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NOMENCLATURE

The following three paragraphs are explanatory notes on
the nomenclature used in this thesis.

(1) All molalities are expressed in terms of the nitrate
group'aSSOciated with the solute in question. For example, a
solutlion containing one kilogram of water and one molecular

welght (324.9 gms.) of La(NOj), would be three molal La(NO5) 5.

(2) For a doubly subscripted quantity, the first sub-
script is the solute subscript and the secbnd subscript is a
®"location®™ subscript, referring to the’phase, stream, or stage
with which the quantity is assoclated. ) |

(3) If used as a subscript S, R, and F denote that the
quantity subscripted refers to a stream in an extraction cas-
cade. If used as a variable S, R, and F denote the solvent
flow rate in a stream in an extraction cascade. In the text,
a reference to stream Rn or Sn denotes a reference to the
stream as a whole.

M - molality, moles of a solute per kilogram of solvent
K - distribution coefficient, ratio of molality of a

solute in an organic phase to molality of the solute
in the equilibrium aqueous phase

B - separation factor, ratio of two distribution coeffi-
clents
X - ratio of molality of a solute in aqueous solution to

total molality of the solution



xi

X - ratio of molality of a rare earth solute in aqueous
solution to total rare earth molality of the solution

Y - ratio of molality of a solute in organic solution to
total molality of the solution

y - ratio of molality of a rare earth solute in organic
solution to total rare earth molality of the solution

S - flow rate of solvent in an organic stream, kgm. TBP/
unit time

R - flow rate of solvent in an aqueous stream, kgm. HZO/
unit time

F - flow rate of solvent in a feed stream, kgm. HZO/unit
time

T - total number of solutes

a - flow rate ratio, S/R

Subscripts

1, - arbitrary solute

t - total solutes present, expressed as equivalents of
nitrate

RE - total rare earth nitrate solutes present

La - lanthanum nitrate

Pr - praseodymium nitrate

Nda - neodymium nitrate

Sm - samarium nitrate

HNO3 - nitric acid

n - arbitrary stage in extraction cascade

org. - organic phase

aq.

aqueous phase
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SUMMARY

Using single stagé equilibrium data for the systems shown
below, plus the assumption of mutual immiscibility of water
and tributyl phosphate (TBP), a calculation method was develop-
ed to give the stagewise conditions in a cascade of equilib-

rium stages with all species present in the flow streams.

I La(N03)3 - HNO, - TBP - H,0
IT  Pr(NOj), - HNO; - TBP - H,0
III  Na(NOg)5 - HNO5 - TBP - Hy0
IV Sm(NOg)4 - HNO5 - TBP - H,0
V. La(NOj)j - Pr(NO,) 5 - HNO; - TBP - H,0
VI  N&(NOj)g - Pr(NOj), - HNO; - TBP - Hy0
VII  Sm(NOj), - Pr(NOj) 4 ~ HNO5 - TBP - H,0

The calculation method was checked via a series of simu-
lated column experiﬁents. The agreement between predicted and
eXﬁerimental stagewise conditions was considered reasonable,
and the calculation is considered useful for engineering work.

As the calculation is tedious and time consuming, digital
computor programs were written for the IBM 7074 to calculate
the stagewise conditions in cascades of interest. It is hoped
these programs will be useful in design and optimization

studies.



INTRODUCTION

The elements of atomic number 57 to 71 are commonly known
as the rare earths or lanthanides. They occur in nature as
rather complex mixtures, and due to their chemical similarity
are quite difficult to separate. The term rare earths is a
misnomer, and these elements represent a potentially rich
source of metals. The abundance, industrial potential;
physical properties, and chemistry of the rare earths have
been discussed extensively in the recent literature (1,2,3,4,
5,6,7) and will not be elaborated on here.

Spedding and Powell (8) have developed ion exchange tech; .
niques which have been used at the Ames Laboratory of the
Atomic Energy Commission and by several chemical companies to
prepare the pure lanthanides in industrial quantities. The
work discussed in this thesis is a continuation of a loﬁg term
project sponsored: by the Chemical Engineering Division of Ames
Laboratory to 1nvestiéate the application of solvent extraction
to the separation of the rare earths. It 1is thought that
either a solvent extraction process or a combination of solvent
extraction and ion exchange might possess certain advantages
over the present process, such as more continuous operation
and larger throughputs per dollar of capital investment.

Specifically, the purpose of this research was to propose

and verify a calculation method to give the stagewise conditions



In a multistage cascade operating with the system La(N03)3 -

Pr(NO - Nd(N03)3 - Sm(N03)3 - HNO3 - TBP - HZO' If con-

33 |
sidered desirable, as was the case, the method was to be
programmed for digital computor calculation.

The basic problem in this project, as in many projects of
this type, was to develop a method of calculating the condi-
tions in one equilibrium phaSe with the contacting equilibrium
phase completely specified. Because of the large number of
solutes present it is practically impossible to systematically
investigate the equilibrium of the system of interest over the
range of composition and concentration encountered in a sol-
vent extraction cascade. Therefore the basic approach was to
use experimentally determined equilibrium data for contributing
systems to predict the equilibrium of the more complex system
of interest.

The function of the nitric acid is threefold. The sol-
vent, TBP, has a relétively high visdosity and a specific
. gravity apbroximately equal to that of water (about 0.98 at
20°C.). These characteristics have led to slow phase separa-
tion and emulsion formation in the past. The inclusion of
nitric acid promotes rapid phase separation and inhibits
emulsion formation. Also, the separation factors between the
rare earth nitrates have been found to increase with increas-
ing nitrate concentration of the system. The inclusion of

nitric acid allows high nitrate concentrations without the



phase separation and emulsion problems mentioned above. On
the debit side of the discussion, nitric acid is also ex-
tracted by TBP and complicates the system as an extra solute

which must be considered.



PREVIOUS WORK

The first study of solvent extraction separation of the
rare earths was made in 1937 by Fischer et al. (9). Since
that time a large number of systems have been investigated,
primarily'by single stage "shakeups", and often using radio-
active rare earth tracers. Typical studies are (10,11,12,13,
14,15). The field has also been reviewed extensively (16,17,
18,19).

In recent years most workers.have followed one of two
distinct approaches. The more fundamental approach has been
based on the thermodynamic equilibrium constants for postu-
lated complexing reactions between the solutes in the aqueous
- phase and the organic extractant. In contrast, several work-
ers have approached the problem from a pragmatic point of
vxew,4obtaining equlilibrium data for simple systems and then
making approximations to extrapolate the avallable data to
systems of interest. These two approaches are considered in

more detail in the following sections.
Thermodynamic Equilibrium Constant Approach
Many thermodynamic studies have been reported in the

literature, typical studies being (20,21,22,23,24,25). In

general, the conclusions were that the extraction of many



solutes such as nitric acid and rare earth nitrates from
aqueous solution by TBP may be considered the result of a re-

action of the type
+a - '
+ .
M(aq.) ax(aq.) + bTBP(org.) = MXa bTBP(Org.) (1)

where b is the solvation number, that is, the number of TBP
molecules complexed with one molecule of the extracted com-
pound. For the rare earth nitrates b has been established to
be three, and for nitric acid b is usually taken as one, al-
though for nitric acid solubility considerations show such a
simplé picture to be impossible. vThat is, the solubility of
nitric acid in TBP grossly exceeds the theoretical maximum as
given by complete formation of HNOB-TBP in the organic phase.
The present trend (26;,27,28) is to consider the nitric acid
extraction as an initial formation of HNOB-TBP followed by
solubility of excess acid in the complex.

Rozen and Khorkhorina (29) hgve approached the equilib-
rium of the system UOZ(NOB)Z - HNO3 - TBP plus diluent - H20

by a consideration of the proposed complexing reactions

(2)

++ - .
and
+ - .
H(aq.) + NOB(aq.) + TBP(org.) = HNO3'TBP(org.) (3)

The eqﬁilibrium constant values for these reactions plus



material balances make possible a calculation of the equilib-
rium organic concentrations if the aqueous concentrations are
known. Ssveral questionable assumptions are, however, neces-
sary. No activity data are available for the reactants in the
organic phase and so the activity coefficients of all organic
constituents (the free TBP and the solvated complexes) are
assumed to be unity. Activity measurements of uranyl nitrate
in aqueous solution and of nitric acid in aqueous solution
are available (30), but no justification is given by the au-
thors for their use of these activity data for mixtures of
uranyl nitrate and nitric acid. Also, as pointed out pre-
viously, the proposed reaction involving nitric acid is in-
adequate over the allowable nitric acid concentration range.
Jury and Whatléy (31) have written a digital computor
subroutine based on the equations of Rozen and Khorkhorina to
calculate equilibrium points in the system discussed above.
They do not compare their results with distribution data. BRe-
ferring to their calculated distribution curves the authors
conclude "Beyond the insipid observation that these curves
seem to follow the behavior of what is known about the system,
there is no quantitative criteria available for evaluating
their accuracy®. Although many of their calculated distribu-
tions appear reasonable, it is to be noted that under some con-

ditions such as low values of the TBP concentration and high



values of the uranyl nitrate concentration the equations pre-
dict negative values of the solvent phase nitric acid concen-
tration, which is, of course, impossible.

Olander (32) has written a digital computor program for
multistage, multicomponent cascade design making use of equa-
tions of the form of Equation 1 alternating with material bal-
ance calculations. He assumed:

(1) unit activity coefficients for all species,

(2) complete dissociation of the solutes in the aqueous

phase, and

(3) no competing side reactions.

The first two assumptions are certainly in error to some un-
determineéd extent, and the third is open to question. His
program is for a center fed cascade and involves a multiple
trial and error, the extract and raffinate conditions first
being assumed and then working toward the center stage by
stage from both ends with a match at the feed point the crite-
ria of correct choice of the end streams. He states that it
is impossible at present to estimate activity coefficients of
mixed electrolytes containing more than two solutés and also
to estimate the activity coefficients of the complexes and the
unbound TBP in the organic phase. Consequently his calculation
must be regarded solely as an order of magnitude approximation

to the true number of theoretical stages.



Empirical Approach

Weaver et al. (33) produced better than a kilogram of 95%
pure gadolinium oxide starting with a mixture of rare earth
oxides containing about 30% gadolinium oxide. They used a
60:40 mixture of TBP in a hydrocarbon diluent and extracted a
highly acidified solution of the rare earth nitrates many
times in both batch extractions and counter-curreﬁt extrac-
tions in a York Scheibel column. Their approach was primarily
trial and error, empirically adjusting the operating condi-
tions from extraction to extraction.

Peppard and Mason (34) report several simulated column
extractions of milligram quantities of mixed rare earths. The
aqueous phases were either acidified chloride or nitrate solu-
tions and the organic extractant was TBP either undiluted or
mixed with a light hydrocarbon diluent. No design procedure
was given. In each case they obtained two enriched fractions,
the light rare earths preferring the aqueous and the heavies
preferentially extracting into the organic.

A series of reports by Michigan Chemical Corporation (35,
36,37,38,39,40,41,42,43) describe the bench and pilot plant
scale separation of yttrium from the rare earths and the divi-
sion of the rare earths into a light enriched and a heavy en-
riched fraction. Some work was also done in attempting to

strip lanthanum from a rare earth and yttrium mixture. The



solvent used in the latter study was monododecyl phosphoric
acid plus hydrocarbon diluent and the aqueous phase acidified
chloride or acetate solutions of the rare earths. In some
cases a chelating agent was added to the aqueous strip. Yt-
trium of 98% purity was obtained.

At Ames Laboratory of the Atomic Energy Commission
Bochinski (44) demonstrated the partial separation of the rare
.earths. He distributed the acid free nitrates between un-
diluted, water equilibrated TBP and water. He developed a de-
signvpfocedure based on two assumptions concerning the equilib-
rium distribution of the system. They are:

(1) 'an.average equilibrium curve may be used for all
mixtures of the rare earths and

(2) the separation factors between the rare earths are

independent of the composition of the rare earth

solutes and a function only of the total concentra-

tion of solutes present in an equilibrium stage.
Bochinskl then "pinched" the total solute concentration, thus
by assumption 2 holding the separation factors constant. He
based his calculations on an oxides per liter basis.

Using Bochinski's method Schoenherr (45) set up a pilot
plant separation run. Because of the aforementioned phase
separation and emulsion formation problems he acidified the
system with nitric acid. The stages were preloaded with a

fixed nitric acid concentration, the feed and strip were also
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at this acld concentration, and the organic was pre-equiii-
brated with an aqueous of the specified acidity. Under these
conditions it was hoped that the acid concentration in the
system would remain constant and Bochinski's method could be
used to predict the stagewlse rare earth compositions and
concentrations. This condition was not realized and it was
found that the acid, if included, must be considered as a
solute. Schoenherr (46), Sharp (47), and Dinnin (48) then
collegted distribution data for various acidified systems,
the object being to predict the equilibrium of the complex
acidified systems of interest.

The project described in this thesis is essentially a
continuation of this work carried out at the Ames Laboratory.
After a consideration of the state of development of the fileld
of thermodynamic chemistry applied to concentrated, multicom-
ponent ionic solutions, it was the opinion of the author that
an empirical approach of this type was more likely to yleld a
realistic design procedure than the thermodynamic equilibrium

constant approach.
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METHOD OF CALCULATION

In this section the proposed calculation method will be
discussed in detail. The data used in the calculation method

are single stage "shake-up" distributions for the systems

I La(N03)3 - HNO3 - TBP - HéO s
II Pr(NOB)B - HNOS - TBP - HZO | ’
IIT Nd(N03)3 - HNO3 - TBP - H20 ’
IV Sm(N03)3 - HNO3 - TBP - H20 ' ’
\ La(N03)3 - PP(N03)3 - HNOB - TBP - H,0 ’
VI Nd(N03)3 - PI"(NOB)3 - HNO3 - TBP - HZO >

VII Sm(NO3) 5 - Pr(NO5)5 - HNO; - TBP - H)0 .
The data for systems I, II, V, VI, and VII were collected by
the author by the method described in detail by Sharp (47).
The bulk of the data for systems III and IV were taken from
the work of Schoenherr (46), supplemented to a small degree by
work of the author. A complete compilation of the equilibrium

data used 1is given in Appendix B.
Equilibrium Phase Calculation

The method to be discussed in this section is the calcu-
lation of all concentrations of one equilibrium phase with all
concentrations of the contabting phase specified. The general

procedure was:
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by interpolation
3

using data obtained from the contributing two solute

(1) to obtain values of Kt and KHNO

systems and then use the defining equations

Ky = (M) opg /(M) o , ()
KHNo3 = (MHNOB)org./(MHNOB)aq. ’ (5)
Meg = My - Mo , (6)

3
to calculate the total molality, HNO3 molality, and the rare

earth molality of the unspecified phase, followed by
(2) the use of Separation factors between the rare
earths obtained from data for the contributing three

solute systems in one of the equations

(M, ) - (MRE org. * Bi pr * (Mi)aq. (7)
i’org. T ’
iil (Bi-Pr X (Mi aq.)
(Mpr) x (M)
_ RE'aq. i’ org.
Bi-Pr xiz ((Mi org. /Bi-Pr)

to calculate the rare earth molalities of the unspecified
phase. Equations 7 and 8 follow directly from the definition
of separation factor and are applicable, of course, only to

the rare earths present.
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Considering this calculation in more detail, the data
from systems I, II, III, and IV were processed to give a
series of plots of Kt and KHNO versus the composition of an
equilibrium phase with the total molality of the same phase
as parameter. Typlical plots are shown in Figures 1 through
8. A complete compilation of the values from these plots is
given in Appendix D.

The separation factors from systems V, VI, and VII were
plotted versus the total mblaiity of the organic phase as
shown in Figure 9. In each case the rare earth separation
factors ére seen to be, to a good approximation, a function
of the total nitrate molality of the equilibrium organic
phase and relatively independent of the phase composition.
This observation parallels Béchinski's (44) observation of the
acid free system. The curves of Figure 9 were fitted to

straight lines by the least squares method to give

Bra-pp = 0-8187 - 0.1106(My) .. , (9)
BNa-Pr = 1.0448 + 0.09874(Mt)0rg. ’ (10)
BSm-Pr = =0.3795 + 0.9214(Mt)0rg. . (11)
These correlations were assumed to hold with (Mt)org. greater

than 1.75.

At this point a gross assumption was made. It was assumed

that Equations 9, 10, and 11 would hold also in the five
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Figure 8.
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solute system La(N03)3 - Pr(N03)3 - Na(NO - Sm(N03)3 - HNOB-

33
TBP - HZO. The limitations of such a sweeping assumption may
only be ascertained empirically, therefore the usefulness of
the approximation must be judged by the comparison with ex-

perimental results in the Verification of Model section.

Sample calculation

A sample calculation is now given to illustrate this
method. It was assumed that an equilibrium organic phase has
the following concentrations:

(Mt)org. = 3.0261 ,

(MH:NOB)Org- = 2'3590 ’

(M) opg, = 0:0397
(Mpr)org; = 0.0460 ,
(Myg) opg. = 0-0706 ,
(Mém)org. = 0.5108 ‘,
(MRE)org. = 0.6671 .

- FProm these data were calculated

YHN03 = (MHN03>org./(Mt)org_ = 2.3590/3.0261 = 0.7796 s
Yop = (MRE)org./(Mt)org. = 0.6671/3.0261 = o.zgou ,
Vi = (Mra)org./(MRE)org. = 0.0397/0.6671 = 0.0595 ’
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Ypp = (MPr)org./(MRE)org. =.0.0460/0.6671 = 0.0690 o
Yva = Mya)org./ (Meg) opg, = 0-0706/0.6671 = 0.1058 ,
Ysm = (Msp)org./ (Mgg) opg, = 0+5108/0.6671 = 0.7657 .

To obtain the value of Kt it was first assumed that all
the rare earth nitrates present were La(NOB)B' That 1is, YRE =

Y. = 0.220L4. Then, by straight line interpolation between

La

" the total molality parameters of Figures 3 and 4, a value of

K, was obtained that would hold for the case of (M

t t)org. -

3.0261 and Y, = Y. _ = 0.2204. This was K, = 0.4031. Exactly

RE La t
the same procedure was then followed to get values for Kt as-
suming, in succession, that all the rare earths present were

Pr(NOB)B, Nd(NOB)B, and Sm(NOB)B. To then get the K, used in

the calculation each Kt derived from the assumption of.only
‘one rare earth solute was multiplied by the fraction of the
rare earths present as that particular solute. In other words,
the contribution.from the La(N03)3 system to the final value

of K, was assumed to be equal to the value df Kt for the

t

La(NO - HNO3 - TBP - H20 system multiplied by Y1a8° Or

33
arithmetically, the contribution was (0.4031) x (0.0595) =

0.0240. The sum of the four contributions was then the value .

of Kt used.

Exactly the same procedure, using Figures 1 and 2 was

then used to get a value of KHNO for the case in question.
3
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The values so obtalned were

K, = 0.5200 ,

KHN03 = 0,6114

_The values of'(Mt)aq.,

calculated from Equations 4, 5 and 6 to be

(Mt)aq. = (M) t)org. /K, = 3.0261/0. 5zoo = 5,8194 -,
(MHN°3)aQ- = (MHNOB)org./KHN03 = 2.3590/0.6114 = 3.8584
(Mpp)ag, = (Mp)aq. - (MHN03 aq. = 5-819% - 3.8584 = 1.9610

Using (Mt)org = 3.0261 the separation factors were

calculated as

Bro_pp = 0.4840
BNd—PI’ = 103”’36 9
Bgppp = 2-4087 .

Note that, by definition, BPr-Pr is equal to 1.0.

The rare earth molalities of the aqueous phase were then

calculated by Equation 8 as follows:

121((M1)org /Bi Pr) = (MLa)org./BLa-Pr ( Pr)org /BPr-Pr ¥

(MNd)org./BNd-Pr + (MSm)org./BSm-Pr

) = 0.0397/0.4840 + 0.0460/1.0000 +
0.0706/1.3436 + 0.5108/2.4087

12= l((Mi)org./Bi-Pr

(MHNOB)aq , and (M RE aq. Were then

’

’
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T
1§1((M1 org. /Bi Pr = 0.3926 ’
B (MRE)aq. X (MLa)org.
(M La aq. T
PLa-pr Xizl((Mi)org./Bi-Pr)

_ (1.9610)(0.0 -
= {o;%SHb%{bTEé%%% = 0.4097

and in exactiy the same manner

(Mpp)pq. = 0.2298 ,
(MNd)aq_ = 0.2625 ,
(MSm)aq. = 1,0592 .

If the.reverse calculation had been desired, the same
procedure would have been followed, first using plots of the

type portrayed in Figures 5, 6, 7, and 8 to get Kt and KHNO ’
' 3

(M , and (M..) _ and

calculating then (Mt)org.’ HNOB)org- RE’org. ,

then, after calculating the separation factors, using Equa-

tion 7 to calculate the rare earth molalities.

Application to Multistage Calculations

It was desired to apply the model to the calculation of
the stagewise conditions in an ideal multistage cascade. Re-

ferring to Figures 10 and 11 it is seen that if any point on



Rn+l

Figure 10.

Figure 1l.

Cascade I

Cascade II

4
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the operating line is known, that is, if two streams passing
each other are completely defined, the conditions for any
number of stages may be calculated "backwards" through the
column if the operating line equation is known. The direction
such a‘calculation would follow is shown by the dashed arrows
in Figures 10 and 11. Obviously, but to ensure clarity, the
calculation would be composed of alternating applications bf
the equilibrium model and the operating line.

In the present work, the assumption of mutual immiscibil-
ity of water and TBP was made. Writing a general operating

line for the cascade pictured in Figure 10 gives

(M,) 'xs]+-BM) xR]==BM) x S +
l: i SO 0 i Rn n i Sn-l n-1

[:(Mi)Rl X Ri] . (12)
By the assumption of mutual immiscibility So = Sn-l and Bn =

Rl and so the subscripts may be deleted, and after rearrange-

ment

(M = G(M - a(Mi)S + (Mi)R . (13)

)
15,1 0 1
The assumption of mutual immiscibility of water and TBP

)
1'R

was felt to be justified. The solubility of TBP in water is
very low, on the order of tenths of a gram per liter, and the
solubility of water in TBP does not exceed épproximately six

percent by weight. Because the solvent is normally equi-
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librated with water before use, the assumption of constant
water content does not introduce a large error.

Using the proposed equilibrium model and operating lines
of the form of Equation 13 several calculations of the stage-
wise conditions in various cascades were carried out. The
procedure was to arbitrarily choose the end conditions, either
Rl and SO for the cascade in Figure 10, or RO and S1 for the
cascade in Figure 11, and then to proceed as explained pre-
viously. The purposes of these calculations were to obtain a
"feel®" for the possible separations that could be made with
the system and to select several predictions for experimental
verification.

At this point an unexpected problem arose.. In several
of the calculations the total molality was "pinched®" at a high
value. This was done to impress high separation factors on
the system, since, with the equilibrium model proposed the
separation factors increase with increased total concentration.
In each case in which this was done the individual concentra-
tions also quickly "pinched". When the end conditions and
flow ratio were chosen so that the total concentration changed
from stage to stage no such "pinch" of the individual solutes
was calculated.

The study of this "pinch®™ based on the limit of a se-
quence that can be written describing the molality of a gener-'

al component in successive streams of a cascade 1s an inter-
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esting problem the author has not been able to solve com-
pletely. A discussion of this approach is given in Appendix
c.

