noted that, {f in the expressions for a, and g

n<< 1, and c, << 1, it is possible, in a very obvious way, to take account of the dependence of ag on Tg Then .

for cp = 0, from Eq. (13), after rearrangement, we obtain the optimum value:

. _ Ty 1_‘/1—(1.-1;) 14— 2|,
. : 1
T max 1—B » ) : _.ITIle_

where D = C° -c%/ C° (Tmax/ Ty = Te/Ty); is a quantity, independent of Tg, determined by the ratio of the con-
stant (Cy — CX) an the variable (C°Q at T, =10 ¢) parts of the cost of the atomic generating station (assuming that all
the independent parameters, except Ty, have been fixed). In the limiting cases where D = w (L.e., C% =0, C =

= const) we again get for the optimum T, = YT axTxs the geometric mean temperature, insuring maximum output,
For the more real case of D —» 1, the optlmum value which we obtain from Eq. (28) is simply the arithmetic mean
between the maximum fuel element temperature, Tmax, and the temperature at which heat {s removed from the
cycle, Ty, thus, Tg=(T.x + Tx¥2, an expression, which, for many rough estimates, may be used with more, just-
ification than Ty = ¥ T, Tx-

Cooling of the coolant medium in the steam generator, The heating surface of the steam generator may be
represented approximately in the form

1 wc -
F=6—'- IHXF

i a

(this expression is strictly true in the absence of warm-up and superheat components, or if the temperature different-
ials in all parts of the steam generator are equal),

From Eq. (15) and the expression

olnf Xp

f= 6,11 +K - (i}e-’ ﬁfF=TlnTF = T X —1 i, 4 (k_m ) 4))
we obtain the optimum value |
Xw=1~*rﬁ+Vﬁﬂ+2ﬁ(1‘¥b)‘1 (for b<<'1,' Xp=1-48-+VB*+2p), (29)
where :
,5 ""5 1( 51 (7”‘0“? Kﬁi(’)i.o ( 1:1:):;JAFFG_ 1> = l:f?fT,LSG

= = - - X X
(here, as before, a ajne = n + cp, T l+n=cp+ CSTGI aynt + Ck CSG +Cp+ Cpp )
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Coolant velocity in the fist loop, From _Eqs. (16) and (17) it is possible to find quite convenient expressions
for the optmum power expenditues {n circulating the coolant, as well as for the coolant velocities in the piping of
the first loop-and the steam generator, Taking into consideratlon that the power required to circulate the coolant
through the piping amounts to:

I—ngne 6, _ 1=y G
T, ?APPL_' T, (LPng PL) 6=y Wy,

and that the irarlable part of the cost of the piping is proportional to the cross section to the power mp; B P

Npy,

c* =k S™PL
PL PL PL

(here is the proportionality constant). we find from Eq. (16) that for mp; =1 the optimum coolant velocity in
the pip ng of the first 1oop is .

[ 1 kp ]"3 ©(30)

Y (1 n oy LPL cer-l-lf

-where LPL =( AL/ d)‘PL + XE P(]), is the coefficient of resistance of the piping in the first loop, which s determined,
basically, by the local resistances and is only slightly dependent on the numerical values of the parameters selected,

Coolant velocity in the steam generator, From Eq. (17). we obtain. in a similar way, the optimum expenditure
in circulating the coolant through the steam generator
: - X
NSG‘_ o - CSG _1
No — 340" —a' Celthy No '

. Remembering that
=k Gﬁ‘ kSG ——‘;:a— ln Xr

and

(here kSG is the proportionality constant), we obtain

Q |‘ al

: 1
wOPt=<___2_g_'lo___1_ @ _hsg ‘”“f—XF)Z. (31)
SG T—ngny Loo 340 —a' extky 8 :

The ratlo &/&= (Re/@")(d& /dRe) maywith sufficient accuracy be replaced by the analogous ratio, which has not
been applied to the coefficient of heat transfer from the coolant to the working fluid ( @) but to the coefficient of
heat transfer from the coolant to the heater surface (oty):*

af _08 _ 08

(-ll
—_— =
a o ay

() 8

* This assumption is true enough for each individual part of the steam generator, Actually, for o, = const, the deriva-
tive of the heat transfer coefficlent h = [1/ay + 1/ay + ( 8/X),] with respect to the coolant velocity, Re, is-equal to

__8lnhk dlnh dlngy —h—a’
Re= 3 Re dlna, dlnRe @

hi

and the ratio h'Re/h = af o, (here oy and ot are the coefficients of heat release of the coolant and the working
fluid: (8 /\)g is the thermal resistance of the pipe.
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where, for water and gases, a,.= 0,023 Re""’Pr"'4 x \/d=const /¥, Le., o /wgd = const (relative to the velocity
G)' Hence we obtain;

08 s
wopt:( 2ing _|_ al/ws"cx G "1"_1\7_,;)'~" | E)
SG | ”b §5G S+A - Uy i

(Here c is the heat capacity of the coolant.)

Optimum ratlo of coolant heating to the difference between the maximum temperature of the fuel elements,
and the coolant temperature on leaving the reactor, From Eq, (21), we find that, at optimum, we should have
K == n,¢c, Where

Reff = iy SR (1= ') ket + Guepn (= Xig Mg (1= B)]!
(33)

1—2’ Ass+" A /‘dFE)]aim

‘f§R1---I; T (1_11)41 a

int Q

“is a function of the basic cost ratios of the generating station: k = K’ (X/ f) is a function of the ratios of the charac-
teristic temperature differences, expressed in terms of the operating conditions of the reactor fuel channels and the
steam generator, In the expression for k, the coefficient K = Tp .y — T4/AT gives the superheat" of the fuel ele-
ments compared w1th the coolant, and is a familiar function of the parameter

o _ATmay 1 h S Spp K Tmax =l . _6‘/\’ 7
Y= 2o &g S5 I Trax ' Kt - r g
Ty~ T Cbiy . A
—tmax “Te g N g , -
j= AT K+ Y1 (\'o' Xp=11 ,‘_:.LL i {m_a}\%;_.__’:‘_
. Of

o]

Thus, having determined k = —ng g from Eq. (33), we can find the optimum value of y = T . /@, and the corres-
ponding geometric quantities, in particular 1/dgg, as well as the optimum value of K (y) = Ty, — T2/ AT, the
“superheat” coefficient of the fuel elements. In the general case, y s expressed only approximately in'terms of «;
in the special case, that the maximum fuel element temperature occurs at precisely that cross section where the
maximum coolant temperature, Ty = Ty + AT 44 is reached (i.e., where the coolant leaves the fuel channel, we
have

Tnax = 1‘ - Alnax + K16

(where K, = Oexit/@ = gyj/q Is the ratlo of the heat flux, Qexir» 2t the point where the coolant leaves the fuel
channel, to the mean heat flux q, which is equal to the ratio of the temperature drops 8). In this case

~,

K o= Ko (BT )i (1 K= (1)

, _ilnl\' N y -t K ~—1w
- (1) - -
and finally :
“eff (\il Y .
' Ki. Tmax — T ' Kyp \ V= | (\’O )
Ke =1 _{:, - Y /\T aﬁ- ok - "_”e o e i e =
1—1’ s’ T fuel™ (— Vigg ) ] diy (Xp— 11— b (34)
RASNRAL

1'Q+ [ int E’R 1— “f‘ 1—5 : » i R

“ “[a' e LA ‘ass T “fuel™ (- ipg ) J

o int* R 1 —p 1T B
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Relfability and Constructional Possibilites of the Atomic Generating Station

For the purpose of finding convenient relationships between the optimum parameters, other equations (or groﬁps
of equations) of the system (12) = (23) may be transformed in a manner similar to the above. .Here we have to keep
in mind that the parameters selected must not exceed the limits set by the requirements of reliable operation and

- the possibilities offered for the construction of the station. In the general case, it is not known ahead of time which
of these limitations will be the principal ones, i.e., which parameters should be taken as the limiting ones, There-
fore, in the system of Eqs, (12) — (23), the only really limiting parameter was taken to be the fuel element tempera-
ture, It was practically always found profitable to utilize this limit to its full extent, The remaining parameters
(or groups of them), determiined from the system of equations, should be compared with the limiting admissible values,
and in case of need set equal to these values (one at a time), with the corresponding comections to the system of Eqs,
(12) — (23) and its solution, Below we give basic limitations of a similar kind (for an atomic generating station with
reactors where there is no bofling of the coolant) and a method of fmding the form of the system of Eqs (12) —(23)
which corresponds with them,

The limitations that are most simply taken account of are the ones that are placed directly on the parameters
* being selected, If, for example, the parameter x,, found from the system of Eqs, (12) = (23), exceeds the permissible
Hmits x1 >< x . it must be set everywhere equal to is limiting value (xg = x%im dxa = dxzli = 0), the equation

Fy = 0 drops out of the system (12) — (23), the rest of the equations remain unchanged. This can happen in the follow -
ing cases: 1) The cross section of the active zone S, and its height ! are 1imited by the dimensions of a reactor hous-
'-ing, D and L, which can be transported to the assembly point, or fabricated at the construction site; 2) the fraction

of the cross section of the active zone, € , occupied by coolant, is 1imited, in many reactors, by the need to achieve
stability, the absence of undamped power oscillations, and the self-regulating action which comes from proper tem-
perature and power coefficients of reactivity, This is especially true when using coolants which have large neutron
interaction cross sections (for example: water); 3) the fuel burnout I' must not exceed the limiting value Tim at

which excessive structural changes appear in the fuel.

A more laborious transformation of the system of Eqs. (12)— (23) is required in those cases where the limita-
tlons are laid, not upon the x's themselves, but upon some of the functions y(xy) = y1jy, (for example, the heat flux
q = Q4 ). "In such.cases, it is convenient to introduce the function Z = y/ Yiim Which obviously has to be equal to
unity if the limiting conditions are to be fulfilled, From the condition d(InZ)= £ (3 In Z/d Inxp)dlnx, =0,
we obtain the differential of any ! -parameter, d In %, from the remaining parameters v

. AlnZ
dlnz,
dinz, = 2 PtV Z dinz, -
kel 6ln:c
and further, we obtain the expression for
Az

. S g ' . ‘Ao, :
dlncg= 2, Foding, = Z,-.I’nd Inz, +F | — 2 VA A dlnz, |,
k1 k#EL 5T, Inz, i

from which it is clear that the "new” Fy = Ff{ (at k 5 1), may be expressed in terms of the former Fy:

3z diny Oy
Fr=F,-F, LA Fy—F, e’ adlln o). @2
g 0 Inz ‘ Fil ]n_y N nylim
dlnz, . dlnz, a In x,

This giires the new conditions for the minimum in the calculated costs c,, and the condition Z = ¥/ y1im = 1 takes
place of the "dropped-out” equation Fy = 0, :

The fundamental limitations of this sort are, perhaps, the limitation on the heat flux at the surface of the fuel
_elements q < qjj. the coolant velocity in the reactor w, and finally, the enrichment, X, Using Eq. (35) in these
cases, we can find the altered conditions for the optimum F, = 0.
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CORROSION RESISTANCE OF STEELS AND ZIRCONIUM ALLOYS
IN BORIC ACID SOLUTIONS AT DIFFERENT TEMPERATURES

M, A, Tolstaya, 8. V, Bogatyreva, and G, N, Gradusov

Translated from Atomnaya ﬁnergiya. Vol. 10, No, 3, pp. 222-226, March, 1961
Original article submitted June 6, 1960

The present article describes the results obtained in investigating the corrosion resistance of
steel 1Kh18N9IT, zirconium alloys with 2.5 and 1,0% niobium, and carbon steel 20 in high-param-
eter solutions of boric acid, These materials were subjected to static tests in autoclaves with boric
acid solutions which had different concentrations, Tests in solutions with boric acid concentrations
of 0.23 and 1.13 g/1iter were performed over periods of 1000 and 2000 hr at 335°C and under a
pressure of 140 atm; in solutions with a boric acid concentration of 5,65 g/liter, the tests were per-
formed over periods of 150 hr at 310°C and under a pressure of 100 atm, Thé possibi]ity of using
boric acid for the soft regulation of nuclear power reactors is demonstrated,

The article also provides the results obtained in investigating the effect of boric acid solu-
tions on the corrosion of steels (carbon steel 20, alloyed steel Kh5M2, stainless steel Kh13, and
austenite stainless steel 1Kh18N9T) at 40°C under conditions of free oxygen access. The obtained
data provided a basis for recommending the industrial use of stainless steel OKh13 as the material
for manufacturing storage tanks,

One of the possible methods of soft regulation and emergency shutdown of reactors with a water coolant is the
introduction of water-soluble boron-containing compounds into the reactor water, Boric acid as well as some of its
salts, for instance, aluminum tetra- and pentaborate,can be used for this purposz. Boric acid is the compound that
apparently offers the greatest possibilities, -

For the emergency shutdown of water-aqueous reactors, a boric acid solution with a boron concentration of
approximately 1 g/liter can be introduced into the water in the first loop, Such a system will be used, for instance,
in the Yankee atomic station (USA) [1]; it is of interest for a number of water-coolant reactors which are under con-
structfon or in the design stage.

The aim of the work described was the investigation of the effect of high-parameter solutions of boric acid on
the corrosion resistance of structural materials in the first loop -of water-aqueous reactors, At the same time, it was
necessary to determine the efficiency with which boric acid is washed off the metal surface,

In performing the experiments, it also became necessary to check the corrosion of different steels which are
used in the production of tanks for the storage of boric acid solutions,
EXPERIMENT AL

The tests of materials in boric acid solutions with different concentrations and the parallel tests in high-purity
water were performed under static conditions in autoclaves made- of stainless steel 1IKh18N9T at saturation tempera-
tures and under a pressure of 100 to 140 atm,

Pipe sections and plates of steel 1Kh18N9T, steel 20, and zirconium alldys with 1 and 2,5% niobium (materials
used for the protective jackets of fuel elements and slugs) were used as specimens in these tests, :

The surfaces of the specimens were subjected to different kinds of treatment: electropolish.’mg. mechanical
polishing, and etching, Moreover, in experiments with solutions containing 1 g /liter of boron in the form of boric
acid, zirconium alloy specimens that were first tested in high-parameter water, i.e., specimens covered with thick
protective zirconium dioxide (ZrO,) layers, were investigated,

The tests of materials in boric acid solutions and the parallel tests in high-purity water at 40°C under atmos-
pheric pressure were performed in aluminum tanks, which were placed in a thermostatically controlled device, The

213 -

Declassified and Approved For Release 2013/03/04 : CIA-RDP10-02196R000600060002-1




Declassified and Approved For Release 2013/03/04 : CIA-RDP10-02196R000600060002-1

specimens used in these tests consisted of plates made of steels 1Kh18NGT, OKh13, Kh6M?2, steel 20, and a zirconfum
alloy with 2.5% niobium (these specimens were used for checking the influence of the boric acid solution parameters

on the detected effect of boron trapping by the metal surface). The media used for the investigation were high-purity .
water, which was poured into autoclaves and which had the following composition:

Electrical conductivity, 1078 ohm ™« cm™ 0.4—0.6
pH ‘ 6.8 — 6.9
Cl1” concentration, mg/ liter 0.01 — 0,02
Hardness, gg-eq/liter o 2

and boric acid solutions with different concentrations and pH values (Table 1),

The analyses of solutions for determining their

TABLE 1, Characteristics of the Boric Acid Solutions Used
boron content were performed according to the photo-

Concentration, g/1iter PH colorimetric method by means of a carmine red in-
Determined by * dicator (the sensitivity of the method was 0,05-0,1 mg
v means of glass of boron per/liter,

HyBOg B Calculated electrode at "After the specimens were tested in boric acld
25°C solutions, we checked whether boron penetrates the

metal surface by using the spectrographic analysis

0.23 0,04 6.8 . 5.9 method after "shavings” 0,01-0,05 mm thick were

1,13 0.2 5.48 5.6 taken off the metal surface, Before this, the steel
5,65 1,0 : 5,13 5.2 .. specimens were carefully rinsed in 3% NaOH, hot

11.30 2.0 - 5,0 water, and acetone, while zirconium alloy specimens

were rinsed in hot solutions of 5% NaOH, 5% HCI,
water, and acetone,

The corrosion rate was determined according to the weighing method by determining the weight of specimens
with an accuracy to 0,1 mg, Before welghing (before and after tests), the rinsed specimens were degreased in ace-
tone and then dired and kept in a drier, A reduction weight was usually observed in steel specimens after the corro-
sion products were taken off by cathode etching in suitable media [2], For zirconium alloy specimens, which were
rinsed after tests in alkali, acids, and water, the corrosion rate was determined with respect to the increase in weight,

EXPERIMENTAL RESULTS

The pH values of boric acid solutions are somewhat low (see Table 1), and, from this point of view, they can
exert an aggressive action on steels, However, along with this, the oxidizing action of boric acid apparently increases
with an increase in its concentration and an increase in the water parameter values. The interaction of these con-
flicting factors results in the fact that the corrosive action of boric acid solutions on metals is weakly pronounced
under static conditions, although under dynamic conditions the flow velocity apparently can cause a certain in-
crease in the solution's corrosive aggressiveness [3]. In order to determine the stability of boric acid, we also per-
formed tests on the interaction with developed metal surfaces (by filling the autoclaves with steel or zirconium shav- .
ings). After a testing period of 24 to 48 hr at 310°C and under a pressure of 100 atm, the pH of the solution and the
boric acid concentration did not change within the measurement accuracy limits, which indicated that boric acid
water solutions in contact with the metals under investigation are stable at high temperatures.

It should be noted that the obtained corrosion rates in high-parameter and high-purity water (parallel tests)
were lower than the corresponding rates which we have obtained earlier in semidynamic tests. Circulation of boric
acid solutions can exert an even stronger influence on the corrosion rates, however, these values do not change to
such an extent as to preclude the use of data obtained in static tests that are performed under different conditions
for determining the effect of individual factors, ’ '

The low values of corrosion weight indices that are given in Tables 2 and 3 render quantitative generalizations
difficult, Nevertheless, the sufficient reproducibility of weight analyses in these experiments made it possible to use
a comparison of these quantities for substantiating the conclusions conceming the effect of boric acid concentrations
on the stability of metals under various conditions. '

The following dependences were observed in boric acid solutions with concentrations from 0,23 to 1,13 g /liter
for pH = 5,8~5,5 at 335°C and under a pressure of 140 atm in correspondence with the data in Table 2,
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_ TABLE 2, Corrosion of Specimens at 335°C and 140 atm, Static Tests in Autoclaves

Corroston rate, g/m® hr
Testing ' ' high-purity water high-purity water
Materfal | time, fgi‘iﬁi’: surface l‘lji:f“my with addition of | with addition of
hr : 0.23 g/1iter HgBO; | 1,13 g/liter HyBOy
_ 1000 | Untreated 0.0005 0,0007 0.0007
1Kh18N9T 1000 ( Mechanically polished | 0,0003 0.0009 0,0008
1000 | Electropolished’ 0,0001 0.0002 0.0006
Zirconfum | 2000 Untreated - 0,0011 0,0011 0,0015
alloy with 2000 | Polished and etched 0,0013 0,0012 . 0,0016
2.5% nio- o '
bium | .
Zirconium 2000 | Polished and etched® 0.0008 0,0010 l 0.0009
alloy with 2000 | Mechanically polished | 0,0015 ' 0,0014 ~ 0,0011
1% nio- . :
bium
' © 1000 | Unweated . - | 0.0040 0.0037 © " 0,0041
Stee1 20 [ 1000 |Electropolished - - | 0,0019 © 00,0019 | . 0.,0021
1000 | Mechanically polished | -~ — 0.0035 ©0.0038
N fhe specimens were etched in a mixture of the following composition: 5% concentrated HF, 45%
concentrated HNGy, and 50% water, :

TABLE 3, Corrosion of Specimens in a Boric Acid Solution with a HyBOg Concentration
of 5,65 g/liter (1.0 g/liter boron) at 310°C and 100 atm over a Testing Period of 150 hr.

Material Specimen surface;‘ treatment Corroston rate (for
: pecim 150 hr), g/ hr
1Kh18NIT Untreated _ 0,0030
Zirconium alloy with After testing in water at 310°C and No weight changes
2.5% niobium 100 atm during 2000 hr (dense observed
_ black film) '
Zircontum alloy with Sare, but first etched . . The same '
1.0% niobium - ‘Same, but first mechanically
polished vo"
Carbon steel 20 Rust first removed by cathode etching ..
' in weak ammonia solution
Electropolishing ‘ 0.0173

In the presence of boric acid, the corrosion rate of steel 1Kh18NGT specimens increased to a slight extent,
while the corrosion rate of carbon steel 20 and zirconium alloys remained practically unchanged,

In accordance with the data given in Table 3 the following results were obtained in a boric acid solution with
a higher concentration (5.65 g/1iter H3BO) for pH = 5,2 a temperature of 310°C, and a pressure of 100 atm over a
testing period of 150 hr, The corrosion rate of steel 1Kh18NGT specimens hardly increased in comparison with the
corrosion rate in boric acid solutions with lower concentrations, but with higher parameters (see Table 2); for the
comparison, the results obtained for a 150 hr period were reduced to a 1000-hr testing period, The specimens were
covered with a goldlike layer, which indicated that steel oxidation took place,
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The corrosion of untreated specimens of carbon steel 20 was accompanied by an increase in weight and the
formation of dense oxide films on the steel surface, while the corrosion of electropolished specimens was accom-
panied by a small weight loss. In the case of zirconfum alloys which were first tested in high-parameter water,
hardly any corrosion phenomena were observed under the given conditions. '

TABLE 4, Corrosion at 40°C and 1 amm with Free Oxygen Access over a Testing Period

of 310 hr
Medium Material Surface treatment | Corrosion rate, g/ ot hr
Boron acid Steel 20 Untreated - - 0,1520
solution with | Steel 20 Mechanically polished 0.1200
11.4 gAiter Kh5M2 By cutting tool - - 0,0065
concentra- OKhl3 - By cutting tool ‘ 0.0035
tion of HyBOg | 1Kh18NOT Untreated 0
(2.0 g/liter Zirconium | Untreated 0
boron) alloy
| Steel 20 Untreated ' 0.0810
High-purity Steel 20 Mechanically polished ~0,0470
water Kh5M2 - By cutting tool 0.0120
OKh13 By cutting tool - 0,0013
1Kh18N9T Untreated ‘ _. 0

Table 4 provides the data obtained in testing the materials in a boric acid solution with an 11.3 g/1lter con~-
centration of Hy3BO, for pH = 5 at 40°C and with free oxygen access, The data obtained in-a parallel test in high-
purity water make it possible to determine the effect of boric acid on the stability of the materials that were tested
under the above conditions, ’

Under free oxygen access conditions, carbon steel 20 was subject to considerable corrosion at 40°C in a high-
purity water as well as.in a boric acid solution, In both media pitting corrosion was observed, which was more in-
tensive in the case of specimens that were tested in high-purity water. In both cases, the corrosion products were
friable, and they passed into the solution in considerable quantities. v

Steel Kh5M2 corroded in both media at a markedly lower rate than carbon steel, Thus, under the above con-
ditions, alloylng with chromium even below the stability threshold results in a considerable protective effect, How-
+ever, the corrosfon of this steel was also accompanied by pitting,

Specimens of ferrite steel OKh13 corroded in both media at a very low rate, while the corrosion rate in a borlc
acid solution was somewhat higher, Pitting damage was not observed on the specimens,

Specimens of steel 1Kh18N9T and zirconium alloys were almost free from corrosion damage under the above
conditions,

A spectrographic analysis, which was made after the specimens were thoroughly rinsed, showed that boron does
not penetrate the steel surface during tests in high-parameter solutions of boric acid at 40°C, However, the surfaces
of zirconium alloys, after they have been tested in high-parameter solutions of boric acid, absorb boron in amounts
exceeding their maximum allowable: content in the alloy (5¢ +1075 %) by two to ‘three orders of magnitude. In testing
zirconfum alloy specimens in a solution with a high boron concentration, but at 40°C, the absorption effect was not
detected, Obviously, boron penetrated the growing ZrO, oxide film that was formed on.the zirconium alloy surface
durlng its corrosion in water and in high-parameter solutions [4.

SUMMARY

1, The possibility of using boric acid solutions for the soft regulation of processes in nuclear reactors was
demonstrated

2, The introduction of boric acid in h.tgh-parameter water for the purpose of emergency injection should hardly
disturb the stability of all the tested materials to be used in the first loop.
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3, No decomposition of boric acld was observed in high-parameter water, Boric acid could be readily washed
off the surface of the materfals tested, No penetration of the surface of steels by boron was detected; however, irrevers-
ible absorption of boron at the surface of zirconium alloys was observed,

4, Ferrite steel OKh13 can be recommended as the material suitable for manufacturing storage tanks,
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ON THE CHARACTER OF RESIDUAL DEFECTS IN DEFORMED
AND NEUTRON IRRADIATED MONOCRYSTALS

E. V. Kolontsova

Translated from Atomnaya Energlya Vol 10, No, 3, pp. 227-232, March 1961
Original article submitted September 22, 1960

By using x-ray diffraction ahd, in part, the etching mé_thod, we Investigated defects that ap-
pear due to the action of irradiation (in L{F and o -quartz crystals) and deformation (in LiF, alumi-
num crystals, etc,), A certain generality in the character of crystal structure defects was estab-
1ished, - ‘

The changes in the physical properties of crystals subjected to neutron irradiation are to a certain extent simi-
lar to changes in the properties of crystals when they are subjected to plastic deformation, Our tests also showed an
increase in hardness, the ultimate strength, and the elasticity modulus and a decrease in thermal and electrical con-
ductivity, while simflar changes in the impact strength, the kinetics of phase conversions, etc, were also observed
[1-5].

In our experiments, we compared the character of defects in the structure of monocrystals that were subjected
“to plastic deformation and neutron irradiation, The investigations were performed by using x-ray diffraction, mainly
by comparing the intensity distribution of anomalous (diffuse) scattering, and partially by using the etching method.
In studying the shape of the diffuse scattering maxima, we used monochromatic radiation, which made it possible to
estimate the intensity of individual maxima, since the photographing of x-ray patterns were performed with a control
" specimen [6 and 7] LiF (8-10'; 2210'%; 3.10" and 510" neutrons/cm?) and o -quartz monocrystals (10'7; 10';
10 neutrons/cm?) were subjected to neutron bombardment, while ion- type monocrystals (LiF, NaCl, KC1, and AgCl) -
and metallic monocrystals (aluminum, zinc, cadmium, and tin) were subjected to plastic deformation by extension,
The choice of specimens was determined by the properties of crystals on the one hand and by the investigation method
on the other hand.

Experimental data indicate that the intensity of diffuse scattering in irradiated or deformed aluminum and
o -quartz monocrystals has a higher value, Thus, in a-quartz that was jrradiated in'a beam of 10'° neutrons/cm?,
the intensity of diffusion maxima increased by a factor of approximately 1.5 [6], while in monocrystals of technic-
ally pure aluminum, which were deformed in extension by 7-10% (elongation), the intensity increased by approx-
imately 15%.°

The beginning of a marked increase in intensity depends on the degree of deformation or on the total neutron
flux value, respectively, This s quite natural, since, under the action of deformation or neutron bombardment, dis- -
turbances in the regular crystal structure must arise, while, as was shown in [9 and 10], the presence of statistically
random distributed defects of a certain given type causes additional diffuse scattering, the distribution of which will
be determined by the crystals's elastic characteristics, Thus, if the shape of diffuse scattering maxima does not change
and the intensity increases, which is true for oc-quartz, pure aluminum, and technically pure aluminum crystals that
are grown by using the method of treatment recrystallization {11], this means that defects with a statistically random
distribution appeared in the crystals during the deformation or irradiation processes.

The analysis of changes in the shape of Laue maxima with a constderation of the additional -anomalous scatter-
ing,as well as etching data,can be used for determining the character of these defects. Judging according to the ob-
served broadening of Laue maxima and the intensity redistribution in them, we arrive at the conclusion that the action
of deformation or irradiation [7 and 12) causes the division of a crystal into separate portions (fragments) which are
slightly rotated with respect to each other. The presence of fragmentation in crystals is convincingly proved by
photographs obtained by means of a narrow x-ray beam [13] and by the etching process [ 7).

° A sharper increase in the intensity of diffuse scattering in neutron irradiation was observed by the authors of paper
(8] in diamond, silicon, and corundum monocrystals,
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: .

. ! .
‘ The.fragm_entation does not occur-unlformily throughout the-volume: In plastically d'eforrried‘crystals."it is-
most strongly prc)nounced near the slip bands {13] and the-dislocation bands {14 and 15) ,-while - in {rradiated crystals
it is most strongly pronounced in the surface layer the depth of which depends on the total neutron ﬂux value [7]

The fragmentation character is determined by the type of action on the crystal and the nature of the substance
under investigation, For instance, a division of crystals into fragments limited by type (100): planes was observed in
- irradiated LiF crystals [7], while, as is known, ‘the cohestve forces for planes of this type aré at a minimum in NaCl-
type crystals,. Thus, it can be assumed that the stresses arising in a irradiated crystal are released by the crystals
fragmentation into sepdrate portions along the "slackness sites,” It is possible thiat internal stresses arise due to the
accumulation of implanted lithium ions [16] and the formation of relatively large portions with a new orientation,
‘which is observed in the irradiation of crystals (LiF) as well as in deformation (LiF and aluminum). The presence
of sect1ons with a new orientation {s determined with fespect to the appearance of additional interference maxima
on radrograms ot irradiated and deformed crystals, For small degrees of deformation or 1rrad1atron these maxima
are rather clearly defined (Fig, 1; see also Fib, 3b), while the majority of them is superimposed on a background of-
thermal diffusion maxima of the {nitial crystal. ‘However, maxima which are located at random with respect to the
mterference maxima of the initial .crystal are also observed. With.an increase in the degree of deformation or frradia-
tion, the number of additional 1nterferences increases, while their clarity diminishes (Fig, 2) ' -

1

Fig, 1. ,Diffusion' maxima of the (200) type. a) - Fig, 2, Diffuston ‘maxima, a) For aluminum, |

Technically pure aluminum monocrystal de- - ; after the deformation was increased to 7% with
formed by extension (2-3% elongation); by LIF. . . respect to elongation; b) for LiF, after the total
\ monocrystal {rradiated with an mtensity of 10 - . neutron flux was increased to 2.2 1018 neutrons

neutrons/cm (x 3.9). per cm? (x 3.5).

'The appearance of clear additronal interferences at the begmning of the action exerted on the crystal 1nd1cates
the presence of telatively large portions in the crystal (up 1 to 10 cm) with an orfentation that is different from that '
of the initial crystal, The conclusion about the closeness f the orientation of the maJority of such portions to the *
orientation of the initial crystal follows from the fact that the addrtional interferences are mamly supenmposed on
the background of diffusron maxima.* _ , o S

- The reduction in the clearness of mterference maxima in irradiation and. deformation processes can be prob-
. ably explained by distortions which also appear in crystal portions w1th a’new or1entation which is possible due to
. their additional fragmentation, . . - : - : : : ' )
*Tt is possible that the appearance of- addrtional interference maxima is caused by the so-called double Bragg reflec-
tion [17], but neithet would this basically change the explanation of the résults, since the secondary reflection of the
x-ray beam becomes possible due.to the appearance of individual portions inside the crystal with a crystal lattice
orientation different from the initial ortientation,
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A further increase 1n n the degree of. deformatron and 1rrad1ation leads to the contractron of mdrvrdual 1nter- ,
ferences into arc- shaped lines, while the extent of the lines depends on the narure and the. state of the initial crystal
~ for a given degree of deformation (i3 The number of lines that appear against the. background of individual.dif--
fusion maxima also depends on the’ nature of the crystal, For all the irradiated: LiF crystals and all the deformed -
monoctystals that we used (with the exception of techmcally pure aluminum, which was grown by, using the method
of collecting recrystallizanon), either one or two line maxima were observed (Flg. 3) In the case of some deformed

'monocrystals of technrcally pure alummum three lmes were found (Fig 4) T

' Fig 3. Laue dragrams obtained for mixed molybdenum radiamrmed alummum (7% elonga-
- tion); b) LiF monocrystal deformed by compressron, c) LiF monocrystal trradiated wrth an intensrty of 3 .
-10'8 neutrons/cm The type [100] direction is parallel to the x-ray bearn '

The appearance of line maxima in the shape of ares of circles with drfferent radii and a center which approx-
imately coincides with'the center of the radiogram indicates either the formatron of sections inside the crystals: that
" are slightly disoriented with respect to each other and with lattice’ parameters that are drfferent from the lattice
parameters of the initfal crystal or, as was mentioned béfore, the possibility of secondary refiection of the reflected
x-ray beam,* It is quite possible that both phenomena occur in deformed and liradiated crystals; however, this .
cannot be stated with certainty, - Many difficulties are encountered in trying to-separate these two effects, since the
elimination of double Bragg reflection in using x- rays with ordinary wavelengths is apparently not possible, " A theo-
retical separation of these effects by means of an accurate deterthination of the position of additional- 1nterferences

that correspond to secondary reflection-is also drfficult since, exact. calculation methods have not yet been developed o

* Tlus phenomenon cannot be explamed by the conditions ‘inder which the X= ray photographs were obtarned since
the nizmber of lines depends on the riature of the crystal and, moreover the number of lines is the same for Ka as '
well as for Kg = radiatlon. : g o S ST
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It should be noted that it is difficult to visualize such.fragmentation which would cause the appearance of three clearly
resolved maxima (see Fig. 4) in using only double Bragg reflection, It is also difficult to explain the appearance of

. all the additional interferences by parameter. variations in individual crystal portions, if only for the reason that changes
in the distance between the additional-maxima in dependence on the reflection angle do not strictly follow the law
which results from the constancy of average parameter changes throughout the crystal volume, The relatively large
degree of parameter variation — approximately 3% — also causes some doubt

Three different phenomena can possibly cause the appearance of sections with a new orlentation: in the first
place, fragmentation, which is clearly observable in deformation and irradlation; in the second place, the formation
of displacement zones in irradiated crystals [18], which is seemingly due to local melting and subsequent crystalliza-
tion of the substance, The orientation of the majority of these recrystallized regions must be close to the initfal crys-
tal orientation, since the surroundmg lnltral crystal plays the role of inoculation in crystallization [41.

