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ABSTRACT 

SEPHIS MOM, Version 2.11, is a significantly improved and enhanced version of the 
SEPHIS MOD4 calculational model for stagcwise Purex and Thorex solvent extraction systems. 
Version 2.1 1, developed at the Oak Ridge National Laboratory, is especially suited for Ihe casual 
user. All operations are carried out on a PC and extensive help katums are included, enabling 
anyone familiar with liquid-liquid solvent extraclion processes and PC operation to quickly 
become adept in applying thc 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 descriplion of the model and instructions for its use. 

ix 





1. INTRODUCTION 

SEPHIS MOD4, Version 2.11 is a PC-bascd calculational modcl for stagewise Pures and 
TFhorex solvent extraction systcms. Vcrsion 2.11 is the latest in a series of improvemenls to the 
original SEPHIS model developed in 1972,l which is termed SEPI-IIS MODI. Yt was specific to 
Ole Purex process as applied to liquid-metal-cooled fast breeder reactor (LMFBR) fuels and 
considered only a singlc extractant concentration and temperature. 

Improvcments to the correlation of distribution coefficients wcre included in 1973.’” This 
model, SEPHIS MOD2, also allowed the use of various extractant concentrations and 
temperatures. In 1975, the distribution cocfilcient corrclation was changed again, provision was 
made for the salting efrect of inextractable nitrates, changes were made in ordcr to perform 
calculations on a solute-free, rather than a molar, basis, and a nicans for handling a chemical 
reductant was ii~cluded.~ This modcl, SEPHIS hlOD3, was also adapted to the Thorex process in 
1979.’*’ 

SEPHIS MOD4 was developed in 1979 and adapted to both Yurcx and Thorex pr~cesses.~” 
Although following Ihe same general concept of a mixer-settler bank as \vas used in previous 
SEPHIS models, MOD4 refined the concept slightly and, to a greater extent, changed the 
mathematical relationships that dcscribe 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 2.1 1 of SEPHIS MOW provides additional enhancements for the casual 
user. The most important is the adaptation to a PC. It offcrs unsurpassed flexibility for a range 
of solvent extraction applications, including data analysis, flow sheet dcvelopmcnt, process 
monitoring, off-normal operational analysis, and studics of process rcsponsc to changing inputs. 

1.1 OVERVIEW 

This document is intendcd as a user’s manual for SEPHIS MOD4, Vcrsion 2.11. In the 
sections to follow, sufficient information is provided to enable anyone familiar with liquid-liquid 
solvcnt extraction processes and with PC opcration to become adept in the usc of this model. An 
abbreviated description of the model is providcd in Sect. 2. For a complete description of the 
model, including the programming logic, refer eo the SEPHIS Technical Manual.” The 
capabilities of Vcrsion 2.11 are discussed in Scct. 3, and thc spccific advantages over previous 
versions of the modcl are described in Sect. 4. Section 5 lists: hardware requircmcnls. 1111 Sect. 6, 
deliailed instructions are given for using the model. Sample problems are providcd in Sect. 7 ,  
Appendixes show samplc scrccn displays from thc PC monitor, list common error mcssages, and 
olfcr a fcw hints that may be useful. 
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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 diskette 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/ 1 6/90 
SEPHIS .EXE 50,@ 1 7/  1 5/90 
SEPREP.EXE 9753 1 7/ 1 6/90 
SEPRNT.EXE 74,343 7/16/90 



2. DESCRIPTION OF THE MODEL 

2.1 CONCEPTUAL AND MATHEMATICAL RASES 

Version 2.1 1 cmploys the same conceptual and mathematical bases as the original SEPHIS 
MOM. A stagewise rcpresentation of the liquid-liquid solvent extraction pmcess is featured that 
would occur when using mixer-settler contactcxs in a countercurrcnt array. In a given stage, 
ayucous and organic streams from adjacent stages (and/or feed streams) are we71 mixcd ir? the 
mixer section with any liquid inventory in the mixer where all mass transfer betwecn the phases 
takes place. An cquilibrium contact is assumed (Le., a perfcct mixer). The mixed-phase stream 
then flows to a settler that consists of three tanks (zones) in scries. These Lhrce zoncs arc of equal 
volume and serve as liquid holdup regions bctween mixers. No additional mass transfer bctween 
the phascs occurs in the settlcr zones and the contcnts of each phase in each zone are assumed 
hornogcneous. Aqueous and organic streams leaving the third scttler zone procccd to adjacent 
stages or are withdrawn as products. 

Feed streams can be admitted to m y  stagc, and product streams can be withdrawn from any 
stage. A special muting provision is that the entire organic stream can be withdrawn from one 
stagc and i‘ed to any other stage. 

Chemical rcactions for pluionium (by the addcd recfuctant) arc assumed to occur entirely 
within the aqucous phase. They may occur in the mixer, the aqueous pr l ion of Ihc settlcr zones, 
or both, depending on thc time constant of the reaction and the relative quantities oP rcactants. 

Provisions are made to specify stage volunics in one of threc ways. Individual phase volumes 
for both mixcrs ‘and settlers: can be specified, total volumes for both mixcrs and settlers can be 
spccificd, or volumes can bc assumed equal to lhc phase flow rate per unit timc. ‘iThc third method 
is adequate when only steady-stale stage conccntralions are desi red. To accurately follow changing 
conccntrations over a time pcriod, stagc volumes must be specified to closely approximate the 
contactor hardware being modeled. 

The flow of solutes through the model is described by dilfcrential equations. Empirical 
corrclations arc uscd to distributc solutes bctween phases, to model chemical (reductant) reactions, 
to piovidc phase densities, arid to account for water extractcd into the organic phase. For 
simplification, certain assumptions and approximations are made; thesc are listed in Sect. 2.3. 
Integration of the differential equations is accomplished by using numerical techniques for a 
specified time incrcmcnt. The user should specify a timc incrcmcnt for integrations that is no morc 
than 25% of the mean stagc solution residence time if accurate results for transient conditions are 
desircd. If only stcady-state results are desired, a time increment of 1 min is usually satisfactory. 
One of the numerical intcgration techniques will generally operate without failure at much largcr 
time incrcments, as dcscribed in the rcmaindcr of this section, 

Three numerical integration techniques are available for specification by the user for mixer 
calculations. (1) The Runge-Kutla technique is gcrierally thc most accuratc (except when chemical 
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reduction of plutonium is occurring). It can be uscd to obtain transient or stcady-state results. 
(2) The Trapezoidal technique will provide accurate steady-state results and consume somewhat 
less computer time than the Runge-Kutta tcchnique 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-slate results, although the plutooxium reduction profile differs somewhat 
from that generated by other techniques. Plutonium is reduced more slowly because of the set of 
concentrations used to calculate thc reduction rate. When plutonium reduction is occurring, 
however, this is the only recommended technique for transient results. The Fast technique will 

c more 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 infomiation in Table 2 as 
a guide when choosing an integration technique. 

Table 2. Choice of numerical integration ~~~~~i~ 

Steady-statc results Transient results 

Integration No Fu Pu No Ipu Pu 
technique reduction reduction reduction rcduction 

Kunge-Kutta 1 N R N 
Trapczoidal R K N N 
Fast 1 1-2 K R 

1 = Optional (generally consumes m o ~  computer time) 
2 = Optional (plutonium profile may be in error) 
N = Not recornmended 
R = Recommended 

Only the Trapcxoidal technique is used for settler calculations. Since no mass transfer 
between phases occurs in the settlers, this calculation merely has to propagate concentratiofi 
changes through the settler zones. 

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

When calculating the Purex process, plutonium rcduction from Pu(IV) to Pu(I1I) can be 
modeled as ( I )  an instantaneous rcduction, (2) reduction by uranium [U(IV)], or (3) reduction by 
hydroxylamine nitrate (HAN). The user specifics 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." 
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2.2 PROGRAM FUNCTIONS 

SEPI-IIS MOLM, Version 2.11, is a menu-driven set of computer programs. Program 
SEPHKEXE on the distribution diskette contains the menu program from which the user may 
select any of the thrce companion programs or exit LO the computer system. On completion of any 
of the thrce companion programs, the mcnu reappears. 

Program SECALC.EXE is the calculational routine that carries out all of the opcrations just 
described based on user input provided through the Problem Definition file. On completion, this 
routine prepares a Problem Rcsults file. Hard-copy printouts of results are also managed by this 
routine. It must have available a previously prepared Problem Dcfinition 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 SEPRNTXXE 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 progam 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 integratc the differential equations become more exact if 
concentrations change slowly. By specifying a small time increment (significantly lcss 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 rcmain constant. 

Because of nonideal solutions, which causc 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 ~ h c  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 scparate 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 aqueous 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 arc not considered, 

Temperature proiiles are calculated by using approximate heat capacities for the phascs. Heas of 
mixing, heats of reaction (mass transfer), heat contributions from radiation, or heat transfcr to the 
surrounding environment are not considcred. 





3. CAPABILITIES OF VERSION 2.11 

3.1 APPLICATIONS 

The SEPHIS MOM, Version 2.1 1, calculational model will find many uses. Perhaps 
prominent among them is thc 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 candidale flow sheet that is optimized for the purpose intended. Laboratory or pilot-plant 
verification of the chosen flow sheet conditions is, of course, a neccssary step before constructing 
a plant owing to inaccuracies of the model brought about by the approximations and assumptions 
used. Opcrational 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 concentmion profile data 
gcnerated by the model are useful for heavy metal inventory analyses. 

The SEPHIS MOW, Version 2.11, calculational model was developed for the Purex and 
Thorex solvent extraction systems. For h r e x ,  the components considered are nitric acid, uranium, 
plutonium (IV), plutonium (111), a plutonium rcductant, and inextractable nitrate salty. For Thorcx, 
the components considcred are nitric acid, uranium, thorium, and inextractablc: 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 or problems can be  et up for modeling. 
Thcse include countercurrcnt arrays of stages for extraction, scrubbing, partitioning, and stripping 
operations. The flcxibilities of the user-specified feed and product strcam information permit 
modeling crosscurrent and batch pmcesscs as well. To model othcr types of equipment, such as 
pulsed columns, the user' must have good information about the equivalent number of perfect 
stages rcprescnted by the column(s). 

Applications are limited, to a certain dcgrce, by the range of conditions for which distribution 
coeflicicnt data are available. The empirical distribution coefficient models used in Version 2.1 1 
were generated Prom a large population of laboratory distribution data5*",'2 covering the ranges 
shown in Table 3. 

Table 3. Range of conditions for distribution coefficient data correlations 

HNU3 Uranium Plutonium Thorium THP Tcmperature 
Process (s/L> (g/L) (la) ("(3 

Purex 0.0 5.0 0 200 0 -100 10 30 10 40 
Thorex 0.0 3.0 0 20 0-150 -30 15 70 

- 
- 
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3.2 CREATING PROBLEM DEFINITION FILES 

Problem Definition files are created through the use of the SEPREP.EXE program, which can 
be run directly or invokcd from the menu program SEPHIS.t;;,XE. These files are created either 
on a diskette supplied by thc user or on the user's hard disk. The contents of a Problem Definition 
file are as shown in Table 4. The SEPREPEXE program prompts the user for all process and flow 
sheet information necessary to perform the calculations. 011 completion of problem definition, the 
user has the option of obtaining a hard-copy printout of the problem. Details for mming this 
program are given in Sect. 6. 

Table 4. Contents o f  a rsblem definitio 
~- ~ - 

Data identification 

General information 
Date of problem preparation 
Time of problem 
Problem title 
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, rnin 
Time to stop, min 
Tolerance (inventory change), %/rnin 
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 fczd stream 
(Purex process) 
Stage number 
Index for type of stream 
Feed rate, L/niin 
Acid concentration, M 
U concentration, g/L 
Pu(IV) concentration, glL 
Pu(II1) concentration, g/L 
Reductant concentration, M 
Nitrate concentration, M 
Feed temperature, 'c' 
Index for more streams 

Stage number 
Index for type of stream 
k e d  rate, L/min 
Acid concentration, M 
U concentration, gJL 
'1% conccntration, g/L 
Nitrate concentration, M 
Feed temperature, 'C 
Index for more streams 
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Table 4. Contents of a problem definition file 
(continued) 

Data identification 

of e- 
Stage number 
Index for type of stream 
Product flow rate, L/min 
Index for more streams 

. . .  eous 
(Purex process) 
Acid concentration, M 
U concentration, g/r, 
PU(1V) concentration, g/r, 
Pu(II1) concentration, g/L 
Reductant concentration, M 
Nitrate concentration, M 
Temperature, "C 

(Purex process) 
Acid concentration, M 
U concentration, g/L 
Pu(IV) concentration, g/L 

Mixer volume data 
Stage number 
Aqueous volume, L 
Organic volume, L 
Inden for more data 

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

(Thorex process) 
Acid concentration, A4 
U concentration, &IL 
Th concentration, g/L 
Nitrate Concentration, M 
Temperature "C 

(Thorex precess) 
Acid concentration, M 
U concentration, g/L 
Th conccnlration, g/L  

3.3 CALCULATING DEFINED PROBLEMS 

The SECAI,C.EXE program pcrforms all problem computations. It can be run directly or can 
be invoked from the menu progrrm SEPHIS.EXE. The program uses a previously prepared 
Problem Definition file supplied on a diskette or on the hard disk and produces a Problem Rcsults 
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 Rcsults file is created. 



