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DYNSYL: A GENERAL-PURPOSE DYNAMIC
SIMULATOR FOR CHEMICAL PROCESSES

ABSTRACT

Lawrence Livermore Laboratory is conducting a safeguards program for the
Nuclear Regulatory Commission. The goal of the Materjal Control Project of this program
is to evaluate material control and accounting (MCA)Y methods in plants that handle special
nuclear material (SNM). To this end we designed and implemented the dynamic chemical
plant simulation program DYNSY L. This program can be used Lo generate process dala or
to provide estimates of process performance; it simulates both steady-state and dynamic
behavior. The MCA methods that may have to be evaluated range from sophisticated on-
line material trackers such as Kalman filter estimators, to relatively simple material balance
procedures. This report describes the overall structure of DYNSY! and includes some ex-
ample problems. The code is still in the experimental stage and revision is continuing.

INTRODUCTION

DYNSY1 ., a modification of DYNSYS, Tuses
modular program logic to simulate chemicul plant
dynamic behavior. The differential equations
generated by cach process unit module are
timewise-integrated by a stiff equation system in-
tegrator. All equations can be integrated in a com-
pletely coupled mode, or the various units can be
simulated in an uncoupled mode. Input data re-
quired include in and out process stream numbers.
operaling parameters (size, rate constants, opera-
tion mode. ete.), and stream parameters (flow rate,
temperature,  pressure, concentrations) for each
unit. as well as graphical and printed output
specilications, and simulation time specifications.
Operator-initiated process changes may be input by
terminal,

Output results include an input data echo, all
stream parameter and unit parameter values at the

end of cach time nterval, and printplot and plotter
results for selected stream parameters as a function
of time.

I'he program was developed to simulate
chemical processes in the nucdear fuel ele, The
unit subroutines {modules) available are a general-
purpase transport umt for equilibrium stage com-
putations with heuat transfer (liguid-liquid or liguid-
vapor), or for stirred-lank mixmg and reaction: &
controfler with various modes: a pipe: a pump: a
highly accurate extractor for uranium and
plutonium  coextraction or separation - Purex
plants: a plutonium precipitator: and a plutonium
concentrator. Such simulations provide data for
material accounting studies. particularly for on-line
schemes. and allow studies of dy namic plant opera-
tion cither for assessment or design.

PURPOSE

[DYNSY. has been designed and implemented
to help evaluate MCA methods in plants that han-
dle SNM. To detect diversion of SNM from
chemical processes using MCA methods. the
process units and subsections of the plant must first
be simulated in detail. Both the steady-state and
dynamic behaviors of the chemical process are
needed to accurately evaluate MCA methods.

The process simulation provides “meusured
data™ for MCA methods evaluations. The MCA
method is often simulated dynamically in much the
same way that the process is simulated. with
measured duta as the input and probability of detec-
tion of a diversion as the output.

Figure 1 shows the steps of 4 MCA method
evaluation. The process is first dynanically
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Fig. 1. Steps Tor esalvating an MCA method.

simulated using validated models of the process
units and instruments that provide simulated
measurements. These measured data are then input
into the MCA method, and the probability of detec-
tion is derived for given levels of material diversion.
The material diversions are incorporated into the

[N

process simulation as shown in Fig. 1.

As well us providing the basis for MCA evalua-
lions, the dynamic and steady-state process simula-
tions may also be used 1o check design validity and
to obtain nominal operating levels for diversion
tests.



RELATION TO PREVIOUS PROGRAMS

The dynamic chemical plant simulation we
have described is u continuous timewise simulation,
as opposed to discrete time interval types that
simulate inventory and material flows in a plant
(i.e.. GPSS,2 GASP, 3 Simscript 4. Continuous
dynamic simulations use differential and algebraic
models of each of the units in a plant. These models
are linked together to represent a numerical simula-
tion of the analog behavior of the overall system.

Previous versions of continuous dynamic plant
simulators  include PRODYC,5 DYSCO,®
REMUS. "DYFLOW. $and DYNSYS, the model
for DYNSYL. All of these simulation methods use
generic models of process units that can be com-
bined to simulate a larger section of a plant.

PRODYC interfaces the process unit simula-
tions to the 1BM Continuous System Modeling
Program (CSMP % 10 solve the system of differen-
tial equations gencrated. PRODYC, therefore,

makes il easier to use CSMP dynamic process
simulation. DYSCO is more modular in concept
than PRODYC, allowing process flowsheet simula-
tion entirely through input data specifications that
consisl Rrimarily of a process topology matrix and
unit and stream specifications. The code is for-
mulated with process design as the major objective;
graphical interaction and ease of process zlteration
are built-in.

DYNSYS was designed primarily as a batch
simulation program with no interactive features in-
cluded. [t is otherwise basically the same as DYSCO
with a topology matrix, specifications for each unit,
and stram specifications that are also the main
dynamic¢ (state) variables in the simulation.
DYNSYS does, however, account better for cou-
pling effects between units as discussed in the next
section.

PROGRAM MODULARITY

Two basic cancepts are used to dezign dynamic
chemical plant simulation codes: the equation-
oriented and the modular methods. The equation-
oriented method (sometimes called contlinuous
system simulation) derives from analog simulation
methods (CSMP, 2 MIMIC, 10 LEANS ') that
provide solutions to large numbers of simultaneous
interdependent differential equations. The method
requires only that all the relevant equations be in-
cluded. Generally, coupling between equations is in-
cluded in euch solution step.

The modular method uses computer code sub-
routines (mocules) that comprte the differentials of
the state variables ussociated with the process unit
simulated by the module. In most cases, equation
solutions for cuch module are determined indepen-
dently of the other modules during each time
period. Thus, coupling between modules occurs
only at the end of the time intervals and not at each
slep in the integration process as in most equation-
oriented methods. As noted by Franks, 8 equation-
oriented codes may be considered to represent a
progrumming level intermediate between FOR-
TRAN (or other scientific programming language)

and modular codes that do not require mathe-
matical formulations.

Both methods have advantages. Equation-
oriented codes with complete equation coupling en-
sure the greatest dynamic simulation accuracy, par-
ticularly for large time steps, bul require common
storage for all derivative and/or variable values for
all integration steps. This requirement can impose a
severe limit on the number of plant units tha* may
be simulated, particularly if the computer has smalt
core storage. On the other hand, the modular codes
witn no intermodular coupling can be used with
relatively small core storage as the commons in the
cude can be small, but aecuracy may be poor unless
the time intervals are very small. DYNSYS was
written with partial intermodular coupling: the
module equation solutions at each step of integra-
tion use coupling at all previous steps. DYNSYL,
on the other hand, provides solutions with complete
coupling at each present step. While developing
DYNSYL, we endeavored 1o provide both com-
pletely coupled and uncoupled modes of sclution to
provide {lexibility to the user in simulating large and
small plants on his computer.



UNIT MUDU[LE STRUCTURE

In DYNSYL, as in any modular chemical plunl
dynamic simulator, the unit module provides time-
derivative values of the time-dependent variables
(states) whenever they are needed by the integration
section of the computer code. Because most unit
simulations are lumped parameter simulations in
which values of effluent stream variubles equal the
volues of these variables in the unit (well-mixed ap-
proximationy, only the stream variable time
derivatives are computed. To have available all
necessary state variable and parameter values, the
unit modules must adequalely communicate those
values from the main program. In DYNSYL, as in
DYNSYS, the commons rather than the sub-
program arguments provide that communication.
The commons conlain the values of the state
variables, the unit purameters, and the topology
maltrix. as well as other necessary values such as unit
number. Figure 2 shows the makeup of the common
statements in u DYNSYL module and a short
description ol the code.

After all variable and parameter values are
provided in ua module subprogram, the state
variihle derivative values imay be computed. A cer-

*DATA. TAPE4=DATA)
L=3088P8B

CALL CRERTE (4HDATA.L.ICO}
CALL CHANGE (2ZH+R)

DYNSYL

WmDNM U RN -
(3]

tain amount of precomputation is usuully needed.
particularly if the module allows for several options.
In addition, it is often beneficial to redefine variable
names in terms of the usual names for the unit
operation simulated, thus helping those unfamiliar
with the program to understand its function.

Figure 3 shows the typical makeup of a DY N-
SYL module subprogram. Optional parts ar¢ shown
in parentheses. As in DYNSYS, the module sub-
programs in DYNSYL are numed as TYPE n where
n is an integer. The subprograms are also identified
in the executive part of the code with a descriptive
name. That name should be given as 4 comment in
the subprogrum. Each subprogram should be
prelaced with a complete description ol its intended
vse, capabilities, limitations, and other information
helpful 10 the user.

The values of the siate variables are stored in
the common array S(1. j. k). The array S(2.j. k) con-
tains the corresponding values of the state variable
derivatives. In the subprogram description pre-
sented in Fig. 1, the derivatives are first caleulated
as values of DERY (1). These values are then con-
verted to new values in the array S(2, . k).

PROGRAM DYNSYL (INPUT.OUTPUT. TRPE2=INPUT. TAPE3=0UTPUT.

THE TIMEWISE INTEGRATION

WITH

[T IS NECESSARY TD NUMBER THE STREAMS IN THE PLAWT CONSECUTIVELY

THIS ALLOWS THEM TO
THE NUMBERING OF UNITS THE

HWUMBER OF UNITS AND STREAMS- WHICH MAY 8E ACCOMIDATED BY DYNSYL DEPENDS

[T IS5 PRESENTLY
BUT THAT COULD BE FEASIBLY

THE TIME REQUIRED FCR A RUN WITH 68 DYMAMIC VARIABLES

[NPUT PROGRAMS DYNL AND GET: A

C
C
[
18 C DYNSYL IS AN LLL MODIFIED YERSIDN OF DYNSYS (BARMEY.
t1 c AHLULAL A AND JOHNSON., FACULTY OF ENG. SCI.. UMIV. OF WESTERN
12 C DHTARIO. AUGUST 1975) WHICH UTILIZES MODULAR PROGRAM LOGIL TD
12 € SIMULATE CHEMICAL PLANT DYNAMIC BEHAVIDR,
14 C OF THE DIFFERENTIAL EQUATIONS GENERATED 8Y ERCH PRODCESS UNIT MOIDULE
15 C IS DOME BY THE LLL ~ PROGRAM DRIVE AND ITS SUB-PRDGRAMS. A
t6 C STIFF SYB5TEM INTEGRATOR WITH GREAT STABILITY AND RDBUSTNESS.
~17 € DRIVE AS THE EQUATION INTEGRATOR. ALL EOUATIONS [-‘,RNERRTED BY THE
18 C UNMIT MDDULES ARE INTEGRATED TOGETHER.
19 €
28 C PROGRAM NOTES
21 C
22 C
23 C WITH THE INPUT STREAMS FIRST ON THE LIST.
24 C BE EMXCLUDED FROM THE INTEGRATIDN PROCESS.
25 C [ THE PLAWT IS ARBITRARY. BUT THEY SHOULD BE 1 THRU NE - UNITS.
26 C
27 C OW THE DIMEMSIONING OF COMMONS: AND LOCAL RECORDS.
28 C DIMENSEOMED FOR 35 UNITS AND 45 STREAMS.
29 C EXPAMDED TQ 45 UNITS AND 68 STREAMS TQ RUNM WITHIN A 500,800 LORD
3@ C IN-CORE LIMIT,
31 C (1B STREAMS AND 6 VARIABLES) IS TYPILALLY @.35 MINUTES.
32 C
33 C PROGRAM DESCRIPTION
34 C
35 C DYNSYL IS COMFOSED OF MAIN,:
c

UNIT CALLING PRDGRAM DYH2: OUTPUT PROGRAMS OQUTPUTS. SAVEP. WRITEP.

blocks, {Ct

Fig. 2. DYNSYL description and

J on next page)
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LPLOT, CALPLT(DDBB PLOT): COMMDN PLYS[EHL‘PRDPERTY ROUTINES PROPS,

MOWE. CPLI. CPVA. ENTL, LAMA. DEML. DENV.| VAPR, WILS, BUBL. KVAL. TEMPL.
AND TEMPV: I[NTEGRATION ROUTINES DRIVE, ST[FF, PSET., [NTERP. COSET. DEC.
AND SOL: A NOISE GENERATION PROGRAM ND[SE“ AMD UNIT MODEL SUBROUTINES
STGIDL. CONTLR. PIPE. PUMP, EXTRTR. PRECIP, AND EVAPTR. THE SUBROUTINE
STGIDL MAY BE USED AS AN [DEAL STAGE OF EXTRACTION OR ABSGRPTIGN. A
FLASH DRUM WITH HEAT TRANSFER, A HEAT EXCHANGER OR A REACTOR. EACH
UNIT SUBROUTINE MAY HAVE OTHER SUBROUTINES ASSOCIATED WITH [T LHICH

ARE NOT NAMED HERE. EACH UNIT SUBROUTINE| IS DESCRIBED IN FMORE

DETAIL WITH THE SUBRGUTINE ITSELF. UNIT SUBROUTINES ARE EASILY ADDED. AS
DESCRIBED IN THE MANUAL.

THE COMMON BLOCK VARIARBLES USED [N DYNSYL ARE:
COMMOMAMAT.
1MP€35.133 = UP TO 13 STREAM NUMBERSC(I[M +. OUT -) FOR EACH UNIT(UP

T0 33)
EP(35.18) = UP TO 18 UNIT PARAMETER YALUES FOR EACH UNIT
5¢2,45.11) = UP TO 11 STREAM YARIABLES FOR EACH OF 45 STREAMS
LHEN THE FIRST IWNDEX IS 1: WHEN THE FIRST [NDEX IS
2. THE VALUES RRE TIME DERIVATIVES OF THE VARIABLES
EX(503 = EXTRA UNIT PARRMETERS (SEE MANUAL)

COMMOH/CON~
HCDHP =EERXIHUﬂ NUMBER OF COMPOMENTS [N STRERMS

HEa = HCOMP + 3

ME = MUMBER OF UNITS IN PLANT

N5 = NUMBER OF STREAMS IN PLANT

THAX = FIMAL TIME OF SIMULATION

HB = NUMBER OF FEED STREAMS TO PLANT
N1 FIRST COMPONENT WHICH [S DYNAMIC
LAST COMPOMENT WHICH IS DYMAMIC

=
~N
won

COMMONAPLT~

HWPLOTS = NUMBER OF VARIABLES PLOTTED (L INES)

PLOTE = TIME INCREMENT BETLEEN SAVED POINTS

PLOTD(15.4) = PLOTTING SPECIFICATIONS FOR EACH OF 15 WARIABLES:
STREAM MUMBER. STREAM YARIABLE. LOWER AND UPPER
PLOT LIMITS

PLOTT = TIME VALUE OF LAST SAVED POINT

PTYPE = WIRTH OF PRINT PLOT: B FOR 188 SPACES. GT.B FOR S8 SPACES

WSTATE = NUMBER OF DYNAMIC VARIABLES

COMMON~QLT"

NOUTPT = 1 FOR PR[NTED DUTFUT AT ERCH TIME INTERVAL

NLIWE = L FOR A PRINT

WCAL = 1 FOR A DDBB PLDT(DR OTHER PLOT DEVICE)

WPR = NUMBER OF TIME INTERVALS PER SIMULATION

WSAVE = IF GT.8, POINTS WILL BE SAYED FOR PLOTTING

HHUMD = 1 FOR OUTPUT OF MEASURED DATA LIST(NSTATE VARIRBLES)

COrMOH GERR/

JSTART = [F GT.D. PRRT OF SUBROUTINE SAVEP [5 SKIPPED
TIME = CURRENT TIME VALUE

H = INITIAL INTEGRATOR INTERVAL

HINC = TIME [NCREMENT “ALUE

EPS = IMTEGRATION PRECISIDN (ABSOLUTE)

COMMOW~/GRAPHC ~

WPTS = NUMBER OF PLOTTED POINT

TPLOT(158B) = TIME VALUESC(UP TD 1588)

YPLOT(1588,15) = UP TO 1S VARIABLE VALUES PLOTTED PER TIME VALUE

®PLOTC1B6E) = UP TO LBOA VARIABLE VALUES PRINTED AS MEASURED
DATA PER TIME VALUE

Fig. 2. (Continucd)
5
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COMMON- IO~

NIM = INPUT BEVICE |

NDUT = DUTPUT DEVICE FOR DATR ECHO AND NORMAL DUTFuT
NERR = DUTPUT DEVICE FOR ERROR MESSRGES AMD LINE PLOT
NPBINT = QUTPUT DEVICE \FDR MERSURED DATA

COMMONAUNIT/

IM = UNIT HUMHBER
NMP = MAXIMUM NUMBEER OF STREAMS [N AND OUT OF ANY UNIT

CaMMBN/LARM,

STD = ABSOLUTE STANDARD| DEYIATION DF PROCESS NOISE

PRCNT = PER CENT OF VARIABLE VALUE STANDARD DEVIATION DF
PROCESS NDISE |

EMC_= SEED VALUE FDR RANDOM NUMBER GENERATOR

EMSTD = ABSOLUTE STANDARD DEVIATION OF MEASUREMENTS

EMPR™ " = PER CENT OF VARIABLE VALUE STAMDARD DEVIATIGN OF
MEASUREMENTS |

DIMENSIOH Y¥(388).YDOT(380)
COMMON ~MATZ MP(35. +18).,5(2,45,13) . EX(58)

COMMON ~CON~- NCOMP., NE5 NE. NS: TMAX. NC3. N8, N1.N2. NF

COMMON. #/PLT~- HPLOTS.PLOTI.PLOTD(1S.4).PLOTT,PTYPE.NSTRTE
COMMON ~#0UT/ HOUTPT, NL INE. NCAL . NPR, NSAYE . NNUMO

COMMON ~GERR/ JSTART, IMETH. TIME.H.HH-HINC.EPS. T. INTFL
COMMON ~GRAPHC/ NPTS. TPLOTC1586), YPLOT(1588. 15) . XPLOT 1 B@@)
COMMON ~I0~ NIN,HNOUT,NERR,HPOINT,HPRT

COMMON/CHANGE~IC, JC,ETIME

CAMMBNAUNI T/ {1, HHP :

COMMON/LARM~STD, PRCHT, EMC, EMSTD.EMPRCT

[NTEGER OUTPRO.OUTSTO.OUTPRA/OUTSTA

DATA NIM.HDUT.NERR.HPOINT~2.3.3.4/

Fig, 2. (Continued)



Suvbroutine Type n

c
¢ (Subroutine descriptiv> name)

::: (description of subroutine, its capabilities, limitations, and other information helpful 1o vsers)
¢ COMMON/MAT/MP(35,13).EP(35,10),5(2,45,13).EX(50)
COMMON/CON; JCOMP.NCS.NENS,TMAX,NC3,NB,N1ST,NFIN
COMMON/GERR/ISTARTIJMETH,TIME HHINC,EPS,TT
COMMON/UNIT/IMNMP
(REAL variable list)
(INTEGER variable list}
(DIMENSION variable listy
:: {equipment parameter Jist, component ist. etc.)

