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SEPHIS~MOD4: A USER'S MANUAL TO A REVISED MODEL OF THE PUREX SOLVENT
EXTRACTION SYSTEM

A. D. Mitchell

ABSTRACT

The SEPHIS computer program is a tool for simulating the
operation of mixer-settlers in the solvent extraction portions
of the Purex process. SEPHIS-MOD4 is a new and significantly
improved version of the SEPHIS program. This report gives a
detailed description of how the solvent extraction system is
being simulated so that the user can more fully understand the
results of the program. Although it is not necessary to trun the
program, an explanation of the program's mechanics is given to
help remove the mystery which usually surrounds computer codes,
Due to the finite nature of computers, several approximations
and assumptions were made to simplify the gsystem so that a computer
can easily handle the process. A description of these
approximations is given (o help the user of the program understand
why differences are found between the predicted and experimental
concentrations in a system. In order to run the program, a
description of the input cards and some examples are given.
SEPHIS-MOD4 is more flexible than the previous versions of SEPHIS;
thus, familiarity with some of the variables is helpful in limiting
the output to only the desired results. A listing of the computer
code is given in the appendices.

1. THE CONCEPTUAL AND MATHEMATICAL BASIS FOR SEPHIS~-MOD4

SEPHIS-MOD4 is an improved simulation of the Purex process based on
an idealized model for mixerwsettlers.l The components considered by
SEPHIS~MOD4 are unitric acid, uranium, plutonium(IV), plutoniuwm(III),

a plutonium reductant, and inextractable nitrate salts. Differential
equations are used to describe the flow of the solutes through the wmodel.
Empirical correlations determine how each solute is distributed between
the agueous and organic phases. Because a computer is a finite machine,
various methods must be used to break the problem into segments which
can be handled conveniently by a computer.

The idealized model for mixer-settlers thal is used by SEPHIS-MOD4
ig depicted in Fig. 1. Definitions of the variables used are listed in
Appendix B. Solutes enter each mixer via aqueous and crganic feed
streams, the aqueous stream from the preceding stage and the organic

stream from the succeeding stage. These streams are mixed with the contents
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Fig. 1. The idealized model for mixer-settlers which is used
by SEPHIS-MOD4.



of the mixer so that the solutes achieve an aquilibrium distribution
between the phases. Two streams leave each mixer and enter the
first of three aqueous or organic settler zones. FEach zone is
homogeneously mixed and overflows into the next zone. After leaving
the third settler zone, the stream may either exit the system as a
product stream or proceed to the next mixer as an interstage flow.

Feed and product streamg may be specified for either phase in any
stage. The volume of the aqueous and organic phases may be specified
individually for both the mixers and settlers. The time interval used
in the integration may be set to any value within the limits of
stability for the equations used by the program. The period between
successive printings of the concentration profile may be varied so that
only the desired output will be printed. Almost all of the variables may
be given new values at any time during the computation in order to more
accurately simulate transient changes in conditions.

To simulate the flow of solutes through the apparatus, the differential
equations describing the mixers and settlers must be formulated in terms
which the computer can evaluate. The equations start with an unsteady~-
state mass balance around a mixer. The streams that flow into the mixer
are the aqueous stream from the settler of the preceding stage (Ai‘l)’
the organic stream from the settler of the succeeding stage (Oj+15, and
any feed streams to the stage (Afj’ ij). The streams that flow out of
the mixer are the aqueous (Aj + Apj) and organic (Oj + Opj) streams to
the settlers. Any changes in the amount of a particular component i in
stage j must be equal to the difference between the amount that flows
into and the amount that leaves the mixer. Thus,

sy * Vaaes)
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In order to simplify this equation, the volumes and flow rates are

assumed to be constant, and the solutes in the mixer are assumed to be at

an equilibrium distribution between the phases; hence,

= 2
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Applying these assumptions to Eq. (1),

dx, |
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Since each of the concentrations (except the feed stream concentrations)
can vary during any time interval, a reasonable method of evaluating these
concentrations must be chosen. All the flow rates, volumes, and feed

streams are considered to be constant over a particular interval of time,

so the remaining variables are Xi,j’ Di’ Xi,jwl’ and yi,j+1' The value of
X, B is determined by the Runge-Kutta integration scheme. The value of
3
D. is calculated once x, , is known. Assuming that x, . and vy, . will
i i,] i,j-1 i, j+1

vary by only small amounts during the time interval, a reasonable choice
for these values is an average of the concentration at the start of the time

interval and the concentration at the end. Thus,

w
i

(x /2 (4)
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and

Y50 © Ui e, T Va5, eene) /2 (5)
All the variables have now been specified, so the differential can be
evaluated by an iterative procedure.

The iterative procedure fthat the program employs may be pictured
as a grid of points in Cartesian coordinates, as shown in Fig. 2. The
horizontal axis determines the stage number, while the vertical axis
indicates the progression of time. Each point in the grid represents a
time when the concentration in that stage needs to be calculated. The
circled points in the figure indicate that the concentrations have already
been determined for that stage at that time. In this figure, the
concentrations have been calculated up to stage j at time t + Ar. All
the variables that are required to compute x,

i,3,t+AE
The simplest solution to this

have previously
calculated values except for vy, , .

P y1,3+l,t+At
problem is to say that

Vi34, e40t Vi, i41,t (6)
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Fig. 2. A representation of the iterative procedure used by
SEPHIS-MOD4.
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The differential can now be evaluated and integrated by the Runge-
Kutta integration scheme used by the program. The result of the
integration is a new concentration (x. .

& ( i,i,tFAt
The iterative procedure then moves on to the next stage where the

) for the point in question.

procedure is repeated. After all of the stages have values for the
concentrations, the next row of points can be considered. TIn the next

row of points, the stages are computed in the cpposite direction.

Changing the order of computation should help to offset any bias resulting
from the approximation in Eq. (6). While moving in the opposite direction,
the corresponding approximation that is used is:

1=, 040t SiL,5-1,t (7

The iterative procedure continues to scan the column in this manner
until all the desired time intervals have been completed. However, between
the mixers is a settler which must also be considered. After the
concenttrations have been calculated for a mixer, the settler of the stage
is evaluated. Since no mass changes phase in the settler in the model,
this calculation essentially propagates the concentration changes through
the settler. In this way, a time delay is added between when a solute
exits a mixer and when it enters the next mixer.

The settler equations are formulated in the same manuner as those of
the mixers. Each settler is subdivided into three equal-volume, perfectly
mixed zones. The only stream entering a settler is the phase flow out
of the mixer. This stream passes through the sefiler and either leaves
as a product stream or continues to the next stage. The mass balance for

component 1 in zone k of stage j is then

Vsa]' dXi sk
3 at )T Asi%i,5,k-1 7 e,k (8)

This differential is put into a simple finite difference form, and the

concentrations are evaluated in the same manner as in the mixers to give:

N _ 4
Veai [*i,3,k,c0mt " X1,1.k,c ). N (Xi,j,k~1,c+At Xy 4,k-1,¢
3\ At sj 2

(9)
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The only unknown value is %, so solving the equation gives

i,j,k,t+At’

)

: At + -
" 3Asj (Xi9j ak"lat+At Xi,j,k"]—at xiaj')k)t
2V, + 3A At
saj s] (10)

sal i, i.k,t

X, . =
i,5,k,t+AL

With these equations, the concentrations in the mixer are computed and
then propagated through the settler zones. Thus, all the unknown
concentrations are calculated before the next stage is considered. After
all the stages have been completed, time is incremented and the next point
in time is evaluated. This procedure is continued until the user specifies
that it should stop.

The Runge-Kutta integration appears to be a very accurate method
when used to calculate the concentrations and very stable with the equations
which are used. Unfortunately, it takes more time to obtain the desired
results, To bypass this problem, a second integration method was added to
the program. The equation for the mixer starts with Eq. (3). The
differential is substituted with a finite difference form. The
concentration variables are evaluated in the same manmer as in Egs. (4)
and (5). The only unknown remaining in the equation is x,

i,j,tHAL”
Rearranging the equation gives, in final form,

“t,5,e000 ~ Umag®s 5,0 ¥ Vmog7s, 5,0 T ACTA

§-1%1,3-1 © 54271, 541

+A..x., .+0_.v_. . ~-(A, +A Jx, . /2~-(.+0 Dy, . /21}
£37£4,] £37F4, ( h| PJ) i,j,t ( j pJ)yl,J,t 13/
v . +pv . +2E (A +a . +D., +0 . .0]1. (11)
maj i moj 2] pJ it pj

Calculations in the settlers and the:lterative procedure are not affected.
This integration method is twice as fast as the Runge~Kutta method. This
fast technique is recommended for use when only steady-state results

are desired, or when the concentrations are changing slowly.

The distribution coefficients, which appear in the mixer equations
[Egs. (3) and (11)], are calculated using a set of correlations based on
the aqueous concentrations.2 The solutes in the organic phase are
considered to have reacted with the tributylphosphate (TBP) in reactions

such as
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Uo2 + 2NO. -+ 2TBP Z UOz(NO

2 3 3)2'2TBP .

A pseudo mass-action equilibrium constant is defined for each reaction
according to:

[UO, (NO,) ., 2TBP]
K& = §¢ : E 9 2 (12)
[UOZ‘][NOS]L[TBP]

The correlations are the result of a mathematical fit of experimental

data to the form:

[vo, (NO,) ., 2TBP]
u 2?+ i 2 - K&[NO;]Z ) (13
[Uoi 1[TBP]

Similar reactions and equations are written for the nitric acid and
plutonium in the organic phase. Correction factors for other temperatures
and 1BP concentrations are also included.

Chemical reactions between the components are handled in special
subroutines in the program. Ordinarily, a chemical reaction would
appear as a generation or depletion term in Eq. (1). This was not advisable
for SEPHIS-MOD4. Such a term could require that the time increment for
a calculation be limited by the reaction rate rather than by the residence
time for a stage,which is generally more important. Thus, chemical
reactions are considered to be essentially independent of the unsteady-
state mass balance equations.

Chemical reactions occurring in the mixer are considered to take
place only at the aqueous~phase composition. The solute in the organic
phase acts to buffer the aqueous concentration by an approximation that
the distribution coefficients change only slightly due to the reaction.
To determine the extent of reaction, the aqueous concentrations are put
into an integrated rate equation. The extent of reaction is factored dinto
the amount of solute in the mixer according to the specified stoichiometry
of the reaction. The distribution of the resulting solufes between the
phases is adjusted to account for the altered concentrations.

Chemical reactions occurring in the settlers are much less complicated.
No interphase approximations are necessary. The concentrations in the
zones determine the extent of reaction. The extent of reaction is factored

directly into the concentrations.
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Three reaction mechanisms are presently available. The simplest
mechanism is for instantaneous reduction of plutonium. The assumed
reaction is:

Pu4+ + reductant - Pu3+ .

The second mechanism is for reduction of plutonium by uranium(IV).3

The reaction is shown as follows:

ot 4 gt 4 2H,0 2put 4 UO§+ +4H >
with an empirical rate equation,
_ d[PUéiV)] = 170 m?n [U(IV)][PUgIV)] (14)
’ [HNO3]“

The integrated rate equation assumes that the nitric acid concentration
is constant.
The third mechanism is for reduction of plutonium by hydroxylamine.

The teaction is assumed to be:
4+ 3+

ZNH30H+ + 2Pu -+ 2Pu + N2 + ZHZO + 4H+ s

gsince, in practice, the hydroxylamine concentration is usually larger

than the plutonium{IV) concentration. The rate equation is:
+
[Pu(Tv)] e ,0H" 17
k! - . (15)
+. 4 -1y 2
[Pu(TIT)12[H 17k, + [NO3D)

_d[Pu(IV)] _
dt -

The rate constant (k') at a temperature of 30°C is equal to 0.029 Es/sec,
with an activation energy of 31 kcal/mole. The dissociation constant for
PuNO§+ (Kd) is 0.33 M. This rate equation is integrated by assuming
constant acidity and nitrate concentrations. The proper root of the
resulting egquation is then localized by a binary search.

The operation of a stage is separated into a series of discrete
steps by SEPHIS-MOD4. The contents of the mixer and all the streams
flowing into that mixer are combined and reacted. The resulting solutions
are mixed again to account for the change in the distribution coefficients
due to the reaction. A portion of the mixer contents is separated and
mixed into the first settler zome. The first zone overflows into the
second, and the second zone overflows into the third. The overflow from
the third zone is removed as a product stream or directed to the next

mixer.
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2. THE MECHANICS OF SEPHIS-MODZ4

Although the computer code tells the complete story of how the
program works, it is often helpful for the user to understand what happens
during the computer run. SEPHIS-MOD4 is comprised of the main program
and eight subroutines. The function of each routine is very specific.
The main program directs the operation of SEPHIS~MOD4 and acts as an
administrator. STARTS handles most of the input to the program. CONVRT
converts the units of the input data to the units used during the
calculations. MOLAL provides the conversion factors between molar and
molal units. Once all the input data have been read in by the program,
STAGES performs the stagewise calculations which predict the changes in
concentrations. UCOR computes values for the distribution coefficients.
MCHEM and SCHEM perform any required chemical reactions in the mixers
and settlers. PRTOUT reconverts the units and prints the concentration
profiles, This organization adds considerably to the complexity of the
program but simplifies any further modifications.

The organization of the program was influenced by two modes of
organization. The program is primarily divided into segments which
perform general functions. STARTS does most of the input, STAGES
calculates the changes in concentration, and the main program does most
of the output. The secondary mode of organization separates the portions
of the program dealing exclusively with solvent extraction from those
which limit the program to the Purex process. The maia program, STARTS,
and STAGES are very general routines and could be used in many different
solvent extraction processes. The remaining subroutines perform various
functions or provide the needed correlations which limit the program
to the Purex process. When bnly the Purex process is being simulated,
the additional mode of organization is unnecessary. However, to change
the program in order to work with another system, only the relatively
short subroutines (CONVRT, MOLAL, UCOR, MCHEM, SCHEM, and PRTOUT)
need to be replaced.

Each computer run is divided into one or more cases. A solvent
extraction case is defined by the general mode of operation of the
contactor. The number of stages, the TBP content of the organic phase,

any special piping, and a chemical reaction mechanism characterize the
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general mode of operation. Each case is subdivided into a number of
separate time periods. A time period is described by the input-stream
flow rates and concentrations, the product-stream flow rates, the

volumes in the system, and an initial concentration profile. The time
interval At, the time between profile printings, and the convergence
tolerance may be changed as desired within any time period. The
calculations for a time period may be terminated at any point so that

the flow rates, volumes, feed concentrations, or profile may be changed.
Similarly, any case may be ended at any time so that the number of stages,
the TBP content, or the special piping may be altered. The program
allows for a very flexible choice of operating conditions and changes in
operating conditions. It is important to note that any specified

change in the operating conditions will be made regardless of whether
such a change can be realistically made in process equipment. For example,
an increase in volumes from one time period to the next is allowed by

the program. The result is an instantaneous increase in the inventory

of the variocus components; thus, mass has been "created" by the volume
changes. Such results were not corrected since the primary concern

was to follow changes in concentration. The user should be aware that
any specified change will be made.

The computer run begins in the main program. The title of the new
case is read along with the number of stages, the TBP content, and the
special piping. All the initializations required for the case are performed
so that nothing from a previous case will interfere. A control card is
read to start the next time period. This card contains the time increment
and several variables which indicate the information that is to be read
before the calculations begin. If new feed-stream flow rates or
concentrations, product—-stream flow rates, volumes, or an initial profile
are to be given, the main program calls in the subroutine STARTS. This
subroutine processes all the new information and eliminates any old
values of the same type. When new feed streams are to be given,
all the old feed-stream flow rates and concentrations are set to zero.
The information is read from the feed-stream cards until no cards remain.
The specified streams are listed in order. The flow rates and

concentrations are converted to molal units, which are ready for computation.



—12~

The product streams are treated in a similar manner.

If an initial profile is to be read in, all the concentrations in
all the mixers must be given. The program assumes that the initial
profile values also apply to the settlers. The concentrations are
converted to a molal basis before the calculations begin. The actual
corversions are done with the aid of the CONVRT and MOLAL subroutines.
CONVRT prints the input stream data. The uranium and plutonium
concentrations in the input stream data and the initial concentration
profile are converted from grams per liter to moles per liter. These
molar concentrations are passed to the MOLAL subroutine, which calculates
a conversion factor to change the units from a molar to a molal basis.

Since the input and output streams have been specified, the flow
through each stage and the interstage flows can be calculated for the
entire solvent extraction system by the subroutine STARTS. If a product
stream was specified to be larger than the total phase flow into the
stage, the interstage flow from the settler is set to zero and the
product stream flow is set to the total phase flow into the stage. This
is simply imposing a condition that no more of a particular phase can
flow out of a stage than that which flowed into the stage. Thus, the
hydraulics of the system are set.

The volumes are given last. This program makes a clear distinction
between the mixer and the settler for each phase; hence, four volumes
are required for each stage. These volumes may be specified in a number
of ways. For the mixers, the aqueous volume and the organic volume
may be specified independently. If the phase split in the mixers is
assumed to be proportional to the phase flow through the mixer, only the
total mixer volume needs to be given. The phase volumes will be set by:

Am.

Vmaj - ij Km; +o0, (16)
When the volumes are not important to the problem (or when only steady-
state results are desired), the mixer volumes can be set equal to the
phase flows.

The volumes do not need to be given for every stage. If the volumes
for a particular stage are not given, the program will assume that the

required volume is the same as that in the previous stage. For example,
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if the total mixer volume is to be given and none is specified for a
stage, the total mixer volume will be set equal to that of the previous
stage., Also, in this case, the phase ratio will be adjusted to reflect
any changes in the flows. If no volumes are given for the first

stage, the phase flows will be used.

The volumes in the settlers are given in the same manner as those
in the mixers. Once all the volume cards have been read in, the STARTS
subroutine checks to he sure that each of the four required volumes in
every stage has a value.

If an initial concentration profile is to be used, a check is
made to ensure that the phases.are in equilibrium. If the solute
concentrations do not conform to the calculated distribution coefficients,
the solutes will be redistributed between the phases until an equilibrium
composition is found.

This completes all the information required for a single time period.
The current values for the flow rates, volumes, and concentrations are
listed. This listing gives all the information pertaining to the time
period so that the calculation may be repeated or identified easily.

This listing should also be used to check the dinput information. Aftey
this printing has been completed, control returns to the main program.

The main program only directs the iterative procedure. Tt determines
the elapsed time, the time when a profile should be printed, and whether
the calculation is to be continued. The bulk of the computation is done
in the STAGES subroutine. The STAGES subroutine is called once for each
time increment. After the new concentrations and temperatures have been
determined, control returns to the main program.

The subroutine STAGES works through the solvent extraction system by
computing the concentrations and temperatures for each stage before moving
to the next stage. The temperatures are evaluated by simple heat balances,
and the mixer concentrations are evaluated by one of two integration
techniques. The slower but more accurate approach is Lo integrate the
unsteady-state mass balance with a fourth-order Runge-Kuttas intégration.
The faster technique is a finite difference method dexrived from tha mass
balance. During either form of integration, STAGES calls the UCOR
subroutine to caleulate distribution coefficients for the various components.
These distribution coefficients are used to calculate the changes in

concentrations. However, since the values of the coefficisnts ave zlso
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dependent on the concentrations, checks are made every time the
concentrations change to help ensure that the concentrations and
distribution coefficients match. The subroutine STAGES calls in the UCOR
subroutine a minimum of five times for each stage during any time interval
with the Runge-Kutta integration. With the fast integration, the UCOR
subroutine might be called only once for each stage. The distribution
coefficients for the transferring components are calculated using a type
of mass action equation. The coefficients for the nontransferring
components [plutoniun(iTl), the plutonium reductant, and the inextractable
nitrates] are always set to zero.

After the solutes have been divided between the phases, MCHEM is
called to compute the results of any chemical reaction that might be
taking place in the mixer. These reactions are assumed to occur only
in the aqueous phase, so the aqueous concentration is used to compute
the extent of reaction. The chemical reaction is considered to be a
change in the solute inventory for each component involved in the reaction.
Since the change in solute inventory will result in a change in the
distribution coefficients, the solutes are redistributed between the phases.

After calculations for the mixer have been completed, STAGES evaluates
the concentrations and temperatures in the settler zones. A finite
difference method is used in these calculations. SCHEM is called to
determine the concentrations resulting from any chemical reaction that
occurs in the settlers. This is done in a manner gimilar to that of
MCHEM. This completes the work required for one stage; the next stage is
then considered. Once the calculation is finished in all the stages, the
program control returns to the main program.

The management chores are handled in the main program. Time is
incremented, and a check is made to determine whether the calculation has
converged to the desired tolerance. The tolerance is compared with the
maximum change in the mixer inventory of every solute in each stage. The
change in mixer inventory and the tolerance are expressed as percent per
minute. If either the calculation has converged, the time period has ended,
or results are desired at this time, a concentration profile for the system

is printed. Before printing, the program will convert the concentrations and
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flow rates from the molal form used in the calculations to the more standard
units used on the printout. Because the conversions and printing are
specifically tailored to the Purex process. a separate subroutine
(PRTOUT) is used. PRTOUT performs the conversions with the aid of
MOLAL and prints the profile. These conversions are also required for
the punched card output, but the actual punching is done in the main
program.

If the time period has not ended, the program will continue to
calculate results for the next point in time. When the time period
ends, several more checks are made. The final profile of the time period
may be punched on cards for use in future runs. A card is read to
determine what will be done next. This card can be used to either
continue the calculation with a new time increment and tolerance or start
a new time period with different feed streams. This card may also start a
new case with a different solvent extraction system. If all the desired
calculations have been completed, this card will also end the execution

of the program.
3. APPROXIMATIONS AND ASSUMPTLONS USED BY SEPHIS-MOD4

Several assumptions and approximations are made by SEPHIS-MOD4.
None of the assumptions are necessary, but they result in a significant
simplification of the system being studied and a large savings in

computation time. The approximations can be grouped in five major areas:

1. Concentrations in the contactor change relatively slowly.

2. The volumes and flow rates remain constant until changed by
the user.

3. The mechanical operation of the contactor conforms with the
idealities of the model.

4. Certain chemical effects or conditions are assumed to exist or
not exist.

5. Many heat effects are neglected.

The approximations necessarily lead to differences between the calculated
concentrations and experimental results, but these differences can

generally be localized to specific portions of a contactor.
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The approximations that were made in order to numerically integrate
the differential equations become more exact if the concentrations in
the contactor change relatively slowly. This does not imply that the
predictions are worthless or invalid when the concentrations are changing
rapidly. The corract implication is that the largest integration errors
will occur just after a step change has been made in the contactor
conditions, particularly when the contactor start-up procedure is being
simulated., Figure 3 displays the integration errors in the uranium
concentration which were found in the feed stage during the start-up
procedure. The initial peak (the first half minute) amounts to a total
error of 0.3 g/liter in the feed stage. After 1 min, the total error
in concentration is "0.23 g/liter. For comparison, the concentration in
the stage increased from 0.0 to 52 g of uranium per liter during the first
minute. Thus, the integration errors are relatively small, and the approx-
imation of slowly changing concentrations does not lead to serious problems.

The solvent extraction system being studied has many solution
nonidealities which cause the flow rates and volumes in the system to
vary with changes in concentration. However, in deriving the differential
equations, the flow rates and volumes in the system were assumed to be
constant. These approximations are not strictly applied to the system.
The calculations with the flow rates and concentrations are performed
in molal units in order to bypass this problem. The volumes are also
converted to molal units before the calculations are made. The molal
concentrations and flow rates do not change due to the nature of molal
units, but the volumes do change since the 'real" volume in liters is
assumed to be constant. These changes in the molal volume lead to

accumulation terms in the differential equatiouns since

d(Vvx) _  dx dv
T TR a7

To justify the use of the assumption, a comparison was made between
these accumulation terms for a number of situations. Generally, V{dx/dt)
(the term kept by the program) was 100 times larger than x(dv/dt) (the
term neglected by the program). The neglected term assumed importance only
when the concentration of one component was held constant while the other
concentrations were changing. FEven in the most extreme case tried, the

neglected term accounted for <10%Z of the total accumulation term. Thus,



( mmol U/min)

ERROR

-17-

ORNL—-DWG 78-9705

1.5 I T | I T

1 |

1.0 -

N P

1.0

-

—1.5 | | | ] | |

0 i 2 3 4 5 3) 7
TIME (min)

Fig. 3. 1Integration errors produced by SEPHIS-MOD4.
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neglecting these solution nonidealities should not lead to problems
with the predicted concentrations.

The mechanical operation of the contactor is assumed to be ideal
in many ways. Any change in the feed-stream flow rates or stage volumes
is assumed to occur instantaneously. This assumption is necessary in
order to limit the simulation to changes in concentration rather than
fluid dynamics-type changes. Attempting to accurately describe the
fluid flow characteristics would essentially allow calculations to be
performed for only one mixer-settlers design.

Perfect mixing is assumed to occur in the mixers and in each zomne
of the settlers. Without this approximation, the program would have to
follow the concentration of discrete packets of fluid as they moved
through the contactor. That approach to the problem is unwarranted for
the usual uses of the program.