10 

A screen display shows the status of operation. Initially, statements appear that indicate the 
status of problem setup (definition of fecd streams, stage volumes, initial concentxation profile, 
and otheis). The course of calculations is then monitorcd by showing time increments and stage 
numbers being calculated, as well as the largesi inventory change (per minute) of a solute in a 
stage of the cascade. Finally, thc screen display in the form of bar graphs shows the approach to 
steady-state conditions for all extracting solutes. 

Calculations proceed for successive time increments until the maximum time allotment is mct 
(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 i s  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 are managed by this program ,md are provided rat 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 are 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 
SEPHISEXE. This program is used to obtain hard-copy printout5 of past problems without the 
necessity of rerunning those problems. It must havc 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 givcn in Sect. 6. 
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Table 5. Contents of a problem results file 

Problem title 
Date of calculations 
Time calculations begin 
Process run time, min 

Concentration D r o f  de. each stage 
(Purex process) 
Stage number 
Aqueous acid concentration, M 
Aqueous U concentration, g/L 
Aqueous Pu(IVf Concentration, g.& 
Organic acid concentration, M 
Organic U concentration, g/L 
Organic Pu(1V) concentration, g/L 
Aqueous Pu(II1) concentration, g/L 
Aqueous reductant concentralion, 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 (Densily data are at 25°C) 
Organic flow rate, L/min 
TBP saturation, % 
Maximum inventory change, %/min 
Time calculations stop 

(Thorex process) 
Stage number 
Aqueous acid concentration, hi 
Aqueous U concentration, g/L 
Aqueous Tti concentration, g/L, 
Organic acid concentration, M 
Organic U concentration, g L  
Organic Th concentration, FJL 
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, 96 
Maximum inventory change, %/min 
Time calculations stop 

Commnent material balances Tor Ehc final time increments ( up to loo0 min) 
Process time, min 
Acid balance, % 
U balance, % 
PU or Th balance, % 





4. ADVANTAGES OF VERSION 2.11 

Compared to the original SEPHIS MOW 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 dava 
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 tihcy provide separate 
Problem Definition and Problem Results files for each job, which can be retained for other uses. 
These files are in an ASCII format and can be imported by other software, such as graphics 
programs or spreadsheets. 

A new numerical integration techniquc (called Fast) has been developed since the publication 
of the original SEPHIS MOD4 model and is incorporated in Version 2.1 1. 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 resulls 
whenever plutonium reduction is occurring. 

The correlation of Purcx proccss distribution coefficient data has been further improved since 
the original SEPHIS MOD4 model and lhis correlation is incorporated in Version 2.1 I. 

The mathematical description for the reduction of PU(1V) by HAN has been improved in 
Version 2.1 I, eliminating thc oscillations occasionally encountered in previous versions. 

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

These programs retain all features and improvements used in the original SEPHIS MOD4 
model 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. 
Consequenlly, they operate quickly and efficiently on many PC systems. 
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5. HARDWARE REQUIREMENTS 

Minimum PC hardwan: requirements arc an IBM PC-XT or equivalent compatiblc (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 sincc color is not supported by the programs. To take fill 
advantage of the hard-copy printout features, the dot-matrix printer should be configured to use 
the IBM character set. 
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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 

A:\ 
A:\ 
B :\ 
B :\ 
C:\subdiA 
C:\SnbdiA 
C :\s ubdi h 

€3 :\ 
C:'Subdih 
A:\ 
C :\Subdi A 

If the programs are lo be run from an installed 'iiai-d disk, Lhe filcs on the distribution diskctte 
should be directly copicd to the hard disk. It is suggested that a special subdirectory he created 
on the hard disk for ihcse programs (for example, C:\SEPHTS\). 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 

Beforc starting thc SEPHIS Mom, Version 2.1 I programs, the user should have available 
an empty, formatted diskctte 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 Cor each problem until it is dctemined that file 
sizes are sufficiently small to cnable several problems to be stored on a diskette. In the coutxe of 
performing calculations, the program will write data to a scratch file on the diskette or hard disk; 
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this file is erased at the end of the program after the Problem Results file is prepared. Since 
problems vary in length, the scratch file can become quite large. Only problcms 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 problem on a single 
diskette. 

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

6.3 HOW TO OPERATE 

6.3.1 Frogram SEPHKEXE 

Program SEPHIS.EXE i s  the menu program. The computer screen will display the menu and 
thc 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 ~ u n  a problem, die problem muse first be defined 
by using option 1. Option 3 is used to obtain a new hard-copy printout of a previously run 
problem. The fourth option is to enter 0. This terminates the program and returns the computer 
to system slatus. 

6.3.2 Program SEPREPXXE 

Normally, the program SEPHISEXIE i s  ruri to obtain the beginning title screen and menu for 
the set of programs. The choice of option 1 from the menu invokes the program SEPREP.EXE. 
Altcmatively, 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 scrcen displays will prompt the user for process flow sheet and equipmcnt 
information. When providing the requested infoolmatation, the user should remember that stages are 
numbered following the flow of the heaviest phase (aqueous), or from the top down if one vicws 
the cascade as a pulsed column. 

Initial Screen 

1. 

2. 

3. 

4. 

5.  

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

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

Name of Process. Enter 0 for the Yurex process; 1 for 'Thorex. 

Number of Stages. Enter the number of stages as a whole number (up to 100). 

TBP Content of the Solvent. Entcr the TBP content as ##.# volume %. 

Initial or Default 'I'cmpraturc. Enter the tempcramre as W.# "C. 
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6. 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 I is entered, two additional entries will be requcsted; thc number of 
the stage from which organic is taken and the number of the stage to which it i s  returned. 

7. Plutonium Reaction. Enter 0 for none, 1 for instantaneous reduction of pU(IV), 2 for 
reduction of Pu(?V) by U(IV), or 3 for duc t ion  of Pu(IV) by €IAN. This request docs not 
appear if the Thorex process is specified. 

8. Time Increment. Specify a time increment €or integrations (in minutes) that is ~ 2 5 %  of the 
mean stage solution rcsidence time if accurate results are desired for transient conditions; 
otherwise a good choice is 1.00 min. Enter the value as #.##. Hint: A multiple of the time 
increment should cxactly 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 rcsulls to be printed a1 
10 min, but a time increment of 0.125 min will allow a IO-min printing of results 
(10/0.13 = 76.9, not an even multiple). 

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

10. Timc When Calculations Will Stop. Enter the maximurn lime (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 diskenc capacity for the scratch file. This time 
specification will terminatc calculations if steady-statit: is not attained first or if the user docs 
not abort the job prematurely. Enter the value as a whole numbcr. 

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

12. Mixer Volume Index. Enter 1 if mixer volumes are to bel: 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. 

13. Settlcr Volume Index. Enter I if settler volumes are to be delined for each phasc, 2 if only 
totd settler volumes are defined, or 3 if volumes will be equal to phase flow multiplied by 
urd time. 

14. Initial Concenlralion Profile Index. Enter 0 if the initid conccntration profile is 0, 1 if it is 
to be defined, or 2 if rhe profiilc is the result of a prcvious calculation. 

15. Integration Technique Index. Enter 0 for the Runge-Kutta technique, 1 for the Trapezoidal 
tcchniquc, or 2 for the new, Fast technique. Refer to Table 2 whcn making choices. 
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16. 

17. 

Extra Product Stream Index. Enter 1 to indicate extra product streams, or 0 for none, Extra 
product streams are defined as those in addition to the normal producr streams from the ends 
of a cascade of contactors. 

Specification of Problem Definition F i k  A drive specification (path) and filename for the 
Problem Definition file must be entered. Examples are 1B:\xxxxxxxx and 
C:\Subdir\xxxxxxxx where up to eight characters (x) can represcnt a personalized filename. 
Only certain characters are allowed (using the standard 140s 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 I h i s  point, if any mistakes were 
made, the user is given the option of returning to Item 1, Problem Title. 

Feed Stream Screens 

The next set of screens will request infomation concerning feed streams. Information is 
provided in the following order: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Stage Number for Feed. Enter the stage number for a feed strcarn as a whole number. 

Type of Feed. Enter 1 for an aqueous strcarn, or 0 for an organic stream. 

How Rate, Enter the feed stream flow rate in L/min as RW#.#tW.f. 

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

Uranium Concentration. Enter the feed stream uranium concentration in 

(Purex). Plutonium (TV) Concentration. Enter the feed stream Plutonium (IV) concentration 
in @Il as #.### 

or 

(Thorcx). Thorium Coracentraeion. Enter the feed stremi Thorium concentration in g/L as 
###.ff##. 

(Warex, aqueous feed only). Plutonium (111) Concentration. Enter die aqueous feed stream 
Plutonium (111) concentration in giL as ###.###. 

(hrex,  aqueous feed only). Plutonium Reductant Concentration. Enter the plutonium 
reductant concentration in molar units as ##.###. 

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

Feed Temperature. Enter the feed stream temperature in "C as #.#. If the default temperature 
amlies, enter 0. 

as ###.###. 
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This completes the information requestcd on this screen. At this point, if any mistakes were made, 
the user is given thc option of returning to Item 1, Stage Number For Feed. The user is then asked 
if there is another feed s tmm. 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 ###.###. 

This completes the in€omiation requcsted on the screen. If any mistakes were made, the user is 
given the option of returning to Itcm 1 ,  Stagc 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 screcns will request information conccrning that profile. The first screen(s) 
concern the aqueous-phase concentrations in each stage. The user will be asked LO 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 screcn chart will appear, if required, for another 17 stages. 

1. 

2. 

3. 

4. 

5.  

Nitric Acid Concentration. Entcr the aqucous nitric acid concentration in molar units as 
##.####. 

Uranium Concentration. Enter the aqueous uranium concentration in g/L as ###.###. 

(Purex). Plutonium (IV) Concentration. Enter the aqucous Plutonium (IV) concentration in 
&/L as ###.### 

or 

(Thorex). Thorium Concentration. Enter the aqueous ‘lloriurn concentration in s/r, as 
###.###. 

(Purex). Plutonium (111) Concentration. Enter the aqueous Plutonium (ill) conccniration in 
gJ., as ###.###. 

(Purex). Plutonium Reductant Concentration. Enter the aqucous plutonium rcductant 
concentration in molar units as ###.###. 
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6. Inextractable Nitrate Ion Concentra~on. Enter the aqueous nitrate ion concentration in molar 
units as ##.###. 

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

This completes the information requested [or the aqueous profile The next screen(s) concern the 
organic-phase concentrations in each stage. l h e  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 
##.#. 

2, IJraniuni Concentration Enter the organic uranium conccntration in g/L as ###.#I#. 

3. (hrcx).  Plutonium (IV) Concentration. Enter the organic Plutonium (IV) concentration in s/L 
as #.### 

or 

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

This completes the information requested for the organic profile, If indications were made on the 
initial screen that the initial concentration 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 diskette is removed, the user is 
given an opportunity to replace it after the profile data are read. There i s  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 infomation is requested on the next set of screens. Each screen chart 
will accommodate 34 sets of mixer volume data After providing data for Stage 1, data entries 
need be made ordy 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 volumc in L as W.### if phase volumcs 
are to be defined. 

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

4. Total Mixer Volume. Enter the total mixer volume in L as ###.W if only total volumes are 
to be dcfincd. 
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The user is then asked if volumes 
repeated for the next stage. 

are to be defined for another stage. If so, the sequence is 

Settler Volunie Definition Screen 

If indications were made on the initial screen ha t  settler phase volumes or setller total 
volumes will be defincd, 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) chmge. The data must be entered in the order 
of increasing stage number. Information is requested in the order that follows: 

1, 

2. 

3. 

4. 

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

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

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

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

The user is then asked if volumes are to be defined for anolher 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 Delinition file on the diskctte or on the 
hard disk. The menu screen will reappear following termination of W s  program. 