As the stagewise calculaﬁién is quite tedious and time
consuming, four digital computor programs were written for
various cascades of interest. These programé were compiled
and debugged on the IBM 7074. Although some calculations were
made with each program they are intended primarily for future
use in design and optimization studies, and as guides for
further programming. A complete discussion of these programs

is given in Appendix D.
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VERIFICATION OF MODEL

A specification of the source and method of preparation
of the materials used in the experimental phase of this project
follows:

Tributyl phosphate Commercial grade TBP, obtained

from Commercial Solvents Corporation, was pre-equilibrated with
distilled water before use as the solvent. The TBP was stored
in contact with a water phase to ensure equilibrium.

Nitric acid Reagent grade nitric acid was used in all

laboratory work.

Rare earth nitrate solutions The oxides of La, Pr,

Nd, and Sm, 99.9 percent pure, were obtained from the ion ex-
change group of the Ames Laboratory of the Atomic Energy Com-
mission. Stock nitrate solutions of each rare earth were pre-
pared by dissolving the ox}des in boiling, concentrated nitric
acid. After complete reaction, the excess nitric acid was
boiled off and distilled water added; All feed solutiouns for
the simulated column experiments were prepared by mixing these
stock solutions, reagent grade concentrated nitric acid and
distilled water.

As mentioned previously, the simulated column technique
was used to obtain experimental stagewise conditions for com-
parison with the predicted values. Briefly, a simulated column

experiment is a batchwise approximation to a continuous counter-
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current cascade. The error in the approximation may be made
arbitrarily small by increasing the number of cycles the ex-
periment is run. The mechanics and mathematical demonstra-
tions involved will not be gone into here as this technique
has been discussed extensively by Scheibel (49,50,51,52).

Four of the prediction calculations discussed in the
Method of Calculation section were chosen for simulation.

The experiments were carried out in laboratory glassﬁare at
room temperature, using 1/100 horsepower laboratory stirrers
for the mixing steps. A minimum of two minutes mixing and

three minutes settling time was maintained for each contact.

Along with the phases from the final cycle, the leaving -
aqueous phase from each cycle was retained and analyzed as a
check on the approach to steady state. in all cases the
number of cycles was felt to be sufficient.

All organic and aqueous phases from the final cycle were
analyzed for total oxides, nitric acid content, and rare earth
composition. The analytical methods used are discussed in
Appendix A.

A complete complilation of the experimental conditions and
the final experimental-predicted comparisons from these four
simulations is given on pages 32 to 52. In each case, the first
figure gives all pertinent experimental conditions, including

the simulation pattern and the continuous cascade being simu-
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lated, and is followed by both tabular and graphic experimen-

tal-predicted concentration and composition comparisons.



SIMULATION | PATTERN

STAGES — 10 9 8 7 6 5 4 3 2 | ‘
s CYCLES

2
TOTAL NUMBER OF CYCLES - 11 » FLOW BATE BATIO = a = 0.5
VOLUME Rll/INJECTION = 74,6 ml. s CONCENTRATION Rllz MHN03 = 1.86, Mpp = 6.89
INJECTION = 30. 1. » CONCENTRATION S _: M = 0.00, = 0.00
VOLUME S,/ 30.7 ml o Mo, Meg
CONTINUOUS CASCADE BEING SIMULATED
Ss S S3_S2 S _ S
@ne-o o- OMOBOMOMOEO N
fu— Rio Rz Re Rs ~ Rq ~ Rz — R, TR,

Figure 12. General 1nformation pertaining to Simulated Column Experiment I
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Table 1. Comparison of experimental and predicted compositions and concentrations
for Simulated Column Experiment I -

Weight % Weight % Weight % Welght % Grams total Grams HNO3
L3203 in Pr60ll in Nozo3 in szo3 in oiéiegfpgg- per gram of
total total total total B e ton solution

oxides oxides oxldes oxlides
exp. pred. exp. pred. exp. pred. exp. pred. exp. pred. exp. pred.

| Rl 32.3 32.3 25.2 25.3 25.6 25.0 17.0 17.3 0.191 0.195 0.039 0.037

R, 30.0 29.5 26.8 2k4.8 25.0 25.6 18.2 20.1 0.208 0.211 0.055 0.053
Ry 28.0 29.2 25.4 24.5 25.9 25.4  20.7 21.0 0.206 0.208 0.060 0.060
R, 28.8 29.3 24,7 244 25.7 25.3 20.8 21.1 0.204 0.207 0.062 0.062
Ry,  28.4 29.3 26.4 24,4 25.4 25.2 19.8 21.0 0.204 0.207 0.062 0.062
Ry 29.9 29.3 25.2 24.4 25.0 25.2 19.9 21.0 0.203 0.207 0.062 0.063
R, 29.7 29.3 24,8 24,4 25.4 25.2 20.2 21.0 0.202 0.207 0.062 0.063
Rg  29.1 29.3 2.4 244 28.8 25.2 17.8 21.0 0.202 0.207 0.062 0.063
Ry 29.2 29.3 24.8 24.4 . 26.5 25.2 19.5 21.0 0.202 0.207 0.062 0.063
Ry, 30.1 29.3 2.9 2u4.4 26.0 25.2 18.9 21.0 0.205 0.207 0.062 0.063
Ry, 29.0 29.3 2.9 244 26.5 25.2 19.6 21.0 0.204 0.207 0.062 0.063
S 12.1 13.1 22.4 21.6 28.4 28.8 37.1 36.6 0.088 0.088 0.054 0.054

19



Table i (Continued)

Weight & Weight % Weight % Weight % Grams total Grams HNO3
Lazo3 in Préollin Nd203 in szo3 in oiéiegfp:g per gram of
total total total total S tton solution

oxides oxides oxides oxides .
exp. pred. exp. pred. exp. pred. exp. pred. exp. pred. exp. pred.

S, 8.0 10.0  19.9 19.1 28.8 27.4  43.3 43.5 0.085 0.083  0.071 0.074
S5 9.4 9.6  18.8 18.6 28.1 26.7  43.8 45.2 0.082 0.080  0.076 0.080
Sy, 9.3 9.5 19.1 18.5 27.5 26.6 bh,1 45,4 0.081 0.078 0.078 0.082
S5 9.4 9.6 19.0 18.5 27.1 26.6  44.5 45,4 0.080 0.078  0.078 0.083
S¢ 10.0 9.6  18.7 18.5 27.0 26.6 44,4 45.3 0.081 0.078  0.078 0.083
S, 10.1 9.6  19.0 18.5 27.2 26.6  43.6 45.3 0.080 0.078  0.078 0.083
Sg 7.5 9.6  20.518.5 28.3 26.6  43.7 45.3 0.081 0.078  0.078 0.083
S 10.2 9.6  19.0 18.5 26.0 26.6  LA.B 45.3 0.081 0.078  0.077 0.083
S 8.2 9.6 19.8 18.5 27.5 26.6 hi.5 45.3 0.081 0.078 0.077 0.083

He
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Figure 13. Stagewlse aqueous rare earth oxide composition for
Simulated Columm Experiment I ‘
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o

Figure 14, Stagewise organic rare earth oxide composition for
Simulated Column Experiment I
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concentrations for Simulated Columm Experiment I
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Figure 16. Stagewlse aqueous rare earth oxide and nitric acid
concentrations for Simulated Columm Experiment I



SIMULATION  PATTERN

STAGES — | 2 3 4 &5 6 7 8 9 10
- | CYCLES

2
TOTAL NUMBER OF CYCLES - 10 , FLOW BATE RATIO = a = 8.0
VOLUME R,/INJECTION = 30.0 ml. » CONCENTRATION B,:Munoq = 0.00, MRE = o.oq‘
VOLUME S,,/INJECTION = 245.2 ml. » CONCENTRATION S);:MpNo4 = 0.00, Mpg = 0.00
VOLUME F/INJECTION = 215.6 ml. » CONCENTRATION FiMuyo; = 6.66, Mg = 11.69
CONTINUOUS CASCADE BEING SIMULATED £

Sty S2 S3 ___Sa S5 _S¢ ~_S7_—_Ss S9 _ Sio 1S
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Figure 17. General informatlion pertaining to Simulated Columm Experiment II
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Table 2.

Comparison of experimental and predicted compositions and concentrations
for Simulated Column Experiment IT

Weight % Weight % Weight % Weight % Grams total Grams HNO3
Lazo3 in Pr60ll in .Nd203 in szo3 in ;ﬁigeifp:g- per gram of
ol el mmL o mEl TRRTT eoten
exp. pred. exp. pred. exp. pred. exp. pred. exp. pred. exp. pred,
By 7.3 11.2 10.4 9.5 11.4 12.1 70.9 67.3 0.052 0.058 0.139 0.136
R, 14.6 19.9 12.9 11.7 11.9 13.2 60.6 55.2 0.072 0.076 0.168 0.167
Ry 26.4 31.0 15.0 12.3 10.5 12.6 | 48.2 44,1 0.087 0.092 0.172 0.171
B), 37.4 43.4 14.7 11.5 8.6 10.9 39.3 34.2 0.103 0.108 0.165 0.164
Rg 50.6 55.k4 12.0 9.8 7.0 8.7 30.4 26.0 0.122 0.126 0.152 0.151
By 62.8 65.8 9.8 7.9 h.2 6.7 23.2 19.6 0.140 0.145 0.136 0.136
B, 72.9 74.0 7.5 6.1 2.6 5.1 17.0 14.9 0.163 0.166 0.117 0.119
Bg 82.3 80.0 3.4 4.6 1.2 3.9 13.2 11.4 0.184 0.186 0.102 0.104
R, 81.3 844 6.1 3.6 2.5 3.1 10.1 8.9 0.20k 0.207  0.088 0.090
R, 86.4 87.8 5.8 2.8 1.9 2.4 5.8 7.0 0.220 0.228 0.076 0.077
F 83.0 81.2 2.9 3.0 0.8 3.0 13.2 12.8 0.235 0.238 0.153 0.156
S, 0.0 3.8 5.7 5.9 10.8 9.7 83.5 80.6 0.023 0.024 0.108 0.107

6€



Table 2 (Continued)

geight % Weight % Weight % Weight % Grams total Grams HNO,
a203 in Pr6011 in | Ndzo3 in ,Sm203 in gﬁigegfng- per gram of
o, ol ol sl TR owion
exp. pred. exp. pred. exp. pred. exp. pred. exp. pred. exp. pred.
S2 3.4 5.6 7.1 6.8 11.9 10.3 77.6 77.3 0.029 0.031 0.124 0.122
33 6.5 9.0 8.2 7.8 12.5 10.9 72.8 72.3 0.032 0.035 0.127 0.126
S, 10.5 14.1 8.9 8.4 12.4 10.8 68.3 66.7 0.034% 0.037 0.129 0.127
55 18.6 20.7 9.2 8.3 11.2 10.2 61.0 60.7 0.037 0.040 0.128 0.126
Sé 25.5 28.3 9.3 7.8 10.5 9.3 54.6 54.6 0.040 O.04L 0.126 0.125
5, 36.336.1 7.k 6.9 9.9 8.2 - U46.5 4B.8 0.04k 0.047 0,124 0.122
58 bs. 4 43,4 5.7 6.0 8.4 7.1 bo.5 43.5 0.047 0.052 0.121 0.119
89 51.2 49.8 5.4 5.1 7.5 6.2 35.9 38.8 0.052 0.056 0.117 0.116
S10 50.7 55.5 5.0 4.4 5.7 5.5 38.6 34.6 0.057 0.062 0.115-0.114

oty
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Figure 18. Stagewise aqueous rare earth oxide composition
for Simulated Column Experiment II
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Figure 19. Stagewlse organlic rare earth oxide composition
for Simulated Column Experiment II .
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Stagewlse aqueous rare earth oxide and nitric
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Figure 21.



/ "SIMULATION PATTERN
STAGES—— 5 4 3 2 |

s
e —

TOTAL NUMBER OF CYCLES - 10 » FLOW BATE RATIO = a = 2.0
- VOLUME B6/INJECTION = 40,5 ml. s CONCENTRATION R6:MHNO3 = 7.1k, MRE = 4. 49
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Table 3. Comparison of experimental and predicted compositions and concentrations
for Simulated Column Experiment III

Weight % Weight % Weight % Weight #  Grams total  Grams HNO

Lazo3 in P?6°11 in Ndzo3 in Sm203 in oxides per per gram gf
total total total total gran of so- solution
oxides oxldes oxlides oxlides
exp. pred. exp. pred. exp. pred. exp. pred. . exp. pred. exp. pred.
Sl 65.8 66.8 10.5 il.4 11.5 12.1 12.3 9.7 0.049 0.060 0.044 0.031
S2 L3.7 W7.4 12.8 12.8 16.7 16.7 26.8 23.1 0.050 0.061 0.098 0.083
S3 29.1 28.5 10.7 11.1 17.0 17.4 b3.3 43.1 0.039 0.046 0.137 0.128
Sh 26.9 19.6 .1 8.2 13.5 14.1 52.5 58.1 0.032 0.035 0.156 0.154

17.0 17.8 6.7 6.7 10.2 11.3 66.0 64.3 0.030 0.030 0.163 0.166
Rl 79.6 79.3 8.2 8.3 7.4 7.2 L.,9 5.3 O.1l8 0.127 0.025 0.016
R2 77.8 73.7 9.3 9.7 5.2 9.4 7.7 7.3 0.163 0.183 0.081 0.055
R3 64.5 64,3 10.2 10.4 11.3 11.6 13.9 13.6 0.158 0.174 0.148 0.122
R4 61.8 58.7 8.7 b 9.9 11.3 19.5 20.6 0.139 0.151 0.199 0.182
B5 62.4 58.8 7.8 3 8.6 9.5 21.2 23.4 0.130 0.136 0f223 0.216
R6 63.9 60.4 7.1 7.8 7.5 8.4 21.4 23.4 0.126 0.128 0.232 0.232

St
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Figure 26. Stagewise aqueous rare earth oxide and nitric acid
concentrations for Simulated Column Experiment III
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Figure 27. General information pertalning to Simulated Columﬁ Experiment IV
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Table 4. Comparison of experimental and predicted compositions and concentrations
for Simulated Column Experiment IV

Weight % Weight % Weilght % Weight % Grams total Grams HNO3
La203 in Pr6011 in Ndzo3 in Sm203 in oxidesfper per gram of
total . total total total B tion solution

oxides _oxides oxides oxides ution
exp. pred. exp. pred. exp. pred. exp. pred. exp. pred. exp. pred.

S, 7.0 9.1 17.9 19.0 21.8 21.8  53.4 50.0 0.052 0.050 0.136 0.142
s, 6.9 9.1 17.9 19.0 22.3 21.9 52.9 50.1 0.053 0.050 0.135 0.142
S5 7.1 9.1 18.2 19.2 22.7 22.2  51.9 49.5 0.054 0.052 0.132 0.138
S, 7.7 10.1 19.7 20.7 25.1 23.6 4%7.5 45.7  0.059 0.058 0.122 0.127
5 143 16.0 24.5 24.7 27.6 25.2 33.6 34.1  0.067 0.067 0.088 0.090
0 34.0 25.8 20 . b 19.8 0.191 0.149
1 33.4 340 23.9 25.8 20.7 20.4  22.0 19.9 0.193 0.191 0.147 0.149
2

92}

33.2 33.9 2k,2 25.8 21.7 20.5 21.0 19.9 0.194 0.192 0.145 0.147

w mw W W

~ 33.5 33.6 25.9 25.9 21.9 20.7 18.8 19.7 0.197 0.196 0.138 0.140
R, 34.8 34.3 25.8 26.6 22,0 21.1 17.4 18.0 0.204 0.204 0.118 0.117
36.4 38.9 2k.6 27.1 21.8 20.1 17.2 13.9 0.185 0.188 0.072 0.071

0¢
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Figure 29. Stagewise aqueous rare earth oxide composi-
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CONCLUSIONS

1. The caiculation method developed for the multistage
multisolute system gave good agreement with experimental data
from four simulated column experiments. The conditions for
each of the four simulated column experiments were quite dif-
ferent, and the agreement between predicﬁed valﬁes and ex-
perimental data was believed to be a valid test of the method.

2. The assumption made that the separation factor
between two rare earth nitrate solutes was a function only of

the total molality of the organic phase, when (M was

t)org.
greater than 1.75, was found to give surprisingly reliable
results. The reason for the validity of this assumption is
not known, but it appears to be a good approximation.

3. The digital computor technique for deriving distri-
bution coefficients from a series of arrays was accurate and
convenient. The technique makes it possible to use experi-
mentally determined equilibrium data directly in the computor
solution rather than introduce the data in terms of a mathe-
matical correlation.

L, The digital computor programs for stage by stage
calculations should make it possible to carry out various

studies on the effects of process variables, such as the ef-

fect of acidity of an internal feed stage on recovery in an
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end stream, etc. Such studies without the use of machine
calculations would be prohibitively time consuming.

5. The flame spectroscopic analytical technique devel-
oped by the analytical chemistry group headed by Dr. V. A.
Fassel of the Ames Laboratory of the Atomic Energy Commission
has been found to give reliable resﬁlts for each of the rare
earths used in this study. The fact that lanthanum can now
be determined directly, rather than by difference, 1is a

significant scientific advance in studies of this type.
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RECOMMENDATIONS FOR FUTURE WORK

There are several logical extensions of the present work,
the most straightforward being an incorporation into the cal-
culation method of systems with a greater number of rare earth
nitrate solutes.

Assuming that it was desired to incorporate a rare earth

nitrate solute denoted RE(NO into the method it would be

33
necessary to acquire single stage equilibrium data for the

systems RE(NO - HNO3 - TBP - HZO,and RE(N03)3 - Pr‘(NOB)3 -

303

HNO, - TBP - H,0 by the methods described by Sharp (47).

3
These data could then be processed in the manner described in
the Method of Calculation section, and the calculation for

h t - - - NO
the six solute system La(N03)3 Pr(N03)3 Nd(N03)3 Sm( 3%
- HNO

- BE(NO - TBP - H,0 would follow exactly the steps

3'3 3
also given in that section. Also, the modification of the
computor programs for the six solute system would be com-
pletely straightforward, as no changes would be made in the
logic flow as described in Appendix D.

Such incorporation might be a worthwhile program if it
was desired to apply this work to the design of ore processing
equipment.

An interesting computor extension would be the writing

of a program for a center fed cascade, the calculation to
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start from both ends from an initial assumption of end con-
ditions, and, continuously modifying the end concentrafions,
repeat the calculation a large number of times, endeavoring
to match all concentrations at the feed stage.

There are also possibilities of usiﬁg the exlisting
computor programs, plus others that could be written, in
various optimization studies. Because of the large number
of variables such a project_would probably have to have a
statistical basis, and would probably be primarily of academic

interest.
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APPENDIX A. ANALYTICAL PROCEDURES

Weighed samples of each equilibrium phase were analyzed.
The solutes in the organic samples were transferred to
aqueous solution prior to analysis. This was accomplished
by contacting the organic samples a minimum of three times
with distilled water. The aqueous phases were combined and
analyzed in the same manner as the aqueous phase samples.

For the determination of total rare earths the aqueous
sampie was diluted to approximately 200 ml. with distilled
water, brought to a boil on a hot plate, and the rare earths
completely precipitated with a saturated solution of oxalic
acid. The oxalates were filtered and converted to the oxides
at approximately 870o C. in a muffle furnace. The weight of
the oxides was determined én an analytical balance.

The composition of the final rare earth oxide sample was
determined by a flame photometric method developed by members-
of the analytical chemistry group headed by Dr. V. A. Fassel
of the Ames Laboratory of the Atomic Energy Commlssion.

To determine the nitric acid content, the samples were
diluted to approximately 200 ml. and the rare earths present
precipitated by addition of an excess of saturated potassium
ferrocyanide. The nitric acid content was then determined by
titration with standardized sodium hydroxide. An automatic

titrater was used and the end point was taken at a pH of 8.7.
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It was found that the nitric acid content of aqueous
solutions of nitric acid and potassium ferrocyanide diminishes
with time. This was thought to be due to oxidation by the
acid. To obtain satisfactory analyses for the nitric acid
it was mnecessary to titrate the aqueous solutions of nitric
acild, potassium ferrocyanide, and precipitated rare earth
ferrocyanides within about 15 minutes after addition of the

potassium ferrocyanide solution.
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EQUILIBRIUM DATA

Table 5. Equilibrium data for the system La(N03)3 - HNO3 -
TBP - H.O

2

Agqueous phase

Organic phase

Grams of Grams of Grams ol Grams of
La(N03)3 Grams of solvent La(N03)3 Grams of solvent

per gram HNQ3 per per %ram per gram HNO3 per per gram

of gram of ° of gram of of

solution solution solution solution solution solution
1 0.127 0.065 0.808 0.026 0.075 0.899
2 0.170 0.087 0.743 0.035 0.095 0.871
3 0.204 0.112 0.684 0.037 0.113 0.849
Ly 0.258 0.147 0.595 0.037 0.143 0.820
5 0.309 0.173 0.519 0.035 0.161 0.804
6 0.169 0.036 0.796 0.051 0.054 0.896
7 0.214 0.050 0.736 0.061 0.070 0.869
8 0.278 0.064 0.658 0.074 0.087 0.839
9 0.351 0.082 0.567 0.078 0.112 0,810
10 0.419 0.093 0.488 0.078 0.134 0.788
11 0.070 0.099 0.831 0.011 0.090 0.899
12 0.089 0.131 0.781 0.014 0.115 0.871
13 0.111 0.173 0.716 0.015 0.140 0.845
14 0.142 0.229 0.629 0.013 0.170 0.817
15 0.162 0.283 0.555 0.012 0.191 0.798
16 0.032 0.126 0.842 0.004 0.097 0.898
17 0.046 0.166 0.789 0.006 0.121 0.873
18 0.055 0.232 0.713 0.005 0.154 0.841
19 0.072 0.288 0.640 0.006 0.177 0.817
20 0.089 0.343 0.568 0.005 0.194 0.801
21 0.211 0.013 0.776 0.094 0.027 0.880
22 0.272 0.020 0.709 0.114 0.037 0.849
23 0.342 0.025 0.633 0.131 0.049 0.819
24 0.432 0.031 0.537 0.145 0.066 0.789
25. 0.226 0.006 0.768 0.116 0.014 0.869
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Aqueous phase

Organic phase

Grams of Grams of Grams of Grams of

La(N03)3 Grams of solvent La(N03) Grams of solvent

per gram N0 PT Der TN pep grap MNO3 POT per gram

of gram of ° of gram of

solution solution solution solution solution solution
26 0.287 0.009 0.704 0.140 0.021 0.839
27 0.360 0.010 0.631 0.169 0.024 0.807
28 0.457 0.012 0.531 0.191 0.034 0.776
29 0.091 0.399 0.511 0.006 0.195 0.799
30 0.102 0.44h 0.454 0.008 0.213 0.779
31 0.180 0.332 0.488 0.016 0.209 0.775
32 0.195 0.363 0.443 0.020 0.223 0.757
33 0.110 0.507 0.383 - 0.016 0.267 0.717
34 0.338 0.210 0.453 0.038 0.187 0.775
35 0.511 0.036 0.453 0.143 0.089 0.768
36 0.531 0.019 0.450 0.177 0.061 0.763
37 0.457 0.111 0.432 0.071 0.156 0.773
38 0.529 0.051 0.420 0.120 0.115 0.765
39 0.358 0.229 0.413 0.042 0.198 0.760
4o 0.461 0.138 0.402 0.065 0.170 0.765
41 0.208 0.432 0.035 0 0.712

0.360 .