Entrainment is not considered by SEPHIS-MOD4. After leaving the mixer,
the phases are separated absolutely and put into the settlers where no
phase transfer is allowed. The approximation was wade to simplify the
system. FEntrainment could have been simulated by the program by
directing small streams of both phases in the wrong direction.

The chemistry of the Purex system is very cowplex, and the effects
of many components in the system are not fully kuown. Other approximations
dealing with the chemistry were made to simplify the process. Since equili-
brium is desired io the stages so that the experimental results can be
compared with results using ideal conditions, the components in the mixers
are always assumed to be at an equilibrium distribution between the phases.
Nonequilibrium conditions could have been simulated by the insertion of
an efficiency in the distribution relation between the aqueous and organic
concentrations [Eq. (2)].

Plutonium(IIT), the reductant, and the inextractable nitrate salts
are assumed to remain in the aqueous phase (Di = 0.0). Because its
distribution coefficient is so low, plutonium is reduced to plutonium(III)
to remove it from the organic phase. The reductant is assumed to be
inextractable to simplify the process. Inextractable nitrates are
generally added to the system to improve the extraction of uranium and
plutonium. If the inextractable nitrates entered the organic phase in

gignificaat amounts, the extraction of uranium and plutonium would be
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hindered, and the nitrates would not have been added. One could perform
data fitting to describe the distribution of these components, if desired.

No solvent degradation products are simulated. HDBP or HZMBP are
formed by radiolysis and by reactions of TBP with nitric acid. These
products tend to hold the uranium and plutonium in the organic phase.
One could simulate these products knowing their formation rate and
behavior as extractants. However, if the solvent degradation products
were an important factor in a particular system, the process would
probably be too poor to use in practice, and attempts to experimentally
demonstrate the feasibility of the process would fail,

All nonideal heat effects are neglected. Temperature profiles are
calculated using approximate heat capacities for the phases. A "mixing

' temperature is used. No heats of mixing, contributions due to

cup'
radiation, or gains or losses to the surroundings are considered. These
effects can be simulated by inserting very small pseudo streams with very
high or very low temperatures. Such streams could be used to heat or cool
the contactor without changing the phase ratios.

In addition to these assumptions and approximations, other more
implicit assumptions may be found in the program. Any approximation that
is made will lead to differences between the calculated and experimental
results. Most of these differences are of minor importance for the uses
of the program and are usually confined to specific areas in the contactor,

as described in the next section.
4. RESULTS TO BE EXPECTED FROM SEPHIS-MOD4

Computer simulations are made to approximate results that would
occur under actual conditions. Sometimes these simulations are quite
accurate, and the results can be used with some confidence. At other
times, the simulation should be viewed with more skepticism. The
SEPHIS~-MOD4 user should be aware of this situation when interpreting
the results for any given case.

In actual situations, changes in the feed-stream flow rates or
concentrations will lead to transient conditions in the contactor.
Solutes will pass through the contactor as discrete waves. It is important

to know what the maximum concentration is likely to be and where it will
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occur. SEPHIS-~-MOD4 was designed to produce such results. Figures 4

and 5 show the uranium and nitric acid response curves, respectively,
computed by SEPHIS-MOD4 along with the experimental data points. The
agreement is very good, especially after considering the sparsity of

flow-rate data points. The important observation to make from these

figures is that SEPHIS~-MOD4 is able to predict the time when the wave
of solute will appear and the approximate peak concenttation.

Experimental steady-state data demonstrate the ability of the program
to predict concentrations in varicus sections of a contactor. Steady-
state concentrations are influenced primarily by the flow rates and the
distribution coefficients. Mixer efficiencies are a major factor in the
extraction and strip sections. Figures 6 and 7 show the effects of these
factors on the aqueous and organic uranium profile concentrations,
respectively., Experimental data points and the SEPHIS~MOD4 prediction
are depicted.

The strip section (stages 1-16) shows the cumulative impact of mixer
efficiencies and uncertain distribution coefficients. In most of the
strip section (stages 5-16), the difference between the experimental and
predicted concenitrations is minor. In the region of low concentration
(stages 1-5), the differences become large. Observation of the contactor
indicated that much of this difference could be due to entrainment.
However, the discrepancy between the experimental and predicted
concentrations could also be attributed to uncertainties in the calculated
distribution coefficients. The concentration of uranium in stage 16 is
determined by a mass balance around the entirve system. The concentration
in stage 15 is relatively cértain because it is only one stage away from
stage 16. However, the concentration in stage 1 is influenced by all the
distribution coefficients in the strip section. Each of these calculated
coefficients has a degree of uncertainty, so the predicted concentration
in stage 1 is the most uncertain value in this section of the contactor.

The concentrations in the scrub section (stages 17~24) are determined
primarily by a mass balance around the entire system. This is because
t

he same amount of

uranium must leave stage 17 in the organic phase as that
which entered stage 25 in the aquecus feed sitream under the conditions used.
The concentration profile in the scrub section also tends to be flat;

hence, it is little surprise that the experimental and predicted

concentrations in the scrub section are so close.
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The feed stage (stage 25) shows the effects of incomplete mixing.
There is a very small difference between the experimental organic
concentration and the predicted value. This is due to the overall mass
balance for the same reason as in the scrub section. However, the
experimental aqueous concentration is much higher than the predicted
value. This is due to incomplete mixing of the 300-kg U/m3 feed
stream with the contents of the mixer. Such nonidealities are not
gsimulated by the program.

The extraction section (stages 25-32) is similar to the strip
section. In regions of low concentration, the predicted concentrations
give a poor indication of the actual results. This is due to entrainment,
mixer inefficiencies, and the uncertainty in the calculated distribution
coefficients.

SEPHIS~MOD4 is intended to predict both transient and steady-state
concentrations in solvent extraction contactors. Experimental transient
results demonstrate the ability of the program to predict the timing of
waves of solutes passing through the contactor. Steady-state results
indicate which sections of the contactor are satisfactorily simulated
by the program. With this information, the user should be able to judge

when to trust and when to disregard the results of SEPHIS-MOD4.
5. INPUT CARDS FOR SEPHIS-MOD4

Any computer run with the program is comprised of one or more cases.
Each case is defined by a title, the number of stages, the TBP content
of the organic phase, and any special piping. The case is subdivided
into one or more time periods. A time period is characterized by the
feed-stream flow rates and concentrations, the stage volumes, the initial
profile, and the product-stream flow rates. The time increment, the
time between profile printings, and the convergence tolerance may be
changed at any time within a given time period. The input deck is as

follows:
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Card No. Card columns

Variable description

Start of the next case

1

1-2
34
5-12

13-20
21-22

23-24

25-26

27-28

1-80

FORMAT (212, 2F8.0, 412)

NTTL = number of title cards (up to ten).
NTOST = number of stages (up to 100).
CITBP = volume fraction of TBP in the
organic phase.

TEMPI = initial and default temperature.

NSTR = special piping indicator.
= 1 for special routing indicated by
by ISTR and JSTR.
= (0 otherwise.

ISTR = stage number.

JSTR = stage nunber.

When special piping is used, the organic
stream from stage ISTR is fed to stage JSIR.
IRXN = indication of reaction rate equation

being used.

0 for no reaction.

= 1 for instantaneous reduction of Pu(lV).

i

2 for reduction of Pu(IV) by U(IV).

= 3 for reduction of Pu(IV) by hydroxylamine.
FORMAT (10A8)
Case title to be printed. Up to ten cards

which describe the case.

After the title cards have been read, the new case is begun. All

volumes, flows, and concentrations are set to zero.

Card No. Card columns Variable description
3 FORMAT (4F8.0, 7I2)
1-8 DTHETA = time increment (min).
9-16 DPRINT = time between successive printings

of the concentration profile.



Card No.

Card columns

Variable description

17-24

25-32

34

36

38

40

42

TSTOP = time when the calculations will
stop and a new card No. 3 will be read to
start a new time period or case,
TOL = tolerance (percent per minute).
When the tolerance is met in every stage,
a new card No. 3 will be read to start a
new time period or case.
NEWIN = 1, if new feed streams are to be
specified.
= 0, if the present feed streams are
to be continued.
NEWOUT = 1, if new product streams are to
be specified.
= 0, if the present product streams
are to be continued.
IVOLM specifies how mixer volumes will be
given.
= 0, 1if the present mixer volumes will
be continued.
= 1, if the new volumes are to be given
by phase.
= 2, if the new volumes are to be given
as a total volume, with the phase split
according to the flow ratio.
= 3, if the new volumes are to be given
by the phase flow multiplied by a unit time.
IVOLS specifies how the settler volumes
will be given. The indicators are identical
to those for IVOLM.
IPRO = O, if the present concentration
profile is to be continued.
= 1, if a new initial profile is to be

read in.
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Card No. Card column Variable description

44 IFAST = 0O, if the Runge-Kutta integration

is to be used.
= 1, if the faster, but less accurate,
integration is desired.

46 IPNCH = 0, if cards are not wanted.

= 1, if concentration profile cards
are to be punched when TSTOP or TOL
is reached.
4 FORMAT (212, 8F8.0, 12)
Feed stream cards which will be read only
1f NEWIN = 1.

1-2 I = gtage number where this feed will
enter.

4 JHAS = 0 for organic feed streams.

= 1 for aqueous feed streams.

5-12 FDRT = flow rate (liters/min).

13-20 CON1l = nitric acid councentration (M).

21-28 CON2 = uranium concentration (g/liter).

29-36 CON3 = plutonium(IV) concentration
(g/liter).

37-44 CON4 = plutonium(ITI) concentration
(g/liter).

45-52 CON5 = plutonium reductant concentration (M).

53-60 CON6 = inextractable nitrate ion
concentration (M).

61-68 TEMP = feed temperature (°C). If TEMP =
0.0, the default temperature (TEMPI) is
used.

70 INDEX = 0, if this is the last feed-
stream card.

= 1, if more feed-stream cards follow.
3 FORMAT (212, F8.0, 12).

Product stream cards which will be read

only if NEWOUT = 1.
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Card No. Card column Variable description
1-2 T = stage number where the stream will
leave.
4 JHAS = 0 for an organic product stream.
= 1 for an aqueous product stream.
5-12 OTRT = flow rate of product stream. I
OTRT is larger than the appropriate flow
through stage 1, the exiting rate will be
set so that the entire phase, but no more,
is removed.
14 INDEX = 0, if no more product~-stream cards
follow.
= 1, if more product-stream cards follow.
6 FORMAT (7F10.0)
Initial profile cards which will be read
only if TPRO = 1. An aqueous card No. 6
followed by an organic card No. 7 is
required for every stage.
1-10 CON1 = nitric acid concentration (M).
11~20 CON2 = uranium concentration (g/liter).
21~30 CON3 = plutonium(IV) concentration (g/liter).
3140 CON4 = plutonium(IIT) concentration (g/liter).
41~50 CON5 = plutonium reductant concentration (M).
51-60 CON6 = inextractable nitrate concentration (M).
61-70 TPROF = stage temperature (°C).
7 FORMAT (7F10.0)
Organic profile card.
1-10 CON1l = nitric acid concentration (M).
11-20 CON?2 = uranium concentration (g/liter).
21~30 CON3 = plutonium(IV) concentration (g/liter).
31-40 CON4 = plutonium(III) concentration (M).
41~50 CON5 = plutonium reductant concentration (M).
51-60 CON6 = inextractable nitrate concentration ().
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Card No. Card column Variable description

61-70 EQCKDG = This variable is a check on how

the profile cards were created. The user

should not put anything in this field.

When the profile cards are punched by the
program, a 1.0 is put here to signify that
the phases are in approximate chemical
equilibrium.
8 FORMAT (212, 2F8.0, 12).

Volumes for mixers and settlers. These
cards are needed only if IVOLM or IVOLS
equals 1 or 2.

2 ISEC = 1 for mixer volumes.

= 2 for settler volumes.

3-4 = stage number.

5~12 VOLA
If IVOLM = 1 and ISEC = 1, or if IVOLS =1
and 1TSEC = 2, VOLA = aqueous volume. However,
if TVOLM = 2 and ISEC = 1, or if IVOLS = 2
and ISEC = 2, VOLA = total volume.

13-20 VOLO = organic volume if IVOIM = 1 and
ISEC = 1, or IVOLS = 1 and ISEC = 2.

22 INDX = 0 for the last volume card.

= 1, if more volume cards follow.

After the last volume card has been read in, the program begins
calculating concentrations. When the elapsed time is equal to TSTOP or
the tolerance is met, a new card No. 3 is read. TIf this card is wmerely
giving new DTHETA, DPRINT, TSTOP, TOL, IFAST, or IPNCH values, the
calculation continues as before but with the new values. If this card
requests that new feed streams, product streams, concentration profiles,
or volumes be used, the desired information will be read in and the
calculation restarted for the new time period. At the start of a new time

period, the elapsed time will be set to 0.0.
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To signal that calculations are to be done on a new case, the card
No. 3 must have DTHETA = 0.0 and DPRINT = 1.0. When such a card is used,
the new case is begun, and a card No. 1 is read in.

When all calculations have been completed, the card No. 3 should
have DTHETA = 0.0 and DPRINT = 0.0 or just a blank card. This will stop

the execution of the program.
6., CHOOSING CONDITIONS FOR SEPHIS-MOD4

Choosing conditions for SEPHIS-MOD4 is a relatively easy task.
Certain conventions are used to arrange the stages and streams for the
program. For steady-state cases, only the feed-stream flow rates and
concentrations are important in determining the final concentration profile.
The remaining variables, however, are still important to the program
and should be chosen correctly. Cases involving transient periods tend
to be more complex, but experience with the program is helpful in choosing
values for the more important variables.

The stages in a contactor are arranged so that the aqueous streams
flow toward higher numbered stages and the organic streams flow toward
lower numbered stages. One exception to this rule is allowed. The
organic stream from one stage can be directed to any other stage through
the use of NSTR, ISTR, and JSTR on card No. 1. This arrangement of the
stages allows many combinations of contactors to be simulated. Simple

examples of this are given in the next section.

6.1 Steady-State Cases

Steady-state calculations are used primarily for flow sheet testing
and depend mainly on the number of stages and the input streams. Since only
the final results are important, certain variables (stage volumes, the
initial concentration profile, and the method of integration) may be
neglected. These variables have only a small impact on the calculated
final concentrations. However, if appropriate values are given to these

variables, the calculational procedure is smoother, faster, and easier.
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Assuming that the stage arrangement and flow rates have been determined,
the first variable to be set on card No. 3 is DTHETA. This is the time
increment. DTHAETA should always be set in relation to the residence time

for a stage, as defined by:

T = volume (18)
flow rate through the wolume

For steady-state calculations, a reasonable choice is to let DTHETA equal
the residence time for a mixer, or half of the residence time. Larger
values may produce instabilities in the equations, while smaller values
consume compufer time unnecessarily.

DPRINT and TSTOP are the next values to be determined. TSTOP sets
the time when the calculations will stop if the tolerance has mnot been met.
Since steady-state values are desired, TSTOP should be set to a high value
(such as 1000.0) so that the calculations will most likely be stopped
by the steady-~state tolerance. DPRINT determines the time interval between
successive printings of the concentration profile. 1If only the steady-
state values are to be printed, DPRINT can be set equal to TSTOP. A smaller
value for DPRINT can be used to check the progress toward steady state.

TOL sets the steady-state tolerance used to stop the calculations.
When the inventories of all the solutes in all the stages are changing by
less than TOL (percent per minute), a steady state is declared and the
profile is printed. A low value should be chosen for TOL; a value of
0.01 is usually sufficient.

IVOLM and IVOLS indicate how the volumes will be determined. The
casiest method for steady-state calculations is to set IVOLM and TVOLS
equal to 3 so that no volume cards need to be punched.

LPRO can be set as desired since the initial profile has little
effect on the final profile. The calculations may take more (or less)

time if the initial profile is read from cards.
6.2 Transient Cases

It is relatively simple to select conditions for steady-state
calculations because fewer variables need to be specified for an accurate
prediction of steady-state concentrations for a contactor. Transient

cases are more complex since more variables are iwmportant. The initial
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state of the contactor should be specified more closely; likewise,
the stage volumes and the choice of DTHETA are more important.

The initial state of the contactor is important simply because
it is the starting point for the calculations. The concentration
profile should be given; otherwise, the program will assume that the
contactor contains only water and the solvent. The initial state
can be specified by a set of profile cards (cards 6 and 7) or by the
results of a preceding calculation.

The volumes in the contactor may be specified by any desired method
which gives an accurate representation of the contactor in question.
The volumes are crucial in determining the time lag associated with the
changes and rates of changes in .concentration. Thus, good predictions
of transient periods require reasonably good values for the volumes in a
contactor.

DTHETA has an important impact on the errors associated with the
integration methods used by SEPHIS-MOD4. The desire for small errors
mist be balanced against the concomitant requirement of longer computing
times. Table 1 indicates the effect of DIHETA. The results apply to a
simple perfect mixer case. The analytical solution was found by an exact
integration of the differential equation which defines a perfect mixer.
The results from SEPHIS-MOD4 apply to a nontransferring component which
should exactly follow the analytical solution. For the Runge~Kutta
integration scheme, all values of DTHETA that were less than oune-~fourth
of the residence time were in good agreement with the analytical solution.
Larger values for DTHETA show a gradual increase in the integration errors;
that is, the size of the error increased as DTHETA increased. The
faster trapezoidal dintegration produced errors even with much lower DTHETA
values. It should be noted that this table only indicates how well the
program integrates differential equations. A comparison with actual
conditions is given in an earlier section. For accurate predictions of
transient periods with the Runge-Kutta integration method, DTHETA should be,
at most, equal to one-—quarter of the residence time. Even lower values
are suggested if the concentrations are changing rapidly. The trapezoidal
method should not be used for transient predictions unless the

concentrations are changing slowly.
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Table 1. The effect of DTHETA on integration accuracy

Time Analytical Runge-Kutta integration Trapezoidal integration
solution DTHETA/T = DTHETA/TU =

1/4 1/2 1 1/4 1/2 1 )
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.25 0.2212 0.2212 0.2222
0.5 0.3935 0.3935 0.3932 0.3951 0.4000
0.75 0.5276 0.5276 0.5295
1.0 0.6321 0.6321 0.6318 0.6250 0.6340 0.6400 0.6667
1.25 0.7135 0.7135 0.7154
1.5 0.7769 0.7769 0.7766 0.7786 0.7840
1.75 0.8262 0.8262 0.8278
2.0 0.8647 0.8647 0.8645 0.8594 0.8601 0.8704 0.8889
2.25 0.8946 0.8946 0.8958
2.5 0.9179 0.9179 0.9178 0.9190 0.9222
2.75 0.9361 0.9361 0.9370

3.0 0.9502 0.9502 0.9501 0.9473 0.9510 0.9533 0.9630
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These generalizations concerning the ranges of values for the
variables are intended to indicate some of the ways the program may be
run. Different priorities, however, will lead to the choice of different
values for the variables, and the user should rely on his experience with

the program to determine which values will suit his requirements.
7. EXAMPLES OF SEPHIS-MOD4 CALCULATIONS

7.1 Example 1 - A Steady~State Calculation for a Six-Stage
Contactor

This is a simple example calculation for a six-stage uranium-stripping
contactor as shown in Fig. 8. Only steady-state results are desired, so
only the final concentratioc profile will be printed. No volume or initial
profile cards sre necessary, since they have a negligible impact on the
steady-state concentrations. For this type of calculation, only the feed
streams (and product streams if present) need to be specified. The results
that are printed list all the information required to repeat the calculation.
The final concentration profile indicates what concentrations may be
expected in the contactor and in the end streams. This calculation took
2.1 sec of execution time on the ORNL TBM 360/91.

The cards that were used to produce the following results are:

26 0.3 30.0 co000

EXAMPLE 1

THIS IS A SIMPLE TEST OF A SIX STAGE URANIUN STRIPPING COLOMN.

1.0 1000.0 1000.0 Q.01 10330180

t 1 15.0 0.15% 0.0 0.0 0.0 0.0 6.0 25.0 1
6 0 10.0 0.25 50.0 0.0 0.0 0.0 0.0 55.0 0

0.0 0.0
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ORNL DWG 78-491|

AQUEQUS DEPLETED
STRIP ORGAN!C
15 &/min
0.15 M HNOg
25 °C |
2
3
4
5
6
AQUEOQUS ORGANIC
PRODUCT FEED
IO & /min
50 g/ U
0.25 M HNO,
55 °C
20% TBP

Fig. 8. Example 1, a six-stage uranium-stripping contactor.
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PO (IIT)
{G/1Y

0.9
0.0

0.0100 % PER AIRYTE IS

REDBCTANT

(¥0L/1}

2.0
9.0

SIXER PLO¥ RATE

AQUBOUS

1.8932
1.493E
J. 4938
1.4938
1.%93F
1.493E

!
{
1
!
}
1
1

ORGANIC

9.635E
9.655%
9. 655E
9.6558
9. 6558
9.655E

RITRATE ION
{HOL/L)

0.0
0.0

REACHED

FLOW RATE

{L/MIN)

1. 500E &%
1.000E 21

INTERSTAGE FLOW RATE
RQBEOUS

1. 4938
1. 493E
1.493g
1. 4938
1. 893%
1.4938

a1
01
03
01
@1
01

1
'
$
i
t
i
i
i

ORGARTC

9.655E
9.655E
$.655E
9.655¢k
9. €55E
9.655¢8

TERP

<)
25.¢
55.0

a.LE:_



TRANSTYNT BEFAYICR RBESUITS MIXER CONCENTRATION GIVEN

TINE = c.0 HINDTES
AQUEOQUS IHASE

STACF | WITRIC ACID] URANIOUM i PU {IV) | #0 {ILT) | REDUCTANT | NITRATF TON} DENSITY { BISER PLOW {TENPERATURE
. (rcizyy (G/1) 1 {G/L) 1 {6/1; 1 (moL/L) i (moL/L) f (G/HL} - 1 {L/BIN) { (CENTIGRADE)
1 4 A i ! i i i i
19 0.0 To0.0 i 0.0 ¢ 0.0 i 0.0 1 0.0 ! 9.971E-01 § 1.493E 01 { 3.000% 01
21 0.0 1 0.9 1 0.0 tC.e 1 0.0 i 0.0 I 9.9712-01 ¢ 1.4938 0% ¢ 3.000% 0°
14 0.¢ 4 Q.0 } 0:90 1 D.0 i 0.0 1 0.0 1 9.973£-01 ¢t 1.493¢ 97 i 3.0002 073
& 0.0 1 0.0 i 0.0 i 0.0 t 0.0 r 0.0 ] 9.977B-01 { 1.u938 01 § 3.000B 01
£ 4 0.0 { 0.0 1 9.0 1 9.0 { 0.0 | 0.0 | 9.97%E-071 | 1.4938 07 t 3.0CCE 01
61 0.9 ¢ 0.0 1 0.0 0.0 v 0.0 £ 9.0 i 9.97E-01 { 4.6932 3% | 3.C00E O1
ORGAWYC THASE
STAGE | NITSIC ACID¢ URANTUN 1 PULYT) $0 BXTRACTION) PD ZXTRACT |HNO3I BXTRACT] DENSITY t PLOW RATE { INVENTORY
NO. §  {BOL/LY ‘ {G/LY 1 {G /L) ! FACTOR | FACTCR ¢ FPACTOR (G/ 4Ly I (L/NIN) { CHANGE (%)
1 i i i i 1 1 | i
141 0.0 1 0.0 0.0 1t 0.0 i 0.0 1 0.0 ) B8.171E-01 { 9.738E 00 § 2.000E 02
2 0.0 1 0.0 ] 0.0 1 0.0 7 0.0 ¢ 0.0 i B8.%71E~0% 4 9.738E 00 ; 2.0008 C2
Iy 0.0 1 0.0 i 0.0 1 0.0 s 0J0 1 9.0 1 8.171%-071 {1 9.738g 00 | 2.0002 02
u i 0.9 i 0.0 1 0.0 1 0.0 v 0.0 1 9.0 1 8.171E-01 31 9.7382 00 | 2.000E 02
54 0.9 i 0.0 ) 0.0 1 0.0 ;0.0 i 0.0 Y 8.171E-04 § 9.7382 00 | 2.000% 02
€4 C.0 1 "0 i 0.0 i 0.0 £ 0.0 1 0.0 ] 8.171E-01 | 9.738B 00 ) 2.000EB 02
TIME = 191.00 PEYROTES
AOUEOUS FRASE
STAGE | WITFIC ACIDy URANIUM 1 PU (1Y) ) PO {IIIY | REDOCTANT )} NITRATE ION{ DENSYTY | MIXER PLOW |TEMPERATURE
mo. t90L/1) 4 (G/L) f (G /1) 1 (G/L) 1 {MoL/1) i (MOL/L) i (G/HL) [ ¥4 5 ¢11 J{CERTIGRADE)
) 1 1 1 i { i } 1
1 ¢ 1.S08£-09 1 1.710% 00 § 0.0 $0.0 1 0.0 0.0 1 1.004E 00 ¢ 1.5012 01 ; 2.500P 0+
21 1.5152-09 t S5.5712 00 § 0.0 1 0.0 v 0.0 § 0.0 i 1.010E 00 | 49,5032 01 7 2.5C2E 01
34 1.%5182-01 3 1.1612 01 i 0.0 1 0.0 | 0.0 0.0 3 1.018E 00 ) 1.505E 01 3 2.507E 01
4 7 1,522E-01 } 1.9062 01 1 0.0 t 0.0 )] 0.0 i 0.0 i 1.028E 00 | 3.509% 91 3 2.533E 9%
§ ¢ 1.617¥-01 4 2.738BE 01 1 0.0 i 0.0 t 0.0 1 6.0 ] 1.0uCE GO0 1 1.5132 01 ; 2.64%F 0%
€ ¢ :.C%4p-C%1 4§ 3.230B 0% ; 0.0 $ 0.0 ¢ 0.0 ;0.0 j %.052E 00 ) 1.522B 01 ¢ 3.1682 01
O3GANIC FHASE
STAGE | WITRIC ACID§ GRANYON vt BI{IV) $0U EXTRACTION{ 0 EXTRACT 4KNO3 EXTRACT! DENSITY } PLOW RATE ) TNVENTORY
NO. { ({MOL,LY 9 G/ y (G/1) ] PACTCR  § FACTCR ) PACTOR 1 G/ 4L) I (L/MING f CHANGE (9
i § i H 1 | 1 H i
14 4.0288-02 ¢t 8.2982-01 4 0.C f 3.152E-01 1 0.0 t 8.826E2-02 ¢ B.1852-01 { 9.74%%T 00 | 9.2362-03
2 1 1.1€7B-02 | 3.460E 00 { 0.0 | 4.0322-01 | 0.0 { ®.974F-02 § 8.221B-01 | 9.755 00 | B.526F-03
3% 1.309%<02 3 9.3942 00 ; 0.0 1 5.2532-01 4 0.0 ! 5.565E-02 | 8.301E-0%Y ¢ 9.7762 00 § 6.149E-03
£t 1.3856-02 { Y.866F 01 1 0.0 i 6.3638-01 ¢ 0.0 1T 5.9158-02 { 8.L26E-01 § 9.8078 60 § 3.952E-03
T 4 J.46%g-02 § 3.0082 01 i 0.0 ¢ T.139E-01 ;3 0.0 i 6.015E-02 4 9.58%E-01 { 9.8u62 00 ) 2.166E-03
€ 2.9S7FE-02 § 4.271E 01 i 0.0 Y B.592E-01 | 0.0 | 6.377E-02 | £.7598-0% 7 9.8932 00 § 3.074E-03



-39

7.2 Example 2 - Steady-State Calculation for a Batch Extraction Process

This is an example of how a batch extraction process can be siuulated
with the SEPHIS program. This process is rather simple to describe but
difficult to imagine as a continuous operation which SEPHIS can handle.
One volume of aqueous is to be contacted with two portions of pure solvent.
A phase ratio (organic to aqueous) of 2:1 is to be used in each of the
two contacts. The two resulting organic solutions are to be combined
and stripped. Five strip contactg are to be made with 0.4 M nitric acid.
This phase ratio (2:1) is also to be used in the stripping operations.