R - In crystals deformed at room temperature the reorientation

- of individual sections can follow the recrystallization pattern, Con-
ditions that are favorable to this process are created near the slip
and dislocation bands, Photographs obtained by means of an elec-
tron microscope confirm this point of view: Sections with regular
etching pattern contours are observed near the slip bands, while
the etching pattern contours are sharply distorted in the rem aining
sections of the [17]; the latter fact also applies to irradiated crys-
tals [6]. It is possible that the cause -of distortions is connected ‘
with the appearance of defects that are distributed statistically at ‘
random in the crystal, which makes it difficult to determine -by

Fig, 4, Shape of type (200) interference; . etching the planes and directions in crystals in correspondence' with
‘maxima on the radiogram of an alu- " the crystal chemistry of the specimen under investigation and the
minum monocrystal that was 35% deformed etching agent properties, However, it is possible that the distortion
- by extension, which was obtained for mixed of etching pattern contours in deformed specimens is caused by
radiation (x 2). ’ o slips resulting in the displacement of crystal sections with respect

. : . to each other, while in irradiation, s specific defects, which are
characteristic only for the irradiation process (for instance, segregation of lithium fons in an LiF crystal [15], shift
zones [18], etc.), play the main role,

‘The analogous character of the appearanc_e of residual defects in deformed and irradiated crystals still does
not indicate that the cause of these defects is the same. The quantitative difference in the process of property
restitution in crystal annealing is apparently connected with the difference between the causes of defects in deforma-
tion and {rradiation, although, qualitatively, annealing or even "resting”™ at room temperature promote the "healing
of the crystal lattice of deformed as well as irradiated crystals [19], . N

It should also be mentioned that although the effects of deformation were investigated on LAiF crystals, the
effect similar to the effect of two-dimensional diffraction, which can be observed in irradiated LiF crystals, was
- not observed regardless of the indications that oriented defects that are located along the boundaries of slip packages
are present in deformed aluminum and LIF crystals, It is possible that this difference is caused by the different num-
ber of oriented defects in deformation and in irradiation, since it is not possible to deform LiF crystals to a consider-
able extent at room temperature, However, it is possible that such defects as the segregation of lithium 1ons [19]
or the accumulation of dislocation-type défects [7] play an important role in irradiated LiF crystals.

On the basis of what has been sald above, the following conclusions can be drawn, _ . -

"1, Point- type defects in the regular.crystal structure which have a statistically random distribution appear in
* irradiated and deformed monocrystals; thepresence of these defects causes an increase in the diffusion scattering
intensity, . i .

2. In the deformation process as well as in neutron irradiation, small sections whose orlentatlon dlffers from
the initial crystal orientation are formed 1n crystals, - For the majority of these sections, the new orientation is close
_to the initial orientation,

3, The number of sections wlth the new orientation increases with an ncrease in the degree of deformatron
or irradiation. The beginning of reorrentation depends on the nature of the crystal,
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4, The crystal fragmentatlon that s observed in deformation and irradiatlon fs not uniformily distributed
throughout the crystal volume, For deformed crystals, the fragmentation {s strongly pronounced near the slip and
dislocation bands, while for irradiated crystals it is strongly pronounced in the surface layer, the depth of which de~

“pends on the total neutron flux value.
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THE SEPARATION OF RADIUM FROM IMPURITIES BY MEANS
OF AMMONIUM CARBONATE

'N. P, Galkin, A,-A, Malorov, G. A. Polonnikova,
V G"SlmherBa kova, and L. V. Utkina

Translated from Atomnaya Energlya. Vol. 10, No, 3, pp. 233-231, March 1961
Original article submitted August 11, 1960

In the literature there is a reference to the use of NH;HCO; in a technological system for the
purification of chemical uranium concentrates [1], However, the conditions in which this process is
carried out have not been described in detail, Moreover, it is known that during the analysis of acid
solutions containing uranium, the addition of ammonium carbonate makes it possible to separate
uranium from fron and aluminum [2]. It is of interest to study this method of separating uranium

~ from impurities in greater detail, In the present work an investigation was made of the dissolution
_of pure (Nlﬁ)zUan, in solutions of (NHy)2COg and NH;HCOy, the separation of uranium from the solu-
tion in the form of (NHy),[UO3(COs)s] and the behavior of certain mpurities in the salting-out of '
crystals of this carbonate complex. -

The Dissolution of Ammonium Diuranate in (NH4)2C03 and NH,HCO; Solutions of Dif-
ferent Concentration

The dissolution of ammonium diuranate in NH,COy and (NH,),COj; solutions fs due to the formation of the com- ‘
plex (NHy){ UO,(COgs:

(NH,),U,0, + 6(NIIl)2CO;,+.3H 0 > 2(NH,),[UO,(CO,);] + 6NH,OH; | e
(NH,),U,0, + 6NH,HCO, = 2(NH,),[U0,(CO,);] 4 3H,0. | @

A weighed sample of freshly prepared ammonium diuranate with 70% moisture content was added to a heated
solution of (NH,),COy or NH4HCOj of fixed concentration, The solid/liquid ratio was 1: 1.2 (solid ~ weight of the
moist (NH),U,04). The experiments were carried out in a special vessel for solubility determination, placed in a
thermostat, The temperature during the experiment was kept at 40 + 0,1°C. Equilibrium was practically established
in 1 hr, ' o

As may be seen from Fig, 1, the solubility of ammonium diuranate in (NH,),CO;g solutions is less than in
NH,HCO, solutions. This may be explained by the effect of NH40H which, being liberated according to reaction
(1), displaces the equilibrium to the left,

With an increase in the (NH(),;CO; and NHSHCO, concentration the uranium content in the solution first in-
creases and then falls as a result of the salting-out effect of (NH;)3;COg and NHCOs [3]. To avoid the saltlng-out
of (NHy)J UO2(CO;3)] and obtain complete dissolution of ammonium diuranate, diliite solutions of (NH,),CQO; or,
better, NH;HCO, must be used, The amount of (NHy),CO;q o1 NI—hHCOsrmust correspondto the stoichiometric propor-
tions according to reactions (1) and (2), In this case the total volume of liquid was calculated, taking into account
the solubility of (NH,),[UO2(COs)s] in water at the given temperature [3]), For example, for complete dissolution of
ammonium diuranate with 709 moisture content at 40°C in a 5% NH,,HCOS solution the solid/1iquid ratio must be
1:5, Under these conditions the uranium concentration in the solution was ~ 40 g/liter, ‘

The Effect of Certain Factors on Crystallization of (NH,),{UO;(CO3)3] from Solution

The saiting-out of (NH,){ UO2(COsg)s] by ammonium carbonate fs due to the reduction in the solubility of the
tricarbonate complex of uranyl in excess (NHy),CO, [3]. We investigated a number of the most important practical
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* Fig.1. Solubiltiy of ammonium diuranate in(NH »COy
(curve 1) and NH4;HCOq (curve 2) solutions of different Fig, 2. The effect of temperature on the yield of
concentration, : ‘ fine crystals (size of the crystals < 100 ); uran-

ium concentration in the solution 30 g/liter; dura-

tion of addition of (NH4)2C09 1.5 hr; speed of the
stirrer 180 rev/min,

Temperature of solution, °C

« 60

q "\ : ‘ factors influencing crystallization : temperature, duration
%40 of addition of the salting-out agent, the uranium concen-
a : \ \ o tration in the solution, and the degree of mixing,

:.":: 20 [No . - To comparé the effect of the individual factors, the
7] T~ , . .
9 9t : yield of coarse and fine crystals was determined by the .
-:;.‘-’: ‘ sedimentation method, Crystals which settled out from a
g 7 ) ‘. height of 25 c¢m in 1 minute in alcohol were assumed to

be crude, The size of these crystals was 100 x 20 — 300 X

~ Duration ofaddl.uonof(NI-h)zCOa, hr X 60 @, The yield of fine 6rys)t,a1s was found by the differ-
Fig. 3. The effect of the duration of the addi-  ence between the total amount and the amount of coarse
tion of (NHy)2CO;q on the yield of fine crystals: crystals,
uranium concentration in the solution 30 g per
liter; speed of the stirrer 180 rev/min; tem-
perature 40°C,

The experimental procedure was as follows: (NH;),COq
was added for a fixed period with continuous stirring to a
solution of (NH,)JUO4(COq);] until the solution was saturated
at the given temperature, After the completion of salting-

out, the solution and the crystals were mixed for a further period, The total duration of the experiment was 3 hr. The.

precipitated crystals were filtered off and subjected to sed1mentanon analysis. The results of the experiments are
given in Figs, 2-5, A photograph of the’ crystals is given i in Fig, 6. A marked increase in the yield of fine crystals
was observed with an increase in temperature, particularly from 20 to 40° (see Fig. 2). At the same time there was
a considerable increase in the decomposition of (NH,),CO;.

With an increase in the duration of addition of (NH,)»COg the number of fine crystals'fell considerably (see
Fig, 2). Thus, with rapid addition’(2 min). the yield of fine crystals was 519, while with slower addition (1 hr) it
was 20%,

As may be seen from Fig, 4, the optimum uranium concentration in the solution must be taken as about 30
- g/liter,

An increase in the speed of the stirrer from 60 to 180 rev/ min leads to a nearly three~fold reduction in the
yield of fine crystals (see Fig, 5), Faster stirring (450 rev/min) does not reduce the yield of fine crystals,

Figure 7showsthe variation of the uranium concentration in the solution during the salting-out of (NH,),[UO,(COs].
As may be seen from Fig. 7, the crystallization of the complex during the addition of (NH,);COg did not take place
uniformly. Supersaturanon of the solutfon was first observed, Rapid precipitation of (NH4)4[U02(C03)3] took place in
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Fig., 4. The effect of the uranium concentra- Fig. 5. The effect of the speed of the stirrer on
tion in the solution on the yield of fine crys- the yield of fine crystals: uranium concentration
tals; duration of the addition of (NH,)5COss in the solution 30 g/liter; duration of addition of
1.5 hr; speed of the stirrer180rev/min; tem- (NHy)2CO;3,1.5 hr; temperature 40°C,
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Fig, 1. Variation of the uranium concentration of the
solution during the salting-out of (NH,) L UO(COg),1.

the (NH,),CO; concentration region of 70-150 g/liter, Fur-
ther addition of (NH,),CO; to a concentration of 300 g/liter
Fig. 6. (NHg)JUO2(COg)3] crystals (x 100), caused fairly slow precipitation of the remaining uranium
from the solution. Quantitative precipitation of uranium
did not take place,

On the basis of these experiments the optimum crystallization conditions may be taken as; temperature 40°C,
duration of addition of (NH,);CO; 1 hr, uranium concentration in the initial solution 30 g/liter, speed of the stirrer
180 rev/min, To avoid supersaturation of the solution, crystallization is best carried out in the presence of a seeding
compound, In addition, the (NH,),CO;3, the amount of which must be sufficient to give a carbonate content of 300
g/liter in the solution, must be added at different rates; the first 40-50% must be added in 45 min, and the remainder
in 15 min,

The Behavior of Impurities during Precipitation of (NH,)4[UO3(CO;)s] from Solution

In each series of experiments the content of impurities varied widely, The initial solutions were prepared as
follows, Impurities forming soluble compounds in a carbonate medium (sodium, copper, phosphorus, boron, etc.,)
were added to the (NH,)[UO4(COs)s] solution directly before crystallization, Other impurities (iron, manganese,
aluminum) were precipitaed at the beginning, together with uranium, by ammonia, The ammonium diuranate ob-
tained, containing one of these elements, was dissolved in a 5% NH4HCOj; solution, The undissolved residue was
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filtered and (NH,)f UO(COg)y] Was crystallized from the solution under optimum conditions, The crystals were fil-
tered and washed with a saturated solution of (NHy),CO;. After the (NH,)[UO2(COg)y] crystals had been dried they
were heated to the mixed oxide. The results of the experiments are given in Table 1,

TABLE 1. Separation of the Impurities in Uranium by

Means of (NH,;),CO,
Imgurmes soluble in Impurities insoluble in
NH,;»CO, ._ (NH,)»,CO,q
~ |Content [Content Content |Content-
Ele- Pf impur- fimpurif e pfi impuri- f1mpur1- :
meqt |ityinini-ityinura-| - byinam- |ty inura-
T tlal solu- 9US lf[a‘ onium HOUS ura-
tion, ic oxide, diuranatenjc oxide,|
/liter bof as Joof  jas % of
 8» uranium uranium _‘uranium
1,9 | o,015 40 | o
cu | &9 0,071 pe | 100 | 0055
0, <0,0001 0.4 | 0,039
0,01 | <0,0001 ' Y,
01 |[=>1.10- 50 | 0,059
B 0,01 1.104} Mn 0,52 | 0,012
* 0,001 1.10-6 0,16 0,0083
0,5 0,076 |- 21,0 | 0,0059
\Y 0,1 -.0,039 Al 8,0 0,0059
0,00 | 0,0032 0,83 | 0,0048
_ . :
| 20 0.20 8,06 0,115 | L
P ’ ’ Cr 0,83 0,077 )
0,1 | <0,001 ’ '
0,01 -| 0,001 0,08 | <0,01
10 0,012
Na 5 0,007 — — —
1 0,001
10 16,6
5 7,9
K 1 164 | — - -
0,1 - 0,102

TABLE 2. Purification of Ammonium Diuranaie_ by Means of (NH,);COy

- Content, wt.%(converted to uranium)
Product : : o . ‘
.Fe Al P V Mn | Cu Cr - 81
Initial ammonium diuranate | 15,0 26,0 0,66 0,10 1,3 0,03 0,10 | 1,67
Uranous-uranic oxide - 0,035 | 0,0059 0,012 not- 0,035 | 0,0035 0,0047 0,0035’ '
. : detected '
- * The uranium content in the dry ammonium dluranate was 30.0%; in the uranous-uranic oxide, 84.0%;

From Table 1 {t is seen that the majority of the elements (copper, boron, sodium, phosphorus, aluminum, etc.)
are readily separated from uranium during the crystallization of the carbonate complex. Potassfum, considerable -
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amounts of which enter the crystals, fs an exception, Thus, uranium can 'be'separated by means of (NH,)»COg not
only from fron and aluminum, as already indicated in the literature, but also from a number of other elements, Data .
on the purification of dirty ammonium dfuranate, which contained several impurities at the same time, agree well
with this conclusion (Table 2). The initial ammonium diuranate containing 70% moisture was dissolved ina 5%
NH4HCOy solution with a solid/liquid ratio of 1:3,5, The other dissolution conditions were the same as described
above, After the precipitated crystals of (NH,){ UO4(COs);] had been washed and dried, they were calcined. The
content of fmpurities in uranous-uranic oxide obtained in this way is indicated in Table 2,

SUMMARY

" 1. The dissolution of ammonium diurapate in (NH,),COq and NH,HCO4 was investigated. It was found that to
prevent salting-out of (NH4)4[U02(C03)3]. the dissolution of the diuranate must be carried out in dilute solutions of
NH,HCO,,

2. The optimum conditions for the crystallization of (NH,)fUO4(CO,)s] from solution were established: tem-
perature 40°C, uranfum concentration in the solution of (NH){ UO45(COgy)s] about 30 g/liter, duration of addition of
(NH;),CO;4 1 hr, speed of the stirrer 180 rev/min,

3. The efficiency of the separation of impurities from uranium by means of ammonium carbonate was in-
vestigated, It was shown that the separation of potassium by this method is unsatisfactory,
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THE EFFECT OF RADIOACTIVITY OF SUBSTANCES
ON THEIR PHYSICOCHEMICAL PROPERTIES

L. M. Kopytin and Yu, V, Gagarinskii

Translated from Atomnaya f-fnergiya. Vol, 10, No, 3, pp. 238-243, March, 1961
Original article submitted July 21, 1960

Radfoactive substances have a number of features which can be explained by the effect of self-
irradiation, Systems containing radicactive elements are in a nonequilibrium state. The fraction of
particles (molecules, atoms, fons) having increased energy exceeds the equilibrium value in these
systems, The regions of the substance in which there is retardation of the o~ and B-particles and the
recoil atoms have a higher concentration than the equilibrium value of structure defects and increased
free energy. These factors should affect the vapor pressure, solubility, dissociation pressure, equili-

- brium constants of chemical reactions, reactivity, specific heat, density, electrical conductivity, ther-
mal conductivity and other properties of radioactive substances and also the character of their phase
transformations., From this point of view a study is made of literature data on some properties of vari-
ous radioactive substances,

It is known that the properties of solids change considerably due to irradiation by high-energy particles, It
would be quite natural to expect that the physicochemical properties of substances containing radioactive elements
and, consequently, constantly under the action of its own radiation, will differ from those properties the substances
would have if they were not radfoactive, The differences in the radioactive properties of isotopes of the same ele-
ment (type of decay, energy of decay, specific activity) should cause, as well as the ordinary isotope effect, addi-
tional differences in the physicochemical properties of substances containing these isotopes.

A common feature of systems containing radioactive substances is their nonequilibrium state due to the con-

stant formation in the mass of the substance of o - or B -particles and recoil atoms, the process of retardation of

" which in the substance removes the system from the state of thermodynamic equilibrium, It is only possible to talk
arbitrarily about the temperature of such a system, since there cannot be temperature equilibrium in it: during o-
decay in a radioactive substance thermal peaks are formed — local Increases in temperature during short intervals of
time of about 1072~ 102 sec [1-5; during 8 -decay, although it is not possible to talk of the presence of thermal
peaks, a fraction of the particles (molecules, atoms, ions) with high energy exceeds.the equilibrium value, In regions
of a crystalline body, in which there is retardation of the particles and recoil atoms emitted during radioactive decay,
different structure defects are formed (vacancies, intermediate atoms, etc,) in concentrations exceeding the equili-
brium values, :

The effect of self-irradiation on some heterogenous processes (absorption, catalysis, isotope exchange, solution)
was studied in [6-8], However, self-irradiation should cause a change in properties of radioactive substances such as
the vapor pressure, the dissociation pressure, the equilibrium constants of chemical reactions, the reactivity, density,
electrical conductivity, thermal conductivity, specific heat, mechanical properties, etc., and should also affect the
character of phase transformations occurring In the radioactive substances.

In the study of radioactive substances a number of features have been detected which have not yet been satis-
factorily explained. As far as we know, no attempt has been made to explain these features by the radioactivity of.
the substances although many of these features, in our opinion, can be explained in this way.

We will consider the effect of radioactivity on the vapor pressure, The saturated vapor pressure is determined
by the fraction of molecules having energy sufficient to overcome the forces of adhesion and transfer into the gaseous
~ phase, At temperatures much below the boiling point only a small fraction of the total number of molecules acquires_
this energy. In a system in which radioactive decay is taking place,the fraction of molecules having energy sufficient
for transition to the gaseous phase is greater than the equilibrium value. In accordance with this in the stationary state
the vapor pressure over a radioactive substance will be higher than the equilibrium value, corresponding to a given.
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temperature., For radloactive substances in the crystalline state the presence of structure defects arising under the
actlon of its own irradiation causes an increase in the free energy of the substances and, consequently, an increase
in thefr vapor pressure, ' . :

It can be shown that the ®vapor pressure ~ composition” diagram for a system containing a radioactive compo-
nent should have a special character, We will consider a system of two substances A and B (substance B is radioactive)
which would be ideal for nonradioactive substances, The experimentally measured vapor pressure of a pure radio-
active component Pg can be represented as P"B + AP(E)&' where Ap? s the increase in vapor pressure of the substance B
caused by self-irradiation, The radioactivity of the component B will also affect the partial pressure of component
A; therefore, the vapor pressure for intermediate compositions of such a system can be written P+ Ap, APisthe increase
in total pressure caused by the radioactivity of the substance B and composed of increases in the partial pressures of
substances A and B, i.e,

AP =APs -+ AL (1)

- Assuming that the numbers of molecules A and B transferring into the gaseous phase under the action of self-
irradiation are proportional to the molar fractions A and B, we obtain

APy _ Ny (2)
APg -~ Ny’

If we assume further that the total number of molecules transferring into the gaseous phase under the action of
one act of decay is independent of the composition, then we can write

AP =APYNg (3)

From expressions (1-3) we obtain ' ‘
APy = APYNY: : 4
AP, = AP} (Np— V). - | (5)

Consequently,

Pp=PYNg+ APRN%: (6)
P,=P\N , + AP (N, —NY); , o
CP=P 4 (PY— P°+AP )N, B (8)

where P°A and P% are the vapor pressures of the pure nonradioactive components A and B, The "vapor pressure — com-
position” diagram for such a system is shown schematically in Fig. 1, It is characteristic that in such a system the
partial vapor pressure of the radioactive component has a negative, and the nonradioactive component has a positive ,
- deviation from linearity; i.e., the deviations have opposite signs, which is not observed in the absence of radioactivity.
These deviations compensate one another and the total vapor pressure in the system changes linearly with change in
composition.* The tangent to the curve corresponding to expression (6) at the point Ng = 0 intersects the axis of
pressures at Np = 1; the section equal to P°B. i.e., a linear extrapolation of the data measured for small values of NB
gives a value of vapor pressure of the substance B close to that which it would have if it were not radioactive,

We will consider the effect of radioactivity of the component B on the fractionation factor during distillation, .
~ In ideal systems the vapor pressure of pure components and the fractionation factor o are connected by a simple
relationship

PY ' '
Py, .

* The assumptions made in writing Eqs. (6)~(8) only hold in the first approximation; and the total vapor pressure in such a
system, whichwould be ideal in the absence of radioactivity, cannot correspond to a linear dependence on composition, -
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In our case the fractionation factor, withour allowing for the effect of radioactivitv of the substance B in cor-
respondence with relationship (9), wou]d be equdl 0 :

a=ta__ P
=P T Py APY,

(10)

It can readily be shown that the fractionation factora, due to the specfal character of the "vapor pressure —
composition® curves expressed by Eqs. (6) and (7) with an allowance for the radioactivity of substance B, will be ex-
pressed by the equation

" PY+APLN, . _ _ (1)
PoBfAP%N B ‘

1t follows from Egs. (10) and (11) that the content of fadioactive substance in the distillate will be less than
would be expected when only considering the vapor pressure of pure components. ‘

Three isotopes of hydrogen with mass ratio 1: 2: 3 are considered ideal objects for studying the isotope effect
on the physicochemical properties of substances, especially on the vapor pressure. However, the comparatively strong
B -activity of tritium (the half life is about 124 years) should affect the properties of this isotope and its compounds,

and the effect of self-irradiation in this case is presumably com-
parable with the effect of the mass of the atom. For example, in

Py : [9] in which the vapor pressure was measured of almost 100% T 50,
\ Py it was noticed that the difference between the vapor pressures of
Ape T,0 and D,O is much less than the difference between the vapor
’ pressures of D,0O and H,0, This can easily be seen when comparing
_ AP the boiling points of these modifications of water:
—
X H,0 (100,0°C); D40 (101,4°C); T,0 (101,6°C).
. ~
/ 2 The vapor pressures of HTO, calculated for the range 12-95°C as
- the geometrical mean of the vapor pressures of H,O and T,0 193,
g 8 were much higher than the vapor pressures of HTO found by linear
, extrapolation of the partial vapor pressures of HTO over strongly
Fig. 1, "Vapor pressure — composition” dia- diluted solutions of HTO in H,0 [10]. The reason for this differ-
gram for a binary system of substances A and ~  ence is Intelligible when examining the diagram of Fig. 1. The
B in which substance Bis radioactive. existing experimental data on the vapor pressures of isotopes of

elementary hydrogen are contradictory The data of [11] obtained
on a specimen of almost 100% T, and the data of [12] for a vapor pressure of HT and DT, obtained by linear extra-
‘polation of the partial vapor pressures of HT and DT over their strongly diluted solutions to Hp and Dz,respectively,
are in the same ratio to one another as the data of [9] for T30 and [10] for HTO. However, the vapor pressures of
HT found in [13] are much higher than those measured in [12],

The effect of self-irradiation on the vapor pressure of polonium (Po210 o -radiator with a half life of 138.,4 days)
should be very noticeable, It can be assumed that for this reason polonium has a comparatively low boiling point,
which differs from the uniform increase in boiling point of elements of the main subgroup of the sixth group of the
periodic table [14]: sulfur (444.6°C}; selenium (684.8°C); tellurium (1390°C); polonium (962°C).

Comparing the vapor ptessure curves of polonium and bismuth [15, 16] it can be concluded that the separation
- of polonium from bismuth by distillation should occur very readily. However, in practice it is found that polonium
cannot be completely separated from bismuth even on repeated distillation. The author of [16] explains this by the
formation in the bismuth-polonium system of intermetallic compounds or by the existence in this system of an azeo-
tropic bofling mixture, However, it seems to us that this phenomenon is due to the radioactivity of the polonium,
As can be seen from formula (11) in the case of radiocactivity of one of the components,its fraction in the distillate
should be less than that calculated from the vapor pressures of the pure components.

The relative effect of self-irradiation on the vapor pressure should decrease with increase in temperature.
Therefore, for radioactive substances the curve for the dependence of the stationary pressure on the temperature
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will go higher and less deeply than the curve which would correspond to the equilfbrium pressure, Therefore, the
heat of vaporization calculated from the temperature dependence of the vapor pressure will be less than the true
value for radioactive substances, For example, the heat of evaporation calculated in [15] for polonium is 24,597 x
+ 31 cal/g-atom, Dividing this value by the boiling point of polonium 1235°K, we obtain the Truton constant K =
'=19.9 cal/deg-mole. Despite the fact that the true bofling point of polonium should be higher than 1235°K, the
Truton constant for it is very small compared with similar constants for other metals, i.e,, the value given for the
heat of evaporation of polonium fs low, The effect of self-irradiation on the dissociation pressure and on the vapor
pressure should be similar, For example, it should be expected that the pressure of hydrogen over hydrides of radio-
active metals will be higher than the equilibrium value,

The process of solution has a more complex character, During solution, as well as those factors which act
during evaporation and dissociation, an important part can be played by other factors mentioned in {8], mainly the
effect of electrical charges forming at the phase boundaries as a consequence of the continuous irradiation of charged
particles by the radioactive substance on the structure of the double layer,

In the theoretical analysis of coprecipitation and fractional crystallization of radioactive substances [17-19]
the effect of radioactivity has not yet been considered. Nevertheless it can play an important part here, In parti-
cular, the above-mentioned ideas on the effect of self-irradiation on the fractionation factor during distillation also
hold with regard to the fractionation factor during fsomorphic coprecipitation of radicactive substances, The solid
phase should be enriched with a radioactive component to a larger extent than follows from the relative solubilities
of the components, Therefore, the absence of parallelism between the change in fractionation factor and the ratio
of solubilities of the corresponding salts,together with the reasons analyzed in [17 18],can also be explained by the
effect of self-irradiation,

We will deal with the features of phase transformations of radioactive substances, In the study of phase trans-
formations of polonium it was found [20, 217 that the ‘o~ and B -phases of polonium can coexist over a wide range
of temperatures,* In the study of phase transformations of freshly separated polonium by means of an x-ray spectro-
meter during heating and cooling of the specimen it was found [ 23] that the - and B-phases of polonium coexist’
over the range 0-75°C, This wide range of temperatures of transformation cannot be explained by the presence in

the specimen of lead formed by radioactive decay of polbnium, since to-

ward the end of the measurements [23] the lead concentration did not exceed

0,5%, The author of [20] is of the opinion that this phenomenon, as in the
case of cobalt[24, 25], can be explained by the effect of the grain size on
the transformation point, In fact, if the specimen is a collection of particles
of different dimensions, then at low entropies of transformation and a large
interphase surface energy this specimen has a transformation range rather
than a point, However, it is known that in films obtained by the condensa-~
tion of metals in vacuum the curve for the distribution of particles with re-
gard to dimensions has a sharp maximum, i.e., all particles are obtained
with almost the same size [26], Consequently, the explanation given can
hardly apply to the results of {20], in which the films of polonium were ob-
tained by this method, However, it can be assumed that the reason for this
To phenomenon in polonium {s connected with self-irradiation, For example,
Temperature in [27, 28] it was shown that under the action of external irradiation by
neutrons the low-temperature forms of ZrO, and BaTiOg change to high
temperature forms at temperatures below their normal transformation points,
This feature of the phase transformations of radfoactive substances could be
explained by the fact that the high-temperature phase which forms in the
regions of local heating is hardened during further cooling of these regions
below the transformation temperature, However, even for thermal peaks
of separation this possibility is considered doubtful [29], since the time of
existence of a peak (about 107 sec) fs not so large compared with the
period of thermal vibrations of atoms in the lattice (about 10733 sec). The
coexistence of phases of radioactive substances in the temperature range can be explained by the formation of struc-
ture defects in these substances under the action of self-irtadiation. The assumption that the features of phase trans-
formation of polonium are connected with radiation damage were already mentioned in [30], although this problem

Free energy

Fig. 2, Diagram of "free energy —
temperature” for two mutually trans-
forming phases of a radioactive sub-
stance; 1) o -phase; 2) B-phase; 3)
metastable phase; A and B are the
states of some regions passing through
the thermal peak,
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was not dealt with specifically, . The effect of self-irradiation of radioactive substances on their phase transforma-
tions can be presented in the following way, The concentration of defects in regions passing through the state of

the thermal peak considerably exceeds the equilibrium value; the intermediate atoms and vacancies deform the )
latter; therefore, these regions have increased free energy and are in the metastable state, In Fig. 2 the lines 1 and

2 show schematically the temperature dependence of the free energles of the a- and B-phases respectively. Point

A shows the state of the legion passing through the thermal peak, In thisstate the free energy of this region exceeds
the free energy of the metastable region at a given temperature of the 8-phase and at temperatures below the normal
point of transformation T, the transition of the deformed sections of the o -phase to the B-phase canbe thermody-
namically favorable. These sections can therefore reduce their energy in two ways: by migration and recombination
of the defects and by successive transformation of the deformed o -phase to the B-phase, metastable under these con-
-ditions and then to the state of the of-phase, The actual path of this process depends on the corresponding activation
energies. These discussions also hold for transition of the high-temperature phase from a disordered state to a stable
state at temperatures above the normal transformation point, Therefore, if the transition of the disordered regions

to the stable state is accomplished In the second way, then the two mutually transformlng phases of the radioactive
substance will have not a. point, but a range of transformation.* *

The possibility s not excluded of the formation under the action of irradiation of metastable structures, which
generally do not have stable existence, If due to a thermal peak. the region of the radioactive substance transfers to
a state (point B on Fig, 2) in which its free energy exceeds the free energy of a certain metastable phase (1line 3, on
Fig, 2) then on the return of this region to the stable state there is a possible intermediate formation of this meta-
stable phase also, .

Instead of a melting point,radioactive substances should also have a more or less wide range of the solid- liquid
" state, It might be thought that the melting point taken for polonium (254°C) is the temperature lying close to the -
lower boundary of this range. The true melting point of polonfum should be higher.

The ideas mentioned in this paper can also explain to some extent those features in the behavior of plutonium
(the unusually large hysteresis, the comparatively large scatter of data obtained on different specimens of metal and
the poor reproducibility of results for the same specimen [31]), which are observed during thermal analysis, measure-
ments of electrical conductivity and-dilatometric studies of plutonium. . ' '

-

The concentration of defects in a specimen of plutonium should depend on its previous history. When heating
a specimen to a high temperature a considerable part of the structure defects will be annealed,and immediately after
cooling the state of the specimen is close to the equilibrium state, Under the influence of the radioactive decay the
state of the specimen at a low temperature (when the annealing of the defects is hindered) deviates from the equili-
brium value with the accumulation of defects, When a specimen passes through a certain temperature T is states
during heating and cooling will differ, since on passing downward through this temperature the concentration of de-
fects in the specimen is higher than on passage upward, when a large part of the defects is annealed at high tempera-
tures, This fact can presumably sérve as the reason for considerable hysteresis in properties, sensitive to structure
defects, The different degree of disordering of the structure of the same specimen of plutonium as a function of its
- previous history can be one of the reasons for the poor reproducibility of data when studying the properties of plutonium,

In conclusion the authors would like to thank A. A. Bochvar for reading the article and for his valuable comments.
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APPLICATION OF STABLE BORON ISOTOPES

S. P, Potapov

Translated from Atomnaya Energiya. Vol. 10, No, 3, pp. 244-252, March, 1961
Original article submitted December 1, 1960

This article presents a brief survey of the basic applications of stable boron isotopes as ma-
terials with an altered isotope composition in cases where the differences between the nuclear prop-
erties of boron fsotopes are used directly, The neutron flux transformation into heavy ionizing par-
‘ticles by means of the BY (n,o)Li" reaction and the large value of the effective thermal neutron
cross section of this reaction make it possible to use B! in medicine, nuclear studies, and radiation
chemistry, The differences between the neutron cross sections of BY and B! make it possible to
use these isotopes in reactor construction and, in particular, to use B! in materials for control rods
and reactor shields. ' ; : '

Introduction

The rectification and chemical exchange methods are the basic boron isotope separation methods that are
used for producing considerable quantities of these isotopes, In particular, the method of rectifying boron trifluoride
[1] and boron trichloride [2], the method of the chemical exchange between boron trifluoride and its anisole com-
plex [3], and some other methods are being used in practice or are under development in the USSR, The particulars
of the above methods have been discussed in detail in [4], Here, we shall note only certain factors which are deci-
sive in determining the cost of the stable isotope B9, _which is most widely used at the present time. '

1," The cost of the product is, in the first place, determined by the BY content, Figure 1 shows the depend-
-ence of the ration of the enriched product cost to the cost of a product with a concentration of 90% on concentra-
tion, It is obvious from the figure that the cost of products with a B concentration exceeding 95% sharply increases,
" The curve was calculated by using the results obtained in [5] for a rectangular cascade, but it is also valid for other
cascade shapes. Therefore, in practice, it is advisable to use enriched BY, the choice of which is determined by the
cost of producing B'® with a given concentration as well as by the economic aspect of its application.