253
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Table 6. Equilibrium data for the system Pr(N03)3 - HNO3 -
. TBP - HZO
Aqueous phase Organic phase
Grams of Grams of Grams of Grams of
Pr(N03)3 Grams of solvent PP(N03)3' Grams of solvent
per gram HNO3 per per gram per gram HNO3 per per gram
of gram of of of gram of of
solution solution solution solution solution solution
1 0.079 0.134 0.787 0.022 0.108 0.870
2 0.099 0.179 0.721 0.027 0.133 0.841
3 0.130 0.237 0.634 0.028 0.160 0.812
L 0.158 0.287 0.554 0.030 0.179 0.792
5 0.173 0.332 0.495 0.034 0.195 0.771
6 0.146 0.087 0.766 0.050 0.087 .0.864
7 0.187 0.113 0.700 0.061 0.103 0.836
8 0.245 0.150 0.605 0.067 0.130 0.803
9 0.294 0.184 0.522 0.065 0.153 0.782
10 0.328 0.211 0.461 0.069 0.168 0.763
11 0.230 0.041 0.729 0.102 0.055 0.842
12 0.268 0.065 0.667 0.108 0.075 0.817
13 0.336 0.085 0.579 0.116 0.095 0.789
14 0.409 0.101 0.489 0.116 0.117 0.768
15 0.455 0.115 0.430 0.116 0.133 0.752
16 0.467 0.143 0.390 0.113 0.151 0.763
17 0.258 0.022 0.720 - 0.137 0.036 0.828
18 0.328 0.027 0.6L46 0.167 0.040 0.793
19 0.416 0.032 0.552 0.185 0.050 0.765
20 0.491 0.040 0.470 0.183 0.067 0.750
21 0.536 0.051 0.412 0.170 0.088 0.742
22 0.269 0.011 0.720 0.16L 0.020 0.816
23 0.343 0.012 0.645 0.198 0.021 0.781
2L 0.437 0.019 0.544 0.211 0.032 0.757
25 0.522 0.018 0.459 0.219 0.038 0.743
26 0.184 0.372 0.Lhl 0.043 0.209 0.749
27 0.349 0.241 0.410 0.081 0.180 0.739
28 0.195 0.401 0.404 0.055 0.220 0.725
29 0.352 0.270 0.378 0.091 0.192 0.717
30 0.064 0.103 0.834 0.017 0.094 0.889
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Aqueous phase Organic phase
Grams of Grams of Grams of Grams of
Pr(N03)3 Grams of solvent Pr(N03)3 Grams of solvent
per gram HNO3 per per gram per gram HNO3 per per gram
of gram of of of gram of of
solution solution solution solution solution solution
31 0.124 0.066 0.809 0.040 0.072 0.888
32 0.172 0.039 0.789 0.069 0.054 0.877
33 0.208 0.014 0.778 0.113 0.026 0.860
34 0.224 0.007 0.770 0.139 0.014 0.847
35 0.201 0.424 0.375 0.068 0.226 0.706
Table 7. Equilibrium data for the system Nd(N03)3 - HNO3 -
' TBP - H20
Aqueous phase - Organic phase_
Grams of Grams of Grams of Grams of
Nd(N03)3 Grams of so6lvent Nd(N03)3 Grams of 801ven§
per gram HNO3 per per gram per ‘gram HNO_3 per pero%ram
of gram of of of gram of
solution solutipn solution solution solution Solution
1 0.301 0.017 0.681 0.185 0.025 0.790
2 0.352 0.021 0.627 0.201 0.029 0.770
3 0.377 0.023 0.600 0.207 0.032 0.762
Ly 0.355 0.019 0.626 0.205 0.028 0.767
5 0.458 0.023 0.519 0.222 0.037 0.742
6 0.483 0.026 0.491 0.218 0.043 0.739
7 0.454 0.093 0.454 0.142 0.110 0.748
8 0.427 0.076 0.498 0.151 0.091 0.757
10 0.370 0.074 0.556 0.146 0.081 0.773
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Aqueous phase

Organic phase

Grams of Grams of Grams of Grams of
Nd(N03)3 Grams of solvent Nd(N03)3 Grams of solvent

per gram HNO3 per pero%ram per gram HNOB‘per pero%ram

of gram of of gram of

solution solution solution solution solution solution
11 0.348 0.071 0.581 0.145 0.078 0.778
12 - 0.325 0.068 0.607 0.141 0.073 0.786
13 0.295 0.060 0.645 0.135 0.068 0.797
14 0.287 0.060 0.653 0.134 0.068 0.798
15 0.350 0.207 0.44l 0.093 0.163 0.744
16 0.346 0.178 0.476 0.093 0.150 0.757
17 0.312 0.178 0.510 0.085 0.147 0.768
18 0.295 0.164 0.591 0.087 0.138 0.776
19 0.284 0.159 0.557 0.085 0.135 0.780
20 0.262 0.152 0.586 0.083 0.124 0.793
- 21 0.238 0.134 0.628 0.084 0.113 0.804
22 0.225 0.130 0.64l 0.082 0.109 0.809
23 0.204 0.384 0.411 0.073 0.206 0.722
24 0.200 0.341 0.459 0.059 0.198 0.744
25 0.183 0.324 0.493 0.049 0.191 0.761
26 0.172 0.290 0.538 0.043 0.179 0.778
27 0.169 0.286 0.545 0.042 0.177 0.781
28 0.154 0.26Y4 0.582 0.040 0.167 0.794
29 0.142 0.236 0.622 0.040 0.156 0.804
30 0.133 0.227 0.640 0.038 0.152 0,809
31 0.151 0.4U46 0.404 0.064 0.227 0.709
32 0.151 0.398 0.451 0.050 0.211 0.740
33 0.140 0.376 0.485 0.040 0.202 0.758
34 0.134 0.343 0.523 0.034 0.192 0.774
35 0.129 0.331 0.541 0.032 0.187 0.781
36 0.119 0.306 0.576 0.029 0.179 0.792
37 0.111 0.277 0.612 0.028 0.168 0.804
38 0.100 0.254 0.645 0.028 0.162 0.811
39 0.144 0.353 0.503 0.036 0.195 0.768
4o 0.270 0.236 0.494 0.066 0.167 0.767
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Aqueous phase

Organic phase

Grams of Grams of Grams of Grams of.
Nd(NO3)3 Grams of solvent Nd(N03)3 Grams of solvent
per gram HNO3 per 4pero%ram per gram HNO3 per per %ram
of gram of of gram of °
solution solution solution solution solution solution
41 0.330 0.191 0.479 0.084 0.152 0.764
L2 0.463 0.057 0.480 0.173 0.078 0.749
L3 0.453 0.055 0.492 0.176 0.077 0.747
Ly 0.367 0.125 0.508 0.112 0.124 0.764
L5 0.265 0.217 0.518 0.068 0.160 0.772
L6 0.143 0.331 0.527 0.036 0.189 0.775
W7 0.535 0.062 0.403 0.179 0.096 0.726
L8 0.468 0.138 0.394 0.133 0.144 C 0.724
49 0.404 0.183 0.413 0.120 0.155 0.725
50 0.211 0.423 0.366 0.091 0.226 0.683
51 0.238 0.475 0.287 0.132 0.250 0.618
52 0.596 0.005 0.399 0.273 0.007 0.720
53 0.512 0.055 0.434 0.182 0.085 0.733
54 0.436 - 0.147 0.417 0.121 0.146 0.733
55 0.273 0.339 0.388 0.091 0.205 0.704
56 0.231 0.441 0.328 0.112 0.235 0.653
57 0.335 0.257 0.408 0.096 0.182 0.723
58 0.473 0.115 0.412 0.140 0.132 0.728
59 0.529 0.047 0.424 0.194 0.079 0.727
60 0.223 0.478 0.299 0.125 0.242 0.633
61 0.201 0.009 0.790 0.124 0.018 0.858
62 0.175 0.030 0.795 0.082 0.043 0.875
63 0.126 0.059 0.815 0.046 0.066 0.888
64 0.061 0.097 0.843 0.018 0.088 0.894
65 0.265 0.014 0.721 0.166 0.023 0.811
66 0.225 0.043 0.732 0.112 0.055 0.834
67 0.163 0.085 0.752 0.064 0.083 0.853
68 0.079 0.137 0.784 0.026 0.107 0.867
69 0.202 0.111 0.687 0.073 0.102 0.825
70 0.100 0.181 0.719 0.035 0.128 0.837

&

-
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Table 8. Equilibrium data for the system Sm(N03)3 - HNO3 -

TBP - H20

_Aqueous phase.

Organic phase

Grams of Grams of Grams of Grams of
Sm(N03)3 Grams of solvent Sm(N03)3 Grams of solvent

per gram HNO3 per pero%ram per gram HNO3 per pero%ram

of gram of of gram of

solution solutlon solution solution solution solution
1 0.487 0.029 0.484 0.226 0.047 0.727
2 0.447 0.030 0.523 0.228 0.037 0.735
3 0.386 0.027 0.587 0.225 0.031 0.744
L 0.341 0.023 0.637 0.217 0.027 0.756
5 0.307 0.020 0.672 0.207 0.026 0.767
6 0.313 0.022 0.665 0.208 0.026 0.766
7 0.277 0.018 0.705 0.194 0.023 0.783
8 0.248 0.016 0.737 0.177 0.018 0.805
9 0.400 0.108 " 0.492 0.160 0.098 0.742
10 0.376 0.096 0.528 0.163 0.086 0.751
11 0.324 0.087 0.589 0.159 1 0.076 0.765
12 0.282 0.072 0.646 0.154 0.066 0.781
13 0.261 0.063 0.676 0.148 0.063 0.789
14 0.259 0.071 0.670 0.146 0.063 0.791
15 0.234 0.059 0.707 0.136 0.057 0.808
16 0.178 0.043 0.779 0.102 0.049 0.850
17 0.269 0.283 0.448 0.113 0.161 0.726
18 0.261 0.260 0.480 0.104 0.156 0.740
19 0.230 0.228 0.542 0.092 0.142 0.766
20 0.205 0.196 0.599 0.088 0.129 0.783
21 0.188 0.179 0.633 0.088 0.123 0.790
22 0.176 0.174 0.650 0.083 0.120 0.798
23 0.162 0.159 0.680 0.081 0.113 0.807
2L 0.142 0.140 0.718 0.072 0.102 0.826
25 0.129 0.432 0.439 0.090 0.197 0.657
26 0.123 0.402 0.475 0.074 0.189 0.684
27 0.119 0.344 0.537 0.056 0.176 0.768
28 0.103 0.294 0.604 0.047 0.164 0.789
29 0.099 0.283 0.618 0.046 0.160 0.794
30 0.094 0.271 0.636 0.044 0.153 0.803
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Aqueous phase

Organic phase

Grams of Grams of Grams of Grams of

Sm(N03)3 Grams of solvent Sm(N03)3 Grams of solvent

per gram HNO3 per pero%ram per gram HNO3 per pero%ram

of gram of of gram of

solution solution solution solution solution solution
31 0.085 0.243 0.672 0.041 0.148 0.811
32 0.055 0.142 0.804 0.026 0.108 0.869
33 0.222 0.291 0.487 0.097 0.165 0.739
34 0.217 0.280 - 0.503 0.093 0.160 0.747
35 0.213 0.269 0.518 0.089 0.156 0.754
36 0.202 0.245 0.553 0.085 0.147 0.769
37 0.222 0.292 0.486 0.095 0.166 0.739
38 . 0.219 0.285 0.497 0.092 0.162 0.746
39 0.214 0.270 0.516 0.088 0.158 0.754
Lo 0.204 0.244 0.553 0.082 0.151 0.767
L 0.129 0.526 0.345 0.126 0.222 0.653
L2 0.200 0.383 0.418 0.114 0.188 0.698
L3 0.278 0.268 0.454 0.116 0.161 0.723
Ly 0.422 0.130 0.448 0.156 0.116 0.728
Ls 0.484 0.064 0.452 0.202 0.073 0.725
L6 0.541 0.043 0.416 0.222 0.065 0.713
L7 0.579 0.007 0.416 0.277 0.009 0.714
L8 0.101 0.597 0.302 0.138 0.248 0.614
Lo 0.075 0.088 0.837 0.032 0.080 0.888
50 0.113 0.066 0.821 0.052 0.067 0.882
51 0.163 0.034 0.803 0.092 0.047 0.862
52 0.194 0.014 0.792 0.132 0.022 0.847
53 0.144 0.093 0.763 0.075 0.081 0.844




Table 9. Equilibrium data for the system La(N03)3 - Pr(N03)3 - HNO3 - TBP‘- H20
Aqueous phase Organic phase :

Grams of Grams of Grams of Grams of Grams of Grams of Grams of - Grams of
La(NO,) Pr(NO,) HNO, per solvent La(NO,) Pr(NO,) HNO,,) "solvent

3°3 3’3 3 per gram 3’3 3'3 3’3 per gram

per gram per gram gram of of per gram per gram per gram o%
of of of of of

solution solution solution solution solution solution solution solution
1 0.075 0.130 0.019 0.776 0.025 0.069 0.036 0.870
2 0.142 0.065 0.19 0.774 0.054 0.035 0.037 0.873
3 0.057 0.096 0.051 0.796 0.014 0.036 0.066 0.885
L 0.106 0.049 0.049 0.797 0.027 0.018 0.067 0.887
5 0.029 0.055 0.093 0.824 0.005 0.015 0.087 0.893
6 0.057 0.027 0.089 0.827 0.010 0.008 0.087 0.895
7 0.119 0.205 0.036 0.639 0.031 0.108 0.056 0.805
8 0.233 0.098 0.033 0.636 0.072 0.059 0.058 0.811
9 0.086 0.152 0.089 0.673 0.017 0.058 0.098 0.828
10 0.168 0.074 0.087 0.671 0.034 0.031 0.102 0.833
11 0.052 0.080 0.161 0.707 0.007 0.024 0.131 0.838
12 0.092 0.040 0.160 0.707 0.013 0.013 0.131 0.843
13 0.178 0.300 0.054 0.468 0.026 0.127 0.091 0.757

ut



Table 9 (Continued)

Agueous phase Organic phase )

Grams of Grams of Grams of Grams of Grams of Grams of Grams of Grams of

La(N03)3 Pr(N03)3 HNO3 per solvent La(N03)3 Pr(NOB)3 HN03)3 splvent

per gram per gram gram of per gram per gram per gram per gram per gram

of of of of of of of

solution solution solution solution solution solution solution solution
14 0.334 0.145 0.050 0.417_ 0.064 0.078 0.096 0.763
15 0.126 0.233 0.142 0.500 0.013 0.065 0.143 0.779
16 0.247 0.112 0.138 0.503 0.031 0.036 0.148 0.785
17 0.069 0.132 0.256 0.544 0.006 0.026 0.176 0.792
18 0.144 0.273 0.176 0.407 0.013 0.072 0.167 0.748
19 0.289 0.130 0.171 0.409 0.031 0.041 0.171 0.757
20 0.086 0.154 0.328 0.433 0.007 0.039 0.203 0.752
21 0.167 0.076 0.325 0.433 0.015 0.021 0.207 0.756

¥



Table 10. Equilibrium data for the system Nd(N03)3 - Pr(N03)3 - HNO3 - TBP - HZO
Aqueous phase . _ __Organic phase
Grams of Grams of Grams of Grams of Grams of Grams of Grams of Grams of
Pr(N03)3 Nd(N03)3 HNO; per solvent Pr(N03)3 Nd(N03)3 HNO; per solvent
per gram per gram gram of per gram per gram per gram gram of per gram
of of of of of. ' of
solution solution solution solution solution solution solution solution
1 0.074 0.126 0.021 0.780 0.032 0.071 0.035 0.861
2 0.064 0.033 0.087 0.816 0.018 0.012 0.083 0.888
3 0.211 0.105 0.039 0.645 0.092 0.060 0.053 0.795
L 0.048 0.102 0.151 0.699 0.014 0.036 0.119 0.830
5 0.146 0.328 0.059 0.467 0.042 0.130 0.083 0.745
6 0.148 0.079 0.236 0.538 0.028 0.022 0.167 0.783
7 0.266 0.137 0.195 0.402 0.055 0.045 0.166 0.734
8 0.088 0.182 0.301 0.429 0.017 0.056 0.190 0.737

9



Table 11. Equilibrium data for the system Sm(N03)3 - Pr(NO3)3 - HNO3 - TBP - H,0
Aqueous phase Organic phase .
Grams of Grams of Grams of Grams of Grams of Grams of Grams of Grams of
Pr(N03)3 Sm(N03)3 HNO3 per solvent Pr(N03)3 Sm(N03)3 HNO3 per solvent
per gram per gram gram of per gram per gram per gram gram of per gram
of of of of of of
solution solution solution solution solution solution solution solution
1 0.073 0.118 0.022 0.787 0.033 0.079 0.033 0.855
2 0.064 0.025 0.088 0.824 0.020 0.010 0.082 0.888
3 0.221 0.087 0.040 0.652 0.090 0.072 0.049 0.789
L 0.052 0.083 0.154 0.711 0.013 0.047 0.116 0.825
5 - 0.176 0.288 0.062 0.474 0.031  0.159 0.075 0.735
6 0.158 0.062 0.236 0.545 0.027 0.035 0.159 0.779
7 0.265 0.108 0.220 0.408 0.043 0.071 0.162 0.724
8 0.102 0.154 0.311 0.433 0.013 0.090 0.173 0.723

L
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APPENDIX C. MATHEMATICAL ANALYSIS OF PINCH

In this section an éttempt to determine mathematically the
generality of the "pinch®™ properties of the multicomponent,

’ multistage calculation discussed in the body of this report is
presented. The treatment is qulite incomplete, however, the
results indicate that the "pinch" of. solute concentrations may
be genéral over a wide range of system parameters. The cas-
cade portrayed in Figure 10 was considered.

The approach used was to combine the defining equation of
separation factor with a material balance and write an equa-
tion for the molality of solute J in organic stream Sn'
Remember that the calculation to be considered 1ls applied to
the end of the cascade, first defining the solvent (SO), the
raffinate (R,), and the flow ratio (a), and then working back

through the cascade toward the feed.

By definition (M) /(M,)
( ), = i W (14)
Pypr/n T TR,
or

Summing each side of Equation 15 over the solutes in the

system get

T T
(Kpp), Z (By _pply(My)g = = (M
Prin,_, "i-Pr'n*"i'R, 44

= (M) . (16)
1)sn t’s, ,
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Substituting Equation 16 into 15 get

(My)g (By pr)nliy)y

nox
i=

l(Bi-Pr)n(Mi)Rn

Writing a materlal balance over the right hand end of the

cascade gives

[ep, % m] + [nps | = 50]-

[}MJ)SO X Sé] + [EMj)Rn X Ré] , (18)

and assuming immiscible solvents

Substituting into Equation 17 get
(M )a (B ) ja(M)q + (M), - a(M,)
(o _ t Sn j-Pr'n h| Sn_1 J Bl --j S;l . (20)

Vs, = 7
:LE:L(BI'P"’)n a(Mi)Sn-l ' (Mi)ﬁl ) q(Mi)SC;I

The assumptions of "pinched" total molality and constant
separation faCtors were now applied. The general situation in
which the total molality is "pinched" at a high value is shown
on a McCabe Thiele dlagram in Figure 32. The equations to be
considered below apply to the circled section on the drawing,
that is to the "pinched"” stages. The fact that the following
equations assume a "pinch" in stage 1 causes no loss in

generality, as in a case in which the total molality of
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several of the right hand stages is not constant stage 1 may
be.chosen as the first stage in which the organic molality
attains its "pinch" value.

For this equilibrium model the stream and stage designa-
tions of the total molalities and separation factors may be
deleted, and élso, for convenience (Mi)n will be inserted

for (Mi)sn and so

aMyBy pn(M), g * MtBj_Pr[(Mj)Bl - aln))g
(M) = = (2
3'n T T T e
oF By pr(M)n_ +12131-Pr[(M1)Rl . "‘(M:L)s(l /

Note that for specified end conditions and a specified
"pinch"™ value of the total molality Equation 21 gives the
molality of solute j in stream Sn as‘a function of the mol-
alities of all solutes in stream Sn;l’ By letting n = 1,2,3,
----, a sequence was generated which gives the molality of
solute j in successive organic streams in terms of the system
parameters. If the sequence could be shown to converge to a
non-zero value the "pinch" would be proven general. The
author has written a large number of terms of the sequence
but has not been able to write the general term.

For the special case of T = 2, that i1s two solutes, an
analytical treatment of the general equation was developed and
the limit taken. This case is now discussed. For convenience

it was assumed that stream So is pure solvent. This is not
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necessary but simplifies the following equations algebraically.
For thls case, denoting quantities that pertain to the two

solutes by the subscripts 1 and 2

_ MBy pp(My)y g+ (Mp/a)By pr(My)p

(M), 1
2
[él-Pr(Ml)n-l * Bz-Pr(Mz)n—i] + (1/e) By pr(M)p
(22)
. and
MBo pr(Mp)p 1 + (Mt/“)Bz-Pr(Mz)Rl
(M), = 5 )
[%l-Pr(Ml)n-l * Bz-Pr(Mz)n-i] * (1/°)i§151-Pr(M1)Rl
(23)

These equations are of exactly the same form. By use of
finite difference techniques they were solved for the molalities
of the solutes as a function of the system parameters and
stage number, and the limit taken as n becomes large. This
technique is now illustrated by solving Equation 22 and then
a numerical example given. |

For the two solute case with *pinched“ total molality

(Ml)n-l * (Mz)n-l = Mg ’ (24)
and so substituting into Equation 22 get

M8y _pplMy)p g+ (Mt/“)Bl-Pr(Ml)Rl

(M) =

R4
(By_pr = Bopy) M)y g * Bapplly * (V/e) 2 By pr(My)p

. (25)



83

Now let
& = MBypr
by =(Mt/a)Bl_Pr(M1)Rl ’
1 = Pipr - Boopr ’

2
d1 B B2-Pth * (1/a) E Bi-Pr(Mi)B *
i=1 1
Substitution into Equation 25 and simplification gives
(), (M) g+ 0q () + 8 (M) )+ =0, (26)
with
a, = dl/cl, ,

6, = -al/c1 ,

Yl = -b,/cy .
At this point it is to be noted that the limit of (Ml)n

as n becomes large can be determined without solving Equation
26. This can be done by recognizing that if a "pinch" takes
place (Ml)n = (Ml)n-l‘ If this substitution is made in
Equation 26 and the resulting quadratic solved for (Ml)n two
roots are obtained, one of which must be discarded on physical
grounds.

Alternatively, Equation 26 is a Ricatti difference equa-
tion and may be reduced to a linear difference equation with

constant coefficients by the substitution

M)pa = WAy 0 (27)
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For the methods of solution the reader is referred to Boole
(53) and Brand (54).
After substitution and simplification get

(V)pyy * By (V) + Py (V) y = 0 (28)
with

B1 =0 - ’

F, = X& - 2,6, .

A trial solution of the form (V = Zn gilves the characteris-

l)n
tic equation

2
Z° + E\Z+ F =0 , (29)

and so
2 0.5
-E, + (E5 - 4F.)

To complete the solution it was necessary to know the
nature of the roots of the characteristic quadratic. For all
calculations considered the roots were real and distinct.

The author has attempted to prove that the discfiminant of the
quadratic is positive by expanding it in terms of the original
system parameters. A proof has not been possible and so it
was assumed that this is the case and the roots are real and
distinct.