IF (INTFL. EQ.O)* GO TG 2

RETURN

2 CONTINUY

{Rename variables from S-;urn_\‘:. cquipment parameters from EP-array. st 2am names Irom MP-array.)
(Do precompularions aecessary to compute derivatives of state variables at present timc.)

DO nn =1, number of state variables

Used wher tiis module
DERY (I} = furetn of state iabl i called by DRIVE with DYN2.

nn CONTINUL

OTIME=TIME-HINC Used when this module cailed
by MAIN with DYN2. Another

INDEEX=1 subroutine must be called by
DRIVEL to compute derivatives

CALL DRIVELINOTIMEH,Y . TIMEESPIMETH,INDEX)** of Y. usually named DERY.

{post-computations necessary)
(renamie derivative values with S-amray names)
RETURN

*f the subroutine calls the integrator this statement would be IF(INTFL.EQ.1)GO TO 2.
*5(1,j,k} are state varizble values: S(2,j,k) are their derivatives: S(1j.k) maps to Y(i) for the integrator; $(24.%) maps to

DERY(i).

*The arguments are:
N — number of stafe variables
OTIME - beginrning time of interval
H - integration step size
Y ~ state_variable name
TIME - linal time of interval
EPS - convergence criterion (fraction of variable)

IMETH - integration mcthod (see integrator ‘manuatl?)

Fig. 3. Unit module subprogram description.
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The integrator used in DYNSYS is a modificd-
tion of the original GEAR '2.13integration code for
stiff systems of differeﬁlial equations. [t is a sub-
routine called by each unit fiiodule subprogram to
in‘tegf;alc the differential equations represented by
the differentials of the state variables. In DYNSYS
the integrator is a two-step predictor-corrector with
a maximum order of six. The integration is done
cither by an Adam-Bashforth method requiring
storage of previous derivative values, or by a “stiff™
meth(‘?d requiring storuge of previous state variable
values. The integrator stores the values of all dif-
ferential or siate variables up to the order six from
all the unit module subprograms. For the present
time ihlerval. all state variable values determined by
the predietor step are av?xilable for use in the correc-

‘THE INTEGRATOR

which represents all units in the simulated plant.
Besides including intermodular coupling, the
GEAR:bascd integrator in DYNSYS is designed to
handle stiff sets of equations, those with a wide
range of time constunts in the various differential
équations integrated. Unfortunately, use of
DY|NSYS with the unit module STGIDL (see Ap-
pendix A) caused many unstuble cases that were im-
possible to integrate, For that reason an improved
integration subprogram was sought for DYNSYL.
The subprogram chosen for DYNSYL js a ver-
sion of the GEAR stiff integrator written for use at
LLL. M1t was designed to serve as the integrator in
locally generated, continuous-system simulations.
Its ‘ main program. DRIVE, is called by the
simulator. DRIVE then calls STIFF which calls a

tor siep. Therefore, the previous state variable user-written subprogram to generate valucs of the
values account for coupling between equations, differentials to be integrated. When used with
? Start DYN 1, GET
Qutputs, WRITEP, CALPLT Input
OUTPUT : initial values,
Input values, MAIN equation parameters,
valyes of state, o calculation parameters,
variables and equation defaults, physical
parameters at each time, parameters, property
graphic output coefficients
DRIVE
Geaf
¢ integrator
|
|
DYN 2 ‘
Unit module
caller

PROPS, various

TYPEN

physical properti%as,

Unit modules,
computation of

programs

differentials

Fig. 4. Coupled mode of operation of DYNSYL (general structure).
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DYNSYL, the LLL version of GEAR is called by
the main program of DYNSYL. GEAR then calls
for values of each of the differentials in the unit
modules through an ordering program called
DYN2 (see IFig. 4). Under these circumstances the
integrator uses present values ol all differentials at
cach intepration step.

An aiternate use of GEAR in DYNSYL is
designed to use less memory capacity. In that mode
the integrator is called by each individual unit
module subprogram. The commons are then only as
large as the largest subprogram comnion because all
stale variable values for all orders are not stored.
The alternate mode accounts for intermodular

couﬁling only through the state vatiable values from
the last time step.

To efficiently solve large sets of differential
equations, the GEAR integrator can use a Newton-
Raphson method requiring Jacobian values for the
stale variables. The integrator manual i explains all
the pptions for its use, but for the purposes of
DY NSYL‘ we only considered iwo: analytical com-
putation of the Jucobian values in the unit module
subprograms, and numerical computation of the
Jacobian values by the integrator. The former
choiee suves computer time but the latier is more
flexible. as analytical Jacobian expressions cun, in
many cases. be almost impossible to derive. So far.
we huve only used the numerical option.

OVERALL PROGRAM STRUCTURE

The general structore of DYNSY L is shown in
Fig. 4. The main program first calls a data-reading
program. DY NI, which also uses GET. which, in
wrn. primarily reads alphameric information. The
main program calls the integrator program DRIVE
(after all necessury precomputations have been
madey DRIVE culls DYN2 the unit moduie
program catler. through STHFI-. a subprogram of
DRIVE. To determine updated values of the state
variables after cach ume increment. the unit modute
programs compute values of the derivatives ol the
state vartables to he used by the integrator program.
The unit module programs call the physical
property programs when necessary. AL the end of
cach output interval several integrator time inter-
vals). the integrator returns to the main program so
ihat the output programs may be called.

The structure shown in Fig. 4 is Tor complete
coupling of all equations of all units. If it is desired
1o save memaory space in the computer, or if a very
large chemical plant is to be simulated. an un-
coupled mode may be used. The structure of that
mode is shown in Fig. §

The uncoupled mode 1 not naarly o~ efflicient
as the coupled mode, nor is it as accurat 2. because
the integrator must be initialized at the beginming of
cach time step of MAIN i the integrator is being
called by more than one unit module. The multiple-
order capabilities of the integrator ace afso inter-
rupted at cach time step of MAIN

The logic used in cither the coupled or un-
coupled mode is shown in Fig. 60 which shows the
detailed orgunization of DYNSYL primarily
through subroutine calls.

PROCESS TOPOLOGY AND PROCESS VARIABLES

To trunsmit to the unit module subprograms
those process streams connected o them. it is
necessary to define a process topology array. MP
{ij). whose values are the numhers of the streams
defined within the unit modules. A unit module
mi zht, for instunce, have three streams connected to
it iumbered 1. 12, and $3. If the unit in the plantis
nuritber 2. then the topology matrix values would be
MP2.)y = 1. MP2.2)= 12, and MP(2.3) = 33,
Such an urray makes possible greater flexibility than
if the stream numbers are assigned within the unit
modules during cuch use ol the simulation code.

The values of the process vandbles are con-
tained in the array Stig.h Ay mentioned
previously. when 1= 1. the values are the state
variable values: when i = 2, the values are the
derivatives computed in the unit modules. The value
of jis the streum number. The values of k indicate
the particular stream variables us follows: 3 for flow
rate. 4 for temperature, 3 for pressure. and 6 to n for
concentrations of various components. where n is
the maximum dimeision of K. The value of the
stream number is St1j 1 and S(1.1.2) is a flag whose
value mauy be positive or negative. If the stream flag


file:///alues

Start

Outputs, WRITEP, CALPLT ‘ DYN 1, GET
OUTPUT {nput
Input values, values of initial values, equation
state variables and MAIN parameters, calculation
equation parameters parameters, defaults,
at each iime, graphic physical property
output coefficients
DYN 2
Unit module
caller
TYPEN

Unit modules,
computation of

differentials

PROPS, various DRIVE

physical properties Gear

programs integrator

Fig. 5. ncoupled mode of operation of DYNSYT. (general structure).
is negative, that stream vector is suppressed in the ber and j is parameter number. Each unit may have
output, up to 10 parameters in that array. plus additional
Lquipment and other parameter values are anes in vector EX(i). That vector will be discussed

contained in the array EP(ij). where i is unit num- further in the section on INPUT.

VARIABLES AND ARRAYS

The process topology, variable, and equipment DYNSYL program shown in Fig. 6. Most of these
parameter arrays are the main common arrays used are sell-explanatory or become clear with use of Lthe
in DYNSYL. Many other arrays and common DYNSYL code. and thus we will not describe them

- variables are defined in the listing from the main here,
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ERROR MESSAGES

The error messages gencerated by DYNSY Loare
a combination of those from the original DYNSYS
and from the GEAR-integrator code. The mes-
sages are usually clear, but the proper remedy may

not be. The DYNSYS manual * and the integrator
manual 4 contain suppested responses 10 each of
tie error messages that may be gencrated by the
code.

PROGRAM EXECUTION

tpon execution of the DYNSYL code, the
coded input values are first read hy subroutines
DYN! and GEL. The user is then immediately in-
formed of the TIME value and asked for the TIME
value for the first chanpe-in-state variables. Such
changes may be made o simulale process upsets,
material diversions, or control actions. The re-
quested TIME value is input through the terminal,
and excenlion resumes.

The user iv informed when it is time for a
chunge, and is asked to type the number of stute
vuriables 1o be changed. He is then asked for the

stream and variable numbers as well as the new
variable value for cach change. The proper format
for the input is always given. After all changes are
given, the user is usked Jor the next TIME value for
which a change will be made. Whenever thut TIME
value exceeds the simulation time. execution 1s com-
pleted.

The files containing numerical and graphical
outpul are created when the execution is completed.
The output devices from which these files may be
obtained by the user depend on computer type and
user specifications.

INPUT

The form of the input specifications for DYN-
SYI is nearly the sume as in DYNSYS. (For a very
complete description ol the input system used, the
DYNSYS manual ! may also be consulted.) To il-
lustrate the input format and some of the variations,
the example input shown i Fig, 7 will be discussed
below. The example is for simulation of 4 14-stage
extractor, which is shown schematically in Fig. 8.

One may analyze the necessary format for the
input data hy reviewing DYNTI, given in the listing
in Appendix B, There are several default values Lthat
are {irst established. These are  listed in Table 1.

To override the default values, input values
may be read as shown in Table 2 [FORMAT (2A4,
F12.5)).

A new unit module not already included as part
of the module library can be inserted into the code
through the input data. The alphameric LIBRARY
signals new module-nume input as shown in the ex-
ample in Fig. 8. The number afier LIBRARY is the
number of new modules. The next lines are the new
module names and their numbers, Note that all
numerical input is floating-point even when the
numbers are used as inlegers. The formats are all
(3A4, F12.5).

The alphameric PROCESS signals the begin-
ning of equipment und process data. An input

listing is required. consisting of o unit module name
and the unit number lollowed by the stream num-
bers (in and out of the unit) and eyuipment
parameters in the proper order (specified by the unit
module subprogram). If unit numbers are negative,
cquipment parameters will be output. Il stream
numbers are negative, stream flows are outward.
The formats are (3A4 F12.5) for unit name and
number and (12X, 5F12.5) for the stream numbers
and cquipment purameters,

After the alphameric END. the numher of
eams and stream variable values at zero time are
inpul. The stream variable values should be given in
the order indicated for the state variable array dis-
cussed previously, with the stream number and flag
as the first two. Hf the stream Mag is negative, output
is suppressed. Again the formut is (12X, 3F12.5).
The alphameric EXPLICIT or SPECIAL  comes
before cach stream sariable list, EXPLICIT in-
dicates that values for a particular stream are listed.
SPECIAL followed by a stream number indicates
that values for that stream number through the
stream number indicated in the array list are given.
SPECIAL allows input of common values for a
number of streams using one input list.

After the alphameric END, PROPERTIES in-
dicates that coefficients lor severul different




property correlation equations for cach component
will be read. The number of property equations de-
pends on the pumber following PROPERTIES. [f
-1 or -2 follows PROPERTIES, property coef-
ficients for water or air, respectively, are assumed
by the program. The property equation coefficient
input in DYNSYL 1 the same as in DYNSYS: sce
Rel. | for details. The formats are (3A4, F12.5) and
(12X, 5F12.5).

After unother alphameric END. GRAPH in-
dicates with a subseguent number several graph
lings ivariables) 1o be plotted by CALPLT or
LPLOT, The two numbers on the next line indicate
the abscissa increment and the lineplot width. if the

second number is 1.0, the lineplot is 50 spaces wide;
if it is 0.0, the lineplot is 100 spiaces wide. The next
iines give the specifications for cach variable
graphed. the stream number and varisble. and the
lower and upper ordinate limits.

If the user desires to continue with a different
number of iterations in a given time, or with a dif-
ferent number of iterations between printing. he
follows the procedure that we showed in the exam-
ple. The time given is the final time, and the number
of iterations is the number as il beginning at zero
tirne. The prompt END must be given after cach
sontinuation  specification and also to end the
simulation.

ERMKEN XN EXEXN
TEST SIMUIATION OF A 14- STAGE EKTRACTIGN COLUHN USING S7GIDL
x EXXEAALREXK KEEAXX
GIN
CUHPONENTS 4.0
IN/OUT 10.0
TIME 100.0
@ BF 1TRTNS 500.0
FEED STRMS 1.0
CQUPLED STMS 33.0
FIRST COMP 4.0
LAST COMP 7.0
| TER BTW PRT 10.0
N8ISE STD DV 1.0E-3
PERCNT NO[SE 0.0
MEAS NOISE 1.0E-2
M NOISE PRCT 0.0
yTPUT
NUMOUTPUT
CALPLO
L1BRA 1.0
TUBRXR 16.
PROCESS
STEIDL -1.0
1%.0 0.0 0.0 -16.0 17.0
0.0 0.0 -18.0
0.0 13.7 13.7 100.0 100.0
0.30
STOIDL -2.0
14.0 0.0 0.0 -1%3.0 18.0
a.o0 0.0 ~19.0
0.0 13.7 13.7 100.0 100.0
sTGIDL %5%3
13.0 0.0 0.0 -14.0 18.0
0.0 0.0 -20.0
c,0 13.7 13.7 100.0 100.0
0.30
STeIDL -4,0
12.0 0.0 0.0 -13.0 20.0
0.0 0.0 -21.0
0.0 18.7 13.7 100.0 100.0
STGID| %39
T L -
11.0 0.0 0.0 -12.0 21.0
G.o 0.0 -22.0
0,0 18.7 18,7 100.0 100.0
STG1D %°0
T L -
10.0 0.0 0.0 -11.0 22.0
0.0 0.0 -23.0
a. 0 13.7 13.7 100.0 100.0
STGIDL $:3°
9.0 0.0 0.0 -10.0 23.0
1.0 u.0 -24.0
0.0 13,7 13.7 100.0 100.0
STGIDL %8
8.0 0.0 0.0 -8.0 24.0
Fig.7. Example input for a 14-stuge extractor with diversion on input line, (Continued on next page)
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SToIDL
sSTOiOL
STGIOL
STGiOL
STGIDL
STGIDL

STGIDL
END
STREAMS
EXPLICIT
SPEClAL
SPECIAL
SPECLAL
EXPLICIT

EXPLICIT
END
PROPERTIES

END
GRAPH

CONTINMUE

NO OF [TRTNS
ITER BTW PRT

END

%dNTlNUE

NG OF [TRINS
lLER 8TW PRT

El
END

-
X

0.0 0.0
C.0 13.7
0.30
-g8.0
7.0 0.0
0.0 0.0
0.0 18.7
0.30
-10.0
6.0 0.0
0.0 0.0
0.0 13.7
D.30
-11.9
8.0 0.0
G.0 0.0
0.0 13.7
0,30
-12.0
4.0 0.9
0.0 0.0
0.0 19.7
0,30
-13.0
3.0 0.0
0.0 0.0
0.0 13.7
0,30
-14.0
2.0 0.0
0.0 0.0
0.0 13.7
0.30
-15.0
32.0 0.0
0.0 0.0
C.0 0.1
0.0
33.0
1.0 1,0
9.5 4,78
2.0
16.0 1.0
17.0
23.0 1.0
24.0
31.0 1.0
32. .0
9.5 4.78
33.0 1.0
-1.0
4.0
2.0 0.0
16.0 7.0
31.0 7.0
1.0 3.0
t.0 7.0
1000.0
100.0
2.00
10000.0
500.

Fig. 7. (continued)
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Fig. 8. Diagram of example extraction column. Unit 15 is of nearly zero
volume for diversion simulntion,



Table 1. Input default values.