2. In the majority of cases, separating devices that are based on the above methods can be used without great
expenditures for producing not only B, but also BU. Correspondingly, the separation costs are distributed between
these isotopes, and the cost of BY will be reduced approximately fivefold, It follows from the above that it is neces-
sary to explore the possible uses of B4, the practical utilization of which considerably lags behind that of B,

3. The cost of B* is to a considerable degree determined by the type of the chemical compound necessary
for the actual utilization of this isotope in-practice. In particular, elementary boron (or boron carbide B4C) is neces-
sary in certain cases where B is used in reactor construction, while in isotope separation, B is most often produced
in the form of boron trifluoride (or in the form of its complex compounds with organic substances which readily dis-
sociate in heating). However, sufficiently simple and efficient methods for obtaining elementary boron from boron
trifluoride are still not available at the present time, which greatly increases the cost of BY. Thus, according to
data from [ 6], the cost of processing boron trifluoride for the production of elementary boron exceeds the cost of
boron isotope separation by a factor greater than 1,5. ' :

It should also be mentioned that the technology of producing boron-containing materials has not been suffici-
ently developed, For instance, in smelting boron steels that are used in reactor construction, approximately 50% of the
boron that is introduced in the steel burns out [7]. Actually, these losses are much smaller in introducing B! into dis-
persion systems that are produced by using powder metallurgy methods [8]. Therefore, along with further improve-
ments of boron isotope separation methods, it is necessary to improve the existing and to develop new, more perfect
and efficient methods for producing elementary boron as well as various boron-containing materials and parts.

Stable boron isétopes are used as labeled atoms (tracers) and as materials with an altered isotope composition,
where the differences between the nuclear properties of boron isotopes are used directly.
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The application of boron isotopes as labeled atoms is not considered in the present article. We shall onl
mention that boron does not have radioactive isotopes which would be suitable as tracers in practice. Stable BK’ and
B {sotopes are used for these purposes; in this they play an auxiliary role and provide only the means for investiga-
' tions, As an example we can mention their application in study~
ing the molecular structure of boric anhydride [9} and in investigat-
h/P _ ’ ing the growth of plants [10].

2r - The present article is mainly concerned with the applica-
tion of stable boron isotopes as materials with an altered {sotope
composition, Henceforth, for the sake of brevity, materials with
/ : | ‘ enriched stable boron isotopes will be called "single-isotope ma-

/ terials,”

T:,/‘/“ ' Application of Boron Isotopes as Single-Isotope

Materials

a5 65 97 08 49 1

Concentration The use of stable boron isotopes as single-isotope materials

is based on the difference between the nuclear properties of these
Fig. 1, Dependence of the relative cost of the {sotopes, in particular, the difference between their interactions
enrfched product on its concentration. P) En- with atomic nuclei and elementary particles.
riched product cost; Py) cost of the 90% con-

For instance, the practlcél utilfzation of the reaction of in-
centration product,

teraction of boron {sotopes with o -particles, which is accompanied
by the production of neutrons,

BY(a, n)N134-1,07 Mev, and
B (a, n) N*4-0,15 Mev,
is of considerable importance., These reactions are used for producing laboratory neutron sources (for instance, polo-

nium sources) [11] as well as for analyzing boron-containing ores [12],

However, in the majority of cases, the practical application of boron lsofopes is based on the differences be-
tween the nuclear properties of these isotopes, which are connected with the characteristics of their interaction with
neutrons, in particular, thermal neutrons (see table), '

Basic Characteristics of the Interaction of Stable Boron Isotopes with Thermal Neutrons

Content {(n, o)-re4(n, y )-reaction : : ;
o- | - Y ' -ra-|Reaction of interaction :
tope |WDNaturabaction |crosssectionat F.fler.gy of y-ra Remarks
boron, % |Crosssec, gor ev. b diation, Mev |with neutrons
tion at
0.025ev : ..
B | 18,5 |3820[13]|  0,5[13]  |447—11,43[14]| 1) BU(n, a)Li™-+2,31  |Ratio of cross sections
: 2) B, a)Li’-+2,79 of reactions 1)and 2)
3) BI%n, y) BU .
Tt 0,925 {15)
Oy
Bu | 81,5 — | <50-10-3[13] | 0,95~5,73 [16] |  B1'(n, y) B12 [16] —
(T1/,==0,019sec)
|

It is obvious from the table that the light B isotope s a good absorber of thermal neutrons. The absorptfon
of neutrons by this {sotope is relatively large even in the epithermal (intermediate) region [13}, while, as can be
seen from Fig, 2, the absorption cross section varles according to the 1/v law in a wide energy interval, where v s
the neutron velocity, The B!® (n, a) Li7 reaction represents a particular case of light nucleus fission into He* and
Li fragments. At the moment when they are generated, these fragments are partially or completely deprived of their
electronic shells, and they move with a relatively low velocity, due to which they have a high ionizing ability, In
92.5% of the cases, the absorption of thermal neutrons by B' nuclef is accompanied by the emission of relatively
soft y ~-rad{ation with an energy of 0,478 Mev [15].
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Due to the indicated properties of stable boron isotopes, boron and boron-containing materials have found wide-
spread application, the efficiency of which becomes much greater if boron with a natural isotope composition is re-
placed by single-isotope materials with B!? and _Bn. We shall mention the basic fields where the above materials
are used, ' ’

a) Medicine. The strong ionizing ability of o -particles and Li' nuclei, which are produced in the capture of
neutrons by the BT isotope, makes it possible to use boron in medical practice for the treatment of malignant tumors
[17). Certain boron-containing compounds accumulate in tumors in greater amounts than in healthy tissue. There-
fore, if the diseased organ is lrradiated with neutrons, the greatest amount of a -particles and L1 nuclei, which destroy
cancerous cells, are formed in the tumor as a result of the Bm(n,ot )Lf' reaction, In order to secure the maximum
biological defect, it is desirable to use BY with the greatest possible degree of enrichment,

The above treatment of cancer diseases wastermed neutron-capture therapy. This method is especially useful
and efficlent {n treating glioblastoma multiforme, which s one of the malignant forms of brain tumor that develop with
the greatest rapidity [18],

‘b) Nuclear physics equipment, The method of neutron capture
therapy is based on the well-known phenomenon of neutron flux trans-

6,barns ¢ ) 1 7
100 ormation into heavy fonizing particles as a result of the B™(n,o)L1
50 \\ I l . reaction, Due to the large thermal neutron absorption corss section of
“~pormalized tQ the B* isotope, the above transformation makes it possible to use boron
\%f% to a great extent in nuclear physics equipment, in particular, in the
0 Al construction of highly efficient neutron counters ("neutron data trans-
5L mitters™). Ionization counters consisting of a chamber or a counting
tube, where either gaseous BF; or thick boron layers on a metallic base-
layer are introduced, gained the most widespread use, The use of the
7L : B0 fsotope instead of natural boron increases the sensitivity of counters
0 50 19 300 1000 .EIW il four- to fivefold. Such counters are used not only in scientific research,
- v but also in different branches of the national economy; for instance, in
Fig. 2. Neutron absorption cross section mineral prospecting [19].

0 : .
of the B' Isotope. B! 15 lately being used also in scintillation neutron counters, In

some of them, slow neutrons are detected by recording the instantaneous
0.478=Mev y -radiation by means of NaI (T1) crystals, In other counters, for instance, in liquid boron counters, scin-
tillations arising as a result of excitation by o -particles and Li7 nuclet are recorded. In scintillation counters, the
scintillation time is shorter than the discharge time in fonization counters by approximately two orders of magnitude.
Therefore, in the absence of ¥ -radiation, scintillation counters have advantages over gas ionization counters; for in-
stance in measuring the neutron energy with respect to the flight time, where a high resolving power is required from
- meutron counters,

The application of B {n neutron detectors with semiconductor data transmitters should also be mentioned [20].
Such detectors can be used for determining the neutron energy. These data transmitters are so small that they do not
distort the neutron spectrum.

¢) Radiation chemistry. Not so long ago, the neutron flux transformation into heavy ionizing particles by
means of B'® had also been applied in radiation chemistry for acclerating radiation-chemical processes. As is known,
nuclear reactors, which yield mixed radiation that also comprises neutrons besides intensive y -radiation, are used,
in particular, as ionizing radiation sources. With the aim of utilizing these neutrons with greater efficiency, it was
proposed [21] to add enriched B! to the materials to be frradiated, Moreover, such admixtures, which are uniformily
distributed throughout the material volume ("homogeneous admixtures™), reduce the probability of the formation of
radioactive admixtures which is due to the neutron-activation of the substance to be irradiated,

. In realizing such radiation-chemical processes, the role of boron atoms consists in the fact that they facilitate
the "introduction® of heavy fonizing particles Into the objects to be irradiated in the presence of a neutron field, In
the case of surface irradiation, the particles would penetrate only a very thin layer a few microns thick. However,
in some cases, the surface irradiation of materials by products of the B1°(n,oc)L17 reaction can also be usefully applied,
The simple and original method of joining polymers by the localized action of neutron radiation is based on this
effect [22]. The polymer surfaces to be joined, for instance, the surfaces of polystyrene and teflon, are wetted with
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a solution contaiining B!? and are then irradiated in a sufficiently intensive neutron flux, Short-term heating (to a

. temperature of 1000°C) promotes the formation of polymer chains in the miciovolumes along the tracks of {onizing
particles; the polymer chains provide a firm bond between the polymer pieces (similar to spotwelding), Polymer
pleces joined by using this method can withstand a load of over 100 kg/cm?,

The possibility of using the B%(n,a)Li" reaction products for {nitiating radiation-chemical reactions in the gase-
ous phase should also be mentioned, - At the present time, efficient and safe fonizing radiation sources that would be
 suitable for this purpose are still not available, The use of 8- and y -radiation sources is limted by the relatvely
low fonization density provided by 8-particles and y -rays, In using the existing sources of o -particles, it is diffi-
cult to ensure adequate radiation protection in work. Moreover, the radiation yield of the existing types of pluton-
fum o -sources does not exceed 5+10° particles/cm?. -

Together with V, Gol*danskif et al., the author of the present article proposed an fonizing particle source for
initiating gas reactions, the surface of which is covered with stable isotopes for the purpose of radiation protection,
while the fonizing particles are generated only by the action of external neutron radiation on these isotopes, Sources
of this type with the stable isotope B* ("boron sources”) are most suitable for practical work, Such sources can be
made, since there are known methods for producing boron glass wool and for depositing thin boron layers on metallic

_base-layers [23] and also because nuclear reactors can be used as neutron sources, Due to self-absorption in the boron
layer, only these particles which are formed in a surface layer with a thickness of 0,4 mg/cm® can produce efficient
fonization, For a thermal neutron flux of 10 neutrons/cm?- sec, ~10° ionizing particles can be produced per 1 cm?
of a B! layer with the above thickness. In this, one-half of B atoms will burn out in ~10 years, In particular, a
multilayer radiator, through which the gas mixture to be irradiated is blown through, can be ‘used as a
boron source, The radiator consists of a set of flat surfaces or coaxial cylinders, which are covered with an isotope
layer and which are spaced to allow the passage ofgas, For sufficient total thickness of all isotope layers, the neutron

. flux can be almost completely absorbed in passing through the radiator, In this, the area of the surface emitting
ionizing particles, for {nstance, in a boron radiator with a volume of 0.5 m%, can attain ~2000 m? (for a boron layer
thickness of 0,1 mg/cm?), :

The main disadvantage of such fonizing particle sources is the necessity of using a sufficiently intensive neutron
flux, With the aim of utilizing neutrons with the greatest efficiency, the above sources can be used as component parts
of neutron sources without, however, resorting to additional neutron consumption (for instance, in the shields of reac-
tors intended for radiation-chemical processes), v

d) Reactor construction, In contrast to the cases considered ébove, if stable isotopes are used in reactor con-
struction, the generation of particles as a result of neutron absorption by the Bl Isotope plays not a positive, but a
negative role, since it leads to a reduction in the radiation stability of boron-containing materials,

The use of boron isotopes in reactor construction fs based on utilizing the difference between their nuclear prop-
erties and, in particular, the above-indicated particularities of the interaction between the B? {sotope, and neutrons,
Due to these features, natural boron containing 18.5% B'® with OF = g.@5 ev = 199 b has the following advantages as
a neutron absorber over other elements that have large neutron capture cross sections (in barns, for E = 0,025 ev),
such as: '

gadolinium 46,000
samarium : 5500
europium 4600
cadmium 2550
dysprosium 1100

1. Availability (secohd only to cadmium),

2, Highly penetrating y -radiation, such as the radiation produced in neutron capture by elements with medium
and heavy atomic welghts, in particular, cadmium, does not appear in neutron absorption by boron. This can be ex-
plained by the small cross section of the (n,y )-reaction (radiative capture) in boron fsotopes (see table),

- 3. The cross section of the B'%(n, @)L{" reaction does not have resonances in the epithermal region (see Fig. 1),
while the cadmium neutron capture cross section varies less favorably (after resonance at 0,18 ev, it diminishes rap-
idly). Therefore, boron neutron absorbers are very efficient in a sufficiently wide energy interval,
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The indicated advantages of boron offer great possibilities for using the most diverse boron-containing materials
in reactor construction: boron steels, borides, boron carbides, etc, [24]. The efficfency of these materials becomes
much higher if boron enriched with the gl isotope s added to them, Moreover, in certain cases, the use of BY for
these purposes is not only desirable, but also necessary.

As an example, we shall consider the use of boron-containing materials for reactor control rods, If a control
rod is to be sufficiently efﬁciént. it is necessary that it intensively absorbs the reactor neutrons (that it {s "black”

. with respect to the neutrons) or that it has a sufficiently great surface area, Neutron absorption in the rod is deter-
mined by the criterion Not[25]), where N is the number of the absorber’s nuclel per 1 cm® of the material, ¢ s the
neutron absorption cross section which s averaged with respect to the energy spectrum of the reactor neutrons, and ¢
is the thickness of the rod's boron-containing layer.

The dependence of the rod surface area on the criterion Not is shown in Fig. 3, from which it is obvious that
the surface area and, consequently, the dimensions of the rod sharply fncrease with a reduction in neutron absorption.

In the majotity of cases, the dimensions of control rods are
limited. Therefore, it is necessary to increase their absorbing ability

70 \ ] by introducing a large amount of boron into the material of which
“9: 60 | they are made, However, with an increase in the relative boron con-
: § \ tent, the mechanical properties of these materials deterforate. For
o 501 instance, boron steel is often used in reactor control rods [26 and 27].
E‘ 40 \ » By means of boron additions amounting to a few hundredths of a per-
3 \ cent, the mechanical properties of steel can be improved, which is
g 0 _ similar to the case of alloying steel with carbon: Its resistance to
E 20 \ mechanical aging, the heat-resistance, and some other properties
9 \' are improved, However, for larger boron additions, the mechanical
2w N , properties of steel deterlorate to a considerable extent. Such steel
§ \ is not readily amenable to rolling and it becomes very hard and brittle
0 1 2 K 4 [28] (Fig. 4), although its heat resistance remains rather high, due to
' Not which {t s possible to use absorbing rods made of this steel is cases
Fig. 3. Dependence of the suriace area of where cooling is not provided [29].
:;):;.on the degree of thetr neutron absorp- Thus, in order to augment the neutron absorption in boron steel,

considerably large boron additions are desirable, However, the boron

_ content in steel must be small {f its technological properties are to
be preserved. This contradiction can be reduced to a considerable extent if, instead of natural boron, its stable iso-
tope B is used. If the B' isotope, which is useless from the point of view of neutron absorption, 1s removed from
steel, then, for the same boron content, the neutron absorption in steel can be increased more than fivefold. Con-
versely, if an assigned absorbing ability of boron steel is to be secured, the relative boron content in it can be re-
duced more than fivefold if the stable fsotope BY is used {nstead of boron with the natural isotope composition. The
mechanical properties of steel can be much fmproved, as, for instance, in the case where the amount of the boron
addition is reduced from 1% to 0.2% (see Fig. 4).

Great advantages are also to be obtained if natural boron is replaced by boron enriched with B'® when used as an
"addition that burns out,” which is introduced In the reactor core for compensating excess reactivity at the beginning
of a period of operation, Such additions were used in the reactors of the atomic icebreaker Lenin [30]. The use of
absorbers that burn out considerably improves the fuel element operating conditions and it makes ft possible to re-
duce the number of control rods, The use of boron enriched with B'® instead of natural boron makes it possible to
constderably reduce the amount of the additions to be introduced and, consequently, to reduce the changes in the
mechanical properties of the materials to which boron is added [31]. B

In certain cases, for instance, in small-size devices [32], enriched BY can be used as a component in shielding
materials, such as boral and boroxal [33], a polyethylene with boron, etc. The use of B! in shielding materials has
a number of advantages, While having low specific gravity, a B! 1ayer with a given thickness provides a 20 to 500
times as effective protection from neutron radiation as a layer of lead and concrete with the same thickness.® By
placing a boron-containing material around the core, it is possible to improve the reactor core thermal shielding,

* The efficiency of actual boron-containing materials that are used for shielding (for {nstance, pplyethylene with BY%) -
is correspondingly lower,
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i.e., to reduce- the thermal stresses that arise in it due to the heat release in the absorption of neutron- and y -radfa-
tion, Finally, biological protection is secured and fmproved by introducing B into the shielding materials, This
can be explained by the fact that, due to the absorption of neutrons by the pl0 isotope which is accompanied by the
emission of soft y -radiation (0.478 Mev), the neutron capture
in structural materials, in particular, steel [34], which produces

4 high-energy y -radiation, is reduced,
2r 77 20 ! It should also be mentioned that, due to the advantages
28r , 105) of B as a neutron absorber, this isotope can be used for the so=
328 oo N _ called antiactivation coatings [35], The deposition of a thin
24 2o R coating layer that contains B on the surfaces of parts makes
225t € \ ! it posslble to prevent their activation by neutron {rradiation
% 20t -E;Zf - in certain cases,
a 5l §22,5v g 60l \ Pra As was mentioned above, the mechanical properties of -
= =74 ‘,J, % \ 12 \b boron steels deteriorate considerably if their relative boron
£ 12} g D45 > + content increases, This can be explained by the fact that the
§ 125 § A3 . solubility of boron in metals is very low. In connection with
s 74 . o this, various methods for producing materials with a higher
P 'g \ boton content, in particular, dispersion systems, which are
s o715 produced by -.ing the powder metallurgy method, are pres-
0 2,.0‘5 : ently under development, In this respect.' materials made of

0 01020306050607036910 4112 enriched boron that is dispersed in titanfum [8], which have
W5 satisfactory mechanical properties for BY contents of up to

: d .
Fig, 4. Dependence of the mechanical properties 15%, are of considerable interest

of stainless austenite steel (18% chromium, 10% Such systems also have certain advantages in solving
nickel, and 0,5% carbon) on the boron content, 1) technical problems connected with increasing the radiation
Strain; 2) hardness; 3) impact strength, ~ stability of materials, As is known, materials whose atom

nuclei are subject to fission in a neutron field are most prone
to radiation damage. The B'%(n,2 )L reaction represents a peculiar case of light nucleus fission, The "fragments®™
(He* and L17 nuclef) which are formed as a result of the reaction capture electrons at the end of their run and are
thereby transformed into helium and lithium atoms, which occupy a volume approximately 20 times as large as the
initial boron atoms [36 and 37], Helium accumulates in the shape of bubbles, thereby causing the appearance of
cracks and defects in the material's structure. Such radiation damage becomes especially serfous under high-tem-
perature conditions, when the evolution of gases becomes several times as large as before (for instance, in using boron-
containing materials in reactor control rods),

It became evident that the above-mentioned materials with B!® dispersed in titanfum have a relatively high
radiation stability for integral flux values of up to ~4,6-10?° neutrons/cm?, The irradiation of specimens with 3.8%
B! ( the depletfon of B amounts to 1.9%) in an fntegral flux of 2.39° *10?" neutrons/cm? does not cause damage to

 the material's structure. Similar results were also obtained for materials with enriched B*® that is dispersed in steel
(383

Besides adding the B! fsotope to materials that are made by using the powder metallirgy method, there are

"also other ways of increasing the. radiation stability of boron-containing materials, among which the introduction of
boron into boron-containing metal ceramics should be mentioned, Some of these metal ceramics, for instance, boron
carbide in a ceramic with aluminum oxide (B4C — Al,0;) [39] retain their initial volume almost without changes '
during the frradiation process without developing cracks, For an almost 100% depletion the diameter of a cylindrical .
specimen containing 2,2% B,C by weight in Al,0; increased only by 1,2%, while the specimen’s length did not change,
The porosity of this specimen was from 15 to 35%, ’

In contrast to B'®, the heavy isotope BY has a very small neutron capture cross sectfon (see table), Due to this
property, B! can be used for developing boron-containing materials that weakly absorb neutrons [40], For instance,
if B 1s added to boron steel with the aim of increasing its heat resistance, its neutron absorption hardly increases in
comparison with ordinary stainless steel,

239

Declassified and Approved For Release 2013/03/04 : CIA-RDP10-02196R000600060002-1




Declassified and Approved For Release 2013/03/04 : CIA-RDP10-02196R000600060002-1

SUMMARY

Thus, there is at present a possibﬂity of considerably wldening the use of boron isotopes ln sclentlflc research
technology, medicine, and-other branches of the national economy, This is now possible due to the existence of
sufficiently developed methods for boron fsotope separation, which makes it possible to organize their production
on an industrial scale, The greatest amounts of these isotopes, in particular, the B!® isotope, are required in reactor
construction. Therefore, a necessary condition for the successful application of stable boron isotopes is the develop-
ment of simple and sufficfently efficlent methods for producing these isotopes in elementary form and for introduc- .
ing them Into materials suftable for use in reactor construction, In other words, the development of inexpensive and
readily available materials with B!® and B!* which would satisfy the strict requirements with repsect to the thermo-
physical and mechanical properties and which would have high radiation stabillty is now becoming an especially
pressing problem, -
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INVESTIGATIONS OF THE RADIATION PURITY OF ATMOSPHERIC.
~AIR AND OF THE RIVER NEVA IN THE REGION OF BERTH TESTS
OF THE ATOMIC ICEBREAKER LENIN

>Yu. V. Sivintsev, V. A, Knizhnikov, E. L. Telushkina,
and A, D, Turkin

Translated from Atomnaya Energiya Vol. 10, No. 3, pp. 253- 258 March, 1961
Original article submitted September 7,1960 :

During the berth tests of the atomic icebreaker Lenin, we investigated the amount of radfoac-
tive substances in the air of the central section holds, in the icebreaker's mainmast, as well as in the
atmospheric alr, river water, and flora and fauna in the regfon adjoining the test location, ' The in-
vestigation results indicate that the nuclear power plant of the atomic icebreaker Lenin is provided
with a highly efficient radiation protection system, due to which the operation of this vessel is com-
pletely safe for the servicing personnel, the berth location, and the stationing of the icebreaker and
the ships following in its wake,

As a rule, the operation of any nuclear power plant {s accompanied by the discharge of artificially radioactive
isotopes into the surrounding medium. In connection with this, much attention was paid to the development of a per-
fect radiation protection system [1] which would make it possible to reduce the discharge of gaseous and liquid radio-
active waste from the vessel, In one of the papers devoted to the problem of radiation protection in atomic icebreakers,
the concentrations of radioactive gases and aerosols in air that {s pumped out of the central section (CS) holds where
the three nuclear reactors are located were calculated, An analysis showed that the primary coolant loops are the
basic sources of gas and aerosol activity in the case of bidistiliate leakages, Moreover, the activation of argon in the
air by the neutron flux in the immediate vicinity of the reactor can be important, According to the calculations per-
formed, the available radiation protection system allowed the presence of negligibly small amounts of radicactive
gases In the air of the CS holds under normal operating conditions of the nuclear power plant (of the order of hundredths
of the respective maximum allowable concentrations),

During the berth tests of the atomic icebreaker, which lasted from August 6th to September 14th, 1959, we in-
vestigated experimentally the contamination of the CS holds by radioactive gases and aerosols and the gas actlvity
 that is discharged by means of the special CS ventilation system through the mainmast.

The first measurements showed that the concentration of radioactive gases in the airvof the CS holds was ex-
tremely low (of the order of 107 — 107*° G/1iter) and that it was below the measurement range of highly sensitive
stationary gas dosimetry devices, Due to this fact, further measurements were mainly performed by means of ex-
tensible air-sampling chambers, which consisted of cylindrical polyethylene bags with plastic bases, Two banks of
cylindrical counters, one of which was intended for measuring the B -activity of the gas and the other for controlling
the y -background, were mounted on one of the bases, If necessary, an adapter with a filter or a case with an end-
type counter can be mounted on the opposite base, During the berth tests, we used cylindrical STS-5 counters and
BFL-5 end-type counters, which made it possible to measure A% activities equal to 2107 C/liter and 1070 C/ llter,
respectively,

For determming the concentration of radioactive aerosols. a known volume of air was drawn through an-FP-type
filter, The activity of the filter was then measured in the laboratory,

In investigating the concentration of radioactive gases, most attention was paid to the investigation of air that
is discharged through the mainmast. Samples were taken by means of tubes through which a portion of the air was
drawn from the mainmast., For the purpose of checking the calculated activated argon concentrations, we analyzed
samples taken from the air ducts that draw the air from under the protective lids of the reactors,
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The measurements showed that, over the entire period of berth tests of the atomic icebreaker’s nuclear power
plant, the specific activity of discharged air did not exceed 107 C/liter, Measurements of the specific activity. of
the air discharged through the mainmast made it possible to establish that there Is a definite relationship between
the total power level of the operating nuclear reactors and the specific air activity. On the basis of this, we made
an approximate estimate of the actlvity discharged by a single reactor operating under normal conditions at a 100%
power level, The conditions which existed on September 5, 1959, when the power levels of the plants were 45, 40,
and 20%, corresponded to this case, The specific activity of the air discharged through the mainmast was equal to
21071 ¢/1iter on that day, Since, for this vent{lation system, the air discharge amounts to approximately 70,000

m®/hr, the activity discharged through the mainmast during the operation of a single plant at 100%-power is equal
to 0,014 C/hr. An analysis of samples taken under the above conditions from the CS holds (thermal control data
transmitters, the main circulation pumps, etc,) indicated activity values that were close to the chamber's sensitivity
limft, which is equal to 2107 C/1iter,

The specific gas activity in air ducts under the reactor shielding lids was equal to  107° C/1iter, Its half life
(1.8 hr) corresponded to the half life of A%,

When the nuclear energy plant operates under normal conditions, radioactive argon is generated in the channels
of the emergency protection rods and in the automatic regulator channels, This assumption was confirmed by a burst
of gas activity after the emergency protection system was actuated (as a result of the expulsion of air from the cor-
responding channels),

The gas contamination was different in the case where primary coolant leakages appeared, Thus, in cases
where the active bidistillate from the first loop partially penetrated the room of the protection control system (PCS)
servomotors, the gas activity in this room increased to 3.1- +1078 C/1tter; the activity was caused by isotopes with
half 1ives of the order of 5 to 7 hr, Consequently, the air contam{nation was in this case due to inert radloactive
gases which were originated by fragments (Kr*®, K%, and X&',

The reactivity of samples of long-lived B-active aerosols which were taken from the CS holds in no case ex-
ceeded the natural radioactivity of air, .

Regardless of the fact that negligibly small concentrations and amounts of radioactive gases and aerosols were
expected to be found in the air discharged from CS, a network of external dosimetry service control posts was organ-
ized in the vicinity of the location where the berth tests of the atomic icebreaker were performed, The main task
to be performed at these posts was a thorough investigation of the external medium for an experimental determina-
tion of the degree to which the radioactive substances discharged from the atomic icebreaker influence the air, water,
flora, and fauna in the vicinity of the discharge location,

For the purpose of collecting data on the background content of naturally radioactive elements, work on study-
ing the extemal medium activity levels was started two months before the beginning of the atomic icebreaker berth
tests. The external dosimetry service operated until the icebreaker left the Neva River,

A specially constructed device was used for measuring the amount of A*! in atmospheric alr. Its data trans-
mitter consisted of a lead unit with two banks of STS-5 counters (five counters in each bank), one of which registered
the B-radiation of the gas as well as the background, while the other was screened from B -particles and was sensitive
only to the background, By means of a telescopic rod, the data transmitter could be placed at a distance of 1.5-2.5 m
from the ground. The sensitivity of the device was 10™ C/1iter, Measurements performed by means of this device
over a period of two months made it possible to establish experimentally that the concentration of B-active gases in
no case exceeded in the atmospheric air near the location where the atomic icebreaker was tested the sensitivity of
the device (i.e., 104 ¢/ liter). The above value iIs lower than the maximum allowable A concentration in atmos-
pheric air,

Simultaneously with the determination of the A% concentration near the atomic fcebreaker, we measured the
y -radiation dose rate before the tests were started, during the pertod when they were performed, and after the ice-
breaker sailed, Over 100 measurements were made; they were performed at locations to leeward of the atomic ice-
breaker at distances from 30 m to several kilometers, It was established that the y -radiation dose rate in this region
varied frem 12 to 20 gr/hr, This comesponded to the natural background y -radiation of this locality,

The amounts of 8 -active long-1ived and short-1ived aerosols in atmospheric air were determined by using the
aspiration and the sedimentation methods, For determining the concentration of long-lived B-active aerosols by the
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asplration method, the samples were taken at five fixed posts, Four of them were located at a distance of 200 to 300 m
in various directions from the icebreaker. One device was installed 25 km from the city at Krasnoe Selo, and {tserved
for taking control samples, '

The sampling of long-lived aerosols from atmospheric air was performed by drawing air through a filter made
of the highly efficient thin-fibered cloth FPP-15, which had a surface area of 0,573 m® and was placed on the surface
of a hollow cylinder made of a metallic grid, After 38,000 to 76,000 m® of air was drawn through the cloth at an
average rate of 425 m®/hr, the filter was calcined in a crucible at 500 to 600°C, after which the ash activity was
measured, We took 168 samples, of which 77 were taken during the period preceding the starting of the reactors,
while the remaining samples were obtained after the operating power level was attained in the reactors, The meas-
urement results are glven in Fig, 1.

L Start of full ~power operation of the

icebreaker's first nuclear reactor
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Fig. 1. Concentration of long-lived B -active aerosols in atmospheric air during the berth
tests of the atomic icebreaker Lenin (at distances of 500 to 700 m from the mooring place),
Sampling stations: O) control; ) first; &) fourth; @) seventh; @) tenth,

It is obvious from the obtained data that the concentration of long-lived B -active aerosols in atmospheric air
varied from 2.0+1077 to0 1,2+ 107" G/liter before the tests of the atomic icebreaker were started, while during the
period when the reactors were In operation at full power, these concentrations did not exceed 3.7 1076 c/iter,

The distribution of samples with respect to specific activity indicates that, before the tests were started, the
concentration of 8-active aerosols was in most cases equal to several 10716 c/1iter units, while during the time when
the nuclear reactors operated at full power, concentrations of the order of 1077 G/1iter were most often encountered,
Thus, a comparison of the activities of long-lived 8 -active aerosols in samples taken before and during the berth
tests of the atomic fcebreaker indicates that the aerosol concentrations in atmospheric air did not increase,

For determining the concentrations of short-lived B -active aerosols, atmospheric air was drawn through an
FPP-15 filter with a 12,5 cm” area at a rate of 120 to 150 liters/min, The samples were taken at distances of 200
to 300 m from the atomic fcebreaker to leeward of the discharge location, Investigatlons showed that the concen~
trations of short-lived B -active aerosols varied from 1.4+107% to 1,8+107" C/1iter during the observation period,
while their half life was 35-40 min, which coincided with the half life of the naturally radioactive fission products
of radon, which is always present in the atmosphere [2].