Let

2 0.5
-El + (E1 - 4Fl)

Gy = 2

and
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2 0.5
o - -E; - (EJ - UF))
1- Z K

Then the solution of Equation 28 is

= C,G, + C, GV (31)

(Vl)n 171+ 21~

with C; and C, constants, and the solution of Equation 26 is

+1 n+l
c.¢™t + c.a

) =
1'n n n
C1G1+ + C2Gl-

(M

The 1limit of Equation 32 was taken by noting that the

roots are real and distinct. Then necessarily either |G1+|>
IGl_I or |G1+l<IGl-l‘ Assuming that |G1+|>|Gl_| the numerator

and denominator of the fraction on the right hand side of

Equation 32 was divided by G?; giving

n
C1Gy4 + CGy_(Gy_/Gy,)

(M), = = = - a , (33)
1'n . n 1
C; + Cx(Gy _/Gyy)
and so
1im (M) =G,, - a . (34)
nogp  1'n 1+ 1 .

It should be noted at this point that the algebralc

combinations of system parameters a1 bl’ Cqyo dl, Qg 91’7{1’

El’ Fl’ G1+, Gl- all refer to solute 1. Corresponding ex-
pressions for solute 2 may be obtained by interchanging the
solute subscripts in the defining equations. Exactly the same
treatment was applied to Equation 23. Alternatively, the

1limit of the differences of the molalities in successive
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stages, that is [EMl)n+1 - (Ml)n and [:(Mz)n+l - (Mz)n may

be shown to approach zero as n becomes large.

As a numerical example the following values were chosen:

a = 1.0 ’
M, = 3.50 ,
Bl-Pr = 0.43 ,
BZ-Pr = 1.00 ’
(Mt)Rl = 8.00 ’
(Ml)Rl = 4,00 '
(MZ)RZ = 4;00 .
Using these values
Gy = -3.472 s
Gy _ = -15.344 )
a, = -16.175 :
Gy = 15.344 )
G,_ = 3.h72 ’
0, = 12.675 ’

were calculated. The limits of (Ml) and (Mz)n were then

n

calculated to be
lim (M = -15.344 + 16.175 = 0.831 ,

)
n=—>m 1'n
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1lim (Mz)n = 15,344 - 12.675 = 2.669 .
n->w

Using alternate material balances and the chosen equi-
librium model the stagewlse vélues shown in Table 12 were

calculated for this numerical example.

Table 12. Molalities of solutes 1 and 2 in organic streams
of 1deal cascade

M 0.0000 1.0520 0.8820 0.8429 0.8340 0.8320 0.8315 0.8314

1

M2 0.0000 2.4480 2.6180 2.6571 2.6660 2.6680 2.6685‘ 2.6686

The stagewise concentrations "pinch®™ rather rapidly to
the limiting values. Note however that this is not an in-
dependent check of the validity of the process, as the equa-
tion which was used to solve for and take the 1limit of the
molalities is simply a generalization of the stage by stage
calculation used to determine the stagewise concentrations in

the preceeding table. This result indicates only that the

solution of Equations 22 and 23 by finite difference technlques

and the limiting process were carried out correctly.

Two comments should be made concerning the preceeding

treatment. First the form of the solution is dependent on the

A
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assumption of real and distinct roots of the characteristic
quadratic. As pointed out previously, this has been true

in all specific cases studled but no proof has been\giveh.
Secondly, it may be that the derived result, that is

"pinched" concentrations of the individual solutes under the
assumptions made and the situations considered, is or should
be intuitively obvious from simple méterial balance considera-
tions. No definite conclusion has been reached concerning

this second statement.
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APPENDIX D. DIGITAL COMPUTOR PROGRAMS

The calculation which is discussed in the body of this
thesis to give the stagewlise conditions in a cascade of equil-
librium‘stages was programmed in the Full Fortran Language
for the IBM 7074 digital computor for four cascades of
interest. These cascades are shown Ln Figures 33, 34, 35,
and 36 with the direction of calculation denoted by dashed
arrows.,

In the computor operation the values of K, and K
t HNO3

were derived by straight line 1nﬁerpolation in two dimensional
arrays prepared from the parametic plots of Kt and KHN03
versus equilibrium phase composition discussed in the Method
of Calculation section. These two dimensional arrays are
shown in Tables 13 through 28. All non-zero values in these
arrays were taken from plots of the type depicted in Figufes

1 through 8. The zero values have no physical meaning but
were inserted for convenience in making "branches®™ in the
programs.

The principal variable names used in the programs are
given in Figure 37. A compilation of the four programs 1s
given in Figurés 38 through 45. In each case the logic flow
is dlagrammed and is followed by the Fortran program. The

program designation corresponds to the cascade designation in
Figures 33, 34, 35, and 36. '



SN
/

RN+ RN
Figure 33. Cascade I

Figure 34, Cascade II

06

Figure 35. Cascade II1

2
Figure 36. Cascade IV

¥




91

Table 13. Array of values of K, for the system La(N03)3 -
HNO, - TBP - H,0 as a function of (Mt)aq. and Xp

XLa ~3.0 .0 5.0 (M;?gq° 0.0 13.0  16.0
0.00 0.713° 0.640 0.580 0.478 0.382 0.330 0.296
0.05 0.695 0.626 0.569 0.475 0.382 0.329 0.298
0.10 0.676 0.612 0.560 0.471 0.382 0.328 0.299
0.15 0.659 0.598 0.550 0.468 0.382 0.326 0.299
0.20 0.643 | 0.586 0.541 0.464 0.382‘ 0.325 0.299
0.25 0.628 0.575 0.533 0.460 0.381 0.324 0.298
0.30 0.614% 0.564 0.524 0.456 0.380 0.322 0.297
0.35 0.601 0.554 0.516 0.452 0.378 0.320 0.295
0.40 0.589 0.545 0.508 0.448 0.376 0.318 0.293
0.45 0.578 0.537 0.501L 0.443 0.374 0.316 0.289
0.50 0.568 0.529 0.494 0.438 0.371 0.314 0.285
0.55 0.559 0.523 0.487 0.433 0.369 0.311 0.281
0.60 0.549 0.516 0.481 0.428 0.366 0.308 0.276
0.65 0.541 0.511 O0.474 0.423 0.363 0.306 0.271
0.70 0.533 0.506 0.469 0.417 0.359 0.303 0.266
0.75 0.526 0.500 O.464 0.412 0.355 0.301 0.259
0.80 0.521 0.495 0.460 0.407 0.349 0.296 0.252
0.85 0.518 0.491 0.456 0.401 0.336 0.288 0.244
0.90 0.519 0.489 0.455 0.396 0.331 0.278 0.236
0.95 '0.524 0.491 0.454 0.389 0.319 0.266 0.226
1.00 0.534‘ 0.497 0.456 0.384 0.303 0.248 0.217
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Table 14. Array of values of K, for the system Pr(N03)3 -

HNO3 - TBP - H,0 as a function of (Mt)aq. and Xp,
Xpp 3.0 L.0 5.0 (M;i%9° 10.0 13.0 16.0
0.00 0.713 0.640 0.580 0.478 0.382 0.330 0.296
0.05 0.702 0.628 0.571 0.476 0.388 0.331 0.298
0.10 0.690 0.617 0.564 O.474 0.383 0.332 0.299
0.15 0.679 0.608 0.556 0.470 0.383 0.332 0.299
0.20 0.668 0.601 0.550 0.468 0.385 0.331 0.299
0.25 0.659 0.595 0.545 0.465 0.384% 0.330 0.298
0.30 0.650 0.588 0.540 0.462 0.383 0.330 0.297
0.35 0.642 0.583 0.535 0.460 0.382 0.328 0.296
0.40 0.634% 0.578 0.532 0.458 0.381 0.327 0.295
0.45 0.627 0.574 0.529 0.455 0.380 0.325 0.294
0.50 0.622 0.570 0.526 0.453 0.378 0.324 0.292
0.55 0.616 0.566 0.525 0.451 0.376 0.322 0.290
6.60 0.612 0.565 0.523 0.450 0.374 0.320 0.288
0.65 0.608 0.563 0.523 0.450 0.373 0.317 0.285
0.70 0.605 0.562 0.523 0.449 0.370 0.315 0.282
0.75 0.600 0.562 0.523 O0.449 0.368 0.312 0.000
0.80 0.601 0.564 0.524 0.448 0.365 0.309 0.000
0.85 0.605 0.570 0.527 O.449 0.361 0.306 0.000
0.90 0.615 0.582 0.535 O0.450 0.358 0.302 0.000
0.95 0.631 0.599 0.547 0.451 0.354 0.298 0.000
1.00 0.657 0.619 0.567 O0.454 0.350 0.294 0.000
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Table 15. Array of values of K_ for the system Nd(N03)3 -
HNO3 - TBP - H,0 as a function of (Mt) aq. and Xys
Xna 3.0 L.0 5.0 (M;%%g' 10.0  13.0  16.0
0.00 0.713 0.640 0.580 0.478 0.382 0.330 0.296
0.05 . 0.702 0.626 0.570 0.476 0.383 0.332 0.301
0.10 0.693 0.615 0.562 0.474 0.385 0.335 0.303
0.15 0.683 0.605 0.555 0.471 0.386 0.337 0.305
0.20 0.673 0.597 0.550 0.469 0.387 0.338 0.305
0.25 0.664 0.593 0.547 - O0.467 0.387 0.338 0.306
0.30 0.656 0.587 0.544 O0.465 0.388 0.338 0.306
0.35 0.649 0.585 0.542 0.463 0.388 0.338 0.306
0.k40 0.643 0.583 0.541 0.461 0.388 0.337 0.305
0.45 0.637 0.582 0.540 0.460 0.387 0.336 0.305
0.50 0.631 0.582 0.540 0.459 0.386 0.335 0.303
0;55 0.626 0.582 0.540 0.458 0.385 0.335 0.302
0.60 0.622 0.583 0.542 0.457 0.382 0.333 0.300
0.65 0.620 0.585 0.544 0.457 . 0.380 0.330 0.298
0.70 0.620 0.587 0.546 0.457 0.337 0.329 0.295
0.75 0.620 0.591 0.548 0.457 0.374 0.326  0.000
0.80 0.623 0.597 0.552 0.460 0.370 0.324 0.000
0.85 0.628 0.605 0.556 0.463 0.366 0.320 0.000
0.90 0.640 0.615 0.562 0.466 0.362 0.314 0.000
0.95 0.660 0.627 0.568 0.464 0.358 0.307 0.000
1.00 0.697 0.643 0.577 0.457 0.352 0.0000 0.000
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Table 16. Array of values of K for the system Sm(NO )

HNO3 - TBP - H,0 as a function of (Mt aq. and Xs
Xsm 3.0 §.0 5.0 (M;?39° 1.0 13.0  16.0
0.00 0.713 0.640 0.580 0.478 0.382 0.330 0.296
0.05 0.706 0.635 0.576 0.480 0.388 0.335 0.309
0.10 0.699 0.630 0.573 0.479 0.391 0.339 0.316
0.15 0.693 0.628 0.570 0.479 0.394 0.342 0.323
0.20 0.687 0.625 0.569 0.479 0.396 0.345 0.327
0.25 0.681 0.622 0.567 0.479 0.398 0.348 0.332
0.30 0.675 0.620 0.566 0.480 0.399 0.350 0.335
0.35 0.672 0.619 0.565 0.480 0.399 0.350 0.338
0.40 0.668 0.618 0.566 0.480 0.399 0.351 0.341 .
0.45 0.666 0.619 0.566 0.481 0.398 0.351 0.343
0.50 0.665 0.619 0.568 0.483 0.396 0.351 0.344
0.55 0.665 0.621 0.570 0.480 0.395 0.350 0.000
0.60 0.667 0.623 0.573 0.486 0.394 0.348 0.000
0.65 0.670 0.625 0.577 0.488 0.393 0.346  0.000
0.70 0.674 0.630 0.581 0.490 0.390 '0.343 0.000
0.75 0.681 0.637 0.586 0.492 0.389 0.340 0.000
0.80 0.688 0.648 0.591 0.494 0.387 0.335 0.000
0.85 0.697 0.666 0.598 0.496 0.384 0.328 0.000
0.90 0.708 0.682 0.604 0.498 0.380 0.319 0.000
0.95 0.731 0.693 0.612 0.501 0.375 0.307 0.000
1.00 0.770 .0.700 0.620 0.504 0.370 0.290 0.000
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Table 17. Array of values of KHNO for the system La(N03)3 -
HNO3 - TBP - H,0 as a function of (Mf)aq. and X

La
XLa 3.0 5.0 5.0 (M%igq' 10.0 13.0  16.0
0.00 0.713 0.640 0.580 0.478 0.382 0.330 0.296
0.05 0.713 0.650 0.587 0.491 0.400 0.341 0.303
0.10 0.720 0.659 0.597 0.510 0.417 0.357 0.313
0.15 0.732 0.672 0.611 0.531 0.438 0.376 0.325
0.20 0.750 0.690 0.630 0.533 0.459 0.396 0.341
0.25 0.774 0.711 0.651 0.579 0.483 0.416 0.360
0.30 0.803 0.738 0.677 0.603 0.507 0.438 0.382
0.35 0.838 0.769 0.708 0.630 0.533 0.461 0.408
0.40 0.880 0.806 0.741 0.660 0.561 0.489 0.437
0.45 0.927 0.847 0.777 0.696 0.592 0.519 0.469
0.50 0.981 0.893 0.817 0.733 0.627 0.552 0.505
0.55 1.042 0.937 0.869 0.777 0.668 0.593 0.543
0.60 1.108 0.994 0.928 0.833 0.716 0.642 0.586
0.65 1.180 1.057 0.999 0.902 0.777 0.703 0.634
0.70 1.257 1.137' 1.083 0.986 0.854 0.784 0.000
0.75 1.347 1.230 1.177 1.078 0.965 0.905 0.000
0.80 1.456 1.337 1.281 1.187 1.090 1.044 0.000
0.85 1.584. 1.465 1.403 1.322 1.251' 1.220 0.000
0.90 1.755 1.630 1.569 1.497 1.482 1.500 0.000
0.95 2,043 1.930 1.830 1.783 0.000 0.000 0.000
1.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Table 18. Array of values of KHNO for the system Pr(N03)3 -

HNO; - TBP - H,0 as a function of (Mt)aq. and Xp.,
Xpr 3.0 5.0 5.0 (M;?gg' 0.0 13.0  16.0
0.00 0.713 0.640 0.580 0.478 0.382 0.330 0.296
0.05 0.710 0.640 0.586 0.490 0.397 0.3%0  0.303
0.10 0.712 0.644 0.593 0.507 0.411 0.351 0.313
0.15 0.722 0.654 0.606 0.523 0.428- 0.365 0.324
0.20 0.739 0.669 0.620 0.541 0.447 0.380 0.336
0.25 0.758 0.688 0.640 0.562 0.467 0.397 0.351
0.30 0.781 0.711 0.660 0.584 0.488 0.413 0.365
0.35 0.811 0.739 0.683 0.607 0.510 0.432 0.384
0.40 0.849 0.771 0.710 0.631 0.535 0.455 0.405
0.45 0.889 0.801 0.739 0.659 0.561 0.480 0.430
0.50 0.936 0.851 0.769 0.688 0.590 0.508 0.457
0.55 0.988 0.900 0.805 0.721 0.622 0.540 0.490
0.60 1.044 0.950 0.850 0.759 0.663 0.580 0.529
0.65 1.104 1.003 0.906 0.802 0.712 0.627 0.573
0.70 1.177 1.060 0.969 0.855 0.766 0.685 0.000
0.75 1.268 1.126 1.045 0.920 0.841 0.757  0.000
0.80 1.371  1.203 1.127 0.99% 0.922 0.848 0.000
0.85 1.494 1.307 1.221 1.087 1.01% 0.952 0.000
0.90 1.652  1.454 1.329 1.190 1.128 1.075 0.000
0.95 1.879 1.665 1.453 1.383 1.309 0.000 0.000
1.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000

—
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Table 19. Array of values of KHNO for the system Nd(N03)3 -
3
HNO3 - TBP - H,0 as a function of (Mt)aq. and Xy4
X — (Mt)aq. _

Nd 3.0 4.0 5.0 7.0 10.0 13.0 16.0
0.00 0.713 0.640 0.580 0.478 0.382 0.330 0.296
0.05 0.724 0.646 0.586 0.487 0.390 0.340 0.303
0.10 0.738 0.650 0.592 0.500 0.403 0.350 0.313
0.1l5 0.751 0.660 0.600 0.511 0.420 0.364 0.324

0.20 0.769 0.670 0.612 0.529 0.438 0.380 0.336
0.25 0.789 0.687 0.627 0.546 0.457 0.397 0.350
0.30 0.810 0.709 0.646 0.562 0.477 0.414 0.365
0.35 0.833 0.732 0.667 0.581 0.499 0.432 0.380
0.40 0.861 0.760 0.692 0.603 0.521 O0.454 0.398

0.45 0.895 0.791 0.723 0.627 0.547 0.480 0.416
0.50 0.930 0.826 0.758 0.650 0.571 0.507 0.440
0.55  0.978 0.866 0.797 0.678 0.60L 0.537  0.467
0.60 1.030 0.907 0.836 0.710 0.636 0.577 0.502

0.65 1.088 0.957 0.881 0.747 0.674 0.618 0.555

0.70 1.150 1.0l 0.932 0.790 0.720 0.668 0.000
0.75 1.227  1.080 0.989 0.842 0.777 0.733  0.000
0.80 1.310 1.154% 1.054 0.910 0.848 0.813  0.000
0.85 1.415 1.243 1.130 0.983 0.939 0.917 0.000
0.90 1.570 1.360 1.229 1.090 1.049 1.038 0.000
0.95 1.795 1.525 1.353 1.240 0.000 0.000  0.000

1.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Table 20. Array of values of KHNO for the system Sm(N03)3 -

HNO3 - TBP - H,0 as a function of (Mt)aq. and Xg
XS 3.0 .0 5.0 (M§33g° 10.0  13.0  18.0
0.00 0.713 0.640 0.580 0.478 0.382 0.330 0.296
0.05 0.717 0.648 0.581 0.481 0.387 0.332 0.299
0.10 0.727 0.657 0.583 0.488 0.395 0.340 0.303
0.15 0.738 0.667 0.590 0.498 0.402 0.348 0.309
0.20 0.751 0.679 0.597 0.507 0.413 0.357 0.316
0.25 0.770 0.689 0.603 0.519 0.423 0.368 0.324
0.30 0.789 0.701 0.611 0.532 0.437 0.378 0.333
0.35 | 0.810 0.717 0.621 0.547 0.L449 0.393 0.345
0.40 0.832 0.734 0.637 0.562 0.464 0.409 0.357
0.45 0.857 0.753 0.658 0.580 0.418 0.428 0.371
0.50 0.884 0.772 0.683 0.598 0.501 0.450 0.387
0.55 0.917 0.796 0.711 0.618 0.525 0.478 0.000
0.60 0.951 0.820 0.745 0.642 0.551 0.510 0.000
0.65 0.991 0.850 0.782 0.669 0.586 0.550 0.000
0.70 1.031 0.887 0.82% 0.701 0.623 0.604 0.000
0.75 1.077 0.928 0.868 0.737 0.678 0.670 0.000
0.80 1.123 0.979 0.915 0.783 0.752 0.750 0.000
0.85 1.172 1.047 0.966 0.840 0.856 0.840 0,000

0.90 1.227 1.175 1.026 0.917 1.050 0.939 0.000
0.95 1.282 1.380 1.087 1.011 0.000 0.000 0.000
1.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Table 21. Array of values of K, for the system La(N03)3 -
HNO, - TBP - H,0 as a function of (Mt) and Y

3 org. La
Ta Z.0 .5 3émﬂm§3 .0 %.5
0.00 0.769 0.667 0.566  0.441 0.358 0.314
0.05 0.610  0.547  0.M8k 0.39%  0.34  0.30
0.10 0.568 0.505 0.452  0.370 0.329 0.295
0.15 0.545 0.482 0.430 0.354  0.314 0.283
0.20 0.529 0.466 0.413 0.345 0.300 0.270
0.25 0.516 0.457 0.399 0.337 0.284 0.254
0.30 0.505 0.450 0.389 0.329 0.269 0.000
0.35 0.498 0.4k4s 0.380 0.320 0.254 0.000
0.40 0.492 0.h442 0.374 0.312 0.239 0.000
0.45 0.486 0.438 0.370 0.303 0.000 0.000
0.50 0.484  0.435  0.367 0.295  0.000 0.000
0.55 0.482 0.432 0.365 0.286 0.000 0.000
0.60 0.480 0.430 0.364 0.278 0.000 0.000
0.65 0.480 0.427 0.361 0.270 0.000 0.000
0.70  0.481 0.425 0.357 0.262 0.000 0.000
0.75 0.483 0.424%  0.352 0.253 0.000 0.000
0.80 0.485 0.422 0.346  0.245 0.000 0.000
0.85 0.487 0.420 0.339 0.237 0.000 0.000
0.90 0.490 0.419 0.331 0.228 0.000 0.000
0.95 0.494  0.417  0.322 0.220  0.000 .0,000
1.00 0.498 0.415 0.313 0.212 0.000 0.000
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Table 22. Array of wvalues of Kt for the system Pr(N03)3 -
HNO3 - TBP - H,0 as a function of (Mt)org. and Yp,
Tpr 2.0 Z.5 ‘§.éMt)or%:5 .0 %.5
0.00 0.769 0.667 0.566  0.441 0.358 0.314
0.05 0.693  0.603 0.531  0.437 0.358 0.315
0.10 0.662 0.575 0.509 0.433 0.355 0.314
0.15 0.639 o.559 0.495 0.426 0.351 0.310
0.20 0.620 0.549 0.484  0.420 0.346 - 0.305
0.25 0.605 0.54k 0.475 0.413 0.340 0.298
0.30 0.595 0.540 0.469  0.406 0.331 0.290
0.35 0.588 0.537 0.464  0.398 0.323 0.280
0.40 0.584 0.535 0.461 0.389 0.314 0.269
0.45 0.582 0.533 0.459  0.379 0.304 0.000
0.50 0.583 0.533 0.456 0.368 0.000 0.000
0.55 0.584 0.534 0.455 0.359 0.000 0.000
0.60 0.588 0.535 0.455 0.352 0.000 0.000
0.65 1 0.593  0.539  0.455 0.349  0.000 0.000
0.70 0.599 0.54k4 0.458 0.346 0.000 0.000
0.75 0.607 0.551 0.461  0.345 0.000 0.000
0.80 0.616 0.561 0.467  0.345 0.000 0.000
0.85 0.625 0.574 0.475 0.345 0.000 0.000
0.90 0.636 0.588 0.485 0.346 0.000 0.000
0.95 0.648 0.602 0.499  0.349 0.000 0.000
1.00 0.660 0.619 0.519 0.351 0.000 0.000
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Table 23. Array of values of Kt for the system Nd(N03)3 -

