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MODIFICATIONS OF THE SEPHIS COMPUTER CODE FOR CALCULATING

THE PUREX SOLVENT EXTRACTION SYSTEM

S. B. Watson and R. H. Rainey

ABSTRACT

The SEPHIS computer program was developed to simulate
the countercurrent solvent extraction. This report gives
modifications in the program which result in improved fit
to experimental data, a decrease in computer storage re-
quirements, and a decrease in execution time. Methods for
applying the computer program to practical solvent extrac-
tion problems are explained.

I. INTRODUCTION

SEPHIS, a computer program for Solvent Extraction Processes Having
Interacting Solutes, was developed by W. S. Groenier! for the purpose
of studying the application of a 15% TBP solvent extraction system for
recovering irradiated LMFBR fuel. Due teo the success of the program in
helping to establish optimum flowsheet conditions by simulation of the
extraction process, the program has been widely used. In particular,
G. L. Richardson of HEDL adapted the SEPHIS program to the conventional
Purex process and also has made valuable changes in program s,‘cam,lctu:ure.2,3
The Richardson version of SEPHIS has undergone additional modifications
at ORNL. The purposes of this report are to describe additional program
modifications, to give instructions for use of the program, and to indi-
cate some of its various applications.

A modification of the SEPHIS program is being made for the simula-

tion of the Acid Thorex flowsheet."



The changes in the Purex solvent extraction version of SEPHIS would
not have been possible without the generous assistance of G. L. Richardson,
who provided a copy of his computer program, and of W. S. Grocnier, who
gave valuable guidance in the operation of the program. This work is

funded by the HTGR program.



I1. NOTATION AND TERMINOLOGY

The symbols used in Section III are defined as follows:

U

molar uranium concentration,
Pu - molar plutonium concentration,

H - molar acid concentration,

S - molar unextractable salt nitrate concentration,

u - molal uranium concentration,
pu -~ molal plutonium concentration,

h - molal acid concentration,

s - molal salt nitrate concentration,

M - total molarity of the solution,

m - total molality of the solution,

W - molar water concentration in the TBP phase - Eq. (3),
w -~ molal water concentration in the TBP phase - Eq. (4),
F - volume fraction of TBP in dry, solute-free solvent,
T - molarity of TBP in dry, solute-free solvent,

t - temperature, °C,

K - pseudo-mass equilibrium constant - Eqs. (8)-(11),

n - total nitrate salting strength in the aqueous phase (molal) -

Eq. (15},
r ~ reductant concentration {molal),
U
D - distribution coefficient, (i.e., D_ = ﬁﬂ),
a

Subscripts:

a ~ aqueous phase,

o - organic phase,



oS

pu
hi

h2 -

solute molarity in solute~saturated solvent,
uranium,

plutonium,

acid associated with 1 molecule of TBP,

acid associated with 2 molecules of TBP.



III. PROGRAM MODIFICATIONS

The details of the original SEPHIS program are available in Ref. 1;
therefore, they will not be repeated in this report. At the time of the
preparation of this report, the modifications by Richardson? have not
been published. This program started with the Richardson version of the
program; consequently, portions of his program are described in this
report for completeness. The changes have been both in the program
structure and in the mathematical modeling of the system. The complete

modified program listing is given in Appendix A.

Programming changes

The following programming ch‘anges are present in the current version

of SEPHIS:

1. Many of the variable names have been altered to enhance program
readability. A listing of these changes is unnecessary since
comment cards within the program specify the meanings of the
majority of variables.

2. Common blocks have been reorganized for more efficient use of
computer storage.

3. The multidimensional variables which contain the calculated
concentrations for each stage have been reduced in size. Pre-
viously, these variables retained concentrations for each stage
for 100 time intervals. Now only those concentrations for the
previous and the current time intervals are stored. This modi-
fication resulted in a reduction of about 100 K of computer

core storage.



4. The subroutines have been renamed, and computational capability
of certain subroutines has been altered. SEPHIS presently con-
sists of the following routines:

MAIN reads program description cards, initializes arrays,
performs molarity and molality conversions, prints
results, and analyzes the approach to steady-state
operation.

PRPFIL defines feed streams and initial profile, if not zero.

FLPWS defines outgoing streams, calculates phase ratios,
flow ratios, recycle flows, interstage flows, and stage
volumes for each stage.

STAGES performs stage calculations for the current time
interval.

UCAR calculates the distribution coefficients required by
STAGES.

PL@TR and PPL generate Calcomp plots (profile graphs and
transient graphs). PLOTR and PPL invoke the ORGRAPIH®
plotting package which is available at ORNL, and the
subroutines in the package are not printed in Appendix

A.

Modeling changes

Modifications to the modeling of the extraction system for the
uranium, plutonium, and nitric acid are summarized as follows:
1. As before, calculations are valid for three transferring com-
ponents; however, the current version also includes the salting

effect from nonextractable nitrate salts.



Provisions have been made for estimating the partitioning of
plutonium from uranium by entering the reductant normality as

a negative plutonium concentration. The code does not, however,
include the effects of kinetics, which is an important consider-
ation in actual processing facilities,

Stage calculations are performed on a solute-free basis. The
relationship between solute-free concentrations (small letters)
ané molarities (capital letters) for aqueous and organic

solutions is given below (taken from Ref. 2 with slight

modifications):
Ma _ 1.0 )
M 1.0 - 0.0724U_ - 0.13Pu_ -~ 0.0309H_ - 0.031S
a a a a a
= 1.0 + 0.0724u_ + 0.13pu_ + 0.0309h_ + 0.031s
a a a a
Mo _ 1.0 )
M 1.0 - 0.097U0 - 0.139Pu_ ~ 0.043H_ ~ 0.0174W
o} o o 0 0

]

1.0 + 0.097u_ + 0.139pu_ + 0.043h + 0.0174w
o o o )

where WO and w0 are calculated water concentrations in the TBP

phase defined by

; U, Pu, 0.65H\ | .
W= (3.95 - 0.01440)[1.0 - > = 5 - F (3)
0s 0Ss 0s



(4)

2u0 2puo ) O.6hO pl‘69
T T T

LA (4.2 - 0.015t)<}.0 - -

Uos’ Puos’ and Hos are molarities of uranium, plutonium, and

acid, respectively, required to saturate the TBP. They are

defined by:
0.5T i
Uss * 120 + 0.046T (5)
_0.5T
Puss = 170 + 0,007 (6)
1.65
g . T(1.0 - 0.00609(3.95 - 0.01441)F ") 7
os (1.0 + 0.0430) :

Profile temperature may vary with the time interval.

The program accounts for the amount of water the TBP extracts.
The criterion for convergence of stage calculations has been
somewhat modified. As in the original SEPHIS stage, calcula-
tions are performed using an iterative procedure in each stage
for each time interval. If convergence ((observed-calculated)/
calculated <.001) is achieved within 20 iterations, the compu-
tation is considered to be complete in the current version of
SEPHIS. 1f the computation fails to converge, the last calcu-
lated values are accepted. This is based on the assumption
that steady-state values may be obtained even though there was
failure to converge in a transient period. (It should be
emphasized that, when the 20th iteration is reported in the

printout, it may have no physical significance.)



The definition of steady state as given by Groenier is also
used in the current version of SEPHIS with additional complexi-
ties. Additional convergence criteria have been added to the
program to obtain less precise answers where convenience
required over 100 iterations.
Richardson developed a new method for calculating distribution
coefficients in an attempt to extend the code to higher temper-
atures and TBP concentrations than the restrictions of 25°C
and 15% TBP imposed by the earlier code. The following is taken
in part from his work and includes some additional details.

The equilibrium correlation was based on deriving empirical

equations for the following pseudo-mass-action equilibrium

constants:
(U0, (NO )., »2TBP) }
K, = 2 2+3 2 5 Q- K;(Noz)i (8)
(uo, )a(TBP)O
(Pu(NO,) , *2TBP)
374 . -4
pu (Pu4+) (TBP)Z Pu* "3a
a o]
(HNO, *TBP) | )
= e = K7 (NOL) (10)
K1 ¥ Ky (NO3)
(H), (TBP)
(HNO* 2TBP) _ _
Kz = = K (NOg), (11)

+ 2
(H), (TBP)
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This program and Richardson's program are based on a fitting
of the K values above., Groenier's program was based on a
fitting of the K~ values. The basic empirical equilibrium
expressions were derived at 100% TBP equilibrated at 25°C,

giving the following equations

k¢ = 3.7 %7+ 1.4n>°% + 0.011n/ 3 (12)
u a a a
A
ki, = 0.135n°°3% 4 0.0052n°> % (13)
1 a a
x ~ k3
Kh2 = K2 (14)
where
b 7
n, ha *2u o+ 4pua +s, - (15)

The plutonium constant was determined as a function of the

uranium constant at 25°C.

K* = K*(0.20 + 0.55F" "% + 0.0074n%) . (16)
pu u a

The code provides correction factors for other TBP concentra-

tions and temperatures:

K=k (ap 017 | 3¢ (25000) an
u 11
B -0.17 (-2007)
Koy = K5, (48 3e (18)
_ . ) (-15F), _(3401)
K, = K, = Kr (1.0 - 0.54e e (19)
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1

where 1T = = - 55 and T, = equilibrium temperature, °K. The

1
298
0
change in the distribution with TBP concentration is estimated

as follows:

. (U0, (NO) , *2TBP) |
u

1]

2 .
(U02+) Ku(TBP)O (20)
2 "a

(Pu(NO °2TBP)O

3)4
pu 4+
(Pu”7)

D

2
Ko (TBP)S (21)

(HNO~TBP) _
Dy = = K, (TBP) (22)
GO

(HNO, * 2TBP) _ )
Dy, = o = K, (TBP) . (23)
a

Free (uncomplexed) TBP concentration is calculated as follows:

(TBP) = T - 2(U0,(NOJ),*2TBP) | - 2(P (NO,),*2TBP)

- (HNOg*TBP) - 2(HNO,*2TBP) . (24)
Substitution of Eqs. (20) through (23) into (24) produces
(TBP) = T - 2K u (TBP)> - 2K_ pu_(TBP)° - k

o ula 0 pup a o

hlha (TBP) o

2
- 2K h (TBPYC .

Solving the quadratic equation gives
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2
-(khlha + 1) + JQKhlha + 1)7 + 8(Kuua + Kpupua + Khzha)(3.651F)
4(Kuua ¥ Kpupua * KhZha)

(TBP)O =
(25)
assuming T = 3.651F.
Thus, given u , pu , h , s , and r, the distribution
a a’ a’ Ta
coefficients are calculated by forming n which is used to

evaluate (12) - (19), then solving (25) for (TBP) and replacin
o P g

it in (20) - (23).
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IV. USER INFORMATION

The current version of SEPHIS is written in the IBM System/360 and
System/370 FORTRAN IV language. The program is compiled ﬁsing the H-
level compiler and has been executed on both the IBM 360/91 and 360/75
at ORNL. The program requires about 140 XK (K = 1024 bytes; bytes = 8
bits) of core storage for execution. Approximately 1/20 sec. of computing
time on the IBM 360/91 is required for each time interval when calculat-
ing 10 stages.

The remainder of this section describes the content of the card
input which must be prepared in order to execute the program and the
output produced by the program. Sample input and the corresponding

output are presented in Appendix B.

Input

The input data are to be piepared in the order shown in Table 1.
Referring to Table 1, "Subroutine'" indicates the subroutine in which
the card is read. "Card Number” denotes the order within the group
(Program Cards, Feed Stream Cards, etc.) or quantity of cards for each
group to be input. "Columns' refers to the actual columns on the card
in which the data must be punched. '"Remarks, Variables, etc.' gives an
explanation as to the variable name, definition, and form of the data
to be punched on the cards. The FORMAT descriptor indicates the content
and length of the fields on the card. In the FORMAT descriptor the
letter "A" denotes alphabetic data; "I" refers to integer data {(no

decimal point) which must always be right-justified in the field; "F"
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Table 1. Input to SEPHIS Code

Subroutine Card Number Columns Remarks, Variables, etc.

Program Cards

MAIN 1 FORMAT (10A4)
1-40 TITLE - problem title

2 FPRMAT (F8.0,912)

¥

1-8 CTBP volume fraction of dry

TBP

§

9-10 NT@AST total number of stages

must not exceed 25

¢

11-12 1PRO 0 for a zero initial
concentration pro-
file

1 for a non-zero
initial profile

13-14 IRATI®

H
(s>

if phase ratio =
flow ratio

1 if phase ratio
values are to be
input

15-16 ICALC - 0 for shutdown calcu-
lations (no U or Pu
in feed streams)

1 for start-up or
interruption

17-18 1pUT if there are no

extra outgoing

streams

1 if there are out-
going streams in
addition to end
streamns

i
(o]

19-20 IVL -~ 0 stage volumes are
- equal




15

Table 1. (continued)

Subroutine | Card Number | Columns Remarks, Variables, etc.
MAIN IV, - 1  stage volumes are
(cont.) unequal but accord-

ing to total flow
2 stage volumes are
independently un-
equal
3 stage volumes are

21-22

23-24

25-26

IPR -0

1

ICALPL - O
1

(Options 2 or 3 should be used
for HAN* calculations to correct
for stage residence time) (*Hydrox-
ylamine Nitrate - Ref, 3)

equal and specified

print out all time
intervals

print only last
interval

print every 20th time
interval

no punched card output
desired

final profile output
punched on cards

no Calcomp plots
profile graphs (log of
concentration vs stage
number at 1/8 steady
state, 1/4 steady state,
1/2 steady state, and
steady state)
transient graphs (con-
centration vs time
interval at specified
stages for each time
block)

plot both 1 and 2
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Table 1.

(continued)

Subroutine Card Number Columns Remarks, Variables, etc.
Feed Stream Cards
PRAFIL One card for F@RMAT (212,5F8.0,12,F8.0)
each input
stream 1-2 I - stage number that feed
enters
3-4 JHAS - 1 for aqueous feed
0 for organic feed
5-12 FDRT - feed flow rate (volume
units)
13-20 CAN1 - uranium content (g/1)
21-28 CON2 - plutonium content (g/1)
29-36 CPN3 - acid molarity
37-44 TEMP - temperature in degrees C
45-46 INDEX ~ 1  more cards to follow
0 last card
47-54 CPN4 - nitrate normality from
inextractable salts, includ-
ing the reductant
(Enter Pu reductant normality as
negative Pu concentration)
Initial Profile Cards
(required only for non-zero initial profile)
PRAFIL One card for FORMAT (8F8.0)

each stage
1-8

X(1,J,1) - aqueous-phase uranium

concentwration in stage J

(g/1)




Table 1.

17

(continued)

Subroutine | Card Number | Columms Remarks, Variables, etc.
PROFIL 9-16 X(2,J,1) - aqueous-~phase plutonium
(cont.) ~ concentration in stage

J (g/1)

17-24 X(3,J,1) ~ aqueous-phase nitric
acid concentration in
stage J (M)

25~32 Y(1,J,1) - organic-phase uranium
concentration in stage
J (g/1)

33-40 Y(2,J,1) - organic-phase plutonium
concentration in stage
J (g/1)

41-48 Y(3,J,1) - organic-phase nitric
acid concentration in
stage J (M)

49-56 TPROF (J,1) - temperature in stage J

57-64 X(4,J,1) - agqueous-phase nitrate
concentration in stage
J

Outgoing Stream Data

(other than aqueous raffinate and organic product)

FLOWS

One card for
each out-
going stream 1-2

3-4
5-12

13-14

FURMAT (212,F8.0,12)
1 - stage number that stream
leaves
JHAS - 1 for aqueous stream
0 for organic stream
OTRT - exit flow rate (volume
units)
INDEX -1 more cards follow
0 last card
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Table 1. (continued)

Subroutine Card Number | Columns Remarks, Variables, etc.
Phase Ratio Cards
(used only if phase ratio # flow ratio)

FLOWS One card for FORMAT (12,F8.0)

each region

of constant 1-2 I ~ number of stages having

phase ratio phase ratio shown

3-12 RATI@ - aqueous/organic phase ratio
Stage Volumes
(for TVPL=2 and IV@PL=3)

FLAWS For IV@L=2 stage volumes are unequal

Only NT@ST stage volumes

eeded for input.

and not flow related
FORMAT (10A8)

1-8 STVPL(1)

72-80 | STV@L(10)
FPRMAT (10A8)

1-8 STVPL(11)
72-80 | STVPL(20)
FORMAT (L1OAS8)

1-8 STVPL(21)

32-40 | STVPL(25)

need to be entered; that is, 1 to 3 cards are




Table 1. (continued)
Subroutine Card Number | Columns Remarks, Variables, etc.
FLOWS For IV@L=3 stage volumes are equal
and specified
1 FPRMAT (F8.0)
1-8 VPL - stage volume for all stages
Graph Cards
(ICALPL=1,2,3)
PLPTR Profile graphs (ICALPL=1 or 3)
1 FPRMAT (10A8)
1-80 TTL - title for all profile graphs
2 FPRMAT (10A8)
1-80 XTAG - x-axis label for all profile
graphs
One card for FPRMAT (10A8)
each profile
graph 1-80 YTAG -~ y-axis label for each profile
graph
Transient graphs (ICALPL=2 or 3)
1 FPRMAT (2512)
1-2 NSTA(1) - stage no. for 1lst set of
transient graph
49-50 NSTA(25) - stage no. for 25th set

of transient graphs

Two graphs are plotted for each 1
such that NSTA(I)#0. For NSTA(I)=0
no graphs are plotted.
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Table 1. (continued)

Subroutine | Card Number | Columns Remarks, Variables, etc.
PL@TR 2 FPRMAT (10A8)
(cont.)
1-80 TTL - title for all transient
graphs
3 FPRMAT (10A8)

1-80 XTAG - x-axis label for all tran-
sient graphs

One card for FORMAT (10A8)
each tran-
sient graph 1-80 YTAG - y-axis label for each tran-

sient graph

Note: Character strings input as TTL, XTAG, and YTAG must end with $.

