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CALCULATION OF THE TRANSIENT BEHAVIOR OF A
DILUTE-PUREX SOLVENT EXTRACTION PROCESS HAVING
APPLICATION TO THE REPROCESSING OF LMFBR FUELS

W. S. Groeunier

ABSTRACT

A method for calculating the time-dependent behavior of countercurrent solvent extraction
processes has been applied to a dilute-Purex flowsheet proposed for use in the recovery of spent
Liquid-Metal-Cooled Fast Breeder Reactor (LMFBR) fuels. This etfort led to the development of a
computer program, SEPHIS, which employs a combination of approximate mathematical equilibrium
expressions and the transient, stagewise process calculational method to allow the prediction of stage
and product stream concentrations with accuracy and reliability. The applications of SEPHIS to
process analysis and control, criticality analysis, and inventory control for nuclear safeguards purposes
are particularly intriguing.

1. INTRODUCTION

The comparatively high plutonium content (i.e., ~20%) of LMFBR fuels presents criticality problems
during reprocessing operations. To circumvent such problems in solvent extraction equipment, a
“dilute-Purex” flowsheet utilizing 15 vol % tri-n-butyl phosphate (IBP) in a hydrocarbon diluent was
suggested. [The reprocessing of light-water-moderated power reactor (LWR) fuels normally involves the use
of 30 vol % TBP.] However, at the temperatures (25--30°C) usually specified in the flowsheet, solvent
loadings <80% of those attained with 30 vol % TBP must be accepted in order to prevent excessive reflux
of plutonium and/or formation of a third phase. Decontamination from fission products can be less
effective at these lower loadings. In addition, the use of a reductant in the stripping stream in the last
plutonium purification cycle may be undesirable from the standpoint of purity of the final product
solution. These and other factors, plus increased emphasis toward complete recovery of the plutonium
because of its high intrinsic value, prompted us to take a new look at Purex reprocessing conditions. It is
possible that this effort may result in the development of a flowsheet that is somewhat different from the
one that has become classical for the reprocessing of LWR fuels.

SEPHIS, a computer program for Solvent [xtraction Processes Having Interacting Solutes, was
developed to provide answers to many of the questions regarding the application of the Purex process to
LMFBR fuels. The use of this program has already reduced the number of experimental runs required to
establish optimum flowsheet conditions by simulating the extraction process with sufficient accuracy to
allow many of the interrelated effects of varying the process parameters to be explored rapidly and
inexpensively. Experimentation has been required only to verify a small fraction of the computer-predicted
results.

The following sections describe the solvent extraction flowsheet, mathematical model, and computer
program, and provide instructions for use of the program.

2. LIST OF SYMBOLS

A Aqueous-phase flow rate

D Distribution coefficient — Eq. (7)

FR Flow ratio — Eq. (3)

K'  Psendo-mass-action equilibrium constant — Eqs. (11)—(13)



NF Net flow rate — Eq. (1)

O Organic-phase flow rate

PR Phase ratio -~ Eq. (4)

t Time

T  Absolute temperature

To Absolute reference temperature

TF Total flow rate — Eq. (2)

V  Volume of stage

X Solute concentration in aqueous phase
y  Solute concentration in organic phase
¢ Total ionic strength — Eq. (14)

Subseripts:

H Acid

j Stage number

P  Plutonium

R; Recycle of type 1

R, Recycle of type 2

t Time

T  Absolute temperature

To Absolute reference temperature
U Uranium

Superscripts:

f Feed stream

p  Product stream

3. DESCRIPTION OF THE FLOWSHEET

The dilute-Purex flowsheet employs 15 vol % TBP in a hydrocarbon diluent as the extractant. As shown
in Fig. 1, the flowsheet consists of a partition cycle and two plutonium purification cycles.

In the partition cycle, uranium and plutonium are coextracted to achieve separation from fission
products and then scrubbed with nitric acid. The metal-rich organic phase is next contacted with a
reductant to convert the plutonium to a less extractable species in the partition column, where it transfers
to the aqueous phase. Finally, the uranium-rich organic phase is stripped with dilute nitric acid.

The two plutonium purification cycles are nearly identical. Aqueous plutonium solutions from the
previous cycle are contacted with an extractant after feed adjustment. The extractant is then stripped of
plutonium using fresh nitric acid, possibly containing a reductant.

A further description of the process can be found in refs. 1-7.
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Fig. 1. Dilute-Purex Flowsheet for LMFBR Fuels.

4. DESCRIPTION OF THE MODEL

The computations made in this study were based on a solvent extraction contactor model consisting of
a finite series of discrete stages, each containing a zone of intense (“perfect”) mixing and a settling zone
where phases separate completely. All mass transfer between phases occurs in the mixers. These mixers have
essentially zero volume. The settlers serve to provide holdup between mixers, and “plug” flow is assumed to
occur here. As shown in Fig. 2, each stage may accept streams from an adjacent stage or from outside the
contactor, may provide streams to supply an adjacent stage or a product stream that leaves the contactor,
and may have internal recycle strearns.

The recycle streams can be of two types. Type 1 recycle involves only one phase flowing from the
settler back to the mixer in order to satisfy the condition where the phase ratio is not the same as the flow
ratio imposed on the contactor. This condition exists in pulsed columns, some forms of mixer-settlers, and
stacked-clone Type 2
disproportionately large volumes.

contactors. recycle involves both phases and applies to stages having
The net stage flow does not include recycle streams since these are internal. Net stage flow is defined as:
NF;j= A, + 05, +Af+ 0 (1)

Total stage flow includes recycle and is defined as:
TFj=Aj_ 1+ Op *AT+Of+ A +Ag +0p +0g . (2)

The flow ratio is:

A+ AT
FR, =" (3)

f:
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Fig. 2. Stage Model.

but the phase ratio of the stage is:

f
A AN AR A
PRj= 3 ] 1 2. (4)

f
Ojs1 + 05 + Og, + O,

In type 2 recycle, the ratio of stage volume to total stage flow is the same for each stage in the
contactor because of the large intrastage flow. The solution residence time represented by this ratio is the
time interval at which transient calculations are performed. It can be expressed in real time by using actual

stage volumes and flow rates rather than relative values, as follows:

At=—— . (5)

Pulsed columns and most other process-sized contactors will exhibit recycle of the second type. No recycle
of either type would occur in laboratory-scale batch countercurrent devices, since the stage volumes are
proportional to the net stage flow, and the phase and flow ratios are equal, in these devices. The recycle

flow concept enables any existing type of solvent extraction contactor to be simulated.



5. CALCULATIONAL PROCEDURE

Transient calculations are begun by assuming that all stages are full of liquid to the proper volume and
in the proper phase ratio. An initial concentration profile in the contactor (for each phase) is used as a
starting point, which may be zero. Consider a normal extraction-scrub contactor having n stages and one
organic and two aqueous feed streams. The aqueous feed streams enter at stages 1 and j and the organic
enters at n, as shown in Fig. 3. In the first time interval, calculations are made at the feed stage (j) and at
the scrub and solvent stages (1 and n) if the initial concentration values are different from those of the
entering stream. In the second time interval (1), calculations are made at the adjacent stages as well as at the
stages described above. Thus, stage j is recalculated, and stages j - 1 and j + 1 are calculated using the
results from stage j in the previous interval (t — At). This procedure continues for as many time intervals as
necessary to reach a steady-state operation.

Individual stage calculations are made by solving the stage mass balance equation,

Aj X act OpaYirre act AfxTt O;fyit = (Aj+ AP)x; ( + O;+ Oyt > (6)

and the usual mass-transfer equation involving a distribution coefficient (D),

it
Xj’t—'B*'. (7)
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The above computational method was adapted from that used by Lowe,® and produces concentrations
throughout the contactor as a function of time. This allows one to study the transient behavior of the
system resulting from a start-up, shutdown, process variable perturbation, or other non-steady-state
situation. Of course, if allowed to make computations for a large number of time intervals, the method also
produces the steady-state results.

Distribution coefficients in the dilute-Purex system have been correlated by Horner,® who showed the
interrelationships among the various solutes. For example, he found that the distribution coefficient for
uranium is a function of the equilibrium concentrations of all solutes as well as the total ionic content of
the aqueous phase. To obtain a distribution coefficient for Eq. (7), one must assume values for Xj 1 for each
solute, then use an iterative procedure in which the assumed and calculated values of Xj ¢ are compared and
a test is made to determine the degree of fit.

The following reactions are assumed to apply to Purex extractions:

U0,2* +2NO; ™ + 2TBP = UO,(NO,), - 2TBP, (8)
Pu** + 4NO;~ + 2TBP = Pu(NO,), - 2TBP , 9)
H"+ NO,;~ + TBP=HNO;-TBP. (10)

Equations (8)-(10) define the pseudo-mass-action equilibrium expressions (having embedded activity

coefficient ratios):

[UO,(NO,), -2TBP]
Ky = — , (11)
[UO,%*] [NO,™]? [TBP]?

Pu(N -2TBP
Kj = [ u(NO3), ] , (12)
(Pu**] [NO,7]* [TBP]?
. [HNO3 -TBP]
KH L e ——— (13)

[H"] [&63—] [TBP]

where the brackets represent molar concentrations. Since the K’ values are not true constants (i.e., they
reflect changes in the activity coefficient ratio), they were correlated as a function of the total ionic
strength, defined as:

p=[H"] +3[U0,>"] + 10 [Pu?"] . (14)

In this correlation, the C values are empirical constants.
K'y =Cy + Cout Cap + Cypd® (15)

Kp =Cg + Cyut Cou® + Cgi® (16)



K'y = Co+Crout Cu“2 + C12u3

Distribution coefficients are defined as:

[UO,(NO,), - 2TBP]
= = Ky (NO; 72 [TBP)?
[UO, 2]
[Pu(NO,),-2TBP]
D, = =K, [NO,714[TBP] 2 ,
[Pu®*]
[HNO,-TBP]
Dy = e = K [NO, "] [TBP] .
[H']

The quantity [TBP] is the concentration of uncomplexed or free TBP, defined as:

[TBP] =T - 2{UQ,(NO,),*2TBP] — 2 [Pu(NO,),*2TBP] — [HNO,-TBP] ,

17

(18)

(19)

(20)

D

where T is the original TBP concentration in the organic phase before extraction, corrected for volume

changes. Substitution of Eqgs. (18), (19), and (20) into Eq. (21) produces:

[TBP] = T — 2K{;[U0,?*] [NO, ]2 [TBP]? — 2K, [Pu**] [NO,]* [TBP]?

— Ky [H'] [NO, 7] [TBP] . (22)

Rearranging gives:

2[N03—]2{K{J [UO,2"] + Kp[Pu**] [NO3‘]2} [TBP] 2

+ {1 + K [HY] [NO3”]} [TBP] =T . (23)

The solution of Eq. (23) is:

- {1 +K), [H'] [No;]}

[TBP] = -
4[NO5]? {K{J [UO,%*] +Kj[Pu**] [NO3'"]2}

\/{1 + Kjy [H'] [NO3"]} 2+ 8T[NO, ™} ? {K’U (U0, ] + Kp [Pu®" | [NO; 7] 2}

+
4[NO,"]? {K’U [U0,2*] + K} [Pu*'] [No;]"’}

(24)



The following method is used for calculating distribution coefficients: (1) assume equilibrium values for
[U022+] , [Pu**], and [H']; (2) calculate w using Eq. (14); (3) determine K’ values from Egs. (15)—(17);
(4) solve Eq. (24); and (5) substitute {[TBP] into Egs. (18)—(20). Then the calculated equilibrium values are
determined for each solute, using Egs. (6) and (7), as:

f_f ., f
Aj 1% 1 t-att Oj+1 Yi*1,1-at tA th + Oy - (Oj t ij) Dx; ¢
(Xj,t)calc = . (25)

C+ AP
Aj A

These values are compared with the assumed values for goodness of fit. Use of the calculated value as the
next assumption usually provides agreement within a few iterations.

A simple correction may be made for a distribution coefficient if the isothermal contactor temperature
is different from that at which the equilibrium data were obtained. This correction is made according to the

following equation:

1 )
DT = [)TO exp <T - ’> C s (2())

where temperatures are given in degrees Kelvin and C is a constant peculiar to each solute. In the existing
SEPHIS program, C = 2220 for uranium and is O for other solutes. When a means of correcting for the
temperature dependence for the other solutes is known, it can easily be included. According to Horner,'®
the correction for uranium should vary in some manner, depending on the organic loading, and become
zero at saturation. However, it is not yet clear how this effect can be expressed mathematically.

In the course of correlating existing equilibrium data, it was possible to develop more than one set of
coefficients for Eqs. (15)—(17) by optimizing for the best fit for each solute separately.” Thus, in program
SEPHIS, 36 coefficients are provided.

6. DESCRIPTION OF THE PROGRAM

Computer program SEPHIS is written in FORTRAN 1V for use with the IBM System 360. Input data
are read in according to an input format described in Appendix A (Sect. 10). The listing of the program is
given in Appendix B (Sect. 11).

SEPHIS consists of a MAIN program, into which most of the input data are read, and seven subroutines
described as follows:

STOU handles the printout of results and analyzes the approach to steady-state operation.
STGS performs the stagewise calculations in each time interval set by STOU.

DOFX provides the distribution coefficients required by STGS.

FLWS defines feed and product streams and calculates phase ratios, flow ratios, recycle flows, and
interstage flows for each stage.

PROF defines the initial concentration profile in the contactor, providing it is not zero.

COEF provides the empirical constants necessary in the calculation of distribution coefficients and

temperature corrections.

PORD, if called for by STOU, provides the necessary orders to prepare a magnetic tape or disk for the

Calcomp plotter. These orders are given to additional subroutines of the Intrigue package.’"



Note that, if an improved correlation for equilibrium data is developed, one merely needs to replace the
subroutine DOFX; no other program change is required.

Included in the input are the number of stages, the initial TBP concentration, the relative flow rates of
all feed streams and of product streams other than the normal end streams, the feed stream concentrations,
the initial concentration profile in the contactor, the phase ratios of the stages (if different from flow
ratios), and the relative stage volumes (if unequal and not proportional to total stage flow). Other input
information concerns the program user’s desire to obtain graphs of stage concentrations vs time and/or
position, adjust for the case in which the contactor temperature is different from that of the equilibrium
data correlation, or to alter the built-in empirical constants for equilibrium or temperature calculations.
Options are included to allow either a complete printout of resulis at every time interval or simply a final
result at steady-state operation.

The program is organized to perform the stage calculations (as described in the previous section) using
an iterative procedure in each stage at each interval of time. [f a convergence precision (comparison of
assumed and calculated values) of 0.1% is attained within 25 iterations, the computation is considered to be
complete. If a precision less than this is attained, an additional 25 iterations are allowed to attain a 0.5%
precision. In the case of failure to converge, the results of all 50 iterations are printed out, the last values
are accepted, and the program is permitted to continue. The idea here is that failure to converge during the
transient period does not necessarily mean steady-state values cannot be attained.

The program ends all computations when a steady-state value has been established for each solute.
(Steady state is defined as the point at which the absolute overall contactor material balance for each solute
is greater than 99.9%.) The printout includes the time intervals at which absolute material balances of 90,
95, 99, 99.5, and 99.9% are achieved. For a shutdown transient, steady state is considered to be reached
when the heavy-metal concentrations become less than 107° M. The computation proceeds in blocks of
500 time intervals. In a slow approach to steady-state operation, exhibited under conditions of reflux for
example, several time blocks may be required. To prevent long computing times, the number of time blocks
is limited to five in the present program.

Graphs of stage composition vs time and/or position may be prepared from a computer-written
magnetic tape or disk using the Calcomp plotter. Additional subroutines must be added to those listed in
Appendix B to prepare the tape or disk. These are described by Emmett.!! If the user does not wish to
obtain graphs, these subroutines may be omitted.

