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ABSTRACT

SEPHIS MOD4, Version 2.11, is a significantly improved and enhanced version of the
SEPHIS MOD4 calculational model for stagewise Purex and Thorex solvent extraction systems,
Version 2.11, developed at the Oak Ridge National Laboratory, is especially suited for the casual
user. All operations are carried out on a PC and extensive help features are included, enabling
anyone familiar with liquid-liquid solvent extraction processes and PC operation to quickly
become adept in applying the model to data analysis, flow sheet development, process monitoring,
off-normal operational analysis, and studies of process response to changing inputs. This manual
provides a brief description of the model and instructions for its use.

ix






1. INTRODUCTION

SEPHIS MOD4, Version 2.11, is a PC-based calculational model for stagewise Purex and
Thorex solvent extraction systems. Version 2.11 is the latest in a series of improvements to the
original SEPHIS model developed in 1972, which is termed SEPHIS MODI1. It was specific to
the Purex process as applied to liquid-metal-cooled fast breeder reactor (LMFBR) fuels and
considered only a single extractant concentration and temperature.

Improvements to the correlation of distribution coefficients were included in 1973.%* This
model, SEPHIS MOD2, also allowed the use of various extractant concentrations and
temperatures. In 1975, the distribution cocfficient correlation: was changed again, provision was
made for the salting effect of inextractable nitrates, changes were made in order to perform
calculations on a solute-free, rather than a molar, basis, and a means for handling a chemical
reductant was included.® This model, SEPHIS MOD3, was also adapted to the Thorex process in
1979.5%

SEPHIS MOD4 was developed in 1979 and adapted to both Purex and Thorex processes.””
Although following the same general concept of a mixer-settler bank as was used in previous
SEPHIS models, MOD4 refined the concept slightly and, to a greater extent, changed the
mathemartical relationships that describe the concept. Major improvements were made in the
handling of reactions by chemical reductants and in the integration procedures for accurately
following process transient conditions.

The new Version 2.11 of SEPHIS MOD4 provides additional enhancements for the casual
user. The most important is the adaptation to a PC. 1t offers unsurpassed flexibility for a range
of solvent extraction applications, including data analysis, flow sheet development, process
monitoring, off-normal operational analysis, and studies of process response to changing inputs.

1.1 OVERVIEW

This document is intended as a user’s manual for SEPHIS MOD4, Version 2.11. In the
sections to follow, sufficient information is provided to cnable anyone familiar with liquid-liquid
solvent extraction processes and with PC operation to become adept in the use of this model. An
abbreviated description of the model is provided in Sect. 2. For a complete description of the
model, including the programming logic, refer to the SEPHIS Technical Manual.'® The
capabilitics of Version 2.11 arc discussed in Scct. 3, and the specific advantages over previous
versions of the model are described in Sect. 4. Section 5 lists hardware requirements. In Sect. 6,
detailed instructions are given for using the model. Sample problems are provided in Scct. 7,
Appendixes show sample screen displays from the PC monitor, list common error messages, and
offer a few hints that may be useful.



1.2 CONTENT OF THE DISTRIBUTION DISKETTE
The distribution diskette is a single 2S/2D, 5 1/4-in. floppy disk that contains the files listed

in Table 1. This disketie may be obtained by writing to the Department of Energy National Energy
Software Center, Argonne National Laboratory, 9700 South Cass Avenue, Argonne, Illinois 60439,

Table 1. Files included in the

distribution diskette
File Size Date
SECALCEXE 136,093 7/16/90
SEPHIS . EXE 50,641 7715790
SEPREP EXE 97,631 7/16/90

SEPRNT.EXE 74,343 7/16/90




2. DESCRIPTION OF THE MODEL

2.1 CONCEPTUAL AND MATHEMATICAL BASES

Version 2.11 employs the same conceptual and mathematical bases as the original SEPHIS
MOD4. A stagewise representation of the liquid-liquid solvent extraction process is featured that
would occur when using mixer-settler contactors in a countercurrent array. In a given stage,
agucous and organic streams from adjacent stages (and/or feed streams) are well mixed in the
mixer section with any liquid inventory in the mixer where all mass transfer between the phases
takes place. An equilibrium contact is assumed (i.e., a perfect mixer). The mixed-phase stream
then flows to a setiler that consists of three tanks (zones) in series. These three zones are of equal
volume and serve as liquid holdup regions between mixers. No additional mass transfer between
the phases occurs in the settler zones and the contents of each phase in each zone are assumed
homogeneous. Aqueous and organic streams leaving the third scttier zone proceed to adjacent
stages or are withdrawn as products.

Feed streams can be admitted to any stage, and product streams can be withdrawn from any
stage. A special routing provision is that the entire organic stream can be withdrawn from one
stage and fed to any other stage. ,

Chemical reactions for plutonium (by the added reductant) arc assumed to occur entirely
within the aqueous phase. They may occur in the mixer, the aqueous portion of the settler zones,
or both, depending on the time constant of the reaction and the relative quantities of reactants.

Provisions are made to specify stage volumes in one of three ways. Individual phase volumes
for both mixers and settlers can be specified, total volumes for both mixers and settlers can be
specified, or volumes can be assumed equal to the phase flow rate per unit time. The third raethod
is adequate when only steady-state stage concentrations are desired. To accurately follow changing
concentrations over a time period, stage volumes must be specified to closely approximate the
contactor hardware being modeled.

The flow of solutes through the model is described by differential equations. Empirical
correlations are used to distribute solutes between phases, to model chemical (reductant) reactions,
to provide phase densities, and to account for water extracted into the organic phase. For
simplification, certain assumptions and approximations are made; these are listed in Sect. 2.3.
Integration of the differential equations is accomplished by using numerical techniques for a
specified time increment. The user should specify a time increment for integrations that is no morc
than 25% of the mean stage solution residence time if accurate results for transient conditions are
desired. If only stcady-state results are desired, a time increment of 1 min is usually satisfactory.
One of the numerical integration techniques will generally operate without failure at much larger
time increments, as described in the remainder of this section.

Three numerical integration techniques are available for specification by the user for mixer
calculations. (1) The Runge-Kutta technique is generally the most accurate (except when chemical



reduction of plutonium is occurring). It can be used to obtain transient or steady-state resulis.
(2) The Trapezoidal technique will provide accurate steady-state results and consume somewhat
less computer time than the Runge-Kutta technique for the same specified time increment for
integrations. It is not recommended for transient results. (3) The Fast technique can be used for
both transient and steady-state results, although the plutonium reduction profile differs somewhat
from that generated by other techniques. Plutonium is reduced more slowly because of the set of
concentrations uscd to calculate the reduction rate. When plutonium reduction is occurring,
however, this is the only recommended technique for transient results. The Fast technique will
consume mor¢ computer time than the Trapezoidal technique for the same specified time
increment for integrations but in most cases is capable of handling relatively large time increments
(10 min), thereby producing steady-state results at a rapid rate. Use the information in Table 2 as
a guide when choosing an integration technique.

Table 2. Choice of numerical integration technique

Steady-state results Transient results
Integration No Pu Pu No Pu Pu
technique reduction reduction reduction reduction
Runge-Kutta 1 N R N
Trapezoidal R R N N
Fast 1 1,2 R R

1 = Optional (generally consumes more computer time)
2 = Optional (plutenium profile may be in error)

N = Not recommended

R = Recommended

Only the Trapezoidal technique is used for seitler calculations. Since no mass transfer
between phases occurs in the settlers, this calculation merely has to propagate concentration
changes through the setier zones.

Integrations continue for successive time increments until stopped by the user, stopped by
a maximum time limitation, or stopped by the attainment of sicady-state conditions as indicated
by a user-specified tolerance.

When calculating the Purex process, plutonium reduction from Pu(iV) to Pu(II) can be
modeled as (1) an instantaneous reduction, (2) reduction by uranium [U(IV)], or (3) reduction by
hydroxylamine nitrate (HAN). The user specities the quantity of reductant to be added in a feed
stream (or initially added in inventory) and also specifies one of the three reaction mechanisms
listed.

For a more complete description of the model (including programming logic) refer to the
SEPHIS Technical Manual.™



2.2 PROGRAM FUNCTIONS

SEPHIS MOD4, Version 2.11, is a menu-driven set of computer programs. Program
SEPHIS.EXE on the distribution diskette contains the menu program from which the user may
select any of the three companion programs or exit 1o the computer system. On completion of any
of the three companion programs, the menu reappears.

Program SECALC.EXE is the calculational routine that carries out all of the operations just
described based on user input provided through the Problem Definition file. On completion, this
routine prepares a Problem Results file. Hard-copy printouts of results are also managed by this
routine. It must have available a previously prepared Problem Definition file to function.

Program SEPREP.EXE is used to prepare the Problem Definition file. It prompts the user to
provide all of the input data for a particular problem to be solved.

The SEPRNT.EXE program enables the user to obtain hard-copy printouts of problems that
were previously run without the necessity of rerunning them. This feature of the program is useful
in instances where the original printout is destroyed or lost or when duplicate copies are desired.

2.3 APPROXIMATIONS AND ASSUMPTIONS

1. Solute concentrations in the contactor change rather slowly.

Approximations made to numerically integrate the differential equations become more exact if
concentrations change slowly. By specifying a small time increment (significantly less than the
mean stage residence time) over which integrations are performed, errors are minimized. This
assumption does not apply when only steady-state results are desired.

2. Stage volumes and flow rates remain constant.

Because of nonideal solutions, which cause flow rates and volumes to vary with solute
concentrations, SEPHIS MOD4 performs calculations on a solute-free, rather than a molar, basis.
This convention greatly reduces the effect of nonideal solutions. Approximate relationships are
used to convert molar to solute-free quantities.

3. The contactor operation conforms with the concept of the model.

Perfect mixing and all interphase mass transfers are assumed to occur in the mixers, The solutes
are at an equilibrium distribution between the phases as defined by using approximate correlations
of laboratory distribution data. In the settlers, phases separate completely, and interphase mass
transfer is not allowed. Entrainment of one phase within the other is not considered. Each phase
in every settler zone is homogeneous.

4. Chemical reactions occur entirely within the aqueous phase.
Pu (III), the reductant, and inextractable nitrate salts remain in the aquecous phase. The extent of
reactions is governed by approximate chemical reaction kinetic data and expressions.

5. Solvent degradation products from radiolysis or chemical attack are not considered.

6. Nonideal heat effects are not considered.

Temperature profiles are calculated by using approximate heat capacities for the phases. Heats of
mixing, heats of reaction (mass transfer), heat contributions from radiation, or heat transfer to the
surrounding environment are not considered.






3. CAPABILITIES OF VERSION 2.11

3.1 APPLICATIONS

The SEPHIS MODM, Version 2.11, calculational model will find many uses. Perhaps
prominent among them is the development of a solvent extraction flow sheet to accomplish a
specific purpose. A variety of input conditions can be quickly and inexpensively explored to result
in a candidate flow sheet that is optimized for the purpose intended. Laboratory or pilot-plant
verification of the chosen flow sheet conditions is, of course, a necessary step before constructing
a plant owing to inaccuracies of the model brought about by the approximations and assumptions
used. Operational data from such verification tests can then be compared to model results, and
model parameters can be adjusted to provide a reasonable match.

Given an operational flow sheet, the model can be used for exploring off-normal operational
scenarios and process response to changing input conditions. The solute concentration profile data
generated by the model are useful for heavy metal inventory analyses.

The SEPHIS MOD4, Version 2.11, calculational model was developed for the Purex and
Thorex solvent extraction systems. For Purex, the components considered are nitric acid, uranium,
plutonium (IV), plutonium (1II), a plutonium reductant, and inextractable nitrate salts. For Thorex,
the components considered are nitric acid, uranium, thorium, and inexiractable nitrate salts.
Tri-n-butyl phosphate (TBP) is the organic-phase extracting agent for both systems.

The model assumes the use of up to 100 perfect mixer-settler stages, generally connected in
a countercurrent array. As shown in Sect. 7, a range of problems can be set up for modeling.
These include countercurrent arrays of stages for extraction, scrubbing, partitioning, and stripping
operations. The flexibilities of the user-specified feed and product stream information permit
modeling cross-current and batch processes as well. To model other types of equipment, such as
pulsed columns, the user must have good information about the equivalent number of perfect
stages represented by the column(s).

Applications are limited, to a certain degree, by the range of conditions for which distribution
cocfficient data are available. The empirical distribution coefficient models used in Version 2.11
were generated {rom a large population of laboratory distribution data®>'"*? covering the ranges
shown in Table 3.

Table 3. Range of conditions for distribution coefficient data correlations

HNO, Uranium Plutonium Thorium TBP Temperature
Process (M) (g/L) (g/1) (g/L) (%) O
Purex 0.0-5.0 0200 0100 - 1030 1040
Thorex 0.0-3.0 020 - 0150 ~30 15-70




3.2 CREATING PROBLEM DEFINITION FILES

Problem Definition files are created through the use of the SEPREP.EXE program, which can
be run dircctly or invoked from the menu program SEPHIS.EXE. These files are created either
on a diskette supplied by the user or on the user’s hard disk. The contents of a Problem Definition
file are as shown in Table 4. The SEPREP.EXE program prompts the user for all process and flow
sheet information necessary to perform the calculations. On completion of problem definition, the
user has the option of obtaining a hard-copy printout of the problem. Details for running this
program are given in Sect. 6.

Table 4. Contents of a problem definition file

Data identification

Gengral information

Date of problem preparation

Time of problem preparation

Problem iitle

Number of stages

Volume fraction of TBP

Default temperature, °C

Stage connection index

Exit stage for organic (special routing)
Entrance stage for organic (special routing)
Pu reaction index

Process index

Time increment, min

Time between printings, min

Time to stop, min

Tolerance (inventory change), %/min
Index for extra products

Index for mixer volume data

Index for settler volume data

Index for initial concentration profile data
Integration technique index

Definition of each feed stream

(Purex process) (Thorex process)

Stage number Stage number

Index for type of stream Index for iype of stream
Feed rate, L/min Feed rate, L/min

Acid concentration, M Acid concentration, M
U concentration, g/L. U concentration, g/L.
Pu(IV) concentration, g/L. Th concentration, g/L.
Pu(IIl) concentration, g/l Nitrate concentration, M
Reductant concentration, M Feed temperature, *C
Nitrate concentration, M Index for more streams

Feed temperature, °C
Index for more streams



Table 4. Contents of a problem definition file
(continued)

Data identification

Definiti i |
Stage number

Index for type of stream
Product flow rate, L/min
Index for more streams

\ initial il
(Purex process) {Thorex process)

Acid concentration, M Acid concentration, M
U concentration, g/l. U concentration, g/L.
Pu(IV) concentration, g/L. Th concentration, g/l
Pu(lII) concentration, g/L. Nitrate concentration, M
Reductant concentration, M Temperature "C

Nitrate concentration, M
- Temperature, "C

. ic initial il
{Purex process) (Thorex process)
Acid concentration, M Acid concentration, M
U concentration, g/L. U concentration, g/l
Pu(1V) concentration, g/l Th concentration, g/l
Mixer volume data

Stage number

Aqueous volume, L
Organic volume, L.
Index for more data

Settler volume data

Stage number
Aqueous volume, L
Organic volume, L
Index for more data

3.3 CALCULATING DEFINED PROBLEMS

The SECALC.EXE program performs all problem computations. It can be run directly or can
be invoked from the menu program SEPHIS.EXE. The program uses a previously prepared
Problem Definition file supplicd on a diskette or on the hard disk and produces a Problem Results
file on that disk medium. In the course of performing calculations, the program writes data to a
scratch file on the diskette or hard disk that is then erased after the Problem Results file is created.
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A screen display shows the status of operation. Initially, statements appear that indicate the
status of problem setup (definition of feed streams, stage volumes, initial concentration profile,
and others). The course of calculations is then monitored by showing time increments and stage
numbers being calculated, as well as the largest inventory change (per minute) of a solute in a
stage of the cascade. Finally, the screen display in the form of bar graphs shows the approach 1o
steady-state conditions for all extracting solutes.

Calculations proceed for successive time increments until the maximum time allotment is met
(as specified in the Problem Definition file) or until steady-state conditions are attained. In
addition, by pressing any key on the PC keyboard, the user can abort the job at any time. If the
job is stopped prematurely, or has reached the maximum time allowed, the user is given the option
of continuing calculations for more time.

Hard-copy printouts of results arc managed by this program and are provided at discrete
times (as directed by the Problem Definition file) and whenever the job is stopped for any reason.

At the end of a computation job, the Problem Results file is created on the diskette or hard
disk. The contents of this file arc as shown in Table 5. Details for running this program are given
in Sect. 6.

3.4 RETRIEVING RESULTS OF PAST PROBLEMS

The SEPRNT.EXE program can be run directly or can be invoked from the menu program
SEPHIS.EXE. This program is used to obtain hard-copy printouts of past problems without the
necessity of rerunning those problems. It must have available both the Problem Definition and the
Problem Results files created previously on a diskette or on the hard disk. Details for running this
program are given in Sect. 6.
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Table 5. Contents of a problem results file

Data identification

Problem title

Date of calculations
Time calculations begin
Process run time, min

ncentrati il h st
(Purex process)

Stage number

Aqueous acid concentration, M
Aqueous U concentration, g/L.
Aqueous Pu(IV) concentration, g/L.
Organic acid concentration, M
Organic U concentration, g/L
Organic Pu(IV) concentration, g/L.
Aqueous Pu(IIl) concentration, g/i.
Aqueous reductant concentration, M
Aqueous nitrate concentration, M
Aqueous density, g/mL (Density data are at 25°C)
Aqueous flow rate, L/min
Temperature, *C

U extraction factor

Pu extraction factor

Acid extraction factor

Organic density, g/mL (Density data are at 25°C)
Organic flow rate, L/min

TBP saturation, %

Maximum inventory change, %/min
Time calculations stop

ent material balances for the final time

(Thorex process)

Stage number

Aqueous acid concentration, M
Aqueous U concentration, g/L
Aqueous Th concentration, gfl.
Organic acid concentration, M
Organic U concentration, g/L.
Organic Th concentration, g/l
Nitrate concentration, M
Aqueous flow rate, L/min
Temperature, °C

U extraction factor

Th extraction factor

Acid extraction factor

Organic flow rate, L/min

TBP saturation, %

Maximum inventory change, %/min

Time calculations stop

Process time, min
Acid balance, %

U balance, %

Pu or Th balance, %







4. ADVANTAGES OF VERSION 2.11

Compared to the original SEPHIS MOD4 model, Version 2.11 offers many improvements.
The most important advantage is the ability to operate the programs on a PC with extensive user-
oriented aids. The design of the various screen displays assists the user in providing input data
in the correct form and in the proper sequence. After all requested information for a given display
is completed, the user is given a chance to go back and correct that display before the data enter
the computational routines.

An even more useful screen display appears while the calculations are being made. The
continuous display of time increment and stage number, the automatically updated display of
maximum inventory change per minute, and the bar-graph display of approach to steady-state
conditions permit the user to monitor the transient approach to steady-state and stop calculations,
if desired, at any time.

Another important advantage of the Version 2.11 programs is that they provide separate
Problem Definition and Problem Results files for each job, which can be retained for other uscs.
These files are in an ASCII format and can be imported by other software, such as graphics
programs or spreadsheets.

A new numerical integration technique (called Fast) has been developed since the publication
of the original SEPHIS MOD4 model and is incorporated in Version 2.11. Although a little slower
than the Trapezoidal technique for equivalent integration time increments, the Fast technique will
function with large time increments and provide steady-state results at a rapid rate. This technique
may produce a somewhat different plutonium reduction profile because of the way chemical
effects are handled, but it is the only recommended method for obtaining transient resulis
whenever plutonium reduction is occurring.

The correlation of Purex process distribution cocfficient data has been further improved since
the original SEPHIS MOD4 model and this correlation is incorporated in Version 2.11.

The mathematical description for the reduction of Pu(IV) by HAN has been improved in
Version 2.11, eliminating the oscillations occasionally encountered in previous versions.

Calculations for estimates of aqueous- and organic-phase densities that appear in the printout
of results have been corrected. The data are valid at a temperature of 25°C.

These programs retain all features and improvements used in the original SEPHIS MOD4
mode] and exhibit the same accuracy of calculations. Although written in the BASIC language,
the programs have been compiled into [EXE files by using Microsoft’s QuickBASIC, Version 4.0.
Consequently, they operate quickly and efficiently on many PC systems.

13






5. HARDWARE REQUIREMENTS

Minimum PC hardware requirements are an IBM PC-XT or equivalent compatible (with
640-K RAM, two 360-K floppy disk drives or one 360-K floppy disk drive and an installed hard
disk, and a math coprocessor chip) and a dot-matrix printer. Enhanced computational speed can
be achieved with systems that operate at 8-MHz clock speed or higher. A 16-MHz (or faster)
system with a 32-bit (80386) processor is ideal. On fast machines, a math coprocessor chip is not
essential.

A color monitor is not required since color is not suppoiied by the programs. To take full
advantage of the hard-copy printout features, the dot-matrix printer should be configured to use
the IBM character set.

