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_SEPHIS-MOD4: A USER'S MANUAL TO A REVISED MODEL OF THE PUREX SOLVENT
CRTRACTION SToTN. T~

A. D. Mitchell

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 repoft 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 run 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 system so that a computer
can easily handle the process. A description of these
approximations is given to help the user of the program understand
why differences are found between the predicted and egperimentai
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 ;hexcomputer'
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 mixer—sett'ler,s.l ‘The components considered by
SEPHIS-MOD4 are nitric acid, uranium, plutonium(Iy),‘piutonium(lil),

a plutonium reductant, and inextractable nitrate salts. Differential
equations are used to describe the flow of the solutes through the model.
Empirical correlations determine how each solute is distributed between
the aqueous 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 that is used by SEPHIS=MOD4
is depicted in Fig. 1. Definitions of the variables used .are listed in
Appendix B. Solutes enter each mixer via aqueous and -organic feed
streams, the agueous stream from the preceding sstage 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.
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of the mixer so that the solutes achieve an equilibrium distribution
between the phases. Two streams leave each mixer and enter the
first of three aqueous or organic settler zones. Each zone is
homogeneously mixed and overflows into the next zome. 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 streams 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 (Aj—l)’
the organic stream from the settler of the succeeding stage (Oj+l)’ 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,

d(vmajxi i + Vmojyi j)
‘ b1 b}
dt = Aja1¥g,5-1 T OV, g A%, 5
+0,.y.. . - (A, +A_ Dx, , - (0, +0_ )y, . - 1
£61,5 ~ By FAp0%e,5 T O+ 0pp)Yy @

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
yi,j Dixi,j . (2)
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Applying these assumptions to Eq. (1),

dx, .
—1,] _
dt A %5 501 * 0517y g1 * Aei®ee,5 * OfiVEd, 5
- [A, +A , +D.(0. +0_)]x, .}Y/(V_.+D.V .). 3
[ J PJ 1( J PJ)] 1,] ( maj i moJ) (3)

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,

o the remaining variables are x, ., D., x. . and y, .,.. The value of
s * g laJ’ i’ 1,3-1’ yl’J+l

X, i is determined by the Runge-Kutta integration scheme. The value of
’

D, is calculated once x, ., is known. Assuming that x, , and y, , will
1 1,] l:J—l 19J+l
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,

(x )/2 (4)

+
*i,j-1 1,5-1,t  %i,j-1,t+At

and

(yi,j+1,t + yi,j+l,t+At)/2 y (5)

V1,341
All the variables have now been specified, so the differential can be
evaluated by an iterative procedure.

The iterative procedure that 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 + At. All
the variables that are required to compute x,

i,j,t+At
The simplest solution to this

have previously

d .
calculated values except for yi,j+l,t+At
problem is to say that

Vi34, e40t - Vi, 541,t (6)




*

t+at @®

TIME —=
®

j-2

Fig. 2.
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,j,t+At
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. 1In the next

row of points, the stages are computed in the opposite 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:
*i,3-1,t40t © Fi,j-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
concentrations 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 manner 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 settler and either leaves
as a product stream or continues to the next stage. The mass balance for

component i in zone k of stage j is then

saj {¥*i,4,k
2 = - .
3 )" Bsi®i,i.k-1 T Pei®i,i.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:

Vsaj (Xi,i,k,t+At B 05 19 S T (Xi,j,k—l,t+At T *i k-1t
3 At s] 2

_FiL,k, ekt + xi,j,lgt) (9)
> .




The only unknown value is x, so solving the equation 8ives

i,3,k,t+At’

)

At - + -
+3a, '(*;lj,k-l,t+Ac *i,d,k-1,t  C19,k,t

2V, + 3A At
saj sj (10)

V o .x. .
Sajxl’J’k:t

Xi,j,k,t+At -

With these equations, the concentrations in the mixer are computed and
then propagated through the settler zones. Thus, all the unknown
concentrations are calculated befo;e the next stage is considered. After
all the stages have been completed, time is incremeﬁted 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 manner as in Eqs. (4)
and (5). The only unknown remaining in the equation is x,

i,j,t+At’
Rearranging the equation gives, in final form,

%30kt T Umai®i,g,0 * Ymog¥a,g,e OOt 1%y 500t O5Ys 5n

+ A_.x

. .+ O0_.y,.. . /2 - (0. +0 Jy. . ./21}
£3%E1,5 © £37fi,] 0 + 0,5y /213

- (A, + A )%,
(A5 + Aa,9%;, i,3,t

it

[vmaj +D;V0s ¥ é% (A; + A, +D,;(0; + opj))] . (11)
Calculations in the settlers and the:iterative 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
[Eqs. (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



Uo2+ + 2NO. + 2TBP Z U02(NO

2 3 - 2TBP .

32 .
A pseudo mass-action equilibrium constant is defined for each reaction

-

according to:

' (U0, (NO4) ,* 2TBP]
VR TR B R (12)
[UO2 JINO,]"[TBP]
3
The correlations are the result of a mathematical fit of experimental
data to the form:
[U0,(NO,) ,*2TBP]
- 2 372 o -2
Ku = = KU[NO3] . (13)

[UO§+][TBP]2

Similar reactions and equations are written for the nitric acid and
plutonium in the organic phase. Correction factors for other temperatures
and TBP 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 into
the amount of solute in the mixer according to the specified stoichiometry
of the reaction. The distribution of the resulting solutes 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:

4+ -+
Pu  + reductant > Pu3 .
The second mechanism is for reduction of plutonium by uranium(IV).3
The reaction is shown as follows:
4+ 4t 3+ 2+ +
2Pu

+ U+ 2H,0 > 2Pu” + U0,  + 4H

with an empirical rate equation,
d{Pu(IVv)] _ M [G(IV) ] [Pu(IV)]
- ——== =170 >
[HNOB]

dt min (14)

The integrated rate equation assumes that the nitric acid concentration
is constant.
The third mechanism is for reduction of plutonium by hydroxylamine.
The reaction is assumed to be:
4+ 3

2NH30H+ + 2pu™ > 2p0°t 4 N,

since, in practice, the hydroxylamine concentration is usually larger

+ 2H0 + wa

than the plutonium(IV) concentration. The rate equation is:
[Pu(Tv) ]2 [NH,0H"1?

k! 2. +.4 -2 " (15)
[Pu(ITI)]“[H ] (Kd + [N03])

_d[Pu(IV)] _
dt

The rate constant (k') at a temperature of 30°C is equal to 0.029_Ms/sec,
with an activation energy of 31 kcal/mole. The dissociation constant for
PuNog+ (Kd) is 0.33 M. This rate equation is integrated by assuming
constant acidity and nitrate concentrations. The proper root of the
resulting equation 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 zone. 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-MOD4

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 main program, STARTS,
and STAGES are very general routines and could be used in many different
solvent extraction processes. The remaining subroutines perform various
fuﬁctions 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, br 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 varicus 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 bé 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.
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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
cornversions 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:

m

Vnaj " Vmy B kO a6
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 be 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 phaseslare 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 input information. After
this printing has been completed, control returns to the main program.

The main program only directs the iterative procedure. It deteymines
the elapsed time, the time when a profile should be printed, arid whether
the calculation is to be continued. The bulk of the computation is dome
in the STAGES subroutine. The STAGES subroutine is called once for each
time increment. After the new concentrations and tenperdtures 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 to integrate the
unsteady-state mass balance with a fourth-order Runge-Kutta integration.
The faster technique is a finite difference method derived from the mass

balance. During either form of integration, STAGES calls the UCOR

subroutine to calculate distribution coefficients for the various componénts.

These distribution coefficients are used to calculate the changes in

concentrations. However, since the values of the coefficients dre dlso
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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 [plutonium(III), 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 similar 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 ASSUMPTIONS 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 correct 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 equations since

d(vx) _ . dx dv
ac - Va TrIe (17)

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. Even in the most extreme case tried, the

neglected term accounted for <10% of the total accumulation term. Thus,
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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
fluidbdynamics—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 zone
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 made to simplify the
system. Entrainment 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 complex, and the effects
of many components in the system are not fully known. Other approximations
dealing with the chemistry were made to simplify the process. Since equili-
brium is desired in 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(III), 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

significant 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
cup" temperature is used. No heats of mixing, contributions due to
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 concentration.

Experimental steady-state data demonstrate the. ability of the program
to predict concentrations in various 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 concentrations 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 entire 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
the same amount of uranium must leave stage 17 in the organic phase as that
which entered stage 25 in the aqueous feed stream 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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profile in the aqueous phase with the profile calculated by SEPHIS-MOD4.
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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
simulated 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
3-4
5-12

13-20
21-22

23-24

25-26

27-28

1-80

FORMAT (2I2, 2F8.0, 412)

NTTL = number of title cards (up to ten).
NTOST = number of stages (up to 100).
CIBP = 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
JSTR

stage number.

stage number.

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

being used. . .-

0 for no reaction.

1 for instantaneous reduction of Pu(IV).

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

1-8
9-16

FORMAT (4F8.0, 712)
DTHETA
DPRINT

time increment (min).

time between successive printings

of the concentration profile.
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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, if 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 = 0, if the present concentration
profile is to be continued.
=1, if a new initial profile is to beA

read in.
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Card No. Card column Variable description

44 IFAST = 0, 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, I2)
Feed stream cards which will be read only
if NEWIN = 1.

1-2 I = stage 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 CON1 = nitric acid concentration (M).

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

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

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

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

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

61-68 TEMP = feed temperature (°C). 1If 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.
5 FORMAT (212, F8.0, 12).

Product stream cards which will be read

only if NEWOUT = 1.

S
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Card No. Card column Variable description
1-2 I = 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. If
OTRT is larger than the appropriate flow
through stage I, 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 IPRO = 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).
31-40 CON4 = plutonium(III) 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 CON1 = nitric acid concentration (M).
11-20 CON2 = 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 (M).
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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 I = stage number.

5-12 VOLA
If IVOLM = 1 and ISEC = 1, or if IVOLS =1
and ISEC = 2,'VOLA = aqueous volume. However,
if IVOLM = 2 and ISEC = 1, or if IVOLS = 2
and ISEC = 2, VOLA = total volume.

13-20 VOLO = organic volume if IVOLM = 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. If this card is merely
giving new DTHETA, DPRINT, TSTOP, TOL, IFAST, or IPNCH values, the
calculation continues as before but with the new values. If this card
Tequests 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 bé 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. DTHETA should always be set in relation to the residence time

for a stage, as defined by:

T o= volume (18)
flow rate through the volume

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 computer 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 not 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. If 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
easiest method for steady-state calculations is to set IVOLM and IVOLS
equal to 3 so that no volume cards need to be punched.

IPRO 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 important. 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
must be balanced against the concomitant requirement of longer computing
times. Table 1 indicates the effect of DTHETA. The results apply to a
simple perfect mixer case. The analytical solution was found by an exact
integration of the differential equationAwhich 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 one-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 integration 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.



—34-

Table 1. The effect of DTHETA on integration accuracy
Time Analytical Runge-Kutta integration Trapezoidal integration——_
solution DTHETA/T = DTHETA/T =
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 0.8661 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 concentration profile will be printed. No volume or initial
profile cards sre ﬂecessary, 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 IBM 360/91.

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

26 0.3 30.0 0000

EXAMPLE 1

THIS IS A SINPLE TEST OP A SIX STAGE URANIOUM STRIPPING COLUMN.

1.0 1000.0 1000.0 0.01 1033010

11 15.0 0.15 0.0 0.0 0.0 0.0 0.0 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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AQUEOUS | DEPLETED
STRIP ORGANIC
15 8/min
0.15 M HNO,
25 °C '
2
3
4
5
6
AQUEOUS ORGANIC
PRODUCT FEED
10 2/min
50 ¢/ 4 U
0.25 M HNO,
55 °C
30% TBP

Fig. 8. Example 1, a six-stage uranium-stripping contactor.
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ORGANIC

9.655¢2
9.655B
9.6558
9.655¢8
9.655E
9.655E

D

INITIAL £ DEPAGLT TENPERATURE
TIFXN = 0 KO REACTIONS QILL B® CONSIDERED

URANIUR
(6/L)

0.0

5.0008 01

PO

TEST CY A SIX STAGE URANIUN STRIPPING COLUNN.

av)

(6/1)

0.0
0.0

SETTLER VOLUNE BY PHASE
AQUECUS

1.4932
1.493E
1.4932
1.493e
1.493e
1.493e

01
01
01
01
01
01

ORGANIC

9.6558E
9.655E
9.655E
9.655E
9.655%
9.655E

PO

(IIT)

G/1)

0.0
0.0

0.0100 % PER MINUTE IS

REDUCTANT
(MoL/1)

0.0
0.0

HIXER FPLOW RATE
AQUEBOUS

1.893E
1.093¢
1.493E
1.493E
1.893F
1.4938

01
01
01
0t
01
01

ORGANIC

9.655¢E
9.655E
9. 655E
9.655E
9.655E
9.6552

REACHED
RITRATE IOR PLOW RATE
(MOL/L) {L/AIN)
0.0 1. S00E 01
0.0 1.000E 01
[] INTERSTAGE FLOW RATE
1 AQUEOUS [} ORGANIC
1 L}
00 1.693E 0Y 9.65SE
00 ) 1.4938 01 9.655E
00 | 1.4938 01 | 9.655E
00 | 1. 4938 01 9.655E
00 1.4932 01 9.655E
00 1.493e 01 | 9.655¢E

TENP

)
25.0
55.0

-LE:_



TRANSTENT BEEAVICR RESOLTS NIXER CONCENTRATION GIVEN

TIRY = c.0 BINQTES
AQUDEQUS FRASE

STAGE | NITRIC ACID| ORANION ! PO (IV) | PO (IIT) { REDOCTANT | NITRATE ION| DERSITY | MIXER PLOW (TEMPERATUBE
L (LA VA B | G671 t t6/1) 1 {G/1) 1 (moL/L) I (moL/1) | (G/HL) - 1 (L/NIN) | (CERTIGRADE)
! | | | | ! t {
11 0.0 1 0.0 { 0.0 1 0.0 t 0.0 1 0.0 | 9.971E-01 § 1.893E 01 ( 3.000E 01
i1 0.0 { 0.0 1 0.0 1 0.0 { 0.0 I 0.0 | 9.971E-0t ( 1.493E 01 | 3.000E 01
3y 0.0 ¥ 0.0 y 0:0 y 0.0 { 0.0 I 0.0 1 9.971e-01 ( 1.493E 01 | 3.000E 01
41 0.0 ! 0.0 Y 0.0 t 0.0 ' 0.0 | 0.0 1 9.971E-07 | 1.493E 01 ¢ 3.000E 01
€1 0.0 1 0.0 t 0.0 1 0.0 1 0.0 1 0.0 ! 9.971e-07 1 1.893E 01y 3.000E 01
61 0.0 * 0.0 { 0.0 i 0.0 f 0.0 1 0.0 1! 9.971E-01 ( 1.493E 0t | 3.000E 01
ORGMNIC FRASE
STAGE | RITFIC ACID( URANIUR ! PO(IV) 10 EXTRACTION| PO EXTRACT |RNO3 BEXTRACT{ DENSITY {1 PLOW RATE | INVENTORY
RO. | (HOL/LY (] G/L) 1 (G/L) 1 PACTOR ] PTACICR t FACTOR 1 {G/AL) t (L/AIM) | CHANGE (%)
\ |} 1 1 | | i ' 1
191 0.0 { 0.0 1 0.0 t 0.0 1 0.0 ! 0.0 t 8.171E-01 | 9.738B 00 | 2.000E 02
2 0.0 1 0.0 ! 0.0 t 0.0 t 0.0 { 0.0 | 8.171E-01 | 9.738E 00 | 2.000E 02
I 0.0 { 0.0 t 0.0 1 0.0 t 0.0 1 0.0 t B.171E-01 | 9.738E 00 { 2.000E 02
ey 0.0 t 0.0 1 0.0 t 0.0 1 0.0 I 0.0 ! B8.171E-01 ¢ 9.738E 00 | 2.000E Q2
S| 0.0 { 0.0 t 0.0 ' 0.0 t 0.0 1 0.0 { 8.171E-01 | 9.738E 00 | 2.000B 02
€ C.0 § 00 t 0.0 | 0.0 I 0.0 | 0.0 | 8.171E-01 | 9.738E 00 ) 2.000E 02
TIBE = 191.00 PIROTES
AQUEOUS FEASE
STAGE | BPITFIC ACID| OURANIUNM t PO (IV) | PO (III) | REDOCTART ) NITRATE ION| DENSITY | AIXER PLOW |TERPERATORE
RO. {HOL/L) % 1G/71) ] 61 \ {c) I (moL/n) | {(mOL/L) [] (G/ AL} t (L/7aIN} { (CENTIGRADE)
t | ! 1 | 1 | | t
11 1.508¥-01 | 17102 00 0.0 t 0.0 t 0.0 | 0.0 f 1.006E 00 y 1.50' 01 ¢ 2.500% 01
2 1 1.515E-0t1 | S.S71 00 ¢ 0.0 t 0.0 t 0.0 1 0.0 { 1.010E00 § 1.503E 01 ] 2.5C2e 01
) 1.512B-0Y ¢ 1,162 01y 0.0 1 0.0 | 0.0 t 0.0 ! 1.018E 00 ¢ 1.50SE 01 1 2.S507E 01
6 ) 1.522¥-01 ¢ 1.906E 01 ¢ 0.0 ! 0.0 1 0.0 | 0.0 ! 1.0282 00 § 1.509B 07 ( 2.533E 01
51 1.617E-01 § 2.738E 014 0.0 Y 0.0 { 0.0 ) 0.0 1 1.0u0E 00 ¢ 1.S13E 01 | 2.649E 01
€ | 31.CSop-01 ¢ 3.230E 01y 0.0 1 0.0 Y 0.0 | 0.0 1 1.052E 00 | 1.522B 01 | 3.168E 01
ORGANIC ERASY
STAGE § NITRIC ACID| URANIOA V' PO(IV) 10 EXTRACTION! PU EXTRACT (HNO) EXTRACT| DENSITY | FLOW RATE | INVENTORY
RO. | (mMOL/L) ! Gs1) 1 (G/y) t PACTCR | PACICR | PACTOR 1 (G/nL) I (L/NIN) | CHANGE (%
1 ] ' 1 ' | 1 | !
11 1.028r-02 ¢ B.298E-01 ¢ 0.0 f 3.152E-01 1 0.0 | @.826E-02 § 8.185E-01 | 9.746E 00 { 9.236E-03
Z | 1.1€18-02 | 3.u602 00 { 0.0 i 4.032e-01 ) 0.0 | 6.9764F-02 | 8.221E-01 | 9.7S5E 00 | B.526E-03
3 ) 1.301E-02 | 9.39aB 00 0.0 | 5.2538-0% 1 0.0 ! S5.565E-02 | 8.,301E-01 | 9.776B 00 t 6.149E-03
a3 1.385%-02 § 1.866E 0V} 0.0 1 6.363B-07 y 0.0 ! 5.915B-02 | 8.426E-01 1 9.8072 00 | 3.952p-03
€ ) 1.46%e-02 ( 3.000E 01t 0.0 t 7.139e-01 ¢ 0.0 t 6.015E-02 | B8.581E-01 | 9.8u46B 00 | 2.166E-03
€ ) 2.957E-02 t 4&.2712 01 0.0 { B8.592E-01 | 0.0 ! 6.3778-02  €.759E-01 | 9.893E 00  1.074E-03
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7.2 Example 2 - Steady-State Calculation for a Batch Extraction Process

This is an example of how a batch extraction process can be simulated
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 orgénic solutions are to be combined
and stripped. Five strip contacts 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.

270.3 25.0 1750

EXARMPLE 2

THIS IS A BATCH EXTRACTION PROCESS NODELED AS CROSS CURRENT CONTACTS.
1.0 1000.0 1000.0 0.01% 1133110

11 2.0 0.4 0.0 0.0 0.0 0.0 0.0 25.0 1
2120 0.8 0.0 0.0 0.0 0.0 0.0 25.0 1
31 2.0 0.9 0.0 0.0 0.0 0.0 0.0 25.0 1
4120 0.8 0.0 0.0 0.0 0.0 0.0 25.0 1
51 2.0 0.9 0.0 0.0 0.0 0.0 0.0 25.0 1
61 1.0 2.0 300.0 3.0 0.0 0.0 0.0 25.0 1
60 2.0 0.0 0.0 0.0 0.0 0.0 0.0 25.0 1
70 20 0.0 0.0 0.0 0.0 0.0 0.0 25.0 0
113.0 1

21 3.0 1

31 3.0 1

81 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 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

0.0 0.0 0.0 0.0 0.0 0.0

2.0 300.0 3.0 0.0 0.0 0.0 25.0

0.0 0.0 0.0 0.0 0.0 0.0

2.0 300.0 3.0 0.0 0.0 0.0 25.0

0.0 0.0 0.0 0.0 0.0 0.0

2.0 300.0 3.0 0.0 0.0 0.0 25.0

0.0 0.0 0.0 0.0 0.0 0.0

2.0 300.0 3.0 0.0 0.0 0.0 25.0

0.0 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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AQUEOUS
FEED
(z.o 4/min 2.0 8/min 2.0 &/min 2.0 4/min ) (2.0 4/min ) ':l-go“’;‘:‘ !
4 M HNO . . 9
0.4 3/ \0.4 M HNO3/ \0.4 M HNO3/ \0.4 M HNO3/ \0.4 M HNO3 30 972 Pu
l l 20 M HNO,
FIRST
EXTRACT PURE
-] ] 2 3 4 5 6 [-——
DEPLETED SOLVENT
ORGANIC (2.0 2/min
[ l [ 1 | 0% 1ar)
FIFTH FOURTH THIRD SECOND FIRST
STRIP STRIP STRIP STRIP STRIP
SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION
SECOND PURE
7 e
EXTRACT SOLVENT
(2.0 2/ min
30% TBP
DEPLETED
FEED
Fig. 9. Example 2, a batch operation simulated by crosscurrent

contacts.