Input varables

Delipition

EMC=0.0
N1ST=)
NFIN=6
NB=1
MAXNE=35
TIME=0.0
IST!
MITER=2
NCOMP=1
NMP=5
H=E-§
TMAX=10.0
NPR=1
EPS=0,001
NOUTPT=0
NNUMO-0
NLINE=0
NCAL=0
NOMES=0
5TD=0.0
PRCNT=0.0
EMSTD=0.0
EMPRCT=0.0
NRPT=1

Argument for random number gencrator

First variable to be a state variable

Last variable 1o be a state variable

Number of nonvariable streams

Maximum number of uait

Initial time value

Stff method of integration: | for Adums Method
Numerically computed Jacobian: sce DRIVE in listing
Number ol components

Maximum number of streams in snd oul of a unit
Initiat time increment

Simulation time

Number of iterations to be run

Convergence criterion

No printout of state variable values

No printout of measurement vector values

No lineplot

No DDSO plot

No nonfatal error messages

Standard deviation of process moise

STD as percent of state variable value

Standard deviation of measurement noise

EMSTD as percent of measured variable value

Number of iterations between printing.




Table 2. Input values.

Input variable Numerical valae Definition

BEGIN Starts input process: all preceeding labels are ignored
NONSTIFF Causes nonstiff integration

COMPONENTS Number of components

INOUT Number of streams in and out of unit

FELD STRIAMS Number of nonvariable streams

FIRS] VAR First variable to be a state variable

LAST VAR Last variable to be a state variable

DILT Initial time increment

TIME Simulation time

NO OF ITER Number of interations to be sun
TOLERANCE
ITER BTW PR1T
NoOISK
PERCENT NOIS
MEAS NOISE
M NOISE PRCT

Convergence criterion

Number of iteeations between printing
Standard deviation of process nuise
Above as percent of state variable value
Standard deviation of measurement noise

L -

Above as percent of state variable value

OQUTPLT X Print state variable valves
NUMOUTPUT X Print measurement vector values
LINEPLOT X Print plot to be vutput
CALPLOT DD80 plot to be produced
NOMESSAG! krint nonfatal error messages
INTEG METHOD X Value of MITER in integrator.?

AMITER=2 causes facobian values to be numerically determined.



OUTPLT

The output ol DYNSYL begins with an echo
of the input in almost the same form, as shown in
Fig. 9. At cach print lime beginning with
TIME=00, all stream variables except for sup-
pressed  streams  (negative stream number in
STREAMS input) are printed. Figure 9 shows a
sampling ol output at various times. For cach
negative unit number the equipment specifications
are also piven at cach print time, Any changes in
stream  varnibles or equipment parameters by in-
teractive input are. of course. reflected in the output
al the next print une,

I & lineplot iy specified, it will follow the state
variible and equipment parameter output after cuch
simulation time (mital time and each continuation).
Some care must be exeraised in specifying the time
fahscissa) spacing. as the hneplot can become ex-
wessively long.

BEGIN
COMPONENTS 4.00000
IN/OUT 10.00000
ME 100. 00000
NO OF [TRINS 500.00000
FEED SIRMS 1.00000
COUPLED STMS 33.00000
FIRST COl 4.00000
LAST COMP 7.00000
ITER BTw PRT 10.00000
NOISE ST0 DV 0.00100
PERCNT NOISE
MEAS NOISE S 0.01000
M NOISE PRCT
QUTPUT
NUMOUTPUT
CALPLOT
PROCESS
sI1GIOL -1
UNIT -¥ TYPE 1
15. 00000 0.
0. 0.
0. 13.70000
0.30000 -0.
STGIDL -2
UNIT -2 TYPE 1
14.00000 0.
0. 0.
0. 13. 70000
0.30000 -0.
STGIDL -3
UNIT -3 TYPE 1
13. 00000 0.
0. 0.
0. 13.70000
0.30000 -0.
S571GIDL -4
UNIT -4 TYPE 1
12.00000 0.
0. 0.
0. 13.70000
0.30000 -0.
STGIDL -5
UNIT -5 TYPE |
11.00000 0.
0. 0.
9. 13. 70000
0.3D000 -0.
STGIDL -6
UNIT -6 TYPE |
10.00000 0.
0. 0.
0. ;4 70000
0.30000 -0,
STG1DL, 7
UNIT 7 TYPE 1

aexzEANE

ruu awnx
'?EST SIMULATION OF A 14-STAGE EXTRACTION COLUMN USING STGIDL
xx ANmEFEA MR EA N

The DD%0 plot produced by CALPLT is
placed on disk under the nume PLTX. A separate
plot is produced for cach conunuation of the
simulation. That form of output 18 frequently the
most useful for comparisons of various run condi-
tions, I-xamples Tor the input und vutput are shown
in Figs. 10 through 12,

Another form of output produced by DYN-
SYI. is tailored Tor online data analysis methods
such as Kalmun filters. The measurement data vee-
tor s computed in the MAIN program. The vector
may contain any consecutive list of variables from
cach stream that is not an input (constant) stream.
Values [rom cach interaction of MAIN are printed
by subroutine WRITLEP when NUMOUTPUT s
specified in the input. The form of the output is sim-
ply the tme value followed by cach state variable
value in order with a format ot (6112.3),

am.xx
amax
0. -16.00000 17 00000
-18.00000 -0. -0.
13.70000 100 00000 109. 00000
-0. -0 -0.
0. -1%5.00000 18.00000
-19.00000 -0. -0.
13. 70000 108. 00000 100.00000
-0. - -0,
. -14.00000 19.00000
-20.00000 -0. -0.
13. 70000 100.00000 100. 00000
-0, -0. -0.
0. -13.00000 20. 00000
~21.00000 -0. -0.
13. 70000 100. 00000 100. 00000
-0. -0, -0,
0. -i12.00000 21.00000
-22.00000 -0. -0.
13.70000 100. 00000 100. 00000
-0. -0 -0.
9. -11.00000 22.00000
23.00000 -0, -0.
18. 70000 108. 00000 108. 00000

Fig. 9. Exumple output for 4 14-stage exteactor with divertor on input line. (Continued on nest page)
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STGIDL
UNIT -8

STGIOL
UNIT -9

STGIDL
Ut 7-12
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END
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Fig. 9. (Continued)
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1.00600 0. 25.00000
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7.00000 0. 100000
3.00000 0. 10.00000
7.00000 0. 10.00000
= 0. EXTT2
COMPONENTS
9.50000 4.78000 3.70000 O.
-0. -0. -0 -o0.
-0. -0 -0! -0
-0! -0. -9. -9.
-0. -0 -0. -0
-g. -0. -0! -0
-0. -0 -0. -0
-0. -0 -0. -0
-a -0 -0 -0.
-0 -0 0! -0
-0. -0. -0. -0.
-0! -0. -0! -0!
-0. -0. ~0. -0.
-0. -0. -0. -0.
-0! -9! -0. -0
-0. -0. -0, -0
-0’ -0. -0, -0.
-0. -0. -0’ -0
-0. -0. -0. o
-0, -0, -0. -0.
-0! -0, -0! -0
-0! -0. -0. -0.
-0. -0. -0! -0!
-0, -0! -0! -0.
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-0! -0. -0 -0
-0! -0. -0. -0.
-0. -0. -o. -0
-0, -0! -0. -0.
-0. -0. -0. -0!
-0. -0. -o. -0.
9.50000 4.78000 3.10000 O.
-0. -0. -o. -0.
13.70000 13. 70000 100. 00000
13. 70000 13. 70000 100. 00000
13.70000 13.70000 100.00000
13. 70000 13. 70000 100. 00000
13. 70000 13.70000 100. 00000
13.70000 13. 70000 100. 00000
13.70000 13. 70000 100. 00000

Fig. 9. (Continued)
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PROGRAM DEFICIENCIES

The DYNSYL code is now adequate for the
dynamic simulation of a short series of units in a
chemical plant, particularly one that is composed
specifically of the unit modules now availuble for
DYNSYL. The code has several shortcomings,
however, that need 10 be remedied to ensure its
most effective use, Some of these are summarized as
follows:

® Il some units are to be coupled and others
not, at feast (wo infegrator programs are now re-
quired, because the GEAR-integrator is not written
for such mixed operation.

® The code produces no Nowsheet schematic
in its output o key into the numerical and graphic

output. Such a schematic would aid greatly in
providing permanent documentation of the results.
® The graphic and interactive parts of the
code are specific to the [ 1.1 computer system and
must be rewritten for other computer systems.

® lor general use in the chemical industry
many more unit modute subprograms must be writ-
ten. The new modules should be written to be as
general as possible with specific applications deter-
mined by attached subroutines.

DYNSYL hus already proven useful in produc-
ing simulated dynamic data for evaluation of on-
line materiul control methods. Further applications
of the code will gradually expand its useflulness.



APPENDIX A
UNIT MODULE SUBPROGRAMS

STGIDL (Type 1)

This subprogram as presently written represents one ideal stage for the coextraction of U *6 and
Pu *7from other salis. The stage may have two feeds 1o and two effluents from each phuse—organic and
aqueous. The volumes of the two phases are constant at predetermined values, The sum of volumetric input
flow rates must, therefore, match the sum of volumetric vutput llow rates. Instantaneous output flow rates are
made to match any input lfow rate changes. If the aqueous volume is specified as zero, the module functions as
a single-phase, perfectly mixed stage. As structured, the module may very easily be generalized to accom-
modale chemical reactions and, therefore, separation of Pu +3and U *6, Also, with a change in ORGPH, the
equilibrium program and some statements containing the U and Pu molecular weights, any liquid-liquid ex-
traction may be simulated.

The nomenclature used in the program is as follows:

VOL(]) Organic phase volume (1)

VOI.(2) Aqueous phase volume (I)

XTBpP Mass fraction tributy! phosphate in organic solvent
KV Rate constant for approach to equilibrium

KEXT Rate constant for volume change (not used)

INSTGO. INI-DO
OUTPRO. OUTSTO
INSTGA. INI-DA
QUTSTA, OUTPRA

Organic input streams (1.2)
Organic output streams (3.4)
Agueous input streams (5,6)
Aqueous autput streams (7.8)

W) Volumetric flow rate for stream J
Th Temperature lor stream J
Py Pressure (not a variable) for stream J
LIN Totul input aqueous (low rate
VIN Total input organic lNow rate
LOUT Total output aqueous llow rate
VOuT Total output organic flow rate
XIN(D Average input aqueous concentration of component |
XOUT(I) Average output aqueous concentration of component |
YIND Average input orgunic concentration of component 1
YOUT() Average output organic concentration of component [
TIN Average input temperature
TOUT Average cutput temperature
YIDEAL() Equilibrium organic concentration of component |
DERY() Rate of change of Y(I)
DERX(I® Rate of chunge of X(I)
DISCO(1) Ratio of YIDEAL (1) to X(I)
The equipment parameters, EP(IM.J), are as follows:
EP(IM.1) Plutonium holdup, grams
EP(IM,2) Organic phase volume (I)
EP(IM.,3) Aqueous phase volume (l)
EP(Iivi4) Rate constant for volume change
EP(IM.35) Rale constant for approach to equilibrium
EP(IM,6) Weight fraction tributyl phosphate in organic phase
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CONTLR (Type 2)

This module is a simple algebraic proportional-plusintegral control element. Its input stream X is in-
formation from a stream (lemperature, concentration, flow rate). The output is a signal to a control device,
such as u valve (VALV), If the deviation from a set point is E = (X-sel point)/range. the output signal Y is
given by dy/dt = K (dE/dt + K\E), where Ky and K are proportional gain and integral constant, respec-
tively. The module simulates this equation without using an outside integrator.

The nomenclature used in the module s as follows:

Pl Proportional gain

P2 Integral constant

IN Input stream

ouT Outpui signal

K Variable index

[61R)] Old value of variable
ERR Deviation from set point
OLDIR Old deviation

The equipment parameters 1o be specified are:

EP(INLD) Controlled variable index
EP(IM.2) Range of controlled vuriable
FP(IM.3) Set point of controlled variable
EP(IM 4y Proportional gain

FP(IM.5) Integral constant

PIPE (Type 3)

Simulation of flow through a pipe is. for purposes of dynamic plant modeling. essentially time-delay
with dispersion. 11 the pipe is relatively long, the dispersion may be ignored. so this module is o pure delay Ttis
a modification of DLAY in the original DYNSYS program. The delay time may be fixed or based on pipe
length and Nuid velocity. The delay is accomplished by storing values of the stream variables for the correet
number of time increments, und then using the values previously stored as input (exit from the pipe). 1Cis
possible to delay only a selected part of a stream. making a crude simulation of dispersion possible. No in-
tegration is involved in this module.

The nomenclature is as follows:

SX(LI.K) Matrix ol delayed stream values

| Index of pust times in §X

i Muintained as 1 in SX

K Index of stream variables

IN Input stream (output from upstream unit)
ouT Outpul stream (input to downstream unit)
TLAG Value of delay time

BYP Fruction of stream not delayed

NV Number of storuge spaces in delay veetor
HH Time increment

The equipment parameters that must be specified are:

EP(IM. 1) Value of a fixed delay time or negative of pipe volume for variable delay time.
EP(IM,2) Fraction stream not delayed.

EP(IM.3) Number of storage spaces in delay vector,

EP(IM 4) Flag: zero (MTow rate may vary), one (Mow rate remains constant at input value).
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EXTRTR (Type 5)*

This is 1 module for multistage extraction and chemical reaction simulation. It is bused on a program
written by L. E Burkhart of fowa State University, and is capable of simulating plutonium-uranium separa-
tion or coextraction with variable phase volumes. The module does not account for any backmixing or disper-
sion effects. The number of equilibrium stages may be specified up to 20: the leed stage may also be specificd.
The stage volumes are uniform und are determined from the specified column volume. [Lis also possible to
specily the time constant for changes in the phase volume ratio. Integration occurs within this module. so the
integrator portions of DYNSYL are not used.

A schematic of the extraction column modeled is shown in Fig. A-1 with names of some of the
viriables shown. The nomenclature used in the module is as follows:

AQF

AP

AQ

Al thru A9
Bl thru B3
DDTAQ
DDTHU
DDTOR
DDTORF
DT

NQ

IEH2

1EH3
EMI12
EMH3
EMP
EMU
ENI2
ENI3
NP
ENU
OAP
EOAU
FIS
FTBP
HNO2AZ.
HNAZ
HZAZ

3

HIF

HN
HNF
HNO2
HNO2F
H?

HZF
HNO2Z
HNO2AY
HU
HOLDUP

*There is no Type 4,

Aqueous feed rate (1/s).

Pseudo aqueous phase flow rate (1/s).

Actaal aqueous phase flow rate (does not vary from stage to stage).
“lonstants used in culeulating uranium(VI) and plutonium(V) distrihution coefficients.
Constants used in calculating distribution coelficients lor NO 5.

Time derivative of pseudo aqueous phase flow rate.

Time derivative of aqueous phase Loldup.

Time derivative of pscudo organic phase flow rate.

Time derivative of organic feed flow rate.

Time increment between integration steps (s).

New agueous flow rate computed in control subrouting (1/s).
Distrihution coefTicient for nitrous acid.

Distribution coefficient for nitric acid.

(Or/H)EqNo,:

(Or/H)E vy

(Or/EDE pypvy

(Or/HHE yeviy

(Or'/Aq") EnNoy

(Or'/AQ)EpNos

(Or' /AQEpyqvy) -

(Or'/AQE vy -

Epuivy -

=Lyl -

10091172} 521,

C"”, Iree TBP concentration used in caleulating the distribution cocfficient for HNGO
[HNO),), aqueous feed concentration (mwoles/1).

[HN]. aqueous feed concentration (moles/i).

[HZ], aqueous feed concentration (moles/).

[H *], hydrogen ion concentration, agueous, {moles/1).

[H *jattimet + At

[NH ;OH +], hydroxylamine concentration, aqueous (moles/1).
[NH;OH +], attimet + At.

[HNO ], nitrous acid concentration, agueous (moles/1).
[HNO,), at time 1 + At

[N;Hg 4], hydrazine concentration, aqueous {moles/1).

[N,Hs #attimet + At.

HNO, feed concentration in organic feed (moles/1).

HNO ; feed concentration in aqueous feed (mols/1).

Aqueous phase holdup (I}

Name for subroutine for caiculating holdups and flow rate parameters.



KH K j;. ionic strength function for [H +].

Kp K puivr
KU N
K1 Rate constant for reaction 1.
K2 Constant used in TEMJ in material balance calculations.
K3 Rate constant for reaction 3.
K4 Rate constant for reaction 2,
K3 Rate constant for reaction 4,
I Number of equilibrium stages in the column.
MM Symbol for fictitious stage (1.+1). used 1o specify inputs and outputs at the
hottam stage (1)
N Number of iterations or time steps specified.
NE Feed stage number,
NO3 NO  coneentration in aqueous phase (moles/i).
NO1IO N concentration in organic phase (moles/'1).
NO3t [NOJattime t + At uqueous.
NO3Z New NO ; concentration in organic feed (moles ).
NOIV/ N0 concentration in the agueous feed imoles /).
N7 (NI =1). stage before feed stage.
N& INT + 1), stage after feed stage.
op Pseudo organic phase flow rate.
OR Orpunic phase low rate (does not vary from stage 10 stage) (1/s).
ORI Organiv feed flow rate immediately preceding a flow rav. upset {1/5).
OR1 Organic phase flow rate in scrub section (/).
OR2 Organie phase flow rate in extraction section (OR2 = ORI + ORF).
Pz Pu’ *concentration in agueous phase (moles/1).
PIAL ffu* Tattime 1+ At, aqueous.
Pda Pu** concentration in aqueous phase (moles/I}.
PAAL Pu'fattimet + At
P10 Pu 4 concentration in organic phase (moles /1).
[21¢74 Pu*7 concentration in organic feed {males/1).
P0OA/ Py ¥ concentration in organic feed immediately following a Pu leed concen-
trution upset (moles/1}.
PURBAL Residual from overall plutonium material balance over the column.
RN —(Ag ).
RXNT thru RXNS Incremental change in material gained or lost o reaction for each time step
as determined by the kinelic rate equations.
1.AQ 7y, interstage time constant for pseudo aqueous Mow rate (s -1).
TOR 7 Interstage time constant for pseudo organic flow rate (s <1).
Lo/ [U(V)] s, organie feed coneentration (moles/1).
A/ [U(VIN g uqueous feed concentration (moles/1).
UA 1 \'l)],\q, agueous feed concentration (moles/1).
UAE UGV g at time t + 22
o [UEVD)] o U +4concentration in the orpanic phase {moles/1).
UOl Urunium concentration in leed at steady-state immedialely preceding an up-
sel 1 uranium feed concentration (moles/1).
VOI. Volume of a single theoretical stage (1).