MATN

Next Case

1 FORMAT (212)

1-2 ICHNGE - 0 next case 1is new

1 new Feed Stream Cards
and Outgoing Stream
Data required for each
feed and exit stream -
no Program Cards,
Initial Profile Cards,
Phase Ratio Cards, or
Stage Volume Cards are
Tequired

2 stop

3-4 IDIF - 0 no changes in Program
Card parameters

-1 changes in at least
one of these Program
Card parameters -
ICALC, IQUT, IPR,
IPNCH, ICALPL (these
parameters are explain-
ed in the section Pro-
gram Cards)
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Table 1. (continued)

Subroutine Card Number Columns Remarks, Variables, etc.

If IDIF = 1, input a card of the following form; if IDIF = (0, omit
this card.

2 FPRMAT (512)
1-2 ICALC
3-4 1QUT
5-6 IPR
7-8 IPNCH

9-10 ICALPL

See Program Cards for explanation
of these parameters
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indicates a real number with or without a signed exponent (decimal point
should be punched). The variable names are those used in the FORTRAN

program. Two examples of sample input are included in Appendix B.

Output

Two examples of program printout are given in Appendix B. A general
explanation of these examples and hence all output is herein described.

The first page of printed output provides a synopsis of input and
various initial conditions. Included are the feed stream data, initial
profile, phase ratios, and stage flows. The remainder of the printout
coitsists of transient behavior results for each time interval. Printout
for each time interval includes aqueous- and organic-phase concentrations,
aqueous and organic flows, temperature, and number of iterations required
for convergence in the stage calculations; all of which are printed for
cach stage.

After every time interval which is a multiple of 100 and upon con-
vergence of the transient calculations, the percent steady state and the
time intervals at which 90%, 95%, 99%, and 99.5% steady state have been
reached are printed.

I¥ desired, output may also be obtained in the form of Calcomp plots.
Profile graphs (concentration vs stage number) and/or transient graphs
(concentration vs time interval) may be produced by (1) requesting plots

on the "Program Cards'" and (2) entering the correct input as prescribed
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V. APPLICATION QF THE SEPHIS PROGRAM TO PUREX

SOLVENT EXTRACTION PROCESSING PROBLEMS

The procedure used in the SEPHIS calculations makes this program
very useful for several types of design, optimization, and evaluation
problems in a scolvent extraction system. Starting with any combination
of concentrations of uranium, plutonium, and nitric acid in each stage
of a countercurrent contactor and any combination of feed stream compo -
sitions and flow rates, the program calculates the step-by-step change
in the concentration of the uranium, plutonium, and nitric acid of each
stage. This type calculation provides a means of evaluating both tran-
sient and steady-state effects of start-up or shutdown procedures, of mod-
ifications of flowsheet conditions, of operational changes due to equip-
ment malfunction, df errors in operational procedure, etc. A comparison
of the steady-state concentrations of uranium, plutonium, and nitric
acid calculated by the original and the revised computer codes with the
values determined by a laboratory countercurrent batch extraction is
given in Table 2. Examples of calculations at transient conditions are
given in Appendix B. The concentrations of uranium, plutonium, and
nitric acid resulting from these calculations may be used in evaluating
product losses, in determining the critical (nuclear) safety of the
equipment, in estimating the loading of the solvent so that decontamina-
tion from fission products may be estimated from other data, etc. Due
to the reflux of extracting components in a nmultistaged countercurrent
contactor system, the concentration of any extractable material may

reach a higher value in the column than in the feed or exit streams.



Table 2. Comparison of Steady-State Purex Conditions Calculated by the Original and Revised SEPHIS Programs with Data
from a Laboratory Experiment

Flowsheet Conditions: Scrub: 2 ¥ ENO,, 0.3 volume, stage 1; Feed: 27.7 g U/1, 4.43 g Pu/l, 3.2 g'HNO3, 1.0 volune,
stage 4; Organic: 15.3 v/o TBP--84.7 v/o n-dodecane, 1.8 volume, stage il

Uranium {g/1) Plutonium (g/1) Acid (M)
Stage Original1 Experimenta12 Revised’ Original Experimehtal Revised Original Experimental Revised
Aqueous Phase
i 21.0 18.5 18.8 5.20 4.1 4,22 1.85 2.487 1.93
2 28.2 23.0 24,6 9.10 5.8 6.48 1.82 2.1¢C 1.96
3 30.6 18.5 24.5 11.2 4.2 6.84 1.96 2.90 2.19
4 24.5 18.2 19.1 7.23 3.75 4.61 3.13 3.00 3.2%
5 2.57 -3 2.72 1.43 _9 1.91 0.9 0.96 3.33 2.90 3.35
5 0 12X1O—4 0.11 6.67x10_3 0.23 -2 0.091 0.13 -2 3.36 3.10 3.37
7 5 69x10_5 0.01 2.97x10_4 2.45x10_3 0.015 1.56xlo_3 3.36 3.10 3.37
8 2 53x10_7 1.31x10_6 2.63x10_4 0.003 1.94x10_4 3.36 3.10 3.37
9 1 13x16_8 5.86x10__7 2.81x10_ 0.001 2.42x10_5 3.36 3.07 3.36
10 5 lelO_8 2 63x10_8 3.03x10_é 0.001 3.Oéx10_6 3.31 3.01 3.30
11 2.80x10 1.29x10 3.95x10 0.010 4.15x%10 2.75 2.64 2.86
Organic Phase
1 37.6 38.8 36.9 2.46 2.53 2.4% 0.12 0.21 0.09
2 41.1 42.1 39.9 3.33 2.91 3.11 0.10 .21 .08
3 42.3 43.6 40.9 3.98 3.05 3.48 0.0% 0.24 0.09
4 42.7 43.7 40.9 4.33 3.21 3.54 0.12 0.26 0.13
5 17.7 3.5 13.6 5.22 2.65 3.27 0.27 0.29 0.30
6 1.85 7 1.28 1.02 _2 1.38 0.50 0.68 _9 0.41 0.34 0.39
7 9.17x10_3 0.07 4.72x10_3 0.16 _2 0.074 §.88z10 0.44 0.34 0.40
3 4.11x10_4 0.02 2.10x10_5 L.77x10_3 ©.00% 1.11x10_§ 0.44 0.34 .40
9 l.83x10_6 9.33xlc_6 1.89x10_4 0.002 1.37x10_4 0.44 0.35 .40
10 §.12x10_ 4.14x10_7 2.00x10_5 0.001 1.68x10_§ C.44 C.34 0.39
11 3.48x%10 1.78x10 1.90x10 0.004 1.86x10 ~ 0.40 0.30 0.34

'The original SEPHIS code as reported in ORNL-4746.
2izboratory data reported, p. 11, ORNL-4745.

3SEPHIS code in its present form.

ve



Changes in operating conditions can then result in transient high concen-
trations in the exit streams. During such transient conditions nuclear
criticality in tankage may be approached, a situation that would not
occur during steady~state conditions. The SEPHIS program may be used

to detect such occurrences. The program perhaps has its greatest utility
as an aid to the planning of laboratory tests designed to determine
optimum values for flowsheet parameters and as a diagnostic tool when
operating solvent extraction systems.

The number of theoretical stages required to give a specified loss
or separation of uranium and plutonium with a given flowsheet may be
determined by varying the number of stages used in the calculation until
the desired results are obtained. Similarly, the height equivalent to a
theoretical stage in a solvent extraction column or the stage efficiency
of a mixer-settler can be determined by adjusting the numbers of stages
in the calculations until the calculated effluent concentrations match
experimental data. TIn these calculations it is well to remember the
interdependence of the two parts of a compound extraction cascade when
analyzing the variation in the reflux of the extractable species with
operating conditions. It is therefore necessary to simultaneously
determine the number of stages in each end of a compound cascade when
performing calculations.

The time unit given by the program is that for one volumetric dis-
placement of an ideal mixer-settler contactor. The real-time equivalent,
therefore, is equal to the volume of one theoretical stage divided by

the sum of the flow rates to the stage. An example of such a calculation
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is given in Table 3, where the calculational time unit is equivalent to
0.85 min of real time. In this example, the column contained 11-1/4
theoretical stages and the time for the volumetric displacement of the

column is about 10 min.
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Table 3. Calculation of the Time for the Volumetric Displacement
of a Theoretical Stage in a Pulsed Column

Column Conditions
6 in. pipe, schedule 40, ID 6.065 in.

Pulse plates, 1/8 in. thick, 23% free space, 6 in. diam., 2 in.
spacing

Support rods, 3 ea., 1/4 in. diameter
Total length, 36 ft.
HETS, 3.2 ft.
Flow rate at 80% flooding, 1 in. pulse, 60 pulse/min. = 1600 gal/hr/ft2

Volume of a Theoretical Stage

2 2 R
[(6'2659 X Tx 3.2 x12] - [(ga X 7T x 0.125 x §;Z-§-li.x 0.77]

.25 2 .3 3
+ 3[(~§~D xmx 3.2 x 12] = 1047 in.” or 0.6059 ft.

{1 Flow rate through column

3 2 3
gal ft hr 6.056 , 2 <. fE
1600 £ 2 * 748 gal * 50 min [(2 X 12) x ] £t = 0.7153 min
ft™ » hr
Displacement Time
0.6059 £t° x — M~ 0.85 min

0.7154 ft
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o]
Lol

PROGRAM SEPFHIS
ORKFL, HODYFICATION OF THE RICHARDSON-~NANCE BEVIZED VERSIONW

TRANSIEST STAGE CALCULATIONS FOR PUBEX SOLVENT BITRACTYON PRCCESS.
CALCULATIONS VALID POGR 3 TRANSFERRING COMPOWENTS. ISCLUDES SALTING
EFFECT FROF NON-TRANSFERRING HITRATE SALTS. PLUTONIUM PARTITIOR
CALCULATIONS CAN SE MADE BY ENTERING THE REDUCTANT WORMALITY 8S 3
NEGAYYIVE PLUTONIUM CONCENTRATION ON THE AFPROPRIATE FEED CARL.
COHPONENT 1 = DRANTUN CONPONENT 3 = NITRIC ACID
COMFPONENT 2 = PLUTONIUH COMEQNENT 4 = SALT NITBATE
STAGE YOLUMES EQUAL DBLESS NOTED OYHERWISE.

agonoannaaaaonnD

2]
0

DIMENSION TITLE {19)

DIMENSICH AOUT(29) ,00UT{25) ,5TYOL(25),DF (4) ,SOLIN (3} ,SOLCUT (3},
1 AQOUT (25} ,ORGOUT (25)

DIMENSION AR {25} ,7TT (25) ,00(25) ,RATIO(25)

DIMENSICKN CPA(Y4) ,CFO(4)

CO#MON /FLWS/ TRATYO,IOUT,TVOL,RECY (25), ICHNGE, ALVRT (25) ,OLVRT (25)
COMMON/STGS5/ NSOLU,CODUM{25) ,AR{25) ,O0R{2%) ,aT(25) ,OT (25)
COMMON/FEED/ NTOST,AFDRT (25) , OFDRT (25)

COMMON/PROF/ IPRO,X (4,25,2) ¥ (4,25,2) ,KFD(4,25) ,YFD(4,25),

1 TPROF(25,2) ,AFPDTEA{25) ,OFDTE M (25)

COMMOR/BEC/ A{25) ,0(25) (RAID(25),RLYCA{25) ,RCYCO(25)
CONMOR/DIST/ CTBP,ARY (4) ,DTRY (4) ,TO,BN{25,2) ,RNFD (25)

a

NSOLU = 4

NEXT CASE IS NEH

ama

10 CONTINUE
READ 1001, TIITLE,CTBP,NTOST, IPRO,IRATTIOL,ICALC,IOUT,IVOL,IPR,IPNCH,
1 ICALEL

TITLE IS THE PROBLEN TITLE. 40 SPACES ARE ALLOWED.
HTOST = FOTAL NUMBER OF STHGES, MUST 80T EXCEED 25

NSOLU = NOMBER OF SOLUTES, MAYINUM &
CTBP = VOLUME PRACTION OF DRY TBP
IPRO = 0 FOR A ZERO INITIAL CONCENTEATION PROFILE
1 FOR A NON-ZERO INITIAL PROFILE
IRATID = 0 IF PHASE RATIO = FLOW RATIO
Y IF BHASE RATIO CARDS FOLLOW
ICALC = 0 FOF SHUT-DOWN CALCULATIONS (¥O U OR PU IN FEED STREAUS)
1t FOR START~OP OR INTERRUPTION
I0UT = O IF THERE ARE NO EXYRA OUTIGOING STREAMS
1 IF THERE ARE OUT GOING STREAMS IN ADDITION TO END STREA®S.
IVOL = 0 IF STAGE YOLUMES ARE ALL EQUAL
1 IF STAGE YOUMES ARE UNEQUAL BUT ACCORDING TO TOTAL FLOW
2 IF STAGE VOLUNES ARE INDEPENDENTLY UNEQUAL
3 IF STAGF YOLUMES ARE EQUAL AND SPECIFIED. (OPTIONS 2 OR 3

SHOULD BE USED fOR HAW CALCULATIONS PO CORRECT FOR STAGE
RESIDENCE TINE.)
IPR = 0 TO PRINT OUT ALL TIME INTERVALS
1 TO PRINT ONLY LAST INTERVAL
1 TO PRINT RVERY ZOTH TINE INTERVAL
ICHNGE = 0 IF NEXT CASE IS NEW
1
2 sToP
0 1If WO PUNCHED CARD OOTPUT DESIRED
t FOR FINAL PROFILE OUTPUT O¥ PUNCHED CARDS

IPNCH =
ICALPL = 0 NO CALCOAP PLOTS

= 1 PROFILE GRAPHS OF LOGORITHM QF CONCENTRATION
VS STAGE WUMBER AT STEADY STATE, 1,2, /U,
AND 1/8 OF STEADY STATE TI4E

TRANSIENT GRAPHS OF  CONCENTRATION VS TIHME AT
SPECIFIED STAGES FOR EACH TIME BLOCK

PLOT BOTH 1 AND 2

i H
W™

ZEROING OF ARRAYS

attaoannNaanNanNNaNANOOOaNNaNaONANO0CAaNNNN

po 15 J=1,N¥TOST
CoDUM (J) =0 .0
STVOL (1) = 0.0
DO 15 K=1,2
RN (J,K) = D.O
TPROF{J,K) = 25.0
Do 15 I=1,¥S0LU
PE(I) = 0.0
L(IJ,K) = 0.0
¥(I,3,K} = 0.0
15 CONTINOE

ICBNGE = 0

c

C WEXT CASE INVOLVES ONLY A CHANGE XN FEED FLONS, COMP,TEMP

c

20  CONTINUE

Do 25 3=1,NYO0ST
aqJ) = 0.
o{y = 0.
AFDRT (J)
OFDRT (J)
ALVRT (J)
QLY KT (J)