TIARPLE 2
TEIS IS A BAICH EXTRACTION PROCESS NODELED AS CROSS CURRENT CONTACTS.

DTHETA = 1.C0C WINDTES PER TIME INCRPMENT

DPRINT = 1000.000 MIFUTES BETWEEN PRINTING OP PROPILES
T¥AST = 1 TEE PAST INTEGRATION TECHNIQUE WILL BE USED
THIS TIME FERICD WILL END WHEN TIMNE = TSTOP = 1000.000 MINOTES, OR A TOLERANCE OP TOL = 0.0100 % PER MINUTE IS REACHED
NUNEER OF STAGES = 7

NEWIN = 1 NEW INPOT PLOWS WYLL BB GIVEW

FESOUT = 1 ¥FEW COTEOT PIOWS WILL BE¥ GIVENW

IVOLN = 3 MIXER VOLOMES DETERMINED BY PHASE PLOW

I9CLS = 3 SETILEF VCLUMES GIVEN BY PHASE FLOW

TFRO = 1 A NEW INITIAL PROPILE WILL BE READ

IPRCE = 0 ¥C FONCREL CART COTPUT

HSTR = 1 ROOTING PATTERN OTHER THAN NORMEAYL

ORGAFIC STREAR EXITIKG AT STAGP 7 FEEDS STAGE S
TENPT = 2.5CCE 01 INITIAL & DEPAULT TEMPEFATURE

IRXE = 0 §C FEACTICNS WILL EE CONSIDERED

PEEL £ PROTUCT STAGE WITRIC ACID ORANIUN PO (IV) PO (I1IT) REDUCTANT FITRATE ION FLOV BATE
STREAN DATA ¥O. (MOL/1) G/1) (6/1) (6/L) -(AOL /L) (MOL /L) (L/AIN)

ACOECOS 1 8.0008-0 1 0.0 0.0 0.0 0.0 0.0 2.000E 00
AQUEOUS 2 4, 000E-0 1 0.0 0.0 0.0 0.0 0.0 2.000E 00
AQUEODS 3 4.0002-01 0.0 0.0 0.0 0.0 0.0 2.000E 00
ACURCOS & 4.000E-0 1 0.0 0.0 0.0 0.0 0.0 2.000E 00
AQUEOUS 5 4,0008-01 0.0 0.0 0.0 0.0 0.0 2,000 00
AQUEODS 6 2,000 00 3.000E 02 3.000E 00 0.0 0.0 0.0 1:000E 00
30.0 ¥ TEE 6 0.0 0.0 0.0 0.0 0.0 0.0 2.000E 00
30.0 ¢ 18p 7 0.0 0.0 0.0 0.0 0.0 0.0 2.000E 00
AQUEOUS 1 PRODOCT STREAM REMOVED (PLOW RATE IN MOLAL UNITS) 3.000E 00
ACORCOS 2 PRCDUCT STREAM REMOVED (PLOV RATE IN MWOLAL ORITS) 3.0008 00
ACOECOS 3 PRODUCT STREAM RENOVED (PLOW RATE IN NOLAL UNITS) 3.000E 00
AQUEOOS & PRODOCT STREAM REMOVED (PLCW RATE IN MOLAL OKITS) 3.0008 00
ACOECOS S BRCCOCT STREAM REMOVED (PLOW RATE IN MOLAL ONITS) 3.0008 00

STAGY | PIXER VOLOME BY PHASE | SETTLER VOLUNE BY PHASE | NIXER PLOW RATE | INTERSTAGE PLOW RATE

NO. |  AQUPODS | ORGANIC I AQUEODS | ORGANIC | AQUEOUS I ORGANIC | AQUEZOUS ! ORGANIC

| 1 ! 1 | ! | 1

1 | 1.9752 00 | 3.966B 00 | 1.975B 00 | 3.966E 00 { 1.975B 00 | 3.966E 00 (| 0.0 I 3.966E

2 1 1.€7SE CC | 2.966B 00 | 1:97SE 00 | 3.966F 00 { 1.975E 00 | 3.966E 00 | 0.0 I 3.966E

3 ) 1.975F €O { 3.9662 00 { 1.97SE 00 { 3.9662 00 4 1.9752 00 | 2.966E 00 | 0.0 | 3.966E

a4 § 1.97SE 00 | 3.966B 00 { 1.97SE 00 t 3.966E 00 | 1.97SE 00 { 3.966E00 { 0.0 ) 3.966E

€ | 1.S75B €O f 3.966B 00 { 1.97SE 00 |  3.966FE 00 |} 1.975E 00 | 3.966R 00 | 0.0 | 3.966E

€ o £.453E-C1 § 1,983 00 | B.6853-01 | 1.9832 00 | B.453E-01 { 1.983E 00 | B8.4S3E-01 | 1.983E

7 | 8.453E-01 | 1.983B 00 { 8.853E-01 ¢  1.983E 00 | B8.453B-01 | | 8.453E-01 (|  1.983E

1.983E 00

~Ty=-



TRANSIENT BEAAVIOR RESOL1S

TINE = 0.0
AQUFOUS FEASE
STAGE |
no. |
1
1t
11
i\
i
3
I
s 9
L
L}
S
61
7

CRGANIC FHASE
STAGE |
RO. |

TR Z WA -

TINE = 264,00
AQUEOUS FERASE
STAGE |

wo.

RN E B WNR 2 -

ORGANIC
STAGE ¢
¥O. |

B NLE NS

FAASE

AIXER CORCENTRATION GIVEN

PISOTES
RITFIC ACID{ URARIDAN |
(woL/1) : G/1) |
1
2.014F 00 | 1.300E 02 |
FRCDOCT STREAN
2.014q2 00 ¢ 1.300E 02
FRCCOCT STREAN
2.012¢ 00 | 1.300E 02
FROCCCT STREANM
2.010% 00 ¢ 1. 300E 02 )
FRCCUCT STREAN
2.01492 00 § 1.300E 02 )
EFCCOCT STREAR
2.002F 00 { 1.108BE 02 |
2.CC2P 00 ¢ v.1C8e 02 |
SITRIC ACID{ OURANIUN |
- (A0L/1) 1 671 |
t |
S.753E-02 ¢ 9.992E 01 |
€.7%3e-02 t 9.992E 011
€.7%38-02 1 9.992E 0% |
5. 7538-02 ¢ 9.992B 01 ¢
£.7%32-02 { 9.992E 01 |
€.1331-02 { 9.875E 01
6.133E-02 y 9.475E 01 4
NINDTES
BITEIC ACID| ORANION |
(oL/1y |\ (G/L)} t
[} 1
3.952E-01 | 1.192E 01 )
ERCCOCT STREAN
3.94€E-01 t 1.540B 01 |
EFCTUCT STREAM
3.980E-0%1 | 2.005E 01 4
PROCCCT STREAN
4.252¢-01 { 2.589E 01 1
TFCCOCT STREMN
€.9€6E-01 | 2.971E 01
ERCLOCT STREAM
1.983% 00 4 B.507B 01 )
1.5232 00 | 4.9S0E 00 |
RITRIC ACIDY ORANION 1
(80L/L) | (G/1) !
1 '
4,690E-02 | 2.178E 01 |
6.512p-02 | 2.761E 01 |
9.32€E-02 | 3.517E 01 |
6,332F-02 | 4.896E 01 |
€.7212-02 { S5.751E 01 |
7.7591-02 | 1.0628 02 |
2.368E-01 { 3.6061E 01 )

PO (IV)
(G /Ly

1.977E 00
1.977e 00
1.977¢ 00
1.977E 00
1.977e 00

1.801E 00
1.801e 00

PO (IV)
(G/1)

6.402E-01
6.4028-01
6.302E~01
6.402E-01
6.402E-01
6.342E-01
6.382e-01

PO (IV)
(6 /1)

S.464E-02
1.020E-01
1.927e-01
3.622e-01
6.026E-01
1.5512 00
2.382e-01
PO(IV)
G/1
3.228e-02
5.932e-02
1.097e-01
2.0468-01
3.820E-01

7.5022-01
5.996E-01

a

PO (TIX)
Gy

EXTRACTION|
PACTOR

|
!
1.450E 00 ¢
t.4S50E 00 ¢
1.450E 00 |
1.450E 00 ¢
1.4502 00 t
1.895E 00 |
1.895E 00

PO (III)
(G/1)

. 3
o © © o © o

oo © O

EXTRACTION|
PACTOR

t

1
3.6668E 00 |
3.610E 00 |
3.535E 00 |
3.5028 00 {
3.897E 00 |
2.8058 00
1.693E 01 1

REDUCTANT
(noL/1)

0.0
0.0

PU EXTRACT
PACTIOR

6.107E-01
6.107E-01
6. 107E-01
6.107E-01
6.107E-01
7.799¢E-01
7.799E-01

REDOCTANT
{moL/L)

0.0
0.0

0.0

.
co o o

Q0o O o

PO EXTRACT
TACIOR

1.188BE 00
1.171E 00
1. 147F 00
1.139E 00
1.277EF 00
1.087F 00
S.792E 00

{ NITRATE IOW|

t (noL/L) L}
: 0.0 :
{1 0.0 \
1 0.0 |
| 0.0 1
1 0.0 [}
1 0.0 |
1 0.0 |

HNO3 EXTRACT}
FACTOR

1

! L}
| {
! 5.387E-02 |
1 5.387E-02 )
I 5.387e-02 |
1 5.387E-02
1 5.387B-02 1
1 6.787e-02 |
1 6.787e-02 |

RITRATE TONt
{noL/1)

|
1
0.0 |
' 0.0 |

oo o (-3 o
.
oo (- o A=

HNO3 EXTRACT|
FACTOR

}

1
2.387E-01 1
2.3021-01
2.190B-01
2.055E-01
1.930E-01
8.838e-02 |
3.577E-01 §

DENSITY
(G/nL)

1.2692 00
1.269E 00
1.269E 00
1.269E 00
1.269E 00
1.237E 00
1.2378 00
DENS ITY
(G/NL)
9.583E-01
9.583E-01
9.583E-01
9.583E-01
9.583E-01

9.510E-01
9.510E-01%

DENSITY
(G/18L)

1.026E 00
1.031E 00
1.038E 00
1.047 00
1.0598 00
1. 1968 00
1.056E 00
DEWS ITY
(G/ ML)
8.478E-01
8.558B-01
8.661E-01
8.797E-01
8.979E-01

9.682E-01
8., TO6E-01

AIYER PLOW

(L/nIN)

2.202e
2,202E
2.2028
2.202e
2.202e
2.202e
2.202e
2.202e
2.202e
2.202E

9.356E-0t

9.356B-

01

FLOW RATE

(L/81IN)

4.152E
4,152
4.152e
4.1528
a,.152e
2.073e
2.073e

RIXER PLOW

(L/8IN)

2.007E
2.007E
2.009E
2.009e
2.013E
2.013e
2.0188
2.018¢E
2032E
2.032e

00
00
00
00
00
00
00
00
00
00

9.269e-01

B.886E~

01

FLOW RATE

(L/NIN)

6.0378
4,045k
4.056E
4.070E
4.0908
2.083e
2.045E

| TENPERATURE
| (CENTIGRADE)

2.5008 01
2.500E 01
2.500E 01
2.500B 01
2.500E 01

2.500E 01
2.500E 0%

INVENTORY
CHANGE (%)

2.000E 02
2.000E 02
2.000E 02
2.000E 02
2.000e 02
2.000E 02
2.000E 02

I TENPERATORE
{ {CENTIGRADE)

2.500€ 01
2.500E 01
2.500E 01
2.500E 01
2.500E 01

[}
L}
1
1
1
L}
|
1
|
1
}
| 2.500E 01
| 2.S00E 0%
INVENTORY

CHANGE (%)

9.436p-03
4.457E-Cu
0.0
7.8338-05
5.925e-05
0.0
0.0
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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 SEPHIS-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 cm x ™ x (4.5 cm)2 = 0.64 liter.

aqueous volumes = [A/(A + 0)] x stage volume = 0.14.
aqueous mixer volume = 0.25 % aqueous volume = 0.036 liter.
aqueous settler volume = 0.11 liter.

Similarly, for the organic phase,



bt
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DEPLETED
ORGANIC

- — — STRIP (|00 m&/min )
| 3.0 M HNO,
COLUMN A
1.D.=9 cm
2 HETS =10 cm
50 ¢m 3 jl&——— REDUCTANT (1 m & /min )
175 M HAN
4
- ) 150 ma/min
AQUEOUS ) ﬁ_ “Te—— aqueous [ 300 ¢4 U
PRODUCT 6 FEED 30 g/t Pu
30 M HNO,
;
COLUMN B
I.D.=12 cm
100 cm 8 HETS = 20 cm
9
10
4 le—— ORGANIC (350 mﬁ/min)

SOLVENT \30% T8BP

DEPLETED
AQUEOQOUS

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 is 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,

0.51 liter,

aqueous settler volume
organic mixer volume = 0.40 liter,

1.18 liters,

organic settler volume

stage 6 organic settler volume = 1.70 liters,

stage 10 aqueous settler volume = 0.70 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 min. This calculation required 27 sec on

the ORNL IBM 360/91.

8. REFERENCES

1. A. D. Mitchell, A Comparison Between SEPHIS-MOD4 and Previous

Models of the Purex Solvent Extraction System, ORNL/TM-6565

(in preparation).

2. S. B. Watson and R. H. Rainey, Modifications of the SEPHIS

Computer Code for Calculating the Purex Solvent Extraction System,
ORNL/TM-5123 (December 1975).

3. W. Baxter and A. Naylor, "Uranium(IV) as a Process Reductant for

Plutonium(IV)," p. 117 in Solvent Extraction Chemistry of Metals,
H. A. C. McKay, et al., Eds., Macmillan, London, 1965.

4. G. S. Barney, "A Kinetic Study of the Reaction of Plutonium(IV)
with Hydroxylamine," J. Inorg. Nucl. Chem. 38, 1677 (1976).



46—

710 0.3 40.0 0001

EXANPLE 3

THIS IS A TRARSIENT CASE POR TWO COLOMNS. EACH COLUAN HAS PIVE STAGES

WITH THE STAGE VOLOMES DETERMIRED BY THE COLUNWN DIMERSIONS. AF INITIAL PROFILE
BAS BEEN PREVIOUSLY CALCOULATED, AND IS USED AS A STARTING POINT POR THIS

ROR. THE SITUATION BEING MODELED IS THE COMPLETE LOSS OP THE REDUCTANT

STREAN IN STAGE 3. APTER THIRTY KIRUTES WITH NO REDUCTANT, THE STREAHN IS
TURNED ON AND THE CONCENTRATION POLOWED POR AMOTHER THIRTY NINUTES.

0.125 10.0 30.0 0.01 1111100

110.1 3.0 0.0 0.0 0.0 0.0 0.0 40.0 1
6 1 0.15 3.0 300.0 3.0 0.0 0.0 0.0 80.0 1
10 0 0.35 0.0 0.0 0.0 0.0 0.0 0.0 40.0 0

S 1 10.0 0

2.838E 00 2.770E 01 0.0 0.0 0.0 0.0 4.000E 01
2.046E-01 8.706E 01 0.0 0.0 0.0 0.0 1.000E 00
2.796E 00 6.2828 01 0.0 0.0 0.0 0.0 4.000E 01
1.628E-01 9.500E 01 0.0 0.0 0.0 0.0 1.000E 00
2.642B 00 S.564E 01 0.0 0.0 1.720E-02 1.720B-02 4.000E 01
1.3898-01 9.918%E 01 0.0 0.0 0.0 0.0 1.000E 00
2.550E 00 7.190E 01 0.0 4.4698-02 1.697E-02 1.716E-02 8.000E 01
1.1878-01 1.028E 02 0.0 0.0 0.0 0.0 1.000E 00
2.413E 00 1.000E 02 1.747B-02 4.081E 00 0.0 1.7078-02 4.000E 01
9.08798-02 1.073E 02 1.230B-02 0.0 0.0 0.0 1.000E 00
3.000B 00 3.001E 02 2.873E 00 0.0 0.0 0.0 4.000E 01
5.958B-02 1.151E 02 1.131E 00 0.0 0.0 0.0 1.000E 00
3.004E 00 2.998E 02 2.737E 00 0.0 0.0 0.0 2,000E 01
5.969E-02 1.151E 02 1.079E 00 0.0 0.0 0.0 1.0008 00
3.051E 00 2.942E 02 2.552% 00 0.0 0.0 0.0 4.000E 01
6.117B-02 1.150E 02 1.023E 00 0.0 0.0 0.0 1.000E 00
3.484E 00 2.235E 02 1.908E 00 0.0 0.0 0.0 4.000R 01
8.005E-02 1.127E 02 9.470E-01 0.0 0.0 0.0 1.000E 00
3.142E 00 2.168E 01 2.678B-01 0.0 0.0 0.0 8.000E 01
2.439E-01 8.3068 01 6.777E-01 0.0 0.0 0.0 1.0008 Q0
11 0.036 0.12 1

16 0.17 0.4 1

2t 0.1 0.58 1

2201 0.38 1

25 0.3 0.38 1

26 0.51 1.70 1

2 7 0.51 1.18 1

210 0.70 1.18 0

0.125 10.0 30.0 0.01 1100000

11 0.1 3.0 0.0 0.0 0.0 0.0 0.0 40.0 1
31 0.001 0.0 0.0 0.0 0.0 1.75 1.75 40.0 1
6 1 0.15 3.0 300.0 3.0 0.0 0.0 0.0 80.0 1
10 0 0.35 0.0 0.0 0.0 0.0 0.0 0.0 40.0 0
5 1 10.0 0

0.0 0.0




CAICULATIORS PCR A SCLVENT BXTRACTION PROCESS HAVING INTERACTIRG SOLUTES

EXANPLE 3

THYS YS A TRAESIPNT CASE POR TWO COLUMNS. EACH COLUMN HAS PIVE STAGES

YITE TBE STACE VOLUNES DETERBINED BY THE COLUMK DIMENSYONS. AN INITIAL PROFILE
AAS BPEH PREVICUSIY CALCULATECL, AND IS USED AS A STARTING POINT FPOR THIS

ROW. THE SITOATION BRING MODELED IS THE COMPLETE LOSS OP THE REDUCTANT

STREAN IN STAGY 3. AFTER THIRTY MINUTES WITH NC REDUCTANT, THE STREAW 1S
TURWED OB ANL THE CCHCENTRATICN POLOWELC POR ANOTHER THIRTY NINUTES.

DTEFTA = C.12% MINUTES PER TINE INCREMNERNT

DPRIRT = 10.000 WYNUTES BETVWEEN PRINTING OF PROPILES

IFAST = 0 TEE RUNGE~KUITA INTEGRATION WILI BE OSED

THIS TYNE PERICC WILL END WHEW TINE = TSTOP = 30.000 WINUTES, OR A TOLERABCE OF TOL = 0.0100 ¥ PER BMINUTE IS REACHED

BUAEER OF STAGES = 10

WEWIN = 1 NEW IRPUT PLOWS WILL BE GIVEW

WEWOUT = 1 BSEW OUTPOT PLOVWS WILL BE GIVER

TIVCLR = t AQUEOODS AND ORGANIC BIXER VOLUMES GIVEN
TVCLS = 1 ACUECUS ANC ORGARIC SETTLER VOLUMES GIVEW
TFRO = 1 A WNEW INITIAL PROPILE WILL BE READ

IFNCR = 0 KC POUNCHEL CARC CUTPUT

NSTR = O WO ONDSOAL ROUTIRG PATTERW

TEAPY = &.000E 01 INITIAL & CEFAULT TEMPERATURE
IRXN = 1 IRSTANTANEOOS REDOCTION OF PLOTONIUR

PEED € PRODUCT STAGE HITRIC ACID URANION PO (IV) PU (II]) REDOCTANT NITRATE IOR PLOW RATE TEMNP
STREAN DATA RC. {BOL/L) (G/L) {G/L) G/71) {uoL/L) {MOL/L) (L/N1IN) (C)
AQUEOUS 1 3,000 00 0.0 0.0 0.0 0.0 0.0 1.000E-01 40.0
ACUECUS € 3.000E 00 3.000E 02 3.000E 00 0.0 0.0 0.0 1.500E-01 40.0
30.0 € 1B 10 0.0 0.0 .0 0.0 0.0 0.0 3.500e-01 80.0
RQUEOCUS s PRODOCT STREAN REMOVED (FPLOW RATE IN NOLAL ONITS) 1. 0008 01
STAGE | RIXEF VCLUME BY PRASE | SETTLER VOLUME BY PHASE t HIXER PLOW RATE 1 INTERSTAGE FLOW RATE
wo. | ACUECUS ] CRGANIC [} AQUEOUS \ OBGARIC [} AQUEQUS ] ORGANIC f AQUROUS \ OBRGANIC
| | | | 1 1 1 1
1 1 3.6C0e-C2 1.2008-01 | 1.1008-01 5.800F-01 9.073e-02 | 3.6728-01 9.073E-02 | 3.472e-01
2 1 3.600E-02 1.200B-01 ¢ 1.100E~-01 3.800E~01 | 9.0732-02 | 3.872g-01 | 9.073e-02 | 3.4728-01
2 1.60Ce-C2 | 1.200B-01 | 1.100E-01 3.800E-01 | 9.073E-02 | 3.472E-01 ) 9.073e-02 | 3.472E-01
LI | 2.€00e-02 | 1.200B-01 | 1.100E-01 3.800F-01 ) 9.073g-02 3 4728-00 | 9.073-02 | 3.472e-01
S | 3.600e-02 ) 1.200B-01 3.1008-01 3.800B-01 9.073e-02 3.472E-01 0.0 [} 3.472E-01
€ 1:7¢Ce-C1 ) 4,.000E-01 | S.100E-01 | 1.700E 00 1.2228-01 | 3.u472e-01 1,2228-01 ¢ 3.472e-01
T 1 1.700B-C1 | 4.000B-01 5.100E-01 1.180E 00 | 1.222e-01 3.472-010 1.2228-01 | 3.472E-01
8 1.700E-01 § 4.000E-01 | 5.100B-01 | 1.180E 00 | 1.222E-01 ) 3.872E-01 | 1.222E-01 | 3.472E-01
9 1.700E-01 | 4,000E-01 | 5.100B-01 | 1.180E 00 1.222e-01 3.472E-01 | 1. 222E-01 ) 3.4722-01
10 1.7¢c0e-C1 4.000BE-01 7.000B-01 ¢ 1.1802 00 | 1.222e-01 3.472E-01 1.222-01 3.472E-01



TPARSIENT BERAVICR RESOULTS

TINE =

c.C
AQDEOUS EFHASY

STAC
NC.

