
^

MASTER
COMPUTATIONAL TECHNIQUES USED IN THE

IEVELQPMENT OF COPROCESSING FIOWSHEEDS

W. S. Groenier
A. D. Mitchell
R. T. Jubin

Consolidated Fuel Reprocessing Program
Oak Ridge National Laboratory*
Oak Ridge, Tennessee 37830

By acceptance of this article, the publisher
or recipient acknowledges the U.S. Government's
right to retain a nonexclusive, royalty-free
license in and to any copyright covering the
article.

"operated by liiion Carbide Corporation for the U.S. Department
of Energy.

JHSTBIBUT1ON OF THIS DOCUMENT IS UNLIMIIflfD



1. BACXGHODND

1.1 Need for New Solvent Extraction Flowsheets

Two areas of concern have received much publicity in regard to

the reprocessing of spent nuclear fuels, namely, waste disposal and

nuclear materials safeguards. We believe that the subject matter of

this paper is pertinent to both areas. Solvent extraction remains as

the reference separation process for reclaiming and purifying unused

fissile materials. Through the application of a successful process

model, operation of the solvent extraction process can proceed with

maximum efficiency and with a minimum quantity of product requiring

rework, thereby decreasing the burdea of material sent to waste. In

addition, more precise knowledge and control of material location and

flow within the process will benefit overall plant material accountability

and the safeguard of sensitive materials. These reasons establish a basis

for justifying the development of a solvent extraction computational

model.

In the U.S., new solvent extraction flowsheets are being developed

within the Consolidated luel Heprocessing Program to respond to technical

and political issues that have arisen with regard to the reprocessing of

all nuclear fuels, especially breeder fuels. The combined effects on

standard Purex flowsheets resulting from the high fission product and

Plutonium contents brought about by the high burnup of the reference

uranium-plutonium oxide breeder fuels have justified a new look at the

solvent extraction process, especially when considering the processing

of short-cooled fuels. Items of note include the development of short



residence time contactors to minimize radiation degradation effects

in the solvent, studies of alternate extractants, and studies to

devise means to improve process efficiency.

The political issues surrounding reprocessing have brought about

such inventions as coprocessing, where uranium and plutonium are never

cleanly separated; low fission product decontamination or spiking, where

all product streams are guaranteed to be contaminated; and the use of a

thorium blanket fuel, where we are faced with the very difficult task of

separating thorium from uranium and plutonium. Each of these considerations

leads to radical changes in the heretofore standard Purex flowsheet. In

the case of thorium fuels in particular, new extracting agents are being

considered to minimize or eliminate the formation of a third liquid

phase. Finally, technical and economic issues in waste processing have

created the need to study plutonium reducing agents other than ferrous

sulphamate.

1.2 Development Issues

The tremendous number and variety of solvent extraction options

cannot possibly be explored experimentally in the laboratory within any

reasonable budget. Thus, modeling of the various flowsheets represents

a comparatively inexpensive way to explore parameter effects and to

decide the best operating conditions for use in laboratory verification

tests. Ifodeling studies are also useful in determining how many mass-

transfer stages are required to effect a desired degree of separation,

and thus have an important input to contactor design and application.

Purex solvent extractions have been historically performed in a, variety



of equipment types including mixer-settlers, packed columns, pulsed-

plate columns, centrifugal extractors, and hydroclone (stacked-clone)

contactors. Each of these contactor types can, to a degree, be modeled

by the SEEHIS-MDD4 code. This code is especially adaptable to systems

employing a series of mixer-settler stages.

1.3 Available Modeling Codes

We do not presume to have a monopoly on solvent extraction modeling.

Indeed, other computer codes exist that can be modified to do essentially

the same job as is done by SEPHIS-MDD4. I am referring to the SOLVER

code developed at the Savannah River Laboratory in the U.S. for the

recovery of curiun from plutonium in the TRflMEX process, the GENEX

code now being developed at Oak Ridge for actinide partitioning, the very

excellent work in both West Germany and the USSR, and various codes

developed in the oil refining industry. Our code, called SEPHIS-1MOD4,

does however contain some interesting features not found in others.