6.3.3 Program SECALCEXE 

Normally, the program SEPHTS.EXE is run to 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. 
Alternatively, SECALCEXE can bc started direclly. The user will bc asked if the Problem 
Definition file is located on a diskette, and if so, will be requested to 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 Tom 3:hxxxxxxx or 
C:\Subdir\xxxxxxxx and conform to the filename established when the. lile 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 
SECALCEXE. Tt should take the same general form as the Problem Definition filename. 
Examplcs of Problem Definition and Problem Results iile specifications may be B:\PROB-DEF 
and B:\PROB-RES or C:\SubdiNPROB-DEF and C:\Subdir"\PROB-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. OLherwise, 
calculations will continue until steady-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 tenninated prematurely (by pressing any key), the user i s  asked if 
calculations should continue for more time. If the answer is in thc affirmative, calculations will 
continue as before, stopping only if a key is pressed, if the maximum time is reached, or on 
attainment 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 die 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 rcaehed, or upon attainment of steady statc. A 
negative answer terminates the program. 

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

At program termination the Problem Results file is prcpared on the diskette or on thc hard 
disk and the scratch file is erased. "he mcnu screen will reappear following termination of this 
program. 

6.3,4 Program SEPRNTXXE 

Normally, the program SEPHISEXE is run to obtain the begiiuiing title screen and menu for 
the set of programs. The choice of option 3 from the menu invokes the program SEPRNT.EXE. 
Alternatively, SEPW.EXE can be started 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 diskette. 

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

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

The menu screen will reappcar 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 mainli-me 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 mainIrame computations, the turnaround 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 givcn for the same seven sample 
problems, run by using SEPHIS MOM, Version 2.1 1, 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 contactor employing a dilute 
(15.3% TBP) flow sheet for the extraction of uranium and plutonium, as shown in Fig. 1. Only 
the steady-state concentration profile is needed, so stage volume or initial profile information is 
unnecessary. The printout that follows Fig. 1 shows the final expected concentrdtion profile. 

The problem was previously calculated by using SEPHIS MODl and SEPHIS MOD3 on 
mainframe computers.'" Computation times were -16 s for SEPHIS MODl on the Oak Ridge 
National Laboratory (ORNL) IBM System 360 and -4 s for SEPHIS MOD3 on the ORNL IBM 
360191. These computer runs only carried the process through a 99.9% overall material balance. 
The computalion time for SEPHIS MOM, Version 2.1 1, on an IBM PC/XT without any upgrade 
features was -6 min. 

The use of an updated system (16-MHx with 32-bit processor) to carry the process to a 
tolerance of O.OoOl% inventory change per minute resulted in a computation time of 1 min 5 1 sec. 
Note that the tolerance was not met within the maximum lime specification of 200 min. The extra- 
time option was invoked to continue the process for an additional 56 min. 
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Fig. 1. Cwxtraction conbctor. 
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'lolure 1 TL? i n  a d v e n t :  ! 5 . 5  
I n i t i a l  or default teplperjture i a C j :  3,<! 
No unusual staqe c w n e c t i a n c  
Nc Piuion:m react ion.  
flinuie; eer t ine increment: !.? 
Hintlte: between printinq c f  t h e  c o n c e n t r a t i o n  p r o f i l e :  
Cd!cu!at ions n1!1 stop a f t e r  2CC e inute;  or Hhen a to !e ran te  of B.BC!!! 7, per a i n u t e  i5 reached. 
Hixer vcluees = !phase ilcw!iunit t1.e). 
S e t t l e r  voluaes = !phase +!mi !~!n!t t iae! .  
l n i t i a i  concentration proii !e  I S  :ern. 
T r a p e i u i d a i  i n t e g r a t ! o n  will be  used. 
Ho e x t r a  product  s t r e a m .  

?he FILESPEC f o r  th i s  Problem befinitioi! d a t a  f i l e  i s :  
?he FILESPEC !or this Problea Resu!t5 data  f i i e  is: 

20!. 

I r : i t _ b l P . E A l  
Fi:EI_O!R.Di?T 

FEEP AND PROOUCT ST!?EAl! DATA:  
STRGE NiTRIT.  A C l E  U R i l M I V  Pb (IO! i U  i l l ] !  PtDUiTddi NlTBkSE 1124 FLM KATE T E I P  

no. rn! (g!Ll !MI ; L . @ i n )  , I  !i! 
- ______. __-___ 

E,'>(! :.C(lE-.oj 23.0 

1.8ilEt00 25.Q 
EtOc I.COE$d 25.0 

5 
4 

1 0  
I 1  

i l R 6 A N I C  



28 

P R D t L E H  RES!!lTS FOR SEPHII' WOD4, bier. Z.l!: 
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! q i L !  

@ENSIT': f 
!a,aiL! 

-. . - . . - - _ _  - -. 
?.97E-01 
9 .  ?7E-fi! 
?.??E-Ol 
9 ,  ?7E-01 
?.97E-Cl 
9.?7E-0: 
?.??E-01 
9.?!E-01 
9.97E-01 
9.97E-01 
P,?7E-?!  

DENSITY f 
Iq ld)  

_ _  ._ . . ._ _ _  -. 
7.84E-Ci 
! . B I E - O l  
7.84E-01 
7.54E-61 
7.84E-01 
7.84E-01 
?.84E-01 
7.84E-01 
7.B4E-31 
7.54E-01 
7. B4E -01 

:LO# BATE TERP 
!L!n!n) !C! 

?.S!E-01 ?5.#J 
2.61E-01 25.0 
2.81E-01 25.3 
l.lbEt00 25.0 
l . l bE tO0  25.0 
1.16EtOO 25.0 
I.:bEtOO 3 . 0  
1 . l bE t00  25.0 
I . l bE tO6  25.0 
1.1bEtOL 2 5 . 0  
!.!bEtOO 25.0 

_ _  ̂.._.... ___.__ 

INVENTORY 
CHAMSE !?,I 

2.00Et02 
2.  OOEtCZ 
?.00EtO2 
2.00Et02 
?.00Et02 
2.00Et02 
2.00Et02 
?.i1ilEt02 
?.ilPE+O? 
2.  CUE102 

- - .- - _ _ _  - - - 

?.60Et02 
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7.2 PLUTONIUM EXTRACTION CONTACTOR 

A simple ten-stage plutonium extraction conitactor employing a dilute (15.0% TBP) flow 
sheet, shown in Fig. 2, is used in this example. Only the steady-state concentration profile i s  
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 MOD3 on 
mainframe computers.'" Computation times were <3 s for SEPHIS MODI on the ORK IBM 
System 360 and -1 s for SEPHIS MOD3 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 
MOW, Version 2.11, on an IBM PCKT without any upgrade features was -2.5 min. 

The use of an updated system (IS-MHz with 32-bit processor) to cany 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. 

>Depleted 
Aqueous 

-_-------- 

Fig. 2. Plutonium extraction contactor. 
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PRDPLEII I1EFIIlTlDN D A T A  FOR SEPHIS HCiD4, Ver. '2.11: 

Prokier: E x .  2 - OHNL-4716 - Pu Extrac t ior !  

PUREX PRUCESS 
Total stages: I O  
Volune Z TBP in so lven t :  15.0 
I n i t i a l  or default tenperature !'CC,: 
No unusual stage connections 
tic Plutoniua reaction. 
Hinutes per t i s e  increment: 1.00 
Ninutes between p r i n t i n g  of  t h e  concen t r a t ion  profilr.: 
CdlCIIlatlOIIS W i l l  stDp a f t e r  
K x e r  voluies = !phase flowllunit t i a e j .  
Settler volures = (phase f l o w ) ( u n i t  t i a e t .  
I n i t i a l  concen t r a t ion  p r o f i l e  i 5  :ern. 
Trapeioidal integration wil l  be $sed. 
No e x t r a  product streams. 

25.G 

100 
100 a inutes or nhen a tolerance sf [I.(liiil! Z per r i o u t e  1s redched. 

02-55-1990 1J:c'O 

STAGE VOLURE bND FLOW R A T E  DATA lbo la l  b a s i s ) :  
BlXER VOLURE [CY PHASE SETTLEF: YOLUIIE b! PWkSE 

___---_^r__^________..... --. 

NU. AQUEOUS ORGANIC AQUEOUS ON6ANlC 

1 
2 
3 
4 
5 
b 
7 
8 
9 

I! 
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FRDBLEti RESULTS FOR SEPHlS tl004, Cer. 2.11: 

Problem: Ex. 2 - 06NL-4746 - Pu E x t r a c t !  
!ai xer c o n c e n t r a t  1 cns shoisn:' 

on 

T I R E  = 0.03 I i lHUTES 

URAMIUR 
!g lL l  

PU t l l l!  
! g / l )  

REDl lCT  ANT 
'R!  

FLOW RATE 
!?!nin) 

TEMP 
(C) 

25.6 
25.0 
15.0 
25.0 
2 5 . 6  
75.0 
?5.0 
25.0 
25.0 
2:. 0 

_ _ _ _ _ _  
I.OJE-$! 
1 * 03E-01 
1.03E-Ul 
9 , h b E  01 
9.h5E-01 
0 .  h5E-Ol 
9 . M - 0 1  
9.6JE-01 
?.&bE-Ol 
9.65E - 0  1 

9.97E-01 
?.?7E-01 
9.97E-01 
9.97E-01 
9. ??E -0 1 
9.97E-01 
9 .97E- i l l  
?..97E-01 
9 .  P?E-:ll 
9.07E-01 

U E l T R A C T  
FACTOR 

PU E X T R A C T  
FACTOF! 

DEN5 I TI: 
IQ!8L! 

FLOW R A T E  
!Lliinl 

TBPSUT 
1x1 

il. 0 
0.0 
0.0 
0.0 
6.0 
6.0 
0.0 
0.0 
G .  (! 
0.0 

_ _ ~ _ _ _  
9.OOC-01 
?.<lOE-OI 
Y. d[lE -01 
9.03E- 0 1 
9.O'JE-Ol 
9 .  [IOE-O 1 
9.00E-01 
9.00E-01 
9. OOE-0 1 
?.00E-U! 

TINE = 100.00 ti lNtiTES 

AQUEOUS PHASE: 
SThGE NITRIC A C I D  

Ha. ! H i  

I 2. l6Et i lO 
? 2.4EEtO!i 

? .P8E+(d  
4 4.09Et00 
5 4.I;Et00 
6 4.I:E+[I6 
7 4.13Et60 
il 4.13E+60 
9 4.12E+!> 

13 !.&lEtO;' 

PU ! I Y I  
i g ' i r  

NITRATE ION 
!il! 

TEHP 
( C )  

25.6 
25.0 
25.0 
25.0 
25.0 
25.u 
25.c 
25.0  
25.0 
-1 5 . !I 



33 

ORfiktilC PHASE: 
STRSE NITRIC K I D  

NO. IN) 
- _ _  _ _  _ _  __  _ _  ._ _ _  - 

1 1.69E-81 
2 1.91E-01 
5 ?.32E-01 
4 2.98E-01 
5 4.07E-01 
6 4.45E-01 
7 4.49E-01 
8 4.50E-61 
9 4.d9E-01 

10 4.27E-01 

TIM = 108.60 YINUTES 

AWEOUS PIIASE: 
STAGE NITRIC ACID 

NO. !N! _ _ _ _ _  ____l__l__i 

1 2.lbEtOO 
? 2.48EtOu 
3 2.98Et00 
4 4.09Et00 
5 4.13E+60 
6 4 . I j E t N  
7 4.13Et03 
0 4.13Et00 
9 4.1ZEtuO 

!O J.E(IEtD0 

OR6M1C PHASE: 
STAfiE NITRIC ACIE 
NO. In! 

_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  
I 1.69E-31 
2 I.91E-61 
3 2.32E-91 
4 2.08E-CI 
5 4.!17E-01 
b 4.43E-01 
7 4.49E-01 
@ 4.50E-Ul 
9 4.40E-01 

IO 4.2!E-01 

H t  EITRACT 
FACTOR 

$. 43E -51 
6.3”-01 
b.27E-01 
b .  0 bf  -02 

E.88E-02 
9 a O6E-02 
Y.61E-02 
9.04E-O? 
4.38E-fj2 

- - - -- -- - - -- 

e. I ~ E - E  

H t  EklRACT 
FACTO? 

BENSITY 
I g i n L l  

E. 2 I E - f l l  
5.t4E-01 
6.25E-61 
6.26E-31 
E.iJ5E-01 
7.97E-01 
7. 9oE-d 1 
7 .  %E-01 
7.?&E-!fl 
7.95E-01 

Fi.OW RhTE 
X!rinl 

9.17E-Q1 
?. IBE-Ol 
?.%E-01 
9.22E-Ol 
9. !6E-01 
9. I !E -01 
Y. i7E-01 
9 .  LbE-01 
Y. IbE-Oi 
q.tbE-Of 

-__-_-_---- 

FLDW RUTE 
!L/rin) 

1. L 1E-01 
1.12E-01 
I.! IE -01  
1.1 l E t 6 0  
1.ll€+00 
I .  1!E tot 
I .  I l E t 3 0  
1.1 !Et00 
I. I1 Et00 
1.09Et00 

_ _ _  . .- _ _  - - _ _  

FLUW RATE 
[L i rn ! ! l !  