[ T~ e

10

a0
40

60
70
80

100
110
120
130
140
150
161
160
170
180
190
00
210
211
220
230
240
250
260
270
280
290
300
301
3190
320
330
340
350
360
370
380
390
400
410
%20
430
ELL]
254
460
470
480
430
500
510
520
530

IF NEXT CASE INVOLVES ONLY A CHAWGE IN FEEC FLOWS, COMP, ANWD TEMP

550
560
570
580
590
600
610
620
630
6u0
650
660
870
680
690
700
710
720
730
T40
750
760
770
780
790
800
310
820
830
840
850
860
870
880
890
900
910
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RNFD{J) = 0.0 920

AFDTES {J) = 25.0 930

OFCTEH (J) = 25.0 940

25  COHWTINGE 950

DO 30 I=1,NSOLU 960

CFA(I})=0. 970

CFO{I)=0. 980

po 30 J=1,NTOST 990

XFD(I,J) = 0.0 1000

YPD(I,J) = 0.0 1010

30 CORTINUE 1020

c 1030

c 1040
C PROFTL SETS INITIAL CONCENTRATIONS FOR TIME ZERO, ALSO DEFINES FEED STREAMS

c 1060

CALL PRCFIL 1070

[od 1080

C 1090

C WRITE FEED STREAM DATA 1100

C 1110

PRINT 1002, TITLE 1120

WRITE (6,1003) 1136

DO 40 I=V,NTOST 1140

IF(AFDRT(I).LE.O.) GO TO 40 1150

PRINT 1004,I,XPD(V,I),XFD(2,1) ,XFD(3,I),XFD(4,I),AFDET (I}, 1160

i AFDTEM (I) 1161

[+ 1170

c 1180

€ COMYERT TO MOLARITY 1190

[ 1200

XFD(V,I)=XFD(t,1)/238. 1210

XFD(2,T)=XED(2,1} /239, 1220

C AQUEGUS STAGE FLOW RATES (AFDRT) AND AQUECUS CONTENT 1230

C OF STAGE (XFD) CONVERTED FROM VOLUME UNITS TO 1240

C SOLUTE-FPREE VOLUME UNITS 1250

C 1260

DENOHMA = 1.0-0.0720%XFD(1,I}-0.13%XFD (2,1} -0.0309*XFD(3,1) 1270

1-.031*XFD(4,I) 1271

IF(XFD(2,1).LT.0.) DENOMA = DENCMA + .13*XFD(2,1I) 1280

AFDRT (I) = AFDRT{I)® DENOHA 1290

Do 35 3 = 1,4 1380

XFD(J,I) = XFD(J,I)/DENOHMA 1310

IF(XFD(2,1).LT.0) RNFD(T) = XF¥D(2,I) 1320

35  COWTINUE 1330

[« 1340

c 1350

€ IO IS HMOLARITY OF DRY, SOLUTEZ-FREZ TBP 1360

[« 1370

a0 CONTINUE 1380

T0 = 3.65145 * CTBP 1390

[ 1400
c US,PUS,AND HS ARE MOLARITIES OF U,PU, AND HNO3 REQUIRED TO SATUBATE THE TBP

C  WO,%C, AND WOM ARE CALCULATED WATER CONCENTRATIONS IN THE TBP PHASE 1420

c 11430

US = 0.5%T0/(1.040.0U6*T0) weo

PUS = 0.5%T0/ (1.0+0.09%T0) 1450

DO 50 I=1,NTOST 160

C 1470

C SET ACID IN ALL STAGES TO SCRUB ACID CONCENTRATION 1480

C 1430

IF (IPRCLEQ.0) X (3,I,1)=XFD(3,1) 1500

c 1510

IFP(OFDRT(I).LE.C.) GO TO 50 1520

PRINT 1005,CTBP,I,YFD(1,I),YFD(2,1),YFD(3,I),YFD(4,I) ,0FDRT(I), 1530

1 OFDTEM (I) 1531

C 1540

C COMNYERT TO MOLARITY 1550

C 1560

{FD(1,I)=YFD(1,I) /238. 1570

YFD{2,T)=YFD(2,1)/239. 1580

c 1590

C ORGANIC STAGE FLOW (CPDRT) AND ORGANIC CONTENT 1600

C OF STAGE (YFD) COWNYERTED FROM VOLUME UNITS TO 1610

C SOLUTE-PREF VOLUME UNITS 1620

c 1630

WO=(3.95-0.0144*0FDTEH (1)) *CTBE**1,65 1640

HS= TO* (1.0-0.00609%K0) /{1.0+40.043%T0) 1650

WC = WO*{1.0-YFD(1,I)/US-YFD(2,I)/PU5-0.65%YFD (3, I)/HS) 1660

DENOMO= 1.0~0.097*YFD(1,1)~0.139*YFD(2,I)~.043%YFD(3,1)-0.017u*iC 1670

OFDRT (I} =OFDRT (I) *DEHCHO 1680

DO 45 J=%,3 1690

YFD(J,I)= YFD(J,I)/DENOMO 1700

45 CONTINWUE 1710

c 1720

< 1730

C FEED CONCENTRATIONS AND VOLUMES ARE NOW ON & SOLUTE-FREE BASIS 1740

C 1750

c 1760

C FLOWS SETS ALL INTERSTAGE FLOW RATES, DEFINES OUTGOING STREAMS AND FLOW 1770

c RATIOS, AND CALCULATES NECESSARY RECYCLE FLUWS 1780

[ 1790

50  COWTINUE 1800

CALL FLO®3 (STYOL} 1810

C 1820

C PRINT OUTGOING STREAMS (ALVRT AND OLVRT) IN SOLUTE-FREE VOLUME UNITS 1830
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If HO EXTRA OUTGOING STREAHNS, AVOID PRINT OF ALVRT AND OLVRT

IF{INUT.EQ.0) GO TO 65

O anan

PRINT 1006
DO 55 I=1,8TOST .
IF(ALVRT(I).L%.0.) GO TO 5%
PRINT 1007,Y, ALVRT(I)
55  CONTINUE
po 60 I=1,NTOST
IF(OLYRT(Y) .LE.0.) 6O TC 6D
PRINT 1008,L,0LVRT(Y)
60 CONTINUE

C
C PRINT INITIAL PROFILE BEFORE UNIT CONVERSION
<

€5 CONTINUE

PRINT 1009
Do 70 J=1,8TOGST

PRINT 1010,d, X(1,0, 1), X(2,0, 1), X(3, 3,1 X (1,0, 13, ¥(2,3, 1} ,¥{3, 3, 1}

1 ,TPROF (J, 1)
70 CONTINUE

CHECK FOR HNON-ZERO INITIAL PROFILE

aan

TF{IPRO.EQ.O,.AND. YCHNGE.EQ.0}) 6O TU 85
Do 80 J=3,NT0ST

CONVERT TO MOLARITY

ano 0

(1,3, 1) =x1,3,1) /238,
(1,3, 1) =¥ (1,3,1) /238.
X(2,d,1)=%(2,3,1) /239,
Y{2,3,1)=Y(2,J,1) /239.

CONVERT IFITTAL PROFILE (X AND Y} TO 3OLUTE-FREE CONCEFTRATICNS

[sNs¥el

DENOMA=1,0~0.0726%X (1,3, V) -0. 13%X(2,J, 1) ~0.0309%X (3,4, 1)
1~ 0.031%X (4,7, 1)

W0 = {3.95 - 0.0164*TPRAF (J, 1)) *CTBP*1,65

HS= TO* (1.0~0,00609%4W0) /(1.0+0.043%T0)

WE=WO* (V,0-Y(1,J, V) /US-Y (2,3, 1) /PUS-0.65%Y (3 ,J, 1) /HS)

DENONG=1.0-0,097%7(1,J,1)~0.139%Y (2,J, 1) ~0.043%¥ (3,3, 1)~ 0.017u*uC

DO 75 I = 1,8
X(I,d, 1 =X(X,d, 1) /DEFOHA
Y{I,J,1)=Y(L,J,1) /DENONO
75  CONTLINUE
[
£(2,3,1) = %(2,3,7) + RS, 1)
80  CONTINOUE

PROFILE COWCENTRATIONS ARE FOR O SOLUTE-FREE BASIS

anon

a5 CORTINUE

(el

C PRINT APPROPRIATE TITLE FOR TRATIO
c
IF (IRATI0.EQ.0) GO TO 90
PRINT 1011
GO TO 95
90  CONTINUE
PRINT 1012
95  CONTINUE

C
C PRINT PHASE RATIOS
(o4

Do 110 I=1,RTOST
IF{1.EQ.1) GO TO 100
IF(PRATIO.EQ.RATO(I)) GO TO 105
IK=I~1
PRINT 1013,NST,IK,PRATIC
100 CONTINUE
PRATIO=RATO(T)
NET=T
105 CONTINOE
IF(I.LT.NTOST) GO TO 110
PRINT 1013,N57,1,PRATIO
110  CONTINUE
PRINT 1014

A IS AQUEOUS LNTERSTAGE FLOW

0 IS5 ORGARIC INTERSTAGE FLOW

Ad IS5 TOTAL AQDEQDS FLOW LERVING STAGE

00 IS TOTAL ORGAWIC FLOW LEAVING STAGE

RCYCA IS AQUEOUS RECYCLE TO SATISFY PHASE RATIO
RCYCO IS5 ORGANIC RECYCLE TC SATISFY PHASE RATIO
AR IS AQUECUS RECYCLE TO FILL STAGE

OR IS ORGANIC RECYCLE T0 FILL STRGE

AT IS TOTAL AQUEQUS FLOW WITHIN & STAGE

OT IS TOTAL ORGANIC FLOW WITHIN A& STAGE

TT IS TOTAL FLOW ON TO B STAGE

nnoaahaanannnNn

1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1360
1970
1880
1990
2060
2010
2020
2030
2G40
2050
2051
2060
2070
2080
2090
2100
2110
2120
2130
2180
2150
2160
2170
2180
2190
2200
2210
2220
2230
22131
2280
2250
2260
2270
2280
22%0
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2810
2620
2430
20640
2450
2660
270
2480
2490
2500
2510
2520
2530
25490
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
27130
2740
2750
2780
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DO 115 I=1,¥TOST 2770

AA (I) =ALVRT(I) +A(I) 2780

00 (I) =OLVRT(I) +0 (1) 2790
RATIO(I)=AA(I),00(I) 2800

AR(I) = RECY(I)*RAIO(I)/ (1.0+RAXO(I)) 2810

OR(X) = RECY(I)}/(V.0+RAIO(I)) 2820

AT (I) =AA(I)}+AR (I) +RCYCA(Y) 2830

OT (1) =00 (I)+OR {1} #RCTCO (I}) 2840

TT (1) =AT{(X) +0T (I} 2850

115 CORTINUE 2860
[od 2870
C PRINT STAGE FLONS 2880
C 2830
DO 120 J=1,KTO5T 2900

PRIWT 7015,J,RATIO(J),AA(J) ,AR(J),RCYCA(J) ,AT(J) 2910

120 CONTINUE 2920
PRINT 1016 2930

DG 125 J=1,NTOST 29490

PRINT 1017,J,7TT {3}, STVOL (J) ,00 (J) ,OR (J) ,RCYCO (J), CT (J) 2950

125 CONTINUE 2960
WRITE(6,1018) 2970

[ 2980
C M - IS 100 OR LAST TIME INTERVAL 2990
C ICEN - COUNTS BY 100°'S NUMBER OF ITERATIONS 3000
C ADF - MAX(DF(1),DF(2),DP(3)) FOR A GIVEN TIME IWTERVAL 3010
C BDF - aDF FOR PREVIOUS TIME INTERVAL 3020
C CDF - SET EQUAL TO ADF IF ADF=BDF (CONVERGENCE HAS OCCURRED) 3030
C DDF - DETERMINES PD¥,PPDF,PPPDF,PPPPDF (PERCENT STEAEDY STATE) 3040
C 3050
M=100 3060

ICEN = 0 3070

BDF = 0. 1080

CDF = 0. 3090

DDF = 0.10 3100

o 3110
€ INITIALIZATION OF TOTAL MOLES IN (SOLIN) AND TOTAL MOLES OUT (SOLOUT) 3120
(o 3130
DO 130 I = 1,3 3140
SOLIN(I) = 0.0 3150
SOLOUT {I)=0.0 3160

130 CONTINUE 3170
DO 135 I = 1,3 3180

po 135 J=1,5TOST 3190

SOLIN {T) =SOLIN (I) *AFDRT {J) *XFD (1,J) +OFDRT (J) *YFD({I,J} 3200

IF (XFD(I,J).LT.0) SOLIN(I) = SOLIN(I) - AFDRT (J)*XFD(I,J) 3210

135 CONWTIHUE 3220
C 3230
SPH = 0.399%CTBP + 0.321%(1.0 - CT8P) 3240

C 3250
C K - TIXE INTERVAL COUNTER (80D 100) 3260
C 3270
140 COWTINUE 3280
K=1 3290

C 3300
C STAGES PERFORNMS STAGE CALCULATIONS FOR EZACH TIME INTERVAL 3310
C 3320
W5 CONTINUE 3330
CALL STAGES (SPH) 3340

DO 150 J=1,NTOST 3350

TPROF (J, 1) =TPRO¥ (I, 2) 3350

DO 156G I=1,4 3370
X(1,J,1)=X{1,J,2) 3380
Y(1,J,1)=Y(1,J,2) 3390

RN {J, 1) =R¥ (J,2) 3400

150 CONTIWNUE 310
C aL20
C IF NUMBER OF TIME INTERVALS IS LESS THAN THE NUMBER OF STAGHS, 3830
C OHMIT CALCULATION OF SOLIN,SOLOGT, ARD PERCEWT STEADY STATE 3840
c 3450
IF(ICEN.Z2Q.0, AND.K.LT. RTOST) GO TO 210 3460

[ 3470
C IF SHUTDOWN (ICALC=0), CHECK FOR NEAR ZFRO CONCENTRATION 3480
C 3490
IF (ICALC.EG.1) GO TO 160 3500

C 3510
C FOR SHUTDOWN, ICALC=0, TEST FOR COMPONENTS 1 AND 2 = 0, HOT CCMPONWENT 3 3520
C 3530
DO 155 J=1,NTOST 3540
IP(X(1,3,1}.6T.0.000001) GO TO 210 3950
IF(Y(Y,J,1).6T.0.000001) GO TO 210 3560
iF(X(2,3,1).6T.0.000001) GO To 210 3570
IF{¥{2,J,1).GT.0.000001) GO0 TO 210 3580

155 CONTIROE 3590
GO TO 205 3600

C 3690
C CALCULATION OF PERCENT STEADY STATE 3620
C 3620
C 3640
C 3650
C CALCULATE TOTAL MOLES IN (SOLIN) BANO TOTAL HMOLES OUT (SOLOOT) 3660
[ 3670
160 CONTINUE 3680
DO 165 I = 1,3 3690
SOLOUT (I} =R {NTOST) *X (I ,NTOST, 1)+0(1) *¥(I,1,1) 3700

DO 165 J=1,8T0ST 3710
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SOLOUT (I} =SOLOUT {I) +ALYRT {J) *X (1,0, 1) +OLVRT{J)*¥(X,J, 1) 3720

165 COHTINUE 3730
po 170 3 = 1,NTOST 3740
SOLOUT (2) =SOLOUT (2) -~ ALYRT {J) *RN(J, 1) 3750

170 CORTINUE 3750
SOLOUT{ 2) =50LOUT (2) ~A (HTOST) *RE (NTOST, 1) 37170

[ 3780
po 180 1 = 1,3 3790

IF (SOLIN(T).GT.0.) 60 %0 175 3800

pE(I) =0, 3810

GO TO 180 3820

t75 CONTINUE 3830
DF (I} =ABS{ (SOLIN(T)} ~SOLOUT(I}) /50LIN (1)} 3840

180 CONTINUE 3850
ADF = AMAXY(DF (1) ,DF{2},DF{3)) 3860

[ 3870
C TIF ADF=BDF (PERCENT STEADY STATE POR CUBRENT TIME INTERVAL 3880
C SAME A5 PREVIOUS TINE INTERVAL), TERMINATE CAICULATICNS 3890
[ 3900
IF (ADP.NE.BDF) GO TO 18S 3910
CDF=ADY 3920

