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A COMPARISON BETWEEN SEPHIS~MOD4 AND PREVIOUS MODELS OF THE PUREX SOLVENT
EXTRACTION SYSTEM

A. D. Mitchell

ABSTRACT

SEPHIS-MOD4 is a revised computer model of the Purex solvent
extraction system. To demonstrate that this version of the
SEPHIS program is a significant improvement over the previous
versions, the methods and results of SEPHIS-MOD4 are compared
with earlier computer models of the Purex process. This
comparison indicates that SEPHIS-MOD4 is better able to calculate
transient and steady~state solute concentrations in solvent
extraction equipment.

1. INTRODUCTION

The SEPHIS computer program is a tool used for simulating the
solvent extraction portions of the Purex process. The program was
developed to calculate (or predict) transient and steady-state
concentrations in countercurrent contactors. Although the previous
versions of the program did produce satisfactory results for the purposes
of the users, several improvements have been made which have significantly
affected both the trausient and steady-state concentrations predicted
by the program. To differentiate this most recent version of the program
from preceding versions, the improved SEPHIS code has been redesignated

SEPHIS~-MOD4.

2. CALCULATTONAL FEATURES OF SEPHIS-MOD4 AND PREVIOUS MODELS OF THE PUREX
SYSTEM

To provide a firm basis of comparison for the various computer models
invelved, an explanation of their relevant features is in order. The
conceptual model of a mixer-settler stage is the foundation of the
mathematics in all the programs. The equations that are used to describe
the conceptual model have a large impact on the final results. 1in each
of the programs, a specific criterion is used to test for the convergence
to a steady state. An explanation of how the distribution coefficients
are computed is given even though no change has been made from "SEPHIS-MOD3"

to SEPHIS-MOD4.



-2

SEPHIS-MOD4 is the latest in a series of attempts to mimic the Purex
process.1 The original program, which will be referred to as "SEPHIS-MOD1,"
was written by W. S. Groenier to predict the time-dependent behavior of
the solvent extraction process.2 "SEPHIS~MOD2'" contains revisions made
by G. L. Richardson to improve the correlations used to calculate the

distribution coefficients.B’4

R. H. Rainey and S. B. Watson modified the
program further to include the effects of additional nitrate salts
(”SEPHIS—MODB”).5 Another solvent extraction program (SOLVEX), written
by W. C. Scotten, improves the mathematical simulation of the process
equipment but requires the user to provide distribution coefficients.6
SEPHIS-MOD4 has its foundation in these previous works and has built and

improved upon all of them.
2.1 SEPHIS-MOD4

SEPHIS-MOD4 has borrowed and refined many ideas from the previous
models of the Purex solvent extraction process. The conceptual model of
a mixer-settler bank is slightly changed from that of the SOLVEX program.
The equations that define the model have been changed to a greater degree.
The criterion for determining when steady state is achieved has been
improved.

The conceptual model of a mixer-settler bank which is used by
SEPHIS~MOD4 is shown in Fig. 1. All of the symbols are defined in the
Appendix (Table of Nomenclature). The streams from the preceding and succeeding
stages (Ajwl’
(Afj’ ij) to the stage. After combining with the contents of the mixer,
the phases are separated and directed to the settlers. In SEPHIS-MOD4,

Oj+l) enter the mixer of stage j with any feed streams

the settlers are subdivided into three consecutive, well-mixed zones.
After leaving the third zone, the streams can proceed to the next
stage (Aj, Oj) or leave the system as a product stream (Apj’ Opj).
The equations used to describe this conceptual model are derived
from the basic mass balance for the mixer:
mai®i,s * Ymoi¥iny)
dt A% 51 Y 050V 541 T R REe S

+ - (Aj + Apj)x. R (Oj + Opj)y. - (D)

O .V.. .
£57E4, 3 i,] i,3
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Fig. 1. The conceptual model of mixer-settler stages as used
by SEPHIS-MOD4,
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An approximation is made that the flow rates and volumes in the system
are constant during a given time interval. This assumption simplifies

the mass balance to:

dxi j dy%;i
V — 2 ER e ] - L. + .
maj dt Vo3 Tdt Bi %, 5-1 Y 051,50t AeFeeL g
+ 0.y, .~ (A, +A Dx, . - (0, +0 )y, .. 2
£3Y61,5 7 By T AR 5 O 0,y (2)