TBPSAT 
I l l  

s2. a 
b9.D 
7 5 . 2  
87.8 
83.9  
82.5 
02.3 
02.2 
82.0 
17.9 

----_- 

TEMP 
!CJ  

15.0 
‘5.0 
2:. 0 
25.6  
25.0 
25.0 
25.0 
25.9 
2;. 0 
25.0 

-_____ 

T6FSAT 
1 x 1  

IWENTIIRV 
CHGNGE (1) 

2 . M - 6 5  
?.47€-05 
l.b9E-05 
1.12E-05 
3.19E-05 
6 .  %E-65 

I .  33E-64 
2,0IE-64 
2.36E-04 

----------- 

a. 6 ~ 0 s  

INVENTORY 
CHANGE !!I 

h .  43E-C 1 
b .joE-O I 
b.27E-3! 
6. !i&E-Cl? 

@.!!E-O2 
B.EfiE-CI2 
9.d9E-02 
9.01E -02 
9.04E-O? 
9.3%-32 

9.l’E-91 
9.16E-01 
?.?DE-91 
9. !!E-ti 1 
9. IBE-01 
9. I?€-01 
9.17E-01 
9 .  I6E-0 1 
9.1bE-39l 
9 .  IbE-ul 

6 2 . 9  
b9.0 
76.2 

83.7 
62.5  

82.2 
5 2 . 0  
77.9  

87.8 

a 2 . 3  

9.14E-ob 
9.VE-00 
2.4?E-6b 
1. IZE-65 
7 .ZE-06  
3.lOE-05 
5.84E-05 
5.!4E-05 
7.54E-05 
B.09E-05 
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7.3 URANIUM STRIPPING CONTACTOR 

This calculation is for a simple, six-stage uranium stripping contactor employing a 30% TRP 
flow sheet, shown in Fig. 3. Only the steady-state concentration profile is desircd, so stage volume 
or initial profile information is unnecessary. The printout that follows Fig. 3 shows the hirial 
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 amputation time was 2.1 s on the 
ORNL IBM 360191. The computation time for SEPHIS MOW, Version 2.1 1 ,  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. 

>Aqueous ----------- 
~ 

p.r-.uct: 
Extract Solution--> 

3 0 %  TBP 
0 . 2 5  M HN03 
5 0  g U / L  
10 L/min 
5 5 ° C  

Fig. 3. Uranium stripping emtactor. 



35 

FROBLEII DEFINIT!ON @ & ? A  FOR SEPHIS HIiDI, Ver. "11: 02-0P-195il  6 8 : 2 9  

Problea: E x .  3 - OPNL-547! - U Strippino 

PUHEX PROCESS 
Total stages: b 
Voluae X TBP i n  solvent: 3P.c 
Initial or default twperature ('C). 
No unusudl stage connectians 
No Plutonium reaction. 
Ainutes per time incresent: 1.00 
Minutes between printing 01 the concentration p r o f i l e :  
Calcuiations will stcp after  500 rinutes or when a ta lerdnre  of 
H i r e r  volumes = lphase flowliunit t iae , .  
Settler volumes = (phase flow)(onit tipej. 
Initial concentration p-ofile 1 5  zero. 
Fist integration ~ 1 1 1  be used. 
No extra praduct streams. 

3'1.0 

500 
0.C'lW Z uer m n u t e  IS reached. 
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PROBLEY RESULTS FUR %PUIS tE04 ,  Yer. 2.11: 

P rcb ien :  Ex. 3 - ORNL-5471 - i! S t r i ~ p i n c  
! @ i x e r  ccnrentrations s h o w )  

TIHE = 0.00 HINUTE: 

ADLIEDUS PHASE: 
STASE N I T R I C  A C I D  

Hi0 . ill) 
REDUCTANT 

'Ul 
DENS i I! 
i y i n i !  

9.77E-01 
?.WE-01 
9.97E-61 
9.9lE-01 
9. ? ? E 4  I 
9.97E-01 

-_ _ _  .. . .. - . - 
F L M  RATE 

! L i a i n l  

1.4PEtOI 
I .4PEt i l l  
1.49E*O1 

!.49€+01 
I. 4YEtu1 

. -- - - _ _  - - . - 

1.49Et01 

TEnP 
i C )  

30.0 
;o. 0 
30.0 
30.0 
30.0 
30.b 

..---_I 

u E l i R A C T  
FACTOF: 

PU EXl t i lCT  
FICTOF!  

H t  EfTRACT 
FACTOR 

INVENTORY 
CHANGE 111 

0.00EtOO 
0.00E+OU 
0. uOEtO0 
0. 0OEtOO 
0.00Et00 
O.OOE4'JU 

E. 16E-01 
E. 18E -01 
E. 1EE-01 
E. ISE-01 
E.!EE-OI 
5. IBE-l i l  

9.74EtO0 
9.74Et00 
9.74Et00 
9.71EtOO 
9.74Et00 
9.74Et00 

0.0 
0.0 
3.0 
0.0 
6.0 
6 . 0  

2,00Et02 
2.00Et02 
? .00E+o2 
2. 0OEtOZ 
2.00EtG2 
?.0QEt02 

TIBE = 174.00 NINUTES 

BRUEOUS PHASE: 
STbGE NITRIC ACID 
NO. !E' 
.-_-. _____.-._.. 

1 1 .51E-CI  
2 1.51E-GI 
3 1.51E-iil 
4 1.52E-OI 
5 l . i !E-01 
h 3.05E-01 

REDUCTANT 
! 1 !  

NITRATE I O N  
!Io 

DENSITY 
lqiai i  

TEnr 
! C J  

I .  50Ei.01 
1.5liEt01 
1.5IEtOl 
1.51Et31 
1.51Et01 
I .52E+uI 

25 .0  
25.0 
25. I 
25.3 
2 6 . 5  
;1.7 

ORGAMIC PHASE: 
STAfiE HiTRlC A C I D  

NO. !!!I 
...__ ____....... 

I I.oaE-02 
2 I.?OE-O? 
5 1.31E-02 
4 !.35F+? 
5 !.13E-"? 
h '.BEE-32 

TBPSAT 
1x1 

INVENTORY 
C!iANGE II) 

9 . M - 0 3  
?.2hE-03 
4. WE-03 
3.01E-03 
1 .  $BE-0: 
E.22E-04 

_.__.._____ 

b EITR4CT 
FACTSF! 

j .  5 I E-?I 1 

b.22E-01 
?. 14E-01 
7. ? I  t - 0 1  
9,!4E-S! 

_ . ~  _--_____ 

4.?bE-i': 

H t  EITRACT 
FRCTOT! 

4.57E-02 
5. !bE- !s2 
5.AIE-0: 
5.?9E-Q2 
5.7FE-0: 
b .  13E-02 

._.___...._ 
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7.4 BATCH EXTRACTION/STRrPPING PROCESS 

This sample calculation shows how a batch extraction process can be simulated. One volume 
of the aqueous phase is contactcd with two separate portions of pure solvent. These are then 
combined and stripped by using five contacts with strip solution. Figun: 4 shows how this can be 
represented as a series of cross-currcnt 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 2.1 1 ,  on an IBM PCKT 
without m y  upgrade features was 1 min 51 s. The use of an upgraded system (16-MWz with 32- 
bit processor) resulted in a computation time of 46 s. 
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Aqueous Feed------ > 
2 M HNQ3 
3 0 0  gU/L 
3 gPu/L 
1 L/rnin 
2 5 ° C  

Pure  Solvent------ > 
3 0 %  TBP 
2 L/min 
2 5 ° C  

p-u re s 0 l v s - t  - - - - - - > 
30% TBF 
2 L/min  
2 5 ° C  

1 

2 

3 

4 

5 

6 

7 

____------ >Produc t  
SO 1. ut ion 

>PJOdUCt s---m----- 

S o l u t i o n  
<--c 

Extract S o l u t i o n  

-->+ 

--> 
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PPOBLEfl DECINITIMI DRTR FOR SEWHIS brjD4, qer .  2.11: 

Problem: Ex. 4 - ORHL-5471 - Batch  E x t r a c t i o n  

PUREI PROCESS 
T o t a l  stayes: 7 
Volure Z TUP in s o l v e n t :  
I n i t i a l  or d e f a u l t  tempera ture  l a c ) :  
Organ ic  t a k e n  from stage 7 feeds s t a g e  5 . 
Xo P l u t o n i u m  r e a c t i o n .  
Hrnutes per t i m e  increrent: 1,PO 
Minutes  between p r i n t i n g  of t h e  c o n c e n t r a t i o n  orofile:  
C a l c u l i t i o n s  r i l l  stop a f t e r  
H i r e r  v o l u r e s  = (phase f 1 o w ) l u n i t  t i n e ) .  
S e t t l e r  volures = lphase f low1 l u n i t  t i a e ) .  
I n i t i a l  c o n c e n t r a t i o n  profi le  15 d e f i n e d .  
F a s t  integration u i l i  be used. 
E x t r a  p r o d u c t  s t r e a m l s ) .  

z0.O 
25.1, 

100 
IiiO minutes  o r  *hen a t o l e r a n c e  o f  '1.0100 1 per i i n u t e  15 reached. 

92-08- 1990 OS: 54 

The FILESPEC f o r  t315 Prob lem O e t i w t i o n  d a t a  f i l e  15: 

The FILESPEC for t h i s  P r o b i e r  itesults data  file is: 
E:EI_cIP.!NT 

9:EX-OllP.DAT 

FEED ANI! PRDDUCT STREAM MIA: 
STA6E N I T R I C  kC10 URANIUI PU 11'4) PU ! l I ! l  PEDUCTdNT 

wo . !MJ I g i L ,  !g/LJ lY!L) !HI 
- _ _ _ _  - _ _  - --- _ _ _  _ _ _ _ _  _ _  . _- - - - _ _  _ _  _ _  - _ _  _ _ _  __- -- - _ _  _ _ _ ^  _ _  - - 

PleUEDUS 1 4.00E-01 0.OOEtOO 0.00EtrJO 0.00Et60 O.09EtO6 
RQUEOUS 2 4.06E-01 O . O O t W  0.00EtOO P.UOEtU? O.UEttI9 
MUEOUS 3 4.UOE-01 O.0OEtOb O.O')EtS@ 0.00EtOtl 0.00EtOU 
RQUEWS 4 4.0UE-ul 0.0OEtOO O.UOEt00 O.OOEtIN O.OUE+[tO 
AQUEOUS 5 4.fJiJE-OI 0.0OEt00 '1.00E400 0.UOEtGO 0.00EtO0 
ABUEOUS 6 ?.WEtOO LOOEtO? 3.00Et00 O.OOE+OO 0.OOEtOLi 

30,O Z TBP 6 'J.OOEt00 0.00Etg0 0 .0OEtN 
50.0 1 TBP 7 0.00EtOb 0,OOEtilC O.UWtOO 

AOUEOUS 1 Produc t  d r e a r  reaoved l a c t u a l  ( I o n  r a t e  t o  b e  coaputed) 
RQUEOUS 2 Produc t  s t ream removed l a c t a w l  t l D W  r a t e  t o  be comauted) 
AQUEOUS 3 Product s t r e a r  reroved !actual f l o n  r a t e  t o  be coaputed) 
RQUEOUS I Product  s t ream remved ( a c t u a l  [!OR r a t e  t c  be c o r p i l t e d )  
AQUEOUS 5 Produc t  s t ream removed ' a c t u a l  f law r a t e  t o  be cuaputedJ 

I M l T l A L  AQUEBUS PROFILE DATA: 
STAGE NITRIC K!O URANIU!! P!! ! ! V i  PUilII) FtEDUCTANT 

NO. lfll !g/L) IY 'L '  ig 'L1 '4, 

FLOW RATE 
( L l r i n !  