GO To 205 3930

[of 3940
185 CONTINUE 3950
BDE=ADF 3960
IF(ICEN.GE. 3. AND.DDF.LT.0.004) DDF = 2.%*DDF 3970

IF {(ADF.GT.DDF) GO TO 210 3980

< 3990
C 90% STEADY STATE 4000
o 4010
IF(PDF.LT.0.,100) GO FO 190 4020

JE=K+ 100*ICEN 4030

PDF = 100. * (1.0-DDF} 4040

DDF = 0.05 4050

GO0 TO 210 4np0

C 4070
C  95% STEADY STATE 4080
[ 4090
190 CONTINUE 4100
IF{DD¥F.1T1.0.0%5) GO TO 195 4110
JIK=K+100*ICEN 4120

PPDF = 100. * (1,0-DDF) 4130

DDF = 0.010 4140

GO TO 210 4150

[ 4160
C IF 99% STEADY STATE HAS BFEN REACHED AND ICENDD, PRINT TIME INTERVAL 4170
C AND PERCENT STEADY STATE 4180
C 4190
195 CONTINUE 4200
IF (ICEN.GT.0) GO TO 205 4210

[ 4220
C 4230
C  99% STEADY STATE AND ICEN=0 4240
[ 4250
IF(DPDF.LT.0.010) GO TO 200 4260
JIJK=K+ 1002TCEN 4270

PPPDF = 100.%(1.0 - DDF) 4280

DDF = D.00S 4290

GO TO 210 4300

c 4310
C IF 99.5% STAEDY STATE HAS BEEN REACHED AND ICEN>0, PRIN?Y 4320
€ TIME INTERVAL AND PERBCENT STEADY STATE 4330
C 4340
200 CONTLNUE 4350
IF (ICEN.GT.0) GO TO 205 4360

C 4370
C 99.5% STEALY STATE AND ICEN=0 4390
c %390
IF(DDF.LT.0.005) GO T 205 4000
JIJIK=K + 100*ICEN 65410
PPPPDF = 100.%(1,0~DDF) 4u20

DBF = 0.001 2430

GO TO 210 4440

[ 4450
205 CONTINOE 4460
M=K 4470

210 CONTINUE N 480
c 4490
C DETERMINE IF TIME INTERVAL IS T0O BE PRINTED 4500
c 4510
IF(IPR.$Q.0) 6O 70 215 4520
IF(TPR.EQ.-1.AND. (K.EQ.20,08,K.EQ.U0.0R.X.EQ.60.0R.K.5Q.80.0R. 4530

1 X.EQ.H)) GO T0 215 4531
IF{IPR.FQ. 1.AND.K.EQ.H} 6O TO 215 4540

G0 TO 255 4550

C 9560
215 CONTINUE 4570
[+ T 8580
[of 4590
€ CONYERSION BACK TO VOLUME ORITS 4600
4610

DO 230 J=1,NTOST 4620
IF{RN{J, 1) .LT.0.) X({2,J,2)=X(2,J,2)~BN{J,2) 4630
DENA=1.04¢0.0724%xX(1,J,2) +0.13%%(2,J,2) +0.0309*X (3,J,2) + 4640

1 0.031xx{4,3,2) 46ut



220

225
o}

38

WON=(4.,2-0,015% TPROF (J,2))* (1.0-2.0%(¥Y(1,J0,2)+Y (2,7, )/

1 To-0.6%Y(3,Jd,2) /T0) #*CTBP**1.69

DENO=1.0+0.097*Y(1,3,2)+0, 139%Y(2,J,2) +0.043*Y(3,J,2) +

1 0.0174%WON

AGUT{J} = (A (J) +ALVRT (J) ) *DENA
0007 (] = {O (J) *+OLVRT (J) } #DENO
IF(IOUT.EQ.0) GO TO 220
RQOUT {J) =-ALVRT {J) *DENA
ORGOUT (J) =-OLVRT (J) *DENO
COWILKUE

po 225 1=1,3
X(I,3,2)=X{1,3,2) /DENA
¥(1,J,2)=Y(1,J,2) /DENO
CONTINUE

C COBYERT 70 G/L

(o4
230
C

C PRINT X AND Y O¥ DISK (UNXIT i0) FOR CALCOHP PLOTS

C

235
C

X(1,d,2)=X(1,d,2)*238.
Y(1,3,2)=Y(1,d,2) *233.
X(2,3,2)=X(2,J,2)*239.
Y(2,3,2)=Y(2,J,2) *239.

CONTINUE

L=K+100*ICEK

Do 235 J=1,MTOST

WRITE (V1) L,(X(X,J,2),I=1,4y,(Y(I,d,2)},I=1,4)
DO 235 JJ=1,4

CFA{JJ) =AKAX(X(JJ,J.2) ,CFA(JJ))

CFO({JJ) =AMAX) (Y (3J,d,2) ,CFO (JJ))

CONTLHDE

C PRINTOUT FOR A GIVEN TIHE INTERVAL

[of

240

245

250

[sE2Xs X2 Xs}

255

anoaon anonnn

nnonan

I

PRINT 1C19

DO 245 J=1,NTOST

IF(J.GT.1) GO TO 240

L=K+100%ICEN

PRINT 1020,L,d,(X(I,J,2),I=1,3),20UT {J)
IF (ALVRT (J) .GT.0.) PRINT 1021, AQOUT (J}
GO TO 245

CONTINUE

PRINT 1022,d, (x(1,J,2),1=1,3),A0UT(J)
IF(ALVRT(J).GT.0.) PRINT 1021,AQOUT (J)
CONTINUE

PRINT 1023

DO 250 J=1,NTOST

IF (OLVRT (J) .GT.0.) PRINT 1021, O0RGOHT (J)

PRINT 1024, J,(Y(I,J,2),I=1,3), OOUT{(J),CODUH{J),

1 TPROF (J,2)
CONTINUE

T ZEMENT TIME INTERVAL COUNTER

CONTINUE
K=K+

IF(K.LE.H¥) GO TO 145

IF (ICALC.EQ.0) GO TO 260

APDF = 100.*(1.0 - ADF)

PRINT 1025, APDF

IF(DDF.LT.0.1} PRINT 1026,PDF,JK

IP (DDP.LT.0,05) PRINT 1026,PPDF,JJK
IF{DDF.LT.0.01) PRINT 1026,PPPD¥,J7JK
IF(DDF.LT.0.005) PRINT 1026,PPPPDF,JJJJK
IF (IOUT.GT.0) PRINT 1027

C CHECK FOR CCHVERGENWCE

C

IF (ADF.NE.CDF} GO TO 260

PRIWT 1028

CONTINUE

IF(M.LT.100) GO TO 265
ICEN=ICEN+1

IFP (ICEN.R20.15) GO TO 265
GO TO 140

C CONVERT TOTAL #HOLES IN AND OUT TO G/L AND PRINT

IF K LESS THRW OR EQUAL TC M,PERFORH STAGE CALCULATIONS FOR ANOTHER
TIME INTERVAL

IP SHUTDOWN (ICALC=0), BYPASS PRIKTOUT OF PERCENT STEADY STATE

PRINT PERCEWT STEADY STATE AFTER EVERY 100 TIME INTERVALS
AND OTHER CASES WHEN K=

4650
4651
4660
4661
4670
4680
4630
4700
470
4720
4730
4740
4750
4760
4770
4780
4790
4800
4810
4820
4830
4840
4850
4860
4870
4880
4890
4300
4910
4920
4930
4940
4950
u960
4970
4980
4990
5000
5010
5020
5030
5040
5050
5060
5070
5080
5090
5100
5110
5120
5121
5130
5140
5150
5160
5170
5180
5190
5200
5210
5220
5230
5240
5250
5260
5270
5280
5290
5300
5310
5320
5330
5340
5350
53860
5370
5380
5390
5400
Sato
5420
5430
Suu0
5450
5460
5470
5480
5490
5500
5510
5520
5530
5540
5550
5560



265 CONWTIHUY

SOLTN {1} =SOLIN {1} %238,

SOLGHT { ) =S0LOUT (1} #238,
SOLIN (%) =SOLE§ {2} #239..

SOLOUT { 2 =S0LOYUY (2) %239,
PRINT Y029,S0LTA{MN ,SCLOUT(H
PRYNT 1030,S0LIN(2) ,SOLOUT {2}
PRINT 1031,SOLIN{H ,SCLOUT(3)

c
C PKIAT AINUTES PER TINE IRTERYAL
c
TIRINT=STFOL (1) / (AT (1) +OT (1)}
IF (IVOL.GE.2) PRINT 1032, TIATNT
¢
€ CALCOMP PLOTTER OUTPUT
c

1F(ICALRBL.EQ.0) 5O TO 270
©ALL PLOGTR{#+100%ICEN, ICALPL, NEOSY,CFA,CFO)
270 COWTINUE

C
C PUNCHEDR CARD OUTPUT
<

IF (IPRCH.LE.0) GO TO 280
0o 275 J=1,4705T
PHHCH 1033, {X{T,J,2) pX+1,3}, (Y(X,3,2) ,I=1,3},
1 PPROF (3, 1) ,X {8, 3, 1)
275 COBTIHUE
c

C
C READ HEXT CASE
C
280 COXTINUE
READ 1038, ICHNGE, IDIF
IF(IOLF.EG.1} READ 1034,TCALC,IONT,IPR,IPHCH ICALDL
TF {ICHNGE.£0.0} 60 TO 10
L[F{ICHKGE.¥Q.2) STOP

IF YCHNGE = 1, WEW FEED STREAfl AWD OUT CARDS ARE REQUIRED FOR EACH
PEED AND EXIT STREAS,EVEN IF NO CHANGE IS MADE. NO PROFILE CARDS
ARE REQUIRED,

ICHHGE=Y

INITIAL PROFILE IS SET AS 'HAT AT END OF LAST CALCULATION.

aNaaaaann

IPRO=(Q
Do 285 1=1,%
DO 285 J=1,8T0ST
XL, 3, 1) =X(1,0,%)
(L0, 1) =¥ (1,3,2)
285 CONTIHUE
a0 TO 20
C
c
1001 FORMAT {10RS,/,¥8.0,9T12)
1002 FORMAT {(*JCALCULATIONS FOR A SOLVENT RXTRACTION PRCGCESS®,
1 ¢ HAVING 3 INTERACTING SOLUTES®, 16X, 10A4)
1003 FORMAT (*DFEED STREAM DATA’, 16X, 'STAGE?, 3X, *URANIUM ' ,5X,
1 *PLATONTON? , 6X, "HNG3®, 6K, S&LT NO3 *,3%,'FLOK RAYE',6X,
2 UTEHP?!, /38,10, 5,58, (GALY ', BL,  (GAL) T LBX, ), 10K,
3 (M) ,6X,t (VOL.UNITS)*, BX,'DEG C* /)
006 PORHAY (24X, *AQUEOVS ¢, 74,4 ({3X, 1PE10.4}),3X,89.3,3%,0P77. 1)
1005 FORMAT (19X, 2PP6. 1, « TB? ¢, T8,4(3K,1PE10.4 .3X,59.3,
1 3%,00%7.1
1006 FORMAT {°0%)
1007 FORMAT (! AQUEOUS STREAX 3IBMOVED AT STAGE',X3,'. FLOW =',
1 1PE9.3,! {SOLUTE-FREE VOLUME DNITS) .
1008 FORMAT({* ORGANTIC STREAM RENOVED AT 5TaGE’,I3,°. FLOR =*,
1 1PE9.3,' (SOLDTE-FREE VOLUME USITS) .Y
1009 PORKAT {tOINTTIAL PROPILEI,VIX,YSTAGEY, 13X, "AQUECUS PHASE',26%,
1 CORGANYC PHASE, 10X,/ 30X, N0, 4X, "0RANIONA* 5K,
2 'PLUTONIUM® ,6X, HNO3 ', BX,'URANIUM®,5X, 'PLUTONIUA" ,6X,
3 THNO3Y VX, YTEMPY, /,31%, Y {OUTPLOW) * 2%, ° (G/1) *,8%X,
4 T{G/LY BN, (M) N0, {G/L) Y, BX, P {G/L) 0, 8K, (M) *,8%,DEG C*,/)
1030 PORMAT (32X,78,6(3X,1PE10.4},3%,00P6. 1)
1011 PORMAT(YOPRAASE RATIONS 0O ¥OT KQUAL FLOW RATINS? 31X,
1 TSTAGE WO.',2X,'R2/C FPHASE RATIO!, /)
1012 FORGBAT (*OPHASE RATIOS EQUAL FLOW RATIOS', t9X,!'sSTAGE ¥O.?!,
1 2X,*A/0 PHASE RATYIOY,/)
1013 FORMAT (H0X,I8,% ~*,T8,4%,1P810.3)
1014 FORMAY (/,! STAGE FLOWS (SOLUTE-FREE VOLUHMES; :',/, 1Y,

1 *tAQUEOUS PHASE?,/, 47X, "RECYCLE 2 RECICLE 1 TOTALY ./,

2 Y 3TAGE FLOW® , 22, FLO§ CUT T0 FILL FOR PHASYE',

3 ¢ AQUEQUS?, /,"H NO. RATIO, 21X, "OF STAGE STAGE?,
4 ¢ RATIO FLOW®)

1015 FORMAT (2X,12,8%,1P8%. 3, 17K, 4{2X,59.3}))
D16 FORMAT {#,9%, *OYFRALLY, 36X, *ORGANIC PHASE® ./, 10X, T0TAL7,

1 32¥,*RECYCLE 2 RECICLE 1 TOTALY, /., STAGE STAGE®,
2 21X, PLOW OUT TO FILL FOR PHASE ORGANIC? ./,

3 '8 WO, FLOW STAGE YOL.',7X,*0F STAGE?,

4 ot STAGE RAT IO FLOW)

1017 FORMAT (2%,72,2%,2{2%,1989.3),6X,4(2X,29.3})
1018 FORMAT (27HVTRANSYENT BEHAVIOR RESOLTS, 10X, 49HSOLUTE CONCERTBATTOW
15 I¥ REPFLOENT FROM EBACH STAGE)

5570
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5690
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5750
5760
5770
5780
5790
5800
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5820
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5850
5860
5370
5880
5890
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5300
5910
5920
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5940
5950
5960
5970
5980
5990
6000
6010
6011
6012
6013
6014
6015
6020
60130
6040
6050
6060
6061
6070
6071
8072
6073
6080
6090
6091%
6100
5110
6111
6120
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6330
5131
6132
6133
6134
6140
6150
5151
6160
5161
6170
6180
6181
6182
6183
6184
6190
6200
5201
€202
5203
€204
6210
6220
6221