The equipment parameters required by this module are:

EPR(IM. Y Plutonium holdup in column, g

EP(IM.2y Number of equilibrium stages

EP(IM.3) Feed stage

EP(IM 4) Column volume (1)

EP(IM.5) Time constant for phase volume change (s)
LP(IM.0) Weight fraction tributyl phosphate in organic stream
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OR1

Stage 1

ORF - organic feed flow rate, I/s -
. N7 = NF ~ 1

P4D2, U0Z, HNO2Z ND3Z2 = organic
feed concentrations, moles/! NE
AQF = aqgueous feed flow rate, I/s N8 = NE 4+ 1
PAAZ, UAZ, NO3AZ, HZAZ, HNO2AZ, —
HNAZ, P3AZ = agueous feed
concentrations, moiles/| _

Stage L

OR2 = OR1 + OHFQ——'

Uranium product stream
(if column used as a
uranium-plutonium

separator)

L Hydroxylamine and
hydrazine enter here

AQ-
plutonium product stream

Scrub section

Feed stage

Extraction section

AQ
P4A{M),

P3A({M),
UA(M),
NO3(M},
HN{M),
HZ{M},
HNO2(M),
UA{M],
H{M) =

aqueous stream concentrations, moles/|

Fig. A-L. Extraction column showing location of streams and principal variables used in computer program.
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PRECIP (Type 6)

This module simulates the dynamic behavior of a precipitator-reactor for the precipitation of
plutonium us oxalate. A major component of the simulation is involved in the computation of nucleation and
growth rates of the precipitated Pu(C 0 ), particles. Reference 15 details the derivation of the equations used
to model the particle nucleation and growth process in the reactor, To use the module it is only necessary to
specifly the reactor volume as the nucleation and growth rate constants are specified in the program, Two
streams musl enter the reactor, one containing the plutonium solution, the other the oxalate solution. Only
one stream exits the reactor—a mixture of filtrate and precipitate,

The nomenclature used in the module is as follows:

AKG, ANG. AKB ANB. RZRO Constants in nucleation and growth equations

RO Pu(C ,04)5 particle density (g /cc)

v Reactor volume (1)

Yih Concentration of plutonium in reactor solution (filtrate), (g/1)
Yi2) Filtrate flow rate (I/h)

Y(3) Concentration of NO7in reactor solution (moles/1)

Y4 Concentration of C,07in reactor (moles/1)

Y(5) Zero moment of distribution

Y(6) I“irst moment of distribution

Y7 Second moment of distribution

Y(&) Third moment of distribution

kP Plutonium-solution feed rate (i/h)

IO Oxalate-solution feed rate (1/h)

op Concentration of plutonium in feed stream (g/1)

(4] Concentration of oxalate in oxalate-feed stream (moles/1)
TFR Total feed rawe (J/h)

The equipment parameters are:

EP(IM. Plutonium holdup (g)
EP(IM.2) Reactor volume (1)

The output viriables ure as follows:

S(2NOUT.6) Rate of change of fced flow rates

S(2.NOUT.Y) Rute of change of plutonium concentration in filtrate
S(2.NOUT.8) Rate of change of NO73-concentration in filtrate
S(2.NOUT.9) Rate of change of C ;0% -concentration in filtrate
S5{2.NOUT.10-12) Rates of change of particle size distribution moments

EVAPTR (Type 7)

This module is the simplest possible version of un evaporator module that may be used as a
plutonjum-solution concentrator simulation, It is an adaptation of the perfectly-mixed evaporator writlen by
Rudolf Rozsa at LLL. The solution propertics were all internally generated and were fixed in the earlier
program. This program was generalized to use variable properties (density, heat of vaporization, heat
capacity) computed by the property subroutines in DYNSYL. We integrated analytically in this module
because the balance equations were linear.
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The nomenclature used is as follows:

IN Input stream

ouT QOutput stream

vap Vapor stream

STEAM Steam stream to heater

MFIN Feed rate (moles/h)

XIPU Plutonjum mole fraction in feed
MSTM Steam rate (moles/h)

PV Ps Vapor presure

PRESS Presure in vapor stream

TEMP Temperature of vapor stream
DAVGOUT Densily of product liquid

Xoru Plutonium mole fraction in product
v Evaporator volume (liquid phase)

The only equipment parameters are:

EP(IM. 1) Plutonium holdup (g)
EP(IM,2) Volume (1)

CPi Heat capacity of stream -i
RHOi Density of stream ~i

GNTRNS (Type 8)

This is a simulation of a unit capable of heat trunsfer, two-phase equilibrium (liquid-liquid or vapor-
liquid), and chemical reaction. The module is not yet perfected and more changes will undoubtedly be made.
When perfected, the module will be able to simulate the dynamic behavior of ideal extraction and distillation
(or flash) stages, mixed reactors, evaporators, heat exchangers, or condensers.

The nomenclature used in GNTRNS is the same as in STGIDI. with some additional terms. These
are as follows:

HCOEF External heat transfer coelficient
HAREA External heat transfer area
NTYPE Zero for extraction; onc for flash
HT ectc. Heat capacity

The equipmenl parameters 1o be specified are as follows:

ER(IM,1) Plutonium holdup (g)

EP(IM,2) Total volume (l)

EP(IM,3) Aqueous or liquid phase volume (1)

EP(IM 4) Rate constant for volume change

EP(IM,5) Rate constant lor approach Lo equilibrium
EP(IM,6) Volume fraction tributyl phosphate

EP(M,7) External heat transfer coefficient [cal/(cm 25+ °C)]
EP(IM,8) External heat transfer area (cm

EP(IM.9) Stage type: O for extraction, | for flish
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VALV (Type 9)

As written, this module simulates the simplest possible contro’ valve or electrical current controller.
The output rate is simply proportional Lo the controller signal or proportional to the maximum controller
signial (1.0 in this case) minus the eurrent signal. Generalization to include other actions would be very simple.
The nomenclature is:

IN Input signal from controtler (CONTLR)
ouT Controlled stream flow rate (or current if clectrical)

The unit parameters are:

EP(IM. 1) Proportionally constant for valve action.
EP(IN 2y Posilive causes proportional action: negative causes reverse proportiona' action.
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APPENDIX B
PROGRAM LISTING WITH
UNIT MODULE SUBPROGRAMS

The DYNSYL code has many comments that help explain cach section to the user. We hive en-
deavored to make the unit module subprogrum even more self-cxplanatory. The code is listed with the
primary sections an the following order: main and input-output, physical propertics. integritor, and unit
modules. The order of the specific subroutines and their purpose is as follows:

e

MAIN Calling program

DYNI Numerical input and nitialization
G Alphameric input

DYN2 Linit module calling program
OUTPUTS Numerical output of state variables
SAVEP Computation of plot variables
WRITEP Ouiput of measurement vector
1LPLOT Lmeplot output

CALPLT DDXO plot routine

PROPS Read constants for physical properties
MOWI Averape molecular weight

CPLA Average liguid heat capacity
CPVA Average vapor heat capacity

ENTI Average liquid enthalpy

ENTV Average vapor enthalpy

LAMB Heat ol vaporization

DENL Average liquid molal density
DIFNV Average vapor molal density
VAPR Vapor pressure

WILS Aclivity coefficients

BUBI. Bubble point

KVAL Vapor-liguid equilibrium ratio
TEMPL. Liguid heat balance

TEMPV Vapor heat balance

DRIVE Main program of integrator
NOISE Process and measurement noise
STI-F Integration control program

PSET Computation with Jacohian
INTERP Interpolation of state variables
COSET Integration coefficients

DEC Matrix triangulanization

SOL Solution matrix equations

STGIDL General ideal stage

EXTRTR Multistage extraction for urantum and plutonium
PRECIP Precipitator for plutonium oxalate
EVAPTR Evaporative concentrator for Pu(NO ;)
CONTLR Controller

PIPE Flow delay and dispersion

PUMP Flow driver and head source

34



144 18 CONTIMUE

145 1
146 < IMITIALIZE PRINT AMD INTEGRATOR PARAMETERS
147 C
148 NPRINT=0
149 INDEX=1
150 JE5TART=0
151 C
152 C RERAD DRTH
153 C
154 CALL DMl
155 €
156 € SET UP INITIAL WALUES FOR GRAPH VECTOR COUNT
157 C
158 NPTS=0
159 PLOTT=0.0
168 28 CONTINUE
161 C
162 C TERPMINHAL INPUT
163 C
164 LIOT 59, "¢ TIME IS5 NOW “",FIB.S)".TIME
165 LQT S59. " (Y “TYPE TIME FOR MNEXT PROCESS CHANGE. F1B.3*")°"
166 RPIT 58."tF19.5)".CTIME "
167 C
168 C COMPUTATION IMTERVAL SIZE
169 €
178 HINC = THAM-NPR
171 HH=HI®C - 10.8
172 aTk =11iME
173 C
174 C INITIAL PLOT AMD PRINTOUT WYALUES
175 €
176 [F (MSAYE.GT.@) CALL SAYVEP
e IF (HOUTPT.EQ.13 CALL DUTPUTS
178 JSTAPT =1
1ve IF (TIME.HE.@.B) GO TO 48
1BB C
181 € fiTIine MEASURPEMENT DATA POIMTS
e L
183 L0 1O S
104 a9 CINHT THUL
1085 TIFE ST000 s {HT
186 TF ool 0 1 ETIMEY GO TO 41
185
g r FERIM. THPUT
189
§ 3R LT ", TIME IS HOW “U.F18.9) "L TIME
191 WAT S, e TYPE HUIMBER OF COMPOWENTS CHRWGED, I15**)*
182 FIT B, 193, HUM
1973 DOAG P
194 LT wn. e e TyPE CHOMGE STREAM AMD COMP. NUMBERS. 21s5"") "
195 PIT 59,2150 "L 10, 30
196 LNT 5% e TYPE NEL VALUE FOR Sl 1.0 . Fta.s*""
197 RIT 53, "F18.9 ", 8it. IC.J0)
194 4 CUMTINUF
149 AT SH. et TYPE TIME FOR HEMT PROCESS CHANGE. F1B.S5°*)"
onn RIT 500 1p.5) " CTIME
201 41 COMTINUE
INTEL -0
IF (M. GELIFY GO TO 30
H=p

CONLRT WARTABLE MATRIM TO VECTOR FOR I[MTEGRATOR

DO 43 I=liBl. HS
g DO a2 J=HI.M2
210 H=H+1

211 A I P BN D)

212 42 LOMTIHUE

213 43 COMTIHUE

214 C

215 C EALL TO IMTEGRATOR SUBROUTINE

35


http://rilOUTPT.EO.il

oD

ono

ooo

an

acic

OO0 oao oo

o100

o0 anrg

Py
m

3B
38

SEE MOTES IH DRIVE FOR ARGUMENT VRFIFIBLE DEF [NITIONS
AND VALUES FOR IMETH. THE II‘ITEGFQTIUN METHOD PARAMETER
CALL DRIVE(H. IJTIHE H., ¥, TIME.EPS. IMETH. INDEV)
i
|#3

H=0

COMVERT VECTOR BACK TO YARIABLE MATR

DO 45 [=HB.MF
DO 44 J=NL.H2
H=H+1

FSCL, 1.0 =)

COWTIMUE
CONTIHUE

COMPUTATIONS WITHOUT USE OF DRIVE
"IF _(MF.ER.NS) GO TO 39

[NTFL=1
T=0TIME
Y(L)=0.8
YDOTCL)=0.D
N=1
DD 38 I=1.10
T=T+HH
CALL DYM2(H.T.Y,YROT)
CONTIHUE
COHTIMUE
SAYE VALUES FOR PLOT

[F(NGAVE.GT.0) CALL SAVEP
HPRIHT=HPR INT#1

OTIMESTLE

iF CHPRINT.LT.NPRT) GO TO 77
HPRI{T=8

PRINT GUTPIJT IF NPRINT = NPRT
[F(HDUTPT.EQ. 1) CALL QUTPUTS

77 H=8

4
N

B
4

COMFUTE MEASUREMENT WECTOR

bo P2 [=HB,HS

DD 71 J=H1.M2
H=H+1
APLOT(MI=5(L, [L2}
CONTIMHUE
COMTTHUE

HWSTATE =4

Apn (‘EQSUREMENT HOISE

|
|

CALL HOISE (tISTHTE,KPLDT.EHSTD EI"PRCT‘EHCJ‘

PRINT MEASUREMENT DATA

[F (NHUMD.EG@.1) CALL URITEP

COMT[MUE

TE IH=0.99399KTHRY

IF (TIME.LT.TFIN) GO TO 40
PRIMT PRINTPLOT

IF <ILIME.E@,L) CALL LPLDT
PLOTTER CALL

IF (MCAL.ED.1) CALL CALPLT
TEST FOR COWTIHWUATION DATA

FALL GET CH.M. . 8)
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[F (M.EQ.4HEMD ) CHLL ERITC(D)
REPERT SAME SIMULATION

IF (H.EO.dHREPE) GD TO 1B
COMTIHUE FOR ADDITIOMAL TIME

IF (M.EO.4HCONT) GO TO 100
WRITE (MERR.11B)

CALL EXITCD)

CALL DMl

GO TO 20

FORMAT (41H LAST CARD MUST BE END.REPEAT OR CONTINUE)
FORMAT tr. 20%, 21H+H+TMAK APPROACHED+++3
EMD

SUBROUTINE DYNL
DYH1 READS AND ECHDES THE DATA SET

COMMOM ~/UNIT/ M. HMP

CorMmoN - MAT~ MP(35,13).EP (35, [B).5(2.45, 13) .EX(58)
COMMON ~COM~/ NCOMP.MCS.HE. NS, TMAK, NC3. NB, M1, N2, NF
COMMOM ~PLT~ HPLOTS.PLOTI.PLOTDCIS, 4),PLOTT, PTYPE
COMMON ~OUT~ HOUTPT. HL [HE., MCAL . HPR, HSAYE , NHUMO

CotridH ~GERR/ JSTART. IMETH, TIME.H.HH.HINC.EPS. T. INTFL
COMMDM 10~ NIN,NOUT.MERR.NPOINT.HPRT
SOMMDN~LARM/STD. PRCHT. EMC, EMSTD . EMPRCT

DIMENSIOH AML280).S8(2.45.11)

DIMENSION [TAG(38). JTAG(3B)

EQUEIPIMENT CUNIT) MODULE HAMES

DATA [TAG~-4HSTGI. 4HCONT, 4HP IPE. dHPUHP 4HEXTR . 4HPREC
1, 4HEVAP . GHGN TR, 4HVALY. 2 1x4H

DRATA JTAG~4HDL" .4HLR .dH ,dH S4HTR L4HIP
LLAHTR L 4aHHS L 22:dH 4

IF (JSTART.ME.Q) GO TO 318
WRITE (MOUT. 3907

DEFAULT VALUES
EMC=0.0

HIST=1
HF IH=6

HOOTPT=0
MHUMD=0

HL IHtZ=8
HWCHL=B
HOMES=0
»RIk=),9E-BB
STD=0.8
PRCHT=0.0
EMSTD=0.D
EMPRCT=0.08
HPRT=1
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[eleixt®l

1]

READ (MIM.41B)
WRITE (HMOUT,488) (AMCD) . [=1.18)

RPERD RHD COPY TITLE
CAMCT) . =1, 18]

[F (AMCL},ME,4HBEGI) GO TO 1B
READ SIMULATIOW DATA
CALL GET (H,M.X.

1F (M,
IF M.
IF CH,
IF (H.
[F (H.
IF .
IF (H.
IF M.
IF (M.
IF (M.
IF (M.
IF (M.
IF (H.
[F (i,
F (M,
[F (H.
IF .,

IF (M
IF (M

IF .
IF (M.

EQ

EO.
EQ.
EQ.
en.
LAF IRS)
ED.

EQ
EQ
EQ

EQ.
EQ.
EQ.
ED.
EQ.

EQ

EQ
EQ

[F «#H.EQ

LF .
[F €H.
IF .

GD TO

£Q

208

. 4HHMOHS)

4HCOMP Y
dHIN-O)
4HFEED)
4HCOUP)

4HLAST]

EQ.4HTINE) Trd
J4HTOLE) EPS=X

4HHO 0)

4HITER)
4HND1S)
4HPERC)
4HIMEAS)
4HI HO)

. 4HOUTP)
EQ.
.ED.
.ED

4HHUMD?
dHL THE)

AHCALP)
<HMOMED
«AHMINP)
L4HINTE)
AARDELTY
EQ.
EQ.

