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ABSTRACT 

SOLVEX is a FORTRAN IV computer program that simulates the 
dynamic behavior of solvent extraction processes conducted in 
mixer-settlers and centrifugal contactors. Two options permit 
terminating dynamic phases by time or by achieving steady state, 
and a third option permits artificial rapid close to steady state. 
Thus the program is well suited to multiple phases of dynamic 
problems and multiple input of steady state problems. Changes 
from the previous problem are the only inputs required for each 
succeeding problem. Distribution data can be supplied by two­
variable third-power polynomial equations or by three-variable 
tables in anyone of 16 different combinations involving phase 
concentrations or distribution coefficients (ratio of phase con­
centrations) or their logarithms. 
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SOLVEX - A COMPUTER PROGRAM FOR SIMULATION 
OF SOLVENT EXTRACTION PROCESSES 

INTRODUCTION 

SOLVEX is a FORTRAN IV computer program that simulates the 
dynamic and steady state behavior of solvent extraction banks 
composed of either mixer-settlers or centrifugal contactors. 
Under one option, the program closes rapidly to steady state for 
the specified input conditions. Under two other options, various 
aspects of dynamic or transient behavior can be simulated, in­
cluding startup, flow and concentration changes, and shutdown. 

The program handles chemical systems with as many as five 
components with or without mutual dependence of the distribution 
of the components between organic and aqueous phases (dependence 
of distribution coefficients on a single reference compQnent is 
not considered mutual dependence). 

Distribution data may be expressed in the form of tables or 
cubic polynomial equations. The equations are limited to two 
variables (one reference component), but the tables may include 
two or three variables (one or two reference components) and, for 
three-variable tables, may apply to a specific concentration of 
an aqueous salting agent (third reference component). The de­
pendent variable can be expressed as the organic phase concentra­
tion or the distribution coefficient itself, or as the natural 
logarithm of either. Similarly, the reference componerit(s) can 
be expressed as the concentration itself, or the logarithm of the 
concentration, in either the aqueous or organic phases. Finally, 
the distribution data for each component may be split into two 
concentration ranges with different methods of expressing the 
data in each. 

The bank may consist of as many as 24 stages with the option 
of feeding both aqueous and organic streams to each stage. The 
organic phase can be withdrawn only from Stage 1 and the aqueous 
phase only from the highest numbered stage. 

For steady state solutions, output results provide the aqueous 
and organic concentrations of each component leaving each stage and 
can provide as an option the aqueous, organic, and total inventories 
of each component in the bank if the mixer and settler volumes are 
prOVided. The definition of steady state involves meeting two 
criteria: change in bank inventory of each component must be less 
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than 1% per hour, and instantaneous flow of each component out 
of the bank must be within 0.1% of the instantaneous flow into 
the bank. 

For dynamic solutions, aqueous and organic concentrations 
of each component leaving the terminal stages and seven other 
selected stages are shown at time intervals selected by the user. 
The entire operation can be broken down into phases with different 
print intervals, feed rates, and feed concentrations. Another 
option provides a rapid close to steady state at any selected 
time as a preface to a transient behavior period. A complete 
inventory and material balance, including total flow in and out 
for each component in each phase, will also be printed at time 
intervals specified by the user. 

The dynamic calculations are based on a variation of the 
so-called lumped parameter system; i.e., mixers are assumed to 
be well-mixed tanks, and each settler is assumed to be a series 
of well-mixed zones or tanks overflowing one to another. As many 
as 50 settlers zones can be specified by the user. 

The aqueous and organic volumes in the settlers are specified 
by the user and are assumed to be independent of flow rate. The 
specified mixer volume is split between aqueous and organic phases 
in proportion to the flow rate of each. 

CALCULATION METHOD 

The mathematical equations used to simulate the solvent ex­
traction process are described in detail in Appendix B. For both 
dynamic and steady state options, the calculation proceeds from 
Stage 1 through the last stage specified by the user for successive 
time intervals, beginning at time zero with pure water and pure 
solvent in the bank. For steady state calculations, an arbitrary 
time interval of unity is used which has no relation to real time. 
In that case, "time" merely corresponds to the number of iterations 
to that point in the calculation. The calculation is based on 
the concept of well-mixed tanks as described in the Introduction. 
The rate of change in the inventory of a given component in either 
the mixer or a settler zone is proportional to the flow of that 
component into the "tank" less the component flow out, assuming 
that the concentration leaving corresponds to the uniform concen­
tration in the well-mixed tank. The differential equation de­
scribing that material balance is translated into finite difference 
form; input concentrations to the stage are taken as the output 
concentrations from adjacent stages during the previous time 
interval; and the equations are solved for the aqueous and organic 
exit concentrations during the current time interval by trial­
and-error iteration. Concentrations from the mixer and each 
settler zone are calculated before proceeding to the next stage. 
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The calculations described above are performed in the main 
SOLVEX program. The main program also calls the other subroutines 
described briefly below: 

Subroutine SETUP. This subprogram establishes flow rates 
throughout the bank from input data for feed rates and feed stages. 
This subroutine also establishes the integration time interval. 
Minimum holdup time is first determined as the holdup time for 
liquid in the smallest of these volumes: mixer aqueous and organic 
volumes and settler aqueous and organic zones. The integration 
time interval is then determined by multiplying this minimum time 
by a fraction TMULT provided by the user. The smaller the value 
of TMULT, the better the simulation, but the longer the computing 
time. The user must strike a compromise between simulation ac­
curacy and computing time. 

Subroutines GETDOA and INTERP. These subprograms supply the 
distribution coefficient D relating concentrations of organic and 
aqueous phases in equilibrium with each other. GETDOA calls INTERP 
to interpolate within two- and three-variable tables. The options 
or methods of supplying this information are summarized in Figure 1. 
The dependent variable u can be expressed as the aistribution co­
efficient itself, the organic phase concentration, or the natural 
logarithm of either of the two. For simple two-variable relation­
ships, the independent or reference variable v can be either a 
concentration or the natural logarithm of the concentration of 
anyone of the components in either the aqueous or organic phases 
(the phase is specified by another input described under INPUT, 
page 11). These two-variable relationships are identified by 
numbers in the shaded section of Figure 1 (Type 1 through Type 8). 
They can be supplied either as a table or as a polynomial equation 
of the form: 

u = A + Bv + Cv 2 + Dv 3 

The equation transforms to constant, linear, or quadratic form 
by equating appropriate coefficients to zero. 

Relationships involving the dependent variable u and two 
independent or reference variables v and z can be set up, but 
only in tabular from. Type 1 through Type 16 cover these com­
binations. As with the first reference variable, the second 
reference variable can be a concentration of anyone of the com­
ponents in either the aqueous or organic phases. 

For both equations and tables, the data for a given component 
can be restricted for use above or below a specified value CMIN 
of the first reference concentration. When a third reference com­
ponent is specified, the entire table applies to a specific aqueous 
concentration of a salting agent which must be greater than CMIN. 
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NTYPE u v z 

C 

C 

C 

C 

C 

C 

C 

C 

9 DO C In C a 

10 C C In C 

11 In DO C In C a 

12 In C C In C 

13 DO In C In C a 

14 C In C In C 

15 In DO In C In C a 

16 In C In C In C 

FIGURE 1. Allowable Methods of Expressing Distribution Data 

Only combinations in shaded area can be used for 
equations. For components that do not transport into 
the organic phase, NTYPE ~ 0 (on a No. 3 card). 

u - dependent variable 

v - independent variable 

z - second independent variable for tables only 
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CMIN would now apply solely to the salting agent. Problems with 
a salting agent as a third reference component are more inflexible 
and must be set up with care because flow rates and feed concen­
trations of the salting agent must be made compatible with the 
distribution data tables. This is not the ca~e when the salting 
agent is the second reference component in a three-variable table. 
In that case, the table will be properly interpolated as the con­
centration of salting agent changes with changes in flow rates 
and feed concentrations. 