2.00E+OO 
2. OOE t 6 5  
2. OOEtOO 
2.6OEtuO 
2. OOE ti00 
1.0OEt00 
2. O D E t O O  
2.00E+00 
3. OMtno 
3.00Eiiil' 
3. OOEtOO 
3.00E+00 

- - - - - -- _- - - 

3.Lii)EtOli 

TENP 
IC) 

25.0 
25. G 
25.9 
25.0 
25.0 
25.0 
25.0 
25.0 

-____- 

TEMP 
!C) 

25.0 
25.0 
25.0 
25.0 
1'1.3 
25.0 
?5.(i 

_____I 
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STAGE VULUIE Bpi0 FLOY RATE DATA !Holrl b a s i s ) :  
HIKER VDLUNE EY PHASE SETlLEA VOLUflE BY P H M  

STAGE _--_._-___..__ .__-_-__-. .___....___..____.______ 

NO. IIQUEOIJS ORGRNIC ARUEOUS ORliRNlC 

!.WE+00 
1.96EtOu 
I .98EtBL; 
1.93EtO0 
I .  9BEtO0 
e. 45E-01 
8.45E-0 1 

INTERSTAGE FLOW RATE 

ARUEOUS 

3.97EtO0 
3.97E100 
3.9!Et00 
3.97EtCO 
3.97EtD0 
1.98Et00 
1.98E406 

1.96EtU0 
I .  P B E t O i i  
1. Q8EtiiO 
1.96Et00 
1.9aEtuo 
E. 45F-01 
e. 45E-Vl 

CHGRIIC 

3.97EtUO 
3.97Et00 
S.Y?EtOO 
2.97€+00 
3.97Et00 
I . 9 a ~ t o o  
I .98Et00 

ABLIEOUS ORGANIC 
...__...___ ________.._ 

O.UDE+OO 3.97Et00 
0.00Et00 3.5!E+O0 
O.i)OEtub 3.97Et06 
O.OOEt00 3.97EtW 
C.00Et00 3.97Et00 
8.45E-01 1.9flEtOO 
6.45E-01 !.SBEtOO 



PRDBLEfl RESULTS FOF! SEFHIS ROD4, Ver. 2.11: 

PrOblEE: Ex. 4 - OTcNL-Mil - Batch  E x t r a c t i o n  
Irirer concentrations shoun) 

TIHE = 0.00 HIWUTES 

41 

AWEOUS PHIISE: 
STAGE N I T R I C  A C I D  URANIUM 

i#. in I !g/L) 
----- -__- - ------ 

1 2.i??EtDO l.!?EtO? 
I P!!ODUCT STHEAH 
1 ?.42EtO0 ! .?? i t$?  
2 YROIlUCT j!kER)! 
5 2.U?E+00 l.?9EtO? 
3 PRODUCT STREAM 
4 ?.02Et0fi 1.29EtOi 
4 PROUUCT STREAR 
5 2.02Et00 1 .29EtK 
5 PRODUCT STREAH 
b Z.4 lEt00 I . l i jE t02  
7 ?.01E+O0 l.!OEto? 

ORGAWIC PHASE: 
STAGE NITRIC A C l O  URAWIUtI 

NO. in1 ! g / l !  
----- -___--^I--_ -__________ 
! 5.43E-02 1.00Et02 
2 5.44E-fi? l.OOEt(l! 
3 5.ME-42 !.OOEtS2 
4 5 . M - 0 2  l.iKiEtiJ2 
5 5,44E-(12 l.OOE+G? 
b 5.81E-02 9.51Et61 
7 5.81E-02 9.51Et~:I 

T I H E  = 31.05 HIWliTES 

AQUEOUS PHASE: 
STAGE NITRIC X I 0  URllN!Ufl 
NJ , (ti, I g l L !  

t PRODUCT STREAM 

----- ____------- .--_-______ 

1 3.95E-01 1.19EtOI 

2 3.95E-3! 1.5!E+01 
2 PRODUCT STREAR 
3 3.9SE-0! 1.95EtSI 
3 PRODUCT STREAM 
4 4.?5E-ii l  2.49Et01 
4 PRODDCT STREAH 
5 5.98E-01 2.91Et01 
5 PRDDUC! STREAN 
b 1.94Et00 8.33Et01 
7 1.5;EtoO 4.29EtU0 

ORGANIC PHASE: 
STAGE NITRIC ACID URANiLln 

NO. in! !g!L! --___ ____------- -_I-------- 

1 4.57E-02 2.3bE+01 
2 4.38E-02 ?.94E+ol 
3 4.19E-02 3.6EEtDl 
4 4.19E-02 4.63E+OI 
5 5.59E-iJ2 5.64Et01 
b !.46E-O2 1.0?E+0? 

PU !lY! 
i g / L I  

_ _  _ _  - - _ _  _ _ _  
2.28E-02 
4.  W - 0 2  

1.77E-01 
3.5SE-01 
1.!?E-01 

a. KE-O? 

9 . W - 0 1  4.15EI.110 82.4  2.00Et02 
?.";E-01 4 .15EtW 82.4 2.00Et02 
9.52€.-31 4.15Et00 82.4 2.00Et02 
?.5ZE-01 4.15Et00 82.4 2.00Et02 
?.5:E-01 4 . 1 5 E d 0  82.4 2.iiOEtOZ 
9.45E-01 2.!'?Etu0 78.7 2.00Et02 
9.45E-01 2.07Et00 78.7 2.03Et02 

FLOW RATE 
!L!mini 

4.04Et00 
4.05EtO0 
4.06Et00 
4. OJE t60 
4.09Et00 
2.  OBEtDG 

- _ _ _ _  _ _  _ _  .. - 

TFHP 
! C )  

25.0 

25.0 

25.6 

25,0 

2 5 . 3  

25.0 
x.0 

.-___. 

TBPSRT 
11) 

I#YE#TORY 
CHANGE il! 

2 2 . 5  
2b.b 
3 2 . 1  
39.5  
5 0 . 2  
89.4 

i . a 9 ~ - 0 3  
1.74E-03 
5.ObE-04 
1.!9E-04 
7.95E-05 
7.99E-Cb 

7 2.38E-iJl 3 .59Et l l l  6.??E-01 1.92Et01 5.47EtCl0 5,59€-01 R.??E-01 2.04EtOP 49.8 !.B?E-05 
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7.5 EXTRACTION/PARTIAL PA TITIONING - LOSS OF REDUCTANT 

Two pulsed columns are modeled here as shown in Fig. 5. By using known data for the 
- height of column gquivalent to a dieoretical gage (I-PETS), the SEPHIS MOW code can be sct 
up to simulate this differential type of contactor. Volumes for the mixing and settling portions 
must be specifjed. In the interior of the column, the WETS determines the stage volume; the ratio 
of phases is assumed equal to the flow ratio, and the split between "mixers" and "senlers" is 
arbitrary. The volumes of solution in the phase disengagement sections at the ends of the column 
are merely added to h e  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 
expcctcd concentration profile after 30 min. 

The problem was previously calculated by using SEPHIS MOD4 on a mainframe computer.' 
The computation Lime was -13 s on the O W L  ISM 360/91. The computation time for SEPT-IIS 
MOM, 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. 
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Aqueous Feed------ > 
3 M HN03 
300 gU/L 
3 gPu/L 
0.15 L/min 
4 0 ° C  

Orqanic Solvent---> 
30% TBP 
0 .35  L / m h  
4Q"C 

>Aqueous 
<--f P r o d u c t  
----------I 

E x t r a c t  S o l u t i o n  

I -->+ 

>Depleted 
Aqueous 

---------- 

Fig. 5. Extractionlpartial partitioning-loss of reductant. 
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PROELEll DEFINITION D A T A  FOR SEPHIS WOD4, Ver. 2 . i . :  0?-08-1?90 ! 0 : P @  

PURE! PROCESS 
T o t a l  stages: i l  
Joluee Z TBP i s  s o l v e n t :  30.0 
1n:t:al or d e f a u l t  t e i p e r a t u r e  !'E): 
No unusual s t a g e  c o n n e c t i o n s  
Ins tan taneous r e d u c t i o n  a! Pu!IV!. 
Minutes per t:m i n c r e a e n t :  6.!3 
n i n u t e s  between p r i n t i n g  o f  t h e  c o c c m t r a t i o n  profile: 
C a l c u l a t i o n s  w i l l  s t o p  a f t e r  
Mixer volumes are de! ined f o r  each Dhase. 
S e t t l e r  volumes a r e  d e f i n e d  f o r  each chase. 
1n:t :a l  c o n c e n t r a t i o n  p r o f i l e  i s  de f ined.  
Runqe-Tutta i n t e q r a t : o n  #:I1 h e  used. 
E x t r a  p roduc t  s t r e a m i s ' .  

40.0 

10 
30 minutes  c r  rhen  a t o l e r a n c e  o f  ;,.,J!(IG I cer  micute is reached. 

IEHP 
!C! 

40.0 
40.0 
40.0 

TEW 
!C)  

40.0 
41. i' 
4 C' , L' 

4c .  0 
4G.U 
40.0 
4G.0 
40.0 
40.b 
40.0 

-_..__ 



45 

S T A ~ E  NITRIC a m  
ND. it!) 

--_-- --____cc--- . 

b 5,%E-O? 
7 5.97E-02 
E b.l?E-@? 
9 B.OOE-02 

10 2.44E-01 

Pi! I I V !  
l g i l !  

I. 13Et00 
I .  OEEtDO 
I .  02Et00 
9.47E-d! 
6.78E-01 

STAGE VOLUME AND FLOY RATE DATA I t lo la1 basis!: 
f i I X E A  YOLURE BY PHASE SETTLER VOLURE EV PHhSE 

no. --_-- 
I 
2 
3 
4 
5 
b 
? 
B 
5, 

10 

AGrUEOUS 

3.bbE-02 
3.60E-02 
5.6OE-02 
3.6OE-02 
5 .  b6E-O? 
I .?(]E -91 
1. !bE -0 I 
!.7DE-01 
I .  70E-01 
I ,  7OE -0 1 

--_____---- 
ORGANIC 

I .  20E- 01 
I. ?(!E-0 1 
!.?DE-01 
!.?OE-51 
I .  10E-01 
4,OUE-01 
4 .  ME-01 
4. W E  - 0 I 
4.00E-0 ! 
8.05E-31 

_______.__^ 

MIXER FLOU RATE IIITERSTALit FLOW RRTE 

OF168NIC 

3.87E-01 
3,47€-01 
3.47E-6! 
3.47E-01 
3 I 4X-0 1 
Z.47E-01 
3.47E-O! 
3.4iE-G! 
3.3!E-i'! 
3. $ E 0 1  

____ ._L__^_  

AOUEOUS o l i f i a ~ i ~  
.. - - _ _  _ _  .. - _ _  - _ _ _ _  - - 
'?.O!E-92 3.47E-01 
3.iJ!f--0? 3.47E-01 
?.07E-02 3.47E-01 
9.07E-02 3.47E-41 
O.fiDEt(t5 3.47E-01 
L.22E-01 3.47E-31 
1.?2E-01 3.4X-01 
I.i2E-L;1 3.47E-01 
1.22E-01 3.47E-01 
1.ZZ-O 1 3.47E-01 
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PAnBLEn RESULTS FOR SEPHIS ?lOD4, Ow. 2.11: 

Problea: Ex. 5 - ORNL-5471 - Pulsed Col 
(mixer concentrat ions shorn) 

u n m  

T I M  = 0.00 flINUTES 

dBUEOMS PHASE: 
STBGE N I T R I C  K I D  URbHIUfi 

NU. I ) o  !q/L) _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  - _ _ _ _ _ _ _ _ _ _  
I 2.86EtClO ?.b;EtOl 
2 ?.!!Et00 4.13Et01 
3 2.66E100 5.45Eci)l 
4 2.57EtOd 7.12EtUI 
5 2.42Et00 9.??EtOI 
5 PRODUCT STHEM 
6 3 . 0 1 E W  3.03E.02 
7 3.01Et00 2.99Et02 
8 3.66EtOO 2.94Et02 
? 3.49Et00 2.23EtU2 

10 3,lbEtOO 2.01Et01 

REDUCTRNT NITRATE !OH 
!iv ',HI 

0.00Et50 0.00EG0 
__-.____--_ ___-.___.._ 

0.0UE+00 0. 00Et00 
1 .  !?E-OI I .  72E-02 
1.70E-02 I .  !?E-02 
0.09E+50 1.71E-02 

TENP 
IC) 

44.0 
40.0 
10.0 
40.0 
w . 0  

_._.._ 

40.0 
40.0 
40.0 
4b.3 
40.0  

U E X T R A C T  
FACTOR 

TEW 
:C) 

40.0 
40.0 
40.0 
40.6 
10. i' 

_ _ _ _ _ _  
! .9?E-*!! 
3.47E-0! 
b,5?E- ' j l  

9 .  ?9E-bl 
1 . 5 4 E t X  

40.9 
40.5 
40.0 
46.0 
4u. 0 



PI! !IV, 
!g!L! 

H t  ExTRPCT 
FRCTOT! 

DENS I T'r 
i g ! ~ L )  

~ 

?.3?E-0 1 
1.4BE-Cl 
9.53E-01 
4.57E-01 
9,bZE-01 
? .? !?E41 
P.7?E-O! 
9.72E.fil 
P. 70E-0 I 
9.35E-Pl 

FLW RGTE 
!Liein1 

TBPSBT 
!1!  

IW!E#TOR'r 
CHANGE (I! 

3 . M - 6 1  
5.92E-01 
7.915-01 
9.6?E-01 

l . l Y E t O @  
I .  1 lEtOO 

1.18Et00 
1.07E+60 
9.14E-01 
5.83E-01 

PU !IY! 
!g/L! 