4HL IBR)
4HPROC)

HL[B=+8, 05
D0 40 [=L.HLID
CALL GET (N.M.x.8)

J=iieD

.85

ITAGLI) =M
JTAGCI) =M
CONTIHMUE

70

GO
COWTIMUE

20

1)

ISTIFF=1
HCQMP=X+8.85
MMP2X+@ .85
HB=¥+0.85
HF=X+0.85
H1ST=%+.085
WF [M=¥+. DS
K=K
HPR=X+@, 85

HPRT=X+08,05
STD=¥
PRCHT=X
EIMSTD=X
EMPRCT=¥
HOUTPT=1
HHUra=1
HLIME=1
HCRL=1
HOMES=1
MIH=¥
MITER=¥X+B.085
GO TO 38

GO TO 5@

READ MEL UNMIT MODULE HAME

READ EQUIRTEHT DATA
[METH= lﬂ;ISTIFF+H[TER

M1=MiSTH
H2= HFIH+7
HB=HB+
HH HF+2

JIP =HIMP+1

MA
HC3=HCOMP+3
HC5=HCOMP+5

DO BO I=1,MAXNE

DO 60 J=1.1HxHMP

MPCL.J)=0

CONTIMUE

Do 70 J=1.18
EP(I,J1=0,0
COMTIMUE

CONTIMUE

HE=B
MEX=1

CALL GET CH,M,X.B)
IF" (4 ED, dHEND 5 6D TO 149
DD 118 [=1,3

[F tW.EQ. [TRG[[) AND, IM.ER.JTAGCI)) GO TD 2@
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118 CONTINUE
LIRITE (MERR,420) N.M
CALL EXIT(D)

120 COWTINUE

HE=NE+1
MP(HE. 1) =X+GIGH (8. 85.%X)
MP(ME.2) =1

READ (HINH.458) C(AMCI), [=3,HMP)
DD 138 J=3,HMP
K=RMt I
MP(HE. J) =«+S[GN(B.B5.X)

138 CONT IHUE
LRITE (MOUT, 303 (MP(NE.I).I[=1.2)
LRITE (MOUT.47B) C(AM{D), [=3,HMP)
READ (HIM.45@8) (EP(NE.[).I=L.1@)
LRITE (HOUT.47B) (EP(HE.I),I=1,18)
CALL GET (H,M. K. 8]
IF C(l4,HE.4HEXTRI GD TO 1@8
HHM=4+0.085
MM =MMAAHE %~ |
READ (HIW. d458) (EX(J3). J=NEX, NMX)
WRITE (MOUT.45@) (EX(J).J=NEX, HIT
MPHE, NP +1) =HEX
HEZ=HEXAMN
LD TO 98

C
[ RERD STREAM DATA
C
!

48 CALL GET (M.M.¥.B)
IF (H.HE,4HSTRE) GO TO 150
GO TO led
158 LRITE (HERR,360)
CHLL ExITEL)
160 CAWTINUE
HS=x+0,05
DO 188 1=1.HS
Stl.f. 1=

DEFAULT STREAM FLAG
Sel,1.2)=1.8

DEFAULT FLOL RATE. L/S
5C1,[,31=B.8

DEFRULT TEMPERATURE. C
Sc1.1.4)=25.8

DEFRULT PRESSURE. ATM

1.1.51=1.0
DEFAULT CONCEMTRATIONS

DO 170 J=6.HCS
Sit.1.1)=0.0

178 CONTINUE

186 CONTIHUE

198 CALL GET (M.M, K, -1)

[F (N.EO,4HEWPL) GO TO 200
[F (M,EO,4HEMD ) GO TD 250
[F (H.ED,4HSPEC) GO TD 220
GO TO (98

READ STREAM VALUES FOR SPECIFIC STREAMS NUMBERED AM(1)

88  READ (MINH.448) IT, (AMCD,1=1.5)
IF CIT.ED,4HEND ) GO TO 250
READ (HIN.45B) CAMCI), [=6,HCS)
H=aM(1)+0,085
Do 218 [=(,NCS
SCL.H. L =AnCD

jtigiplyl

39
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509 218  COMTIHUE
.8 GO TO 1Y@
gl L 228  HNHL=x+8.85
12cC
513 C READ STREAM VALUES FOR STREAM #AMC1) INTU STREAMS X TO AM(L)
Si4 C
S5t5 READ C(WIM.458) (AMCI).I=1.NCS)
S16 HH2=AM(1)+0.05
517 DO 248 I=HH1,HH2
51B DO 238 J=2.MCS
513 SCL. L. J)=AMCTy
528 238 CONTIHUE
521 SC1.0.L3=1
522 248  CONTIHUE
523 GO TCO 190
524 258 DO 278 I[=L,NS
525 LRITE (HOUT,4EB) (5(1,1.J).J=1.5)
526 WRITE C(HOUT,47@) (5, [,J),J=6,HCS)
527 DO 2608 J=1,HCS
528 5(2,1.1)=0.8

529 260 COWTIMUE
5308 270 CONTIHUE

831 C

532 C GET PHYSICAL PROFERTIES DATR

533 C

534 CALL PROPS

535 HSAVE =HHUMD+HL IHE+HCAL

536 IF (MSAYE.ED.B) RETURNM

53¢ C

538 C READ GRAPHICAL DATA

539 C

548 CALL GET (H.M.¥.0)

941 [F (i.HE.4HGRAP) GO TD 288

S42 GD TO 290

543 280 WRITE (HERR.3?7@)

544 CALL EXITCL)

545 2568 CONTINUE

546 WPLOTS=w+8. 85

S47 READ (MIM,458) PLOTL.PTYPE

548 WRITE CHOUT.47B) PLOTI.PTYPE

549 DO 300 I[=1,HPLOTS

550 READ (NIH.458) (PLOTDCI.J).J=1,4)
551 WRITE (HOUT.47B) (PLOTD(I.J3.3=1.4)
552 3868  COMTIMUE

553 RETURH

994 C

555 C READ COMTIMUATION DATA

556 C

557 318 COMTIMUE

~58 H=0.00BRABE1L

559 THR¥L=THAK

560 320 CALL GET (M.M,¥.1)

561 IF (M.EQ.4HTIME) TMAM=¥X

562 [F (M.EQ.4HND 0) HPR=X+0.85

963 IF (M.EO.4HITER) HPRT=¥+D.85

564 IF (M.EQ.4HTIMEY GO TO 320

565 IF (M.EQ.4HMO 0) GO TD 328

S66 IF (W,E0.4HITER) GO TO 328

567 HIRC= (THAK-THAXL) ZHPR

5608 [F (M.ED.4HSTRE) GO TD 338

569 [F (H.ER.4HEQUIY GO TO 3S@

§70 [F (H.EB,4HEMD ) RETURM

571 LR ITE (MERR, 3680)

§v2 CALL EXITCL)

573 338 HOS=x+0,B5

574 READ_C(WIN.458) (S55c1,M05.J).J=1,NCS)
575 DO 331 J=1.HC5

576 IF(S511.HDS.3)  HE.B.8) SC1.N05.J>=55(1.N0S. 1)
5e7 331 CONTIMUE

578 WRITE (HOUT.47B) (S5C1.NOS.JY.J=1.NCS)
579 DO 348 J=1,NC5

580 512,M05.J)=80(1,ND5. 1)
5B1 348  COWTINWUE
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490

Ixiplelvy]

[zlxIzIxIzlx}

o

GD TD 320

HOEP="%+0.85

RERL <MIH.45@) (EPINDEP.J),J=1.1@)
LRITE LHOUT.478) (EP(NDEP,J).J=1. 10}
GO TG 328

FREE FORMAT (DEC SYSTEM-18)
FORMAT (R4, 5F)

5 FORMATISF)

FORIMAT (274 STREAMS CARD SHOULD FOLLOLD

FORMAT (25H GRAPH CARD SHOULD FOLLOW)

FORMAT ¢27H ERROR IN COMTINUATION DATA)

FORMAT [1H1)

FORMAT (1. 1BAD

FORMAT [ 1BH4)

FORMAT (16H ERUIPMENT MAME .2A4.21H HAS NOT BEEN DEFINED)
FORMAT (S5H UMIT. I3.6H T\FE,Ia)

FORMAT [A4.B¥.5F12.8)

FORMAT (12¥.5F12.9)

FORMAT (7H STREHH,SX,SFlE )

FORMAT ¢ 12X,5F12.5)

FORMAT PHALL SCk.I1.3) AND EPCIM.3 AND 4) ARE DIVIDED BY ,2X.F5,3)
EMD

SUBROUTIME GET (NAME!.NAME2.X. [FB)

GET 1S CALLED BY DYN1 TO READ AMD ECHD THE ALPHANUMERIC
DATA LORDS OF THE DATA SET

COMMOM ~10~ MIM.NOUT,HERR.NPDINT
READ (MIN,68) MAME 1. NAME2.HAMES, X
[F (HAMEL,ME, 4H ) GO TO 28

IF (ABS(M).LT.1.BE-28) GO TO 1B
WRITE (HERR.VE)

GO TO toO

CONTIHUE

[F (ABSt¥).LT,L.DE-20) GO TO 30
[F (IFG) 30.40.50

WRITE MOUT.98) HAMEL.HAMEZ.NAIMES

H= Y+SIGH(U 8L,

URITE (NOUT.80) NAME!.NAME2.MRME3.N
RETURH

WRITE (MOUT.96) NAMEL,NAMEZ.HAMEZ. X
RETURM

FREE FORMAT tDEC SYSTEM-10)
FORMAT3A4, 5F3

FORMAT t3A4.F12.08)

FORIMNT t46H WARNING - DATA SKIPPED WHILE READING KEYWORDS)
FORIMAT 1, 3A4, 111)

FORMAT (14, 3A4.F11.5)

END

SUBROUTINE DYN2(N.T,Y.YDOT)

DYM2 IS CALLED BY THE INTEGRATOR PROGRAM (DRIVE)

D¥NZ MARCHES DOWM THE PROCESS MATRIXK. CALLING THE SUBROUTINES
REPRESEMTIMG THE BIFFERENT UNIT COMPUTATIBNS TO BE EXECUTED
OM BOTH THE PREDICTOR AND CORRECTOR STEPS

COMMDN ~UHITZ IM.NMP

COMMDN ~1AT/ MP (35, 13).EP (35, 1B).5(2, 45, 13),EX(5A)
EOMMDH ~COH/ NCOMP.NCS. HE.NS. TMAX, MC3. B, H1. N2, HNF
COMMOM ~GERR/ JSTART, IMETH. TIME.H.HINC.EPS. TT, INTFL
DIMEMSION YDOTCM) . 'Y(ND

&FGKHE.EE.HFJ GO TO &

41
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COMYERT WECTOR TO VARIABLE MATRIX

DD 5 [=MB.HF
Do 4 J=Mi.H2

M =F+]
Se1.1.2)=ei)
COMT IHUE

COMT [HUE
COMTTHUE

DD 320 IM=1.HE
HTYPE =P (111, 23
GO TO (10.20.36.40.50.60.70.80.50.100.110, 126, 138, 140, 150. 168. 179.
1188.190.200.210,220. 238,240, 250. 260, 27D, 280, 290. 3883, HTYPE
LALL TYPE)

GO TD 318

CALL TYPE2

GO TO 318

CALL TYPE3Z

GO TD 318
CALL TYPE4

GO TO 310
CALL TYPES

GO TO 310
CALL TYPEG

GO Tu 318
CHLL TYPET

GO TO 318
Chull TYPEA

G0 TO 318

CHLL TYPESQ

GO i 318
CALL TYPEIB
GO TO 310
CALL TYPELL

GD TO 318
CALL TYPE)2
GO TO 310

CALL TYPEL3
GO TO 318
CALL TYPET4
GO TO 318
CALL TYPELS
GD TO 318
CALL TYPELB
GD TO 30
CALL T(PEl

[R5, 9N

O = GiTd
0 2
a =
lwl (e}
= el
— —
-
.3
DT
mom
—-
v ®

—E U N LN —-@OD GG &
to
&
o=
a
p2
k=
jm
.
T
m
g
=

220 CRLL TY¥PE22
GO TO 318
230 CALL T|PE23

7
I
7
7
I
7
7
I3
7
I
P
7
7
I
I
e
'?'

k.
o
6}
o)
53
B
B
a
1
1
1
1
L
1
1
1
!
1
2
2

G 368
re” 318 COMTIMUE

42



rag 320 COWT IHUE

rag IF ‘NB.GE.NF) GD TO 342

730 H=@

731 C

vz C COMVERT VARIABLE MATRIX TO YECTOR
735 C

34 PO 3a41 [=HB.NF

735 PO 340 J=H1.N2

73b M=H+1

nar YOOTiH1=502, 1.0)

v3B 340 COWTIHUE
o398 341 EQHTIHUE
740 342 CONTIMNUE

rdl RETURK
742 END
743 SUBROUTIME OUTPUTS
744 C
745 C THIS SUBROUTINE PRINTS THE RESULTS
746 C
747 T IF STRERM FLAG I5 ~VE,STREAM IS NDT PRINTED
748 C IF EQUIPMENT NUMBER IS ~VE,LST 5 EQUIPMENT PARAMETERS ARE PRINTED
749 C F PST EOUIPHENT PARAMETER IS ALLAYS WASS OF
75D ¢ CORPDHENT TLD
C

comoM ~MAT 1MP(35. 13) L EP (35, 1B)}.5(2,45,13),EX(50)
CarmoM #CaNs HEDMP.MCS.HE, NS, TMAX. HC3. MD, NLST.NFIN
CotMoM - .7 JSTART., IMETH, TIME. H,HH.HINC.EPS. T, INTFL
CarMoM 10 M1, HOUT, MERR. HPDINT
IF 1JSTHRT.ESD.0) WRITE (MOUT.302
WRITE (HOUT.4@) TIME
WRITE tROUT.SH)
DO 18 [=1.HS
IF 1501, 1,2).LT.8.03 GO TO 10
HH=Sc1.1.1)+B.01
LRITE «HOUT.?@» MM, 1501, 1.J32.J=3.HCS)
18 COHTIHUE

o

763

754 0o 20 I=3.HE

765 [F trPii.1) . GT.8) GO TO 20

66 = TABS (MP L. 101

v URITE (HDUT.68) K. (EP(L,J1,J=1.9)
70 2D CONTIMHUE

v69 RETURPH

FORMAT CIHID

i 1FDRI“(HT w1, 5 C1IHE) . 5X, 3BHPROCESS VARIABLES AT TIME = LEL1.5.5%
774 SSEIHEY S
i FORMAT td7H STREAM FLOUu TEMP PRES COMPONENTS.

FORMHT (1HB. 5. [3.5%,5F15.5)

FORIMAT (14, [S.F12.3.2F8.1. 11.5F9.5. 7, 35%,5F3.5)
EMD

SUBROUTIME SAWEP

THIS SUBRODUTIME SAVES POINTS FOR USE BY GRAPHICAL OUTPUT ROUTIMES

COMMOM ~1MATZ MP(35, L13).EP(35,10).6(2,45,13),EX(5Q)

COMMOH ~PLT/ HPLOTS.PLOTI.PLOTDC(LS. 42, PLOTT

COMMON ~GERR/ JSTART, EMETH, TIME.H, MH.HINC.EPS, T. [NTFL
COHMEN ~GRAPHL .~ NPTS, TRLOT(1580) . YPLOT (1500, 15).%PLOT(1000)
COMMON 10+ HIN, HOUT. HERR.NPO[MT
COMMON<LARMASTD.PRCHT, EMC, EMSTI. EMPRCT

[
79p C HOTE - SUBROUTINE IS DIMEWSIOMED FOR HMPTMHM POIMTS
791 C
732 € -~ SEE TPLDT AWD YPLDT ABDWE
’33 C
794 DATA HPTHMAM/15007
795 C
zgé E THITIAL POIMT IS SAVED
?95 ’ IF (JSTART.EQ.D) GD TO B
799 L

43



BRA C DETERMINE LIHETHER TO SAVE POINT
88! C PLOTT IS TIME VALUE OF PREVIDUS POINT SAVED
ggE E PLOTL IS APPROX TWICE [HCREMENT OF TIME
3
aad #SPACE=(TI{ME-PLOTT) »~PLOTI
a0s NSPACE =<SPACE
806 ‘fSPACE=HSPAHCE
8ar [F ((#SPACE-YSPACE) .6T.0.5) MSPACE=HSPACE+!
BOg [F (NSPACE.LT.l} RETURN
BO9 18 CONTIHUE
Bi1@ C
81t £ HPTS COUMTS HUMBER OF POIMTS, MUST BE .LE.NPTMAX
g12 c
813 HPTS=HPTS+1
814 [F (HPTS.GT.WPTMAX) GO TO 3@
a1s B0 28 I=1,HPLOTS
0ls H{=PLOTD(I,1)+0.01
alv N2=PLOTDCL.23+8.01
018 ¢
819 C STORE DEPENDEMT VALUE [H WPLDT
8208 C
021 YPLOT(HRTS, [)=5(L, M1, MN2)
22 DUM=YPLOT(MPTS. [
B23 CaLL NOISE C1.DUM.EMSTD.EMPRCT.EMC)
B24 YPLOT(MPTS., 1) =DUM
B25 28 COHTIHUE
826 C
927 C STORE TIME VALUE IN TPLOT
B28 C
829 TPLOTtHPTS) =TIME
830 €
a3l C UPDATE PREVIOUS TIVE VALUE
g32 C
B33 PLOTT=7 [ME
B34 RETURK
835 38 LRITE (HERR.4D)
A36 CALL ExITC1)
3¢ C
A38 C
B39 48 EUEHGT (36H HOT EMOUGH POINTS [N COMMON/GRRPHC/)
840 N
841 c SUBROUTINE WRITEP
042
843 C THIS SUBRDUTINE WRITES THE SAVED PDINTS DNTD DEVYICE NPDINT
Bdg E THIS COULD BE A DISK FILE DR LIHNE PRINTER
D4
846 COMMON /GERR~ JSTART. [METH. TIME,H.HH.HINC.EPS
B47 COMMON ~GRAPHLC~ WPTS.TPLOT(15688), YPLOT(1508. 15}, XPLOT(1898?
848 COMMON ~PLT/ MPLOTS,PLOTI.PLOTD(15.4).PLOTT.PTYPE.NSTATE
843 COM1OH ~COM~ MCOMP.HCS.NE. NS, TMAX.HC3.HB, N1, N2, NF
a5a COMMOM 10~ WIN.MOUT,HERR,NPOINT
as1 LRITE (HPDIMT. 100 TIME. (MPLOT(K) . K=1.HSTATE)
52 2@ COHTIHUE
853 RETURM
854 C
855 C