The batch operation can be modeled by the SEPHIS program as a series
of crosscurrent contacts, as shown in Fig. 9. The strip contacts are in
stages 1-5, and the extraction contacts are in stages 6 and 7. The

following cards were used to perform the calculations.

27 0.3 25.0 1750

EXAMPLE 2

THIS IS5 A BATCH EXTRACTION PROCESS MODELED AS CROSS CURRENT CONTACTS.
1.0 1000.0 1000.0 0.0 1133110

11 2.0 0.4 6.0 0.0 0.0 0.0 0.0 25.0 1
21 2.0 0.8 0.0 9,0 0.0 0.0 0.0 25.0 1
31 2.0 0.4 0.0 0.0 0.0 0.0 0.0 25.0 1
uf 2,0 0.a 0.0 0.0 0.0 0.0 0.0 25.0 1
5 1 2.0 0.4 0.0 0.0 0.0 0.0 0.0 25.0 1
51 1.0 2.0 300.0 3.0 0.0 0.0 0.0 25.0 1
6 0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 25.0 1
70 2.0 0.0 0.0 0.0 0.0 0.0 0.0 25.0 0
11 3.0 1

2130 1

31 3.0 1

a1 3.0 1

51 3.0 0

2.0 300.0 3.0 0.0 0.0 0.0 25.0

0.0 0.0 0.0 0.0 0.0 0.0

2.0 300.0 3.0 0.0 0.0 2.0 25.0

0.0 0.0 0.0 0.0 0.0 .0

2.0 300.0 3.0 0.0 0.0 8.0 25.0

0.6 0.0 0.0 0.0 0.0 0.0

2.0 300.0 3.0 0.0 0.0 0.0 25.0

0.0 0.0 0.0 0.0 0.0 0.0

2.0 300.0 3.0 0.0 0.0 0.0 25.0

0.9 0.0 0.0 0.0 0.0 0.0

2.0 300.0 3.0 0.0 0.0 2.0 25.0

0.0 D.0 0.0 0.0 0.0 0.0

2.0 300.0 3.0 0.0 0.0 0.0 25.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0

The crosscurrent process has many more input and exit streams; hence, more
cards are required to describe the process. An initial profile is also
used in this example. 1In some calculations, the use of this profile

speeds the convergence to a steady~-state result.
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AQUEDUS
FEED
(zo a/min (zo 4/ min ) (zo a/min Y\ (2c;g/mm > (zo 2/ min ) ;g;JT;‘U
M HN 3 g
0.4 L os/ \o4 M HNO3 0.4 aviHNosl 0.4 M HNO3 0.4 M HNOz 30 g/8 Pu
2.0 M HNO
FIRST 3/
EXTRACT SURE
- i 2 3 4 5 8 —————
DEPLETED SOLVENT
ORGANIC , (20 &/mM)
& I i l l 30% TBP
FIFTH FOURTH THIRD SECOND FIRST
STRIP STRIP STRiP STRIP STRIP
SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION
SECOND PURE
7 —————
EXTRACT SOLVENT
; (20 a/min\
g \30% TBP)
DEPLETED
FEED
Fig. 9. Example 2, a batch operation
contacts.

simulated by crosscurrent



EXANPLE 2
TEIS IS A BRICH EXTRACTION PROCESS RODELYD AS CROSS CURRENT COMTACTS.

DTHETA = 1.CCC MINUTES PER TIME INCREHENT

DPRINT = 1000.000 RIROTES BEPREER PRINTING OF PROFILES
IFAST = 1 TPRE FAST INTEGRATION TECHWNIQUX RILL BE USED
THYS TIWME FERYICH WIIl END WHEN TIHF = TSTOP = 1000.000 AINUTES, OR A TOLERANCE OF TOL = D0.0100 % PER MINUTE IS RERCHED
ROMEER OF STACES = 7

REWIX = 1 NEW IRPOT FLOWS WILL BE GIVER

WESQUT = 1  ¥¥Y% COTPOT PIOWNS WFILL BE GIVEN

IVOL® = 3 MIXER VOLUMES DETRRMINED BY PHASE PLOW

ITvCLS = 3 SPTTIEF VCIUMES GIVEN BY PHASE FLOW

TERC = 1 A NEW IRITIAL PROPILE WILL BE RERD

IPRCH = © ¥C FONCRET CART CUTR2UT

¥STR = 1 ROUTIRG PATTERN OTHER TRAR KORMAL

ORGARRIC STRRAR EXTTING AT STAG? 7 PEEDS STAGE 5
TEXPT = 2.%CCE 01 IMITIAL 8 DEFAULT TEMPEPATORE

IRIF = 0 ¥C FEACTICRS WILL RF CORSIDERED

PEEL & PROTUCT STAGE WITRIC ACID ORANTUR PO (IV) PU (11T} REDUCTANT RITRATE ION PLOW RATE TENP
STRFAX DATR KG. 201 /1) 6Ly (5/1} (6/1) {40L /L) {#0L /1) (LAATH) 1<)
»corcos 1 8, 000 =0t 0.0 0.0 0.0 3.0 9.0 2.000% 00 25.0
AQUECDS 2 5, 000E=01 0.0 0.0 0.0 0.0 0.0 2.000E 00 25.0
AQUEODS 3 4. 0002-01 0.0 0.0 0.0 8.0 0.0 2.000E 00 25.0
ACUECOS 6 4,000 8=01 0.0 0.0 9.0 0.0 0.0 2.0008 00 25.0
XQUEGES 5 2. 000E-0 1 0.¢ 8.0 8.0 6.0 0.0 2. 000 00 25.0
AQUEOUS 6 2. 0008 00 3.000E 02 3.000% 00 0.0 0.0 8.0 1.000E 00 25,0
30.0 % TBE 6 3.0 0.0 0.0 9.0 0.0 0.0 2.0008 00 25.0
30.0 € TBE 7 5.0 0.0 0.0 0.0 9.0 0.0 2.000E 00 25.0
xQUEGTS 1 PRODUCT STREAN REMOYED (PLOW RATE TN MOLAL URITS) 3. 0008 0C
KCOTCES 2 PRCDUCT STREAM REMOVER (PLOW RATE IN BOLAL ONITS) 3,000 00
ACUECUS 3 PRODBCT STREAM RENOVED (FLOW RATE IN M0OLAL UNITS) 3.0008 090
AQUEODS & PRODUCT STREA® REHOVED (PLCR RATE IN NOLAL UNITS} 3.0008 G0
ACOECOS 5 FRCDOCT STRERR RENOVED (FLO® RATE IN NOLAL BRITS) 3.000E 00
STAGE 1} FIXER YOLUME BY PHASE | SPTTLER VOLUME BY PHASE | ATXIER FLOK RATE t THTERSTAGE PLOW RATE
¥O. {  AQOURODS f  ORGANIC 1 AQUBOUS t  ORGANIC 1 AQUEOUS | ORGARIC I AQUEOUS I ORGANIC
' ? 1 t t \ ! i
1§ 1.975P 80 {39668 D0 {1,975 DD ) 3.966F 00 &  1.975¢ 00 §  3.96BE 0D t 0.0 | 3.96€% 00
P LEIEE CC | 3.966B GO |  1:975B 00 {  3.966F 00 }  1.975E 00 {  3.966KE 00 { 0.0 I 39668 CC
3§  1.975F €O { 3.966F 00 t 1.975B 0G {  3.96€F 00 {  1.9758 00 {  3.966E 00 | 0.0 §  3.966E 00
¥ ) 1.975F 00 §  3.968% 00 ]  1,9%5¢ 00 |  3.966E 00 |  1.975E 00 )  3.9668 G0 t 0.0 1 3.956E 0C
E f  1.S7%F €O {  3.966F OO 1  T.9YSE GO t  3.366E GO ¢ 1.975E 00 t  3.966F GO 3 0.¢C i 3.366E 0C
6 f EB.453E-C1 §  1.983% 0C {  B.453E-01 {  1.983E 00 |  8.453E-GY ) 1,983 00 |  B.453B-CY |  1.983E 0C
7y 8.453F-01 |  1.983B 00 |  B.853E-0%1 § 1.883E 00 §  8.453¥-01 {  T.983E 00 {  8.453E-01 {  1.983E 00

_1:v~.



TRANSIENT SEHAVIOR RECSOLTS

TINE = 0.0
AQUFOOS FRRSE
STAGE
qO. ]
1
1
14
:
1
3
I
5§
8 1
£
LR
63
11

CRGAYIC THASE
STAGE ¢
Wo. 1t

dMn B WA -

= 20,00
QUFOUS FEASE
STAGE §
0.

TIN
A

-

§
9
i
§
1
1
§
1
i
)
s

DO TR W R Ry

ORGANTIC FHASE

STAGE |
Ho.

§
¢
1
1
i
i
1
1
i

NN S ey -

PYFUTES
RITRIC ACTDY URANIUM
(#0L/Ly | G/1)

i
2,014 00 13002
TRCDOCT STREAN
2,0%42 00 | 1,300
¥FCTOCT STREAN
2.08T 00 & 7.300%
FROTCCT STREAN
2.0%8F 00 3 1.300%
ERCTUCT STREAM
2.014g 00 { 4.3002
EFCLOCT STREAM
2,002f 00 1 1.10BE
2.CC2E 00 | 1.7¢C8E
NITRIC ACIDE OURANION
(30L /1) i 6/
1
S.753£-02 | 9.992%
€.7€32-02 § 9.992E
S.7%38-02 | 9.992F
S.7S3F-02 § 9.992F
.7%32-02 1 9.9922
€.133F-02 | 9.475E
6. 933%-02 | 9.475%
HINDTES
NITFIC ACID{ URARIUA
(oL/r) G/1)
i
3.9528-01 §  1.192%
FRCCOCT STREAM
3.94€E-01 § 1.540E
EFCLOCT STREAN
3.980%-01 1 2.005%
PR0TICT STREAM
4,232%-01 | 2.589E
SRCLOCT STREAM
£.,9862-01 ¢ 2.971%2
TRCTUCT STREAMR
1.983F 00 ¢ 8.507E
.5232 00 4 u.9SOE
RITBIC ACIDY URANIUH
{H0L/L) 1 {6/1)
1
u.6902-02 | 2.178E
q.€128-02 | 2.761E
4. 32S¥-02 | 3.517%
4.332%-02 § U4.U96E
£.731§-02 | S5.751
7.769E-02 §  1.062E
2.3692-01 ¢ 3.6412

92
02
02
02
02

02
02

04
01
01
01
01
01
01

01

01
20

091
09
01
01
0*
02
01

RIXER CONCENTRATION GIVEN

U (T7¥)
{6 /L}

1.9772 00
1.977E 00
9.977E 00
1.9778 00
1.977¢ 00
1.801g 00
1.801E 00
PO {IV)
{G/0)
6.402g-01
6.4022-01
6.402E-01
6.u028-01
6.4028-01

6.302E-01
6.3422-01

2T (IV)
(G /L3

5.4642-02
1.020E-01
1.927x-01
3.6222-01
6.0262-01
1.5%12 00
2.3828-01
PULIVY
{G/1y
3.228g-02
5.9328-02
1.0978-91
2.006E-01
3.B824E-0"

7.5022-0*
5. 9962-01

a

a

PO (TIT) Y REDOCTANT
1G/L3 1 {HOL/1)

|
0.0 | 0.0
0.0 1 0.0
2.0 ) 0.0
0.0 i0.0
0.0 t0.0
0.0 t 0.0
0.0 { 0.0
EXTRACTION| PO EXTRACT
PACTOR i FACHOR

]
1.4502 00 | 6.107E-0%
T.450%2 9% 3 6. 107 E-0%
1.450% 00 § 6.3075-01
1.450E 00 { 6.3107E-0%
1.4502 00 { 6.107%5-0%
1.895E 00 | 7.799E-01
1.895E 00 1 7.7992-0%
PU {III) | REDUCTANT
16 /L) I (MOL/Ty

|
0.0 | 0.0
0.0 | 0.0
0.0 | 0.0
0.0 § 0.0
0.0 1 0.0
0.0 i 0.0
0.0 i 0.0
EXTRACTION] PU EXTRACT
PACTOR t PACTOR

;
3.6682 00 § 1.188E 00
3.610E 00 § 3.371% 00
3.5358 00 | 1.147F 00
3.5028 00 3 1.3139% 00
3.8BS7E 00 § 3.277f 00
2.8052 00 | 1.087% 00
1.693E 01 1 5.79ZE 00

1
1
i
i

KITRATE IORY

{MOL/1)
0.0

'
!
i

{HNO3 EXTRACT|

§
!
3
1
1
1
!
|

FACTOR

5.3372-02
5.3372-02
5.387E-02
5.387%-0D2
S.387E-02
6.787e-02
6.787£-02

{MOL/L)
.0

0.0

FACTOR

2.387E-01
2.3027-01
2.190B-01
2.055£-01
7.934E-C1
8.8388-02
3.577E-01

1
t
t
t
t
{
§
i
t

NITRATE ION|

|
i

HWO3 EXTRACT{

|
1
1
{
1
!
i
i
1

DENSITY
{6/ aL)

1.269% 00
1. 2598 00
1. 2695 00
1.269€ 00
1.269E 00
1.2372 00
1.237 00
DENS ITY
{G/HL)
9.5332-01
9.5338-01
9.583E-01
9.5838-01
9.583E-01

9.510E-01
9.5190£-01

DENSITY
{G/ ML)

1.0262 00
$.031E 00
1.038¢€ 00
1.047E 00
1.05S9E 00
1.196E 00
1.056E 20
DENS ITY
{G/HL)
8.478€-01
B8.558E-01
8.6612-01
8.797£-01
8.979E-0 1

9.682e-01
8,766 E-01

NIXER PLOW

1L7aIn

2.2028
2.202E
2. 2028
2.202%
2,202
2.2028
2.2022
2.202%
2.2028
2.202E

9. 3568~
9.356%~

00
00
00
a0
00
00
00
00
00
20
01
01

FLOW RATE

{L/nINt

4.152E
4_1522
4.152E
4,1528
4. 1528
2.0732
2.0732

co
00
00
20
00
00
0o

MIXER FLOW

{L/HMIN}

2,007z
2,007
2.009€
2.0098
2.0132
2.073E
2.0t6g
2.018%
2.032¢2
2.032e

00
00

9.25898-01
8.886E-01

FLOH RATE

{L/RING

4.0372
4,0458
4.0568
4,070F
4.090E
2.0832
2.045E

I TENPERATURE
Y{CENTIGRADE)

2.500% 01
2.5008 01
2.5098 01
2.500% 01
2.500E 91

2.5008 01
2.5002 01

INYENTORY
CHANGY? {%)

!

i

{ 2.000E 02
{  2.000% 02
{ 2.000F 02
§  2:000E 02
1 2.0008 02
1 2.000% 02
1 2.000g 02

{TEMPERATURE
$(CENTIGRADE)

2.500% 0%
2.500% 01

2.500g 0%

2.500% 01
2.500¢ 01

2.500g 01
2.500F 01

| INVENTORY
I CHANGE (%)

9.436%-03
4.u57z-Cu
0.0
7.8338-05
5.928¢-05
0.0
0.0

..‘ny_
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The results of the calculations indicate the concentrations which
may be expected in all the batch contacts. A simple mass balance around
any stage demonstrates that the continuous crosscurrent process is
acceptable as a model of the batch process (as expected). Thus, the
SEPHIS program may be used for many processes other than continuous
countercurrent mixer-settlers. The calculation required only 0.6 sec of

computing time on the ORNL IBM 360/91.
7.3 Example 3 - Transient Calculation for Two Pulse Columns

Transient calculations usually require more information if a good
prediction is to be made. 1In this case, two pulse columns are modeled

as shown in Fig. 10. It should be noted that SHEPHIS-MOD4 is tailored

to simulate the actions of mixer-settlers rather than pulse columns. Each

mixer-settler stage modeled by SEPHIS-MOD4 is a theoretical stage. However,

columns are commonly characterized by their HETS (height equivalent to a
theoretical stage), so the changes in column concentration may also be

simulated by the program. The simulation is relatively crude, but it

should still provide a useful representation of the changes in concentration

which would occur in a column.

Since an accurate representation of the column is desired, the
volumes for the mixing and settling portions must be specified. These
volumes are crucial in determining the time delays associated with the
columns. In the interior section of the columns, the stage volume is
determined by the HETS. The split by phases is equal to the flow
ratio, and the split between the mixers and settlers is arbitrary.

At the ends of each column are phase disengaging sections and additional
piping. These volumes are simply added to the appropriate settler.

Thus, the volumes for column A are:

stage volume = HETS x column cross section

= 10 em x ™ x (4.5 cm)2 = 0.64 liter.

aqueous volumes = [A/(A + 0)] x stage volume = 0.14.

0.036 liter.

il

aqueous mixer volume = 0.25 x aqueous volume
aqueous settler volume = 0.11 liter.

Similarly, for the organic phase,
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DEPLETED
ORGANIC

SOLVENT

FY STRIP (IOO my /min )
| 3.0 M HNO,
COLUMN A
I.D.=39 cm
2 METS =10 cm
50 cm 3 fe—— REDUCTANT (u m & /min )
.75 M HAN
a
5
|
Cm_j 150 ma./min
2%58“? ¥ @ AQUEOUS | 300 g/.4 U
¢ 6 FEED 30 g/4 Pu
3.0 M HNO,
7
COLUMN B
I.D.=12 cm
100 cm 8 METS = 20 cm
9
10
[ & ORGANIC (350 mﬂ/min)

30% T&P

DEPLETED
AQUEOQUS

Fig. 10. Example 3, an extraction and partial partitioning column.
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organic mixer volume = 0.12 liter,

organic settler volume = 0.38 liter.

For stage 1, there is an additional 0.2 liter in the organic settler,
and in stage 5 the 0.2 liter 1s added to the aqueous settler. These
additional volumes are due to the disengaging sections.

The volumes for column B are determined in the same manner:

aqueous mixer volume = 0.17 liter,

aqueous settler volume = 0.51 liter,

organic mixer volume = 0.40 liter,

organic settler volume = 1.18 liters,

stage 6 organic settler volume = 1.70 liters,

stage 10 aqueous settler volume = .70 liter.

The situation being simulated is the complete loss of the small
reductant stream for 30 min. The input cards and results show how the
problem can be handled. The starting point is a steady-state profile
that was produced by an earlier computer run. Since this is a transient
case, the time increment is set to a value somewhat lower than the
shortest residence time in the columns. This helps the integration
routine follow the changes in concentration more accurately. After the
30 min have elapsed, the reductant stream is reinserted and the calculation
is continued for another 30 wmin. This calculation required 27 sec on

the ORNL IBM 360/91.
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EXRMPLE 3

THYS TS A TRANSIENT CASE FOR TWO COLURNS.
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FACR COLUAN HAS PIVE STAGES
WITE THE STACEZ VOLOMES DEYTERXINED BY THE COLUMN DIUBENSTONS.
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9 g 1.700E-01
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0.0

3.0008 02

. .
AEMOYED {PLOR RATE IR MOLAL

PO {XY)
{6/1}

0.0
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t  S.073E-02 ¢  3.8728-061 1} 9.0738-02 3.47IE-0Y

§ 9.0738~0Z }  3:472E-01 |  9.073p-02 {  3.4672E-0%

{ 9.0738~-02 { 3 4T2E-0v | 0.0 § 3.%728-0%

| 1.2228-01 ¢ 3.4T2¥-01 1,2228-01 (  3.472E-01

§ 1.222E-01 ) 3.472E-01 | 1.2228-0% } 3.472E-01

§ %.222B-01 } 3.8728-0%1 | 1.222E-01 | 3.6472F-01
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TPARSIZEY BEHAVICR RESJLTS ATXER CONCENTRATION GIVEN