Subroutine OUTPUT. Program results are printed by this sub­
routine. Several options which can be exercised by the user are 
best explained by the various types of printout described under 
OUTPUT, page 18. 

INPUT 

Input data are supplied on standard IBM cards. 
are shown in Figure 2, and the various types of cards 
below. 

Card formats 
are described 

S:·"E,u}y STATll' l'flU8LEMS 

1-10 II 20 21 30 31 40 41-50 51 60 61 70 71 80 
12 678901234568901 34 6 89012 ___ TITLE 
IIJTIMTr=====·· ===r VM 
2M NTrPEI*I**!5<JNPHAS ~ (MIN 

INSERT TABULAR DISTRIBUTION DATA HERE: ONE VALUE IN EACH OF 8 TEN-COLUMN FIELDS ON 

BLANK PROBLEM DEL INEATOR CARD 
.• __ ~ ~.~ ~ " _-'--~, L_<---'-_-'--_L_' j , 

DYNIIMIt/ IY\OBLEMD 

In addition to the card fields shown above for steady state, the card fields shown below must also be punched for dynamic 
prob 1 ems: 

* MREF3 ** MREF 

FIGURE 2. Input Data Card Formats 
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Title Card. This must be the first card in the data deck. 
The title applies to one dynamic problem or to a series of steady 
state problems. It consists of as many as 52 legal alphameric 
characters including blanks punched in Columns 1 through 52. The 
component names are also provided on this card. Each name can be 
four alphameric characters long including blanks, and the name 
for the first component must start in Column 56. Names for ad­
ditional components begin in Columns 61, 66, 71, and 76 succes­
sively for as many components as are involved. With the following 
exceptions, subsequent cards bear characteristic numbers in 
Column 1 and can be in any order: 

• Tabular distribution data cards, which must follow No.2 cards, 
do not require characteristic numbers in Column 1, which can 
be occupied by the first digit of a data number. 

• A No. 8 card must be provided for every problem and must be 
the last data card for that problem. 

The program recognizes two types of data input numbers: 
whole or integer numbers which do not include a decimal point and 
decimal numbers which do include a decimal poiPt. Integer numbers 
are entered in card fields that are 1 to 5 columns wide. These 
numbers must be right-justified within the field (must have no 
unused columns to the right of the number). 

Decimal numbers are entered in card fields that are always 
10 columns wide and can be punched anywhere within that field. 

Definitions of the terms used in labeling card entries are 
given in Appendix A, Glossary. 

No. 1 - Bank Card. This card provides the total number of 
stages JT and the total number of components Mr. For steady state 
problems, no other entries on this card are required, but if in­
ventory results are desired, the user should also provide mixer 
volume VM, aqueous settler volume VSA, and organic settler volume 
VSO. For dynamic problems, VM, VSA, and VSO are required, and in 
addition, the user must provide the number of aqueous and organic 
settler zones KX and KY. 

No. 2 - Tabular Data Control Card. Cards of this type pro­
vide program control information for reading and using tabular 
distribution data. The following information must be supplied 
for two-variable tables: 

• Component number M to which the data apply. 

• Type of distribution data from Figure 1 (NTYPE). 
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• Reference component number (MREF). 

• Phase (aqueous or organic) in which the reference component 
concentration exists (NPHAS equals 0 for organic or 1 for 
aqueous). 

• Minimum concentration CMIN for the reference concentration 
covered by the table (if left blank CMIN is assumed to be 
zero). 

• Number of rows in the table (NROWS). 

• Number of columns in the table (KOLS). 

For three-variable tables, similar information for MREF2 and 
NPHAS2 must also be supplied for the second reference component 
(CMIN is not required for the second reference component). If 
MREF3 is supplied, CMIN refers to the concentration of that com­
ponent, and the entire table applies to a specific concentration 
of the MREF3 nontransportable salting agent which must be greater 
than CMIN.* This control card is followed by cards providing the 
tabular data. Data are punched on cards (eight values per card 
in 10-column fields) to fill successive rows of a table with the 
format shown in Figure 3. 

For three-variable tables, the first row provides values for 
the second reference component (MREF2). The first position in 
the table labeled DUM must be filled with an unused dummy value 
(0.0) or left blank on the card. The first entry in each succeeding 
row provides values for the first reference component with values 
for the dependent variable filling successive positions in the 
row. The second table row begins on the same card and in the 
card field following the last entry of the first table row. 

For two-variable tables, the DUM and z values are not re­
quired, and the data entries begin with the first value for the 
first reference component followed by the corresponding value of 
the dependent variable. Successive pairs of values are punched 
in the succeeding fields of the first card and continued on as 
many cards as required for the whole table. Thus, two-variable 
tables occupy only the first two columns of Figure 3 as shown by 
the shaded section. 

* Problems with a salting agent as a third reference component are 
more inflexible and must be set up with care as described earlier 
under subroutines GETDOA and INTERP. 
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DUM z(1) z(2) z(3) z(X) 

u (1,2) u(1,3) u (1, K) 

u eN, K) 

FIGURE 3. Tabular Data Format 

Successive rows in this table do not correspond to 
successive input data cards, except by coincidence 
when the table has eight column~ (K=7). 

u - dependent variable 

v - first reference variable (MREF) 

z - second reference variable (MREF2) 

DUM - dummy position 

Format for two-variable tables is in shaded area. 

K = KOLS-l 

For two-variable tables, N NROWS 

For three-variable tables, N = NROWS-l 
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A maximum of five tables are allowed: one for each of five 
components, or two for each of two components and one for a third 
component, etc. 

No. J - Distribution Equation Control Card. Cards of this 
type provide coefficients and program control data to express 
distribution data in equation form. The entries M, NTYPE, MREF, 
NPHAS, and CMIN must be provided and serve the same functions as 
described for tabular data (No.2 Cards). The A, B, C, and D 
entries provide the coefficients in a distribution equation of 
the form: 

u = A + Bv + Cv 2 + Dv 3 

Components that do not transport into the organic phase (D~ = 0) 
are assigned an NTYPE value of zero on a No. 3 card with no further 
card entries required. No. 2 cards should not be used for this 
purpose, nor should this be done by setting all equation coef­
ficients to zero on a No. 3 card with an NTYPE greater than zero 
(excessive execution time). 

No.4 - Aqueous Feed Cards. The feed stage J, the reed rate 
AF(J), and component concentrations in the feed XF(M,J) are pro­
vided on these cards. There can be as many cards as there are 
stages. 

No. 5 - Organic Feed Cards. 
the same as for the No.4 cards, 
OF(J) and con~entrations YF(M,J) 

The format of these cards is 
providing organic feed rate 
to the Jth stage. 

No. 6 - Miscellaneous Control Data Card. This card provides 
for mutual dependency of component distribution between phases 
(MUT = I rather than 0), provides stage efficiency EFF and closing 
tolerance TOL, and for dynamic programs, provides the integration 
factor TMULT which must always be less than one. The function of 
these terms is explained in Appendix A, Glossary. For MUT = 0 to 
be applicable, the reference component must have a lower component 
number than the component for which the distribution data apply. 
For ~ruT = 1, distribution data for a given component can reference 
any other component. However, MDT = I should be used only where 
necessary because of the greater computation time required. 