The recordings of the amount of B -active aerosols. precipitated from the atmospheric air were performed at
14 fixed posts, of which 12 were located in different directions from the atomic icebreaker within a 2-km radius.
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Two observations posts were located at a considerable distance from the icebreaker: at Krasnoe Selo and at Koltushi
(20 km from the city). The samples obtained at these posts were used as control samples. For the collection of radio-
active deposits at these posts, we installed 50 x 60-cm galvanized iron vessels with edges 10 cm high at a distance
of 4 to 10 m from ground; the vessels were lined with fiiter paper. After the end of the exposure period, which
amounted to seven days, the contents of the vessels were calcined in crucibles at a temperature of 500-600°C, after
which the activity of the ashes was determined, We took 169 samples in all, 92 of which were taken before the re-
actors were set in operation, while the remaining 77 samples were taken after the reactors started to operate at full
power. It follows from the obtalned data that the amount of B-active aerosols that precipitated from the atmosphere
varied from 2+ 107" to 3,8+207° C/m? over a 24-hr period before the tests were started; during the operation of the
nuclear reactors at full power, the amount of aerosols in the samples did not exceed 3.7- 107° C/m? per day. Thus,
the amount of radioactive aerosols in atmospheric air did not increase after the icebreaker’s reactors were set in
operation,

The performed investigations showed that the amounts of B-active aerosols that settled out of the atmosphere
did not differ from the background concentrations during the berth tests of the atomic icebreaker,

The complex of investigations performed in the river also included radioactivity tests of the water, the bottom
deposits, plankton, benthos, and periphyton., Thesampleswere taken at eight posts: 1) at a distance of 50 m ahead of
the ship®s bow; 2) at a distance of 50 m behind the ship’s stern; 3) to port of the ship; 4) at a distance of 0.5 km up-
stream from the vessel; 5) at a distance of 0.5 km downstream from the vessel; 6) in the middle of the river in line
with the vessel; 7) at a distance of 2000 m upstream from the vessel; 8) at a distance of ~10 km beyond the city bound-
ary, At the first five posts, the observations were performed systematically, and at the other posts they were performed
periodically.

At all posts, 3 liters of water were sampled for the radiometric investigations. During the initial investigation
period, surface (0,5 m from the surface) and bottom (0.5 m from the bottom) samples were analyzed simultaneously.
Thereafter, due to the identity of the obtained results, only the surface water was investigated. The treatment of
samples and the measurement of the reactivity of the preparations obtained from water, plankton organisms, silt,
benthos, and overgrowthis were performed in the following manner. A water sample (3 liters) was completely eva-
porated and the activity of the residue was measured. The sensitivity of the method was 3. 1072 ¢/ liter. The activ-
ity of plankton samples was measured after drying, In dependence on the weight of a sample which was deposited
on a base-layer, the sensitivity of the method varied from 1.0-1077 to 5.0-10® G/kg of air-dry weight, In order to
improve the sensitivity and to check the obtained results, the measured plankton samples from several posts were
combined into a single sample, after which a thick-layer specimen was made or the sameomixture was calcined and
a thin-layer specimen with a higher specific activity was prepared from the ashes. In this case, the sensitivity of the
method was somewhat higher; it was 1,0 10" to 1,0-107° C/kg of air-dry weight,

The radioactivity of silt was determined by measuring thick-layer samples. The sensitivity of the method was
~4+107 C/kg of alr-dry weight, '

Benthos and overgrowth samples were prepared in the shape of thick-layer preparations or by calcining and
depositing the ashes in thin layers on a base, The sensitivity of the method was ~ (1.0-5,0)- -107® ¢/ kg of molst
weight, Water plants were calcined and their activity was measured, The sensitivity of the method was of the order
. of 5,0+1077 C/kg of moist weight.

The analysis of 105 water samples showed that its specific activity was not constant; it changed from 2,0+ 1074

to 1,2-107%2 C/liter (Fig. 2). It is characteristic that these changes were simultaneously observed at all posts and,
consequently, they were not connected with the presence of the icebreaker, Another peculiarity of these variations
was also the fact that, beginning with the second half of July, the specific water activity dropped to a value which
was two to three times as low as before and remafned at this level untfl the middle of September, i.e., during the
entire period of testing,

As was shown by measurements, the radioactivity of the bottom deposits at different points of the sectlon in-
vestigated was practically equal for all the points over a period of three months; it was equal to (1.3~ 5.1).1078 C/kg
before the tests and (2,1-5,5) 10" 8 C/kg after the nuclear reactors were set {n operation,

Hydrobionts were chosen for radiometric investigations in connection with the fact that they represent some
of the most highly sensitive indicators characterizing the contamination level of river waters by radloactive substances.
The measurements performed on benthos plankton organisms and periphyton showed that along with the seasonal
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variation of the form of plankton, fts specific activity also changed from (8-37)+10™® C/kg of air-dry weight in June —
July to (0.7-11)+107® C/kg In August — September, 1959, These changes reflect the varlations in the river water
actlvity. .

Start of full-power opera- The small amounts of the obtained bottom fauna
tion of the icebreaker's specimens, which were the result of the paucity of the
first reacuon o Neva River bed, did not permit accurate measurements

. of the amount of 8 -emitters in the benthos over a greater
] \LL ) . section of the river, Nevertheless, on the basis of the ob-

tained results, {t can be stated that the radfoactive sub-

0" T DT stances detected in bottom organisms in amounts of the.
order of 107 -~ 10™° C/kg are not connected with the

. operation and the location of the atomic icebreaker and

> T - that they have a different origin,

/

A

-
ettt

Activity, C/liter

The specific activity of the overgrowths, which were
mainly represented by green confervold algae as well as
water plants, represented mainly by pond weeds and con-
1072 , fervold algae, was approximately 1.5-10™® C/kg of motst

w728 HETUBH Zjﬁuv-&—i welght, Neither in this case was there found any connec-

June  July - August  September  yon yih the operation and the location of the vessel,-
Sampling dates

Thus, the analysis of 474 samples which were taken
from the Neva River during the berth tests of the atomic
icebreaker made it possible to state that the content 8-
active substances in the river water, bottom deposits, and
the tissue of hydrobiontswas at the level of the background
which was observed in recent years in this region (3}, The
detected variations in the activity level of the water and
plankton had a seasonal character, and they were independent of the location of the vessel and the operating condi-
tlons of the nuclear power plant,

Fig. 2. Concentration of B -active substances in the
water of the Neva River over the perfod from June
-22th to September 11th, 1959 (average values for all

posts),

SUMMARY

1, During the berth tests of the atomic icebreaker Lenin, we measured the amounts of radioactive substances
in the air and holds of the central section and in the icebreaker's mainmast as well as in- atmospherlc air, river water,
fiora, and fauna in the vicinity of the testing site.

' 2, When the nuclear power plant of the atomic icebreaker operated under normal conditions, the concentra--
tion of radioactive gases in the CS holds did not exceed 4+10 "0 /liter; it was due to A% and was, on the average,
equal to 10~ C/1iter, and which corresponded to 0,01 of the maximum allowable concentration of thls isotope in
the air in working rooms,

3. The average concentration of A" in the air dlscharged into the atmosphere through the mainmast was
8+107* C/1fter; this concentration did not exceed 2+107%* G/liter. This corresponded to a total argon discharge
of 0,014 C/hr during the operation of a single reactor at 100% ~power.

4, Primary coolant leakages occurred during the tests,  In this, the concentration of radfoactive gases in the
PCS servomotor room increased to 3+1072 C/1iter; it was due to fsotopes generated by fission fragments with half
llves of the order of 5 to 7 hr (Kr®, Kr®®, and xe!%),

' 5, The concentration of B-active aerosols in the air in CS holds in no case exceeded the natural background
“activity values,

6. No contaminatfon of the atmospheric air, river water, bottom deposits, and hydrobionts by B -active sub-
stances in excess of the background values was observed,

" 1. Varlations in the activity level of the atmospheric alr, water of the Neva River, and hydrobionts in the
vicinity of the berth of the atomic icebreaker Lenin during the period from June 15th to September 14, 1959 have

-246

Declassified and Approved For Release 2013/03/04 : CIA-RDP10-02196R000600060002-1




Declassified and Approved For Release 2013/03/04 : CIA-RDP10-02196R000600060002-1

a seasonal character, they are not connected with the vessel's locatlon, and they are independent of the nuclear plant's
operation, It is characteristic that, {n comespondence with seasonal changes, higher radioactivity levels in afr, water,
and hydrobionts were observed mainly before the tests were begun, :

Thus, it has been proved experimentally that the nuclear power plant of the atomic icebreaker Lenin is provided
with a highly efficient radiation protection system, due to.which the operation of this vessel is completely safe for the
servicing personnel, berthing location, and the base from which the icebreaker and the convoy of ships following it

operate,
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LETTERS TO THE EDITOR

"PRODUCTION OF MONOENERGETIC BEAMS

OF ACCELERATED PARTICLES

F. R, Arutyunyan and I, P, Karabekov

Translated from Atomnaya Energiya, Vol. 10, No, 3, pp, 259-260, March, 1961
Original article submitted August 24, 1960

!

The production of high-intensity monoenergetic beams by using the existing methods involves considerable
difficulties, Electrostatic accelerators which are stabilized by means of special devices [1 and 2] provide currents
equal to Iipax = 100 pa with an energy spread of (2-4)- 10™%; however, their stabilization systems have considerable
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Fig. 1, Voltage and pulse
time diagram, Voltages:
a) anode — cathode; b) dis-
criminator input voltage
-and the pulse provided by
the discriminator; c) ac-
celerating voltage; d) mo~
dulating electrode voltage;
e) heating voltage.
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operational drawbacks [3]. Cascade generators [4], which provide currents of 5-10
ma, have a considerable pulsation factor even if symmetrical circuits are used, while
the accelerating voltage stability is equal to the supply source voltage stability.

Accelerators using pulsed voltage and resonance accelerators have an energy
spread in the accelerated beam that is equal to several percent,

The present article explores the possibility of producing monoenergetic pulsed
beams with an energy spread between pulses that is not worse than 10~* for rather
large pulsations in the supply circuit. A high-voltage power transformer or a trans--
former cascade can serve as the accelerating voltage source,

A sinusoidal voltage with the frequency f is applied to the accelerating gap,

 The particles are accelerated during the time At = t, — t; (Fig, 1a). For this, the

beam will have an energy spread AE = e [U(tp) — U(ty)], where U is the accelerating
gap voltage, and a repetition frequency that is equal to the supply circuit, frequency,
If the energy spread between pulses is to remain constant, in varying the amplitude

“on the frequency of the supply voltage, it is necessary automatically to provide such

a phase of particle injection into the accelerating gap for which the accelerating
voltage remains constant,

A gas-discharge phase discriminator [5) would make it possible to fix the
periodical voltage phase with an accuracy to + 1,5 for a frequency of 50 cps and
an angular {nterval from 20 to 70°, In dependence on the input voltage amplitude,
the discriminator can fix with the above accuracy phases for which u = Up, sin@ qjqer =
= const, This would result in a maximum energy spread AE/E = 10~% between the
pulses, : :

The diagram {llustrating the acceleration of particles by using this method fs
given in Fig, 2, The voltage from a high-voltage transformer is supplied to a three-
electrode gun, The voltage necessary for blocking the beam, which can also be an
alternating voltage that is shifted 180° with respect to the anode voltage, is fed to
the gun's modulating electrode (see Fig, 1d). After the accelerating gap voltage
has attained the assigned value, a pulse with the duration 7, which unblocks the
gun, is provided by means of the gas-dlscharge phase discriminator (see Fig. 1c),
The capacitance of capacitor C, which is connected in parallel to the accelerating
gap, serves for maintaining the assigned voltage spread AU, .. U, during accel-
eration; it is-found by using the equation :

> AUacc’

i
Uacc
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where Ri is the gun's Lntemal resistance The value of capacltance Cis determined by the assigned particle energy
spread in the beam, :

In this accelerating system, there is no energy spread in the beam due to the ac feed of the gun's heating, since
the phase shift between the supply voltages s constant, The complete time diagram of the voltages and pulses that
act in the system 1is given in Fig, 1. .

Phase dis- . Shaping |
_criminator device I
’ e (M
High-voltage - » |
transformer i | f.
D) Ct I__
M lElectron ;.—:,- :
9 —C gun
5
-

.u]]”

—

Biasing
transformer

Line

) Fig, 2. Schematic diagram of particle acceleration, A) anode; Ct)cath-
ode; M) modulating electrode; Cys) coupling capacitor; Ryf) modulator
1oad resistor,

~ The proposed accelerating method makes it [Sosslble to obtain intensive particle beams that are almost com-
pletely monoenergetic, while the beam current is limited only by the focusing properties of the electron gun,

The maximum energy to which the particles can be accelerated by using the proposed method is limited only
by the possibility of connecting a large. number of transformers and cascades, For instance, for produclng a beam with
an energy of 100 kev and AE/E = 1074 with a beam current of 1 amp, a pulse duration of 1077 sec, and a repetition
frequency of 50 cps, it is necessary to provide a high-voltage transformer with an effective voltage of 100 kv, and an
installed power capacity of 30 kva, and-a capacitor with a capacitance of 0,01 pf. It is obvious that the proposed
accelerator has the following advantages: 1) The beam fs monoenergetic to a high degree (not worse than 10'4), 2)
it is possible to produce several beams with accurately assigned energy ratios by means of the same supply device;

3) the circuit is relatively simple and inexpensive (there are no high-voltage kenotrons, the number of high-voltage
capacitors is small, and there are no stabilizing devices). :

-
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CROSS SECTION OF THE '(d,g)'RE'AC'Tlo'N ON VARIOUS NUCLEI

M. Z. Maksimov

Translated from Atomnaya Energiya,’ Vol. 10, No, 3, pp. 260-262, March, 1_961
Original article submitted June 18, 1960 :

Due to fts large cross section the (d,p) reaction is one of the basic reactions that are used in studying the {n-
ternal properties of nuclei [1] and in preparing radioactive isotopes [2). A great deal of experimental and theoretical
work was devoted to this reaction, The experimental angular distributions of protons in this reaction are in good agree-
ment with the results’predicte'd by theory [1). However, the calculation of absolute cross sections (in particular, with
the yleld of a given isotope) is not yet possible, although such attempts were repeatedly made {3 and 4], The obtained
expressions are very complicated, and they contain undetermined parameters,

In studying the mechanisms of nuclear reaction processes on deuterons and the preparation of radioactive {so-
topes, it is desirable to have simple relationships which would make it possible quickly to determiné the possibilities
of a given reaction, In connection with this and what has been said above, it would be of interest to generalize the
theoretical [1, 3, and 4] and the experimental {3, 5, and 6] data on the (d,p) reaction and to ob'tain such relation-
ships by using a semiempirical method, An analysis of these data shows, in the first place, that the cross section of
the (d,p) reaction, which 4s accompanied by the formation of a given isotope, can be represented in the shape of
curve 1 (see figure) in dependence on the deuteron energy:

. _ 64, p = Ca, pp(Ed—Efff.). S , 1)
Here, C4 , values are expressed in barns, and tfl}ey depend

A fly) » : oy only on the target nucleus properties, while Eg is deter-

' 10 ‘mined by the equation

eff )
B = 074 4y 00282, -0,65Mev,  (2)

>a
o

™11
-
\x_

: A'1340,8
- Pz :
= 2AZ4 [ afa ~1/3
06 - / P a=1,18 [ 74 (A /3+0,8>] :
9 _ / , /? v R o A4-2 _
S : st the o
04 o n+:ldg,‘ 4 It is obvious from the figure that the experimental
N +3~;A / 1 data actually lie close to the smooth curve P(y) within the
- 86 / /%\A . g measurement error limits, which are equal to 20-30%,
9, 25— £ 4 1 \\;’ ' 2 We shall also give here the expression for extraction from
- \\1: a thick target, By using Eq. (1) and the range vs energy
3 curve [7], we obtain:
TN T T Y O O A T I
g 4 § 2 16 - 26
) ) : ~2,3-10‘3 eff
Y- , Bd,p~WCd.p[‘P W+ET f), | (3)_
Diagram of the functions. 1) P(y) (some experimen- ’ . ' ' .
tal data were also plotted); 2) f(y): 3) ¢ (y). Cross where y = Eq— £eff; the functions f(y) = 2.07-1071 x
section designations: 0) Na%; @) Fe?; V) co®; ' y d , y . ,
+) Cu®™; A) BrY; @) Ag'™; O) B1*, ' X S P(y)dy and ¢ =2,07-107" S yP(y)dy are shown in
' 0 0 - '

the figure,

The Cd,p coefficients were determined by using Eqs. (1)~(3) and the experimental data (2, 3, 5, 6, and 8); they
are given in the table, from which it is obvious that, for the majority of nuclei, these coefficients are close to unity
(1-0.6). For K& and Fe®, the experimental values are apparently much lower, For B£%, this coefficient has a low
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value because only a flve-day activity was measured If we take into account the spins of the basic state of Bim

(I = 5) and of two Isomeric states (I = 1) and (I = 1), the fact that lower values were obtained can be explained by
the appearance of the 6/17 factor, A similar situation is observed in the case of the U*® (d,n) reaction, and it should
also apply to the Co*® (d,p) and Na?® (d,p) reactions; but in these cases, transitions from {somerfc states into the basic
states are virtually not forbidden,

As for the (d,n) reaction, the effect of stripping is

Values of the Cd'P Coefficient for Different Nuc.:lei here less pronounced than in the (d,p) reactlon, since a

: o c c deuteron must approach the nucleus rather closely in order
Nuclei b.®  INuclei di)”’ Nuclei | 47 to transfer {ts proton to the nucleus, which is apparently
b b equivalent to intermediate nucleus formation, It should

Cix(d,n)| 0,23 | Fets 0,12% | Aut?? 0,65 be noted that the experimental data for medium nuclei

gﬁis é'%;* 83:2 8’2? ¥ ;,? ol ??;?:* [8] also lie sufficiently close to the smooth curve 1, while

P3t 0.67 | Bret |1.00 | Ph20s 0.63 their absolute values are, as a rule, one-half to one-fourth

C137 0,93* | Sr88 10,02 | Bjz09 0,27 as large as the absolute values of the (d,p) reaction. For

Kat 0,40% | Pt19% [0,40**| U238 0,68 .

Fe54(d,n) 0137 P18 0: 87*+ | Np2o71 - 0 o5 heavy nuclei and for large deuteron energies (> 10 Mev),
bestdes stripping and compound nucleus formation, it is
also necessary to take into account the direct knocking-

* Yields from thick targets were used [2]. out of intranuclear nucleons. This is indicated by the
* ® Cross sections for Ed 9 Mev were used [3]; the weak dependence of the (d,n) reaction cross section on
other data were borrowed from [3, 5, 6, and 8] for energy and by the small value of this cross section [6].
Eq > 10 Mev. Thus, the Eqs. (1)-(3) that are given here, together

: with the data in the figure and the table, make it possible
1o determine without much difficulty the (d,p) reaction yields from a thin and a thick target, which is very important
in practical work as well as in studying the mechanisms of nuclear reaction processes,

In conclusion, the author extends his thanks to V. I, Shevchenko and P, P, Dmitriev for the useful discussion,

LITERATURE CITED

1. A, sitenko, Usp, Fiz, Nauk 67, 377 (1959). -

2. W, Garrison and J, Hamilton, Chem. Rev, 49, 237 (1951); L Giruwerman and P, Kruger, Int, J. of Appl. Rad, and
Isot. 5, 21 (1959), V. Gol'danskii and E, Leikin. Transformations of Atomic Nuclei [in Russian] (AN SSSR Press,
Moscow 1958),

3. D. Peaslee, Phys. Rev, 74, 1001 (1948),

V. Neudachin, I, Teplov, and B, Yur'ev, Transactions of the All-Union Conference on Medium- and Low-Energy

Nuclear Reactions [in Russian] (AN SSSR Press, Moscow, 1958) p 222; G. Abraham, Proc, Phys, Soc. A 67, 213

(1954),

P, Kafalas and J, Irvine, Phys, Rev, 104, 703 (1956).

W. Ramler et al., Phys. Rev. 114, No, No. 154, 163 (1959),

M., Maksimov, Zh, Eksperirn. 1 Teor, Fiz, 37, 127 (1959),

N. Vlasov et al,, Atomnaya Energiya 2, No. 2, 169(1957);* O, D, Brill' and L, V. Sumin, Atomnaya fnerglya

1, No, 4, 377 (1959).* -

»

Qa0 0

All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal. Some or all of this peri-
odical literature may well be avazlable in English translation. A complete list of the cover-to-
cover English translations appears at the back of this issue.

* Original Russian pagination, See C, B, translation,

251

Declassified and Approved For Release 2013/03/04 : CIA-RDP10-02196R000600060002-1




[ - B o S 7 o o
Declassified and Approved For Release 2013/03/04 : CIA-RDP10-02196R000600060002-1

THEORY OF THE EFFECTIVE CROSS SECTIONS OF HEAVY NUCLEI
IN THE REGION OF PARTIAL NEUTRON RESONANCE OVERLAPPING

A. A. Luk'yanov and V., V, Orlov

Translated from Atomnaya Energlya. Vol, 10, No, 3. pp. 262-264, March, 1961
Original artlcle submitted April 27, 1960

In[1], we presented a general theory of effective group cross sections in an infinite homogéneous medium [1].
A simple method for calculating the cross sections in the region of partial resonance overlapping-is described below.

The effective cross section in an infinite homogeneous medium s given by the relationship [1 and 2]

E\+e
"—: dE’
(Ox(Ep=-2t - : 'Y,
(0= = Eift , ‘
1 ag
o
51

where o and 0y are the total-cross section and the reaction cross section, respectively, and € {s a certain energy in-
terval within which the collision density changes little, Besides the effective cross section < ox(E)> , we shall also
determine the average cross section in the (E;, E; + € ) interval:

. " Ei+e
G (E)=— S 0z (E')dE'.
Ex

(2) .

_We are interested in the energy region where the actual cross section slightly differs from the average cross section:-

lo— I<,

L&
By using the identity 0 =G + (0 —©), we obtain
Oi__ O _0x_ 0s(070) | (3)
6 o4+(6—0) O o2 '
1 1 o6—0 .
- T T +4... . ‘ . .(4,)
By substituting Eqs, (3) and (4) in expression (1), we obtain:
G0 — G0 : (5)

(Ox (E)) =05 (B)— 202

The calculation of average cross sections is gi{/en in[3 and 4], Our problem consists in calculating a correction for
the average cross section which would have a dispersive character, It is obvious from Eq, (5) that this correction de-
termines the effective cross section dependence on the absorber's concentration in the medium as well as on tem-
perature, )

For a certain energy, we shall represent the cross sections as the sum of the contributions of individual reson-
ances: '

o]

0 (B)=3 3 R (E—Em) ©

¥ m=—o
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where m 1 the mth resonance, which is measured in the positive and the negative directions from a certain E value
which corresponck to a resonance that s closest to the energy. Similarly, for the total cross section, we have:

(224

G(E):Z 2 Um(E'—Em)—*—Uspot:or_].‘js

Y m=—o

pot’ (N

U3

The indexy pertains to the determined system of resonance levels, which are characterized by the total spin I and
by.parity, For determining the cross section, we shall use the usual form

™ (E)=olp w(E Em z,A> ()

om

where oy and ¥ are the cross section at the maximum and the Doppler function, respectively [5].

We shall consider the case in which we are interested:
where the Doppler width is greater than the total resonance

;p width, which is characteristic for heavy nuclel. In this case,
&y the resonance shape is sufficiently accurately described by
p=033 the function
08 ‘ % :
d v E—E V:n: r . (E—En)? -
/ - ‘4’( ey =z AGXP[—'TL]" (9

g6 . Z @or

/ , Let 51 be the average distance between the levelsof a -
/ given spin I and parity in the energy interval under considera-

o // ] tion. We shall assume that the levels are equidistant, It can
/ be shown that a consideration of the scattering of D;n values
92 A : leads to a difference of not more than 4-5% in the average
_ / : cross section value, A much greater contribution is introduced
, by taking into account the distribution of the above resonance A
0 0,7 — 70 o widths {1, 3, and 6].

In the equidistant level approximation, the expression

e &, function f ®,) and two (&, ¢, &
The @y function for one (%) and two (%, §, $y) for the reaction cross section can be written as

reaction channels

(DY, O
““((Fm)’ w2 T () = ZZa“’" —wmbp a0
and

.
5=

al

E—F
%'yy_ AO;

LS
A
We shall now calculate the average value of the product:
Er,j,: 2 2 aim e—(ll'i'mbl- )2 Cl;tn, e__(y+mbI ,)2. . . (11)
Yy’ mm’

By averagidg the aX™ coeffictents with respect to the distribution of the above widths and neglecting small changes

;(m within energy changes in the € << E, interval under consideration, we obtain

(12)

oxor:%[ . (Q ®2<b ‘/)d +Z(a ay Ty ay % <V’hl —-)dy]
A) (K)

.
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The function
0 (u, 2)= Z e——u2 (z+_m)2 (13)
' C M=—00 - . . .
represents a periodical function with the period z = 1, We shall expand this function into a Fourler serfes [7 and 8}

o n2v2

8 (u, z):____uiT_ 2 e~—1[2_-e2uivz_ : . _ . (14)
v=—co

This sum converges quickly foru < ¥ or, in our case, for DI <A, which is valid for heavy nuclei if E> 1 kev. We
shall retain two terms of Eq. (14)

n2

8 (u, z) ~ ‘—/u—g‘— (1+2e— o 2mz). (15)

By substituting expression (15) in (12), we flrially obtain after integration:

s —o= Do {zeme [ (1) ] + Vblm =} - 49
¥

The Sy and &, functions_ take finto account the effect of the distribution of the above widths on the cross section value
[6]. The value of S, was borrowed from [3]; we calculated the function for one and two reaction channels (see figure):

? rir AL 2 | r Iy Ty : 17
) —/Ialx N n x ./ *c\ n x A an
K= T N Ty

From our determination of the effective cross section (5), it is readily seen that the dependence of the cross section
on temperature enters only by, while the dependence on the moderator concentration enters 5. By using partiali Cross
sections, which were calculated in [4] for unblocked cross sections, we determined the effective cross sectlons by tak-
ing into account resonance blocking for an infinite U?* lump (o spot = 10 b) at 300°K:

E. kev 3 Ty <e;> <oy>
1 12,75 8,46 6,88 4,51
2 9,66 6,08 6,45 4,47
5 6,43 3.70 5,51 3,24
7 594 3,217 5,39 2,97
10 5,05 2,67 | 4,82 2,51
50 2,30 0,67 2,29 0,67

The effectof resonance blocking is considerable for energies of up to 10 kev; for higher energies the resonances over-
lap, and the cross section becomes smooth,

The above method of calculating the cross section dispersion in the regfon of partial resonance overlapping for
heavy nuclei is of definite interest. Any <f(o)> function that is averaged over the energy interval € which con-
tains many resonances can be represented in the following form:

d%f

SO =@ — 5| _- @ | (18)

By using the obtained expression for dispersion in the energy region where the actual cross section differs only slightly
from the average cross section, it is easy to find the diffusion factor value for an’infinite medium [1] and to analyze
experiments on transmission for a rather wide incident neutron spectrum with many resonances, etc.
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The above method can be conveniently used in estimating temperature effects in fast and intermediate neutron
systems, We determined the ratio of y2% and U?% concentrations in an infinite medium at 300°K for which the total
temperature effect becomes positive: :

% <0675,
Qs
This result {s more probable than the result obtained in[2], where the value of this ratio.was found to be 1,87,
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FAST NEUTRON CAPTURE CROSS SECTIONS FOR NIOBIUM,

NICKEL, AND IRON

Yu, Ya, Stavisskii and A, V., Shapar’

Transtated from Atomnaya ﬁnergiya, Vol, 10, No, 3, pp. 264-265, March, 1961
Original article submitted August 23, 1960

We used the method of the instantaneous y -radiation recording for measuring the energy dependence of fast
neutron radiative capture cross sections for a natural mixture of niobium, nickel, and iron isotopes.  The T(p,n) re-
action was used as the neutron source, The protons were accelerated in a Van de Graaff generator, The average
neutron energy spread was * 20 kev, A scintillation counter. with a CaF, crystal was used as the detector. Annular
geometry was used in measurements. The measurement method and the processing of the experimental data have
been treated in detail in[1], The energy dependence of the neutron radiative capture cross section was determined
by comparison with the U*®® fission cross section curve that was given in[2]. The experimental error for individual
points did not exceed 10% for niobium and 15% for nickel and iron, For determining the absolute cross section mag-
nitude, we used the neutron radiative capture cross sections for an energy of ~400 kev, which were obtained in [3};
they were equal to 65 mb for niobium, 8.3 mb for nickel, and 5 mb for iron.

The results of our measurements, together with the results obtained in [3-6], are given in Figs. 1-3.

In [1], we dealt with the problem of the effect of possible changes in the y ~radiation spectrum on the meas-
urement results, '

It should be noted that, if the niobfum cross sectionis averaged with respect to many overlapplng levels, the
average dlstence between the levels for nickel and iron is comparable to the energy resolution of the method,
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Fig. 1. Energy dependence of the fast neutron ra-
“diative capture cross section for niobium, Data: ®)

present paper; A)[3); O)[3); O) [6]1.
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Fig. 3, Energy dependence of the fast neutron ra-

diative capture cross section for iron, Data: @)
present paper; A)[3); O) [4].
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Fig. 2. Energy dependence of the fast neutron ra-
diative capture cross section for nickel; Data: ®)
present paper; &) [3]. g

It is obvious from the figures that the radiative cap-
ture cross sections weakly depend on energy in the 150-
1000 kev interval, This is apparently connected with the
considerable influence of the capture of neutrons having
an orbital moment different from the zero moment as well
as with a possible increase in radiation width with an in-
crease in energy [ 7].

