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ARTICLES

OPTIMIZATION OF THE OPERATING CONDITIONS
OF MASS-DIFFUSION CASCADE INSTALLATIONS

V. A. Chuzhinov, N. I. Laguntsov, ' UDC 621.039.31
B. 1. Nikolaev, and G. A. Sulaberidze

In the design and execution of practical cascade installations a calculation of the optimum operating
conditions of the separating devices is extremely vital. A correct choice of conditions enables the number
of such devices in the cascade and the energy capacity of production to be reduced for special external
working conditions.

When solving problems of the type encountered in separation practice, it is desirable in a number of
cases to use the method of mass diffusion; this has the advantages of servicing simplicity, fairly short
times of installation, compactness of apparatus, universality, and speed of operation, i.e., it enables iso-
topes of a variety of elements to be produced in the same apparatus in a very short time [1, 2]. How-
ever, the absence of published data as to methods of optimizing mass-diffusion apparatus, as distinct from
such classical methods of separation as thermal diffusion and distillation [3-8], makes it difficult to create
effective mass-diffusion separators. ' :

This paper is devoted to questions of optimizing mass-diffusion units (columns or pumps) in cas-
cades. Since the creation and operation of practical separating installations involve the expenditure of
considerable material resources and electrical power, optimization of the cascade is best carried out by
reference to a criterion as fully as possible reflecting the economy of the method and the separating pro-
cess.

One such criterion is the net cost of the resultant product. An analytical expression for estimating
the net cost of an isotope mixture enriched with the valuable component may be obtained if we take account
of the main expenses incurred in the production of an isotope in'the cascade (for example, one consisting
of mass-diffusion columns).

For simplicity, let us assume that all the columns in the cascade work in the same mode. The form
efficiency of the cascade 7, defined as the ratio of the separating power AU;jq of an ideal cascade having
specified values of individual flows and concentrations [F and cf in the feed, P and cp in the outgoing ma-
terials (product), and W and cyy in the spent materials (waste)], to the separating power AU of a real
cascade with the same flows and concentrations at the input and outputs, may be expressed in the following
form [4]: ' ' '

AU .
= = (H2/41K) 77 [P (cp)+ W (cw) — F® (ce)l, o

where H2/4K = 6U is the specific separating power of the column, H and K are the coefficients of the trans-
fer equation for the column, lZ is the total length of all the columns in the cascade, (c) = (2c—1) In[c
/(1—c)] is the separating potential.

From Eq. (1) we obtain an expression for the total length of the columns in a real cascade:
1 .
L=y [PD(cp)+ WD (ew) — FO (cp)l: (2)

Since mass diffusion relates to irreversible methods of separation, we may consider that the energy
required by the cascade and the amount of cooling liquid employed are proportional to the length of the

Translated from Atomnaya }/«]nergiya, Vol. 38, No. 6, pp. 363-366, June, 1975. Original article
submitted July 1, 1974.
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S T T cascade. Using agto denote the cost of unit length of the column,
' we may write the capital expenditure yi required for creating
the cascade in the form

Yu =axls. (3)

If T, is the period of service of the cascade, determined in ac-
cordance with established norms, while t is the time of operation
required to obtain a specified amount of product, the part of the
cost of the cascade which is transferable to the cost of the iso=-
tope (amortization deductions) will be

L | | ! Ya = axlzt/To. (4)
0 2 4 6 6 6

Since the power consumed by the cascade installation is
proportional to the total flow of vapor, its magnitude may be
defined as

Q =bqls, : (5)

where q is the flow of vapor associated with unit length of the cascade, b is the energy consumed in creat-
ing unit vapor flow.

Fig. 1. Net cost and cost compo-
nents as functions of the vaporflow.

The specific flow of the vapor q may be expressed in terms of the working parameters of the column:
q=2strou = 2nnDy0. ‘ : ) (6)
Here r, is the radius of the inner condenser of the column, u is the density of the vapor flow at the con-
densing surface, n is the molar density, Dy, is the diffusion coefficient of the separated gas in the vapor

of the working liquid, ¢ = ur,/nDy, is a dimensionless parameter of the column, an analog of the Peclet dif-
fusion number.