No. 7 - Output Control Card. This card is not required for 
steady state calculations (although it can be used to get inter­
mediate values in the iteration to steady state for debugging 
purposes; however, these values would have no dynamic meaning in 
the real world). For dynamic calculations, the program control 
value LI and the output control values LJ, LM, JB, JE, and JI 
are provided on this card. These terms are explained in OUTPUT, 
page 20 and Appendix A, Glossary. 
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No. 8 - Option CaPd. This card provides program options and 
program control data for the first option as tabulated below: 

NOPTI 

NOPT2 

NOPT3 

Dynamic calculation; phase terminated by executing in 
that phase a number of cycles equal to LOOPS or by reach­
ing a process time equal to ETIME. 

Dynamic calculation; phase terminated by reaching steady 
state; LOOPS and ETIME must not be provided. 

Artificial rapid close to steady state. LOOPS and ETIME 
must not be provided; process time is reset to zero. 

A No. 8 card must be provided for every dynamic phase and steady 
state problem and must be the last data card. 

Delineation Cards. A single blank card must be inserted to 
delineate the end of each dynamic phase and each steady state 
problem. 

SAMPLE PROBLEM 

Figure 4 is a computer facsimile of the data read directly 
from cards for a problem that combines steady state and dynamic 
phases. The first card provides the title of the problem. The 
study explores the possibility of injecting acid at the 11th stage 
to enhance the separation of neptunium from uranium. Three of the 
five component labeling fields on the right side of the card are 
used to identify the acid, neptunium, and uranium (valence 6) com­
ponents. 
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r~ lB SAhK. 3.5' Tep, h-NtJ-U t INJECT H' AT STAGE 11 H+ NP UV! 

16 3 3 3 5.9 14.7 31.5 

2 1 2 0.0 17 2 

0.0 0.0 0.3 0.003 0.6 0.0067 O.S O.OIlB 

1.2 0.0190 1.5 0.02SO 1.8 0.0384 2.1 0.0506 

2.4 tJ.O&38 2.7 0.0142 3.0 0.0830 3.3 O.09U4 

J.t 0.096 ;: J.9 0.1016 4.2 0.1058 4.6 0.1102 

5.0 0.1140 

3 2 7 1 1 0.0 -4.764 3.350 

2 7 C.501 8 2 

-0.6931 -7.lJ6 -J.2877 -5.7"S C.J -4.921 0.4055 -3.Ba7 

o. t 931 -3.249 0.S163 -2.781 1.099 -2 .... 35 1.380 -1.981 

< 3 C. C 17 2 

0.0 0.0 0.2 u.02 0.4 0.051 0.6 0.O~6 

O.E 0.105 1.0 0.252 1.2 0.351 1.5 0.510 

I.B ;) .693 2.1 0.890 2.4 1.09u 2.6 1.20B 

2.8 1.312 3.1 1.438 3.4 1.545 3.7 1.640 

4.0 1.720 

.. O.B4:J 2.,) 

4 11 0.10 4.0 

5 8 2.€7 0.035 

5 16 2.45 

t 80.0 0.001 0.104406 

7 500 20~J DO 2 14 2 

3 

5 B 2.B7 '.).J35 1 •. J 1.0 

e 1440.0 

8 3 

FIGURE 4. Computer Facsimile of Card Input Data 
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The next card, Type 1 (Column 1), provides the following 
information: 

JT 16 stages 

MY 3 components 

KX 3 aqueous settler zones 

KY 3 organic settler zones 

VM = 5.9 liters mixer volume 

VSA 34.7 liters aqueous settler volume 

VSO 31.5 liters organic settler volume 

The next card, Type 2, provides control information for 
reading tabular distribution data on the next 5 cards. The No. 2 
card provides the following information: 

M 1 (data apply to component 1) 

NTYPE 2 (organic concentration of H+ versus aqueous concentration 
of H+) 

MREF = 1 (H+ reference) 

NPHAS 1 (aqueous concentration of H+ reference) 

CMIN 0 

NROWS 17 (17 rows in the table) 

KOLS 2 (2 columns in the table) 

+ The next five cards provide the distribution data for H , 
alternating aqueous and organic concentrations in eight lO-column 
fields on each card. 

The next card, Type 3, provides the following distribution 
information for neptunium (M = 2) in equation form: 

NTYPE = 7 (logarithm of the distribution coefficient for neptunium 
versus logarithm of the reference concentration) 

MREF 1 (H+ reference) 

NPHAS 1 (aqueous reference) 
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CMIN o (data apply down to zero reference concentration and 
up to CMIN on another card, if provided. Otherwise, 
unlimited application) 

A ;-4.784} In D ; 3.350 In H+ - 4.784 
B ; 3.350 

The next card, Type 2, provides control information for 
tabular distribution data for neptunium (M ; 2) on the next two 
cards. The data are in the form NTYPE ; 7 and are good at aqueous 
(NPHAS ; 1) acid concentrations (MREF ; 1) greater than or equal 
to 0.501 mole per liter (this also limits the neptunium data 
presented earlier by equation to acid concentrations less than 
0.50lM). The data are provided in a table of eight rows and two 
columns. The next two cards provide these data, alternating 
logarithms of H; and D~. 

The next No. 2 card and the following five cards provide 
tabular distribution data for uranium in the form NTYPE ; 3 
(In DO versus reference concentration) with aqueous acid as the 
refer~nce. Since CMIN ; 0 and no other cards are proviqed for 
uranium, the data apply over the whole range of concentration. 

The next two No.4 cards provide the following aqueous feed 
information: 

Stage liters/minute 
n+ l!E.. U(VI) 

--mo les/li tel' 

1 0.840 2.0 o o 

11 0.10 4.0 o o 

The next two No.5 cards provide the following organic feed 
information: 

Stage liters/minute 
!rI" l!E.. U (VI) 

---moles/liter 

8 2.87 0.035 o o 

16 2.45 o o o 

The next No. 6 card specifies no mutual dependence of dis­
tribution data (MDT; 0), an 80% stage efficiency (EFF ; 80.0), 
a closing tolerance of 0.1% (TOL; 0.001), and an integration 
time (TMULT) of 0.104406 of the maximum permissible (this was 
carried to six places in an unsuccessful attempt to make the 
process time print in whole minutes). 
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The No.7 card provides: 

LJ 500 integration cycles between print profiles 

LM 2000 integration cycles between printed material balances 

LI 100 integration cycles between steady state checks 

The JB ; 2, JE ; 14, and JI ; 2 cause mixer concentrations 
to be printed for Stages 2, 4, 6, 8, 10, 12, and 14 in addition 
to the first and last stages. The No. 8 card with NOPT ; 3 
specifies that this is a steady state problem (rapid artificial 
close to steady state). 

The blank card terminates input for the first problem, which 
is actually the first phase of a dynamic problem. 

Two more phases are specified with all conditions the same 
as specified for the first phase with these exceptions: 

• On a No. 5 card, the organic feed to the eighth stage for the 
second phase is changed to include concentrations of 1.0 gram/ 
liter of neptunium and 1.0 gram/liter of uranium (nominal con­
centration). 

• The No. 8 card for the second phase specifies that the phase 
should be terminated at a process time of 1440 minutes (24 
hours; process time was set to zero at the end of the first 
phase). 