The mixers are assumed to have an equilibrium distribution of the
solutes between the phases, so the efficiency of the mixers is not
considered. Thus, the unknown organic concentration in the mixers is

defined by

Yi,5 7 D%, 3)

Substitution of Eq. (3) into Eq. (2) yields:
dx, .
i,]

T {Aj~lxi,j“l 0V T A%, Y OiYes

- [Ay + A+ D05+ 0 )] xi,j}/(vmaj D Viog)- (4)

Since each of the concentrations (except the input 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 given interval of

time. Thus, the remaining variables are x, ., D., X, ., ., and vy, . ..
i,] i i,j~1 71,3+
The evaluation of x, . is determined by the Runge-Kutta integration scheme

1,
in SEPHIS-MOD4. The value of Di is calculated once Xi . is known.
b

Assuming that x, will vary by only small amounts during

i,j-1 j+1
the time interval, a reasonable choice for these values is an average

and v
b4

of their starting concentrations and the final concentrations over the
time interval. Thus,

x = ( + X

ij-1 *1,j-1,t i,j—l,t+At)/2 ’ (5)

and

Vi = Op e, e Y Ve g, eeae) /2 (6)



All the variables have now been specified, so the differential in
Fq. (4) can be evaluated.

The iterative procedure which the program employs may be pictured
as a grid of points, 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 indicates a time when the concentration in
that stage needs to be calculated. Circles are drawn around the points
in the figure to indicate that the concentrations have already been
determined for that point.

In this figure, the concentrations have been calculated up to
stage j at time t + At. Of the variables required by the egquations to
calculate %, ,

1,3,e406 O™ Y4 541 eaae
calculated value. An approximation that

does not have a previously

Vi, 441, e4at - Yi,§41,t (7)

is used to bypass this problem. The differential can then be evaluated

by the Runge~-Kutta integration, giving the values for x, . and
i,j,t+AL

The iterative procedure then moves horizontally from one

Yi,i,t+At"
stage to the next until all the stages in that row have been evaluated.
In the next row of points, the stages are computed in the other direction.
This reversal of order should help offset any bias which the approximation
in BEq. (7) might have on the results. While moving from left to right,

a value for vy, had to be assumed. When the calculation proceeds

i,j+1l,t+AL
from right to left, the corresponding assumption is

i,5-1,t408  Fi,9-1,t° (8)

The iterative procedure continues to scan the column in this manner
until all the specified time intervals have been completed. However,
between each mixer 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 transfer occurs in the settler in this
model, this calculation provides a time delay between when a solute
exits a mixer and when it enters the next mixer.

The equations for the settler split the computation into separate,

but identical, equations for the aqueous and organic phases. Each phase
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in the settler is divided into three equal-volume, perfectly mixed
zones. The only stream entering or exiting is the phase flow through the

settler. The mass balance for component i in zone k of stage j is then:

saj dx; i,k
k) 3 — -
3 Tat Aei®i,9,k-1 " As3¥1,1,k° 9)

The differential equation is put into a simple finite difference form,
and the concentrations are evaluated in the same manner as in the

mixers to give:

Veai  Fi,gkreae T %5 Cladakel,cane + RN R
3 At sj 2
X + X
) 4.k, e080 T 51kt
Ay ( : ). (10)

The only unknown value is Xi,j,k,t+At

+, - &
saii, i,k e T g Br(ay oo g eane 7% k-1, T S0k, )

, so solving the equation gives:

Xi,j,k,t+At = 2B . + 3A At
saj si

(11)

The criterion for the steady-state determination in SEPHIS-MOD4
is based on a mass balance. This mass balance is applied to each stage.
When the inventory of every component in every stage is changing by less
than a user-defined tolerance, a steady state is declared and the
computation is discontinued.

Other changes have been made in the mechanics of SEPHIS-MOD4 which
extend its abilities. At any time, the iterative procedure can be
interrupted so that a new set of conditions can be specified. This
ability is particularly useful in mimicking experimental trials where
the flow rates may be changing quickly. The program has been separated
into sections which deal basically with the general mathematics of solvent
extraction and sections which pertain to the Purex process. This was done
gspecifically to aid in the future inclusion of the Thorex process, but
the new organization of the program is easily adapted for use with other
systems. Similarly, kinetics subroutines have been written for the
reduction of plutonium, but they also allow the easy insertion of integrated

rate equations for many chemical reactions.