TimE = {.C 4319972

KQUEODS FHASE

STACE | NITRIC ACTD{§ URAKION { 09U (IT} t PO {IIT) ¢ REDUCTANT | NITRATE TONj DENSITY { HIXER PLOY {TEMPRRATOAR
LT [§ {3 VT {G/LY 3 4G /L) } (G/L) i {MOLSL) I {30L/L) | (G /HL} [ 93341} t {CENTIGRADE)
i ! 1 1 i ! 1 i H
11 L.E38¥ 00 § 2.77CE 0% ¢ 0.0 )] 0.0 1 0.0 i 0.0 § 1. 140E 3 1.006B-01 § 4.0002 07
2 ] 2.708T 00 § 6,28ZE 01 ; 0.0 1 9.0 L I 9.0 t 1.159% 1.906%~01 &  4.000% 91
34 2.6L2Y 00 | Si564% 01 1 0.0 ¢ 0.0 £ 10720m-02 t 3.720E-02 §  1.178E 1.007E-01 §  4.000% 0%
§ 4 2.S%5C% 00 3 Y.190B 03 ) 0.0 1 6,889E-02 & 1.697E-92 1 1.716E-02 | 1,200% 1.0098-01 ¢ 64,0007 01
£1 2.473% 60 3 1.600% 02 ¢ 1.7472-02 ; 4.0832 00 i 0.0 ] 1.707E-02 | 1.26¢2 P T.0T4E-0% 1 4.000% 0%
S ¢ TRCTUCT STREAR § 0 %.0345-01
€ 1 3.000B CC § 3.009 62 7 2.873E 00 7 0.0 1 0.0 { 0.0 ¢ 1.6198 00 ( 3.500%8-91 §  4,.000% 99
71 Z.004E 00 § 2.998E 02 § 2.737E 00 ¢ 0.0 i 6.0 1 0.0 1 1.619E 30 | 1.500E-07 | &.000L 01
€ 1 3.051% 00 § 98422 02 § 2.5522 00 ¢ 0.9 pooclo { 0.0 iO1.81%E 00 | 1.499%-0% | 4.000% 01
S § 3.4%2 00 § 22358 02 4 1.906E 00 7 0.0 1 0.0 1 0.0 t 1.504E 00 | 1,484B-01 ; 4,000FE 07
€ 1 3.1628 00 § 2.744B 01 | 2.6742-01 1 0.0 I G.C i 0.9 § 1.143E 00 ) 3.3832-01 1 G.000E 014
ORGANIC $HASE
STACE § HITRYC ACID| URANIOR | PO(IN 10U EXTRACTION{ PU EXTRACT |HNO3J EXTRACT{ DENSITY Y FLOW RATE { INVENTORY
HC.  § {BCI/) i {6/1) t (G/L} ¢ FACTOR i ?ACTOR § PACTOR g (G/8L} 1 (L/MIN) { CHANGE (%)
3 1 ! § 1 i i i !
11 2.006B-071 | 2.76G8E 01 { 0.0 tO1.188E 01 1 0.0 1 2.6%3E-01 | 9.484E-071 § 3,639E-07 ] 2.000% 02
21 1.628F-01 | 9.S098 01 | 0.0 1 B8.035E 00 | 0.0 }2.147B-01 & 9.5372-0% 1 3.6422-0% { 2.000E 02
34 S.3IB9E-0% 4 9.971u4E $1 | 0.0 f 6.847E 0C i 0.0 3 1.902E-01 1 9.589F-0% ; 3.6442-03% i 2.G0GE 02
47 1.187P-0% y  1.028B 02 | 0.0 | S.I6ME 00 ¢ 9.9 1 1.681E-01 ) 9.836E-D0% § 3,646E-07 { 2.000E 02
% 5.6792-02 ) 1,073 02 | 9.230B-02 | 3.850F 00 ) 1.079%-02 } .4713E-01 | 9.8912~01 | 3.649:-01 t 2.000% 02
54 5.958¥-02 | L 9S1E 02 { 1,139 00 | 9.3u32-0% § 9.5952-01 { 4.047P-02 | 9.871E-01 t 3.6562-01 } 2.000E 02
71 5.969E-02 1 11572 02 { 1.0792 00 3 9.3588-09 ¢ 9.609E-01 ; 8.843E-02 | 9.8108-01 { 3.6562-01 § 2.000%® ¢2
€4 £.1172-02 3 1.150% 02 4 1.023% 00 5 9,5322-071 | 9.7755-01 | 4.389E-02 | 9.8085-01 | 3.6565-01 f 2.000% G2
9 B8.005E-02 4 1.127E 02 | 9.8702-0% y 1.2628 00 § 1.223E 00 | S.850E-02 | 9.7805-01 { 3.6558-01 t 2.0002 02
10§ 2.4398-01 { B.3058 01§ 6.7772-01 | 1.036E 01} 5.768E 00 { 2.073%-01 § 9.406F-01 { 3.6407-01 t  2.000E 02
TivE = 1C.CC MWINDIRS
AQUECUS TAASE
STAGE { RITRIC ACYD{ URANIOM 1oPU (I i PT (IIT) | R2DUCTANT | NYTRATE ION{ DENSITY | MIXZR PLOW |TEMPERATURE
dC. (ECL/L) 3 {6/L) i {G/1) ! (6/1) i (MOL/L) 1 (#oL/1) 1 {G/H8L) i (L/8TH) { {CENTIGRADE)
] 1 | | 1 ! § i i
14 2,838 00 | 2.7572 0% { Y.5452~01 ] 0.0 1 0.0 1 0.0 Y T.38CE 00 | 7.004¥-01 | 4.000E 01
2 F 2.709F 00 | 4.2518 01 3 3.493B-D% i 0.0 §0.0 1 0.0 {1,960 00 ) 1.006E-0% | 4.000F 01
3y 2.670F 00 | 5.548F 01°1 5.9558-01 7 2.887E-12 ] 0.0 I 1.208E-%6 1 1,1772 00 | 1.008E-01 | 4.000E O1
4 ) 2.57%E 00 { 7.17SE 01 | 9.118E-01 ¢  1.0898-07 | 0.0 }OBLS5TE-I0 1 .%99E 00 | 1.010%-01 | 4.000E 01
€1 2.43%F 00 { 7.026% 02 § 1.426E 00 | 6.9278-05 3 0.0 i 2.0612-07 1 1.243E 20 { 1.016B-0% { 4.000E G%
S § EECCUCT STHERS i 1.0168-01 1
€1 3.0C0F 00 ¢ 3.00%2 02 | 2.8738 00 7 0.0 1 0.0 1 0.0 { 9.619B 00 { 1.500%-01 | 6.000E 01
T Z.0C4E 00 § 2.998% 02 § 2.7372 00 § 0.0 0.0 { 0.0 i 1.6198 00 | 3.500E-0% § 4.000E 0%
8 3 2.0%7F 00 1 2.982F 092 { 2.552F 00 § 0.0 i 0.0 1 0.0 i 1.8112 00 | 1.4992-0% 1 4.000E 01
S 4 3.484F 00 ) 2,2362 02 { 4.908E 00 § 0.0 | 0.0 i 0.0 v 1.S504F 00 | 1. 484E-07 | 4.000F 0%
C § 3,141 00 4 2.%642 07 3 2.674B=01 i 0.0 0.9 i 0.0 1 1,143 00 3 1.363E-0 i 4.000E 0%
ORGANIC YAASE
STACEZ § WITRYC ACID} ORANIOM 3  PU{IV) iU EXTRACTION| PU EXTRACT {HNO3 BLITRACT| DENSITY 1 PLO4 RATE | INVENTORY
HC. §  {ECL/1) H {G/L) H Gr1) H FACTOR ] FACTOR i PACTOR ) (G/AL) i {L/BIE) i CHANGE {%)
1 i i i 1 1 ! i i
Tt 2.0672-01 4 8.7132 01 ¢ 3.0712-07 ¢ 1. 946E 07 1 7.205F 00 § 2.614F-07 i 9.844E-01 { 3.639E-01% { 2.8772 01
2} 1.631E-01 1 9.449% 01 ¢ .9132-0% } B.049Z 00 | 5.093% 00 | 2.148B-01 { 9.539E-01 | 3.6438-01 | 1.634% 01
39 1.399F-01 ¢ 9.887% 071 ) 6.7228-01 31 6.479% 00 | U.083E 00 1 4.894F-01 { 9.597P-0%1 { 3.645E-01 { B8.642F 00
1 1.1%32-01 9 1.0208 02 3y 8.3082-07 4 S5.131E 00 { 3.288F 00 | 1.672E~071 | 9.637E-C1 { 3.6472-01 | 3.942¢ G
S04 9.4372-02 §  1.0652 02 3 9.6BIE-0Y i 3.730F 00 | 2,439F 00 t 1.391E-01 i 9.696B-0% & 3.6498-01 § 1.3318 OO
6 4 S5.958F-02 | 11572 02 { 1.%39E 00 § 9.348E-01 1 9.5968-01 ; U4.840F-02 { 9.8118-01 1 3.656E-01 i 1.5822-03
74 5.970¥-02 31 LISTE 02 { 4.079E 00 1 9.3678-01 1 9.609E-0Y { 4.888E-02 | S.E11E-03 { 3.656E-01 i 5.389E-04
e § $.3178-02 | 1.95CE 02 3 t:023E 00 § 9.5328-01 ] 9.778:-01 i 4.339P-02 } 9.8083-0% : 3.6562~01 1 1.2322-03
9t 8.005F-G2 § 1.1272 02 7 9.870B-0% | 1.202E 00 § 1.223% 00 §{ S5.56028-02 { 9.780P-0%1 { 3.6558-01 § 6.549%-04
10 1 2.0392-0% 3 8.306E 071 | 6.776B-01 § 1.035& 01§ 6.768% 00 { 2.0737-97 | 9.806E-C: § 3.680E-G3 § 2. 107%-03



TiRE = 2¢.C0 AINDIES
1QUECYS THASE

STRCE { WITRIC ACIDY{ URANIO®  t PO (1V¥) ! pp (ITIT) | REDUECTANT | RITRATE IONt DENSITY { MIXER PLOW {TEXPERATORE
| (eCLsLy 0t ({729 t (G /LY 1 4G/L) t {moL/L) 1 {mOL/L) 1 (c/uL) t (L/BIN) { (CENTIGRALDE}
i t 1 § $ t \ i t
Y3 2.€378 80 v 2.746E 01 §  3.489E-01 ¢ 0.0 t 0.9 1 0.0 i 1.140E 00 ¢ 1,00e-0% y u,Q00E 01
2 f{ 2.76%E 00y 8,251E O1 { 5.698B-0% § 0.0 t 0.0 i 0.0 t 1.160E 00 § 1,006E-0%1 { 4.000E 0%
3 ) 2,668Y DO § S5.57VE 01 | 7.7328-01 { O.¢C 1 0.0 [N t WA77E 00 | 1.008E-01 ¢ 4.000E Ot
& § Z.573F 0G0y 7.,2208 Ot} 1.0278 00 1 0.0 i 0.0 t 0.C | 1.200F 00 § 1.010E-01 { 4.DODE 01
5} ZJ.R3IAE 00 T NL03ITE 02 )} 1.483R 00 {  Z2.022E-15 | 040 t A.4A5E-18 | 1.284E 00 ¢ 1.016E-01 { 4.000E 01
% § TRCLUCT STREAR t 1.016E-01 ¢t
£} 3.0C0F Q0 ¢ 3.001 02 1 2.8738 00 | (.0 t 0.0 t 0.0 f 1.619E 00 § 1.500E-01 § 6.00CE 01
7 ¢ 3,004 00 | 2,998E 02 ¢ 2.737E 00 ¢ 0.0 1 0.¢ { 0.0 { 1.6198 09 § 1.5008-0% | 4.000F 01
8 1 3,05%% 00 t 2.982F 02 | 2.552E D} C.C o0 t 0.0 t 1.6%1E 00 | 1.899E-01 t #.000F 01
2 4 3,408F 06 t 2,2348 82 ¢ $.3C8E 20 ¢ O.C 0.0 t  0.C f 1.50%E 0C §  f.uBaE-0% § 4,000 01
¢ 1 3.%41E D0 ¢ 2.1438 O1 | 2.873B-01 § 0.0 i 0.0 | 0.0 T t.143E 00 {  1.363E-01 | 4.000E 01
CRGRNIC YHASE
STAEE { RITRIC ACYDY{ ORARIU® ¢ PO(TD t0 EXTRACTION| PO BITRACT {HNO3 EXTRACT{ DENSITY } PLOR RATE t INVENTORY
C. t {RCL/I) Y (/L) 1 (G/L) 1 FACTOR t FRCTOR }  FACTOR t (G/ 4L} 1 (L/RIN) | CHANGE (%)
i 1 t t t t § | i
1§ 2.086E-01 { B.876E 01 { 5.90318=01 3 1.1658 01 7.202F 00} 2.61GE-01 1 9,046E-01 § 3,638E-01 ¢ 1.QLIE OO
2§ 4.6ZFE-01 f 9.424E 01 | 7.9928-01 { 8.027E 00 { 5.079t 00 { 2.745B-01 { 9.580B-01 1 3.643B-0% | 7.096E-01
34 1.393P-01 { 9.836E 01 | B.685E-01 { 6.3858 00 | U.062E 00 { 1.889E-01 { 9.593B-01 | 3.6458-01 1 4.072E-0t
W f 1.187E-0% | 1.0202 02 1 9.3008-0% | 5.09%E 00 { 3,26BF 00 | 1.656F-01 | 9.639¥-01 | 3.647E-0% | 1.3612-01
% 3 9.u05FE-DZ | 1.066E 62 1| 1.0C3F OO 1 I, IIME S0 b 2.u2BY 00 1 1.3B7E-01 } 9.697E-01 | 3.6849E-01 | 7.040E-D2
6] 5.9582-02 § 1. 151E 02 | 1, 1318 00 { 9,388BE-0% | 9.596E-0% } 0,B40B-02 | 9.811E-01 { 3,656E-01 ¢ 6.751E-04
% p %, tILP-02 ¢ 1.1%1R G2 1.079E 00 §  9.360E-071 } 9.60%p-01 | 4.803g-02 t $.8¥1E-01 | 3.6568-01% ¢ &, ITFE-0C
8t 6.1188-02 { 1.1508 02 { 1.023¢ 20 | 9.531E-01 } 2.778P-0% 1 4.889E-02 { 9.808-01 | 3.656B-01 { 5.0272-04
3 4 8.008E=02 | Y.1278 02 { 9.070E-01 { 1,203F G { 1.223F 00 § 5.661E-02 § 9,780B-C1 ) 3,6558-01 3 8,3578-0%
S0y 2.4¥9¥-01 | ©.3058 01 ¢ 6.7TEE=GY § 1.0358 01 f 6,FE9F 00 ¢ 2.074E-0Y {  S.406¥-01 | 3.640¥~01 { €,998E-08
TIRE = 30,00 MIRBTES
AQUELUS FHASY
STRCE ¢ WITRIC ACIDY URARIBE § PU (IV) t PO (II1) t REDUCTANT | ¥ITRATE IONf DENSITY { SIXER ¥LOR |TEMPERATURE
| T (RCLFYy 16/1) 1 (6/L) t {6/L) 1 fmOL/LY 1 {moL L} | {G/nLY V{L/NINY { {CENTIGRRDE}
' 4 i L t ! ) ! t
Ty 2.€37F 00 | 2.789R 91} 3.622B-0%t ¢ 0.0 t 0.0 1 0.8 § 1.1408 00 { 1. 008E-CY } b5, 000F €1
21 2.747%% Q0 ¢ 4,259% €Y 1 3.845E-01 3 0.0 $ 0.0 t 0.0 | 1.%60E 00 { 71.006E-0%1 § 4.D00X 01
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¢y 3,885 GO ¢ 2. 23%E 02 } t.9C8¥ 00 { 0.0 | e.¢ [N t 1.304% 00§ T.080R-07 34,0002 01
101 3,182F 0D | 2,183R 21 ¢ 2.673B~0% b Q.Q i 0.0 t 0.0 ¢ 1.MW3IE 00 1 .383E-01 1 4.0008 Q1
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G f t.1ES5¥-01 { 1.020E 02 3 9.38TB-01 1 5, 090E 00 § 3.263F 00 ¢ .E6UE-01 § 9.6398-01 t 3,4072-01 { A8ZE-02
€ § 9.35FE-02 3} 1.0862 02 f 1.005KE 00 f 3,706E 00 } 2,426F 00 1} 1.3@68-01 9,698E-0% }  3.6438-01 ¢ 6.985E-03
§ 1 5,8%9802 ¢ 1. 159E 92 3 1,131 30 } 8.38EE-01 | 9.596E-U1 } G.B840E-0Z } 9.811E-01 { 3.636E-01 | B8.273E-04
33 5.970B=3Z 4 1. 153 €2 1 1.079e 00 § 9.360F-01 1 $.60%8-01 1 6. 803E-02 } 3.611E-0% ¢ 3,656-01 ¢ 5,1388-0
£ 7 €.33€2-07 11,1508 02 ¢ 1.023T 00 § 9.531e~01 ¢ 9, T7T6X-01 { 4.B889E-02 f Y.808E-01 { 3.6562-0V ¢ 0.0
¢ 5 §.006E-02 ] 1. 12TE 02 1 9.8712-01 1 §.363% 00 ¢ 1, 223E 80 t S.661E-02 t 9. 7BO0E-01  3I.8552-01 1 3,6978-08
10 3 2,%39¥-0t ¢ 8, 3052 01 § 6. 7TEZ-C3 1,035 0% § & FI0F OO0 1 2.074E-01 ¢ 9.8062-=01 p 3. 6208-03% tp 7.9958-04



CALCULATIONS POR A SOLYENT ZXTRACTION PROCESS HAVING INTERACTING SOLUTES

EXAMDLE 3

THIL IS A TRAXSIERT CASY¥ POR T90 COLUMNS., £ACF COLUMN HAS PI7E STAGES

9ITE THE STACY YOLUBZS DETERMINED ©BY TRE COLUMN DIWENSIONS. AN INITIAL PROFILE
HAS BEEW PREVICUSIY CALCOLATED, AND TS5 USED AS A STARTING POINT FOR THIS

RON. TFE SITOATION BHEZYKG MODRLED IS THY¥ COMPLETE LOSS OF THE REDUCTANT

STREAA IN STACY¥ 3. RETER THIRTY MYNOUTES &ITY NC REDDCTANT, THY STREAM 1§
TURXED OW ANI TRE CONCYNTRATICN POLOWED POR ANOTHER TRIRTY MINOTES.

DTRETA = C.12% HIVUTES PER TIME INCREMENT

DPRINT = 1C.000 ATWUTES PETREEN PRINTING OF PROPILES

T¥AST = O TFE RUNGE~KUITA INTEGRATION WILL BE 0SED

THIS TINE FEFIC)D WIIL EXD WHEN TINE = TSTOP = 30.000 MINUTES, OR A TOLERANCE OF TOL = 0.0100 % PER MINUTE IS REACHED
HOMEER OF STACES = 10

AERIN = 7 ¥EF INPOT PLOYS WILL BE GIVEW

¥FPROOT = 1 FEY COTFIT PIONS WILL BE GIVER

T9CIH = 0 MIXFR VOLUHES WILL BER DNCHANGED

I9CLS = 0 SETTI¥S VCLUFES 9TLL BF UNCHAHCGED
Y¥R0 = 0 A NEW INITIAL PROFILE WILL NOT BE READ
I1PNCh 0 ¥C FOWCHEL CARD CUTPUT

yeTe = 0 RO ONUEOAL ROUTING PATTERN

TEAPI = G6.000Z Ot INITIAL & DEPAULT TEXPERATURE
IPTR = 1 IRSTANTANPOUS REDUCTION OF PIUTONTOA

FYED & PRCDUCT STAGE NITRIC ACID URANTON 27 {IV) 0 (IID) REDUCTANT NITRATE ION PLOW RATE TENP
STFEAM TATA MC. {10L/1) {G/L) {G/L) G/ (MOoL/L {MOL/L} {L/NIN} {C)
AQUEOUS 1 3.000F 09 0.0 0.0 3.0 0.0 0.0 1. 000B-01 40.0
ACDECUS 3 0.0 0.0 0.0 0.0 . 750E 00 1.750E 00 1.000E-03 40.0
ACUECUS 6 3.000% 00 3.000z7 02 3.000F 00 0.9 c.0 0.0 1.500%-01 40.0
30.C % 98P 1C c.2 0.0 0.0 0.0 o.c 0.0 3.50GE-01 4c.0
ACCY¥COS & ERODUCT STREAM REMOVED (FLOW RATE IN NOLAL UNITS) 1.000E 01
STAGE PIXYE YCLURE BY PHASE I SETTLER VOLUHE BT PHASE | MIXER TLOW RATT i INTERSTAGE PLOW RATE
HO. 3 AQUEO9S H ORGANIC } RGUBCOS 1 ORGANIC 1 AQUEGUS i ORGANIC i AQUEQUS ] ORGANIC
i i i i 1 i | i
1T 3.6002-02 1. 200E-01 1.900E~071 5.8008-01 9.0732-02 3.4728-01 | 9.073B-02 1 3.472E-01
FI | IL€CC2-C2 1.2002-01 ¢ YL.Y00E-CY g 3.8008-31 9.0737-02 3.4722-01 9.0738-02 | 3.u722-01
3 g L€0CF-02 ) 1.200-01 1.300E-0Y 3.B00E-01 9.1682-02 4 3.6728-0% ) 9.168E~-02 | 3.472E-01
4 3.8007-02 | 1.2008-01 ¢ 1.7008-01 | 3.8C0E-03 9.1632-02 3.4722-01 | S.1688-02 3.4722-01
€ i 1.eccE-C2 1.200E-01 3.700E-91 3.8008-07 ¢ 9.168E-02 3.e722-01 ) 2. | 3.4728-01
€ 3 j.709¥-01 4.0002-01 ¢ 5.1002-0% 1.70CE 0C ) 1.222E-07 3.4728-01 } 1.222E-0% 3.472E-01
7 1.7002-01 ¢ 8,000E-01 ¢ 5.1002-01 ¢ 1-1808 00 4 3.2222-01 3. 472F-01 | 1.222E-017 3.4728-01
8 1.7¢Ce=-C1 ) 4.000E-01 5. 1008-01 4 T.1808 00 ¥ 1.2222-0% 3.472E-01 ¢ 1.2228-01 ) 3.4728~07%
9 1.7Cop-C1 4.0002-01 ¢ 5.9008-0% ¢ 1.180f 00 1.222E-01 ¢ J.e722-01 1.2228-01 3.472E-01
10 ¢ 1.7002-0% | 4.0002-01 ¢ 7.000B-07 1.180 €O} 1.222E-01 ¢ 3.4728-01 | 1.2228-01 3.4728-01
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AQUEOUS TEASE

STAEE |

RO,

-

ORGARIC FER
STRG
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-

(SIS L PEURV. IR AN e

'

SE

Bt

SO ) e S G Ry

L
§
§
!
\
4
{
}
!
1
1
1

RYRUTES

FITEIC RCIDY
(AOL/LY

t

1
2.8372 00
2.7478 00
2.£68% 00 |
2,572F 00 t
2.838% 00
FRODECT STREAN
3.0002 00 ¢
3.008E 00 1§
3,651 06
3. 4858 00 |
3.482¥ 00 |

RITRIC ACIDY
tMOL/L)

!

)
2.000E-01
1. 625801 ¢
1. 3629-01 |
1. 1863-01 |
q.3975-02 |
£ S88E-02 1
T 97CF~02 |
6. 118E-02 |
2.CCER-02 §
2.439E-01

FLWUTES

XTTHIC ACID
("CL/LY

1
'
1
2.84%E 00 1
2,753 00 1
Z.653F 00
2.53S5 00
2.388Y 00
PROLTCT STREAM
3,000% 00 |
3.008% 00 |
3.051E 00 4
2. 4BSE 00
1.182% 00 1%

RITRIC ACIDG®
(RCLL)

t
[
2.079¥-01 t
1.6772-01 ¢
1. 4539-01 |
1.2538-01 |
9.5332-02
£

t

t

1

t

K. 85ep-02
€. 97CF-02
6. 1185-02
8.GL6R-02
2.440E-01

URARTIUM
c/1)

2. 7492 01
8.259%F 0%
5.582E 01
7. 2348 01
1.032E 02

LGO1E 02
2.9%88 02
2.%428 02
2.2368 @2
2.1u38 0%

URA®IUR
(G/1)

8.676% 0%
3.u25E 01
9.8382 0%
1. 0208 02
1. 0662 02
1.1512 @2
1.1518 ¢

1. 15CE 62
1.127 02
B.305E ¢1

TRANION
G/L

2. 6818 01
4. 054% 0%
5.1128 0%
6. 3u8E 01
3.685% 01

3,001 02
2.99%8® 02
2.,9422 02
2,234t 02
2. 143 01

GRaKIO®
(671}

8.686% 01
9.8102 01
9.789E 01
1.0132 02
10638 02
1.151% 02
1.1512 02
1. 1508 02
1.1278 02
8.305% 01

NIXER CONCENTEATION STIPEN

PO (1Y)
{8 /L)

3.6222-01
5.8458-01
7.8498-01%
1.0352 00
1. 4B8E 00

2.873® 00
2.7272 08
2.352E OO
1.308F 00
2.6738-01

20 {1¥)
(6 1)

F.18688-01
8. 18%8-01
8.8018-01%
9.3578-01
1.0052 00¢
1.131E 00
1,079% 00
1.0232 0C
9.8712-01
6.776E=01

PO (1IV)
{6 /1)

1.3518-03
6,893E-06
5.0

2.641F-02

1. 187E 0OC |

2.873e 00
2.7378 00
2.55Z8 00
1.908¢ 00
2.673g-01

PR {1v)
{6/

2.7152¥-03
1.0422-03
0.0

2.6848-02
8.4898-01
1.1318 00
1.0792 006
3. 0238 GO
9.471E-C1
6.7T6%-01

Q

PO (IIT)
(671}

!
'
\
!
§
|
i
l

cooDaaq
e
SRR RN

ocooo o
PR NP
ooQo

EXTRACTION
PACTOR

!