• The third phase is a rapid close to steady state from the 
process conditions existing at the end of the second phase. 

OUTPUT 

Steady State Results. The first phase of the sample study 
(Figure 5) illustrates the output format for steady state problems. 
This phase brought the bank to acid equilibrium before introducing 
neptunium and uranium. 

The format at the top provides the bank and program control 
input data and feed rates and feed concentrations. The efficiency 
E is expressed as a fraction rather than the percentage (EFF) 
required on input. If VM, VSA, and VSO are not provided, they 
are set to 1.0 by the program for use in the steady state closure 
routine. 

The profiles provide aqueous and organic concentrations 
leaving each stage. 
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~ 

<0 

...... l~ P .. t>,K. 3.5'4 Tfll'. H-"lP-U. INJECT H+ AT STAGE 11 

~l.JT .K)(.Ky ..... ,...\I::iA ..... SJ 16 5."VOOV 34.70000 31.500,)0 

"'UTUAL. C:. I.ll. P.1UL T a 0.800CC C.GGIOu 0 .. lvi.t41 
.s:lAGb " HEC ~ATE. CCf\rjC'NS 1 J.640UO 2.0UCOO 0.0 0.0 0.0 
') Tto(;E, AC HEO .tATE. CO,.,(· NS 11 0 .. 10000 4 .. JuOOO 0.0 0.0 0.0 

STACE. OtlG FHD RATE, CONC 'NS 2.E7JJO O.G3500 '.0 o •. :) o.a 

STAGE, G~G FEED ~ATE, C(NC'NS I. 2.45000 0.0 0.0 0.0 0.0 

CT IME l.OOCOO ''!IN. 

STEADY ::iTATE RESULTS 

H+ NP UVI 
.sTAGE A'UECUS ORGANIC AQUECl,iS C~G ANI C AQUEGUS ORGANIC 

1 2.0)3£ 00 4.651E-02 0.0 0.0 0.0 0 .. 0 
2 l..COOE 00 4.652E-02 0.0 0.0 0.0 0.0 
3 2.000E 00 '-I.t50E-02 0.0 0.0 0.0 0.0 

• 1 .. <;<;9E 00 4.6-'6E-02 0.0 0.0 0.0 1] .. 0 
5 1. ~91E 00 4.6J5E-02 0.0 0.0 0.0 0.0 

• 1 .. 993E (11 4.6J9E-02 0.0 0.0 0.0 0.0 
7 1.<;;83E 00 4.51'-1E-02 0.0 0.0 0.0 0 .. 0 , 1 .. ~58E 00 4.30E-02 0.0 0.0 0.0 0.0 
9 I.S64E 00 4.5bOE-02 0.0 0.0 0.0 0.0 

10 1.985E 00 4.113E-02 0.0 0.0 0.0 0.0 
11 2.199E 00 ~.44j5E-C2 J.O 0.0 0.0 0.0 
12 2.1~t;E 00 5.467E-02 0.0 0.0 0.0 0.0 
13 2.196E 00 5.459£-02 0.0 0.0 0.0 0.0 

I' 2.187E QD 5.]63E-02 0.0 0.0 0.0 0.0 
15 2.158E 00 5.033E-C2 0.0 0.0 0.0 0.0 
it 2. (56E 00 3. C;Ot.E-02 0.0 0.0 O. J O. a 

--------- ~ATE~IAL IN ------------ -------- MATERIAL OUT ------------
CC"'F(NEI~T 

H+ 

NP 

LVI 

AQUf:CUS ORGANIC TOTAL AQUEOUS (RGAfIIIC TOTAL 

0.0 0.0 0.0 

0.0 o.c l.e 

0.0 0.0 0.0 

0.0 

J.O 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 

0.0 

0.0 

---------- I~VE~TORY ------------
AQUECUS ORGANIC TOTAL 

l.lSIE 03 2.1S0E 01 1.209E 03 

0.0 0.0 0.0 

0.0 0.0 0.0 

FIGURE 5. First Phase - Rapid Close to Steady State 

--ERRQR-· 

0.0 

0.0 

0.0 



If the VM, VSA, and VSO fields on the No.1 input card are 
punched, the inventory values are provided but the Material In, 
Material Out, and ERROR columns, pertinent only to dynamic output, 
are filled with zeros (same routine is used to print both dynamic 
and steady state inventories). 

Dynamic Results. The output format for dynamic results 
(second phase of the sample study) is shown in Figures 6 and 7: 
Concentration profiles are provided for each component at the 
frequency specified by the LJ parameter on the No.7 card. The 
integer LJ is the number of integration time intervals between 
profiles (500 cycles or 50 minutes). The integration time interval 
DTIME is described on page 7 under Subroutine SETUP (0.1 minute 
in the example). The profiles include the concentration of each 
component in both the aqueous and organic phases leaving the 
mixers of the first and last stages in the bank and seven other 
selected stages. This is the maximum number that can be accommo­
dated across the width of the printout. 

The seven optional stages are seleFted with the JB, JE, and 
JI parameters On the No. 7 card. The JB entry is the first of 
the seven, the JE entry the last, and the J1 entry the increment 
between print stages. For example, JB, JE, and JI parameters of 
3, 15, and 2 would print the concentrations leaving stages 3, S, 
7, 9, 11, 13, and IS between the first and last stages. 

Under the column labeled BANK EXIT, the profiles also show 
the organic concentration leaving the Bettle~ of the first stage 
and the aqueous concentrations leaving the settler of the last 
stage. In Figures 6 and 7, the difference in aqueous concentra­
tion between Stage 16 mixer and aqueous oank exit illustrates 
process holdup in the Stage 16 settler. 

The LI parameter on the No. 7 card fixes the number of 
integration cycles between steady state checks when NOPT option 2 
on the No.8 card has been selected. If the LI field is left 
blank, the degree of approach to steady state is determined every 
10 integration cycles (under NOPT option 3, steady state is also 
checked every 10 cycles unless overridden by speCifying a different 
LIon a No.7 card). 

Component material balances (Figure 7) will also be shown on 
the printout at the frequency in integration cycles given by the 
LH parameter on the No.7 card (2000 cycles or 200 minutes in the 
example). Because the program carries only seven significant 
figures (single precision), there will always be a measurable 
error in closing the material balance. The current error, al­
though usually negligible, is shown in the last column as percent 
of the total feed flow for that component during the last inte­
gration cycle. 
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"' 1 t1 ~ ;..1\1( • 3.St rep, h-~P-U, INJECT 1-+ AT STAGE 11 

", • J T • K ~ • KY. VM, \I SA • \I S.J I. 5.-10000 3"t .. 70000 31.50000 

~UTUAl.t.TCl,TMUlT J J.t;JlJoJ ':.G31J~ ':.10441 
~TAGt. AC fEED RUE:, CC~C' NS 1 Q.6400J 2.000J0 0.0 0.0 0.0 0.0 
STAGE, ~o tEED RATE, CDNC'N~ 11 C.lecca 4.CQOOJ 0.0 0.0 J.l '.0 

~JAGt. LPG fEEC ~ATE, CQNC'NS d 2.87VOO iJ.035QO I.COOCO 1.0iJOOO 0.0 0.0 

ST AGE, JRG FEED KATe, CuNC'NS 16 2.45000 J.O 0.0 0.0 0.0 0.0 

crItH 0.10000 IIIIN. 