The final concentration profile, at steady-state operation, is punched on cards suitable for use as input
data for an initial concentration profile in a new calculation.

The program requires 270K memory bits and consumes about % sec of computing time for each time
interval when calculating 10 stages using the IBM System 360.

7. APPLICATION AND USES OF THE PROGRAM

In the application of computer program SEPHIS to predict the transient and steady-state behavior of
solvent extraction contactors operating as specified by a dilute-Purex flowsheet, several facts must be
considered:

(1) The correlation of the equilibrium data is only approximate and was developed from a single set of
experimental data which did not include the very dilute or the most extensively loaded regions of the
concentration spectrum. Therefore, flowsheet predictions made at high reflux operation near saturation
(about 85% of saturation) may be unreliable. However, it appears that the predicted plutonium
concentrations tend to be high in these regions, thus leading to a conservative conclusion.
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(2) The calculational procedure does not take into account changes in solution volume with varying solute
concentrations or the extraction of water. Nevertheless, in the dilute-Purex system, these corrections

are probably less than the uncertainty in equilibrium values.

(3) Temperatures of feed streams are assumed to be the same as the temperature within the contactor, and

no provisions are made for heat losses or for heat generation by chemical reaction or nuclear decay.

The program applies to extraction and stripping contactors. As yet, no attempt has been made to
extend it to the treatment of a partition contactor and the associated change of plutonium species from
extractable to nonextractable. Also, the common addition of a reductant to the solution for stripping
plutonium is not accounted for in the program.

The program can be improved by obtaining more accurate Purex equilibrium values since the precision
of much of the available data is not adequate. In doing this, care should be taken to obtain solution
densities and water contents of the organic phase. Additional knowledge is also needed concerning the
formation of a FINO5 - 2TBP complex species, the degree of ionization of Pu(NO; ), , the disproportionation
of Pu(1V) to Pu(I1l) and Pu(VI1), the temperature dependence of distribution coefficients, and the effects of
organic-phase loading on this temperature dependence.

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

1. Guide flowsheet optimization studies and thus minimize the amount of experimentation required to
establish a particular set of operating conditions.

2. Aid in a criticality analysis of the solvent extraction plant.
3. Analyze the transient response to start up or shut down operations and optimize methods of control.

4. Study the effects of a process upset caused by component failure, process solution error, or change in

feed characteristics, and the return of the process to normal operation upon correction of the problem.
5. Aid in maintaining an exact inventory of security-sensitive materials for nuclear safeguards purposes.

6. Help maintain process control in an automated solvent extraction plant.

Tables 1 and 2 provide a direct comparison of computer-predicted steady-state stage concentrations and
those obtained experimentally. The data given in these tables are for the dilute-Purex partition cycle
coextraction contactor and the plutonium cycle extraction contactor. The experimental values were
obtained from laboratory-scale batch countercurrent runs. The agreement is considered to be good. The
computer results for these problems are given in Appendix C (Sect. 12). Not all time intervals are shown in
order to conserve space. Sample graphs of the transient concentrations in the feed stage and the
concentration profiles are provided. Note that the graphs are of reduced concentrations (i.e., concentrations
divided by the maximum concentration as shown in the printout).

In the course of establishing flowsheet conditions for a variety of conceptual LMFBR fuels,’
experimental runs were made to substantiate the predicted conditions for certain cases. Direct comparisons
could not be obtained, however, because of differences between the values specified for flow ratio, feed
makeup, and TBP concentration in the conceptual flowsheet and those actually used in the laboratory.
Other experimental runs were made to study problems of high priority such as effectiveness of the
reductant, formation of a third plutonium phase, temperature effects, etc., as reported by Horner.'® It is
notable that the predicted values of stage concentrations were substantially verified by experimentation.
Additional runs, to be made as funds become available, should provide increased assurance of the accuracy
of the predicted data.
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Table 1. Comparison of Experimental and Predicted Data for First-Cycle Coextraction
of Uranjium and Plutonium

Aqueous feed: 3.2 M HNO3, 67.7 g of U and 4.43 g of Pu(1V) per liter
Organic: 15.3% TBP--84.7% n-dodecane

Scrub solution: 2 M HNQO;

Relative volumes, feed/organic/scrub: 1.0/1.8/0.3

Organic Pha se?

Aqueous Phase?

Stage U Pu HNOj3 U Pu HNO4
(gfliter) (g/liter) (M) (gfliter) (g/fliter) M
A B A B A B A B A B A B
Scrub-3 38.8 376 2.53 2.46 0.21 0.12 185 21.0 4.1 5.2 2.07 1.85
-2 42.1 41.1 291 3.33 0.21  0.10 23.0 28.2 5.8 9.1 2.10 1.82
-1 43.6 42.3 3.05 3.98 0.24 0.09 185 30.6 4.2 11.2 2.90 1.96
Feed 67.7 4.43 3.20
Extraction-1  43.7 42.7 3.21 4.33 0.26 0.12 18.2 24.5 3.75 7.23 3.00  3.13
-2 139 17.7 2.65 5.22 0.29 0.27 2.72 2.57 0.91 1.91 2.90  3.33
-3 1.28 1.85 0.50 1.36 0.34 0.41 0.11 0.127  0.092 0.227  3.10 3.36
-4 0.07 0.092 0.074 0.164 0.34 0.44 <0.0] 0.006 0.015 0.024 3.10 3.36
-5 <0.02 0.004 0.009 0.018 0.34 0.44 <0.0) <0.001 0.003 0.003 3.10 3.36
-6 <0.02 <0.001 0.002 0.002 0.35 044 <0.01 <«0.001 0.001 <0.001 3.07 3.36
-7 <0.02 <0.001 <0.061 <0.001 0.34 044 <0.01 <0.001 60.001 <0001 3.01 3.31
-8 <0.02 <0.001 0.004 <0.001 0.30 0.40 <0.01 <0.001 0.010 <0.001 264 275
ap= Experimental value; B = predicted value.
Table 2. Comparison of Experimmental and Predicted Data for Second-Cycle
Extraction of Plutonium
Aqueous feed: 4.1 M HNO3, 19.2 g of Pu(1V) per liter
Organic: 15.0% TBP-85.0% n-dodecane
Scrub solution: 2 M HNO;
Relative volumes, feed/organic/scrub: 1.0/0.9/0.11
Organic Phase” Aqueous Phase?
Stage Pu HNO; Pu HNO4
(g/liter) ) (g/liter) M)
A B B A B A B
Scrub-3 20.7 21.3 0.24 0.20 14.1 12.9 2.2 2.0
-2 20.9 229 0.24 0.21 13.9 12.7 2.5 2.2
-1 19.9 22.9 0.22 0.23 11.4 10.2 2.8 2.6
Feed 19.2 4.1
Extraction-1 22.0 22.6 0.35 0.28 6.60 6.33 3.9 4.0
-2 7.2 7.82 0.33 0.39 1.52 1.26 3.9 4.1
-3 1.8 1.55 0.34 0.45 0.307 0.204 4.0 4.1
-4 0.351 0.252 0.36 0.46 0.080 0.032 4.0 4.1
-5 0.075 0.039 0.36 0.46 0.034 0.005 4.0 4.1
-6 0.015 0.006 0.38 0.46 0.044 <0.001 4.0 4.1
-7 0.005 <0.001 0.37 0.45 0.029 <0.001 3.9 3.7

I = Experimental value; B = predicted value.
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8. CONCLUSIONS

The computer program SEPHIS has been shown to be a valuable aid in determining optimum solvent
extraction conditions for the reprocessing of potential LMFBR fuels by the dilute-Purex method. Certain
improvements in the method are desirable and, if made, would result in a significant contribution and
advancement to the technology of LMFBR fuel reprocessing. The possible applications to inventory

control for nuclear safeguards, criticality analysis, and process analysis and control are of special interest.
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10. Appendix A: INPUT DATA CARD FORMATS

The data cards must be arranged in the order shown. An “I” prefix in the format column refers to an
integer number which must be punched at the right side of the format field without a decimal point. An
“F” prefix refers to a “real” number that must contain a decimal point and may be placed anywhere within
the format field. The variable names are those used in the FORTRAN coding.
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Variable Col-umn Description Field
Name Field Format
Problem Card
TATI-TAT4 1-16 Problem title. 4A4
NTS 17-20 Total number of stages (25 maximum). 14
CTrBP 21--24 Volume fraction TBP in solvent. £4.0
ICO 25--28 1 to alter built-in equilibrium coefficients. 0 for no change. 14
PO 29-32 1 if the initial concentration profile is nonzero. O for a zero initial 14
condition,
IRT 33-36 1 if phase ratios do not equal flow ratios. {) if phase and flow ratios 14
are equal.
{cC 3740 1 for startup or interruptive transient calculation. 0 for shutdown 14
transient.
1GO 41-44 1 if there are product streams in addition to end strearas. 0 for no 14
extra product streams.
IVL. 45-48 0 if all stage volumes are equal. 1 if stage volumes are unequal, but 14
proportional to total stage flow. 2 if stage volumes are unequal
and not flow-related.
1PL 49--52 0 if no Calcomp graphs are desired. 1 to obtain profile graphs of 14
logarithm of concentration vs stage number at “steady state”
(or at each 100th time interval) and at one-half, one-fourth, and
one-eighth of this time; total of six graphs for each time block.
2 to obtain two transient graphs of concentration vs time for
specified stages for each time block. 3 to obtain both 1 and 2
above.
PR 53--56 0 to print results of every time interval. 1 to print steady-state 14
(or each 100th time interval) results only. Use 0 if {PL > 0.
DDU 57--60 Adjustment factor for uranium distribution coefficient (if none, F4.0
use 1.0).
DDP 61-64 Adjustment factor for plutonium distribution coefficient. F4.0
DDH 65--68 Adjustment factor for acid distribution coefficient. F4.0
DELT 69-72 Inverse absolute difference between process temperature (T) and 4.0
equilibrium data (Tgp), calculated as 1/T — 1/Tq (use °K).
iTp 7376 1 to alter built-in temperature coefticients. 0 for no change. 14
ICON 77-80 1 if this problem uses the result from the previous problem as an 14
initial profile. 0 for a zero profile or for a profile on data cards.
Feed Stream Cards (one card for each feed stream)
J 1-4 Stage number that feed enters (numbered from organic product 4
end).
JPH 5--8 1 if an aqueous feed; ~1 if an organic feed. 14
R 9—-16 Actual or relative flow rate (volume units). F8.0
CON (1) 17-24 Uranium concentration (g/liter). F8.0
CON (2) 25--32 Plutonium concentration (g/liter). F8.0
CON (3) 33--40 Nitric acid concentration (M). 8.0
K 4144 1 if more cards of this type follow. 0 for last card. 14
Product Stream Cards (one card for each product stream in addition to usual end sireams.)
J 1--4 Stage number from which product leaves. 14
JPH 5--8 1 if an aqueous stream; - 1 if an organic stream. 14
FR 9-16 Actual or relative flow rate (voluine units). F3.0
K 17-20 1 if more cards of this type follow. 0 forlast card. 14
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Variable Column Field

Name Field Description FFormat

Phase Ratio Cards (one caxd for each region of constant phase ratio, used only if phase ratios do not equal flow ratios.)

1 1-8 Number of stages having phase ratio shown. 18
RATIO 9--16 Aqueous/organic phase ratio. 8.0

Stage Volume Cards (Used if stage volumes are unequal and nct flow-related.
Define volumes of ten stages on each caid. Can be
actual or relative.)

(Card H)SVO (1) 1--8 Volume of stage No. 1. F8.0
SVO (2) 9--16 Volume of stage No. 2, F8.0
DO DO DO DO
SVQO (10) 72-80 Volume of stage No. 10. F8.0

(Card 2) SVO (11) 1-8 Volume of stage No. 11. F8.0
DO DO DO DO

Initial Profile Cards (one card for each stage, required only for a nonzero inifial profile.)

ASP (J,1) 1-12 Aqueous-phase uranium concentration in stage J (g/liter). Fi2.0
ASP (J,2) 13-24 Aqueous-phase plutonium concentration (g/liter). Fi2.0
ASP (1,3) 25--36 Aqueous-phase nitric acid concentration (M). F12.0
QSP (J,1) 37-48 Organic-phase uranium concentration (g/liter). F12.0
QOSP (J,2) 49--60 Organic-phase plutonium concentration (g/liter). F12.0
QOSP (1,3) 61-72 Organic-phase nitric acid concentration (M). F12.0

Equilibrium Coefficient Alteration Cards (Used only if built-in equilibrium
coefficients are to be altered.)

i 1-4 Nurmber of coefficient to be altered [see Eqgs. (15)—(17)]. 4
C 520 New value of coefficient. Fl16.0
J 21-24 1 if more cards of this type follow. O for last card. 14

Temperature Coefficient Alteration Card
(Used only if built-in temperature coefficients are to be altered.)

SILU 1-8 New coefficient for uranium [see Eq. (26)]. F8.0
SLP 9-16 New plutonium coefficient. F8.0
SLH 17-24 New nitric acid coefficient. F8.0

Graph Cards (Used only if graphs are desired.)

(Card 1) 1--5 Number of characters in profile graph title. 15
(Card 2) 1-72 Profile graph title. 18A4
(Card 3) 1--4 Stage number for first set of transient graphs 14
5--8 Stage number for sccond set of transient graphs 14
DO DO DO
7680 Stage number for 20th set of transient graphs 14
(Card 4) 1-5 Number of characters in transient graph title. I5
(Card 5) 1-72 Transient graph title. 18A4

Note: Use cards 1 and 2 if a “1” appears in column 52 of Problem Card. Use cards 3, 4, and 5 if a “*2” appears. Ifa “3”
appears, use cards 1 through 5. Supply a complete set of these cards, except for card 3, for each succeeding time
block. To know how many time blocks ate needed, run problem without requesting plots the first time.

Problem Card for succeeding problem, if desired.
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11. Appendix B: FORTRAN LISTING OF PROGRAM SEPHIS

«EFTN,L oM, P

cCcC

OO0

OO0 OO0 OO0

NAK RIDGE NATIONAL LABORATORY
CHEMICAL TECHNOLOGY DIVISION - UNIT OPERATIONS SECTICN

PROGRAM SEPHIS

TRANSIENT CALCULATIONS FOR SOLVENT EXTRACTION PROCESSES HAVING INTERAITING

SOLUTES - FOR USE IN TBP SYSTEMS ~ VALID FOR 3 SOLUTES - INTENDED T3
BE USED FOR RATHER DILUTE SYSTEMS WHERE VOLUME CHANGES DUE TO SOLUTE TRANS
FER ARE NOT SIGNIFICANT ~ ASSUMES ISOTHERMAL OPERATION - ALLOWS SYSTEM

CALCULATIONS AT TEMPERATURES OTHER THAN THAT ASSIGNED TO ZQUILIBRIUM DATA.
SOLUTE 1 — URANYL NITRATE
SOLUTE 2 — PLUTONIUM NITRATE
SDLUTE 3 — NITRIC ACID

DIMENSIGN X{3,25,101),Y(3,25,101),XFD{(3,25),YFD{(3,25),4SP (3,25},
10SP{3,25) 53 ASC{3),0SCI{3)},DTRY{(3),A(25),0(25),AFD(25),0FD{25),APRI(25
2)3,0PR(25),RAL25),RNI25)4R{25),REC(25}),C1T(25,101),C0(35)

COMMON/RES/X, Y

COMMON/ITR/CIT

CCMMON/ALL/XFD,YFDyA40,AFD,0FDsAPRsOPRsRASRO,R,REC3ASC,ISC,DTRY,CO
1,CFASDFB 4DFC s OFD+DFESNTA,NTB4NTC,NTD,NTE,DDU,D0DP, DDH,DELT sCTBP, ASP
290SPsIX04SLUSSLP,SLH

REAL*8 X,Y,ASC,0SC,DTRY,CO,CTBP,ASP,0SP

2 READ 100+TATL,TAT2,TAT3,TAT4,NTS,CTBP,ICO,IPD,IRT,ICC,IGD,IVL,IPL,
11PR,DDY,DDP,DDH,DELTHITP,ICON

TAT1-TAT4 IS THE PROBLEM TITLE CTBP = VOLUME FRACTION OF T8P
NTS = TOTAL NUMBER OF STAGES IGO0 = 1 1IF THERE ARE PRODPUCT STREAMS
ICO = 1 TO ALTER CORRELATION ADDITION TO END STREAMS, 0O IF NOT
COEFFICIENTS, 0 FOR NO CHANGE IVL = 0 FOR EQUAL STAGE VOLUMES, 1 IF
IPO0 = 1 FOR A NON-ZERO INITIAL UNEQUAL BUT PROPORTIINAL TO TOTAL
PROFILE, O FOR A ZERO PROFILE STAGE FLOW, 2 IF INDEPENDENTLY UNEQ
IRT = 1 70 READ 1IN PHASE RATIOS IPL = O FOR NO GRAPHS, 1 FOR PLOT OF
FOR EACH STAGE, 0O IF PHASE SOLUTE CONCENTRATION VS. STAGE NO.,
RATIO = FLOW RATIO 2 FOR CONC. VS. TIME, 3 FOR BOTH 1
ICC = 1 FOR START~-UP OR INTERUP- IPR = 1 T0O PRINT RESULTS FROM LAST TI
TIVE TRANSTIENT, O FOR SHUT-DOWN INTERVAL ONLY, O F3R ALL RESULTS
DDU,DDP4DDH = BI1AS CORRECTIONS FOR U, PU, AND ACID DISTRIBUTION COEFFICIEN
{(DC}. FOR NO BIAS USE 1.0, ITP = 1 TO READ IN CONSTANY FOR TEMP.