Hence the energy needed in order to obtain a specified quantity of the isotope is
' E = 21bnDyyotls, . o
ahd its cost may be written in the following form
Vg = Z_szDwUtlz, (8)
where ag =bag (@ is the distribution cost of the unit of energy). '
in an analogous manner, for estimating the expenditure on cooling liquid wé obtain the expression
' Yy = 2napnDyootls, ' (9
where at, is a coefficient allowing for the éoolant ex‘penées associated with unit flow of the vapor (.

Apart from these components, the net cost of the isotope must include the expenditure on the raw ma-
terial required to produce the specified amount of isotope y., = apFt, the expenditure of the wages of the
servicing personnel Ywg = awgt, and also the expenditure on repairing the cascade installation. The coeffi-
cients ap and ayg represent the distribution cost of one unit of raw material and the wages per unit time
respectively. The cost of the capital and preventive repairs of the separating apparatus we define as a
part of the capital outlay; we allow for these in the expression for the net cost of the product by means of
a coefficient ky. The value of k; depends on the complexity and specific characteristics of the apparatus
employed and is chosen on the basis of experience in the use of analogous installations.

Thus the expression for estimating the total cost of the product being manufactured (the isotope)
assumes the form :

t

Y = gy (PO (cp) + WO (ew) — FO () [ 255 1 9mnD1oo (a5 + ar) | apFi+ aygt. (10)

Let us consider various possible cases of the use of this function,

If in a natural isotope mixture only one isotope is valuable, then, allowing for the balance equation
relating to the whole cascade
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P4+ W=F,
PCP+ WCW=FCF,

we obtain the following expression for the net cost of the isotope from Eq. (10):

Y 1 - 14-k
SP —T—m—[(b (CP)+ e CF (D(CW> ""c _:‘VV::(D(CF)] [ﬂlv;l—“—)+2ﬂanQ(aE+ab)]
c aw
+ax ——F_CZ +—5 (11)

For a specified geometry of the column the specific separating capacity U = H?/4K is determined
by the dimensionless flow of vapor ¢ and by the circulation, the maximum value of which is in turn pro-

portional to o. Since the separating capacity (for a fixed flow of vapor) increases monotonically with in-

creasing circulation, tending toward a limiting value 8Ujip,, it is desirable to establish the value of the
circulation for which 8U is close to 8Ujim. Then the choice of operating conditions for the columns in the
cascade will be determined simply by the vapor flow.

Since the capital outlay is proportional to 1/6U and the power required to the quantity ¢/6U, it follows
from Eq. (11) that the energy and apparatus optima for a cascade of mass-diffusion columns do not coin-
cide. Hence the operating conditions of the columns in the cascade have to be chosen in such a way that the
net cost of the resultant produce may be a minimum.

1t is also useful to use the net-cost function (11) in order to optimize the cascade with regpect to the
dimensions of the stripping section. For this purpose it is sufficient to find the minimum of Sy with
respect to the value of cyy. In the particular case in which the net cost of the raw material is small, or
when the product obtained in the spent materials may be realized at the original (supply) price, there is no
need to consider the spent -materials section, and the expression for the net cost may be written in the
form:

a
@ (cp, (k) . , . Wg
Spr (H(;IZKC)I;: [a (T—(i— Ry (aETab):l‘l"“p_’ _ (12)

where

- ef{l—e c—ep) (1—2¢
D (e ep)=(2e—1)In 01~(' (1—-53 + ( CFF(‘)i(—CF) 2. (13)
Also of interest is the case in which both isotopes of the separated mixtures are valuable. Then in
addition to the value of Cp we must specify the required concentration of the second isotope 1—evwy, which
is enriched at the other end of the cascade. We mayconsider that the expensesincurred in producing each
isotope are proportional to the total length of the columns of the particular section in which the isotope
under consideration is enriched:

)’=va—i~)'r“"; (14)
Yp _ PO {cp, ¢F)
Yw WOlew,cr) ' (15)

where Yp and Yy are the expenses associated with the creation and exploitation of the enriched and spent
(waste) sections of the cascade respectively. The net cost of each isotope will in this case be determined
by an expression analogous to Eq. (12):

p_Yp 1 P® (cp, cry . c;' cp—Cw 7.
SPr Pl (_H'/-!K) n PO (Cp, cp) +WCD (ewr, o) {[C‘D (CP T (D(CW)— cp—Cw (D( )J
w (14-k ’ p— Cy
X ["_(T"nr_i)_{_ 2nnD 0 (aE-+—ab)J—|—aF#_z%-+——ﬁ~ ; _ (16)
oW Yw o 1 WO (ew, cp) cp—CW cp—Cw
SP = T = AR v PO (epy op) + WO (e, op) {[ er—ep D (ep) -+ D lew) — (e )J
) 1+ k »—
Y [_.“i_(_%;)_L 9nnD,OG(a5+ab)J +ap -fc‘;m—i‘;—+ _wg 1 17