The code name is an acronym for solvent extraction processes having

interacting solutes and is the fourth improvement since the development

of the original SEEHIS code in 1971.



2. DESCRIPTION OF THE PBDCESS MDEEL

The SEPHIS-MOD3: code is based on an idealized model for mixer-

settlers, as shown in Fig. 1. The components considered are nitric

acid, uraniun, plutonium (IV), plutonium (III), a plutonium reductant,

and inextractible nitrate salts. Differential equations are used to

describe the flow of the solutes through the model. Empirical correlations

determine how each solute distributes between the aqueous and organic

phases. Because a eanputer is a finite machine, various methods must

be used to break the problem into segments which are conveniently

handled by a computer.

In the idealized model for mixer-settlers, solutes enter each mixer

via aqueous and organic feed streams, the aqueous stream from the

preceding stage, and the organic stream from the succeeding stage.

These streams are mixed with the contents of the mixer so that the

solutes achieve an equilibrium distribution between the phases. TVo

streams are considered to leave each mixer and enter the first of three

aqueous or organic settler zones. Each zone is considered to be a

homogeneously mixed single phase, and the contents overflow into the

next zone. After leaving the third settler zone, the streams may leave

the system as a product 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 time period between successive

printings of the concentration profile may be varied so that only the
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Fig. 1. Idealised mixer-settler model.
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desired output will be printed. Almost all of the variables may be

given new values at any time during the computation to more

accurately simulate transient changes in conditions.

Several assumptions and approximations are made by SEPHIS-MDD4.

Most of the assunptions are not absolutely necessary, but they result

in a significant simplification of the system being studied and in a

large savings in computation time. These can be grouped into six 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 (such

as instant mass transfer which is explained later), and (5) many heat effects

are neglected. Specific reaction kinetics can be specified for plutonium

reductions. For the contactor types of interest, stage residence times

are usually sufficiently long so that diffusional resistances can be

ignored. The approximations necessarily lead to differences between the

calculated concentrations and experimental results; however, these

differences can generally be localized to specific sections within a

contactor.

Approximations are made to numerically integrate the differential

equations. These become more exact if the concentrations in the contactor

change relatively slowly. This does not imply that the predictions are

invalid when the concentrations change rapidly. The correct implication

is that the largest integration errors will occur just after a step

change has been made in the contactor conditions, and in particular,

when the contactor start-up procedure is being simulated. As an example,



the integration errors produced an error in the uranium concentration

found in the feed stage of an extractor during a start-up procedure

amounting to only 0.23 g/liter in the first minute, during which the

actual concentration in the stage increased from 0.0 to 52 g/liter.

Thus, the integration errors are relatively small, and the approximation

of slowly changing concentrations does not lead to serious problems.

The Purex extraction system being studied has many solution

nonidealities which cause the flow rates and volumes in the system to

vary with changes in concentration. In the derivation of the differential

equations, the flow rates and volumes in the system were assumed to be

constant, but these approximations are partially bypassed by performing

all calculations using flow rates and concentrations in molal units.

Changes in the molal volumes lead to error accumulation terms in the

differential equations, but even in the most extreme case tried, the

neglected volume variation term accounted for less than 10% of the total

accumulation term. Thus, neglecting 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 to

limit the simulation to changes in concentration rather than to changes

in fluid dynamics. Attempting to accurately describe fluid flow

characteristics would limit the usefulness of the.code to only one

design of mixer-settler.

Perfect mixing is assumed to occur in the mixers and in each phase

of each zone of the settlers. Without this approximation, the program

would have to follow the concentration of discrete packets of fluid as



they move through the contactor. That approach to the problem is

considered unwarranted for the usual uses of the program.

No entrainment is considered by SEPHIS-M0D4. After leaving the

mixer, the phases are separated absolutely and put into the settlers

where mass transfer is not allowed. This approximation was made to

simplify the system. Che could simulate entrainment by directing small

streams of each phase in the wrong direction.

Approximations dealing with the chemistry of the Purex system (for

example, components in the mixers are always at an equilibrium

distribution between the phases) were made to simplify the model so that

experimental results could be compared with predicted results using

ideal conditions. Nonequilibrium conditions could have been simulated

by the insertion of an efficiency term in the distribution relation

between the aqueous and organic concentrations.