DELT = INVERSE ABSOLUTE TEMPERATURE DIFFERENCE BETWEEN EQUILIBRIUM DATA,TO
AND SYSTEM,T (DELT = 1/T —- 1/TO0) USEF DEGREES K.

ICCN = 1 IF THIS IS A NEW CASE, BUT STARTING WITH A PROFILE ESTABLISHED
BY THE PREVIOUS CASE.

INDEX VARTABLES

NSO = 3

DFA = 90.0
DFB = 95.0
DFC = 99.0
DFD = 99.5
DFE = 99.9
DD 3 1I=1,3

ASC(I) = 0.,0DO
0sC(1) = 0.000

ccc

OO0 OOOTOa0O0n

(@]
o

IN

UAL

+ 2
ME

TS



DTRY(I) = 0.0DO
DO 3 J=1,25
XFD{1,J) = 0.0
YFD{(I,J) = 0.0
DO 3 K=1,101
X(I,J5K}) = 0.0D0
Y{I,JsK) = 0.0DOC
3 CONTINUE
DO 4 I=1,25
A(I) =
a1y =
AFD(1)
OFD(1)
APR{I)
gPRI(I) = .
RA(I) = 0.0
RO{I) = 0.0
R(I) = 0.
REC(I) =
DO 4 J=1,
CIT(I,4J)
4 CONTINUE
NTA =0
NTB = 0
NTC = 0
NTD = 0
NTE = 0
PRINT 200,TATL,TAT2,TAT3,TAT4,NTS
PRINT 210
CALL FLWSUIGO,IRT,IVL,NTS)
CALL PROFUIPO4NTS,ICON)
CALL COEF(ICC,1TP)

i oo
.

0
0
0
0
0
0

[oNeNoNe]

0
0.0
101
=0

PRINT-0OUT OF INPUT DATA

DO 6 I=1,NTS
IF(AFD(I)) 6,645
5 X1 = XFD(1,1)%238.0
X2 = XFD(2,1)%239.0
PRINT 2204 13X1+X2:XFD{(3451)4AFD(I)
6 CCNTINUE
PRINT 230,CTBP
DD 8 I=1,4NTS
IF(OFD(I)) 8,8,7
7 Y1 = YFD(1,1)%238.0
Y2 = YFD(2,1)%239.0
PRINT 2204+1+Y1,Y2,YFD(3,41),0FD(1)
8 CGNTINUE
IF{IGO) 1441449
9 PRINT 240
D3O 11 I=1,4NTS
IF(APR{I)} 11,411,410
10 PRINT 2504+ 1,APR(I)
11 CONTINUE
PRINT 260
DG 13 I=14NTS
IFIOPR(I)) 13,13,12

12 PRINT 25041,0PR(T1)
13 CONTINUE
14 IF(IPO) 17,17,15
15 PRINT 270

DO 16 I=1,NTS

X(1,1,1) = ASP(1,1)
X{Z9Tsl) = ASP(2,1)
X(3,141) = ASP{3,1)
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Y(1s1,1) = 0OSP(1,1)
Y{2:1,1) = 0OSP(2,1)

X1 = X{1:141)%238.0
X2 = X{(24+1,1)%2329.0
Y1 Y{1L,1,1}%238.0
Y2 = Y{2:1,1}%239,0
PRINT 2805 I1sX1eX2sX{39T21)sY1sY¥2,Y(3,1,1
16 CONTINUE
17 PRINT 290
PRINT 300
PRINT 310,(CO{I1)s1=1,4)
PRINT 320,(C0(1),1=5,48)
PRINT 330,{CO{1),1=9,12)
PRINT 340
PRINT 300
PRINT 310,{C0{1),1=13,16}
PRINT 3204(C0{(1),41I=17,20}
PRINT 3304{CO(I) ,1=21424)
PRINT 350
PRINT 300
PRINT 310,(CO(T)41=25,428)
PRINT 320,{CO(1),1=29,32)
PRINT 330,{CO(I),1I=33,36})
IF{IRT) 18,18,19
18 PRINT 370
GO TO 20
19 PRINT 360
20 DG 26 I=14NTS
IF{I-1) 21,21,22
21 RATIO = R{1)
NST = 1
TF(I-NTS5) 26425425
22 TF{RATIO-R(I)) 23,24,23
23 IK =1 -1
PRINT 38B80,NST,IK,RATIO
GO TO 21
24 IFUI-NTS) 26,25,25
25 PRINT 380sNST,I,RATIO
26 CONTINUE
PRINT 390
DO 27 I=1,N¥S
AA = APR(I) + A(I}
00 = OPR(I) + G(1})
RATIO = AA/0O
AR = REC{II*R(I)/(1.0+R{1))
OR = REC{I})/(1.0+R(T1)}
AT = AA + AR + RA(TI)
DT = 00 + OR + RC(I)
TT = AT + 07
PRINT 400,1,RATIO,AA;AR;RA(T) yAT,004,0R4RNITI40OT,TT
27 CONTINUE
CALL STOULICC,IPR,IPLsNTS)
GO TO 2

100 FORMAT {(4A4314+F4.0,81444F4%.04214)

200 FORMAT {(30HLOAK RIDGE NATIONAL LABORATIRY//67H SEPHIS - A SOLVEN
1T EXTRACTION PROCESS HAVING INTERACTING SOLUTFES//10X,40%4,6X:1%492%,
212HTOTAL STAGES)

210 FORMAT {(27HOFEED STREAM DATA ~ AQUEOUS,6Xs5SHSTAGE 33X, THUR ANTUM, 5X,
1IHPLUTONTIUM, 6 X2 4HACID 6 X3 9HFLOW RATE/ 34X 3HND . 35X 4 5HIG/L) 48Xy 54(5/
2L) 99X 3H{M)} 3 SXy LIH{VOL.UNITS) /)

220 FORMAT (32X3144+3(3X31PE10.4)33X:1PFES,.2)

230 FLORMAT {(7X,F6.3,14H TBP - ORGANIC)

240 FORMAT (27HOEXIT STREAM DATA —~ AQUEQUS/)

i



[aNeEeNeNa]

18

250 FCRMAT (32Xy14:42X41PE9.2)

260 FORMAT (18X,9H—~ ORGANIC)

270 FORMAT (25HONON—Z7ERQO INITIAL PROFILE,8X,5HSTAGE,13X,13HAQUEOUS PHA
1SE+25Xy 1 3HORGANIC PHASE/34X,3HNO » A4X, THURANTUM, 5X,9HPLUTINIUM,6X,y 4
2HACTID, 7X s THURANTIUM, 5X, 9HPLUTONIUM, 6 X3 4HACID/ 31Xy 9H{OUTFLIWY 32X,y 5H
3G/L) ¢BXs SH{G/L) 29X 3HIM) 38X, 5H{G/L) +8XsS5H{G/L) 49X ,3HIM} /)

280 FORMAT (32X,1436(3X41PE10.4))

290 FORMAT (85HOEQUILI3RIUM EXPRESSIONS - CORRELATION COEFFICZIENTS 0OPT
LIMIZED WITH RESPECT TO URANIUM)

300 FORMAT ( 1HO,44X;2HAQ0,18X,2HA1,18X,s2HA2,18X,2HA3/)

310 FORMAT (19X, 13HFOR URANIUM ,4F20.8)

320 FORMAT (17X,15HFOR PLUTONIUM ,4F20.8)

330 FORMAT (22X,10HFDOR ACID ,4F20.8)

340 FORMAT (1HQ,24X,62H~ CORRELATION COEFFICIENTS OPTIMIZED WITH RESPE
1CT YO PLUTONIUM}

350 FORMAT (1H0:24Xy57H- CORRELATION COEFFICIENTS OPTIMIZED WITH RESPE
1CT TO ACID)

360 FGRMAT (54HOPHASE RATIOS DO NOT SQUAL FLOW RATIOS — THEY ARE ---
13X, 9HSTAGE NO.,3X,11HPHASE RATIO/)
370 FORMAT (36HOPHASE RATIOS EQUAL FLOW RATIOS ——— 421X,9HSTAGE NO,,3X

1, 11HPHASE RATIOQ/)

380 FLCRMAT (54X%;14,3H —,14,4X,1PE10.2)

390 FORMAT (36HOFLOWS IN EACH STAGE (VOL.UNITS) —-—-/34X,13HAQUECUS PHA
1SEy 32Xy 1 3HORGANIC PHASE 18Xy THOVERALL /22Xy 4HFLOWs 4X 4 20HRECYCLE 2
2RECYCLE 144X,5HTOTAL,8X,4HFLOW,4X,20HRECYCLE 2 RECYCLE 1,4X,5HTOT
AL, TX,SHTOTAL/13H STACE FLOW;8X,6HOUT OF,4X,7HTO FILL,3X,9HFOR P
4HASE$3 Xy THAQUEQUS,, 6X46HOUT OF 44X 7HTO FILLs3X,9HMFOR PHASE 43X, 7THORG
SANIC+6Xs SHSTAGE/3X33HNO,. 33X SHRATID, 7X,5HSTAGE 46X 3 SHSTAGE 96X 5SHRAT
6TC,6Xs4HFLOH 8XySHSTAGE 36X s SHSTAGE 96X y5SHRATIO s 6 Xy 4HFLOW; 8 Xy 4HFLOW/
7}

400 FORMAT (I1542X31PE2.2+1X94(2X31PE942) 41X44{2X31PEF.2),3X,1PF9.2)

END

SUBROUTINE STOU{ICC,IPR,IPL,NTS)

DIMENSICN X(34254101)4Y(3,25,101)4XFD(3,25),YFD(3,25)4,ASP(3,25),
10SP(3425),4ASC(3),0SC(3),DTRY(3),A(25),0(25),AFD(25),0FD(25),APR(25
2)s0PR(25),RA(25),RO0(25),R(25)4REC(25),CIT{25,101),C0(36},SIN{3),
350T{3,101),CF(6),DF(3)

CCMMON/RES/X, Y

CCMMON/TITR/CIT

COMMON/ALL/XFC,YFDyAyO4AFD,0FDyAPRyOPRyRAsRO4RHyRECsASCyISCyDTRY,LCD
1,0FA,DFByDFCyDFD4DFEsNTA,NTByNTC4yNTD,NTE,DDU,00P,DDH,DZLT,CTBPy ASP
250SP+1X0+SLU,SLP,SLH

REAL*8 X4Y4ASC,0SC,DTRY,CO,CTBP,ASP,0OSP,DDF,SINySOTyCF,DF

STOU CALLS FOR STAGE CALCULATIONS IN EACH TIME INTERVAL, CHECKS TJ SEE
If STEADY-STATE HAS BEEN ATTAINED, AND PRINTS OUT RESULTS.

PRINT 200

M = 101

NTI = 0O

NT = 0

IX0O = 0

DDF = 0.10D0
DO 2 I=1+3

SIN(I) = 0.0DO
"DC 2 J=1y101
SO0T{1,J) = 0.0DO
2 CCNTINUE
DO 3 I=1,3
DO 3 J=1NTS
SIN(I) = SIN(I) + AFD(J)I*XFD(I,J) + OFD{JI*YFD(I,J)
3 CONTINUE
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TRY THE FIRST HUNDRED TIME INTERVALS
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(THE INTERVAL = THE RESIDENCE

TIME OF THE SMALLEST STAGE)

4 DO 23 K=2,.M
CALL STGS(KsNTS)
IF{NT] £45,6
5 IF(K-NTS) 234646
6 IF(ICC) 747412

CHECK FOR NEAR ZER(O CONCENTRATION AT SHUT-0OWN (ICC=0)

7 DO 11 J=1,4NTS

IF(X{1;3,K)=1.0D-6)
8 IF(Y(lyJ,K)-1.0D-6)
9 IF{X{2yJ+K)-1.0D-6)
10 IF(Y{2,J,K)-1.0D-56)
11 CONTINUE

M=K

GO TO 25

CHECK FOR STEADY-STATE

848423
999,23
10,10,23
11,11,23

OPERATION

12 D0 15 I=1,3

SOT{I4K) = AINTSIHX{ITISZNTS,K) + OCLI*Y{TI,1,4K)
DO 13 J=1,4NTS
SOT(T+K) = SOT(T4K)} + APRUJI*=X{T,JsK) + OPR(JIFY(TI,4JyK)

13 CONTINUE

IF{(SIN(I).LE.Q.0D0) GO TO 15
DF{I) = DABSU(SIN(I)-SCT(I,K))/SINI(I))
14 IF{DF(I}-DDF} 15,15,23
15 CONTINUE
IF(DDF-0.1D0} 17,16,16
16 NTA = K + 99 + 100%(NTI~1)
DDF = 0.05D0
GO TO 23
17 1IF{DDF-0.0500) 19,18,18
18 NTB = K + 99 + 100%{NTI-1)
DDF = 0.0100
GO TO 23
19 IF{DDF-0.01DC) 21,20,20
20 NTC = K + 99 + 100%{NTI-1)
DDF = 0.005D0
GO TO 23

21 IF(DDF-0.005D0) 24,22,22
22 NTD = K + 99 + 100%(NTI-1)
DOF = 0.00100
23 CONTINUE
GO TO 25
24 M = K
NTE = K + 99 ¢+ 100%{NTI~-1)
25 DO 33 K=1,M
IF(IPR) 27427426
26 IF(K-M) 33+27,27
27 DO 33 J=1,NTS
DO 30 I=1,2

IF{I-2) 28,29,30

28 X{I,J9K) = X(I,J,K)%238.D0
Y’(IyJ,K) = Y(I,JvK)*238.DO
GO 10O 30

29 X(I9JsK) = X{I,J,K)%239.DC
Y{I4JsK} = Y{I,J,K}%239.D0

30 CONTINUE
IF(J-1) 31,31,32

31 L 5 K + 99 + 100%{NTI-1)
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PRINT QUT RESULTS FOR EACH TIME INTERVAL IF [PR=0, ONLY LAST TIME
INTERVAL IF IPR=1.