15






6. USING THE MODEL

6.1 FIRST-TIME USAGE

As with any computer software, the user should prepare a backup copy of the distribution
diskette for use and should store the original copy in a secure location. There are several options
available for using these programs, as shown in Table 6. The choice will depend on the user’s
equipment and individual needs. '

Table 6. Options for program usage

Location (drive) for:

Program files Data files
AN B\
AN CASubdith
B\ AN
B\ CASubdis
CASubdin AN
CASubdin BA
CAN\Subdin CANSubdi\

If the programs are to be run from an installed hard disk, the files on the distribution diskette
should be directly copied to the hard disk. Tt is suggested that a special subdirectory be created
on the hard disk for these programs (for example, C\SEPHIS\). To take full advantage of the
hard-copy printout routines, the printer should be configured to use the IBM character set.

6.2 BEFORE STARTING

Before starting the SEPHIS MOD4, Version 2.11 programs, the user should have available
an empty, formatted diskette or an appropriate subdirectory ({C:\Subdir\) created on the installed
hard disk. This can be the same subdirectory as that used for the programs, if desired. The
programs will write Problem Definition and Problem Results files in that location. For diskettes,
it is suggested that a separate diskette be used for each problem until it is determined that file
sizes are sufficiently small to enable several problems to be stored on a diskette. In the course of
performing calculations, the program will write data to a scratch file on the diskette or hard disk;

17
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this file is erased at the cnd of the program after the Problem Results file is prepared. Since
problems vary in length, the scratch file can become quite large. Only problems with a specified
time to stop which are greatly in excess of 5000 min have resulted in a scratch file that exceeded
the capacity of a 360-K diskette. It is generally safe to include up to six problems on a single
diskette.

Before running the programs, the user should also have readily available all of the input data
that will be requested. The necessary input information is described in Sect. 6.3.2.

6.3 HOW TO OPERATE
6.3.1 Program SEPHIS.EXE

Program SEPHIS.EXE is the menu program. The computer screen will display the menu and
the user will be requested to select one of four options. Enter 1 to define a problem, 2 to run a
problem, or 3 to print a problem. Note that to run a problem, the problera must first be defined
by using option 1. Option 3 is used to obtain a new hard-copy printout of a previously mn
problem. The fourth option is to enter 0. This terminates the program and returns the computer
to system status.

6.3.2 Program SEPREP.EXE
Normally, the program SEPHIS.EXE is run to obtain the beginning title screen and menu for
the set of programs. The choice of option 1 from the menu invekes the program SEPREP.EXE.
Alternatively, SEPREP.EXE can be started directly. The user will be asked if the Problem
Definition file is to be created on a diskette, and if so, will be requested to insert the diskette.
A series of screen displays will prompt the user for process flow sheet and equipment
information. When providing the requested information, the user should remember that stages are
numbered following the flow of the heaviest phase (aqueous), or from the top down if one views
the cascade as a pulsed column.
Initial Screen

The information on the first screen is requested in the following order:

1. Problem Title. Enter a title for the problem to be solved. Do not use commas. Limit the
length 10 60 characters.

2. Name of Process. Enter 0 for the Purex process; 1 for Thorex.
3.  Number of Stages. Enter the number of stages as a whole number (up to 100).
4, TBP Content of the Solvent. Enter the TBP content as #.# volume %.

5. Initial or Default Temperature. Enter the temperature as ##.# °C.
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11.

12.

13.

14.

15.
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Unusual Stage Connections. Enter 0 if none, or 1 for special routing. Special routing is
defined as the case where all of the organic phase leaving a particular stage is routed to
some other stage. If a 1 is entered, two additional entries will be requested; the number of
the stage from which organic is taken and the number of the stage to which it is returned.

Plutonium Reaction. Enter 0 for none, 1 for instantancous reduction of Pu(IV), 2 for
reduction of Pu(IV) by UQV), or 3 for reduction of Pu(IV) by HAN. This request does not
appear if the Thorex process is specified.

Time Increment. Specify a time increment for integrations (in minutes) that is <25% of the
mean stage solution residence time if accurate results are desired for transient conditions;
otherwise a good choice is 1.00 min. Enter the value as #.4#. Hint: A multiple of the time
increment should exactly equal the time between printing of results (specified in Item 9 that
follows). For example, a time increment of 0.13 min will not permit results to be printed at
10 min, but a time increment of 0.125 min will allow a 10-min printing of results
(10/0.13 = 76.9, not an even multiple).

Time Between Printing of Results. Enter the time interval (in minutes) at where results are
to be printed. Remember that results will always be printed at the end of a job. This request
allows more frequent printouts to be obtained. Enter the value as a whole number.

Time When Calculations Will Stop. Enter the maximum time (in minutes) that the job
should run. It is generally wise to limit this value to 5000 min when data files are written
to a diskette, to prevent exceeding diskette capacity for the scratch file. This time
specification will terminate calculations if steady-state is not attained first or if the user does
not abort the job prematurely. Enter the value as a whole number.

Tolerance for Steady State. An attainment of steady-state is assumed whenever the inventory
change per minuie of any solute in any stage is less than the user-defined tolerance. The
tolerance should be set as low as possible without unduly adding to computation time. It is
expressed as percentage inventory change per minute and is entered as #.##H4. Although
values as low as 0.0001 are used frequently, values of 0.0010 provide essentially equivalent
results.

Mixer Volume Index. Enter 1 if mixer volumes are to be defined for each phase, 2 if only
total mixer volumes are defined, or 3 if volumes will be equal to phase flow multiplied by
unit time.

Settler Volume Index. Enter 1 if seitler volumes are to be defined for each phase, 2 if only
total settler volumes are defined, or 3 if volumes will be equal to phase flow multiplied by
unit time.

Initial Concentration Profile Index. Enter O if the initial concentration profile is 0, 1 if it is
to be defined, or 2 il the profile is the result of a previous calculation.

Integration Technique Index. Enter 0 for the Runge-Kutta technique, 1 for the Trapezoidal
technique, or 2 for the new, Fast technique. Refer to Table 2 when making choices.
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Extra Product Stream Index. Enter 1 to indicate extra product streams, or O for none. Extra
product streams are defined as those in addition to the normal product streams from the ends
of a cascade of contactors.

Specification of Problem Definition File. A drive specification {path) and filename for the
Problem Definition file must be entered. Examples are B:\xxxxxxxx and
C:\Subdir\xxxxxxxx where up to eight characters (x) can represent a personalized filename.
Only certain characters are allowed (using the standard DQOS file naming convention). Do
not add an extension to the filename since the program will automatically add .DAT to the
filename to designate it as a data file.

This completes the information requested on the first screen. At this point, if any mistakes were
made, the user is given the option of retuming to Item 1, Problem Title.

Feed Stream Screens

The next set of screens will request information concerning feed streams. Information is

provided in the following order:

1.

10.

Stage Number for Feed. Enicr the stage number for a feed stream as a whole number.
Type of Feed. Enter 1 for an aqueous strcam, or O for an organic stream.
Flow Rate. Enter the feed stream flow rate in L/min as ###.##H.

Nitric Acid Concentration. Enter the feed stream nitric acid concentration in molar units as
it #HHE

Uranium Concentration. Enter the feed stream uranium concentration in g/l as #HH . #f.

(Purex). Plutonium (1V) Concentration. Enter the feed stream Plutonium (IV) concentration
in g/l. as HHEHH

or

(Thorex). Thorium Concentration. Enter the feed stream Thorium concentration in g/L as
HHE A,

(Purex, aqueous feed only). Plutonium (IIT) Concentration. Enter the aqueous feed stream
Plutonium (I1II) concentration in g/l as #H#HH.

(Purex, aqueous feed only). Plutonium Reductant Conceniration. Enter the plutonium
reductant concentration in molar uniis as ##.#H.

(Aqueous feed only). Inextractable Nitrate Ion Concentration. Enter the inextractable nitrate
ion concentration in molar units as ##.###.

Feed Temperature. Enter the feed stream temperature in °C as ##.#. If the default temperature
applies, cnter 0.
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This completes the information requested onthis screen. At this point, if any mistakes were made,
the user is given the option of returning to Item 1, Stage Number For Feed. The user is then asked
if there is another feed stream. If so, the sequence is repeated for the next feed stream.

Extra Product Stream Screens
If extra product streams were indicated on the initial screen, the next set of screens will
request information concerning these product streams. Information is provided in the following

order:

1. Stage Number for Product. Enter the stage number for an extra product stream (a whole
number).

2. Type of Product. Enter 1 for an aqueous stream, or 0 for an organic stream.
3.  Flow Rate. Enter the product stream flow rate in L/min as ##Hf##H#,
This completes the information requested on the screen. If any mistakes were made, the user is
given the option of returning to Item 1, Stage Number For Product. The user is then asked if there
is another product stream. If so, the sequence is repeated for the next product stream.
Initial Concentration Profile Screens

If indications were made on the initial screen that the initial concentration profile is to be
defined, the next set of screens will request information conceming that profile. The first screen(s)
concern the aqueous-phase concentrations in each stage. The user will be asked to supply
concentration data in the following order for each stage, beginning with Stage 1. The screen will

show data for up to 17 stages. A new screen chart will appear, if required, for another 17 stages.

1. Nitric Acid Concentration. Enter the aqueous nitric acid concentration in molar units as
FHE A

2. Uranium Concentration. Enter the aqueous uranium concentration in g/l as ### #5H,

3. (Purex). Plutonium (IV) Concentration. Enter the aqueous Plutonium (IV) concentration in
g/ as #HRELIRFE

or

(Thorex). Thorium Concentration. Enter the aqueous Thorium concentration in g/l. as
HiHE HHE.

4. (Purex). Plutonium (III) Concentration. Enter the aqueous Plutonium (II1) concentration in
g/L. as #HREHEE

5.  (Purex). Plutonium Reductant Concentration. Enter the aqueous plutonium reductant
concentration in molar units as ##.##Hf.
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6. Inextractable Nitrate Ion Concentration. Enter the aqueous nitrate ion concentration in molar
units as ##.#HE

7. Temperature. Enter the stage temperature in °C as ##.#. If the default temperature applies,
enter 0.

This completes the information requested for the aqueous profile. The nexi screen(s) concern the
organic-phase concentrations in each stage. The user will be asked to supply concentration data
in the following order for each stage, beginning with Stage 1. The screen will show data for up
to 17 stages. A new screen chart will appear, if required, for another 17 stages.

1. Nitric Acid Concentration. Enter the organic nitric acid concentration in molar units as
## A

2. Uranium Concentration. Enter the organic uranium concentration in g/l. as ###.##H,

3. (Purex). Plutonium (IV) Concentration. Enter the organic Plutonium (IV) concentration in g/L.
as #HHEH#HH#

or

(Thorex). Thorium Concentration. Enter the organic Thorium concentration in g/L. as ##H #H.

This completes the information requested for the organic profile. If indications were made on the
initial screen that the initial concentiration profile is the result of a previous calculation, the user
will be asked to enter a drive specification (path) and filename for the file that contains those data.
If necessary, diskettes can be exchanged to access the data. If a diskeite is removed, the user is
given an opportunity to replace it after the profile data are read. There is a short waiting period,
during which the concentration profile is read from the file.

Mixer Volume Definition Screen

If indications were made on the initial screen that mixer phase volumes or mixer total
volumes will be defined, that information is requested on the next set of screens. Each screen chart
will accommodate 34 scts of mixer volume data. After providing data for Stage 1, data entrics
need be made only for stages where the volume(s) change. The data must be entered in the order
of increasing stage number. Information is requested in the order that follows:

1. Stage Number. Enter the stage number for which volumes will be given. Stage 1 must be
entered first.

2. Aqueous Mixer Volume. Enter the aqueous-phase volume in L as ###.#### if phase volumes
are to be defined.

3. Organic Mixer Volume. Enter the organic-phase volume in L as ###.## if phase volumes
are 10 be defined.

4, Total Mixer Volume. Enter the total mixer volume in L as ##.### if only total volumes are
to be defined.
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The user is then asked if volumes are to be defined for another stage. If so, the sequence is
repeated for the next stage.

Settler Volume Definition Screen

If indications were made on the initial screen that settler phase volumes or settler total
volumes will be defined, that information is requested on the next set of screens. Each screen chart
will accommodate 34 sets of settler volume data. After providing data for Stage 1, data entries
need be made only for stages where the volume(s) change. The data must be entered in the order
of increasing stage number. Information is requested in the order that follows:

1. Stage Number. Enter the stage number for which volumes will be given. Stage 1 must be
eniered first. :

2. Agqueous Settler Volume. Enter the aqueous-phase volume in L as ##H.## if phase volumes
are to be defined.

3. Organi¢ Settler Volume. Enter the organic-phase volume in L as ##.### if phase volumes
are to be defined.

4. Total Settler Volume. Enter the total scttler volume in L as ##.## if only total volumes are
to be defined.

The user is then asked if volumes are to be defined for another stage. If so, the sequence is
repeated for the next stage.

Printout Requirements Screen

Finally, the user is asked if a hard-copy printout of the problem definition is desired. If so,
a reminder to prepare the printer appears on the screen and the printout is prepared. Notc that the
printer should be configured to use the IBM character set.

The program terminates after preparing the Problem Definition file on the disketie or on the
hard disk. The menu screen will reappear following termination of this program.

6.3.3 Program SECALC.EXE

Normally, the program SEPHIS.EXE is run 10 obtain the beginning title screen and menu for
the set of programs. The choice of option 2 from the menu invokes the program SECALC.EXE.
Altematively, SECALC.EXE can be started directly. The user will be asked if the Problem
Definition file is located on a diskette, and if so, will be requested 1o insert the diskette.

Two file specifications must now be entered. The first one requested is the drive specification
(path) and filename for the Problem Definition file. It should take the form B:\xxxxxxxx or
C:\Subdir\xxxxxxxx and conform to the filename established when the file was prepared. Do not
include the extension .DAT since the program will automatically assume it is a data file. The
second file specification will name the Problem Results file that will be prepared by
SECALC.EXE. Tt should take the same general form as the Problem Definition filename.
Examples of Problem Definition and Problem Results file specifications may be BAPROB_DEF
and BAPROB_RES or CASubdifnPROB_DEF and CA\SubdinPROB_RES.
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A reminder to prepare the printer then appears on the screen and problem calculations
proceed. The user will now see a status screen that permits the course of the calculations to be
monitored, Calculations can be stopped prematurely merely by touching any key. Otherwise,
calculations will continue uniil stcady-state conditions are attained, or until the maximum time
limitation specified by the Problem Definition file is reached.

Hard-copy printouts of results will be prepared at the time intervals specified by the Problem
Definition file and at any termination of calculations.

When calculations are terminated prematurely (by pressing any key), the user is asked if
calculations should continue for more time. If the answer is in the affimmative, calculations will
continue as before, stopping only if a key is pressed, if the maximum time is reached, or on
aitainment of steady state. A negative answer terminates the program.

When calculations are stopped because the maximum time was reached, the user is also asked
if calculations should continue for more time. If the answer is in the affirmative, the maximum
time will be set at twice the original value. Calculations will continue as before, stopping only if
a key is pressed, if the new maximum time is reached, or upon attainment of steady state. A
negative answer terminates the program.

When calculations are stopped because sieady-state conditions are attained (i.c., the
user-defined tolerance is met), the program terminates.

At program termination the Problem Results file is prepared on the diskette or on the hard
disk and the scratch file is erased. The menu screen will reappear following termination of this
program.

6.3.4 Program SEPRNT.EXE

Normally, the program SEPHIS.EXE is run to obtain the beginning title screen and menu for
the set of programs. The choice of option 3 from the menu invokes the program SEPRNT.EXE.
Alternatively, SEPRNT.EXE can be staried directly. The user will be asked if the Problem
Definition and Problem Results files are located on a diskette, and if so, will be requested to insert
the disketie.

Two file specifications must now be entered. The first one requested is that for the Problem
Definition file. It should take the form B:\xxxxxxxx or C:\Subdir\xxxxxxxx and conform to the
filename established when the file was prepared. The second file specification is that for the
Problem Results file. It should take the same general form and conform to the filename established
when the file was prepared. Do not include the extension .DAT, since the program will
automatically assume these are data files.

A reminder to prepare the printer appears on the screen and the hard-copy printout is
prepared. The program then terminates.

The menu screen will reappear following termination of this program.



7. SAMPLE PROBLEMS

The seven sample problems described in this section were first run by using earlier versions
of the SEPHIS model, which required a mainframe computer. Although the computational times
shown were very short (a few seconds), operation through the mainframe required the
transportation of punched card input information and printed output information to and from the
computing center. The total turnaround time for a job frequently took as much as 2 d. With
today’s use of PCs and modems to invoke mainframe computations, the tumaround time is
admittedly much shorter, but transportation of printed output continues to be a limiting factor.
Output files from mainframe calculations usually are available in a few hours, and printout
information is received in 1 d or less. The computation times given for the same seven sample
problems, run by using SEPHIS MOD4, Version 2.11, on a PC, range in the order of minutes. No
add-on time for transporting data applies.

7.1 COEXTRACTION CONTACTOR

This first sample problem is for an 11-stage coextraction conlactor employing a dilute
(15.3% TBP) flow sheet for the extraction of uranium and plutonium, as shown in Fig. 1. Only
the steady-state conceniration profile is needed, so stage volume or initial profile information is
unnecessary. The printout that follows Fig. 1 shows the final expected concentration profile.

The problem was previously calculated by using SEPHIS MOD1 and SEPHIS MOD3 on
mainframe computers.”* Computation times were ~16 s for SEPHIS MODI on the Qak Ridge
National Laboratory (ORNL) IBM System 360 and ~4 s for SEPHIS MOD?3 on the ORNL IBM
360/91. These computer runs only carried the process through a 99.9% overall material balance.
The computation time for SEPHIS MOD4, Version 2.11, on an IBM PC/XT without any upgrade
features was ~6 min.

The use of an updated system (16-MHz with 32-bit processor) to carry the process to a
tolerance of 0.0001% inventory change per minute resulted in a computation time of 1 min 51 sec.
Note that the tolerance was not met within the maximum time specification of 200 min. The extra-
time option was invoked to continue the process for an additional 56 min.
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“ROBLEY CEFINITION DATA FOR SEPHIZ MOD4, VYer.

Problee; Ex. | - GRNL-4744 -
PUKEY PROCESS
Total stages: (i

Yolume % TEP in solvent:

Initial or default tesperature {°Ci:

No urueual stage coanectisne
Ne Flutanium reaction,
Minutes per tise incresent

Minutes between printing ¢f the concentration profile:

Calculations will stop after
Miver voluees
Settler volumes

15,3

1.6

e
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211

Coestraction

5.8

i
00
inutes or when g tolerance of

Iphase flow!iunit tisel.
iphase flow funit tise).

Initial concentration praofile is zero
Trapezoidal integration will be used.

No extra product straaes.

The FILESPEC for this Problem Definition data file 1s:

Bift OiF.IaT

The FILESPEC for this Prdblen Results data file is: B:EZ_OLR.DAT
FEED OND PRODUCT STREAN DATA:
STAGE NITRIL ACID URANT UM PU {1V FU I REDUCTANT  NITRATE 10N
Ko, i g/l giL! g/t iH: i
AJUEQUS ¢ 6,00k 40
AQUEDUS 4 3 20E00 6,77E+ 0,GOE+00
15.3 ¢ TRF 11 0, 006458 0, 03E+00

STASE VOLUNE AND FLOW RATE DATE (Molal
WITER VOLUME BY PHAGE

STAGE  ~memveeonmom s
N ABUECYS GREANTE
1 2 1.7
2 2 1.7
3 2 1.7
4 P 18E+0D 1.79
3 LosE+0D {L79E+CD
5 1L LAE400 1.79E+00
7 LRG0 1LI9E 400
g ! 178 +40
9 1 1.79E400
10 { L7FE D
1) §1SE+OD §.79E406

basis)
ST

TLER YOLUME BY PURSE

WINER FLDM RATE

HRUEGES

ORGANIC DREARIC

1 79E 400 1.7

(L7536 440 1.7

1. 798400 i,

P 79E400 1.7

1. T9E4G0 1.
L1EEDT 1796420 1. L 1BE+00
BE+00 1L 79E+00 1.7 { X
LLEE4DD 1, 79E+50 1. 1, 1RE 0
AR+ 1. 79E400 1.7 1. 1aE+00
LIEE+DT 179840 t 7RG 1 LeE+0
EE+0 . 79E4G0 1. 79E400 1. LAE+00

8,0001 4 per sinute is reached.

GZ-05-19%0 (1

FLOW RATE
L/sinl

I O0E-0]
. O0E+0D
1. 806400

o

INTERSTRAE FLOW RATE

REANIL

LT9E+00
L 79E+00
LTBERNG
L T9E40Y
LTIEHOD
LT+
L 79E4n0
LI9EHGD
L7940
LTRE4QD
JTREHOD

77

A
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PROBLEN RESULTS FOR SEPHIS MOD4, Ver., 2.11: 06-08-1990 09:12

Problem: Ex. | - ORNL-4746 - Coextraction
{mixer roncentrations shewn!