56 38 FORMAT (1K1}

asy 4a FORMAT (22H NUMBER OF VARIABLES =,13,7)

858 S8 FORMAT (19H NUMBER OF POINTS =,14,,/#

859 o8 FORMAT (¥H COLUMM. 9%, BHYAR [ABLE. 24X, SHRANGE. .}

860 70 FORMAT (4v, LHL, 7¥, dHTIME, 181X, 2E L 4,5)

a6l 80 FORMAT (2, [3.7¥, GHSTREAM., I3. 1X.R4.2H (. 12, tH),3X.2E14.5)
862 90 FORMAT ()

g63 188 FORMAT (6FL2,3)

64 END
BES c SUBROUT[NE LPLOT
g
867 C TH1S SUBROUTINE CREATES A L INEPLOT OF THE DES[RED BUTPUT VARIABLES
gsg E LIMEPLOT CAN BE EITHER 58 OR 188 SPACES W
6
878 COMMON ~PLT, WPLOTS,PLOTI,PLDTD(15.4},PLOTT.PTYPE
arl COMMON ~GRAPHC» NPTS. TPLOTC150@).YPLOT(158d. 15), XPLAT(188a)
ar2 EOION <10~/ NIN,HOUT.HERR.NPOINT
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DIMENSION ISTRM(11). ISYMC(135),

ILINEC118)

FIFTEEM LIHES CAN BE PLOTTED

11HO~

DATA [STAMA4HSTRM, dHFLAG, IHFL 0L dHTEMP, dHRRES. HCMP 1L 4HCMPZ, 4HCMP3

1. 4HCHMP4. AHCMPS, dHCHMPES

. DATA [S5¥M~1HA. 1HB, I1HC. 1HD. 1HE, IHF . LHG., LHH, LHT. LHJ, LHK, LHL, 1HM. LHN.

DETERMINE LIIDTH OF LINMEPLOT

SCALE=100.8
HTYPE=PTYPE+8.01

IF (MTYPE.ME.D) SCALE=58.6
HSCRLE=SCALE+0.081

WREITE (MERR. 160}

DD 1B 1=1.WPLOTS
H1=PLOTDC[. {3+8.81
H2=PLOTDC[,23+B .81

LRITE (HERR. 170) ISYMCIY,N1, ISTRM(NZ),PLOTD(1.33.PLOTD(L.4)

COMT IHUE
H{=HSCALE-S+]
N2=15-HSCALE/1B

D0 206 1=t.M1
ILIHEt 1) =HAk (-1
CONTIUC

WPITE (HERR.180) ([LIHE([%,[ 1.K1)
TO

IF (NMSCALE.EQ.S0) GO
LRJTE (HERR.19B)

GD TO 48

LRITE (HERR.200)
COMT IHUE

D0 149 E=1.HPTS
IF (k.E0.1) GD TO SO

CALCULATE HUMBER OF LINES TD SKIP
“SPACE=(TPLOT{I3-TPLOT(K-1)) /PLOT!

HSPRCE =<SPHCE
YSPACE =MSPALCE
IF (02
GO TO &0
MSPACE=}
COMTIMUE

SET UP A LINE

D0 70 [=2.118
ILTHE( I =01LH )

COMT IHUE

ILINECT)=[H,

H1=HSCALE+!

ILIHE(H1) = 1H,
NSPACE=HSPACE~

IF (MSPACE.EQ. ﬂ) GO 7D 98
DO 80 I=1.HSPRACE

PACE-YSPACE) .GT.B.5) MSPRCE=NSPACE+1

WRITE C(HERR. L5B) CILINECI).J=1.H1)

CONTIHUE
SET UP HEW LINE
D 138 I=1.HPLOTS

SCRALE DEPENDEMT VARIABLE FROM | TO SCALE+]
WH3= CYPLOT (K, T3 -PLOTD (1. 32 ) MSCALE/(PLOTD (1,43 ~PLOTD (1. 3)) +1.8

ROUHD OFF TG MEAREST INTEGER

H3=¥H340,5

[F (N3,LT.1,0R.H3,6T. (NGCALE+1)) GO TO

IF CILIMG(N3) . HE, IH AND. ILINE (W3, NE lH J GO TO 188

[L[NEIH:) IS
Gl 13
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H1=HSCALE+3

HM2=HSCALE+S

DO t18 J=iLl.,N2.3

IF CJLINE(JY.ED.LH ) GO TO 120
CONTIHUE

GO TO 130

[LINE ()= ILINE (H3)

[L[HECI+1) =1SYHMCT)

COHTIMUE

PRIMT LIHE

H1=HSCALE+1@

WRITE (HERR,21@) TPLOT(K), CILINE{D),J=1.ND)
CONTIMHUE

RETURH

FORMAT (Bk.181A1)
FORMAT f1H1,B6HSYMBOL,SX, 6HSTRERM. 5X. BHVARTABLE. 17X, SHRANGE)
FORMAT «1HB, 2X, A2, 68X, [3.9%,04.5%.2F14.5)
FORMAT (/e e 2119)
FORMAT ceeas21(SHIL .00
FORMAT coews LLISHIL 000 0)
EDﬁHHT (1#.E9.3. tH-, 1@7AL)
H

SUBROUTINE CALPLT

THIS SUBROUTINE CREATES A GRAPH OF THE BESI[RED BUTPUT
YRRIABLES OM THE DDBA PLOTTER
THIS SUBRDUTIME MAY BE MACHINE DEPENDENT

COMMOMCOM-HEOMP ., MCS . NE - NS, THAX. NC3
COMMOH~PLT~HPLOTS.PLOTI,PLOTD(LS.4),PLOTT
COMMON-GRAPHC WP TS, TPLOTC 15803 . YPLOT( 1588, 153
DIMENSION ISTRIM 11D, ISYM(I5)

DHTA [SYM~1HA, 1HB, 1HC. 1HD. IHE. LHF. LHG. LHH. 1HI, IHJ, 1HK, LKL, 1HM. 1HN.

11HB~

DATH [STRM-4HSTRM. 4HFLAG. 4HFLOUL. 4HTEIP .. 4HPRES, 4HCMP |, 4HCMP2. 4HCHMP3

1, AHCHP . HCHPS, 4HCHPE -

DIMEMSION YDC1QBD0)

CALL KEEPBO (4RPLTX)

CALL FRAME

CALL MAPX (9,8.0.THMAX.0.0,160.0.0,1.8.96.8.1.0.7)

LABEL AMES
CALL SETCH (2.0,32.0.1.8.1.1.8)
CALL CRTBCD «BHOUTPUT)
CHLL SETCH (45.3.2.8.1.0.1.8.8)
CALL CRTBCD C(4HTIME)

PLOT K=1.MPLOTS CURVES WITH LABELS

DD 20 w=1.MPLOTS
DO (@ J=1.HPTS

SCALE DEPENDENT WARIABLE FROM B-100

YD) = (YPLOTCIL K ~PLATD (K. 3))%100.0/(PLATD (K. 41 ~PLOTD (K, 3))
COHT IMUE

PLOT CURVES WITH LABES
CALL SETPCH (1.8,1.03.108)
K IS'1=1SY1(K)
CALL POIMTC CKISYM.TPLOT.YD.HPTS)
LRITE HEADING
Ak=i
"L=42, B-Al
[PLOTD=PLOTD (K, 1)
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MPLDT=PLOTD (K., 2)

CALL SETCH (25.0.%L.1.0.1,0,8)

WRITE ¢100.40) C(ISYM(K), [PLOTD. ISTRM(MPLOT) .PLOTD (K. 3) .

LPLOTD (k. 41
4B FORMAT (A1.8H STREAM , I2.3X, R4, 3¥,.F12,5.34 -.F12.5)
28 COMTIMUE

CALL SETCH (6.0.30.0.1.0.2,0.0)

CALLL CRTBCO (BHLEGEMD)

RETURH

EHD

SUBROUTIKE PROPS

THIS SUBROUTINE READS THE CONSTAMTS FOR COMMON PHYSICAL
PROPERTY CORRELATIOMS
PROPERTIES OF WATER OR AIR MAY BFE SPECIFIED

COMMDH ~COM< NCOMP.HCS, HE. M5, THAX, HC3. HB. N1, N2, MF

COMMOM < 1D« WIN.HOUT.HERR.HPOINT

COMMoM ~PTAB~ TREF.R

COMMdH_ ~PROP. MLILE) ,CPLIEE. 5y . CWA(E.6) . ENTIG.6) ., ENY(6.6) . LAM(6.6) »
IVAP16. 31,111 (6,67, 0HL(6.6)

CornM .~ IPROP. MCP.HE' W, HEML HEHY. TLA. [DL

REAL MLt LA

DEFRULT WVHLUES - TEMP IM C: GAS COHSTANT IN L-ATH-¥/GMOLE
DATH TREF.R-0,0.0.08205~

CALL GET [(MAME. M, ¥. 1)
HPP 45 GH18.01.1)

[F (HAME,HE,4HPROP) GO TO
IF tuPP L e 1
IF P GO TO 25@
WRTTE (HOUT, 3201 PP

]
0
@

D0 210 HTIkE=1. HPP
H GET (HAME. [, %, 1)

<3}
[F (HAME.EQ. 4HMOLE)Y GO TO 1O

[F (HAME.EQ.4HCPLI) GO TO 38
13 I EN.4HEPYAY GO TO 5@
i 4HEMTL) GO TO 7

IF (HAME . ED.4HENTY? GO TO 90
IF CHAME .4HLAMBY GO TC 118G
[F (HAME.ED.4HVWAPR) GO TO 130
IF (HWME.ED, 4HLHLS) GO TO 158
IF (HAME.EU.4HDENL) GO TO 170
IF (HAME.ED.4HTREFY GO TO 198
IF (HAME,EQ. dHR v GO TO zen
WRITE (HEPP;JBU)

STOP

COHTINUE
MOLECULAR WEIGHT

DO 28 I=1.HCOMP

RERD (HIH.328) MWL)
WRITE (MOUT.368) MWID)
CONTIAUE

Go TN 218

COHTIHUE

LIQUID HEAT CAPACITY

HCP=HCO

DD 4@ I=1.HCOMP

RERD (MIM.370) (CPLCI.J).J=L.NCD)
WRITE (MOUT.36B8) (CPLIL.J),.J0=1,NCD)
COHTIHUE

GO TO 218
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CONTIHUE
WAPDNR HEAT CAPACITY

MEY=NHCO

no 60 L1 HCDHP

READ (1IN, 58A) (CVACT. )Y, Jel NCD)
LRITE «(HNT. 368 (CWATT, 1), J=1,HCO;
COMTIHUF

GO To 218

CONTIMUE

LIQUID EMTHALPY

HEN=HCO

Do 88 [I=1.HCOMP

READ TMIH.370) (ENT(I.J3,J=1.8C0)
LRITE (HOUT.36@) (ENTC(I,JY.J=1.HCO)
CONTEHUE

GO TO 210

CONTINUF

VARPTIUR EMTHALRY

HEHY=LO

DO 1ea [=1.HCOMP

READ tHIW, 4703 (ENYCTL ), 3=1,HED)
LR TE CHOHT. 3660 (ENYIT, Ji. =1, HCD)
COMTINUF

GO T 210

COWT IHUE

HEWT OF VAPODURIZATLON

ILA=HCO

DO 120 1=1.HCQHMP

READ CHTH.37H) (LAMCE. J). J=1,H4C0)
LRITE (HOUT. 3603 (LAMCI.J).J=1.HCO}
CONT HIUE

IS

2t GO TO 210

Kl COMT IHUE

3

3 YHPBUR PRESSURE

3

3 B0 148 [=1.HCOMP

34 READ tMIM.378) VAP, J),J=1.3)

36 WRITE (HOUT.360) (VYAPCL.J),J=1.3)
37 148 COHTTHUE

30 GO TO 210

39 158 COHTIHUE

Eil

ﬁ; E WELSOW LIQUID ACTIVITY COEFFICIENTS
43 DO 160 I=1.HCOMP

i READ (HIH.3703 (LICIL.0).J=1,HLDIP)
45 LRITE (HOUT,3602 €WICE.J).J=1.HCOMP)
46 168 COWTIMUE

S GD 7O 210

48 170 CONTIHUE

49 C

in c LIOUID DENSITY

gL C

32 [DL=HCD

53 DO (8B I={.HCOMP

54 RERD (HIM,370) (DNL(I,J),J=1.NCD)
155 WRITE CHOUT,36@) (DHLC1.,J).J=1.MCO)
156 188  CONTIHUE

157 GO Ta 218

158 190  COHTIMUE

159 €

1ep C REFERENCE TEMPERATURE

1
162 TREF =¥
163 GO TO 210
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g 200 COMT IMUE
C
66 C IDEAL GRS COMSTANT
&7 C
6 P=x
69 210 CONTIMUE
: GO TO 248

)

] COMT IHUE
LATER IHPP=~11}

[afalateio

WRITE (HOUT.340)

1=1.NHCOMP
] 1.
CPL(L. 1) =1B.
EUTCLL 1 =0,
ENTer. 2118,
DHLOT. 11 =B2.4-18.

B = DO U T = Q0 @ T g

238 COMT FHUE
S 240 CHLL RET (HAME. M. 1) .o

IF (HHIME,NE L JHEND 0 GO TO 286
PETURN

250 COMT IHOE

M

[ BERRR - 2)

¢

WPITE 1 HEUT. 350

TREF -1,

Do 264 I-1.HCme

Il by ~29,
260 CONT EHUE

bn o2t nTIE

CHLL GLET «HA .

IF THutE E0.4dHEHD ) RETURM

1F 1harE  F 0. aHR ) R=X
270 ronTIHuE

QQ@UYYWIWIgO0IN@DODEEE DA~y =4

~EOEHNOU LN 20E 0

1
1
L
|
1
1
!
1
13
i
I
i
1
1
!
1
1
t
i
1
)
|
i
|
!
1
1
1
1
1
1
1
1
!
1
1
2
2

WRTTE (HERR. 3101
510P

1205 2908 WRITE (HCER. 330

1206 STOP
1207 ©
1264 ¢
1209 C FREE FORMAT (DEC SYSTEM-1@)
1210 €
C 37 FORMATISF)

[SINTN)
LEf —
a

5 388 FORMAT 125H ERROR 1N PROPERTIES DATRA)
1214 310 FORMAT 123H EHD CARD SHOULD FOLLOW)
1215 320 FORMAT (15H PROPERTY TABLE, I4.8H ENTRIES)
1216 33@ FORMAT (3BH PROPERTIES CARD SHOULD FOLLOW)
1217 348 FORMAT (20H PROPERTIES AS WATER)
1218 3s@ FORMAT (1BH PROPERTIES AS AIR)
1219 3a0 FORMAT (12M,5F12.9)
1220 370 FORMAT (12K,5F12.5)

1221 EHD
1222 €
1223 SUBROLUTINE MOWE (IU,I5,MOLD
1224 C
1225 C =1
1226 C IS~STREAM NUMBER
1%52 C MOL~AVERAGE MOLECULAR LEIGHT
c
1229 COMMOM ~MAT/ MP(35.,13),EP(35.18),5(2,45,13).EX(58)
123@ COMMOM ~COH/ NCOMP.NCS.MNE. NS, TMAX, NC3. NB. M1.H2, NF
1231 COMMOM_~PROP~ MW(E) ,CPL(6.6).C¥A(6.6),.ENT(6.6).EHVY(6.6).LAM(E.6).
1232 1VAP (6.3) ., WL (6.6, DHL (6.6
1233 REAL M. MOU
1234 C
1235 MOW=08,
1236 og (3 f=1.wCoOMP
1237 WC=[+5
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MOL=MOL+MSC L)Y %5 (IU. 15, NC)
COMTIMUE

SUBROUTINE CPLI (IU.[S.0)
Sl o=l

[S-L1aUID STREAM NUMHBER
“ C~AYERAGE LIOUID HEAT CAPACITY

COMMOM ~MAT~ MP(35.13) EP(35, 18).5(2,45. 13) JEX(58)
COMMON ~EOM~ NEOMP. MCS.NE. NS, TMAX.HC3. NB. N 1. N2, NF

COMMOM ~PTHB~ TREF.R

COMMON_ ~PROP# IMUI(E) . EPL(S 6),CYA(6,6).ENT(6.6) . ENY(6.5),LAM(E.6) .

LYAP (6., .'xl WL (6. 6).DHL(E
oMo ~IPROP~ HCF‘ NCV;NEH,HEH\" [LA. IDL

T=S(IU. IS.4) +TREF

C=0.