PRINT 2104Lsd s (X(I3JsK)3T1=193)9(Y{IsJdsK)yI=143)4CIT(J.K)
GO TS 33
32 PRINT 2201J1(X(InyK),I=193)1(Y(I1J1K)’I:113)1C[T(J1K)
33 CONTINUE
PRINT 230,0FE,NTE
PRINT 240,DFD,NTLC
PRINT 240,DFC,NTC
PRINT 240,DFB4NTB
PRINT 240,DFA,NTA
IF(M~101} 34,36,36
34 B0 35 J=1,NTS

PUNCH CARDS OF FINAL VALUES FOR POSSIBLE INITIAL STARTING PIINT IN A
SUCCEEDING PROBLEM.

PUNCH 2503 (X{T4JsM)a1=1493)4(Y{(I5JsM)}yI=1,3)
DD 35 1=1,3
ASP(I1J) = X{(I,JsM)
OSP(I,4) Y{IyJd,M)
35 CCNTINUE
NT = 0
GO TO 41

]

RESET CONCENTRATION MATRIX FDR THE NEXT HUNDRED TIME INTERVALS

36 DO 40 J=14NTS
DO 40 1=1,3
IF(I-2) 37,38,39

37 X{Iy9Jdsl) = X(I,4,101)/238.D0
Y{IsJds1) = Y{I4+4,101)/238.D0

GO T0 40

38 X{(IsJdyl) = X{I1,J,101)/239.D0
Y{Iysdsl} = ¥Y(1,+J,101)/239.D0
GO T0 40

39 X{I4dsl) = X{I,d4101)
Y{Isdyel) = Y{I,J,4101)

49 CONTINUE
NT = NT + 1

CALCULATE MAXIMUM CONCENTRATIONS

41 DC 42 1=1,6
CF(1) = 0.000
42 CONTINUE
DO 44 1=1,3

IT =1 + 3

D3 43 J=1,NTS

DO 43 K=2,M

CFET) = OMAXYI(X(I,J,+K)CF(T1))

CEUII) = DMAXLUY (I 4J4K)CFITI))
43 CONTINUE

PRINT 260, 1+4CF(I),CF{IT)
44 CONTINUE

IFLIPL) 52,52,445

CALCULATE REBUCEL CONCENTRATIONS FOR PLOTS

45 DC 51 1=1,3

I1T =1+ 3

DO 51 J=1,NTS

DO 51 K=2,M
IF(CF(TI)) 47,464,477
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46 X(I,J,K) = 0.0D0
GO TO 48
47 X(I14J9K) = X{I,J,K)%1.0D2/CF(T)

48 IF(CF(IT)) 50,49,50
43 ¥Y{(I14J.K}) = 0.0D0
50 10 51
50 Y(I4Jd9K) = Y(I,J:KI¥1.002/CF(11)
51 CONTINUE

CALL PORDEIPLGNTSsM,;NTI)
52 IF (NT} 54,54,53
53 IF{(NT -5) 4,54,54
5% IF{IX0} 56,56,55
55 PRINT 270,1X0
56 RETURN
200 FORMAT (27THLITRANSIENT BEHAVIOR RESULTS, 10X, 49HSOLUTE CONIFNTRATION
1S IN EFFLUENT FRCM EACH STAGE//5X4HTIME,6X,5HSTAGE;10X,20HAQUEDUS
2 PHASE VALUES,16X,20HORGANIC PHASE VALUFS/3X,8HINTERVAL,13X,y THURAN
31UM, SX,9HPLUTONTI UM 5X 9 4HACTD 36X, THURANTIUM, 5X  QHPLUTONIUY,y 5%, 4HACID
47254 4SH{G/LY 38X 5HIG/L ) s TXs3H(M) 38X s SHIG/LY 98Xy SHIG/L ) 9 TX ¢ 3HIM) 415
5X,10HITERATIONS)
210 FORMAT (1HOy3X 3149 7X91432X,6(2X41PD10.2)37X,0PF10.0)
220 FORMAT (15X, 1492X,6(2X+1P010.2),7X,0PF10.0)
230 FORMAT {1HOsF6.1,2X,72HPER CENT OF STEADY STATE 8Y OVERALL MATERIA
1L BALANCE AFTER TIME INTERVAL,I6)
2640 FORMAT (F7.1,2X,14HPER CENT AFTER,16)
250 £ORMAT (&(1PD12.5))
260 FORMAT (32HOMAXTIMUM CONCENTRATION OF SOLUTE,I4512H IN AQUENIUS,2X,
11PD10.%49 5X+s10HIN DRGANIC,2X,1PD10.4)
270 FORMAT {29HLTOTAL NUMBER OF CVERFLOWS IS,I14)
END
SUBROUTINE STGES{K,NTS)
DIMENSTICN X{(39254101)s¥(3,25,101)+XFD(3,25}YFD(3425)4,A5P (3,251},
10SP {3,25)4ASC{3),0SC{3)4DVTRY{3)4A(25),0(25) ,AFD{25),0FD{25),AP2{25
2)40PRI2S)4RA(25) ,RO{25),R(25),REC(25),CIT(25,101),C0(36},0DPR{3),
3XPR{3) 4 XXPR{3)sAIN(3},DIN(3)
COMMCN/RES/X, Y
COMMON/TTR/CIT
COMMON/ALL/XFDyYFD9A) sAFD40OFDsAPRyOPR, RAyRO3R 4REC,ASC0SCNTRY 4CO
19DFADFB,DFC,DFD,DFELNTASNTB,NTC,NTDyNTE,DDU,DDP, DDHs DELT 4CTBP, ASP
290SP,IX0sSLU,SLP,SLH
REAL¥8 XY yASCsOSCyDTRY$CO+CTBPyASPsOSPyDPRyXPRyXXPR3ATINy OIN,CCD,
1DI,DIF

STGS PERFORMS STAGE CALCULATIONS FOR EACH TIME INTERVAL

DL 26 J=14NTS

MPR =0
2 Rl = 1.0 + R{J)
R2 = REC(J)/R1
R3 = R{UJII¥REC(II/R1
00 9 I=1,3
DPR{I) = 0.0D0
XPR{I} = 0.0D0
KK = X - 1

IF(J-1) 3,3,4

AINCTI) = AFDUJIRXFD{IZJ) + (R3+RA{J)}IXX{]4J¢KK)

G 10 5
¢ Jd = J -1
AIN(I) = AFODCIIRXFO(T,J) + (R3+RA{TIIIRX{T,J+KK) + ACII)EX (T 40dy KK)
IF(J-NTS) 657,7
Jdo= o+ 1
OINCT) = JFOCIYERYFD(TILJ) + (R2+RO(CII IRV (T ,0,KK) + O(JJII®Y (14JJ, KK}
GO 7O 8

[e %))
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7 TIN(E) = OFD{JI*YFD(I,J) + (R2+4RO(JI)NI*Y(I,J,KK)
8 AIN(T) = AINCI)}/(A(JI+APRIJ)+R3+RATI))

TIN(I) = OINC(I}/{O(J)+0PR{JI+R2+RO(J))

ASC(I} = AIN(T)

0SC{T) = DIN(CT)
9 CONTINUE

CCD = 1.0D-8

MEK =D

10 MDEX = 0

MPR IS NON-ZERO ONLY IF STAGE CALCULAVION ITERATION WILL N3T CLOSE
AND CONSEQMENTLY 1T IS DESIRED THAT EACH TRIAL AND RESULT BE PRINTED.
MCK COUNTS THE TTERATIONS

MDEX IS THE FIT INDEX - IT IS NON-ZERO WHEN TRIAL AND RESULT DO NOT
AGREE THUS SIGNALING FOR A NEW TRTAL.

CALL OOFX

DTRY (1) = DTRY{(1)* EXP{SLUXDELT)*DNU

DTRY {2} = DTRY(2)% EXP{SLP*DELT)*DDP

DTRY{3) = DTRY(3)* EXP(SLH¥DELT)}*DDH

0O 14 I=1,3

XPR{I) = ASC{(I)

X(I4d,X) = (AINCI)XR{J) + DINCII)/Z(REJIHDTRY(I))

IF(X(IyJ4K)=-1.0D-10) 13,13411
11 DI = (X(I,J,K)-AST(I))/((X(14J,K)+ASC(T))/2.0D0)
DIF = 9ABS(DI)
DPR(I) = DIF
IF(DIF-CCD) 13,13412
12 ASC(I) = X(I,4J,K)
MDEX = MREX + 1
13 XXPR(I) = X(I,J,K)
14 CONTINUE
MCK = MCK + 1
IF(MPR) 16,16,415
15 PRINT 200, (XPRUI}sDTRY(I)4XXPR(I),DPR(I),1=1,3})
16 IF(MCK-25) 20,17.18
17 ¢CO = 5.0D-3
GO TO 20
18 IF(MCK-50) 20+19,23
19 €CD = 1.0D~2
20 IF(MDEX) 21,21,10
21 B0 22 1=1,3
Y(I,4J,K) = X(I,J,K)*¥DTRY(I)
22 CONTINUYE
CIT(J,K) = MCK
60 TO 26
23 IF(MPR) 24424,25%
24 MPR = MPR + 1
CIT(J4K) = MCK
PRINT 210,KK,J
GC TO 2
25 Ixa = IX0 + 1
GO 1O 21
26 CONTINUE
RETURN

200 FORMAT (12{1PD10.3))

210 FORMAT (37H1 ITERATION DVERFLOW, TIME INTERVAL,14,6H STAGE,14//
116X, 11HURANIUM (M) ,28X 5 13HPLUTONIUM (M} ,29X,8HACID (M)/3(7H TRIAL
237X s 1HDy X, L8HRESULT DIFFERENCE) /)

END
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SUBRDUTINE DCFX

DIMENSION XFD(3425) 2 YFD(3425),ASP(3,25),05P (3,25} ,ASC(3),08C(3),
IDTRY(3) 4 A(25) ,C(25) 4 AFD(25),0FD{25)APR{ 25} ,0PR(25),RA{25},4R3(25),
ZR{25),REC(25) ,CC(36),0U(3%,6P(3),6A(3),C(12),Y(3),Z(3},TBPF(3])
CCMMON/ALL/XFD,YFD,A,C3sAFB,0FD, APR,OPRyRA,RD,R,REC,ASC,3SC4DTRY,CO
1»DFADFB4BFC s CFC4DFESNTASNTBsNTCyNTD,NTE,DDU40DP, DDH,DELT 4CTBPy ASP
2r0SPsIXO sSLU,SLP,SLH

REAL*8 ASC,0SCoyDTRYCCGyCTBPyASPOSPy INT:STNyGUsGPGA,T4Cy Y2, TBPF

FX PRCVIDES A MASS DISTRIBUTION COEFFICIENT {DTRY) FOR GIVEN VALUES
AQUEOUS PHASE SCOLUTE CGNCENTRATION {(ASC) USING METHODS REPORTED BY
E. HCRNER TN GRNL-TM-2711. TNT TOTAL NITRATE CONCENTRATION

STN = IONIC STRENGTH
CsCO = CORRELATION COEFFICIENTS
CTBP = VOLUME FRACTION TBP
GUsGPsGA = MASS ACTION EQUILIBRIUM CONSTANT
FOR U, PU, ACID
TBPF = UNCOMPLEXED TBP

ECK FOR NEG. VALUES CF INPUT.

00 3 I=1,3
IFCASCII}) 2, 2.3
ASCET) = 0.00C
CONT INUE

ECK FCR ZERC U AND PUs IF YES CALC. GA ONLY,

IF(ASC{1)-1.00-1C) 454,9

IF(ASC{2)-1.0D-10) 545,45

IF(OSC(1)) 8,6,.8

IF(OSC{2})) 847,48

DTRY (1) = Q.0DO

DTRY(2) = 0.0DO

TNT = ASC(3)

STN = ASC(3)}

GA(3) = CO(33) + CO(34)*STN + CO{35)%STN*%2 + CO{(36)%STN**3
T = 3.65377394*CTBP

DTRY(3) = T¥GA{3)*TNT/(1.0D0+ASC{3)*GA{3)*TNT)
GO TD 12

ASC(1) = 1.0D-10

LC. GUy GP, AND GA.

TNT 2. 0%ASC{1) + 4.0%ASC{2) + ASC(3}
STN 3.0%ASC{1) + 10.%ASC(2) + ASC(3)
T = 29.2301915%CTRP

DO 11 I=1,3

D0 10 J=1,12

JJ = (I-11%12 + J

clJ) = Cca{yd)

[t

CONTINUE

GU(T) = CC1) + C( 2}*STN + C( 3}*STN%*2 + C{ 4)*STN#**3
GP(I) = CU{5) + C( 6)*STN + CU 7)®STN*x*2 + C{ B8)*STN**3
GA(I) = C(9} + C(1O)*STN + CO11)%STN*x*2 + C(12)*STN%%*3

Z(1) = 1.0D0/(GP(I)*ASC(2)*TNT**2+GU(T)}*ASC(1))
Y{I) = {(1.0DO+GA(T})*ASC(3)*TNT)*Z(T1)/TINT
TBPF(I) = (~¥Y{I)/(4.0DO0*TNT))*(1.0D0~DSQRT{1.0D0+T*Z (1) /Y (T1)1%%2))

CONT INUE

DTRY({1) = GU(L)*TNT*%2%TBPF(1)*%2
DTRY{(2) = GP(2)¥TNTE*4¥XTBPF(2)%*2
DTRY{3) = GA(3)*TNT*TBPF(3)
RETURN

END
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SUBROUTINE FLWS{IGO,IRT,IVL,NTS)

DIMENSION XFD(3425),YFD(3,25),ASP(3,25),0SP(3,25),ASC(3),0SC(3),
IDTRY(3) 2 A(25),0(251,AFD(25),0FD(25)4APR(25),GPR(25)4RA(25),RO(25),
2R{Z5),4,REC{25}),CC(26),CCN(2),5V0(25)

CCMMON/ZALLAXFDy¥FU9A+G 9 AFDsOFD9APRyOPRy RARO4R4REC,ASC,OSCoDTRY,CO
14DFA,DFB +BFC,CFC,DFE NTA,NTB,NTC4NTD,NTE,DDU,DDP,DDH,DELT ,CTBP, ASP
290SPoIX0 s SLUy SLP,SLE

REAL*8 ASC,08C,CTRY,CC,CTBEP+ASP,0SP

FLWS DEFINES ALL FEED AND PRCDUCT STREAMS, SETS INVERSTAGE FLOWS
INCLUGING RECYCLE FLOWS AND CALCULATES ALL PHASE AND FLOW RATIOS.

FEEC STREAMS ARE NOW DEFINED WHERE AFD OR OFD IS THE FLOW RATE AND
XFD CR YFD ARE THE SOLUTE CONCENTRATIOINS.

2 READ 100 4J3JPHsFRy(CCN{I)9I=143),K

J = STAGE NO. THAT FEED ENTERS FR = FLOW RATE

JPH = 1 FOR AQUEDOUS PHASE CON = SOLUTE CONCENTRATIONS

JRH = 0 FOR ORGANIC PHASE K = 1 IF MORE CARDS FILLOW
K = 0 FOR LAST CARD

[F{JIPH) 34344
3 GFD(J) = FR

YFD(1,J) = CON(1}/238.
YFD(2,J) = CON(2)/239.
YFR(3,J) = CON(3)

GC TQ 5

4 AFR(J) = FR

XFD(1lyJ) = CON(1)/23B.
XFD{2,J) = CON(2)/2369.
XFC(3,4) = CON(3)

5 IF(K) 646,42

NEXT DEFINE RRODUCT STREAMS CTHER THAN NCRMAL END STREAMS. IHESE
RATES TO BE APR OR OPR. NONE EXIST IF IGO IS ZERD, NONE CAN RETURN.