TIME = 9,00 MINUTES

AYEQUS PHASE:

STARE  NITRIC ACID  URANIUA FU {1T1) REDUCTANT  NITRATE [ON  DENSITY FLOYH RATE TEHP

NG, L] fg/L} g/} M) L {g/atl L/nin) ()
{ 0, 00E+00 0.00E+00 1, 00E+00 0. G0E+00 ¢, O0E+00 0,908 +04 9.97E~01 2.81E-01 25.9
2 0.00E+00 0,00E+00 0. 00E400 0.00E+00 0.00E400 0, 00E+00 9,97E-0! 2.B1E-08 25.¢
3 0. GOE+00 §.00E+00 {4, 00E+00 0. Q0E+00 &, 00E+00 0, SOE+O0 9, 97E~01 2.81E-01 25.0
4 0.00E+00 0.00E+00 0. DUE+00 0. 00E+00 0. 00E+04 0. Q0E+00 9.97E-01 1 L6E400 25,0
3 0,00E+00 0,00E+00 0. 0QE 00 §.00E+00 0, OOE+00 0. 508 +00 §.97E~01 LULBEHG0 25,0
[ 0. DOE+GO 0. 00E+0D 0, 0BE+DO 0, 0DE+00 LO0E+00 0, 0DE+00 9.97E~01 1 16E#0D 25,0
7 0. 00E+00 9, 0E+00 0. 0E+00 0. 00E+00 0. 00E 600 0,00 +0¢ 9.97€-01 L ISE400 25,0
g 0. Q0E+0C {1, 0CE+00 0. 0E+00 L. 00E+00 0.00E+00 0.00E+00 9.97E-01 1.46E+00 25,0
9 0. 00E+00 1, G0E 00 0, 00E+00 2, 00E+00 0. 00E+00 0.00E+09 9.97E-01 L 16E400 2.0
e 0.00E+00 0,00E+00 0. 00400 0, 00E+H0 0, 00E+00 0, 00E400 9.97E~01 1 16E+00 250
1 0, 00E+00 3, 00E+00 0. 00E+00 0, 00E+00 0, 00E+00 3. 00E 4010 ?.97E-0 1L16E400 25,0

ORGANIC PHASE:
STAGE RITRIC ACID  URANION FU (1Y) U EXTRACT  PY EXTRACT  H+ EXTRACT DENSITY FLDW RATE  TBPSAT  IRVENTORY

O, M) (gL} lg/t) FACTOR FACTOR FACTOR lg/al} L /ain! n CHARGE (%)
1 2.00E+00 0.00E+00 0, O0E +00 2.00E+00 ., 00E+0) 0. 00E+00 7.84£-01 1, 80E+Q0 [ 2.00E+02
2 0.00E+00 0. Q0E+GD 0. 00E+00 0,0DE+00 (2. O0E +00 0, 00E+00 7.B4E-01 1.B0E+00 0.0 2. 008402
3 0. 0084040 3. D0E+00 ¢, 00E+00 0. 00E 400 0. 0DE+0D 0, 90E+0D 7.84E-01 1. 80E+00 0.0 2,00E402
] 0. OOE+00 0, 00E+00 0.00E+00 0. 00E+00 0.00E+00 0. 00E+00 7.88E-01 1. BOE+G0 0.¢ 2.00E402
3 0, 00E+00 4, 00E+00 0, 00E+0Y Q. QOE+00 0., 00E+0¢ 0. 008400 7,88E-01 1. BOE+0T 0.0 2, 00402
4 0, DOE+0D 1. 00E +00 0. 60E+00 0. 00E+00 0. DUE+00 §.00E+00 7.84E-01 1. 90E+00 0.0 2.00E+02
7 0. 00F+60 0. 00E+40 0, 0B+ 0. 00E+07 0. 00E+00 0. 00E+00 7.848-0] 1.80E+00 9.0 2. 00E+02
8 0, 00E+00 0, 00E+00 0. 00E+00 £, 00E+00 0, 00E+00 0, 00E400 7.84E-01 1, 80E+00 0.0 2.00E402
9 2, G0E+00 0. GOE+G0 0, 0E+00 0.00E+00 0. 00E+00 3. 00E+00 7.B4E-0t 1.80E+0D 0.9 2. 00E402

10 0, 00E+00 0, G0E+00 0. D0E+00 0, D0E+00 0. 00E+00 0, 00E+00 7.84E-01 1.B0E+00 0.0 2.00E+02

1 0.00E+00 0. QU+ 4, 00E+00 4, 00E+07 0. 09E+020 0, LOE+O0 7.84E-01 1. 805400 0.0 2, 00E402

TIRE = 200,00 MINUTES

AQUEQUS PHASE:
STAGE NITRIC ACID  URANIUN PU IV PU SELTT REGUCTANT  NITRATE 10N DENSITY FLOW RATE  TEMP

KO, L)} g/l (g/L} {g/L L] 1 lg/al) (L/min! {8}
! 1.94E+00 1. 69E+01 3 73800 9,00E+50 0, HOE+0) 0, QOE+00 1,09E+00 3.026-01 Z5.0
2 1. 9BE+0C 2.15E401 9. 436400 0, 00E+00 01, DOE+0D 0, QOE 400 1. 16E+00 3.03€-01 76,0
3 2,23k+00 2.07E+1 3. 37E408 . 00E400 4, 00E+00 0, 00E+07 1 ILED0 3.036-00 25,0
4 3. 25E 400 1. 58E401 I IIE+D0 1. ODE 00 0, 00E+00 0. 00E+00 1. 13E+00 1.30E+00 25,0
3 I,76E400 9,29E-01 5.0 0.00E+00 0. 09E+00 0. 00E 401 LILE+3) 1L29E+00 25,0
] 3378460 3.75E- 5.2 (1, 90E+00 0, DOE+20 0. 00E+00 1 HLE+00 1296400 25,0
7 LITECN 1. 47E-03 o 0. 0UE+DY) 0, OGE 00 0. 40E+00 1, 1iE+00 1L29E+00 25,0
8 1.37E40 5.79E-03 o,47E-04 0, 00E400 0, 00E+00 0, 00E+00 LOILERO0 1.29E400 2500
3 3368400 2.28E-08 5. 528-05 0, 00E+00 0, 09804 0. G0E 00 R 1296400 25,0
10 3, 308400 9,07E-08B 5.77E-08 1. 00E+00 0, 00E+00 0. 00E+00 1 10E+00 1296400 25,0



ARUEQUS PHASE:

STAGE NITRIC ACID  URANIUM FU IV} PU(ILTY REDUCTANT  NITRATE 10N
NO. 4] lg/L) fg/1) (g/L) L) "
11 2.86E400 3.95E-09 6. 69E~07 3.00E+00 0, DOE+00 0. D0E+)0
ORBANIC PHASE:
STABE NMITRIC ACID URANIUM FU (IV) U EXTRACT  PU EXTRACT  He EXTRACT
NO. ) lg/L} (g/L} FACTOR FACTOR FACTOR
1 9. 01E-02 3,698+ 2426400 1.33E+01 I.94E+00 1.82E-01
7 8.22E-02 3.97E401 3L 03E+00 1 12ZE+01 3. IBE+00 2.51E-01
3 3. 06E-07 4048401 1IEHO0 1 17E+01 3. 76E+00 7. 44E-01
4 1. J4E-(1 4,02€401 3.30E+60 YU 1416400 5.836-02
3 T 16E-01L 1128401 2.34E+00 1. 708401 &, 5964040 {33601
[ 3.90E-04 5.58E~01 3. 56E-01 2. 48401 9.59E+50 1. 64E-01
7 F.98E-01 2.45E-02 3. THE-07 2.54E+01 9.83E+00 1. 65E-01
B 3.94E-01 {.04E-~u3 3.788-03 2.35€+01 9, 856400 1. 66E-01
9 3.95E-04 4. 10E-05 I.B3E-04 2.54€+01 9.81E+00 1. 66501
10 3.89E-01 1.51E-06 J.B4E-D5 2.516+01 9. 55E+ 0 1.67€-01
1t 1. 40E-01 5. 15608 3.58E-04 2,23E4+01 7. 68E 4 1. 7E-0
TIME = 756.00 HINUTES
AQUEUS FHASE:
STABE NITRIC ACID  URANIUM PU (19) PY (1N REDUCTANT  NITRATE ION
ND. ) fg/L) fg/L) {g/L) il %)
1 1. MEH0 1. 89E401 J.73E460 J.00E+00 0, 00E+0D 0. Q0E+00
2 1, 98E+00 2.15E401 5. A3E+00 0, 0DE+00 0. 0BE+D0 0 0DE#00
3 2.23E+00 2.07E+0] 5.378+00 O, RE+0D 4, G0E+00 (. 90E+00
4 I.25E400 1.58E+01 I.3ME+00 ., GRE+OC 0, 06E +00 0.G0E+00
H 3, 356400 9, 29E-01 5.03E~01 9. 00E+09 1. J0E+00 0. 00E+00
b 3376400 3.75E~02 5. ki (. GOE+00 0. D0E+00 0. GOE+00
7 3 I7E+00 | 48663 5 . 00E+00 0. 00E+80 PRI
8 337408 5.79E-08 5 4, 00E+00 0. 00E+00 0. O +00
9 3. 38E+00 2.28E-08 5,82E-05 0.H0E 400 0.00E+00 0, H9E+(0
10 3. 3080 9. 08E~-0B 5.7ZE~08 0. 00E+00 0.00E+00 &, GOE+00
1t 2.R6E+00 3.95E-09 4. 69E-07 0, G0E+00 0, 00E+0] 0, 00E+50
ORGANIC PHASE:
STA6E NITRIC ACID URANILN PU (1Y) U EXTRACT  PU EXTRACT  H¢ EXTRACY
NG. [§.3] fg/t) (/L) FACTOR FRACTCR FACTOR
t 9. 0tE-02 3.69E401 2.42E400 1.338401 3. 945400 2.828-01
2 8. 72£-02 3976401 3.03€+00 1, 12E40)] 3.38E+00 2. 51E-01
3 9, 04E-02 4. 04E+01 LL3EHG) 1178401 3. T0E+H0 2.844E-01
4 1,34£-01 4, 07E+01 3, J0E+00 3. 6ZE+DD 1, 41E+00 5.83E-02
k] 3 16E-01 1. 12E40] 2. J4E+0D 1,70E+401 £.58E+00 1.33E-01
4 3.90E-01 6. 58E-01 3.56E-01 2. 4BE+01 9, 59E 460 1.64E-01
7 3. 96801 2.65E-92 I7E-47 2. 546401 9. 83E+00 1. A6E-0
8 3.96E-0] 1.08E-03 3 7BE-U3 2.55E+G1 9. B5E+00 1.66E-01
9 I.95E-at 4, {eE-05 3.83E-04 2.54E+01 7.B1E+D0 1, 56E-01
10 3.89E-01 1.61E-06 3.B4E-05 2.51E+01 9, 55E£400 1.67E-¢1
i1 3. 40E-01 $.15E-08 3. 58E-06 2. 238401 7. 68E+00 1.71E-01

29

DENSITY
{g/nl)

1L 09E+0D

DENSITY
(g/al}
8.39E-01
8. 44E-01
8, 43£-01
8.46E-01
3. 1E-01
7.968-01
7.956-01
7.95€6-01
1.956-04
7.95£-01
7.94€-01

DERSITY
fg/al)
DOE+(Y
10E+00
{1E400
1138400
LILE+00
1 HESD0
1. 11E50
1.11E+00
1 1LE+00
1. HIE+D0
1. 09E+09

i,
1.
i.

DENSITY
ta/al)

8,396~
B AME-01
8.45E-01
B.36E-01
8, (1E-01
7.94E-01
7.95E-01
7.95E-01
7.95E-01
7.93E-01
7. 59401

FLOW RATE
{l./min}

1. 27E+)0

FLOW RATE
{L/min)

LQIEHO0

t

1. BEE+00
1, 84E+00
1. B4E+G0
1. 836400
1.83E+00
1.B3E+00
1. 838400
L 83E+00
1.B3E+00
1.82E490

FLOW RRTE
. /mini
302834

RIN N

JSE-0L

L JOE+00

L29E+00

LI9EH0D

L 29E4GG

IRE+GD

J2REH0D

L29E4CO

LITE+00

T T R |

FLOW RATE
{Linin)
GIE+00
JBEEAOG
LB4E+00
B4
LA3E+0D
AIEHOD
JATEG0
JBIEROO
LB3EH0G
S3E+00
LAZERG0

1.
{
1
{
1
1
1
i
1
t.
1

TEF
{

P BIORI R3 M3 R R N2 R RS RO

W LH A LR LA TH A LA L wnoen

TeP

i

LUN

SAT
i)

e D D A D S Ry

o3 o

SKT
i

I OT g G ) Ll D e S~ L

INVENTORY
CHANBE (1)

T56E-04
4.70E-04
6. 23E-04
7.00E-G4
7.91E-04
. B4E-04
0, 00E+00
. 00E 4G

THYENTORY
CHANGE (0}

3.78E-05
3 61E-05
3.73E-05
3. 40E-05
3. 89E-05
6,97E-08
8. 31E-03
9.03E-05
9. 76E-05
0.D0E+00
0. QDE+GD
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7.2 PLUTONIUM EXTRACTION CONTACTOR

A simple ten-stage plutonium extraction contactor employing a dilute (15.0% TBP) flow
sheet, shown in Fig. 2, is used in this example. Only the steady-state concentration profile is
needed, so stage volume or initial profile information is unnecessary. The printout that follows
Fig. 2 shows the final expected concentration profile.

The problem was previously calculated by using SEPHIS MOD1 and SEPHIS MOD?3 on
mainframe computers.™® Computation times were <3 s for SEPHIS MOD1 on the ORNL IBM
System 360 and ~1 s for SEPHIS MOD?3 on the ORNL IBM 360/91. These computer runs only
carried the process through a 99.9% overall material balance. The computation time for SEPHIS
MODM4, Version 2.11, on an IBM PC/XT without any upgrade features was ~2.5 min.

The use of an updated system (16-MHz with 32-bit processor) to carry the process to a
tolerance of 0.0001% inventory change per minute resulted in a computation time of 1 min 2 s.
Note that the tolerance was not met within the maximum time specification of 100 min. The
extra-time option was invoked to continue the process for an additional 8 min.

Scrup— === m————————— > 1 |=mmmm >0rganic
2 M HNO4 Product
0.11 L/min 2
25°C

3

Feed-———————mmmwm—-— > 4
4.1 M HNO
19.2 gPu/L 5
1.0 L/min
25°C 6

7
8
9

Solvent--~———==—==- > 10 |=mmmemmmemme >Depleted
15.0% TBP Agueous
0.9 L/min
25°C

Fig. 2. Plutonium extraction contactor.



FROBLEM DEFINITION DATA FOR SEPHIS NGD4, Ver. 2.11:

Problea: Ex. 2 - DRNL~-4746 - Fu Extraction
PUREX PROCESS

Total stages: 19

Volure % TEP in salvent: 15.0
Initial or detault temperature (°():
Ko unusual stage connections

No Plutonius reaction,

Winutes per tise increment: 1.00

25.0

31

Minutes between printing of the concentration profile:

Calculations will stop after
Miver voluses = iphase flow)lunit tise),

Settler volumes = (phase flow){unit tiae).

Initial concentration profile is zero.
Trapezoidal integration will be used.
No extra product streaes.

The FILESPEC fer this Problem Definition data file is:
The FILESPEC for this Problem Results data file is:

FEED AND PRODUCT STREAM DATA:

STABE NITRIC ACID  URAMILM

N Ty tg/Li
ABUEQUS 1 2.06E+00 0,00 +00
AGUEDUS 4 4. 10400 0. 00E +00
15.0 4 TBP 10 0.06E400 2, 00E+00

STAGE VOLUME AND FLOW RATE DATA (Molal basis):
HIXER VOLUME RY PHASE

STABE  ~--=--mmrmmmememme e Fm o mmmoemmmmees
N0 AQUEGUS ORBANIC ARAUEDUS
! 1.03E-01 B.9BE-1 1. 03E-01
2 1. O3E-01 8.98E-01 1,036-01
3 1.03£-01 B.98E-01 1.03E-01
4 9. b6E-01 8.98E-01 9.68E-01
3 9. 66E-01 8,98E-01 9.46E-01
b 9.45E-01 B.98E-01 9.46E-01
7 9.6&E-41 8.98E-01 9, 6E-01
g 9. &4E-01 8,98E-{1 9. 68E-01
9 9.66E-01 8,98E-01 9. b6E-01
10 9. 866E-01 B8.93E-01 9. 68E-01

106 sinutes or shen a tolerance of

B:EX

PU (1Y) 13
ig/t)
0,00E+400
1.92£401
0. 00E+00

SETTLER VOLUME &Y PHASE

DREANIC

8.98E-01
8.96E-01
B.98E-01
8.78E-01
8.98E-01
2,98E-01
B.98E-01
8,78E-01
8.98E-01
8.98E-01

B

1a0

1EX 029, 0AT

_OIR,DAT

U REDUCTANT
tg/L) i)

0.,80E+07 9. 00E4+00

0. 00E+0 0. 00E+00

MILER FLDW RATE

ABUEQUS ORGANIC
1 O3E-01 8.98E-01
1038~ 9.98e-01t
L. {3E-01 8.98e-01
9. 686E-01 8.98E-01
9, 48E-01 8.98E-01
9.66E-01 8. 98E-01
9.46E-01 8.78E-01
9, 68E-01 8.98E~01
9.&6E-1 B.98E-01
F.68E-01 8.98E-01

02-05-1990 {3:00

0,000 ¥ per minute is reached.

NITRATE 10N  FLOW RATE TERP
N L /ain) 18]

0, 00E400 1.10E-01 26,0
0,0CE+00 1. 00E+00 25.8
9. 00E-G1 25.9

INTERSTREE FLOW RATE

AEUEDUS ORGANILC
1.03E-01 8.98E-01
1.93E-01 8.98E-01
1. O3E-01 B.9BE-01
9. h6E~01 8.98E-01
9.46E-11 B.98E-01
. 56E-01 8.98E-01
9. b6E-01 B.98E-01
9.68E-01 8.98E-01
9.L6E-01 B.98E-01
9.465E-01 9.98€-01



PRDBLEM RESULTS FOR SEFHIS MOD4, Ver. 2.1t: 06-08-1990 09:20

Problea: Ex. Z - QENL-474§ - Pu Extraction
{nixer concentratiens shown)

TIME = 0,00 MINUTES

ABUEDYS PHASE:
STABE NITRIC ACID  LRANIUM P (I Py (1D REDUCTANT  NITRATE IDN  DENSITY FLOW RATE  TEWP

WO, m fg/L) g/L) {g/L} LY M {g/aly L/ntn) )
1 0.00E+00 0, 00E+00 0,00E+00 0, 00E+00 0. 00E+00 0.00E+50 §.97E-01 1. 03E-01 25.0
2 0. 00E+00 0.00E400 0,00E+00 0.00E+00 0, 0GE+00 0, Q0E+0D 9.97E-01 1. 93E-01 25.0
3 0.00E+00 0, 00E+00 0. 00E+00 0. 00E+07 4, 00E+00 0.00E+00 9.97e-01 1.03E-01 25.0
4 0.00E+00 0.00E+00 0,00E+00 0, 00E+00 0. 00E+00 0. 00E+00 9.97E-01 9.66E-01 25,0
3 0, 00E+0 0,00E+00 0. 00E+00 0.00E+00 0.00E+0 0. HUE+Q) 9,97E-01 9. 64E-01 25.0
b 0.00E+00 0.00E+00 0, 00E+0C . O0E400 0.00E+00 0. 00E +040 9.97€-01 9.65E-01 25.0
7 0. 00E+00 0, Q0E+00) (. 00E+00 3. Q0E400 0, O0E+00 0. 00E+00 9.97e-01 9. 65E-11 5.0
8 0. 00E400 0. G0E+0D 0. 00E+00 0.00E+00 0. 00E+00 0. (0E+00 9.97e-01 9. 466E-01 25.0
9 0, 00E+00 0. 00E+90 0. 00E+00 0. 00E+0D 0, 09E+00 0. 00E+00 9.97€-41 9.66E-01 25.0

10 0. 00E+00 0, 00E+00 0. 00E+400 0.00E+(0 (. 00E+00 (. O0E+00 9,97E-01 9.66E-0Y 25,0

ORGANIC PHASE:
STABE NITRIC ACID  URANIDH Py (1V) U EXTRACT  PU EXTRACT  H+ EXTRACT DENSITY FLOW RATE  TBPSAT  INVENTORY
NC. tm g/Lt (g/L) FACTOR FACTOR FACTOR ig/al) {L/min) 1) CHANGE (%)

l 0,00E+00 0, 00E+00 0.0GE+0) J.90E+00 0,00E+00 G.00E+00 7.63E-04 9.06E-01 O8] 2, 00E402
? 0.00E+00 0,00E40D 1, 00E400 0, 00E+00 0. 00E+90 (. O0E+G0 7.836-01 9, 40E-01 0.0 2,00E+D2
3 0,00E+C0 0. 00E+00 0.00E+00 §.00E+00 . O0E+04 0. 00E+O0 7.83E-01 9.040E-01 0.0 2, 00E402
4 0. 008400 0, 00E+00) 0. 00E+0D 0. 00E+00 0. 00E+00 ¢, G0E400 7.B3E-D1 9.00E-01 0.0 2, 00E+G2
3 0, 00E+00 0. 00E+04 0, 00E+00 0, H0E+00 0, 00E+00 0.00E+00 7.83E-01 9.G60E-01 0.0 2.00E#02
& 0. 00E+LD 0,00E+00 0.00E+00 0.00E+00 0. 00E+0D (. 00E+00 7.83E-01 9.00E-01 0.0 2, 00E402
7 0, 00E409 0. 40E+Q0 0. 00E+00 0, 00E+00 0. 00E+00 0. 0UE+O0 7.83E-01 9.00E-01 0.9 2.00E+02
8 0.00E+00 0,00E+00 0.00E+00 0, 00E+00 4. 00E+00 0.00E+00 7.83E-01 9. 40E-01 0.0 2,00E+02
e 0, 00E+00 0.00E+00 0. 00E+00 0,008 +00 (0. G0E+00 0. 00E+00 7.83E-01 9.00E-01 0.0 2,90E402
10 0. 00E+00 0, 00E+00 0. O0E+00 0.00E+00 0. 00E+00 0.00E+00 7.83E-01 9.00E-01 0.0 2,00E+02