{
1. 384E 21 ¢
8.018F 00 |
6.308E 00 |
5.038E 00 §
3.6€682 00
9.348E-G1
9.3608-01 |
9.531g-01 }
1.293F 60
1.035% 01 |

P8 {111)
(G/L)

0.0
0.0
6.0158-01
4,148 00
4. 086E CC

EXTRRACTION
PACTOR

1. 1748 01
8, 4098 -0OC
6.86u4F 00
S, 7248 00
3.%128 0Q
9.348¥-01
9.360E-01
9,5312-01%
1. 2432 00
1.0352 0% o

REDUCTIANY
{MOoL/1)

«
(=]

VOOV DO

PO EXTRACT
PACTOR

T. 194 00
5.071E QO
2.9213F 00
3.229E 00
2.4CG1E 00
9. 5961-01
9.609¥-01
9.778E-01
1.223F 00
§.770F 0

REDUC TANT
(MOL/L)

0.0

T0E-02

SO a0

ODOOL ODEC

PO EXTRACT
PACICR

7. 3828 0O
5.312¢ 00
0.0

2.325%-902
5.7398-01
9.5962-01
9.609%-01
5.7788-0%
1.223% 00
6.771E 30

RITRATE ION)
{ROL/1}

§
!
'
!
1
|
t

oo

DoOUO Qa0 O

DOSDO

i
t
i
!
t

{HNO3 EXTRACT
FACTOR

t

1

1
2.61%25-01%1
2.103E-01 4
1.887E-01
1.6472-0%Y ¢
1.3728-C1
4.8408-02 3
2.843p-02 ¢
4.883E-02 ¢
5.661E-02 ¢
2.07uE-01 4

NITRATE YON{
{moL/1)

o
By

¢
l
f
0.0 ]
t.722E-02 4
1.721E-02 ¢
1.T10E-02 |

ococa
R
oo

tH¥03 EXTRACT)
YACTOR

|

t

| 2.650E-01
| 2.202E-01
1 1.9638-01
1 1.772E~01
! 1.623E-01
1 8.840E-02
| 4.803E-02
f %.8898-02
§f 5.861R-072
! 2.074E-01

DENSTTY
(G/ ML}

1.1408 00
1. 160E 00
1.1768E 00
1.208408 00
1,204 CO

1.6198 GO
1.619E ¢0
.611F 20
1.5048 0T
1.3 00

DEKSITY
(G/ ML}

9.2a6E~-01
9.541E-G1
$.593p-01
9.639E-01
9.8638¥F-01
$.811E-01
9.811-01
9.8C8F-01
9.780E-01
9.406¥F-C1

DERSITY
(G/ LY

1.138% 00
1. 156E 00
1.%73E 00
1.193F ¢¢
1. 242F 00

1.6198 §0
1.618E 00
1.6118 30
1.504F 00
1. M3E 00

DENSITY
{6/ 8L}

G.436m-01
3.526E-01
9.5738-01
9.6168~01%
9.691E-01
9.8118-01
2.811p-01
9.8088-01
9.720E~-01
9.406E-01

MIXEBR PLOW
{L/8IN}

1.0042-01
1.006R-01
1. 0188~ 1
1.0218-~01%
1.0278-01
1. 027E~01
1.5008-01
1. 500E~01
1. 899E~01
1.0 34E~01
1.3638~01

FLOR RATE
RYZET

3.639E-01
3.6u32-01
3,645R-01
3.6472-01
3. 64901
3. 658E-01
3.6568¥-01
A 656E-01
3.655E-D1
3.6408-01

XIYER FLOW
{(L/nIX)

1.0048-01
1.005E-01%
1.0 16E~CY
1.0178-01
1.0288-0 1
1.0288-01
t.5008-01
1.5008-01
1. #99E-01
1, 488E-01
1L 363E-01

FLOR RATE
{L/78TR)

3.6382-01
3,B62E-01
1666201
3.6358-01
3.609E-01
L 656E~01
3656803
3.6568-01
3.6558=01
3.6608-01

JTENPEKATORE
[{CENTIGRADE)

4.0008 09
4. 000F G1F
4. 000E 0%
4.0008 01
8. 0008 €1

4.000F 01
4. 0008 OY
¥.0C08 01
4,000F €1
8,000 O

IRVENTORY
CHR¥GE (%}

6.1208-02
n.28€E-02
2. 7T847E-02
1.8428-02
6.955E-C3
8.273E-Cb
5.138%-04
0.0

3.697E-0C4
7.9958-04

RPERRTURE
ENTIGEADE)

€

4.000E 21
4.G00E 01
84.000E 01
4.000F 01
4.00CE 01

4.000F 01
4,000E 01
4,000E 01
4.0002 D1
4.0Q00E 01

TNVERTCRY
CHAKGE {%)

6.734E 0%
7.8648E 01
5.421E 1
3.8238 G2
2.625E (0
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STAGE 1
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i

TI4E = 3¢.00

AQUEQUS ETRASE

STAC
¥0.

-

ORGANIC F¥ASE

STAG
RO,

-

¥

CRH BB B ol

?

OB @I E N -

i
3
}
§
i
[
1
i
§
3
i
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TIXOTES

WITRIC ACIDY

{901/1)

2.882% 00
2.7562 00
2. 8572 00
2.559% 00
2.80672 00

PRODUCT STR

3.000F 00
3.00872 00
1.0812 00
3.485¢ (O
3.102¥ CC

1
t
3
i
]
!
1
ZAM
I
1
1
¥
i

FITRIC ACTD?

4$30L /LY

2.0772-01
1. 669E-01
1.481E-01
1.207¥-01
9.852¢-02
T.Scep-02
5.970¥-02
6o 1187-02
2.0872-02
2.840¥-GY

¥TADTES

i
§
3
3
i
§
1
i
§
t
1

NITRIC ACIDY

{401 /L)

2.889F 00
2.7%28 00
2.€528 00
2.562F GO
2.812% 09

1

3

i
!
i
{
1

FROLCCT STREANM

3.000% 00
3.004% OO
1,057 OO
2, 48¢¥ 00
3.142% 00

£
!
|
1
{

RITEIC ACID

{a0L/1)

2,0687-01
1.6568~01
1.4232-01
1. 226 =01
“.8957-02
€.CS€2-02
€. 97CE-02
6. 1188-02
g.0CTe-02
2.4u0¥-01

JRANION
e/}

2.68%7¢ 01
u,089% 01
.2%3 0%
6. 54932 01
9.26 1% 0%

3.0012 02
2.9982 02
2.942% 02
2.2342 02
2. 163e 91

OURARTO X
G/

8.6839E 01
9.u2u% 01
9.816E 01
1.016% 02
1.0528 02
1.1512 02
1. 1512 02
% 150B 02
.92 0z
3. 3058 01

GRANIUH
G/

27097 01
L. 1882 01
S.334E 09
6. 7952 O
9. 2382 01

30018 02
2.993% 02
2.942F 02
2.23u% 02
2. 1432 ¢1

URANTU
G/

8.,705% 01
9.483% 01
9.850% 01
%.0208 02
9.C863E 02
1.1518 02
.91 02
1. 1507 02
1.1278 02
8.3058 91

PU {I7)
(G /1)

1.250E-06
6.3542-07
0.0
0.0
3.8%38-01

2.873¢ 00
2.7372 00
2.5%52z¢ 0C
1.908¢ 00
2.6732-01

PO {X7)
(G

2.5428-06
9.3102-07
0.0

2.0

2.8978-01
1.131% 00
1.079e 00
1.0232 00
9.471E-0C1
6.7762-~01

PU (IV)
G /1)

1.1652-09
6.0002-10
0.0
2.0
6.38598~02

2.8732 00
2.737E2 00
2.552® 00
1.908% 00
2.6738~01

6.77€2~0%

a

Py 1Y)
1G/1}

oo
P
oo

EXTRACTION
PACTOR

1. 1722 01
8.3u92 00
6.747E 00
5. 5588 00
8,092 00
9.3482-01
9.362E-01
9.531E-01
t.2432 €0
1.035% 01

PI {TTI)
6/1)

0.0
0.0
1.924E-09
2.548E-01
4.092E 09

EXTRACTION|
FACTOR

1
|
1. 765E 01 )
B8.251E 00 1}
§,616% 00
5.372% 00 3
4,082 00 ¢
9.3488-01 3
Q,350E-01 4
9.5312-01 3
1.243F 00 ¢
1.0352 01 ¢

REDUCTANT
{B0L/1}

0.0
2.0
1. 721¥-02
1. 195E-02

PU EXTRACT
FACTOR

7. 369E 00
5.274% 00
0.0

0.0

2.3098-01
9.5963%-01
9.6092-01
9.7788-01
1.223F 00
6.779% 03

REDUCTIANT
{8OL/)

G. 0
0.0
1. 720E-02
1.61312-02

PO EXTRACT
FACTOR

7.321% 00
54213 00
0.0

0.0

4.398E-02
3.596F-01
9.609E-01
9.778E-01
Y.223F 00
6.771F 00

TITRATE IOW)
{8OL/1)

1

|

0.0 1
[ ] 1
1

4

1

1.721E-02
1.719E-02
3.7128-02

CcCoooo
e
OO

}AN03 BXTRACT(
| #ACTOR
! t
| 2.648E-01 |
| 2.194E-01 4
1.9438-07 |
1.745E-01 )
i
1
1
|
]

1.6612-01
4.840F-02
6.853E-02
G.B8B9E-C2
5.661E-02
2.0742-01

! NITRATE ION|
{8OL/L)

! 1
| !
{1 0.0 1
1 0.0 1
1 1.7202-02 ¢
1o1.7%78-02
1 1.7128-02 ¢

coooa
DR
cocooco

HNO3 EXTRACT
PACTOR

2.179%~01
1.9222-01
1.7128-01
] 1.680E-01
1 6.8408-02
4.843E-02
6.589¢~02
5.6612-02
2.0742-01

1
1
i
1 2.6398-01
|
i
¥

DENSITY
(G/HL)

1.1392 %9
1. 157€ 00
1.1742 00
1.1922 00
1. 2342 00

1.6198 00
1.619E €O
1.611E 09
1.5042 00
1.3 ©

DENSITY
{GraL)

9.437E-01
9.528E-01
9.5762~01
9.6192-01
9.6812-01
9.811E-01
9.8112-03
9.8088-C1
9.7802-0%
9.4062-01

DENSITY
(G/HL)

1.139E 00
1. 1578 00
1.%7SE 00
1.71958 00
1.233F 00

1.6719E 00
3.679F 00
1.611E 00
1.504E 00
1. 183F 00

DENSITY
{6/ 8Ly

9.4392~01
9.534E-01
9.581E-0 %
9.6252-01
9.679:-01
9.819E-01
9.811E-01
9.808E-01
9.780E-01
9.406E-01

HIXER FLOW
{L/K1IN)

1.004E-01
7.0858-01
3.017E-01
1.0182-01
1.6 22E~01
1.0222-01
T4500E-01
. 5008-01
1.499E-01
1.4842-01
1.3632-01

PLOW KATE
(L/81W)

2.6382-01
3.6428-01
3. 644E-01
3.6458-01
3.6488-01
3.6562-01
3.6562-01
3.6562-01
3.6552-01
3.6402-0%

MIXER ?L0¥
(L/7a1y}

1.064E-CY
1.0068-01
. 017E-31
1.0%98-907%
1.0222-01
1.0228-01
1.5002-01
1. 500E-01
1. 499E-0 1
1.4848-01
1.3632-01

FLOW® RATE
{L/NINY

3.6332-01
3.60239-01
3.546E-01
1.866E-01
3.6482-01
3. 656E~01
3.656E-01
3.6568-01
3. 655E-01
2.6408-01

i TENPERATORE
{{CEMTIGRADE)
|

£.8008 01
4,.0008 CY
4.000% ¢
4.0¢0E 01
4,000 01

4,000z 01
4,000z 01
4.000F 09
4.9007 01
4.499¢2 01

INVENTORY
CHAKGE (%)

1.330E-02
3.2158-02
6. 1258-02
1.2%98 Q1
1.508% 01
0.0

0.0

4. 2142-04
3.5%uz-0u
3.0

TEAPERATORE
{CENTIGRADE)

4.0008 0%
4.000E 01
4.000% 91
4.0C0E C3
4.000F 0%

4.000F 01
4.0008 01
4. 0008 01
4.0002 07
4,000 01

i IHVEYTORY
1 CHANGE (%)

i 2.738B-02
| 3.814¥-02
1 S.u03B-02
§ 1.951% C1
| 2.759E 01
| 0.0

i 3.958E-06
1 0.0

1 5.121E-04
i 2.5793-08

m._zgm
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AVOL
ovoL
ASVOL
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T PROF
ATS
0TS

AFDRT
OF DRT

A

Q

AT

or
ALVRT
OLYRT
AQUT,

NSoOLD

1s0L

SPH

CODUN

TITLE IS5 THE

NTOST =
CTBP =
TENPT =
NSTR = 0 RO
IRXN =
DYHETA = TIME
DPRINT =
TSTOP = TIAE
oL =
NEWIW = 0 TP
= 1 IF
NEWOUT = 0 IF
= 1 1F
IVOLN = 1 IF
= 2 1P
BY
= 3 IP
IVOLS = 1 IP
=2 17
BY
3 IF
IPRO = O
1
IFAST = O
=1
IPHCH = 0 IF
1

AN ANANANANNNANANANOO N ANANANAANANACNaOAaNANANANA0ANANaANANANANNANNaRANNANANaOANOAONANANdANAGN0

CCCCCCCr

100 STAGES ALLOWED, THE 100 ARE GOTTEN BY USIW

Xs {J,

—-53~

APPENDIX A. PROGRAM LISTING

PROGRAM SEPHTS
DRWL, MAY,
ORNL, REVISION OF THE RAINEY-WATSON MODIFIED VERSION (ORNL-TH-5123)
WATSON & RAINEY MODIFIED THE RICHAROSON-NANCE YERSTION (HEDL-~TME 7S~3Y
ORIGINAL PROGRAN BY W.S5.GROENIER (ORNL 4746)

1978 REVISTONS BY A.D.MITCHELL

STAGE CALCULATIONS POR POREX SOLVENT EXTRACTION PROCESS.

CALCULATIONS DONE FOR 6 COMPONENTS
3 TRANSFERRING COMPONENTS COMPONEST

~ NTTRIC ACID
- DIANIUA
~ PLUTONIUM (IV}

COMPONENT
COYPORENT

CONPONENT
CCHPONENT

- PLUTONIUN REDOCTANT
~ NITRATE XOW
NTOST = 00

1
2
3
3 NOH-TRANSPERRING COMPONENTS CONPONENT & - PLETONION (TID
S
6
G

DISCRIPTION OF MOST MAJOR VARIABLES

YOLUNE OF AQUEGUS PHASE XN HIXER J
VOLUME OF ORGANIC PHASE IN MIXER J
VOLUNE OF AQUEOUS PHASE IN SETTLER J
YOLUME OF ORGANWIC PHASE XN SETTLER J
HIYER TEMPERATORRE

AQUEDUS TEMPERATURE IN THE SETTLER
ORGANTC TEMPERATURE IN THE SETTLER

X¥D (1.0 CONCENTRATION OF COMPONENT I IN AQUEOOS FEED TO STAGE J
TFD (X, CONCENTRAT ION OF COMPONENT I IN ORGANYIC PEED TO STAGE J

FLOW RATE {LITERS/MIN) OF ACUEOUS FEED TO NIXER J
FLOW RATE (LITERS/MIN) OF ORGANIC PEED TO HMIXER J

AFDTEN TEMPERATURE OF AQUEOUS FEED TO MIXER J
OPDTEN

X (I,3,X) AQUEROUS CONCENTRATION OF CONPONENT I TN MIXER J DURING

TEMPERATURE OF ORGANIC PEED TO MIXER U

A TIN? IRTERVAL X k=1 FOR PREVIOUS TINE
K=2 FOR PRESENT TIAR
L,I,K} AQUEOQUS ZONC DF COMPONENT T IN S2TTLER J, ZOME L, DGRING
A TIME INTERYAL X. RACH SETTLER IS SPLIT INTO THREE
FOHES IR ORDER TO SMNOOTH OUT THE CHANGES IN CONCENTRATION
OF ITS MIXER. THE ZOWES CAN BE THOUGHT OF AS YELL
MIXED TANKS fLOWING INTO THE NEXYT ZONE OR MIXER.
AQUEOUS INTERSTAGE FLOW RATE
ORGANIC INTERSTAGE FLOW RATE
AQUEOUS INTRASTAGE PLOW RATE
ORGANIC INTRASTAGE PLOW RATE
PLOW RATE OF AQUEQUS STREAN LEAVING MIYER-SETTLER BANK
FLOW RATE QF ORGAVIC STREAN LEAVING MIXER-SEZTTLER BREK
oouT INTERSTAGEZ PLOW RATES I¥ REAL YOLUME DHITS,
USED OFLY IN PRINT-OOT
IS THE SUBSCRYIPT FOR THE HIGHEST NUMBERED COMPONERT
TN THE SYSTEX. IT IS USED IK THE SAME MAKKER AS ISOL.
JNDICATES IF A SOLUTE IS5 {OR WAS) PRESENT IN THE
CONTACTOR. IT IS USED 70 BYPASS USELESS CALCULATIONS
OF ZERO CONCERTRATION.
SPECIFIC HEAT OF ORGANIC PHASE (AQUEOUS ASSUAED TO BE 1)

NDIREC DETERMINES THE ORDER OF THE STAGEWISE CALCULATIONS.
RPIREC

= 1 FOR CALCOLATIONS TO START AT THE PIRST STAGE

=-1 POR CALCULATIONS TO START WITH THE LAST STAGE
LARGEST CHANGE I¥ SOLUTE INVENTORY OF A COMPONENT
IN THE MIXER

PROBLEN TITLE.

TOTAL NUMBER OF STAGES, #0ST NOT EXCEED 100
YOLUNE FRACTION OF DRY TBP
AN INITIAL OR DEFAOLT TEMPRRATORE

UNUSUAL ROUTING PATTERN DESIRED

1 ROUTING PATTERY OTHER THAN NORMAL ¥ILL BE USED
FSTR, ISTR, JSTR VARIABLES SPECIPYING THAT THE ORGANIC PHASE

OF STAGE ISTR BE ROUTED T0 STAGE JSTR

INDICATCR OP THE REACTIOW USED POR REDDICTION

INCRENENT (MINUTES)

ELAPSED TIME BETWEEN THE PRINTING OF PROFILES

WHEN THE TIME PRERIOD IS TO END

THAE TOLBERANCE TO B¥ USED TO TEST FOR CONVERGEWCE

THE PRESENT INPOT STREAMS ARE TO. BE CONTINUZD

FEW INPUT STREAMS ARE TO BE SPRCIFIED

THE PRESBNT EXITING STREAMS ARE TO BR CONTIRUED

NE® EXTTING STREAMS ARE TO BE SPECIPIED

RQUEOUS AND ORGANIC MYXRR YOLOMES ARE T0D BE® GIVENW

TOTAL MIXBR VOLUMER XS GIVEN WITH. PHASE VOLUMES DRTERMINED
PHASE FLOW TN THE MIYXER

ALL MIXER VOLUMES GIVEN BY PHASE PLOW IN THE NIXEBR%ONIT TINX
AQURONS A¥D DRGANIC SETTLER VOLUMES ARE TO BE GIVEN

TOTALL SETTLER YOLUME IS GIYEW WITH PHASE VOLUMES DETERNINED
PHASE PLOW IN THE MIXER

ALL SETTLER VOLUMES GIVXN 8Y PHASE FLOW IN THE NIXERXONIT TIME

FOR A ZERO IWITIAL CONCENTRATION PROFILE

FOR A NON-ZERO YISITIAL PROYILE

I¥ THE RUNGE RUTTA INTEGRATIOF XI5 'TO BE DSED
IF THE PASTER IWTEGRATION SETHOD IS5 TO BE USRD

¥O PUNCHED CARD QUTPUT DESIRED

FOR FINAL PROFILE QUYPUT Q&% PURCHED CARDS
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COBHON/CONTRL/ NTOST,NSOLU,CTBP,NEWIN,NEKOUT,SPH,IPNCH, IPAST, IRXN,
. DTHETA,IVOLM,IVOLS,IPRO, TEMPI, TSOL (6) ,NSTR,ISTR,JSTR,CODUM (100)
COMNQ¥ /CONCS/ X (6,100,2) ,Y(6,100,2) ,XS(100,3,6,2),Y5(100,3,6,2)
CONMNGHPLONS/ A{100),0 (100) ,AT(100) ,0T (100)

CORRON/STRERN/ XPD(6,100),YFD{6,100) ,AFDRT (100) ,O0FDRT {100},

. APDTEN {(100) ,0FDTEH (100} ,ALVRT (100) , OLVRT { 100)

coNMOY /TEAPS/ TPROP (100,2) ,AT3(100,3,2),07T5 {100,3,2)

COHHROA/VOLS/ AVOL (100),0VOL {100}, ASVOL (100) ,0SVOL (1J0)

REAL*8 TITLE (10, 10)

NDIREC=1

WEXT CASE IS NEW

e Ne X3l

10 CONTINUE
READ 3000, NTTL,NTOST,CTBE,TRAPT, NSTR, ISTR,JSTR, IRXN
IP(IRXN.LE. Q) IRXN=0
DO 11 3=1,¥TTL
READ 1000, (TITLE(J,N) ,N=1,10)
11 COWTINUE
IP (¥TOST.LE.O) NTOST =100
NSOLO=6
SPH=0.32140.078%CTBP
D0 14 I=1,NSOLU
ISOL (I) =0
14 CONTINOE

ZEROI¥G OF ARRAYS

ann

DO 16 J=1,RTOST
CODUN (J) =200.
AVOL (J3)=0.0
OVOL(J) =0.0
ASYOL (J)=0.0
0SVOL (3} =0.0
AFDRT (J) = 0.0
0 FDRT (J) 0.0
AFDTEN {J) =TENPI
OFPDTEA {J) =TEBPT
A(J) = 0.0
0(J) = 0.0
AT (J)=0.0
0T (J) =0.0
ALVRT (J) = 0.0
OLVRT (J) 0.0
DO 15 I=1,NSOLU
X(1,3,1=0.0
X(I,J,2)=0.0
Y(1,3,1=0.0
Y{f,3,2)=0.0
XPD(I,J) = 0.0
YPD(I,d) = 0.0
15 CONTIFUR
16 CONTIWUR
D0 20 L=1,2
DO 19 J=1,NTOST
TPROF (J,L) =TENPI
DO 18 K=1,3
ATS(J,X,L) =TENPI
0TS (J,K,L)=TEMPI
po 17 M=1,NSOLU
XS (J,K, N, L) =0.0
¥S(J,K,M,L) =0.0
CONTIWUE
CONTINUE
CONTINUE
CONTINUE
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THIS IS THE START OF A NEW TINE PERIOD
ARY ONE, OR GROUP OP THESE VARIABLES MAY BE CHANGED FOR THE NEW TIME
PERIOD.
IF DTHETA=0.0 THE PRESENT CASE IS ENDED AND A NEW ONE BEGUN DEPENRDING
ON DPRIKT. 1IP DPRI®WT=1.0, A NEW CASE IS STARTED AND A NEW TITLE READ
IN. TP DPRIWT=0.0, THE PROGRAM STOPS.

s XzNs K2 Re Rt Na Nz Kol
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21 READ 3001, DTHETA,DPRINT,TSTOP,TOL,NEWIN,NEWOUT,IVOLN, IVOLS,IPRO,
. IPAST,IPRCH
IP(DTHETA-EQ.0.) GO TO 400
IP (FEWIN+NEWOUT+IVOLA+IVOLS+IPRO.NE.O) €O TO 23
PRTINE=PRTIME+DPRINT
PRINT 3201, DTHETA
PRINT 3202, DPRINT
I? (IFAST. EQ.1) PRINT 5000
IF(IPAST.HE.1) PRINT 5001
PRINT 3203,TSTOP,TOL
GO TO 140

23 PRINT 1002
5O 25 J=1,NTTL
PRIFT 1003, (FITLE(J,TI),I=1,10)

25 CONTINOE
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PRIYT 3201,DTHETA

PRINT 3202, DPRINT
TF{IFAST.EQ.1) PRINT 5000
TP {IPAST. ¥E. 1) PRINT 5001
PRINT 3203, T5T0P,TOL
PRINT 2000, NTOST

SCAN IWPUT SWRITCHES FOR ERRORS

IF{NEWIN.EQ.1} PRINT 3101

I¥ (NEWIN. EQ.0) PRINT 3102

TP (NENIN.NE. 1. AND. NEWIN.FE.0) DRINT 3109,NEWIN
I¥(NENOUT.EQ. 1) PRINT 3103

TP (NEWOUT. £Q.0} PRINT 3104

IR (NE¥OOT.HE. 1. AND. NEROUT. ¥E. D} ORINT 3110, NEROUT
IP{IVOLM.EQ.0) PRINT 3105

TP (IVOLM. EQ-1) PRINT 2038

IF(IVOLH.EQ.2) PRINT 2039

I¥ (TYOLM. £0.3) PRINT 2040

TF(IVOLM.LT.0.OR. XVOLM.GT. 3) PRINT 2041,IVOLA
IF(IVOLS.EQ.0) PRINT 3106

IF(IVOL5. BQ. 1) PRINT 2042

IF(IVOLS.EQ.2) PRINT 2043

IF {IVOL5.£Q.3) PRINT 2044
IF(I90LS.LT.0.0R.IVOLS.GT.3) PRINT 2045 ,IVOLS
I¥(IPRO.EQ.0) PRINT 3107

IF {IPRO.EQ. 1) PRINT 3108
TIF(IPRO.NE.O.AND.TPRO.NE.1)} PRINT 2003 ,IPRO
IF (TPNCH.EQ.0N) PRINT 2026

IF {IPNCH. £Q. 1) PRINT 3111
IF(IPYCH.NE.O.AND.IPNCH.NE.1) PRINT 2028,IPSCH
T¥ {NSTR.EQ.0) PRINT 2034

T¥ (NSTR.EQ. 1) PRINT 2035
IF(NSTR.NE.0.AND.NSTR.NE.1) PRINT 2036, NSTR
IF{NSTR.EQ.1) PRINT 4000,ISTR,JSTR

PRINT 7000, TEMPI

IP{IRXN.EQ.0) PRINT 8000

TF {IRYN.EQ.1) PRIST 8001

IF{IRXN.EQ.2) PRINT 8002

T¥ (TRXN.EQ.3) PRINT 8003

STARTS DOERS ALL THE INPUT REQGIRED BEPORE THE TTERATIORS START

CALL STARTS

PRINT 3205
TOTINE=0.0
PRYINE=0.0
DO 50 J=1,NT0ST
B 50 I=1,NS0LU
X(L,7,2)=X(1,3,1)
¥{1,3,2) =1(1,J,1)
50 COWPINOX
GO TO 200
180 CONTINUE

STAGRES PERFIRMS STAGE CALCULATIONS FOR EACH TIME INTERVAL

CALL STAGES {§DIREC)

NDIREC=-¥DIREC
MERELY INCREMENTING TINE FOR TEMPS & CONCS

TOTIME=TOTI ME+ DYHET A
NSTOP=0
DO 150 J=1, NTOST
IP(CODUX(I) .GT.TOL) NSTOP=1
TPROF (J,1) =T PROF (T, 2)
DO 148 Kz=1,3
ATS(J,KZ, V) sATS(I,KZ,2)
148 076 (JI,KZ,1) =075 (I, K2, 2)
DO 150 =1, NSOLU
IF (ISOL{I).R0.0) GO TO 150
X(I,3, H=X{1,J,2)
Y(I,3,N=Y(L,3,2
po 150 £z=1,3
XS (J,KZ,X, 1) =XS(JI,K2%,1,2)
vS(5,K2,T,1) =¥S(J,k2,1,2)
150 CONTINUE

CHECK FOR CONVERGENCE

TIP{¥STOP.EQ.0) TSTOP=TOTINE

200 CONTINUE
TP (TOTIME.LT.PRTINE.AND.TOTIAL.LT. TSTOP) GO TO 140
PRTINE=PRTINE4DPRINT
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PRINTING CONCENTRATIONS FOR THE TIME INTERVAL
SUBROUTINE PRTOUT DOES ALL THE CONVERSYONS AND CALCULATIONS WHICH
ARE REQUIRED BEFORE THE PROFILE CAN BE PRINTED OR PUWCHED. BECAUSE

THE HEADINGS, THE PRINTING S DONE IN PRTCUT WHILE THE PUNCHING

CAN BE DONE IN THE MAIN PROGRAM.