2.2 SEPHIS-MOD1

SEPHIS~MOD1, written by W. S. Groenier, was tailored for use with
ILMFBR fuels. The basic model and related equations for the process
equipment were previously proposed by J. T. Lowe.7 This model assumes
that the volume of the mixing chamber is an insignificant fraction of
the stage volume. This assumption is used to set the amount of solute
that enters a mixer equal to the amount that exits. By substituting
for the unknown organic concentration, Vs IE according to Eq. (3), and

b

solving for X, IE the final form of the equation is found. This final
2

equation gives a value for x, in terms of known quantities:

i,,t+At
. T G 9 S 5 5 8 95, M & 5 55, RPN
i,3,t+0t A, + A . +D.(0, +0_.)

37 %3 T T T pg

The settlers in SEPHIS-MOD] are not subdivided into zones as in
SERHIS-MOD4. Plug flow is assumed in the settlers so that the
concentrations leaving the mixer at a certain time increment are the
same as those entering the next mixer for the next time increment.

Since the holdup for each stage lies totally within the settlers,
the mathematics of the program can be described most accurately as
simulating the actions of a batch, countercurrent procedure using
separatory fumnels. All the streams resulting from each contact (time
interval) are mixed until equilibrium is achieved. The phases are
separated and passed on to the next stage. Additional holdup for a
particular stage is simulated by creating a stream from the settler
back to the mixer. In this way, the concentration in a stage is
affected by the stage concentration during the previous point in time.

The explicit time dependence of the basic mass balance equation
was essentially removed when the mixer volume was neglected. As a
result, the transient calculations proceed in time intervals equal to
the minimum residence time specified for a stage in the bank.

Because of the approximations made concerning the mixer volume
and the large time interval employed, this approach gives a relatively
crude model of the transient behavior. The steady-state results,

however, are not significantly influenced by these factors. The
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calculated steady-state concentrations in SEPHIS-MODI are most
affected by the correlations used to calculate distribution
coefficients and by the convergence criterion used to determine when
steady state has been achieved.

The SEPHIS-MOD1 program employed the distribution coefficient
correlations developed by D. E. Horner.8 These correlations were based

on a fitting of experimental data to the form

w}
i

, -2 2
= K| [NO3] [TBP]; (13)

[UOZ(NO *2TBP]

327
[UonrZ][No;]Z[TBP]2

Similar equations were used for plutonium and nitric acid. The
fitting of K& was only valid for 15% TBP and 25°C due to the limited
data employed.

The steady-state convergence criterion was based on an overall
material balance for the contactor. When the amounts of each solute
that flowed out of the contactor equalled the amounts that flowed in
(within specified limits), a steady state was declared and the
calculation was discontinued. This is a necessary, but insufficient,
criterion for the steady-state determination. This criterion can be
satisfied even though the solute concentrations in individual stages

are still changing.
2.3 SEPHIS-MOD2

G. L. Richardson wrote SEPHIS-MOD2, the second version of the
SEPHIS program. SEPHIS-MOD2 retained the basic model of a solvent
extraction system and the convergence criterion from SEPHIS-MOD1. A
new set of correlations was used to calculate the distribution
coefficients. The new correlations were based on Ku, as defined by

[UOZ(NO + 2TBP]

u_

3
[Uogz][TBP]Z

=2
= Ku[No3] R (15)

K

rather than K&. The new correlations also allowed the user to specify

temperatures other than 25°C and TBP concentrations other than 15%.
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2.4 SEPHIS-MOD3

S. B. Watson and R. H. Rainey wrote the third version of SEPHIS
(SEPHIS-MOD3). They changed the distribution coefficient correlations
again, while retaining the model and steady-state criterion of SEPHIS-MODI.
The salting effects of inextractable nitrate salts were included in the
correlations. In addition, provisions for a plutonium reductant were

provided by the use of

'negative" plutonium concentrations. All
calculations were converted to use molal units, which allowed the program
to disregard the changes in volume due to changes in concentration. The

temperature profile in the contactor can also be calculated by SEPHLIS-MOD3.
2.5 SOLVEX

While these changes were being made to the SEPHIS program, the
SOLVEX program was being developed by W. C. Scotten. The SOLVEX program
is designed to simulate transient and steady-state behavior in a general
solvent extraction system. Because the program can be employed for
processes other than the Purex system, correlations for distribution
coefficients are not included. The user is expected to provide tables
of distribution data or equations for the regions of interest.