TIME = 100,00 NINGTES

AQUEOUS PHASE:
STAGE NITRIC ACID  URANILM PU LIV} PU 1D REDUCTANT  NITRATE ION  DENSITY FLOW RRTE  TEMP

M. i) tg/Li igiLi (/L) i {1} igial) IL/nini i
t 206E¥00 GLOOE#D0  LLISEROL  0LOE00  DLO0E#00  G.ODEROD  1.OAEDE  (LHE-01 25,0
2 24BE+00  O.UGER00  1.0SE40)  OLBOEROG  0.00EEDC  G.OGEX00  1.09E06  L.I2E-01  25.0
3 2.93E+00  0.00E+00  7.8AE+00  0.00E€00  0,00E+0  G.0GEeB0 1 I0E+06  L.14E-01 25,0
4 4096400 0.00E400  S.20EH0C 0LO0EHOG  O,00E400  CLOOE+0D  1.1AESD0 L 11E¢BT  25.0
5 S.3E400  0.00E+00  B.4SE-0L 0LO0E+00  0.00E+00  0.0BERO0 1. 13E+05  LUEOD 25.0
6 AE400 CLO0ES00  1.I7E-O1  DLOOEXD0  0.00E+00  O.00E00 1L I3Ee0R LLLE00 2.9
7 LUSER00 00000 1.SPE-07  OLOCEED 0,000 0.GEERBD  LLISESGD  1IE00 25.0
B S13E400  0.00E4Q0  2.14E-03  0.00E400  G.GOES00  C.O0E#00  1.13Ee00 LUiEeR0 250 -
g G600 G.00EH0 2.BSE-04 0.00E0D 0.00E+00  G.00ER00  LI3EHG0 LUE#DG 25.0

10 LBOESGE  0.00E+D0  LTIE-05  @.00ER00  G.OOEXD0  0.DOESED  1.1ZE0D LO9EN0C 25,0
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QRBARIC PHASE:
STAGE NITRIC ACID  URANIUM PU (1Y) U EXTRACT P4 EXTRACT  H+ EXTRACT DENSITY FLOW RATE  TBPSAT  INVENTORY

NB. i1t g/l g/} FACTOR FALTOR FACTOR lg/al) {L/ain) 1) CHANGE {1)
! 1.49E-01 0. 00E+0) 2.09E401 G.00E450 1 45E+0L 5.43E-41 8, 21E-01 9.17E-01  42.8 2,79E-03
2 1.91E-01 0.00E400 2.23E+01 0, 00E+00 1. 74E401 5. 308-01 §.24E-01 9.18E-01 9.0 2.47E-05
3 232601 0. 00E+00 2.22E+01 0, G0E+00 2. 27E+04 5. 27601 4, 258-0t 9.20E-01  75.2 1. 68E-03
L] 2.98E-01 0. GOE+0Q Z.18E401 0. 00E+00 3496400 6. 06E-02 8. Z6E-01 9.226-08 878 1.12E-09
3 4,07E-01 0,00E400 6,28E400 0, 00E+00 b, 16E+00 8.17e-42 8, 05E-01 9.18E-01 83.9 3.19E-03
& 4. 43E-01 0. 0DE+00 1.02E400 4, 00£+00 1.21E400 B.B8E-02 7.97€-01 F.07E-01 82,5 6.38E-05
7 4.49E-01 0. 50E+00 1. 426-01 0. 00E+00 7.39E+00 9,00E-02 7.96E-01 F.47€-01 82,3 8. 65€-05
8 4.50E-01 0. 00E+08 1,91E-02 0, 00E+00 T ALEROO 3.04E-02 7.96E-01 9.46E-01 822 {.33E-04
9 4.49E-01 0, GOE+00 2,54E-03 0.00E+H0 7. 38E+00 9. 04E-(7 7.96E-01 F.18E-01 82,0 2,01E-04

10 4,276-01 0, 006440 3, 00E-04 0. 00E+00 b, TREHO0 §.38E-02 7.93E~04 9.16E-01  71.9 2.30E-04

TINE = 10B.00 NINUTES

ARUEDUS PHASE:
STABE NITRIC ACID  URANIUA PO (IV) PU (11D REDUCTANT  NITRRTE IDN  DENSITY FLGW RATE  TEWP

NO. i tgfL) {g/l} (g/1) LY 6] (g/al} tL/pin) i)
1 2. LAE+00 0. 00E+00 1, 158608 0, 06E+00 4, 0QE+00 4, 00E+00 1.08E+00 1. HE-0 18,0
2 2.48E+00 0. 00E+00 {.0SE+01 0, GOE40D 0. 00E+00 0, 0GE+00 1.09E+00 1.126-01 5.0
3 2.98E+00 9, 00E+00 7.86E4C0 0. 00E+00 (. BOE+00) 0. 00E+00 1. 10E+00 1. 14e-0t 25,6
4 4, 09E+00 0., (0E+Q0 5. 20£+00 0. 00E+00 0.00E+00 0. 00E+0D 1140400 1LUEHOO 25,0
] 4. 136400 0. HOE+00 8.45E-01 0. 008400 0, GOE+0) 0, 00E+00 {.13E+00 L UIE+00 25,0
[ &, 138400 0, 008400 1. 17E-01 G, 00E+0D 0. 00E+D0 0, 00E400 1. 13E400 f.H1E000 25,0
7 4.13E+00 G.00E+00 1.59E-02 0. 00E+00) 0.00E+00 0. 00E+40 1, 136400 LLIEG  25.9
8 4136400 0. 00E400 2.14£-03 0. OOE+00 0. 00E+00 0, 00E+00 1. 13E+0G f.1LE+00 25,0
9 4, 126400 0. 0UE+00 2.85£-04 0. DOE G0 0.00E+00 0, D0E+G0 1, 138400 LUIE+G0 25,0
10 3.BGE+D0 0. 50E+00 37403 0.00E+00 0. GOE+00 0, 00E+00 1. 12E400 1098400 25.0

DREANIC PHASE:
STABE NITRIC ACID . URANIUM FU (IV) U EXTRACT  FU EXTRACT  H+ EXTRALY DENSITY FLOW RATE  THPSAT  INVENTORY

NO. L {gitl (g/L} FACTOR FACTOR FACTOR lo/al) iL/gin} 1 CHANGE (1)
t 1.69E-0! 0. Q0E+00 2.0G9E+01 1, 00E+00 1. 496401 5, 43E-01 8.21 9.17E-¢1 52.8 9. 14E-08
2 1.91E-01 0. 00E+00 2,23E401 0. 00E+00 1. T4E+01 b.30E-01 8. 24E-01 9.08E-01 89.0 9.07E-06
3 2,32E-01 0.00E+00 2,725+ 0.00E+00 2, 276401 §.27E-01 8,23E~01 9.20E-01 76.2 2.426-08
4 2,98E-01 0, GRE+GL 2.18E+01 0. 0GE 00 3.49E+00 5. 06E-02 8.24E-01 9.22e-01  47.8 1012605
§ 4.07E-01 2, 90E+00 6. 28E40¢ 0.00E+09) 5. 16E+00 8.17E-02 B, 03E-01 9. 186-41 3.9 7.578-06
[ §,43E-01 0. 000400 1,02E400 0., GDE+00 7. 21E+00 8.88£-02 7.97€-401 9.17e-01 2.5 3. 19E-05
7 4,49E-01 2, D0E+00 1. 42E-01 6.00E400  7.39E+00 9. 00E-02 7,96E-41 9.17E-01 82.3 3.84E-05
8 4,50E-01 0.00£400 1.91E-02 0.00E+00 T.41E400 §.01E-02 7,95E-01 9.14E-01 82.2 3. 34E-05
b 4.49E-(1 . Q0E+G0 2.54E-03 0. 00E+00 7. 388400 9.04E-02 7.95E-01 9. 15E-01 §2.0 7. 4E-05
14 4,27€-01 4,06E+08 3.00E-04 @, 00E+00 6. 75E+0D 9,38E-02 7.95E-91 9. [5E-01 7.9 B, BYE-CS
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7.3 URANIUM STRIPPING CONTACTOR

This calculation is for a simple, six-stage uranium stripping contactor employing a 30% TBP
flow sheet, shown in Fig. 3. Only the steady-state concentration profile is desired, so stage volume
or initial profile information is unnecessary. The printout that follows Fig. 3 shows the final
expected concentration profile.

The problem was previously calculated by using SEPHIS MOD4 on a mainframe computer
to a tolerance of 0.01% inventory change per minute.” The computation time was 2.1 s on the
ORNL IBM 360/91. The computation time for SEPHIS MOD4, Version 2.11, on an IBM PC/XT
without any upgrade features was 6 min 49 s. The use of an upgraded system (16-MHz with
32-bit processor) resulted in a computation time of 1 min 14 s.

Strip-—=--————m———-— > 1 |eemmmmm— >Depleted
0.15 M HNO4 Organic
15 L/min 2
25°C

3
4
5

Extract Solutjion—-> 6 |—mm—mm—————— >Aqueous
30% TBP Product
0.25 M HNO3
50 qU/L
10 L/min
55°C

Fig. 3. Uranium stripping contactor.
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PROBLEM DEFINITION DATA FOR SEFHIS MOD4, Ver. 2.1l:

Probl

1 H

FUREX PRBCESS
Total stages: &
Volume % TBP in sclventi:

No Plutaniue reaction.
Minutes per time incresent:

Ex. 3 - ORNL-5471 - U Stripping

3000
Initial or default tesperature (*C):
No unusual stage connections

e

1.00

Binutes between printing of the concentratien profile:

Ealculations will stop after

500 minutes or when a tolerance of

Mixer volumes = (phase fiow){unit tisel,

Settler voluses =

(phase flow) {unit tise).

Initial concentration profile 1s zero.
Fast integration will be used.

No extra product streams.

The FILESPEC for this Problee Definitien data file is:

The FILESPEC for this Problee Results data file is:

FEED AND PRODUCT STREAN DATA:

A

300

B:EX_43P.DAT

B:EX_03R.DAT

02-08-1990 0B:29

G.0100 L per srnute 1s reached,

STAGE NITRIC ACID URANILM P (IV) PU(IIT) REDUCTANT  NITRATE ION  FLOM RATE TENP

AL, ) Ig/) {g/L) fg/L) &) M {L/nin) 0

HEGUS 1 {.30E-0! 0.00E+0G 0.00E+50 0.00E+00 0.00E+00 0.00E+09 1. S0E+01 25.0
30.0 X TBP 6 2.50€-01 5.00E401 0, 00E+00 1.00E401 5.

STAGE VOLUME AND FLOM RATE DATA {Molal basis):

MIXER VOLUME BY FHASE

AUUEDUS ORGANIC

1. 496401 9. 66E+00
1. 49640 9. 66E+00
L A9E401 9. 65E40
1. 498401 9. bRE+Q0
1. 49E+01 2,66E400
1.49E401 9. 45E400

SETTLER VOLUME BY PHASE

ORGANIL
1. 498401 9. 658400
1, 49E+01 9.866E400
1. 49E401 9. 6BEHOD
1.49E+01 9, h6EHI0
1456401 9., bbE+00
1. 49E+01 9, b6E+00

MIXER FLOW RATE

ARUEDOUS ORGANIE
1. 496401 9.66E+00
1. 49E+01 9. 56E+00
1. 49401 9. 66E4+00
1.49E+01 9, 665400
1. 498401 9. 66E+00
1.49E+01 9. 46E+00

INTERSTAGE FLON RATE

AQUEDS RGANIC

1,495+ 9. 46E400
1, 49E401 9. 66E400
1,498 +0¢ 9. 66400
L. 4%E+0t 9, 66E+400
1, 49E401 9.56E400
1, 45E+0¢ 9., 56E+00



PROBLEM RESULTS FOR SEPHIS WODA,

Probles: Ex.

(aiver concentrations shown)
TIRE = 0,00 MINUTES
ARUEDLS PHASE:

STABE NITRIC ACID
Ho. "

URANILM
ig/L)

| 0t O0E+00 0, 00E+00
2 0. 00E+C0 0, 00E+00
3 0., 69E+00 . 00E +01}
4 0.D0E+00 0. 00E400
5 . 00E+00 0. 00E+H0
& 0. 00E+00 0, 00E +00

ORGANIC PHASE:

STAGE NITRIC ACID  URANIUH
KG. 1} ig/L)
0. 00E+0D 0.00E+00
0. 00E+00 (. 00E+00
9, 00E+00 0. 00E+00

LOOE+0G 5. 00E+00
LOOE+CD 0, 00E+Q0
LO0E+00 0,00E+00

[ R
P

<

TIHE = 174,00 HINUTES

ARUEDLS PHASE:

STAGE NITRIC ACID  URANIUN
NC. " fg/Li
1 1LSIE-GL 2.73E00
2 1LSIE-D 7,57EH00
3 LSIE-01 1L38E+08
4 1.526-00  2.0BE+03
5 LLs1E-01  2.82E+01
b 305601 3.1BE+0Y
OREANIC PHASE
STAEE RITRIC ACID  URANIUN
ND. i) 1g/L)
! LOSE-02  1,60E+0H
2 1.20E-02  S.B0E+0
3 LIE-02 132640
4 1L3SE-32 2,28E401
5 LASE-N2 3LIERD
4 2.88E-02 4,.47E401

Ver.

21

3 - ORNL-5471 - U Stripping

FU {IV)

DOE+00
L GOE+00
L QOE+00
LOOE+00

0
0
0
0
0
0

tarl)

LOH0E+0)

. DOE+00

PU (IVY

P N - -

ig/L)

O0E+00
00E+00
GUE+00
COE+00
L OOE+00
OOE+D0

PY IV

0. 00€+00

0
0
0
i
0

p

0,GGE+(G

0

(g/L)

]
LO0E+0D
LOOEHDO
L O0OE+00
OOE+0G

b (I
ig/L)

LORE+GD

&4, 00E+00

0, G0E+00

i

LO0E+00

L O0E+00

PU (T11)
fg/i:
0,00E+00
0. 80400
0. 09E+00
0.00E400
2. 00400
0, 80E+00

Y EXTRACT
FACTOR
0.00E+00
0.00E+00
0. 00E+Q0
0.00E+00
0. Q0E+Q0
i GOE+GS

PU 11D
tg/L)
Q. 00E+00
0. 0DEHGD
0, 00E+G0
0. 00E+00
0. 00E+00
0. 00E+00

U EXTRALY
FACTOR
3.81E-01
4.98E-01
8,22E-01
7. 14E-01
7E-G
9. 14E-01

36

REDUCTANT
(Mi
0. 00E+0G
0. GOE+00
2, 00E+00
LO0E+00
L 00E+00
0. 0DE+G0

o

PU EXTRACT
FACTOR
0, G0E+00
0. 00E+C0
0. G0E 00
0, COE400
0, GOE+00
0. 00E+00

REDUCTANT
M)
0, 00E+00
0. DOE+00
. GOE+0D
0. 00E+00
0. 00E+00
0, 00E+00

FUEXTRALT
FACTOR
0, 00E+0]
0, 00E+00
0, 008400
0, 00E+00
0, 00E+ 04
¢, 00E+ 00

NITRATE [ON
LH
0.00E+00
0. 00E+00
LODEHD
LQOEHD)
LO0E+0D
L0200

oo S o

H¢ EXTRACT
FACTOR
0. GGE+0D
0, 00E+00
0. 00E400
0, 00E+00
3. 00E+50
0, 00E+00

NITRATE 10N
(M)
0. QCE+010
0, 00E+00
0. 00E+3L
0.00E+00
0, H0E+00
(H 00E+00

He EXTRACT
FACTOR

T th LN A g
- O
m
!
<
By

DENSITY
ig/at)

9,97E-01
9.97E-01
9. 97E-01
9.97€-01
9.97E-6!
9.97E-0t

DENSITY
{g/al}

9,18E-01
8.13E-01
8. {BE-01
8. 18E-01

DENSITY
(g/al)

1, 0LE+00
1. 01E+00
1 O2E4040
1.03E+00
1. 04E400
1. 05E400

DENSITY
ig/al!
9.20E-0¢
8.26E-01
8. 36E-01
8.48E-01
8.02E-01
8, 77E-01

FLOW RATE
{Liain)
1. 49E+01
1. 49E+01
1. 49E+01
1.49E+01
149401
1. 49E+01

FLON RATE
{L/min}
9, 74E+00
9. 74E+00
9, 74€+00
9. 74E+00
9. 74400
9. 74E+00

FLOW RATE
iL/ain)

1. 50E+01
1, 50E+01
L. 1E+0!
1, 518401
1.51E+0]
1,52E+01

FLOW RATE
L/mini
3, 75E+00
9. 76E+G0
9,79E+00
9.82E+00
9. 846E+00
9.90E+00

64-0B-1996 09: 24

TEMP
i)
30.¢0
30.¢
30.0
30.0
30.¢
30.0
THPSAT  INVENTORY
(X} CHANGE (1)
0.0 2, 00E402
0.0 2.00E+02
9.0 2,00E+02
0.0 2,00E402
0.0 2. 00€+02
0.0 2.00E402
TEMP
(9]
25.0
25.0
5.1
25.3
26.5
37
TEPSAT  TNVENTORY
0 CHANBE (1)
2.2 9.436-03
9.5 7.26E-03
1.3 4,89€-03
18.7 3.01E-63
26.9 1. 68E-03
36.9 B8.22E-04
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7.4 BATCH EXTRACTION/STRIPPING PROCESS

This sample calculation shows how a batch extraction process can be simulated. One volume
of the aqueous phase is contacted with two separate portions of pure solvent. These arc then
combined and stripped by using five contacts with strip solution. Figure 4 shows how this can be
represented as a series of cross-current contacts. An initial profile is specified for this problem.
The printout that follows Fig. 4 shows the final expected concentration profile.

The problem was previously calculated by using SEPHIS MOD4 on a mainframe computer
to a tolerance of 0.01% inventory change per minute.” The computation time was 0.6 s on the
ORNL IBM 360/91. The computation time for SEPHIS MOD4, Version 2.11, on an IBM PC/XT
without any upgrade features was 1 min 51 s. The use of an upgraded system (16-MHz with 32-
bit processor) resulted in a computation time of 46 s.



2.0 L/min
25°C

0.4 M HNO
2.0 L/min
25°C

0.4 M HNO,
2.0 L/min’
25°C

0.4 M HNO3
2.0 L/min
25°¢C

Agqueous Feed-—-~=-—-
2 M HNO3
300 gU/L
3 gPu/L
1 L/min
25°C

Pure Solvent~-——-=—-
30% TBP
2 L/min
25°C

Pure Solvent----——-
30% TBP
2 L/min
25°C

38

Extra

>Depleted
Organic

>Product
Solution

>Product
Solution

Solution

>Product
Solution

ct _Solution

Fig. 4. Batch extraction/stripping process.

>Depleted
Feed
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PROBLEW BECINITION DATA FUR SEPHIS MODA, Yer. Z.11: 02-0B-1990 0B:54
Probles: Ex. 4 - ORNL-5471 - Batch Extraction

PHREY PROCESS

Total stages: 7

Veluse X THP in solvent: 30,0

Initial or default teeperature (°C}: 25.4

Organic taken froe stage 7 feeds stage 3.

No Plutoniuam reaction.

Binutes per time incresent: 1.00

Minutes between printing of the concentration profile: 100
Calculations will stop after 1G0 ainutes or when a tolerance of  0.0100 X per minute is reached.
Miser volumes = (phase flow}(unit timel,

Settler volumes = {phase flow) (unit tise).

Initial concentration profile is defined.

fast inteqration will be used.