PRINT 1700, TOTIAE
CALL PRTOUT

IP(TOTIAE.LT.TSTOP} GO TO 140

PONCHED CARD OUTPUT

275
300

400

1000
1002

1003
1202
1100
2000
2003
2626
2028
2034
2035
2036
2038
2039
2060
2041
2042
2043
2064
2043
3000
3001
3101
3102
3103
3104
3105
3106
3107
3108
3109
3110
3111
3201
3202
3203

3205
4000
5000
5001
7000
8000
8001
8002
8003

TP (IPNCH.RBQ.0) GO TO 300
ONE=1.0

£o 275 J=1,NT0ST

PUNCH 1202, {X(I,J,2),I=1,6),TBROF (I, 2)
PUNCH 1202, (¥ (1,J,2),I=1,6},0¥E
CONTINUE

CONTINOE

PRTIME=PRTIHE-DPRINT

GO TO 21

CONTINDE

IF (DPRINT.EQ.1.) GO TO 10

STOP

FORMAT (10A8)
FORMAT(* ICALCULATIONS FOR A SOLVENT EXTRACTION PROCESS!,
' HAVING INTERACTING SOLUTES®//)

FORMAT (* ', 10A8)
FORMAT { 1P BE10. 3)
FPORMAT ('- TIME = *,0PP7.2,' MNINUTES')
YORMAT (' NUEBER OF STAGES = !,I3)
FORBAT(! IPRO = *,I3,3X,°IRVALID ¥ALUEY)
PORMAT (¢ IPHCH = 0°,3X,'NO PONCHED CARD OUTPUT®)
FORAAT (* IPNCH = *,I3,3X,'INVALID VALOEY)
FORHAT(' NSTR = 0',3X,'H0 GHUSUAL ROUTING PATTERH"}
FORMAT (° §STR = 1',3X,*ROITING PATTERN GTHER THAN NORNMAL®Y
FOREAT (' NSTR = *,13,3X,'INVALID VALUE')
FORMAT (' IVOLE = 1 AQUEOUS AND ORGAHIC NIXER VOLUMES GIVEN?)
FPORMAT (' IVOLN = 2 TOTAL MIXER VOLUNE GIVER')
FORNAT {* IVOLN = 3 MIXER VOLUMES DXTERMINED BY PHASE FLOW')
FORNAT(* IVOLM =9,I2,%' INVALID VALUE')
FORMAT (Y IVOLS = 1 AQUEOUS AND ORGANIC SETTLER VOLUNES GIVENW®)
PORNAT{' IVOLS = 2 TOTAL SETTLER VOLUHE GIVEN')
FORMAT{¢ IVOLS = 3 SETTLER VOLGHES GIVEN BY PHASE FLOW’)
FPORMAT (7 IVOLS =',I2,' INVALID VALOE')
FORNAT (212,2¥8.0,412)
FORKAT(4F8.0, Bi2)
FORMAT (* NEWIN = 1 NBW INPUT PLOWS WILL BE GIVEN!)
FPORMAT (* WEWIN = 0 IWPUT FPLOWS WILL BE UWCAAWGEDY)
FORNAT (' NEWOUT = 1 NEW OUTPUT FLOWS WILL BE GIVEN')
FORMAT (* NEWGUT = 0 OUTPUT STREANS WILL BE OUNCHANGED')
FORNAT (! IVOLR = 0 MIXER VOLUNES WILL BE UNCHANGED')
FORMAT(® IVOLS = 0 SETTLER VOLUMES WiLL BE UNCHAYGED?)
FORMAT (* TPRO = 0 A NEV INITIAL PROFILE WILL NOT BE READ')
FORHAT(* IPRO = 1 A NEW INITIAL PROFILE WILL BE READY)
FORMAT{* NEWIN = ¥,T2," INVALID VALOE')
FORMAT (* NEWOUT = ?,I2,' IWNVALID VALUE'}
FORNAT (* IPWCH = 1 PROPILE CARDS WILL BE PUNCHRED AT E¥D OR TIHEY)
FORMAT { *-DTHETA = *,0PF8.3,' HINUTES PER TIME INCREME¥T')
FPORMAT (* DPRINT =°,0PF9.3,' MINUTES BETWEEN PRINTING OF PROFILES')
FORMAT (* THIS TIAE PERIOD ¥ILL END WHEN TINME = TSTOP = !,0PP8.3,

' MINUTES, OR A TOLERANCE OF TOL =',0P78.4,' % PER MINUTE IS REAC
HEDY)
PORBAT (*1TRANSIENT BEHAVIOR RESULTS  HIXER CONCEXTRATION GIVEN')
FORMAT (' ORGANIC STREAH EXITING AT STAGE! ,I4," PEEDS STAGE',It)
PORMAT (* IPAST = 1 THE PAST INTREGRATION TECHNIQUE WILL BE USED')
FORMAT (* IPAST = 0 THE RONGE~-KUTTA IXTEGRATION WILL BE USEDY)
PORMAT(® TEMPI = ¢,1PE10.3,* TINITIAL & DEPADLT TEHPERATURE")
PORMAT (* IRXN ¥O REACTIONS WILL BE CONSIDERED®)
FORMAT (* IRXN INSTANTANEOUS REDUCTIOR OF PLUTONIUN®)
FORNAT{* IRXN REDUCTION OF PLUTONIUS BY OURARIUN (IV)')
PORMAT {? TRXN REDUCTIGN OF PLOTONIOM BY HYDROXYLAMINE *)
END
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SUBROUTINE STARTS

SUBROUTINE STARTS DOES GENYXRAL INPUT PUNCTIONS. IT READS ALL THE
INFORMATYION REQUIRED FOR A TIME PERIOD, CONVERTS THAE UNITS TO A
MOLAL BASTS, AND SETS THE HYDRAOLICS FOR THE SYSTEM.

COMMON/CONTRL/ NTOST,WSOLU, CTBP, NEW IN, NEHOUT, SPH,IPNCH, I¥AST, IRXN,
. DTHETA,IVOLM,IVOLS,TPRO,TENPI,ISOL(6) ,¥STR,ISTR,IJSTR, CODUH (100)
CORMON/CONRCS, X{6,100,2),Y(6,100,2) %5 (100,3,6,2),¥S{100,3,6,2)
COMMONW/DISTRB/ TEMPC,ARY{6), DTRY (6)

CONMON /FLOWS/ A {100) ,0 (100} ,AT(100) ,OT (100)

COMMON/MOLALC/ AQ(6) ,0R (6} , TEMP,CONVA,CONVO, TCORC

COMNOR/STREAN/ X¥D{6,100),T¥D(6, 100} ,A¥DRT (100) ,OPDRT (100} ,

- AFDTEM{100) ,OFDTEN (100) ,ALYRT(100) ,0LYRT {100)

COMNON/TEMPS/ TPROF (100,2) ,ATS (100,3,2) ,07S {100,3,2)

COMMON/VOLS/ AVOL {100} ,OVOL (100} ,ASVOL (100} ,0SYOL (100}

DIMENSTON CON{6)

EQCKDG IS5 A CHECX ON THE INITIAL PROFILE. TIF BQCKDG = 1.0 THE PROPILE
¥A5 CREATED BY THE PROGRAM. OTHERWISE, THE PROFILE CONCENTRATIONS
ARE ADJUSTED 50 THAT THE PHASES ARE IN EQUILIBRIOHM.

BQCKDG=0.0

TCONC XS5 AN YNDICATOR YOR THZ MOLAL CONVERSION. TCONC = -1 SINCE
NOLAR CONCENTRATIONS WILL BE PASSED TO THE MOLAL SUBROUTINE.

TCOKC=~1.0

DO S5 1=1,6

AQ (1) =0.0

OR(T) =0.0
5 CONTINUE

NEWIN DETERNINES IF NEW INPOT STREAMS ARE TO BE SPECIFIED. HENIN = 0
INDICATES THAT NEW INPUT FLOHS WILL NOT BE GIVEN SO THE APPROPRIATE
SECTION OF THE PROGRAN SHOULD BE BYPASSED.

IF(NEWIW.RQ.0) GO TO 40

THIS SECTYION RE~INITTALIZES AND INPUTS ALL THE FERD STREAM TINPORMATION.

Do 10 J=1,NTOST
AFDRT {J)}=0.0
0 FDRY (J) =0. 0
RPDTES {J) =T ENPT
OFPDTEM (J) =TEMPT
DO 10 I=1,¥SOLY
X¥D(T,d) =0.0
YED {T,3)=0.0

10 CONTINUE

15 CONTINUE
READ (5,100 J,IANS,FDRT, (COR{I) ,I=1,6) ,TENP,THDEX
TP (3. LE.0) J=100
IF (JRAS.EQ. 1) GO TO 20
OFDRT (1) =FORT
IF (TEMP.NE.O.) OPDTEM{J)=TERP
no 17 1=1,6
TF {CON (T} .NE.0.0) T50L(T}=1
YFD (T, J)=COB(T)

17 CONTINDE
G0 TO 30

20 CONTINUE
AFDRT{J) =PDRT
IF (TEMP.NE.0.) AFDTEM(J)=TENP
DO 25 I=1,6
¥ (COR{T) .NE.0.0) ISOL{I)=1
LD (X, J) =CON(T)

25 CONTINUE

30 CONTINUE
I¥ (INDFX.2Q.1) GO TO0 15

40 CORTINUE

NEWOUT DETERMINES IF NEW PRODDCT STREAMS ARE TO BE SPECIFIED. NEWOUT = O
INDICATES THAT ¥O NP¥ PRODUCT. STREAMS WILL BE SPRCIPYIED, SO THIS SECTIOE
OF THE PROGRAM ®ILL BE BYPASSED.

IF(SEWOUT.EQ.0) GO TO 60

THIS SECTION RE-IFRITIALIZES AKD YWPUTS ALL THE PRODUCT SYREAM IWPORKATION.

DO 45 J=1,NTOST
ALYRT{J) =0.0
OLYRT {J)=0.0

45 CORTYINUE

56 CONTINUE
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READ 2001,J,J8AS,0TRT,IKDEX
IP(J.LE.0) J=100
IP (JHAS.BQ. 1) ALVRT (J} =OTRT
IF(JHAS.BQ.0) OLYRT (Jj} =OTRT
IF(INDEX.EQ.7} GO TO SO

60 CONTINDE

IPRO DETERMIKES IP AW INITIAL PROPILE IS TO BE READ OPP CARDS. 1IP ¥OT
(IPRO = Q) THIS SECTION OP THE PROGRAY IS BYPASSED.

IF (IPRO.EQ.0) GO TO 80

THIS SECTION RE-INITIALIZES THE CONCENTRATION PROPILES WITH THE VALOES
READ OFF OF THE PROFILE CARDS. SETTLER CONCENTRATIONS ARE ASSUSED TO
BE THE SAME AS THE NIXER CONCEWNTRATIONS FOR A STAGE.

Do 70 J=1,NTOST
READ(S, 1002) (X(I,J,2),I=1,6) ,TPRO? (J,2)
READ(S,1002) (Y(I,J,2),I=1,6),EQCKDS
I¥ (TPROF (J,2).EQ.0.0) TPROF(J,2) =TE&PT
TPROF (J, 1) =TPROF (3, 2)
DO 65 I=1,6
IP(X(I,J,2).8R.0.0) ISOL(I)=1
IP(Y(1,7,2) .NE.0.0) ISOL(I)=1

65 CONTINGE
DO 70 K=1,3
DO 70 L=1,2
ATS (3, K,L)=TPROF {7, 1)
0T5(J,K,L) =TPROF {J, )

70 CONTINUE

80 CONTINUE

WSOLU IS SET TO THRE SUBSCRIPT OF THE HIGHEST WOMBERED COMPOHNENT IH THE
SYSTEN. ISOL INDICATES WHETHER A CONPOWENT IS PRESENT. THIS CHECK
SAVES TINE BY BYPASSING CALCGLATINNS WHICH WOOLD ALWAYS RESULT IN

ZERO CONCENTRATION. THUS IP ONLY FLITRIC ACID IS PRESERT, CALCULATIONS
POR THE NOX-EXISTANT PLUTONTGN CAN BE SKIPPED IN SOME PLACES.

NSOLU=1

DO B2 I=1,6

TP (ISOL(I). EQ. 1) NSOLU=Y
B2 CONTINUE

CONVRT PRIWTS THEZ FPEED STREAM INFORKATION, AND CONVERTS THE CONCERTRATIONS

TO HOLAL UNITS.

IP(REWIN+IPRO.EQ.0) GO TO 120
CALL CONVRT
120 CORTINUE

IP({NBEWOUT.BQ.0) GO TO 122

PRINTING TRE PRODUCT STREAM FLOWRATES. THE PRINTED RATES NAY NOT BE
THE VALUES OUSED IN CALCGLATIONS DUE TO THE REQUIREMENT THAT NO HORE
OF A PHASE MAY PLOW OUT OF A STAGE THRAN FLOWED IN.

Do 121 J=1,¥TOST
IP {(ALVRT {J).NE.0.0) PRINT 1007,J,ALVRT {J)
IP(OLVYRT(J) .NE.0.0) PRINT 1008,J,0LVRT{J)
121 CONTINUE
122 CORTINUE
IP(NEWIN#NEHOUT.EQ.0) GO TO 127

SET AQUEOUS AND ORGAWIC INTERSTAGZ TLOW (A AFD 0)

A IS AQUEOUS Y¥TERSTAGE PLOW
O IS ORGANIC INTERSTAGE FLOW
AT IS TOTAL AQUEOUS PLOW WITHIN¥ A STAGE
OT IS TOTAL ORGANIC FLO® WITHIN A STAGE

IP(ALVYRT(1) -GT.APDRT(1)) ALVRT(1) =APDRT (1)

A (1) =AFDRT (1) =ALVRT (1)

AT (1) =AFDRT {1}

TIP(OLYRT(NTOST) .GT.OPDRT(NTOST}) OLVRT(¥TOST) =OFDRT (KTOST}

O(NTOST) =OFDRT{NTOST) ~OLVRT (K TOST}

OT (KTOST) = OFDRT (KTOST)

DO 125 I=2,NTOST

TP (ALVRT (I) . GE.A(I=1) #AFDRT (I)) ALVRT (I)=A (I-1) +AFDRT (I)

A (I) =A (I-1) ¢+APDRT (I} -ALVR? (I)

AT(T) =7 (I} +ALYRT{I)

NST = RTOST#1-T

TP (OLVAT(NST) .GE.O{W5T+1) ¢+ OFDRT(NST) ) OLVRT (NST) =O(NST+1} +
OFDRT ( ¥5T})

O(NST) = O{NST+1)+OFPDRT {NST) ~OLVRT (NST}

IF(NSTR.EQ. 1.A®D.NST.BEQ.ISTR-1) O(NST}=0FDRT {¥ST) -OLVRT {KST)
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IF{HSTR.BEQ. 1. AND.NST.EQ.JSTR) O {HS5T)=0(ISTR}+0FDRT (¥ST) ~OLVAT (NST)
AO(NST+ 1)
OT (NSTY =0 {N ST} +OLYRT (KST)

THE INTERSTAGE FLOWS ARE NOW 3ET

125 CONTINDE
127 CONTINRDE

TY0LM AND IVOLS5 ARE ¥OW CHECXED TO SBE IF ANY YOLUME CARDS ARE TO BE
READ, OR IF THE YOLUMES ARE EVEN GOING TO BE CHANGED

128

VOLOUMES ARE NOW READ IN.

TP (IVOLS+IVOLM. EG. 0} GO TO 310

DO 128 J=1,HTOST

TP (IVOLM.NB.0} AYOL{J)=0.0

17 (IVOLA ¥E.0) OYOL{J}=6.0

IF (IVOLS.HE.0) ASVOL(J)=0.0
IF{IVOLS.FE.0) OSYDL{J) =0.0

CONTINUE

TP {IVOLN.EQ. 3. ASD.IY0L5.EQ.3) 50 TO 200
TF(IVOLM. EQ. 3. AND. T¥OLS.EQ.0) GO 70 200
IF (IYOLM.EQ. 0. AND. IVOLS.EQ. 3) GO TO 200

NEED BE SPECIFIED OWLY WHEN THE YOLUME CHANGES FRON THAT OF THE
PREVIOUS STAGE.

130 READ(S5,2101) ISEC,I,YOLA,VOLO,IVNDX

140

L¥ {I.LE.0) I=100

TF{ISEC.EQ. 1.AND.IVOLN.EQ.0) GO TO 145
1F (TSEC.EQ. 2. AND.IVOLS.EQ.0) GO TO 145
IF {ISEC.EQ.2) GO TO 140

AVOL(I) <YOLA

OVOL(T}=VOLO

G0 TO 145

ASVOL(I)=VOLA

0SYOL (1) =YOLO

145 TP {INDX.EQ. 1) GO TO 130

THE VOLUMES ARE NOW PROPAGATED THROUGH CUT THE COLURN IN THE MANNER CHOSEN

ALY VOLURES AND FLOWS ARE PRINTED IF ANY CHANGES WERE MADE

200 IF{AVOL{1).EQ.0.0) AVOL (1} =AT{1)

210

220

230

300
310

TP{OVOL{ 1) . 80.0.D) OVOL {1) =0T (1)

I7 (ASYOL{1) .EQ.0.0) ASYOL{ T =AT{1
IF{OSYOL(1) -EQ.0.0} OSYOL(1}=0T(1)

DO 300 I=1,8T0ST

J=1~1

IP{IVOLM.EQ.C) GO TD 280

GO TO {219,220,230),IYOLE

IP {AYOL (I). EQ.0.0) AVOL (T} =AYOL{J)

TP {OYDL(I) .EQ. 0.0y OVOL{I) =0VOL{J}

GO TO 260

YF{AVOL (1) . £Q.0.0) AVOL (I} =AVOL(J} +OVOL (J)
OVOL(T) =AVOL{T) *0T (I) / (AT {I} +OT{I})
AVOL(I)=AVOL {1)~0YOL {T}

GO T 2480

AVOL(I)=AT (Y)

BY0YL (1) =0T( 1)

IP (IVOLS. 8Q.0) GO TO 280

G0 Y0 {250, 260,270) ,IVOLS

TP (ASYOL(T) .£Q.0.0) ASYOL{Y)=ASYOL(J)
TP (0SVOL{I}.EQ.0.0} 0SVOL(I)=05Y0L{J)
GO TO 280

TP (ASYOL{I) .EQ.0-0) ASVOL{I}=ASVOL {J} +05¥OL {J})
OSVOL (X)=ASVOL (1) ®OT (X) 7 (AT {I} 40T (1))
ASYOL (T) =A SYOL (X} ~OSYOL (T)

Gn TO 280

ASVOL (I) =R T(X)

QSYOL{T) =0T (I}

LY (AYOL (L) .LT. 1. 0E-8) AVOL({T) =0.0
IP(OVOL{T) . LT.1.08B=8) OFOL (1) =0.0

IF (ASYOL(T).LL.1.0E~4) ASVOL{Y)=0,0
IF(OSYOL(T) .LT. 1.0E~8) OSVOL(I)=0.0
CONTINUE

IP (NEWIN+REWOUT+ITJOLN4IVOLS. FQ.0) GO TO 400
PRINT 1106

PRINT 1107

PRYNT 1108

DO 320 I=1, NTOST

PRY¥T 1101,T,AVOL{X) ,0VOL(Y),ASVOL({I} ,OSVOL(X) ,AT(X} ,0T(I),A (I},
o{I)

320 CONTINUE

TO MINIMIZE THE INPUT CARDS NEEDED, THE VOLOUMNES
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THAIS SECTION INSURES THAT TilE PHASES ARE IN CHEWICAL RQUILIBRIUH
BEFORE TAE ITEBATIONS START. THE CHECK IS DISABLED WHEK THE INITIAL
PROPILE ¥AS CREATED BY THE PROGRAY, OF WHEN THE PROFILE WAS FROM
CARDS PUNCHED BY THE PROGRAH.

la Xz NeNsRe s Ne X2l

IF (IPRO.EQ.0.0OR. EQCKDG. EQ. 1.0) GO TO u00
DO 350 3=1,NTOST
AV=AVOL {3} +ASVOL {3)
OV=0VOL (J) +0SVOL ()
DO 340 E=1,3
Do 330 I=1,6
330 ARY (1) =X(1,J,2)
ICK=0
TEMPC=TPROF 4J,2)
CALL UCOR
DO 335 I=1,NSOLU
IF(ISOL (1) .EQ.0) GO TO 335
X(I,J, H=(0VRY (I,J,2) +A¥SX(1,J,2))/(AV+ CYEDTRY(T)
Y(I,J,)=Y(1,J,2}+(X{I,d,2)-X(I,J,1)}*AV 0V
IP(ABS(X(I,J,1)-X(1,J,2)).GT.0.01=K (1,J,1)) ICK=1
X(I,3,2)=X(I,J,1)
Y (1,J,2)=Y(1,3,1)
335 CONTINUE
IP (ICK.EQ.0) GO TO 345
340 CONTINUE
345 po 350 K=1,3
B0 350 1=1,2
ATS (J,K,L} =TPROF {J, 1)
0TS {J,K,L)=TPROF {T,1)
DO 350 I=1,NSOLD
XS (J,K, I,L) =X(I,J, 1)
¥S(J,K,I,L)=¥(I,J,1)
350 CONTINUE
500 RETURN
c
c
1001 FORMAT(212,8¥8.0,12)
1002 FORMAT (8F10.0)
1007 PORNAT (14X, 'AQUEOUS *,Y3,5X,'PRODUCT STREAM REMOVED (FLOH RATE IN
.MOLAL ONITS)',38%,1PE10.3)
1008 PORMAT { 14X, *ORGAHTC *,I3,5X,'PRODUCT STREAM REMOVED (FLOW RATE IN
.MOLAL UNITS) *,34X,1PE10.3)
1101 PORMAT (8X,13,2X,8(*|*,2X, 1PE10.3,2%))

1106 FORMAT (///7X,'STAGE |',UX, 'KIXER VOLUME BY PHASE®,uX,'| SETTLER VO
.VOLUME BY PHASE |*,7X,'MIXER FLOW RATE',7X,*{*,4X, ' INTERSTAGE FL
.OF RATE'}

1107 PORMAT(8X,*NO. ',8('| AQUEOUS | ORGRNIC 'y

1108 PORMAT (13X,8(*|*,14X))

2001 FORMAT {212, F8.0,12)

2101 PORKAT (212, 2F8.0,12)
END
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SUBROUTINE CONVRT

SUBROUTIKE CONYRT PRINTS THE FEED STREAM INFORSATION, AND CONVERTS THE
CONCENTRATIONS FROM THEIR ORIGINAL FORM TO THE MOLAL UNITS WHICH ARE
JSED IN THE CALCULATIONS.