-

ORGANIC EHASE

4

OVB UMV NE W o

- e o

MINQIES

NITRIC ACID
{rcL/1)

2.€3e2 00
2, 746F 00
2.612% 00
-SSCE 00
2.49132 00

FRCLDCT STR

3.0008 00
3.0C4E 00
3.051F 00
3.88ar 00
3.1a2e 00

STACGE | RITRIC ACID

RC.

-
VM dRNAL WA

- o o o -

TINE = 10.0C

AQUEQUS Eﬁls!

STAC
nC.

-

¥

OV IAMUVIINE WN =

(aci/m)

2.046E-01
1.628E-01
1.3898-01
1.187e-01
€. 0798-02
5.958%-02
5.969e2-02
€.1172-02
8.0058-02
2.439e-01

MINODIES

RITRIC ACID
(RC1/1)

2.83€e 00
2.749F 00
2.670F 00
-SSR 00
2.435E 00

EECTOCT STR

3.0C0r 00
:.0C4e 00
3.051€ 00
3.aea? 00
3.1491E 00

ORGANIC FBASE

STACE | NITRIC ACID

RC.

-

CWMINIAS WA 2

(aci/ny

2.047g-01
1.631E=-01
1.3998-01
1.1¢3e-01
9.4378-02
5.958E-02
5.9702-02
6. 117E-02
8. 0052-02
2,4392-01

—— et o e

-t et P - -

AIYER CONCENTRATION GIVER

ORANION
(671)

2.7708
3.282E
SJ566¢2
7.190E
1.0008
L] ]
3,001
2.998e
2.982e
2. 235e
2.1342

ORANION
(G/1)

8.7468
9.5008
9.9 14g
1.0282
1.0732
1.1S1e
L5
1.1508
1. 127
8. 30SE

TRANION
(G/1)

2.757
4.251e
S.5u8E
7.1758
1.0268

3.001
2.9982
2.982E
2. 236E
2. 1408

01
01
01
02
02
02
02
02
02
01

ORARION

(G/1)

8.713E
9.4492
9.8a7E
1.0208
1.065E
1. 151
11512
1.1502
1.127¢
8. 3068

- = - -

2,873k 00
2.737E 00
2.552¢ 00
1.908E 00
2.6742-01

PO(IV)
(G/1)

[-E-F-X-)
ocoo

1.230e-02
1.1311e 00
1.0798 00
1.0232 00
9.470e-01
6.7778-01

PU (IV
(G/1)

1.5a5-01
3.4938-01
5.955e-01
9. 1188-01
1.426e 00

2.873e 00
2.7372 00
2.552E 00
1.908E 00
2.6748-01

PU(IV)
(G/L)

3.0712-01
8.913e-01
6.7228-01
8.30ap-01
9.683E-01
1.131e 00
1.079e 00
1.023e 00
9.470E-01
6.7768-01 ¢

PO (IIT)
(G/L)

9B-02
1E 00

DR

X -N-X-N.1 onpooo
X~

COoOOQ0D FEOoOO

EXTRACTION}
PACTOR

1
1
1.1888 01 ¢
8.0352 00 |
6,847 00 |
5. 1642 00 |
3.8608 00 |
9. 348E-01 |
9.3582-01 |
9.532E-01 |
1.2642E 00 |
1.039E 01 |

PO (IIX)
(6/1)

0.0
0.0
2.8878-12
1.089E-07
§.927E-0S

cCoaQoo
D)
CQooco

EXTRACTION|
PACTOR

1
1
1.186E 01 §
8.049E 00 |
6.419E 00 |
5.131E 00 |
3.730E 00 |
9.368E-01 |
9.369-01 |
9.532E-01 |
1.202E 00 |
1.035E 01 |

REDUCTART
{AOL/L)

0.0
0.0
1.7208-02
1.697E-02
0.0

PU EXTRACT
PACTOR

oS0
oooco

1.0798-02
9.595B-01
9.609E-01
9.7758-01
1.223E 00
6.768E 00

REDUCT ANT
(NOL/L)

DR

Coo0co QooQO0

Doa0n Ocooo

PO EXTRACT
PACTOR

7.205E 00
5.093F 00
4.083e 00
3.288% 00
2.439€ 00
9.596E-01
9.609E-01
9.778E-01
1.223E 00
6.768E 00

{ NITRATE ION|

(MOL /1)

0.0
0.0
1.720E-02
1.716E-02
1.707e-02

|
!
1
|
|
1
1

1 HNO3 BXITRACT{

PACTOR

2.613E-01
2.147e-01
1.9028-01
1.681E-01
1:413e-01
4.8418-02
8.843E-02
4.8898-02
S.660E-02
2.0738-01

WITRATE IOW{

(MoL/L)

0.0
0.0
1.208g-14¢
8.557E-10
2.061E-07

co%ooo
coQoo

{1 HRO3 EXTRACT!

PACTOR

2.610B-01
2.1488-01
1.8988-01
1.6728-01
1.3912-01
4.840E-02
4.B8a8E-02
4.8898-02
5.660E-02
2.073e-01

DERSITY
(G/nL)

1. 140E 00
1.159e 00
1. 178E 00
1. 200E 00
1.20€E 00

1.619E 00
1.619e 00
1.611E 00
1.5082 00
1.1438 00

DERSITY
(G/8L)

9.484E-01
9.5378-01
9.589e-01
9.634E-0t
9.691E-01
9.811E-01
9.810E-01
9.808E-01
9.780E-01
9.406E-01

DENS ITY
(6/n1)

1.140E 00
1.160E 00
1.177E 00
1. 1998 00
1.243E 00

1L.619E 00
1.619e 00
1.611E 00
1.504E 00
1.1483E 00

DENSTTY
(G/8L)

9.884E-01
9.539e-01
9.591E-01
9.637E-01
9.696E-01
9.811E-01
9.811E-01
9.808E-01
9.780B-01
9.406E-01

AIXER FPLOW
(L/NIN)

1.0042-01
1.006E-01
1.0078-01
1.009e-01
1.014p-0%
1.01uE-01
1.500g-01
1.5008-01
1.499e-01
1.88ue-01
1.3632-01

PLOW RATE
(L/8IN)

3.6139e-01
3.642E-01
3.604E-01
3.646E-01
3.649E-01
3.656E-01
3.656E-01
3.656E-01
3.655g-01
3.6u0e-01

NIXER PLOW
(L/8IN)

1.00aE-01
1.0068-01
1.008E-01
1.010E-01
1.016E-01
1.016E-01
1.500E-01
1.500E-01
1.499e-01
1. 484E-01
1.363e-01

PLOW RATE
(L/NIN)

3.6398-01
3.643e-01
3.645E-01
3. 6u78-01
3.649E-01
3.656e-01
3.656B-01
3.656E-01
3.655E-01
3.640B-01

{TENPERATORE
! (CERTIGRADE}

4.000E 01
4.000E 01
4.000E 01
4.000E 01
4,000E 01

4.000E 01
4.000E 01
4.000E 01
4,000 01
4.000E 01

INVENTORY
CHANGE (%)

2.0008 02
2.000E 02
2.000E 02
2.000E 02
2.000E 02
2.0002 02
2.000E €2
2.000E 02
2.000E 02
2.000E 02

{TENPERATURE
{ (CENTIGRADE)

4.000E 01
4.000E 01
4.000E 01
4,000 01
4.000E 01

4.000e2 01
4.000e 01
4.0002 01
4.000E 01
4.0008 01

INVENTORY
CHANGE (%)

|

|

1

) 2.877E 01
t  1.636E 01
t 8.642E 00
t 3.942e 00
I 1.331g 00
I 1.582E-03
| S.381e-08
1 1.232p-03
| 6.5a9e-04
! 2.107e-03




TINE = 2C.C0 AIROUTES
AQUEQUS FRASE
STACGE

BC.

-

OODAURNNN L WA -

| NITRIC ACID
[ LS V2 %)

2.€37E 00
2.74%F 00
2.668F 00
2.573F 00
2. 4348 00
ERCLOCT-STR
J.ocoe 00
i.0Cae 00
3.051F 00
3.a8ar 00
3. 141E 00

- = P - - o -

ORGARIC EHASE

STAGE | NITRIC ACID

nc,

-

OOV IPND WA -

| (BCl/L)

2.Ca68-01
1.627E-01
1.393r-01
1. 17e-01
9.6058-02
5.958e-02
€.$7(e-02
6. 118E-02
8.0062-02
2.4292-01

——— o > - -

TINE = 30.0C PRIRDTES
AQUECUS EFRBASY

STACE | RITRIC ACID

ne,

-

ORGARIC [FBASE
S

TAC
RC.

-

ABDURNN S WA -

E

QUM AN INDWN

| (ecL/n)

2.8279¢ 00
2.7497% 00
2.668E 00

.£728 00
2. 4348 00
FFCLUCT STR
3.0C0E 00
3.0CaE 00
3.051EF 00
3.885E 00
3. 1u2e 00

- e
- e - ———

| FITRIC ACID
{acL/1)

2.C842-01
1.625E-01
1.3952¢-01
1.1862-01
9.3972-02
5.958E-02
5.9708-02
€.11e2-02
8.006E-02
2.8392-01

URANION
(G/1)

2.796E
4.2518
545718
7.2208
1.031

3.001
2.998E
2.942¢2
2. 234
2.143e

ORANIOUN
(G/1)

8.6768
9.42ue
9.836E
1.0202
1. 066E
11518
1.151e
1. 1508
1. 1278
e.30se

ORANIUN

G/L)

2.7092
4.2592
S.582e
7.2308
1.0322

3.001
2.998
2.942¢
2. 2342
2.1683g

ORANIOR

(G/1L)

8.6768
9.4258
9.838E
1.020E
1.066E
1.151e
1. 151
1.1508
1. 127
8. 305E

01
01
01
02
02
02
02
02
02
01

01
0t
01
01
02

02
02
02
02
01

<
~

PO (IV)
(G/Ly

1
L}
|
3J.ue9e-01 )
5.6982=-01 |
7.732E-01 )
1.0278 00
1.483E 00 |

2.8738 00 |
2.7378 00
2.552E 00 |
1.908 00
2.6738-01 §

POLIV)
(G/1)

1

|

|
6.9312-01
7.992E-01 |
8.6858-01 |
9.300E-01 |
1.0C3E 00
1.1318 00 |
1.0798 00 |
1.023E 00
9.670E-01 ¢
6.7768-01 |

PO (IV)
G/1)

L}
L}
1
3.622E-01 ¢
5.845E-01 |
7.849E-01
1.035E 00 ¢
1.4682 00

2.8738 00 |
2.7378 00 |
2.552¢ 00

1.908E 00 |
2.673E-01 ¢

PO(IV)
(G/L)

a

T7.188E-01
8.185E-01
8.801E-01
9.357E-01
1.005e 00
1.131e 00
1.0798 00
1.0232 00
9.071e-01
6.776E-01 |

PO (IIT)
(G/L)

0.0

0.0

0.0

0.0
2.0238-15

EXTRACTIOR{

PACTOR

1.165E 01
8.027E 00
€.385E 00
5.0998 00
3.711E 00
9.3088-01
9.360E-01
9.531E-01
1,203E 00
1.035€E 01

PO (IID)
(G/L)

= X-¥-X-N.) cCooCco

MR

SooQo Cooco

EXTRACTIOR

FACTOR

1. 1848E 01
8.014E 00
6.373E 00
5.090E 00
3.706E 00
9.3082-01
9.360E-01
9.531E-01
1.243e 00
1.0352 0%

REDUCT ANT
(AOL/L)

0.0

- R-X-X-N- TN N-X-)
. M)
Qo000 [-¥-¥-X-]

PO EXTRACT
PACTOR

7.202E 00
5.079% 00
8.062e 00
3. 268E 00
2.428¢ 00
9.596E-01
9.609E-01
9.778E-01
14223E 00
6.769F 00

REDUCT ART
{N0L/L)

coooco COO0O0O
DR
coec0oo oOooooo

PO EXTERACT
PACTCR

7.193F 00
Ss071E 00
4.055E 00
3.263F 00
2. 426E 00
9.596E-01
9.609e-01
9.778E-01
1.223e 00
6.770E Q0

|
'
1
1
|

!
1
|
|
f
1
1
|
1
[
1
!
!

NITRATE ION

(8oL /1)
0.0

MR
Fx-¥-¥.1

65e-18

[-X-X-N-E-T- - N-¥-
R
[-X-X-¥-F-]

PACTOR

2.614E-01
2.145E-01
1.889e-01
1.666E-01
1.387e-01
4,.840B-02
4.843E-02
4.889E-02
5.661E-02
2.0748-01t

HNO3 EXTRACT|

RITRATE ION{

(ROL/L)

== E-X-X-] [-X-X-N-N-]

R

[-R-X-¥-¥-) =X-X-N-¥-]

PACTOR

2.612E-01
2.143E-01
1.887E-01
1.668E-01
1.386E-01
4.840E~-02
4.8a3e-02
4.889e-02
5.661E-02
2.074E~01

HNO3 EXTRACT|

!
!
1
|
1
|
!
t
|
|
1
'

DENSITY
(G/nL)

1. 140E 00
1.160E 00
1. 177E 00
1. 200E 00
1.244E 00

1.619E 00
1.619E 00
1.611E 00
1.S04E 00
1.143e 00

DENWSITY
(G/RL)

9.446E-01
9.540g-01
9.593E-01
9.639E-01
9.697E-01
9.811E-01
9.811E-01
9.808E-01
9.780E-01
9.406E-01

DENS ITY
{G/nL)

1. 120E 00
1.160E 00
1. 178E 00
1.200E 00
1.204B 00

1.619E 00
1.619g 00
1.611E 00
1.504E 00
1.1432 00

DERSITY
{G/nL)

9.446E-01
9.541E-01
9.593E-01
9.639E-01
9.698B-01
9.811e-01
9.811E-01
9.808E-01
9.780E-01
9.4062-01

NIXER PLOW
(L/8IR)

1.004E-01
1.0062-01
1.0082-01
1.010E-01
1.016E-01
1.016E-01
1.500E~01
1.500E-01
1.499E-01
1.484E-01
1.3632-01

PLOV BATE
(L/8IN)

3.6398-01
3.643p-01
3.6458-01
3.6478-01
3.649E-01
3.656E-01
3.656E-01
3.6568-01
3.655E-01
3.640E-01

BIXER PLOW
(L/7Aa1Y)

1. 004E-01
1.006E-01
1.008B-01
1.010B-01
1.016E-01
1.0168-01
1.500E-01
1.500E-01
1.499e-01
1.884E~-01
14363E-01

PLOR RATE
[394.5¢.)]

3.639e-01
3.643e-01
3.645E-01
3.667E-01
3.649E-01
3.656E-01
3.656E-01
3.656E-01
3.655e-01
3.6u08~01

\TEMPERATURE
{ (CENTIGRADE)

4.000E 01
4.000E 01
4.000E 01
4.000E 01
4.000E 01

4.000E 01
4.000E 01
4.000E 01
4,000 01
4,.000E 01

INVENTORY
CHANGE (%)

[}

!

|

1 1.041E 00
1 7.096e-01
| 4.072E-01
1 1.961e-01
| 7.000E-02
{ 6.751e-04
{ 6.319e-00
I 5.027e-04
| 8.357e-04
I 6.990E-04

{TENPERATORE
| (CENTIGRADE)

4.000E 01
4.000E 0%
4.000E 01
4.000E C1
4.000E 01

4.000E 01
4.000E 01
4.000E 01
4.000E 01
4.000E 01

INVENTORY
CHANGE (%)

1

)

|

t 6.120B-02
{ 6.286E-02
i 2.747E-02
] 1. 64628-02
i 6.955e-03
| 8.273E-09
t  S.138e-04
! 0.0

1 3.697e-04
t  7.9852-04

<

..6 7._



CALCTLATIONS POR A SOLVERT EXTRACTION PROCESS HAVING INTERACTING SOLUTES

EXARPLE 3

THIS IS A TRABSIENT CASE POR TWO COLUNNS. EACHA COLUMN HAS PIVE STAGES

WITR TRE STAGE VOLUAES DETERMINED BY THE COLOMN DIMENSIONS. AR INITIAL PROFILE
AAE BEEW PREPVICUSIY CALCULATEC, AND IS OSED AS A STARTING POINT FOR THIS

RON. THE SITOATIOR BEING MODPELED IS THF¥ COWPLETE LOSS OF THE REDOCTART

STREAN TN STAGE 2. AFTER THIRTY MINJTES SITH NC REDUCTART, THE STREAN IS
TORFED ON ANL TRE CONCENTRATICN POLOWED POR ANOTHER THIRTY MINUTES.