Extra product streasls),

The FILESPEC for thic Problem Definition data file is: B:EX _Q4P.DAT
The FILESPEC for this Prohles Fesults data file is; B:EX_04R.DAT

FEED AND PRODUCT STREAM DATA:

STAGE NITRIC ACID URANTUN PU {IV) PU (111} REDUCTANT  NITRGTE [OK  FLOW RATE TENP

N0, H ] {g/L} (g/L} {g/L) M L) {L./ain) ta]

AQUECUS 1 4.00E-01 0.00E+00 0.00E400 0.00E+00 0. DOE+D( 0, 00E+01 2.00E+00 25,0

ROUEBUS 2 4,00E-01 0. 00E+00 0. 00 60 0. 00E+00 0, 00E+00 . BOE+00 2.00E400 25.0

AgUEQHS 3 4, 00E-01 0.00E+00 0.00E +00 0. H0E400 0.00E+00 . GAE+00 2.00E400 25.0

RODEDUS 4 4, 00E-01 0. 00E+00 0,00E+00 0.00E+00 0. GOE+DD 0. DOE+00 2, 00E+00 25.0

ROUEOUS 5 4, 00801 0.00E+00 5. 00E+00 0. 00E+G) 0.00E+00 0. 00E+C0 2.00E400 5.0

RBUEBUS 6 2.00E+00 3.00E402 3. 00E 00 0, 00E+0D 8, (DE+00 0. 00E+00 1.00E+00 25.0

30,61 TBF 4 7. 00E+00 0, 00£+30 0. 00E+00 2. 008480 25.0

.01 780 7 9. 00E+00 0, 00F +00 0,00E+00 2, 00400 25.0
HQUECUS 1 Product streae removed lactual ¢low rate te be cosputed) 3. 00E+00
RRUEBUS 2 Product stream resoved {actual flow rate to be computed) 3. 00E+00
AQUEGUS 3 Product stream reagved lactual flow.rate to be coasputed) 3.G0E+00
AQUEBUS 4 Product streas resoved factual flow rate te be cosputed) 3. 00400
AQUECUS S Product stream removed factual flow rate to be computed? 3. 0B+

INITIAL ABUEDBUS PROFILE DATA:

STABE NITRIC ACID URANT UM PU (1) PULIID) REDUCTANT  NITRATE IOW TENP

NO. i {/L) tg/L} fg/L) i th ()

1 2. 00E+04 3.008+02 3, 00E+00 0.00E+00 0. 00E 400G 0, J0E+00 5.0

2 2.00E+00 3.00E402 3.00E+90 0.06E400 0. 0CE+00 0.00E+00 25.0

3 2, 00E+01 3.00E+02 3, 00E+00 0, G0E+00 0.00F+00 0, Q0E+G0 25,0

4 2.00E+G0 3.00E402 3.00£400 0.00E+D0 0. 00E+00 0, 00E400 25.0

5 2.00E400 3008442 3.00E+00 0, 00E+00 0,00E+00 9, 508405 5.9

b 2.00E+00 T.00E+(2 3.00E+00 0. 00E+00 0. 0BE +00 0. 00E40D 25.0

7 2.00E400 3068402 3.00E+00 0. 00E+00 9,00E+0% 0,00£4+00 25.4



INITIAL ERGANIC FROFILE DATA:
STAGE WITRIC ACID

M

0,00E+00
0. 00E+00
4,90E+00
0.00E+00
0. 00E+00
0. 00E+00
0.00E+00

URANTUM
(g/L)
0,008+00
0. 00E+00
3.00E+40
0,00E+00
0.00E+00
0. 00E+00
0.00E+00

STAGE YDLUME AND FLOW RATE DATA (Molal basis):
MIXER VOLUME BY PHASE

AQUEBUS

1.936+00
1.96E+00
1.9BE+(0
1. 98E+00
1. 9BE+0D
8.458-01
8.458-01

ORGANIC
3.97E+00
3.97E+00
3.97E400
3.97E G0
3.97E400
. 9BE+00
1.98E+00

SETTLER Vi

1. 98E+00
1.98E+00
1.98E+00
1. 98E+00
1.98E+00
8. 45E-01
B.45E-(1

40

FU (IV)
(g/L)
0. 00E400
0.00E+00
0. Q0E+00
0. 00E+00
. Q0E+00
0.00E+00
0. QUE+00

OLUME BY PHASE

3.97€400
3.97E400
3.97E+00
3.97E460
3.97€400
1. 98E+04
1.98E+00

MIXER FLOW RATE

LSHE+0D
L 98E+00
L9BE+00
. 9EE+00
L9BE+00
LA5E-01
J45E-01

3.97E400
J.97E400
3.97E400
3978400
3.97E+00
1.9BE+00
1.98E400

INTERSTABE FLUW RATE

0, G0E+00
0, 0CE+04
0. 00400
0. J0E+00
(. O0E+00
8. 45£-01
8.45E-01

3.97E400
3.97E400
3.97e400
3.97E400
3.97E+00
1. 98E400
1. 98E+00



PROBLEN RESULTS FOR SEPHIS MOD4, Ver. 2.11:

Problea: Ex. 4 - ORNL-5471 - Batch Extraction
{sixer concentrations shown)
TINE = .00 KINUTES

AQUEDUS PHASE:

STASE MITRIC ACID  URANIUM PUOCIY UL
§0. ) tgiL) il igil)
1 2OZE400 LI9ERD2 2.03E400 0.00EHO0
L ERODUCT STREAM
2 2426600 L29E4Z Z.03E400 0.00EHD0
1 PRODUCT STREAM
3 2028400 L29EH02 2.03E400  0.00EH0
3 FRDDUCT STREAN
3 2026400 LZ9EH0Z 2.O3EH00 0.00E+00
& PRODUCT STREAM
5 2006400 L.29EH07 Z.03E400 0.00E400
5 PRODUCT STREAM
6 ZALERD  LLOE0Z  LBAE+BO  0.D0EH00
7 2.01ER00  L0EROZ  LBAESOD  0.00E+0D
ORGANIC PHASE:
STASE NITRIC ACID  URANIUM PUCTIWY U EXTRACT
N0. ] tg/) (g/L) FACTOR
1 S.48E-02  LOOEHDZ 6. 14E-01  LLASEeG0
2 SOME-07 LLO0ERGD 6 14E-01 f.4aEH00
3 5E-02 LOBERDZ 6 ME-O1 1L3AE4G0
4 SAE-07  LODEDZ 6. MAE-OL  1L4GEHG
5 SAE-07  LLOCEHIT B IAE-UL 1L A6ERDD
8 S.BIE-07  9.51Ee0]  6.0BE-OL  1LOIEHCD
7 S.BLE-02  L5IERGE A.98E-DE LL9IEeD0
TIME = 31,00 NIMUTES
ABUEDLS FHASE:
STABE NITRIC ACID  URANIUM PUOIIVYBUAIID)
MO, N 1g/L tg/L) ig/L)
1 LISE-01 LI9EH01 AAME-02 0.00EwD
{  PRODUCT STREAM
2 395601 LLSIEsDl  BLBAE-0Z 2.00E+00
2 PRODUCT STHEAM
3 3.98E-01  LYSESO] LLBOE-GL  0.0DE+00
3 PRODUCT STREAM
A 8.25E-01 249E401  3.64E-01 0,00E+00
4 PRODUCT STREAM
5 5.98E-01  2.8IE+G1  &.ATE-01  D.0BE+D0
S PRODUET STREAM
& L9GERG0  G.33E401  LLAZECGD  0.00EHD
7 LSIE#60  A29EH00 2.426-D0 0.00E+00
ORGANIC PHASE:
STABE NITRIC ACID  URANIUM PUCUIV) U EXTRACT
Na. m 1g/L) tg/Ll FACTOR
1 4.576-02  L.3GE+0] 2286402 K.OOEOD
2 438602 L.94Ee01  AL46E-07  3.9ME+00
3 4.19E-02  3.A8E01  B.E2E-02  3.B1E00
4 819602 A.63E01 LOVE-OL  3.73E400
5 5.59E-02  S.BME€0)  35SE-01 AL 1BEOD
3 T.A8E-07  LLO7EH02 TOI9E-D1 2LBREH0
7 L38E-01  LS9EHL 4.22E-00 1926401

41

REBUCTANT
M)

ke
0, GOE+00
0. 00E+ 04
3, 00E+00
0. G0E+GY
0, DOE+D0

0, Duk+Dn

PU EXTRACT

wh WA oen Whoon

4~
r

REDUCTANT
]

i, 00E+ 10

0, 00E+04

G.00E+00

0. GOE+0

4, 0QE+50

0, 00E+09
0. Q0E+ON

PU EXTRACT
FACTOR
1, 04E+0D
1028400
9.94E-01
9.80E-01L
1. 1LE+ 00
?.956-01
3. 47E+00

NITRATE [ON
(M}

0.00E+00
0.98E+00
0. 90400
0, Q0E+64
9, B0F 400}

4. 00E+00
. 00E+00

H+ EXTRACT
FACTOR
5.08E-92
9. 0BE-02
5.08E-07
5. 0BE-02
3.0BE-02
6. 40E-02
6, 40E-02

NITRATE TON
M

0.00E+Gé
3, GOE 401
0, 09E+00
0, 00E+01)
0. 00E+00)

0. 00E 0
0. 90E+00

=y

H+ EXTRACT
FACTOR
2.33E-01
2.24E-01
2.12E-01
t.99E-01
1.88E-0¢
B8.42E-02
3.598-01

DENSITY
{g/aL}

1, 24£400

1.28E+40

L 24E+00

-

28B40

J28E+0]

L 21E+G0
L2LE400

—_—

DENSITY
fg/al)

DENSITY
Ig/nl}

1. 038400
1. 03E+00
L. 03E+00
1. 05E+00
1. GbE+4D

1, 18E¢00
1. 05E400

DENSITY
tg/aL}
B. S0E-01
B, 58601
B.47E-01
3, BeE-0L
B. 94E-11
9, 61E-01
B, 72E-01

FLOK RATE
tLiain]

20E 00
0400
20E400
2E+0D
20E+00
20400
L 20E+00
L 20EHOD
L S4E-08
L36E-C1

SO R R PO RS RO R RA RD B3

FLOK RATE
(Limin
A 15EHI0
4, 15400
4, 158400
4, 156400
4, 15E400
2.07E+00
2,07E400

FLOW RATE

2.01E+00
2.01E400
2. 01E+00
2.G1E+0D
2, 018401
2. 018400
2028400
2.07E+G0
2. 038400
2. 936400
9. 27E-41
8,898-01

FLOW RATE
{L/win
4.G4E400
4058400
&, 08E400
A, 07400
4. 09400
2. OBE+0G0
2. 04E408

04-08-1990 09:27

5.0

P Py
wh e
<

P

TBPGAT  INVENTORY
1) CHANBE (D)
82.4 2. 008402
82.4 2.00E+92
82.4 2.00E+02
82,4 2.D0E+02
82.4 2,u0E+02
78.7 2,00E+02
78.7 2, 00E+02
TEXF
i)
25.0
5.9
25,0
25,0
25.0
23.0
5.4
TBFSAT  INVEMTORY
13} CHANBE (1)
22,3 5, 89E-03
26.6 1. 74E-03
32.1 5. 06E-04
39.5 1.79E-04
54.2 7.93E-03
89.4 7.99€-C6
39.8 7.826-98
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7.5 EXTRACTION/PARTIAL PARTITIONING - LOSS OF REDUCTANT

Two pulsed columns are modeled here as shown in Fig. 5. By using known data for the
height of column equivalent to a theoretical stage (HETS), the SEPHIS MOD4 code can be set
up to simulate this differential type of contactor. Volumes for the mixing and settling portions
must be specified. In the interior of the column, the HETS determines the stage volume; the ratio
of phases is assumed equal to the flow ratio, and the split between "mixers" and "settlers™ is
arbitrary. The volumes of solution in the phase disengagement sections at the ends of the column
are merely added to the appropriate "settler.”

The simulated situation is the complete loss of a small reductant stream fed to Stage 3 for
30 min. An initial profile is specified for this problem. The printout that follows Fig. 5 shows the
expected concentration profile after 30 min.

The problem was previously calculated by using SEPHIS MOD4 on a mainframe computer.’
The computation time was ~13 s on the ORNL IBM 360/91. The computation time for SEPHIS
MOD4, Version 2.11, on an IBM PC/XT without any upgrade features was 15 min 28 s. Use of
an upgraded system (16-MHz with 32-bit processor) resulted in a computation time of 2 min 40 s.



Agqueous Feed—-—=-=~- >
3 M HNO4
300 gU/L
3 gbPu/L
0.15 L/min
40°C

Organic Solvent--->
30% TBP
0.35 L/min
40°C

43

10

___________ >Aqueous
Product

Extract Solution

——>+

---------- >Depleted
Aqueous

Fig. 5. Extraction/partial partitioning-loss of reductant.
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PROBLEM DEFINITION DATA FOR SEPHIS MOD4, Ver. Z.10: 02-08-1990 10:08
Problee: Ex. S - ORHL-D471 - Fulsed Columns

PUREX PROCESS

Total stages: 19

Voluse % TBP in solvent:  30.0

Inmitral or default temperature (*C):  40.0

No unusual stage connactions

Instantaneous reduction of Pully).

Minutes per tiee incresent: 0,13

Minutes between printing of the concentration profile: 10
Caleulations will stop after 30 minutes or mhen a tolerance of  0.0100 L per ainute 3s reached.
Mizer volumes are defined for each phase.

Settler volumes are defined for each phase,

Initial concentration profile is detined.

Runge-¥utta integration will he used.

Extra product streaels:,

The FILESPEC for this Froblea Tefinition data file 1s: H:iEX_OSP.OAT
The FILESPEC for this Problea Results data file is: B:EX_0DR.DAT

FEED £ND PRODUCT STREAM DATA:
STABE NITRIC ACID URANTUM PU (1Y) PU LTI REDUCTANT  NITRATE ION  FLOW RATE TEHP
KC. N lg/L} (g/L) lg/L} " m {L/ain) {£

AQUEDUS 1 3.00E+00 0, GOE+G0 0. 008400 0.00E+00 0. 00E+00 0. 00E+00 1.60E-01 40,0
ARUEDUS ¢ 3.00E+00 1.00E+0Z 3. 00E+00 0. 008400 Q. 00E+OD . 00E+00 1.50E-01 40.0
30,0 1 TR 19 0. 00E+00 0.00E+00 0. 00E +00 3.50E-01 45.¢
AGUEDUS & Product stream rescved factus! flow rate to be cosputed) 1, GOE+0!
INITIAL AQUEQUS PROFILE DATA:
STABE NITRIC ACID LiRANT UM Py 11V} PRI REQUCTANT  NITRATE [DN TEHP
WG, M} {g/L) g/l lgili M L 0
! 2 B4E+00 2,776+ 0, (B30 0. B0E+00 3, 00 +Q0 0. 00E+00 40,0
z 2.75E+00 4,78E+61 3, 008400 0, G0E+00 (L 0DE+20 0, 00E+ 0D 4,0
3 2, 548400 3.56E+01 . 00E+01 0. 0DE+00 40,0
4 2.53E400 7196+ 0, G0E+00 4.47E-02 46,0
5 2,41E400 1.008402 t.75€-0z A, OBE+0D 40.0
. TL00E+00 J00Ee02 Z.B7E00 IR X 40.0
7 3, 0GE+00 300802 2TAEHDG 0, GOE+a0 40,0
8 J.05E+00 L GhEHDD Z.53E400 1, Q0E+O0 0. 00E+00 40,0
3 3. 4800 2 24E40: {LIE+0D 0, 0CE+00 3, 00E+030 0, 30E+GD 40.0
10 1L 14E400 2U14E+0] 2.67E-01 0. 00E+00 OGE40D (1, OOE+00 40.¢
INITIAL ORGARIC PROFILE DATA:
STRSE NITRIC ACID URANTUN Py (1V)
MO, ) lgrly {g/L)
! 2.05E-01 3.79E+01 0,008 +40
K 1.83E-41 9.50E+01 (- O0E+00
3 1,39E-01 9,91E+01 RacE
4 1. 19E-41 1. 038402 0, QOE+30
5 9,488 -07 1. 0TE+02 1.23E-02
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STAGE  NITRIC ACID URANTUK PU (Iv}
XD, )] lg/L) {q/L)

[ 5.96£-02 1. 15E+02 1. 13E400
7 5.97£-02 1. 156402 1. GBE+00
B 6. 42E-02 1. 15E402 L. 02E+00
9 8. 00E-02 1. 136402 9.47e-01
1 2. 44E-01 8.31E+01 4, 78E-01

STABE VOLUME AND FLOW RATE DATA (Molal basis):

HIXER YOLUME BY PHASE SETTLER VOLUKE BY PHASE HIXER FLOW RATE INTERSTAGE FLOW RATE
STABE  mrrommm s s e e cmmmos s leAnslssacs s emomesss e oo
ND. ARUEQUS ORBANIE RRUEDUS DREANIC ARUEDUS ORGANIC AGUEQLS ORGANIC
{ 3. 40E-02 1.20£-01 1. 10E-01 5. B0E-01 2.07E-02 3.47e-01 4,078~ 3.47E-01
2 3.60E-02 1. 20601 L. 10E-01 3.806-91 9.07E-42 3.476-01 9.078-q3 3.47€-01
3 3.60E-02 1. 20E-01 1. 10E-01 3. B0E-¢1 9,07E-02 3.47E-04 3. G7E-02 3. 47E-01
4 3.60E-02 1.208-01 1. 10E-01 3.B0E-01 9.076-02 3.47e-01 9.07£-~02 3.47E-01
3 3. 60E-07 1. 206-01 3L L0E-0 3.80E-01 9.0TE-G2 3.4TE-01 0, GOE+0D) 3.47E-01
[ 175801 4. 0UE-DL S.10E-01 1. 70E+00 122801 3.47E-01 {.22E-01 3.476-01
7 1. 70E-01 A.G0E-01 S.16E-0 1. 18E+00 1. 272601 3.47E-04 1.228-04 3.478-01
g8 1. 70¢E-i31 4, 00E~01 3. 10E-01 1. 18E+00 1,226-01 3.47E-01 1. 22801 3.47E~01
9 1. 70E-01 4.00E-01 3. 10E-01 t, {BE+OQ 1. 22601 3.47E-01 1.228-01 3.47E-01
10 1. 70£-01 4.00E-01 7.006E-0 1. 1BE+00 1. 228-01 3.47E-01 1. 2261 347801



PROBLEM RESULTS FOR SEPHIS MORA, Ver. 2.11:

Probles:

TINE = 0,00 MINUTES

ABUEQUS PHAGE:

STABE NITRIC ACID  URANIUM
Hl. wm ig/L)
1 2866400 2.3E401
2 LITEHD A 13EH0]
3 2646400 5.45E+0)
3 LITEH0 T.1ZEH00
5 DAEH0 9.92E401
5 FRODUCT STREAM
5 LOIEHGO  3.00E+02
7 3OIEH0  2,99E402
8 3065400 2.94E402
9 IA9EH00 2236402
19 3I6E00 2.04E40
BREANIC PHASE:
STABE NITRIC ACID  URANIUA
40 ) fgit:
1 1.986-01
2 1.57€-01
3 1,336-01
4 1.13E-01
5 9,01E-0
5 5.63E-07
7 5.636-02
8 5, 786-62
9 3,576
1 2, 36E-0L
TIKE = 10,06 HINUTES

4QUROUS FHASE:
STABE NITRIC ACID
i
B4E (0
TEE+D0
83E+0
SOE+00
45E+09
FRODUCT STREAM
00E+00
GLE4O0
05E+00
49E+00
15E+04)

203 ta B3Ry

I

YD m e e LN O e G P e

Cd G G Ll

=

URANTUA

— k3 kg Gl el

fgsli

LOIEHDE
GOE+GY
L34E+01
92E+01
94E+(1

LOOE+G2
J0E+02
LI4E4(2
2302

9TE+0L

PU (10
ig/L}
0. 60E+00
0.00E+60
. D0E+00
0. 00E+00
17202

2.61£+00
2.52E+00
2. 358400
1. 74E+00
2.50E-01

FU (1V)
ig/L)

0. 00E+00
0. 00E+00
0. D0E+U
0, GUE+OC
23E-02

74E400
SHE+00
226440
S9E+00
JSE-01

7
Lo
7
|
ie

Ex. 5 - ORNL-547! - Pulsed Coluens
(mixer roncentrations shown)

PU {111}

{g/L)
0.00E+00
0. GOE+00
0.00E+00
84.47E-02
4. 0BE+00

0. 00E+00
0.00E+00
3. 00E+)0
0.00E+00
0. 90E 00

U EXTRACT
FACTOR
1 21E+0L
8. 36E+(0
8.61E400
3. 238400
3918000
g .
3
G
1

!.09E*bi

0. 06E 498
0. 00E400
2.90E-12
1. 24E-07
3. 45E-05

8. 00E+00
2, 00E400
0, 00E +00
0, G0E+00
2, 00E+00

46

REDUCTANT  NITRATE TOM  DENSITY FiDY HATE
LN M {g/nL) {L/min}
0, 00E+00 0. 00E +G0 1. 12E400 1.00E-01
0.DOE+00 0, 0OE+00 1. 14E+00 1. 01E-01
1.72e-07 {.72E~02 1. 16E400 1. 01E-01
1.70E-02 1. 72E-02 1.18E+00 1.01E-01
0, 00E+00 1.71E-02 1.22€+00 1.01E-01
1.01E-01
0. 00E+00 0.00E+00 1,30E+00 1.50E-01
0. 00E+D0 0, 00E+Q0 . SOE400 1.30E-01
0. 00E+09 0.00E+00 1.50E400 1.30E-01
0. 00E+0R 0. 00E+00 1. 41E+00 1.4BE-01
&, 0+ 00 0. 00E+D0 1138400 1, 36E-01
PU EXTRACT  He EXTRALT DENSITY FLD® RATE
FACTOR {L/min}