HNOg - TBP - H,0 as a function of (Mt)érg. and Yy,
INa 7.0 Z.5 3.éMt)or§f5 .0 T.5
0.00 0.769 0.667 0.566 . 0.4k41 0.358 0.314
0.05 0.700 0.611 0.540  0.4ks5 0.368 0.321
0.10 0.665 0.584 0.522  0.445 0.374 0.326
0.15 0.643 0.569 0.508  0.4k42 0.378 0.329
0.20 0.627 0.564  0.499 0.435 - 0.377 0.329"
0.25 0.618  0.562  0.492 0.424  0.375 0.326
0.30 0.612 0.564 0.487 0.415 0.368 0.321
0.35 0.611 0.565 0.485 0.408 0.357 0.315
0.40 0.610 0.566 0.485 0.403 0.345 0.306
0.45 0.611 0.569 0.488  0.400 0.327 0.000
0.50 0.614 0.572 0.490  0.400 0.307 0.000
0.55 0.616 0.575 0.494  0.401 0.000 0.000
0.60 0.620 0.580 0.500 0O.404 0.000 0.000
0.65 0.625 0.584 0.508 0.405 0.000 0.000
0.70 0.630 0.590 0.519  0.405 0.000 0.000
0.75 0.636 Q.596 0.527 0.403 0.000 0.000
0.80 0.645 0.603 0.533 0.400 0.000 0.000
0.85 0.655 0.613 0.537 0.398 0.000 0.000
0.90 0.669 0.624 0.540  0.395 0.000 0.000
0.95 0.68L4 0.637 0.542  0.390 0.000 0.000

0.702 0.653 0.543 0.386 0.000 0.000

1.00




Table 24,
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Array of values of Kt for the system Sm(NO3)3 -

HNO3 - TBP - H,0 as a function of (Mt)org. and Yg.
Tsm .0 2.5 3.éMt)or§:5 .0 %.5
0.00 0.769  0.667  0.566 0.441  0.358 0.314
0.05 0.724  0.641  0.555 O0.449  0.370 0.328
0.10 0.700  0.626  0.548 0.454  0.377 0.339
0.15 0.684  0.615  0.543 0.458  0.383 0.345
0.20 0.672 0.608 0.541 0.460 0.388 0.349
0.25 0.665  0.605  0.541 0.461  0.390 0.350°
0.30 0.660  0.603  0.544 0.462  0.390 0.349
0.35 0.659  0.604  0.548 0.461  0.388 0.346
0.40 0.659  0.606  0.553 0.461  0.386 0.341
0.45 0.660  0.610  0.560 0.460  0.382 0.000
0.50 0.664  0.616  0.567 0.459  0.377 0.000
0.55 0.669 0.623 0.575 0.475 0.372 0.000
0.60 0.676  0.630  0.582 0.455  0.365 0.000
0.65 0.685 0.640 0.590 0.450 0.359 0.000
0.70 0.695  0.652  0.598 0.450  0.351 0.000
0.75 0.707  0.665  0.605 0.449  0.343 0.000
0.80 0.720  0.679  0.614 0.450  0.000 0.000
0.85 0.733  0.694  0.622 0.455  0.000 0.000
0.90 0.748  0.710  0.630 0.463  0.000 0.000
0.95 0.763  0.727  0.638 0.475  0.000 0.000
1.00 0.780  0.746  0.646 0.492  0.000 0.000




Table 25.
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Array of values of K for the system La(NOB)

HNO, 37
HNO3 - TBP - H,0 as a function of (Mt)org.'and Yo

Ysm 2.0 5.3 3.éMt)or§:5 5.0 T.5
10.00 0.769  0.667  0.566 0.441  0.358 0.314
0.05 0.802 0.701 0.617 0.523 0.464 0.399
0.10 0.845 0.749 0.681 0.612 0.566 0.474
0.15 0.895 0.804  0.756 0.701  0.668 0.546
0.20 0.950 0.867 0.831 0.797 0.767 0.617
0.25 1.016 0.937  0.910 0.895 0.863 0.685
0.30 1.087 1.009 0.991  0.995 0.963 0.000
0.35 1.160 1.083 1.071 - 1.101 1.068 0.000
0.40 1.234 1.161 1.157 1.218 0.000 0.000
0.k45 1.307 1.244  1.245 1.331 0.000 0.000
0.50 1.384  1.331 1.337 1.452  0.000 0.000
0.55 1.467  1.423  1.434  1.57%  0.000  0.000
0.60 1.548 1.520 1.539  1.697 0.000 0.000
0.65 1.637 1.618 1.649 1.825 0.000 0.000
0.70 1.732 1.718 1.769  1.956 0.000 0.000
0.75 1.829 1.823 1.900 2.087 0.000 0.000
0.80 1.933 1.929 2.037 2.222  0.000 0.000
0.85 2.041 2.041 2.186  0.000 0.000 0.000
0.90 2.157 2,156 2.348  0.000 0.000 0.000
0.95 2.275 2.276 0.000  0.000 0.000 0.000
1.00 0.000 0.000 0.000  0.000 0.000 0.000




1
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Table 26, Array of values of King. for the system Pr(N03)3 -

HNO5 - TBP - H,0 as a function of (Mt)org. and Y,
T 2.0 2.5 3.éMt)Q£§:5 5.0 .5
0.00 0.769 0.667 0.566  0.441 0.358 0.314
0.05 0.785 0.678 0.581 0.479 0.399 0.346
0.10 0.809 0.697 0.601 0.521 0.4h2 0.380
0.15 0.839 0.723 0.628 0.563 0.487 0.418
0.20 0.872  0.760  0.661 0.607  0.534 0.458
0.25... 0.912 0.802 0.700 0.653 0.584 0.507
0.30 0.959 0.848 0.748 0.701 0.638 0.571
0.35 1.011 0.894 0.795 0.750 0.697 0.640
0.40 1.067 0.940 0.844 0.799 0.756 0.722
0.45 1.133 0.991 0.892 0.854  0.819 0.000
0.50 1.207 1.04%  0.945 0.911 0.886 0.000
0.55 1.280 1.099 0.999 0.971 0.000 0.000
0.60 1.358 1.157 1.055 1.035 0.000 0.000
0.65 1.437 1.221 1.112  1.099 0.000 0.000
0.70 1.523 1.291 1.173  1.167 0.000 0.000
0.75 1.613 1.370 1.237 1.234%  0.000 0.000
0.80 1.709 1.454 1.301 1.303 0.000 0.000
0.85 1.810 1.547 1.371 1.376 0.000 0.000
0.90 1.913 1.643 1.442  1.449 0.000 0.000
0.95 2.021 1.752 0.000 0.000 0.000 0.000
1.00 0.000 0.000 0.000 0.000 0.000 0.000
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Table 27. Array of values of KHNO for the system Nd(N03)3 -
Hl\IO3 - TBP - H,0 as a function of (Mt)org. and Yy .
INa 2.0 Z.5 3.5M£)°r§:5 .0 T
0.00 0.769 0.667 0.566  0.441 0.358 0.314
0.05 0.772 0.678 0.566 0.461 = 0.385 0.336
0.10 0.780 0.696 .  0.573 0.488 0.423 0.366
0.15 0.802 0.716 0.589 0.520 0.469 0.399
0.20 0.836 0.740 0.612 0.557 0.516 .  0.439
0.25 0.876 0.773 0.641 0.597 0.561 0.490
0.30 0.924  0.816 0.680 0.637  0.608 0.542
0.35 0.977 0.857 0.721 0.680 0.655 0.600
0.40 1,033 0.900 0.764 0.725 0.701 0.663
0.45 1.090 0.946 0.808 0.770 0.748 0.000
0.50 1.151 0.993 0.855 0.819 0.795 0.000
0.55 1.220 1.042 0.901  0.869 0.843 0.000
0.60 1.291 1.093 0.956 0.920 0.891 0.000
0.65 1.371 1.148 0.013 0.975 0.000 - 0.000
0.70 1.455 1.207 1.075 1.030 0.000 0.000
0.75 1.545 1.268 1.136  1.089 0.000 0.000
0.80 1.642 1.329 1.207 1.150 0.000 0.000
0.85 1.746 1.396 1.279 1.211 0.000 0.000
0.90 1.857 1.466 1.353 .1.273 0.000 0.000
0.95 1.977 1.537 0.000 0.000 0.000 0.000
1.00 0.000 0.000 0.000 0.000 0.000 0.000
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Table 28. Array of values of KHNO for the system~Sm(N03)3 -
HNO3 - TBP - H,0 as a function of (Mt)org. and Yq o
Ysm Z.0 .5 §.éMt)°r%:5 .0 .3
0.00 0.769 0.667 0.566  0.441 0.358 0.314
0.05 | 0.769 0.658 0.560 0.448 0.367 0.336
0.10 0.773 0.656 0.564 0.456  0.380 0.336
0.15 0.787 0.664 0.571 0.467 0.395 0.350
0.20 0.804 0.677 0.584 0.482  0.413 0.368
0.25 0.829 0.696 0.600 0.500 - 0.435 0.388
0.30 0.859 0.716 0.619 0.523 0.461 0.410
0.35 0.892  0.738  0.641 0.550  0.493 0.437
0.40 0.928 0.767 | 0.668 0.580 0.531 0.464
0.45 0.963 0.797 0.700 0.612 0.573 0.000
0.50 0.1003 0.831 0.735 0.648  0.623 0.000
0.55 1.047 0.869 0.776 0.68k4 0.690 0.000
0.60 1.092 0.907 0.817 0.722 0.772 0.000
0.65 1.139 0.947 0.863 0.762 0.878 0.000
0.70 1.191 0.988 0.911 0.805 1.018 0.000
0.75 1.245 1.032 0.961 0.850 0.000 0.000
0.80 1.301 1.079 1.015 0.897 0.000 0.000
0.85 1.360 1.129 1.072  0.947 0.000 0.000
0.90 1.421 1.179 1.131  0.998 0.000 0.000
0.95 1.488 1.231 0.000 0.000 0.000 0.000
1.00 0.000 0.000 0.000  0.000 0.000 0.000
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total number of stages in an extraction cascade

feed stage in an extraction cascade with internal
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XRE - XBE
XLASF - X1o
XPRSF - Xpp
XNDSF - Xyg
XSMSF - Xgm
TMOR - (Mt)org.
AMOR - (MﬁNOB)org.
JLAMOR - (Mp)org.
PRMOR - (MPr)org.
XNDMOR - (MNd)org.
- SMMOR - (MSm)org.
REMOR - (MBEyorg.
YHNO3 - YHNOB
YLA - YLa
YPR - YPr
YND - YNd
ISM - YSm
YRE - Ypp
YLASF - Via
YPRSF - Vpr
YNDSF - Yna
ySMSF - Yam

Figure 37 (Continued)
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for the system RE(N03)3

- HNO3

- TBP - HZO as a

function of (Mt)aq. and Xpo; BRE = La, Pr, N4, Sm

K
HNO3

‘for the

system RE(NO

3)

3

- HNOB - TBP - HZO

as a function of (Mt)aqo and XBE; RE = La, Pr, N4,

Sm
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a function of (Mt)
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(Continued)
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XBEF
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XNDSFF
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For Programs 1 and 3:

R1TM
R1AM
R1LAM
R1PRM
R1NDM
R1SMM
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Figure 37.
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SONDM

SOSMM

For Programs 2 and 4:

ROTM

ROAM

ROLAM

ROPRM

RONDM
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S1LAM

S1PRM

S1NDM

S1SMM

Figure 37.
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(3]

DIMENSION XKTLA{21 7)o XKVPR(2197)yXKTIND(21y7) o XKTSH(21o7) ¢ XKALA(21BHMS1
LoT) e XKAPRU21 o 7)o XKAND(21,7) ¢ XKASM(21,7)

DO 5 T = 1,21
READ INPUY TAPE 5.
0o 10 ! = 1,21
READ INPUT TAPE 5,
DO 15 1 = 1,21
READ INPUT TAPE 5,
00 20 1 = 1,21
READ INPUT TAPE S,
D0 25 1 = 1,21
READ INPUT TAPE 5.
D0 30 I =1,21
READ INPUY TAPE 5,
DO 35 I = 1,21
READ INPUT TAPE 5,
DO 40 I = 1,21
READ INPUT TAPE 5,
READ INPUT TAPE 5,
READ INPUT TAPE 5,
1SOVRyN,K
PRINT 503, SOVR,N
PRINT 504
XHNO3 = AMAQ/TMAQ
XLA = XLAMAQ/TMAQ
XPR = PRMAQ/TMAQ

XND = XNDMAQ/TMAQ
XSM = SMMAQ/TMAQ
XRE = REMAQ/TMAQ

5005
500,
500,
500,
500,
500,
500,
500,

501,
502,

AL

(XKTLALT G UY 8

KTL
(XKTPR(T4J1,J
{XKINDE{T4d)0d
(XKTSM{TyJ)yd
(XKALA(I,J),d
{XKAPR{1,4J),yJ
(XKAND{I,4J)4J

{XKASM(I,J),J

TMAQ,AMAQ, XLAMAQ,PRMAC,, XNDMAQ, SMMAQ,REMAQ
TMOR 3 AMOR 3 XLAMOR o PRMOR o XNDMOR y SMMOR,,REMOR

SXA = XHNO3 + XLA ¢ XPR ¢ XND + XSM
XLASF = XLAMAQ/REMAQ

XPRSF = PRMAQ/REMAQ
XNDMAQ/REMAQ
SMMAQ/REMAQ
XLASF + XPRSF + XNDSF + XSMSF

>
[ %]
x
w
n
oo

AMOR/TMOR

YLA = XLAMOR/TMOR
= PRMOR/ TMOR

YND = XNOMOR/TMOR
= SMMOR/ TMOR
= REMOR/TMOR

SYO = YHNO3 ¢ YLA + YPR ¢ YND + YSM
YLASF = XLAMOR/REMOR

YPRSF = PRMOR/REMOR
YNDSF = XNDMOR/REMOR
YSMSF = SMMOR/REMOR
SYREQ =

YLASF ¢ YPRSF + YNDSF + YSMSF

it

1,7)
1e7)

1,7)

BMS1
BMS1
8Mst
or31
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
8HS1
8MS1
BMS1
BMS1
BMS1
8MS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
8MS1
BMS1
BMS1
BMS1
BMS1
8MS1
BMS1
8MS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1

PRINT 505y TMOR,AMOR ¢ XLAMOR,PRM(R ¢ XNDMOR 4 SMMOR ¢ REMOR  YHNO3,YLA,YPRBMS1

—

s YNDyYSM,YRE,YLASF,YPRSF,YNDSF,YSMSF.SYO.SYRED

BMS1

PRINT 506, TMAQ,AMAQ,XLAMAQ,PRMAQ,XNDMAQ,SMMAQ, REMAQ ,XHNO3;XLA,XPRBMS1

—

RiTH = THAG
R1AM = AMAQ
RILAM = XLAMAQ
RIPRM = PRMAQ
RINDM = XNDMAQ
RISMM = SMMAQ
SOTH = THOR
SOAM = AMOR
SOLAM = XLAMOR
SOPRM = PRMOR
SONDM = XNDMOR

2 XND» XSM o XRE  XLASF 4 XPRSF 4 XNDSF ¢ XSMSF4SXA,SXREA

Fortran statements, Program I

8MS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1

001
002

Cl

cz

C5

Ca

C5

cé

c7

cs

c9
c10
c11
cl2
C13
Cléa
Cl15
Cle
035
036
037
038
039
040
041}
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
060
061
062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078



50

S5
65
70

75
80

8%

90

95

100

l._.l
|- 4

a4
SOSHMM = SHMMOR BMS1
N0 150 L = 14N BMS1
XREI = (XRE2100.0 ¢ 5.0}/5.0 BMS1
IX = XRE! BMS1
Xio= IX OMS1
FRX = XREI - XI BMS1
IF{5.0 - TMAQ)} 60,;70;65 BMS1
IF{7.0 — THMAQ) 75,75,70 BMS1
Z = THAQ ~ 2.0 BMS1
GO TO 80 BMS1
Z = (TMAQ + 1.0)/2.0 BMS1
GO TO 80 BMS1
2 = (TMAQ + 5.0)/3.0 BMS1
KL = 1 BMS1
IK = K2 BMS1
FRZ = 2 - IK BMS1

SKY = MINLIFOXKTLACIX g KZ) o XKTLACIX414KZ) g XKTLACIX,)KZ41) o XKTLA(IX41,8MS1
LKZ+1) ¢ XKTPRUIXoKZ) g XKTPRUIX+14KZ) o XKTPRIIXyKZ4+1) ¢XKTPRIIX+1,K2#1),8MS]

2XKTNDIIX oKZ) o XKTNDIIX41pKZ)pXKTNDIIX KZ#1) o XKIND(IX41,KZ+1),XKTSM{BMS]
3IXoKZ) o XKTSMUIX41 o KZ) g XKTSMUIXoKZ41) XKTSM{IX#1,KZ¢1)) BMS1
IF(SKT) 85:85,90 BMS1

PRINT 507 XKTLA(IXyKZ) o XKTLAUIX#14KZ) o XKTLA(IXyKZ+1) o XKTLA(IX+1,KBMS]
PZ4+1) o XKTPRIIX9KZ) o XKTPRUIX#19KZ) ¢ XKTPRIIXyKZ+1) o XKTPR(IX+1,KZ#+1) oXBMS1

ZKTNDUIXyKZY g XKTNDUIX+19KZ) g XKTND(IXoKZ#1) o XKTND(IX¢]1,K2Z41)yXKTSM{IBMS]
IXPKZ) ¢ XKTSMUIX4L g K2Z) ¢ XKTSM{IXoKZ*1)yXKTSMIIX$]1,KZ+1),TMAQ,XRE BMS1
IF(K) 495,495,45 BMS1
XKTLAL = XKTLA(IX,KZ)#{(1,0 — FRX) ¢ XKTLA(IX*+1,KZ)eFRX BMS1
XKTLAZ = XKTLA(IX o KZ+«1)#{1.0 — FRX) ¢ XKTLA{IX#+],KZ+1)eFRX BMS1
XKTLA3 = XKTLAl#(1.0 ~ FRZ) + XKTLA2#FRZ BMS1
CKTLA = XKTLA3 # XLASF BMS1
XKTPR]1 = XKTPR{IX,KZ)®(1.0 - FRX) ¢ XKTPR{IX+]1,KZ)®FRX BMS1
XKTPRZ = AKTPR{IX KZ¢+1)#{1s0 - FRX) ¢ XKTPR{IX#1,KZ+1)®FRX 8MS1
XKTPR3 = XKTPRl#{(1.,0 ~ FRZ) ¢ XKTPR2®FRZ BMS1
CKTPR = XKTYPR3 @& XPRSF BMS1
XKTND1 = XKTND(IXeKZ)®#({1.0 - FRX) ¢ XKTND{IX#1,KZ)®FRX BMS1
XKTND2 = XKTND(IXyXKZ+1)®(1,0 - FRX) + XKTND(IX#¢1,KZ+1)eFRX BMS1
XKTNN3 = XKTNDl#{1l.0 — FRZ) + XKTND2#FRZ BMS1
CKTND = XKTND3 = XNDSF BMS1
XKTSMI = XKTSM{IX,KZ)®#(1.0 - FRX) ¢+ XKTSM(IX+1,KZ)*FRX BMS1
XKTSM2 = XKTSM{IX,KZ+1)#(1.0 - FRX) ¢ XKTSM{IX+1l,KZ+1)eFRX BMS1
XKTSM3 = XKTSMle{(1.0 -~ FRZ) ¢ XKTSM2aFRZ BMS1
CKTSM = XKTSM3 e XSMSF BMS1

SKA = MINIF{XKALA(IXoKZ) s XKALACIX#1,KZ) o XKALA(IX,KZ41) XKALA(IX+1,BMS1
IKZ#+1) g XKAPROIXoKZ) ¢ XKAPR{IX41,KZ) g XKAPR(IX,KZ+1) XKAPR{IX4]1,KZ%1),BMS]
2XKAND(IX yKZ) o XKAND(IX419gKZ )y XKAND(IXyKZ41) o XKAND(IX414KZ+1),XKASM(BMS1
3IXoKZY o XKASMIIX4]1 K2 )y XKASMITIXyKZ+1)yXKASMIIX#]1,KZ¢+1)) BMS1

IF(SKA) 95,95,100 BMS1

PRINT 508, XKALA(IX9)KZ)oXKALA(IX+414K2Z)yXKALA(IXyKZ#1)oXKALALIX+] ,KBMS]
1741)  XKAPREIX,KZ); XKAPRUIX#1,KZ) ;XKAPRETIXKZ41) ; XKAPRITIX41,KZ¢1) ;XBMSL

2KANDUIX9KZ) o XKANDUIX#19KZ) g XKANDIIX KZ#1) g XKANDCIX+14KZ41),XKASM(IBMS]
3XeKZ) g XKASMUIX41 ,KZ) g XKASM{IXoKZ+1) o XKASM{IX+1,KZ+1),TMAQ,XRE BMS1
IF{K) 495,495,45 BMS1
XKALAL = XKALA(IX,KZ)e(1s0 - FRX) ¢ XKALA(IX+1,KZ)eFRX BMS1
XKALAZ = XKALA(IX,KZ+1)2(1.0 — FRX) + XKALA{IX¢]1,KZ+1)eFRX BMS1
XKALA3 = XKALAl®(1.0 - FRZ) + XKALA2#FRZ BMS1
CKALA = XKALA3 & XLASF BMS1
XKAPR]1 = XKAPR(IX,KZ)®(1.0 — FRX)} + XKAPR{IX+[,KZ)eFRX BMS1
RRAPRZ = XKAPRUIK KZ+11®{1.0 - FRX) + XKAPRUIX+i,KZ+1ieFRX BMS1
XKAPR3 = XKAPRi#{1.0 - FRZ} ¢ XKAPRZ2eFRZ BMSI
CKAPR = XKAPR3 e XPRSF BMS1
XKANDL = XKAND(IX,KZ)®{1,0 - FRX) + XKAND(IX+1,KZ)eFRX BMS1
KKAND2 = XKAND{IX,KZ+1)®(1.0 ~ FRX) 4 XKAND(IX41,KZ+]1)eFRX BMS1

Figure 39. (Continued)
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XKAND3 = XKANDloe(l.0 - FRZ) ¢+ XKAND2eFRZ

CKAND = XKAND3 e XNDSF

KKASH1 = XKASM{IX,KZjoe{1l.0 - FRX) ¢+ XKASM{IX¢1,KZ)eFRX
XMASM2 = XKASMITX KZ241)ea{1.0 — FRX) + XKASMEIX41.KZ4+1)=2ERYX
MIASME = NMKASMIe{1,0 — FRIY + ¥MASM2=2ER7

CKASM = XKASM3 & XSMSF

TOTK = CKTLA ¢ CKTPR ¢ CKTND 4 CKTSM

HNO3K = CKALA + CKAPR + CKAND + CKASH

THOR = THMAQeTOTK

IF(THOR - 1.75) 105,110,110

PRINT 509, TMNR, TMAQ,YOTK

IF(K) 495,495,455

AMOR = AMAQ®#HNOQO3K

REMOR = TMOR - AMOR

IF{REMOR) 115,115,120

PRINT 510, TMOR,AMOR,REMOR,HNO3K

IF(K) 495,495,45

BLAPR = 0.8187 - 0.1106#TMOR

BPRPR = 1.0

BNDPR = 1.0448 + 0.09874¢TMOR

BSHPR = ~-0.3795 + 0.9214#THMOR

DEMS = XLAMAQ#BLAPR + PRMAQeBPRPR ¢+ XNDMAQ#BNDPR + SMMAQe#BSMPR
XLAMOR = REMOR®BLAPReXLAMAQ/DEMS

PRMOR = REMOReBPRPRePRMAQ/DEMS

XNDMOR = REMOR®*BNDPReXNDMAQ/DEMS

SMMOR = REMOR®BSMPReSMMAQ/DEMS

YHNO3 = AMOR/TMOR

YLA = XLAMOR/TMOR

YPR = PRMOR/ TMOR
YND = XNOMOR/TMOR
YSM = SMMOR/TMOR
YRE = REMOR/TMOR

SYO = YHNO3 + YLA + YPR + YND ¢+ YSM
YLASF = XLAMOR/REMOR

YPRSF = PRMOR/REMOR
YNDSF = XNDMOR/REMOR
YSMSF = SMMOR/REMOR
SYREQ = YLASF + YPRSF + YNDSF + YSMSF

BMS1
BMS1
BMS1
8MS1
8Mel
BMS1
BMS1
BHS1
8HS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
BMS1
8MS1
8MS1
BMS1
BHMS1
BMS1
BMS1
BMS1
BMS1
8MS1
BMS1
BMS1
BMS1
8MS1
BMS1
BMS1
BMS1
BMS1
BMS1
8MS1
BMS1
BMS1