DTPEFTA = C.12% NINOTES PBR TINE THCREMNENT

DPRIRT = 1C.000 WINWUTES EETWEEN PRINTING OP PROPILES
TEAST = 0 TFE ROWNGE-KCUTTA INTEGRATIOR WILL BE OQSED
TAIS TINE FPEFICD WILL END WHEM TINE = TSTOP = 30.000 MINUTES, OR A TOLERANCE OP TOL = 0.0100 % PER MINUTE IS REACHED
WOREER OF STAGES = 10

REWIR = 1 WEW INPOT PLOWS WILL BE GIVEN

NPWOUT = 1 §EW COTPUT PIOWS WILL BE GIVEN

IVCIM = 0 ANIXER VOLOAES WILL BE UNCRANGED

IVCLS = 0 SETTLEF VCIOPES WILL BP UNCHANCGED

YERO = 0 A NEW INITIAL PROPILE WILL NOT BE RPAD
IPNCA = 0 §C FONCHEL CARC CUTPUT _

HSTP = 0 HO ONOSUAL ROUTING PATTERRN

TEFPI = ©8,000B OV INITIAL & DEPAULT TENPERATURE
IRYN = 1 TNSTANTAREODS REDOCTION OF PLUTOKRIOR

PEED & PRCDUCT STAGE MITRIC ACID ORANTUN PO (IV) PO (III) REDUCTANRT NITRATE IONW FLOW RATE TENP
STFEAR DATA NC. (noL/Ly {G/L) (G/L) (G/1) (8OL/1) {1oL/1) (L/8IN) (C)
AQUEOUS 1 3.000E 00 0.0 0.0 0.0 0.0 0.0 1.000E-01 u0.0
ACUECUS 3 0.0 0.0 0.0 0.0 1.750€ 00 1.750E 00 1.000E-03 40.0
ACUECOS 6 3.000® 00 3. 00082 02 3.000F 00 0.0 0.0 0.0 1.500E-01 40.0
30.C ¢ 18P 1L c.0 - . 0. 0.0 9.0 3. 500E-01 4c.0
ACOECOS £ FRODUCT STREAR REMOVED (PLOW RATE IN ROLAL ONITS) 1.000e 01
STAGE | PIXEF VCLUME BY PAASE 1 SETTLER VOLUME BY PHASE [} BIXER PLO¥ RATE | INTERSTAGE PLOV RATE
¥O0. | AQUROOS 1 ORGANIC | ACUBCUS 1 ORGANIC ] AQUEOUS 1 ORGANIC ] AQUEOUS | ORGANIC
| ) | | | | ! |
A | 3.600e-02 1 1.2008-01 1.1008-01 5.800E-01 | 9.073E-02 1 3.472E-01 | 9.073e-02 3.072e-01
2 lecce-Cc2 1.200E-01 1.100E-07 3.800F-01 | 9.073e2-02 3.472E-01 ¢ 9.073E-02 ¢ 3.u72e-01
LI | 2.60CE-02 1.200E-01 1 1.100-01 | 3.800E-01 | 9.168E-02 1 3.472e-01 | 9.1688-02 | 3.4728-01
LI | 3.600%-02 1.2008-01 1.1008-01 | 3.6800E-01 1 9.168E-02 | 3.6722-01 9.168E-02 | 3.472E-01
€ 1.€CCe-C2 ¢ 1.200E-01 ¢ 3.100E-01 3.B00E-01 9.168E-02 | 3.672E-01 0.0 | 3.472e-01
€ 1.700E-01 4.0008-01 ¢ 5.100E-01 1 1.700E 00 1.222e-01 | 3.472e-01 1.222B-01 | 3.472E-01
KA | 1.7002-01 8.000E-01 5.1002-01 | 1.1808 00 1.222p-01 3.4722-01 | 1.2228-00 | 3.4728-01
8 1.7¢Ce-CY ¢ 5.,000E-01 5.1008-01 ¢ 1.180E 00 ¢ 1.222e-01 | 3.472e-01 | 1.2228-0Y 3.u72E-01
9 1t 1.7¢0P-CY ¢ 4.000B-01 5.100E-01 1.180F 00 | 1.222g-01 1 3.472e-01 | 1.222E-01 | 3.472E-01
10 1.7007-01 ¢ 4.000E-01 7.000E-01 1.180 €0 | 1.222e-01 3.472E-01 | 1.2228-01 | 3.472e-01




TRANSIENT BEBAVIOR RESULTS MIXER CORCENTRATION GIVER

1INE = c.0 BINWOTES
AQUEOUS EBASE

STAGE | RITEIC ACTD) URABYON | PO (IV) t PU (IYI) | REDPUCTANT | NITRATE ION{ DENSITY | NIXER PLOW |TEAPERATURE
wOo. ll {mor/Ly | (G/1) 1 (6 /1) \ (G/L) { (soL/L) 1 (moL/L1} 1 {(G/nL) | (L/a1M) H{CENTIGRADE)
| ' \ | 1 \ ] |
11 2.8372 00 ) 2.7592 0V | 3.6228-0v | 0.0 1 0.0 ] 0.0 1 1.1a0E 00 | 1.004E-01 | U.0Q0E 01
24 2.7872 00 | 6.2598 01 { 5.8G65E-01 3 0.0 I 0.0 1 0.0 | 1.160E 00 | 1.006E-01 | 4.000E 01
2t 2.€66® 00 | S5.582E 01 | 7.849E-01 )} 0.0 t 0.0 1 0.0 1 1.178B 00 | 1.01BE-01 { &.000E 01
8] 2,5722 00 ¢ 7.234E 01 | 1.0352 00 y 0.0 1 0.0 1 0.0 1 1.2008 00 | 1.021E-01 | 4.000E 01
S| 2.,438r 00 § 1.0322 02 { 1.488E 00§ 0.0 | 0.0 { 0.0 {f 1.208E 00 | 1.027E-01 | 4.0COE O1
© | PRODOCT STREAM I 1.0278-01 )
6 1 3,000 004 3001 02 2.873B 00 ) 0.0 1 0.0 1 0.0 I 1.6198 00 § 1.500E-01 { 4.000E 01
71 3.008FE 00 | 2.9982 02 { 2.737E 00 ( 0.0 1 0.0 | 0.0 I 1.679E 00 { 1.500E-01 | 4.000E 01
E ) 2,512 00 | 2.9828 02 ) 2.952B 00 { 0.0 1 0.0 1 0.0 f 1.611E 00 § 1,899E-01 § U.000E 01
9 | 3.08%E 00 ¢ 2.23QE 02 | 1.908E 00 | 0.0 1 0.0 |1 0.0 { 1.504E 00 | 1.48G4E-0% | &.000E 01
10 1 3.982E 00 | 2.183B 01 | 2.673B-01 | 0.0 t 0.0 | 0.0 1 1.183E 00 § 1.363B-01 { 6.000E 01
ORGANIC FEASE
STAGE { RITHIC ACID| ORANIUN | PO({IV) 10 EXTRACTION| PD EXTRACT JKNOJI EXTRACT{ DENSITY | PLOR RATE | IHVENTORY
®0. | (WOL/L) [ G/ [ (G /L) | PACTOR | PACTIOR | PACTOR | (G/ nL) 1 (L/AIm | CHANGE (%)
[} 1 1 1 | 1 ! 1 |
1) 2.0002-07 { B.676E 01 | T.188E-01 ( 1.14QE 01 { 7.194E 00 } 2.612E-01 | 9.406B-01 | 3.639E-01 | 6.120E-02
2 1 1.625B-01 ) 9.42SE 01 { B.1852-01 | B8.074E 00 | S.071E 00 | 2.183B-01 | 9.S61E-0%1 | 3.683B-01 | 4.2B€E-02
2 ) 1.262p-0Y | 9.838E 01 | B.801B~01 | 6.308E 00 | 4.013F 00 | 1.867E-0% | 9.593E-01 ) 3.645E-01 { 2.787E-02
6 ) 1.186¥-01 ¢ 1.0208 02 | 9.3572-01 { S.038E 00 | 3.229E 00 { 1.647B-01 { 9.639B~0% | 3.64TE-01 | 1.442E-02
Sy 9.3978-02 ¢ 1.066E 02 | 1.005E 00 | 3.66BE 00 { 2.401E 00 { 1.372E-01 | 9.698E-01 y I 669E-0Y | 6.955E-(3
€ ( ©=.S%5ep-02 | 1.1512 02 ) 1.131E 00 § 9.36BE-01 ) 9,596FE-01 ) &,880B-02 § 9.811E-0% | 3.656B-01 | 8.272E-04
7 1 S.97CF-02 | 1.151B 02 { 1.079B 00 | 9.360B-01 { 9.609F-01 ) 4.8u3e-02 | 9.811E-01 | 3.6S56E-01 | 5.138E-04
8 ) 6.118F-02 { 1.150B 02 | 1.023B 00 | 9.531B-01 | 9.778E-0Y | &.889E-02 | 9.80BF-01 | 3.656E-01 4 0.0
S | P.CCER-02 { 1.1278 02 ) 9.471E-01 { 1.263E 00 | 1.223F 00 y 5.661E-02 | 9,780E-01 | 3.655B-01 { 3.697E-00
1C | 2.439E-01 | B8.3058 0V | 6.776E-01 | 1.035B 0% { 6.770F 00 { 2.074E-01 | 9.406E-0% | 3.640B-0%t | 7.995E-04
1I8E =  10.00 PLWOTES
AQUEOUS FRASE
STAGE | RITFIC ACID| UORANIUMW | PO (IV) | PO (III) { REDUCTANT { WITRATE ION| DENSITY | MWIXER PLOW |TENPERATURE
¥o. (mOL/L) (6/1) \ (G /1) 1 (G/1) 1 (moL/L) 1 (moL/L) | (G/nL) | (L/BIm) 1 {CENTIGRADE)
1 1 | | [ { t t [
11 2,886FE 00 { 2.681E 01 ¢ 1.351E-03 } 0.0 ! 0.0 1 0.0 t 1.138E 00 | 1.004B-01 | G.000E 01
21 2.7592 00 { 6.0Sa2 01 {4 6.8992-08 | 0.0 1 0.0 1 0.0 1 1.156E 00 | 1.005E-01 | 6.000E 01
I ) Z.6%3P 00 | S5.112E 01 { 0.0 | 6.01SE-01 | 1.470E-02 { 1.722E-02 { 1.173E 00 | 1.016E-01 { &.000E 01
u { 2,535F 00 | 6.3u8E 01 ) 2.641B-02 | 4.114B 00 | 0.0 ) 1.721E-02 1 1.193B 00 § 1.0178-01 { 4.000E 01
S 2.386% 00 { 9.685E 01 { 1.187E 00 { b5.086E 00 { 0.0 ! 1.710B-02 ) 1.202B 00 | 1.02uE-01 ) G_000E 01
€ | PROCTCT STREAM : | 1.0208E-01
6 1 3.000F 00 § 3.001E 02 | 2.873B 00 ) 0.0 { 0.0 1 0.0 ! 1.619E 00 | 1.500E-01 | 4.000E 01
71 2.00uE 00 | 2.998B 02 | 2.7272 00 ¢ 0.0 y 0.0 1t 0.0 | 1Y.619E 00 { 1.500B-01 | 4.000E 01
€ | 22,0512 00 | 2.942e 02 1 2.552B 00 | 040 |1 0.0 |1 0.0 )| 1.611E 00 ( 1.699E-01 | 6.000E 01
9 ¢ 2,48SF 0D | 2.236¢2 02 | 1.908BB 00§ 0.0 | 0.0 1 0.0 t 1.504E 00 | 1.484E-01 | 4.000E 01
10 ¢ 3.1827 00 { 2,783 01 { 2.673E-01 4§ 0.0 t 0:0 { 0.0 ! 1.13E 00 { 1,363E-01 | 4.000E 01
ORGARIC FEASE .
STAGE | SITRIC ACID({ URANIUM { PO (IV) |0 EXTRACTION| PO EXTRACT |HNO3 EXTRACT| DENSITY | FLOW RATE | INVENTORY
NO. § (MOL/L) 1 G/L) | (G /1) | PACTOR |  PACICR | PACTOR | (G/nL) 1 (L/nINy | CHANGE (%)
1 [} 1 L} 1 L} ) 1 {
14 2.0792-01 { 8.686E O1 | 2.752B-03 { 1.174E 01 | 7.382E 00 { 2.650E-01 | 9.436E-01 | 3.6388-01 { 6.734E 01
21 1.677E=01 | 9.8710E 01 ( 1.012B-03 | 8.609E 00 | S5.312E 00 | 2.202E-01 ) 9.526E-01 | 3.642E-01 { 7.864E 01
20 1.4%3P-01 | 9:7892 01 | 0. t 6.86ur 00 | 0.0 Y 1.963E-01 | 9.573E-01 { 3.64uUE-01 | S,421E 01
4 | 1,253E-01 | 1.0132 02 { 2.684B-02 | S.724E 00 § 2.325B-02 t 1.772E-01 | 9.616B-01 | 3.645e~01 { 3.823E 02
5 ) 9.533¥-02 § 1.0632 02 { B8.889E-01 { 3.9128 00 { S.739E-01 { 1.623E-DY } 9.6991E~01 | 3.649E-01 | 2.625E 00
€| €.55eE-02 { 1.1S1E 02 { 1:9131E 00 | 9.348B-01 | 9.596K-01 | 6.880E-02 § 9.811E-01 | 3.656E-01 1 0.0
70 £.97CE-02 1 1.151B 02 | 1.079E 00 | 9.360E-01 § 9.609E-01 { 4.8838~02 | 9.811E-01 | 3,656B-01 | 0.0
81 6.118E-02 ¢ 1. 1502 02 § 1,023B 00 { 9.531B-01 | 9.778E-01 )} 4.889E-02 | 9.808E-01 | 3I.656E-01 ( 0.0
S | 8.0C6E-02 { 1.1272 02 { 9.671B-01 | 1.283P 00 { 1.223F 00 | 5.661E-02 | 9.780E-01 { 3.655e-011 0.0
1€ { 2.8402-01 | 8.3052 01 ) 6.776E-01 § 11,0358 01 | 6.771E 00 | 2.074E~01 | 9.606E-01 | 3.640B-0% | 1.663E-04



1INE = 2C.00

RQUEOUS PPASE

STAGE
NO.

OOV IR E 1IN =

-

ORGANRIC FFASE

STAGE
RO.

OB IRV BN -

-

TIRE = 3C.0
AQOEBOUS FEASIE

|
!
1
|
1
1
t
1
[}
!
|
'

0

PIFOTES

NITFIC ACID{
(8OL/1)

|
\
2.8682% 00
2.7562 00 |
2.€57E 00 |
2.559f 00 ¢
2.606F 00 |
PRODUCT STREAM
3.0008 00
3.0007 00 ¢
2.0512 00
3. 4858 00 |
3.182F 00 )

FITFIC AC]D{
(10L/1)

[}

!
2.077E-01
1.6692=-01 |
1. 401e=-01 |
1.2072-01 |
9.8522-02 |
£.55€p-02
5.970E-02
6. 1182-02 |
8.0C7e-02 |
2,80808-01 ¢

EINOTES

STAGR | BITHIC ACIDY

{mOL/L)

|

1
2,881 00 |
2.7528 00 |
2.€52F 00 |
2.5621 00 |
2.8127 00
EROLCCT STREANM
3.0008 00 |
32,0047 00 1§
2.0512 00 |
2, 08%r 00 |
3.1827 00 |

FITEIC ACID
(moL/L)

2.068r-01
1.656E-01
1.4232-01
1. 226¢-01
9.895¥-02
£.5S€2-02
€.97CE-02
6.118¥-02
2.0C7e~02

¥O.

1

2

2

]

5

H

6

7

[4

9

10

ORGARIC FEASE

STAGE
wo.

1

2

k]

4

5

€

7

8

<

A14

2.4u0E-01

URABHION
G/y

2.687e
4,089e
S.2188
6. 563E
9. 26 1E

3.001e
2.9982
2.942e
2.23u4e
2.1a3e

ORANTON

G/1y

8.689¢
9. 42068
9.816E
1.0168
1.0622
1,151
11512
1. 1508
1.12%
843052

TRANION
G/1)

2. 7092
6. 108%
5.334e
6. T95€
9.238E

3.001e
2.9982
2.942e
2.23u4e
2.102¢

ORANION
Gru

8. 705¢®
9. uaBe
9.8508
1.020e
1.063¢
1.151e
1.1512
1. 1508
1.127e
8.30SE

01
01
01
01
01

01
01
01
02

- - - n

PO (IV)
(6

1.250E-06
6.3502-07
0.0
0.0
3.8538-01

2.6873E 00

.2.737¢ 00

2.5522 00
1.9082 00
2.673E-01

PO (1V)
G/

2.5622-06
9.310E-07
0.0

0.0

2.8972-01
1.1312 00
1.0792 00
1.0232 00
9.471E-01
6.7762-01

PO (1V)
(G /1)

1.1658-09
6.0008-10
0.0
0.0
6.859E-02

2.873e 00
2.7372 00
2.552¢ 00
1.908¢ 00
2.673e-01

PU (IV)
G/

2.352¢~09
8.626r-10
0.0

0.0

5.127e-02
1.131E 00
1.079e 00
1.023e 00
9.471E-01

6.776E-01

=]

Q

PO (IID)
[{F¢3}

0.0
0.0
2:.0561-06
1.2522 00
4.091e 00

-X-X-N-%X-1
-X-X-F-X-]

EXTRACTION|

PACTOR

1. 1728 01
8.3u98 00
6.747E 00
$.558E 00
4. 0912 00
9.308E-01
9. 360E-01
9.5312-01
1.203r 00
1.03SE 01

PU (IID)
(G/L)

a.0
0.0
1.9240E-09
2.5488-01
4.092e 00

EXTRACTION

PACTOR

1.165E 01
8.251E 00
6.616EF 00
$.3728 00
4.108E 00
9.3582-01
9.360E-01
9.5312-01
1.243E 00
1.0358 01

_—— - ——

REDUCTIANT
(AoL/1)

0.0
0.0
1. 721§-02
1. 1952-02

PU EXTRACT
PACTOR

7.369E 00
5.274E 00
0.0

0.0

2.3C8e-01
9.596E-01
9.609E-01
9.778E-01
1.223F 00
6. 771E 00

REDUCTIANRT
(nOL/1)

PU EXTRACT
PACTOR

7.321E 00
5.2132 00
0.0

0.0

4.398E-02
9.596E-01
9.6091-01
9.778E-01
1.223F 00
6.771F 00

- -

SITRATE I0M|

(moL/1)

0.0
0.0
1.721e-02
1.719g-02
1.712e-02

ooooo
o X-X-X-N-]

fHNO3 EXTRACT|{

|
t
1
!
t
!
|
|
!
1
1
!

|{HNO3 EXTRACT

1
|
!
i
!
t
|
|
!
!
1

FACTOR

2.648E-01
2.198E-01
1.943e-01
1.745E-01
1.8618-01
4.840E-02
4.843E-02
8.889E-02
5.661E-02
2.074E-01

SITRATE ION{

{8OL/1L)

0.0
0.0
1.720e-02
1.717e-02
1.712e-02

PACTOR

2.639E-01
2.179e-~01
1.9228-01
1.712e-01
1.864E-01
4,840E-02
4.843E-02
a,889p-02
5.6618-02
2.0742-01

DENSITY
{G/HL)

1.139e 00
1.157¢ 00
1.174E 00
1.192E 00
1.236E 00

1.6198 00
1.619E 00
1.611E 00
1.504E 00
1. 143E 00,

DENSITY
(G/BL)

9.437E-01
9.528E-01
9.576E-01
9.6192-01
9.681E-01
9.811E-01
9.811E-01
9.808e-01
9.7802-01
9.4062-01

DENSITY
{G/nL)

1.139E 00
1. 157E 00
1.175E 00
1.1958 00
1.233E 00

1.619E 00
1.619E 00
1.611E 00
1.504E 00
1. W3E 00

DENSITY
(G/nL)

9.439E-01
9.531e-01
9.581E-01
9.625e-01
9.679E-01
9.811E-01
9.811E-01
9.808E-01
9.7808-01
9.406E-01

NIXER PLOW
(L7818

1.0042-01
1.005e-01
1.017-01
1.0182-01
1.022e-01
1.022E-01
1.500B-01
1.500E~-01
1.4992-01
1.484E-01
1.3632-01

PLO¥ RATE
(L/81IN)

3.638e-01
3.6u428-01
3. 6848E-01
3.6458-01
3.6ua062-01
3.6562-01
3.656£~01
3.656E-01
3.655e-01
3.64u02-01

MIXER PLOW
(L/481IN)

1.004E-01
1.006E-01
1.017E-01
1.019e-01
1.0228-01
1.022E-01
1.5002-01
1.500E-01
1.68998-01
1.484E-01
1.3632-01

PLOW RATE
{(L/81IN)

3.638e-01
3.6428-01
3.688E-01
3.646E~01
3,608E-01
3.656E-01
3.656B-01
3.656E-01
3.6558-01
3.640E~01

ITENPERATORE
{ {CEX TIGRADE)

4.000E 01
4.000r 01
4.000p 01
4.0002 01
4.000E 01

{
|
1
'
]
]
{ 4.000E O1
| 64.000E 01
| 4.000E O%
| 4.000r 01
t 4.0008 01
{ IRVENTORY

t CHANGE (%)

1.330e-02
3.215e-02
6.125E-02
1.219e 01
1.50ee 01
0.0

0.0

4. 214e-04
3, 5Sue-0u
0.0

{TEMPERATORE
{ (CENTIGRADE)

4.000E 01
4. 000 01
8.0008 01
4.000E OV
4,0008 01

4,000F 01
3.000E 01
a.000E 01
4.000E 01
6. 0002 01

- = e - ——

| INVENTORY
! CHARGE (%)

2.734E-02
3.81up-02
S.803E-02
1.951% 01
2.759e 01
0.0

3.958e-04
S.121E-00
2.579E-08

_.ZS;_
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APPENDIX A. PROGRAM LISTING

S
1978 REVISIONS BY A.D.RITCHELL

ORNL REVISION OF THE RAINEY-WATSON MODIPIED VERSION (ORNL-TH-5123)
WATSOR & RAINEY MODTYPYED THE RICHARDSON-WANCE VERSION (HEDL-TME 75-31)
ORIGINAL PROGRAN BY W.S.GROENIER (ORNL 4746)

TRARSIERT

STAGE CALCULATIONS POR POREX SOLVENT EXTRACTION PROCESS.