F

o oo

@ @ oo

¢

ACTOR

LOOE+D0
L OOE+0D

0, O0E+0])

LOGE+00
LO0E+D0

LO0EDD
L DOE+D0
LOQE+00
L (OE+O0
LOQE400

2.51E-01
0%E-01
JBOE-U1

TSRS T SN ]

NITRATE 10N
M
0.00E+00
0. GOE+00
22E-14
{9E-10
28E-07

[T e

0, 00E+00
0. 00E+00
0. 00E+00
0. ¢OE+00
0. Q0E+04

b4E-01
£5E-01

55k~

3.66E-01

SobAE-OY
DENSITY FLOK RATE
lg/nl} iLimn!
(128490 t. 01
t, 14E+00 1.01E-01
1168400 1OIE-0L
1. 18E+C0 1. 01E-01
12184090 1.026-01

i 01
1308400 1,50E-01
1. 50E400 1. 50E-01
1, 308400 1. 50E-0!
{A1E4ED 1, 4BE-01
1138400 1. 36E-01

06-018-1990 09:31

TEMF
)

40.0
§0.0

46,4
40.0
40,0
10,0
40.0

TBPSAT
[¥3]

INVENTORY
CHANGE (%)

QUE+0Y
00E+02
DOE+(Z

rroFe Lho£A LN o

TEMFP
i)

40.0
40,0
40,0
40,0
49,

40,
40.1
40,
a6,
40,

S AR Y- -
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ORGANIC PHASE:
STAGE NITRIC ACID  LRANIUN LIV U EYTRACT  PU EXTRACT  He EXTRACT DENSITY FLOW RRTE  THPSAT  IHVENTORY

NO. i} (g/L) fo/L) FACTOR FACTOR FACTOR iq/al) {Linin) ) CHANGE {7}
! 1,98E-01 8.83E+01 3.84E-01 1. 288401 T BAE4OD 2.52€-01 9.39E-01 J.64E-01 8401 3, 126408
2 1.57€-01 9. 54E 401 5.92E-01 8. A5E+00 5. 396400 207601 3. 48E-01 J.64E-01 880 1 71E+01
3 1.356-01 9.92E+01 7,91E-00 8. 728400 4328409 t.82E-01 9.53E-01 3.45E-01 89.0 8,67E+00
L 1.45E-04 L O3E+02 9,62E-01 5.36E+00 3L 4BE+D0 148601 9.57E-01 3.65E-01 89.9 3.79E+00
3 9.08E-02 1076402 . 1EE+00 3.87E+00 2,38E+00 1.33E-01 9. 62E-0! 3.43E-01 91,2 1.228+00
& S.61E-02 (. 15E402 1, 79E400 9. 37e~01 1, 15E+00 4.56E-402 2.72E-01 J.hbE-GL MLt 2,53E-02
7 3.426-02 1. 156402 1, 18E+00 9.39E-01 1. 15400 4.56E-02 9.726-01 3.66E-01 94.6 1. 91E-0!
g 3.77E-02 1 L5E+02 1. 07E+00 9.57E-01 1. 17E+00 4.61E-02 9, 72601 3.h8E-01 M.k 4,33E-01
9 7.56E-02 1. 138402 9. 13E-01 1,25k +00 1456400 3.34E-02 2. 70E-01 T65E-01 945 B8.26E-01
10 2.41E-01 B.37E401 5,83E-01 1LISE401 7. 59E400 2.04E-01 ¥.35E-01 3.A4E-01  Bb.b 9. A8E-01

TIAE = 20.00 MINUTES

RAGUEQUS PHASE:
STABE NITRIC ACID  URANILNM Py IV fUOIIN REDUCTANT  NITRATE ION  DENSITY FLOM RATE  TENF

X0, L] {/1} (g/L} 19/} (M (#) lg/nt) iLimin) ic}
t 2,B4E+00 2.64E4(! 3.878-01 2. 00E+00 0, QRE+00 £.90E400 1. 12E400 1.06E-01 40.¢
2 2.76E40 4.09E+01 6. 28E-01 0, 00E+00 0. 00E+00 0. 00E+60 1 14E+00 1. 01E-61 40.0
3 2. 68E400 9. 36E401 2.48E-0! 0.00E+0% 0. 00E+00 0. 4BE+(0 1. 16E+00 t.01E-21 10,0
q 2.59e400 £.98E401 1 12E+00 0, 00E+00 0. D0E+00 (. GOE+00 1. 18E400 L. 01E-01 40.0
5 2, 45E400 9.99E+01 LB1ERDD 2.7HE-15 0, 00E+00 11417 1 ZLE+00 1.02E-0 40.0
5 PRDDUCT STREAM 1L G201
[ 3.00E+00 3.00E402 2.72E400 0.00E+00 0. 00E+00 0.00E+09 1.50E+00 1.50€-01 0.0
7 3. 00E+00 3.00E+02 2.45E+00 0. 00E+0D 0, 00E+00 1L ROE+D) 1.30E+00 130601 40,0
8 3. USE+00 2.95E402 2. 136400 2.00E+50 0, DOE+G0 0. 00E+00 1, 50E+00 1.50E-01 40.0
? 3, 498400 2.24E402 1. 45E+00 Q. GOE430 0, 00E+00 0. 00E+0) fo41Ee00 1. 48E-61 40.0

14 3. 1SE+00 1.97E+01 1.89e~01 0, 00E400 0, 00E+00 0, 00E+00 1138400 1. 36E-01 10.0

ORGANIC PHASE:
STAGE NITRIC ACID  URANILM PU IV} U EXTRACT  PU EXTRACT M+ EXTRACT DENSITY FLOW RATE  THPSAT  TMVENTORY

NO. " fg/L} fg/L) FACTOR FALTOR FRACTOR fg/al} {L/nin} % CHANBE (1)
i 1.97€-01 9.79E401 8. 156-01 1. 21E+0] 7, 64E+00 2.526-01 9,40E-01 J.E4E-01 8A.1 1, 18E400
2 1.57E-01 9.51€+40! 9.33E-01 9. 438400 5. 38E400 2.G8E-01 9.48E-01 J.A4E-01 8RO 7.19E-01
3 1.34E-01 9.91E+01 1 0LE+0G b, EE+0N 4, 308400 1. 82E-01 7. 53E-¢1 3.43E-01 89 3.71E-08
4 1.15E-01 1. 036402 1.07E+00 . 32E400 3 ALEHD0 1. 40801 9.37E-M 3.65E-01 90,0 1.35E-01
5 9.05€-02 1 07E402 1. 156+00 3.858400 2,576 1.338-01 9. 82E-01 3.656-01 1.2 9,928-03
[ J.61E-02 1156402 1. 28E+00 9.37e-01 1. 156400 4.86E-02 9.72E-01 JLbbE-01 94t £ 12E-01
7 3.628-02 1, 15E+02 1168408 3.38€-01 1. 15E+40 455802 9.72E-01 3.6E-01 M8 2,57E-01
8 5.76E-02 1. 158402 1. 028400 3. 55E-01 1178400 4. 40E-02 9,72E-21 J.B6E-01 e 4,718-01
9 7.53E-02 L L3E+02 8.55E-01 1. 25E+00 1. 45E+00 5.34£-02 9.79E-01 J.66E-D1 54,5 5.678-01
10 2.41E-01 8.37€+01 5.386-01 L. LZE+ T boELOD 2.04E-01 §.356-01 I.6AE-01 BALS 6.33E-01

TIME = 30.00 MIRUTES

ATUEQUS PHASE:
STABE MITRIC ACID  URANIUN PU (V) PU{IT1) BEDUCTANT  NITRATE 10N DENSITY  FLONW RATE  TEWP
N0, 3 ig/L) tg/t) {g/L} ) " fg/al] iL/nin} 10

1 2.84E400 2.63E+0] 199801 0. GOE400 0, B0E+00 9.0CE+09 1L 12E+00 1.00€-01 40,0



AQUEDUS PHASE:
STABE NITRIC ACID
NO. LY

2 2,76E400

3 2,6BE+00

4 2, 59E+00

3 2456400

S PRODUCT STREAM

b 3. 00E+00

7 3. 00£400

8 3.05E+00

9 JLA9E+00
3.15E400

o

OGANIC PHASE:

STABE NITRIC ACID
KO. M
t 1.97E-01
2 1.57€-0!
3 1.34E-0t
4 1. 14E-0
3 9,05E-62
4 J.61E-02
7 3.626-02
g 5, 75E-07
9 7.54E-02
10 2.41E-01

URAN UM
ig/L)

4. 10E+D)
3.37E+01
5.97E401
1. 008402

Q0E+02
00E+02
95E+02
24E+)2
9BE+0!

R0 R Gl

URANTUM
19/}

8,79E+01
9. 51401
9.91E+01
LO3EH(Z
1. 07E+02
1. 136402
116k 02
1. 16E402
1

8.

—

13E402
JBE+01

PU (V)
g/L}
&,40E-01
8.34E-01
1. 126400
L 60E+00

69E+00
I9E+09
05E400
38E+00
JT9E-0Y

e P3O R

P IV)
g/

B. 40£-01
9.49E-01
1. 01E00
1.07€400
1. 14E+00
1.27E+00
1 13E+00
9.82E-01
B.ISE-04
5. 0BE-01

PULTT1TS
g/}
0. 0UE+0D
0, 00E+20
9.00E400
0, 00E400

0, 00E+00
0. 00E+00
0. QOE+00
0. 06E+00
0. 00E+00

U EXTRACT
FACTOR
2{E+01
41E+00
H3E+00
T2E400
B4E 00
37E-01
38E-0!
35 -01
25E+00
BR{Z10]

— e O g O Gl G O DD

RE|

Py
F

48

DUCTANT
LY

DOE+OD
QOE+00
LOOE+0D
VOO0

LOOE00

1, HOE+00

L OUE+00
L J0E+00
L DOEOD

ATRACT
CT0R

= m

&3E+0D
ITE400
29E+00
458400
LITEHGD
15E+00
ASE+00
TR0
LASELO
SPE+C0

NITRATE ICN

0.00E+0¢

=

(=3

d

M)

L0CE+00
LAE+RD
LO0E4D0

H.Q0E+00

ROUL]
LBOE+00
LOYEHGD
LODE+00

He EXTRACT
FACTOR

LBLE-0L
LLRE-0Y
L3301
L 56E-02
.54E-42
LB0E-02
J33E-2
OAE-01

DENSITY
{g/al}

B
ABE+G0
LZLE400

RSl
L SOE+0D
LSOE+0G
ALEH
C33E+0D

DENSITY
lg/aL}

LA0E-01
48£-01
33E-01
SIE-01
62E-01
72E-01
72E-71
T26-01
JOE-01
ISE-01

FLO® RATE
(L/ain)

L S0E-01
48E-01
3bE-11

FLON RATE
(L/min}
L S4E-01
G4E-01
L65E-01
£5E-01
§5E-01
hEE-01
44E-01
a6E-01
56E-01
G4E-01

R ST o7 R S R ST

THPGAT
1)

INVENTORY
CHANBE (1)

o I B I -~ I S B

.81€-02
. BHE-02
A9E-(2
.03E-01
19E-01
26E-01
326-01
69E-01
S1E-01
T8E-01
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7.6 EXTRACTION/PARTIAL PARTITIONING - REDUCTANT REGAINED

The problem described in Sect. 7.5 is continued in this section, but with the reductant stream
restored (Fig. 6). The concentration profile existing after 30 min with no reductant is the starting
profile for this new sample calculation. An additional 30 min of operating time is permitted.

The problem was previously calculated by using SEPHIS MOD4 on a mainframe computer.’
The computation time was ~13 s on the ORNL IBM 360/1 (a total of 27 s for this example and
the previous example). The computation time for SEPHIS MOD4, Version 2.11, on an IBM
PC/XT without any upgrade features was 16 min 54 s. The use of an upgraded system (16-MHz
with 32-bit processor) resulted in a computation time of 4 min 55 s.

Strip-———=———————— > 1 | memme——— >Depleted
3 M HNO Organic
0.1 L/min 2
40°C

Reductant-—---——=~- > 3
1.75 M HAN
0.001 L/min 4
40°C

5 e ——— >Agueous
Lo Product

Extract Solution

Aqueous Feed--——-- > [ ——>
3 M HNO3
300 gU/L 7
3 gbPu/L
0.15 L/min 8
40°C
9
Organic Solvent--~->| 10 |===weeeww- >Depleted
30% TBP Agueous
0.35 L/min
40°C

Fig. 6. Extraction/partial partitioning—reductant regained.
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PROBLEM DEFINITION DATS FOR SEPHIS MOD4, Ver. Z2.11:

Probles: Ex. & - DRNL-5471 - Pulsed Coluans 11
PUREX PROCESS

Total stages: 10

Volume X TBP in solvent: 30.0
Initial or default temperature (*():
Ho ususual stage connections
Instantanepuz reduction of PuilV),
Minutes per tise incresent: 0.13
Hinutes betwean printing of the cancentration profile: 10
Calculations will stop after 30 minutes or when & tolerance of
Mixer voluses are defined for each phase

Settler voluees are defined for each phase.

Initial concentration profile ic from a previous probles.

Fast integraticn will be used.

Extra product stream{s!,

40.0

The FILESPEC ‘or this Problea Definition dats file is: E:EX_0aP.DAT
The FILESPEC tor this Probles Results dats file 1s: RsEX_06R,DAT

FEED AND PRODUCT STREAM DATA:

STRGE NITRIC ACID URANTIR YN By EIID RETUCTANT
N, L] lg/L) g/} fq/L} )
AGUEDUS ! 3. 00E+00 0, 00E+0 9, 00E+01) 0, QUE+Q0
AQUEDUS 3 (. 00E+00 0. 00E+00 0.00E+0D 0.00E+00 1.7EEHG
AGUEDUS & 3. 00E+G0 3.00E+47 J.O0E+D0 0. GOE+00 0. UE+G0
30,0 L TBF 10 0L O0E+00 0. D0E+00 G, 00E+00

AQUEDUS & Product ctreae reagved (actual flow rate te he ceaputed

INITIAL ABUEQUS PROFILE DATA:

STAGS MITRIC ACID  URANIUM PU {1V) PUILITE REDUCTANT
N0, o ig/Li foiLt la/L} 1)
i 2.B4E +00 245601 7.99E-01 . 0O +0) &, D0F #40
z 2. 76400 4, 10E 4 4. 40E-01 0, 00400 0. DOE +00
3 2.48E+400 5.37E+01 8.54E-01 0. BOE 00 9. 0UE 400
4 2, 59E+00 5.97E40} 1126408 0, 0GE+0D 0. BOE 400
5 2458400 1.00E 402 £LEDE+DD DE+OG 0, GOE 00
5 3. 00E+00 3.00EH07 2,698 400 0.00E400 (L OBE 40D
7 3 00E+00 3 2. 396400 G, GOE+00 0. 0F 400
8 3. A5E 400 2 £, 00E+00
9 3498400 ? 2. 0E+00
1 3. 15400 £.00E+0D

INITIAL ORGANIL PEOFILE DATA:
STRGE NITRIC ACID
NG, ¥

YRANTUH

! 8,796+ 8. 40E-01
2 9.51E+0! 9,498-01
3 9,91E401 1L O1E00
4 1, 03E+2 LL07E400

NITRRTE [ON
M

NITRARTE TOM

02-06-199¢ 11558

19,0100 % per sinute ic reached,

FLOW RATE
{L/mini
1. 00E-451
LLODE-03
1, 50E-41
3.50E-01
1. 008+01

40,9



STRGE

NITRIC ACID
(H)

9.45E-02
5.61E-02
3.42E-02
5.75E-02
7.546-02
2, 41E-01

URANIUN
{gfty

51

PU {19
fg/L)

L.07E+02
1. 136402
1, 16E+0Z
1, 16E+02
1. 13E+02
8.38E+01

STABE VOLUME AND FLOW RATE DATA (Mplal basis):
MIXER VOLUME BY PHASE

Y R R 7. I I AR

<

. JOE-(1
L JOE-01

1.720E-01
1.20E-08
1. 20E-01
1.208-04
1.20E-01
4.00£-01
4, 00E-01
4, 008-01
4. 60E-01
4.00E-01

1. 14E+00
1. 27E4+00
1 13E+00
9.87€-01
8.13E-01
3.08E-01

SETTLER VOLUME BY PHASE

L 10E-01
A0E-01
JA0E-DY
L 10E-01
AGE-01
L 0E-01
A0E-0
L O0E-01

e DA LR B T el et

3.80E-01
3.80E-01
3.80E~0)
1. 708400
t.1BE+(0
1. 18E¢00
{. 1BE+00
1. 18E+00

N - T - IR =)

HIXER FLOW RATE

Q7E-02
07E-02
17E-02

ATE-02

1TE-02

L 22E-01

22E-01
27601

22E-01

L22E-01

Cd G Gl LN L ol G LM e N

ATE-0L
ATE-0Y
LATE-T
ATE-DL
LATE-O1
4TE-01
L47E-01
LA7E-01
ATE-0L

INTERSTABE FLOW RATE

9.07E-02
9.07E-02
917602
9.17E-02
0, 10E+00
L2201
22801
L2201
22801
1.226-04

e b g

3.47E-08

347601
476401
L 47E-01
LA7E-
47801
L476-01
3.478-01
3.47E-04
3.47E-01

LNl el Ll o
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FROBLEW RESULTS FOR SEPHIE MODA, Ver. 2.1l: Gb-0B-1990 09134

Problea: Ex. & - ORNL-347% - Pulsed Coluans 11
{mixer concentrations shown}

TIME = 0.00 MIRUTES

AQUEQUS PHASE:
STABE NITRIC ACID  URANIUM PU IV PY (1IN REDUCTANT  NITRATE ION  DENSITY FLOW RATE TEH®

k0. M) {g/1) g/t) g/} i) " lq/al) iLimin) )
{ 2,B4E+00 2.63E+01 3.99E-01 0, 00E¢00 0,00E400 0, 00E+040 1L 12E4090 1. 00E-01 A0
2 2. TEELOL 4. 10E+01 6.40E-01 0. 00E+00 0. 00E+00 (L 00E+OD 1. 1AE+G) 1.01E-01 10,0
3 2.63E+0( 3.378401 8. 54E-01 0.00E+00 0.00E+00 0, 00E+00 1. 166400 1, 92E-01 40,0
4 2.59E+400 6.97E401 L 12E400 0. 00E+00 0, 00E+00 0. 00E+00 1. {BE4D0 1.02E-01 40.0
3 2.45E+00 1. Q0E+02 1 60E+00 0, 00E+00 0., 00E+00 0.00E+00 L2E+H) 1. 03E~G1 40,0
3 PRODUCT STREAM 1.03E-01
[} 3. 00E+00 3.00E+02 2,69E+00 0, 00E+00 3 00E+00 0.00E+00 1. 30E+00 1.50E-01 40,0
7 3. 00E+00 3.00E+02 2,39E+00 0. 00E+0D 0.00E400 0, 0QE+00 1.50E+00 1. 50E-01 40.0
8 3, (SE400 2.95E402 2.05E+00 0, 0CE+00 0. 00E+0D 0. 00E+0( 1.50E+00 {.50E-01 40,0
9 J.49E+00 2,28E402 1.38E+00 0.00E+00 0. 00E+06 0. D0E+Q0 1L4LE+CO 1. 48E-01 40.0
10 3. 15E+09 1,98E+01 1.79E-41 9, 00E+00 0. 00E+0D 0.00E+00 LISEHO0 1. 36E-01 40.0

ORBANIC PHASE:
STAGE NITRIC ACID  URANILH PU LIV Y EXTRACT  PU EXTRACT  H+ EXTRACT DERSITY FLOW RATE  TBPSAT  INVENTCGRY

Ko, LY lg/L} FACTOR FACTOR FALTOR {q/al} %) CHANGE 12)
1 1.978-01 8.79E+01 B,40E-0! 1218401 7. 636402 2.5326-01 9. 40E-01 86,1 2.00E+02
2 1.57€-01 9.91E401 9. 49E-01 B.ALE+00 S.3TE+00 2.06E-01 Y. 4BE-01 88.0 2.00E402
3 1.J4E-01 9. 91401 1L OLE+00 5. 61E+00 4. 258400 1.796-01 9,53E-01 89,1 2.008+G2
4 1. 14E-0 1. 03E402 1.07E+00 3.26E400 3.42E400 1.2BE-01 9.57E-01 90.9 2.00E+02
3 9,05€-02 1.07E+02 1, 13E400 3.80E+00 2,556 402 {3IE-01 9. 62E-01 91.2 2, 00E+GZ
8 3.61E-02 1. I5E+02 1278400 ?.37e-01 1. 15E+00 4.56E-07 9.726-01 94.6 2,00E+02
7 3.62E-02 1166402 1.13E400 9.38E-01 {, 1SE400 4,56E-02 9,728-01 3. 46E-01 94.6 2, 008407
] 3.75€-02 1. 16E+02 9.82€-01 9,55E-04 1. 17E+00 §.40E-02 9.72¢-01 3.66E-0] 94,6 2.00E+02
9 7,54E-02 1L 13E+(2 B, 13E-01 1.25E4+00 1 A5E+G) 5. 33E- 9.70E-01 3, b6E-01 94.5 2.00£402
19 2, 40E-01 8. 38E+01 5.08E-01 1. 13E+01 7, 58E400 2.04E-01 9. 35E-01 3. 64E-01 85,6 2.00E+02