PRINT S11yLy TMORyAMOR,XLAMORyPRMORy XNDMORy SMMOR y REMOR, YHNO3,YLA, YPBMS]

LRy YND,YSM,YRE,YLASF,YPRSF, YNDSF, YSMSF,SYO,SYRED
TMAQ = TMOR®#SOVR — SOTMeSOVR + RI1TM

AMAQ = AMOR®*SOVR - SOAM®SOVR + RiAM

XLAMAQ = XLAMOR®SOVR ~ SOLAMeSOVR + RI1LAM

PRMAQ = PRMOR®SOVR -~ SOPRM#SOVR + RIPRM

XNDMAQ = XNDMOR#SOVR - SONDMeSOVR + RINDM

SMMAQ = SMMOR®#SOVR — SOSMMeSOVR + R1SMM

REMAQ = TMAQ - AMAQ

SAM = MINLIF(TMAQ,AMAQ,XLAMAQ,PRMAQ,XNOMAQ, SMMAQ,REMAQ)
IFISAM) 125,125,130

PRINT 512,TMAQ,AMAQ, XLAMAQ,PRMAQ,XNDMAQ, SMMAQ,REMAQ
IF(K) 495,495,465

AFRND3 = AMAG/THAQ
XLA = XLAMAQ/TMAQ
XPR = PRMAQ/TMAQ
XND = XNDMAQ/TMAQ
XSH = SMMAQ/ TMAQ
XRE = REMAQ/TMAQ

¥MRO3Z 4 HLA 4 XPR & XND + XSH

XUASF = XULARMAQ/REMA

XPRSF = PRMAQ/REMAQ
XNDSF = XNDMAQ/REMAQ
XSMSF = SMMAQ/REMAQ

Figure 39. (Continued)
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SXREA = XLASF + XPRSF ¢+ XNDSF + XSMSF BMS1
LL = L+1 BMS1
PRINT 513,LLy TMHAQy AMAQXLAMAQ, PRMAQ, XNDMAQ,SMMAQREMAQ+ KHNO3 XL A, XBHMS1
1PRsXND 2 XSM:XRE; XLASF : XPRSF: XNDSF , XSMSF . SXA,SXREA BMS1
[FITMAQ —- 3.0) 135;140;140 BMSt
PRINT 514, TMAQ BMS1
IF{K) 495,495,45 BMS1
[FITMAQ - 16.0) 150,145,145 8MS1
PRINT 514,TMAQ BMS1
IF(K) 495,495,45 BMS1
CONTINUE BMS1
IF{K)495,495,45 BMS1
FORMAT {7F10.3) BMS1)
FORMAT (7F9.4) BMS1
FORMAT (TFT.4sFBa4s13,13) BMS1
FORMAT (31HLEXTRACT SIDE CALCULATION SOVR= FB.444H N= [3) BMS1
FORMAT (120HY TOTALMOLHNO3 MOL LA MOL PR MOL ND MOL SM MOL BMS1
1RE MOL ACFR LAFR PRFR NDFR SMFR REFRLA/REPR/REND/RESM/RE STFRSREFRBMS!
2) BMS1
FORMAT (4HJS O TFB.4,12F5.3) BMS1
FCRMAT (4H R 1 TFB8.4,412F5.3) BMS1
FORMAT {8HUXKTRE=0 16F6e39FBa4yFb6.3) BMS1
FORMAT {BHJUXKARE=0 16F6.34FB8.49F6.3) BMS1
FORMAT (6HJTMOR= F10.4,6H TMAQ= FB8.4,6H TOTK=z FB8.4) BMS1
FORMAT (6HJTMOR= F10.4y6H AMOR= F10.8,7H REMOR= F10.8,7H HNO3K= F18MS1
10.8) BMS1
FORMAT (2HJS 1247F8.4912F5.3) BMS1
FORMAT (6HJTMAQ= F10.4,6H AMAQ= F10.4,8H XLAMAQ= F10.4,7H PRMAQ= FBMS1
110.4,8H XNDMAQ= F10.4,7H SMMAQ= F10.4,7H REMAQ= F10.4) BMS1
FORMAT (2H R [247FB.4412F5.3) BMS1
FORMAT (6HJUTMAQ= F10.4) BMS1
STOP 89 BMS1
END BMS1

Figure 39.
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DIMENSION YKTLA(2106) YKTPR{2146)  YKTND(21,6),YKTSM{21,6),VKALA(21BMS2
1¢6) ) YKAPR(2]1,6)s YKAND{21,6), YKASM(21,6)

00 51 = 1,21

READ INPUT TAPE 5,
DO 10 1 = 1.21
READ INPUT TAPE S,
DO 15 1 = 1,21
READ INPUT TAPE 5,
DO 20 I = 1,21
READ INPUT TAPE 5,
DO 25 1 = 1,21
READ INPUT TAPE 5,
DO 30 1 = 1,21
READ INPUT TAPE 5,
DO 35 I = 1,21
READ INPUT TAPE S,
DO 40 [ = 1,21
READ INPUT TAPE 5.
READ INPUT TAPE 5,
READ INPUT TAPE 5,
IRUVSyNyK

PRINT 503, ROVSsN
PRINT 504

IF{TMAQ) 600,65+50
XHNO3 = AMAQ/TMAQ
XLA XLAMAQ/TMAQ
XPR PRMAQ/ TMAQ
XND XNDMAQ/TMAQ
XSM SMMAQ/ TMAQ
XRE REMAQ/ TMAQ

L LI I I TR 11

IF(REMAQ) 600,604+55
XLAMAQ/REMAQ
PRMAQ/REMAQ
XNDMAQ/REMAQ
SMMAQ/REMAQ

XLASF
XPRSF
XNDSF
XSMSF

500,
500,
500,
500,
500,

500,

(YRTLA{IsJd)od = 1,46)
(YKTPR{T4J}ed = 1,6)
(YKTND(T19J)yd = 1,46)

(YKTSM{T,J)ed = 1,6)

[YKALA(TIsJ)ed = 1,6)

[YKAPR(T+J)yJ 1+6)

A r Y () 1 N
KANDI{IGO ol = 1,o0)

(YKASM{I+J)yJ = 146)

BMS2
BMS2
BMS2
BMS2
BMS2
BMS2
BMS2
BMS2
BMS?2
BMS?2
BMS2
BMS2
BMS2
BMS2

LYY )

BHMS2
BMS2
BMS2

TMAQ,AMAQ, XLAMAQ,PRMAQ, XNDMAQ,SMMAQ,REMAQ BMS2
TMOR y AMOR y XLAMOR , PRMOR , XNDMOR , SMMOR, REMOR ,8MS 2

BMS2
BMS2
BMS2
BMS2
BMS2
BMS2
BMS2
BMS2
BMS2
BMS2
BMS2
BMS?2
BMS2
BMS2
BMS2

PRINT 505, TMAQ,AMAQ,XLAMAQ,PRMAQ,XNDMAQ,SMMAQ,REMAQ,XHNO3,XLA,XPRBMS2
1o XNDoXSMy XRE s XLASF ¢ XPRSF 4 XNDSF ¢ XSMSF

GO TO 70

BMS2
BMS?2

PRINT 506, TMAQyAMAQ,XLAMAQ,PRMAQ,XNDMAQ,SMMAQ,REMAQ,XHNO3,XLAsXPRBMS2

19 XNDsXSMyXRE
GO 10 70

PRINT 507, TMAQ,AMAQ,XLAMAQ,PRMAQ, XNDMAQ,SMMAQ,REMAQ

YHNO3 = AMOR/TMOR

YLA = XLAMOR/TMOR
YPR = PRMOR/ TMOR

YND = XNDMOR/TMOR
YSM = SMMOR/TMOR

YRE = REMOR/TMOR
YLASF = XLAMOR/REMOR
YPRSF = PRMOR/REMOR
YNDSF = XNDMOR/REMOR
YSMSF = SMMOR/REMOR

BMS2
BMS2
BMS2
8MS2
BMS2
8MS2
BMS2
BMS2
BMS?2
BMS2
BMS2
BMS2
8MS2

PRINT 508, TMOR,AMOR ,XLAMOR ,PRMOR ; XNDMOR s SMMOR ,REMOR ;, YHNO3,YLA,YPRBMS2
LoYND:YSM,YRE ; YLASF ;YPRSFYNDSF,;YSMSF

ROTM = TMAQ
ROAM = AMAQ

RCLAM = XLAMAQ
ROPRM = PRMAQ
RONDM = XNDMAQ
ROSMM = SMMAQ
S1TM = TMOR
S1AM = AMOR

Figure 41. Fortran

statements, Program II
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SILAM = XLAMOR BMS2 063
S1PRM = PRMOR BMS2 064
SiINDM = XNDMOR BMS2 065
S1SMM = SHMMOR BHS2 0066
00 185 L = 1sN BMSZ 067
YREI = (YRE#100.0 ¢+ 5.01/5.0 BMS2 068
[y = YREI BMS2 G69
Yl = 1v 8MS2 070
FRY = YREI - YI BMS2 071
Z = (TMORe*10.0 - 15.0)/5.0 BMS2 072
KZ =1 BMS2 073
K = KZ AMS2 074
FRZ = 7 - IK BMS2 075

SKT = MINIF(YKTLAUIY KZ) o YRTLALIY®#1,KZ) o YKTLA{IY KZ+41),YKTLA{IY+]1,BMS2 076
LKZ+1) o YKTPR{IY ) KZ) o YKTPRUIY*]14KZ) 9o YKTPR{IY,KZ41),YKTPR(IY+1,KZ+]1),BMS2 077
2YKTND(IY oKZY , YKTND(TY41 - KZ), YKTNDITY K241} YKTNDITY41 K721 ),¥YKTSMIGMSD 078

B3IV KZ)pYKTSMUTY®LgKZ)oYKTSMITY KZ4+1)YKTSM{IY+1,KZ41)) BMS2 079
IF (SKT) 75,75,80 BMS2 080
75 PRINT 509, YKTLA[IYosKZ)oYKTLALIY+14KZ)oYKTLAIIY(KZ+1),YKTLA{IY+]1,KBMS2 081

1Z+1) gy YKTPRUIYGKZ )y YKTPRIIY#]1,KZ) g YKTPR(IYoKZ#1)}, YKTPR(]Y+1,KZ+]1),YBMS2Z 082
2KTND(IYoKZ)y YKTINDLIY®LoKZ) o YRTNDITIY KZ41), VRIND(IV+1,K2Z+1),YKTSH{IBMS2 083

Y KZ) g YKTSMUTIY+1 ¢KZ) g YKTSM{TY o KZ+1)YKTSM{IY+]1,KZ+]1),TMOR,YRE BMSZ 084
IF (K) 6004600445 BMS2 085
80 YKTLAL = YKTLA(lY,KZ)®#(1.0 - FRY) + YKTLA(IY+1,KZ)eFRY BMS2 086
YKTLA2 = YKTLA(IY,KZ+1)#(1.0 - FRY) ¢ YKTLA(IY+1,KZ¢1)eFRY BMS2 087
YKTLA3 = YKTLAle (1.0 - FRZ) ¢ YKTLA2e#FRZ 8MS2 088
CKTLA = YKTLA3 = YLASF BMS2 089
YKTPR1 = YKTPR(IY,KZ)®(1l.0 - FRY) + YKTPR{IY¢l,KZ)®FRY BMS2 090
YKTPR2 = YKTPR{IY,KZI+#1)®#{1.0 ~ FRY) ¢ YKTPR{IY+1,KZ+]1)=*FRY BMS2 091
YKTPR3 = YKTPR1#({1.0 - FRZ) + YKTPR2#FRZ BMS2 092
CKTPR = YKTPR3 # YPRSF BMS2 093
YKTNDLl = YKTND(IY,KZ)#{1.0 - FRY) + YKTND({IY+1,KZ)#FRY BMS2 094
YKTND2 = YKTND(IY,KZ4+1)#{1.0 -~ FRY) + YKIND(IY#]l,KZ+1)aFRY 8MS2 095
YKTND3 = YKTNDl# (1.0 - FRZ) + YKTND2eFRZ 8MS2 096
CKTND = YKTND3 = YNDSF BMS2 097
YKTSM] = YKTSM(IY,KZ)}e(1.0 - FRY) + YKTSM{]Y+1,KZ)eFRY BMS2 098
YKTSM2 = YKTSM(IY,KZ+1)®#(1.0 — FRY) ¢ YKTSM({IY+1l,KZ+]1)e®FRY BMS2 099
YKTSM3 = YKTSMle(]1.,0 - FRZ) ¢ YKTSM2#FRZ BMS2 100
CKTSM = YKTSM3 e YSMSF BMS2 10!

SKA = MINIF(YKALA(IY,KZ),YKALACIY+1,KZ)yYKALA(IY ,KZ41),YKALA{IY+]1,BMS2 102
IKZ41) o YKAPRUTY4KZ) g YKAPR(IY414K2Z)yYKAPR{]IY KZ+1) ,YKAPR(IV4+1,K2Z+1),BMS2 103
2YKANDIUTIY ¢KZ) yYKAND(IY#]1,KZ) o YKAND{YY, KZ41),YKAND(IY+1,KZ+1),YKASM(BMS2 104

B3IYeKZ) o YKASMITIY+]1,KZ) g YKASM{TIY, KZ41),YKASM{IY+]1,KZ+1})) BMS2 105
IF (SKA)} 85,85,90 BMS2 106
85 PRINT 510, YKALA(IY)KZ) s YKALA(IY+1,KZ)YKALA(IY,KZ+1),YKALALLIY+],KBMS2 107

1Z41) :YKAPR{IYoKZ)y YKAPR{IY4]1,)KZ) yYKAPR(TIY,KZ#1},VYKAPRITIY+1,KZ+1},YBMS2 108
ZKAND(IYsKZ)y YKANDUIY+L,KZ) ) YKAND{IYoKZ+1)YKAND{IY+1,KZ+1),YKASM(IBMS2 109

3Y4KZ), YKASMUTIY 4L ,KZ) o YKASM{TY K241}, YKASMUIY41oKZ+1),THOR,YRE BMS2 110
IF (K) 600;600:45 MS2 1i1l
90 YKALAL = YKALA{IY,KZ)e{1.,0 - FRY) + YKALA(IY4l,KZ)sFRY BMS2 112
YKALAZ = YKALA{IY,KZ+1})=(1.0 - FRY) ¢ YKALA(IY®1,K2¢1}eFRY 8MS2 113
YKALA3 = YKALALl® (1.0 - FRZ) ¢ YKALAZ2¢FRZ BMS2 114
CKALA = YXALA3 ¢ YLASF BMS2 115
YKAPR]1 = YKAPR(IYyKZ}e{1.0 - FRY) + YKAPR(IY#1.KZ)aFRY BMS2 116
YKAPR2 = YKAPR(IY,KZ¢+1l)e(1.0 — FRY) ¢ YKAPR(IY+1,KZ+1)eFRY BMS2 117
YKAPR3 = YKAPR1#!1.0 - FRZ) + YKAPR2sFRZ BM32 118
CKAPR =~ YKAFR3 e YPRSF BMS2 119
TKANDL = YKAND(IY,KZ)e{1.0 - FRY) & YKANO(IY+#1,KZ)&FRY BMS2 120
YKANDZ = YKAND(IY4KZI+1)1®(1.0 - FRY)} ¢+ YKAND(IY+l,KZ+1)eFRY 8MS2 121
YKAND3 = YKAND1# (1.0 —- FRZ) + YKAND2#FRZ BMS2 122
CKAND = YKAND3 e YNDSF BMS2 123
YKASM] = YKASM{IY,KZ)®(]1.0 ~ FRY) + YKASM{IY+1l,KZ)eFRY BMS2 124

Figure 41. (Continued)
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100

105
110

120
125

130

140
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YKASHM2
YKASM3
CKASM
TOTK =
RNO3K
TMAQ =
AHAQ =
REMAQ
IF(REM
PRINT
IF (K)
BLAPR
BPRPR
BNDPR
BSHMPR
NDEMS =
XLAMAQ
PRMAQ
XNDMAQ
SMMAQ

SXA =
IfF (0.
IF (1.
PRINT
IF (K}
SXREA
IF (0.
[F i,
PRINT
IF (K)

YKASM{IY,KZ+1)e (1.0 — FRY} + YKASM{IY®+1l,KZ¢1l)eFRY
YKASM1e{1.0 - FRZ) + YXASM2efRZ
= YKASM3 e YSMSF

CKTLA + CKTPR + CKTND + CKYSH
= CKALA + CRKAPR ¢+ CKAND ¢ CKA
TMOR/TOTK

AMOR/HNO3K

= TMAQ - AMAQ

o

AQ) 95,495,100

511, TMAQ,AMAQ,REMAQ,HNO3K
600,600,445

= 0.8187 - 0.,1106¢TMOR

= 1,0

= 1,0448 + 0.09874«TMOR

= ~0.3795 + 0.9214«TMOR
XLAMDR/BLAPR & DPRMOR/BPRPR + XNDMOR/BNNDOR + SMMDR /RS
= XLAMOR®REMAQ/(BLAPR#DEMS)
= PRMOR#REMAQ/ (BPRPReDEMS)

= XNDMOR®REMAQ/{BNDPR#DEMS)
= SMMORe®REMAQ/ (BSMPReDEMS)

= AMAQ/TMAQ

XLAMAQ/TMAQ

PRMAQ/ TMAQ

XNDMAQ/TMAQ

SMMAQ/ TMAQ

REMAQ/ TMAQ

= XLAMAQ/REMAQ

= PRMAQ/REMAQ

= XNDMAQ/REMAQ

= SMMAQ/REMAQ

XHN(O3 + XLA + XPR + XND + XSM

9999 - SXA) 105,115,110

0001 - SXA) 110,115,115

512, TMAQ,AMAQ,XLAMAQ,PRMAQ,XNDMAQ,SMMAQ,REMAQ
600,600,445

= XLASF + XPRSF + XNDSF + XSMSF

9999 - SXPREA)120,130,125

0001 - SXREA)125,130,130

513, TMAQ,AMAC,XLAMAQ, PRMAQ,XNDMAG»SMMAQ,REMAQ
6C0,600,45

BMS2
BMS2
BMS?2
BMS2
BMS2
BMS2
BHSZ
BMS2
BMS2
BMS2
BMS2
BMS2
BMS?2
BMS2
BMS?2
8MsS2
BMS2
BMS?
BMS2
BMS?
BHS2
BMS2
BMS2
BMS2
BMS2
BMS2
BMS2
BMS2
BMS2
BMS?2
BMS2
BMS2
BMS2
BMS2
BMS2
AMS2
BMS?2
BMS?
BMS2
BMS2

PRINTS514,L,TMAQ, AMAQ, XLAMAQ, PRMAQ ¢ XNDMAQ y SMMAQ ;REMAQ y XHNO3 ; XLA;XPRBMS?2

e XND X
TMOR =
AMOR =
XLAMOR
PRMOR

XNDMOR
SMMQOR

[REMOR

SOM -

IF (SO
PRINT

IF (K}
YHNO3

YLA
YPR
YND
YSH
YRE
YLASF
YPRSF
YNDSF

LUT TR T S | I 1

Figure 41.

SMyXRE s XLASF s XPRSF, XNNSF 4 XSMSF
TMAQ » ROVS + S1TM - ROTM»ROVS
AMAQ#ROVS + S1AM - ROAMeROVS
= XLAMAQe#RNVS + S1LAM - ROLAMeRQOVS
= PRMAQeROVS + SlrRM ~ ROPRMsRQOVS
= XNDMAQ#ROVS + SINDM - RONDMeROVS
= SMMAQeROVS + SL1SMM -~ ROSMMeROVS
= TMOR - AMDOR
MIN1F{TMOR,AMOR,XLAMOR,PRMQOR, XNDMOR ; SMMOR, REMOR}
M) 135,135,140
515y THMOR,AMOR , XLAMOR,yPRMOR ¢ XNDMOR y SMMOR , R EMQOR
600,600,45
= AMOR/TMQOR
XL AMOR/ TMOR
PRMQR/ TMOR
XNOMQOR / TMOR
SMMQOR/ TMOR
REMOR/ TMOR
= XLAMOR/REMOR
PRMOR/REMOR
XNDMOR/REMOR

(Continued)

BMS2
BMS2
RMS?2
BMS2
BMS2
BMS2
BMS2
B8MS2
BMS2
BMS2
BMS2
BMS2
8Ms2
BMS2
BMS2
BMS?2
8MS2
BMS?2
BMS2
BMS?
BMS2

125
176
127
128
129
130
131
132
133
134
135
136
137
138
139
14

141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
i73
174
175
176
177

179
180
181
182
183
184
185
186



ro p-
LU
[@ %]

o
N
W

i60
165

170

175

180
185

S00
501
502
503
504

S5
506
507
508
509
510
511
512
513
Slé
515

516
517
518
5173
600

YSMSF = SMMOR/REMOR
SYO = YHNO3 + YLA ¢ YPR ¢ YND + YSM
IF (0.9999 - SYO) 145,155,150
{F (1.00C1 - SYO) 150,155,155
h S10y THORy AMOR ¢ XLAMUR ¢ PRFATR o ANDMOR » SFMOR ¢ R EMOK
IF (K) 600,600,445
SYREQ = YLASF + YPRSF ¢ YNDSF ¢ VSMSF
[F [0.299% - SYREQ) 160,170,165
iF (1.0001 - SYREQ) 165,170,170
PRINT 517, TMOR,AMOR,XLAMUR,PRMOR, XNDMOR, SMMOR yREMOR
IF (K) 600,600,445
LL = L + 1

BMS?2
BMS2
BMS2
B8MS2
BMSZ
BMS2
BMS2
BMS2
BMS2
BMS?
BMS2
BMS?