The conceptual model used by the SOLVEX program is similar to
that used by SEPHIS-MOD4, which is shown in Fig. 1. Each settler may
be divided into any number of well-mixed zones to provide an adjustment
between plug and well-mixed flow in the settlers. Product streams
are allowed only in the first and last stages of the contactor. It was
assumed that the volumetric phase ratio in the mixers is equal to the
flow ratio through the mixer. This assumption is optional in
SEPHIS-MOD4 .

The equations used to simulate the movement of the solutes through
the contactor are different from those of SEPHIS-MOD4. Starting with
Eq. (2), a finite difference method is used to evaluate the derivatives

as

i, _ Cd,j.t+At _ TiLi,t
dt At

dx

(16)
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The values for x, . and y. . are evaluated at time t. The values
i,j-1 i,j+1

for x, ., and y, , are evaluated by
1,] i,]

. + X, .
- xia] , tHAL Xls.]5t
1,7 2 y

X an

By replacing these in Eq. (6), and substituting for the unknown

organic concentration according to

0.,,v. . + 0.y, .
+1741,§+1,t £37f1i,
j+1 £i

Yi,5 - ED%i 5, c4at

the final form of the SOLVEX mass balance is found:

y

Xi,j,t+At = {Vmaxi,j,t + vmo i,j,t -[Vmo(l—E)

054174, 341,6 ¥ ©

Osip1 F Of;

s 1)
£37£1, ] ]
+ At[Aj~1Xi,j~1,t + Afjxfi,j

(A

+ 0.5 {- g 5 oWy T A+ () (O

j+174, 341, ¢
- \Y + V_ED
t0e5e1.9) 7 V1,3, 0%} } /{ Vma * o

At
L)

A+ ED(O, 4 ofj)]}. (19)

The concentration for each settler zone, k, is evaluated by the SOLVEX

program using the equation:

AtNA,
W T Ty T U S U TR DAL U TR
i3, k,tHAE AENA, ’
1+ 55 !

sa (20)
The steady-state criterion used in the SOLVEX program is similar
to that of SEPHIS-MOD1. 1In addition to checking the overall mass balance
for the contactor, the SOLVEX program sets a limit for the rate of
change in the total ianventory of each solute. 1In fact, these two

criteria are equivalent and show little improvement over SEPHIS-MODL.
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In summary, the SEPHIS program has been modified several times
since its inception. The early modifications dealt primarily with
the correlations used to calculate the distribution coefficients.
The SOLVEX program addressed only the solvent extraction portion of
the problem. SEPHIS~-MOD4 builds upon all of these programs to
achieve a better simulation of the solvent extraction portion of the
Purex process. Although the computer program has undergone several

changes, the original goal has remained the same.
3. RESULTS OF THE SEPHIS MODIFICATIONS

To determine whether SEPHIS-MOD4 is an improvement over SEPHIS-MOD3,
several comparisons were made between the two versions. The ability
of the program to model the behavior of solvent extraction systems is
the most important comparison. Since SEPHIS is intended to simulate
dynamic and steady-state results, both transient and steady-state
experimental data were compared with the predicted results. Although
accurate results are desired, conservation of computer time (or cost)

is also a consideration.
3.1 Steady-State Predictious

Flowsheet testing is one of the primary uses of the SEPHIS program,
so accurate prediction of steady--state concentration profiles is very
desirable. Because identical distribution coefficient correlations
are used by the two versions of SEPHIS, the steady-state results should
also be identical. Due to a change in the convergence criteriomn,
however, the computed results differ.

In all previous versions of SEPHIS, the convergence criterion is
based on a mass balance around the entire system. The modified version
considers that steady state is achieved when the change in the inventory
of each mixer is less than a user-defined tolerance. This necessarily
includes the mass balance around the entire system.

The difference in these convergence criteria leads to a
discrepancy between the predicted steady-state results. Figure 3

shows the two predicted profiles with the experimental data points.
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Fig. 3. A comparison of the steady~-state concentration profiles
predicted by SEPHIS~-MOD3 and SEPHIS-MOD4.
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While the predictions are very sgimilar in the extraction section
(stages 17-32), a factor of ten difference is found in the stripping
section {stages 1-16). The convergence criterion for SEPHIS-MOD4
has been improved from a theoretical viewpoint, and the improvement
has resulted in significant differences in the predicted profiles.
These differences demonstrate the importance of the change.