By repeating the discussions outlined above we may obtain a function for the net cost of the isotopes
concentrated in a cascade of mass-diffusion (Hertz) pumps. In this case, in order to estimate the total
net cost of the product, we must replace the separating power H%/4K in Eq. (10) by the separating power
of the pump 46Uy expressed in terms of its working and geometrical parameters [9, 10]. The term allow-
ing for the energy expenses also changes slightly. For a cascade of mass-diffusion pumps with specified
geometry and working conditions Eq. (10) takes the form
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, t | a (1+k) Z U Tl :
¥ ":W[P(D (ep)-+ W () — F® (cp)] [——To—l—+l—e nDy, T—o, In ‘1(“E+ab)]

+aFFt+awgt- ' (18)

Here Z is the area of the porous diaphragm, [, is the effective diffusion length (10], Inq = wlo/nDy, is the
Peclet diffusion number, 6, is the partition coefficient of the vapor flow, a'K k'i ok, ”]'o are coeffioients
allowing for the corresponding expenses. From Eq. (18) we may easily obtain the net-cost function for
various cases of transferring the total expenses to the isotopes produced.

Figure 1 shows the net cost of 9% % 1:'fCH4 calculated from Eq. (12) and also the components allowing

for the capital (Sk) and energy (Sg) expenditure on the creation and exploitation of the installation as func-
_tions of the quantity 0. The data required for the calculation were obtained during laboratory research into

mass-diffusion columns carried out earlier [1]. The values of Sy, Sg, and Spr are given in relative units.

The terms of Eq. (12) allowing for the wages of the servicing personnel and the cost of the original ma-

terials are omitted, since these have no effect on the appearance of the curves. We see from Fig. 1 that,
‘as a result of the noncoincidence of the optimal energy and capital outlays, the value of o corresponding

to the minimum net cost is smaller than the value of o corresponding to the maximum separating power

of the column.

By using the method proposed we may generalize the resultant net-cost function to other methods of
separation (thermal diffusion, gas diffusion, and so on). It is clear that in every specific case the optimiza-
tion parameters are to be chosen with due regard for the special features of the separating method and the
separating devices. The results may be used in designing mass-diffusion separating installations and also
when comparing the efficiency of methods used for separating various isotopes.

The authors wish to thank G. A. Tevzadze for discussing the work and also for valuable comments.
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MATHEMATICAL SIMULATION OF THE EXTRACTIVE
REPROCESSING OF NUCLEAR FUEL
3. REDOX REEXTRACTION USING IRON SALTS*

A, M. Rozen, M. Ya. Zel'venskii, UDC 621.039,59.001,57
and I. V Shilin

Processes of separative reextraction play an important part in radiochemical technology; they are
used to separate plutonium and neptunium from each other and from uranium, However, the mathematical
extraction model developed in earlier treatments [1-4] is insufficient for describing these processes, since
it takes no account of the kinetics of redox reactions.

The aim of the present investigation was to develop a mathematical model and a computing algorithm
for the redox reextraction of neptunium and plutonium with due allowance for the kinetics of the chemical
reactions in the aqueous phase, and also to analyze the influence of the bagic parameters of the process
on its efficiency, leading to a rational choice of the optimum conditions of operation. As redox reagent
we took the Fe?*—Fe?* system, for which a relatively large number of kinetic data have been published;
however, the algorithm developed in this connection is of a general character, and may be used for pro-
cesses involving other nonextracted redox reagents.

Kinetics of the Reduction of Plutonium and

Oxidation of Neptunium by Iron Salts

The reduction of plutonium (IV) by iron (II) proceeds in accordance with the reaction Pu'* + Fe?t
P *+ + Fe**, while the oxidation of neptunium (I'V) by iron (IIT) obeys Np** + Fe’* + 2H,0 = NpOj + Fe?"
+4H",

The kinetic equations of these reactions are

*Parts 1 and 2, see At. Energ., 37, No. 3 (1974).