CALCOLATIONS DONE POR 6 COMPONENTS

3 TRA

100 STAGES

DISCRIPTIO
AVOL
ovoL
ASVOL
osvoL
TPROP
ATS
OTS
IPD (I
TPD (I
APDRT
OFDRT

NSPERRING COMPONENTS CONPONERT
COMPONENT
CONPONENT

= NITRIC ACID
= DIANIOA
- PLUTONIUM (IV)

COMPONENT
CCHPONENT
ALLOWED, THE 100 ARE GOTTEN BY USIN

- PLUTOWIUM REDUCTANT
= WITRATE IOW
RTOST = 00

1
2
3
3 NON-TRARSPERRING COMPOWEBNWTS CONPONENT 4 - PLUTOBION (IID)
S
6
G

® OP MOST MAJOR VARIABLES
VOLUME OF AQUEOUS PHASE IN NIXER J
VOLONE OP ORGANIC PHASE IN NIXER J
VOLUME OP AQUEOUS PHASE IN SETTLER J
VOLUNE OF ORGANIC PHASE IN SETTLER J
MIXER TENPERATORE
AQUEOUS TENPERATURE IN THE SETTLER
ORGANIC TEMPERATURE IN THE SETTLER
»J) CONCENTRATION OF CONPONENT I 1IN AQUEOUS PEED TO STAGE J
»J) CONCENTRATION OP CONMPONENT I IN ORGANIC PEED TO STAGE J
FLOW RATE (LITERS/MIN) OF ACUEBOUS FPEED TO MIXER J
PLOW RATE (LITERS/NIN) OF ORGANIC PEED TO NIXER J

AFPDTEN TEMPERATURE OP AQUEOUS PEED TO BIXER J

OPDTEN

TEMPERATURE OFP ORGANIC PEED TO KIXER J

X (I,J3,X) AQUEOUS CONCENTRATION OP COMPONENT I IN NIXER J DURING

Xs (J,

c

c

c

c

c

c

c

c

c

c

c

c

c

c

¢

c

c

c

c

c

c

c

c

c

c

c

c

c

c

¢

c

c

c

c

c

c

c

c

c

c A
c 0
c AT
c oT
c ALVRT
c OLVRT
c AOUT,
c

c NSOLU
c
c
c
c
c
c
c
c
c
c
c
[of
c
C
c
c
c
c
¢
¢
(o
C
c
c
c
c
c
c
c
C
c
c
c
c
c
c
c
c
c
c

Is0L

SPH
¥DIREC
NDIREC

conon

TITLE IS THE
HTOST
CTBP
TENPI
HSTR

YOoLON
AN IN
0 NO
1 ROU

RST

IRXN
DTHETA
DPRINT

TSTOP
TOL
NEWIN

IWDIC
TINE

TIME
THE T
IP
Ip
1P
1P
Ir
Ip
BY
IpP
Ip
Ip
BY
Ir
POR
POR
Iy
Ir
pd 4
YOR

NEWOUT

IvoLn

oo oa o tnueonn

N -t 2 D O

IVYOLS

[}
N

P - I~ QY - Y

IPRO

IPAST

C TIPNCH
C
[
cceceeecee

A TINE INTERVAL K K=1 PFOR PREVIOUS TIME
K=2 POR PRESENT TIAR
L,I,K) AQUEQUS CONC OF CONPONENT I IR SETTLER J, ZONE L, DURING
A TIME INTERVAL XK. EBACH SETTLER IS SPLIT INTO THREE
ZONES TH ORDER TO SHOOTH OUT THE CHANGES IN CONCENTRATION
OF ITS MIXER. THE 20FES CAN BE THOUGHT OF AS WELL
MIXED TANKS PLOWING INTO THE NEXT ZONE OR MIXER.
AQUEOUS INTERSTAGE FLOW RATE
ORGANIC INTERSTAGE FLOW RATE
AQUEOUS INTRASTAGE PLOW RATE
ORGANIC INTRASTAGE FLOW RATE
PLOW RATE OF AQUEOU0S STREAM LEAVING MIXBR-SETTLER BANK
PLO¥ RATE OP ORGANIC STREAS LEAVING MIXER-SETTLER BARK
000T INTERSTAGE PLOW RATES IN REAL VOLUANE UNITS,
OUSED ONLY IN PRINT-OUT
IS THE SUBSCRIPT POR THE RIGREST RUNBERED COMPONENT
IN THE SYSTEM. IT IS USED IN THE SAME WMARNNBR AS ISOL.
INDICATES IP A SOLUTE IS (OR WAS) PRESENT IN THE
CONTACTOR. IT IS USED TO BYPASS USBLESS CALCULATIORS
OF ZERO CONCENTRATION.
SPECIPIC HEAT OP ORGANIC PHASE (AQUBOUS ASSOUNED TO BE 1)
DETERMIWES THE ORDER OP THE STAGEWISE CALCULATIONS.
= 1 POR CALCULATIORS TO START AT THE PIRST STAGE
=~1 POR CALCULATIONS TO START WITH THE LAST STAGE
LARGEST CHANGE IN SOLUTE INVEKRTORY OP A COMPONERNT
IN THE MIXER

PROBLEN TITLE.

TOTAL NOUNBER OF STAGES, MOST NOT EXCEED 100

B PRACTION OF DRY TBP

ITIAL OR DEPAULT TENPERATURE

ONUSOAL ROUTING PATTERR DESIRED

TING PATTERN OTARR THAN WORMAL WILL BB USED

R, ISTR, JSTR VARIABLES SPECIPYING THAT THE ORGANIC PHASE
OP STAGE XISTR BE ROUTED TO STAGE JSTR

ATOR OP THE REACTION USED FOR REDOUCTION

INCREMERT (MINUTES)

ELAPSED TIME BETWEER THE PRINTING OF PROPILES

WHEW THE TIME PERIOD IS TO END
OLERANCE TO BE OSED TO TEST POR CONVERGENCE
THE PRESENT INPUT STREAMS ARE TO BE COHTINOUED
NEW IFPUT STREAMS ARE TO BE SPECIFIED
THE PRESENT EXITING STREANS ARE TO BE CONTINOUED
NEW BXITING STREANS ARE T0 BE SPECIPIED
AQUEOUS AND ORGANIC NMIXER VOLUMES ARE TO BE GIVEN
TOTAL NIXER VOLUMNE IS GIVEN WITH PHASE VOLUNES DETERMINED
PHASE PLOW IN THE MIXER
ALL HIXER VOLOUNES GIVER BY PHASE PLOW IN THE NIXER#ONIT TINE
AQUECUS AND ORGANIC SETTLER VOLUNES ARE TO BE GIVEN
TOTAL SETTLER VOLUME IS GIVENW WITH PHASE VOLUNES DETERMINED
PAASE PLOW IN THE RIXER
ALL SETTLER VOLUMES GIVEN BY PHASE PLOW IN THE WIXER*ORIT TIRE
A ZERO IRITIAL CONCENTRATION PROPILE
A NOR-ZERO INITIAL PROPILE
THE RURGE KUTTA IRTEGRATION IS TO BE USED
THE PASTER INTEGRATION METHOD IS TO BE USED
WO PUNCHRED CARD OOTPUT DESIRED
PINFAL PROPILE OOTPUT ON PUNCHED CARDS
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COMMON/CONTRL/ NTOST,NSOLU,CTBP, NEWIN,NEWOUT,SPH,IPNCH, IFAST, IRXN,
. DTHETA,IVOLN,IVOLS,TIPRO, TERPI, ISOL (6) ,NSTR,ISTR,JSTR,CODUN(100)
COMMON /CONCS/ X (6,100,2) ,Y(6,100,2) ,X5(100,3,6,2),Y5(100,3,6,2)
COANON/FLOWS/ A (100} ,0(100) ,AT(100),0T (100) )

CORMON/STREAN/ XPD(6,100) ,YPD(6, 100) ,APDRT (100) ,OFPDRT (100) ,
. APDTEN (100) ,0PDTEN (100) ,ALVRT (100) ,OLYRT (100)

CONNON/TENPS/ TPROP (100,2) ,ATS(100,3,2),0TS(100,3,2)

CONNON/VOLS/ AVOL (100) , OVOL {100) ,ASVOL (100) ,0SVOL (120)

REAL*8 TITLE (10,10)

RDIREC=1

XT CASE IS NEW

CONTINOE

READ 3000, HTTL,NTOST,CTBP, TEMPI, NSTR, ISTR,JSTR, IRXN
IP(IRXN.LE.0) IRXH=0

DO 11 J=1,¥TTL

READ 1000, (TITLR(J,N) ,K=1,10)
CONTINUE

IP (FTOST.LE.0) RTOST =100
XS0LO=6

SPH=0.32140.078¢CTBP

D0 14 I=1,HSOLD

ISOL(TI) =0

CONTINUE

ROING OP ARRAYS

DO 16 J=%,NTOST
CODON (J) =200.
AVOL (J) =0-. 0
0VOL(J) =0.0
ASYOL (J)=0.0
0SVOL (J) =0.0
APDRT(J) = 0.0
OFPDRT(J) 0.0
AFDTEN (J) =T ENPI
OFDTEM (J) =TEXPI
A(J) = 0.0
0(J) = 0.0
AT (J)=0.0
0T(J) =0.0
ALVYRT(J) = O
OLVRT(J) = 0
DO 15 I=1,HS
(1,3, 1=0.0
X(1,3,2)=0.0
(1,3, 1%=0.0
Y(1,3,2)=0.0
XPD(I,J)} = 0.0
YPD(I,J) = 0.0
CONTINUE
CONTINUE

0 20 L=1,2

DO 19 J=1,NTOST
TPROP (J,L) =TENPI
po 18 K=1,3
ATS(J,K,L) =TENPT
OTS (J,K,L) =TERPI
DO 17 M=1,¥SOLU
Xs (J,K, 8, 1)=0.0
YS(J,X,NH,L) =0.0
CONTINUE
CONTINUE
CONTINUE
CONTINUE

.0
.0
oLD

THIS IS THE START OP A NEW TINE PERIOD
ANY ONE, OR GROOP OF THESE VARIABLES NAY BE CHAANGED POR THE NEW TINE

PERIOD.

IP DTHETA=0.0 THE PRESENT CASE IS ENDED AND A NEW ONE BEGUN DEPENDING
ON DPRINT. 1IP DPRINT=1.0, A NEW CASE IS STARTED ARD A WEW TITLE READ

IN. 1IP DPRINT=0.0, THE PROGRAM STOPS.

READ 3001,DTRETA,DPRINT,TSTOP,TOL,NEVWIN , NEWOOT,IVOLN, IVOLS,IPRO,
. IPAST ,IPRCH

I¥(DTHETA.EQ.0.) GO TO 400

IP (NEVIN+KEWOUT+IVOLN+IVOLS+IPRO.NE.O) GO TO 23
PRTINE=PRTINE ¢DPRINT

PRINT 3201,DTRETA

PRINT 3202,DPRIKRT

IP (IPAST.BQ.1) PRINT 5000

IFP(IPAST.NE.1) PRINT 5001

PRINT 3203,TSTOP,TOL

GO TO 140

PRINT 1002

Do 25 J=1,NTTL

PRINT 1003, (TITLE(J,I),I=1,10)

CONTINOE




[sNsKe K]

a0 aan

noAa AN aann

s NeXs Ks)

PRINT 3201,DTHETA
PRINT 3202, DPRINT

IP(IPAST.BEQ.1) PRINT 5000

TP (IPAST. RE. 1) PRINT
PRINT 3203, TSTOP,TOL
PRINT 2000, NTOST

SCAF INPUT SWITCHES POR

5001

ERRORS

IP(NEWIN.EQ.1) PRINT 3101

I? (NEVIN. EQ.0) PRIRNT
IP(NEVIN.NE.1.ARD.NE
IP(NEROUT.EQ.1) PRIN
IF (NEVOUT. EQ.0) PRIW

3102
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WIN.NE.O) PRINT 3109,FEVWIN

T 3103
T 3104

IP (NEWOOT.NE. 1.AND. NEWOUT. HE.0) PRINT 3110,NEWOUT

IP(IVOLN.EQ.0) PRIRT
IP(IVOLM. EQ. 1) PRINT
IP(IVOLM.BQ.2) PRINT
IP (IVOLM. BEQ.3) PRINT

3105
2038
2039
2040

IF (IVOLN.LT.0.0R.IVOLK.GT. 3) PRINT 2041,IVOLN

IF(IVOLS.EQ.0) PRINT
IP{IVOLS.2Q.1) PRINT
IP{IVOLS.EQ.2) PRINT
IP(IVOLS.®Q.3) PRINT
IP(IVOLS.LT.0.0R.IVO
IP(IPRO.BQ.0) PRINT

IP(IPRO.BEQ.1) PRIRT

3106
2002
2083
2044

LS.GT.3) PRINRT 2045 ,IVOLS

3107
3108

IP(IPRO.NE.O.ARD.IPRO.NE.1) PRINT 2003,IPRO

I¥ (IPNCH.EQ.0) PRINT
IF (IPFCH. EQ. 1) PRINT
IP(IPNCH.NB.0.AND.YP
IP(NSTR.BQ.0) PRINT
IP(NSTR.2Q.1) PRINT

2026
KARA

NCH.NE.1) PRINT 2028,IPRCH

2034
2035

IF(NSTR.NE.0.AND.NSTR.NE.1) PRINT 2036, NSTR

IP(NSTR.EQ.1) PRINT
PRINT 7000, TENPI

IP(IRXN.BQ.0) PRINT
IF (IRXN.EQ. 1) PRINT
IP(IRXN.EQ.2) PRINT
IP (IRXR.EQ.3) PRINT

STARTS DOES ALL THE INPUT REQUIRED BEPORE THE ITERATIONS START

CALL STARTS

PRIRT 3205
TOTINE=0.0
PRTINR=0.0
DO S50 J=1,NTOST
D0 50 I=1,NSOLU
X(1,J,2)=%(1,3,1)
(1,3, =7(1,3,1)
50 CONTINUE
GO TO 200
140 CORTIRUE

STAGES PERPORMS STAGE CALCULATIONS FOR EACH TINE INTERVAL

CALL STAGES (NDIREC)

NDIREC=~-NDIREC

MERELY IKRCRENENTING TINE POR TEBMNPS & CONCS

TOTIME=TOTIMESDTHETA
NSTOP=0
DO 150 J=1, RTOST

4000,ISTR,JSTR

8000
8001
8002
8003

IP(CODUN(J) .GT.TOL) WSTOP=1
TPROP (J,1)=TPROF(J, 2)

DO 148 Kz=1,3
ATS(J,KZ, 1) =ATS(J,KZ

148 0TS(J,KZ,1)=0TS (J,KZ
D0 150 I=1,FSOLUO

e2)
v2)

IP (ISOL(I).EQ.0) GO TO 150

X(I,J,1=X(I,J,2)

(1,3,1=1(1,3,2)

DO 150 K2z=1,3

Xs(J,xz,1, 1) =XS(J,K2Z

Ys(J,X2,1,1)=YS(J,KZ
150 CONTIRUE

CHECK POR CORVERGENCE

¢1,2)
+1,2)

IP(NSTOP.EQ.0) TSTOP=TOTINE

200 CONTINUR

IP(TOTINE.LT.PRTINE.ARD.TOTINE.LT. TSTOP)

PRTINE=PRTIME4DPRINT

GO TO 140
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C
c
C PRINTING CONCENTRATIONS POR THE TINE INTERVAL
C SUBROOTINE PRTOUT DOES ALL THE CONVERSIONS AND CALCOULATIONS WHICH
C ARE BREQUIRED BEPORE THE PROPILE CAW BE PRINTED OR PUNCHED. BECAUSE
C OF THE HEADINGS, THE PRINTING IS DONE IN PRTOUT WHILE THE POUNCHING
C CAN BE DONE IF THE MAIN PROGRAMN.
c
PRIFT 1100, TOTIAE
CALL PRTOUT
c
c
250 IP(TOTINE.LT.TSTOP) GO TO 140
c
C
C PUNCHED CARD OUTPOT
C
IF (IPNCH.EQ.0) GO TO 300
ONBE=1.0
D0 275 J=1,NTOST
PONCH 1202, (x(I1,J,2),1=1,6),TPROP(J, 2)
PONCH 1202, (Y (1,J,2),I=1,6),0NE
275 CONTINOE
300 CONTINUE
PRTIME=PRTINE-DPRINT
GO TO 21
400 CONTINUE
IP (DPRINT.EQ.1.) GO TO 10
STOP
C
C

1000 PORMAT (10A8)
1002 PORMAT (' 1ICALCULATIONS POR A SOLVENT EXTRACTION PROCESS',
- Y HAVIRG INTERACTING SOLUTES'//)
1003 PORMAT(* ', 10A8)
1202 PORMAT(1PBE10. 3)
1100 PORMAT ('~ TIMNE = *,0P¥7.2,* HNIRUTES')
2000 PORMAT (* NUNBER OF STAGES = *,I3)
2003 PORMAT(® IPRO = *',I3,3X,'INVALID VALUE')
2026 PORMAT (* IPNCH = 0°*,3X,*NO PONCHED CARD OUTPUT')
2028 PORBMAT(* IPNCH = *,I3,3X,*INVALID VALDEY)
2030 PORMAT(' NSTR = 0¢',3X,*NO ONUSOUAL ROOTING PATTERN')
2035 PORMAT (' WSTR = 1°,3X,*ROUTING PATTBEN OTHER THAR NORMAL®)
2036 PORBAT (' NSTR = *,I3,3X,'INVALID VALOUE")
2038 FORNAT{' IVOLM = 1 AQUEOUS AWD ORGANWIC NIXER VOLUAES GIVEW')
2039 PORMAT (' IVOLE = 2 TOTAL NIXER VOLUME GIVER')
2040 PORMAT (* IVOLM = 3 NIXER VOLUMES DETERMINED BY PHASE PLOW')
2061 PORNAT(* IVOLM =7,I2,' INVALID VALOR')
2042 PORMAT(* IVOLS 1 AQUEOUS AND ORGANIC SETTLER VOLUNES GIVEN')
2083 PORMAT (* IVOLS 2 TOTAL SETTLER VOLUME GIVEN®)
20064 PORMAT(' IVOLS 3 SETTLER VOLUMES GIVEN BY PHASE FLOW?')
2045 PORMAT(* IVOLS =Y,I2,' INVALID VALUER')
3000 PORMAT (212,2F8.0,4I2)
3001 PORMAT(4?8.0,812)
3101 PORNAT (' NEWIN = 1 WEW INPUT FLOWS WILL BE GIVEN')
3102 PORMAT (* NEWIN = 0 INPUT PLOWS WILL BE UNCHARGEDY)
3103 PORMAT(* NEWOOT = 1 NEW OOUTPUT PLOWS WILL BE GIVEN')
3104 PORMAT (* NEWOUT = O OOTPUT STREANS WILL BE ONCHANGED®)
3105 PORNAT(* IVOLE = 0 MIXER VOLUMES WILL BE OUNCHANGED')
3106 PORMAT(® IVOLS = 0 SETTLER VOLUMES WILL BE URCHANGED')
3107 FORMAT(®* IPRO = 0 A NEW INITIAL PROFILE WILL NHOT BE READ')
3108 PORNMAT(* IPRO = 1 A NEVW IFITIAL PROPILE WILL BE READ')
3109 PORMAT(* WEWIN = *,I2,° INVALID VALUE!)
3110 PORMAT (* WEWOOT = ',I2,' INVALID VALUE')

3111 PORMAT(* IPNCH = 1 PROPILE CARDS WILL BE PONCHED AT BEND OR TIME')

3201 PORMAT('-DTHETA = ',0PPB.3,* NIHUTES PER TIME INCREMENT')

3202 PORAAT (' DPRINT =',0PF9.3,' MINOTES BETWEEN PRINTING OF PROFILES®)
3203 PORMAT(' THIS TIWE PERIOD WILL EWD WHER TIBE = TSTOP = !',QP¥8.3,
. ' MINUTES, OR A TOLERANCE OP TOL =*',0PFB.G,' § PER MINUTE IS REAC

.HED*)

3205 PORMAT (*1TRANSIENT BEHAVIOR RESULTS BIXER CONCENTRATION GIVER')

4000 PORMAT(® ORGANIC STREAM EXITING AT STAGE',I4,' PEEDS STAGE',Id)

5000 PORNAT(* IPAST = 1 THE PAST INTEGRATION TEBCHNIQUE WILL BE USED')

5001 PORNAT (* IPAST = 0 THE ROFGE-KUTTA INTEGRATION WILL BE USED')

7000 PORMAT(* TENPI = ',1PE10.3,* IRITIAL & DEPAULT TEWPERATURE')

8000 PORMAT (* IRXN NO REACTIONS WILL BE CONSIDERED')

8001 PORMAT (' IRXH INSTANTANEOUS REDOUCTION OP PLUTONIUM®)

8002 PORNAT(' IRX¥N REDUCTION OF PLOTONIUM BY ORANION (IV)')

8003 PORMAT (* IRXN REDUCTION OF PLUTONRIUN BY HYDROXYLAMINE *)
BND

Howonn
WA -0




annn aaannan

anNAanNna

ononnanon

naann

an

nOanN 0nanOann

-57-

SUBROUTINE STARTS

SUBROUTINE STARTS DOES GENERAL INPUT PUNCTIONS. IT READS ALL THE
INPORMATION REQUIRED FOR A TINE PBRIOD, CONVERTS THE UNITS TO A
MOLAL BASIS, AND SPETS THE HYDRAULICS POR THE SYSTEAM.

COMMON/CONTRL/ NTOST,NSOLU, CTBP, NEW IN, NEWOUT, SPH,IPNCH,IPAST,IRXN,
. DTHETA,IVOLN,IVOLS,IPRO,TEMPI,ISOL(6) ,NSTR,ISTR,JSTR,CODIM (100)
COMMON/CONCS/ X(6,100,2),Y(6,100,2),XS (100,3,6,2),Y5(100,3,6,2)
CONNMOR/DISTRB/ TEMPC,ARY ({6}, DTRY (6)
CONNON/PLOWS/ A (100) ,0 (100) ,AT(100) ,OT (100)
COMMON/MOLALC/ AQ(6) ,OR (6) ,TEMP,CORVA,CONYO,TCONC
CONNON/STREAN/ XPD(6,100),YFD(6, 100) ,APDRT(100) ,OPDRT (100) ,
. APDTEX({100) ,OPDTEN (100) ,ALVRT(100) ,O0LVRT {100)
COMNON/TENPS/ TPROF(100,2) ,ATS(100,3,2),0TS (100,3,2)
COMNON/VOLS/ AVOL (100) , OVOL(100) ,ASVOL (100) ,0SVOL (100)
DINENSION CON (6)

EQCKDG IS A CHECK ON THE INITIAL PROPILE. IF EQCKDG = 1.0 THE PROPILE
WAS CREATED BY THE PROGRAM. OTHERWISE, THE PROPILE CONCENTRATIONS
ARE ADJUSTED SO THAT THE PHASES ARE IN EQUILIBRIUA.