40

1019 FORNAT {///,31X,'AQUECUS PHASE',/,3X,'TIME',4X,*STAGE", 6230
1 3X,'URANIUM',3X,'PLUTONIUN',%X,'HNO3',5X, 6231
2 'FLOW 0OUT',/,' INTERVAL',3X,'#0.°,5X,*(6/L)', 6232
3 6X,'(G/L)*',7%,* (M} ',5%, OF STAGE') 6233
1020 FORWAT{ 1X,14,7X,12,2X,4(2X,1PE9,3)) 6240
1021 FORSAT(12X,3 (10X, '*'),SX, 1PE10. 3) 6250
1022 PORHAT {(12X,I2,2%,5(2X, 1PE9. 3), 13X,89.3) 6260
1023 FORMAT (/,31X,'ORGANIC PHASEY,/,11X,'STAGE',3X, 6270
1 'URAWION',3X,'PLUTCNIUMN®,86X,'H¥03?,5X, 'FLON 0UT?, 6271
2 6X,'ITERA-',2X,'TEHP',/,12X,'NO.',5X,* (G/L} ', 6272
3 6X,'(G/L)*,7X,°(4)!,5Y,'0OF STAGE',6X,'TIONS®,3X,'DEG C*) 6273
1024 FORMAT(12X,12,2X,8 (2%, 1PES.3) ,6X,0PF3.0,4X,F4. 1) 6280
1025 FORIRT{*0°,F7.2,' PERCENT STEADY STATE BY OVERALL MATERIAL®Y, 6290
1t BALARCE?) 6291
1026 FORMAT (* *,F6.1,2X,'PERCENT OF STEADY STATE AFTER TIHES, 6300
1 ' INTERVAL',I6) 6301
1027 PORMAT(1H0,* * SIDE STREAM REMOVED FRO# INTERSTAGE PLOW BETWEEN 6310
1THE INDICATED STAGES.') 6311
1028 FOREAT{1HO,'CALCULATION TERMINATED BY CONVERGENCE AT INDICATED _ S 6320
1TEADY STATE.') 6321
1029 FORMAT(/,' TOTAL G/L URANIUN IN:',2X,1PE11.4, 6330
1 ', OUT:z',E11.4) 6311
1030 FORMAT(' TOTAL G/L PLUTONIUN IN:', 1PEV1.4, 6340
1 ', OUT:',ET11.8) 6341
1031 FORMAT (' TOTAL MOLES HNO3 IN:¢,5X,1PE11.4, 6350
¢, oOT:',E11.4) 6351
1032 FORNAT(/,' MINUTES/TIHE INTERVAL:*,F7.3) 6360
1033 FORMAT(2{F8.6,F8.7,F8.6) ,F8.4} 6370
1034 FORKAT (512) 6380
c 6390
[ 6400
E¥D 6410
SUBROUTINE PROFIL PROFI 10
COMMON/PROF/ IPRO,X(Y,25,2),Y (4,25,2),XFD(4, 25) ,YFD(4,25), PROFI 20
1 TPROT (25,2) ,AFDTEN (25) ,0FDTEN (25) PROFI 21
COMMON/FPEED/ NTOST,APDRT {25) ,0FDRT {25) PROFI 30
¢ PROFI 40
C DEFINE FPEED STREAMS PROFI 50
c I = STAGE NUMBER THAT FPEED ENTERS JHAS = | FOR AQUEOUS PEED PROFI 60
C FDRT = FEET FLOW RATE (VOLUME DNITS) 0 FOR CRGANIC FEED PROFI 70
C CONY = URANIUM CONTENT IN G/L INDEX = ' IF MORE FEED CARDS FOLLO®
C COW2 = PLUTONIUM CONTEWT IN G/L 0 FOR LAST CARD
C CON3 = ACID MOLARITY TENP = TEMPERATURE IN DEGREES C
C CON4 = NITRATE MOLARITY FRON INEXTRACTABLE SALTS, INCLUDING THE REDUCTANT
C ENTER PU REDUCTANT NORMALITY AS NEGATIVE PU CONCENTRATION. PROF 120
c PROF 130
10 COHTINUE PROF 140
READ(S5. 1001) I,JHAS, FDRT,CON1,CON2,CON3, TEHP, INDEX ,CONY PROF 150
IF (JHAS.EQ.1) GO TO 20 PROF 160
c PROF 170
C OBGANIC FEED PROF 180
c PROF 190
QFDRT {I) =FDRT PROF 200
IF (IEHP.EQ.0.) GO TG 15 PROF 210
OFDTER (I) = TENP PROF 220
15  CONTINUE PROF 230
YPD(1,I) = CON?Y PROF 240
YPD{2,1I) = CON2 PROFP 250
YFD(3,I) = CON3 PROF 260
YFD(4,I) = CONG PROF 270
Go 10 30 PROF 280
C PROF 290
C AQUEOHS FEED PROF 300
C PROP 310
20 COWTINUE PROF 320
APDRT (T) = FDRT PROF 330
IF{(T38P.EQ.0.) GO TO 25 PROF 340
AFDTEN {I) = TEHP PROF 350
25  CONTIRUE PROF 360
XFD(1,T) = COWI PROF 370
XFD{2,I) = CON2 PROF 380
XPD(3,I) = CON3 PROF 390
XFD(4,T) = CONG PROF 400
c PROF 410
C HNORE CARDS? PROF 420
c PROF 830
30 CONTINUE PROF 440
TF {(INDEX.EQ.1) 6O TO 10 PROF 450
c PROF 460
c PROF 470
C CHECK FOR NCN-~ZERO TNITIAL PROFILE PROF %80
c PROF 490
IF (IPRO.GT.0) GO TO 49 PROF 500
c PROF 510
C FOR IPRO = O, THE ZBRO PROFILE IS ALREADY IN X AND ¥ ARRAYS PROF 520
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c FROF 530
DO 35 J=1,9T0§T PRO¥ 580
TPROF {J , 1) =<AFDTEH (1) PROF 550
3% CONTINUS FRAF S60
RETURY PROF 570
c PROF 580
C FOR A HON~2ERO INITIAL PROTILE, VALUES ARE NOW READ PRGF 590
(o) PROF 600
“G CONTINVE PROF 610
DO 45 J=1,NTOST PROF 620
READ (S5, 1002) (X(I,J, Y ,I=1,3), {T{T,d,%),1=1,3),TPROF {J,1) ,%(4,J,1) PROF 630
I7 {TPROF{J, 1)} .E0.0.) TYPROF(J, t)y=25.0 PROP 640
45 CONTING Y BPROF 650
C FROF 660
C PROF 670
N1 FORMAT (212,5F8.0,12,F8.0) PROF 6BD
1002 FORMAT (8F8.0) PROF €90
c PROF 700
c PROF 710
RETHRY PROF 720
END PROF 730
SUBRODTINE FLOWS (STVOL) FLOWS 10
COMHON/FLRS/ IRATIO, IOOT,IVOL,RECY{25) ,TCHRGE,ALYRT (25) , CLVRT (25) FLOWS 20
COYHMON/FEED/ RTOST,RAFDRT{25),0FDRY{25) FLORS 30
CONMON/EBC/ B {25} ,0(2%),RATN{25) ,RCYCA(25) ,RCYCO{25) FLOWS 40
DIMENSTON STYOL(2%) FLOWS SO
C FLOKS 60
C DEFINE OUTGCING STREANS OTHER THAN AQUEOUS RAFFINATE AND ORGANIC PRODUCT
< I = STAGE NUMBER THAT STREAM LEAVES JHAS = 1 FOR AQUEOHUS STREAH
C IHDEX = 1 IF HMOGRE CARDS FOLLOW 0 FOR ORGANIC STREAN
C 0 FOR LAST CARD OQTRT = EXIT FLOW RATE (VOLOME UHITS)
C {FLO¥S GIVEN IN SOLUTE-FREY VOLUME UNITS) PLOW 170
C FLOW 120
o) FLO¥ 130
C CHECK FOR CUTGOING STREAMS (Y08T=0-N0, XOUT=1~Y¥ES) FLOW 140
[ PLOW 150
IFT{IOUY.EQ.0) GO YO 25 FLOW 160
C PLOW 170
C READ OUTGOING STREAM DATA FLO¥W 180
o) FLOR 190
C ¥Low 200
10 CONTINUE FLOW 210
READ 1001,1,JHAS,CTRT , ITNDEX FLOW 220
IF{JHAS.EQ.1} GO TU 15 ¥LOw 230
o FLOE 240
C ORGANIUC STHREAM FLOR 250
C FLOW 2860
OLYRT {T} =OTRT FLOW 270
GO T0 20 FLOW 280
C FLOW 290
C AQUEOUS STREAH FLOW 300
< FLOW 310
13 CONTINUE FLOW 320
ALYRT (1) =0TRT FLOW 330
C FLGY 3490
C HORE CARDS? FLOW 350
c FLOW 360
20 CONTINUE FLO¥ 370
IF(I¥DEX.E0Q. 1) GO To 10 FLO¥ 380
(4 FLOW 390
C WE DO NOT PROVIDE ®FOR RETURNING STREAMS FLO¥ 400
< FLOW 410
C FLOW 420
C  SET AQUEQUS AND ORGANIC INTERSTAGE FLOW (A AND 0) FLOW 430
[= PLOW 840
25 CONTINGE FLO® 450
DO 35 I=1,NTOST FLO® 460
IF{1.6T.1) GO To 30 fLON 470
A{ 1) =AFDRT (1) ~ALYRT (1) FLOW 480
Q{HTOST) =OFDRT(NTOST) ~OLYRT(NTOST) PLOW 490
GO0 TO 35 FLOW 500
30 CONTLNUE FLOW 510
A{I}=A{I~1) +A¥DRT (A1) -ALVET (L} ?LOW 520
N3T = KTOST+1-T FLOW 530
O{HSTY = O{HST+1) +OFDET(NST)-OLYRT{N5T) FLOW 540
35 CONTINUE FLOW S50
o FLO® 560
C THE INTERSTAGE ¥LOWS ARE ®O¥W SET FLOW S70
[o8 FLow 580
¢ DEFINE PHASE RATIOS FLOW 590
< PLOY 600
DO 4G Y=1,¥TOST FLOW 610
RCYICA{T) = 0.0 FLOW 620
RCYCO{LY) = 0.0 FLOW 630
40 COSTLEANE FLOE 640
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FLOMAX = 0.0
K =1
IF(IRATTI0.EQ.1) GO TO 50

C DEFINE PHASE RATIC WHEN IRATIO=0, PHASE RATIO=FLOW RATIO

C

C

c

c
5
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o
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5
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5

0

5

5

DO 45 I=1,NWTOST

RAIO(I) = (ALVRT(I)+A (I)}/ (OLVRT (I)+0(1)
CONTINUE

60 T0 60

DO WOT REDEFPINE PHASE RATIO IP ICHNGE=}

CONTINUE
IF (ICHNGE.EQ. 1) GO TO 70

DEFINE PHASE RATIOS WHEN IRATIO=1, PHASE RATIOS DO NOT EQUAL
FLOW RATIOS
I=NUMBER OF STAGES HAVING PHASE RATIO SHOWN

READ 1002,1,RATIO
I=K+I-1

DO 55 J=K,T

RAIO(J) = RATIO
CONTINUE

JF(I.EQ.NTOST) GO TO 70
K=I+1

GO TO S50

CALCULATE NECESSARY RECYCLE FLOWS
TYBE 1 IS RECYCLE OF OWE PHASE ONLY, TO SATISFY PHASE RATIO
USED WHEN IRATIO = 1
TYPE 2 IS RECYCLE OF BOTH PHASES WITH PHASE RATIC RAIO(I)
TGO RLLOW TOTAL STAGE FLOY TO EQUAL FLOHAX
USED WHEN IVOL = 0,2
RECYCLE VOLUM TS5 AND RATIOS ARE SOLUTE-FREE VALUES

CALCULATE FLOTOT,RECY,AND FLOMAX FOR IRATIO=0; IVOL=0,2,3
POR I¥OL~=1, RECY SET TO 0.0

FLOTOT ~ TOTAL FLOW LEAVING STAGE

FLOWAK ~ GKEATEST TOTAL FLOW FROM A STAGE

CORTENUE
IP(IVOL.EQ.1) GO TO 100

DO 65 I=1,NTOST

PLOTOT = ALVRT (I} + A(I) + OLVRT(I) + O(I)
RECY{I) = FLOTOT

FLONAX = AMAX1(FLOTOT, FLOMAXj

COHTINUE

IP (IVOL.FQ.0) GO TO 90

IF (IVOL.EQ.1) GO TO 100

IF (IVOL.EQ.2.0R.IVOL.EQ.3) GO TO 110

CALCULAT® FLOTOT,RCYCA,RCYCO,RBECY,FLOMAX FOR IRATIO=)

AND IYOL=0,1,2,3

AFL ~ TOTAL AQUEOUS FOLW LEAVING A STAGE

QFL - TOTAL ORGANIC FLOW JLFAVING A& STAGE

RFL - RATIO OF AQUECUS TO ORGANIC FLOW LEAVING A STAGE (AFL/OFL)
RCYCA ~ AQUEFOUS RECYCLE TO SATISFY PHASE RATIC

RCYCO - ORGANIC RECYCLE TC SATISFY PHASE RATIO

CONTIKUE
DO 85 I=1,NTOST

AFL = ALVRT(I) + A(I)
OFL = OLVRT{I) + G{I}
FLOTOT = APL + OFL
RPL = AFL/OFL

C COMPARISON CF FLOW RRTIO (RFL) TO PHASE RATIO (RAIOQ)

C

[sNoNsNeNel

C

o

7

8

85

5

0

0

1P (KFL.GT.RAIO(I)) GO TC 7%

IF {RPL.EQ.RAIO(I)) GO TO 80
FLOTOT=FLOTOT* (RATIO(I) +1.0) / (RFL+1.0)
RCYCA (I} = FLOTOT - AFL - OFL

G0 TO 80

CONTINUE
FLOTOT=FLOTOT*RFL* {RAIO (I} + 1.0}/ (RAIO (I} * (RFL+1.0))
RCYCO(I) = FLOTOT - AFL ~- OFL
CONTLINUE

RECY {I) =FLOTOT

FLOMAX = AMAX1(FLOTOT, FLOWAX)
CONTINUE

FLOW
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FLO

FLOMAX CONTAINS THE LARGEST TOTAT ¥LOW PROM A STAGE - STAGES HAVING AFLO

TGTAL FLC¥ LESS THANW PLCMAX AUSYT EXHIBIT RECYCLE
OF TYPE 2

IF{iVOL.EQ.0) GO TO 90
1¥ (IVOL.EQ- 1) 6O TO 00
IF (IVOL.EQ.2.0R.IVOL.EC.3) GO TG 110

IV0L=0; IRATIO=0,1
CONTINUE

FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO

650
660
670
680
690
700
710
720
730
740
7560
760
770
780
790
800
810
820
830
Buo
850
860
370
880
390
360
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
109¢
1100
1110
1120
1130
1140
1150
1160
170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
t320
1330
1340
1350
13690
1370
1380
1390
woo
1mo
1420
1430
1440
1450
1460
1870
80
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
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RO 95 I=1,HUTOST

RECK {I) = FLOMAY - RECY{I)
CONTIRUE

RETURY

oL=1; TRATIO=D,1

CONTINUYE
DO 105 I=1,¥TOST
RECY (LI} = 0.0
CONTIRUE

BRETURY

DEYERMINE STAGE VOLUME
STAGE VOLUH®ES ARE 2ERQ FOF IVOL=0,1t

IF ICHMGE=0, READ STAGE VCLUHES
IF ICHNGE=1, BYPASS READING OF STAGE YOLUBES

110

Iv

CONTINUE
IF{TCENGE. E0. 1) GO TO 125

IF{I¥0L.EQ.2} GO TQO 120

OL=3; STAGE VOLUMES ARE EQUAL AND SPECAIFIED

1RATIO=0, 1

1s

iy

820

K}

Ca

0ol
1002
10403
1004

PE

AR
OR

RERD 1003,VoL

po 115 I=1,9708T
STVOL (J) =VCL
CONTINUE

G0 TG 12%

0L=2; STAGE VOLUMES ARE TNDEPENDENTLY UWEQUAL

COUTINUE
READ 1004, (STYOL {J} ,J=1,HTOST)

TAGE YOLUMES ARE SOLUTE-FREE YOLUNES

LCULATE LENGTH OF TIME INTERVAL{TIMIN) AND RECY POR IVOL=i,3
CONTINUR

TIAIN=0.0

Do 130 I=1,NTOST

RECY (1) = RECY(I)/STYOL(I}

TISIN =  AMAYT({RECY (I}, TININ)
CONTINUE

FLOMAX = TININ

Bo 135 I = 1,NTOST

RECY(X) = (FLOMAY - RECY({X})*STYOL{I)
CONTIHUE

FORMAT {2Y2,78.0,12)
FORMAT (12,F8.0)
PORSAT (F8.0)
FORMAT { 10F8.0)

RETURY
BHD

SUBKOUTINE STAGES {SPH)

DIMENSICN AIN (4) ,0IN ()

COMMON /STES/ NSOLU,CODTM (25) ,AR{25) ,OR{25) ,AT{25) ,0T{25)
COMMON /PBEL,/ NTOST,AFDRT(25),0FDRT(25)

COMRON/EROF/ IPRO,X(8,25,2),Y(4,25,2) ,XPD (4, 25) Y ¥D(%,25),
1 TPROF{25,2) ,AFDTEM (25) ,0FDTEN {25)

COXHUON/REC/ A{25),0(25) ,RATO{25) ,RCYCAL2S) ,HCYCO(25)
COMNMON/DIST/ CTBP,ARY{U),DTRY (43,20, RE(25,2) ,RNFD(25)

RFORM STAGE CALCULATIONS FOR CURRENT TINE INTERVAL - COKSIDER
[NPUTS FROM ADJACENT STAGES, FEED STREANS, ASD HOST IMPORTANWTLY
RECYCLE §XITHIN THE STAGE - RECYCLE & RESULT OF STAGE FLOR BEING
LESS THAN FLOMAX (TYPE 2) AND PHASE RATIO ROT EQUAL TC PLOW
RATIIO (TYPE 1)