Pu N

=TT (T T T e st

1|6, ANgy, pu, Np

N, NG, e,

5 N
2 x1dlzm§ agent
U, KN
5 ”’ HNDJ: Np HAly ,

Fig. 1. Arrangement of reextraction unit: 1) Flow of
original organic solution; 2) flow of extraction agent;
3) aqueous flow from the first extractor; 4) flow of
reextraction agent in the first and second extractors;
5) extract from the first extractor (also forming the
original solution for the second) and from the second
extractor; 6) reextract from the second extractor.

Translated from Atomnaya Energlya Vol. 38, No. 6, pp. 367-371, June, 1975. Ongmal article sub-
mitted July 18, 1974; revision submitted January 3, 1975,

© 1975 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming,
recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $15.00.
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Fig. 2. Loss of valuable components (Pu and Np, % of the original content) as a function
of the ratio of the flows npom/n = L/Lpom for XgNo, = 0.1 M: 1)-4) losses of plutonium
from the organic phase of the first reextractor; 5)-8) losses of neptunium from the or-
ganic phases of the second reextractor; 9) losses of neptunium from the aqueous phase of

the first reextractor; 10) losses of plutonium from the organic phase of the first.reextrac-

tor for the ideal-displacement situation; 11)-14) losses of uranium from the aqueous
phase of the second reextractor. (The figuresoncurves 1-10 give the contact time in the
mixing and settling chambers of the stage in min; those of 11-14 give the number of stages
in the uranium preextraction section.) ’

Fig. 3. Dependence of the neptunium and plutonium losses on the acidity of the reextrac-

. tion agent: 1)-6) losses of neptunium from the aqueous phase of the first reextractor; 7)-
11) 1osses of plutonium from the organic phase of the first reextractor; 12-16) losses of
neptunium from the organic phase of the second reextractor. (Numbers on the curves
indicate the values of L/Lpom = Dpom/n.)

SRl _ g py (IV)] — RF* (Pu (D)

d [NS——:(V)] — ko [Np (IV)] — k¥ {Np (V)].

By approximating the experimental data of [5-9] we obtain equations for the constants

jpu = A [Fe (IID)]

kpu_" 1620 [Fe (I1)]
1 600 [H

TWF29[NOz]) [(HT
0 — exp (— 0.368 4 0.345) [Fo (L) /[H'P;

kNP = exp (0.506p + 3.1) [Fe (IT)] (H*],

(1)
(2)

(3

where p = 3 [UO, (NO3)2] + [HNO4] is the ionic strength; [NO3] = 2 [UO, (NO3),] + [HNO;] is the concentration

of nitrate ions.
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Fig. 4. Influence of the time of contact in the settling chamber on the losses
of plutonium from the organic phase of the first reextractor (L/Lpom = 0.8;
XHNO, = 0.2 M): 1) for ordinary mixer—settlers, 7;. = 1.5 min; 2) for
centri%ugal extractors Tpix = 0.2 min,

Fig. 5. Dependence of the plutonium and neptunium losses on the number
of stages in the reextraction section of the first extractor (L/Lpom = 0.8;
XHN03 = 0.2M): 1), 2) neptunium and plutonium losses for a constant total
time of contact in the extractor Npg Tmix = 15 min and Tpjx: Tget = 1:2; 3)
plutonium losses on adding stages with a standard contact time (1,,;x = 1.5
min, Tget = 3.0 min). i

Mathematical Description of the Process in Each

Stage, and Algorithm forv Calculating the Distribution

of the Microcomponents with respect to the Various

Stages of the Extraction Apparatus under Steady-State

Conditions

We shall assume that the reextraction process does not amount to a slow chemical reaction, and that
its velocity, determined by mass-transfer processes, is fairly high; owing to the smallness of their dis-
tribution coefficients, the extractability of Pu{Ill) and Np(V) may be neglected. We shall consider that the
distribution coefficients of Pu{IV) and Np(IV) as microcomponents do not depend on their own concentration
but are determined by the concentration of uranium and nitric acid in the aqueous phase.