In 'conclusion, the authors extend their thanks to
A. I, Lelpunskii and O, D, Kazachkovskii for their interest
in this work,
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SOME REMARKS CONCERNING THE DETERMINATION OF THE
PHOTONEUTRON YIELD OF THICK SPECIMENS |

V. 1, Gomonal, D, I, Sikora, and V. A, Shkoda-Ul'yanov

Translated from Atomnaya ﬁnergiya. Vol, 10, No, 3, pp. 265-266, March, 1961
Original article submitted August 31, 1960

The photoneutron yields of thick specimens of some elements under the action of monoenergetic electron beams
in the 10-35 Mev energy region were measured almost simultaneously in the experiments described in [1 and 2], How-
ever, the methods used in these experiments differed from each other to a certain extent, In 1], a thick-walled lead
Faraday cylinder with a bottom thickness of up to 20 radiation lengths served as the electron beam monitor and asthe
photoneutron source at the same time, In[2], a thin-walled ionfzation chamber that was filled with hydrogen served
as the monitor, Photoneutron yields of thick lead targets, which were placed behind the fonization chamber, were
measured, The thickness of each target was equal to approximately six radiation lengths, The experimental data
from [1 and 2] are given in Fig, 1, '

- 75 25 ’ - .
2 / _ 2 8 & th /
.. "4 I
8 60 4} /J /i - 8 20 1, th, :
=} y i 0 w 4
: 3 : /Ay 4>
G // g - -
~ o115 7 <
g 4 4 E i
-g 7 c ex
3 =
B . / ) % 10 77 7
ey 7 7
o \
5 \%/4 //// g
W4 o
; % . 77 22 27 32 37 £, Mev
U 10 % 18 22 26 F, Mev Fig., 2, Comparison of experimentally and theo-
' ) retically calculated photoneutron yields of uran-
Fig. 1. The incident electron energy dependences ium and copper. One scale division represents
_of lead photoneution yields that were obtained ex- 2,0+107* neutrons/electron for copper and 1,0+
perimentally with respect to the excitation func- +10™* neutrons/ electron for uranium,

tions given in [3 and 4] (curves 3, 3*, and 4), .
’ On the basis of the data on the excitation functions

-of (y ,n)-reactions in lead that were publfshed in[3 and 4],
we calculated photoneutron yields of an in‘finitely thick target by using the Belen'kil—Tamm spectrum, The results,
which are given by curves 3, 3°, and 4, are shown in Fig, 1 (see also [5]). In our calculations that were published in
(5] (see curve 3, Fig, 1) as well as in the present article (see curve 3', Fig, 1), it was assumed that the value of the

(y .n)-reaction cross section in lead for the energy region from 22 to 30 Mev remained constant and equal to the value
which it assumes in the 18-22 Mev energy interval [4], In contrast to the curve given in [5], curve 3' in Fig, 1 was
also calculated by means of the Belen'kii—Tamm equilibrium spectrum, while the cross section of pair formation

was obtained by using the equation [ 6]

46

© "

= 4
% pair .GB.H.+*'0+

where op 3. 1s the cross section of pair formation according to the Bethe— Heitler theory, and w = E/myc? (E is the
electron €nérgy, and myc? is the electron rest energy), Thus, in correspondence with the calculations given in [6],
we took into account the higher values of the Bethe —Heltler cross section of pair formation in heavy elements, which
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are a consequence of the inaccuracy of the Born approximation for heavy elements, Figure 1 Indicates that the rec-~
ently published experimental data [2] confirm our earlier conclusion[1] that the published values of the excitation
functions of (y ,n)-reactions in lead [3] are much higher than the actual ones, Moreover, by comparing the theoreti-
cal photoneutron yield curve 3" with the experimental curves 1 and 2, we arrive at the conclusion that an increase
in the pliotoneutron formation cross section in lead apparently must be observed at energies above 21 Mev. This in-
fluence follows from a comparison between the theoretical curve 3' (where the value of the (y ,n)-reaction cross sec-
tion in the energy region above 21 Mev was assumed to be constant) and the experimental curves 1 and 2,

It should be noted that, ‘although the shapes of the experimental curves 1 and 2 generally agree, the difference
between the absolute yfeld values exceeds the measurement error ( 15%), Partially. this can be explained by the
fact that the photoneutron yield values obtained in [2] were somewhat lower due to the lesser thickness of targets in
these measurements in comparison with the target thicknesses in[1], According to the estimate of the authors of [2],
these values are lower by approximately(5t 3%) than the yield values for an lnfinltely thick lead target and for an
electron energy of 34 Mev,

The magnitudes of ‘the above difference in other elements can be estimated by considering Fig, 2, which pro-
-vides theoret{cal data on photoneutron yields for infinitely thick targets [5] and experimental data for targets with
finite thicknesses[2],

Attempts to characterize the photoneutron yield dependence on energy by using a spectrum which is integrated
over the depth and which is different from the Belen'kii ~Tamm equilibrium spectrum did not produce satisfactory
results [2], - Thus, the Belen'kii—Tamm equilibrium spectrum can be successfully used for calculating photoneutron
ylelds in the above-considered energy region within the limits of the presently allowable errors in measuring the cross
section of (y ,n)-reactions,
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CALCULATION OFV_MUTUAL SHIELDING OF LUMPS
IN A TIGHT LATTICE

N. I. Laletin

Translated from Atomnaya ﬁnergiya, Vol, 10, No, 3, pp. 267-269, March, 1961
Original article submitted September 22, 1960

In reactor calculations it is often necessary to evaluate integrals of the form:

v’

, \ = (v") dr” ) (&)
S%S%lr~r’l”l(9 we -
v, v

The regions of integration V; and Vj may be the volumne of all the lumps in an infinite lattice, or the volume
occupied by the moderator, or the volume of the whole lattice; r and r’ are radius vectors; 8 and ¢ are the angles
which the vector r — ' makes with the z and X axes; and Z(r) is the total macroscopic neutron interaction cross section
¥ Driginal Russian pagination, See C, B. translation,
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of the material in the vicinity of the point r. An integral of this type is used, for example, to express the value Pt

. . B -
' . o = {zenar
b _S ZedV (av’e * S 2
| c— 3 T T T . 2 T
Vs S 4T |r—r"|*
V. . /

which may be considered to be the probability that a neutron will experience its first collision in the lump, if we
assume that neutrons are born only in the lumps and that the density of neutron sources is constant, Here V, is the
volume of ali the lumps, and I, is the total cross section for neutron interaction with the material in the lumps,

The quantity P, 1s used to calculate the fast neutron multiplication factor in heterogeneous reactors, the effect
of inelastic scattering on neutron moderation, the heat produced from the absorbtion of radiation in the active zone,
etc,

An integral of the same form is used to express the quantity Py:
r’ . .
— S Zdr” - (3)
Spdb (avie "
= 2 avoe
Py T R ¥y S im o fr—r' |2
Va Vi

where V; is the tota] moderator volume. This quantity may be considered to be the probability that a neutron will
experience lts first collision in the lump, if the neutrons are born only in the moderator, and the density.of sources
is constant, The quantity P; may be used to calculate the mutual shielding of the lumps, in the expression for the
volume part of the resonance absorbtion. The integral Py is easily brought into relationship with P,, In.fact:

r r’
- g‘ = ' = { zar ~{zar

_( Sudv \a’V’ ' sz [' ¢ (rYe T dv' “S S T AV BV, S5,
Py = % 4 |r—rx' 27 S %V, S Gur—r |2 dm|r—r |2 =3, 1V1 P, 1(1——1’6)4
: Vs Ly K

o

C))

Here X, = 45,v,/S is the hydraulic diameter of the lump, measured in neutron mean free path lengths: v, is the,
volume of one lump; S is.the surface area of a lump; Xy = 4%,v4/S is the mean distance between lumps fn mean free
path lengs; vj is the moderator volume associated with one lump, Here we are taking into constderation the fact

that:

]-) ;
_ \' Sdr”
o E(r)e T av 1
dujr—r’ |? -
Vi+-Ve )

If the lumps are located sufficiently far from one another (xy >> 1), the region of integration V, of the in-
tegrals (2) and (3) practically coincides with the region of integration v,, and the integration over V; may be re-
placed by integration over an infinite volume, Evaluating the integrals (2) and (3) in this case presents no difficulty,

For x; % 1, the integrals of type (1) are evaluated only in a few special cases, Thus, for example, for a heterogeneous
medium consisting of infinite plane-parallel sheets of two different kinds:

_ . —%p —n
. 2 (l—ey (1 , 5
P (zy, Zy)=1—— g ( )iﬁ_xz )udu, ®

Xa
2u

0 A—c

where X = 221!1; Xq = 222]52.
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For a heterogeneous medium with lumps of arbitrary shape, the integrals of the type being constdered may. be
evaluated for the case when the lumps are located chaotically with respect to one another, so that the probability of
a neutron colliding with a lump and traversing a definite distance within it does not dépend  upon the probability of
coilision with another lump, ‘For example, an integral of type (1) is evaluated by determining the effective longi-
tudinal neutron diffuston coefficient of heterogeneous media with cylindrical lumps of arbitrary crosssection{1],"

7.0

P ]

0,9

0 5,5 0 2,0 30 ' %0
X2

The integral P (x;; X5) for a medium with fuel elements in the form of plane layers,
fuel elements parallel to one another; —— = — fuel elements in disordered array,

In media with a chaotic arrangement of lumps, we obtain for P, the following expression: -

25

’ .
po—1 {1 % : sin0d0 do
e=1— [q._
0

b1 4n[1+;4:S‘q>(x,6,(p)(1—e_22x)d:c] ®
0

Here x fs the neutron path length in the lump in the absence of interaction between the neutron and the materfal of
the lump, ¥(x, 8, ¢)dx is the probability of a given value of x for a neutron with the direction determined by the
angles ® and ¢, In particular, for a medium with circularly cylindrical parallel Iumps: :

Oe/—,._.
~
N
|
s
~
A3
<if
L
s

4 )
P (zy; 332)=)1 -—; : 1— : — ]/1——_;—5 , - (N

where x, = I,d; %y = Z,d/p; p = vo/ vy; d is the diameter of the lump, Then, at xy << 1, and x, << L;

. & Zo¥y
Py (@i wa) = zj4- %y _'21”1—1" o0y’

and at xy >> 1
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1 u
— xg =

i
P (2g) =1 -‘J—:—g' SduVi——uze v

=

For a medium with lumps in the form of infinite sheets, arranged at-different angles to one another (all lumps parallel
to the z axis):

. 1 . e .
Potay zq)wl——z—% u(l—e )du ‘ (8)
T2 2u - -22_
U 1 2u
1 —11 (1--e )

Here Xq = 222t2; X = 2211'.1.
It is not difficult to show that Eqs, (5) and (8) give identical results at ¥ << 1, and x5 << 1, namely:

_ Zpla

P~
i —412 1 ‘f ot
and likewise, at xy >> 1:

(o)

. To . e vl d¢
. “(i))] En(y)zg s

1

Direct calculation shows that the numbers obtained from Eqs. (5) and (8) do not differ greatly over the whole range
of variation of x; and x, (see figure), This fact enables one to assert that the use of Eq. (7) for a medium with cir-
cularly cylindrical lumps in an ordered array (square, triangular, or other lattice) does not lead to any great error,
The values of P.(xy; X3), obtained from Eq, (7), are given in the table,

Values of ngl (*1; X3), Calculated from Equation (7)

Xg

Xy

0,6 0.8 1,2 1,6 2,0 3.0 4,0 6.0 ]

s

0,2 0,5314 | 0,6947 | 0,7741 | 0,8209 | 0,8737 | 0,9027 | 0,9210 | 0,9464 | 0,9595 | 0,9729 0,9796
0,4 0,3875 | 0,5596 | 0,6571 | 0,7197 | 0,7955 | 0,8396 | 0,8684 | 0,9096 | 0,9314 | 0,9538 | 0,9653°
0,6 0,3175 | 0,4832 | 0,5852 | 0,6544 | 0,7420 | 0,7951 | 0,8305 | 0,8824 | 0,9104 | 0,9396.| 0, 9546
0,8 0,2762 | 0,4340 | 0,5366 | 0,6087 | 0,7030 | 0,7619 | 0,8019 | 0,8616 | 0,8942 | 0,9286 | 0.9462
1,2 0,2294 | 0,3744 | 0,4750 | 0,5489 | 0,6499 | 0,7156 | 0,7614 | 0,8316 | 0,8707 | 0,9124 | 0,9339
1,6 0,2038 | 0,3397 | 0,4376 | 0,5114 | 0,6454 | 0,6848 | 0,7342 | 0,8109 | 0,8544 | 0,9011 | 0,9254
2,0 0,1876 | 0,3169 | 0,4124 | 0,4858 | 0,5912 | 0,6629 | 0,7145 | 0,7958 | 0,8424 | 0,8928 | 0,9190
3,0 ] 0,1648 | 0,2839 | 0,3750 | 0,4471 | 0,5536 | 0,6283 | 0,6831 | 0,7714 | 0,8229 | 0,8791 | 0,9086
4,0 | 0,4530 | 0,2662 | 0,3545 | 0,4254 | 0,5321 | 0,6081 | 0,6646 | 0,7568 | 0,8111 | 0.8709 0,9024
6,0 0,1408'1 0,2475 | 0,3325 | 0,4019 | 0,5083 | 0,5856 | 0,6438 | 0,7401 | 0,7976 | 0,8614 | 0,8951
8,0 | 0,1345 | 0,2378 | 0,3210 | 0,3894 | 0,4954 | 0,573 | 0,6324 | 0,7309 | 0,7901 | 0,8560 | 0.8910
© 0,1153 | 0,2073 | 0,2838 | 0,3486 | 0,4525 | 0,5315 | 0,5930 | 0,6986 | 0,7637 | 0,8372 | 0.8766
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EFFECTIVENESS OF A SYSTEM OF ABSORBING ELEMENTS
SYMMETRICALLY ARRANGED IN A RING IN THE ACTIVE
" ZONE OF A REACTOR WITH REFLECTOR o

V. 1, Nosov ‘
Translated from Atbnlnayéfne'rglvyé; Vol, 10, No, .3’.'pp'.'2;69;27-0',' March, 1961 -
. Original article submitted October 11, 1960

In a previous paper,* the author obtained the two- group approximation for the criticality conditions of a homo-
geneous thermal reactor with a system of absorbing rods equally spaced in a ring in the active zone, or in the radial
reflector, :

In the same paper, results were given for calculations on a system of amsll diameter rods (d << Rygpe)- In this
case, it is possible to neglect the azimuthal dependence of the neutral flux at the surface of the rods in the criticality
equation, and confine attention to the first term in the series expansion in k.

Absorbing . In the present paper, we discuss the results of cal-
elements culations on a system of absorbing elements of large di-
Active zane mensions, symihetrically arranged in a ring in the active

core ‘ zone -of a reactor with reflector (Fig. 1), The absorbing

element is a thin absorbing film, filled with activezone
material, It is assumed that the film s absolutely black
to thermal neutrons and does not absorb or moderate fast
neutrons, In fixing the boundary conditions at the surface
of the absorbing element, account is taken of the modera-
tion and neutron multiplication occurring inside.

The critical equations for the case in question are
given by Eq. (14) of the previous paper: - '

Reflector

o <« [ N
3D D BimFaimn+ Bam®yNmi) X
Absorblng ‘ k=0 m=0n=0
. film . X €08 ko =07 ;
Fig. 1. Diagram of arrangement of absorb- > D 2 BumH Nt Bam Bvmn) X
ing elements in the active zone of reactor . k=0 m=0 n=0 ‘
with reflector, (R¢ = 0.585 R corer Where » 008 ko =0,

is the distance between the center of the " where By and Borm are arbitrary constants: F &
absorbing element and the center of the 1m 2m ° oo mke Nk,

reacton), Hpnmke 274 RoNmk are suitable functions of the radius of
: the absorbing element a,, the radius of the reactor Rp, the
radius of the active zone R, the properties of the multi-
plying medium and the reflector [N is the number of absorbing elements, n is the index of the series giving the azi-
muthai dependance of the neutron flux in the reactor, and m and k are indices of the serles giving the azimuthal de-
~ pendance-of the neutron flux on the ‘surface of the absorblng elements (angle w)]. - .

If we limit the approximation to the kth order, we get a system of 2(k + 1) linear, homogeneous, algebraic
equations, which must be solved for 2(k + 1) unknowns (all the terms with m > k must be omitted),

4 The critical condition for the problem 1s given by setting the determinant of the system of equations equal to
zero,
Figure 2 and the table give the results of calculations on the change in effectiveness of a syster_n of three ab-

sorbing elements as a function of radius to the kth order of approximation. The ordinates of the curve are the differ-
ence, Akggr, between the effective multipllcatlon factor in the -reactor w1thout absorbmg elements, k., and with

*V. 1. Nosov, Atomic Energy2 No. 4, 262 (1960). *
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absorbing elements, k Here k¢ Is calculated for a reactor in which the channels formed by withdrawing the
absorbing elements are Illed with actlve-zone material, For any value of ki¢r < kogp, 2 value was taken for the -
radius of the absorbing element such that, in the given approximation, the critical equation of the reactor with the
system of absorbing elements went to zero, The values of the radii of the absorbing elements were found for the
three degrees of approximation k= 0, k=1, and k = 2 (in all cases n = 2), To show what effect the number of terms
taken in the series in n has on the radius of the absorbing element, calculations were also made for n= 0 and k = 0,

y ) . Ve Values of the Radius of the Absorbing Element, Cal-

Akeff’}%'r 4 ~ culated to Various Degrees of Approximation
74
15 [ 4
' ) aAE / Rcore
K=0,'ﬂ= / A Akeffo % . .
4 > H=0;m=0;n=0;m=0;|n=t;m=1;[k=2; m=2;
4 - o n=0 n=2 n=2 n==2
/ | nll
10 y & _ - v
J k=1, n=2 . |
13,56 0,1051 | 0,1051 | 0,1073 | 0,1076
Vi - —
4 1 9,56 | 0,0737 | 0,0737 | 0,0750 | 0,0750
5 : :
0 0,05 o1 915
g /R It follows from an examination of the table, and the
COr®  curves of Fig. 2, that even for large diameters of the ab-
‘Fig. 2. Change in effectiveness of a system of three sorbing element, the first order approximation k = 1 gives
absorbing elements as a function of radius of element, good accuracy. In the critical equation for the reactor
Nomenclature same as Fig. 1. system of three absorbing elements, the angular depend-

ance bf the neutron flux in the reactor may be negliected,
i.e., we may take n = 0 Thus, for example, the values of the radius of the absorbing element (asg /Reore) at k=1
and k = 2 are equal to 0,1073 and 0.1076 respectively (for n = 2), and the curves of Fig. 2 for these approximations
run together,

Thus it follows from what we have said, that numerical solutions of the criticality equanons can be limLted

to the two first terms of the series in k and n for rather large absorber diameéters (~0.3 R, re)-

All the numerous and difficult calculations were made by R, V. Kuleva to whom the author is very much obliged,

ON THE APPROXIMATE SOLUTION OF THE TRANSPORT
EQUATION BY THE METHOD OF MOMENTS

Sh, S. Nikolafishvili

Translated from Atomnaya Energiya. Vol, 10, No, 3, pp. 271-272, March, 1961
Original article submitted August 25, 1960

Our object is to calculate the energy distribution of neutrons at a given distance from a point Isotropic source
situated in an infinite homogeneous medium, The problem is solved by the method of moments, whose essence con-
sists in the following. From the kinetic equation describing the slowing down and diffusion of neutrons, some of the
first even-space moments of the function desired are determined, Afterwards an approximate representation of this
function is constructed with the same exact first even moments [1],
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In this paper the representation indicated is constructed by-taking into consideration the asymptotlc behavior
of the solution; the first three moments of the approximating function are used.

1,4, . _
: N - : A
y
1,0 v _ =g 70 - =
B N ) a
0,8 » v uEAW 08 v N
C ' /V . \
g BN L . S - L
o4 ,/./ ' h ' 04 //’ . — NP
02 , : : 0,2
0 ' : 0 ' '
01.02 04050810 20 40608010 200r 01 02 04060810 20 406080100 20 40 6080100Gr
Fig, 1. Results of solving Eq. (5) by differ- Fig, 2. Results of solving Eq, (5) by different approx-
ent approximate methods for w = 0,3, imate methods for w = 0.9,

Suppose ®(r) is a nonnegative functibn defined in the interval (0, ©). We assume that the first three even
moments of this function are known: :

1
Pn ="

§ O () dr, n=0, 2, 4

We take
- v 1
D)=~ D()=Arv"leor @

and choose the parameters v, ¢ and A so that the three first moments of the function 3 (r) colncide with the known
-moments of &(r), This problem has a solution for every nonnegative function, with all parameters of the representa—
tion (1) being real positive numbers defined ‘consecutively from the relations :

e 5p—-1+V1+14p+' L S ®
200—p) " T b : ’

e l/v(v—l—i) Po. - (3)

2 pe’ , o :
P p’()a . ] ’ (4)
A= INON : .
and I‘(v).—:ﬂ V" lexdr s Euler's y -function,
A _

By way of an example of the use of the formula (1), _we consider the problem of the space distribution of neu-.
trons emitted by a pomt fsotropic source, For simplicity we assume that the scattering mdicatﬂx is spherically sym-
metric, The transport equation in this case has the form [2]

£ - (5)

op 1—p?d ., D
s ——"——(,%thp =% S‘P (r, n)dp' -+ i

or r 8ur”
=4
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The distribution sought is determined by the function

11

i

4nrig, (r):;ém"-’ & ¢ (r, p)dp.
=

Separating out the nonscattering part of the neutron field, we represent the function 47 2o o(r) in the form

gy ()= LD (). | NG

For moments of the function &(r) according to Eq. (5) we shall have

02—w) , 0 (23—270 4 %0?)

[(}]
Moo= g *’“2:W S = Tl w)?
Consequently, for 47 12 g(r) in accordance with what was said, we obtain
y o At

2 T A 7‘
ey (r) =~ e~ +1 ml‘(v)' e v, (7N

v and a are determined with the help of Eqs, (2) and (3), in which

_3 __@—op
P= 3 5Te 1 90t

The results of the calculations for the values w = 0,3 and w 0,9 are represented in Figs, 1 and 2, where dis-
tance from the source is measured as the abscissa in units of mean free path, and the ratio of the approximate values
of the function 47r ¢o(r) found by formulas (7)-(9) to the exact values of this function (curves a, b, and < respect-
ively) are measured on the ordinate axis, To determine the accuracy of formula (7) the values of 472 ¢o(r) are cal-
also by the formula

45trig, (1) & 3re~ VIT=0)r » (8

and

T ' :
3wr C“V%t'm’ . )]

anriQy(r) ~ e - 2—o

Formula (8) gives the solution of the problem in the diffusion approximation, Formula (9), proposed in [3],
may be obtained if ®(r) on the right side of Eq, (6) is represented in the form '

® (r)=ae "
and a and k are chosen so that the first two even moments of &(r) will be exact,

The method of moments with the use of representation (1) was employed to solve several problems concerning
the spacial energy distribution ‘of fast neuttons in various media, The results of the calculations will be publfshed
separately, ' '

The author expresses his thanks to G, I, Marchuk for his constant interest in this paper and for many valuable
remarks,
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THE GROWTH OF VAPOR BUBBLES MOVING IN A
VOLUME-HEATED FLUID

V. K. Zavoiskii

Translated from Atomnaya Energlya Vol, 10, No, 3, pp. 272-274, Match. 1961
Original article submitted June 7, 1960

n order to write the equations of the kinetics of a boiling homogeneous reactor it s necessary to known the
growth law of vapor bubbles moving in a volume-heated fluid, In this paper it is shown that the rate of growth of
a moving bubble under moderate thermal loads is determined prlncipally by the rate of heat transfer to it from the
surrounding fluid by means of convection,

We assume that the rate of growth of a moving bubble, as also of a \stationary one [1], is actually determined
only by the rate at which heat is supplied to it, Then an increase in the energy of the bubble in unit time will equal
to the magnitude of heat flow from the fluid into the vapor through the entire separation surface:

14 aT

where t is the heat of evaporation; A the coefficient of heat conduction in the fluid; y ® the density of vapor; V,
S, R the volume, surface and radius of the bubble respectively at the moment I and (3T/d R)R is the temperature
gradient in the fluid at the bubble surface,

According to [2]:

1/ . .
S a (%)R ds:h(’;?—“ " peaT, » A &)

where ky is a constant coefficient; a the coefficient of temperature conduction, equal to A/cy * (c, y ' are the heat .
capacity and fluid density respectively), u the surfacing velocity of the bubble; and AT the temperature dlfference
between the fluid far from the bubble and that at its surface

Combining expressions (1) and (2). we obtain

dv oy aw\Ya oo _ _ N (3)
— =l o 1{> RAT. _

Bubbles of sufﬁciently large dimensions (R = 2 — 15 mm) will surface with a constant velocity, Such bubbles
will be deformed and, by their radfus, we understand the radius of the spherical bubble of the same size. The mag-

- nitude of the overheating AT fs also_to be considered constant all along the path of motion of the bubble. In fact,

in[1] it is shown that the temperature of the water at the surface of a bubble sufficiently accurately coincides with
the temperature T" of saturated vapor at the given pressure, Therefore AT = T*— T" (where T fs the temperature
of the water far from the bubble), On the other hand in [3] it was established that under conditions of regular cir-

culation, the difference between the temperature of the water and the temperature of the saturated vapor, calculated
from the hydrostatic pressure of a column of liquid at the given point, varies slowly with height. We have confirmed
this conclusion by controlled measurements under conditions of disorganized circulation, Thus in expression (3) the .
dimension of the bubble is the only quantity varying with time.

Let z be the distance traversed by the bubble in its vertical ascension, Since dz = udt and RYZ ~ Vl/ 2 we
obtain, by integrating (3),

yiz__ Vllz.._

c¥ AT (z—24), (4)

where 2z, is the distance at which the bubble created attains a volume Ve
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Fig, 1. Apparatus for photograph-" ¢ . '
' 0 L/ w150

ing vapor bubbles: 1) rectangular
glass vessels; 2) displacer made
from glass plates; 3) electrode; 4)
photographéd area; 5) plane on
which the vapor bubbles are formed;
A andV —ammeter and voltmeter,

Vz/y7

Fig, 2, Dependence of the ratio of mean

volumes of vapor bubbles at different -

layers on the square of the ratio of dis-
tance tranversed by them in the liquid..

Under powers (kv/l) of; A) 0,4; O) 0,6;

x 3,8,

If v, << V and 1f one may discount the distance to
the birth place of the bubble (zy = 0), then

_ . l N » . . ,
0 2 4§ 4 0 2 Lmm =i () Lare ®

Fig. 3. Ratio of the longitudinal

1 and transverse h dimensions of

a deformed bubble in one of the
- photographs,

We apply this equation to the case of a boiling liquid in
which all bubbles are created in a single plane (z = 0),
At a distance z from the bottom of the vessel we consider
a small volume bounded by two horizontal sections at a
distance Az from one another, The total volume of all .
bubbles in this volume will be

N2
VNsAz=k} (g) _:‘7 AT*ZNsAz,

where N fs the number of bubbles per unit volume; and s is the cross-sectional area of the vessel, Dividing both sides
of this expression by sAz, we obtain

’ 2 ' N
q>=k%’< f: ) < NAT?, , (©)

where ¢ is that portion of the volume occupied by vapor at the height 2,

The verification of Eq. (5) was accomplished by measuring the dimensions of the vapor bubbles in botling water
by photographs, A rectangular glass vessel (Fig, 1) was filled with water and two metallic plates (electrodes) were
positioned inside. A contraction of the cross section of liquid between the electrodes was brought about by. the place—
ment of glass displacers as shown, as a result of which the flux density}attamed its greatest magnitude in this section
and practically all of the vapor was formed there, The vapor bubbles were produced on the horizontal surface of the
displacer, Bubbles of electrolytic gas arising on the electrodes,and rising along them, did not enter the portion of
liquid boiling in the contracted section,

The experiments were carried out at atmoéphéric pressure. The power varied from 0.4 to 3.8 kv/l. The fluid
volume (above the displacer) was 21, , ’
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Fig. 4. Apparatus for measuring the volume Fig. 5. Dependence of volume vapor capacity
" vapor capacity: 1) cylindrical glass vessel; 2) ¢ on reduced vapor velocity W™ above the elec-
electrodes; 3) y -ray source; 4) lead shield- trodes for three distances z from the lower elec-
ing; 5) counter; A and V are anammeter and : trode (mm): 1) 60; 2) 110; 3) 180,
voltmeter,
To carry out the photography, the fluid volume
v Co above the displacer was separated into horizontal layers
06 of height 1 cm, In each layer the amount of bubbleswere

counted and the mean volume of bubbles was calculated..
The error in determining the dimension of the large and
medium sized bubbles did not surpass 1-3%, and for the
small ones 5-10%, Thus the rato of mean volumes of

Lol
.04
/ ~ L 2 bubbles in different layers Vo/V; was found, and also the
. %/ mean square ratio of the distance of these layers from the

7 ~ displacer surface (zz/zl)z. The points found in this manner

- e Fig, 2) lie on the straight line corresponding to Eq. (5).
0,2 5,/// (Fig. 2) ght line corresponding q. (5)
= / It was established that the transverse dimension of a
- ' bubble increases approximately proportionally to its longi-
0 tudinal dimension (Fig, 3). From the experimental data
50 700 50 200 the coefficient k;, entering into Eq, (2), was calculated,

Z,mm . It turned out that ky = 11, which coincides well with the
magnitude found in [2]. This indicates the suitability of
Eq. (2) to the calculation of the heat flow in a moving
vapor bubble of sufficiently large dimension

Fig, 6. Dependence of ¥¢ on distance z for four
reduced vapor velocities (m/sec): 1) 0,05; 2)0,10;
3) 0,15; 4) 0.20, .

' Equation (6) was verified with the aid of an appara-
tus for the measurement of volume vapor capacity (Fig.

4), In a vessel with diameter approximately 200 mm filled with water to a height of around 250 mm, there were
placed two horizontal electrodes chosen from some metallic thin strips, arranged with a chord and strengthened rein-
forced among themselves by a strip bent into a circle. The area of each electrode did not exceed 3% of the area

of the vessel cross section, and, as shown in the control experlment the upper electrode did not exert a significant
{nfluence on the exit of the vapor from the liquid. At the same time the apparatus guaranteed a heating which was
sufficiently uniform over the volume of the liquid between electrodes, and the bubble formation proceeded over the
entire surface of the lower electrode, Control measurements showed that in the interval of rediced vapor velocity *
studied, the density of the vapor-water mixture was the same over the entire vessel section,

The density of the Qapor-carrying mixture was determined by directing beams of y -rays from Co® through the

space between electrodes at various heights, The results of the measurements are given inFig, 5, The straight lines

are constructed by the method of least squares,

Figure 6 is obtained as a result of cutting Fig, 5 along lines of constant reduced vapor velocity, The linear
dependence of ¥ ¢ on distance, traversed in the water by vapor bubbles is given by Eq. (6)

* Reduced vapor velocity means that calculated over the entire vessel section,
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For more intensive fluid motion, the rising velocity of a bubble will be determined also by the rate of heat
transfer to it and may be found from expression (1), Of course in this case also the heat flux to the bubble will de-
pend on the velocity of the flow of the fluld about it.

In concluston I with to thank V, G, Levich, V, M. Byakov for thetr helpful dlscussions of the results, and also
V. N, Vorob'ev, S, V, Goncharov, G, 1, Savel'ev, A, F, Semin for their help at various stages of this project,
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ON THE THEORY OF HASIGUTI, SAKAIRI AND SUGAI CONGERNING
THE IRRADIATION-INDUCED GROWTH OF a -URANIUM

Yu N. Sokurskll

Translated from Atomnaya Energiya Vol. 10, No, 3, pp. 274-275, March, 1961
Original article submitted October 29, 1960

" In reference [1], a theory by Hasiguti, Sakairl and Sugai concerning the radlation growth of a-uranium was
reported, The authors of this theory proposed that, under the influence of stresses set up by local heating in the
region of thermal spikes, twinning would occur along the { 130} < 310> systems, In addition, they assumed that "the

“average deformation for various twins of the { 130} <310> type is
N  evidenced by elongation in the [010] direction and contraction in
[010] X ﬁ‘@ o the [100] direction,” The intemal stresses which arose from such
o\ a local twinning had to be relieved by a corresponding deformation
of the surroundings thiough interstitices and vacancies which, in the
A long run, led to an {rreversible plastic deformation.

[91[]]_, \
A ~A , However, the basic assumption of the theory that the average

\ deformation for various types of { 130} < 310> twinsis elongation in

i the [010] direction and contraction in the [100] direction appears in-

- = correct
\e .

matrix \ - ’\T g © As s well known [2], (130) twins are characterized by the fol-

, 1 ' - lowing elements: K;(130); n,[310]; Ko(110); ,(170];'S = 0,299, The
ps junction plane of the twin and matrix lattices is shown in projection
/{90 on the ab plane in Fig, 1 for twinning along the (130) [310] system,
In Fig, 2, the deformations which occur for twinning along the (130)
and a crystallographically equivalent plane are presented in the usual
fashion. As is obvious from this figure, the general result of twinning
100) along the { 130} <3T0> systems isa contraction of the crystal along

the [010] axis and an elongation in the [100] direction, which contra-

Fig, 1. Junction plane of twin and matrix dicts the initial assumption made by the authors of the theory under
lattices for twinning along the (130) [310] discussion.
system, )

Since deformation by twinning is unipolar, the tensile stresses
which act along the [010] axis cannot give rise to elongation of the
crystal along the [010] axis (in Fig, 2, the regions of possible contraction and elongation for { 130} twinning are in-
dicated), Thus, regardless of the nature of the stress condition in the reglon close to a fission spike, o-uranfum crys-
tals cannot elongate in the [010] axis direction by means of {130} <3To> twinning,
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_ From the standpoint of the physical'processes which

9[0.10] occur in the region of a fissfon spike, it is doubtful whether
ofcontraction the arguments of the authors are correct, The time for for-
Q,e,?} mation and growth of a thermal spike (r = 107" sec) fs
v § < '§° much too short to expect the appearance of large-scale
; ,\L‘ > "% twins whose formation requires a considerable time,
// S vl X\ & Assuming that twin formation proceeds with the speed
/ \~/, g g; fa) of sound, ¢, we obtain its maximum diameter, approximately
v ;03 —a> equal tor ¢ = 1078 em, It is doubtful that such twins would
\ 1\1(3/ 63’0/ 2 ! 2 ' be stable, Theories based on the processes of atomic dis-
\ \1'3'“\ . ’% / g{ placement and "agitation™ which take place in the region
v ‘ of a fission spike seem more perspicuous, -
\ S ~ . ~ .
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Fig, 2. Deformations associated with twinning:
along the (130) plane; — —— — along a crys-
tallographically equivalent plane.

PHASE COMPOSITION IN NIGCKEL-RIGH ALLOYS OF A
NICKEL-MOLYBDENUM -BORON SYSTEM

P. T. Kolomytsev and N, V, Moskaleva
Translated from Atomnaya ﬁnergiya, Vol, 10, No. 3, pp. 276-277, March, 1961
Orignal article submitted September 12, 1960

Materials which contain nickel, molybdenum, boron and other elements have a wide practical application, In
particular steels which contain approximately one percent by weight of boron can be used for the production of shield-
ing; and if there is more than two percent by weight of boron, they can be used for the production of control rods, Thus
the phase composition of alloys which contain significant quantitles of boron is of interest, '

The results of an investigation of nickel-base alloys containing up to 22-33 at % of molybdenum and up to 25-
33 at% of boron are reported in this paper. ‘

For the melt, the charge materials described in reference [1] were used plus molybdenum in powdered form
containing 99,7 wtJ of molybdenum, 0,2 wt of oxygen, 0,002 wtJ of nickel, and 0,01 wtJb of iron, All alloys
were melted in aluminum oxide crucibles in an argon atmosphere, Burn-up of nickel, molybdenum,and boron is
slight for a melt under pure argon; thus,the composition of the alloys was that of the charge. A :

The alloys studied were sub]ected to annealing for 100 hr at 1000°C with subsequent cooling in air. An increase
in annealing time did not lead to a change in phase composition,as was determined by studies of microstructure and
me asurements of microhardness and by x-ray analysis,

Electrolytc etching and thermal coloration by heating with a high-frequency current were used to bring out
microstructure [2],

Measurement of microhardness was carried out on a PMT-3 apparatus, Using cobalt K, radiation, qualitative
x-ray powder analysis was done, Powders from’ high-boron-content alloys were prepared by grinding castings; in low-
boron-content alloys, the boride phase was separated electrochemically by the method described in [3].
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Fig.Al. Microstructure of alloy coritainin'g . Fig, 2, Microstructure of alloy containing

5.29 at% boron-and 2,98 atJ% molybdenum - 20.4 at% boron and 17,3 at molybdenum
(x 500). NizB inclusions have a-microhard- ’ ’ (x 400). Light component with small im-
ness of 1145 kg/m Solid-solution matrix ' : prints — phase M (microhardness 1540 kg
Y isless-hard, . . per mm?), NiyB and the solid-solution y

(dark component) often form a eutectic,

It is possible to divide the alloys in the region studied

- into four groups according to phase composition., To the

first group belong alloys with the structure of a homogene-

.ous solid solution having a nickel base and containing not
‘more than 0.02-0,03 at% of boron, Alloys containing no
more than 10 at% of molybdenurn, in whose structure there
is the compound NigB in additfon to the solid solution, be-

- long to the second group. For alloys of this group, the two-
phase structire is characteristic (Fig, 1). X-ray analysis of
the precipitate electrochemically separated from this alloy-.
confirms the judgement concerning the presence of only
one boride phase — NigB, An increase in boron content of
the alloys, with molybdenum content kept fixed, leads to -
an increase in the solid-solution lattice period,since, in’
this situation, boron binds nickel and molybdenum is forced
into the solid solution, ‘To alloys of the third group belong
the three-phase alloys in which, besides the solid solution

-and NiB, there is a third phase which we call phase M. The typical structure of these alloys is shown in Fig, 2, In
the case of electrochemical precipitation from alloys of this group in electrolytes,which usually are used for the.
separation of carbides from nickel alloys (33, NisB is dissolved to a significant degrée, and lines characteristic of
phase M are seen mainly in radiographs of the precipitates. . In radiographs of the precipitates which are obtained by
precipitation' from alloys of the third- ~group in an electrolyte, reflections from the planes of the rhombic Ni;B lattice
are observed, The structure of alloys of the fourth group containing more than 10 at% of molybdenum consists of
two phases: nickel-base solid solution.and phase M,

Fig: 3. Microstructure of alloy .co'ntaining
30.8 at9 boron and 32 at% molybdenum
(x 500). Light component = phase; M

For low .boron content, phase M isseen as a dispersed component but large mclusions of phase M are developed
in the case of a significant boron content in the alloy structure (Fig, 3),

Phase M is a temary nickel- molybdenurn-boron compound, as was shown by the results of qualitative X= ray -ana-
lysis of the phase (separated from the alloys and synthesized), ‘ :

As'a result of the determination of the composition of phase M and the investigated alloys, it seems possible
_ to present an isothermal section of the nickel corner of the nickel-molybdenum-boron ternary system at 1000°C
(Fig. 4). ) g

L | - om
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In these studies -very long exposures at high temperature were not used: thus,it is possible that for equili-
brium alloys the boundary which separates alloys of the second and third groups will be dlsplaced a little to the left
toward alloys with a lower molybdenu __content : :

i [//////
s [T T T

/{% /////”

S ),
8/, [ B[/ /

2 70 33
) at, % Mo —= ]
Fig. 4, Isothermal section of the nickel comer of the nickel-molyb-
denum-boron system at 1000°C, Alloys O— y + NigB; ®—y + NigB +
-+ M; Q=5 + M,
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SEPARATION OF URANIUM FROM IMPURITIES
BY MEANS OF AMMONIUM SULFITE

N, P, Galkin and G, A, Polonnikova

Translated from Atomnaya Energiya Vol. 10, No, 3, pp. 277-279, March, 1961
Original article submitted August 4, 1960

An indication of the possibility of using ammonium sulfite, (NH,)3SOj, for the separation of uranium from
{mpuritfes first appeared in the literature in 1843 [1]. However, there was no detailed description of the separation
method in this or subsequent papers. In our opinion, ammonium sulffte could be used in laboratory practice for the
separation of uranium from uranium-containing products contaminated by impurities, The conditions for ammonium
diuranate repurification were studied in the present work, To this end, the solubility of pure ammonium diuranate
in ammonium sulfite solution with respect to its dependence on a number of factors and the conditions for precipita-
" tion of wranfum from ammonium sulfite solution were studied,

We investigated the effect of (NHy),SO; concentration, of temperature, and of the ratio T:L (T — wet diuranate
weight) on the solution of ammonium diuranate in the presence of (NH4)2803 Solution depended on the formation of
a stable complex (2] in accordance with the reaction

(NH,) ;U507 + 4(NHp)380; + 3H,0 ==2(NH)o[UO(SO5)] + 6NH,OH.