DO 20 I=1.HCOMP

HC=1+5

EP=CPLCI. 1)

DO 18 J=2.HCP
CP=CP+CPL ([.J):kTha(I~1)
COMTIMUE

E=C+CP#SCIU. [5.HC)
CONTIHUE

RETURH

EMD

SUBRDUTINE CP¥A (IU.I5.C)

[
[S~YAPOUR STREAM NUMBER
E-AVYERAGE YAPOUR HEAT CAPACITY

COHMOH +MAT/ MP(35. 13).EP(35,10).,5(2,45, 13}
COMMOM ~COM~ WCOMP.HCS.ME.HS. TMAX. BC3. NB.H1
COMMOM «PTRB~ TREF.R

EDI'IH[]H <PROP/ MWCE) . CPL(S 6),CVAL6.6).ENT(E
LYAP (6. 33 . LIL(6.6),DNL (6.6

comM1oM ~IPROP HCP.HNCY. HFI‘I MEHY. [LA. IDL

T=5(IU. [5.4)+TREF
E=0

DO 20 =1,HCOMP :
NC=I+5

I'.‘PV=LVHL[ 1) :
DD 18 J=2,HCV '
CPY=CPV+LNA L [, J) Tk (I~ 1)

CONTIHUE

E=C+5 (I, [S.HCIHCPY '
COWTINMUE .
RETURM !
EMD

SUBROUTINE ENTL (IU.1S.E.DE}

U=1 :

[S-L{OUID STREAM NUMBER

E-AYERAGE LIQUID EMTHALPY

DE-AVERAGE DERIVATIVE DF LIOUID ENTHALPY !

(WITH RESPECT TO TEMPERRTURE} ;
|

COMON MAT/ MP(35, 13).EP (35, 18),5(2, 45, 13).
COMMoM ~PTAB~ TREF.R

EX(SE)
H2. HF

6).ENY(6.6).LAM(E.8) .,

EX(S8)
COMMOH ~COH~s WCOMP. NE5.-NE.~NS;TI'HX;HE.:;NB;NLNZ‘NF

EOMMOM_ ~PROP/ HMW(B) . CPL[G 63,CVALE.B).ENT (G, G) ENV(6.6).LAM(6.6) .

1VAP(6.3) . WI(6.6) .DHL (6.6
COMMOM ~1PROP» HEP. NEV‘HEHANEH'\" [LA. IDL

T=5CIU. IS, 4)+TREF
E=0,

DE a.
pd 20 I=1.HCOMP
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WC=1+5

EM=ENT(I.1)
DEN=EMT(1.2)

D0 18 J=2,MEH
EN=EM+ENT (I, J) kTok (I~

{F (1.GE.3) DEN= DEII+(J LIKENT [, J) %Tack(J~2)

CONTINUE

E=E+S1(IU. IS, HC) *EM
DE=DE+5(IU. [S.HCI*DEM
CONTIHUE

RETURN

END

SUBROUTINE ENTV (IU,IS.E.DE)

=1

1S-YAPOQUR STREAM NUIBER
E-AVERAGE YAPOUR ENTHALPY
DE-AVERAGE DERIVATIVE OF THE
(LITH RESPECT TO TEMPERATURE)

COMMOM ~MAT» MP(35, 13)L,EP (35, 18),5€2. 15, 13) LEX(5@)
COMMOW ~CCHs MCOMP.HCS, ME. NS, TMAX, NC3,MB. W1, N2, NF

COMMOM ~PTAB~ TREF.,R

COMMON _~PROF. MWJ(B) . CPL (6.6) . CVALB. 6) LENT(6.6) . ENV(E.6B) .LAM(E. B) ,

IYAP (6.3) . LI (6. 6) .BHL (6.6)

CO#MOM . IPROP# HCP.HNC%.MEM,HEMY. ILA, IDL

T=501. 15. 4) +TREF
00 28 I=1.HMCOMP
5

HC =L+

EM=ENW (L. 1)
DEH=EMWLT.2)
DO 14 J=2.HMEHW

EN=EH+ENY T, J) Tk (J~1)

IF (J,GE.3) DEMN=DEN+(J=1)HREMYC L. D) 4Tk (I~2)

COMT [MUE

E=E+S ([U. IS, ML *EHM

DE=DE+S (LU, IS, HCYKDEN

COWTIHUE

RETURM

EHD

SUBROUTINE LAMB (IU.IS.L)
Iy =

1
[S~VAPOUR STREAM NUMBER
L-HEAT OF VAPOURIZATION

CoMMoM ~MAT/Z MP{35.13) .EP (35, 18),8(2.45. 13),EX(5@)
COMMOM ~COM~ HMCOMP.LMCS, NE, NS, TMAX, NC3. MB, N1, H2, NF

ACG.6),ENT(E.6),ENY(E.B).LAM(G.6).,

comMoM ~PTHB~ TREF.R

E0KMOH_~PROP/ MLICE) ,CPL (6,63 .V

IYAP(6.3).L1(6.,6).DHL(6.6)

EOMMDM . FPROP/ HCP.HNCV.HEN.NENY. ILA. IDL

REAL LAM.LA.L
T=5(IU, IS.4)+TREF
L=

[0 20 f=1.HCOMP

NC=[+5

LA=LAMLCT. 1D

DD 1@ J=2.ILA
LAR=LA+LAMCT, J)kTHek (I~ 1)
COHTLNUE
L=L+S(1U.IS.HCI*LR
COHTiMUE

RETURM

EMD

SUBROUTIME DEWL (IU.1S.D)

[U=1
[S-1.IQUID STREAM NUMBER

VAPOUR ENTHALPY

D~RYERAGE LIOUID MOLAL DENSITY
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1384 C

1385 carMoM ~#1MATZ MP(35.13).EP(35. 18).5(2,45,13),EX(58)
L3886 Carmman ~COM~» MCOMP.HCS. HE. NS, TMAX. HC3, KB, N1, N2, NF
1387 coMMon ~PTAB~ TREF.R

1388 CorMor ~PROP~ MLICE) . CPLEG 61.CVR(6.6)LENT(6.6).ENV(6.6).LAM(E.B) .,
1389 IYAP (/. 31.1[16.6).DHLI6.6

139@ COMMON ~IPROP/ HCP. HCV.HEH NENY. ILA. IDL

1391 C

1392 T= SLIU IS, 4) +TREF

1393 D=0.

1394 0o 20 I=1.HCOMP

1395 HC=[+5

1396 bL= DHIr[ 1

1397 DO 18 J=2. DL

1350 L= DL+DHL([ J) Tk (J-1)

1399 10 COHTIHUE

14608 D=0+501U. [S.HCY#DL

1401 28 CONTIHUE

1482 RETURH

1483 EMD

14084 SUBROUTINE DENV C(IU.I5.D)

1485 C

1466 C U =1

1487 C 1S~YAPOUR STREAM NUMBER

14088 C L~-AVERAGE VAPOUR MOLAL DENSITY

1409 © ASSUME YAPOUR BEHAVES AS IDEAL GAS

L141a@ C

L411 € CALLS TO SUBROUTIHE MOLECIU.IS.M

1412 C M-AVERAGE MOLAL MOLECULAR WEIGHT

1413 C

L4l COMMDM ~1AT/ MPL35.13),EP(3S. 18),5(2,4S, 13) ,EX(S®)
1415 COMMOM ~COM» NCOMP. NCS. HE.HS. TMAX. NC3. HB. Hi. N2, NF
1416 COMMoM PTAB~, TREF.R

1417 REAL ™M

1418 C

1418 T=S(IU. [5.4) +TREF

1420 P=SCIU.[5.5)

1421 CALL MOWE CIU. IS.H)

1422 D=PrRoTHH

1423 RETURN

1424 EWD

1425 SUBROUTINE VAPR (IU. IS.PVY.DPV)

1426 C

1427 C =1

1428 C I5-LIQUID STREARM MUMBER

1429 € PY-VAPOUR PRESSURE FOR EACH COMPONENT

1430 C DPY-DERIMATIVE OF VAPOUR PRESSURE FOR EACH COMPONENT
{d31 C (WITH RESPECT TD TEMPERATURE)

1432 C

1433 COMMBN /MAT~ MP(35.13),EP(35.10).,5(2.45. 13).,EX(58)
1434 COMMOM ~COH# WCOMP.HCS.NE.HS. THMAX,MC3, B N1, N2, HF
1435 comMoM ~PTAB~ TREF.R

1436 corran ~PROP# MLICG) .CPL(6.B).CVYA(6.6).ENTIB.H6Y,ENV(6.6).LAM(E.6) .,
1437 1YAP (6. 3). M (6.6) . DHL (6.6}

1438 DIMEMWSION PY(6). DPYW(6)

1439 €

14408 T=S(IU. [5. 9 +TREF

1441 DO 1@ I=1.HCOIMP

1d43 PVMIT)=ExP (VAP CLL D +HVAP (L. 2) #(VAP (1, 3)4+T))

1443 DPY L) =~PYCI VAP (1. 2) (VAP (1L 3) +T k2

1ddd4 18 COMTIMUE

1445 RETURN

1446 EHD

1447 SUBRDUTINE WILS (I, IS.A)

1448 C

1449 C U 1

1458 C IS- LIUU[D STREAM NUMBER

145% E A=-UILSON LEGBID ACTIVITY COEFFICIENTS FOR ERCH COMPONENT
1452

1453 COMMON /MAT/ MP(35. 13).EP(35.10).5(2.45. 13) ,EX(58)
1454 COMMOM ~CONe NCOMP.HCS, NE, NS, TMAX, NC3., MNB. H1. N2, NF
1455 COMDH ~PTAB~ TREF.R

1456 COMMBY ~PROP- MW(E) .CPL(6.6).,CYR(BE.E).ENT(6.6).ENV(6.5),LAM(E.B).
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1VAP(5.3) . LI (6.6) . DL (6.6)
DIMEMSIOW S1tR). A(B)

[F (WIc1.13,L7,1.E-85) GO TO 58
b0 20 [=t.HCOMP

SIcL1=0.

bo 18 J=1.MCOMP

HCJ=J+5
STCD1=STIII+UICT, 3w CIU, [S.HETY
COMTINUE

COHTINUE

b0 9B K=1.HCOMP

Sun=80.

Lo 38 [=1.HCOMP

HCI=1+5
SUM=SUM+LIT T K %S CIU. IS, NCI3/BICI)
CONTIHUE
BEKI=EXP (1, -RLOGCS T (K)) -SUM)
CONTINUE

RETURH

COMTIHUE

b0 B0 [=1.HCOMP

Hil1=1.

COMTIHUE

RETURH

EHD

SUBROUTINE BUBL (IL.IV)

[L-LIAUID STREAM NUMBER
- Iv-YAPOUR STREAM MUMBER

CALCULATE BUDBLE POINT TEMPERATURE AND PLACE I[N STREAM
HSSUME YAPOUR AND LIOUID STREAMS [N EQUILIP®IUM

CALLS TO SUBROUTIHE WILSCIG.IL.A)

A-LILSOM LIOUID ACTIMITY COEFFICLENTS FOR EACH COMPBNENT
CALLS TG SUBROUTIME VAPRCIG. IL.PV.DPW)

PY-VAPOUR PRESSURE

DPY-DERIVATIVE BF YAPOUR PRESSURE WITH RESPECT TO TEMPERATURE
HEWTOH-RAPHSOW [TERATIVE METHOD {S USED

COMMON ~1MAT” MP(35. 13),EP(35, 10).5(2. 45, 13),EX(S8)
COMION <COH HCOMP. NCS. HE. NS. THRIK. NC3, NB. M1, H2, NF

COMMON ~PTAB. TREF.R
COMMDN 10+ MIM.HOUT.HERR.MPBINT
DIMENSION A(E). PYW(B). DPY(E)

16=1

=50 {G. [L. 4I+TREF
P=5(IG.IL.5)

CREL LIILS ¢IG, IL.AY

CONT [HUE

[F ¥.GE.20) GD TO 3@
K=K+

CALL WAPR CIG, IL.PY, DPV)
§'=0

SDhv=0.

bo 28 [=1.HCaMP

HE=[+5

SCIG. IV, HEY =S (16, [L.NCI#PYI YRR (1) P
S§¥=8r+S 16, [V, HC)
D=~5C1G. 1L, NCI#DPY LI R (L) <P
SDY=50Y+DY

COXTIMHUE

T=T=-(1,-5v3/SDY
SC1G. IL. 41 =T~TREF

[F (ABSC(1.~S'),GT,0.81) GB TO LB
SCIG, IV. 41 =8 [G. [L.4)

RETURH
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CONTIHUE
WRITE (HERR.48) K
STOP

EDRHHT €38H SUBROUTIHE BUBL., [TERATIONS MORE THAN, [3)
HD

SUBROUTINE KVAL CIU.IS.HKK)

=1
[S-L1OUID STREAM NUMBER
HKK-VAPQUR-LIOUID ERUILIBRIUM RATIO FOR EACH COMPONENT

CALLS TO SUBROUTINE VAPRC(IY.IS,PY,DPY)
PY-VAPOUR PRESSURE
DPY-DERIVATIVE OF VAPODUR PRESSURE LHTH RESPECT TO TEMPERATURE

CALLS TO WILSCIU.IL.AY
A~WILSON LIAUID ACTIVITY COEFFICIENTS FDR EACH COMPONENT

COMMON /AT, MP(35. 13} EP(35.18).5(2,45,13),EX(58)
COMMON ~TOM/ NCOMP,NCS.HE,NS. TMRX.NC3.NB, N1, N2, NF
DIMEMS [OH HKK(E). ACBY. PY(6), DPY(6)

P=S(IU, [5.9)

CALL WILS (IU.IS.A)

CALL “APR (U, [S.PY.,DPV)
DO 1@ I=1.HCOMP

HEK €I =PY Ty A (L) AP
CONTIMUE

RETURKH

END

SUBROUTINE TEMPL (@,IL)

O-HMOLAL HEAT CONTENT
IL-LIDUID STREAM NUMBER

CALCULATE EXIT TEMPERATURE OF MIXED LIBUID STREAMS
WHERE EMTHALPY IS FUNCTION OF TEMPERATURE
PLACE TEMPERATURE IN STREAM

CALLS TO EMTLCIG. IL.E. DE)

E-AYERAGLE LIOUID ENTHALP

DE-AYERAGE DERIVATIVE OF LIGU[D ENTHALPY
(WITH RESPECT TG TEMPERATURE)

COMMON AMAT» MP (35, 13),EP(35. 10).,5(2.45, 131, EX(50)
COMMAH ~CON/ NLCOMP.NCS. NE.NS. TMAX.HC3. N8, N1.N2. NF
COM1OK ~PTAB~ TREF,R

COMMON ~10+ NIN.NOUT.NERR.NPOINT

IG=1
T=S(IG. [L. 4) +TREF
Ti=T

k=0

CUHT[HUE

éF (k .GE.28) GO TO 28
EHLLEEHTL (IG. IL.E.DE}

DF =~DE

T1=T-F/DF

SCIG. IL. &) =T-TREF
IF_(ABS(T-T1).GT.B.B1) GO TO 18
RETURN

CORTINUE
WRITE (MERR,38) K
STOP
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FORMAT (39H SUBROUTINE TEMPL. [TERATION MBRE THAN. I3)
EMD
SUBROUTINE TEMPY (0, 1IV)

Q@-rOLAL HEAT CONTENT
IV-STREAM HUMBER

CALCULATE EXIT TEMPERATURE OF MIXED YAPOUR STREAMS
WHERE ENTHALPY IS FUNCTION OF TEMPERATURE
PLACE TEMPERATURE IM STREAM

CALLS TO EWTW(IG. [V, E.DE)

E-AVERAGE YAPOUR ENTHALPY

DE-AYERAGE DERIVATIVE OF VAPOUR ENTHALPY
(LJITH RESPECT TO TEMPERATURE)

COMMOM ~MAT MP(3S. 183,EP(35,10).5(2.4%.13),EX(5A)
COMMOM ~COM/ MCOMP.NC5. HE. NS, TMAX,. HC3, HB. N L. N2. NF
camMoM ~PTAB, TREF.R

coMmoM <10~ NIM.MOUT, HERR, HPOINT

I6=1
T=5(1G. [¥. 4 +TREF
T1=T

K=8

CONTINUE

T=Tl
IF (K.GE.28) GO TO 28
K=K+
CALL EWTY (IG.IV.E.DE}

T1=T-F/DF
SCIG. [v.4) =T-TREF
IF_(RBS(T1-T)},GT.B.B1) GO TO 1@
RETURH

CONTIMUE
LRITE (MERR,38) K
Tap

FORMAT (39H SUBROUTINE TEMPY. [TERATIONS MORE THAN.I3)
EHD

SUBROUTINE TYPEL
SUBROUTINE STGIDL

ONE IDEAL STAGE FOR EXTRACTION WITH SPECIFIED
PHASE VOLUMES - SPECIFIC TO CO-EXTRACTION OF LI AND PU
FROM OTHER SALTS - EACH STAGE MAY HAVE ANY NUMBER OF FEEDS
AND EFFLUENTS UP TO FOUR EACH - CODE MAY BE GENERAIL [ZED
TO GENERAL EXTRACTION OF ANY SYSTEM AND TO VARIABLE PHASE
VOLUMES - EXTENSION TD PL+3 - U+6 SEPARATICON POSSIBLE

COMMON-MATAMP (35, 13).EP(35. 18).5(2,45. 13), EX(5@)
COMMON~COH/HCOMP,HES, NE. NS, THRX, NC3, HB., N15T. NF IN
COMMON/GERR/JSTART, IMETH, TIME. H. HINC. EPS, TT, INTFL
COMMON/UHIT/ I, HMP

COMMOMZ IO IM, MOUT. NERR. HPOINT

REAL LIN,LOUT.KY.KEXT

INTEGER OUTPRO.OUTSTO.OUTPRA.OUTSTA

DIMEWSION Y0C18),.X0C¢18).XSLF(LB),XD(13.B).TD(B)

DIMEWNSION »(13,8).1(8).T(8),¥IH(18).YDL(2).<0UT(18).DERY (18]
DIMEWSION %INC10).YOUT(1B).DISCOC10). YIDEALC10).P(B).DERKILB)
DIMEMSIOH »%4(13.B).4X%(13,8)., TRAKS(18)

EQUIPMENT PARAMETERS
1 - PU HOLDUR, G
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COMPOHENT HUMBERS

[

2 - PU

3 - HHDB

4 - NO3- SALT

CUHSTRHT FRPHHETERS

VOLC1)=EPCIM.2)
VOL (23 =EPCIM. 3)
VOL T=v0L (1) +40L (2)
XTBP=EP ( [M.6]
KV=EP ( [M.4)
KEXT=EP (IM,5)

[F (IMTFL.ED.B) GO TO 2

RETURM
COMTIMUE

IDEMTIFY IN AND OUT STREAMS

INSTGO=IABS (MP CIM. 3))
[RFDO=1ABS(MP (1M, 4))

OUTPRO=IABS CMP(IM.5))
QUTSTO=IABS(MPLIM.6))
INSTGA=TABS (MPLIM. 7))
INFIA=[ABS(MP(IM,.B))

OUTPRA=[ABS (MP(IM.9))
DUTSTA=[ABS(MP(IM, 1D))

HUMBER OF ODE’S
RED=HCOMP+1

INITIAL VALUES OF W(NLTCII.PCII.AND X(I.J)

HET=B

b0 26 I=3.HCS

DD 25 J=1.NST

[A=IABS (MP(IM. J4+2))
IF(IA.EN,BY GO TO 24
HKACT-2, D =8(1, IA. 1)
GO TO 25
¥X(1-2,1)=0.0
COHTIHUE

CONMTINUE

REWAME STREAM VARIABLES AND CONYERT TB MOLAR CONCENTRATIONS

DD 3@ J=1,HST
WET) =¥ (1. J)

TLJ) =XK(2., )

PJY =403, J)

DO 28 I=4,NC3
XO[-3,0) =001, 0)
CONTIHUE

K1, J1=01,1)~230,0
¥(2.J) «12,31/238,B
COMTIHL.