PRINT 518+ LLsTMOR,AMOR; XLAMOR,PRMOR s XNOMOR y SMMOR,REMOR, YHNO3, YLA,BMS2

LYPRyYNDyYSMyYREy YLASF4YPRSF,YNDSF,YSMSF
IF (TMOR - 2.0) 175,180,180

PRINT 519, TMOR

IF (K) 600,600,45

IF (TMOR - 4.5) 185,175,175

CONTINUE

IF (K) 600,600,445

FORMAT (6F10.3)

FORMAT {7F9.4)

FORMAT (T7F7.4+F8.4,.13,13)

FORMAT (29HL1SCRUB SIDE CALCULATION ROVS=FB8.%4y4H N=13)
FURMAT (120HJ TOTALMOLHNQ3 MOL LA MOL PR MOL ND MOL

BMS2
BMS2
8MS2
BMS2
BMS2
8MSs2
BMS2
BMS2
BMS2
BMS2
BMS?2
BMS2

1RE MOL ACFR LAFR PRFR NDFR SMFR REFR LA/RE PR/RE ND/RE SM/REBMS2

2)
FORMAT (4HJR OTFB.4,10F6.3)
FURMAT [(4HJR OTFB.4,6F6.3)
FORMAT (4HJUR OTFB8.4)
FORMAT (4H S 17FB8.4:10F6.3)
FORMAT (B8HJUYKTRE=016F6e3,FB8.%4,F6.3)
FORMAT [(BHJYKARE=016F6.3,F8.44F6.3)
FORMAT {18HJREMAQ LESS THAN 04F10.4)
FORMAT {16HJSXA NOT EQUAL 17F10.4)
FURMAT (18HJSXREA NOT EQUAL 17F10.4)
FORMAT (2HJRI2,7FB.4,10F6.3)

BMS2
BMS2
BMS2
BMS?2
BMS2
BMS2
BMS2
BMS?2
BMS2
BMS2
BMS2

FORMAT (6HJUTMOR=F10,4,6H AMOR=F10.,448H XLAMOR=F10.4,7H PRMOR=F10.4BMS2

l1+8H XNDMOR=F10.4y7H SMMOR=F10.4,7TH REMOR=F10.4)
FORMAT (16HJSYO NOT FQUAL 17F10.4)

FORMAT [ 18HJUSYREQ NOT EQUAL 17F10.4)

FORMAY {2H SI247F8.4410F6.3)

FORMAT (6HJTMOR=F10.4)

STOP 89

END

Figure 41. (Continued)
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DIMENSION XKTLA(217) oXKTPR{21oT)oXKTND(21s7) o XKTSM{21,7) o XKALAL21BMS3 001

1o7) o XKAPRI2YL 7)o XKAND{2L97) 4y XKASM(21,7) BMS3 002
DO S 1 = 1,21 BMS3 003
S READ INPUT TAPE 5, 500, (RRKTLA{I Jled = 1,7} BHS3 00%
80 10 1 = 1s21 BFS3 005
10 READ INPUT TAPE 5, 500, (XKTPRI{I J}yJ = 1.7) BMS3 006
DO 15 1 = 1,21 B8MS3 007
15 READ INPUYT TAPE 5y 500, (XKTND{IeJd)ed = 1,7) BMS3 008
DO 20 1 = 1,21 BMS3 009
20 READ INPUT TAPE 5y 500y (XKTSM{Ied)yd = 147) BMS3 010
DO 25 1 = 1.21 8MS3 011
25 READ INPUT TAPE 59 500, (XKALA(I,J)yJ = 1,7) BMS3 012
D0 30 I = 1,21 BMS3 013
30 READ INPUT TAPE 5, 500, (XKAPR{IyJd)yd = 147) BMS3 0O1l4
00 35 1 = 1,21 BMS3 015
35 READ INPUT TAPE 5. 500, (XKANDII-J).d = 1.7) BMS3 014
D0 40 I = 1,21 BMS3 017
40 READ INPUT TAPE 5, S00, (XKASM(I,J)yJd = 1,7) BMS3 018

%5 READ INPUT TAPE S5, 501, TMAQ,AMAQ,XLAMAQ,PRMAQ,XNDMAQ,SMMAQ,REMAQ B8MS3 019
READ INPUT TAPE S, 501, TMOR,AMODR,XLAMOR,PRMOR,XNDMOR,SMMOR,REMOR BMS3 020
READ INPUT TAPE S, 502, FIM FAMFLAMFPRMENDM,FSMM,FREM,S,F,REX,RBMS3 021

L1SCeNyM,K 8MS3 022
PRINT 503, SsFoREXyRSCyNyM BMS3 023

PRINT S04 BMS3 024

IF (FTM) 600,65,50 BMS3 025

50 XAF = FAM/FTM BMS3 026
XLAF = FLAM/FTM BMS3 027

XPRF = FPRM/FTM BMS3 028

XNDF = FNOM/FTM . BMS3 029

XSMF = FSMM/FTM BMS3 030

XREF = FREM/FTM 8MS3 031

[F (FREM) 600,60,55 BMS3 0132

55 XLASFF = FLAM/FREM BMS3 033
XPRSFF = FPRM/FREM BMS3 034
XNDSFF = FNDM/FREM ' BMS3 035
XSMSFF = FSMM/FREM BMS3 036

PRINT 50%, FTM,FAM,FLAM FPRM,FNDM,FSMM,FREM, XAF o XLAF  XPRF , XNDF ,XSMBMS3 037

LF s XREF ¢ XLASFF ¢ XPRSFF o XNDSFFy XSMSFF 8MS3 038

GO TO 70 B8MS3 039

60 PRINT 506y FTMyFAM,FLAM,FPRM,FNDM,FSMM, FREM, XAF, XLAF y XPRF 4 XNDF , XSMBMS3 040
1F ¢ XREF BMS3 041

GO 10 70 BMS3 042

65 PRINT 507, FTM,FAM,FLAM,FPRM,FNDM,FSMM,FREM BMS3 043
70 IF(TMOR) 600,90,75 BMS3 044
75 YHNC3 = AMOR/TMOR BMS3 045
YLA = XLAMOR/TMOR BMS3 046

YPR = PRMQOR/TMOR BMS3 047

YND = XNOMOR/TMOR 8MS3 048

YSM = SMMOR/TMOR 8MS3 0G4S

YRE = REMOR/TMOR 8MS3 050

IF (REMOR) 600,85,80 BMS3 051

8C YLASF = XLAMUOR/REMOR BMS3 052
YPRSF = PRMUR/REMOR BMS3 053

YNDSF = XNOMOR/REMOR BMS3 054

YSMSF = SMMOR/REMOR BMS3 G55

PRINT 508, TMOR, AMOR,XLAMOR,PRMOR, XNDMOR y SMMOR ,REMOR y YHNO3,YLA,YPRBMS3 056
LsYNDyYSMyYREoYLASF,YPRSF,YNDSF,YSMSF BMS3 057

GO 70 95 BMS3 058

85 PRINT 509, TMOR, AMOR, XLAMUR,PRMOR y XNDMOR y SMMOR ,REMOR , YHNO3,YLA,YPRBMS3 059
L+ YNDyYSM,YRE ARMS3 060

GU TO 95 BMS3 061

30 PRINT 510, TMOR,AMOR, XLAMOR,PRMOR,XNDMOR , SMMOR, REMOR BMS3 062

Figure 43. Fortran statements, Program III
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XHNO3 = AMAQ /TMAQ B8MS3
XLA = XLAMAQ/THAQ BHS3
XPR = PRMAQ/TMAQ 8MS3
XND = XNDMAQ/TMAQ gMsS3
XSM = SMMAQ/TMAQ BMS3
XRE = REMAQ/TMAQ BMS3
XLASF = XLAMAQ/REMAQ OMS3
XPRSF = PRMAQ/REMAQ BMS3
XNDSF = XNDMAQ/REMAQ BMS3
XSMSF = SMMAQ/REMAQ BMS3
PRINT 511, TMAQ,AMAQ,XLAMAQ,PRMAQ,XNDMAQ,SMMAQ,REMAQ s XHNO3 XLA,XPRBMS3
Ly XNDo XSMyXRE 4 XLASF y XPRSF ) XNOSF s XSMSF BMS3
R1TM = TMAQ 8MS3
R1AM = AMAQ BMS3
R1LAM= XLAMAQ BMS3
RiPRM = PRMAQ : BMS3
RINDM = XNDMAQ BMS3
R1SMM = SMMAQ BMS3
SOTM = TMOR BMS3
SOAM = AMDR BMS3
SOLAM = XLAMOR BMS3
SOPRM = PRMOR BMS3
SONDM = XNDMOR BMS3
SOSMM = SMMOR BMS3
0D 270 L = 1N BMS3
XREI = {XRE#100.0 + 5.0}/5.0 8MS3
IX = XREI BMS3
X!l = IX BMS3
FRX = XREI - X1 BMS3
IF 15.0 - TMAQ) 100,110,105 BMS3
IF (7.0 -~ TMAQ) 115,115,110 BMS3
I = TMAQ - 2.0 BMS3
GO TO 120 BMS3
Z = (TMAQ + 1.0)/2.0 BMS3
G0 70 120 BMS3
Z = (TMAQ + 5.0)/3.0 BMS3
KZ = 2 8MS3
K = KZ BMS3
FRZ = 2 - IK BMS3
SKT = MINIFOXKTLACTIX,KZ) 9 XKTLAUIX+1,K2) 9 XKTLACIX,KZ#1) ,XKTLATIX+]1,BMS3

1KZ#41) o XKTPROIX,KZ) ; XKTPR{IX41 K2}, XKTPR{IXyKZe1} oXKTPR{IX+19KZ+11},BMS3
2XKTND(IXoKZ) o XKTND(IX419KZ)} o KKTNDIIXoKZ+1) o XKTND(IX+14KZ4+1)XKTSM(BMS3
3IXeKZ) o XKTSM{IX41,K2Z) pXKTSMOIX,K2Z4]1) ,XKTSM{IX+1,KZ+]1)) BMS3

IF (SKT) 125,125,130 BMS3

PRINT 512 XKTLACIXoKZ) o XKTLACIX4L,KZ) ¢ XKTLALIXyKZ+1) 9 XKTLAITIX+]1,KBMS3
1Z+1) ¢ XKTPRUTIXoKZ)y XKTPRUIX4L9yKZ) ¢ XKTPREIX 9241 )y XKTPR{IX+14yKZ#1),XBMS3
2KIND{IXgKZ) g XKTNDUIX+13KZ) g KKTND(IXoKZ+1) g XKTNDEIX41 4KZ#1) ) XKTSM(IBMS3

3XoKZ) g XKTSM{IX419KZ) ¢ XKTSM{IXoKZ+1),XKTSM{IX+1,KZ+1), TMAQ,XRE BMS3
iF {K) 500+600,45 . BMS?3
XKTLAL = XKTLALIX,KZ)®#(1,0 - FRX)} + XKTLA{IX+1,KZ)®*FRX BMS3
XKTLAZ2 = XKTLA(IX.KZ41)all 0 - FRX)} & XMTLA{IN#1,K2+1)5FRR M55
XKTLA3 = XKTLAL1#(1.0-FRZ) + XKTLA2eFR2Z BMS3
CKTLA = XKTLA3#XLASF BMS3
XKTPRY = XRYPR{IX,)RKZ)al{le0-FRX} + XKTPRUIX#19yKZ)®FRX BMS3
XKTPRZ2 = XKTPR{IXyKZ+1)#(1.0-FRX)}+ XKTPR{IX#1,KZ+1)2FRX BMS3
XKTPR3 = XKTPR1e(1.0-FRZ) + XKTPR2 #FRZ BMS3
CKTPR = XKTPR33 XPRSF BHS3
XKTNDL = XKTND(IXysKZ)#{1.0-FRX}) + XKTND(IX41,KZ)aFRX BMS3
XKTND2 = XKTND(IX,KZ+1)#{1.0 ~ FRX) + XKTNDUIX+1,KZ+1)eFRX BMS3
XKTND3 = XKTNDle (1,0- FRZ) + XKTND2 & FR2 BMS3
CKTND = XKTND3 « XNDSF BMS3
XKF¥SML = XKTSM{IX)KZ)®#{1.0-FRX) + XKTSM(IX+]1,KZ)#FRX BMS3

Figure 43. (Continued)
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125

KKTSM2 = XKTSM{IXeKZ+1)o{1le0 ~FRARI+ AKIDM(IX¢1yKZ+1)oFRX BMS3 125
XKTSM3 = XKTSMle(l.0 -FRZ) ¢ XKTSM2 o FRZ ARMS3 126
CKTSM = XKTSH3 & XSMSF BMS3 127
SKA = MINIF{XKALATIX KZY XKALALIXEL K2 MKALALT XY KIS XRALALIXSL,BM483 128
TKZ41)  XKAPRITIX KZ) o XKADREIX L] KT ) NMADRLTY MZ2a1) MKAPR{INGL,KZ%15,0M53 125
2XKAND (IXyKZ) g XKAND (I X41oKZ) g XKANDIIXyKZ4#1) g XKAND{IX+1,KZ41),XKASM(BMS3 130
3IXeKZ) o XKASMITIX4+1oKZ) s XKASMIIXoKZE1) e XKASMIIXe1 KZ41)) BMS3 131
IF {SKA) 135,135,140 BMS3 132

135 PRINT 513, XKALAUIXKZ) o XKALA({TIX¢19KZ) g XKALAIIXpKZ+1 ) XKALA{IX41,KBMS3 133
1Z2+1) o XKAPRIIXGKRZ) g XKAPRIIX41 4KZ) o XKAPRIIXyKZ#1) 9 XKAPR{IX#]1,KZ41),XBMS3 134
2KAND{TX o KZ) o XKANDIIX+41 K2 o XKANDIIXyKZ41 )y XKAND{IX+1,KZ+1),XKASM(IBMSI 135

3X9gKZ) 9 XKASMUIX#19KZ) s XKASMITXyKZ41)yXKASMIIX+]19yKZ#+]1),TMAQ,XRE BMS3 136

IF (K} 600,600,45 BMS3 137

140 XKALAL = XKALA(IXyKZ)®#(1.0 - FRX) + XKALA({IX#l,KZ)eFRX BMS3 138
XKALA2 = XKALA(IXoKZ+1)e(1.0-FRX) ¢ XKALA(IX#]1,KZ¢1)eFRX BMS3 139
XKALA3 = XKALAl®#(1.0-FRZ) + XKALA2#FRZ BMS3 140

CKALA = XKALA3 « XLASF BMS3 141
XKAPR]1 = XKAPR(IX,KZ)®{]1.0 ~FRX) ¢ XKAPR({IX¢l,KZ)#* FRX 8MS3 142
XKAPR2 = XKAPR{IX,KZ+1)#({1.0 ~FRX) + XKAPR{IX+1,KZ+]})eFRX BMS3 143
XKAPR3 = XKAPRl#(l.0 —-FRZ) + XKAPR2 & FRZ BMS3 l44

CKAPR = XKAPR3 s XPRSF BMS3 145
XKANDL = XKAND(IX,KZ)e{1.0 ~-FRX)+ XKAND(IX#1,KZ)®FRX BMS3 146
XKAND2 = XKAND{IX,KZ+l)e (1.0 -FRX) +XKAND(IX¢1l,KZ¢+1)eFRX BMS3 147
XKAND3 = XKAND1#(1.0 -FRZ) + XKANDZ2 e FRZ BMS3 148

CKAND = XKAND3 = XNDSF BMS3 149
XKASML = XKASM[IX,KZ)®#{1.0 - FRX)+ XKASMUIX+1l,KZ)#FRX BMS3 150
XKASM2 = XKASM{IX,KZ+1l)a{1.0 -FRX) + XKASM{IX+1,KZ+1)eFRX BMS3 151
XKASM3 = XKASM1e (1.0 —~FRZ) + XKASM2 sFRZ BMS3 152

CKASM = XKASM3 e XSMSF BMS3 153

TOTK = CKTLA + CKTPR + CKIND + CKTSM BMS3 154

HNO3K = CKALA ¢+ CKAPR + CKAND + CKASM BMS3 155

TMOR = TMAQ = TOTK BMS3 156
[F{THOR - 1.75) 145,150,150 BMS3 157

145 PRINT 514, TMOR, TMAQ,TOTK BMS3 158
[F (K} 600,600,445 BMS3 159

150 AMOR = AMAQ ¢ HNO3K BMS3 160
REMOR = TMOR - AMOR BMS3 161
IF(REMOR) 155,155,160 BMS3 162

155 PRINT 515, TMOR,AMOR,REMOR,HNO3K BMS3 163
I[F (K) 600,600,45 BMS3 164

160 BLAPR = 0.8187 - 0.1106«TMOR BMS3 165
RPRPR = 1.0 BMS3 166

BNDPR = 1.0448 ¢ 0.09B874#TMNR BMS3 167

BSMPR = -0.3795 + 0.9214#TM0OR BMS3 168

DEMS = XLAMAQeBLAPR + PRMAQes BPRPR + XNDMAQ#BNDPR ¢ SMMAQeBSMPR BMS3 169
XLAMOR = REMOR®BLAPR&XLAMAQ/DEMS BMS3 170

PRMOR = REMOReBPRPR#PRMAQ/DEMS BMS3 171
XNDMOR= REMOR#BNDPR #XNDMAQ/NEMS BMS3 172

SMMOPR = REMOReBSMPReSMMAQ/DEMS BMS3 173

YHNO3 = AMOR/TMOR BMS3 174

YLA = XLAMOR/TMOR BMS3 175

YPR =  PRMGR/THOR BMS3 176

YND = XNDMOR/TMOR BMS3 177

YSM = SMMOR/TMOR BMS3 178

YRE = REMUOR/TMOR BMS3 179

SYD = YHNO3 ¢ YLA + YPR + YND + YSM BMS3 180

IF (0.9999 - SYO) 165,175,170 BMS3 181

165 If {1.0001 - SYO} 170,175,175 BMS3 182
170 PRINT S16, THOR,AMOR,XLAMOR,PRMOR, ANDMOR,SMMOR ,REMOR BMS3 183
IfF (K) 600,600,445 BMS3 184

175 YLASF = XLAMOR/REMOR AMS3 185
YPRSF = PRMOR/REMOR BMS3 186

Figure 43. (Continued)



180
185

190

195
200

205

210

215

220

225

230
235

245
250

255

260

265
2710

500
501
502

YNDSF = XNDMOR/REMOR BHS3
YSMSF = SHMOR/REMOR BHS3
SYRED = YLASF + YPRSF + YNDSF + YSHMSF BMS3
IF (0.9999 - SYRED)180,190,185 BHMS3
IF 11,0001 - SYREQ)185,190.190 BMS3
PRINT S17, TMOR,AMOR,XLAMOR,PRMOR, XNDMOR ; SMMOR 4 R EMOR BMS3
IF (K) 600,600,45 8MS3
IF (L = M) 200.195,200 BMS3
PRINT 518 BMS3
PRINT 519,L, THOR,AMOR ¢ XLAMOR , PRMOR y XNDMOR o SHMOR ; REHOR 5 YHNO3, YLA, YPBMS3
1R, YND,YSM,YRE,YLASE, YPRSF, YNDSF, YSMSF BHS3
IF {L-M) 205,210,210 BMS3
TMAQ = TMOR®S/REX - SOTM#S/REX  + RLTM BMS3
AMAQ = AMOR#S/REX - SOAM®S/REX  + R1AM BMS3
XLAMAQ = XLAMOR®S/REX ~ SOLAM®S/REX + R1LAM BMS3
PRMAQ = PRMOR®S/REX - SOPRM®S/REX + RIPRM BMS3
XANDMAQ = XNDMOR®S/REX - SONDM®S/REX + RLNDH BMS3
SMMAQ = SMMOR®S/REX — SOSMM®S/REX + R1SMM BMS3
60 TO 215 BMS3
TMAQ = TMOR®S/RSC - SOTM#S/RSC - FTM#F/RSC + R1TM#REX/RSC BMS3
AMAQ = AMOR®S/RSC ~ SOAM®S/RSC ~ FAM®F/RSC + R1AMSREX/RSC BMS3
XLAMAQ = XLAMOR®S/RSC - SOLAMeS/RSC — FLAM#F/RSC + RILAM®REX/RSC BMS3
PRMAQ = PRMOR®S/RSC - SOPRMeS/RSC ~ FPRM#F/RSC + RIPRM®REX/RSC BMS3
XNDMAQ = XNDMOR®S/RSC - SONDM®5/RSC ~ FNDMe F/RSC + RINDM®REX/RSC BMS3
SMMAQ = SMMOR®S/RSC — SOSMMeS/RSC - FSMM#F/RSC + R1ISMM#REX/RSC BMS3
REMAQ = TMAQ - AMAQ BMS3
SAM = MINLF(TMAQ,AMAQ,XLAMAQ,PRMAQ,XNOMAQ, SMMAQ,REMAQ) BMS3
IF(SAM) 220,220,225 BMS3
PRINT 520, TMAQ,AMAQ,XLAMAQ,PRMAQ,XNDMAQ,SMMAQ,REMAQ BMS3
IF(K) 600,600,45 BMS3
XHNO3 = AMAQ/TMAQ BMS3
XLA = XLAMAQ/TMAQ BMS3
XPR = PRMAQ/TMAQ BHS3
XND = XNDMAQ/TMAQ BMS3
XSM = SMMAQ/TMAQ BMS3
XRE = REMAQ/TMAQ BMS3
SXA = XHNO3 + XLA ¢ XPR + XND + XSM BMS3
1F 10.9999 - SXA) 230,260,235 RMS3
IF {1.0001 - SXA) 235,260,240 BMS3
PRINT 521, TMAQ,AMAQ,XLAMAQ, PRMAG, XNDMAQ,SHMMAQ, REMAQ BMS3
IF (K) 600,600,45 BMS3
XLASFE = XLAMAQ/REMAQ BMS3
XPRSF = PRMAQ/REMAQ BMS3
XNDSF = XNDMAQ/REMAQ BMS3
XSMSF = SMMAQ/REMAQ BMS3
SXREA = XLASF ¢ XPRSF + XNDSF + XSMSF BMS3
IF(0.9999 ~ SXREA) 245,255,250 BMS3
IF(1.0001 - SXREA) 250,255,255 BMS3
PRINT 522, TMAQ,AMAQ,XLAMAQ,PRMAQ,XNDMAQ,SMMAQ,REMAQ 8Ms3
IF{K) 600,600,45 BMS3
LL = L+] BMS3
PRINT 52311 TMAQ; AMAQ,XLAMAQ BAMAQ, XNDMAQ  SMMAQ,BEMAD, XUNO2 XLA, XSHC2
1PR, XND X SMyXRE ¢ XLASF , XPRSF s XNOSF o XSMSF BMS3
IF (TMAQ - 3.0) 260,265,265 RMS3
PRINT 524, THAQ BMS3
IF (K} 600,600,45 BMS3
IF (THAQ - 16.0) 270,260,260 BMS3
CONTINUE BHS3
IF (K) 600,600:45 BMS3
FORMAT (7F10.3) BMS3
FORMAT (T7F10.4) BMS3
FORMAT (TF7.4,4F5.2,313) BHMS3

Figure 43. (Continued)
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503

504

505
506
507
508
509
510
511

513
514
515
516
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519
520

521
522
523
524
600

FORMATY
LEX=F5.2
FORMAT
LRE HOL

2)
FORMAT
FORMAT
FORMAT
FORMAT
FORMATY
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

{36HI INTERNAL FEED,EXTRACT SIDE START S$=F5.243H F=F5.2,5H RBMS3

+5H RSC=FS5,293H N=13,3H M=13)

(120H4 TOTALMOLHNO3 MOL LA HOL PR MOL

BMS3
ND MOL SH MOL BMS3

ACFR LAFR PRFR NDFR SMFR REFR LA/RE PR/RE ND/RE SM/REBMS3

(4HJ FTFB.%y10F6.3)

(4HJ FTIFB.4o6F6.3)

(4HS F7FB8.4%)

(64HJS OTFB.4910F6.3)

(4HJS OTFB.446F6.3)

{4HJS OTFB.%)