Plutonium (III), the reductant, and the inextractable nitrate salts

are assumed to always remain in the aqueous phase. No provision is made

for solvent degradation products.

All nonideal heat effects are neglected. Temperature profiles are

calculated by using approximate heat capacities for the phases and

considering only the temperature of feed streams. No heats of mixing,

contributions due to radiation, or losses to the surroundings are

considered. These effects could be simulated by inserting very small

pseudo-streams with very high or very low temperatures. Sc.di streans

could be used to heat or cool the contactor without changing the phase

ratios.



3. CALCDLATICNAL PROCEDURE

To simulate the flow of solutes through the contactor, the

differential equations describing the mixers and settlers must be

formulated in terms that the computer can evaluate. The equations

shown in fig. 2 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, the organic stream from the

settler of the succeeding stage, and any feed streams. The stream that

flows out of the mixer to the settler is the mixed aqueous and organic

dispersion. Any changes in the amount of a particular component must

equal the difference between the amount that flows into and the amount

that leaves the mixer. In order to simplify the equation, the stage

volunes 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.

Since each of the solute concentrations can vary during any time

interval, a reasonable method of evaluating these concentrations must

be chosen. Assuming that stage concentrations will vary by only a small

amount during any one time interval, a reasonable initial assumption for

use in the iterations is an average between the concentration at the

start of the time interval and the concentration at the end of the

interval. The final differential equation is integrated using a fourth-

order Runge-Kutta integration scheme and appropriate distribution

coefficients. The result of the integration is a new concentration for

the stage in question. The iterative procedure then moves on to the

next stage where the procedure is repeated. After all of the stages

have values for the concentrations, the next time interval is considered.
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Fig. 2. Ohsteady-state mass balance for a mixer.
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The iterative procedure continues to scan the contactor in

this manner until all of the desired time intervals have been completed.

However, between each of 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 we have assumed that no

mass transfer occurs in the settler, the calculation only propagates

the concentration changes through the settler. In this way a time delay

is added between when a solute leaves a mixer and when it enters the

mixer of an adjacent stage.

The settler equations shown in Fig. 3 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 mixed-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 Runge-Kutta integration scheme seems to be very good at

calculating the concentrations and is very stable with the equations used.

Unfortunately, it uses more computer time than we desire. To bypass

this problem, a second integration method (a finite difference or

trapezoidal form) has been included in the program for mixer calculations.

Calculations in the settlers and the iterative procedure are not affected.

This integration method is twice as fast as the Eunge-Kutta method;

however, it is reconmended for use only when steady-state results are

desired or when the concentrations are changing very slowly.



OHNL OTG. 79-6759

Fig. 3. liisteady-state mass balance for a set t ler .
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The distribution coefficients that appear in the mixer equations

are calculated using a set of correlations based on the aqueous

concentrations. These distribution coefficients were correlated by

Homer in 1970, who showed the interrelationships among the various

solutes, for example, he found that the distribution coefficient for

uraniun is a function of the equilibrium concentrations of all solutes

as well as the total ionic content or total nitrate salting strength of

the aqueous phase.

The reactions assumed to apply to Purex extractions are shown in

Fig. 4. Note that we have allowed nitric acid to complex with tributyl

phosphate (IBP) in two forms as suggested by Richardson in 1975. Equations

were developed to define the pseudo-mass-action equilibrium constants

(having embedded activity coefficient ratios) and to incorporate refinements

developed by Richardson and Swanson in 1975. These equations, shown in

Fig. 5, have been correlated as a function of the total nitrate salting

strength. Based on experimental data, factors are provided in Fig. 6 for

various IBP concentrations and for temperatures. Finally, the relationships

between the distribution coefficients and the equilibrium constants are

shown in Fig. 6.

Chemical reactions between components are handled in separate

subroutines in the program. Ordinarily, a chemical reaction would

appear as a generation or depletion teim in the mass balance equation.