The experiments were carried out in the following manner: a weighed batch 6f pure ammonium diuranate
having 56% moisture content was placed in thick-walled test tubes to which was added a fixed quantity of freshly
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TABLE 2., Chemical Analysis of Ammonium Uran-
ylsulfite Solution

U | SOz | NHg |U:S0s:NHs

Calculated for

(NH4)2[U02(503)2], ‘ ’
% . « - . - .. 51,05 34,34 7,3 [1:2 :2
‘|Measured, % . .{49,9 | 32,65/ 8,08 [1:1,96:2,26
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Fig. 2. Effect of the ratio T:L on
(NH,) 2 U20y solubility in 320 g/liter
solution of (NH,),SO; at 80°C,

prepared (NHy)5SOj solution [3], The test tubes were
sealed with stoppers and fastened on a disc which was
placed in a thermostatically controlled oven, Rotation

_of the disc in a vertical plane mixed the contents of the

test tubes, The dissolving was carried on for two hours,

The results of the experiments, presented in Figs,
1-3, showed that ammonium diuranate solubility increased
both with increase in temperature and with increase of the

. ammonium-sulfite-to-uranium ratio (for values two and

greater), The highest uranfum concentration in the solu-

“tion which was reached during the course of the experiments

turned out to be 39,2 g/liter for an ammonium-sulfite-to-
uranium ratic of 14, Further increase of (NH,),SO; solu-
tion volume led to complete solution of the ammonium
diuranate, It is possible to increase the diuranate solu-
bility by neutfalizing with sulfurous acid, which yields
ammonia. The addition of 0.5 M H,SO;3 to 1 mole uranium
increased the uranium content in solution from 16 to 28
g/liter, and the addition of 1 M H,SO; to 1 mole uranium
increased the uranium content to 52 g/liter (T:L =1:2),

It was possible to precipitate uranium from the ammonium sulfite solution by boiling [1]. During boiling, the
volume of solution was kept constant, A precipitate appeared at PH 6 one hour after initiation of solution boiling
(Table 1); it consisted of large transparent yellow crystals, From the data of Table 2, it is obvious that the compo-
sition of the precipitate approximates that of the double sulfite of uranium and ammonia described in reference [2].

For repurification, we used moist ammonium diuranate, the composition of which {s presented in Table 3,
Solution was carried out under optimal conditions: saturated (NHg)3S0; solution (concentration 320 g/liter at a

213,
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temperature of 80°C and ammonium.sulfiteto-uranium ratio 13.6 (T:L = 1:2). The insoluble restdue was filtered
off and the solution boiled for 5 hr, The precipitated crystals were washed twice with 10% (NH,)3SOy solution, dried
and heated to 800-900°C for the purpose of producing uranium oxides,

TABLE 3, Effectiveness of Ammonium Sulfite Method for Diuranate Purification = .

| Content, wt. % ' ,
Product G| Fe | Mn | cw | ar | P [ ca | ©Co |- As Hg0
Initial ammo- .
. nium diura- . ’ ’ . .
nate. . . .. 36,0 | 11,2 | 0,15 0,06 | 1,4 {0,34] 0,46 10,006 03 | 61
Uranium ox- - - ) ) '
ides. .. .. 83,3 0,045 0,006 0,01 0,01 | 0,02 0,1 < 0,0001 0,1 ’ —

As is evident from Table 3, oxides are obtained which contain an insignificant quantity of impurities as a re-
sult of the ammonium sulfite method,
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QUANTITATIVE SPECTRAL ANALYSIS OF THE ISOTOPIC
COMPOSITION OF BORON '

B, V. L'vov and V, I. Mosichev

. Translated from Atomnaya ﬁne‘rgiya. Vol. 10, No, 3, pp. 279-281, March, 1961
Original article submitted August 3, 1960

The most prevalent method of determining the isotopic composition of boron is the mass-spectrometric method
[1-5]. However, because of its complexity and relatively low output, it is hardly possible to consider this method for
bulk analysis, Activation methods for the determination of the isotopic composition of boron are experimentally
complicated and require the presence of neutron sources {6, 7}, Analysis for isotopic composition of boron by infra-
red absorption spectroscopy of BFg [8] is limited by the need for converting the sample to BF;. The determination
of boron isotopic composition by analysis of the atomic emission spectrum requires the use of special sources for
spectral excitation and very complicated interferometric apparatus,since the isotopic shift in the boron atomic spec-
trum is very small {9]. '

This paper proposes the determination of the isotopic composition of boron by means of the electron-vibra-
tional emission spectra from the BO molecule in which the isotopic displacement is sufficiently great and can be
resolved by the usual spectral apparatus, We observed the BO spectrum by vaporizatfon of many boron-containing
compounds (elemental boron, boron oxide, boron carbide, metallic borides) in a carbon arc burning in air, In view
of the lack of other boron compounds enriched in B!°, development of the quantitative method was carried out on
samples of amorphous, elemental boron with an active material content of ~85 wtJ. '

The discharge proved to be unstable for vaporization of powdered boron samples in an alternating current arc.
In addition, sputtering of the sample was observed, as a result of which a weak BO spectrum was produced, Change
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in electrode shape and material did not give noticeable improvement in results, Nor did the introduction of KCl,
KNGOy, and NaCl lead to an increase in intensity of the BO spectrum. Only the use of a direct current arc as an ex-
citation source permitted the production of sufficiently intense spectra. It should be noted that a change in arc
current, within the range 4-25 amp, and the use of an oxygen jet did not give a noticeable change in spectral in-
tensities,although the speed of sample burning was thereby increased,

Fig. 1. Spectrum of a portion of the 0-1 band of BO in a direct current arc: 1) 19.2
at% B 2) 51.2% BY; 3) 83.8% B%; 4) Fe.

A 7 mg analyzed sample of boron was put in a

ﬁUl . 8™ B”= channel in a carbon electrode and vaporized in a direct
’ : current arc with a 9-10 amp current and 3 mm separa-
20— . tion, Depth of the channel was 3 mm, diameter was
260 5 B 2.5 mm, The upper portion of the electrode was ground
§ , _ down to a 4 mm diameter, The opposing electrode was
. \ ground to a cone, The material-containing electrode
fj,ﬂ 7 \ l 57 was the anode. The BO spectra were photographed in
230 fA I A ) the 2400-2500 A region with a KS-55 spectrograph having
g e I / L \ J V \‘\/ quartz optics and a 7 p slit width, using 90 sec exposures.
W MR - \J For conversion from density to intensity, the iron spec-
8 10 —— v trum was photographed through a nine-step filter. The
\ : _photographic materials used were "spectral® plates [type
0 01 02 03 04 05 06 07 08 09 10 1imm 1I sensitivity, 16 GOST (All-Union State Standard) units],
Fig, 2, Photomicrograms of B! and BY analytical lines “The spectrum associated with the BO molecule is
for samples with B!Y content (at) of 83,3, 51.2, and seen in the 2000-8500 A region and has two band sys-
19.2, tems; o -band (Azn—xzz transition) in the 3100-8500 A \

region, and the B8-band (B%z—:25 transition) in the 2000-
3600 A region [10, 11], Examination of the B-band showed that the 0-1 BO band with bands heads for B0 at 243710
A and for B0 at 2440,71 A was the most suitable for analysis, Utilization of the heads of this band for analysis was
impossible because of the superposition of the rotational structure of the B0 band on the band head of the B!°0 band.
Therefore, we investigated the structure of these bands and, as a result,chose two lines lying close together which were
free of superpositions with wavelengths of 2460,59 A for B0 and 2460.81 A for B0 (Fig. 1). The dispersion of the
KS-55 spectrograph in the 2460 A region is about 2,4 A/mm,which proved to be completely sufficient for the resolu-
tion of the two chosen lines, In Fig, 2, there are shown photomicrogramsof the analytical B™0 2460,59 A and B0
2460,81 A lines which represent the result of photometric evaluation of the spectra from samples with different iso-
topic compositions,

A conslderable background was observed in the region of the selected lines; therefore,the determination of the
line intensities for B0 at 2460,59 A and for B0 at 2460.81 A was carried out with regard for the background. To
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this end, the background density to the right and left of the lines and between the lines was measwred, The back-
ground densitles were converted to intensity, and for each line the average background intensity was calculated and
then subtracted from the total line intensity, Background intensity depends strongly on the spectrograph slit width,

- With a 7 p slit width, high resolution was achieved for the chosen lines without loss of spectral intensity, In the
situation where the spectrograph slit was more than 7 #, a sharp increase in the background was seen, and line in-
tensities were considerably reduced for exposures of spectra with less than a 7 y slit,

Derisity of the analytical lines and background was measured on a MF-4 microphotometer using a scale of
adjusted densities, For the conversion from density to Intensity, a characteristic curve was constructed in a W —log I
coordinate system, In the density range —1,0 to 1,0, the function W = f(log I) corresponded to a straight line with
slope ~2 for the photographic plates used and the selected developing conditions (D-11 developer, developing time
6 min at 19°C). The linearity of the characteristic curve and its large slope allowed a reduction of the error arising
from the conversfon of photometry data-to line intensity. For speeding up-the calculations, one can use table§ which
relate the values of adjusted density to line {ntensity, depending on the slope' of the characteristic cUrve.

TABLE 1, Dependence of Line Intensity Ratfos on TABLE 2, Reproducibility of Experimental Resullts
Isotopic Concentration Ratios for Given B Content
Sample I pug /T gtog - Cp11/Cguo ‘| Sample Cpw,at. %| o ,at.%| opel, at.%
sl ot Blo/" B /B mmber - | P abs’
1 4,18 4,24 1 19,5 0,63 3,2
2 1,81 1,85 2 35,6 1,80 5,0
~3 0,94 0,95 §] 51,5 1,50 3,0
4 0,49 ' 0,49 4 67,2 " 1,60 4,9
5 0,24 0,20 5 80,8 0,99 9,1

Table 1 glves a comparison of the average values of the intensity ratios, » which were obtained

Tptto/ Ty
from. 50 measurements on ten plates for each elemental boron sample, with the isotopic concentration ratios
CBu/ CBm. The isotopic composition of the final samples was determined by the mass-spectrometric method; av-
erage samples were prepared by mixing the last samples in various proportions, As can be seen from the table, for
the first four samples a sufficiently good agreement of the B™ and B* concentration ratios with the ratlos of the B!t
and BY line intensities at 2460,59 A and 2460,81 A is observed , This shows that, in the range of B'® concentrations
from 19,2 to 67.2 at%, an uncalibrated determination of the isotopic composition of boron is possible; that is, the
relation

Jo _ Cpn (1)

1 Bl Cnm )

is valid for that range. 'A preliminary callbration or the introduction of the corresponding correction is necessary
for higher B! content, Deviation of the line intensity ratios from concentration ratios for high B!® content is ex-
plained, it appears, by an insufficiently accurate calculation of the background around the B0 line. Unfortunately,
we were unable to choose a method for calculating background which was valid for all ranges of boron concentra-
tion ratios, However, in a comparatively smail interval of concentrations of one of the isotopes (10-15 atJ), it is
always possible to select a method for background calculation such that Eq. (1) remains valid,

Table 2 presents data on the spectrail determination of B! content and alsovth_e absolute ( 0 41,5) and relative

(o) standard deviation of an individual measurement (for the isotope of lower concentration), characterizing the
reproducibility of the 'experimental results, Each value is an average of 50 determinations on 10 plates. B!® content
was calculated according to Eq, (1) taking account of the average background, It should noted that for a quadruple
determination of isotopic composition, the measurement error is correspondingly reduced by a factor of two; that is,
it amounts to + 2% on the average, ' .

The virtues of the method appear to be fts slmpllcity and its satisfactorily high capacity. In 6 hr, two operators
can analyze ten samples, making quadruple exposures of the spectra,
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"~ The method developed is applicable, in prmciple. to the determination of the lsotopxc content of various solid

boron compounds,

.

10,
11,
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NEWS OF SCIENCE AND TECHNOLOGY

- IX SESSION OF THE LEARNED COUNCIL OF THE JOINT
INSTITUTE FOR NUCLE AR STUDIES

V. Biryukov _
Translated from Atomnaya Energiya. Vol. 10, No, 3, pp. 282-303, March, 1961

The regular IX sesstion of the Learned Council of the Joint Institute for Nuclear Studies at Dubna was held
November 21-24, 1960, The Learned Council heard reports from laboratoty directors, vice directors, and the ad-
ministrative director of the Institute, reviewed smentlfic and financial plans projected for 1961, and d1scussed plans
involving additional construction activities,

The Director of the High-Energy Laboratories, Academician V, I, Veksler, gave a report on the balance of
work during 1960, In line with the decision of the Council and the Laboratory, much work was accomplished in in-
creasing the operating time of the synchrophasotron (the Dubna proton synchrotron) and improving its operating sta-
bility, The intensity of the charged-particle beamn was increased to 101°_ protons per pulse. A number of high-energy
facilities and shielding devices were designed to improve the reliability of the accelerator supplies system perform-
ance, and were put into effect. Instruments and circuits worked out to stabilize beam intensity at a desired level,
to stabilize pulse length, etc,, were of enormous importance in this regard, Accelerator improvements also included
work along the line of ifnproved target systems. A new linear accelerator- -type injector unit was designed and fab-

- ricated, and {s presently being run through preliminary tests, Extensive work on new techniques were comple_ted in
the Laboratory during the year 1960, The Drafting Bureau of the Institute and the Laboratory staff developed an

~arrangement for automatic processing of plates of particle tracks in particle-recording chambers, This arrangement
is designed to fit into the Kiev computer system installed in the Theoretical Physics Laboratory, A report was given
at the VIII session of the Learned Council on the start-up of a new type of electron accelerator, the ring phasotron
[a synchrocylotron, cf, JAE 9, No, 2, p. 146 (1960)* ], The possibilities opened up by the use of a novel accelerator
of this type are now being probed experimentally, The audience listened with intense interest to a report of work
now in progress for designing channels producing monoenergetic beams of fast particles,

The results of basic research experiments carried out on the Dubna proton synchrotron during 1960 were re-
ported on at the Rochester (USA) Conference on High<Energy Physics held during tate August, 1960 [cf, JAE 10, No., 1,
p. 80 (1961)* ). Some of the findings had already been made public at the VIII sessfon of the Learned Council of the
Dubna Institute, One of the fmportant conclusions was obtained in a series of experiments probing nucleon structure,
The study of angular distributions of particles in inelastic pion-nucleon and nucleon-nucleon collisions showed that
the distribution of nucleons in the center-of-mass system is strongly anisotropic, independently of the multiplicity
of pion generation, the maximum corresponding to the initial direction of motion of the nucleons. Some interesting
and unexpected results were disclosed in a study of angular distribution of particles in the formation of A® and z-
hyperons. The distribution of these particles in the high-energy regions is similar to the aforementioned nucleon
distribution, in contrast to the almost isotropic distribution at the threshold of hyperon production. An analysis of

"the data obtained provided ground for the inference that particles carrying a baryonic charge are formed in peri-
pheral collisions at high energy ranges.

Several research projects completed at the High-Energy Laboratory were devoted to the study of elastic nuc-
leon~nucleon scattering, and nucleon interactions with fast K-mesons, Xenon and propane bubble chambers were
used to study longitudinal polarization of A%-particles generated in the course of interactions between pions and
nucleons at energies of 7.8 and 3 Bev, These experiments were carried out with the object of testing conservation
of parity in the production of strange particles. The results obtained apparently attest to the presence of polariza-
tion, but are still not sufficiently reliable to justify unambiguous conclusions,

The 1961 schedule of scientific research at the High-Energy Laboratory envisages further investigation of the
problem of parity conservation in strong interactions, the processes of generation and decay of strange particles in
pion-nucleon encounters, correlation effects in the production of strange’ particles, the properties of KJ-mesons,
nucleon structure, etc, A project on weak interaction studies is also proposed, particularly an approach via

* Original Russian pagination., See C. B, translation,
2178

Declassified and Approved For Release 2013/03/04 : CIA-RDP10-02196R000600060002-1




"*’+]

Declassified and Approved For Release 2013/03/04 : _CIA-R_DP10-02196R0006OQO6000_2-1

investigations of regularities in K-decay, mass differences of K-mesons, and so forth The pmJected plan of tech-
nical research efforts {s also of quite large scope, -

The Director of the Nuclear Problems Laboratory, Dr. of Phys, Math, Scl. V. P. Dzhelepov, reported to the
Learned Council on the results of the most outstanding scientific research work accomplished on the synchrocyclotron
of the Laboratory during 1960, The work of this research team attracted sustained interest on the part of physicists
of various countries at the last Rochester conference,

In harmony with the research program required to determine the amplitude of nucieon-nucleon scattering at
650 Mev, Laboratory physicists undertook a complicated experiment devised to study triple scattering of protons by
protons in that energy range, determined the correlation of the normal components of polarization in proton~proton
interactions for the angle 90°, and came up with information of major importance on the contributions made by
various forces, The coefficient of spin correlation was also measured for angle 90° at a proton energy of 315 Mev,
These data were analyzed in common with data reported from Berkeley. A study of polarization effects in nucleon-
nucleon collisions is being pursued further, Results of a reduction of experimental data on elastic n-p scattering were
also presented at the Rochester Conference, with the idea of determining the constant of pion-nucleon interaction by »
means of a new method taking the two poles into account,

A portion of the important work of the Laboratory during 1956 has already been reported on, at the VIII session
of the Learned Council, There were results of nuclear photoemulsion studies on pion~pion interactions, work on
cerifying the strictness of conservation of isotopic spin in the reaction d+ d - 7'+ o, experimental data on angular
distribution of pions, and values of the production cross section of mesons by nucleons in a state of zero isotopic spin,
as well as results of measurements of the value of the Panovsky ratio, using a new technique.

The reporter dwelt in detail on investigations underway at the Laboratory into pressing current problems in the
field of weak interactions, Experiments devised to determine the constant of muon-nucleon coupling by studying the
processes of muon capture by nuclei are being carried on. Angular neutron distributions were measured in muon cap-
ture in calcium, to throw some light on a variant of muon-nucleon Interaction, Processing of the first data obtained
reveals that the contribution of a pseudoscalar variant to the effective interaction exceeds theoretical prediction by
a factor of two, These Investigations are being continued, In studying hyperfine structure (by measuring inpg - -
decay) due to spin coupling of a g-meson with the electron shell of atoms, it was demonstrated that this phenomenon
is observed in mesic atoms of the transition elements, the actinides, and the lanthanides, Interesting experiments
" were conducted during 1959-1960, in collaboration with the staff of the Institute of Theoretical and Experimental
Physics of the Academy of Sciences of the USSR, on radiationless transitions in heavy g -mesic atoms. Scintillation-
spectrometry was employed for this purpose to study the spectra of mesic x-ray photons emitted by p-mesic atoms .
in Pb and Bi {sotopes and in the nuclides TH%, U*®, and U*®, An analysis of the spectra revealed a hitherto unob~
served mechanism functioning in heavy y-mesic atoms and involving radiationless transitions where the energy of
transitions is imparted directly to the nucleus, Other research projects wbrthy of special note are the study of proc-
esses occurring in p -mesic atoms and p-mesic molecules, attempts to determine radiation corrections for the mag-
netic moment of the u -meson, determinations of direction of muon spin, etc,

The Laboratoty is also pursuing investigations of the spectra of nuclear radiations from neutron-deficient nuc-
lides formed by irradiation of heavy-atom targets by beams of particles shot from the synchrocyclotron. Experimen-
tal workers have seven beta-ray spectrometers of various types and categories of precision at their disposal for this
work; scintillation spectrometry techniques are in use, The spectra of several neutron-deficient isotope species were
studied during 1960, the existence of several new nuclides was.established, decay schemes were plotted and elaborated
for several nuclef, Several research institutes in the Soviet Union, plus institutes in Poland and Czechoslovakia,co-
operated in this phase of the work,

A portion of the Laboratory 's\taff is participating in experiments being carried out on the proton synchrotron.
A Wilson chamber placed in 2 magnetic field is being used to study the properties of K§-meson decay; the data ob-
tained in these experiments indicate the possibility of extending the selection rule AT = + } to processes of decay
where leptons take part,. Nuclear photoemulsion techniques are being used in continued research on the angular and
energy distributfons of secondary particles in p-p and p-n collisions in the energy neighborhood of 10 Bev.

Theoretical work accomplished during 1960 included an examination of the problem of extracting theoretical
information from experiments using neutrino beams of mesonic nature, carrying out an analysis of deuteron scatter-
ing of gamma photons, and scattering of gammas by more complex nuclei over a wide range of energies below the
meson production threshold, etc,
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_ A sizable amount of work was carried out at the Laboratory on improving the synchrocyclotron, and on develop-
ment of new accelerators, The prominent place is occupied by work related to the design of new experimental equip-
ment, A facility with a liquid-hydrogen and deuterfum bubble chamber in a magnetic field was successfully inaugur-. -
ated and put to work on a beam of plons; final adjustments are being completed on a 200-liter capacity propane
bubble chamber, and a 64-channel pulse-height analyzer and discharge-track chamber have been designed. Current
work is also directed at polarization targets and semiconductor particle detectors,

Member of the Board of Directors of the Theoretical Physics Laboratory N, N, Bogolyubov spoke on theoretical
research and studies in a wide variety of directions directly related to.experimental work. The staff of this Laboratory
are engaged in highly interesting work on dispersion relations and spectral representations, The fundamental work in
this direction was reported on at the conference on dispersion relations theory convened in May,1960 under Joint In-
stitute for Nuclear Studies auspicies [cf. JAE 9, No, 1, p. 71 (1960)* ], Development of various problems in quantum
field theory, the study of strong interactions, and the structure of nucleons were the subjects competing for prominent
places in the attention of the staff of theoretical physicists, Calculations related to experiments being conducted by
physicists on the Joint Institute’s accelerators are highly significant to experimental workers; these include caicula-
tions on proton synchrotron particle beams, the angular and energy distributions and beam intensities of antinucleons,
gamma quanta, neutrinos, and strange particles; calculations based on models of central and peripheral 7 N- and
NN-collisions, etc. Work on applications of the theory of the superfluid state of the nucleus to the study of various
problems {s also proceeding successfully, The reporter took note of some lines of work in which theoreticians colla-
borating with experimental workers have carried out an analysis of experimental accelerator data, These efforts in-
clude studies of interactions between T -mesons and nucleons with nucleons, processes involving mesic atoms and
mesic molecules, problems of parity conservation in strong interactions, and many others.

The work of the Theoretical Physics Laboratory was reported on at the Rochester conference on high energy
physics, and drew high praise from the international scientific community.,

N. N, Bogolyubov made a special point of the program of theoretical research on high-energy neutrino physics
carried out at the Theoretical Physics Laboratory and at the Nuclear Problems Laboratory, The Rochester conference
demonstrated that high-energy neutrino research is one of the most vital and promising problems in advanced physics. -

The successful development of the Joint Institute computing center {s proceeding apace in the Laboratory of
Theoretical Physics. The Laboratory obtained in 1960, in addition to the services of the Ural computer now being
“used, two new electronic computers, The Laboratory staff had introduced significant improvements into components
of the Kiev computer, enabling the machine to successfully solve specific problems encountered in processing ex-
perimental data. N, N. Bogolyubov reported that both of the new computers will go into service in early 1961, - In-
tense work is proceeding on building up a library of standard programs for those computers,

The Laboratory's research schedule for 1961 envisages tesearch efforts based on the outlines of the over-all pro-
gram followed by the Laboratory for the past several years,

The members of the Leamed Council heard a report-by the Director of the Neutron Physics Laboratory, Corres-
ponding Member.of the Academy of Sciences of the USSR I. M, Frank, on work aimed at the buflding of a pulsed’
‘nuclear reactor, on the main Laboratory buildings, and on the development of new physics and electronics equipment.
The Learned Council approved the Laboratory s 1961 work schedule and stressed the need for supplying the Laboratory
with new equipment,

The report by the Director of the Nuclear Reactions Laboratory, Corresponding Member of the Academy of
Sciences of the USSR G, N, Flerov, dealt with work on building accelerators for multiply charged ions, and on the
completion of major structural and assembly operations in the Laboratory. Among the major operations to be carried
out by the Laboratory during 1961, the Learned Council noted experiments on the synthesis of rew transuranium ele-
ments, and the development of new equipment and new express techniques for isolation of transuranium elements.

The Vice-Director of the Institute, Prof. Wang Hang-Chang, spoke on the development of -international ties,
Heé reported that institutes in Bulgaria, Hungary, East Germany, China, Poland, Rumania, and Czechoslovakia partici-
pated In the scientific research carried out with the aid of nuclear emulsions irradiated in the proton synchrotron
during 1960, Coordination of this work, generalization of the results of scientific investigations, and irradiation of
the emulsions were carried out by a special committee headed by Prof, V, Petrzhilka, In July,1960, the committee
undertook for the first time to draw up a balance sheet of the research using nuclear photoemulsions which has been
conducted by the member nations of the Joint Institute, and made a selection of the most outstanding work for

* Original Russian pagination, See C, B, translation,
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presentation to the Rochester conference, while introducing further refinements in the research agenda, Collaboration
in bubble chamber research work fs also being developed. The first batch of several thousand plates taken on the
propane chamber in a pion beam at 7 Bev was sent to Warsaw, Budapest, Berlin, and Bucharest, Collaborative work
-will soon be initlated on processing plates obtained with the xenon bubble chamber, A committee on collaborative
efforts in bubble chamber techniques was authorized under the chairmanship of the Vice-Director of the High—Energy
‘Laboratory 1, V., Chuvilo, Irradiation of preparations on the synchrocyclotron is bemg continued for purposes of radio-
chemical and spectroscopm research underway In Poland and Czechoslovakia,

In addition to those conferences already referred to, the Dubna Joint Institute for Nuclear Studies was also
host to the III Conference on the Nuclear Spectroscopy of Neutron-Deficient Isotopes, and the conference on prob-
lems of cyclotron design for acceleration of multiply charged ions, The 1961 agenda calls for conferences on bubble
chamber research, on automation of processing of nuclear emulsions data and plates of chamber tracks, conferences
on weak interactions, on nuclear spectroscopy, slow neutrons, and on the theory of dispersion relations, the structure
of elementary particles, and properties of strange particles, '

Many members of the Joint Institute staff have completed trips to member nations of the Institute for the pur-
pose of participation in gatherings and seminars, reading of lectures, exchanges of experience, and other activities.
Members of the Institute took part in the conferences on high-energy physics which met at Rochester and Weimar,
in the conference on the uses of isotopes in physics and industry at Copenhagen, in a symposium on chemical effects
in nuclear transformations in Prague, in a symposium on inelastic interactions in Vienna, Several theoretical physicists
and experimental physicists attached to the Institute staff spent several months in work at GERN, in the UAR, and at

_the Institute of Theoretical Physics in Copenhagen,

The Vice-Director of the Joint Institute, Prof, £, Dzhakov, spoke on the work of sclentific colleagues from
member nations of the Institute (aside from the USSR). The number of these colleagues has increased considerably
during the past year, Furthermore, many colleagues arrived for short stays with the object of acquainting themselves
with particular problems and experimental facilities, At present, there are guest colleagues from the various mem-
ber nations of the Joint Institute participating in almost all of the scientific rescarch teams and drafting bureaus
where new equipment is being devised, They are playing an active part in the investigations being caried out at the
Institute, and are making a significant contribution to the Institute’s activitles,

The Learned Council also reviewed the budget and personnel situation, and building plans for the Joint Institute
. for 1961, the status of groups working on rival projects, and confirmed the new staffs of subsidiary bodies admmister-
ing the various laboratories under the Institute,

. Panel sessions were hold for topics in low-energy nuclear physics during the course of the IX session of the
Learned Council, Reports were delivered at these sessions on the results of 1960 conferences, such as the Dresden
workshop on reactor physics and reactor engineering, the Balaton colloquium on problems of low-energy nuclear
physics, and the nuclear spectroscopy workshop convened at Dubna, The panel noted the fruitful labor of these con-
ferences and the great interest manifested in them by many research institutes attached to the Dubna Joint Institute.
The Chairman of the low-energy nuclear physics section, Corresponding Member of the Academy of Sciences of the
USSR L. M. Frank, reported on the projected work plans for the section, The section adopted a resolutfon to hold
workshops for an exchange of experience in cyclotron operation and cyclotron research (scheduled for Krakow, April-
May,1961), on scientific research topics to be pursued with the aid of the accelerator for multfply charged ions (at
Dubna, May,1961), on nuclear spectroscopy of neutron-deficient nuclei (Dubna, June,1961), on physical research
using slow neutrons (Dubna, October,1961), and on problems related to sources of polarized ion beams and polarized
targets (Dubna, early 1962), The plan for collaborative research efforts involving the Dubna Institute and research
institutes of the member nations, in the field of low-energy physics, calls for work on the spectroscopy of neutron-
deficient nuclides, the study of photoelectric phenomena, the investigation of solfds and fluids by cold neutron scatter-
ing techniques, development of an ironless beta-ray spectrometer and common work in the development of new radio

~and electronics equipment.
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CONFERENCE_ ON REPRESENTATIVES OF 12 GOVERNMENTS

V. Biryukov
Translated from Atomnaya ﬁnerglya, Vol. 10, No, 3, p. 285, March, 1961

The regularly scheduled session of the Committee of Authorized Representatives of member governments of
the Joint Institute for Nuclear Studies was held on November 25-26, 1960, at Dubna,

The main report was made by the Director of the Joint Institute for Nuclear Studies, Corresponding Member
of the Academy of Sciences of the USSR D, L Blokhintsev, who drew up a balance sheet of the Institute's work over
the period 1956-1960, and outlined the plan of development of the Institute projected for the fncoming five -year
~ period, The committee took note of the successful completion of the plan of development and of the scientific
research work conducted by the various laboratories of the Institute during 1960, and approved the work schedule for
1961 which had previously been accepted by the Learned Council, The resolution stressed the notable assistance
rendered by the USSR, as well as by Poland, Czechoslovakia, and the German Democratic Republic,in the construc-
tion and equipment of both new and old laboratories at the Institute, The committee took special note of the im-

* portant achievements scored in the development of ties between the Joint Institute and scientific Instititutions in
various countries, and made a recommendation to broaden the practice of sending colleagues on leave to Institutes
in various countries to promote exchanges of experience and joint research efforts,

A perspective plan of development for the Institute covering the incoming 1961-1965 period was presented by
the Board of Directors and duly approved. This plan envisages maintenance of the fundamental direction of activity
already pursued by the Institute: fundamental research in the field of elementary particle physics (the structure of
particles, primarily of nucleons, study of the laws of particle production and interaction) and the physics of the atomic
nucleus, The most fmportant work called upon to bring to fruition a development program in physical research of
such depth and scope is that of stepping up the intensity of beams of accelerated particles in the Institute’s major

facilities, the synchrocyclotron and proton synchrotron machines, and also further development of automated proc-
essing of experimental material.