{4H R 17FB.4y10F6.3)
{BHIXKTRE=016F6.3,F8.4,F6.3)
(BHIXKARE=QL6F6e3¢F8.4,F6.3)
(6HJTMOR=FB .4, 6H TMAQ=FB.4y6H TOTK=FB8.4)
{18HJREMOR LESS THAN 04F10.4)
(16HJSYO NOT EQUAL 1T7F10.4)
(18HJSYREQO NOT EQUAL 17F10.4}
(1THJFEED ENTRY POINT)
(2HJSI2,7TF8,4,10F6.3)

3us3
BMS3
BMS3
BHS3
BMS3
BMS3
BMS3
BMS3
BMS3
BMS3
BMS3
BMS3
BMS3
BMS3
BMS3
BMS3

{6HJTMAQ=F10.4,6H AMAQ=F10.4,8H XLAMAQ=F10.4,TH PRMAQ=F10.4BMS3

1+8H XNDMAQ=F10.4,7H SMMAQ=F10.4,7H REMAQ=F10.4)

FORMATY

FORMAT

FORMAT

FORMAT

STOP 89
END

Figure 43.
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DIMENSION YKTLA(21,6)oYKTPR{2146) s YKTND(21,6)oYKTSM{21,6),YKALA{21BMS4

1161, YKAPR(2146), YKANDI21,61), YKASM(21,6) BMS4
DO 5 1 = 1,21 BMS4
READ INPUT TAPE 5, 500, {YKTLA{IsJ)sd = 1,6) BMS4
DE 10 1 = 1,21 BMSS4
READ INPUT TAPE 5, 500, {YKTPR{I,J)sJ = 1,6) BMS4
DO 15 I = 1,21 BMS4
READ INPUT TAPE 5, 500, (YKTND(I,J),J = 1,6) BMS4
DO 20 I = 1,21 BMS4
READ INPUT TAPE 5, 500, (YKTSM{I,J),J = 1,6) BMS4
o 25 I = 1,21 BMS&
READ INPUT TAPE 5, 500, (YKALA(I,J),J = 1,6) BMS4
DO 30 I = 1,21 BMS4
READ INPUT TAPE 5, 500, (YKAPR(I4J)yJ = 1,6) BMS4
DU 35 I = 1,21 BMS4
READ INPUT TADE 5, 500, [VKANDII,J!,J = 1,6) BMSS
DG 40 I = 1,21 BMS4
READ INPUT TAPE 5, 500, (YKASMII,J)yJ = 1,6) BMS4
READ INPUT TAPE 5, 501, TMAQ,AMAQ,XLAMAQ,PRMAQ,XNDOMAG, SMMAG,REMAQ BMS4
READ INPUT TAPE 5, S01, TMOR,AMOR,XLAMOR ,PRMOR , XNOMOR , SMMOR,REMOR BMS4
READ INPUT TAPE 5, 502y FTMyFAM,FLAN,FPRH,FNOH,FSHM,FREH,S F JREX RBMSE
LSCeNy MoK BMS4
PRINT 503, S,F,REX,RSCoNyM BMS4
PRINT 504 BMS4
IF (FTM) 600,65,50 BMS4
XAF = FAM/FIM BMS4
XLAF = FLAM/FTM BMS4
XPRF = FPRM/FTM BMS4
XNDF = FNDM/FTM BMS4
XSMF = FSMM/FTM BMS4
XREF = FREM/FTM BMS4
IF (FREM) 600460,55 BMS4
XLASFF = FLAM/FREM BMS4
XPRSFF = FPRM/FREM BMS4
XNDSFF = FNDM/FREM BMS4
XSMSFF = FSMM/FREM BMS4
PRINT 505, FTM,FAM,FLAM,FPRM,FNDM,FSMM,FREM,XAF, XLAF , XPRF s XNDF , X SMBMS4
1F  XREF yXLASFF,XPRSFF,XNDSFF,XSMSFF BMS4
GU TN 70 BMS4
PRINT 506, FTM,FAM,FLAM,FPRM,FNDM,FSMM,FREM, XAF o XLAF ¢ XPRF ¢ XNDF y XSMBMS4
LF, XREF BMS4
G0 TO 70 BMS4
PRINT 507,y FTMyFAM,FLAM,FPRM,FNDM,FSMM,FREM BMS4
IF (TMAG) 600,90,75 BMS4
XHNO3 = AMAQ/TMAQ BMS4
XLA = XLAMAQ/TMAQ BMS4
XPR = PRMAQ/TMAQ BMS4
XND = XNDMAG/TMAQ BMS4
XSM = SMMAQ/TMAQ oMS54
XRE = REMAQ/TMAQ BMS4
IF (REMAQ) 600,35, 80 BMS4
XLASF = XULAMACQ/REMAQ BMS4
XPRSF = PRMAQ/REMAQ BMS4
XNDSF = XNDMAQ/REMAQ , BMS4
XSMSF = SMMAQ/REMAQ BMS4
PRINT 508, TMAQ,AMAQ,XLAMAQ,PRMAQ,XNDMAQ,SMMAQ,REMAQ, XHNO3 ;XLA;XPRBMS,
1, XNDy XSMy XRE s XLASF  XPRSF , XNDSF o X SMSF BMS4
6O T0 95 BMS4
PRINT 509, TMAQ, AMAQ,XLAMAQ,PRMAQ,XNDMAQ,SMMAQ ,REMAQ , XHNU3 yXLA,XPRBMSY
1y XND, XSM, XRE BMS4
GL TO 95 BMS4
PRINT 610, TMAQ,AMAQ,XLAMAQ,PRMAQ, XNDMAQ ,SMMAQ,REMAQ BMS4

Figure 45,
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130

35 YHNO3 = AMOR/TMOR BMS4 063
YLA = XLAMOR/TMOR BMS4 064
YPR = PRMOR/TMOR BMS4 065
YND = XNDMOR/THMUR BMS4 066
YSM = SMMOR/TMOR BMS4 067
YRE = REMOR/TMOR BMS4 068
YLASF = XLAMOR/REMOR BMS4 069
YPRSF = PRMDR/REMOR BMS4 070
YNDSF = XNDMOR/REMOR BMS4 071
YSMSF = SMMOR/REMOUR BMS4 072
PRINT 511, TMOR,AMOR,XLAMOR,PRMOR 4 XNDMOR y SMMOR,REMOR  YHNO3,YLA,YPRBMS4 073

1 yYNDyYSM,YRE 4y YLASF YPRSF, YNDSF,YSMSF BMS4 074
ROTM = TMAC BMS4 075
ROAM = AMAQ BMS4 076
ROLAM = XLAMAQ BMS4 077
ROPRM = PRMAQ BMS4 078
RCNDM = XNDMAQ AMS4 079
ROSMM = SMMAQ BMS4 080
SITM = TMOR BMS4 081
S1AM = AMOR BMS4 082
SILAM = XLAMOR BMS4 083
S1PRM = PRMQOR BMS4 0B4
SINDM = XNDMOR BMS4 085
SISMM = SMMQOR BMS4 086
DG 235 L = LN BMS4 087
YPEL = (YRE®=100.0 ¢+ 5,0)/5.0 BMS4 088
1Y = YRE] BMS4 089
Yi = 1y BMS4 090
FRY = YREIl - YI BMS4 091
! = (TMCR=1C.0 - 15.0)/5.0 BMS4 092
Kl = 12 BMS4 093
XK = K BMS4 094
FRZ = 7 - IK BMS4 095
SKT = MINLIF(YKTLA(IY KZ) o YKTLACTIY+1)KZ) s YKTLA(LIY KZ+1),YKTLA{IY+]1,BMS4 096

LKZ+41) o YKTPRUTY G KZ) gy YKTPR{IY+1,KZ)yYKTPRIIY KZ+1),YKTPR{IY+1,K2Z41),BMS4 097
2YKTNDUIY oKZ) s YKTND{IY+1,KZ)y YKTND(TY KZ41),YKTNDIIY+14KZ+1),YKTSM(BMSS4 098
B3IYeKZ) g YKTSMUTY#] \KZ),YKTSMITYKZ+1 ), YKTSM{TY4]1,. 241} BMS4 099

I[F (SKT) 100,100,105 BMS4 100

1L PRINT 512y YKTLA(IY o KZ) o YKTLACIY#)1oKZ) o YKTLA(TIY,KZ+1)yYKTLA(IY+]1,KBMS4 101
1Z41) o YKTPRUIYoKZ )y YKTPRUTIY41¢K2Z) o YKTPR{IY+]14KZ) s YKTPR(IY+1,KZ+1),YBMSG 102
2KINDCIYoKZ) g YKTNOLIY#T1,KZ) g YKTNDOTIY KZ+1 ) YKTIND(TY+1,KZ41),YKTSM({IBMS4 103

3Y KZ) o YKTSMUTY®]L pKZ) yYKTSM{TY,KZ41),YKTSM{]Y+),KZ4+1), TMOR,YRE BMS4 104
IF (K) 500,600,445 BMS4 105
105 YKTLAL = YKTLA(IY,KZ})e(1.0 - FRY) + YKTLA(IY+1,KZ)aFRY BMS4 1N6
YRTLA? = YKTLA(IY,KZ+1}e{1.,0 - FRY) + YKTLA{IY#+1,KZ+1)»FRY BMS4 107
YKTLAY = YKTLAY®=(1,0 - FRZ) + YKTLAZ2#FR? BMS4 108
CKTLA = YKTLA3 & YLASF BMS4 109
YKTPR1 = YKTPR(IY,KZ}®{1l.0 -~ FRY) ¢+ YKTPR[IY+]1,KZ)®#FRY gMS4 110
YKTPRZ = YKTPRUIY KZ+j)®{l.0 - FRY) ¢ YKTPR{IY+] KZ¢+]l)eFRY BMS4 111
YKTPR3 = YKTPRle(1.,0 - FRZ) + YKTPRZ2®FRZ BMS4 112
CKTPR = YKTPR3 » YPRSF 8MS4 113
YKTNDL = YKTIND(IY KZ)®#({1a0 - FRY) ¢+ YKTIND(IY+1,KZ)®*FRY BMS4 114
YKTND2 = YKTND(IY KZ+1)#{1.0 - FRY) + YKTND(IY+]l,KZ+1)eFRY BMS4 115
YEKTND3 = YKTNDI=2(1.0 - FRZ) *» YKTND2=FRZ BMS4s 116
CKTND = YKTND3 & YNNDSF BMS4 117

° YKTSML = YKTSM{IY,KZ)e{1l.0 — FRY} % YKTSM{IY+1l,KZ}eFRY BMS4 118
YKTSM?2 = YRTSMI]Y K7¢]1)}e({1,0 ~ FRY) + YKTSM{IY+].KZ+1)eFRY BMS4 119
YKTSM3 = YKTSMles{]l,0 - FRZ) + YKISMZ2e#FR? BMS4 120
CKTSM = YKTSM3 & YSMSF BMS4 121

SKA = MINIFOYKALA{IY KZ),YKALA{IY+]1,K2Z),YKALALIY KZ+1),YKALALLIY+]1,BMS4 122
LKZ¢1) g YKAPRUTY W KZ) o YKAPRUIY+1L,KZ)yYKAPR{IY KZ41) YKAPR{IY+1,KZ+1),BMS4 123
2YKANDUIY oKZ) o YKANDITIY4#19yK2Z)y YKANDITIY KZ4+1) 3 YKAND(iY+1,KZ#1),YKASM{BMSL 124

Figure 45. (Continued)



31Y4KZ)
[F (SK
119 PRINT

Yy KZ) o YKASMUIY#1,KZ) g YKASM{TY KZ+1),YKASM{IY+1,KZ+11,TMOR,YRE

IF (K
115 YKALAL
YKALA2
YKALA3
CKALA
YKAPR]
YKAPRZ2
YKAPR3
CKAPR
YXANDY
YKAND2
YKAND3
CKAND
YKASM]
YXASM2
YKASM3
CKASM
TOTK =
HNO3K
T™AQ =
AMAQ =
REMAQ
If (RE
129 PRINT
IF (K)
125 CLAPR
BPRPR
BNDPR
BSMPR
DEMS =
XLAMAQ
PRMAQ
XNOMAC
SMMAQ
XHNO3

x
z
lw]

[T TR TIT)

XPRSF
XNDSF
XSMSF
SXA =
IF (0.
130 iF (1.
135 PRINT
[F (K)
140 SXREA
IF (0.
145 Ir (1.
150 PRINT
1F (K)
195 IF (L
160 PRINT
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!

s YKASMITY¢1 4 KZ) o YKASM{TY KZ¢1) o YKASMITIY#]1,KZ%1))
Al 11C,110,5115

BMS4
RMS&

513y YKALA(IY,KZ)oYKALA(IY 1, KZ) o YKALA(TIY KZ+1 ), YKALA{IY¢] ,KBMSS
1221) 0 YKAPR{TYSKZI )y YKAPRITY+14KZ) g YKAPRIIY¢KZ+1),yYKAPRIIV+]1,KZ#1),YBMS4
CKANDTIYoKZ) g YKANDLU LY+ 1 9KZ) g YKAND{IYoKZ#1),YKAND(IY+]1,K2Z41),YKASM(IBMS4

600,600,445

YKALA(TIY,KZ)2{1.0 - FRY) ¢ YKALA(IY+1,KZ)=FRY
YKALA(IYo KZ#1)e{i.0 ~ FRY) + YKALA(IVY+1,KZ+1}eFRY
YKALAL#(1.0 ~ FRZ) + YKALA2#FR!?

YKALA3 e YLASF

YKAPRIIY,KZ)2{1l.0 - FRY) ¢ YKAPR(IY+1,KZ)}®FRY
YKAPR(IY,KZ+1)e2{1,0 ~ FRY) + YKAPR{IY¢#]l,KZ#1)aFRY
YKAPRI#(1.,0 ~ FRZ) + YKAPR2#FRIZ

= YKAPR3 #» YPRSF

~n
YKAND!IV,KZ¥2{1,0 - FRY

VeRZV Y }ov YRAND{IY+1,KRZ)ISFRY
YKANDIIY,KZ+1)#(1.0 FRY) + YKAND{IY+],KZ¢1)eFRY
YKANDl# (1.0 - FRZ) + YKAND2#FRZ
= YKAND3 = YNOSF
YKASM(IY,KZ}#{1.,0 — FRY) + YKASM{IY+]l,KZ)®*FRY
YRASM{IY, KZ+1}#2{1.0 - FRY} + YKASM{IY+l,KZ+1)=FRY
YKASMle (1.0 - FRZ) + YKASM2=FRZ
= YKASM3 e YSMSF

CKTLA + CKTPR + CKTND + CKTSM
= CKALA ¢+ CKAPR + CKAND + CKASH
TMOR/TOTK

AMOR/HNO3K
= TMAQ - AMAQ
MAQ) 120,120,125
514, TMAQ, AMAQ,REMAQ,.HNO3K
600,600,445

0.8187 - 0.1106*TMOR

1.0

1.0448 + 0.09874+TMOR
-0.3795 + 0.9214#TMOR

v
Z
’

nou o

Wb own

XLAMOR/BLAPR + PRMOR/BPRPR + XNDMOR/BNDPR + SMMOR/BSMPR

= XLAMOR®REMAQ/(BLAPReDEMS)

= PRM{)ReREMAQ/ {BPRPR#DEMS)

= XNOMOR#REMAQ/(BNOPReDEMS)

= SMMOR®REMAQ/ (BSMPReNFEMS)

= AMAQ/TMAQ

XLAMAG/TMAQ

PRMAQ/ TMAQ

XNOMAQ/TMAQ

SMMAQ/ TMAQ

REMAQ/ THAQ

XLAMAQ/REMAQ

PRMAQ/REMAQ

XNDMAG/REMAQ

SMMAQ/REMAQ

XHNQO3 + XLA + XPR + XND + XSH

9993 - SXA)} 130,140,135

0001 - SXA) 135,140,140

515, TMAQ,AMAQ . XLAMAQ,PRMAD , XNDMAQ ; SMMAQ,REMAQ
600,600,45

= XLASF + XPRSF + XNDSF + XSMSF
3999 - SXREA) 145,155,150

0001 - SXREA) 150,155,155

516, TMAQ, AMAQ,XLAMAQ,PRMAQ,XNDMAD,SMMAQ,REMAQ
600,600,45

- M) 165,160,165

517

wononou

(Continued)

BMS4
BMS4
BMS4
BMS4
BMS4
BMS4
BMS4
BMS4
BMS4
BMS4
BMS4&
BMS4
8MS4
8MS4
BMS4
BMS4
BMS4
8MS4
BMS4
BMS4
/MSL
BMS4
BMS4
BMS4
BMS4
BMS4
BMS4
BMS4
BMS4
BMS«e
BMS4
BMS4
aMSs
BMS4
BMS4
BMS4
BMS4
BMS4
BMS4
BMS4
BMS4
BMS4
BMS 4
BMS4
BMS4
BMS4
BMS4
BMS4
aMsSe
BMS4
BMS4
BMSG
BMS4
BMS4
B8MSq
BMS4
BMS4

125
126
127
iz8
129
130
131
132
133
134
135
136
137
138
139
140
161
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
LA2
183
184
185
186



165

170

175

180

185

190

195
220

205

210
215

220

5072
501
502
503

1
(97
<

505
506
507
508

-t
W)
AS)

PRINT 518,L, TMAQ,AMAQ,XLAMAQ,PRMAQ, XNOMAQ, SMMAQ, REMAQ: XHNO3, XLA,;, XPBMS4
1Ry XNDy XSMy XREoXLASF s XPRSF ¢ XNDSF ;, XSMSF BMS4
IF (L ~ M) 170,175,175 BMS4
TMOR =((TMAQ - ROTM)eRSC/S)+ SI1TM BMS4
AMOR =((AMAQ - ROAM)eRSC/S)+ SlaM BMS4
XLAMOR = ({XLAMAQ - ROLAM)=RSC/S})+ SILAM BMS¢
PRMOR = ({PRMAQ - ROPRM)#RSC/S)I+ SIPRM BMS4
ANDMOR = ({XNDMAQ - RONDM)eRSC/S)+ SINDM BMS4
SMMOR = ((SMMAQ ~ ROSMM)#RSC/S)+ S1ISMM 8MS4
GO 7O 180 BMS4
TMOR = TMAQeREX/S - FTM#fF/S - ROTMeRSC/S + SI1TM BMS&
AMOR = AMAQeREX/S FAM&F/S - ROAM#RSC/S + S1AM BMS4
XLAMOR = XLAMAQeREX/S - FLAM=F/S -ROLAM#RSC/S ¢+ SI1LAM BMS&
PRMOR = PRMAQ®REX/S - FPRMeF/S -- ROPRMa#RSC/S ¢+ SL1PRM BMS4
XNDMOR = XNDMAQ®#REX/S - FNDMeF/S -- RONDMeRSC/S + SINDM 8MS4
SMMOR = SMHMAQ®REX/S - FS#MHeFr/S - ROSHMeRSTC/S + SiSMM BHMS4
REMOR = TMNR -~ AMUR BMS4
SOM = MINLF(TMOR,AMOR, XL AMOR,PRMOR y XNDMOR, SMMOR , REMOR ) BMS4
[F {SOM) 185,185,190 BMS4
PRINT 519, TMOR, AMOR,XLAMUR,PRMOR,XNLMOR ,SMMOR ,REMOR BMS4
IF (K) 600,600,445 BMS4
YitNO3 = AMOR/TMOR BMS4
YLA = XLAMOR/TMOR BMS4
YPR = PRMQOR/TMOR BMS4
YND = XNDMOR/TMOR BMS4
YSM = SMMQOR/TMOR aMS4
YRE = REMOR/TMOR BMS4
YLASF = XLAMOR/REMOR 8MS4
YPRSF = PRMOR/REMOR BMS4
YNDSF = XNDMOR/REMOR BMS4
YSMSF = SMMOR/REMOR BMS4
SYOQ = YHNO3 + YLA + YPR ¢ YND ¢+ YSM BMS4
IF (0.9999 SYO) 195,205,200 BMS4
IF (1.0001 - SYO) 200,205,205 BMS4
PRINT 520, TMDOR,AMOR ,XLAMOR,PRMUR ¢ XNDMOR , SMMQOR , REMOR BMS4
IF (K} 600,600,45 AMS4
SYREOD = YLASF + YPRSF + YNDSF ¢ YSMSF BMS4
IF {0.9999 - SYREQ) 210,220,215 BMS4
If (1.0001 - SYREQ) 215,220C,220 BMS4
PRINT 521, TMOR,AMOR , XLAMOR, FPMUR y XNDMOR 4 SMMOR  REMCR 8MS4
1F (K) 600,600,45 BMS4
LL = L + 1 BMSo
PRINT 522, LL,TMOR,AMUR,y XLAMOR, PRMOR y XNDMOR y SMMUR ,REMOR, YHNO3,YLA,BMS4
LYPRyYND, YSHMy YRE, YLASF,YPRSF, YNOSF,YSHMSF BMS4
IF (TMOR - 2.0) 225,230,230 BMS4
PRINT 523, TMOR BMS4
[F (K) 600,600+45 BMS4
IF {TMOR - 4.5) 235,225,225 BMS4
CONTINUE BMS4
IF (K) 600,600,445 BMS4
FURMAT (6F10.3) BMSe
FORMAT (7F10.4) BMS4
FORMAT (TFT7.444F5.2,313) BMS4
FORMAT (346HLINTERNAL FEED,SCRUB SILE START $=2F5.2,3H F=F5.24y5H1 REXBMSS
1=F5.2¢5H RSC=F5.2,3H N=13,3H M=13) BMS4

FURMAT (120HJ . TOTALMOLHNO3 MOL LA MOL PR MDOL ND HMOL SM mMUL BMS4

IRE ML ACFR  LAFR™ PRFR NNFR SMFR REFR LA/RE PR/RE ND/RE SM/REBMS4
2 AMSS
FORMAT (4HJ FT7FB.4,10F6.3) BMS4
FUORMAT (4HJ  FTF8.4,6F6.3) BMS4
FORMAT (4HJ FIFB.4) BMS4
FORMAT (4HJR 07FB8.4,10F6.3) BMS4

Figure 45. (Continued)
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509 FORMAT (4HJR O7FBo.496F6.3) BMS4 24G
510 FORMAT (4HJR O7FB8.4) BMS4 250
511 FORMAT (&4H S 17F8.4,10F6.3) BMS4 251
512 FORMAT {BHUYKTRE=016F6e39FB8.%¢F0.3] BHMS4 252
g1 FORMAT {BHJIVYRKARE=0106F0e39FBa%yFba3] BMS4 253
Sl4a FORMAT (18HJREMAQ LESS THAN 04Fl0.4) BMS4 254
S15 FORMAT (16HJSXA NOT EQUAL 17F10.%) BMS4 255
516 FORMAT (1B8HJSXREA NOT EQUAL 17F10.4) BMS4 256
517 FORMAY (L7HIFEED ENTRY POINT) BMS4 257
518 FORMAT (2HJURI2,7F8.4410F6,3) BMS4 258
519 FORMAT (6HJTMOR=F10.496H AMOR=F10.4,8H XLAMOR=F10.4,7H PRMOR=F10.4BMS4 259

1,8H XNDMOR=F10.4,7H SMMOR=F10.4; 7TH REMOR=F10.4) - BMS4 260
520 FORMAT (16HJSYO NOT EQUAL 17F10.4) BMS4 261
521 FORMAT (1BHJSYREQ NOT EQUAL 17F10.4) BMS4 262
522 FORMAT (2H SI12,7F8.4,10F6.3) BMS4 263
523 FORMAT (6HITMOR=F10,4) BH3%G 264
600 STOP 89 BMS4 265

END BMS4 266