STAGe !)TAGE STAGE 4 STAGE 6 S rAG E • STAGE 10 STAGE 12 STAGE 14 STAGE 16 BANK EXIT 

TIf"E,MIN e, 0< 2.000E 00 2.000E 00 1..9'i9E 00 1.993E 00 1.958E 00 1.985E 00 2.199£; 00 2.181E 00 Z.056E 00 2.056E 00 
50.0 MIXR ORG 4.653E-02 4.652E-02 4.646E-02 4.60t;E-02 4.383E-02 4.773E-02 5.481E-02 5.363E-o,2 3.906E-02 4.653E-02 

TJME,MiN NP AQ 6.468E-J4 2 .. 621 e-o 3 2.9.( lE-02 2. e94E-01 2.128E 00 2.282E-Ol 1.831E-04 7.810E-09 3.251E-14 6.922E-11 
5J.0 "IIXP: ORG 5.205£-05 2.08 uE - 0 ... 2.250E-03 2.153E-02 1.914E-Ol 6 .983E-0 j 6.935E-C6 2.~49E-lO 1.01lE-iS 3.388E-05 

Tl ~f, M I ~ UVI AQ a.7~4E-02 l.SSee-Ot 2.84SE-ul 4. 33GE-0 1 6.181E-Ol 1.650t-03 8.217E-01 4.~20E-l2 2.888E-i8 6.138E-21 

IV 5J.O MJXR ORG 1.703E-02 1 .. 358E-01 2.455E-Ol 3.636E-01 S.OBE:-01 4.981iE-03 6.329E-Ol 3.651E-12 1 .. 990E-18 4.32'tE-02 
..... 

S TtlfE STAGE 2 STAGE • STAGE 6 STAGE 8 STAGE 10 STAoGE 12 ST aGE 14 51 AGE 16 BANK EXIT 

TUH,MIN H' AO l.JJOE OJ 2.000E 00 1.999E 00 1.993E 00 1.958E 00 1.985E 00 2.199E 00 2.187E 00 2. 056E 00 2.056E 00 
10J.O MIXR O'G 4.653E-02 "'.652E-02 4.646E-02 4 .. 609E-02 4.383E-02 4.173E-02 s.487E-C2 5.363E-02 3.906E-02 4.653E-02 

lI,.e,MIN NP AO L.50sE-03 5.236E-03 4.14<;E-02 3. S 9 7E-Q 1 1.220E -DO 1.492E 00 7.011E-01 3.3'l3E-04 2.109E-01 4. 1560E-09 
10J.O MUR ORG i.lBH-04 3.805E-04 3.352E-03 2 .. 138E-02 2.103E-01 4. 13 bE- 02 2.671E-C3 1 .. 21'3E-05 6.942E-09 l.UbE-04 

U"'E,MIN UVI AO 2.560E-01 3.326E-Ol it.elSE-01 5. 888E-0 1 7.121E-Ol 5 .. 10'H-02 3.189E-OIt 2.Q81E-Q7 1.871E-11 3.686E-13 
loo.e I'll XR ORG 2.2lSe-01 2.831E-Ol 3.8HE-OL 4.<;11E-0L S.751E-Ol 3.314E-02 2.it43E-04 1.579E-01 l.289E-ll 2.065E-Ol 

, 
STAGE STAGE 2 STAGE 4 STAGE 6 STAGE 8 STAGE 10 STAGE 12 STAGE 14 STAGE 16 BANK exIT 

TIME,MIN H' AO 2 .. 0(;OE 00 2.0JQE OJ l.9<;9E 00 1.993E 00 i.958E 00 1.985E 00 2.199E 00 2.181E 00 2.0560E 00 2.056E 00 
150.0 MIXJ< ORG 4.653E-l2 4.65lE-02 4.046E-01 4.609E-02 4.383E-02 4.773E-02 5.461E-C2 5.]603E-02 3.906e-02 4.653E-02 

lIftlE,MIN ,P AO 2.134E-OJ 7 .. 449E-03 6.126E-02 4.66 7E-0 1 3.473E JJ 2.505E JJ 5.<;SlE-:H 3.J38E:-02 l .. 134E-04 1.891E-OS 
15C. C "'IXR ORG l.676E-04 5.215E-0"t 04.137E-03 3. C 1<;E-02 2.203E-Ol 8.5ZiJE-02 2.327E-02 1.l4eE-03 8.998E-06 1.626E-04 

Tl"'E,Ml~ UVI AO 3.816F.-Ol 4. 808E-0 1 5.8 NE-OL 6.765 E-O 1 7.6J3E-Ol <;.1"t6E-02 2.833E-C3 l.898E-05 2.439E-08 l.688E-09 
IS0.C "IXR eKG 1.301E-Ol 4.;)49E-Ol 4. '713E-Ol 5.602E-I.I1 6.Q99E-JL 6.183E-J2 2.l9lE-J3 l.4't4E-iJ5 1.681E-DS 3.191E-Ol 

FIGURE 6. Second Phase - Dynamic Results - Beginning 



N 
N 

Tl~E,MlN H+ ~Q 
1248.5 MI~P ORG 

T IfIoIE.MIN NP AQ 
1243.5 MIA~ e~G 

Tlf'iE,MIN UVI Au 
124d.5 MIX~ CRG 

T IME.MIN r. o6Q 
1298.4 MIXR eRG 

TI~E,M[N NP 060 
12,6.4 ~IXR OKG 

Tl~c.Mlh UVI AC 
12~E.4 MI~~ GaG 

TIfI4E,MIN H. AQ 
1348.4 MIXI( GRG 

TI~E,MIN NP AQ 
1~48.4 MJ~R ORG 

TlflolE,,wIN UVI AQ 
1304d.4 loll ~Il CAG 

lI~c,MI~ H. A' 
13<;8.3 MIXR GRG 

T ifl4E.MIN NP AQ 
1398.3 ,ljiXR GRG 

T IME.MIN UV! AQ 
13,8.3 f'lIX~ CRG 

STACE STAGE STAG E " STAGE 6 ~ TAGE STAGE 10 STAGE 12 STA.GE 14 STA,GE 16 BANK ExIT 

2.01,)0E oJoJ 2.0uJE 00 1.999E 00 1.9'HE 00 1.958E 00 1.~85E 00 2.199E 00 2.187~ 00 2.056£ 00 2.056£ 00 
"'.653E-0.)2 4.e52E-02 4.t46E-Jl 4.b0'7E-n 4.HU-n 4.173E-02 5.487E-02 5.363E-.)2 3.';106£-02 4.65H-02 

j.446E-J3 1.21..H:-Ol 8.9]1E-1)2 5.S2eE-OI 3.839E 00 3.8<;5E 00 3.414E 00 3.420E 00 3.053E 00 3.054E 00 
2.698E-04 8.1laE-G4 ~.b4~E-Oj 3.t42E-Ol 2.350E-Ol I.SliE-OI 1.640E-(1 1.563£-01 1.005E-01 2.697E-04 

6.245E-01 7.t73E-Jl d.OBt-OI 8.1.>9t:-Jl 8.3e1E-.ll 1.92ZE-Ol 3.5(l9£-')2 6 .. 193E-03 9.977E-04 9.948E-04 
5.H4E-'Jl 6.38JE-Ol 6.057':-01 0.673£::-1)1 6.61:1'E-Ol 1.384E-Ol 2. 943t:-C2 5.596E-03 6.815E-04 5.394E-Ol 