6 IF(IGO)Y 11,11,7

7 READ 110,J3JPH,FR,K
IF(JPH) 8,8,9

8 OPR(J) = FR
GO TO 10

9 APR(J) = FR

10 IF(K) 11,11,7

SET NET INTERSTAGE FLOWS.

11 DO 14 I=1,NTS
IF(I-1}12,12,13
12 A{1)} = AFD(1) — APR{(1)
CINTS) = OFD(NTS) — OPR(NTS)
GC TO 14
13 A{1)} = A(I-1) + AFO(I) - APRI(I)
NST = NTS + 1 - 1
O(NST) = CO(NST+1) + OFDI(NST) — OPR(NST)

14 CONTINUE
INDEX VARIABLES.

LCQ 15 I=1,NTS

RA(I} = C.C

RC(I) = C.0
15 CCNTINUE
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FLOMAX = 0.0
K =1
IFCIRT) 16,164,227

IRT = 0 IF PHASE RATIC = FLOW RATIO, 1 IF PHASE RATIDS ARE READ IN,
R IS THE PHASE RATIG GF AQUECUS TO ORGANIC.

16 BG 17 I=1,NTS

R(I) = (APR(I)+A(IN)/(OPRIII+0D(1))
17 CONTINUE

IF(IVL-1) 18,25,18

IVvL = 0 IF STAGE VOLUMES ARE ALL EQUAL, 1 IF VOLUMES VARY WITH TOTAL
FLCW, 2 IF THEY ARE INDEPENDENTLY UNEQUAL. FOR IVL=2 VOLUMES ARE TO
BE READ IN (SVvD). CALCULATE MAXIMUM FLOW FOR IVL = O OR 2.

18 DO 19 I=1,NTS
FLOTOT = APR(I) + A(T) + CPR{I} + 0O(T1}
REC(I) = FLOGTOT
FLOMAX = AMAX1(FLOTQTsFLOMAXY

19 CGNTINUE

FLOMAX IS THRE LARGEST TCTAL FLGW WITHIN A SINGLE STAGE.
20 IF(IVL-1) 23,25,21

READ IN STAGE VOLUMES.

21 READ 120,(5v0{1),1=1,NTS)
TIMIN = 0.C

COMPUTE INTRASTAGE RECYCLE FLOW TYPE 2 (REC) NECESSARY TO CAUSE TOTAL
STAGE FLOW TO EQUAL FLCMAX.

00 22 I=1,NTS
REC(I) = REC(T)/SVO(I)
TIMIN = AMAX1(REC(1),TIMIN)

22 CONTINUE
ELOMAX = TIMIN

23 00 24 I=1,NTS
REC(I) = FLOMAX — REC(I}

24 CONTINUE
RETURN

25 DO 26 I=1,NTS
REC(I) = Q.0

26 CONTINUE
RETURN

27 READ 130,1,RATIQ

I IS THE NUMBER OF STAGES ALL HAVING THE RATIO SHOWN,

COMPUTE INTRASTAGE RECYCLE FLOWS. TYPE 1 IS RECYCLE OF ONLY ONE PHASE
TO SATISFY SPECIFIED PHASE RATIO. TYPE 2 IS RECYCLE OF BOTH PHASES IN
THE RATIO R TG EACH OTHER TO CAUSE TOTAL STAGE FLOW TO EQUAL FLOMAX.
TYPE 1 USED WHEN IRT 1, THIS FLOW IS RA QR RQ. o

TYPE 2 USED WEHEN IVL 0 CR 2, TOTAL TYPE 2 FLOW IS REC.

i

I =K+ 1-~-1

DO 28 J=K,1

R{J) = RATID
28 CONTINUE

IFLI-NTS) 29,30,30
29 K =1+ 1

G0 TG 27
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30 DC 34 I=1,NTS
AFL = APR{I) + A(I)
GFL = OPR(I) + O(I)
FLOTOT = AFL + CFL
RFL = AFL/OFL
LF(RFL-R{I}) 31,33,32
31 FLOTOT = FLOTCT*(R(I}+1.0)/{RFL+1.0)
RA(I) = FLOTOT - AFL - OFL
GO TG 33
32 FLOTOT = FLOTOT#RFL*(R(T}+1.0)/(R(T)*{RFL+1.0))
RO(I}) = FLOTOT - AFL - OFL
33 REG(I) = FLOTOT

CALCULATE MAXIMUM FLOW
FLOMAX = AMAXL{FLOTOT,FLCMAX)
FLOMAX IS THE CLARGEST TO0TAL FLOW WITHIN A SINGLE STAGE.

34 CONTINUE
GO 170 20
100 FORMAT (214:4F8.0,14)
110 FORMAT (214,F8.0,14)
120 FORMAT (10F8.C)
130 FORMAT (I18,F8.0)
END

SUBROUTINE PROF{IPO,NTS,ICON)

DIMENSION XFD(3,25) ,YFD(3,25),ASP(3,25),05P(3,25},ASC(3),0SC(3),
IDTRY(3),A(25)40(25)+AFD(25),0FD(25),APR{25},0PR{25),RA(25),R0(25),
2R{25),REC(25),C0(36)
CCMMON/ALL/XFC,YFCyA,0,AFD,0FD,APR,0PR,RA,RO,4R,REC,ASC,0SC,DTRY,CD
1,0FA,DFB,DFCyDFD+DFEsNTA,NTByNTC,NTD,NTE,DDU,DDP,DDH,DELT ,CTBP, ASP
240SP4IXD4SLU,SLP,SLH

REAL*8 ASC,0SC,DTRY,C0O,CTBP,ASP,0SP

PROF DEFINES ANY NON-ZERO INITIAL SOLUTE CONCENTRATION PROFILE WHERE
ASP = AQUEDUS SOLUTE PROFILE IPO = 1 70 ESTABLISH A
0OSP = ORGANIC SOULUTE PROFILE PROFILE FROM EXTERNAL DATA

IF(IPO) 64642
2 DO 5 1I=1,NTS

IF{ICON) 3,3,4
3 READ 1001(ASP(J1I)7J=173)1(USP(J1I),J:113)
4 ASP(1,1) ASP(1,1)/238.D0

ASP(2,1) = ASP{2,1)/239.D0
0spP{(1,I) = GSP(1,11/238.D0
asp{2,1) = 0SP{2,1)/239.D0
5 CONTINUE
6 RETURN
100 FORMAYT (6D12.0)
END

SUBROQUTINE COEF(ICO,ITP)

DIMENSICON XFD{(3425),YFD(3,25),ASP{3,25),0SP(3,25},ASC(3),0SC(3),
IDTRY(3) 4A{25),0(25) s AFD(25),0FD(25) yAPR(25),0PR(25),RA{25),R0D(251},
2R({25)4REC{25) 4C0(36)
COMMON/ALL/XFDysYFDyA404,AFD,0FD,APR,0OPRyRA,RC,R,REC,ASC,0SC,NTRY,CO
11DFA1DFB1DFC1DFDyDFE1NTA)NTB,NTC1NTD1NTE1DDUvDDPyDDHyDELT9CTBP,ASP
290SPyIX0,S1LU,SLPySLH

REAL*8 ASC40SCyDTRYCOsCTBPyASP,0OSP,4C
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CDEF SETS VALUES OF CORRELATIECN COEFFICIENTS USED BY DOFX IN EQUILIB~
RIUM CALCULATIONS. THE VALUES ARE REPLACED BY EXTERNAL DATA IF ICO =
COEF ALSO_DEFINES THE TEMPERATURE DEPENDENCE OF DISTRIBUTION DATA.

1.

GCU 1) = 22.795242
COt 2) = 7.2565203
COl 3)e= ~ 2,7138472
CCU 4) =  2.1633701
Cal 5) =  5.4904842
CO( 6) = — 0.39458656
6L 7) =  0.043830797
CO( 8) =  0.0055821687
COL 9) =  0.56466365
CO(10) = - 0.12154633
CO(11) =  0.014745042
€G(12) = 0.0
CC(13) =  7.6288233
GO0(14) =  8.7138548
£0(15) = - 2.9776511
CO(16) =  2.1414728
CC(17) =  2.7832637
£G(18) = - 0.51656052
£O(19) =  0.046492174
C0(20) =  0.025787377
CG(21) =  0.49267280
CO(22) = ~ 0.16650909
C0(23) =  0.029404197
£O(24) = 0.0
CO(25) = 22.755242
CO(26) =  7.2565203
CO(27) = - 2.713847Z
€D(28) =  2.1633701
£€0(29) =  5.4904842
£0(30) = - 0.39458656
CO(31) =  0.043830797
CG(32) = 0.0055821687F
CO(33) =  0.56466365
CO(34) = ~ 0.12194633
CO(35) =  0.014745042
€O(36) = 0.0

MASS AGTION EQUIL. CONST. = Cl + C2X + C3Y + C4Z WHERE X,Y,AND Z ARE

OO0 OO0 00D

OO0

1ST, 2ND, AND 3RD POWERS OF IONIC STRENGTH.
€1 IS C0O 1, 5, OR 9 FOR UyPU,ACID OPTIMIZED FOR U ACCURALY.
c2 Is¢co 2, 5y, OR 10 FOR U,PU,ACID OPTIMIZED FOR U ACCURACY.
€3 IS 9 34 7y OR 11 FOR U PU,ACID OPTIMIZED FOR U ACCURACY.
{4 1S CD 4, 8y OR 12 FOR U,PU,ACID OPTIMIZED FOR U ACCURACY.
€1 IS €0 13, 17, OR 21 FOR U4PULACID OPTIMIZED FDR PU ACCURACY,
C2 IS CO 14, 18y OR 22 FOR U,PU4ACID OPTIMIZED FOR PU ACCURACY,
C3 IS5 €0 15, 19, OR 23 FOR U,PULACID OPTIMIZED FOR PU AGCURACY.
C4 IS CO 16, 20,4 DR 24 FOR U,PU,ACID OPTIMIZED FOR PU ACCURACY.
C1 1S €0 25, 29, OR 33 FOR U;PU,ACID OPTIMIZED FOR ACID ACCURACY.
€2 IS €0 264 39, OR 34, FOR U,PU,ACID OPTIMIZED FOR ACID ACCJRACY.
C3 IS €0 27, 31, OR 35 ¥OR UysPU,ACID OPTIMIZED FOR ACID ACCURACY.
£4 15 €0 28, 32, OR 36 FOR U,PU,ACID OPTIMIZED FOR ACID ACCJRACY.
IFCICO) 343,2
2 READ 100:1:£,44
I = COEFFICIENT NO. TOQ BE REPLACED
C = NEW VALUE
J = 1 IF MORE CARDS FIMLOW, O FOR LAST CARD
cacr) = C
IF(J) 343,2
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IF{ITP) 5:5,4
READ 110,SLU,SLP,SLH
RETURN
StuU
SLP
SLH
RETURN
100 FORMAT (14,F16.0,14)
110 FIORMAT (3F8.0)

END
SUBROUTINE PORD{IPL ¢NTSyMyNTI)
CIMENSION X(35254101),Y(3,25,101) AAA(7),TITLE(18),NSTA(20)
COMMON/RES/X, Y
REAL*8 X,Y

AN

Wt

[T

2220.
0.0
J.0

PORD PROVIDES THE APPROPRIATE CORDERS FOR PLOTTING SUBROUTINES

AAA(T) = 10.0
IF(IPL-2) 2,8,2
2 CALL HOL'LER{NL,TITLE,50)
NGINT = NTS - 1
DO 7 I=1,3
MM = M
CALL SEMLOG(5424+1.041.CyNCINT,7.0,0,AAA)
CO 4 K=1+4
C0 3 J=1NT7S

XP = J
CALL POINTUJyXPoX(I3JsMM)3K,0.08,0.052AAA)
3 CONTINUE
MM = MM/ 2

4 CONTINUE
CALL LETTER{O,NL,TITLE,AAA)
CALL LETTER{1412,12HSTAGCE NUMBER,AAA)
CALL LETTER{2,21,21HREDUCED CONCENTRATION,AAA)
CALL ADVANC({AAA)
CALL SEMLOG(54291.041.04NCINT,7.05045AAA)
MM o= M
0E 6 K=1,4
DO 5 J=1,NTS
Xp = J
CALL POINT(JoXPyY(IyJsMM)}4K,0.0850.042, AAA)

5 CCNTINUE
MM = MM/2

6 COMTINUE
CALL LETTER{OsNL,TETLE,AAR)
CALL LETTER{1,12,12HSTAGE NUMBER, AAM)
CALL CETTER(2,21421HREDUCEC CONCENTRATION,AAA)
CALL ADVANC{AAA)

7 CCNTINUE
IF(IPL-2) 1741748

8 IF(NTI) 959,10

S READ 120,(NSTA{I),I=1,20}
NTI = NTI + 1

10 CALL HCLLER(NL,TITLE,50)
NCINTX = M/5 + 1
DO 16 JJ=1,20
IF{NSTA(JJ)) 17,17,11

11 NS = NSTA{J)
CALL LINEAR(O0eG310.051090.095.04NOINTXy15.540,488A)
0B 13 I=1,3
DG 12 K=3,M,2
XP = K-1
KM = K-2
CALL POINT(KMyXPaX{I4sNSsK}),1,0.08,0.0,2,AAA7)

12 CONTINUE



13

14

15

16
17
100

29

DC 13 K=2,M,2
XP = K

KMoz K~ 1

CALL POINTIKMsXP 3% (I sNSsK) 1,0.08,0.0424AAA)
CONTINUE

CALL LETTER{C4NL,TITLE,AAA)

CALL LETTER{1,13,13HTIME INTERVAL,AAA)

CALL LETTER{2,21+21HREDUCED CONCENTRATION;AAA)
CALL ADVANC{AAA)

CALL LINEAR{0.0910.051050¢6045.0,NOINTXy15.55045AAA)
DO 15 1=1,3

DO 14 K=3,M,2

XP = K~1

KM = K-2

CALL POTNT(KMyXPoY(I4NS4K) 31,0.08,0.042,AAA)
CONTINUE

0O 15 K=24My2

XP = K

KM = K -~ 1

CALL POINT(KMyXP,¥Y{IsNSsK)150.0840.0,2,AAA)
CONTINUE

CALL LETTER{O4NL-TITLE,AAA)

CALL LETTER{1,13,13HTIME INTERVAL,AAA)

CALL LETTER(2521,21HREDUCED CONCENTRATION,AAA)
CALL ADVANC(AAA)