The mathematical description of the process at the i-th stage comprises the equations of material
balance (allowing for the structure of the flows) (a), the equations of extractive equilibrium (b), and the
kinetic equations of the redox reactions in the aqueous phase (c). The equations describing the process
are exactly the same for both plutonium and neptunium (the only difference lies in the numerical values of
the kinetic constants and the distribution coefficients) and take the following form:

for the mixing chamber of the stage

a) Ty, i1+ &, -1+ MWiss

——;5, i_zk. i_ngln. i=0; ‘ _
b) Ha i =iy, i} [ v 4
c) 45 1 =y, i;{., i — ke, iES. i

dt
for the settling chamber of the stage

a) Ty, 1+ &, i — T, 1— T, 1=0;
b)  ¥i, i =Yuis . (5)

dz, . i
) %=k1, iZy, i — ks, 175,
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Fig. 6. Distribution of the components with respect to the stages of the first extractor in the aque-
ous and organic phases (a and b respectively). '

Fig. 7. Distribution of the components with respect to the stages of the second extractor in the
‘aqueous and organic phases (a and b respectively). '

where n is the ratio of the flows of the organic and aqueous phases, e is the distribution coefficient of
Pu{lV) or Np(IV}), x, is the concentration of PulIV) or Np(IV), x; is that of Pu(llI) or Np(V) in the aqueous
phase, y, is the concentration of Pu(lV) or Np(IV) in the organic phase. The index i means that the quantity
relates to the yield in the i-th stage; intermediate values (at the outlet of the mixing chamber) are denoted
by a stroke over the symbol.

The system (4), (5) reduces to a matrix equation describing the step as a whole:

= 1 - s ~ g T o —
Y, i1 Aq/na;dy — (dg— A, —1)/nd, Yoo i Yoo i
2 i |7 (At (1— As) Agdy/An)e 0 Ay (Ag— Di(Ag—1)| ™| 24, 1-1 '—-__Si Ty, 1| ®
Zs, i (A;+ AgAgAs/Ag} o 0 Asdi/4e s, i-t] - I, i-81 .

Here Ay =ky, | + Ky j; Ag = 1+ain; Ag =kq j/Ay +Ky i3 Ay = e~A3Tmix and A = e’Ai’rsétfor the ideal dis-
placement situation; A, = (1 + As’fmix)'i and Ay = (1 + Ai"set)_i for the ideal mixing situation; Ag = ky j
(1=Ag) /ey, i +KgiA9); Ay =ky, i (1=Ag)/Ag; Ag = (g, 1A +K1,1)/Ag Ag = I=Ag; Ay = 1—Ay, where Tix
and Tggt are the times spent by the aqueous phase in the mixing and settling chambers of the stage.

For the whole extractor the expression analogous to (6) is

Yin” : n
0 _1’:_;6_0 ) TreE 00 Yu ot
Z, out | =SNSxeg o1 - ) 0 +~S8y...Sx4a] O 1 018y ... 8 O | (7N
x5, out 0 0 01 0

where ng and n.e are the ratios of the flows in the extraction and reextraction sections of the apparatus,
ng is the ratio of the flow of the reprocessed organic solution to the flow of the aqueous phase, N' is the
number of stages in the whole extractor, with due allowance for the fictitious stage of feeding in the solu-
tion to be reprocessed, which has the number N' + 1, ‘

In shortened form Eq. (7) appears thus:

0 You|! |0 Ty
Tyour |=Q@+R| 0 |=|gq2{+|T21|¥our> (8)
T5, out 0 73 Tasl . ' -
whence
— r
yout=—;1?-; xa,out=92—917f—:'; Z5, out =qs-—»41—:%- (9)
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Thus the algorithm for calculating the distribution of neptunium and plutonium over the various stages
of the apparatus consists of the following: 1) calculation of the distribution of the macrocomponents, namely,
uranium and nitric acid (for the methods of calculation see [4], which also gives the equilibrium equations);
2) ealculation of the kinetic constants of the reactions by means of Eq. (5) and of the distribution coeffi-
cients (see [4]) at each stage; 3) construction of the matrices §; in accordance with Eq. (6); 4) determination
of the matrix R and the column Q in accordance with Eqgs. (7) and (8); 5) calculation of the neptunium and
plutonium concentrations in the flows of the aqueous and organic phases emerging from the extractor by
means of Eq. (9); 6) successive calculation of the neptunjum and plutonium concentrations in the two phases
at each stage by means of Eq. (6), using the already prepared matrices S;.