_---_-_---- 
3,57E- !I I 
b. XJE-O! 
8. ARE-01 
I . l lE+OO 
I. blE+3?) 

2.72Et00 

2.13Et00 

1.8YE-01 

2.45Et00 

1.45Et0O 

PU i I V !  
!g/L! 

_ _  _ _ _  - -. - .. - 
8.15E-01 
9.33E-01 
1 .  OlEtOb 
1.07Eti00 
1.15Et30 
I .  ?BE+$@ 
1,16Et0,3 
1.02Et00 
t 1 . 5 5 ~ - u i  
5.38E-01 

PU I ! V !  
ig!LI 

I .?!E+O 1 
5.45Et00 
6. i 2 E m  
5. ;bE+uiJ 
3 .8 iE t00  
9.37E-Ql 
9. 3?E-0! 
9.57E-Ol 
1.25Et00 
1. !3E+01 

3.h4E-01 
5.6 lE-Ul  
3. bSE-01 
3. LSE-O! 
3. OSE-'J! 
3. bbE-O 1 
i.66E-01 
3. LbE-o! 
3. bhE-O 1 
3. b l E - Q l  

86.1 
88.9 
89.0 
89.9 
9 1 . 2  
94.6 
94.b  
94.0 
94,5 
96.b 

3. I2E tO l  
1.71Et01 
8.67Et00 
3.79Etu0 
I.22EtOO 
2.53E-02 
1.91E-01 
4.33E-01 
B.26E-01 
9.4RE-01 

IIIVENTORY 
CHANGE 11) 

I 
2 
3 
k 
5 
b 
7 

9 
10 

a 

1 .?8E-01 
1.57E-01 
1.35E-01 
1.!5E-01 
9.08E-02 
5 .  b lE -02  
5.&?E-O? 
5.7iE-02 
7 . M - 0 2  
2.4IE-01 

TINE = 20.00 NIMUTES 

AQUEOUS PHASE : 
STAGE NITRIC ACID UXANIUN 

XO , !MJ !p'L) _ _ _ _ _  ______r____ _____.___-_ 

PU I I I I !  
!g!L! 

REDUCTkNT 
!tu 

N!TRATE 10N 
!AI 

DECSIT? 
!y /mt !  

FLOM RATE 
!Liein1 

TEHP 
! C !  

1.0iiE-QI 
I .  (1 1 E - i i l  
1.0IE-Ol 
!.PIE-01 
I .  OZE-$1 

!. WE-01 
1. NE-01 
I .  50E-01 
1.48E-61 
! .3bE-01 

! . i t lE  -I! 1 

40.e  
40.0 
48.0 
40.0 
40.0 

1o.ii 
40.0 
40 .0  
40.1; 
40.0 

I 
2 
3 
4 
5 
5 
4 
7 
8 
Q 

IO 

~ a 4 ~ m  2 . 6 4 ~ t 0 1  
2. !bE+OO 4.09EtOl 
2.68EtOO 5.36Et01 
2.59Et90 lr.96Et01 
2.45Et00 9.99Et01 

3.00Et00 3.00Et02 
S.O'JEt00 3.00E+d2 
3.05Et00 ?.95Et0? 
3.49Et00 2.24Eti12 
3.15EtOO 1.47Et01 

PRODUCT STREAM 

ORGANIC PHASE: 
STRGE W I T R l C  ACID 

NO !n; _ _ _ _ _  ______----. 

I 1.976-01 
2 1.57E-01 
3 1.34E-91 
4 1.15E-01 
5 9.O5E-07 
6 5.61E-02 
7 5.02E-02 
8 5.!hE-0? 
9 ?.%E-02 

10 ?.41E-01 

DENSITY 
!g /a t i  

FLL~Y RUTE THPSAT 
( L / a i n l  I%! 

3.64E-01 86.1 

;.65E-O1 89.1 
3.65E-01 70.0 
S.O5E-,?l 9 1 . 2  
3.6bE-01 94.b 
3.hbE-01 ?4.b 

3.bbE-ill 9 4 . 6  
3.hbE-01 94.5 
3.64E-C! Eh.6 

__-----.___ _._-._ 

:.ME-OI 88.0 

URANIUN 
!g!Ll 

- - .. . . .. . . .. . 

9. 79EtOl  
9.51Et01 
9.91Et01 
1.3'.E+0? 
1 . 0 7 ~ 4 0 2  
1.15€+8? 
I. ISE+?? 
1.15Et0? 
1.13Et0? 
8.;?E+O! 

9.40E--01 
9.88E-01 
9.53E-01 
9.57E+1 
S. t?E- i j l  
9.72E-61 
?.??E+! 
9.72E-01 
9.79E-01 
9. J;E--0! 

1.ldEtOO 
l.l?E-Ol 
:.?!E-01 
1.35E-61 
9.92E-03 
I .  12E-01 
?.57E-01 
4.51E-01 
5 .  6?E-0! 
b .  33E-0 1 

AQUEOUS PHASE: 
STAGE N l T R i C  A C I D  URANIUi! 
NO I In; !3!l1 
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dQiliOUS PHASE: 
STAGE NITRIC ACID URANIUW 
NO. iH1 ig!L) 
_---. _..__._---- ______.____ 

2 2.?bE+OO 4.1OEt91 
3 ?.6RE+!N 5.37Et01 

5 2.45Et00 l.U@EtO? 
5 PRODUCT STREON 
6 3 .00 i t00  3.00Et02 

B 3.OSEt00 2.95Et02 
0 3.4PEtOO 2.24EtO2 

15 3.15E*00 1.98Et01 

4 ?.59E+00 b .9?Et@l  

7 3 .00 i t00  3 . 0 3 ~ 4 0 2  

ORGANIC PHASE: 
STAGE NITRIC ACID 

no. !!I 
. - . . _- - - - - _- .. - - . 

I 1.97E-01 
2 ] . Y E - 0 1  

1.34E-01 
4 1.14E-01 
5 9.05E-02 
6 5.61E-02 
7 5.62E-02 
9 5.75E-02 
9 7.54E-32 

10 ?.41E-01 

PU ! I I i i  
! p i L l  

P.EOUCTilHT 
!!! 

NITRATE IUM 
iHJ 

I .  OIE-01 
I .  01 E-L ' I  
I . O I E - ' i l  
I ,  ll2E -01 
1.62E-01 
1.50E-01 
1.50E-01 
1.5OE 01 

!,3bE-!tl 
i . ~ a t - - o i  

TEW 
!C! 

40.0 
40.0 

40.0 

____-. 

40.0 

40.0 
40.0 
40.0 
40.0 
40.0 

T6PSAT 
!I) 

____-. 

ab. 1 

as. 1 
89.0 

90.0 
PI.? 
94. b 
94.6 
94, b 
94.5  
3b.b 

INVENTORY 
CHBlUfiE (1 )  

2.9lE-02 
5. R6E -02 
8.49E-02 
1.05E-01 
I .  19E-01 
I ,  %E-01 
2.52E-01 
3.69E-01 
4.51E-01 
4.?EE-O1 

-________- ~ 
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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 rnin with no reductant is the starting 
prorile for this new sample calculation. An additional 30 min of  operating time is pcrmilted. 

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 (a total of 27 s for this example and 
the previous example). The computation time for SEPHIS MOM, Version 2.1 1, on an IBM 
PCKT without any upgrade features was 16 min 54 s. The use of an upgraded system (16-MI-iz 
with 32-bit processor) resulted in a cornputation time of 4 min 55 s. 

Reductant--------- > 
1 .75  M HAN 
0.001 L/min 
4 0 ° C  

r, 
A q u e o u s  Feed------ > 

3 H N 0 3  
300 g U / L  

0 .15  L/min 
4 0 ° C  

3 gPu/L 

Orqan ic  Solvent---> 
30% TBP 
0 . 3 5  L/min 
4 0 ° C  

> A q u e o u s  
<--4- P r o d u c t  
----------- 

E x t r a c t  S o l u t i o n  

>Depleted 
Aqueous 

Fig. 6. Exlraction/partial partitioning-reductant regained. 
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Problem: E:. 6 - Of!IlL-547! - Pu lsed Co!uax !I 

PLlHEX PROCFSS 
T o t a l  stages: !O 
V O I U W  7. TBP i n  s o l v e n t :  X . 0  
I n i t i a l  o r  d e f a u l t  t e n p e r a t u r e  !'E!: 40.0 
No unusual  s tage c o n n e c t i o n s  
Ins tan taneous r e d u c t i o n  of h i ! \ ! ! .  
h n u t e s  per t i n e  inc rement :  6.13 
l t inutes between print!ng of  t h e  c o n c e n t r a t i o n  p r o f i l e :  
C a l c u l a t i o n s  #!!I s t o p  a f t e r  
tlixer vo luaes  a r e  d e f i n e d  f o r  each phase, 
S e t t l e r  volumes are d e f i n e d  f o r  each phase. 
I n i t i a l  c a n c e n t r a t i o n  p r o f i l e  I C  f rom a p r e v i o u s  problem. 
Fas t  i n t e q r a t i c n  r i l l  b e  i lsed. 
E x t r a  p roduc t  s t r e a a ! 5 ' .  

The FILESPEC 'or ! h i s  Problem Def:n:tion d a ? a  !:le is: 
The FILESPEC f o r  t h i s  P r o b l e s  R e s u l t s  d a t a  f i l e  i s :  

!O 
30 mnutes or when a t o l e r a n c e  of Li.0100 ?. per r i n u t e  15 reached. 

P:EY-[uoP.DRl 
8 : E k . W . D A T  

INITIAL O R G P H I C  PFOFI!.E K T B :  
STGGE r l I i E ! C  A C I D  

NO. !E' 
................ 

! 1 . 9 i E - 0 1  
2 I .5?FL'!  
3 ! . j 4 E - O !  
4 !.!4E-(>I 

P U ! I I l '  
l Q ! L !  

N I T R A T E  IDk 
i n i  

.. 
! t m  

' C j  

40. b 
4o .c  
N,i '  
40*!' 
4 6 . E  
40.0 
4 0 . Q  
40.0 
40.3 
40.0 



STliGE 
NO. 

N I T R I C  ACID 
!ni 

9.05E-02 
5. bl E-J2 
5 .  b2E-02 
5.7SE-02 
7.54E-02 
2 .4  1 E-O 1 

NO. 

I 
2 
3 
4 
5 
b 
7 
8 
9 

10 

____- A P I! E 0 US 

3.6OE-62 
3.SOE-O? 
3. bDE-02 
3. ACE-')? 
>.LOE-C? 
1 .!5E-01 
I. 70E-O! 
1.72E-01 
1. TOE-01 
1.70E-01 

-- - - - _ _  - - _ _  RQUEOUS 

1. : OE-61 
! . l G E - 0 1  
1.lOE-01 
1.10E-51 
3.lDE-01 
5. 10E.-;ll 
5.!0E-Ol 
S.l'JE-.l! 
5. IO€-61 
?.00E-0! 

t l IXER FLOM RRTE IHTEfiSTRGE FLD# RRTE 

ORGRNlC 

3.1IE-O 1 
3.47E-01 
3,4?E-(l! 
3.47E-Cl  
3.47E-ill 
5.47E-01 
3.4?E--Ol 
3.4iE-01 
3.47E-(11 
3.47E -0 1 

-_ - - - - - - -- - AQUEOUS BRGRHIC 

9.07E-02 3.47E-01 
9.@!E-0? 3.47E-01 
7.1!E-42 3.47E-01 
9. iiE-O? 3.47E-$1 
il.ODE.+00 3.47E-91 
!.??E41 3.67E-01 
1.2?E-01 5.47E-01 
I . ? ? E 4 1  3.47E-01 
l.??E-Ol 3.4!E-01 
1.?2E-$1 i .47E-Ol 

_ _ _ _ _ _ _ _ r _ _  ________.c_ 
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PROSI.Ffl RESULTS FOR SEPH!E fl504, Ver. 2.11: 

Problem: E x .  h - ORHL-54!1 - Pulsed Colums 11 
!ni?er c a n c e n t r a t i o n s  nhown! 