On the basis of a report made by the Administrative Director of the Institute, V. N, Sergienko, the committee
adopted a resolution approving the 1960 financial report, the 1961 financial plan, and the construction and personnel~
staff plans of the Institute, '

The terms of the incumbent Vice-Directors of the Institute having reached their end, new elections were held,
Elected Vice-Directors of the Joint Institute for the incoming period were: Prof. Heinz Barwich, Director of the Cen-
tral Nuclear Research Institute of the German Democratic Republic, and ACorresponding Member of the Rumanian
Academy of Sciences Tudor Tanasescu, '

SYMPOSIUM ON INELASTIC NEUTRON SCATTERING
IN ' SOLIDS AND FLUIDS

M, G. Zemlyanov
Translated from Atomnaya ﬁnergiya. Vol, 10, No. 3, pp. 285-287, March, 1961

An intemational symposium on inelastic scattering of slow neutrons fn solids and fluids convened in Vienna
in October, 1960, The symposium was attended by about 120 scientists from 24 countries and two international
scientific bodies, viz.,Euratom and the Dubna Joint Institute for Nuclear Studies. Fifty papers were delivered to
the gathering, ‘

<
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Al of the papers presented to the symposium may be grouped under four general headings: 1) theoretical ques-
tions in inelastic interaction between slow neutrons and both magnetic and nonmagnetic substances; 2) research on
processes of neutron slowing-down to low energies (neutron thermalization); 3) work on neutron spectrometric tech-
nique applicable to experiments on inelastic scattering of slow neutrons; 4) results of experimental investigations
in inelastic neutron scattering in solids and fluids.

The maJor attention in the theoretical papers was devoted to the further development of the general method
[suggested by Van Hove, Phys, Rev, 95, 249 (1954)] of interpretation of slow neutron scattering data referable to
solid and fluid scatterers, In terms of p palr space-time correlation functions, Thi$ method, distinguished by great
generality of approach, is comparatively new, and has undergone intensive development during the past years,

A paper presented by P, Egelstaff (Britain), entitied "Theoretical justification for the low of thermal neutron
scattering,” demonstrated that this method can be used to extract lnformation on the distribution function of fre-
quencies from data on slow neutron scattering by polycrystalline specimens of coherently scattering substances, Of
particular interest are the papers first to appear on the subject of correlative functions of the effect of the finite 1lifc-
time of phonons and magnons on neutron scattering, based on the same method (R, Elliot et al,, Britain),

In addition, several papers were presented which had no direct relation to correlation functions and instead
developed some "old-fashioned®” theoretical concepts. For example, the reports by W, Marshall (Britain) and R,
Stewart (USA) analyzed the possibility of interpreting ctoss sections for noncoherent scattering and coherent scattering
within the framework of the Debye model, with specially assigned parameters dependent on the temperature of the
scatterer, It was demonstrated, in a paper submitted by L, V, Tarasov (USSR), that the cross section for noncoherent
scattering is proportional, within the accuracy of some thermal factor, to the frequency distribution fiinction, in the
case of an isotropic scatterer (poiycrystal) of arbitrary symmetry (one atom per unit cell),

In the reports devoted to thermalization of neutrons, the brunt of the attention was given to studies of thermal-
ization in intensely cooled hydrogen-containing media, These investigations provided some idea of the dynamics
of the media at low temperatures, on the one hand, and on the other hand showed the possibilities of obtaining in~
tense fluxes of cold neutrons, At the present time, two possibilities of increasing the intensity of cold neutrons have
been determined: lowering the temperature of the neutron gas in a small volume of reactor moderator, and building
a special-purpose nuclear reactor with an intensely cooled moderator (L, Borst, USA)..

‘The neutron spectrometry methods used in experiments on inelastic scattering differ both in the technique used
to produce monoenergetic beams of incident neutrons and in the technique used for measuring the energy of the
scattered neutrons, At the present time, the following methods of neutron spectrometry are the ones in most common
use: ' ' :

. Separation of primary neutrons : Stt-ldy'of scattered neutrons

Polycrystalline filter : Mechanical time-of-flight
' ‘ » ' chopper (1)

Crystal monochromator : Crystal spectrometer (2)

Rotating single crystal ’ Time of flight (3)

Crystal monochromator Polycrystalline filter (4)

Multirotor mechanical beam chopper Time of flight (5)

Linear electron accelerator Time of flight (6)

N

Method (1) is in use at Brookhaven (USA) and in Stockholm; it provides maximurh transmission compared to
rival techniques, However, the accuracy of the end results is restricted to a considerable degree by the large spread
- in the primary line of the incident neutrons. Moreover, when this method is used the range of energy measurements
of the incident neutrons is narrowed down., Method (2) is the one used at Chalk River (Canada); good resolution may
be had with this method, but transmission is poor, The use of a single crystal to separate_out the primary line makes
it possible to vary the energy of the incident neutrons over arather wide range, thus making much more complete in-
formation available on the dynamics of the material, Method (3) is employed at Chalk River and at Warsaw; the
method of a rotating crystal serves to define the monochromatic line of primary neutrons, to vary their energies over
a wide range, and to facilitate investigations of the energy distribution of the scattered neutrons at several angles . .
simultaneously, Method (4) is being used in Canada (at Chalk River) and in West Germany. It is used to study large
energy transfers in inelastic scattering; the transmission obtained is sufficient for carrying on in-pile experiments
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with a neutron flux of ~10" neutrons/cm® +sec, Method (5) 1s used at Chalk River, Harwell, and Idaho Falls (USA).

~ The use of multirotor (two-rotor, three-rotor, and four-rotor) mechanical choppers makes it possible to define a narrow
monochromatic line of incident neutrons, to vary the energies of primary neutrons over a wide fange, to materially
reduce the background contributed by admixtures of fast neutrons in' the incident beam, and to effect investigations
of the energy distribution of neutrons scattered at different angles, simultaneously, Method (6) is the one used in
California, Researches will be soon initiated on inelastic scattering of neutrons, using the Harwell linear electron
accelerator, The papers delivered made it clear that a linear eléctron accelerator (without a subcritical target)
possesses the same advantages as a thermal reactor with respect to neutron intensity. 'In addition, an accelerator has
some advantages over reactors, for example the lower background of fast neutrons, greater opportunities for the use
of cryogenic techniques in producing cold neutrons, lower level of activation of the equipment used, and others. Use
of a subcritical target increases the neutron flux almost 10 timnes,

The symposium heard experimental results of a study of inelastic neutron scattering on several solids: aluminum,
vanadium, graphite, zirconium hydride, lithtum hydride, sodium hydride, palladium hydride, iron, silicon, and lead.
A paper by P. Egelstaff and S. Cocking (Britain and Canada) on scattering by graphite, which is a predominantly co-
herent scatterer, showed how information on the distribition function of frequencies can be extracted as in the case
of experimental data referable to a polycrystalline specimen, The distribution function obtained for graphite agrees
_ with the results of theoretical calculations by Boldok., It was demonstrated, in a paper by S, Thurberfield and P, -
Egelstaff (Britain) based on preliminary data, that a change in the temperature of a vanadium specimen results in a
modification of the frequency spectrum and effective Debye temperature,

“Experimental researches on the dynamics of the 1iquid state of matter dealt in the main with water. The pres-
ence of a peak at ~0.06 ev energy was definitively established in the inelastic neutron scattering spectrum. The
peak is due to decelerated rotation of the H,0 molecule as a whole in the potential field of neighboring molecules,
The width of this peak is sliglitly larger than previously supposed. An appreciable broadening of the primary line
of incident neutrons is observed for elastically scattered cold neutrons. This broadening may provide some idea of
the nature of diffusion flow of H;O molecules, Investigations of the dynamics of 1iquid helium involving the use of
inelastic neutron scattering were discussed in a review papér on the existing literature in the field (H, Palevsky, USA,
*Cold neutron scattering experiments 1n liquid helium.?)

The proceedings of the symposium will be published by the International Atomic Energy Agency during the
first half of 1961,

- SYMPOSIUM ON PHYSICS RESEARCH WITH PILE-PRODUCED NEUTRONS

A, M., Derﬁidov ] _
Translated from Atomnaya ﬁnergiya, Vol, 10, No. 3, pp. 287-288, March, 1961 -

A symposium on this topic, organized by the International Atomic Energy Agency, met in October,1960 in

. Vienna, Reviews of research programs carried out at reactor centers in various countries were presented along with
papers discussing techniques and findings of individual researches, Fifty-five reports were presented in all, includ-
ing 7 reports by the Soviet delegates. About 150 persons were .in attendance. The major questions discussed at the
symposium were problems in nuclear physics, solid state. physics, and physics of fluids,

: Review papers were devoted to physical research on the NRU and NRX (Chalk River) reactors, the CP-5 (ANL,
" USA), the MTR (Idaho, USA), the ORNL reactor (USA), the LPTR reactors(Livermore, USA), the EL-2 and EL-3 (at
Saclay, France), the FRM (West Germany), the JRR-1 (Japan), PT (Institute of Physics, Rumania), the EWA (Poland),
BR-1 (Belgium), JEEP (Norway), and others, In addition to the review papers, separate individual papers were pre-
sented on some aspects of reactor research, including physical experiments using the OWR (Los Alamos, USA), MITR
(Massachusetts, USA), DIDO and BEPO (Harwell, Britain), L-54 (Frankfort-am Main West Germany), VVRSzH (Hun-
gary), IRT AN SSSR (USSR). and other reactors in the USSR. .
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A special session was devoted to the use of pulsed reactors for physical research and for comparing them to
pulsed accelerators used as neutron sources, As a rule, data was reported on neutron flux levels in the reactor core,
and -experiméntal holes were discussed. A central place in the reports was occupied by descriptions of new techniques
and instruments. Results of measurements were reported only as an illustration of the performance of the instruments.

Solid state physics and fluid physics research on reactoi:s are being pursuéd in the direction of inelastic neutron
scattering studies and slow neutron diffraction studies. Problems concerning inelastic scattering of neutrons in solids
and fluids were discussed in a symposium in October,1960 (see previous article this fssue). Reports on this topic
were dealt with only briefly in review papers presented at this symposium, :

Several reports on neutron spectrometers and experimental facilities were also presented. A paper by B.
Jacquerot "Neutron cooling and a facility for production of cold neutrons” provided a description of a cryogenic
~ arrangement built into the Saclay EL-3 heavy-water reactor; this arrangement was designed to produce intense fluxes
of cold neutrons, A report by P, Egelstaff discussed a four-rotor neutron beam chopper which proved far superior to
the one-rotor type in shaping a neutron pulse, greatly reducing background due to fast neutrons, and broadeningthe range
of available neutron energies. Data on various types of crystal spectrometers were given in many of the papers; The
spectrometers discussed were designéd for single crystals and double crystals, rotating crystal, bent quartz, and beryl-
lium crystals, ’ ' '

Neutron diffraction studies of the crystalline, and especially of the magnetic, structure of solids were the sub-
ject of a number of papers (G. Cable et al,, USA, J, Hastings, USA, A, Erpen, France; V. N. Bykov et al,, USSR;
B. Brockhouse et al., Canada; J, Haaldkop, Netherlands; K, Blinowski, Poland), These reports provided a wealth of
fresh data on the position and arrangement of light atoms in crystals, on the magnetic structure of salts, metals, and
alloys. Hastings' paper briefly discussed the question of the use of polarized neutrons to probe magnetic structures,

Several current problems in nuclear physics found reflection in the symposium: decay of polarized neutrons,
measurement qf capture cross sections, neutron scattering and fission cross sections, study of the characteristics of
neutron resonances, studies on the nucléar fission process (including aligned nuclei), measurement of neutron flux
levels, study of gamma-ray spectra appearing in the capture of thermal and resonance neutrons, and fission neutrons.

Research on the decay of polarized neutrons has been underway for sometime now at the CP-5 reactor at
Argdnne National Laboratory, Cobalt mirrors are used to polarize the neutrons, The accuracy achievable in deter-
mining degree of polarization of the neutrons was recently increased to 95 + 59,, Similar research is underway at
the Chalk River NRU reactor, In this case, neutrons are polarized by means of a Co-Fe alloy crystal, The degree
of polarization is 93%. Data obtained on correlations between direction of electron flight and direction of neutron
spin displayed close agreement with the CP-5 reactor data, and were in harmony with the assumption as to V—A-
coupling with the ratio of coefficients CA/Cy =-1.20 + 0,12,

At Brookhaven and Oak Ridge national laboratories, efforts are underway to improve neutron effective cross
section (op) data in the region of thermal energies for Bm, v, Uzaq' p?? and several other nuclides, as well as
fission cross sections for U°** and U2, In particular, values op=695¢ 2 barns (Brookhaven) and o, = 693 + 5 barns
(Oak Ridge) were reported for %% at a neutron velocity of 2200 meters/sec, Values reported for U?* also include
of = 591 + 6 barns (Brookhaven) and o § = 587 + 6 bams (at the BR-1 reactor, Mol, Belgium).

A large number of gamma-ray spectrometers boasting 0,01-0,05% resolution have been built during the past
few years for studies of gamma-ray spectra obtained in thermal neutron capture, Reports on Magnetic Compton
spectrometers used at the OWR reactor at Los Alamos and the Soviet IRT reactor were delivered to the symposium,
which also heard papers on two-crystal diffraction gamma-ray spectrometers (Chalk River) a bent-crystal spectro-
meter with Cauchois geometry (LPTR and MITR reactors, USA) and Du Mond geometry (CP-5 reactor, USA, and
FRM reactor, West Germany), y —y angular and time correlations are being investigated at a large number of reactors.
Circular polarization of gammas in the capture of polarized thermal neutrons is being studied in Canada and Norway,
A description of two spectrometers designed for analyzing internal conversion electrons resulting from thermal neutron
capture was presented to the symposium, One of them is being operated at the IRT reactor and the second is slated
to be in operation at the FRM (West German) reactor by the end of 1960. Two facilities have been set up at the CP-5
‘reactor for measuring gamma-ray spectra resulting from resonance neutron capture. In one case, monochromatiza-
tion of neutrons is brought about with a fast beam chopper, and in another case by the method of reflection from a
beryllium crystal,
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On the basis of the symposium materials and ensuing discussions, the opinion took shape that the basic trends
in reactor physical research for the next period will be investigations of inelastic scattering of slow and cold neutrons
in solids.and liquids, neutron diffracuon. especially diffraction on magnetic structures, and gamma-ray spectra re-
sulting from capture of thermal neutrons and Tesonance neutrons,

‘The symposium materials will be made available in publlshed form by the International Atomic Energy Agency
in early 1961, :

INTERNATIONAL COLLOQUIUM ON RADIOACTIVE ISOTOPE
APPLICATIONS IN CONSTRUCTION
Translated from Atomnaya Energiya Vol, 10, No, 3, pp. 289~ 290 March, 1961

An international colloquium on applications of radioactive isotopes in construction work was heid at Leipzig
(German Democratic Republic) in September,1960, Scientists and specialists from Bulgaria, Britain, Hungary, the
German Democratic Republic [East Germany], Poland, USSR, and the German Federated Republic [West Germany]
took part in the colloquium, The total attendance was about 300,

The colloqulum was organized by the Leipzig construction trades school, The task of the colloquium, as de-
fined by the reactor, Prof, Stelgef, in his introductory remarks, consisted in strengthening international collaboration
between scientists working in the field of peaceful uses of atomic energy, and in the exchange of scientific and tech-
nical experience in isotope apphcations in the construction field, :

The lions share of the reports presented to the colloquium dealt with tracer applications in quality control of
concrete and concrete mixes and reinforced concrete products, ‘Reports by Pohl (Leipzig construction trades school),
Honig (Institute of Concrete Constructions, Brno, Czechoslovakia), and Ferristor (Britain) shed light on probiems in-
volved in the use of soft scattered gamma radiatfon (0,5 Mev) for gamma radiography of reinforced concrete products.
This method is used for quality control of the products and to determine the position of reinforcement rods in concrete
btocks by nondestructive means, Stereoscopic gamma radiography using two advantageously placed sources of radia-
tion gives a greater definition and better localizing of reinforcements or flaws, The use of gamma radiographic tech-
niques is greatly simplified in practice by exposure nomograms cornpiled for different concrete mixes, with photo-
graphic film sensitivity and activity of the radiation source (Co®, Cs'37, and 11®) taken into account.

Employment of radioactive tracers to determine the quality of concrete batches was discussed in reports by
Menkhoff (Institute of construction machinery and building production, Aachen, Gernman Federated Republic), Galam-
bos (Hungarian research institute of architecture and excavations, Budapest), Jurenka (Research institute for building
materials, Prague), and Bundarski (Construction institute, Warsaw), These papers discussed determination of concrete
density and quality control by means of both scattered and direct gamma radiations, A portable radiometric equip-
ment employing scintillation counters was designed for this purpose, aiding'in quality control of concrete products
under production conditions, Bundarski reported on comprehensive applications of radiometric and ultrasonic tech-
niques in quality control of reinforced concrete products (this paper was co-authored by colleagues Ya, N, Basin and
R. A. Makarov of the USSR Academy of Construction and Architecture). The paper submitted by Jurenka dealt with
the state of research and development progress in equipment for humidity measurements of concrete mixes and com-
ponents, in addition to momtorlng of concrete density. The equipment developed will make it possible to determine

* ' molsture content (hydrogen content) of concrete mixes in terms of the flux density of slow neutrons released as the

concrete mixture slows down fast neutrons,

A paper sumitted by Stein (Advanced transportation school, Dresden, German Democratic Republic) discussed

- a large variety of modifications of instruments designed to determine the density and moisture content of soils under
both field 'and laboratory conditions, The instruments determine density and moisture content of soils in terms of the
Intensity of absorption of direct and reflected gamma radiations as they pass through the soil specimen,

286

Declassified and Approved For Release 2013/03/04 : CIA-RDP10-02196R000600060002-1

i




Declassified and Approved For Release 2013/03/04 : CIA-RDP10-02196R000600060002-1

A report by L. A, Sukhova (Asbestos Cement Research Institute, USSR) and Heiman (Vakuumtronik factory,
Dresden) offered data on the use of instruments employing radioactive-radiation sources for monitoring and process
control applications in construction work, Sukhova gave an account of the use of radioactive level gages, density
gages, noncontacting load cells, ect., in process control and automation in asbestos cement plants, Heiman's paper
discussed designs of radloactive level gages for determining the level of coal dust and cement in in-plant hoppers
and bins, '

. Several papers were devoted to applications of tracer atoms in different avenues of investigation, Kost (Bau-
technologischer Institute, Jena-Burgau, German Democratic Republic) reported data on tracer applications of the
radioactive isotope Gr™! in studying intermixing of material in the rotating kiln of a cement factory. Honig reported
on research work underway in Brno and Bratislava using tracers to study mixing of concrete in a concrete mixer. The
radioactive isotope Ca® was introduced as tracer, in the form of calciurri sulfate,

Galambos reported on tracer applications in the study of the process of cement flow through pneumatic convey-
ing channels, Experience in using short-lived radioactive isotopes as tracers in studying water seepage through a stone-
rubble dam on the Drava river was elucidated in a paper presented by Novak (Water works administration, Brno), A
i)aper by Grosche (Hochtechnische Schule, Stuttgart, West Germany), data were presented on the use of the radioactive
isotope B2 as tracer in studying the performance of drainage and sewerage installations and for determining rate of
water flow through a canal,

Construction topics of special interest associated with industrial applications of radioactive and fonizing radia-
tions were treated in several papers. Lucke (Institute of Structural Materials, Weimar, German Democratic Republic)
presented a detailed treatment of the question of changes in the crystal lattice of concrete and losses in elastic strength
in response to bombardment by a high-level flux of gafnma and neutron pile radiation, Schibora (Bureau of designers
of nuclear facilities, East Germany) reported on radiation shielding characteristics and fundamental hygiene and
health physics requirements affecting the design of nuclear reactor shielding installations, ‘The basic viewpolnts
held on organization of dosimetric services in nuclear installations were presented in the paper, Wuckel (Institute
of Applied Physics of Pure Materials, Dresden) gave a report on modification of the properties of artificial materials
through bombardment with high-energy radiations. Koch (Institute of Applied Radioactivity of the German Academy
of Sciences, Leipzig) dwelt on several special problems in the technology and design of interior shielding and pro-
tective coatings for laboratories working with nonenclosed radioactive materials, Krumbiegel (Institute of Fission-
able Materials, German Academy of Sciences, Leipzig) delivered a paper on the possibilities open to the use of stable
isotopes in the chemistry of structural materials,

The basic parameters and technical data relating to the first nuclear electric power station in the German
Democratic Republic were presented in a paper by Patzelt (Bureau of designers of nuclear facilities).

S. Ya, Vartazarov (Institute of Power Works Construction [ Orgenergostrol] USSR) made a presentation on radio-
active isotope and nuclear radiations applications in power construction in the Soviet Union.

An exhibit of radiometric equipment was open to visitors in the hall where sessions were held. Participants
at the colloquium haq the opportunity of visiting the Institute of Applied Radioactivity,

The materials of the papers presented and discussions will be made available in printed form as the proceed-
ings of the colloquium,

WEST GERMAN ATOMFORM CONFERENGCE

Yu, Mityaev

Translated from Atomnaya f‘.nerglya. Vol. 9, No, 3, p. 291, March, 1961

An Atomic Forum was organized in West Germany in May,1959, The tasks outlined for the Forum embrace
publicity and dissemination of scientific and technical achievements in the use of atomic energy, furthering of the
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development of atomic energy on the part of West German- firms, establishment of contacts and exchange of infor-
~ 'mation with foreign and intemational orgamzatlons. the organization of exhibits, conferences, conventions, etc,
The activities of the Forum are being supervised by a board of 32 German specialists, The control board includes
‘prominent scientsts such as the famous physiclst w Heisenberg [1]. :

The first technical conference of the Atomforum took place at Karlsruhe in October,1960. Over 80 papers
were presented by German speclallsts and scientists on various aspects of nuclear energy applications [2]).. Over a
thousand German sclentists and specialists partlcipated in the deliberations of the conference (3.

Several {ntroductory presentations stresses the use of nuclear energy and the nuclear power development pro-
gram {n West Germany, the participation of West Germany in the execution of various international projects, and
current problems in nuclear physics research, The remaining papers, covering six general topics, were heard at
separate panel discussions,

Most of the papers presented were devoted to power reactor projects underway in West Germany, Plans for
a water-hydrogen boiling-water reactor, an experimental high-temperature gas-cooled reactor with spherical graph-
ite-clad fuel elements, heavy water reactors burning natural uranium fuel, a uranium-graphite reactor of the Calder
Hall type (carbon dioxide gas coolant), and the development program set up around a nuclear power station with a
_liquid sodium coolant reactor came under discussion, Several papers discussed marine propulsion reactors, Com-
peting with review papers were concrete presentations of nuclear power engine plans using a boiling-water reactor
__oran organlc-cooled and organic-moderated reactor,

In reports touching on reactor control, problems of reactor dynamics, analog methods for simulating control
processes, and electronic reactor simulators were discussed. Several papers described the control loops adopted for
West German reactors now in the design stage. One report was devoted to the significance of the most important
nuclear physics constants in reactor design.

The conference also discussed the various materials used in reactor design as nuclear fuel, coolants, moderators,
structural materials, and biological shielding materials, Reports dealing with these problems were all of a concrete
character, except for several review papers, Some idea of the topics taken up in the reports may be garnered from
the following breakdown of fundamental problems treated in the papers: '

— methods for producing reactor-grade graphite (gastight and water-impermeable graphite) and properties of
reactor~grade graphite manufactured in West Germany;

— production and properties of steels and alloys used in reactor design (alloys with boron and europium additives,
cobalt content in reactot steels, corrosion and welding of steels); . :

— fissionable and fertile materials (processing of spent nuclear fuel; position of West Germany in Europe in the
fabrication of fuel elements);

— materials employed in building shielding ogainst radioactive radiations,

Reports on measuring techniques may be broken down into two groups. The first group includes papers dis-
cussing the various types of electronic equipment used in outfitting nuclear reactor installations and physics 1ab-
oratories, Papers under the second grouping described varfous instruments whose operating principles are associated
with the use of nuclear energy, As an example, we may cite a paper on a noncontacting device designed to deter-
mine coating thickness, and a device for measuring fluid density.

Many of the papers were devoted to radioactive isotope applications in scientific research and in industry,

The use of isotopes in chemistry and biochemistry, in hydrology, in the study of semiconductors, in steel pro-
duction, etc, was discussed, The use of cyclotrons for fabrication of radioactive isotopes also came up, Some papers
dealt with problems in radiochemistry and radiation chemistry, as for example radiation-chemical transformations

" of aldehydes, :

Some of the papers were devoted to safety problems in atomic enterprises, processing and burial of radioactive
wastes, and particularly processing of radioactive waste waters,

Geological and hydrological problems arising in the burial of radioactive wastes in the ground and safety in
the performance and start-up of nuclear reactors (prlmarrly research reactors), shielding of personnel from inhalation
of contamined air, and results of materials tests were discussed,
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Finally, the last group of papers discussed some of the ancillary equipment designed for nuclear reactors and
isotope laboratories: charge-recharge devices, gas filters, viewing windows and periscopes, master-slave manipula-
tors and other remote control devices, demonstration and training equipment used for training junior and medium-
rank staff members,

LITERATURE CITED

1. Brennstoff — Wirme — Kraft X1, No, 9, 452 (1959),
2, Erste technische Tagung, Anwendung der Kernenergie, Karlsruhe, Oktober, 1960,
3. Atomkemenergie V, H, 9, 450 (1960),

BRIEF COMMUNICATIONS

. Translated from Atomnaya Energiya, Vol, 9, No, 3, pp. 302-303, March, 1961

USSR. Solemn ceremonies were observed in Moscow on the occasion of laying a foundation for a monument -
to the outstanding Soviet physicist, three times awarded the tital Hero of Socialist Labor, and winner of the Lenin
and Stalin prizes, Academician Igor' Vasil’evich Kurchatov, Scientists, engineers, and workers representing the Party
and Soviet circles in the capital were present at the ceremonies,

East Germany, The nation's first nuclear power station, based on a water-cooled water-moderated reactor of
70 Mw(e), is being built at Reinsterg, The reactor is scheduled for start-up in 1962. Preparatory work is going on in

the design of a second improved reactor of the same type.

At the Central Institute for Nuclear Physics in Berlin, tests have been completed for the building of a zero-
power research reactor intended for exponential experiments and determination of lattice parameters,

_ Iran, Aswimming-pool type research reactor facility-of 5 Mw power is being planned for Teheran University.

Malagasy, A contract has been signed with the French Commissariat de 1'Energie Atomique according to the
terms of which the Commissariat obtained rights for exploring uranium ore deposits in Western Madagascar, The
Commissariat proposes spending 360 thousand pounds sterling on prospecting activities, It also plans to produce 500
tons of uranium ore annually in the southwestern part of Madagascar.

United Arab Republic, Construction of a hot laboratory is expected to reach completion during the autumn of
1961, Laboratory equipment is being furnished by Norwegian firms, It is expected that a pool-type reactor of 2 Mw
power will be started up sometime during 1961, The reactor was built with the aid of the Soviet Umon in accordance
with a contract signed in 1956 between the Soviet Union and the UAR. Plans also call for building a plant for extract-
{ng uranium from ores, and a heavy water production plant,
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Books and Symposia

Translated from Atomnaya ﬁnergiya. Vol. 9, No. 3, pp. 3044311, March, 1961

Kratkii spravochnik inzhenera-fizika Yadernaya fizika, Atomnaya fizika, [Concise Engineer's and Physicist's
Handbook., Nuclear and Atomic Physics], Moscow, Gosatomizdat, 1961, 520 pages. 1 ruble, 22 kopeks.

The handbook contains 13 sections, The first section furnishes information on neutron interactions with nuclei, the
fission process, neutron sources, and particle recording techniques, The second section offers reference material on
the diffusion of monoenergetic neutrons, slowing down of neutrons, neutron multiplication in an infinite medium;
fundamental quantities and equations for finding critical reactor dimensions are given, with calculations for control
rods, and calculations of the isotope composition of nuclear fuel, The third section is devoted.to reactor structural
materials, The fourth and fifth sections deal with reactor design and shielding against reactor radiations. A class-
ification of reactors is given; fundamental data on various reactors being planned, under construction, or already in
operation in the capnahst countries are given; the major considerations involving biological shielding of nuclear
facilities are elucidated,

The sixth section offers reference material on plasma physics and thermonuclear reactions; information is given
on nuclear fusion reactions, cross sections of elementary interactions, the motion of charged particles in electromag-
netic fields, the kinetics of various plasma processes, the fundamentals of magnetohydrodynamics, method for con-
finement and heating of a plasma, etc. The seventh section (charged particle accelerators) offers, alongs1de other
information, a classification of accelerators and tabular data on accelerators. The eighthchaptercontains reference
material on dosimetry and tolerance levels for ionizing radiations, The ninth section presents the fundamental
engineering characteristics of measurements instrumentation,

The tenth and eleventh sections provide the necessary information relating to the nuclear geology and radio-
chemistry, Problems associated with the production and use of radioactive dsotopes are elucidated in the twelfth
section, This section presents a table of the characteristics of the most abundant isotopes, brief descriptions of in- -

“struments for monitoring and automatic process control, plus radiation sources, The thirteenth section concentrates .
information of a general nature, systems of units, and information on physics and mathematics, '

Atomnyi ledokol "Lenin.' [The. atomic icebreaker LENIN], Leningrad, Lenlzdétv, 1960. 172 pages. 50 kopeks.

The book constitutes a symposium of the articles written by those who participated in the design-and building
of the nuclear propulsion icebreaker "Lenin,"

This symposium contains the articles: Academician Yu. A. Shimanskii *Brilliant victory of Soviet science and
engineering,” A, I, Bobrov, "A nuclear giant built by the efforts of the entire nation,” V. I, Negatov, "Thé first-born
in a nuclear fleet,” B, E, Klopotov et al,, "The task posed by the Motherland has been fulfilled with honor,” A. L.
Gorbushin et al,, "Building the huil of the nuclear ship,” N, D, Dvornikov et al., "Completion of the maiden voyage
meeting strict requirements,” S, A, Chernykh and I, S, Darbkin, "The success of the venture was assured by the high
level of productive technique,* P, A, Ponomarev and A, N, Stefanovich, "In close contact with the shipbuilders, "
and P, I, Ukhanov et al,, "The voice of those to whom peace is dear,” :

The articles comprising the symposium successively describe the stages passed in building the ship, and shed
light on the advantages of the nuclear propulsion icebreaker in performance, In view of the fact that the book was
conceived as a popular edition written for the broadest readership, the design of the icebreaker and its nuclear power
installation are described in general terms, Considerable stress is placed on the materialization of the fruitful labor
of the many thousands engaged in building the "Lenin.”

‘ The book is written is lively and engaging popular language and is well illustrated; it will be read with deep
' interest by-a broad spectrum of readers,
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Korroziyé reaktornykh materialov. [Corrosion effects on reactor materials], Moscow, Atomizdat, 1960, 284
pages. 1 ruble, 93 kopeks.,

This is a symposium including 29 articles devoted to the mechanism of corrosive processes occurring in nuclear
reactors under specific high-temperature and high-pressure environmental conditions. The first section of the sym-
posium considers the procedures resorted to in research on corrosion and electrochemical processes in water at high
temperatures and high pressures, The articles in the second section describe the effect of composition of water on
the corrosion behavior of varfous structural materials, The third section is devoted to an investigation of the mech-
anism of corrosion cracking and the effect of external and intemal factors on corrosive attack under stress conditions
in austenitic stainless steels, The effect of the composition of steel, heat-treatment of steel, and composition of the
environmental medium on the development of intercrystalline corrosion in water at high temperatures and pressures
constitute the subject matter of the fourth section, The fifth section takes up research on the corrosion behavior of
austenitic steels, low-alloy steels, aluminum and its alloys, and zirconium alloys, as well as the effect of slits and
fissures and contacts with other metals on the effectiveness of corrosive attack processes; cleanup of comrrosion products
from a reactor loop is also considered in this section,

Zil'berman, Ya, I. Osnovy khimicheskoi tekhnologii isskustvennykh radioaktivnykh elementov [Fundamentals
of the chemical technology of artificial radioactive elements]. ‘Moscow, Gosatomizdat, 1961, 336 pages. 1 ruble,
32 kopeks.

This book provides a systematized outline of information on the chemical technology of artficial radioactive
elements and especially information on processing of nuclear fuel,

The production technologies of artificial nuclear fuel in reactors and the technology of plutonium extraction
from spent uranium and of uranium-233 from irradiated thorfum are described,

The theoretical foundations of isolation of a trace constitutent from a carrier and the chemistry and technology
of separation of plutonium and uranium-233 by coprecipitation techniques on carriers are among the topics discussed,
Flow sheets of the process of separation and purification of uranium and plutonium using carrier coprecipitation tech-
niques are also discussed, :

A brief accounting is given of the viéwpoint of various research workers on the nature of radiocolloids, and the
conditions governing the formation of radiocolloids of various elements are discussed.

Three chapters of the book deal with problems associated with extraction by organic solvents. In addition to
solvent extraction, the chapters take up such problems as separation of radioactive elements through ion exchange
and electrochemical separation methods.

Some basic questions arising in the building and equipping of radiochemical plants and laboratories and in the
processing of gaseous, liquid, and solid hot wastes are elucidated.

The chemical and biological effects of ionizing radiations are discussed, and basics of shield shielding cal~"
culations for gamma-ray exposure are given,

The book is based on a lecture course given by the author at the Leningrad Lensovet Technological Institute
and at the Zhdanov Leningrad University.