Calculations of the Redox Reextraction Process

Using the Minsk-32 computer we calculated a reextraction system consisting of two extractors
(Fig. 1); the reduction and reextraction of plutonium took place in the first extractor, and the oxidation and
reextraction of neptunium in the second. The aim of the calculations was to study the influence of the ratio
of the flows, the acidity of the aqueous phase, the number of stages, and the time spent in the mixing and
settling chambers on the extraction of the valuable components. We also determined the range of condi-
tions for both extractors in which the losses of uranium, plutonium, and neptunium were lowest.

For the first extractor we took ny = 8.0; ng = 1,5; npg =nj + ng = 9.5 as nominal conditions. The
original organic solution contained 0.38 M uranium and 0.17 M HNO,. The concentration of plutonium and
neptunium in this solution was taken as unity. Into the preextraction section we fed a 30% solution of tri-
butylphosphate (TBP) in synthine; reextraction was effected with 0.1 M HNO; containing 0.04 g-ion/liter
Fe(lI) with an admixture of 10% Fe(IIl) (produced by self-oxidation). Into the second reextractor we fed
the organic flow from the first reextractor (at 80% of the nominal rating in the latter according to the ratio
of the flows), containing 0.32 M uranium, 0.0333 M HNOj;, 0.83444 arbitrary units of Np, and 1,7 1074
arbitrary units of Pu. The nominal ratios of the flows were n, = 11,875; n, = 1.125; nye = 13.0 The re-
extracting 0.1 M HNOj contained 0.04 g-ion/liter Fe(IlI).

The ratio of the flows in the two reextractors was varied by varying the flow of the aqueous phase
L[n = npom/(L/ Lpom)l-

We see from Fig. 2 that an increase in the ratio of the flow increases the losses of the components
from the organic phase (plutonium in the first extractor, neptunium in the second), but reduces the losses
from the aqueous phase (neptunium in the first and uranium in the second). Whereas in the first reextrac-
tor the uranium concentration in the reextract is no greater than 1.5 mg/liter for any of the operating
conditions calculated, in the second reextractor a three-stage preextraction section fails to provide an
acceptable (10 mg/liter) degree of purity of the reextract with respect to uranium (Fig. 2, curve 11), and
the number of stages must be increased from four to six (Fig. 2, curves 12-14),

Increasing the acidity of the reextraction agent increases the losses of the components from the
aqueous phase (Fig. 3); hence it is desirable to conduct the whole process at a low acidity.

The time spent in the stage has a substantial influence on the losses of neptunium and plutonium
(Fig. 2), and due allowance for the kinetics of the redox reactions must therefore never be neglected. This

- may at first glance appear paradoxical, since the velocity constants are high and the relaxation time of the

process (tg = 1/k) should be short (for example, in the case of XHNO =1 M and {Fe(I)] = 0.04 g-ion/liter;
k " =16.2 min~!and t) = 1/k" PU = 0.06 min, while T ;, = 1.5 min,i. 6. , 25 times greater than t;). How-
ever one characteristic of the process in the two-phase system is a transition of the plutonium (neptunium)
to a state of reduction (oxidation) on passing into the aqueous phase from the organic phase, in accordance
with its distribution coefficient; the velocity constant then falls by a factor of (1 + wn), while the relaxation
time correspondingly increases. This leads to a considerable retardation of the redox processes in the
extractive stage by comparison with the same process in the aqueous phase,

The calculations also showed that, despite the occurrence of redox reactions in the mixing and
settling chambers, the role of the latter was ingignificant owing to the absence of mass transfer in these
chambers even for small values of Tmix (Fig. 4).

Influence of the Number of Stages, We found (Fig. 5, curves 1 and 2) that for a constant total time
of contact in the apparatus (Np.oTy,ix = const) it was advantageous to have more stages with a shorter con-
tact time in each. Increasing the number of reextraction stages while preserving their standard dimensions
naturally reduces the losses of the components (curve 3).
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Structure of the Flows. A comparison between the results of calculations relating to the operating
conditions of the process for the case of ideal displacement and ideal mixing (Fig. 2, curves 2 and 10) once
again [2] indicates the considerable advantage of using piston-type flow rather than ideal mixing.