T l Y E  = 0.00 HIHUTE', 

ARUEOUS PHASE: 
STAGE MITRlC ALILi URANIIJR 

YO. !H! !91t i  
- .- .- ._ - . -. ._ _ _  - - - - - - - - - - - - 

1 ?.84Et!10 2.65Et01 
2 ?.?bElW 4.l0EtOI 
3 Z.63it'JC 5.3!E+01 
4 ? . 5 9 E W  b.?!EtOl 
5 2.45Et00 l .NEtO? 
5 PBDDUCT STREAH 
b 3.00Et00 3.00Et02 
7 3.00Et00 j.OOE+O? 
E 3.05Et00 2 . 9 5 E t Z  
9 3.49Et00 ? .?4EtK 

10 3.15Et00 1.98EtOl 

DENSITY 
!qlni.i 

FLCY R A T E  
( i i a : n i  

1.00E-01 
l.C'lE-01 
1.02E-01 
l.O?E-UI 
I.03t-bI 
1.03E-01 
1.50E-01 
1.5@E-!ll 
1. WE-01 
1.4EE-02 
1. 3bE-01 

__.___..___ 

40.3 
40. i; 
40.0 
40.0 
40.0 

40.0 
40.0 
46.0 
40.0 
40.0 

OREANlC PHRSE: 
STRGE H I T R I C  A C I D  

no. IH) 
.-___ _____._._.. 

I l .?7E--OI 
2 1.5'E-Ol 
3 1.34E-01 
4 1.14E-01 
5 ?.05E-02 
d 5.61E-02 
7 5.b?E-62 
E 5.75E-02 
? ?.54E-?1? 

IO 2.4UE-01 

PU EXTRACT 
FACTOR 

H+ E X T R A C T  
FACTOF: 

i 0 P S A l  
IT! 

81.1 
a0.o 
89.1 
S0 .0  
P I . ?  
9 4 - 6  
94. b 
54. b 
94.5 
86. b 

_ _ _  _ _  - . 

3. h4E-Ol 
3.i4E-31 
:. h5E-01 
:. h5E-!ll 
3.65E-01 
3.4bE-Ol 
3. hhE-3 1 
3.4 hE-0 I 
j.bbE-01 
:. h4E-01 

PU ! I V !  
!9!L! 

R E D U C T A N T  
(Hi 

N!TMTE ION 
!n! 

DENSITY 
! g / a L i  

T E w  
i f i  

40.0 
41,. 2 
4 6 . 0  
40.0 
40. :I 
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ORfiRWTC PHASE: 
STAGE I$JTR!C ACID 

NO. in, _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  
I 1.9EE-01 
2 1.58E-01 
3 1.3bE-01 
4 1.16E-01 
5 P.07E-62 
h 5.61E-02 
7 5.52€-0? 
E 5.T5E-02 
9 7.53E-02 

10 ?.40E-Ol 

U EXTRACT 
FACTOF! 

..-___-__I_ 

1 . 2  l E t 0 l  

b . a b ~ t ~ o  

8.93Et(!0 

5.52€+!10 
3.91Et00 
9.3?E-(il 
9.36E-01 
9.54E-iil 
1.255'93 
1.13Etit1 

DENSITY 
! q i a L l  

. .. .. - - .. . . - - - 
9. S?E-dl 
9.4RE-01 
9.5?E-9! 
9.5br'-01 
9.62E-01 
?,??E-01 
P.7ZE-OI 
9.!:'E-ul 
9,70E-01 
9.35E-01 

FLLY RRiE 
!Linin! 

3.64E-0! 
3. ME-01 
3.64E-01 
3.65E-('l 
3.6SE-01 
3.M-01 
3.65E-01 
3.bbE-@I 
3,  so€ -0 I 
3.h4E-'!l 

_ _ _  - - .. . . .. . - 
TBPSAT 

1x1 

8b. I 
8E.d 
86.9 
8 9 . 9  
91.2 
94.6  
94. b 
94. b 
94.5 
36.7 

_. __-_  

INVENTORY 
CHANGE 11) 

_ _  _ _  _ _  _ _  - .. 
7,5?Et01 
7,51EtOl 
I I49Et0!  
1 . K E t b l  
1.6SEtOO 
1. b9E-01 
2.lbE-01 
3.08E-01 
3.67E-01 
3.9:E-01 

AQUEOUS PHASE: 
STASE HITR!C AC!Q URANJUH 

NO. IHi ig!L! _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  
I ?.84€*00 2.55Et01 
2 2.7SEt00 4.0BEt01 
3 ?,bbEtl)O 5.27Et01 
4 2.57EcPJO 6.69EWl 
5 2.42Et00 9.64Et01 
5 PRODUCT STRERH 
b 3.OOEtOO 3.00EI.02 
7 3.00Et00 3.OOEti12 
R 3.05€+[10 ' 2.95EtJ? 
9 5.48Et00 2.25E+0? 

10 3.15Et60 2.00Et01 

TERP 
IC! 

.. _ _ _ _  
40.0 
40.0 
40.0 
40.0 
40.0 

40.0 
46.0 
40.0 
40.0 
90.9 

ORGANIC PHASE: 
STAGE W I T R I C  ACID 
NO. lfl! 

_--_- _ - _ _ _ _ _ _ _ _ _  
I I .PeE-01 
2 1.58E-01 
3 1.35E-(I! 
4 1.17E-61 
5 9.1JE-,12 
6 :..&!E-02 
7 5.62E-02 
5 5.75E-02 
9 7.53E-02 

10 2.39E-01 

!I EITRACT 
FACTOF! 

H t  EITRACi 
FRCTOF! 

OENS I T'Y 
i g / B L l  

_-___-_____ 

9.39E-01 
9.48E-01 
P.S?E-01 
9.55E-01 
9.6?E-91 
9.?2E-91 
9.72E-01 
9.7:'E-01 
9.70E -01 
9.15E-01 

FLOW 8RTE 
!L/ain! 

TEPSA! 
( % I  

INVEHTUH'f 
CHANGE i l l  

2 . m  -01 
?.USE-<Il 
1.a3E-bl 
1.63E -01 
I .  34E-01 
4.5bE -02 
4 . w - J ?  
4. bOE- (I? 

5.3 ?E -0 2 
?.O'.i-01 

56. I 
88.0 
86.7 
89.5 
91.2 
94.6  
94.6 
94.6 
94.5 
Sh.? 

3.37E-03 
2.OSE-03 
2 .55EtK  
I.BSE+Bl 
I.O!E*h 1 
9 ,  ?5€-02 
1.83E-01 
2.tOE-01 
3.10E-01 
3.3iE-01 

TIflE = X.90  t!!HlJ?ES 

PU ! I V !  
ig?L! 

PU !!I!: 
!Cj!L) 

REDUCTGWT 
in!  

H I i r t A T E  !CY 
<H! 

GEMSITV 
i g i e l i  

TEt!? 
IC! 

1 * I ZE t00  I .  0E.01 40.0 
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AQUEOUS PHASE: 
STAGE N I T R I C  hCID URANIUM 

no. itl) ig!L) _ _  - _ _  _-__ _ _  _ _  _ _  - . _. . -. .. . _. 

2 2.76EtO0 4.39EtOl 
3 2.66EtOO 5.30Etiil 
4 ?.57E+U0 6.90Et01 
5 ?.43Et00 S.hSE+Ol 
5 PRODUCT STREAM 
6 3.50E+Oi! 3.00Et02 
7 3.0dEt00 3.00E+O? 
8 S.05Et00 2 .95EW 
? 3.48Et00 2.25Et02 

10 3.15Et00 ?.UlE+Ul 

ORGBNlC PHASE: 
STAGE N I T R I C  A C I D  
NO. w 
. . . - . _ _  _ _  _ _  - - _ _  - . 

1 1.99E-01 
2 ].SEE-01 
2 1.35E-01 
4 1.16E-01 
5 9.17E-02 
6 5.6lE-02 
7 5.62E-i1? 
8 5.35E-02 
? 7.52E-('2 

10 2.39E-01 

lJ E Y T R A C T  
FACTOR 

R E D U C T A R T  
!n) 

NITRATE ION 
! F l  

DENSIT\ 
Iq!nli 

FLU# FATE 
!L in in)  

T E V  
!C! 

PU EITRbGT 
F A C i O F I  

tit EXTRFIC! 
F A C T O R  

9.87E+01 
?.5?Et01 
?.99E t01 
l.OSEtu? 
I. 08Et02 
l . lSEtii? 
I.IbE+O? 
1. l6EtOl 
I .  l4Et02 
8 .41Et i i l  

1.21Et01 
8.51'E'OO 
j, 75Et00 
5.44Et130 
3. WEt0u 
9.37E-01 
9.;3E-01 
?.%E-01 
I .  24E to0 
I .  12EtOl 

DEHSITY 
! q / n i  ! 
... 

9.39E-l)l 
9.48E-01 
?.5?E-01 
9. SbE-01 
9.62E-dl 
?.!?E-01 
9.7?E-01 
? . ? E 0 1  
9.70E-01 
9.35E-im1 

1.01E-01 
l.O?E-01 
I .  O?E-O 1 
1.02E-01 
! .02E -0 I 
1.50E-01 
1. WE-81 
1. WE-01 
! .4DE -61 
1.36E-01 

4c.u 
40.0 

40.0 
w.ii 

40, 0 
40.0 
40, 0 
40.0 
40.c 

T B P S A T  
; I !  

2.64E-01 
3.64E-01 
3. b4E-01 
5.65E-ill 
3.65E-01 

56E-01 
T.66E-01 
7 .  L I E 4  I 

3.bhE-i!1 

3. o 4 E -0 1 

86.1 
B8.G 
88.9 
89.8 
91.2 
94.6 
91. b 
94.6 
?4.5 
8 b . 7  

INVENlURf 
CHANGE iX! 

b.7 lE-d3  
1.1JE-02 
1. BJE-ii2 

._-.__-_._- 

C..@BEtOO 
9.57Et00 
7. ?lE-62 
1.54E-01 
2.19E-01 
2.61E-01 
2.  ? E 0 1  
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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 concentration 
profile i s  ncedcd, so stage volumc or initial profiie information is unnccessary. The printout that 
follows Fig. 7 shows the final expected concentration profile. 

The problem was previously calculated by using SEPHIS MOD3 on a mainframe computer.6 
The computation time was -6 s on the ORNL IBM 360/91 for an overall matexid balance of 
99.9%. The computation time for SEPHIS MOM, Version 2.1 1, on an IBM PC/XT without any 
upgrade features was 34 min 13 s to carry thc process to a tolerance of 0.01% inventory change 
per minute. 

The use of an upgraded system (16-MHz wilh 32-bit processor) rcsultcd in a computation 
timc of 3 rnin 48 s to carry the process to a tolerance of O.OOOl% inventory change pcr minute. 
Note that the tolerance was not mct 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. 

Aqueous Feed------ > 
-0.15 M HN03 
20 g U / L  
265 gTh/L 
1 L/min 
35°C 

A c i d  Addition----- > 
13 M HN03 
0.3 L/min 
25°C 

Orqanic Solvent.---> 
30% TBP 
7 L/rnin 
25°C 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

>Orclanic 
Product 

----------- 

Fig. 7. Thorium extraction. 



56 

PROBLER XF IN IT IOM D A T A  FUR SEPUIS flO!4, Iler. 2, !1:  

Problem: E x .  ? - ORN?/CSD!TR-7P - U t T h  Ex t rdc t :on  

TWOPEW PROCESS 
T o t a l  s taqns:  I I  
Volume Z TBP i n  solvent:  30.0 
I n i t i a l  or defaul t  t e a p e r a t u r e  "C): 
No unt,sual s tage  connec t ions  
flinutes per  tiae i n c r e w n t :  1 . X  
R i n u t e s  between p r i n t i n g  of the c o n c e n t r a t i o n  p r o f i l e :  
C a l c u l a t i o n s  will s top  a f t e r  
tlixer v o l m e s  I p h a w  4iorl  l u n i t  t i r e ' .  
S e t t l e r  ioluse5 = (phase f l o a ' l u n i t  t ime) .  
I n i t i a l  c o n c e n t r a t i o n  p r o f i l e  1 5  zero. 
Trape:oidal i n t e g r a t i o n  w i l l  be used. 
Nc e r t r a  product  5 t reans .  

The FILESPEC f o r  t h i s  Problea D e f ! i i t i o n  d a t a  ' i l e  IS: 

The FILESPEC f o r  t h i s  Prablem Rezults d a t a  f i l e  I S :  

40.0 

200 
?,@[I i i i i u t e ~  o r  #hen a t o l e r a n c e  oi 0.0001 Z per i i n u t e  is reached. 

H:EI.'7P.CAT 
B:EY_u7R.DAT 

FEED AND PRODUCT STRERM DATA: 
STRGE NITRlC A C I D  
NO. (!!I 
_..__ ____._._.__ . 

AQUEOUS 1 0.00EtOO 
RIUEOIIS 4 5.00Et00 
AQUEOUS i -1.50E-01 
ADUEOUS IO 1 . 3 0 E t t l l  

3 . u  I TBP 11 0 . O O E t W  

STAGE VO!IJ)IE AWO FLOW RB!E DATU !HoIaI  bd515!: 
!!IXER VOllJHE HY PHOSE SETTLER VOLUHE 8Y PHASE M I X E R  FLOW RATE 

STAGE - 
NO. 

1 
2 
3 
4 
5 
5 
? 
5 
? 