STAGE STAGE STAGE 4 STAGE STAGE STAGE 10 STAGE 12 ST AGE 14 STAGE 16 BANK ExIT 

2.JOOE 00 2.000E 00 1.999E 00 1.993E 00 1.958E 00 1.985E 00 2.1S9E 00 2.187E 00 l.OSoE 00 2.056E 00 
4.b53E-02 4.65lE-02 4.646E-02 4.009E-02 4.383E-02 4.773E-02 5.487E-C2 5.363E-02 l.906E-02 4.653E-02 

3.446E-03 1.213E-02 8.9]1E-(I.1: 5.8.1:8e-Ol 3.839E 00 3.895E 00 3.47H 00 3.420E 00 3.053E 00 3.054e 00 
2.6'>8E-J4 8.U8E-04 5.644E-03 3.642E-02 2.350E-Ol 1.519E-Ol 1.640E-Ol 1.563E-Ol 1.005'::-')1 2.697E-0~ 

0.246E-01 1.613E-Cl 8.080E-Ol 8.139E-Ol 8.388E-Ol 1.923E-01 3.512E-Q2 6.S06E-1l3 1.001E-03 9.987E-04 
~.H5£-01 0.381E-01 6 .. 6571:':-01 6.tHE-01 6.689E-Ol 1.3841:;-01 2.9~6E-02 5.007E-03 6. 897E-04 5.395E-Ol 

STAGE STAGE STAGE 4 STAGE 6 STAGE ST4.GE 10 STAGE 12 ST6,GE 14 STAGE 16 BANK EX IT 

2.000E 00 2.000E 00 1.999E 00 1.'>93E 00 1.958E (Iv 1.985E OiJ 2.199£ 00 2.181E 00 2.056E 00 2.156E 00 
4.653E-02 ,+.652E-02 4.646E-02 .... 609E-02 4. 383E-0'2 4. 173E-02 5.481E-02 5.3&3E-02 3.906E-02 4.653E-02 

3.446[-03 1.213E-02 8.931E-02 5.8l8E-01 3.839E (lJ 3.1:195E O~ 3.474£ 00 3.420E OJ 3.053E 00 3.054E 00 
2.t~8E-04 I:I.U3E-04 5.044E-03 j.c-.2E-02 20350E~01 1.519E-Ol 1.640E-Ol 1.561t-01 1.005E-01 2.697E-04 

6.246£-01 7.674E-Ol 8.08uE-01 8.140E-01 8.3881i--Ol 1.923E-Ol 3.514E-02 e .. 817E-lJ3 1.1)03E-03 1.00lE-03 
5.3"SE-Ol (;.381E-Ol 6 .. e58E-Ol 6.614E-Ol 6.689E-Ol 1.384-E-Ol 2.948f-02 5.616E-03 6.914E-04 5 .. 395E-Ol 

STAGE STAGE STAGE 4 STAGE STAGE 8 SUGE 10 STAGE 12 STAGE 14 STA.GE 16 RANK EX IT 

2.000E 00 2.000E 00 1 .. 999E 00 1.,,93E 00 1.958E 00 1.'l83E 00 2 .. 199E "'0 2.187£ oJJ 2.056E 00 2.050E 00 
4.(;~3E-02 4.652£-02 4.046E-02 4.609E-02 4.383E-02 4.773E-02 5.487E-02 5.363E-02 3.906E-02 4.653E-02 

3.446E-(l3 1.213E-02 8.~31E-02 5.1:128E-Ol 3.839E 00 3.895E 00 3.474E CO 3.420E 00 3.053E 00 3.054E 00 
2.60;8E-04 8.138E-04 5.f44E-03 3.6~2E-Ol 2.350E-Ol 1.519E-Ol 1.640f-Ol I.S63E-Ol 1.005E-Ol 2.097£-04 

6.l't6E-Jl 7.674E-Ol 8.080E-Ol 8.140E-Ol 8.368E-Ol 1.924E-Ol 3.516E-02 6.d25E-03 1.005E-03 l.v04E-03 
5.395E-ul t.381E-01 6.oSSE-OI 0.614E-01 6.689E-Ol 1.38SE-Ol 2.950E-C2 5.623E-03 6.927E-04 5.395E-Ol 

~ATERIAl BALANCES AT Ti~E= 130;8.30 ~I~. 

--------- ~AT~RIAl IN ------------ -------- MATERIAL OUT ------------ ---------- I NVE~TaRY ---------- --ERROR---
CGMPONENT AQUEOuS 'JRGANIC TeTAl AQUEOUS CRGANJC TOTAL AQUECUS ORGAN Ie TOTAL 

"' 2.909E 03 1.406E 02 3.0S0E 0] 2.704E 03 3.462E 02 3.050E 03 1.161E 03 2.780E 01 1.209E 03 -1.401E-02 

NP 0.0 4.C16E 03 4.ClbE C.:l 2.724E 03 1.183E 00 2.125E 03 1.231lE 03 5.660E 01 1.294E 03 4.997E-02 

UVI 0) .~ 4 ... 116E J3 4.Cl/'E ":3 7.575E-Ql 3.551E iJ3 J.55H oJ3 2.499E 02 2.0';l'3E 02 ~.5A7E 02 5.796E-02 

FIGURE 7. Second Phase - Dynamic Results - Ending 



When a dynamic phase closes to steady state, complete steady 
state profiles are printed in the form shown by Figure 5. 

In the example, the process is essentially at steady state 
before the end of the second phase. To confirm that, a rapid 
close to steady state was specified as the third phase of the 
study. Those results are shown in Figure 8. 

Distribution Data. The SOLVE X program summarizes the input 
of distribution data as shown by the compact tables in Figure 9. 

To illustrate dynamic behavior of the bank, the peak con­
centrations of neptunium and uranium are plotted in Figure 10 as 
a function of time during the second phase. The peak concentra­
tion for neptunium shifted from Stage 8 to Stage 10 after about 
8 hours. 

APPLICATION 

For further information concerning the SOLVEX program, 
contact: 

Director 
Argonne Code Center 
Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, IL 60439 
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h~ Ib ~A~K, 3.5' Tap, H-~P-U, INJECT H+ AT STQGE 11 

MT,JT,KX,KY,VM,VSA,VSO ,. 5 .. 90000 34.70000 31.50000 

MUTUAL,E,fGl,TMLlT 0 o.aoooo o .. OOtOO O.lO441 
STIIGb A< FEED RATE, CQNC'NS 1 0.640JO 2.0aQOO 0.0 0.0 0.' 0.0 
SlAGE, At; FEED RATE, CCf\C'NS 11 D.IODOO 4.00000 0.0 0.0 0.0 0.0 

STAGE, ORG FEED RATE, CCNC'NS 8 2.87000 0.03500 1.00000 1.0aooo 0.0 0.0 

STAGE, QRG fEED RATE, CONC'NS ,. 2.45000 D •• D.IJ 0.0 0.0 0.0 

DTIME 1.00000 ~IN. 