~ AQUEOUS RECYCLE 70 FILL STAGE
- ORGANIC RECYCLE TO FILL STAGE

RCYCA ~ AQUEOUS RECYCLE 'TO SRTISFY PHASE RATYC

ac
AT

fCO -~ ORGANIC RECYCLE TC SATISFY PHASE RATIOC
~ TOTAL AQUEOUS ¥LOW WITHIN A STAGR =

FLO
FLO
Pt
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FL.0
FLO
FLO
FLO
FLO
FLD
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
PLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
PLO
FLO
FLO
FLO
FLO
PLO
#LO
FLO
£L.0
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO
FLO

5Tag

1600
1610
1620
1630
1640
1650
1660
V670
1630
1690
1700
1710
120
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
183D
1840
1850
1860
1870
1880
1890
1500
1910
1920
1930
1940
1950
1960
1970
1380
1930
2000
2010
2020
2030
2080
2050
2060
2070
2080
2090
2100
2110
23§20
2130
2180
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240

E 10

STAGE 20
STAGE 30

STAG
STAG
STAG
STAG

E 40
B 50
E 5%
E 60

STAGE 70

STAG
3TAG
STAG
STAG
STAG
STAG
5TAG
STAG
STAG
5TAG
STAG
STAG

E BO
€ 90

170
180
190
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50

55

60

65

TOTAL AQUEOUS FLOW LEAVING A STAGE + AQUEOUS RECYCLE
TO FILL STAGE + AQUEOUS RECYCLE TO SATLSFY PHASE RATIO
GT -~ TOTAL CRGARIC FLOW YITHIN A STAGE =
TOTAL ORGANIC FLOW LEAVING A STAGE ¢ ORGANIC RECYCLE
TO FILL STAGE + ORGANIC RECYCLE TO SATISFY PHASE EATIO
XFD - AQUEQUS PEED CONTENT OF STAGE
YFD - ORGANIC PEED CONTENT OF STAGE
AFDRT ~ AQUEOUS STAGE FLOW RATE
OFDRT - ORGANIC STAGE FLOW RATE
X - SOLUTE CONCERTRATION IN AQGEOUS PHASE FOR A GIVEN STAGE
Y - SOLUTE CONCEWIRATION IN ORGANIC PHASE FOR A GIVEN STAGE
AFDTEM - TESPERATURE OF ACUEGUS FEED
OFDTEM - TEMPERATURE OF ORGANIC FEED
TPRGF - TEMPERATURE OF SOLUTE IN A GIVEN STAGE
ALY - TRIAL AQUEOUS PBASE COMPOSITION
DTRY - DISTRIBUTION RATIOS
DO 85 J=1,NTOST
J3 = J3-1
J3J= J+1
IF(J.GT.1) GO TO 10
RN (J,2) = (AFDRT {J} *RENFD {J) + (AR (J) +RCYCA {J}) ) *RN (J, 1)) /AT (J)
GO TO 15
CONTINUE
RN (J,2) = (AFORT (J) *RNFD (J) + (AR (J)+RCYCA (J)) *RN (J,1) +
1 A(JJ) *BN(IJ, 1)) /AT (J)
CONTINUE
DO 40 I=1,NSOLU
IF(J.GT.1) GO TO 20
AIN(I) =AFDRT (J) *XFD (I,J) + (AR (J) +RCYCA (J) ) *X(I,d, 1)
GO 10 25
CONTINUE
AIN(I) =APDRT(J) *XFD(L,J) ¢ (AR (J) +RCYCA (J) ) *X(I,J,1)+
1 a{dd) *x(1,3d, 1
CONTINUE
IF {J.EQ.NTOST) GO TO 3¢
OIN(I)=0FDRT(J) *YFD (I,J) +(OR(J) +RCYCO(J) ) *Y(L,J,1)+
1 0{JJT)*Y (1,33, 1)
GO TO 35
CONTINGE
OIN(I)=CEDRT (J)*YFD(I,.) + (OB (J} 4RCYCO (I} } #¥(I,J,1}
CONTIRUE
AIN{I}= ATN(I) /AT (J)
OIN{I)= OIN{I}/OT(J)
ARY (1) = X(T,J3, 1}
IF (ARY (2} .1T.0) ARY(2) = (AIN(2)*RAIO(J) + OIN(2}))/RAIO (J)
ARY (4) = AIN(4)
CONTINUE
IF{J.GT.1) GO TO 45
AHTIN=A¥CRT(J) *APDTEH (J) + (AR (J) +RCYCA (J) ) *TPROF (J ,1)
GO TO 50
CONTINUE
AHTI# =AFCRT (J) *AEDTEH (J) « {AR (J) +RCYCA (J) } *TPROF (J, 1) +
1 A(JJ) *TPROF(JJI, V)
CONTINUE
17 (J.EQ.NTOST) GO TO 5%
OHTIN=SPH* {OFDRT (J) *OFDTEH (J) + (OR (J) +RCECO (I} ) *
1 TPROF (J,1)+0 (IJJ) *TPROF (JIJ, 1))
GO TO 60
CONTINUE
OHTIN=5PH* (OFDRT (J) «OF DTEH {J) + (OR (J) +RCYCO (J) ) *TPROF (I, 1} )
CONTINUE
TPROF (J,2) = (AHTIN+OHTI ¥}/ {AT (J} ¢SPHAOT (T} )
TEMPCTPROT (3, 2}
ccp = 0,001

MCK TS THE ITERATION COUNTER
MDEX IS THE FIT COUNTER

MCKX = 0
CONTLHWUE
MDEX = 0

STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
S5TAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
S5TAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
S5TAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG

UCOR CALCULATES DISTRIBUTION RATIOS (DTRY) FOR EACH TRIAL AQUEOUS PHASE

COMPOSITION (ARY) AT THE STAGE EQUILIBRIUM TENPERATURE (TENPT)

CALL UCOR({TEHPC,J)

DO 70 I=1,NSOLUD

TSIN = AIN(T)}*RATO(J) + OIN(I}
IP{[SIN.LT.0.}) DTRY(I} = 0.
DTRY (4) = O.
X(1,J,2)=TSIN/(RAIO (J) +DTRY (I})
IF(X(I,3,2).LT.1.E-6) GO 0 70
DI=(X(I,J,2)-ARY (I)}/X(I,J3,2)
DIF = ABS(DI)

ARY (1) =X (I,J,2)

IF (DIF.L1E.CCD) GO TO 70

C
C MDEX COUXTS NUMBER OF SOLUTES THAT WOT COHWNVERGED

[of

C
[
C

70

MDEX = HLCEX + 1
CONYINUE
HCK = MCK + 1

ALLOW ONLY 20 ITERATIONS

STAaG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
STAG
SIaG
STAG
STA
STh
STa
STA
STA
STA
STA
STA
STA
STA

200
210
220
230
246
250
260
270
280
2%0
300
3t0
320
330
340
350
360
370
380
390
400
410
420
430
431
440
450
460
470
480
490
500
501
510
520
530
531
540
550
560
570
580
590
€00
610
620
630
640
650
€60
670
680
681
690
700
710
1
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860

880
890
300
310
920
930
40
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
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[F(MCK.FQ.20} GO TO 75

TIF aLl SO0LUTES HAVE NOT COWVERGED, REPEAT CALL YO UCOR
WiTa NEW VALUES OF ARY

IP (MDEX.GT.0) GO TO 6%
CONTINUE

Do 80 I=1,N50LU

¥ {1, d,2) =X {I,J,2) 4DTRY {I)
CONTINDE

CODUH (J) =MCK

CONTINDE

RETURN

ENE

SUBROUTINE UCOR({TENPC,J)
COMMON/TIST/ CTBD,ARY (4} ,DTRY {#),T0, BN (25,3 ,R¥FD (25)

UCOR RETURNS A VALOE OF THE DISTRIBUTION COEFFICIEWT = ¥/X FOR ERCR
YALUE OF X TRIED

PUTOT=ARY (2) ~RN (J,2)

F=CTBP

GAM = ARY (1)

PUAM = ARY (2)

HAM = ART(3)

SNITR = ARY{4)

IF (FAM.LT.0) TAN = 0.

IF (PBAM,LT.0) PUAM = O.

TF (HAS.LI.0} HAM = O.

LF{SNITR.LT.0) SHITR = O.

PUITL = BUTOT ~ PUAM

IF (PULTI.LT.0) PUTIL = 0.

NN = HAW + Z.AUAN + 2.%DUAM + SNITR + 4.*PUYIE
IF (THY,EQ.0.0) TNM = 1.0

TEMPRK = 1000./(TEMPC + 273,16)

DRT = TEMPRK - 3.3539

UK = 3. 75THMRx V.57 + 1. UATNM*%3,9 + (.01 1ATHH*®T, 3
UK = UK® (8.6F%% (~0.17) - 3.}

PUK = UK*{.20 + ,S5%Pr*1,25 + .Q07U*THH*#2}
HET = 0,135 TNM*%0.82 + D.0052*TNu**3.44

IF (F.LT.1.) HK1 = HRU% (1. - 0 SU*EXP (~15.%F))
IFP (TEMBC.NE.25.) UK = OK*EXP (2.5%DRT)

IF (TEMPC.NE.25.) PUK = EUK*EXP{-.2%DRT)

IF {TEMPC.NE.25.) HK! = BKI*EXP (0.34%DRY)

HE2 = €K1

A = 2.% (OK*URN + DUK*POAM + HK2*HAN)
B = HRKI*HAM + 1.

C = ~T0

IF(A.GE.V.E~6} GO To 10

TF=-C/B

60 To 15

CONTINUE

TF = {(~B + SQRT(B%*2 ~4 #)*C)) /(2.%17)
CONTINUE

DHY = HKI*TP
DH2 = HK2*TF**2

pA = DH1 + DHZ
DU = URK*TF*%2
DPU = PUK*TF*%2
DTRY(1) = DO
DYRY (2) = DPU
DTRY(3) = DH
RETURN

END

SUBROUTINE PLOTR (KOUNT ,TCALPL, RTQST,CFA, CFO)

THIS ROUTINE GENERATES CAICOMP PLOTS OF TW0 KINDS:
ICALPL=1 PROPILE GRAPHS (LOG DF¥ REDUCED CONCENRTRATION
¥S STAGE WUMBER)
ICALPL=2 TRANSIENT GRAEHS (REDYCED CONCENTRATION
¥5 TIME FOR A SPECIFIED STAGE

KOUNT-TOTAY NUMBER OF TIME INTERVALS
HTOST~TOTAL NUMBER OF STAGES
CPA AND CPO~MAXINUNM CONCENTRATIONS

5TA 1100
5T8 1110
5T 1920
STA 1130
STa 114D
578 1180
STA 1160
5T 1170
sTA 1180
STA 1190
STA 1200
s$Ta 1210
STA 1220
STA 1230

UCOR 10
GCOR 20
UCOR 30
UCOR 40
GCOR 50
GCOR 60
UcoR 70
UCOR 80
nCorR 90
JCOR 100
UCOR 110
OCOR 120
UCOR 130
YCOR 140
OCOR 150
UCOR 160
UcoR 170
UCOR 180
UCoR 190
UCOR 200
UCoR 210
UCcoR 220
UCOR 230
UCOR 240
UCOR 250
UCOR 260
UCOR 270
UCOR 280
UCOR 290
UcoR 300
UCOR 310
UcorR 320
UCOR 330
UCOR 340
UCOR 350
UCOR 360
UCOR 370
UCOR 380
UCOR 330
JCOR 400
GCOR 410
UCog #20
UcoR 430
UCOR 440
UCOR 450
UCOR 460
ucor 470
UCOR 480
UCOR 4290
UCOR 500

2LOTR 10
PLOTR 20
PLOTR 30
PLOTR 40
PLOTR 50
PLOTR 60
PLOTR 70
PLOTR 80
PLOTR 90
PLOT 190
PLOT 110
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X AND A-REDUCED AQUEOUS CONCENTRATIONS
Y AND O-RE[UCED ORGANIC CONCENTRATIORS
TTL-GRAPH TITLE

XTAG-X AXIS LABEL

YTAG-Y AXIS LABEL

DIMENSION CFA{U},CFO{4),X(4),Y (4) ,A(25,4,4),0(25,4,4) ,¥STA (25
REAL*8 TTIL (10) ,XTAG (10) , ¥TAG (10)

REAL*8 TLEG1(U) /FRACTION',' OF STEA',*DY STATE?,' TINES '/,
1 DESCR1(13)/71/8 OF S','TEADY ST','ATE TIHE®,*$1/4 OPF !,
2 *STEADY S',*TATE TIN','ES$1/2 OFt',' STEADY ',

3 'STATE TI','MESSTEAD', 'Y STATE ','OPXRATIOf,
4 N$ vy

INTEGER*Y ISYNB(S)/1,2,3,4/

INTEGER*4 ISYMBP(8)/4,3,2,1/

REAL*8 TLEG2(2) /*COMPONEN',tTSS$ /e
1 DESCR2(U)/*URANIUH$®,'PLUTONIU', ' MSNITRIC',' ACIDS '/

ZERO REDUCEL CONCENTRATION ARRAYS

DO 10 I=1,25
DO 10 J=1,4
DO 10 K=1,4
A{I,J,K)=0.
0(I,d,K)=0.
CONTINUE

CALCULATE RETUCET CONCENTRATIONS
UKRIT 10 HOLDS PRINTOUT FOR EACH TIME INTERVAL

REWIND 11

WRITE(6,100%) CFA,CFO

DO 25 I=1,KOUNT

DO 25 J=1,NTOST

READ(11) L,X,Y

DO 20 K=1,4
IF{CFA{K).EQ.0.) GO TG 15
X{Ry =X {K) /CFA (K) *100.
CONTINUE

IP(CFO(K).FQ.0.) GO TO 20
Y(K) =¥ (K} /CFO(K)*100.
CONTIAUE

WRITE{10) L,X,Y
WRITE(6,10€2) L,X,Y
CONTIHUE

REWIND 10

REWIND 11

IF(ICALPL.EQ.2) GO TO 95

SET UP ARRAYS A AND C FOR PROPILE GRAPHS
WILL PLOT COURVES FOR XOUWT, 1/2 KCUNT, 1/4% KOUNT, AND 1/BKOQUNT

DO 40 T=1,4
II=4~-I+1

INDEX=2%KOUNT/2**1X

CONTINUGE

DO 35 K=1,NTOST

READ (10) 1, (A(K,I,J) ,J=1,8),(0{K,1,J),J=1,4
CONTINUE

IF(L.NE.INDEX) GO TO 3¢

CONTINUE

REWIND 10

PLOT PROPILE GRAPHS

READ (S5, 1003) TTL
READ(5, 1003} ZXTAG
XMIN=1.
XMAX=NTOST

DETERMINE MAX AND MIN FOR Y AXIS

THAX=0.
YHIN=1.E10

DO #5 I=1,NTGST

DO 85 3=1,4 -

DO 45 K=1,3

YMAX=AMAX1(A(I,J,K) ,0(I,J,K}, YHAKX)
IF(A(Y,3,K).EQ.0. . AND.C{I,J,K) .EQ.0.) GO TO 45
IP(A(I,J,K) .NE.0..AND.O(I,J,K) .NE.0.) YHIK=AMTNI(A(I,d,K),
1 0(L,J,K) ,ININ}

IF(A(I,J,K).EQ.0.) YMIN=AMINI(O(I,d,K),TNIN)
IF{O(I,J,K) .EQ.0,) YMIN=ANINT(A(I,J,K),YNIN)

CONTINUE

Do 90 I=1,3

AQUEDUS

DO 50 IT=1,NTOST

Do 50 JJ=1,4
IF(A(II,JJ,T).6T.0.}) GO TO 55
CORTINUE

G0 TO 90

PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
BLOT
PLOT
PLOT
PLOT
PLOT
PLOT
ELOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
BLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLoT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
ELOT
PLOT
PLOT
PLOT
PLCT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT

120
13¢
140
150
160
170
180
190
200
201
262
203
204
210
220
230
2u0
241
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
100
410
420
430
a40
450
460
470
480
490
500
510
520
530
sS40
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
B10

#20

830
840
850
860
B70
880
981
as¢
9400
310
920
930
340
950
360
270
980
990

PLO 1000
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CONTIRUE

CALL FIXPLT(XAIN,XHAX,YMIN,YMAX, YLOGY,* MECH',0.,0.,
1 BUFFER,8000,'S.B.NATSONS")

READ {5, 1003) YTAG
CALL TITLE(D.8,TTL, X746, YTAG)

NNTOSTx-NTOST

DO 65 J=1,4

DO $0 II=1,¥TOST

IF{A{II,J,T).BQ.0.) CALL PPL (A {1,J,I) ,4~J+1,NTOST ,E65)
CONTINUE

CALL LINPLT{1.,A(V,d,I),MNTOST,4-J+1,0)

CONTINUE

CALL LEGEND{TLEG1,ISYMBP,4,DESCRY,2,3.,1.9%)
GRGANTIC

p0 70 IT=1,8TOST

DO 70 JI=1,4

1P (0(II,33,1).6T.0.) GC TO 75
CONTINUE

GU TO 90

CONTINUE

CALL FIXPLT(XNYN,XMAX, YMIN,YMRX,*YLOG*, ! MECH ,0.,0.,
1 BYFPFRR,UC00,1S.B. WATSONS')

READ (5, 1003) YTAG
CALL TITLE(0.4,TTL,KTAG,YTAG)

Do 845 J=1,4

BO 80 IY=1,NTOST

LF(O(IX,J,T) -EQ.0.} CALL PPL{O(1,J,I) ,4-3+1,NT0OST,685)
COHTINDE

CALL LINPLY(1.,0(1,3,T) ,HNTOST,4~3¢1,0)

COBTINUE

CALL LEGEND(TLFG1,ISYMBP,U4,DESCRY,2,3.,1.5)
CONTINUE
IF (ICALEL.EQ. 1} GO Tn 135S

TRANSIERT GRAPHS

CONTINUE

XHIN=0.