Figure 3 also illustrates the discrepancy between either form
of SEPHIS and the experimental data. Differences between the calculated
and experimental concentrations are expected in any simulation model.
These differences result from inaccuracies in the experimental data
and in the simulation of real contactors by the programs. The data
points in the extraction section (stages 17-32) show the same
linearity as seen in the predictions; however, the slope is very
different. A careful ingpection of the data indicates that the problem
probably lies in the chemical analysis of the aqueous feed stream
acidity. A lower acidity would result in a predicted curve that would
be much more comparable with the data. The strip section (stages 1-16)
was predicted fairly well, especially in the region of high concentration.
The differences between the data and the predicted values may be due
to stage inefficiencies, inaccurate flow rate measurements, or inaccurate
distribution coefficient correlations. However, the important conclusion
remains; that is, the convergence criterion used by SEPHIS-MOD4 is

an improvement over that of SEPHIS~MOD3.
3.2 Transient Behavior

The mechanics of the program have been dramatically changed,
resulting in superior performance during transient periods. In the
experimental mixer-settler used for this comparison, the flow rates of
the input streams drifted randomly due to problems with the flow
control. These changes produced transient periods in the mixer-settler
bank often enough that the system never achieved steady-state operation.

The Watson and Rainey version of SEPHIS calculates strictly
from the initial profile until a steady state is achieved. The program
simply was not designed to follow experimentally measured changes in
flow rates. A transient curve for SEPHIS-MOD3 can show only an

asymptotic approach to a final steady-state value.



~15-

With SEPHIS~MOD4, one is able to stop the calculation for one
set of flow rates at any time and then restart the computation with a
different set. TFigure 4 depicts:a curve predicted by SEPHIS-MOD4
using experimentally measured flow rates, along with the data points
for the transient period. This curve exhibits the time delays and
curve shapes found in the data. The mechanics of SEPHIS~MOD4 allows
the user to more closely mimic experimental data during transient

periods.
3.3 Integration Technique

The integration technique used by SEPHIS-MOD4 yields more
reasonable results during transient periods. With the methods used by
the previous versions of SEPHIS, the calculated results often exhibited
paired point behavior. At the start of a transient case, particularly
near the feed point, the computed concentrations would show a large
increase over one time interval followed by a small increase or
decrease during the next time interval. This pattern would be repeated,
making the points appear in pairs rather than as the expected smooth
curve. An example of this paired point behavior can be found on page 37
of ref. 2. The plutonium concentration of stage 4 in this example is
reproduced in Fig. 5. These results are caused by the model used by
the program and the integration technique derived from the model.
Although this should not affect the steady-state results, the transient
results are clearly in error. The model and the integration technique

of SEPHIS~MOD4 tend to preclude such errors.
3.4 Representation of Mixer-Settlers

The model of the solvent extraction equipment employed in SEPHIS-MOD4
produces a better representation of mixer-settlers. A study with a
TBP-nitric acid system was completed by James E. Halligan and Morton
Smutz.9 This study compared experimental results with mathematical
models of a mixer-settler system.

Halligan and Smutz described the model used by the previous
versions of SEPHIS as an equilibrium model. This model essentially

considers the mixer and settler of a stage to be one chamber. The phases
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are perfectly mixed and are in chemical equilibrium. This model was
found to produce good results when only a mixer was studied. However,
when both a mixer and a settler were studied, this model produced the
poorest results of all the mathematical forms tested for both the
aqueous and organic phases.

The model used by SEPHIS-MOD4 is a compromise between what Halligan
and Smutz call a plug-flow model and a perfectly mixed model. 1In
both of these models, the mixer is separated from the settler. Perfect
mixing is assumed in the mixer. The plug~flow model postulates that the
settler has no agitation and the phases experience plug flow through
the settler. The perfectly mixed model assumes that each phase is
homogeneously mixed in its portion of the settler. Their study found
that the aqueous phase was best predicted by the perfectly mixed wmodel,
while the organic phase followed a plug-flow response curve. The
difference was attributed to the fact that the aqueous phase was the
continuous phase in the settler. This is not always the case in
mixer-settlers, so the results could easily have been reversad if the
organic had been the continuous phase. The compromise made by SEPHIS-MOD4
uses three perfectly mixed zones for the settler. One such zone would
be the same as the perfectly mixed model, while an infinite number of
these zones would describe the plug-flow model. The use of three
zones was chosen arbitrarily in an effort to limit computer core
usage. In any case, both the plug-flow model and the perfectly mixed
model were significantly better than the equilibrium model. It is
reasonable to believe that the compromise employed by SEPHIS-MOD4
will perform at least as well as, and probably better than, either