STEADY STATE RESULtS 

H+ N' UV1 
STAGE A'UEOUS ORGAN IC AQUEGUS ORGIINIC AQUEOUS ORGANIC 

1 2.000E 00 "t.65H-02 3 .. 446E-0} 2.698E-04 6.24.3E-Ol 5.393E-Ol 
2 2.COOE 00 4.652E-02 1.213E-02 S.13SE-a4 7.671E-Ol 6.379E-Ol 
3 2. OOOE 00 4.650E-02 3 .. 404E-02 2.185E-03 7 .. g99E-01 6.604E-01 

N • 1. SS9E 00 4.646E-02 8 .. ~32E-02 5.645E-03 13.078E-Ol 6.656E-J1 ..,. 5 I.S<:I7E 00 4.635E-02 2 .. 290E-Ol 1.437E-02 13.106E-Jl 6.668E-<)1 

• 1.';93E 00 " .609E-02 5.829E-Ol 3.642E-02 8.138E-Ol 6.673E-01 
7 1.98.3E 00 4 .. 544E-02 1 .. 487E 00 9.230E-02 8 .. 209E-Ol 6.678E-Ol , 1.958E 00 4.383E-02 3.839E aD 2 • .350E-Ol 8.387E-Ol 6.689E-Ol 
9 1.<;;64E 00 4.560E-C2 3.858E OJ 1.455E-Q 1 4 .. 051E-0 1 2.872E-Ol 

10 I.S85E 00 4.713E-C2 3.8Ci5E- 00 1.51'9E-Ol 1 .. 924E-Ol 1.385E-Ol 
11 ".1<;9E 00 5.4SSE-02 3 .. 419E 00 l.64fE-OI 7.800E-02 t.558E-02 
12 2.1S'iE OC 5.4E7E-C2 3.414E co 1.639E--OI 3.521E-02 2.954E-02 
13 2.i96E 00 5.459£-02 3.459E 00 1 .. 619E-OI 1.571E-02 1.312E-J2 
14 2.181E 00 5.36 lE-02 3.419E 00 1.562E-01 6.845E-0 3 5.640E-03 
15 2.158E (J\J 5.03 H-az 3.313E 00 1.408E-Ol 2.825E-03 2 .. 238E-03 
16 2.056E OJ 3.9J6E-02 3 ... 052E 00 1 .. 004E--Ol 1.011E-03 6.963E-04 

--------- ~AT~RI~L IN ----------- ------- MATERIAL OUT -------- ---------- INVENTORY ------------ --ERROR--
COMPONENT AOUECU$ ORGANIC TGHL AQUEOUS CRGANIC TOTAL AOUEOUS ORGANIC TOTAL 

H> o. ) J.O J.O 0.0 0.0 0.0 1 .. 181E 03 2.7gQE 01 l.l09E 03 0.0 

,p o. 0 0.0 0.0 0.0 0.0 0.0 1.231E 03 5.659E 01 1.294E 03 0.0 

UVI 0.0 0.0 0.0 0.0 O.J J.') 2.498E IJ2 2.iJSSE Ol 4.586E- 02 0.0 

FIGURE 8. Third Phase - Rapid Close to Steady State 



THE 2 TA8UlAR ClSTRleUTICN OATA FU~ H+ AeOIiE H+ • 0.0 

0.0 0.0 0.3000 O.CQ30 0 .. 6000 0.0067 O.90iJO 0.0118 1 ... 2.000 0.0190 1;;5000 Q. 0280 
l.800J ').0384 2.100Q J.Q5Q6 2.4000 0.0638 2.7000 0.0742 3.0000 O.08JO 3.3000 0 ... 0904 
.1 .. 6000 0 .. 0':065 3 .. 9000 0.1010 4.2000 0.1058 4.6000 O. 11 Oz.· 5 .... 0000 0.11,-.0 

COEFFICIENTS FOR DISTRIBUTION EQUATIGN OF TYPE 7 FOR N. AseVE H+ a.J 
-4.7B40 3 .. 3500 0.0 0.0 

T'fPE 7 TABULAR DISTRIBUTION DATA FeR •• AB(jVE H+ • 0.50100 

N -0.6931 -7.1060 -0 .. 2871 -5.1480 0.0 -4.9210 0.'t055 -3.8810 0 .. 6931 -3.2490 0.9163 -2.7810 
tn l.O9~0 -2 .. 4350 1.3860 -1.9810 

TYPE 1 TABULAR DISTRIBUTION DATA fOR t.J~1 ABOVE H+ • 0.0 

J.J 0.0 0.200!') 0.0200 0.4000 0.0510 0.6000 0.0960 0.8000 0.1650 1.0000 0.2520 
1.20GO 0.3510 1.5000 0.5100 1.8000 0.6930 2.1000 0.8900 Z.4000 1.0900 2.6000 1.2080 
l.8000 1.3lZiJ 3. woo 1.4380 3.4000 1.545a 3.7000 1 .. 6400 4 .. 0000 1.1Z.00 

FIGURE 9. SOLVE X Summary 'of Distribution Data 



4 

c 
.2 
~ 3 
c 

'" u 
c 

.3 2 

'" " o 
'" " 0-
<! 

Neptunium - Stage ~ _____ -::-;-:.:-:.:-::-'-'--------"'-="-"-"'-".,,-"'."'."'-"-l ----­
"",,,, 
, 

I 
I , , , , , , 

I 
I , 

I , , , , , 
Uranium - Stoql 8 

o~~--~--~~--~--~~--~--~--~~~. o 2 4 6 8 10 12 

Time, hours 

FIGURE 10. Peak Concentration Behavior During Second Phase 
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APPENDIX A - GLOSSARY 

The following definitions include a consistent set of dimen­
sional units. Any other consistent set of units may be used. The 
terms integer and decimal refer to the form of input. Integers 
must be entered as a whole number, right-justified within the 
specified field. Decimals must include a decimal point and may 
be entered anywhere within the IO-column field. 

AF(J) 

COMPI 
through 
COMPS 

C 

CMIN 

DTIME 

DUM 

EFF 

ETIME 

J 

Aqueous feed rate to stage J, liters per minute, 
decimal. 

Names for components I through 5; any legal alphameric 
characters for the line printer. 

Concentration, units per liter of solution where units 
can be moles, grams, etc., decimal. 

, 
Low end of range of reference concentration over which a 
specific method of expressing distribution data applies, 
decimal. 

Distribution coefficient (organic-to-aqueous concen­
tration ratio), decimal. 

Integration time interval, minutes. 

A dummy number used to pad the unused corner of a 
three-variable data table (Figure 3), 

Stage efficiency, percent, decimal. 

Process time at end of a dynamic phase, minutes, 
decimal. 

Stage number, integer. 

JB,JE,JI First, last, and increment between seven selected 
stages for printing concentrations (output control), 
integers. 

JT 

KOLS 

KX (KY) 

Total number of stages in bank, integer. 

Total number of columns in a data table, integer. 

Total number of aqueous (organic) zones in settlers, 
integer. 
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LI 

LJ 

LM 

LOOPS 

M 

!·iREF 

MREF2 

MREF3 

MT 

Number of integration cycles between steady state 
checks, integer. 

Number of integration cycles between printed concen­
tration profiles, integer. 

Number of integration cycles between printed material 
balances, integer. 

Number of integration cycles in dynamic phase, integer. 

Component number, integer. 

Reference component number for distribution data, 
integer. 

Second reference component number for three-variable 
distribution data tables, integer. 

Third reference component number for nontransportable 
salting agents (the entire table applies to a specific 
concentration of that agent which must be greater than 
CMIN) , integer. 

Total number of components in system. 

MDT Mutual dependency parameter, integer: 

NOPT 

NPHAS 

NPHAS2 

NROWS 

NTYPE 

o component distributions not mutually dependent 
1 distributions mutually dependent 

Program options, integer: 
1 dynamic, terminate phase by integration cycles 

or process time provided~ 
2 dynamic, terminate phase at steady state 
3 rapid close to steady state, time reset to zero 

Phase of reference component concentr~tion, integer: 
o organic phase 
1 aqueous phase 

Same as NPHAS but for second reference component, 
integer. 