COMHOX /CONTRL/ §TOST,NSOLU,CTBP, VEWIN, NEFOUT ,SPH,IPNCH, IFAST, TRRY,
. DTHETA,IVOLM,IVOLS,TPRO, TEMPY, ISOL (6} ,HSTR, IZTR, JSTR,CODUN (100}
CONMON fCONCS/ X (6,100,2),Y (6, 100,2) ,X5(100,3,6, 2} ,¥S(100,3,6,2)
COMNMON /MOLRLC/ AQ(6) ,0R (6) ,TEMP,CONVA,CONYO, TCONC

COMHON/STREAM/ XFD(6,100),YFD (5,00}, AFDRT {100) ,0PDRT (100) ,

- APDTEM {100) ,OPDTEM (100} ,ALVRT (100} ,OLYRT{ 100)

COMMON /TENPS/ TPROF {100,2) ,ATS{100,3,2) ,0TS (100,3,2)

IP HEW¥ INPOT STREANS HAVE BEEN GIVEN (¥EWIN = 1), THIS SEBCTION PRINTS
AND CONVERTS THEN.

IF {(NRWTN. EQ.0) GO TO 20
PRINT 1100
PRINT 1101
po 10 JI=1,HTOST
IF (APDRT {J) +OFDRT (J) . EQ.0.0) GO TO 10
TF (AFDRT {J) .NE.0.) PRINT 1000,3, (XPD(I,d} ,L=1,6) ,APDRT{J),
. AFDTEN(J)
1F {OFDRT {J) . KE.D.) PRINT 1001,Cr8P,J, (YFD (L, J),I=1,6} ,OFDRT(J) ,
. OFDTEH (J)

CONVERSYON TO HMOLAR UNWITS.

XFD(2,J) =XPD (2,J) /238,
YED{2,J) =T¥D{2,J) /238,
XFD (3,3)=X¥D (3,J) 7239.
T¥D(3,3) =YFD(3,J) /239,
XFD {4, J)=XFD (4,T) 7239.
TFD (&,J) =YFD (8,0) /239,
DO 5 I=1,6
AQ (I) =X¥D{I,J)
OR(T)=YFD{1,J)

5 CONTINOE
TEMP=0FDTEN {J)

SUBROUTINE MOLAL CALZULATES THE MOLAR TC HMOLAL CORVERSION FACTORS.

CALL MOLAL

AFDRT {J)=AFDRY {J} /CONV A

OFDRT {J) =O¥DRT (J) /LONVO

po 10 I=1,NSOLU

KFD{Y,J) =XFD{I,JT) XCONVA

YFD (I, =YFD{I,T) *CONTO
10 CONTINUE

TP AY IHITIAL PROFILE HAS BEEN GIVEN {(IPRO = 1), THI5 SECTIOH
CONYERTS THE CORCEYTHATIONS AND THITYALIZES TSE SETTLERS.

20 TE{IPRO.Z0.0) GO T0 40
DO 30 I=1,HTOST
X{2,3,2=X(2,3,2 /278.
Y{2,0,2}=7 (2, 3,2} /233,
X(3,3,2) =X{3,J,2 /239.
L{3,3,2=Y {3,3,2}/239.
X(B,T,2) =X{8,d,7 /239,
(8,3,2)=Y {4,3,2} 7239,
DO 22 I=1,%S0LY
AQ{T)=X{I,J,2)

OR{T =T(L,J,2

22 CONTINOR
TENP=TRPRO?{J, 2)

CALL XOLAL
5O 25 I=1,6
RO (1) =AQ {I) *CONTA
DR {1} =OR {1} *CONTFO
00 25 L=1,2
T{I.3, =0 {0}
T(I,J,L) =OR(T)
DO 25 K=1,3
13{J,K,I,L) =AQ{L)
S {3,K,7T,L) =0R{T)

25 CONTINUE

30 CONTINUE

a0 RETURK

1000 FORMAT (14X, *AQUEOUS ',I3,7 (84X, 1PB10. 3}, 3X,00F7. 1)
1001 PORSA?T (9%,2PF6.1,7 % TBP 7,I3,7(6%, 1PE10.3),3%,0PF7.1)

1100 PORMAT{’-FEED & PRODUCT STAGE NITRIC ACKD URARIGH
.PU (1V) PO (ILT) REDUCTANT NITRATE 10N FLOW RATE
. TRHP )
1101 FORSAT{! STREAR DATA HO. {HOL/ 1) {6/L)
.« G/} (¢/L3 {MOT /L) {H0L /1) {L/HIN)
{3y

BND
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SUBROUTINE #OLAL

SUBROUTINE MOLAL PRGVIDES THE CORNYERSIONW PACTORS (CONVA, CONV() BETWEEW
MOLAR AND MOLAL ONIT3. AQ AND OR CONTAIN THE CONCEWTRATIONS TO BE
CONVERTED. TCOWC SIGNALS THE UNIT3 OF THE CONCENTRATIONS BEING PASSED.
TCONC = ~1,0 POR MOLAR CONCENTRATIONS
TCONC = 1.0 FOR ZAOLAL CONCENTHATIONS

COMNON/CONTRL/ NTOST,NSOLU,CTBP, WHEWIN, NEWOUT ,SPH, I PNCH, IPAST, IRXH,
. DTHETA,IVOLM,IVOLS,IPRO, TENPI, ISOL (6),NSTR, ISTR,JSTR,CODUM (100}
CONMON/MOLALC/ AQ(6) ,OR (6) ,TEHP,CONYA, CONVO, TCOKC
P=CTBP
T=3.65145%F
1P (TCONC.EQ.1.0) GO TO S
U0S=T/{2.040.092%7)
PUOS=T/ (2.0+0. 18%T)
AOS=T# {1,0-0.00609% {3.95-0.0144*TEHD) ® (F*%1.65) ) /(1.0¢0.0n3%T)
HO={3.95-0.0180%TEAD) * (P**1.65)* (1.0-0R {2) /T0S-0R(3) /FUOS -

. 0.65%0R (1) /HOS)
GO TO 10

§ WO=(4.2-0.015#TEAP) ® (P**1.69)® {T-2.0%0R (2) ~2.0%OR{3) —0. 6*OR( 1)) /T

10 CONVO= 1.0+TCONC*(0.097%0R (2) +3. 139%0R (3) +0.043%0R (1) +0. 017 4*H0)

CONVO=CON FOX®TCONC
CONVA=0.0724#AQ(2) +0.13%AQ (3) + 0. 0309%AQ (1)+0.031%AQ(6)
CONVA= (1.0+TCONC*CONVA) *%T CONGC
RETORN
EWD
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SUBROUTINE STAGES (NDIREC)

ceceee

SUBROUTINE STAGES IS NOT COMPLICATED, BUT MODIFICATIONS TO IT SHOULD BB

MADE WITH CARE. 17 EMPLOYS A FOURTH ORDER RUNGY-KUTTA
TNTEGRATTON OF THE DIFFERENTIAL EQUATIONS GOVERNING THE
CHANGES I¥ CONCENTRATIONS OF THE MIXERS. CERTAIN VARYABLES
T¥ THE EQUATIONS ARE APPROXIMATED A CONSTANTS FOR THE
TIME INTERVAL (AIN & OIN) AND DETERMISED BY RECTANGULAR
METHODS HALP THE TINES, AND BY TRAPEZOIDAL METHODS THE
OTHER HALP (AS SPFCYPIED BY ¥DYREC).

SBTTLER CONCERHTRATIONS ARE GYVEN BY TRAPEZOIDAL
WETHODS RATHER THAN BY THE RUNGE-KUTTA INTEGRATION.

TEAPERATURE CHANGES ARE MADE BY A SINMPLE HEAT
BALANCE

DESCRIPTION OF VARIABLES

F{(T) AN EVALUATION OF THE DERIVATIVE IN THE INTEGRATION ¥FOR COMPONENT I

PHI(L) WEIGHTED TOTAL OF THE VARIOGUS P(X) CONPOTED

TX{I} TEST X POR ITERATION BETWEEN THE CONCS AND THE DISTRIBUOTION COEFP

AIN I5 THE SOLUTE COMING IN THE AQUEQUS STREAMS

OIN IS THE SOLUTE COMING IR THE ORGANIC STREANS

ARY USED IN SAME WAY AS TX, SORT OF

DTRY TRIAL DISTRIBUTION COEPFICIENTS

KDIREC CHANGES THE STREAM THAT THR CALCULATIONS ARE POLLOWING. ONE TINE,
THE CALCOLATIONS RILL START WITH THE FIRST STAGE ANWD GO TO STAGE ¥
{POLLOWING THE AQUEOUS PHASE). THE MEXT ‘TIME XIT WILL START RITH
STAGE ¥, AND GO THE OTHER DIRECTION. -

cce

COMMON/CONTRL/ NTOST,NSOLU, CPBP, NEW [F, NEROUT, SPH, IPNCH,IPAST,IRXE,
DTHETA,TVOLN,IVOLS,IPRO, TEMPI,TSOL (6) ,NSTR,ISTR,ISTR, CODUN (100)

COMMON/CONCS/ X{6,100,2),7(6,100,2) ,X5(100,3,6,2),¥S(100,3,5,2)

COMMON/DISTRE/ TEMPC, ARY (6) 4 DTRY (6)

CONMON /FLOWS/ A (10D} ,0{100) ,AT(100} ,OT (100}

COMMOR/MOLALC/ AQ(6) ,OR(E) ,TEMP,CONYA,CONVO, TCONC

COMMDN/STREAM/ XP5(6,100), TFD (5, 100) ,AFDRT (100) ,OFDRT (100} ,

AFDTEN (100) ,0PDTEN (100) ,ALYRT (100) ,OL¥RT (100}

COMMON/TENPS/ TPROF(100,2) ,ATS(100,3,2) ,0TS(100,3,2)

CORMON/VOLS/ AVOL (100) ,OVOL{100) ,ASVOL {100) ,0SYOL (100)

DINENSION ¥ {6} ,PHY{6) ,TX(6) ,ATN(B} ,OLH(6)

cep=0.001

TCONC = 1.0 POR THE YOLUME CONVERSIONS SINCE MOLAL CONCENTRATIONS ARE PASSED.

AQ{1)=0.0

OR(1}=0.0

ARY (I} =0.0

AIN(T) =0.0
OIN{I)=0.0

PHI{T) =0.0

CONTYLNOE

DO 500 NSCAN=1,NTOST
J= NSCAN
TIP(NDIRBC.LT.0) J=HTOST-NSCAN+1
3J=3-1

JII=I+1

CODUM{J)=0.0

ALL OF THIS *DO 5¢ LOOP IS CONCERNED WITH ACCUMULATING TAE APPROXIMATION

FOR THE INPUT CONCENTRATIONS

DO 5 I=1,NS0LU
IF{ISOL(I)-EN.0) GO TO 5

ADDING THE SOLOUTES IN THE PEED STREANS

ATIN {I) =AFPDRT(J) *X¥D (I,J)
QIN(I} =OFDRT{J) *YFD(I,J)

ADDING THE AQNDEOUS SOLUTE FROM THE PRECREDING STAGE. IF WDIREC IS
POSITIVE, THE PRECEEDING S5TAGE HAS A YALUR FOR TWHO POINTS IN TIME,
SO & TRAPRZOIDAL APPROXIMATION IS USED.

TP (J.GT-1) AXN (L) =ATN(I) +A (JIYV*XS(IT, 3, I, 1}
IF (J*NDIREC.GT. 1) AIN (I)=AIN(T)4+(XS{JJ,3,1,2)~KS5{33,3,L,1))*
AQII) 2.

A SIMILAR PROCESS POR THE ORGANIC SOLUTE FROM THE SOCCREDING STAGE.

IF (J.LT. NTOST) OIN{I)=OIN (1) +0(JIJ}*¥S (JJJ, 2,1, V)
IP(J.LT.NTOST.AND.¥DIREC.LT.0} OIN(I}=0IN(X)+ (¥S (JIJ,3,1,2)~
YS(3JI,3,T,11) #0(JIT) /2.



IF NSTR = 1 AN ORGANIC STREAN HU3T BE TREATED IN A SPECIAL MANKNER.

[eXeXel

IP(NSTR.EQ. 1.AND.J.EQ.JSTR; OIN{I)=OIN(I)+O(ISTR)*YS(ISTR,3,T,1)
IP(NSTR.B0. 1.AND.J. EQ.JSTR.AND.NDIREC* {J-ISTR).GT.0)

- OIN(I)=OIN(I)+{I5{ISTR,3,I,2) -YS(ISTR,3,I,1))*0(ISTR) /2.
TP{NSTR.2Q.V.AND.J.EQ.ISTR-1) OIN(I)=OFDRT(J) *YFD(I,J)

THE PROGRAW WILL NOT DEAL RITH SOLUTE ¥LOWS SMALLER THAN THIS
THRESHOLD LBVEL-

anan

IF (ABS (AIN (I)).LT-1.0E-15) AIN(I}=0.0
IF (ABS (OIN (I)).LT.1.0E-15) OIN(I)=0.0
X (T} =X(1,d, 1)
ARY (I)=X(I,J,1)
AQ(D =X (1.3,
OR{T)=Y(T,d,1)

S CONTINGR

GEPI'ING MOLAL VYOLUMES
SOLUTE FREE VOLUNES ARE REQUIRED TO CORRECT THE UNITS OF THE YOLUMES
FROH REAL VOLUME UNITS TO MOLAL UNITS IN ORDER TO HAKE THE V#X VALID

anann

TEHP=TBROF (J, 1)

CALL MOLAL
AQVOL=AVOL (J) /CORVA
ORVOL=G¥GL{J) /CORVO
AQSVOL=ASVOL (J) /COKY A
ORSYOL=03VOL (J) CONVO

THE HEAT BALANCES ARE DONE IN A WAY SIMITLAR TO THE CONCENTRATIONS

aon

AHTIN=R¥DRT (J) *APLTES {J)
OHTIN=OFDRT {J) *CFDTEH {J)
IP (J.GT.1) AHTIN=AHTIN®A(JJ)*ATS (33,3, 1)
IP(J*NDIREC.GT.1) AHTIN=AHTIN® (ATS(JJ,3,2)-AT5(Jd,3,1)) *A(JJ} /2.
IP(J.LT.NTOST) OBTIN=OEHTIN4O(JJJ)*OTS(JIT,3.1)
I¥ {J.LT.HTOST. AND, NDIREC. LT.0) OHTY#=QHTIN+(0TS(3JJ, 3,2)-
. GTS{JJJI,3,1))*0 (3JJ) /2.
IF (¥STR.EQ. 1.AND.J.BQ.TSTR-1) OHTIN=OFDRT (J)%OFDTEH (J)
TP (HSTR.EQ. 1. AND. J. EG. JSTR} OHTIN=GHTIN ¢O(ISTR) *OTS(ISTR,3,1)
TP (NSTR.EQ. 1.AND,J.®Q.JISTR.AND. NDIREC* (J-I5TR} . GT. 0)
OHTIN=OHTIN4(OTS(ISTR,3,2) -OTS (ISTR,3,1))*0 (ISTR} /2.
TPROF {J,2) =TPROP (J, 1) +DTHET A* (AHT I# +SPEXOHTIN- {AT (J) + SPH%0T (J))
*TPROF (J,1) )/ (AQVOL+SPH*ORVOL)
TENPC=TPROF {J, 2}

THIS BRAPCH IS FOR THE PASTER INTEGRATION HETHOD.

annonn

TP (IFAST.EQ. 1) GO TO 150

2]
(2]

THIS IS THE START OP THE RUNGE-KUTTA IKTEGRATION

ot aon

Q
(9]

NCX=0

GET THE DISTRIBUTION COEFF FROM THE PREVIOUS TIME

aan

CALL JCOR
10 po 20 I=1,WSOLO

CALCULATE THE PIRST DERIVATIVE

ann

F(I) = (AIN(I) OIN ([}~ (AT (J) ¢+OT (J) *DTRYI{I)) *X(I,J, 1))/
(AQ¥OL+ORYOLADTRY (1))

INCREASE X(I) BY DELTR X /2

[aRe¥ el

20 ARY (I} =X{T,J, ") +DTHETA®F{I) /2.
MCR=KCR* i

GETTING A NEW DTRY WITH THE SLIGHTLY LARGER X'S

ann

CALL UCOR

ITERATING TC GET BSATCHING DIRY'S AND X'S (ARY'S)

a0

NDEX=0
DO 30 T=1,NSOLO
TF{ABS (AMRY{T}) «LT.1.0E=6) GO TO 30
DIP=ABS ({TX (1) ~ARY (L} ) /ARY (T))
I[P (DIF.GT.CCD) MDEX=1
30 TX{T =ARY(I)
TP (MDEX.EQ. 1. AND. 1CK.LT.5) GO Ta 10
DO 40 I=1,NSOLU
X (1,3, 2) =ARY(I)
40 PHI {I) =P (1)

C THIS (OR SIMILAR) PROCESS IS REPEATED WHILE ACCUBUGLATING PRI®*S POR THE
C FIFAL DeTERMINATION OF X AT THE WEW TIHE



5

45 DO 50 T=1,NSOLO
F(T)= (AIN{I)+OIN (I) ~ (AT {J) +OT (J) *DTRY (I}) ¢X(I,J,2))/
. (AQYOL +ORVOL®DTRY (I)}
80 ARY () =X{T,J, 1) +DTHETA*F(T) /2.
ACK=ACK+ 1
CALL UCOR
¥DEY=0
Do €0 T=1,N50LU
TP {ABS {ARY {1}).1T. 1.0E~6) 6O TO 60
DIF=ABS ({TX (X} ~ARY (T}} /ARY (1)}
IF{DIF.GT.CCD) SDEX=1
60 TX(I)=ARY (I)
IF{ADEX.EQ. 1.AND.¥CK.LT.10) GO TO 45
Do 70 I=1,NSOLU
X (X,J,2)=ARY ()
70 PHI(I) =PHI{Y) +2.%P (1)
75 DO 80 T=1,NSOLD
P (LY= (ALN (T) +OIN (T) ~ (AT (J) +OT (Jp *DTRY {I)) X (X, I, 2 )/
. (AQVOL +ORVOL*DTRY (1))
80 ARRY{T) =X(I,J,1) +DTHETA*F (I)
MCK=HCK# 1
CALL UCOR
NDEY=0
DO 90 T=1,¥SOLU
1F (ARS (ARY (1)} .LT. 1.0E~6) GO TO 90
DIF=ABS {{TX (I) ~ARY ()} /ARY (I})
IF{DIF.GT.CCD) MDEX=1
90 TX(I)=ARY(T)
TF (MOEX.EQ. 1. A¥D. HCK.LT.15) 60 1O 75
DO 100 I=1,NSOLU
(T, F,2)=ARY (1)
100 PHI(T) =PHI(I) ¢2.%7 (T}
165 DO 110 1=1,NSOLU
F{T)= (ATH{I)+0IN (I} ~{AT (J) +OT (J) *OTRY (1)} *X (L, I, D)/
. (RQVOL +GRYOLEDTHY (1))
110 ARY (I) =X(T,J,1) ¢+ {PHI{T) +¥ {I)) *DTHETA /6.
®CR=UC K+
CALL 1UCOR
MDEX=0
DG 120 I=1,NSOLU
IF (ABS {ARY (I}).LT.9.0E-6) GO TO 120
DIP=ABS ({TX (I)-ARY (I)} /ARY (X))
TF(DIF.GT.CCD} MDEX=1
120 TX({1)=ARY (T}
IF{MDEX.EQ. 1.AND.MCR.LT.20) GO TO 105
PO 130 I=1,8S0LY
IP (RBS {(ARY {I}}.LE 1.E~20) ARY {Ij =0.0
T(L,J,2) =DTRY (I} *ARY (I}
130 X{T,J,2) =ARY(T)

TAIS CONPLETES THE INTEGRATION. ARY(L} (FROM 5TH 110} BECORFS THE NEW
AQUEOUS CONCENTRARTYONS
AND FOW THE SETTLER VALUES ARE CALCULATED WITH R TRAPEZOIDAL NETHOD

9000 a

GO0 TO 190

]
o]

THIS IS THE FASTER INTEGRATION ARTHOD. 1IT IS5 VERY SIMILAR TO ONE
0F THE SEGNMENTS OF THE ROUNGE~RUTTA INTEGRATION. IT USES A SIHPLER
FINRITE DIFPERENCE METHOD TO EVALOATE THE CONCENTRATIONS TN THE
MTIXFRS. ALL OTAER CALCULATIONS ARE DONE IN THE SAME WAY RS FOR
THE RUNGE-KUTTA INTEGRATION

(s NN NeReRe N N NeNy]

o3
a

150 NCK=0
160 MDEX=0
CALL UCOR
po 170 I=1, NSOLD
IF{ISOL{I) . BQ-0) GO TO 170
DYOLS= AQYOL+DTRY (T) *ORVOL
DFLOS=AT (J) ¢DTRY (1} 0T (J}
¥(T,5,2)={RQVOL*X(I,d, 1) +ORVOL* ¥ {1,T,1) +DTHRETAN (AT H{I) 2 0IN(X) -
. (AT (J) #X(T,J, 1) #OT {J} *T (1,3, 1)) /2. 1} / {DVOLS+DTHETA*DPLOS /2. )
T(I,3,2}=X{I,J,2) *DTRY (1)
TP(ABS(X({X,J,2}).LT.1.E~09} GO TO 165
BEF=ABS ((X (T,3,2) -ARY (1)) /X (X,.9,2})
1P (DT¥.BR.CCD) BDEX=1
165 ARY (T} =%({%,d,2)
170 CONTIHUZ
NCK=8CR +1
1P (BDEL. £Q. . AND. BCK. LE. 20} GO TO 160

180 PACTA=0.0

FACTO=0.0
IF{IRYN.RQ.0) GO TO 185

SUBROUTINE MCHER OFALS WITH AHY CHEHICRL BrasTIONS CCCURING I8 THE HIXNERS.

*Re RNyl

CALL MCHEN (J,A30V0L,0RYOL)
185 CONTIHOX
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IF (AQSVOL.GT.0.0) FACTA=1.S#AT (J) *DTHETA/AQSVOL
IF(ORSY0L.GT.0.0) FACTO=1.5%0T(J) *DTHETA/ORSVOL

ATS(J,1,2) =ATS (I, 1, 1) +FACT A% (TPROP (J,2) ¢TPROP {3, 1) =ATS (J, 1, 1))
ATS (J,1,2)=ATS (J,1,2)/ (1. +FACTA)

0TS (3, 1,2) =OTS{J,1,1) +FACTO* (TPROF (J,2) +TPROF (J,1) —-OTS {J, 1, 1))
0TS (J,1,2)=0TS(J, 1, 2) /(1. +FACTO)

DO 200 I=1,NSOLN

IF(ISOL{I) .EQ.0) GO To 200

CNGINV=0.0

IP{X(1,J,2) +¥{I,J,2).GT.1.0B-6) CNGINV= (AVOL(J)} *(X(I,Jd,2)-X{I,J,1)
<) +OVOL (D) ®(Y(T,J,2) -¥(I,3,1)))/(DTHETA® (AVOL (J) *X (I, J,2) +0YOL () *
“Y{1,3,2)))

CNGINV=100%ABS (CNGINY)

CODUM{J) =AMAK1(CODUN {J} ,CHGINV)

XS (3,1,1,2)=(X5(J3, 1,1, 1) +FACTA® (X (L,J,2) +X{I,J, V-XS(J,1,I,1)))/
- (1. +PACTA)

YS(J3, 1,1,2)={fS(J,1,1,1) ¢FACTO* (¥(I,J3,2)+Y(I,J,1}-¥5(J, 1, I, 1))/
. (1.+FACTO)
200 CONTINUE

DO 300 KZ=2,3

KZB=K%- 1

ATS (J,XZ,2) = (ATS (J,KZ, 1) 4P ACT A* (ATS (J,KZB,2) +ATS (J ,KZB, 1) -
. ATS{I,KZ, 1))}/ (1. +FACTR)

OTS{J,KZ,2) =(0TS{J,KZ, 1) +FACTG* {OTS (J,KZB,2) +OTS (J,KZB, 1) -

. OTS (J,KZ, 1)} )/ (1. +PACTO)

DO 300 T=1,8S0LU

XS (J,KZ,I,2)= (XS (J,KZ, I, 1) +PACTA% (XS (J,KZB, I, 2) +XS (J,K2B,I,1) -

. XS{I,KZ,I,1))) /(1. +FACTA)
YS{J,K2,1,2)=(¥S5{J,KZ,I,1) ¢FACTO* (¥YS (J,K2B,I,2)+¥5{J,KZR, I, 1) ~
- YS(I,KZ,T,1})) /(1. +FACTO)

300 CONTINDE
IP(IRXN.EQ.0) GO TO 500

SUBROUTINE SCHEM DEALS WITH ANY CHEMICAL REACTIONS OCCURING IN THE
SETTLERS. THESE REACTIONS ARE SIMPLER SINCE NO PHASE TRANSFER IS
POSSIBLE.