CONTINUE

RETURN

FORMAT (2014}

END



1. APPENGIX .0 DAMY LD INUDLEND AN UIAY IO

SAMPLE PRINT-OUT COEXTRACTION RUN U

—

RIVG ATIONAL LABORATORY _ - -

SEPHIS = A SOLVENT EXTRACTION PROCESS SAVING INYERACTING SOLUTES

 COEXTRACTIONRUN. 11 TCTAL STAGES e N
,_FLEQMLL,QA_TA_—MQ@_S{ _ STAGE  URANTUM  PLUTON tyM__Acib  FLa4 R ATE R —
NOa (G701 {G/L} {43 (VOL «UNITS)
1 0.0 0.0 2.,0000£ 00 3.00E-01
4 6.TTIOVE 0L 4.43008 00 3.2200%2 90 1.00F 90 [ —

ey Tee S emaie
b Ol 0-0 0.0 1.80E 00

- [ i S e Med = -

EQUILIBRIUM EXPRESSIONS — CORRELATION COCFFICIENTS DPTIMIZED WITH RESPEIT TG URANIUM

- ___AD R - S I Y R - B
[ FOR URANTIUM 22,79524200 _7.25652333 —2.713864716 2.16337010 _
FOR PLUTONIUM 5.49043470 20 .3945865) 0.04%83080 0.00558217
FGR_ACLO 0. 56406365 0. 12194625 0.01474504 9.0
— CORRELATICN COTFFICIENTS GPTIMIZED wWiTH RESPECT IO PLJTONTUM ) L
[ _AQ L o Al o : K2 A3 o
£0R_URANIUM } 7.623827330 3.7138548) ~2.97765064 2.14147280
FOR PLUTCNIUM 3.78329370 T3.51696092 5.04649217 0.62975738
FOR ACID 0.49267230 25.16650903 _ 0.02940420 0.0
-  CORRELATICN COEFFICIENTS OPTIMIZED wITH RESPELY 7O ACID o )
AQ Al A? A3
o EOR CURANIUM o 22.79524200 725652030 =2.71384716 241633701 o
FOR OLUTONIUM 5.,49048420 23.39545855) 0.04383080 0.00558217
FOR ACID 0. 56466365 _ —10.12194628  0.01474504 0.0
PLASE RATLOS EQUAL FLOW RATEODS —== STAGE NO.  2HASE RATIC
- S — I 1 - 3 _i.67F=01 _ o R o
s - N 7.22E-01
TTFELORS IN EACH TSTAGE (VOL.UNITS) ——- e T -
AQUEQUS PHASE ORGANIC PHASE AVERALL
FLOw TECYCLE 2 RECYCLE 1 TOTAL FLoA AECVCLE 2 <RECYCLE 1 TATAL TOTAL
__,ﬁlAﬁﬁ,nangg,,_ﬁ,:m14a§“,,1;w5ggh,_igﬁgﬁﬁ§ﬁw,yégu&ﬂuSguﬂm"EJ/”1EM~W/?111;L,A,FOR PHASE  JRGANIC STAGE
NO.  RATIO STAGE STAGE RATIO FLOW STAGE STAGE RATI FLOW FLOW
Ty 1.e78-01 2.006-01 0.0 0.0 —3Te0E—0l  1.80F 73 0.0  0s0 TT1.80F 00 ~.10F 00
2 _1.o7F-0_3.00800L 0N 0.0 ~.00E=CL 1.30F g 0.0 0.0 1.80E 0G 2.108 0D
3 Ll TF-ut 3.005-01 0.0 0.0 3.00F-01 1.50% 00 0.0 0.0 1.80E 00 10F 00

0g



4 7,2268-31 1305 00 9,0 0.0 1. 308 00 1.80E 06 U.L0 9,0 1.80E 00 3.10F D0
5 7.22E-01 1«30E 00 0.0 Ga0 1.30E 0p 1.80F 00 0.0 0.0 1.80E 00 3,168 00
— & 7.228-01 1.30E 06 0,0 0.0 1.3C0E 00 1.808 30 G.) 9.0 1.80E 00 34108 00
T T.22E-01 1.30F 00 0.0 0.0 1.30E 00 1.30F 00 0.0 0.0 1.806E 00 3.108 00
8 T.228-01 1:30F 00 0.D 0.0 1.30F 50 1.80£ 33 0.0 0.0 1.80E 0g 32168 00
9 7.22FE-01 1.3GE 00 Q.0 9,0 1.30F 09 1.80% 0C  D.0o 0.0 1.BOE 00 3.10E 00
1D  7.22F-03 1.305 80 (.0 0.0 1.30E 00  1.30F 00 0.0 0.0 1,805 00 3,108 60
11 7.228-01 1.30E 00 9.0 0.0 1.30E 90 1.80F 32 0.0 0.0 1.80€ 00  3.10F 00
TRANSIENT BEHMAVIOR RESULTS SOLUTE CONCENTRATIONS IN EFFLUENT FROM EACH STAGE
TIME STAGE AQUEDUS PHASE VALUES DRGANIC PHASE VALUES
INTERV AL URANT UM PLUTONIUM ACTD URANT UM PLUTONTUM ACID
(G/L) (G/L) (M) {(G6/L) (/L) {1) ITERATIONS
0 1 0.0 0.0 0.0 0.0 0.0 0.0 0.
2 G.0 0.0 3.0 0.0 2.0 0.0 0.
3 020 0.0 0.0 9.0 5.0 0.0 0.
% 0.0 DeC 0.0 0.0 0en 0.0 T
5 0.0 0.0 0.0 0.0 0.0 0u D Ge
& 0.0 Geli 0.0 9.0 0.0 0.0 3.
7 0.0 0.0 0.0 0.0 0.0 0.0 0.
8 0.0 0.0 0.0 0.6 0.0 0.0 O
) 0.0 0.0 ) 0.9 0.0 0.0 9.
10 0.0 0.0 0.0 3.0 9.0 0.0 T
11 0.0 0.0 0.0 0.0 0.0 0.0 De
L 1 0.0 () 9.,770-01 0.0 0.0 1.70D-01 4e
2 0.0 0.0 0.0 0.0 5.0 0.0 1.
3 0.0 0.0 0.0 0.0 0.0 0.0 1.
4 1.01D 01 1.50D 00 2.21D 00 3,030 01 1.380 00 1.850-01 11.
5 0.0 a0 0.0 3.0 0,0 0.0 Ls
& 0.0 5.0 0.0 0.0 0.9 0.0 i.
7 0.0 5.0 0.0 0.0 0.0 0.0 1s
8 D.0 Ge0 6.0 0.0 0.0 0.0 .
3 0,0 0.0 3.0 5.0 8.0 9.0 1.
10 G.0 Gel G.0 0.0 0.0 0.0 e
i1 0.0 0.0 2.0 0.0 0.0 0u0 L.
2 1 0.0 0.0 9.770-01 0.0 3.0 1. 70D-01 4.
2 0.0 GeO 5e%30-01 0.0 5.0 7.230-02 7.
3 1750 01 4, 40000 52870-01 2.74D 01 5.42D-01 7.020-02 10,
4 1.01D ¢ 1.50D Q0 2.210 DO 3.030 01 1.380 0o 1.850-01 11,
5 1,040 29 42 630=01 1.823 ag 5.560 00 7.510-01 2+ 79D-01 be
6 0.9 3.0 0.0 9.0 0.0 0.0 1.
7 0.0 30 0.0 0.0 0.0 0.0 1
3 0.0 0.0 3.0 0.0 0.0 0.0 1.
9 0.0 0.0 8.0 0.0 0.0 0.0 1.
10 0.0 0eG 0.0 0.0 9.0 C.0 1.
11 0.0 040 0.0 0.0 G0 0.0 1.

Le



3 1 0.0 0.0 1.17D 00 0.0 0.0 2.110-01 4. B
2 1.37D 01 1.76D 00 8.400-01% 2.510 01 3.490-01 9.31D-02 7.
3 1,430 01 3,070 00 1,010 00 2.790 01 B.64D-01 1.070-01 5.
4 1.430 01 2.430 00 2. 750 00 3.680 o1 7.150 00 1.62D-01 1.
5 _1.04D 09 4.,630-01 1.820 00 6.560 00 7.51D-01 2.79D-01 Y o
3 1.080-01 1.810-01 1.460 00 6.720-01 2.04D-01 2.59D-01 4.
7 0.0 0.0 0.0 9.0 04D 0.0 te
5 0.0 0.0 0.0 9.0 0.0 0.0 1.
L Q 0.0 0.0 0.0 9.0 0.0 0.0 1.
10 0.0 0.0 3.0 G 940 0.0 T.
,,,,, . 11 0.0 0.0 0.0 0.0 0.0 B 0.0 1.
4 1 7.930 00 4.260-01 1.510 00 ?2.3%2 01  2.730-01 1,750-01 3.
2 14190 01 1.750 00 1.08D 00 2.590 01 5.72D-01 1.210-01 7.
. 3 2.15D 01 5,170 00 1.210_00 %.54D 01 1,580 00 1.010-01 8.
4 1.370 01 Z.28D G0 2.850 00 3.560 01 5.080 00 1.660 Ui Ti.
5 1.220 00 5.299-01 2.69D 00 1.010 2L 1.610 03 3.240-0" 5.
3 1.030-01 1.810-01 1.460 00 6.720-01 2.040-01 7.59D-01 4,
S 1.33D-02 9,70D-02 1.17D0 09 £.810-02 _  6.080-02 2.100-01 fa
) 0.0 0.0 0.0 g0 0.0 0D t.
. .5 0.0 0.0 9.0 0.0 0.0 0.0 1.
10 0.0 0.0 3.0 9.0 0.0 ) 1.
- ik 0.0 0.0 0.0 5e0 0.0 _ 0.0 e
5 ‘ 7.990 00 6.37D-01 1.63D 00 2.460 01 4456001 1.820-01 8.,
2 1.800 01 2.650 09 1.330 00 3.37D 01 1.160 00 1.210-01 10.
3 2.0L0 01 4,390 20 1.399 00 3.530 01 1.64D 00 1,14D-01 9.
4 1.63D 01 3.240 00 2,980 00 3.92D 0L 2.600 00 1. 490-01 1.
5 1.130_00 4,67D-01 2.750 00 9.780 00 1.51D 00 3.31D-01 b
6 8.540-02 9.55D-02 2.47D GO 3.910-01 3.71n oY 3.730-01 5.
7 1.330-02 9. 70D=02 1.17D 00 . _6.810-02 L080-02  2,10D0-01 4., B
8 2.005-0% 6.620-02 9.43D-01 8.1370-03 2 23D-02 1.63D-C1 4.
9 0.0 0.0 2.0 0.0 2.0 0,0 1.
10 0.0 0.0 0.0 0.0 0.0 Te 0 1.
_ i1 0.0 0.0 0.0 0.0 8.0 80 . le N
b L 1.300 01 1.460 00 1.78D 00 3,160 01 9.21D-01 _ 1.590-01 10.
2 1.710 01 2.80D 00 1.53D 00 3.380 01 1.280 00 1.310-01 i0.
3 22350 01 5,560 00 1.610 00 3.a%n 01 2.156D 00 L1.110-01 9.
4 1.630 0l 3.02D 00 3.05D 00 L9000 01 2.520 00 1.520-01 15+
5 1.37D 09 64520-01 3.050 00 L_g;p a1 2,240 70 3.250-01 8. L
6 7.730~02 Ba610-02 2.520 00 3.310-01 3,736D-01 3.760-01 5.
7  5.840-03 2.520-02 .290_00 6.490-02 _ 71.59D-02 __ 3.57D-01 4. )
P 2.000-03 6.52D-02 9 430-01 8.130-03 2.23D-02 1.630-01 4.
9 3,750-04 5.310-02 7.710-01 1.180-03 9.500-03 1.24D=01 5.
10 0.0 0.0 0.0 5.0 9.0 0.0 1.
11 0.0 0.0 2.0 0.0 0.0 0.0 1.
7 i 1,290 01 1.560 00 1.82D 00 3.160 0L 1.02D_03  1.610-01 104
2 2.06D 01 3.91D 09 1.700 00 3.700 01 1.755 00 1.240-01 10.
3 22240 01 5.02D 00 1.73D_00 3,810 01 2.150_00 1.180-01 10,
4 1.84D C1 3. 1680 00 3.090 00 %.,03D 01 2.90D0 0D T.410-01 1i.
_ 5 1,270 00 5.82D-01 _ 3.100 Ou 'L 01 2103 90 3.310p-01 8.

AN



) T5%0-02 e UOD—-02 2.9303 00 l.03 00 4.520-01 4. 07D-01 5e

7 L 6.13D-03 2637002 2250 G0 595002 H5.37TD=-C2 3.510-01 by

8 £.810-04 Be420-03 L8282 00 5.5620-33 2.0902-02 3.270-01 4o

9 3. 750-04 5,31D-02 7.710-01 1418D-03 3.500-03 1.240-01 5,

10 3.690-05 44, 680-02 Be410-01 2+0BD0-0% &, 540~-03 S.420~-02 S

il ] U0 3.0 0.0 3.3 0.0 la

8 i 1,560 01 2,330 GO 1.8&D 00 3.440 01 1370 00 1.470-01 10,

2 2,010 DL 3.770 G0 L.77D 40 34903 01 1.780 00 1.280-01 10,

3 2450 01 &4 010 00 1.870 00 3,970 01 2550 00 1+13D-01 Qa

4 1.,78H 01 3,560 00 3,120 00 4,010 01 24823 00 144001 11,

5 1495 00 T.610-03 3,210 30 1,320 Q1 2,660 00 3. 210-01 EM

3 6.86D~-02 7.8330-02 3.03D 00 9,27T0-01 4.320-01 4,110-01 5

7 4350073 12 460=02 2,870 00 5.730-02 7.570-07 %, 09D-01 4.

8 6.,120-0C4 8,250-03 1,960 30 5.150-03% 1.320-32 3.320-01 L3

S 8,300-05 5, 030=-03 L. D545 00 52 360-54 7, 710-03 2.92D0-01 &y

19 34690305 b4 o HB3-02 De41D~01 2+ 08004 4. 540-03 S 42D-02 5.

1t 2+465=95 4 3503=02 5e#20-01 4453D0-05 2:360-03 7:.13D-02 5.

9 I 2350 093 1.880 4§ 3,420 031 1.39D0 03 1.48D-01 0.

2 4,720 00 1.820 00 3.850 1 2.140 3D 1.2G6D-01 ii.

3 5. 5040 00 12933 00 3,950 Gl 2,510 09 1.17D-01 9.

& 4. 18D 00 34150 G0 4.050 01 311D 30 1.370-01 12.

5 6+890-31 3,240 00 1280 01 2.51D 00 3.27D-01 8.

5 Q. 390-02 3,190 00 1.080 U0 5. 582-01 &, 16D0-01 Se

7 1.250-02  2.92D 00 5,150-02  4.130-01 4.

3 3,370-03 2.729 00 3.590=-03 44 C00-01 4.

3 4. 500—-07 158D 50 5.9} D=-04% 7.250-03 2.97D~01 Gy

15 3,47D3—-03 1.390 {1 9.,7830-05 3.4930-03 2.520-01 e

—_— 1t 40 350-02 5.42D-01 4,5300-05 2:360-03 7.,190-02 5
{Intervening time intervals have besen deleted to conserve spuce)

99 1 2,100 01 5,155 €3 1,850 00 3750 31 2.45D 30 1,240-01 13,

2 24320 01 9. 08D 00 1.820 033 4.110 01 %3.320 00 G 93D~02 11,

2 2,000 01 L.120 01 10963 U0 42230 D1 3,973 O3 S.330-02 9,

£t 2e%50 01 7230 00 3,130 00 4,270 G1 44320 00 1.,160-01 19.

] 2,558 §9 1880 G§ 34330 00 1.760 01 55190 93 2.750-01 ila

<) 1.,250-C1 2.250-01 3.35D G0 1.840 20 1373 0D 4414D0-01 b

7 5.5640-073 2o 4203=02 3.360 30 909 D-02 1.4626-31 4636D-01 e

5} 2,510-04% 2. 000-03 32350 006 44, 080-03 1750-02 4438D-01 3.

Q 1.,120-35 2. 18004 23560 30 1.81D-04 1.870~-03 4, 380~-01 2.