Total number of rows in a data table, integer. 

Form of distribution data (Figure 1), integer. 

* If neither time nor cycles is provided, program execution will 
terminate on computer job time or maximum printer lines under 
the job control system at the Savannah River Plant. 
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OP(J) 

TMULT 

TOL 

u 

v 

VM 

VSA 

VSO 

XF(M,J) 

YF(M,J) 

z 

Organic feed rate to stage J, liters per minute, decimal. 

Integration time factor, decimal fraction less than one: 
Integration time interval = TMULT x (minimum process hold­
up time). 

Closing tolerance for iterations on concentrations and 
distribution coefficients (internal program control; an 
input of O.OOl--one part in a thousand--will generally 
give satisfactory results without excessive computation 
time), decimal. 

Dependent variable in equations and tables of distri­
bution data. 

Independent variable (reference concentration) in 
equations and tables of distribution data. 

Mixer volume, liters, decimal. 

Aqueous settler volume, liters, decimal. 

Organic settler volume, liters, decimal. 

Concentration of component M in aqueous feed to Stage 
J, units per liter, decimal. 

Concentration of component M in organic feed to Stage 
J, units per liter, decimal. 

Second independent variable (second reference concen­
tration) in tables of distribution data (not valid for 
equations). 
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APPENDIX B - MATHEMATICAL SIMULATION* 

DYNAMIC BEHAVIOR 

Mixer Equations 

By assumption: 

V ma 
~V 
A+O m 

v = V - V 
rna m rna 

(1) 

(2) 

By material balance for the nth stage over the infinitesimal time 
interval de, the rate of change in inventory is equal to the 
material flow in minus the material flow out: 

dx dy 
Vma de + Vmo de = Axi + OYi - Ax - Oy (3) 

For a finite time increment (designating values at end of previous 
time increment by primes) : 

V 
!::'x 

V 
!::'y Ax. + Oy. - Ax' - Oy' ma /::,8 + mo /::,8 = 1 1 

(4 ) 

A A A + Anf n n-l 
(5) 

0 0 = 0 n+l + °nf n 
(6 ) 

A x' +Anf xnf n-l n-l x. A + Anf 1 n-l 
(7) 

0 
, 

+ °nf n+l y n+l Ynf 
y. 

0 + °nf 1 n+l 
(8) 

* Terms are defined in Nomenclature, page 35. 
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This estimate for the derivative is based on all values at the 
end of the previous time period. A better estimate can be 
achieved at no great sacrifice in computing time by substituting 
the average of the exit concentrations at the beginning and end 
of thetcurrent time increment for the x' and y' values in Equa­
tlOn 4 : 

where 

x av 
x+x' 
-2-

~ 
2 

These other relationships apply: 

/::'x x-x' 

/::'y y_y' 

By definition of stage efficiency: 

E 
y-Yi 

y*-y. 
1 

or, solving for y 

y = Ey* + y. (I-E) 
1 

At distribution equilibrium between phases 

y* = Ox 

(9) 

(10) 

(11) 

(12) 

(13) 

(14 ) 

(15) 

(16) 

Substituting Equations 10-16 into Equation 9 and solving for x 
yields: 

x 
- !.2 [Yo (1-E)+yl]}/::,8 + V x' 

1 rna 

V + V ED + A + OED /::'8 
rna mo 2 

- V [y. (I-E) -y '] mo 1 

(17) 

t One could do the same for the inlet concentrations Xi and Yi' 
but this would require a preliminary calculation through the 
entire bank on the basis of Equation 4, which would involve a 
significant increase in computing time. 

- 31 -



If D is dependent upon x, the program iterates until the specified 
closing tolerance is satisfied on both D and x. The value of y 
is then calculated by combining Equations 15 and 16 to yield: 

y = EDx + y.(l-E) 
1· 

(18) 

This same procedure is repeated for each component. If distribu­
tion coefficients are mutually dependent, the entire cycle is 
iterated until all x and y values close to the specified tolerance. 

Settler Equations 

Similar equations apply to each of the several zones into which 
the settler is divided, each zone representing a well-mixed tank. 
These zones, however, handle either organic or aqueous but not both; 
therefore no equilibrium relationship is involved. Further, be­
cause the flow is sequential from one zone to the next, the inlet 
as well as the outlet concentration may be approximated more 
closely by the average of concentrations at the beginning and end 
of the time interval. 

Thus, for aqueous zone 1, the inlet aqueous concentration is the 
average of the exit concentrations from the mixer. 

By material balance for zone 1: 

For the finite increment: 

V I1xl sa r-rse=A 
a 

(

X + x' m m 
2 

(19) 

(20) 

(21) 

Substituting the equivalent xl - xi for I1x and solving for xl: 

(22) 
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For the kth zone: 

K~Me (Xk_l ; Xk_l 
sa 

1 + 
IC Me 

a 
2 V sa 

Similarly, for organic phase zone 1: 

K OM 
(Ym; 

, 
') 0 Ym Yl 

-V-- ""2 + Yi 
so 

Yl K OM 
0 

1 + 2 V 
so 

And for zone k: 

KoOLle (Yk- l 
+ y' 

Y') k-l k , 
V 2 -""2 + Yk 

Yk 
so 

K OM 
1 + 0 

-zv--so 

STEADY STATE BEHAVIOR 

(23) 

(24) 

(25) 

The mixer is the only element in each stage that needs to be con­
sidered at steady state; the aqueous and organic sections of the 
settler will each be at a uniform concentration corresponding 
to the conditions at the exit of the mixer. 

Calculation of steady state concentration profiles does not in­
volve mixer and settler volumes, and these do not need to be 
provided unless steady state inventories are required. 

Only three relationships are involved for steady state concentra­
tion profiles: 

• Material balance around stage n: 

Ax. + Ov. = Ax + Oy 
1 • 1 

(26) 

where 
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x. 
1 

A x + A n-l n-l nf 
A 1 + A f n- n 

o y + 0 n+l n+l nf y. = 
1 

• Equilibrium relationship: 

y* = Dx 

• Stage efficiency: 

E 
y - Yi 
y* - y. 

1 

(27) 

(28) 

(29) 

(30) 

Xj and Yi can be calculated directly from values generated during 
the previous calculation cycle. Equation 29 is substituted into 
Equation 30 to eliminate y* and provide the following equation 
explici t in y: 

(31) 

Equation 31 is then substituted into Equation 26 to solve for x: 

x = 
Ax. + OEy. 

1 1 

A + OED (32) 

If D is dependent upon x, the program iterates to a closing 
tolerance on both D and x. This final value of x is then sub­
stituted into Equation 31 to provide a value for y. 

This same procedure is repeated for each component. If distribu­
tion data are mutually dependent, the whole cycle is iterated 
until all x and y values close to the specified tolerance. 
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NOMENCLATURE 

Primes are used to designate values at end of previous integration 
cycle. 

A 

D 

E 

K 

o 
V 

x 

y 

* y 

8 

aqueous flow at stage n, liters/minute 
y* distribution coefficient, D = 
x 

stage efficiency, EFF/100 

number of settler zoneS 

organic flow at stage n, liters/minute 

vo 1 ume, li ters 

aqueous concentration, units/liter 

organic concentration, units/liter 

organic concentration in equilibrium with aqueous,concen­
tration x 

time, minutes 

Subscripts: 

a aqueous 

f feed 

i in (entering) 

k zone K 

m mixer 

n stage n 

0 organic 

s settler 

1 zone 1 
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