1s 
!! 

PQUEOUS ORSANIC ORGANIC 



PRDBLEN RESULTS FOR SEPHIS HOD+. '!er. 2.11: 06-0@-1996 09: 43 

Prohlea: Ex. 7 - OHN!!CSDiTH-70 - UtTh E x t r a r t i a n  
(iixer c a n c e n t r a t i a n s  shovni 

TINE = 6.00 RINUTES 

acucous PHASE: 

WO. in! lQ!LI l g ! L )  !H) 
STA6E NITRIC ACID URANIUH THlrRIUH NITRATE !OM 

1 
2 
5 
4 
5 
& 
7 
8 
9 

10 
! I  

DRGRtUC PHASE (The i n d i c a t i $ n  of 3 phases 15 w i t h i n  a 101 tolerance):  
STAGE NITRIC ACID URAIIIUH THORIUH U EXTRACT TH EXTRRCT H+ EYIRkCT 

NO. !H! (g!L! !q /L !  FRCTOR FACTOR FPCTOR 

I 
2 
3 
k 
5 
b 
7 

9 
10 
I f  

a 

AUUEOUS PHASE: 
STAGE NITRIC A C I D  W M l W  
NO. Ill! !g!L! 

1 
2 
3 
4 
5 
& 
7 
a 
9 

1 ib 

FLDW RATE 
I Lie1 11 ! 

TBPSAT 
!I) 

0.0 
0.0 
0.0 
0.0 
0.0 
9.9 
0.0 
0.0 
0, ii 
0.5  
6.0 

_ _ _ _ _ _  
INVEH!ORY 
CHANGE li) 
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AQUEOUS PHASE: 
STAGE MITRIC ACID UHARIUH THDRIUI! NlTftATE ION 

NO. !H! !9!Li (9 /L!  r n j  _ _ _ _ _  _._._______ ____-__._.. ....-.--.__ 

11 1.?IE+W 5.OSE-09 1.72E-Gl O.O@E*OO 

OXGRNlC PHBSE (The i n d i c a t i o n  iif 3 ~ h a s e s  I S  within a 107. to le rance! :  
STAGE 

MO. 

1 
2 
3 

11::: 
4 

l t l l l  
5 

IIlOI 
0 

I t t t l  
7 

11191 

__.__ 

NITRIC ACID URAMIUH THORIUI? 
IF)  ! q / L )  I 9 l L )  

_________.. _ _ _ _ _ _ _ _ _ _ _  __..__..._ 

5.08E-O? 2.86EtU0 3.79Et01 
9.91E-iI2 2.93EtOO 4.92Et01 
1.51E-01 ?.91E+00 5.OBEtOl 

3 Phases Pass~ble i n  t h e  above stage 

3 Phases Possible i n  t h e  above s t a g e  
l.?OE-Ol 2.91Et00 5.26Et0l 

3 Phases Possible i n  the above s t a g e  
1.67E-01 2.91Et00 5.37Et01 

J Phase; P o s s i b l e  i n  the  above staae 
1.34E-01 2.91Et00 5.44Et01 

7 Phases P a s s i b l e  i n  the  above s t a p e  

?.09E -01 1.70EtOO 5 ,  04EtCl 

8 ?.5@E-\ i l  l.illE-~! 
9 4.P2E-$1 5.01E-03 

10 b.77E-01 l.02E-04 
I 1  4.59E-01 1.U7E-0s 

I 
2 

4 
5 
b 
7 
E 
9 

IO 
11 

b .  j l E - 9 1  
4. ;!E-01 
4.05E-01 
3.72E-01 
3.Z-01 
3.49E-01 
3.5?E-O 1 
1.76E-(I? 
:. 5?E-04 
3.2%-06 
k.94E-O@ 

. _. .... 

U E X T R A C T  
FBCTOT! 

TH EXTRACT 
FACTOR 

FLOCl RATE TBPSRT INVENTORY 
lL!ainl !I) CHkNGE I;! 

- - - _ _  - - _ _  .. - _. .. . . . -. _ _  - - - . . 
7.00Et00 51.6 1.BDE-il:' 
7.00EtQO 69.4 1.56E-02 
7.OOEtOO 76.1 1.26E-02 

7.00EtCO 80.9 9.01EW3 

7.O0Et00 B1.b I. l5E-02 

7.00EtOC 60.8 1.39:-01' 

7.00EtM 78.7 !.'?EE-iIZ 

FLOY R A T E  TEW 
( t i m i n i  IC) 

3.0OE-61 34.5 
E.COE-01 52.9  
E.iI@F-ij! 32.3 

._....-____ ___._. 

1, O U E t O O  J?. 1 
l.U@Et!'O 31.4 
1.00EtOu 21.1 
2.00Et00 30.9 
?.I)OE4OO 29.2 
.." ' W t O O  ??.E 
5.3iIEtOil 26.6 
?.30E+OP 25.8 

?.O0€+0<1 E0.8 I.93E-04 
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ORGAN11 
STFIGE 
Hn. 

itat: 

_ _ _ _ _  
5 

6 
t l l t l  
7 

3tlll 
8 
9 

10 
I 1  

PHASE (The indication o f  3 phases i s  
NITRIC A C I D  URANIUW THOFIUI! 

cn) I q / L )  (g /L I  
_..__..__I__ - ______---__ 

1.91E-01 ? . ? l E t N  5.24Et511 
3 Phases Possible in t h e  above stage 

I .  68E-Ql 2.41Et00 5.35EtOl 
5 Phases Possible i n  the above s t a g e  
1,35E-01 ?.91Et00 5.42Et'Jl 

3 Phases Possible !n the above stage 
2.91E-01 1.02E-01 3.41EtLil 
4.95E-01 5.O?E-O3 1.4?E+Ol 
6.79E-01 1.01E-Ori 2 ,  57Et00 
4.bOE-91 l.OSE-(!b Z.B?E-!'! 

50.7 2.5Y E -!I 4 7.3%-01 

2.85Etbl 1.5YEt00 3.75E-61 78.6 

bb.Q 
62.0 
55.0 
4:. 3 

5.14E-01 
b.b!E-O! 
b. ? E O !  
7.33E-0! 

TltlE = 51b.00 HINUTES 

AQUEOUS PHASE: 
STAGE N I T A I C  XIfi 
NO. !H! 
. - . -_ - - __- - _ _  - - - . 

I 4.25E-01 
2 9.85E-01 
3 1.39EtO0 
4 1.QBEtOO 
5 i.~?~400 
b 1.59Et00 
7 I.Z6C+OO 
E 1.9tJEtGO 
9 2.62EtPO ' 

10 3.31EtO0 
11 I.91EtOO 

i!RA#IUr! 
iq!L1 

~ 

$,3!E-01 
4.5iE-01 
4.05E-01 
3.73E-01 
3.52€-01 
3.4QE-01 
3.57E-01 
l.76E-02 
3.52E-0.1 
3.?5E-Ot 
4.92E-08 

F 

DRGFIWIC PH85E (The indication of 3 phases i s  within a 1kZ tolerance!: 
STAGE MITRIC ACID UtANIUH THORIUH U EXTRGCT TH ElTRdCT 
NO. in, lg!L) L q K !  FACTOR FACTOR 
_I___ -___-______ ___.__ .__. _̂.._ ..-._.I__ .- 

I 5 .  f2E-02 2.BbEtDQ 3.7BE*01 3,?oEt61 J.3tE+OO 
2 9.98E-0: 2.?;Et% 4.91Et01 S.b!Etl ' ! 3.8!EtOij 
3 l.S?E-?l 2.91EtiC0 5.07ErGl b.??EtO! 4.07EtOO 

4 2. ICE-01 2.OFEt00 5.0Xt01 5 . 4 h E t O l  3.IIIE+% 
l t l t l  3 Phases Poss!b!e i n  the above ; t a y  

I t t t l  3 Phases Possible i n  the above stage 

t f I t t  3 Phases Possible i n  the above stage 

f t t t t  3 Phases Possibie I n  the abave staae 

I l t t t  3 Phases Possible i n  the above stage 

5 1.91E-01 2.91EtbG 5,24Et0! 5.79Eti:ll 3.34C+l!<, 

6 I.bRE-01 ?.91Et00 5.T5EtrJl 5.83Et01 3.26€+00 

7 1.35E-01 2.91Et00 5.42€tCl ?.85EtOl !.59EtOL! 

8 ?.9!E-01 ~ . O ? E - O I  3 .41~ i .01  2.03~t!l! 2.40E+~i! 
9 4.96E-01 5.02E-$5 1.42Et01 4 . o 9 E t O l  5.40Et<!O 

10 b.??E-ij! l.QlE-09 2.57E'OO 9.42Et:ll 7.04Et':":l 
I I  4.51E-?! I.95E-Ob ?,B2E-0!  h.4PEtO1 5,i?E+1!3 

!.44E. 01 

7. X - i l l  

;.75E-0! 
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APPENDIX A 
SAMPLE SCREEN DISPLAYS 
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PROBLEM DEFINITION: 

Problem Title: Ex. 5 - ORNL-5471 - Pulsed Columns 
Process: P u r e x .  
Total s t ages :  10 Volume % TBP in solvent: 30.0 
I n i t i a l  o r  default temperature ( " C ) :  40.0 
No u n u s u a l  stage connections. 
Instantaneous reduction of Pu(1V). 
Time increment (min. 1 : 0.13 
Time between printings of the concentration profile (min.): 10 
Time when c a l c u l a t i o n s  will s t o p  (min.): 30 
Tolerance f u r  steady-state (%/min.): 0.0100 
Mixer volumes t o  be def ined  for each phase. 
Settler voluines to be defined for each phase. 
Initial. concent ra t , ion  prof ilc t o  be defined. 
Runge-Kutta integration will be used. 
Extra product stream( s 1 .  
Problem Definition data are in: E:EX-05P.DAT 
."....---.*---.-- -.-.-. ---LI11*"ll---.l-l.-_.-̂ -1--11)1*-.---,~*,--"--..----.------.--~-------------"-~---~.----.-.---"----"----..-."~"-""-. 

Is the above information c o r r e c t  ( Y / N ) ?  
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Maximum t i m e  reached ---- 
Press any  k e y  to c o n t i n u e  

Problem is defined. 
Feed and p r o d u c t  streams are identified. 
1riit.ia.l concentration profile is e s t a b l i s h e d .  
Cascade f l o w s  are established. 
Strage volumes and flows are defined. 
Using Runge-Kutta i n t e g r a t i o n .  
Fu (  KV 1 reduced i n s t a n t a n e o u s l y .  
P r i n t ,  time = 30 min. 
MAximurn time 30 rnin. 

NITRIC A C I D :  

?J 

P 

Overall Material B a l a n c e  ( X I  





APPENDIX R 
COMMON ERROR MESSAGES 

Ermr trapping routines are included in the programs for the most common errors. They 
include: 

Bad File Name The file specification provided is not in a recognizable formatpt. Enter 
correct file specification. 

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

Disk Not Ready The user-supplied diskette is no1 in place. 
key. 

sell: diskette and press any 

File Not Found The file spccitication provided is incorrect or the wrong diskette was 
placed in the drive. Chcck thc diskette and press any key. Provide 
correct tile specification when requested. 

Printer Not Ready The printer is not turned on. Turn printer on. 
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APPENDIX C 
HINTS 

1. a0 not use commas in problem names. 

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

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

4. 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. 

5. When conducting a study of the effect of varying flow sheet par 
complete one computation, prepare a new Problem Definition 
parameter(s), and resume calculations by using as an initial conc 
profile from the previous computation willnout changing diskettes 
with more than six such computations, one may run out of diskette space. ' 
installed hard disk Lo store data files effectively eliminates this problem. 
sequential study involves the chemical reduction of rU(XV), 
bclow. 

ers, it i s  easy to 
for the changed 

n pmfile b e  final 
are, howev~r, that 

a ~ ~ i ~ ~ o n a ~  caution is noted 

6. At ttie start of a new problem, mixcr and settler zone concentrations in cach stage are set 
equal to each olhcr. If the new problem begins with a concentration profile from a previous 
problem, and that previous problem involved the chemical reduction of Pu(1V) and/or was 
not run to a steady state, note that thc settler concentrations from the: previous problem arc 
not retained for use in the new problem. Only mixer concentrations are retained. Settler 
concentrations can dilfer from mixer concentrations during unsteady-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 timc incrcments and is 
of conceni only when closely studying transient conditions. 

7. ?'he use of the Rungc-Kutta integration technique for problems where p l ~ ~ o I ~ ~ ~ m  reduction 
is occurring may produce incomplete material balanccs. It is r e c ~ ~ ~ ~ n d e d  that the Fast 
technique be used for such problems. The Trapezoidal technique is also recommended if only 
a sieady-state solution is desired. 
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