TIME = 10,90 MINUTES

AQUEQUS PHASE:
STAGE NITRIC ACID  URANIUM PO IV FY (11D RERUCTANT  NITRATE 10N LENSITY FLOW RATE  TEMFP

M. M {g/L} g/t g/L1 L] o ig/al) Limind iy
i 2.83E+00 2.63E401 1.56E-03 0. 00E+00 0, 00E 00 4, 30E+00 1 12E4+00 {.00E-01 46,9
2 2. 76E+00 §.07e+08 7.97E-04 0.00E+00 0. D0E+00 0. Q0E+00 1. HAE+Q0 1. 01E-01 40,0
3 2, b6E 400 3.21E+01 0, 908409 1, 83E+00 9,53E-03 172802 1. 16E+00 1.02k-01 40,1
4 2. 56E+00 6.69E401 4.00E-01 4.09E+00 7.74E-05 1.72E-02 1 1BE400 1.G2E-01 40,0
5 2.42E+00 9.74E+01 1, 37E+3) 4, 0BE+00 0. 00E+060 1.71E-02 1. 22E+00 1,03E-01 4.0
3 PRODULT STREAM 1. 03E-901
b 3. O0E+00 3.00 2,65E+00 0.00E400 0, 00E+Q0 0.00E+00 1. 50E+09 1. 30E-01 30,0
7 3. 00E+(n 3 2, 33E406 0.00E+00 0. 00E+00 0.00E+0G 1,50E+00 1.50E-01 40.2
3 3. 05E+0C 2.958+02 {L9TE+O0 0.00E+00 0.00E+0G 0, 00E+DG 1, 30E+00 1. 50E-¢1 AGLO
g JL4BE+D0 2.256402 1. IZE+00 0. 0GE+00 0. 00E£0C 0.0G0E+00 1 41E+00 {.4BE-0! 40,0
14 I 19E+00 1,998+ 1L 7LE-4: 0. 0G0E+0D 0. 00E+00 . 00E+00 1L 13E400 1. 36E-04 40.90
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DREANIC PHASE:
STAGE MJTRIC ACID  URANIUN U1V U EXTRACT  PU EXTRACT  Ht EXTRACT DENSTTY FLE® RATE  TBPSAT  INVENTORY

NO. 1) (g/L) (gfl} FACTOR FACTOR FACTOR {q/al) {L/ain) %) CHANGE ()
1 1.98E-01 8.94E+01 3. 30E~0:3 1. 21E+08 7. 678400 2,826-01 9,39E-01 3. 64601 25,1 7.52E+01
2 1. 28E-01 9.58E+01 1L 20E-03 8,83E400 5. 44E+00 2.08E-01 9, 4BE-01 3. 64E-01 88,90 T.51E401
3 1.36E-01 §.97E+01 0, GOE+00 6. 865400 0, GOE+(0 1.83E-01 9,52E-0t J.b4E-01  8B.9 1. 49E+01
4 1. 1AE-01 1.03E+02 4, 00E-01 3.92E400 I.19e-01 162E-01 9.56E-01 3.636-04 89.9 1. 83E401
5 9.07e-02 1L OTE+02 1L 0fE+0d 3.9LEHO0 6.39E-0! 1,338-01 9.626-01 3, 65E-01 91.2 1, 85E+00
4 5.61E-07 1 15E+02 1. 25E400 9.37E-01 1. 156400 4.56E-02 9.72E-01 J.beE-01 24,5 1.09E-01
7 5.52E~02 tL1E+02 1.10E+3) 3.36E-01 t, 15E400 4, 36E-02 §.72E-01 3. 46E-01 94,8 2, 14E-01
[ 3.73E-02 1.16E402 9.84E-01 9.54E-01 1.178400 4.40E-02 9.73E-01 3. 66E-01 94.6 3. 0BE-O1
9 7.93E-92 f,13E402 T.74E-01 {.23E400 1LA5E4GD 3. 33E-92 9, 70E-01 3, 56E-01 94,5 3.67€-01
10 2.40E-01 B.40E+01 4.926-01 1. 13E+0] 7.54E400 2.03E-01 9, 35E-01 3. 64801 26.7 3.926-01

"IME = 20,00 BINUTES

AGUEOUS PHASE:
STAGE NITRIC ACID  URANIUM Py (v PU (111} REDUCTANT  MITRATE ION  DENSITY FLOW RATE  TEWP

NO. " g/l ta/L) tg/L) i m fg/al) iL/ain] i
1 2.B8E400  Z.65E+01  LLABE-D6 Q00400 000400 0.00E400 1L 12E+00 40,0
2 ILEDG ALOBE#O1  6.08E-07  GLODE#OD  0.00EH00  0,00E+00  1.14E400 40.9
3 LBEEHD0  S.27E#01  0.0DE#G0  2.87E-04  L72E-02  LTZE-02 L LAEHGD 4.9
4 2576400 6.69E+B1  DLOUES00  2.94E400  4.87E-03  L72E-02 1386400 20.9
5 2826400 9.BERD] B9ME-01 AOTEFO0 H.BAE-OS  LTIE-DZ 1.22E4D0 40.0
S PRODUCT STREAM
5 J.00E400  TOOEHOZ  Z.63E00  0.00E400  0,00B+00  0.06EHD0  1,50E+00 30,9
7 I.00E400  3.O0E0Z  ZZBERD0 0LODEHHG  0.00E400  0.G0F+D0  1.50E400 40,0
8 3056400 2.95E407 1926400 Q.00E#D0  0.G0EEDG  DLODE#D0  1L50E00 40.0
9 TABEH0D 225407 L2TERD0 MLODEEDD  DLOOEHD0  0.00EeR0 1426400 45,9

10 3.U5E400 2.00E401  1LA3E-UL QLOCESO0  0LGBESOD  0.00E#R0 1, 13E0 20,0

ORGANIC PHASE:
STAGE NITRIC ACID  LIRANIUM PU IV U EXTRALT  PU EXTRACT M+ EXTRACT DENSITY FLON RATE  TBPSAT  INVENTORY

NO. M) Ig/L} {g/L} FACTOR FRCTOR FACTOR lg/ul} {t/nin} mn CHANSE (1)
1 1.98E-01 8.85E+01 2.30E-06 L. 21E+0 7878460 2.53e-01 9.39E~01 3. 64E-01 8.1 3.378-03
2 1.58E-01 9. 59E+! 9. 05E-07 8, 528400 5. 438400 2.488-01 9.48E-01 J.64E-01 8B.0 2.03E-03
3 135601 9.98E+01 0, 00E+00 5. 79E400 0, 006400 {.83E-0 9.92E-01 3.b4E-01 28.97 2,55E402
L) {17601 1.03E402 0, 00E+C0 5.92E+00 0.00E+00 1. A3E-01 9.56E-01 3.635E-01 89.8 1.83E+01
3 9.13£-02 L OTE4G2 7.39€-01 3.96E400 3, 20E-01 1. 34E-01 9.42E-01 J.45E-01 92 FLGIE+0L
[ S.41E-02 1. 1GE+02 1. 24840 9.37E-01 1. 1GE+00 4.56E-02 9.72E-01 3.88E-01 94,8 9,25E-02
7 5.62E-02 L. 16E+02 1.08E+00 9,38E-01 1. 15E+00 4.56E-02 9.72E-01 3.65E-01 3.5 1.B3E-11
8 9.73E-02 1. 166402 9. 18E-01 9. 54E-01 1.17E400 4.60E-G2 9.73E-01 3. 66E-01 %4.6 2, 0E-01
9 7.53E-02 1 13E+02 7.48E-01 1. 24E400 1.43£400 5.32E-07 9.70E-01 3.88E-01 943 3 10801
iy 2.39E-01 B.41E401 4.465E-01 1. 12E400 T.82E400 2.026-08 9, 35E-01 J.64E-01 84,7 3. 30E-01

TIME = 30,00 WIKUTES

AGUEDLS PHASE:

STAGE NTIRIC ACTL  URANIUM Py (I} PU TN REDUCTANT  HITRATE ICN  DENSITY FLO® RATE  TEMP
W, M} g/} ig/l) g/} {H} i {g/al) iL/gin! (C}

1 2.83E400 2.65E 401 0, 008600 0, 00E+00 0, 0084040 0, DOE+G0 1 128400 1.00E-¢1 40.0
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ABUECUS PHASE:
STABE NITRIL ACID  URANIUM PU IV Py 1IN REDUCTANT  NITRATE ION  DENSITY FLOW RATE TEHP

N, )] (g/L) ig/L} tg/L} 1} Ll {g/mt) {L/nin) i)
2 2.75E400 4.09E+01 0. 00E+00 0. 0OE+C0 0. 00E+0D 0. 00E+040 1. HAE+)) {.H1E-01 4090
3 2.b6E400 3.30E401 0.00E+00 0. 00E+00 1.728-02 {T2E-02 1 16E+00 1.0ZE-04 40.0
4 2.57E400 5.80E401 0, 00E+00 1.39E400 1. 05E-02 172602 1. 18E+00 1.02E-01 40,0
3 2,43E+00 9.43E401 3.53E-01 §.08E+00 2, 34E-03 1L TE-92 1, 226400 1.02E-01 40.¢
S PRODUCT STREAM 1AOZE-01
[ J.00E+00 3.00E+02 2.61E400 0,00E+00 0. 00E+00 0, 00E+00 1.30E+00 1.508-01 0.0
7 3. 00E+00 3.00E+02 2. 24E+00 0, 00E+00 0. 00E+00 0.00E+00 1. 50E+00 1.30E-01 40,0
8 3, 03E+00 2,95€4402 1. B7E+00 0. 00E+00 0. 00E+00 0. 00E+00 1. 50E+00 1.90E-01 40,0
9 3. 48E+00 2.25E+02 1. 28E400 0, 00E+00 0. 00E+60 0.00E+00 1.42E400 1. 4BE-01 40.0

10 3.15E+00 2.01E+01 1. 61E-01 Q. 00E+OL 0. DOE+O0 0.00E+00 1. 138400 1.36E-01 £0.0

ORGANIC PRASE:
STABE NITRIC ACID  URANIUM PU IV I EXTRACT  PU EXTRACT  H+ EXTRACT DENSITY FLOW RATE  TBPSAT  INVENTORY
NO. L1l lg/t) (g/L) FaCTOR FACTGR FACTOR tg/mi) { ) i CHANGE (D)

{ 1.98E-01 9.87E+01 0.00E+07) 1.21E+0] 0, QOE+0D 2.52E-0 9.39E-4 3. b4E-01 84,1 6. 71E-03
2 1.5BE-01 9,39E+0¢ 0. 00E+0C 8.50E+00 0. G0E+O0 2.07E-01 9,48E-01 3. 64E-01 8.0 1.13€-02
3 1. 35E-0 9.99E+01 0. 00E+00 5, 75E 400 0, 00E+05 1.82E-91 9.52E-01 3. 64E-01 88.9 1.84E-02
4 1 16E-01 L 03E+02 0.00E+C0 S.44E+00 (. 0OE+00 1. 61E-01 9.56E-01 J.65E-01 89.8 5. 08E+00
5 9, 17E-02 t.08E+02 412801 3.98E+00 317E-01 1. 30E-01 9.62E-01 3.65E-01 91.2 9,57E+00
4 3.61E-02 1. 158402 1. 23E400 9.37€-01 1. 13E+00 4,56E-02 9.72E-01 3.46E-01 94,6 7.74E-02
7 5. 62£-02 1. 18E+02 1. 06E+00 9.38E-01 1 15E+00 §.54E-02 9.72E-01 3.86E-01 94.6 1,54E-01
8 3.73E-02 1. 16E40Z B.95E-01 9.54E-01 1 17E+00 4, 60E-0Z 9.728-01 3.b6E-01 9.6 2.19E-0!
9 7,52E-02 . 14E+02 7.278-01 1. 24E 400 1458400 3.326-92 9.70E-G1 3.66E-01 94,5 2.61E-01
10 2.39E-01 8. 41E+01 4,51E-01 t.12E+01 T.S0E+00 2.02E-01 9. 35E-01 3.64E-01 §6.7 2,78E-01
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7.7 THORIUM EXTRACTION

This sample problem is for an 11-stage acid Thorex extraction flow sheet using 30% TBP
for the extraction of uranium and thorium shown in Fig. 7. Only the steady-state conceniration
profile is needed, so stage volume or initial profile information is unnecessary. The priniout that
follows Fig. 7 shows the final expected concentration profile.

The problem was previously calculated by using SEPHIS MOD?3 on a mainframe computer.®
The computation time was ~6 s on the ORNL IBM 360/91 for an overall material balance of
99.9%. The computation time for SEPHIS MOD4, Version 2.11, on an IBM PC/XT without any
upgrade features was 34 min 13 s to carry the process to a tolerance of 0.01% inventory change
per minute.

The vse of an upgraded system (16-MHz with 32-bit processor) resulted in a computation
time of 8 min 48 s to carry the process to a tolerance of 0.0001% inventory change per minute.
Note that the tolerance was not met within the maximum time specification of 200 min or the
extra-time option of 400 min. The extra-time option had to be invoked a second time (providing
a maximum time of 800 min) to attain the tolerance.

Scrub l1-—-—==————~ > 1 [ >Qrganic
0.8 L/min Product
40°C 2

3

Scrubp 2-—=—me————— > 4
5 M HNO
0.2 L/min 5
40°C

6

Aqueocus Feed————-—- > 7
-0.15 M HNO
20 gU/L 8
265 gTh/L
1 L/min 9
35°C

Acid Addition----- >| 10
13 M HNO,

0.3 L/min
25°C

Organic Solvent--->| 11 |—-~—===-—== >Depleted
30% TBP Agueous
7 L/min
25°C

Fig. 7. Thorium extraction.
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PROBLEM DEFINITION DATA FOR SEPHIS MOD4, Ver. 2,il: 02-05-199¢ 13:15
Problee: Ex. 7 - ORNL/CSD/TH-7C - U+Th Extraction

THOREX PROCESS

Total stages: 1l

Voluse % TBP in solvent: 30.0

Initial or default teaperature {°C):  40.0

No unusual stage connections

Minutes per time increment: 1,90

Minutes between printing of the contentration profiler 200
Calculations will stop after 200 minutes or when a talerance of  0.0001 ¥ per minute is reached.
Mixer volumes B (phase flow) (unit time),

Settler volumes = iphase flom)iunit time).

Initra} concentration profile is zero.

Trapezoidal integration will be used.

Ne extra product streans,

The FILESPEC for this Froblea Definition data file is: B:iEX_G7P.DAT
The FILESPEC for this Probles Results data file is: H:EX_07R.DAT

FEED AND PRODUCT STREAM DATA:

STABE NITRIC ACID URANIUM THORTUM NITRATE 10N FLOW RATE TENP

NG, 40 lg/L} (g/L) 6} iLinin! (€

AQUEDUS 1 0. G0E+00 0,90E+00 0, 00E400 0.00E+G0 8.90E-01 40,0
AQUEOUS 4 3, 00E+Q0 0, 00E+00 0. 00E+00 0,00£+00 2.00E-01 40.0
AGUEDUS 7 -1.50E-51 2.00E+0} 2.65E+02 0. Q0E+0) 1. 00E+00 35.0
ABUEQUS 10 1.J0E+01 0. 00E+00 ¢, 00E+00 0, 00E+00 3.00E-01 23,0
30,0 X TR 11 0, 00E+00 0, 00E+00 0.00E+00 7.00E+00 5.0

STAGE VOLIME AND FLOW RATE DATA iMolal basis):

NIXER VOLUME EY PHASE SETTLER VOLUME BY PHASE MIXER FLOW RATE INTERSTAGE FLOW RATE
L £ S e

ND AQUEDUS OREANIC RAUEDBUS ORGAMIC RBUEOUS [RGANIC AQUEOLS QRGANIC
1 8. 00E-01 7.00E+00 8.00E-01 7.00E+0D B.OOE-0] 7. UDE+00 B.OUE-01 7.00E400
2 8.00E-01 7. Q0E+00 8.00E-01 7. 00E400 8. 00E-01 7. 00E 453 g, 00E-01 7.00E 406
3 8. 00E-01 7.00E+00 8, 00E-01 7.00E+00 8. 00E-C1 7. G0E+0D 8., 00E-01 7. 0DE+00
L] 1,00E+00 7.00E+00 1. QOE+00 7.00E400 1.00E+0G 7.00E+80 1, 00E+00 7.00E 400
3 1, 00E+00 7.00E+G0 1. O0E+0D 7L UOE+00 1LO0E+00 7. GOE+OG 1 00E+00 7,00E+00
4 1, 00E+00 7. 0GE+00 1, UaE+(h 7. 00E400 1. 00E+00 7. Q0E+00 [, OGE+IG 7, 00E+00
7 2. 00400 700400 2, 0DE+00 700+ 2.00E+00 7. 008400 2LO0E+00 7.00E400
§ 2.00E+00 7LO0E+00 2.00E+00 7.00E+00 2.00E+00 7, 00E4)0 2.00E+00 7, 00400
9 2.00E400 7.00E+G0 2.0DE+Q0 7.00£+00 2, 00E+00 7.00E+G0 2.0DE+0D 7. 00E+00
14 2, 30E+0% 7. 00E+00 2. 30E Q0 7. 00E+00 2.30E400 7.00E+00 2.36E+00 7.00£400
11 2.30E+00 7.00E+00 2. 30E40¢C 7.00E 400 2.30E+09 7.00E+00 2.30E+00 7006400
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PROBLEM RESULTS FOR SEPHIS NOD4, Ver. 2.11: 06-0B-1990 09:43

Probles: Ex. 7 - DRNL/CSD/TH-70 - U+Th Extractian
{eizer concentrations showni

TIHE = 0.00 MIRUTES

AGUEGUS PHASE:

STABE NITRIC ACID  LRANIUM THORILM  NITRATE ION FLUN RATE  TEMP

He. 1] tg/L) tg#L) in it /ain) iy

l 0. 00E+00 0.00E+0) 0. G0E+00 0. 00E+00 8.00E-01 40,0

2 0.00E+00 0, 00E+00 0.00E400 0. 00E400 B.OOE-0L 40,0

3 0.00E+00 0, 00E+00 0, 00E+00 0. 00E+00 8, 00E-0f 40,0

4 0. GOE+DQ 0. 00E+00 0.00E400 0. BOE+0¢ 1, 00E400  40.C

3 9, 00E+00 0. 00E+00 0. 00E400 0. 06E+00 1, 00E+G0  40.0

[ 0.00E+00 0. 00E+00 0, 00E+00 0. 00E+G0 1.00E+00 40,0

7 0.00E+00 0. 00E+00 0.00E+00 0. 00E+00 7.00E400 40,0

8 0,00E+00 0. 00E+00 0, 00E+00 0. 00E+00 2.00E400 40,0

9 0,00E400 0, 00E+00 0,00£+00 0. 008400 2,00B+00 40,0

1¢ 0. 00E+00 0. 00E+00 0.00E+00 0. 00E+00 2,30E400 409

t 0, 00E+00 0.00E+00 0, 00E+00 0.00E+00 2,30E40% 40,0
DRBANIC PHASE (The indication of 3 phases is within a 10Y telerance):
STAGE NITRIC ACID  URANIUM THORTUN U EXTRACT  TH EXTRACY  H+ EXTRACT FLOW RATE  TBPGAT  TNVENTORY
ND. (N (g/0) (g/1) FRCTOR FACTOR FRCTOR iLigin} (1) CHANBE (D)

i 0, 00E40¢ 0.00E+00 0.00E+00 0. QCE+00 0, 00E+00 0. 00E+00 7,00E+80 0.0 2.00E 402
2 0,00E+30 1.Q0E+G0 0008400 008400 0.60E+00 0.00E+00 7008400 8.0 2.00E402
3 0.00E+00 * 0.00E+D0 0. 0DE+00 0, 00E+00 0, GLE+RD 0. 00E+00 7. 00E+00 0.0 2.G0E+02
i 0, G0E+00 0. 00E+00 0.00E+00 3, 00E+00 0, GOE+0) 0. 00E+00 7.00E+00 0.9 2,00E+07
3 0. 00E+00 0.00E+G0 0.00E400 0. OCE+00 0. 00E+00 0. 00E+00 7008400 0 2.00E+02
[ 0, 00E+04 0.00E+00 0, BOE+G0 0. OCE+0T 0, BOE+G0 0. QUE+30 7, 00E 400 0.4 2.00E+02
7 0.D0E+D0 0, ODE +00 0. 00E+D0 0., 0DE +04 0, D0E+00 0.00E+00 7, 008404 0.9 2, 00E402
8 0. 00E+00 0, 00E+00 0, G0E+0 0, QUE+D0 0,99 +00 0. O0E+00 7, 00E+HOG 1,0 2,00E402
9 0., 00E+00 1. 00E+00 0.00E+00 0, GOE+00 0, DOE+D0 0. GOE+00 7. DOE+G0 0.0 2.00E402
10 0. GOE+00 0. G0E+00 0, 00E+00 0. 09E+00 0, 00E+) 0. DOE+G] 7. 00E458 4.9 2,008+
11 0. 0UE+00 . G0E+00 0. DUE+00 (1, 00E+0D (. OOE+00 0. 00E+00 7. 00E+00 0.0 2.00E+02
TIME = 200,00 MIMUTES
ABUEDUS PHASE:
STABE NITRIC ACID URANTUM THORIUN NITRATE 10N FLO#W RATE TENP
LitH ¥} g/} g/L) [3,}] {L/ain) ()
! 4, 22E-01 8.30F 9. 89E+0] 8.03E-D1 hY
2 B.79E-01 4.556-01 1. 13E+02 B.OOE-O(  32.9
3 1,38E+00 4, 03E-01 1L 10E402 9, 008400 8. GOE-D1 2.3
4 1. 97E 400 3.70E-91 1, 03E+02 (. 00E+00 1 Y|
5 1, 8LE+00 3. 49801 1. 1HED2 0. 00E+00 H 31.4
[ 1.58E+60 J.48E-01 1. 166402 0. 00E+00 1 3.
7 1, 25E+00 3.54E-01 1, 208407 0, 06E+00 2,00E400 35,9
8 1,97E400 1.75E-02 G 08E+DL (. DOEHD 2,00E+00  29.7
9 2.61E+09 3.96E-04 9. 45E 40 0. 00E 0 2.00E+08  27.8
1 3, 30E+00 3.32E-05 1.04E+00 0. 00E+00 2.30E+00 26,4
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SQUEBUS PHASE:

STABE NITRIC ACID  URANIUM THORIUM  NITRATE 10N FLOW RATE  TEWP
AL. ) tg/L) ig/L) N iL/ain} )
1 1OLEROD  S.0SE-02  LLTIE-OL 0.00E+00 2,30E+00  25.8

CRGANIC PHRSE (The indication of 3 phases 1s within a 10¥ tolerance):

STAGE NITRIC ACID  URANIUM THARIUH U EXTRACT  TH EXTRALT  He EXTRACT FLOW RATE  TBPSAT  INVENTORY
o, X} g/L) (g/L) FACTOR FACTOR FACTOR (L/min} 11} CHANBE (%)
{ 5.08E-02 2,85E400 1.79E+01 3.97E401 3LI6E40 1. 05E+00 T.00E+00  Si.4 1.80E-02

2 9.91€-02 2.93E400 4.92E+01 5. 64E+01 3.BIE+0D 9.86E-01 7.00E400 9.4 1. 30E-02
3 {.51E-08 2.91E+00 5. 0BE+0] 6. 32E 401 4, DAE00 9.56E-01 T.O0E400 76,1 1.26E-02

1

18212 1 Phases Possible in the abave stage

4 2.09E-01 2.90E+00 5, 04E+01 5. 49E 401 3.43E00 7.43E-0 T.00E400  BO.9 9.B1E-03
Y1083 3 Fhases Possible in the above stage

3 1.90E-01 2,91E+00 5,26E401 3.BAE+L 3.32E400 7.39E-01 T.00E400  BL.b . 15E-02
18468 3 Phases Possible in the above stage

[ 1.67E-01 2.91£+00 5. 37E+04 3. BBE+0Y 2758400 7.3BE-04 T.O0E+00  B0.8 1.39E-02
Y4013 3 Phases Possible in the above stage

? 1.34E-01 2,91E+00 5. 44E+01 2.87E+0Y 1,588 +00 3.7%E-0 T.00E400  78.7 1.9BE-02
11434 3 Phases Possible in the above stage

8 2.8BE-01 1, 01E-01 J.44E+08 2.02E+01 2.38E400 5.12E-01 T.O0EH00 47,0 2.278-02

? 4, 92E-01 3.01E-03 1 44E+0] 4, 938401 5, JAE+00 b, 59E-01 TL00E400 42,0 3.62E-02

10 b.77E-01 1.02E-04 2.65E+00 9, J3E+ TLBIE+00 5. 24801 TO0E+00 43,90 3.13E-02

1 4,59E-01 1.07E-05 2.928-01 6. 476401 5,18E+09 7.33E-04 TODEL0D 42,3 5. 44E-02
TIHE = 400,00 MINUTES
ARUEQUS PHASE:
STAGE NITRIC ACID  URANIUN THORIUM  NITRATE IoN FLOW RATE  TENP

NO. M (gL} i iL/min) {Cy

! 4,25E-01 b, 31E-01 9.69E+01 4.00E+00 8. (0E-6t 3.6

2 8.85E-01 4.57€-04 1. 136402 0, 00E+0D B. GOE-0L 32.9

3 1.39E+400 4.95€-01 1. (9E+02 0.00E+00 B. (0E~01 32.3

4 1.98E400 3.72E-01 1,02E402 U, 0OE+00 1LO0E+00 32,1

5 1.82E400 3.528-0! 1. 10E+402 0. 00E+30 1LO0E+0) 31,4

[ 1.39E400 3.49E-01 1. 15E+02 (t, GOE+0D 1L00E+00 3Lt

7 1. 26E400 3.537E-01 1.20E+02 2.00E+09 200400 30.9

8 1.98E+00 1.76E-02 4, 9BE+0! 0. 00E+00 2.00E400  29.2

9 2.67E4+00 3.92E-04 9. 13E+00 Q. H0E+00 2.00E+00  27.8

10 LILEHDD 3.25E-06 1. 02E400 0. 00E+00 2.30E+00  Zb.8

11 1.91E+00 4.94E-08 1.66E-01 1.00E400 2.30E400  25.8
ORGANIC PHASE (The indication of 2 phazes is within a 10% tolerance):
STABSE NITRIC ACID  URANIUM THORIUM U EXTRACT  TH EXTRACT  H+ EXTRACT FLOY FATE  TBPSAT  INVENTORY

#0. i) tg/L} igsL) FRCTOR FACTOR FACTOR Lmn) 1) LHANBE (1)

§ 3 2.B6E+00 3.78E+61 3.96E+01 3.36EH00 1L 0GE+00 T.ODE400  S1.5 3.25E-04

2 9 2.93E+00 4, 91E+0! S.61E40 3. BIE4DO 9,§7E-01 TLO0E400 89,3 2.80E-04

3 ! 2.91E+00 5.07E+01 6.29E40] 4, 07E400 9,57E-01 TLOCEHD0 75,9 2.38E-04
1818y 3 Phases Possible in the above stage

4 2 2.9GE+00 9. 03E+01 5. 46E+0] JLA4E+00 7.44E-01 TLO0E400 B80.8 1,93E-04
13381 Phases Possible in the above stage
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ORGANIC PHASE (The indication of I phases is within a 10X tolerance):

THORTUM
(/L)

5. 288401
5. 35E401
5.428401

TALE+RL
1,428+
2, 578400
2.B2E-04

THORTUY
1g/L}

§.85E+01
L3R40
LO9E+42
LO2E+02
. LOE+0?
158402
L 20E402
9BE+(1
9. {8E+00
1.02E400

B e e e e

STAGE NITRIC ACID  URANIUM
#0. o] tq/L)
3 1.91E-01 2. 91400
$33%8 7 Phases Possible in the above stage
[ {.686-01 2.91E400
§3318 I Phases Possible in the above stage
7 1.35E-01 2, 916400
#1452 3 Phases Possible in the above stage
] 2.918-01 1.02E-01
9 4, 95604 5.02£-03
10 6. 79E~01 1.01E-04
11 4. 50E-01 10580k
TINE = 516.00 HINUTES
AQUEGUS PHASE:
STAGE NITRIC ACID  URANIOM
ND. i {g/L]
{ 4, 25E-01 5.318-01
2 8.85£-01 4,57E-01
3 1.39E+00 4, 05E-01
L] 1.9BE+00 3.73E-01
5 1,82E+00 3.526-01
[ 1. 99E400 3.49E-01
7 1. 26E+00 3.376-01
B 1. 98E+00 1.76£-02
9 2. 828400 3.528-04
10 3, 3LE400 3.25E-06
1 1.91E+00 4,93E-08

ORGANIC PHASE (The indication of 3

STABE NITRIC ACID URANIUN
ND. 1)) (g/1)
{ 5.128-02 2.B6E+00
2 9,98£-02 2, 23E+00
3 1.52E-01 2.91E+30
1181y 3 Phases Possible in the
4 2. 10E-61 2.90£400
%1488 3 Phases Possible in the
5 1.91E-01 2.91E+00
41388 3 Phases Pessible in the
[ 1. 48E-01 2.91E400
11388 I Phases Possibie in the
7 1.39E-01 2.91E400
1343 3 Phases Possible in the
8 2.916-04 1.02£-04
9 4.96£-01 9, 42E-47
14 b, 79E~GL 1. 01E-04
t1 4. 60801 1.0%E-06

1, 65E-01

THOR UM
tg/t}
3.78E+01
4, 91E+01
5.07E401
above stage
3.03E401
abave stage
5,74E+01
abave stage
3.35E401
above stage
5.42E401
above stage
3,81£+401
1,42£401
2.57E+00
2,826-01

U EXTRACT
FACTOR

5. 79E401
5.83£401
2.83E401
2.03€+08
4, 998401

9. 41401
5. 490401

NITRATE IDN
i

0, 00E+00
0. 00E+00
0. 00E+D0
0. 00E+00
3, 00E+00
LOREA0D
LOEHDD
LOREHO0
LGOE4D0
JODE+D0
LAOELOD

P = =1

U EXTRACT
FACTOR
3958401
5. 61401
5. 298401

n

ABED]

wn

L 798401

wn

L B3E+0!

ra

JBEE+0]

2.03E+01
4.99E+01
9.42E401
6. 49E+01

TH EXTRACT

FALTOR

3L JAEH00
3. ZHEH0
1.59E+00
2.80E£00
5. 408400

7, b4E+00
3. 19E+00

phases is within 3 191 telerance):

TH EXTRACT
FACTOR
3. 36E+00
3. BIE40D
4076400

3, 44E+00

[

L J4E+DD

=

L25E400

LSRR

40E+00
40E+00
B4E+00
A3

(L IR A ]

He EXTRACT
FRUTOR

He EXTRACT
FRCTOR
1. 05E+0D
9.876-01
9.57E-01

-~

ARE-01

-~

E-0L

~

L 39E-01

LTSE-DY

el

wn

L HAE-0]
LBIE-D

o

FLOW RATE
{Lfgin}

7, 00E+00

7. GOE400

7,00E+00
7. 00860
7.00E+00
7. 0OE+00

FLECW RATE
{L/min)
B. 00E-04
B, 00E-01
8. GOE-0!
1.60E+00
{00k +0
1,00E400
2. 00E400
2, G000
2. 008400
2. 30E400
2.30E+0D

FLOW RATE

0B+
LODE+DD

7. 00E+00
7. QDE#BO
7.50E400
7,000400
7. G0E#00
7.00E+G0

7,G0E+00
7. 00F+00

TBPSAT
13}

8.4
hb.9

52.0
55.0

A gl
—l P K S e

.

G L Tl G
I R R -

«

I I B D G
Ch O <) &

54.9
42.0
45.0

42,3

Aasd

INVENTORY
CHAMBE {21}

2

LTE-(

L3E-04
. 79E-04
JIHE-04
DIE-DT

I
4
9
1

INVENTORY
CHANBE (X}

3.636-05

4.39E-05
b LIE-05
L 40E-05
9. 20E-03

~a
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PC - 83 EPHIES - MOD4
Version 2.11 (1990,

A Solvent Extraction Process Having Interacting Solutes

Yor Uranium, Plutonium, Thorium, and Nitric Acid
Mass Transfer in Purex- or Thorex-type Flowsheets

| .. \
W.5. Groenler
Fuel Kecycle Division
Uak Hidge National Laboratory)

i

Fokck MENTD ok

1. Define a problem.
#. Hun a problem.

Print a probliem.

(O]

¥9

fnter the number (1 to 3) of your choice (U to quit).



PROBLEM DEFINITION:

Problem Title: Ex. 5 - ORNL-5471 - Pulsed Columns

Process: Purex.
Total stages: 10 Volume % TRP in solvent: 30.0
Initial or default temperature (°C): 40.0

No unusual stage connections.

Instantaneous reduction of Pu(lV).

Time increment (min.): 0.13

Time between printings of the concentration profile (min.): 10
Time when calculations will stop (min.): 30
Tolerance for steady-state (%/min.): 0.0100
Mixer volumes to be defined for each phase.
Settler volumes to be defined for each phase.
Initial concentration profile to be defined.
Runge-Kutta integration will be used.

Extra product stream{(s}).

Problem Definition data are in: B:EX_O05P.DAT

$9

Is the above information correct (Y/N)?



[
#Feed to Stage No.: &)

Feed is Agueocus.
Fe filow rate {L/min.} is: U.150
Nitric Acid (My: 3.000

|
;Urdnium (g/Ly:  300.000
|
|

i Plutonium (LV) (g/L): 3,000
FPlutonium (111 (g/L): 0.00U

i Plutonium Reductant (M): 0. 060

| Inextractable Nitrate Ion (M): 0. 000
JTemperatuz'e (vCh: 44,0

|
L

FEED STREAMG:

e R s — —

SO e e S P

s the above information correct (Y/Ni7

99



PRODUCT STREAMS:
{in addition to usual end streams)

Product from Stage No.: 5
Product is Agqueous.

|
|
|
|
!
|
|
|

Froduct flow rate (L/min.): 1¢.000

S e st s

is the above information correct (Y/N)7?

L9



Stage HNO3S
Na . (M)

| 1 2.84E+00 2

| “ 2. 7THhE+00 4

|3 2.B4E+00 5

|4 Z.BB5E+00 7

[ 5 2. 418+00 1
B 3.00B+00 03

} 7 J.00R+00C 3
5 3.05E+00 2

) 9 3.48E+380 2

: 10 3.14E+00 2

INITIAL CONCENTRATION PROFILE:
{ Agueous )

i Pu(IV) Pu(III)y REDUCTANT
(g/1) (g/L) {g/1) (M)
JTTEHOT 0 00E+00  O.00E+00 O, 00E+00
L2BE+C1 0.0Q0E+00 0.00E+00 D.0Q0E+0D
.BeE+GL 0. 00R+0C0  O.QCE+CO  1.7Z2E-02
J19E+01 0. 00E4+00  4.47E-02 1.70B-02
LOOE+02 1.75E-02 4. 08E+00 0. 00E+00
LO0RB+02 0 2.87E+00 OLOO0EA00 0.00E+00
LCOE+QZ  Z2.74R+0C  O.CQQE+0C O 0OE+00
J94E+02 2.55E400 O .00E+C0  0.00E+00
L28E+02 0 1.93E+GO 0. 0C0E4CO  Q.0QCE+GD
J14k+¢1 0 2.87TE-01 OGL00E+00  CG.OCE+00

NITRATE TEMP
M) (e
0. 00E+0QC 40.00
G.00E+00 44. 00
1.72E-C2 4. 00
1.72E-02 40. 00
1.71E-02 404 .00
C.DOE+00 40.00

iy

0.0CE+D0 40 .00
0. OCE+Q0 40 . LG
C.0CE+QOD 40.60

|
|
!
|
’,
|
|
|
). Q0E+00 40. 00 }
i
}
|
?
|
1

Are the entries for

the last stage correct (Y/N3y¥
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! INITIAL CONCENTRATION PROFILE:
| {Organic)

Stage HNO3 8] Pu(lV)
No . (M) (g/L) (g/L)
1 2.05E-01 8.T75E+01 0.00E+00
2 1.63E-01 9.BCQE+C1  O.00E+00
3 1.39E-01 9.81E+01 0O.00E+0D
4 1.19E-01 1.03E+02 O.00E+00
5 9.48E-02 1.07E+402 1.23E-02
B 5.968E~-02 1.15E+02 1.13E+00
7 5.978-02 1.18E+02 1.08E+00
g 6.12E~-02 1. 1BE+02 1.0Z2E+00
9 B3.00E-02 1.13E+02 8.47E-01
10 2.44E~-01 8.31E+01 B8.78E-01

|
}
|
i
2
|
|

69

Are the entries for the last stage correct (Y/N)?



MIXER VOLUMES:

(Provide data only for first stage and stages where volume changes)
tage Mixer Volume (L} Stage Mixer Volume (L)
Na . Agueous Organic Total No. Agqueous Drganic Total

|

)

H

] 1 3.80E~02 1.20E-01
} B 1.70E-01 4.00E-01
I

|

;

;

0oL

e e e s s PN o A, sttt > o = = et et A 1) et

More Mixer Volume Data (Y/N17 N



SETTLER VOLUMES:
{Provide data only for first stage and stages where volume changes)

o
§Stage Settler Volume (L) Stage Settler Volume (L)
\ No. Agueous Urganic Total No. Agueous Qrganic Total
i e e e en o vt v ot o v o i e e e o v e v e e ame ——— e e v wom wme e o o o e - e nam e e o mon o
) 1 1.10E-01 5.80E-01
Z2 1.10E-01 3.B0E-01
5 3.10E-01 3.80E-01
6 5.10E-01 1.70E+00
7 5.10E-01 1.18E+0C0
5 10 7.00E-01 1.18E+Q0
|
l
|
J
More Settler Volume Data (Y/N3)3? N

IL



SEPHIS MCD4 Ver. 2.11 dx% STATUS SCREEN
Steady-state condition is met ---
Press any key to continue

Problem is defined.

Feed and product streams are identified.
Initial concentration profile is established.
Cascade flows are established.

Stage volumes and flows are defined.

Using trapezoidal integration.

No pilutonium reaction.

Print time = 200 min.

Maximum time = 400 min.

NITRIC ACID:

URANIUM.

JLUTONIU

L W

AKX
TIME STAGE g
(min.) NO.
256.00 1 t
|
INVENTORY CHANGE (%/min.):
Max.: 0.0001 »>Stage:
Tol.: 0.0601 >Comp.:
OVERALL MATERIAL BALANCE (%)
Nitric Acid: 100.0C
Uranium: 180.00
Plutonium: 100.G60

oh o1 8% 95 94 85 9 oF b 95

99 1 99 2 99 3 99 4 99 5 99 6 99 7 98 8 99 9 105
Overall Material Balance (%}

L



SEPHIS MOD4 Ver. 2.11 x4k STATUS SCREEN sok*

Maximum time reached —---- TIME STAGE

Press any key to continue (min.) NO.

Problem is defined. 30.00 1

Feed and product streams are identified.

Initial concentration profile is established. INVENTORY CHANGE (%/min.):

Cascade flows are established. Max.: 0.4780 >Stage: 10

Stage volumes and flows are defined. Tol.: 0.0100 >Comp.: 3

Using Runge~-Kutta integration.

Pu(lV) reduced instantanecusly. OVERALL MATERIAL BALANCE (%):

Print time = 30 min. Nitrie Acid: 100.04

Maximum time @ 30 min. Uranium: 399.89
Plutonium: 109.64

NITRIC ACID:

B

9& 95 99 99 1 99 2 99 3 99 4 99.5 93 f 99 7 39 B 99 9 IDb
Overall Material Balance (%)

Fel
)“z\
4

eL






APPENDIX B
COMMON ERROR MESSAGES

Error trapping routines are included in the programs for the most common errors. They

include:

Bad File Name

Disk Full

Disk Not Ready

File Not Found

Printer Not Ready

The file specification provided is not in a recognizable format. Enter
correct file specification.

The user-supplied diskette is full. The problem will have to be rerun
using a new diskette.

The user-supplied diskette is not in place. Insert diskette and press any
key.

The file specification provided is incorrect or the wrong diskette was
placed in the drive. Check the diskette and press any key. Provide
correct file specification when requested.

The printer is not turned on. Tum printer on.

75






APPENDIX C
HINTS

Do not use commas in problem names.

Since the Problem Definition and Problem Results files are in ASCII format, they can be
edited with the on-screen editor for minor changes.

Also, the Problem Results file can be imported to graphics software to produce graphs of
concentration profiles, the approach to steady-state, the effect of system changes, etc.

A multiple of the value of the specified time increment should exactly equal the specified
time between printing of results. Otherwise, printouts of results will not be obtained at the
desired times.

When conducting a study of the effect of varying flow sheet parameters, it is easy to
complete one computation, prepare a new Problem Definition file for the changed
parameter(s), and resume calculations by using as an initial concentration profile the final
profile from the previous computation without changing diskettes. Be aware, however, that
with more than six such computations, one may run out of diskette space. The use of an
installed hard disk to store data files effectively eliminates this problem. When such a
sequential study involves the chemical reduction of Pu(IV), an additional caution is noted
below.

At the start of a new problem, mixer and settler zone concentrations in ¢ach stage are sct
equal to each other. If the new problem begins with a concentration profile from a previous
problem, and that previous problem involved the chemical reduction of Pu(IV) and/or was
not run to a steady state, note that the settler concentrations from the previous problem arc
not retained for use in the new problem. Only mixer concentrations are retained. Settler
concentrations can differ from mixer concentrations during unstcady-state operation and when
chemical reduction continues to occur in the settler zones. Consequently, a perturbation will
occur when such problems are linked. It will prevail for only a few time increments and is
of concem only when closely studying transient conditions.

The use of the Runge-Kutta integration technique for problems where plutonium reduction
is occurring may produce incomplete material balances. It is recommended that the Fast
technique be used for such problems. The Trapezoidal technique is also recommended if only
a steady-state solution is desired.
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