10 5.065—-07 2.995-05 3,310 Q0 3,050=-06 14980-04 4436D-01 e

11 2.780-08 3,900-08 2750 00 3.450-07 1.88D=-05 4.03D-01 Se

100 ¢ 2,100 01 5,190 50 1.859 00 34750 01 22460 0D 1424D0-01 13,

2 2.320 01 9.08% G0 1.820 00 4.110 01 3.32% 40 3.93D0-032 11

E 3,060 O 1120 01 L5860 GO 4,230 01 3.970 80 9,335-02 3.

i 2ot U1 7.190 00 3,130 020 4,270 51 4320 00 1.,160=-01 12,

£e



5 2.055D GO 190D 00 3,330 00 1.770 01 5.190 00 2.750-01 - 11,
b 1.260-01 225001 34350 00 1.840 00 1370 020 4.140-01 5.
7 5.055-03 2.43D-02 3,365 00 9.100-02  1.630-01 4.35D-01 be
3 2.510-04 2..50D-03 3.36D 00 4.03D0-03 1.750~02 4438D-01 3
9 1.120-05 20 18D—04 3,350 00 1.820~-04 1.270~03 4438D-01 2
10 5.060D-07 2.990-05 34310 40 B.050-06 1.980~04 44 360-01 [
il 2.78D-08 3.99D-06 2.750 00 3.450-07  1.880-05 4.D30-01 5.
99.9 PCR CENT OF STEADY STATE 3Y OVERALL MATERIAL SALANCE AFTCR TIvi INTEIVAL o -
899 .5 PER CENT AFTER 856
99,0 PER CENT AFTER 72
95 .0 PER CENT AFTER 40
90.0__PER _CENT AFTER 26 o - e N
MAXIMJM CONCEMTRATION GF SOLUTE 1IN AGUEDUS  3.03597D 01 1IN ORGANIC 4,2706) 01
MAXIMUM CONCENTRATION OF SOLUTE 2 IN AQUEDUS te1161D 01 i ORGANIC S5« 19450 00
_MAXIMUM CONCENTRATION GF SILUTE 3 TN AQUEJUS  3.3599) 0O 1N ORGANIC  4.3309D-01 o -
- 1300 1 2.10D 01 5.19D 0D 1.850 00 3,760 01 24603 0 1.240-01 Oe
2 2.82D 01 9,080 DI 1.320 09 34110 01 34320 490 9.930-02 Je
3 3,06D 01 1.12D 01 1.95D 00 44,230 G1 3.87D 0D 9.330-02 O
4 2.440 D% 7.190 00 3.139 090 4.270 01 4,320 03 1.160-01 B 0.
5 2.550 00 1.900 GO 34330 00 1.770 ¢t 5.193 00 2.75D-01 Do B
6 1.26D-01 2.250-01 3,363 00 1,840 00 1,377 02 4.140-01 a.
7 5.650D-03 2+43D-02 3,360 30 9.10D-02 1.630-01 4436001 Da
3 2.510-04 2.00D-03 3.360 DO _mﬁ;QSD—OB 175002 44 350-01 Je
9 1.12D-05 2. 783D0—-04 3,360 1.820~-04 1.87D0-03 4,320-01 Oe
. 10 5.369-07  2.590-05 3.319 60 7 1.980-04 4.350-01 ) 9.
11 2.756D-08 3.9090-00 2.750 00 3 1.885-05 4.03D-01 o .
{Intervening time intervals have beern deleted to conserve space)
124 } 1 2.100 01 5,200 GC 1.850 00 3,750 0L 2.46D 0D 1.23D-01 i3,
2 2.820 01 Q.12D 00 1.820 00 44,110 01 3.330 02 F,93D-02 11,
3 3.060 01 1,120 01 1,960 00 4o 230 01 3,780 00 9.32D-02 8.
4 2e450 01 7.23D {0 3,130 00 G270 01 4,320 073 1,160D-01 10.
5 2570 G0 1,910 00 3,330 00 1.770_01 5.220 00 2.74D-03 ) 11.
] 1.270-01 2.270-01 3,360 50 1.85D 00 1.380 00 4.140-01 6.
_ 7 5,690-03 2.450-02  3.360 0G0 9.170-02  1.64D-01 4.360-01 b.
3 253004 2.63D=-03 343560 00 44110-03 1.77D0-02 4.38D-01 EN
9 1.,130~05 2, B10-04 3,350 00 1.830-04% 1.,89D-073 4438D-01 2.
i0 5.10D-07 3,030-05 3.310H 00 3.12D-06 2.000-0% 4436D-01 3%
11 2.300-08 3.950-06 2,750 00 3.480-07 1.930-05 4.030-01 5.
125 1 2,100 01 5.200 00 1.85D 00 3,760 01 2.46D 00 1.24D-01 3.
2 2.82D 01 J.1CD 00 1.820 Q0 4,110 01 3.330 00 G,92D-Q2 11.
. ) 3 3,060 01 1120 01 1,960 20 4.230 01 3,980 GO S.320-02 8.




& 2.45D0 0L 7.230 00 3.130 00 4.270 01 44330 00 1e16D-01 10.
5 2.560 00 1.910 03 3.330 30 1,770 01 5.229 00 2.740-01 1l.
& 1.270-01 2.27D-01 3,350 00 1.830 00 1.380 00 4.140-01 He
7 5,690-03 2.450-52 3.360 99 9.160-02 1,640-01 4436001 4o
3 2.530-04 2.630-C3 336D 00 4.110-03 1,775-02 44330-01 L
9 1,130-CH 2.81D-04 2.360 00 1.830-04 1.850-03 4.380-01 2w
30 5,100=-07 3.030-05 3,310 O $.120-06 2., 002=-04 4,350-01 4o
11 2.808-08 3.,950-06 2,750 GO %.,48D-07 1,500-05 4,030-01 5e
126 i 2,100 01 5.200 G0 1.850 00 37560 01 2.460 GO 1.230-01 13.
2 2,820 01 9. 10D 03 1,820 30 44110 Of 3,330 20 9.920-0G2 it.
3 3,050 01 L. 120 91 1960 00 4,230 01 3.988 30 32002 8.
4 2.450 01 7.230 060 3.130 09 4,270 01 44330 0D 1.160-01 13.
5 2.570 GO 1,910 00 3.330 090 1.770 01 50,220 G0 2.7403-01 il.
5 1.270~C1 24275-01 34340 00 1.850 €O 1.3830 GO 4a1%4N=-01 5
7 5.650-032 2.450-02 3.3860 GO 5.170-02 1.640-01 4.360D-01 b
3 22530-0% 2.630-03 34360 G0 4,110-03 1 77D-02 %e380-01 3.
9 1.130-05 2.810-04% 3.36D 30 1,83D-04 1.890-03 4.380-01 Ze
10 5e100-07 3.03D-05 3,310 00 8.12D-06 2. 000~-0% 4,350-01 5a
11 2.300D-08 3.950-06 2.75D Q00 3. 48007 1.90D-05 4. 03D-01 5e
95.9 PE3 CENT OF STEADY STATE BY OYERaLL MATERTAL BALANCE AFTER TIME INTERVAL 1256
99,5 PER CENT AFTER 36
9950  PoR OCENT ATFTER 12
95.3 PER CENT AFTER 4G
SG,3 PER CENT AFTER 2% .
MAXIMUM CONCENTRATION OF SOLUTE 1IN AQUEDSUS  3.,06250 01 IN DRGANIC 4.2713D 01
MAXIMUM CONCENTRATION OF SOLUTE 2 IN AQUEDYS 1,11980 O1 IN JR5ANIC  5,2193D0 00
_ MaXIMUE CONCEMTRATION OF SOLUTE 3 IN AQUEQUS  3.3587D €0 _In DRGANIC  4.3796D-01

GAK RIDGE

e
<

NATIGN AL LABORATORY

SAMPLE PRINT-OUT

Pu EXTRACTION RUN

SEPHIS  ~ A SGLVENT EXIRACTION PROCESS HAVING INTERACTING SOLUTES
2 EATRACTION 10 YOTAL STAGES
FEED STREAM DATA — AQUEDUS STAGE URAMIUM PLUTONTUM ACED FLOW RAYE
NO. {G/LY {53/7L% {43 {VOL LUNITS?Y
i e 0 Da0 2.0003E 00 1.10E-~01
4 0.0 1.9200E 01 4,31000c 00 1.00F 00
J.150 TP — ORGANIC
134 0.0 0.0 _ 0.0 2. 00E-01

g€



EQUTLIARIUM EXPRESSIONS — CORRELATION COEFFICIENTS OPTIMIZED WITH RESPEIT TO URANIUM

AQ Al _AZ

A3

FOR URANIUM 22.79524200 7425652030 -2.71384716

2.16337010

FOR PLUTOGNIUM 549043420 —0439458550 0.04383080 0.00558217-
FOR ACID 0,56466365 -0,12164523 0.01474504 0.0
~ CORRELATICN COEFFICIENYS OPTIMIZED WITH RESPECT 7O PLUTONIUM
490 o Al A2 A3

FOR JRANIUM 7.62382330 071385439 -2.37765064

20141417280

FOR PLUTONIJM 2.78329370 -0.51696092 0.04€49217

0.052978723

FUR ACID $e49267230 ~0.16650 103 0.02940420 0.0
= CORRFLATION COEFFICIENTS OPTIMIZED wWITH RESPELY TO ACID
A0 a1 A? A3
FOR LRANIUM 22.79524200 725652039 —2.71384716 2.156337010
FJR PLUTONIUM 5.49043420 —7.36458555 0.04383080 0.0055821 7
R ACID 0+56466365 —0.12194623 1.01474504 0.0
PHASE RATIOS EQUAL FLOW RATIOS ——- STAGE ND.  PAASE RATIOQ
i - 3 1.2285-01
& = 10 1.235 00
FLOWS IN FACH STAGE {VOLJUNITS) ——- ) )
AQUEQUS PHASE ORGANIC PHASE OVERALL
FL oW RECYCLE 7 RFCYCLE 1 TOTAL £L0n RECYLLE 2 RECYCLE 1 TATAL TOTAL
STAGE  Fi O OUT OF T{ FILL  FOR_PHASE  AQUENUS _auT 3f TO FILL  FOR PHASE  JRGANIC STAGE

NG.  RATIO STAGE STAGE RATI FLOW STAGE STAGE RATID FLOW FLOW
i l.228-01 1.105-01 0.0 0.0 1.10E=01  9.00%=31 0.0 0.0 9.00¢-0t 1.01F 00
2 1.226-01 1 10E=01L 0.0 0.0 1.105-01 5.092Z-31 0.0 0.0 9,005-01 1,015 00
3 1.220-01 1.102-01  G.0 0.0 T.106-01 §.002-01 0.0 ) §.00E=01 T.01E 00
4 14235 07 1.11F 00 0.0 9.0 1.11E 00 9.008-31 0.0 0.0 9.00F=-01 2.01F 00
5 1.23F 00 1.11F 00 0.0 9.0 Toi1E 00 9.306-51 3.0 0.0 9.00E- 01 2.01F 00
6 1,237 03 1,115 00 9.0 0.0 1.11F 00 9.00E-31 0.0 0.0 9.00E-01 2.01F 00
7 1.23f CC i.11E 00 0.0 ) 1.11E 40 G 00F-0T D0 0.0 9.00F- 01 7.01E 0D
5 1.23£ 03 1,116 00 0.0 0.0 1.115 00 S.00E-01 0.0 0.0 9,00E- 0L 2.01F 05
§  1.23F 00 1.117F 00 0.0 0.0 T.11E 00 5 00E-01 0.0 9.0 §.00F-01 7.0t 00
10 1.23E 03 L.11E 00 0.0 0.0 1.11F 90 5.00F-21 0.0 9.0 $.00F-01 2.01F 00

9€



TRANSIENT BEHAVIOR RESULTS SCLUTE CONCENTRATIONS IN EFFLUENT FROM £ACH STAGE

LE

TiMe STAGE AQUEDQUS PHASE VALUES ORGANIC PHASE VALYES
INTERVAL URANTUM PLUTONIUM ACID URANTUM PLUTONIUM ACID
{G/L) {G/L) {M} {G7L} {540) (M} ITERATICNS
Q 1 0.0 0.0 0.3 .0 0,0 0.0 Ca
2 C.0 0.0 0.0 0.0 3.0 0.0 Te
3 0.0 0.0 3.0 3.0 0.0 Ga0 Ca
4 0.0 0.0 0.0 0.0 G.D 060 Je
5 Q.0 0.0 0.9 0.0 0.0 Ce0 D
[ 0.0 Cel 0.0 0.0 0.0 Ga? De
7 0.0 0.0 0,2 9.0 0.2 0.0 O
8 0.0 C.0 0.5 D.0 3.0 D3 De
9 G0 Js0 DG 0.0 J.3 0.0 0.,
10 0.0 0.0 SRy 0.0 0.0 3.0 Q.
1 i 0.0 J.0 8.540-01 0.0 0.0 1.40D0-01 EN
2 0.0 0.0 3.4 0.0 3.0 0.0 le
% 0.0 0.0 2.0 2.0 0.0 0.0 tae
e 0.0 4. G50 00 3.450 00 0.0 1.633 1 3. 06D-01 Te
5 ¢.0 0.3 Ja.0 0.9 0.2 2.0 i.
5 Tad G.C Ca0 0.0 3.9 0.0 ie
7 0.0 0.0 50 0.0 Ga0 Ja 0 ia
3 C.0 0T 3.3 2.0 Ja2 8.9 1.
9 0.0 0.0 GaD Ge0 0.0 2.0 1.
10 0.0 0.3 0.0 0.0 0.0 3.0 1.
2 1 03 0.0 5., 540-01 5.0 0.0 1.460-01 3.
2 0.0 T G 4.43D-01 3.0 0.0 5.020-02 Se
3 0.0C 1450 01 1,220 20 0.0 . 1.43D ¢1 1.570-01 il.
4 0,0 4.05D 00 3.450 0C 0.0 1.463D0 01 3.060-01 7.
5 D0 7.750-01 3.137 a0 0.0 4. 043 0D 20340-01 5
5 3.0 0. C 0.0 5.0 0.0 0.0 e
7 0,9 0.0 0.0 0.0 0.0 0.0 la
3 0.0 0.0 3.0 3.0 3.9 0.0 ie
9 0.0 0.9 0.0 0.0 9.0 0.0 i.
10 0.0 0,0 0.0 0.0 00 0.0 1.
3 1 0.0 Def 1.000 O 0.0 0.9 1.720-51 Y.
2 0.0 1.8%0 01 1.010 00 3.0 1.210 01 1.37D-01 Y
3 0.0 1.330 01 1.45D GO 3.0 1.470 Ot 1.82D-01 12,
4 Qe 5.%50 0C 3.899 3 0.0 2.37TH G1 2.87D-01 Be
5 0.0 7.730-01 3.13D 00 2.0 4.04D 00 3.840-01 5
& e 12500-013 2820 00 3.0 7:580-01 3.330-01 &
7 0.0 Gt 0.0 0.0 0.0 0.0 i,
& 0D 0.0 Q.0 0.0 D3 3.8 . i,
9 0.0 0.0 Col 0.0 .0 0.0 1s
LG 0.0 0.0 3.8 0.0 8.0 5.0 lo
4 1 0.0 9,600 00 1472 99 0.0 1,108 Ot 2. 010-01 18,
2 U0 1.530 01 1.193 00 0.0 1.283 01 1.550-01 10.
3 0.0 1.47D G 1.820 30 0.0 2.11D 01 1.890-01 1i.
% G0 5.320 00 3920 0D 3.0 2.040 01 24890-0_ 8.