XHAX=KODST

IF {XMAX.GT.100) CALL C{SYZE(XMAX/10.,10.)
Y8IN=0.

YRAX=100.

READ STAGES TO BE PLOTTED
READ(S, 1008) (NSTA(I),I=1,NTOST)

READ (5,1003) TTL
READ(S,1003) XTAG

WILL GENERATE 2 PLOTS FOR EACH WONZERO VALUE OF NSTA

DO 130 I=1,NT0ST
IP (NSTA(I).EQ.0) 6O TO 130

AQUED IS

CALL FIZPLT (KMIN,XMAX, TAIN,YMAK, ' LINKS 0 MECH',0.,0.,
1  BOFFER,4000,'S.8. WATSONS’)

READ(5, 1003) ¥YTAG
CALL TITLE(0.4,TTL,XTAG,YTAG)

D0 110 J=1,KOUNT
DO 105 K=1,KTOST
READ (10) L,X,Y
IF (K. NE.NSTA{I)) GO TO 105
KPOINT=T
DO 100 Y1=1,3
CALL PNTPLT{XPOTNT, X(II),IT,-1)
0 CONTINUE
5 CONTINUE
0 CONTINOE
REWIND 10

CALL LEGEND(TLEG2,I5¥#3B,3,DESCR2,2,-3.,1.)
ORGANIC

CALL FIXPLT{XMIN,XMAX,YMIN, YMAX,'LINE®,'MECH',0.,0.,
1 BUFFER,H000,'S.B.HATSONS®)

READ (5, 10603) ITAG

PLO
RFLO
PLO

LO
ELO
FLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
eLO
PLO
£LO
PLO
PLO
PLO
FLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLC
PLO
PLO
PLO
PLO
PLO
FLO
PLO
ELO
PLO
PLO
PLO
PLO
PLG
PLO
PLO
PLO
PLO
PLO
PLO
PLO
BLO
PLO
PLC
FLO
PLO
PLO
PLO
PLO
BLO
PLO
PLO
PLO
PLO
PLO
BLO
PLO
PLO
PLO
PLO
RLO
PLO
pLO
PLO
PLO
FLO
L0
PLO
2LO
PLO
PLO
pLO
PLO
PLO
BLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO

1010
1020
030
1031
1040
16590
1060
070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1130
1200
1210
1220
1230
1240
1250
1260
1270
12714
1280
1250
1300
1310
1320
1330
1340
1350
1360
1370
13840
1390
100
o
1420
30
1440
1450
14640
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
16 20
1630
1540
1650
1660
1676
1680
1681
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
18490
1850
1860
1870
1880
1890
1891
1900
1910



aOn

C
c
o4

"
12
12

13
13

10
10
10
10

CALL TITLE{0.4,TTL,XTAG,YTAG)

D0 125 J=1,KOUNT

DO 120 K=1,NTOST

READ (10) L,X,Y

IF{K.NE.NSTA (I)) GO TO 120

XPOINT=L

DO 115 II=1,3

CALL PNTPLT(XPOINT,Y(II},II,-1)
5 CONTINUE
0 CONTINUE
5 CONTINUE

REWIND 10
CALL LEGEND(TLEG2,TSYMB,3,DESCR2,2,-3.,1.)

0 CONTINUE
5 CONTINUE

CALL ADVANS

01 FORMAT(

02 FORMAT (*
03 FORMAT { 10A8)
04 PORMAT(2512)

RETURN
END

‘LIPUETT.3,4X,4E11.3)
*,IL,UX, 1PUET1.3,0X,4E11.3)

SUBROUTINE PPL(A,J,HTOST,*)

PLOT NONZERQ POINT ON THE CURVE

DIMENSTON A(25)
DO 10 I=1,NTOST

IDASH=0

XPOINT=1
IF (I1.EQ.1) IDASH=-1

IF(I.GT.1.AND.A(I-1).EQ.0.) IDASH=-1
IF (A{I) .GT.0.)} CALL PNTPLT (XPOINT,A(I),J,IDASH)
CONTINUE

RETURN
END

1
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PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
PLO
BLO
ELO
ELO
PLO
ELO
PLO
PLO

PPL
PPL
PPL
PPL
PPL
PPL
PPL
PPL
PPL
PPL
PPL
PPL
PPL
PPL

1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2080
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2130
2200
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APPENDIX B

Sample Input and Output






PHIg

wo Examples of Input to SE
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OUTPUT ~ CASE 1

CALCULATIONS FOR R SOLVENT EXTRACTION PROCE33 HAVING 3 INIZRACTING SOLUIES CCEXTRACTION EUN
FEED STREAH DATA STAGE URANIUM EIOTCRIUA HNO3 SALT 303 FLOW RATE TEMP
¥o. (G/L) (6/1% ") [L-)] (VOL.UNITS) DEG C
AQUEQUS 1 0.0 0.0 2.000CE 0OC C.C 3.000E-01 25.0
AQUEQUS 6.770CE 01 4.430CE 00 3.200CE CC .0 1.000E 0O 25.0
15,3 - TBE n 0.0 C.C 0.0 0.0 1.800% 00 25.C
INITIAL PROFILE STAGE ACUIQUS PEASE CRGANIC PHASE
NO. URANIUN PIUICNIUM HHC3 URANIUM PLUTONIOM HEO3 TEMP
{OUTFLOH} {Gs/L) {G/1) (%) 6/1) (G/1} (L.)] DEG C
1 0.0 ¢.C 2.1317E 0C .0 0.0 0.0 Z5.¢C
2 0.0 c.0 2. 1317k 0C .0 0.0 0.0 5.0
3 0.0 0.0 2. 1319 0C ¢.C 0.0 0.0 25.0
4 0.0 .C 2.1317E OC 0.0 0.0 0.0 25.C
5 0.0 .0 2.13178 0C .0 0.0 0.¢ ¢5.C
6 0.0 0.0 2. 1317E OC .C 0.0 0.0 25.0
7 0.0 c.C 2.1317E QC 0.0 0.0 0.0 25.¢C
8 0.0 c.C 2.1317E 0C 0.0 0.0 ¢.0 <c.0
9 0.0 0.0 2. 1317E OC C.C 0.0 0.0 25.0
10 0.0 c.C 2.1317E 0C 0.C 0.0 c.0 25.C
" 0.0 . C 2.1317¢ OC 0.0 0.0 0.0 25.0
PHASE RATIOS FEQUAL FIOW RATICS STAGE NO. As0 EBASE RATIO
1 - 3 1.568E-01
4 - 1N 6.46CE-01
STAGE FLOWS (SOLUTE-FREE VOLUBES) =
ACUEQUS PHASE
RECYCIE 2 RECYCLE 1 TCTAL
STAGE FLO¥ FLO¥ OUT TC FILL FOR PHASE AQUEQUS
NC. RATIO OF STAGE STAGE RATIO FLCW
1 1.568E~-0 1 2.81%E-01 0.0 ¢.C 2.815E-01
2 1.568E-01 2,815E-01 0.0 0.0 2.815E-01
3 1.568BE-01 2.B15E-01 0.C 0.0 Z2.815E-C1
4 6. 460501 1.160E 00 0.0 c.C 1.160E 00
5 €.U6CE-C 1.160E 00 0.0 0.0 1.160F 0C
[3 6.460E-01 1.1608 00 0.C Q0.4 1.160E CC
7 6.UuB0OB-0 1.160E 00 0.0 c.C 1.160E 0C
8 6.U6LE~DT 1.16 0E 00 0.0 0.0 1.1€60E CC
9 6.460FE~01 1.160E 00 0.0 0.¢ 1. 160E CC
10 6.460E-01t 1.160E 00 0.0 c.C 1.160E 00
11 6.460E-D1 1.160E 00 0.0 0.0 1.160E C(
OVERALL CEGANIC PHASE
TOTAL RECYCIE 2 BECYCLE 1 TCTAL
STAGE STAGE ELOW OUT TO FILL FOR PHASE CRGAMIC
¥o. FLOW STAGE 3%0L. QF STAGE STIGE RATIO FLOW
1 2.076E 00 0.0 1.79SE €0 0.0 c.C 1.785E Q(
2 2.076E 00 0.0 1.795E Q0 0.C 0.0 1.795E QC
3 2.C76E 0C (.0 1.795E 00 0.0 0.0 1.79%E OC
u 2.954EF 00 0.0 1.795E 00 0.C 0.¢C 1.798E C(
5 2.854E 00 0.0 1.798e €C 0.C 0.0 1.795E 0C
6 2.954E CC C.O 1.795E 00 0.0 0.0 1.795E Q¢
7 2.954E 00 0.0 1.795E 00 0.0 0.C 1.795E 0C
8 2.554E 00 0.0 1.795E 00 0.C 0.0C 1.795% 0C
9 2.854E CC C.O 1.795E 00 0.0 0.0 1.795E 0C
10 2.954E 00 0.0 1,795 00 0.C Q0.¢ 1.7958 0C
1 2.854E 00 0.0 1.795E 00 0.¢ 0.0 1.,795E 0C



53

THAMSIENT BEHAVIOR RESULIS SOLOTE CONCENTRITIONS IN EFFLUENT FROZ EACH STAGE

ACUECLS PHASE

TINE STAGE URANIUM EINTONIUN HEO3 FIOW OC1
INTERVAL ¥0. (G/LY {GALY (L4 C¥ STACE
1 i 0.0 0.0¢ 1.2718 00 2.930£-01
2 0.0 0.0 1.2718 00 2.9308-C1
3 0.C 0.0 1.271E 00  2.930E-01
4 7.821E 00 1.210F 00 2.750E 04 V.271E €O
5 0.0 0.0 1.7358 00 1,223% 00
6 0.0 0.0 1,735 00 1,23%E 00
7 ¢.0 0.0 1.7358 00 1.225E 00
8 0.0 0.0 1.735E 40 1.22%8 (O
9 0.0 Q.0 1.7358 00 1.225% 00
10 0.0 6.0 1.7358 00 11,2258 GO
1" 0.¢ 0.0 1.735E 00 1.225%E 00
ORGANIC PHASE
STAGE UHANIOH ELUTONIONM HNOC3 FL10§ 001 ITERA- TEME
HC. {671 {G/1) [£:H] CF STAGE TIONS DEG C
1 0.0 0.0 1.258E-01 1.80%E 00 a, 28.0
2 0.0 0.0 1.258E~01 1.8(9% Q0 d. 25.0
3 0.¢ 0.0 1.2568E-01  1,809E Q0 4, 28.0
u 3.148E 01 1.5%76F 00 1.657E-91 1.€35FE (¢ 11, 23.0
5 0.C .0 1.907E~03% 1.814E 00 3. 25.0
6 0.¢ 0.0 1.9078-01 1,848 00 EN 25,0
7 0.0 0.0 1.907E-01 1.8WE (O 3. 25.0
8 0.0 0.0 1.907E~01 1,B1A4E 00 3. 28.0
9 0.0 6.0 1.9075~01 1.€WE ¢0 3. 25.0
10 0.C 0.0 1.907E-01 1.BWE 00 3. 25.0
11 0.0 c.0 1.907E-01  1.844E QO 3. 25.0
ACCEGUS PHASE
TIHE STAGE UEANTIUM FLUTONTUN HNO3 FI0% OUI
IHTERVAL NG . {6/L) {G7L) (L. Cf STAGE
2 1 0.C 0.0 1.675E 00 2.968E~01
2 0.0 0.0 1.2718 00 Z.93CE~C1
3 1.2248 01 1.8€68 €O 1.674E 90 2.%€3E-01
4 7.696E 00 1,1B4E 00 2.829E 00 1.275E 00
S 8.766E-D1 Z.076E-0Q1 Z2.631E 00 1.2€3E Q0
& 0.0 0.0 1.735E 00 1.235% 00
7 0.0 0.0 1.7358 00 1.228E €O
8 0.0 .0 E 1.735¢ 04 1.22%E Q0
9 0.0 0.0 1.7358 00 1.235E (O
10 0.0 0.0 1.735E 00 1.235% 00
i1 0.0 0.0 1.5118 00 1.2%6E 00
ORGANIC P HASE
STAGE URANI UM EIVTCNIOH HNO3 ELO¥ 00T ITERA~ TEMP
XC. (G/L) {C/L) ({3} CF STAGE TICKS DEG €
1 ¢.0 0.0 1.8228-01 1.813E 00 4. 25.0
2 0.0 0.0 1.258E~01 1.809% 00 1. 2%,
3 2.9608 01 1,274E €0 9.693E-02 1.828BE 00 7. 25.0
4 3.154% 01 1.5928 Q0 1.701E-01 1.835E 00 6. 25.0
5 5.1208 00 €.98ue-01 2.848E-01 1.B25EF Q0 5. 25.C
6 0.0 0.0 1.907e~01 1.814E GO 1. 25.0
7 .0 0.0 1.907E~01 1.814E Q0 1. 2%,
8 0.0 .0 1.9078~01 1.B14E (O 1. .0
9 0.0 0.0 1.9076-01 1.BWE 0D 1. 25.0
10 0.C 9.0 1.907E-01 1.814E Q0 1. 25.0
11 0.0 0.0 1.5928-01 1.BUE Q0 3. 25.0
AQDEOUS PHASE
TIME STAGE URANIONM ELUTONTUM BNO3 FLOW CUT
INTERVAL RO . (G/L) {6/1) [$:1) Cf STAEE
1 0.¢ 0.0 1.675E 00 2.968E-Q1
2 1.087E 01 1.u56EF €0 1.6508 00 Z.$79E-Q1
3 1.214E 0t 1.8858 D0 1.693E 00 2.985E-01%
U 1. 1148 01 1.879E 00 i,056E 00 1.267F (00
s 4.559E-01 1.9€3E-01 2.7008 00 1.265E 00
] 2.6898-02 3.388E-C2 Z.495E 00 1.286E OO
7 0.0 0.0 1.7358 00 1.223E 00
8 0.0 0.0 1.735E 00 1.225% 00
3 0.0 0.0 1.735E 00 1.225E 00
10 0.0 0.0 1.698E 00 1.224F 00
11 0.0 0.0 1.511E 00 1.2168 0D
OBGANIC PBASE
STAGE URANIUH EIUVICRIUH HEO3 FIow oot ITERA~ TEYP
¥O. [[:72 %] (csLY [{.¥] OF STAGE TIORS DEG ¢
1 0.0 0.0 1.822E~01 1.E813F (¢ 1. 25.0
2 2.784E 01 1,037 00 1,00¥E~01 1.927% 00 6. 25.0
3 2.968% 01 1.250F 00 $.BOZE-02 1.EZ8F 00 5. 25.0
4 3.611E 01 2.0¢68 €0 1.5638-01 1.638E (0 0. 25.0
5 5.058E 0C 6.9C7€~01 2.931g-01 1.825F 00 4. 25.0
6 3.118E-01 1.2058-0% 2.9268-01 11,8228 00 4. 25.0
7 0.0 9.0 t.907E~01 1.8148 00 1. 25.0
8 0.0 6.0 1.907E-041 1.B14% 00 1. 25.0
9 0.0 0.0 1.9078-01 1.8WE Q0 1. 25.0
10 0.¢ 0.0 1.8558~01 1.B13E Q0 2. 25.0
11 0.0 0.0 1.592E~01 1.811E 00 1. 25.0
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INTERMEDIATE STATES CMIITED TO SAVE SPACE

TINE STAGE UFANTIUH
INTERVAL NO. {6/L)

87 1.880E 01
2.462E 01
2.456E 01
1.919E 01
1.438E 0C
€.676E-02
2.973E-03

<319E-04
5.865E-06
2.€37E-07
1.288E~08

- OWVONANE W o

-—

STAGE URANI OGN

{G/L)
3.691E
3.597E
4.091E
4.086E
1.360E
1.017E
4.724E-02
2.103E-03
9. 334E-05
4.1408-06
1.775E-C7

3
-
.