Praktikum po primeneniyu izotopov i izluchenii v sel'skom khozyaistve, [Practical handbook on uses of iso-
topes and radiations in agriculture],

This handbook, edited by Prof. V. V. Rachinskii, Doctor of Chemical Sciences, was published by the K, A,
Timiryazev Order of Lenin Moscow Agricultural Academy, and appears in a serfes of instaliments,

The following installments became available during 1959-1960;
A, O, Furman Radiometriya [Radiometry], Part one, 1959, 96 pages. 30 kopeks. First of a series. -
A, O, Furman, Radiometriya, Part two, 1960, 106 pages, 25 kopeks. ‘

V. V. Rachinskii, A, G, Treshchov, L. V. Kolosov, T. P, Shipt, Tekhnika zashchity pri rabote s radioaktivnymi
veshchestvami [Shieldmg techniques for handling of radioactive materials]. 1959, 36 pages, 13 kopeks. Fourth in
the series,
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V. V Rachinskii, A, G. Treshchov.I V Kolosov, Radiokhimiya [Radiochemistry]. 1960, 100 pages. 30 kopeks.

Fifth in the series,

V. V. Rachinskii, L, G. Yaglova, Ya. V, Mamul' Zh, A, Medvedev. Primenente methoda mechenykh atomov
v fiziologii 1 biokhimii rastenii {Applications of the labeled- -atom technique in plant physiology and biochemistry).
1960, 25 kopeks, Sixth in the series,

V. A. Emel'yanov, V, V, ‘Rachinslii. Primenenie yadernykh izluchenii v pochvovedenii { melioratsii {Applica-
tions of nuclear radiations in soil science and land reclamation],- 1960. 96 pages, 30 kopeks, Seventh in the series.

The numbers of the handbook serfes which have appeared to date may be acquired by writing to.the radioiso-
tope laboratory of the Academy (Moskva, A-8, Tlmiryazevskli proezd, 6). C.0.D.

Articles from the Periodical Literature
I, Nuclear Power Physics

Neutron physics and reactor physics, Hot plasma physics and controlled fusion, Physics of acceleration of
charged parucles. :

Doklady akad, nauk SSSR l?ﬁ. No, 5 (1960)
A, A, Barmin, V, V, Gogosov, 1041-1043, The piston problem in magnetohydrodynamics,
Yu, G, Prikorov, 1058-60, Note on recr)rding of plasma energy ‘losses.l
Zhur, tekhn, fiz, ﬂ. No, 11 (1960)‘
V. E, Golant, 1265-1320, muaﬁicrowave techniques in plasma research,
‘ L F. Kvartskhava et al. 1321-28; Instability of an induction theta pinch,

A. P, Komar, S, P, Kruglov, 1369-80. A quantometer for measuring energy flux of bremsstrahlung from beta-
trons and synchrotrons, and study of energy flux at Ey max ¢ 1000 Mev. '

Izvestiya akad, nauk Uzbek, SSR, Serlya fiz.-matem. nauk No, 4 (1960),
G. M. Avak'yants, 89-92, Note on light scattering by a plasma,
Pribory i tekhnika €ksperimenta . No, 5 (1960)
' L YacC hasnikov et al,, 15-19, Measurement of multiple scattering'on tracks of protons of ~10 Cev energy,

A, A, Rimskii- Korsakov, O.'V. Lozhkin, 20-23, Identification of particles in nuclear emulsron by the scale
. method .

"E. M. Balabanov Yu. S. Smirnov, 23-27, - Comparative study of symmetrical and conventional clrcuits for a
cascade generator.

: A. N. serbinov, V, L, Moroka, 27-32, A high-frequency fon source with a honeycomb evacuation system,
N. I, Leont'ev et al,, 97-99, An omegatron wrth an inhemogeneous magnetic field, |
"N, L, Leont'ev, Yu, K, Udovichenko, 100, Data dlsplay for an energy absorption resonance in the omegatron,
L, P, Khavkin, 101-106, Plutonium radioactive lonization pressure gage. .
N, D, Moréulis, R I, .Marchenko, 106e1'08. Several fonization techniques for measuring very high vacuums,
V. 1, Mikhatlov, 117-19, A portable high-voltage source, | '
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A. S. Vovenko et al., 119421. Cerenkov counter uses total internal reflection.
Yu, Ya, Lapitskii, I, N, Slivkov, 121-23, New instrument monitors beam at exit end of accelerator,

L E. Konstantinov, V, A, Strakhova, 124-126, A Compton scintillation gamma-ray spectrometer with increased
efficiency. ' :

V. V. Ovechkin et al,, 127-28, New technique for ca_libratlng -a scintillation gamma-ray spectrometer,
~I P, Karabekov-et al,, 129, New Geiger-Miiller counter pulse facility.

L. D. Rapoport, 130-31, On enhancement of the sensitivity of the photographic method for recordlng dense
showers of charged particles.

A, F, Dunaitsev et al., 133, Measurement of energy of negative pions with a star detector,
Advances Phys, 9, No, 36 (1960) o
“T. Ericson, 425-511. Statistical modei of the nucleus and nuclear level densities,
Energia Nucleare ’7 No. 11 (1960)

G. Felcher, M, Musci, 772-92, Investigation of the dynamics of solids and liquids by the technique of slow-
neutron spectrometry.

Industries Atomliques. IV, No, 9-20 (1960)
J. Combrission, 53~57, Dynamical polarization of nuclei,
M. Cambornac, T1-75, Constant-supply supplies for the electromagnets used in the SATURN synchrocyclotron,
Nucl, Instrum, and Methods 8, No, 3 (1960) , ' o
J. Burgerjon, W, Weidemann, 261-71, The Pretoria cyclotron, Second report,
T. Nagy et al., 327-30, Electron drift veloclty 1n argon. nitrogen, and argon mixtures,
Nucl, Phys. 19, No, 5- (1960)
G Mani et al.. 535-49, Cross sections of the Al(n.p). Al(n,0), and Al(n 2n) reactions.
Nucleonlcs 18 No, 11 (1960)
J. Marion, 184-85, Gamma-ray calibration energies,
Nuovo Gimento XVII, No. 6 (1960) ‘
J. Linhart, 850-63. Theory of fuston reactions in an unconfined plasma.
Progr, Theoret, Phys. 24, No, 3 (1960) -
U, Ueda, M. Sawamure, 519-28, Electrical.polarlzibilinty of the neutron,
Technical Digest II, No. 6 (1960) |
J. Fuksa, 30-38, Instruments in applied nuclearvphysics.
IL Nucleatipower Engineering

Theory of nuclear reactors and reactor calculations. Reactor design. Operation of nuclear reactors and nuclear
electric power stations, :

Avtomatika i telem‘ekhaniké (mosk, inzh.-fix, inst.) No, 1 (1960)
P. L, Popov, 5-15, An analysis of several systems for automatically controlled start-up of nuclear reactoré

Yu, 1, Topcheev, 16-43, Methods for analyzing nuclear reactor control response in stepped and linear varia-
tion of reactivity.
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Liteince proizvodstvo No, 11 (1960) ‘

V. G, Faddeev et a’l.. 27-29, Casting the rudder for the nuclear incebreaker "Lenin,”
Sudostroenie No, 9 (1960) » . .

— == 74~75, On the superstructure of the atomic ship "Savannah (from the foreign literature),
Atomkernenergie 5, No, 11 (1960)

. H, Kornbichler, 397-400, Static hydraulic stability of boiling-water reactors,

M. Angelopoulos, 401-406, Computation of linear extrapolation length on the surface of an infinite coated
' plate.

H, Bergwaldt, H, Harder, 406-412, Approximation method of one-group and multigroup numerical calculations
for an irregular reactor core lattice.

Atomwirtschaft 5, No, 11 (1960).
H, Benzler, 5§18-22, Optimlzatlon of cooling process for improved gas-coolant reactors,
Energia Nucleare 1, No, 10 (1960)

S. Tassan, 673-84, Methods for measuring the physical core parameters in heterogeneous reactots, using ex-
ponential experiments.

B, Montagnini, 724-35, Extension of variational calculus techniques to determination of extrapolation 1ength
for fuel elements and absorbers.

E. Gatti, V. Svelto, 736-38, "Machine time” in time to amplitude conversion,
Energia Nucleare 7, No, 11 (1960) |
$. Barabaschi et al,, 793-796, New facility measures operating time of reactor scram rods.
Jaderna Energle VI, No, 11 (1960) ‘
J. Beran, 361-364.. Note on therproblem of contamination of gas in the primayy loop by corrosion products, -
J. Brit, Nucl, Energy Conf, 5, No, 4 (1960) _ -
J. Richards, 227-39, Nuclear energy for marine propulsion engines,
- R, Murdoch, H, Kearsey, 252-63, Study of the hydraulic characteristics of aqueous slurries with ThOz.

——~— 305-25, Discussion on the A, Bowden and j, Dramm article “Deslgn and testing of large gas pipes pub-
lished in J: Brit. Nucl. Conf. 5 49 (1960).

Nucl. Energy No, 151 (1960) : . ' ' o -
- E, Okrent, 562-67, 571, Req_uirenlents for lubricant materfals used in nuclear seagoing vessels,
——- >572-74. Observation of purity specifications in nucicar reactor operation,
H, Kleijn, 575, The reactor at the University of Delft, ’
Nucl, Engng. 5, No, 55 (1960)

—=—=— 542-46, Development of nuclear industry in West Germany, Switzerland, Sweden, Norway, Spain, Port-
ugal, Denmark, and Austria. '

M. Ziegler, 547-48, French nuclear industry, "

W. Reyseger, 551-52, Nuclear industry in the Netherlands,

1. Van der Spek, 553-54. Nuclear industry in Belgium,

F. Castelli, 554-56, N program of atomic energy development‘in Italy.

D, Hartley, 557-60, élender tubular plates for high-n;‘essure heat exchangers.
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. ==— 562, Gréphite reflector for the ZED-2 reactor, |
——— 563-64, Fuel reloading operations at Bradwell,
Nucl, Power 5, No, 56 (1960)
J. Burkett, 97-101, Research work at the atomic energy research center at Winfrith Heath,
B, Emmerson, 102-105, Operating experience with the JASON reactor,
A, Stead, F, Latham, 107-108, Measurement of liquid metal level in a reactor cooling system.
D. Booth, 110;13. Xenon poisoning in two-shift operation,
Nucl, Sci, and Engng. . 8, No. 4 (1960), , '
A, Colomb, 298-93, Photoneutrons and control of a swimming-pool reactor.
R. Bennett, R, Heineman, 294-99, Measurement of neutron rethermalization corss sectioﬁ in graphite.
R. Ritchie, H, Eldridge, 300-11, Attenuation of thermal neutron flux by absorbing foils,

R. Leipziger, L. Altamari, 312-14, Equipment for measuring the'specific surface area of irradiated coarse-
grained powders.

N, Kallay, 315-25, Dynamic progr:amming and design of nuclear reactor control systems,
J. Carter, 326-39, Feedback mechanism in the EBR-1 Mark III reactors,

W. Godsin, 340-45, Monitoring temperatures of fuel irradiation capsules accoidlng to change in thermal con-
ductivity. - < ‘ '

A, Weinberg, 346-60, Some aspects of the development of a liquid-fuel reactor,
W. Pettus, 361-62, On the Dancoff effect in lattices with H,0-D,0 moderator,
S. Strauss, 362-363, Surface tensioh\ _of l{quid metals at the- melting bolnt.
M. Levin, 363-64, Generalized concept of the resonance integfal,
J. Chemick, 365, Breeder reactor economiés.
Nucleonics 18, No, 11 (1960)
——— 148-53, Power_reactofs and experiments (tabulated data).
W. Farmer, 162-65, Thermal propérties of reactbr materials,
K. Mayer, 166-67, Reactor materfals césts.
R, Hankel, 168-69, Stress and temperature distributions {n fuel elements,
S, Menkes, 170, Heat tfansfer from reactor core to coolant,
P. Huebotter, 176717, Nucléar fuel burnup conversions,
H, Baucom, 198-200, Nuclear data. for reactor studies,
——— 209, Factors for converting radioactive decay constants.
Nucleonics 18, No, 12 (1960)
D, Dickey, 80, 82, A human-engineered reactor control panel,
J. Russell, 88 ff, Relative worth of control materials determined by l‘lsing' b;ron equivalents,
T. Pashos et al,, 94 ff, A method for compa.ring reactor control materials,

L. Hatch et al,, 102-103, Reactor roundtable: fluidized bed for rocket propulsion,
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Technical Digest II, No, 11 (1960)
T. Margulova, 12-19, Effect of heat-transfer clrcuit on corroslon in the 0peratlng loops of a nuclear power
station.

I, Nuclear Fuel and Materials

Nuclear geology and primary ore technology. Nuclear metallurgy and secondary ore technology Chemistry
of nuclear materials .

~Geol, rudn, mestorozhdenii No. 5 (1960)
A 1. Zubov, 6-24, Uranlum containing solid bitumens,
Doklady akad, nauk SSSR 134, No. 6 (1960)
V. G, Vlasov. V. N, Strekalovskii, 1384-86, Interaction between hydrogen and uranium teoxide.
thur. anal khlm. 15, No. 5(1960).
V. A, Mikhailov, 528-33, Investlgation of the solublllty of phenylarsonates ‘of zirconium, thorium, and uranium,

L. M, Moiseeva" et al., 561-63, Gravimetric determination of trace amounts of beryllium in ores and dressed
ores. ' ' ’

. P. N, Palef, Chang Wen-Tsing, 598-600, Complexometric determination of plutonium (IV) using arsenazo
reagent as indicator. . , o

Zhur. neorgan, khim, 5 No, 10 (1960) o _
- Lo V, Lipis, G, B, Pozharskli, 2162-66, Absorption spectra of plutonium (III) halides,
L. V. Lipis et al,, 2190-2203, Complex sulfates of plutonium (IV) and alkall metals,
V. V. Golovnya et al., 2204-10, Cerlum (IV) and uranium (IV) acido complexes

P. N. Palei, N, I. Udal'tsova, 2315~ 18 On the solubility of EDTA in water, chlorate solutions, sodlum chloride
and potassium chloride solutions. \

V. B. Shevchenko et al,, 2340-53, Liquid- llquid extraction of trihydroxyglutaric acid into TBP.

V. B. Shevchenko et al,, 2354-62. Solvent extraction of uranium (VI) from nitrate solutions, using tri-n-octyl-
amine. ' o '

_Zhur. neorgan, khim. 5, No, 11 (1960)

A. K, Babko, V. S, Kodenskaya, 2568-74, Study of equilibrium states in a solution of uranyl carbonate com-
plexes. : :

Zhur, prikiadnot khi.m 33, No, 10 (1960)

B N, Laskorin, V, F. Smirnov, 2172-79, Uranium extraction from phosphate solutions,
Zhur, strukturnof khimit 1, No, 3 (1960)

L. N, Kovba, A, N, Goluberko, 390~ 92 The compound LiUOz.
Zhur, fiz, khim, 34, No, 8 (1960)

A. M, Trofimov, L, N, Stepanova, 1837-42, Radrochemical study of ion exchange on swelling fon exchange
resins.

V. Ya, Leonidov et al., 1862-65, Specific heat of hexavalent uranates of calcium and barfum at high tem-
_peratures. ' - '

Radiokhlmlya 1, No, 6 (1960)
V. M, Vdovenko et al,, 531 36. Solvent extractlon of nitrates of various metals by mixed solvent systems.

M F. Pushlenkov et al,, 537~ 40, Effect of the nature of diluents used on the TBP extraction of uranyl nitrate,
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E. N, Patrusheva et al,, 541-48, Extraction of rare-earth fission products by organophosphorus compounds

L A, Lebedev et al,, 549 58, Determination of the composition and stabillty constants of oxalate, nitrate, and
sulfate complexes of Am(II1) and Cm(III) by the ion exchange method.

E. A. Kanevskii, L, A, Fedorov, 5569-67, Kinetics of oxidation of U (IV).in solution by chlorates and persulfates
of ammonia and by hydrogen peroxide.

V. L Levin et al,, 596~ 602 Isolation of carrier-free Go™ from neutron-irradiated nickel, by the extraction
method.

V. 1. Shamaev, 624-29, Analysis of several Impuritles in selenfum and tellurium by neutron activation,
Uspekhi khimii. XXIX, No, 11 (1960) '

A.D, Maddock, 1388-1405, Astatine,
Chem, and Engng, News 38, No, 41 (1960)
' R, Ellis, 96 ff, Production and applications of fused salts,
Energia Nucleare . 7, No, 11 (1960)

B. Brigoli, 761-68, Modern distillation techniques.'II.

G. Perona, 769-71, Reactor fuel elements (account of 1959 New York conference and 1960 Vienna conference),
Industries Atomiques IV, No, 9-10 (1960)

—_—— 7 ff. Review of research on uranium-molybdenum alloys,
Jadernd Energie VI, No, 10 (1960)

K. Svoboda'. 326-32. Hot atom chemistry. I. Historical review and physics of the process of ejection of a hot '
atom,

_J. Cifka, 333-40, Hot atom chemistry, II, Reaction in liquids and gases,
K, Panek, 341-46, Hot atom chemistry, III, Reaction in the solid phase.

V. Cermak, Z, Herman, 347, Reactions of ions with molecules in Ni._ Og, CO, 503, CO,, COS, and Cs-z atmos- -
pheres.

J. Brit, Nucl, Energy Conf, _5_. No, 4 (1960)
R. Alexander et al,, 264-71, The second uranium processing plant at Springfield,

H, Page et al,, 272-84, Processing of uranium ore concentrates and process wastes into a purified uranyl nitrate
solution at the Springfield plants,

E. Hawthorn, 285-304, A process for treating fluidized solid materials by the dry method in UF, production at
the Springfield plants.

Kernenergie 3, No, 9 (1960)
0. V, Udarov et al., 866-68, Separatfon of boron fsotopes,

M. Glazunov, V. Kiselev 869-T0, Mass-spectrometric analysls of fission products of uranium-cesium and
rubidium, '

I. Maass, 883-87, Concept of mass-spectrometric &neasuring probes, | , . ‘
Tschang Tsing-Lien, 892-97, Densimetric techniques in heavy-water analysis.

. Birkenfeld, 901-906, Precise Inass-spectrometric analysis of iéotopes.

H. Birkenfeld, 910-13, Analysis of heavy water ( deuterium)¢ with the Soviet MI-1301 mass spectrometer,

G. Haase, 915-17, Mathematical techniques in mass spectremetry.
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Nucl, Instrum, and Methods 8, No. 3 (1960)
G. Eichholz, 320-26, Continuous monitoring of uranium content in leaching solutions.
| Nucl, Power 5, No, 56 (1960)
— == 79-90, Review of reactor materials,
O, Plail, 91-96, Irradiation techniques in nuclear fuel testing, I,
Nucl, Sci, and Engng. 8, No, 4 (1960) |
A, Hall, 283-88, Solubility of Al1~Pu in the solid state, and diffusion studies,
Nucleonics 18, No, 11 (1960) '
S. Paprocki, R, Dicherson, 154-61, Mechanical and physical properties of structural materials and reactor fuels.
Nucleonics 18, No, 12 (1960) ’ o
D, Thomas et al., 104 ff, Irradiation stability of thorfa slurries.
Research XII, No, 11 (1960) "
'L, Blackman, 441-48, Properties of graphite. II. Thermal and electronic properties.
 Research XIII, No. 12 (1960) | |
L. Blackman. 492-502, Properties of graphite ar. Crystalline compounds and {rradiated graphite. ‘

IV. Nuclear Radiation Shielding
_Radiobiology and radiation hygiene, Shielding theory and techniques, Instrumentation.
Pribory i tekhnika eksperimenta No, 5 (1960)

1, B. Keirim -Markus et al.. 35-40, General-purpose RUS -3 scintillation radiometer. Bulletin I, Measuring
panel.

V F, Kuz'min, §, S, Matyukbin, 46-52, Quick-acting electronic counter with printer attachment,
B. N Raevskii et al,, 62-64, Transistorized decade counter.
Yu, A Nemilov et al,, 81-85, On photomultiplier stability,

V. V. Matveev et al., 86-89, Varlation in anode current of a phototube multiplier acted upon by a magnetic
field.

Razvedka { okhrana nedr. No, 10 (1960)
R. S. Belova I. I Yankovskii, 5455, Some problems in radiation shielding in oflwell logging operations.
Archives Environmenta_l Health 1, No. 4 (1960)
. C. Straub, 302-16. Studies in r_adioayctive contamination of a locality,
Archives Environmental Health: 1, No, 5 (1960) - ] .
E. Christofano, W, Harris, 438-60, Industrial hygiene in:uranium purification operat-io'ns.
Atomkernenergie. 5, No, 11 (1960) , R . o _
H. Meurers, 416-18, Continuous monitoring of :atmospheric fallout,
' R.VJaeger. 425-28, Symposium on problems in radiation dosimetry,
Atomwirtschaft 5, No, 11 (1960)

L. Lassen, 511-18_. ‘Decontamination of air; removal of radioactive aerosols,
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Chem, and Engng, News 38, No, 47 (1960)

=== 66. Fission-product detector in the air stream at the exit of a nuclear ramjet aviation engine. L
Energia Nucleare 1, No, 10 (1960)

——=— 691-96, Signal-to-nofse ratio and resolving time of pulse amplifiers for nuclear detectors,

F, Arecchi et al,, 697-700, Statistical restrlctiohs on photoelectrons for slow scintillation counters,

F. Gadda, G. Redaelli, 701-704, High-efficiency GM counter fof measuring flow of a radioactive fluid.

F. Gaini et al., 705-16. A nuclear magnetometer,

G. Felcher et al,, 738, Note on the problem of absolute graduation of a Ra-Be sdurce.
Health Physics 4, No, 1 (1960) ‘

. E. Edelsack et al,, 1-15, Experimental studies of bremsstrahlung from a thick target emitting energies at 1,0,
1.5 and 2.0 Mev.

8. Kondo, 21-24, Neutron sensitivity of sflver-activated phosphate glass,
J. Spaa, 25-31, An instrument for stepwise measurements of dust in afr,
G, Ziegler, D, Chleck, 32-;34. Fadi‘ng of latent image in film badges.
G. Dunning, 35-41, Short-lived fission products in radioactive fallout.
C. Cook, 42-51, Energy spectrum of fallout gamma radiation,

J. Davis et al,, 55-61, Correlation analysis of the relationship between meteorologlcal variables and radm-
activity in the atmosphere.

A, Aten et al,, 62, Radioactive iodine determination in milk following a reactor accident,
W, ‘Happer. R, Birkhoff, 62-63, Anguiar characteristic of a partlally shielded cylindrical dosimeter,
A, Jones, 64-68, Portable gamma-ray dosimeter with sonic alarm. |
E. Watts, 68-69, Lead slurry for vlow-energvy shielding,
Industries Atomiques IV, No, 9-10 (1960)
P. Pilet, ‘59-65. Isotopes and reactions in cages,
R. Wahl, 76-82, Electronic instrumentation of atonﬁc research centers,

C. Nordau, 83-89. Some problems arising in the Radiobiological Service of the scientific and technical re-
search control body.

D. Duivenstijn, 119-22, Measurements of weak beta radiation,
Jadernd Energie VI, No, 11 (1960)

O. Novakova, J, Silar, 365-178, Determination of very low activities of gamma emmem by means of scintilla-
tion detectors.

F. Behounek, J, Kocl, 379-82, Sensitive gamma background and sensitive detector for gafnma background and
beta contamination of surfaces.

F. Vitek, Z, Dienstbier, 383-85, Exponential model of biological separation of radioisotopes and it use in
computing absorbed radiation dosage.

J. Brit, Nucl, Energy Conf, 5, No. 4 (1960)
J. Watson, 240-49, Performance of ionization chambers operating on alternating current, at high flux densities,

T. Ryves, 250-51, Use of a liquid scintillation beta counter,
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Nucleonics _13. No, 11 (1960) _
E. Troubetzkoy, H, Goldstein, 171-73, Gamma rays from thermal neutron capture.
P, Zweifel, 174-75, Neutron self-shielding,
S. Katcoff, 201-208, Fission-product yields from neutron-induced fission,
" 8. Ellis, R, Ellis, 210, Conversion factors for radiation dositnetry,
Nucleonics 18, No, 12 (1960) —
. Carruthers et al,, 84 ff. Low-temperature electrometer circuit,
Technical Digest E. No, 11 (1960) .

V. Santholzer, 33-38, Results of systematic fallout measurements,

V. Radioactive and Stable Isotopes
Labeled atoms techniques, Uses of radioactive radfations, Direct conversion,
Vestnik mashinostroeniya No, 11 (1960)

A. 1, Nisnevich, 16-22, What's new in the field of radloactive tracer applications in studying wear on machine
parts. -

_ Vysokomelekulyamye coedineniya 2, No, 10 (1960)
S, A Azimov et al,, 1459 62, Grafting of some monomers onto natural sﬂk and caprone by gamma frradiation,
Geol, rudnykh mestorozhdenil, No, 5§ (1960) -

G. A, Gumanskii et al,, 123-24, Use of emission radiography for studles of paragenetic interrelations between
minerals and material composition of hlgh Z elements.

Gldrotekhnicheskoe stroitel’ stvo No, 11 (1960)

S. Ya. Vartazarov, 17-21, Applications of-radioactive isotopes and nuclear radiations in quality control of -
prefab reinforced concrete in hydraulic engmeering construction.

Zavod, laboratoriya 26, No, 10 (1960) ‘

s. Z. Bokstein et al,, 1111-14, Investigation of the recrystallization process in iron by tracer techniques, :
Izvestiya akad, nauk Armyan, SSR. Geol. 1 geograf, nauki 13, No, 3-4 (1960)

T. I, Gvaita, Ya. G. Ter-Oganesov, 57-63, Radioactive techniques in prospecting for rare and disperse elements.
Izvestiya akad, nauk SSSR, Otdel, tekhn, nauk, Energetlka i avtomatika No, 5 (1960)

V. G. Segalin, 104-15, On an anomalots phenomenon of absorption of penetrating radiations by a multicom-
ponent (multilayered) substance, and applications in insrument design and automation.

Izvestiya vyssh, ucheb. .zaved Plshchevaya tekhnol, No, 4 (1960)

V. V. Pal'min, L, T, Alekhina, 75-71, Study of irradiation conditions of beef by Co® to improve its organolep-
~ tic properties.

Izmerit, tekhnika No, 10 (1960)

U. Ts. Andres et al., 27-28, Measurement of ‘spped of fall of bodies in liquid by the radiometric method.
Kauchuk { rezina No, 9 (1960) .

I. Ya, Poddubnyi et al., 5-15. Vulcanizing of polydimethylstloxane rubber by gamma radiation,
Kolloidnyi zhur, 22, No. 5 (1960) ' '

M. P, Volarovich, 524-34, Tracer investigation of properties of peat and processes occurring in peat,
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- Yu, S, Zaslavskit et al;, 593-98, Tracer investigation of electrokinetic processes and sedimentation in dis-
perse systems. ' v :

N. V. Churaev, 631-38. Tracer applications in the study of molsture transport processes in peat,
Master uglya No, 10.(1960)

V. Goroshko, 23, Applications for radioactive radiations, Use of radiometric separators for mechanizing sort-
ing out of waste rock and dressing of coal.

Ogneupory No. 10 (1960)

A, S, Frenkel' et al,, 460-67, Tracer atom appllcations to the study of diffusion of lron oxide into chromomag-
nesite refractories.

Stal® No, 11 (1960)

V. A. Machkovskii, M. M, Khil'ko, 995-96. Radiometric investigation of the fettling process and of wear on
hearths in open-hearth furnaces.
Staﬁld { fnstrument No, 10 (1960) .
8. N, Korchak, 26-28, Tracer isotope appifcations in the choice of grinding lubricants and cooling fluids,
Trudy Kazakh, nauchno-issled. inst, mineral, syr'ya, No, -2 (1960)

I P, Koshelev et al,, 96-115, Photoneutron method for investigating boreholes in deposits 'of rare and exotic
metals,

I S. Zhevlakov, O, V, Shishakin, 116-24, Effectiveness of the photoneutron method for determining beryllium
content in ore specimens.,

Ugol' No, 10 (1960)
V. G, Segalin, A, A, ‘Rudan‘ovskli. 36-39, Radioactive .transducer aids in controlling coal-face undercutter,
“Tsvet, metally No, 10 (1960) | ' '
P, F. Grosheﬂ 71-78, Tracer isotope study of wear resistance of draw plates,
finergomashlnostroenle No, 11 (1960) »
B. A, Speranskii, 44-47, Detection of flaws in steel parts with the betatron (experience outside the USSR),
Atomkernenergie 5, No, 11 (1960) |

F. Thielman, 412-15, Special techniques in the manufacture of radioactive preparations for measurements,
based on shaping of preparations into plastic foil.

H. Moser, W, Rauert, 419-25, Tracer applications in hydrology,
Kemenergle 3, No. 9(1960)

B Muhlenpfordt, 816-22, The role of stable isotopes in research,
Nucl, Energy No, 151 (1960)

——— 583-85, Radioactive wastes disposal problems,
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3 titles of immediate interest! - . _
i : LECTURES ON NUCLEAR THEORY . - .

by L. Landau and Ya. Smorodinsky L

Translated from Russian

: - - . AN )

- A concise presentation by these world-famous Soviet physicists of
some of the basic concepts of nuclear theory. Originally published _ -

~at $15.00 per copy. - . R S

| “... a real jewel of an elementary introduction into the main con- T
" cepts.of nuclear theory . ...”—NUCLEAR PHYSICS - - "

“.. . a decidedly worth-while addition to any experiméntal nuclear

| Dhysicist’s library.”—E. M. Henley, PHYSICS TODAY :

— L Ccloth . 108 pages $5.25 <. ..
‘Ordér from: PLENUM PRESS  227-W. 17th Stre_et,‘ Neﬁ& York 11, N.Y," ©

. — of ‘m,aio:—- ir;igresf to all rg-asealrcher.s in low-temperature ﬁhysics.
A SUPPLEMENT TO “HELIUM* =~ .
. By .E. M. Lifshits and-E. L. Andronikashvili ' - -

" Translated from Russian

-

~ - -

- ~This notable volume consists-of two supplementatry chapters, by
-these outstanding Soviet physicists, which were added to the Rus-
sian tfanslation of W. H. Keesom’s classic book “Helium.” P
-The first chapter, by Lifshits, presents a concise resume of the.
Landau theory of superfluidity. The second chapter reports in con-
siderable detail the experimental work conducted by Peter Kapitza
and E. L. Andronikashvili.- o ' . '

- . “eloth 167 'platg‘es) \' ‘illustl_‘-atéd’ . $7.50 .

i
P

" Order jrom: CONSULTANTS BUREAU « 227 W.17th'St. o  New York 11, N. Y.~

" A NEW. METHOD IN THE THEORY OF -~ . -~
SUPERCONDUCTIVITY - = - S
By N. N. Bogoliubov, V. V. Toimachev and D. .V. Shir':k‘ov - e

- Translated from Russian ;L . o ..
’ . s ’

- The Soviet authors put forth a systematic presentation.of a .new ~.
. method in the theory of superconductivity, developed as a result of =
the research of N. N. Bogoliubov and V. V. Tolmachev—based on’
.. a physical and mathematical analogy with superfluidity. This new
_method is an’immediate generalization of the method developed by .-
ks ~ Bogoliubov in formulating ‘a microscopic- theory of superfluidity.
- The authors give calculations for the energy of the supercondiicting ground state using . e
. Frohlich’s Hamiltonian, as well-as of the one-féermion and collective eleméntary excited . ,
' ' states. A_detailed. analysis of the.role of the Coulomb interaction between the electronsin ’
U the theory of superconductivity is included. The authors also demonstrate how a system
E of fermions is treated with a fourth-order interaction Hamiltonian and establish the cri- ‘
: . . terion for its superconductivity. — - - N o : : .
o o - . “cloth © 121.pages - illustrated $5.75 ‘
;o Order from: CONSULTANTS BUREAU ... 227 W. 17th St. .o - New York 1IN Y.

< 4 Pl e L
. . Descriptive folders upon request.
.z .o . - . [N : . L ' : -
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RESEARCH by Sowet EXPERTS

N . - . f B’ ™~

SPECTRA AND ANALYSIS
LT by A. A Kharkev1ch o T

‘The first handbook directed toward acoustic‘ians, and others work- .
ing in those fields which require the analysis of oscillations—
ultrasomcs, electronics, shock and vibration engineering. This
volume is devoted to the analysis of spectral concepts as they are.
applied to oscillations in acoustics and electronic engineering, and
.. to a discussion of the methods of spectral analysis. Contents in- -
#" clude KOTEL’'NIKOV’S theorem for bounded spectra, the spec-
. tra and analysis of random processes; and (1n connectxon with the
latter) the statlsttcal compression of spectra. :

cloth -~ 236 pages . "$8.75-..

- ULTRASONICS AND ITS
INDUSTRlAL APPLICATIONS '
by O l. Bablkov

This work is concerned w1th ultrasonic control methods which are
applied in industry, and also with the action of hxgh~1nten31ty
ultrasonic oscillations on various technological processes. Con-
siderable attention is devoted to ultrasonic pulse methods of flaw
detection and physicochemical research. It is an invaluable-aid
to scientific researchers, engineers, and technicians working in
~ fields which make use of ultrasonic methods industrially, as well
as being a convenient reference for a broad category of readers
who might w1sh to become. acquainted w1th the current.state of
ultrasonic mstrumentatwn V

cloth . o 265 pdg%; . $9.75

Tables of. cpntenis' upon request

CONSULTANTS BUREAU

227 West 17th Street e New York Ii, N.Y. e U.S.A.
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