BQCKDG=0.0

TCONC IS AN IFDICATOR POR THE MOLAL CONVERSION. TCORC = -1 SINCE
NOLAR CONCENTRATIONS WILL BE PASSED TC THE MOLAL SUBROUTINE.

TCONWC=-1.0

D0 S I=1,6

A0(T1)=0.0

OR(T) =0.0
S CONTIRDE

NEWIN DETERMINES IP NEW INPUT STREANS ARE TO BE SPECIPIED. NEWIN = 0
INDICATES THAT NEW INPUT PLOWS WILL NOT BE GIVEN SO THE APPROPRIATE
SECTION OP THE PROGRAM SHOULD BE BYPASSED.

IP (FEWIF.EQ.0) GO TO 40

THYIS SECTION RE-INITIALIZES AND INPUTS ALL THE PEED STREAM INPORMATION.

DO 10 J=1,NTOST
APDRT (J)=0.0
OPDRT(J) =0.0
APDTEN (J) =T EAPY
OPDTEA (J) =TENPI
DO 10 I=1,NSOLU
XPD{I,J)=0.0
YPD (I,J)=0.0

10 CONTINUE

15 CONTINUE
READ (5,100%) J,JHAS,PDRT, (COW(I},I=1,6) ,TENP,INDEX
IP(J.LE.O) J=100
IP (JHAS.EQ. 1) GO TO 20
OPDRT(J) =FDRT
IP (TENP.NE.O.) OPDTEN(J)=TENP
Do 17 I=1,6
IP (COW (I) .NE.0.0) TISOL(I)=1
YPD (1,J)=COR (T)

17 CONTINUE
GO TO 30

20 CONTINOE
APDRT (J) =PDRT
IP (TERP.NE.0.) APDTEN(J)=TENP
DO 25 I=1,6
IFP (COR(I) .NE.0.0) ISOL(I)=1
XFD (I,J)=CON(I)

25 CONTINUE

30 CONTINUE
1F (INDBX.EQ.1) GO TO 15

40 CONTINUE

NEWOUT DETERMINES IF REW PRODUCT STREANS ARE TO BE SPECIPIED. KREWOUT = 0
INDICATES THAT NO NEW PRODUCT STREANS WILL BE SPECIFIED, SO THIS SECTION
OF THE PROGRAN WILL BE BYPASSED.

IP(NEWOUT.EQ.0) GO TO 60

TRIS SECTIOR RE-INITIALIZES AND IRPOUTS ALL THE PBODUCT STREAMN INPORNATIOR,

DO 45 J=1,NTOST
ALVRT(J) =0.0
OLYRT (J)=0.0

45 CONTINUE

50 CONTIRUE
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READ 2001,3,J8AS,0TRT,INDEX
IP(J.LE.0) J=100
IP (JHAS.BQ. 1) ALVRT (J) sOTRT
IF(JHAS.BQ.0) OLVRT (J) =OTRT
IP(INDEX.EQ.1T) GO TO S50

60 CONTINDE

IPRO DBTERNINES IF AR INITIAL PROFPILE IS TO BE READ OPF CARDS. IP BOT
(IPRO = 0) THIS SECTION OP THE PROGRAM IS BYPASSED.

IP (IPRO.BQ.0) GO TO 80

THIS SECTION RE-INITIALIZES THE CONCENTRATION PROPILES WITH THE VALUES
READ OFF OF THE PROFILE CARDS. SETTLER COBCENTRATIONS ARE ASSUNED TO
BE THE SANE AS THE NMIXER CORCENTRATIONS POR A STAGE. '

DO 70 J=1,RTOST
READ(5,1002) (X(I,J,2),I=1,6) ,TPROP&J.Z)
READ(5,1002) (¥Y(I,J,2),I=1,6),EQCKD
IP (TPROP(J,2).EQ.0.0) TPROP(J, 2) =TENPI
TPROP (J, 1) =TPROF (J,2)
DO 65 I=1,6
IP(X(1,J,2).8B.0.0) ISOL(I)=1
IP(Y(I,J,2) .NE.0.0) ISOL(I)=1
65 CONTINUE
DO 70 K=1,3
Do 70 L=1,2
ATS (J,K,L)=TPROP (J, 1)
0TS(J,K,L) =TPROP(J, V)
70 CONTINUE
80 COWTINUE

NSOLD IS SET TO THE SUBSCRIPT OP THE HIGHBEST NUMBERED CONPONENT IN THR
SYSTEM. ISOL INDICATES WHRETHER A CONPONENT IS PRESENT. THIS CHECK
SAVES TINE BY BYPASSING CALCOLATIONS WHICH WOULD ALWAYS RESOULT IN
2ZEBERO CONCENTRATION. THUS IP ONLY NITRIC ACID IS PRESENT, CALCULATIONS
POR THE NON-EXISTANT PLUTONIUM CAF BE SKIPPED IN SOMR PLACES.

RSOLU=1

DO 82 I=1,6

IP (ISOL{I).EQ. 1) NSOLO=Y
82 CONTINUE

CORVRT PRINTS THE FEED STREAN INPORMATION, ARD CONVERTS THE CONCENTRATIONS

TO MOLAL ONITS.

IP (NEVWIN+IPRO.EQ.0) GO TO 120
CALL CONVRT
120 CONTINUE

IF(NEWOUT.EQ.0) GO TO 122

PRINTIKG TRE PRODUCT STREAM PLOWRATES. THE PRINTED RATES MAY HOT BE
THE VALOES USED IN CALCOULATIONS DUE TO THE REQUIREMENT THAT NO MORE
OPF A PAASE MAY PLOW OUT OP A STAGE THAN PLCWED IR.

DO 121 J=1,NT0ST
IP (ALVRT (J).¥E.0.0) PRINT 1007,J,ALVRT (J)
IP(OLVRT(J) .NE.0.0) PRINT 1008,J,0LVRT(J)
129 CONTINUE
122 CONTINOE
IP(NEWIN+NEWOUT.EQ.0) GO TO 127

SBT AQUEOUS AND ORGANIC INTERSTAGE PLOW (A AND 0O)

A IS AQUEOUS INTERSTAGE PLOW
0 IS ORGANIC INTERSTAGE PLOW
AT IS TOTAL AQUBOUS PLOW WITHIN A STAGE
OT IS TOTAL ORGANIC PLOV WITHIN A STAGE

IP(ALYRT(1) .GT.APDRT(1)) ALVRT(1)=APDRT(1)

A (1) =APDRT( 1) ~ALVRT (1)

AT (1) =APDRT (1)

IP({OLVRT(NTOST) .GT.OPDRT(NTOST)) OLVRT(NTOST)=OPDRT (NTOST)

O(NTOST) =OP DRT (NTOST) -OLVRT (N TOST)

OT (NTOST) = OPDRT (NTOST)

DO 125 I=2,HT0ST .

TP (ALYRT (I} .GE.A(I~1) ¢APDRT (I)} ALVRT (I)=A (I~ 1) +APDRT(I)

A (I)=A (I-1) $APDRT (I)~ALVR? (I)

_AT(I) =A(X) ¢ALVRT(I)

NST = NTOST+1-1

TP (OLVRT(NST) .GE.O (NST+1)¢ OPDRT(NST)) OLVRT(NST)=O(NST+1)e
OPDRT (#5T)

O (NST) = O (HST+1)+OPDRY (XST) -OLVRT(NST)

IP(NSTR.EQ. 1.ASD.XST.EQ.ISTR-1) O(NST)=OPDRT (NST) -OLVR? (NST)

3
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IP(NSTR.BQ. 1. AND.NST.EQ.JSTR) O (NST)=0(ISTR)+OFDRT (NST) -OLVRT (4ST)
« S*O(RSTe1)
OT (NST) =O(NST) ¢+OLVRT(NST)

THE INTERSTAGE PLOWS ARE NOW SET

125 CONTINUE
127 CONTINUE

IVOLM ARD IVOLS ARE NROW CHECKED TO SEE IP ARY VOLUNE CARDS ARE TO BE
READ, OR IF THE VOLUMES ARE EVEN GOING TO BE CHANGED

IP (IVOLS+IVOLM. EQ.0) GO TO 310
DO 128 J=1,RTOST
IP(IVOLN.NE.0) AVOL(J)=0.0
IP (IVOLM. NE.0) OVOL(J)=0.0
IP (IVOLS.NB.0) ASVOL(J)=0.0
IP(IVOLS.NE.0) OSVOL(J)=0.0

128 CONTINUE
IFP(IVOLM.EQ.3.AND.IYOLS.EQ.3) GO TO 200
IP(IVOLM.EQ.3.AND.IVOLS.EQ.0) GO TO 200
IP (IVOLM. EQ.0. AND. IVOLS.BQ.3) GO T0 200

VOLONES ARE NOW READ IN. TO MININIZE THE INPUT CARDS NEEDED, THE VOLUMES
NEED BE SPECIPIED ONLY WHEN THE VOLUME CHANGES PROM THAT OF THE
PREVIOUS STAGE.

130 READ(S,2101) ISEC,I,VOLA,VOLO,INDX
IP(I.LE.0) I=100
TP(ISEC.EQ. 1.AND.IVOLN.EQ.0) GO TO 145
1P (ISEC.EQ.2.AKD.IVOLS.B0.0) GO TO 185
IP (ISEC.EQ.2) GO TO 140
AVOL (I) =VOLA
OVOL(I)=VOLO
GO TO 145

140 ASVOL{I)=VOLA
0SVOL(I) =VOL0

145 IP (INDX.EQ.1) GO TO 130

THE VOLUMES ARE NOW PROPAGATED THROUGH OUT THE COLUMN IN THE MANNER CHOSEN
ALL VOLOUMES AND PLOWS ARE PRINTED IF ANY CHANGES WERE HNADE

200 IP(AVOL(1) .EQ.0.0) AVOL (1) =AT(1)
IP(OVOL(1) .EQ.0.0) OVOL (1) =0T (1)
IP (ASVOL (1) . EQ.0.0) ASVOL{1) =AT{Y)
IF(OSYOL(1) .EQ.0.0) OSVOL(1)=0T(1)
DO 300 I=1, NTOST
J=1~1 :
IF({IVOLN.BQ.0) GO TO 240
G0 TO (210,220,230), IVOLN

210 IF (AVOL (I).EQ.0.0) AVOL (I) =AVOL(J)
IF(OVOL(T) .EQ.0.0) OVOL (I) =0VOL(J)
GO TO 2060

220 TP(AVOL(I) .EQ.0.0) AVOL(I)=AVOL(J)+OVOL(J)
OVOL(I) =AVOL(I) *0T (I} / (AT (I) +0T (1))
AVOL (I) =AVOL (I)-OVOL (T)
GO TO 240

230 AVOL(I)=AT(I)
OVOL (T) =OT(T)

260 IP (IVOLS.EQ.0) GO TO 280
GO T0 (250, 260,270) ,IVOLS

250 IP(ASVOL(I) .2Q.0.0) ASVOL(I)=ASVOL(J)
IP (0SVOL(I).EQ.0.0) OSVOL(I)=0SVOL(J)
GO TO 280

260 TP (ASVOL(I).EQ.0.0) ASVOL(I)=ASVOL(J)+OSVOL (J)
0SVOL (I) =AS VOL (X) 0T (I) /(AT (I) +0T(I))
ASVOL (I) =A SYOL (I) -0SVOL (I)
GO TO 280 :

270 ASVOL (I) =AT(I)
0SYOL(I)=0T (I) :

280 IP(AVOL(I).LT.1.0E-08) AVOL(I) =0.0
IP(OVOL(I).LT.1.0E-8) OVOL (I)=0.0
TP (ASVOL(I).LT.1.0E-3) ASVOL(I)=0.0
IF(OSYOL(I) .LT.1.0BE-8) OSVOL(I)=0.0

300 CONTINUE

310 IP (FEWINe NEWOUT+IVOLN+IVOLS.EQ.0) GO TO 400
PRINT 1106
PRINT 1107
PRINT 1108
DO 320 I=1,FTOST
PRINT 1101,Y,AVOL (I),0VOL(I) ,ASYOL(T) ,0SVOL(I) ,AT(I),0f (I),A(L),
. oD

320 CONTINUE
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THIS SECTION INSURES THAT THE PHASES ARE IN CHEMICAL EQUILIBRIUA
BEPORE THE ITERATIONS START. THE CHECK IS DISABLED WRER THE INITIAL
PROPILE WAS CREATED BY THE PROGRAM, OF WHEN TRE PROPILE WAS FRON
CARDS PUNCHED BY THE PROGRAN.

anonnonn

1P (IPRO.EQ. 0.OR. EQCKDG. EQ. 1.0) GO TO 400
DO 350 J=1, NTOST
AV=AVOL (J) +ASVOL {J)
0V=0VOL (J) +0SVOL (J)
DO 360 K=1,3
DO 330 I=1,6
330 ARY(I)=X(I,J,2)
1CK=0
TENPC=TPROF (J, 2)
CALL DCOR
DO 335 I=1,NSOLD
IF(ISOL (I).2Q.0) GO TO 335
X(I,J, 1}=(0OVeY(I,J,2) +AV*X(T,J,2)) /{AV¢CV*DTRY())
Y(I,3,1V=T(1,3,2) +(X(I,3,2)-X(1,3,1))*Av/0V
TP (ABS(X(T,Jd,1) ~X(I,J,2)).6T.0.01*x(1,J,1)) ICK=1
X(I,J,2)=X(1,3,1)
Y (1,3,2)=Y(1,3,1)
335 CORTINUE
IP(ICK.EQ.0) GO TO 345
330 CONTINUE
345 Do 350 K=1,3
00 350 L=1,2
ATS (J,K,L) =TPROF(J, 1)
0TS (J,K,L)=TPROP (J, 1)
Do 350 I=1,NSOLU
xS (J,K, I,L) =X (1,3, 1)
1S (J,K,1,1)=Y(I,d,1)
350 CONTINOE
900 RETORN

Cc
<
1001 PORBAT(212,8P8.0,12)
1002 PORMAT (8P10.0)
1007 PORMAT (14X, *AQUEOUS *,I3,5X,'PRODUCT STREAN RENOVED (PLOW RATE IN
.BOLAL URITS)*,3ux,1PE10.3)
1008 PORMAT (18X, *ORGANIC *,13,5X,'PRODOCT STREAM RENOVED (FLOR RATE IN
.ROLAL UNITS) *,34X,1PE10.3)
1101 PORMBAT (8X,13,2X,8('|"',2X,1PE10.3,2X))

1106 PORMAT (///7X,*STAGE (',4X,"MIXER VOLOUME BY PHASE®',d4x,"'| SETTLER VO
.VOLONE BY PHASE t*,7%,'MIXER PLOW RATE®,7X,'{',8X,'INTERSTAGE FPL
.O% RATE"}

1107 PORMAT(BX,*NO. *,8('|  AQUEQUS {  ORGANIC ")
1108 PORMAT (13X,8 (*1',14X))
2001 PORMAT (212, 8.0, I2)
2101 PORAAT (212, 2P8.0,12)
END
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SUBROUTINE CONVRT

SOBROUTINE CONVRT PRINTS THE PEED STREAM ISPORMATION, AND CONVERTS THE
CONCENTRATIONS PRON THEIR ORIGINAL PORM TO THE MOLAL ONITS WHICH ARE
USED IN THE CALCOLATIONS.

CONNON /CONTRL/ NTOST,NSOLU,CTBP, NEWIN,NEWOUT,SPH,IPNCH, IPAST, IRXN,
« DTHETA,IVOLK,IVOLS,IPRO,TENPI, ISOL (6) ,NSTR, ISTR,JSTR,CNDUN (100)
CONMON /CONCS/ X (6,100,2),Y (6,100,2) ,XS(100,3,6,2),Y5(100,3,6,2)
COMMON/MOLALC/ AQ(6) ,OR (6) ,TENP,CONVA,CONVO,TCORC

COMMON/STREAN/ XPD(6,100), YPD {6, 100),APDRT (100) ,OPDRT (100},

- APDTEN (100) ,OPDTEN (100) ,ALVRT (100) ,OLVRT( 100)

COHMNMON/TEMPS/ TPROP (100,2) ,ATS(100,3,2) ,07S(100,3,2)

IP NEW INPUT STREAMS HAVE BEEN GIVEN (NEWIN = 1), THIS SECTION PRINTS
AND CONVERTS THEM.

IP(NEWIN.EQ.0) GO TO 20

PRINT 1100 :

PRINT 1101

DO 10 J=1,NTOST

IF (APDRT (J) +OFDRT (J) . EQ.0.0) GO TO 10

IP(APDRT (J) .NB.0.) PRINT 1000,J, (XPD(I,J),I=1,6) ,APDRT(J),

. AFDTEM(J)

1P (OPDRT (J) . NE.0.) PRIKT 1001,CTBP,J, (YFD(I,J),I=1,6) ,0FDRT(J),
. OFDTEN(J)

CONVERSTOR TO MOLAR ONWITS.

XPD(2,J) =XPD(2,J) /238.
YPD(2,J)=YPD(2,J) /238.
XPD (3,J)=XPD(3,J) /239.
Y¥D(3,J)=YPD(3,J) /239.
XPD (4,J)=XPD (4,J) /239.
YPD(4,J)=YPD(8,J) /239.
DO 5 I=1,6

AQ (T} =XFD(I,J)
OR(I)=YPD (1,J)
CONTINUE
TENP=OPDTEN (J)

w

SUBROUTINE MOLAL CALCULATES THE MOLAR TO MOLAL CONVERSION PACTORS.

CALL MOLAL
APDRT (J)=APDRT (J) /CORVA
OFDRT(J) =OPDRT (J) /CONVO
DO 10 I=1,NSOLU
XPD(I,J) =XPD(I,J) *CONVA
YPD(I,J)=YPD(I,J) *CORVO
10 CONTINUE

IFP AN INITIAL PROPTLE HAS BEEN GIVEN (IPRO = 1), THIS SECTIONW
CONVERTS THE CONCENTRATIONS AND INITIALIZES THE SETTLERS.

20 IP(IPRO.EQ.0) GO TO 40
DO 30 J=1,WTOST
X(2,9,2=X(2,3,2) 7238.
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)7239.
X(8,3,2)=X(4,3,2) /239.
Y(8,3,2)=Y(4,J,2)7239.
DO 22 I=1,KSOLD
AQ(I)=X(I,3,2)

OR(Y) =Y(1,J,2)

22 CORTIRUE
TENP=TPROP (J, 2)

CALL MOLAL
DO 25 I=1,6
AQ (I)=AQ(I) *CORVA
OR () =OR (1) *CONVO
DO 25 L=1,2
X(I,J,L}=AQ (1)
Y(1,3,L)=OR(T)
DO 25 K=1,3
X$(J,K,I,L) =AQ(T)
Ys (J,K,I,L)=OR(I)

25 CORTINDZ

30 CORTINUE

u0 RETOURN

1000 PORKAT (14X, 'AQUEOUS *,I3,7 (4X, 1PE10. 3), 3X, 0PF7. 1)
1001 PORMAT{9X,2PP6.1,' % TBP *,I3,7(ux, 1PE10.3),3X,0PF7.1)

1100 PORMAT('-PEED € PRODUCT STAGE NITRIC ACID URANION
.PU (IV) PO (ITY) REDUCTANT NITRATE ION PLOW BATE
. TERP!) .
1101 PORMAT(* STREAM DATA ¥o. (8OL/1) (G/L)
. (G/1) (G/L) (MOL /L) . (a0L/L) (L/NIR)
. ")

END
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SUBROCTINE NOLAL

SUBROUTINE NOLAL PROVIDES THE CONVERSION PACTORS (CONVA, CONVO) BETWEEN
MOLAR AND MOLAL OFITS. AQ AND OR CONTAIN THE CONCERWTRATIONS TO BE
CONVERTED. TCONC SIGNALS THE UNITS OF THE CONCENTRBATIOQNS BEING PASSED.
TCORC = <-1.0 POR NOLAR CONCENTRATIONS
TCONC = 1.0 POR BOLAL CONCENTRATIONS

CONNOR /CORTRL/ NTOST,NSOLU,CTBP, NEWIN, NEWOUT,SPH,IPNCH, IPAST, IRXN,
. DTHETA,IVOLN,IVOLS,IPRO, TEMPI, ISOL (6),NSTR, ISTR,JSTR,CODUN (100)
COMMON/MOLALC/ AQ(6) ,OR (6) ,TENP, CONVA, CONVO, TCONC
P=CTBP
T=3.65145%P
IP(TCONC.EQ.1.0) GO 10 5
00S=T/(2.040.092¢T)
PUOS=T/ (2.0+40. 18T)
HOS=T* (1.0-0.00609% (3.95~0.0140*TEAP) & (P*#1.65) ) /(1.0+40.003%T)
WO=(3.95-0.0168¢TENP)® (P**1.65)¢ (1.0-0R (2) /00S~OB (3) /PUOS -
. 0.65%0R {1) /HOS)
GO TO 10
5 RO=(4.2-0.015%TENP) & (P*#1.69)® (T~2.0%0R (2) -2.0#OR(3) -0. 6#0R( 1)} /T
10 CORVO= 1,04TCONC*(0.097%O0R (2) +0. 139%OR (3) +0. 043¢0R (1) +0.0174%¥0)
CORVO=CON VO**TCONC
CONVA=0.0724#AQ(2) +0. 13%AQ (3) ¢0.0309#AQ (1} +0.031#AQ(6)
CONVA= (1,04 TCORC#CONVA) ##T CONC
RETORN
END
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SUBROUTINE STAGES (NDIREC)
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SUBROUTINE STAGES IS NOT COMPLICATED, BOT NODIFICATIONS TO IT SHOULD BE
NADE WITH CARE. IT EMPLOYS A POURTH ORDER ROUNGE-KUTTA
INTEGRATIOR OP THE DIPFERENTIAL EQUATIONS GOVERNIKG THE
CHANGES IN CONCENTRATIONS OF THE NIXERS. CERTAIN VARIABLES
IN THE EQUATIONS ARE APPROXINMATED A3 CONSTANTS FOR THE
TIME INTERVAL (AIN & OIN) AND DETERNINED BY RECTANGOULAR
METHODS HALP THE TIMES, AND BY TRAPEZOIDAL METHODS THE
OTHER HALP (AS SPECIPIED BY NDTREC).