The range of acceptable operating conditions is determined by the completeness of the plutonium,
neptunium, and uranium separation required., Since many parameters of the process act in contradictory
ways on the losses of these components, this range is comparatively narrow. For the first reextractor the
best arrangement is that corresponding to 80% nominal (flow ratios njy = 10.0; ng = 1.875; npe = 11.875)
with a reextraction-agent acidity of no greater than 0.2 M. Under these conditions the plutonium losses
are no greater than 0.05%, and the neptunium losses no greater than 1%. A shift in the direction of lower
values of n leads to an increase in the losses of neptunium with the aqueous phase, while higher values of
n lead to an increase in the losses of plutonium with the organic flow passing into the second reextractor.
(The distribution of the components with respect to the stages in this condition is indicated in Fig.6.) In
order to widen the range of acceptable conditions it is essential to enlarge the reextraction section of the
apparatus.

The second reextractor should have at least four stages in the uranium preextraction section, the
best working condition being that corresponding to 60% nominal (ratios of the flows ny = 19.8; ng = 1.87;
npe =21.7). For an XgNO, no greater than 0.5 M the neptunium losses then fall below 1-107% and the
amount of uranium in the reextract is no greater than 10 mg/liter. (The distribution of the components
with respect to the stages in this situation is indicated in Fig. 7.) Increasing the preextraction section to
six stages leads to a considerable expansion of the range of acceptable conditions, which is then only
restricted by upper limits of n, = 30.0 and ng = 2.8; the losses of neptunium are no greater than 5 1039,

We note that the ratios of the flows corresponding to the nominal operatirg mode of the first re-
extractor (as well as values lower than these), together with a reextraction-agent acidity of no greater than
0.2 M, ensure an almost complete transition of the neptunium and plutonium into the aqueous phase in one
extractor (the amount of uranium in this section will then lie below ~1 mg/liter). Thus depending on the
technological requirements either individual or combined separation of Pu and-Np from U may be achieved.

Influence of Temperature. Since the activation energies for the reduction of plutonium and oxidation
of neptunium (19.7 and 35.2 kcal/ mole respectively [7]) are comparatively high, the velocity constants
increase sharply with temperature, i.e., increasing the temperature reduces the losses of plutonium and
‘fHeptunium, or alternatively reduces the contact-time (calculation shows, for example, that on conducting
the process in centrifugal extractors, in which 74,;x = 5-10 sec, t® should be raised to ~ 40°C).
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TWO-DIMENSIONAL DIFFUSION PROGRAM
HEXAGA II FOR MANY-GROUP CALCULATIONS
OF HEXAGONAL LATTICES

T. Apostolov and Z. Woznicki UDC 621.039.51

The HEXAGA II program uses a uniform triangular difference mesh employed for the calcula-
tions for. various reactors of basically the water-moderated water-cooled type. The programiswritten
in FORTRAN IV for the systems SYBER-70 and EC-1040. HEXAGA II enables one to solve diffusion equa-
tions in the approximation from two to ten groups with allowance for diffusion of neutrons from high to low
energy groups. Neutron scattering accompanied by an increase of energy is takeninto account when the
model is used with two or more thermal groups. The first variant of the program calculated the neutron
fluxes at 5000 points of the reactor lattice, and for the subsequent variants this number increases to 10,000
and more.

The many-grouped model of neutron diffusion is a search for a solution of the system of adjoint
elliptic second-order partial differential equations

G G
— div [Df grad @F] 4 Z6@S — 3 TE60F =4 3 FIUROY, g=1,2,...,6 1)
=1 g=1
g'¥g

(all the hotation in (1) is standard and given in [1]).

The extraction cross section for the given group, %, is represented by the equation

G
=3+ D) 27F

g'=1

g’'+g

Equation (1) is augmented by the boundary conditions on the surface of the reactor:

preys '
D# - +af08 =0 )
(the derivative is along the outer normal to the boundary of the region). '

Equations (1) and (2) are solved by the source-iteration method. For the numerical solution of the
problem in the group, one uses a finite-difference approximation in the triangular lattice. Thus, finite-
difference equations are obtained and these can be represented for each group by a system of linear equa-
tions:

AD =¢, @)
where A is a nondegenerate matrix of coefficients; & is the required vector of the 