of the idealized models.
3.5 Computer Time Consumption

Considering both transient and steady-state calculations,
SEPHIS-MOD4 can more closely mimic experimental data. However, this
advantage should be weighed against the concomitant increase in cowmputer
costs. The Runge-Kutta integration method takes more computer time
since more calculations are performed. Several computer runs were

made for a 32-stage contactor. The computer usage was heavily dependent
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on the frequency of printing profiles. When profiles were printed
once every 20 time intervals, SEPHIS~MOD3 was able to complete 19 time
intervals per second of execution time. Under comparable conditions,
SEPHIS~MOD4 finished only seven time dintervals. When the program was
to print every calculated profile, SEPHIS-MOD3 completed six time
intervals per second, while SEPHIS-MOD4 finished only two. Thus, one
sacrifices some computing speed for the gain in accuracy using
SEPHIS-MOD4 .

In SEPHIS~-MOD4, one may select a faster integration technique.
Although slightly slower than SEPHIS-MOD3, this alternative integration
scheme is at least twice as fast as the Runge-Kutta method. This
faster integration method should certainly be selected when accurate
transient results are not required.

It should be noted that SEPHIS-MOD4 will consume additional
amounts of time if the reduction of plutonium is used. This is due
to the use of the kinetics routines which were not available in the
previous versicns of SEPHIS.

SEPHIS-MOD3 is able to produce results more quickly. However,
the additional time spent by SEPHIS-MOD4 is due to its additional

capabilities and accuracy.
4, CONCLUSTONS

SEPHIS~-MOD4 is an improved model of the Purex solvent extractioon
system. When compared with previous models, it provides better steady-
state results for flowsheet testing because of a revised convergence
criterion. It is also better able to mimic actual run conditions
during transient periods because of the mechanics of the program.

The integration technique used by SEPHIS-MOD4 produces more reasonable
results during transient periods. In addition, the model of the
solvent extraction equipment employed in the program better represents
the operaticn of mixer-settlers. Unfortunately, the Runge-Kutta
integration used by SEPHIS-MOD4 does increase the amount of computer
time required by the program, but this is usually not an important

congideration.
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5. APPENDIX

Table of Nomenclature

Variables
A Aqueous flow rate (liters/min)
D Distribution coefficient
E Mixer efficiency
K Pseudo mass equilibrium constant
K' Pseudo mass equilibrium constant
N Number of zones in a settler
0 Organic flow rate (liters/min)
t Time (min)
v Volume (liters)
X Aqueous-phase solute concentration
v Organic-phase solute concentration
Subscripts
a Aqueous phase
Feed stream
i Solute number
i Stage number
k Zone number
m Mixer
o Organic phase
p Product stream
S Settler
t Podint in time

u Uranium






~23-

6. REFERENCES

A. D. Mitchell, SEPHIS-MOD4: A User's Manual to a Revised Model of
the Purex Solvent Extraction System, ORNL-5471 (din preparation).

W. 8. Graenier, Calculation of the Transient Behavior of a Dilute~-

Reprocessing of LMFBR Fuels, ORNL-4746 (April 1972).

G. L. Richardson, Effect of High Solvent Irradiation Exposures
on TBP Processing of Spent LMFBR Tuelg, Hanford Engineering
Development Laboratory, HEDL-TME 73-51 (June 1973).

G. L. Richardson and J. L. Swanson, Plutonium Partitioning in the
Purex Process with Hydrazine-Stabilized Hydroxylamine Nitrate,
Hanford Engineering Development Laboratory, HEDL-TME 75-31

(June 1975).

S. B. Watson and R. H. Rainey, Modification of the SEPHIS Computer
Code for Calculating the Purex Solvent Extraction System,
ORNL/TM-5123 (December 1975).

W. C. Scotten, Savannah River Laboratory, SOLVEX - A Computer
Program for Simulation of Solvent Extraction Processes, DP-1391
(September 1975).

J. T. Lowe, "Calculation of the Transient Behavior of Solvent
Fxtraction Processes,”" Ind. Eng. Chem. Process Des. Dev. 7,
362-66 (July 1968).