SETTLER CONCENTRATIONS ARE GIVEN BY TRAPEZOIDAL
METHODS RATHER THAN BY THE RUNGE~-KUTTA INTEGRATION.,
TEMPERATURE CHARGES ARE MADE BY A SINPLE HEAT

BALANCE

DESCRIPTION OF VARIABLES

P(I) AN BEVALUATION OF THE DERIVATIVE IN THE INTEGRATION POR COMPOWERT 1

PHI(I) WEIGHTED TOTAL OP THE VARIOUS P(I) COMPUTED

TX(I) TEST X POR ITERATION BETWEBEN THE CONCS AND THE DISTRIBUTION COEFPP

AIN IS THE SOLUTE COMING IN THE AQUEOUS STREAANS

OIN IS THE SOLUTE COMING IN THE ORGANIC STREANS

ARY USED IN SAME WAY AS TX, SORT OF

DTRY TRIAL DISTRIBUTION COEPPICIENTS

NDIREC CHANGES THE STREAN THAT THE CALCULATIONS ARE POLLOWING. ONE TIRNE,
THE CALCULATIONS WILL START WITH THE PIRST STAGE AND GO TO STAGE W
(POLLOWING THE AQUEOUS PHASE). THE NEXT TINE IT WILL START WITH
STAGE N, ARD GO THE OTHER DIRECTIOR. -

cccee

COMMOR/CONTRL/ NTOST,NSOLU,CTBP, NEWIN,NEWOUT, SPH,IPNCH,IPAST,IRKN,
DTHETA,IVOLN,IVOLS,IPRO, TENPI,ISOL(6) ,NSTR,ISTR,ISTR,CODON (100)

COMMON/CONCS/ X(6,100,2),Y(6,100,2),XsS(100,3,6,2),Y5(100,3,6,2)

COMBON/DISTRB/ TEMPC, ARY(6) , DTRY (6)

CONMON/PLOWS/ A(100) ,0(100) ,AT(100) ,0T(100)

CORNON/NOLALC/ AQ{6) ,OR(6) ,TENP,CONVA,CONVO,TCORC

CONNBOR/STREAN/ XPD(6,100), YPD(6, 100) ,APDRT(100) ,OPDRT(100),
APDTER(100) ,0PDTEN (100) ,ALVRT(100) ,OLVRT (100)

COMMON/TEBPS/ TPROP(100,2) ,ATS(100,3,2),0TS (100,3,2) -

COMMBON/VOLS/ AVOL (100) ,OVOL (100) ,ASVOL (100) ,0SVOL(100)

DIMENSION P(6) ,PHI(6),TX(6) ,AIN(E),0IN(6)

CCp=0.001

TCONC = 1.0 POR THE VOLOME CONVERSIONS SINCE MOLAL CORCERTRATIONS ARE PASSED.

TCORC=1.0

Do 2 1=1,6

P (I)=0.0

TX(T) =0.0

AQ(1)=0.0

OR(T) =0.0

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

PHI(I} =0.0

CONTINUE

DO SO0 WSCAN=1,HTOST
J=NSCAN .
IP(NDIREC.LT.0) J=NTOST~NSCAN+1
JJ=J3-1

JI3=J+1

CODUM(J)=0.0

N

ALL OP THIS 'DO 5 LOOP IS CONCERNED WITH ACCUMULATING THE APPROXINATION
POR THE INPOUT CONCENTRATIORS

D0 S5 I=1,NSOLD
IP(ISOL(I).EQ.0) GO TO S

ADDING THE SOLUTES IN THE PEED STREANS

AIN(I) =APDRT(J)*XPD(I,J)
OIN(1) =OPDRT(J)*YPD(I,J)

ADDIKG THE AQUEBOUS SOLOTE PRON THE PRECEEDING STAGE. IP NDIREC IS
POSITIVE, THE PRECEEDING STAGE HAS A VALUE POR TRO POINTS IN TIME,
SO A TRAPERZOIDAL APPROXINATION IS USED.

IP(J.GT.1) AIN(I)=AYN(I)*A(JTY*XS(IJ,3,1,1)
IP (J®*NDIREBC.GT.1) AIN(I)=AIK(I)e(XS(JJ,3,1,2)-Xx5(JJ,3,1,1))®
A(33) 2.

A SINILAR PROCESS POR THE ORGANIC SOLUTE PROM THE SUCCEEDING STAGE.
IP (J.LT.NTOST) OIN(I)=OIN (I)+0(JIJ)*YS (JJJ,3,I,1)

IP(J.LT.NTOST.AND.§DIREC.LT.0) OIN(I)=0IN(I)+ (YS(3JJ,3,1,2)~
¥5(JJ3,3,1,1))20(333) /2.



—64—

IP NSTR = 1 AN ORGANIC STREAM MUST BE TREATED IN A SPECIAL HANNER.

ann0

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

. OIN(I)=OIN(I)+ (YS(XSTR,3,I,2)-YS(ISTR,3,I,1))*0(ISTR) /2.
IFP(NSTR.EQ. 1.AND.J.EQ.ISTR~1) OIN(I)=OFDRT(J) *YFD(IX,J)

THE PROGRAN WILL NOT DEAL WITH SOLUTE FLOWS SNALLER THAN THIS
THRESHOLD LEVEL.

an0nn

IP (ABS (AIN(I)).LT.1.0E=15) AIN(I}=0.0
IP (ABS (OIF(I)).LT.1.0E-15) OIN(T)=0.0
TX(D =X(I,J,1)
ARY (I)=X(I,J,1)
AT =X (1,3,
OR(I)=Y(I,J,1)

5 CONTINUE

GETTING MOLAL VOLUMES
SOLUTE PREE VOLUMES ARE REQUIRED TO CORRECT THE UNITS OF THE VOLUNES
PROM REAL VOLUME OUNITS TO MOLAL UNITS IN ORDER TO MAKE THE V&I VALID

anana

TENP=TPROP (J, 1)

CALL HOLAL
AQVOL=AVOL (J) /CORV A
ORVOL=0VOL (J) /CONVO
AQSVOL=ASVOL (J) /CONVA
ORSVOL=0SVOL(J) /CONVO

THE HEAT BALANCES AREZ DONE IN A ®AY SINILAR TO THE CONCENTRATIONS

aan

ABTIN=APDRT (J) *APDTEN (J)

OHTIN=OFDRT {J) *OFDTEN (J)

IP(J.GT.1) AHTIN=AHTIN®A(JJI)*ATS (JJ,3,1)

IP (J*WDIREC.GT.1) AHTIN=AHTIN® (ATS(JJ,3,2) ~ATS (I, 3, 1)) *A(3J) /2.
IP(J.LT.NTOST) OHTIN=0HTIN+O (JJJ)*O0TS (JJJ,3,1)

IP (J.LT.NTOST. AND. NDIREC.LT.0) OHTIN=OHTIN+(0TS(JJJ, 3,2)-

. 0TS(JII,3,1)1%0 (333) 2.

IP (NSTR.BQ. 1.AND.J.BQ.ISTR-1) OHTIN=OPDRT (J)*OPDTER(J)

TP (NSTR.EQ. 1. AND. J. BQ. JSTR) OHTIN=OHTIN+40(ISTR)*0PTS(ISTR,3,1)
TP (RSTR.BQ. 1.AND.J.BQ.JSTR.AND. NDIREC* (J-ISTR) .GT. 0)

. ORTIN=OHTIN+(OTS(ISTR,3,2)-OTS(ISTR,3,1))*0(ISTR) /2.

TPROF (J,2) =TPROF (J, 1) +DTHETA* (AHTIN+SPH®OHTIN- (AT (3) +SPHAOT(J))
.  *TPROF (J,1))/(AQVOL+SPH*ORYVOL)

TENPC=TPROF (J, 2)

TAIS BRANCH IS FOR THE FASTER IRTEGRATION NETHOD.
IP (IPAST.EQ.1) GO TO 150

o
el

THIS IS THE START OP THE RUNGE-KUTTA INTEGRATION

cC
MCK=0

AN ANANANO annn

GET THE DISTRIBUTION COEFPP FROM THE PREVIOUS TINME

CALL DCOR
10 p0o 20 I=1,NSOLU

CALCULATE THE PIRST DERIVATIVE

anon

P(I)=(AIN(I) ¢OIN (I)- (AT(J)+OT(J) *DTRY(I)) *X(I,J, 1))/
(AQVOL+ORVOL*DTRY (I))

INCREASE X(I) BY DELTA X /2

ann

20 ARY(X) =X{1,J,1) «DTHETA*P(Y) /2.
© HCR=HCK+1

GETTING A NEW DTRY WITH THE SLIGHTLY LARGER X'S

CALL UCOR

anon nao

ITERATIRG TO GET MATCHING DTRY'S AND X*S (ARY'S)

MDEX=0
DO 30 I=1,NSOLD
IP(ABS (ARY(1)) .LT.1.0B~6) GO TO 30
DIP=ABS ((TX (I) =ARY(I)) /ARY (1))
IP(DIP.GT.CCD) MDEX=1
30 TX(I) =ARY(I)
IP (MDEX.EBQ. 1. AND. MCK.1T.5) GO TO 10
DO 60 I=1,NSOLU
X{I,J,2)=ARY(])
80 PHI (I)=P(1)
C
C THIS (OR SINILAR) PROCESS IS REPEATED WHILE ACCOMOLATING PRI*S POR THE
c PINAL DETERNINATION OF X AT THE NEW TINE
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45 po 50 Y=1, NSOL®
P (I)= (AIN(I)+OIN (1) - (AT (J) +OT (J) #*DTRY (I))*X(I,J,2))/
. (AQVOL +ORVOL*DTRY (I))
S0 ARY(I)=X(I,J,1) +DTHETA®*P(I) /2.
NCK=BCK+1
CALL UCOR
WDEX=0
DO 60 I=1,KSOLU
TP (ABS (ARY (I)).LT.1.0B-6) GO TO 60
DIP=ABS ({TX (I)-ARY (I)} /ARY (I))
IP(DIP.GT.CCD) MDEX=1
60 TX(I)=ARY (I)
IP(MDEX.BQ. 1.AND.MCK.LT.10) GO TO 45
DO 70 I=1,NSOLO
X (I,J,2)=ARY(I)
70 PHI(I) =PHI(I) ¢2.%F (1)
75 DO 80 I=1,RSOLU
P ()= (AIN(I) +OIN (I)- (AT (J) +OT (J) *DTRY(I))*X(1,J,2))/
. {AQVOL +ORVOL*DTRY (1))
80 ARY(I) =X(I,J,1) +DTHETA®P(I)
MCR=HCK+1
CALL UCOR
NDEX=0
DO 90 I=1,NSOLD
IP (ABS (ARY (I)).1T.1.0E-6) GO TO 90
DIP=ABS {(TX (I)~ARY (I)) /ARY (I))
IP(DIP.GT.CCD) RDEX=1
90 TX(I)=ARY(I)
IP (4DEX.EQ. 1.AND. MCK.LT.15) GO TO 75
D0 100 I=1,NSOLU
X (I,J,2)=ARY (1)
100 PHI(I) =PAY(TI) +2.¢P (1)
105 DO 110 I=1, NSOLD
P ()= (AIN (1) +OIN (I) - (AT (J) +OT (J) *DTRY(I)) *X(1,J,2) )/
. (AQVOL +ORVOL*DTRY (I))
110 ARY(I) =X(I,J, 1)+ (PHI(I) +P(I))*DTHETA/6.
MCR=NCK+1
CALL OCOR
MDEY=0
DO 1206 T=1,NSOLU
1P (ABS (ARY (I)).LT.1.0E-6) GO TO 120
DIP=ABS ((TX (I) -ARY (I}) /ARY (1))
IP(DIP.GT.CCD) MDEX=1
120 TX(I)=ARY(I)
IFP(MDEX.EQ. 1.AND.NCK.LT.20) GO TO 105
DO 130 I=1,NSOLU
IP (ABS (ARY (I)).LE.1.EB-20) ARY(I)=0.0
Y(1,J,2) =DTRY (I} *ARY(I)
130 X(1,J,2) =ARY(T)

THIS COMPLETES THE INTEGRATION. ARY(I) (PROM STM 110) BECOMES THE NEW
AQUEOUS CONCERTRATIORS
AND NOW THE SETTLER VALUES ARE CALCULATED WITH A TRAPEZOIDAL NETHOD

anann

GO TO 180

[o]
[g]

THIS IS THE PASTER INTEGRATION METHOD. IT IS VERY SINILAR TO ONE
OF THE SEGMENTS OF THE RUNGE-KUTTA INTEGRATION. 1IT USES A SINPLER
PINITE DIFPERENCE METHOD TO EVALOUATE THE CONCENTRATIONS IN THE
BIXERS. ALL OTHER CALCULATIONS ARE DONE IN THE SAME WAY AS POR
THE RUNGE-KUTTA INTEGRATION

Qnnnnnaan

a
a

150 MCK=0
160 WDEX=0
CALL OCOR
Do 170 I=1,NSOLD
IP(ISOL(I) .EQ.0) GO TO 170
DVOLS=AQVOL+DTRY (T) *ORVOL
DPLOS=AT (J) +DTRY (I) *0T (J)
X(1,3,2) =(AQVOL*X(I,J, 1) +ORVOL*Y (I, J,1) +DTHETA® (ALK (I)+OIN(I) -
. (AT(J) *X (1,3, 1) +OT (J) *Y(1,J, 1)) /2.)) /(DVOLS+DTHETA*DFPLOS/2.)
Y(I,J,2)=X(1,J,2)*DTRY (I)
IP(ABS(X(1,J3,2)).LT.1.BE-09) GO TO 165
DIP=ABS ((X (I,J,2) -ARY (I)) /X (I,J,2))
IP(DIP.GE.CCD) MDEX=1
165 ARY(I) =X(I,J,2)
170 CONTIROR
NCR=MCK+1
IP (NDEX.BQ. 1. AND. NCK.LE.20) GO TO 160

180 PACTA=0.0

PACT0=0.0
IP (IRXNW.BQ.0) GO TO 185

SUBROUTIRE SCHEN DEALS WITH ANY CHEMICAL REACTIONS OCCORING IN THE MIXERS.

[z X2 X2 Ks]

CALL MCHEM(J,AQVOL,ORVOL)
185 CORTINUR

0o
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IP(AQSVOL.GT.0.0) PACTA=1.S5*AT(J) *DTHETA/AQSVOL
IF(ORSVOL.GT.0.0) PACTO=1.5%0T (J) *DTHETA/ORSVOL
ATS(J,1,2) =ATS (J, 1, 1) +FACTA® (TPROF (J, 2) +TPROF (3, 1) ~ATS (J, 1, 1))
ATS (3,1,2)=ATS (J,1,2) /(1. +PACTA)
0TS(J, 1,2) =0TS(J, 1, 1) +PACTO* (TPROP (J,2) +TPROF (J,1) 0TS (J, 1, 1} )
0TS (J3,1,2)=0TS (J, 1,2) /(1. +PACTO)
DO 200 I=1,NSOLO
IP(ISOL(I) .BQ.0) GO TO 200
CHGINV=0.0
IP(X(1,J,2) +Y(1,J,2).GT.1.0E-6) CHGINV= (AVOL(J)®(X(I,J,2)-X(I,J,1)
+) 4OVOL(J) ®(¥(I,J7,2) -Y(I,J,1)))/(DTHETA® (AVOL (J)*X (I, J,2) +OVOL (J) ®
~Y(I,3,2)))
CHGINV=100%ABS (CNGINV)
CODUM(J) =ANAX 1(CODON (J) ,CNGINV)
XS (3,1,1,2)=2(XS (3,1, I, 1) +PACTA* (X (I,J,2) +X(1,J, 1)-XS(3,1,I,1)))/
- (1. +PACTA)
YS(J,1,1,2) ={YS(J,1,1,1) +FACTO* (Y(I,J,2)+¥(I,J,1)~-YS (J,1,1,1)))/
. (1. +PACTO)
200 CONTINDE
DO 300 K2=2,3
XZB=KZ~ 1
ATS {3, K2,2) = (ATS (3, KZ, 1) +PACTA® (ATS (J,KZB,2) +ATS (J,KZB, 1) -
. ATS(J,KZ,1)))/ (1. +PACTA)
0TS (J,K2,2) =({0TS(J,KZ, 1) ¢+PACTO* (0TS (J,K2B,2) + 0TS (J,KZB, 1) -
. 0TS (3, KZ, 1)) )/ (1. $+FACTO)
DO 300 I=1,HSOLU
XS (J,K2,1,2)= (XS (J,KZ, I, 1) +PACTA* (XS (J,KZB, I, 2) +XS (J,K2B,1, 1)~
. XS(I.KZ,I,11)) /(1. +PACTA)
YS(J,K2,1,2) =(YS(J,KZ,I,1) +PACTO* (YS (J,K2B,I,2) +¥S (J,KZB, I, 1) ~
. YS (J,KZ,1,1))) /(1. +FACTO)
300 CONTINDE
IP(IRXN.EQ.0) GO TO 500

SUBROUTINE SCHEN DEALS WITH ANY CHEMICAL REACTIONS OCCURING IN THE
SETTLERS. THESE REACTIORS ARE SIMPLER SINCE NO PHASE TRANSPER IS
POSSIBLE.

CALL SCHEN(J,AQSVOL, ORSYVOL)
S00 CONTINOE

RETURK
END
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SUBROUTINE UCOR

CONNON/CONTRL/ NTOST,NSOLU,CTBP, NEWIN,NEWOUT,SPH,IPNCH, IPAST, IRXN,
- DTHETA,IVOLM,IVOLS,IPRO, TENPI, ISOL (6) ,NSTR,ISTR,JSTR,CODON (100)
CONMNON/DISTRB/ TENPC,ARY(6) ,DTRY (6)

0COR RETURNS A VALOE OP THE DISTRIBUTION COBPPICIENT = Y/X POR EACH
VALUE OF X TRIED

PUTOT=ARY (3) +ARY (&)

P=CTBP

AAN = ARY(Y)

UAN = ARY(2)

PUAN = ARY(3)

SNITR = ARY(6)

IP(UAB.LT.0) OAN = O,

IP(POAN.LT.0) PUAN = 0.

IP(AAN.LT.0) HAW = O,

IP(SNITR.LT.0) SNITR = O.

POIIT = PUTOT -~ POAN

IP(POIXI.LT.0) POIITI = O.

TRR = HAN o 2.*UAN ¢ 2.%PUAM ¢ SNITR o U, *POUIXII
IP (TNN.EQ.0.0) TNB = 1.0

TEHPRK = 1000./(TENPC + 273.16)

DRT = TEMPRK - 3.3539

UK = 3, 7T¢TRE**1.57 + 1. 4#TNN**3.9 o 0.011%TNN¢*7 3
UK = OK*(U4.%P*%(-0.17) - 3.)

PUK = OK® (.20 o .S5%P*%1,25 + ,007a¢TNN®#?2)
AK1 = 0.13S*THN**0.82 + 0.0052¢THN**3. 44
IP (P.LT.1.) HK1 = HK1% (1. - O.SU%EXP(-15.¢F))
IF (TEMPC.NE.25.) UK = UK®EXP(2.S5*DRT)

IP (TEMPC.RE.25.) PUK = PUK®EXP(-.2%DRT)
IP (TENPC.NE.25.) HK1 = HK1®#EXP(0.3U*DRT)
AK2 = BK?

A = 2.%(UK*UAN + PUKSDPOUAN ¢ HEK2*HAN)

B = BRK1*HAN + 1,

C=-3.65145*CTBP

IP(A.GE.1.B-6) GO TO 10

TP=-C/B

G0 TO 15

CONTIROE

TF = (=B 4 SQRT(B**2 -U_.%A%C)) /(2.%*R)

15 CONTINDE

DH1 = AK1*TP
DR2 = BR2%TPe*2
DH = DH1 e DH2
DU = UK*TPe*2

DPO = PUK#TF**2
DTRY(1) = DH
DTRY(2) pU
DTRY(3) DPO
DTRY (4)=0.0
DTRY(5) =0.0
DTRY(6)=0.0

20 RETURN

EED
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SUBROUTINE MCHEM (J,AQVOL,ORVOL)

SUBROUTINE MCHEM HANDLES THE CREMICAL REACTIONS IN THE SYSTBM. PRESENTLY,
INSTANTANEOUS REDUCTION OF PLUTONIUM, RECUCTION BY U(IV), AND REDOCTION

BY HYDROXYLANINE ARE AVAILABLE AS REACTICNS. THE SUBROUTINE CAN EASILY
BE ACAPTED TO CONSIDER AFY INTEGRATED RATE EQUATION, WITH ANY DESIRED
STOICHIOMETRY.