CALL SCHEH¥ (J,AQSVOL,ORSYOL)
500 CORTINUE

RETURN
EFD
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SUBROUTTINE UCOR

COSMON /CONTRL,/ NTOST,NSOLU,CTBP, NEWI N, NENOUY,SPH, X PHCH, I¥AST, TRIN,
. DTAETA,TYOLM,IVOLS,IPRO, TEAPI, ISOL {(6) ,NSTR, ISTR,ISTR,CODDA (100)
COMMON/BISTRB/ TRAPC,ARY(S) ,DTRY (6)

JCOR RETURNS A VALUE OF THE DISTRIBUTION COEFPICIENT = Y/X POR EACH
YALDE OF X TRIRD

PUTOT=ARY (3) ¢ARY {#)
F=CTHP

HAN = ARY (1)

OANM = ARY(2)

PUAN = ARY{3)

SNITR = ARY (6}

TP (UAN.LT.0) UAN = O,
IF(POAM.LT.0) PUAN =
TP (HAN.LT.0) HAN = O,
TF{SNITR.LT.D) SRLTR = O.

POTIY = PUTOT ~ PUAN

IF(PUYIT.LT.0) PUTIY = O,

THH = HAM ¢ 2.%0AM + 2_%PUAM ¢ SNITR + U.¥PUIIT
I¥ {TNHM.EQ.0.0) TNE = 1.0

TEMPRE = 1000. /{TEMPC + 273.16)

DRT = TEMPRK ~ 3.3539

UK = 3.7T#TRMRT.57 ¢ 1. 4ATNME*3.9 + 0.011&TNN®® 7. 3
UK = DR (4,.%F&{-0.17) ~ 3.)

POK = K& (.20 + .55%Pk81.25 &+ .00TA®TNE®® D)

HK1 = 0.13ISKTHN®*%0.82 & 0,0052%TNM**3. 44

TP (P.LT.1.) HK1 = HK1&(). - O.5UXEXP(~15.%F))

IF (TEMPC.WE.25.) UK = DKE€EXP(2.5%*DRT)

TP (TEMPC.NE.25.) PUK = PUR#EXDP(~.2%DRT)

P {TEMPC.WE.2S5.) HK1 = HK1#ZXP(0.34%*DRT)

HE2 = HK1

A = 2.%({UK*UAM ¢ PUXAPUAM + HK2%HAWM)

B = HK1®HAM & 1.

C=-3.6515%CTBP

IF(A.GE.1.E-€) Gn TO 10

TF=-C/8

GO O 15

CONTINGE

TP = {~B + SQRT(Bk®2 —U_%A%C)) s{2.%})

CONTINUE

DHY = HK1*TF

DH2 = HK2%TP#*2

DH = DH1 + DH2

DU = UE*TFR*2

DPU = PORKTF¥RZ

0.

DTRY(1 = DH
DTRY{2) = DU
DTRY(3) = DPD

DTRY (4)=0.0
DTRY (5) =0.0
DTRY(6)=D.0
RETORN

2ND
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SUBRCUTINE MCHEM (J,AQVOL,0RYOL)

SUBROUTINE HMCHEN HRANDLES YHE CHEMICAL REACTIONS IN THE SYSTEH. PRESERTLY,
INSTANTANEQUS REDUCTION OF PLUTONIUM, RECUCTION BY U(IV), AND REDOCTION

BY HYDROXYLAMINE ARE AVAILABLE AS REACTICNS. THE SUBROUTINE CAN EASILY

BE ALAPTED TO CONSIDER ANY INTEGRATED RATE EQUATION, WITH ANY DESIRED
STOICHIOMETRY.

THE SUBEJUTINE ASSUKES THE REACTION IS TOTALLY IN THE AQUEOUS PHASE, BUT
THAT THE SOLOTE IN THE ORGANIC PKASE ALSO AIDS IN MAINTAINING THE

AQUEQUS CONCEWNTRATION. THE INTEGRATED RATE EQUATION DETERMINES THE

EXTENT OF REACTION. THE ROUTINE THEN SPLITS THE RESULTING SOLUTES

BETWEEN TBE PHASES.

TRXN INDICATES WHICH REACTION RATE IS TC BE USED,
SOLAMT IS THE TOTAL AMOUNT OF SOLUTE IN THE MIXER

SOLVOL IS A PSEUDC-VOLUME SO THAT THE SOLUTE IS ENTIRELY IN THE AQUEQUS PHASE

RX IS THE AQUECUS COMPOSITION USED TO DETEZRMINE THE REACTION RATE
RYNAMT TS THE AMOONT OF REACTED SOLUTE USING SOME COMPONENT AS A BASIS
RK IS A RFACTION RATE CONSTANT
EXTENT = THE EXTENWT OF REACTION, BASED ON THE PRACTION OP

SOME COMPONENT CONSOUMED BY THE REACTION.

COMAOY /CONTRL/ WTOST,NSOLU,CTBP, NEWIN, NEWOUT, SPH, 1PN CH, IFAST, IRXN,
. DTHETA, IVOLM,IVOLS,IPRO, TEMPI,ISOL (6) ,NSTR,ISTR,JSTR,CODOX(100)
COMMOR/CONCS, X(6,100,2},Y(6,100,2),XS(100,3,6,2),7S (109,3,6,2)
COMBON/DISTEE/ TEMPC,ARY(6),LTRY (6)
COMNON/TEMPS/ TPROF (100,2) ,ATS (100, 3,2),0TS(100, 3, 2)
DIMENSION RY (6}, SOLAMT (€) ,SOLVOL (6)
REAL STOIC(6,3)/0.0,0.0,-1.0,1.0,-1.0,0.0,
. 2.0,0.5,-1.0,1.0,-0.5,0.0,
. 2.0,0.0,-1.0,1.0,-1.€,0.0/
IF (ISOL(5) -EQ.0) GO TO 300
DO 10 1=1,6
SOLANT (I) =AQVOL*X (I,J,2) +ORVOL#Y (I, J, 2)
SOLVOL (I) =AQVOL+DTR ¥ (I) ®*OR VOL
RX(I)=X(I,J,2)
10 CONTINUE
Go To (90,80,70,60,50,40,30,20) ,IRXN
20 CONTINUE
30 CONTINUE
40 CONTINUE
50 CONTINUE
60 CONTINUE
GO 1o 90
70 CONTINUE

IRXN = 3 REACYICON BETWEENW PG (IV) ANLC HYCROATLAKINE
POR = RATIO OF PU{i¥) TO REDUCTANT
RK = RATE CONSTANT
EXTMAX = MAXIAOM EXTENT OF RFACTION (BASED ON PU (IV})
EXTIRC = INCREMEWT IN SEARCH FCR EXTENT
ASTINT = THE INTEGRATED CHANGE IN¥ EXTENT (EQUAL TO RK

TP (RX(1).L1T.1.0E-10.0R.RX(3).LT. 1.0E-10.0R.RX (5) .LT.1.0E-10})

. GC T0 90

POR=SOLAHT (3) /SOLANT (5)

TOTNIT=RI{1) +2.#RX(2) +4.*RX (3) +3.%RX (4) +RX(6) +0.33

RK=1. T4*EXP (31000.1.987#%(1.0,303.16-1.0/(273.164 TPROP (J,2)) )}
RK=RE* RE{3) ®DTHETA® (RX (5) / (RX {1) *BX () # TOTHIT))**2.0
EXTEAX=AMIN1 (1.0,1.0/F0F)

THIS IS A BINARY SEARCH FOR THE CORRECT EXTENT OF REACTION

EXTINC=0.25#EXTHAX
EXTENT=0.5% EXTHAX
B=50LANT (3} /50LVOL (Y4}
A=RX(4) +B

AR=A%A

BE=A® 2

CC=p*B

Do 78 I=1,10
A=1.0/(1.0-FXTRNT]
IF(FOR.GT.0.01) GO TO 72

TRIS INTEGRATED POR® ASSUMES A LARGE EXCESS OF THE REDUCTANT

ANTIRT=AA® A#EXTENT- 2. 0®BB*ALCG {R) +#CCP*EXTENT
50 TG 76
72 TP (ABS(1.0-POR} -LT.0.01) GO TO 74

THIS IWTEGRATED RATE EQUATICN IS THE GEWERAL CASE

8=1.0-POR*EXTERT

€=1.0/(1.0-FOR})

ABTINT= (FOR-A® EXTENT-FOR/B +2. O*CRTOREALCG (A®B) } # AARCHC
ABTIRT=AETINT-2. 0®BR%C* (FOR®TITEN'T/B ~CRXALCG (A% B) ) -CC® EXTENT/ B
AMTINT=-AATINT

GO TO 76
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THIS IRTEGRATED PORA ASSUMES A STOICHIOMETRIC AMQUNT OF REDUCTANT

Th OAMTINT=AA® (A%A®A-1,0) /3.0-BB% (A®R-1,0) +CC* (A~1.0)
76 CONTINUE
TP {AMTINT.GT.RK}) EXTENT=EXTENT-SXTINCG
IF (AMTINT.LT.RK} EXTENT=EXTENT+BXTINC
EXTINC=EXTINC/2.0
78 CONTINUE
RAHAMT=EXTENTESOLANT (3)
50 TO 100
80 CONTINUY

TIRXN® = 2 RERCTION BETWEEN PU (IV)} AND U (IV)
RE = RATE CONSTANT
RCU = RATIO OF PU (IV) TO REDUCTART
EXTHNAX = MAXINUN EXTENT BASED ON PO (I¥} AND R TEN SECOND HALP TIME

IR (RX(3).L7.1.08-10.0R.RX(5).LT. 1.0E-10} GO TO 90
EXTRAX=RAMIN 1(1.0,1.0-0. 5% (6.G*DTHETA) ,2.0€ SOTANT(5) /SOLANT (3} )
BRK=170,0
REK=RE#DTHETA®RX(5)
RC U=SOLANT (3) / (2. 0% SOLANT (5})
RHO=RX (1) *BX (1)
REXP=1.0840
IF (RK* (1.0~RCU) .1LT.100.0%RHO} RREP=EXp (RK* {1.0-RCO) /RHO)
EXTENT=BK/ (RE* BHO)
1F (ABS (1.0-BRCU).GT.0.05) EXTENT= (1.0-REXF) /(RCU-REXP)
EXTENT=AMIN 1{EXTENT,EXTMAX)
RXNAMT=SOLAMNT {3) ¥EXTENT
60 TO 100

90 CONTINUE

IRXN = 1 TINSTATANEOUS REDUCTION OF PO (I¥}
THIS MECHANIEM XIS OSED EY ALL REDPUCTION REACTIONS WHEN THE
CONCENTRATIONS FALL BELOW A THRESHHOLD LEVEL

RXNAMT=ANTH1(~SOLANT (3} /ST OIC (3, IRKN), ~SOLAAT (5) /STOLC (5, IRXK)
100 O 110 T=1,6

SOLAMT (I) =SOLANT (I) +RYNANT®STOIC (I, TRXN)

TF(SOLANT(T) .17.0.0) SOLAMT(T}=0.0

ARY (I} =SOLANT{I) /SOLYOL (T)

TF (SOLAKT (T).¥E.0.0) ISOL(T)=1

IF (ISOL {I).¥Q.1.AND.NSOLD. LT. ) NSOLOU=1
110 CONTINOE

DIVIDING THE RESULTING SOLUTES BETWEEN T6E PHASES

DO 125 ITRI=1,S
TCK=0
CALL OCOR
DO 120 I=1, ¥50L0
X(1,J,2)=SOLAMT(I} / {AQVOL+DTRY (I) *ORYOL)
IP{ABS(X(I,J,2)~ARY (1)) .GT.0.0001%X(I,J3,2}} LCK=1
ARY (I} =X(I,9,2)
IF{X(I,J,2).LE.1.8~20) X(I,d,2)=0.0
Y (I,J,2}=X (1,7,2)€DTRY (1)
120 CONTINUE
TP (ICK.EQ-0) GO TO 130
125 CONTINUE
130 CONTINUE
30u BETOURN
END
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SUBROUTINE SCHEM WORKS SIMILAR TO HCHEHN,

AT

SUBROUTINE SCHEM (J,AQSVOL, ORSVOL)

ALL TIMES.

IRXN INDICRTES WHBICH REACTION RATE IS TO BE USED.

EK

IS A REACTION RATE CONSTANT

EXTENT = THE EXTENT OF REACTION, BASED ON THE FRACTION OF

10

20
30
u0
50
60

70

IRXN

72

T4
76

7

@

SOREZ COMPONENT CONSUMED BY THE REACITIORN.

COMHON/CONTRL/ NTOST,NSOLO,CTBF, NEWIN, NEWOUT,SPH,IPNCH, IPAST, IRXN,
DTHETA,IVOLX,IVOLS,IPRO, TEMPI, ISOL (6) ,NSTR, ISTR,JSTR,CODUN (100)

COHBOY¥/CONCS/ X{(6,100,2),Y(6,100,2),XS(100,3,6,2),Y5(100,3,6,2)

CONMOY¥/TENP S, TPROF (100,2) ,ATS(100,3,2),07S(100,3,2)

REAL STCICX (6,3)/0.0,0.0,-1.0,1.0,-1.¢,0.0,
2.0,0.5,-1.0,1.0,-0.5,0.0,
2.0,0.0,-1.€,1.0,-1.0,0.0/

REAL STCICY(6,3)/0.0,0.0,0.0,0.0,0.0,0.0,12%0.0/

DINENSION RX({6),RY (6)

IF (ISOL (5) . EQ.0) GO 7O 300

DO 150 Kz=1,3

po 10 I=1,5

RX (1)=XS (J,KZ,1,2)

RY (1) =YS(J,¥Z, 1,2}

CONTINCE

Go To (90,80,70,60,50,40,30,20) ,IRKN

CONTINUE

CONTINOE

CONTINUE

CONTINUE

CONTINUE

GO TO 90

CONTINDE

= 3 REACTIOR BETWEEN PU{(IV) AND HYCRCXYLAMINE
FOR = RATIO OF PU({IV} TO REDUCTANT
RK = RATE CONSTANT
EXTMAX = MAXTHEUM EXTENT OF REACTION (BASELC ON PO (IV})
EXTINC = INCREMENT IN SEARCH FOR EXTENT
AMTINT = THE (INTEGRATED CHANGE IN EXTENT (EQUAL T0 RK}

IF (RX(1).LT.1.0E-10.0R.RX(3).LT. 1.0E-10.0R.RX(5) .LT.1.0E-10)
GC TO 90

FOR=RX (3) /RX (5)

TOTNIT=RX (1) +2.#RX (2} ¢4 . %R X (3) +3.%RX (U) +RX(6) +0.33

RE=1. TUSEXP (31000. /1.987%(1.0/303.16-1.0/{273.16+TPROF (J,2)} )

RK=RK®RX(3) #DTHETA® (RX (5) / (R¥ (1) #RX (1) ®*TOTNIT))%22.0

EXTMAX=AKIN1 (1.0,1.0/F0R}

THIS IS A BINARY SEARCH FOR THE CORRECT EXTENT OF REACTION

EXTINC=0.25%EXTMAX

EXTENT=0.5% EXTHAX

B=RX (3}

A=RX(4) +B

AR=A®A

BE=A*B

cCc=p%B

po 78 1=1,10

2=1.0/(1.0-EXTENT)

IP(FOR.GT.0.01) GO TO 72
AMTINT=AR®ASEXTENT~2.0%®EE% ALOG (A) +CC*EXTENT

GO 10 76

IF (ABS (1.0-FOR).LT.0.01) GO TO 74
B=1.0-FOR*EXTENT

€=1.0/(1.0-FOR) .

ANTINT= (FOR-A* EXTENT~FOR/B+2, 0®C® FOR® ALOG (A%B) ) # AASCT* C
ANTINT=ANTINT-2.0®BB*C# (FOR®EXTENT/B -C*ALOG (A®B) ) ~CC¥EXTENT/B
AMTINT=-ANTINT

GO T0 76

AMTINT=AA® (A% A®X~1,0)/3.0~BB* {A®A-1.0) +CC* (A-1.0)
CONTINUE

IP (AKTINT.GT.RK) EXTENT=BXTENT-EXTIKC

IF (AMTINT.LT.RK) EXTENT=EXTENT+EXTINC
BEXTINC=EXTINC/2.0

CONTINUE

DELTAX=RX(3) ®*EXTENT

DELTAY=0.0

G0 TO 100

BOUT THE PHASES ARE KZPT SEPARATE
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80 COWTINUE

IRXY = 2 REACTION BRTWEEN PO {I¥) AND O (IV)

90

RK = RATE CONSTANT
RCU = RATIO OF PO (IV) TO REDUCTANT
EXTHAX = MAXIMOM EXTENT BASED ON PU (IV) AND A TEY SECOND BALF

IF (RX {3). LT.1.0E~10.0R.RX(5).LT. 1.0E~10) GO TO 90
EXTHAX=AMINY {1.0,1.0-0.5%% (6, O*DTHETA} , 2. O*RX (5) /RX(3))
RK=170.0

RK=RE*DTHET A&RY (5}

RCU=RY {3) / (2.0%RT(S))

RHO=RX { 1) *R X ( 1)

REXP=1.0E40

T¥ (RK* (1. 0-RCH) .LT.100.0%RHO) REXDP=FXP(BXK*{1.0~RCT) /RBO)
EXTENT = RK /{ RK+ RHO)

T# (ABS (1.0~RCO}. GT.0.05) EXTENT=(1.0-REXP) /{RCU-REXP)
EXTENT=AATN 1 (EXTENT, EXTHAX)

DELTAX=RX { 3) *EXTENT

DELTAY=0.0

GO0 TO 100

CONTINGE

IRXN = 1 INSTATANEOOS REDOCTION OF P20 (IV)

165
150
300

THIS WECHANISH TS USED BY ALL REDUCTION RRACTYONS WHEW THE
CORCENTRATIORS FALL BELO¥ A THRESHHOLD LEVEL

DELTAY=AMT N1 {(~RX (3) /STOICX (3, IRXN), ~RX (5) /STOICX (5, IR XN))
DELTAY=0.0

CONTINUE

po 105 1=1,6

XS(I,KZ,Y,2) =X5(J,KZ,1,2) ¢+ STOICX (I ,LRX¥F) *DELTAX
Y5 (J3,%7,7T,2) =TS(J,K2Z,1,2) +STOICY (I, IRXN)*DELTAY
1P (XS (J,K%,T,2). LE. 1. E-20) XS (J,K%,T,2) =0.0
IF(YS({I,KZ,T,2).LE.1.E~20) ¥5(J,X%,T,2)=0.0

1F (XS (J,KZ,T,2) .NE. 0.0} ISOL(I}=1

1P (YS (J,KZ,X,2).NE.0.0) ISOL{T)=1

IF{ISOL (I} .EQ.1,AND.NSOLD. LT.T) NSOLOU=L
CONTINTE

CONTINUE

RETURY

RHD

TIME
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SUBROOUTINE PRTOUT

PRTOUT COWNVERTS THE CONCENTRATIONS PRO# THE MOLAL PORM USED BY THE PBROGRANM
TO THE MORE COMNOWN UNITS IN THE OUTPUT. 1IN ORDER TO GET THE PROPER
HEADINGS FOR THE PUREX SYSTEN, THE SUBPROGRAM ALSND PRINTS THE PROPILES.

COMMON/CONTRL/ ¥TOST,NSOLU,CTBP, NEWIN,NEWOUT, SPH,IPNTH, IPAST,IRXN,
- DTHETA,IVOLM,IVOLS,IPRG,TEKPI,ISOL(6) ,NSTR,ISTR,JSTR,CODIN (100)
CONMMON/CONCS/ X(6,100,2),Y(6,100,2),X5(100,3,6,2),YS(100,3,6,2)
COMMOX,/FLOWS/ A(100),0(100) ,AT (1G0} ,OT(100)
COMMON/MOLALC/ AQ(6) ,OR (6) ,TEAP,CONVA,CONVO, TCONC
CONHON/STREAM/ XPD(6,100), YFD (6,100) ,AFDRT (100) ,OFDRT (100),
. AFDTEM(100) ,OFDT E¥ (100) , ALVRT {100) ,OLVRT { 100)
COMMON /TEAP S/ TPROF (100,2) ,AT3{100,3,2) ,075{100,3,2)
DIMENSION AOUT{100) ,000T{100)
TCOHC=1.0
PRINT 1107
PRIKT 1102
PRINT 1103
PRINT 1104
DD 20 J=1,RTGST
DO 10 T=1,¥30L0
AQ(TY =X(I,J,2)
OR(I)=Y(L,J,2)
10 CONTINUE
TEMP=TEROT {J,2)

CALL MOLAL
ADEN= (1000, =72.4%AQ(2) =130.% (AQ(3) +AQ (4))-30.9%RG (1) -31.*rQ (6)) /
. (1000. /0.99707)+0.33404%A0Q(2) +0.49202%{AQ(3) +AQ (4})

+0.06309%AQ (1) +0.213%AQ(6)
AOUT {J)=AT (J) *CORVA
00UT (J) =0T {J) *COKVO
DO 15 1=1,NSOLU
X(I,J,2)=AQ{I)/CONVR
Y(1,3, 7 <OR (I) /CONVO
15 COWTIHUE
X(2,3,2=x(2,3,2) *238.
Y(2,3,2)=Y(2,3,2) %238,
X(3,3,2)=X(3,3,2)%239.
Y(3,3,2=Y(3,3,2) %239,
X(4,3,2=%(4,3,2)*239.
T(8,d,2)=Y(4,3,2)*%239.
PRINT 1000,J,(X(I,J,2),I=1,6) ,ADEN,AQUT {J),TPROF(J,2)
IP{ALVYRT(J) . EQ.0.0) GO TO 20
CONVA=CONVA*ALYRT (J)
PRINT 001,J,CONVA
20 COWTIWUE
PRINT 1105
PRINT 1106
PRINT 1107
PRIKT 1104
b0 30 J=1,NTOST
BXR=0.0
EXU=0.0
EXPU=0.0
IF (AOOT (J).LE.C.G) GO TO 25
EXH=000T(J) /AROOUT (J)
IP(X(2,J,2) .GT.0.0) EXU=EXH*Y(2,3,2)/%{2,J,2)
IP(X{3,J,2)4X(4,3,2).6T.0.0) EXPU=EXB*({¥{(3,J,20+Y(4,J,2))/
- (X(3,3,2)+X(4,3,2))
IP(X(1,J,2) .GT.0.0) EXH=BXH¥Y {1,J,2)/%(1,d,2)
IFP(X(1,3,2).LR.0.0) EXH=0.0
25 CONTINOE
ODEN= (1000. -17.4%0.29-97.%Y (2,J, 1)~ 139.%(Y(3,J, 1)+Y(4,J3,1))
- ~83.%Y (1,3,1))%(1.041.8) /((273.6/266.32¢227.5/170.34%1.8)
*1000.) +0.01802%.,29¢,39804%Y{2,J,1)+.49202*(Y{3,3,1)
. “Y(4,J3,1))+.06301%Y(1,3,1)
PRINT 1000, 3, (Y(I,J,2),I=1,3) ,EXU,EXPO, BXH,0DEN 0007 {J) ,CODUN ()
IF(OLVRT(J) .EQ.0.0} GO TG 30
CONVO=OLYRT {J) 00GT {J) /OT (J)
PRINT 1001,J,CONYVO
30 CONTINGE
RETURN
1000 PORMAT(12X,13,1X,9(*) ',1PE10.3,1% )
1001 PORBAT(12X,I3,' | PRODUCT STREAR ®,7UX,*} *,1PE1C.3,' %)
1101 PORMAT {5X,* AQUBOGS PHASE'}

1102 FORMAT (10X, * STAGE | WITRIC ACID| URANION | PO {XIV) { PO (II
-1} | REDUCTANT { NITRATE ION| DENSITY | MIXER FLO¥ |TEHPERATG
.RE")

1103 FORMAT (11X, “§0. | (mOL/L) | (G/1) t (6/L) | (G/L)
. 1 (moL/Ly t  (moL/1) | (G/NL) 1 (L/nIf { (CENTIGRAD
-B) ')

1104 FORMAT (16X, 9('1',12%))

1105 PORMAT{ 0 ORGANIC PRASE')

1106 PORMAT (10X, °*STAGE | NITRIC ACID{ URAKIUHR | PO(IV 10 EXTRAC
.TION{ PO EXTRACT (|ANO3 BXTRACT| DENSITY (| FLOW RATE | INVENTOR
.Y

1107 FORMAT (10X,' NO. ( (MOL/L) | (G/L) | (G/L) | FACTO
R [ PACTOR ] PACTCR | (G/9L) | (L/RIN) | CHANGE (

-9 9
ENOD
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APPENDIX B. TABLE OF NOMENCLATURE

Variables

A Aqueous flow rate (liters/min)

D Distribution coefficient

K Pseudo mass equilibrium constant

K' Pseudo mass equilibrium constant

.+.
Kd Dissociation constant for PuNOg

k! Reaction rate constant

0 Organic flow rate (liters/min)

t Time (min)

v Volume (liters)

% Aqueous-phase solute concentration

Organic-phase solute concentration

Residence time

Subscripts
a Aqueous phase

Feed stream

i Solute number
3j Stage number

k Zone number

m Mixer

o Organic phase
P Product stream
s Settler

t Point in time

u Uranium
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