However, this was not advisable for SEEHIS-MODJ, since such a term could

require that the time increment for a calculation be limited by the

reaction rate rather than by the more generally important residence

time for a stage. Thus, chemical reactions are considered to be

essentially independent of the unsteady-state mass balance equations.
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Pig. 4. Chanical reactions in the Purex extraction process.
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Fig. 5. Pseudo-niass-action equilibrium expressions and correlation

with total nitrate salting strength.
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Fig. 6. Factors for other TBP concentrations and temperatures.
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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 as a result of the

chemical 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 then adjusted to account for the

changed concentrations.

Chemical reactions occurring in the settlers are much less complicated,

since no interphase approximations are necessary. The concentrations

in the zones determine the extent of reaction.

Three reaction mechanisms presently available are shewn in Fig. 7.

The simplest mechanism is for an instantaneous reduction of plutonium.

The second is for the reduction of plutonium by U(IV) according to an

empirical first-order rate equation. This was implemented in the

program by assuming that the nitric acid concentration is constant. The

third mechanism is for the reduction of plutonium by hydroxylamine

according to an empirical rate equation which involves a dissociation

3+

constant for PuNO,, . This was put into the program by assuming constant

acid and nitrate concentrations. The proper root of the resulting

integrated reaction rate equation is localized by a binary search.

Tho operation of a stage undergoing chemical reaction and mass

transfer is separated into a series of discrete steps. The contents of

the mixer and all of the streams flowing into that mixer are combined

and reacted. The resulting solutions are mixed again to account
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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 as a result of the

chanical 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 then adjusted to account for the

changed concentrations.

Chemical reactions occurring in the settlers are much less complicated,

since no interphase approximations are necessary. The concentrations

in the zones determine the extent of reaction.

Three reaction mechanisms presently available are sho%vn in Pig. 7.

The simplest mechanism is for an instantaneous reduction of plutonium.

The second is for the reduction of plutonium by U(IV) according to an

empirical first-order rate equation. This was implemented in the

program by assuming that the nitric acid concentration is constant. The

third mechanism is for the reduction of plutonium by hydroxylamine

according to an empirical rate equation which involves a dissociation

3+
constant for PuNOo . This was put into the program by assuming constant

acid and nitrate concentrations. The proper root of the resulting

integrated reaction rate equation is localized by a binary search.

The operation of a stage undergoing chemical reaction and mass

transfer is separated into a series of discrete steps. The contents of

the mixer and all of the streams flowing into that mixer are combined

and reacted. The resulting solutions are mixed again to account
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Fig. 7. Reaction mechanisms.
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for the change in the distribution coefficients resulting from the

chemical reaction.

The criterion for convergence of the iterative stage calculations

is that calculated values of phase concentrations change by no more

than 0.1% between iterations. The program will allow up to 20 iterations,

but in most cases, convergence is attained in only a few iterations.

The criterion for steady state is for all solute concentrations

in all stage mixers and settlers to change by less than a user-defined

tolerance (usually 1%) in adjacent time intervals.

4. APPLICATIONS OF THE PROGRAM

4.1 Transient Response

In real 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, where

it will occur, and when it will occur. SEEHIS-M3D4 was designed to

produce such results. Figures 8 and 9 show the uranium and nitric acid

response curves computed by SEFHIS-M0D4 along with the experimental data

points. The agreement is very good, especially after considering the

sparsity of flow rate data points used in the calculation. The important

observation to make from these figures is that SEPHIS-M0D4 is able to

predict the time when the wave of solute will appear and the approximate

peak concentration.
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Fig. 8. Uranium response curve.
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Fig. 9. Nitric acid response curve.
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Fig. 9. Nitric acid response curve.
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4.2 Steady-State Profile

Experimental steady-state data demonstrate the ability of the

program to predict steady-state 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 10 and 11 show the effects

of these factors on the aqueous and organic uranium profile concentrations.

Experimental data points and the SEFHIS-M3D4 prediction are depicted.

The strip section (stages 1-16) shows the cunulative 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 became larger. Observation of the contactor

in operation 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 and

is accurately known. The concentration in stage 15 is relatively certain

because it is only one stage away frcm stage 16. The concentration in

stage 1, however, is influenced by all the distribution coefficients in

the strip section. Each of these calculated coefficients has a degree

of uncertainty; therefore, 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,
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Fig. 10. Aqpaeous-phase uranium prof i l e .