D. E. Horner, A Mathematical Model and a Computer Program for
Estimating Distritution Coefficients for Plutonium, Uranium, and
Nitric Acid in Extractions with Tri-n-butvl Phosphate, ORNL-TM~2711
(February 1970).

J. E. Halligan and M. Smutz, "Prediction of the Approach to
Steady State of a Mixer-Settler Extvactor,' Sep. Sci. 1 (2 and 3),
173-190 (1966).






~25~

ORNL/TM-6565
Dist. Category UC~79c

Internal Distribution

1. C. W. Alexander 38. S. B. Watson

2. J. E. Bigelow 39. f. D. Welch

3. W. D. Burch 40. M. E. Whatley

4. D. 0. Campbell 41. R. G. Wymer

5. D. J. Crouse 42, S. Beard (Consultant)

6. J. H. Goode 43. Manson Benedict (Consultant)

7. W. S. Groenier 44 . I.. Burris, Jr. (Consultant)

8. R. T. Jubin 45. A. B. Carson (Consultant)

9. A. D. Kelmers 46. G. R. Choppin (Consultant)
10. F. A. Kappelmann 47. L. J. Colby, Jr. (Consultant)
11. L. J. King 48. E. L. Gaden, Jr. (Consultant)
12. C. E. Lamb 49, W. H. Lewis (Consultant)

13. R. E. Leuze 50. A. Schneider (Consultant)

14. J. C. Mailen 51. L. E. Swabh, Jr. (Consultant)
15-19. A. P, Malinauskas 52. K. D. Timmerhaus (Consultant)
20--29. A. D. Mitchell 53. J. S. Theilacker (Consultant)

30. L. E. Morse 54. ORNL Y~12 Technical Library,

31. A. D. Ryon 55. Document Reference Section

32. H. C. Savage 56. Laboratory Records, ORNL-RC

33. R. G. Stacy 57-58. Laboratory Records

34, D. W. Tedder 59. Central Research Library

35. S. M. Tiegs 60. ORNL Patent Office

36. V. C. A. Vaughen 61. Nuclear Safety Information

37. B. L. Vondra Center

External Distribution

62. Director, Reactor Division, DOE-ORO, P. 0. Box E, Oak Ridge,

TN 37830

63~-64. Director, Division of Nuclear Fuel Cycle and Production,
DOE, Washington, D. C. 20545

65-66. Director, Division of Reactor Research and Development, DOE,

Washington, D. C. 20545

67. M. L. Bleiberg, Westinghouse Electric Corporation, Advanced
Reactors Division, Waltz Mill Site, P. 0. Box 158, Madison, PA 15663

68. Duane E. Clayton, Battelle Pacific Northwest Laboratory, P. O.
Box 999, Richland, WA 99352

69. Martin Freidland, Gulf and Western Advanced Development and
Fngineering Center, 101 Chester Road, Swartmore, PA 19081

70. Frank J. Jones, Bechtel Corporation, P. 0. Box 3965, San
Francisco, CA 94119

71. B. F. Judson, Vice~President and Manager, GEUMCO-Engineering,
175 Curtner Avenue, Mail Code 858, San Jose, CA 95125

72. R. §. Karinen, Programmed and Remote Systems Corporation,
3640 Lexington Avenue, St. Paul, MN 55112
73. Robert H. Karlsson, Rockwell International, Atomics International

Division, Rocky Flats Plant, P. 0. Box 464, Golden, CO 80401



74,

75.

76.

80.

81.

82-322,

26

R. E. Mullen, Aerojet Manufacturing Company, 601 South Placentia
Avenue, P. 0. Box 4210, Fullerton, CA 92634

L. A. Neimark, Argonne National Laboratory, 9700 South Cass
Avenue, Argonne, IL 60439

D. E. Wood, Kaman Sciences Corporation, 1500 Garden of the Gods
Road, P. 0. Box 7463, Colorado Springs, CO 80933

Office of Assistant Manager, Fnergy Research and Development,
DOE-QRO

Ralph Leonard, Argonne National Laboratory, 9700 South Cass
Avenue, Argonne, IL 60439

Dennis Engler, General Atomic Corporation, P. 0. Box 81608,

San Diego, CA 92138

Casey Durst, Allied Chemical Corporation, 550 Second Street,
Idaho Falls, Idaho 83401

G. L. Richardson, Hanford Engineering Development Laboratory,
P. 0. Box 1970, Richland, WA 99352

Given distribution as shown in TID-4500 under UC-79c, Fuel
Recycle Category (Applied)