8¢

5 e 9.890-01  3.897 00 0.0 6,262 00 3.870=0t  _____5e
6 0.0 1.500-01 2.820 00 J.0 7.580-01 2.930-01 b4e
7 Qa0 3.,880-02 2.210 00 0.0 1.490-01 3.750-01 4
<] Ga0 0.0 0.0 D60 0.0 0.0 i.
9. 020 . R ¢ Y ,,,(J-}l /),1,0 [T ,O'D - M_QLQ _——— i ﬁ,’;', .
10 Ced Oa.U 0.0 0,0 0D 0.0 1a
1 Oa0 9.17D 00 1.5380 00 Qa0 ie.l177 01 2.15D-01 F.
e Oa0 . . Leb&h 01 1.60D 00 2.0 2.020 01 . 1.740D-01 9. R
3 00 i.32D Ul 1.93D 00 D60 2.273 01 1.990-01 1ie
4 0.2 6.C6D 00 3.970 98 N0 2,197 01 2.790-01 7 3
5 O.0 G.62D-01 3.910 00 Je0 5,140 00 2.990-01 Se
5 0.0 1.,600-01 3.84D 00 0.0 {.172 09 4,40D-01 , ta o
7 0D 3.880-02 2.510 00 0.0 1.490-01 2.760-01 4
3 0.0 l.140-02 2.223 30 0.0 3.393-02 3.530-01 4
9 D40 0.0 0.0 040 0.0 09 ie
10 0.0 0.0 De0) 0.0 0.0 0.0 1l
1 0.0 1.230 0% 1,500 09 0.0 1.350 01 1.9680-01 {2
2 0.0 l.5180 01 1.70D 030 0.0 2.900 {1 1484D-01 S
e 00 14250 01 24180 950 3.0 24240 01 2.080-01 11,
4 0.0 5.940 00 3.980 (0 N.0 2.1803 01 2.810-01 E
5 GO 1.15D 0v 401D 09 D0 B 74210 30 3.930D-01 5.
6 0.0 1.56D-01 3.86D 00 7.0 1.140 02 4.41D-01 4.
7 Ol 2.550-02 3,760 00 0.0 1.980-31 4e%6N-01 4.
3 Ca0 1.140-02 2,220 00 J.0 34390-02 253001 (3%
9 0.0 4, 030—-03 1,960 30 Qa0 9,040-03 3.2605-01 ba
10 0.0 0.9 0.0 0.0 3.0 0.0 l.
1 2.0 1.220 Gi 1.85D 0 0.0 1.3859 01 2.03D0-01 12.
2 D0 1.460 01 1,930 990 0.0 2.229 01 1.920-01 8.
3 Gs0 10130 01 2.259 00 0.0 2.220 01 2.140-01 Y
4 0.3 0250 03 4.00D0 00 0.0 24247 01 2.770-01 Fe
5 049 te12D 00 4.02D 020 J.0 7.0973 23 3.940-01 5.
& 040 1.35D-01 4,010 00 0.0  _1.39D 9D 4.44D-01 ) 4.
7 0.0 2.610-02 3,780 30 0.0 1.940-01 4.47T0-01 4a
3 0.0 4.98D=2% 3,630 00 0.0 3.60D-02 4.430-01 4.
9 0.0 44 03D=-03 1.96D 30 0.0 9, 04D-03 3.260-01 4
10 Q.0 1.723D0-03 1.727 20 0.0 2+840-03 2.960-01 4a
i 0.0 1.32D 91 1,530 00 0.0 2,060 01 ?.000-01 1.
2 00 1390 01 1.93D 00 040 2.200 01 1.97N-01% - 8.
3 Ded 1.312D 01 2.40D0 00 0.0 24230 0% 2.190-0% 10,
4 0.9 64180 39 4,013 00 0.0 24220 01 2.780-01 9.
5 0,0 1,220 006 4.052 DO 0.0 7.535 00 3.910-01 5.
<] 0,0 1.80D-01 4,020 Q0 0.0 1.360 090 4akS5SD-01 e
7 0.0 . 2.930-92 4,000 00 0.0 ) 2.277-01 4.550~01 4. B
3 0.0 4.850-03 3,630 00 De0 3.520-02 Lol H-01 4.
9 0.0 . 1.090-03 3.557 00 0.0 7.630-03 4.399-01 4.
10 J.0 1.730-03 1.720 00 0.0 2.8472-03 2496D-01 %4
1 0«0 1e728D 01 1.960 Q0 (Vg 2.040 01 2.020-01 i0.
2 0.0 1.36D 01 2.090 00 Je0 2270 01 2.000-01 £a



6¢

3 0.0 1.080 01 2.44D 090 0.0 2.26D 01 2J22nh-01
% Ta0 64310 &0 4,030 00 0.0 2,250 01 2.760-01
5 0.0 1«200 00 4.05D 00 0.0 T+.49D 32 3.520-91
& 0.0 1.970-01 4,060 30 0.0 1.430 39 4,450-01
7 0.0 2.850-02 4,010 00 el 2.223-01% 44550~ 01
8 ) 4a 85603 3,930 4D 0.0 3. 780-02 4.560=01
9 3,90 1.070-03 34570 350 5.0 7.50D-33 435001
10 0.0 14 850—04 3,210 O3 0.0 1.12D-03 4,220-01
10 1 0.0 1,31D GOt 1.9939 00 0.0 2.110 01 2.010-01
2 5.0 1.320 01 2.110 00 ) 2.255 01 EFRERES
3 0.0 1.060 01 2.51D 00 0,0 2.29D 0t 2.240-01
4 3.0 6,263 G 4,030 00 0,0 2,240 01 2. 770-01
5 Je0 12243 00 } 0a 7.240 00 3.91D-01
6 5.0 1,530-01 4,360 00 0.0 1.462 00 4,45D-01
7 0.0 3,100-02 4,050 30 0.0 2.430-01 %, 560=-01
3 0.0 %4,72D-03 4,G0D 00 0,0 3.690-07 4, 560-01
9 0.0 7.89D-04% 2,960 00 2.0 5,130-03 4.,550-01
10 0.0 1.300-04 3,230 00 3.0 1.100-93 4.,230=-01
il 1 [Ts) 1.29D ©1 2,000 00 0.0 2.107 01 2.030-01 1.
e B B0 1.31D Ci 2.185 06D 8.0 2230 01 2.040-01 3.
3 0.0 1e 04D 01 2.53D D0 0.0 2.280 31 2.26D-01 9.
4 0.0 5.330 0C 40040 00 0.0 2.267% (1 2.769-01 5
5 0.0 14230 00 407D 00 0.0 7.673 00 3., 910-01 N
6 0.0 2.020-01 - 4,080 30 0.0 1.530 00 4.,450-01 4
7 0.0 3.03D0-02 44060 00 0.0 2.380-01 4,570~01 3,
3 0,2 4, 360-0% 4,050 20 0.0 3.833-02 4. 580-01 3
9 0.0 T 580=04% 3,973 00 0.0 5.9703~03 4,560-01 %a
10 0.0 1.170-04 3.600 00 9.0 5.29D-04 4. 410-01 4.
12 1 G0 1.30D 31 2.01D 00 .0 . 2.130 01 2,020-01
2 G.0 1,290 01 2,170 00 3.5 2.28D 01 2.050-01
3 0.0 1.G040 51 2.560 90 D40 242370 01 2.270-01
4 ) b5.30D 50 4,340 00 0.0 2.250 01 2.156D-01
5 0.0 1.250 00 4,080 00 040 _7.79D 00 3.910-01
6 0.0 1.95D-01 4,080 00 3.0 1.515 090 4. 45D-01
7 Dal 3.160-02 4,089 00 0.0 2.450-01L 4,570-01
3 0.0 44 750-03 4,080 30 0.0 3.750~02 44,580-01
9 0.0 7.500-04 4,048 00 C.0 5.5330-03 4, 580-01
13 GaD 1.130-04 2.61D 00 0.0 3,070~-C4 4.41D-01
13 1 S0 1.230 01 2.020 N0 0.0 2.120 o1 2.030-01
2 w0 1.290 o1 2,190 090 0.0 2.290 01 2. 06D-01
3 Dl 1,030 01 2.57D 0D 0.0 2,283 01 2.280-01
4 0.0 5,340 00 4,040 90 0.0 2,250 01 2.760-01
5 0.0 1.24D 005 4,083 Q0 0.0 7.755 00 3,910-01
5 0.0 2.540-01 4,090 09 0.9 is540 00 4. 450-01
7 2.0 3.110-02 4. 08D 00 0.0 2+ %450-01 4457001
3 0.0 4.5156-03 4.08D 00 0.0 3.883-02 4.59D-01
9 0.0 7.320-04 4,050 00 3.0 5.770-03 4453D-01
10 0.0 1. 090-04 3,680 00 0.0 7,5910-0% 4.440=01




14 i 020 1.290 0] 2.029 00 0.0 2.130 01 2.030-91 1i.
2 0.9 1,280 01 2,190 00 0.0 2.280 Ot 2.060-01 3.
3. 0.3 1.0270 01 2.589 80 0.0 2.29D 01 2.280-01 3.
4 040 54320 00 4.04D 00 0.0 2.759 01 2.760-01 8.
5 040 1.763 00 4,080 00 0.0 7.810 00 2.910=-01 5.
6 0.0 2.020-01 4,090 00 0.0 1.53D 00 4.450-01 4.
7 0.0 3.190-02 4,990 90 0.0 2.510-01 4.580-01 3.
3 0.0 4.83D-03 4.08D 00 5.0 3.82D-02 4.590-01 3.
9 0.0 7.49D-04 4,070 90 0.0 . 5.920-03 4,590-01 2.
10 o) 1,06D=-04 3.690 09 0.0 7.720-04 4a540-01 4.
15 1 0.0 1.290 01 2.03D 00 0.0 2.130 01 2.030-01 il.
2 0«0 1.280 01 2.20D 00 0.0 2.29D 0t 2.060-01 a.
3 0.0 1.02D o1 2.58D 00 0.0 2.29D 01 2.28D-01 3.
4 0.0 54340 00 4,040 00 2.0 2.260 01 2.760-01 5.
5 0.0 1.250 Q0 %.097 00 0.0 7.789 GO 3.910-01 6.
6 0.0 2. 04D-01 4,090 _00 0.0 1.550 09 44450-01 4.
7 0.0 3.150-07 4.090 00 5.0 2.480-01 4.580-01 3.
_ 3 0.0 4.94D-03 4,090 00 0.0 ____ __ 3.91D-02 _ _ 4.600-01 _ 3.
9 0.0 7.36N-04 4.07D 00 0.0 5.820-03 4.53D-01 2.
Lo 0.0 1.C08D-04 3.710 00 0.0 7.91D-04  4.450-01 4.
16 1 0.0 1,290 0% 2.03D 00 0.0 2.130 Gl 2.03D-01 ila
p) 0.0 1,270 01 2.20D 00 0.0 2.299 01 7.07D0-01 3.
3 0.0 1.020_01 2.592 90 0.0 2.290 01 2.28D-01 9.
4 0.0 5,330 00 4.047 00 0.0 2.2560 01 2.760-01 .
5 0.0 1.260 00 4,090 90 0.0 7.82D 00 3.91D-01 - &
6 9.0 2.030-01 4.1070 00 0.0 1.540 00 4.450-01 4,
7 0.0 3.190-02 4,100 00 0.0 2.520-01 4.580-01 3.
3 3.0 4.EB0-03 4.090 00 0.0 3.87D-C2 4.60D-01 ER
3 0.0 L 1e520-04 4,080 00 0.0 . 5.95D-03  4.60D-01 2
10 0.0 1.06D-0% 3.7iD 00 0.0 7.770-04 4.450-01 4.
17 ¢ G0 1.290 01 2.03% 00 0.0 2.130-0 2.03D-01 il.
P8R0 _ L1e270 0L 20215 .00 9.0 ... 24290 Gl 2.070=01 ... 3. B
3 0.0 1.020 91 2.599 00 0.0 2.290 01 2.29D-01 9.
4 0.0 54340 92 4.04D 00 0.0 2.26D0 01 2.76D-01 8. -
5 0.0 1.250 00 4.097 00 0.0 7.80D 00 3,91D-01 6.
6 0.0 2.,04D-01 4,19D_00 9.0 1.55D 00 4.450-01 4.
7 ) 3.175-02 4.10D 00 JeD ?.50D-01 4.580-01 3.
5 ) 4,9505-0% 4,100 00 9.0 3,920-02 4.600-01 3.
S 3.0 7+430-04 4.08D 06 0.0 5.860-03 4.600-G1 2.
10 0.0 1.08D-04 3,720 00 0.0 7.940-04 4.460-01 4,
18 L 0.0 1.290 01 2,030 30 0.0 2.130 01 2.039-01 12.
2 0.0 1.270 01 2.210 00 5.0 2.790 01 2.07D-01 8.
3 0,0 1.020 01 2,590 00 0.0 2.29D 01 2.28D-01 9.
A 0.0 6.230 00 4.04D 00 0.0 2.26D 01 2.760-01 g.
5 0.0 1.26D 00 4,09D 00 9.0 7.82D0 03 3,910-01 6.
5 3.0 2. 04D-01 4,100 00 9.0 1.55D0 00 4. 46D-01 4.
7 ) 3.200-02 4,100 00 0.0 2.529-01 4.58D-01 3.
5 ) 4.910-03 4,100 29 6.0 3.90D-02 4.600-01 3.
g 0.0 7.530-04 4,080 00 0.0 5.970-03 4.60D-01 2.
10 0.0 1.C70-04 3.720 00 3.0 7.840- 04 4, 460-01 %.

oy



2.03D0-01

19 1 0.0 1290 01 2.03D 00 0.0 1 ile
2 G0 1.270 01 2,210 90 0.0 2.290 01 2.070-01 B
3 0e0 Le02D 01 2.59D 00 0.0 2.23D 0i 2.29D-01 9.
4 0.0 634D GO 4,040 00 0.0 2.260 0L 2.760-01 8,
5 0.0 1.26D 00 4,630 00 el 7.81D0 00 3,910-01 6.
5 C0 2. 04001 4,100 00 5.5 1,350 3 4.45D-01 Y.
7 G0 3.180-02 4.100 00 5.0 2.510-0 44.580-21 E
8 5ol 4,550-03 4,100 20 0.0 3.93D-02 4.60D0-01 E
9 040 T 470-04 4,099 G0 9.0 5.9273-03 4.5600-01 2.
10 0.0 1, GRD-D4 3.72D0 20 0.0 7.26D-04 4.460-01 4.,
29 i 0D 1.290 D1 2,030 G0 3.0 2.13D & 2.03D0-01 12
2 D40 1.270 01 2,210 00 3.0 2.29D o1 2.07T0-01 3.
3 0.0 1520 01 2,590 00 0.0 2.292 01 2.290-01 2.
4 0.0 6.33D 49 4.04D 20 0.0 2260 01 2.76D-01 8
5 Cae L.260 00 4,050 00 0.0 7.820 03 3,910-01 5,
) G0 2.,04D-01 4,100 00 0.0 1.550 00 4.,460-01 G,
7 0.0 3. 200-02 4,100 00 D0 2,52D-01 4.,580-01 3.
) 0.0 44930073 4,100 00 2.0 3.910-02 4,500-01 ER
9 0.0 7. 540-0% 44090 00 9.0 5,980-03 4.600-01 2.
19 2.0 1.070-04 3,720 30 0.0 7.390-04 4.45D-01 4.
9.5 PLR CENT OF STEADY STATE BY OVERALL MATERIAL BALANCE APTER TIMF INTERVAL 20
99,5 PER CENT AFYER 14
$9.0 PER CENT AFTER 15
95.0 PER CENT AFTER 12
90.0 PER CENT AFTER it
MAXIMUM CONCENTRATION GF SOLUTE 1IN AQUEDUS 0.0 I8 ORGANIC 0.0
MAXIMUM CUNCENTRATION UF SOLUTE 2 IN AQUFGUS 1.7980D0 01 IN ORGANIC 2.2914D 01 T
MAXTMUM CUNCENTRATION GF SOLUTE 3 IN AQUEOUS 4.09950 00 IN DRGANIC  4.60000-01

184
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COEXTRACTION RUN STARTUP
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STEADY-STATE OPERATION
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Fig. 4. Aqueous-Phase Uranium Concentration Profile for Coextraction Run.
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COEXTRACTION RUN STARTUP
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Fig. 5. Oxganic-Phase Uranium Concentration Profile for Coextraction Run.
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(OEXTRACTION RUN STRRTUP

STEADY-STATE OPERATION
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Fig. 6. Aqueons-Phase Plutonium Concentration Profile for Coextraction Run.
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COEXTRACTION RUN STRRTUP
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Fig. 7. Organic-Phase Plutonium Concentration Profile for Coextraction Run.
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Fig. 8. Aqueous-Phase Nitric Acid Concentration Profile for Coextraction Ruxu.
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COEXTRACTION RUN STRRTUP
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