10

10'

10°

.0"

I0"2

to"3

lO" 4

to'8

id''

(O10

. 0 -

• • / -

0 /

00 ° /

. /

Vrr-To

ORNL DWG. 78 -9099

10

V °
\ 0 »

V

\

\

\

10 IS 20 23 30
STAGE NO.



OHSIL EWG. 78-5099

Fig. 11. Qi-ganic-phase uranium prof i le .
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with the conditions used, the same amount of uranium must leave stage

17 in the. organic phase as entered stage 25 in the aqueous feed stream.

The concentration profile in the scrub section also tends to be flat;

therefore, it is not surprising that the experimental and predicted

concentrations in the scrub section show good agreement.

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. The experimental

aqueous concentration, however, is much higher than the predicted

3

value, which is due to incomplete mixing of the 300-kg U/m feed stream

with the contents of the mixer. Such nonidealities are not simulated

by the program.

The extraction section (stage 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.

4.3 Distribution Coefficient Mapping

SEEHIS-M0D4 contains the subroutine UCOR, which is used to provide

distribution coefficients. This subroutine can also be used independently

to predict distribution coefficients in concentration regions where

experimental data are not available or to compare predicted and experimental

values. Examples of distribution coefficient maps for the uranium-

plutonium-nitric acid systems are shown in Figs. 12 and 13. Such maps

are useful for visualizing the interactive effects of the competing

extracting Species.
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Fig. 12. Distribution coefficient map - low acid.
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H g . 13^ Distribution coefficient map - high acid.
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4.4 A Steady-State Calculation for a

Six-Stage Stripping Contactor

As an example of a typical use of the program for flowsheet planning,

a simple calculation was made for a six-stage uranium-stripping contactor,

which is shown in Fig. 14. Only steady-state results were desired;

therefore, the computer was instructed to produce only the final

concentration profile. For this type of calculation only the feed streams

had to be specified. The final concentration profile indicated what

concentrations could be expected in the contactor and in the end streams.

The calculation took only 2.1 s of execution time on the ORNL IBM 360/91

computer.

4.5 Steady-State Calculation for a

Batch-Extraction Process

Another example describes how a batch-extraction process such as

is shown in Fig. 15 can be simulated with the program. This process is

rather simple to describe; however, it is difficult to picture as a

continuous operation that the code can handle. One volume of aqueous

phase is to be contacted with two portions of pure solvent. A two-to-one

(organic-to-aqueous) phase ratio is to be used in each of the two contacts.

The two resulting organic solutions are to be combined and stripped.

Five strip contacts are to be made with 0.4 M nitric acid. The two-to-one

phase ratio (O:A) is also to be used in the stripping operations.

The batch operation can'be modeled by the progr&Ti as a series of

cross-current contacts. The strip contacts are in stages 1 through 5 and

the extraction contacts are stages 6 and 7. The cross-current process has
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4.4 A Steady-State Calculation for a

Six-Stage Stripping Cbntactor

As an example of a typical use of the program for flowsheet planning,

a simple calculation was made for a six-stage uranium-stripping contactor,

which is shown in Fig. 14. Cbly steady-state results were desired;

therefore, the computer was instructed to produce only the final

concentration profile. Ear this type of calculation only the feed streams

had to be specified. The final concentration profile indicated what

concentrations could be expected in the contactor and in the end streams.

The calculation took only 2.1 s of execution time on the ORNL IBM 360/91

computer.

4.5 Steady-State Calculation for a

Batch-Extraction Process

Another example describes how a batch-extraction process such as

is shown .in Fig. 15 can be simulated with the program. This process is

rather simple to describe; however, it is difficult to .vcture as a

continuous operation that the code can handle. One volume of aqueous

phase is to be contacted with two portions of pure solvent. A two-to-one

(organic-tc—aqueous) phase ratio is to be used in each of the two contacts.

The two resulting organic solutions are to be combined and stripped.

Five strip contacts are to be made with 0.4 M nitric acid. The t\ra-to-one

phase ratio (0:A) is also to be used in the stripping operations.