THE SUBEOUTINE ASSUMES THE REACTION IS TOTALLY IN TRE AQUEOUS PHASE, BOT
THAT THE SOLUTE IN THE ORGANIC PHEASE ALSO AIDS IN MAINTAINING THE

AQUBOUS CONCENTRATION. THE INTEGRATED RATE EQUATION DETERMINES THE
EXTENT OP REACTION. THE ROUTINE THEN SPLITS THE RESULTING SOLUTES
BETREEN THE PHASES.

IRXN IFNDICATES WHICH REACTION RATE IS TO BE OSED.
SOLANT IS THE TOTAL AMOUNT OF SOLUTE IN THE MIXER

SOLVOL IS A PSEUDO-VOLUME SO THAT THE SOLUTE IS ENTIRELY IF THE AQUEOUS PHASE

RX IS THE AQUECUS CONPOSITION USED TO DETERMINE THE REACTION RATE
RXNANT IS THE AMOUNT OP REACTED SOLUTE USING SONE CONPONERT AS A BASIS
RK IS A REACTION RATE CONSTANT
EXTENT = THE EXTENT OF REACTION, BASED OF THE PRACTION OF

SOME COMPONENT CONSUMED BY THE REACTION.

COMMON/CORTRL/ NTOST,NSOLU,CTBP, NERIK, NEWOUT, SPH,IPNCH, IPAST, IRXN,
. DTHETA, IVOLM,IVOLS,IPRO, TEMPI,ISOL (6) ,NSTR,ISTR,JSTR,CODUH(100)
COMMON/CORCS/ X(6,100,2),Y(6,100,2),XS(100,3,6,2),YS (100,3,6,2)
CONMOB/DISTRE/ TEMPC,ARY(6),LTRY (6)
COMMON/TEMPS/ TPROF (100,2) ,ATS (100, 3,2) ,07TS(100, 3, 2)
DIMENSION RX{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.C,0.0/
IF (ISOL(5).EQ.0) GO TO 300
DO 10 I=1,6
SOLAAT (I) =AQVOL* X (T,J, 2) +ORVOL*Y (I, J, 2)
SOLVOL (T) =AQVOL+DTRY (I) *OR VOL
RX (T) =X (I,J,2)
10 CONTINOE
6o TO (90,80,70,60,50,40,30,20) ,IRXN
20 CONTINUE
30 CONTINDE
40 CONTINUE
S0 CONTINUE
60 CONTINUE
GO TO 90
70 CONTINUE

IRXN = 3 REACTION BETWEEN PU (IV) AND BYCROXYLABMINE
POR = RATIO OF PU(IV) TO REDUCTANT
RK = RATE COKSTANT
EXTMAX = MAXIAOM BXYTERT OP REACTION (BASED ON PO (IV))
EXTINC = IHCREMENT IR SEARCH FOR EXTENT
ANTINT = THE INTEGRATED CHANGE IF EXTENT (EQUAL TO RK)

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

. GO TO 90

FOR=SOLAMT (3) /SOLAKT (5)

TOTHIT=RX (1) +2.8RX(2) ¢4.¢RX(3) ¢3.4RX (4) +RX(6) +0.33

RK= 1. T4®EXP (31000: /1.987%(1.0,303.16-1.0/ (273.16+TPROP (J,2))})
RK=RK*RX(3) #DTHETA® (RX (5)/ (BX (1) ®BX (1) $TOTNIT))*%2.0
EXTEAX=ANIR1{1.0,1.0/FOR)

THIS IS A BINARY SEARCH POR THE CORRECT EXTENT OP REACTION

EXTIRC=0.25*EXTAAX
EXTENT=0.5% EXTHAX
B=SOLANT(3) /SOLVOL (4)
A=RX(8) ¢B

AA=A®A

BE=A%B

CC=B*B

po 78 1=1,10
A=1.0/(1.0-EXTENT)
IF(FOR.GT.0.017) GO TO 72

THIS INTEGRATED PORM ASSOMES A LARGE EXCESS OF THE REDUCTANT

ANTINT=AA®A®EXTENT-2.0¢BB*ALOG (A) +CCSEXTERT
GO TO 76
72 IP(ABS(1.0-FOR).LT.0.01) GO TO 74

THIS INTEGRATED RATE EQUATION IS THE GERERAL CASE

8=1,0-POR®EXTERT

€=1.0/ (1. 0-FOR)

ANTINT=(POR-<A® EXTENT-FOR/B¢2. O®C®POR®ALCG (A®B) ) ®AASCHC
ANTINTSARTINT-2.0#BB*C® (PORPEXTENT/B-C*ALOG (A*B))-CC* EXTENT/B
ARTINT=-ANTINT

GO TO 76

ue-
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THIS INTEGRATED PORM ASSUMES A STOICHIOMETRIC AMOURT OP REDUCTANT

ARTINT=AA® (A®ASA-1.0)/3.0-BBE* (A®A~1,0) +CC* (A-1.0)
CORTINDE

IP (AMTINT.GT.RK) EXTENT=EXTERT-EXTINC

IF (AMTINT.LT.RK) BXTENT=EXTENT4EXTINC
EXTINC=EXTINC/2.0

CONTINUE

RXNABT=EXTE NT®#SOLANT (3)

Go 10 100

CONTINUE

IRXN = 2 REACTIOR BETWEEN PU (IV) AND U (1V)

90

RK = RATE CONSTANT
RCU = RATIO OP PO (IV) TO REDUCTANT
EXTNAX = NAXIAUA BXTENT BASED ON PO (IV) AND A TEN SECORD HALP TIME

IP(RX(3).LT.1.0B-10.0R.RX(5).LT. 1.0E-10) GO TO 90
EXTHAX=ANIN 1(1.0, 1.0-0.5¢& (6. 0*DTHETA) ,2. 08 SOLA#T(5) /SOLANT (3) )
RX=170.0

BRK=RK¢DTHETA®RX(5)

RCU=SOLAAT (3) / (2.0#SOLART (5))

RHO=RX (1) #RX (1)

REXP=1.0EQ0

IP (RK* (1.0-RCD) . LT.100.0#RHO) PEXP=EXP (RK¥ (1.0-RCU) /RHO)
EXTENT=RK/ (RK¢ RRO)

1P (ABS (1.0-RCU).GT.0.05) EXTENT=(1.0-REXP)/(RCO-REXP)
EXTENT=ANIN 1(EXTENT, EXTHAX)

RXNANT=SOLART (3) *EXT ENT

GO TO 100

CONTINOE

IRXN = 1 TINSTATANEOUS REDUCTION OF PU (IV)

110

THIS MECHANISM IS UOSED BY ALL RECUCTICK REACTIONS WHEN THE
CONCENTRATIONS PALL BELOW A THRESHHOLD IEVEL

RXNANT=ANINT(-SOLAMT (3) /STOIC (3, IRXN), -SOLANT (5) /STOIC (5, IRXK))
po 110 1=1,6

SOLAMT (I) =SOLANT (I) +RXNANT®STOIC (I, IRXN)

TF(SOLAMT(I).LT.0.0) SOLANT(I}=0.0

ARY (I) =SOLANT(I) /SOLVOL (1)

IP (SOLAMT (1) .NE.0.0) ISOL(I)=1

IP (ISOL (I).EQ.1.AND.NSOLO. LT.I) NSOLO=I

CONTINUE

DIVIDIRG THE RESULTING SOLUTES BFTWEEN THE PHASES

120

12%
130
30u

DO 125 ITRY=1,5

ICK=0

CALL UCOR

DO 120 I=1,NSOLD

X (1,J,2)=SOLANT(I) /(AQVOL+DTRY (I)*ORVOL)
IP(ABS(X(I,J,2)-ARY(I)) .GT.0.0001%X(I,d,2}} ICK=1
ARY(T)=X(I,J,2)

IP(X(1,J,2).LlE.1.B-20) X(I,J,2)=0.0

Y (1,3,2)=X(1,3,2)*DTRY (I)

CONTINUE

1P (ICK.EQ.0) GO TO 130

CONTINDE

CONTINUE

RETORN

END
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SOBROUTINE SCHEN (J,AQSVOL,ORSVOL)

SUBROUTINE SCHEM VWORKS SIMILAR TO MCHEM, BUT THE PHASES ARE KEPT SEPARATE
AT ALL TINES.

IRXN INDICATES WAICH REACTION RATE IS TO BE USED.

BK IS A REACTIOR RATE CONSTANT

EXTENT = THE BXYTENT OF REACTIOR, BASED OF THE PRACTION OF
' SOME COMPONENT CONSUMED BY THE REACTION.

CONMON/CONTFL/ NTOST,NSOLU,CTBP, NEWIN, NEWOUT, SPH, IPNCH, IPAST, IRXK,
DTHETA,IVOLN,IVOLS,IPRO, TEMPI, ISOL (6) ,NSTR, ISTR,JSTR,CODUH (100)
COMMOR/CORCS/ X (6,100,2),Y(6,100,2),Xs (100, 3,6,2),Y5(100,3,6,2)
COMMOK/TEKPS/ TPROP (100,2) ,ATS (100,3,2),075(100,3,2)
REM STCICX (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.£,1.0,-1.0,0.0/
REAL STOICY(6,3)/0.0,0.0,0.0,0.0,0.0,0.0,12#0.0/
DIKERSION RX(6),RY (6)
IF (ISOL (5).20.0) GO TO 300
Do 150 Kz=1,3
DO 10 1=1,6
RX (1) =XS (J,KZ,1,2)
RY (D) =YS(J,K2,1,2)
10 CONTIRUE
Go To (90,80,70,60,50,40,30,20),IRKR
20 CONTINUE
30 CONTINUE
40 CONTINUE
50 CONTINUE
60 CONTINUE
60 TO 90
70 CONTINGE

IRXE = 3 REACTIOR BETWEEN PU(IV) AND HYLRCXYLANIRE
POR = RATIO OP PY(IV) TO REDUCTANT
RK = RATE CONSTANT
EXTHMAXY = MAXINOM EXTENT OF REACTION (BASEL ON PO (IV)}
EXTINC = INCREMENT IN SEARCH FOR EXTENT
AMTINT = THE INTEGRATED CHANGE IN EXTENT (EQUAL TO RK)

IP(RX(1).LT.1.0E-10.0R.RX(3).L1T.1.0B-10.0R.RX (5) .LT.1.0B~10)
GO TO 90

POR=RX (3) /RX (5}

TOTHIT=RX (1) ¢2.%RX(2) +8 #RX (3} +3.*RX(U) +RX(6)+0.33

RE=1. 74*EXP (31000. /1.987%(1.0/303.16-1.0/(273.164TPROF(J,2)} )}

RK=RK®RX(3) *DTHETA® (RX (S} / (FX (1) *RX (1} *TOTHIT)}%*2.0

EXTEAX=AMIN1 (1.0,1.0/FOR)

THIS IS A BINARY SEARCH FOR THE CORRECT EXTENRT OF REACTION

EXTINC=0.25%EXTHAX
EXTENT=0.5% EXTHAX
B=RX(3)
A=RX(4)+B
AA=A®R
BE=A®B
CC=B*B
po 78 I=1,10
A=1.0/(1.0-EXTENT)
IP(FOR.GT.0.0%) GO TO 72
ANTINT=AA®A®EXTENT-2.0®EB® ALOG (A) +CC® EXTENT
GO 10 76
72 IF(ABS(1.0-FOR).LT.0.01) GO TO 74
B=1.0-POR®EXTENT
€=1.0/(1.0-POF) .
ANTINT= (POR-A® EXTERT ~POR/B+2. 0#C* FOR® ALOG (A%B)) @ AA®C* C
ANTINT=ANTINT-2.0¢BB®C® (PORSEXTENT/B -C#ALOG (A*B) ) ~-CC*EXTENT/B
ANTINT=-ANTINT
60 10 76
76 ANTINT=AA® (A®A®A-1.0)/3.0-BB* (A®A-1.0) +CC#* (A-1.0)
76 CONTINUE
IP (AMTINT.GT.RK) EXTENT=BXTENT-EXTINC
IP (AMTINT.LT.RK) EXTENT=EXTENT#EXTINC
EXTINC=EXTINC/2.0
78 CONTINUE
DELTAX=RX(3) *EXTERT
DELTAY=0.0
GO TO 100
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80 CONTINUE

IRXN = 2 RBACTION BETWEEN PU (IV) AND U (IV)
RK = RATE CORSTANT
RCU = RATIO OFP PU (IV) TO REDOUCTANT
EXTMAX = MAXINOM EXTENT BASED ON PU (IV) AND A TEW SECOND HALP TINE

IP (RX(3).LT.1.0E~-10.0R.RX(5).LT. 1.0B-10) GO TO 90
EXTHAX=AMIN1(1.0,1.0-0.5%® (6, O*DTHETA) , 2. 0*RX(5) /RX(3))
RK=170.0
REK=REK*DTHET A*RX (5)
RCO=RYX (3) /(2.0*RX (5))
RAO=RX (1) *RX{ 1)
REXP=1.0B40
IP(RK® (1.0-RCU) .LT.100.0%RHO) REXP=EXP(RK#*(1.0-RCU)/RHO)
EXTENT=RK/( RK+RHO)
IP (ABS (1.0-RCU).GT.0.05) EXTENT=(1.0-REXP) /(RCU-REXP)
EXTENT=ANIN 1 (EXTENT,EXTHAX)
DELTAX=RX (3) *EXTENT
DELTAY=0.0
GO TO 100
90 CONRTINUE

IRXN = 1 INSTATANEOUS REDOUOCTIOR OP PU -(IV)
THIS WBCAANISE IS USED BY ALL REDUCTION REACTIONS WHEN THE
CONCENTRATIONS FALL BELOW A TARESHHOLD LEVEL

DELTAX=AMINY (-RX(3) /STOICX (3, IRIN),-RX (5) /STOICX (5,IRXN))
DELTAY=0.0

100 CONTINUE
DO 105 1=1,6
Xs(J,k2,1,2)=XS(J,K2,I,2)¢+STOICKX(I,IRXN) *DELTAX
Y$(J,XZ,1,2) =YS(J,KZ,I,2) +STOICY(I,IRXN)*DELTAY
IP (XS(J.K2,I,2).LB. 1.E-20) XS(J,KZ,I,2)=0.0 ’
1P(YS(J,KZ,TI,2).LE.1.E-20) YS(J,KZ,1,2)=0.0
IF(XS{J,KZ,1,2).NE.0.0)}) ISOL(I)=1
IP(YS(J,KZ,1,2).HB.0.0) ISOL(I)=1
IP{ISOL(I) .BEQ. 1.AND.NSOLU. LT.I) NSOLU=I

105 CORTIROE !

150 CONTIRUE

300 RETURKN
END
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SUBROUTINE PRTOUT

PRTOUT CORVERTS THE COWCENTRATIONS PROM THE MOLAL PORN USED BY THE PROGRANM
TO THE MORE COMMOFW ONITS IN THE OUTPOT. 1IN ORDER TO GET THE PROPER
HEADINGS FOR THE PUREX SYSTEM, THE SUBPROGRAM ALSO PRINTS THE PROPILES.

COMMON/CONTRL/ RTOST,NSOLU, CTBP, NEWIN,NEWOOT, SPH,IPN-H,IPAST,IRXN,
« DTHETA,IVOLM,IVOLS,IPRO,TENPI, ISOL(6) ,NSTR,ISTR,ISTR,CODUN (100)
COMMON/CORCS/ X(6,100,2),Y(6,100,2),%XS(100,3,6,2),Y5(100,3,6,2)

COMMON/FPLOWS/ A(100),0(100) ,AT(160) ,0T(100)
COMNON/MOLALC/ AQ(6) ,OR (6) ,TENP,CONVA,CONVO,TCONC
CONMMOKR/STREAN/ XPD(6,100), YFD (6,100) ,APDRT (100} ,OFDRT (100),
- AFDTEN (100) ,OPDTEM (100} , ALVRT (100) ,OLVRT( 100)
CONMON/TERPS/ TPROP (100,2) ,ATS(100,3,2) ,075(100,3,2)
DINENSION AOUT(100) ,000T(100)

TCONC=1.0

PRINT 1101

PRIRT 1102

PRINT 1103

PRINT 1104

DO 20 J=1,NTOST

DO 10 I=1,NSOLO

AQ(T) =X(1,J,2)

OR(I)=Y(I,J,2)

10 CONTINUE

TEMP=TPROP (J,2)

CALL HOLAL

ADER= (1000. ~72.8%AQ(2) ~130.% (AQ(3) +AQ(4))~30.9%AQ (1)-31.%AQ(6)) /

- {1000, /0.99707) +0.39404%AQ(2) +0.49202% (A0 (3) +AQ(8))
+0.06301%AQ (1) +0.213820(6)

AOQUT (J) =AT (J) *CONVA

00UT (J) =0T (J)*CONVO

DO 15 I=1,NSOLU

X{X,J,2)=AQ (1) /CORVA

(1,3, 2) =OR (I) /CONYVO

15 CONTIRUE

X(2,3,2)=X(2,3,2) *238.

Y(2,3,2)=Y(2,J,2) *238.

X(3,3.21=X(3,3,2)¢2139.

Y(3,3,2=1(3,3,2)*239.

X(8,3,2)=%X(4,3,2) *239,

Y (4,3,2)=Y(6,J,2)*239.

PRINT 1000,J3, (X(I,J,2),I=1,6) ,ADEN,ACUT (J),TPROP (J,2)
IP(ALVRT(J) . EQ.0.0) GO TO 20

CORVA=CONVA®ALYRT (J)

PRINT 1001,J,CONVA

20 CORTINUE

PRINT 1105

¥

s

-

PRINT 1106
PRINT 1107
PRINT 1104
Do 30 J=1,NTOST
BXA=0.0
BEX0=0.0
2XPU=0.0
IP (AOUT (J). LE.0.0) GO TO 25
BEXR=000T(J) /AOUT (J)
TP(X(2,J,2) .GT.0.0) EXU=EXR*Y(2,J,2)/X(2,J,2)
IF(X(3,3,2)+X(4,3,2).GT.0.0) EXPU=EXA®(T{3,3,2) +7(4,3,2))/
. (X(3,3,2)+X(4,3,2))
IP(X(1,3,2) .GT.0.0) EXH=EXASY (1,3,2) /X (1,d,2)
IP(X(1,J,2).LE.0.0) BEXH=0.0
25 CONTINUE
onzu-(1ooo =17.60%0,29-97.%Y (2,7, H-139.%(Y(3,J, 1)+Y(4,J,1))
—43.07 (1,3,1) 12 (1.041.8) 7((273. 6,266.32+227.5/170. 3a%1.8)
*1000.) +0.01802%. 2%+ 39306 Y (2,3, 1)+.49202% (T (3,3, 1)
“Y(4,3,1))+.06301%Y (1,3, 1)
PRINT 1000,J, (Y (I,J,2),1=1,3),EX0,BXPU, EXH,0DEN,00UT(J) ,CODON (J)
IP(OLYRT(J) .BQ.0.0) GO TO 30
CORVO=O0LYRT (J) *000T (J) /OT (J)
PRINT 1001,J,CONVO
30 CONTINUE
RETURR
1000 PORMAT(12X,I3,1X,9(*1 *,1PE10.3,1%)
1001 PORMAT(12X,13,' | PRODUCT STREAM *,74X,*{ *,1PE10.3,' ()
1101 PORMAT (SX, * AQUEOUS PHASE')

1102 PORMAT (10X, *STAGE { WITRIC ACID| URANIUM | PO (IV) | PO (II
.I) | REDUCTANT | NITRATE ION| DEFSITY { NIXER PLOW (TEMPERATU
.RE?) :

1103 PORMAT (11X, *FO. | (AOL/L) | (G/L) 1 (G/1) 1 (G/L)
. 1 {moL/Ly }  (MOL/1) | 6G/8L) 1 (L/MIR) | (CEFTIGRAD
.E) ') '

1104 PORMAT (16X, 9(*(',12X))

1105 PORAAT('0 ORGANIC PHASE')

1106 PORMAT (10X, *STAGE | WITRIC ACID| ORARION | PO(IV) 10 EXTRAC
.TIOR} PU BXTRACT {HNO3 EXTRACT{ DERSITY | PLOR RATE | INVENTOR
.1

1107 PORMAT (10X,* ¥0. { (MOL/L) 1 (6/1) 1 (G) | PACTO
R | PACTOR | FACTOR (G/WL) | (L/AIN) | CHABGE (
B ]

BXD
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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)

\Y Volume (liters)

X Aqueous-phase solute concentration
y Organic-phase solute concentration
T Residence time

Subscripts

a

e} = O

T »n o

Aqueous phase
Feed stream
Solute number
Stage number
Zone number
Mixer

Organic phase
Product stream
Settler

Point in time

Uranium
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