- QWom~NCnF W
[=N-N-R=¥ ¥
O bt

—_

99.90 PERCENT STEADY STA&
50.C PERCENT OF SIEADY
95.0 PERCENT OF STEADY
89.0 PERCEST OF STEADY
99.5 PERCENT OF STEADY

TOTAL Gs/L URANIUNM IN:
TOTAL G/1 FIUTONIUM IN:
TOTAL HOLES BNO3 IN:

ACUECUS PHASE
ELUTONIGY HNO3 FICH 0C1
{G/L) (&) CE STAGE
u.2242 €0 1.930E 00 3.C19E-01
€6.483E CO 1.962E 00 3.C32E-C1
6.841E 00 2.194E 00 2.056E-0%
4.6C9E 00 3.214E Q0 1.2¢9E (C
S.653E-01 3,352p 00, 1.2¢SE 00
1.255E-01  3.366F 00 1.294E 00
1.5€4E-02 3.367E 00 1.294E OC
1.903E-C3 3,367 00 1.294E 00
Z.417E-C4  3.358E 00 1.294E 00
3,039E-05 3.296E 00 1.291E 00
4,150E-C6 2.858E 00 1.272E (O
OBGANIC PBASE
ELOTCNIUM HEO2 FLCW CUT
(G/L) ") CF STAGE
2.4148 €O $.027E~02 1.834E 00
3.1C6E Q0 B.075E-02 1.836E 00
3.479E Q0 E.736E-02 1.€37E CC
3.542E €O 1,282E-01 1.E4CE GO
3.265E 00 2.958E-01 1.834E 00
6.B30E-L1 3.859B-01 1,E30E (O
8.87€E-02 :.952E-01 1.€29E €O
1.1C6E-02 3,958E-01 1.829E 00
1.3728-03 3.950E-01 1.E29E €O
1.6E1E-04 3.887E-01 1.E28E 00
1.860E-05 3.399E-01 1.8235E 00
TE EY OVERALL MATERIAL BAIANCE

STATE AFTER TIME

STATE AFIER
STME AFTER
STATE AFIER

6.7700E 01,
4.430CE CC,
3.8C0CE 00,

INTEBVAL

2¢

TIME INTERVAL 28
TINE INTERVAL 50
TIME INTERVAL 60

oLT: 6.7690E 01

0UT:

4.42568 (0

OUZ: 3.B001E CO

ITERA-

TEMP
DEG €
25.0
25.0
25.0
25.0
.0

25.0
25.0
2¢.
2.0
25.0
28.0



QUIPUY -- CASE 2

CALCULATICNS FOR 2 SOLVENT EXTRACTION PBOCESS HAVING 3 INTERACTING SOLOTES PO TXTRACTION
EEED STREAM DATA STAGE URANIUYH FIUTCNIOS HNO3 SALT KO3 FLCW RATE TENP
NC., {6/L} {G/L) {1 (®) {VOL.UNITIS) DEG C
AQUECLS 1 0.0 .0 2.00008 00 t.t 1,1008-01 25.0
RQUEOUS 4 0.0 1.520CE Ct 4,1000E OC 0.0 1.000E8 00 25.0
15.0 - TBE 10 0.1 €.¢ 0.0 0.0 9.000E-01 25.C
INITYAL PROFILE STAGE 2CUEQUS PHASE ORGANIC PHASE
FO. DpanIUM ELUTCRIUN H¥C3 ORANIDN PLUTONIUS HNC3 TEHPD
{QUTFLON)} {G/L) {G/L) (1) {G/1} {G/L} {9} LEG C
1 0.0 €. 2.13178 0C 0.0 0.0 0.¢ 25.0
2 0.0 €.C 2-1317F Q¢ 2.0 0.0 0.0 25.C
3 0.0 €. 2. 13178 0C C.0 G.0 0.0 25.0
4 8.0 C.C 2.13172 0¢ ° 0.0 0.0 0.0 25.¢
5 0.0 .¢C 2.13178 GC 9.0 0.0 0.0 25.0
€ 0.0 .0 . 2.13178 0C G.C 0.0 0.0 25.0
7 0.0 €.C 2.13178 00 0.0 0.6 ¢,0 25,0
3 0.0 . C 2.1317E 0OC 0.9 0.0 4.0 25.0
2 0.0 €. 40 2. 13178 0¢ G.0 ¢.0 0.0 25.0
1C 0.0 Q.0 2.1313E 0C .0 G.U 0.0 25.0
PHASE RATIOS EQUAL FLOW RATICS STAGE ¥0. A/0 FHASE RATIO
1 - 3 1.15CE~01
4 - 10 1.07€8 00
STAGE FLOWS (SQLUTE-FREE VOLUEES):
ACUOEQUS PHASE
: RECYICI¥ 2 RECYCLE 1 TOTAL
STAGE FLCR FLOW OuT 10 FILL FOR PHASE AQUECUS
HO. RATIO OF STAGE STRGE RaTIO FLOW
1 1. 150E-01 1.032E~01 0.0 © 0.0 1.0328-01
2 1.150€-01 1.0328-01 0.¢C Q.0 1.,032E-01
3 1. 150E~-01 1.032E-0Y 0.0 0.0 1,032E-01
4 1.C7€E 00 2.661E~01 0.0 0.0 9.661E~C1
5 1. 076 GO S.661E-01 0.C 0.0 9.6€1E-01
6 1.076E 00 9.66 18~01 0.0 c.0 9.661E~01
7 1.(7¢8 €O 9.66 18-01 0.0 G.Q 9.6€1E-01
8 1.07€F €O 9.66 1E~01 0.0 0.0 9.661E-01
9 1.078E 00 €.661E-01 0.1 €.¢ 9.6€61E~01
10 1.076E GO 9.661E-01 0.0 €.0 9.661E-C1
OVERAIL CBGANIC PHASE
TOTAL RECYCLE 2 RECYCLE 1 TOTAL
STAGE STAGE FLOW OUT T0 FILL = FCR PHASE CBGARIC
¥O. FLOM STAGE ¥OL. - OF STAGE STREE RATIO FLOW
1 1.001 G0 Q0.0 €.975g~01 0.0 0.0 8.97SE~C1
2 1.6018 00 0.0 E.975E-01 0.C 0.0 8.975E-C1
3 1LO0E 0C C.0 8.9758~01 0.0 0.0 8.97%E-01
4 1.E864F 00 C.D B.975E-01 0.0 0.0 8.9758~-01
5 1,8848 GO0 0.0 8.9758-¢1 0.C 0.0 8.975E-01
3 1. €60 0C <C.0 8.975E-01 0.0 0.0 8.975E~01
7 1. 8€4E 00 0.0 8.978E-01 0.0 0.0 8.9758-01
8 1.8648 00 0.0 €.9758~01 0.C 0.0 8.975E~0 1
S 1.€64E 00 C€.0 B.975E-01 0.0 0.0 B.9758-01
10 1.E64E 00 C€.0 8.975E-01 0.0 0.0 8.975E-Q1



56

TRAWNSIERT BEHAVIOR EESULTS SOLUTE CONCENTRATIONS IN EFFLUENT FROYX EMCH STAGE

AQUEOUS PEASE

TIME STAGE URANIOH EIUTICNIOA HuQ3 FICW QUT
INTERVAL »C. (G/1) {GsL) (1) OF STAGE
1 1 0.0 0.0 1.1538 00 1.(908-Ci
2 0.0 0.0 1.153E 00 1.C70E-01
3 0.0 0.0 1.1538 00 1.(70E-01
4 0.¢ 4.183E 00 3.686E 00 1.C93E 00
5 0.0 0.0 1.834E 00 1.CZ4E QO
6 0.C 0.0 1.834E 00 1.0Z24E QO
7 0.0 0.0 1.834E 00 1.C24E 00
8 0.0 c.0 1.834E 00 1.024E 00
9 0.0 0.0 1.83¢E 00 1.0Z4E €O
10 0.0 0.0 1.834E 00 1.024E 00
ORGANIC PHASE
STAGE URANIUM FEIUTONIUM H¥03 FIOW OL1 ITERA~- TEMF
NO . G/7L) {G/L) (&) CF STACE TIONS DEG C
1 0.C 0.0 1.069E-01 9.038E-01 S. 25,0
2 0.0 0.0 1.069E-01 ¢.0ZBE-C1 5. 25.0
3 0.0 0.0 1.068E-01 9.038E-01 S. 25.0
4 0.0 1.591E €t 3.171E-01 ¢€.155E-01 7. 25.0
€ g.0 0.0 4.000E-01 9.072E-Q1 3. 25.0
] 0.0 0.0 2.000E-01 9.(%2E~(1 3. 25.0
7 0.0 c.0 2.000E-01 9.L72E-01 3. 2%.C
8 0.0 c.0 2.000E-01 9.(32E~C1 3. 25.0
S 0.0 0.0 2.000E-01 9.072E-01 3. 25.0
10 0.0 0.0 2.000E-01 S.C92E-{1 3. 25.0

ACUECUS PHASE

TIMHE STAGE URANIUNM ELUTCNIUAM HNO3 FICW 0U1T
INTERVAL KO. 1G/LY (G/L) M CE STACE
2 1 0.C 0.0 1.562E 00 t.CEUE-O1
2 0.0 .0 1.153E 00 1.(5CBE-C1
3 0.C 8.002E 00 2.164E 00 1.111E-01
4 0.0 U.129E 00 :.752E 00 1.(S6E CO
£ 0.0 7.671E-01 3.556E 00 1.C86E 0OC
6 0.0 c.0 1.834E 00 1.CZ4E 0O
? 0.0 0.0 1.634E 00 1.0Z4E OO0
8 0.0 0.0 1.834E 00 1.CZuE 0O
9 Q.C 0.0 1.834E 00 1.0Z4E 00
10 0.0 ¢.0 1.683E 00 1.C19 €0
ORGANIC PHASE
STAGE ORANTIUH FIUTICNIODY HNO3 FICW QUT ITERA- TENP
NC. (G/1) (G/L) [£:}) CF STAGE TICHNS DEG C
1 0.0 0.C 1.626E-01 €S.CE9E-C1 4. 25.0
p3 0.C 0.0 1.0698-01 9.03BE-01 1. 2%.0
3 0.0 1.503% €1 1.908E-01 S.144E-C1 8. 25.0
] 0.0 1.56€E 01 3.207B-0% 9.197E-01? 4, 28.0
5 0.0 4.08z8 CO0 :.811E-01 GS5.16CE-01 5. 25.0
€ 0.C ¢.0 2.000E-01 9.072E-01 1. 2.0
7 0.0 0.0 2.000E-01 9.(%2E-C1 1. 25.0
8 0.C 0.0 ¢.000E-01 9.072E-01% 1. 25.0
9 ¢.C 0.0 2.000E-01 9.072E-01 1. 2t. 0
10 0.0 0.0 1.7938-01 S5.C€5E-CH 3. 25.0

ACUECUS PHASE

TIME STAGE UFANIUH ELUTONION HED 3 FICW CUT
INTERVAL ¥O ., {G/L) (G/L) {m CF STAGE
3 1 0.C .0 1.562E 00 1.CEBUE-Q1
2 0.0 9.5(7E 00 1.817E 0Q¢ 1.($9E-C1
3 0.0 7.944E 00 2.180E 00 1.112E-01
4 0.0 S.3%€E 00 :.984E 00 1.1(5E 0¢C
< C.C 7.450E-C1 3.618E 00 1.(8B8E Q0
6 0.0 1.386E-C1  3.414E 00 1.(E€0E (O
7 0.0 0.0 1.834E 00 1.024E 00
] 0.0 0.0 1.834FE 00 1.C24E CO
9 0.0 0.0 1.8618E 00 1.024E 00
10 0.0 0.0 1.683F 00 1.C19E CC
ORGANIC PHASE
STAGE ORANIOM FLUTCNIUN HNO3 FICW 00T ITERA- TENP
NC, {671 {6/1) (M) CF STAGE, TIONS DEG C
1 0.0 0.0 1.626E-01 €.C58E-CH 1. 25.0
2 0.C 1.391E 01 1.579E-01 9.126E-01 7. 25.0
3 0.0 1.5CBE 01 1.923E-01 SG.145E-C? 4. 25.0
4 0.0 1.93%E 01 3.104E~0! S.Z11E-01 6. 2E.0
5 0.0 4.0%ZE 00 3.8658-01 S.1€1E-01 4. 25.0
6 0.¢ 7.506E-01 3.885E-01 9.146E-01 4. 25.0
7 0.0 0.0 2.000E-01 9.C%2E-C1 1. 25.0
8 0.0 0.0 2.000E-0t 9.072E-01 1. 2E.0
9 0.0 0.0 1.979E-01 S.Ci28B~Ci 2. 25.0
10 0.0 0.0 1.793E-01 9.06SE~-O1 1. 2%.0
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INTERMEDIATE STATES OMITTED TO SAVE SPACE

ACEROUS PHASE

UBRANRY OH ELUTCRIUN HEO3 FICH OUT
16/L) {6/1) (23] OF STAGE
0.0 1.3218 €% 2.152E 00  1.114x-C1
0.0 1.240R 01 2.463E 06 1.1258~-01
0.0 83.586F CO Z.965E 00 1,.1438-(1
0.0 6.6788 00 4.079F 00 1.110F Q0
0.0 1.4568 00 4.1228 9040 1.1C8E Q0
0.¢ 2.6168-01 44,1318 00 1,108E QO
0.0 4.5(8E~C2 4,133 00 1,1(8F QO
0.¢ 7.6678-03 4.133E 00 1.107€ 00
0.0 1.282E~03 4.116E 00 1.1{7E 00
0.¢ 2.0%8-0¢ 3.804B 00 1.0SSE 00
ORGAVNIC PHASE

UFANIUN ELUTONIUK HBNO3 FIOo® 0OT1
{6/1) (6/L) L] CF STA6E
0.0 2.0938 01 1.6918~01 9.16%5E-01
0.0 2.2518 €1 1.903E-01 §.1€1E-01
0.¢ 2.238E 01 2.306E-01 9,196E-01
0.0 2.200E Ot 2.968E~01 S.Z19B~C1
0.0 €.066E 00 3.9458-01 9.1E5E-01
0.0 1.7578 00 4.382BE-01 $S.169E-01
0.8 3.156E~01 4.4B1E-01 9.1866E-01
0.0 S.408E-C2  4.499E-01 9.1€5E-01
.0 9.014E-~03 4.491E~01 9.164E~01
8.0 1.3C1E~03 &4.269E-01 §.136E-C1

TEADY STATE BY CVERALL MATERIAL BAIANCE
F TA BFTER E INTERVAL

STEADY STALE

95.0 PERCENT OF STEADY STATE AFTER

99.0 PERCENT OF STEADY SAMIE AFTER

99.5 PERCENT OF STEADY STAIE AFTER
TOTAL G/L UFARIUM IN: 0.0

TOTAL G/L PLUTONIUM IN:
TOTAL MOLES HNO3 f¥:

1.9200E 01,
4.320CE 00,

T4

10

TINE INTERVAL 11"

TINE INTERYVAL 16
TIME IRTERYAL 1€
QuUT: 0.0

o0T: 1.9182E (1
OUT: 4.3199E 00

TEME
DEG C
25.0
25.0
2%.0
25.0
25.6
25.0
28.0
25.0
25,0
25.0
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