The batch operation can be modeled by the program as a series of

cross-current contacts. The strip contacts are in stages 1 through 5 and

the extraction contacts are stages 6 and 7. The cross-current process has
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Fig. 14. Six-stage uranium stripping contactor.
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ELg. 15. Batch extraction process.
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many more input and exit streams; therefore, more input data is

required to describe the process. An initial concentration profile was

also defined in this example to speed the convergence time to a

steady-state result.

The results of the calculations indicated the concentrations that

may be expected in each of the batch contacts. A simple mass balance

around any stage demonstrated that the continuous cross-current process

is acceptable as a model of the batch process. Thus, the program may

be used for many processes other than continuous, counter-current

mixer-settlers. This calculation required only 0.6 s of computing tame

on the OENL IBM 360/91 computer.

4.6 Transient Calculation for Two Pulsed Columns

Transient calculations usually require more information if a good

prediction is to be made. In the example shown in Fig. 16, two pulsed

columns are modeled. It should be noted that SEFHIS-MQM is tailored

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

Each mixer-settler stage is a theoretical stage. However, columns are

commonly characterized by their height equivalent to a theoretical stage

(HETS); therefore, the changes in column concentration may also be

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

should still be a useful representation of the changes in concentration

which would be found in a column.

Since an accurate representation of the column is desired, the

volumes for the mixing and settling portions need to be specified. These

volumes are crucial in determining the time delays associated with the
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Fig. 16. Double pulsed-column system.
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columns. In the interior section of the columns, the stage volume is

determined by the HEIS. The split by phases is equal to the flow ratio,

and the split between the 'Vnixers" 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.

The situation being simulated is the complete loss of the small

reductant stream for 30 min. The starting point is a steady-state profile

produced by an earlier computer run. Since this is a transient case, the

time increment is set to a value somewhat smaller than the shortest

residence time in the columns. This helps the integration routine follow

the changes in concentration more accurately. After thirty minutes have

elapsed, the reductant stream is resumed and the calculation is continued

for another 30 min. This calculation required 27 s on the ORNL IBM 360/91

computer.

4.7 Partial Partitioning in a Coprocesssing Flowsheet

Cold uranium mixer-settler tests were run to investigate coprocessing

flowsheets that might be used to produce a product stream with 20%

plutoniura and 80% uranium. The SEPHIS-MQD4 program was used to determine

the experimental conditions for extraction and partial partitioning which

would give the desired product; the experimental concentrations in the

mixer-settlers were canpared with the calculated values. The aqueous

uranium and nitric acid profiles for the partial-partitioning mixer-settler

bank are shown in Figs. 17 and IS respectively. The results for both

components are very close throughout the bank. Plutonium, of course,

would be expected to completely transfer t •> the aqueous phase. These
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Pig. 17. Uranitm profile.
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Fig. 18. Nitric acid profile.
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Fig. 18. Nitric acid profile.
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results indicate that (1) the SEHKIS-M0D4 program is quite useful

in scouting new flowsheet conditions, and (2) the flowsheet conditions

used will result-in the desired uranium concentration in the product

streams.

Program applications of this type are continuing to provide a

valuable planning tool for flowsheet development. We have most recently

simulated a novel approach to partial partitioning by exploiting the

small difference between uranium and plutonium distribution coefficients.

In this problem, no plutonium reductant is added. The computer was used

to determine the required number of mass-transfer stages and to determine

the variations in flow rates that would be allowable and still maintain

operational integrity and product purity.

5. USES OF THE PROGRAM

In its present form, computer program SEPHIS can be used to:

1. guide flowsheet optimization studies and thus minimize the amount of

experimentation required to establish a particular set of operating

conditions;

2. aid in a nuclear criticality analysis of the solvent extraction plant;

3. analyze the transient response to start-up or shut-down operations

and optimize methods of control;

4. study the effects of a process upset caused by component failure, process

solution error, or change in feed characteristics, and monitor the return

of the process to normal operation upon correction of the problem;

5. aid in maintaining an exact inventory of security-sensitive materials

for nuclear safeguards purposes; and



6. help maintain process control in an automated solvent extraction

plant.

In conclusion, we may state that the procedure used in the SEFHIS

calculations makes this program very useful for many types of design,

optimization, and evaluation problems in a solvent extraction system.
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