LHPUT AND OUTPUT PHASE COMPOSITIONS AND FLOWRATES RSSUMING
TEMP, RSSUMING NO HEAT TRANSFER OR GENERATION

COHMSTAWT DEHSITY:

LIN=0.8
LOUT=0,08

[F (VOL(2).ED.8.8) GD TO 41

L IN=LI(5) HNE)

W7D =07y (LIS HWCE) ) ~CLICPIHICBI )

~ YOL(HO) =0RGANIC PHASE VOLUME

- WOL (HA) =AOUEOUS PHASE VOLUME

~ K¥=RATE _CONSTANT FOR VOLUME CHANGE

~ KEXT=RATE CONSTAMT FOR APPROACH TO EQUIL. EXTRACTIO

~ KYBP=VOLUME FRACTIOH TRIBUTYL PHOSFHATE IN ORGANIC PH
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WIB) =B #CW(5) +WCB) I 7 (W(FI+WIB))
LOUT=W(P) +W(B)

CONTINUE

VIN=WC( 1) +(2)

W3 =W (3 (WCL)+WC2) ) /(W) +W(4) )

W{d) =L () R (WO HICR) ) /(W3 HI(4)
VOUT=LIC3) +3(4)

DO 4B I=1.HCOMP

[F (V0. (2).EQ.8.8) GO TO 43

XINCI) = (X (1, 5)*W(S) +X (L, B ¥J(B)IALIN
POUTEL) = CXCLL PO AR+ (1. 8) 2J(B)) ~LOUT
YINCT) = CACTL LY RCLY +20TL, 22 %W02) Y /VIN
YOUT (L) = CACEL 3 $WE3) +XC L. ) L) ) A0UT
YOUT C I+HEQ) =M0UT D)

COMTINUE

TIH=CTCL) K E L +TE2I KR +T(5) RIS +TCB) MW (G ) /(L IN-HYIN)
TOUT=C(TE32:+W03Y +T(4) %L(4) +T (P8 (7Y +T(B) ¥J(B) ) #(LOUTHYOUT)

BEGI[MMINE DF DERIVATIVE COMP. FOR SOLVING ODE‘S AND CONVERGING

MATERIAL BALANCE

YOUT(HEQS =TOUT
CONT[HUE
IF(vOL(2) .ED.B.B) GD TO 61

COHVERT TB SDLUTE FREE YARIABLES

COHTINUE
CALL COMVTL (K, T, %TBP. DENOMA, DENDMO)

[DEAL ORGAWIC PHRSE EQUIL. COMPOSITION

DO 42 I=1.HCOMP

KELE(D) =L@

COHTINUE

CALL ORGPHLTQUT, ¥TAP,XSLF,DISCO}

DO 5B [=1,HCOMP

Y{DEAL (T2 =0UT (1D ISCOC[) *DENDMD/DENDMA

DERIVATIVES FOR ODE"S ~ THE EQUATIONS USED Du NOT ALLOW FOR

PHASE “YOLUME CHAMGE
TRANS (13 =YIDEAL () -YOUTL[)

DERY (1) = (W I N 1) ~VOUTHYOUT € 1D +KEXTH(TRANS C11) ) AVOLC1)

CONTINUE

DERYCHEQ) = { (Y IH+L IN) %T [N~ (VOUTH.OUTI kTOUT) ~(WOL (1) +VOL (2D}

LD 6B [=1.HCOMP

DERYCT) = (L TH#x [N (1) ~LOUT*KOUT CI) ~KEXTRCTRANS (133) ~VOL (2}

CONTIMUE
IF(YOL12).HE.8,8) GD TO 63

STIRRED TANK SECTION

DO 62 [=L.HCOMP

DERY (L) = (WINYINC D) -VOUTRYOUT CID : ADL LY
DERX([) =B,

CONTINUE

DER'(HERD = (Y IH#*T [N~-YOUT*TOUT) /VOL C L}
COMTI[NUE

TQUT="YOUTLNED)

CALCULATE RETURN VALUES
DO 70 _[={,HCOMP

XD, 4) =D (1, 3)
CONTENUE
TD(73=DERY(NED)
TDIBY=TD(?)
Th(3)=TD(7)
Th(4)=TD(?)
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g2z € REMRME STREAM YARIABLES AMD CONVERT TO MASS CONCENTRATIONS OF U-PU
[

1824

1825 pa 81 J=3.4

1826 AR (P, 11 =4D (4, 1)

182¢ YA¥(6. 1Y =KD (3. )

1E28 ¥XA(5, 1) =X0(2,])%239.8

1829 KW (4,3 =D (1, J)%238.8

1839 K (3,J)=0.0

1831 KRR (2.J1=TD(D)

1832 XA 1.3)=0.8

1833 81 COWTINUE

1B34 Do 32 J=7.8

1835 w7, 31=2D (4, 1)

1836 YMA(B. 31 =KD (3, 0)

1837 K (5. 3y =02, 1) %2353.0

1838 AKX (A, =D (1, ) %238.8

1839 ZAK(3.11=0.8

1B40 YK (2, J)=TDCI)

1841 HAX(1.11=0,8

1B42 892 COMTIHUE

1843 C

}324 E CALCULATE OUTPUT TO STREAM VARIABLE FILE
5

1846 IF (OUTPRO.EQ.0) GO TO 109

1B47 S(1.QUTPRD, 3) =Li(3)

1848 10D IF (OUTSTD.EQ.@) GO TO 181

1849 SC1.0UTSTO, 3) =bJ(4)

1854 18t IF (QUTPPAR.EG.B) GO TO 182

1851 S(1.DUTPRA. 31 =LI(7)

1as2 192 IF (OUTSTA.EQ,8) GO TO 183

1B53 S(1,0UTSTH. 3) =L(8)

1854 103 COMTINUE

1855 DO BB I=1.HC3

1856 [F(OUTPRO.EG.BY GO TO 83

1as¥ S12.BUTPRO. [+2) =34, 3)

1858 g3 [F{OUTSTO.EQ.G) GO TQ 86

1B53 S{2,0UTSTO. [+23 =X:4C1. 4)

1a6a g6 IFLOUTPRA.ED.B) GO TO 87

1861 S (2, DUTPRA. I+2) =204 1. 7)

1062 87 IF(BUTSTR.E0.8) GO TO 88

1863 S(2,0UTSTH. [+2) =xxA(].8)

1864 88 COMTIMUE

1865 EPLIM, 13=SC1.DUTSTO. 7Y #VOL (1) +5(1, OUTSTA, 7) %0L (2)

1866 RETURN

1867 EMD

1868 SUBROUTINE CONVTLCX. T, XTBP, DENOMA. DENDIMD)

1869 COMMOH~UHITAIM, NMP

1era COMMDH~/COM~NCOMP, NCS. NE. NS, TMAX. NC3

{g;; c DIMERSTION $(13.8),T(8).W(B)

1873 C COMVERTS CONCEWTRATIONS AND FLOW RATES TO SOLUTE FREE BASIS

kg;g E SPECIFIC TO U-PU-HNO3-NO3I-SALT SYSTEM

1876 H5T=8

18r? T0=3.65x4THP

1878 UG=0,5%T0-(1,9+0,BAGKTD)

1878 PUS=0, 5kTQ (L. 0+0. BO%T0)

La8@ C ADUEDUS PHASE

LBB1 DO 10 J=7.HET

1882 DEHDMA=1.0-8.07244(1,J) -8, 13%K(2, 1) ~0. A389%X(3, J) ~B. B3I 1%X(4, J)

1883 D 9 I=1.HCOMP

1884 (L, D =u(1.3) /DENOMA

18a5 9 CONTIMUE

LBB6 L) =IO T RDEHOMR

1887 18 CONTIHUE

1eaB C DRGANIE FHASE

1888 b0 28 J=3.4

189 LB=(3,55~0.8L44%T (J) ) kXTBP Aok , 65

1891 HS=TOQ*(1.0-@, 306090} ~ (1, B+, 043%TD)

iBa2 WEebiix(1, 8- x(l 1 sU5-%(2, J)/PUS-B 65%X(3,.]

1893 DEHOMI=1,0-0.897%X(1,J}1~-8, 133¥X(2, D-0. ﬂ43*X(3 11-8.B174%C

1894 Do 19 [=].HCOMP

1895 XULa J)=¥(1.3) 7DEHOMD
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19 CONTINUE

2

2

<}

w

= w

Wl =Wc)) «xDENDOHMD

CONTINUE

RETURN

END

SUBRBUTINE CONVTZ (X, T.XTBP.W}
COMMBN/UNIT~IM, NMP
COMMDH~CON-NCOMP, NCS. NE. NS, TMAX. HE3
DIMEHSION ®(13.8),T(8).Wa

COMVERTS COMCENTRATIONS AND FLOL! RATES FROM SOLUTE FREE TO
MOLAR COHCEMTRATIOH BASIS - SPECIFIC TO U-PU~HNO3-ND3-SALT SYS

N5T=B
TD=3.65:xXTBP

ROUEOUS PHASE
DD 18 1=5,HST
DEMA=1,0+0,0724%(1, 1) +0, 13xX(2, 1) +0.0389%X(3, 1) +8,031xX(4. ])
DD 9 I=t.NCOMP
A1, J)=K(].JI/DENA
COMTIMUE
LICIY =LJc J) DEMA
COMTIHUE

ORGANIC PHASE
DD 20 J=t.4
LOM=¢4,2-0.@L5KTE 1) Ik(1.0-2,0%(X(1.J)+X12, I} /TO-B. 64X(3, I} ~TO) %
1%TBP#ek] , 69
DEHO=1,0+0,897:X1], J)+8. 133%X (2. J)+8, 843K (3, 1) +8. B174+0M
DO 19 [=1.HCOMP
#CEH, D) =K([.])~DEND
COMTIMUE
LICT) =L 3V IEND
COMTIMUE
RETURHM
EMD
SUBROUTIHE ORGPH(TIN,XTBP,XJUT.DISCO)
COMMON/CON~NEDIP . NCS. NE, NS, TMAX, NC3
DIMENSION %DUT(1B),DISCOC1@)

RETURNS A VALUE OF Y% (DISCO) FOR EACH VALUE OF X TRLED USING
SEPHIS BISTRIBUTION DATA

FaxTaP

UAM=XOUT (1)

PUAM=XDUT (2)

HAM=X0UT (3)

SNITR=XDUT(4)

TEMPE=TIN

IF(UAM,LT.B) UAMsE.B

IF (PURM.LT.®) PUAM=0.@

IF (HAM,LT.8) HAMs@.0

IF(SHITR.LT.®) SNITRwB8

THM=HAM+2 , AxUAM+2 , EkPURH+5HITR

IF(THM.EQ.@.0) THM=1,8

TEMPRK = 1088 . 87 (TEMPC+273, 16)

UK=3. 7ATHIRKL . 5P +1, 4KTHIMoK3, 948,81 IXTNMIok? . 3

UK =UK# (4, BRF %K (-8, 173 -3. D)

PUK=UK# (0, 2+8 , S54Fi] , 25+0 . BA7 AKTHMIoK2)

HK1=@, | 35THMikE , B2+, BBS2HTHMKI . 44

IFCF.LT, 1.8) HKL=HK1K(1.B-8,S4EXR (- 15, BKF))

[F (TEMPC,HE, 25.8) UK«UKKEXP (2, 5% (TEMPRK-3,3539))

[F (TEMPC,ME,25.0) PUK=PUKSENP (-0, 2% (TEMPRK~3,3539))

[F(TﬁHPE.HE.ZS.B) HK 1 =HK 1 %EXP (@, 34« ( TEMPRK~3. 3539) 3

HK2=HK 1

f=2, Bk UKHUAMHPLUK*PURMEHK 2KHAM)

B=HK1*HHM+1.

C=-3.69#F

IFCALGE.1.8E-6) GO TD 1@

TFu~CAB

G0 T8 1

COHTIHUE

TF= (~B+GORT (Bkk2~4, BKAKL) ) # (2, BH¥A)

CONTIHUE

DHI'HKI*TF
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DH2 aHK 24 TF #¥2
DH =DH1+DH2
DU =U¥wTF#+2
DPU=MIE #TF #k2
plscass=py
pEscoc2y=pPU
DISCOr3) =bH
DIscnNt4r=0.8
PL TUFH

EMD
SUBROUTINE DRIVE (M. T@. H@., YR, TOUT. EPS, MF., INDEX)

THIG 15 THE DECEMBER 28, 1974 VERSIOM OF

GEAR. A PACKAGE FOR THE SOLUTION OF THE INITIAL VALUE

PRUBLEM FOR SYSTEMS OF DRDIHARY DIFFERENTIHL EGUATIONS.
DY/DT = F(Y.T). Yos CPOLILYI2), L. LY N,

SURRPOUTINE DRIVE IS @ DRIVER POUTIHE FOR THE GERR PACKAGE.

REFERENCES
. A, . HIMNDMARSH, GERR.. ORDINARY DIFFEPEMTIAL EQUATIOHN
S¢STEM SOLWER, UCID-308@81 REY. 3, LALREMNCE LI!VERPMORE

| ABDRATORPY, P.0.BOX B@AA. LIVERMORE. CH 94550. DEC. 1974,

2. #H. C. HIHWDMARSH, LIMEAR MULTISTEP METHDDS FOR ORDIHARY
DIFFEREHTIAL EDUATIONS.. METHOD FORMULATIONS.
STHBILITY, AMD THE METHODS OF MORDSIECK RHD GEAR.
UCLPL-51186 REY., 1, L.L.L.. MARCH 1972,

3. H. L. HINDMARSH. CONMSTRUCTIOM OF MATHEMATICAL SOF TWARE .
PART I11.. THE COMTROL OF EPROR IHN THE GEAR PACKHGE

FuR ORDIMARY LIFFEREMTIAL EQUATIONS. UCID-3B858 FART 3.

L.L.L., PUGUST 1972.

DRIVE 15 TO H
IN TURH MAEES REPEATED CALLS TO THE CURE JHTEGRATOR. STIFF.

THE IHPUT PHRHMETERS ARE..
H

CALLED ONCE FOR EACH OUTPUT VALUE OF T. AMD

= THE WUMBER OF FIRST-ORDER DIFFEREMTIAL EQUATIONS,

W CANM BE REDUCED, BUT HEVER IHCREASED, DURING A PROBLEM.

L) = THE INITIAL VALUE OF T, THE INDEPEMDENT VARIABLE
\USED OML'Y OM FIRST CALL).

HB = THE MEXT STEP SIZE M T (USED FOR [MPUT OWL'Y OM THE
FIRST CALL).

@ = A WELCTOR OF LEWMGTH M CONTRIMING THE IMITIAL WALUES OF
v (USED FOR TWPUT OWLY OH FIRST CALL).

TOUT = THE YALUE OF T AT WHICH OUTPUT IS DESIRED MEXT,

INTEGRATION WILL HORMALLY GO SLIGHTLY HEYDND TOUT
AMD THE PACKAGE WILL INTERPOLMTE TO T = TOUT.

EPS = THE RELATIYE ERROR BOUND «USED OMLY OM THE
FIRST CALL. UHLESS IMDEX = -1). SIHMGLE STEP ERROR
ESTIMATES DIVIDED BY YMAXC(I) WILL BE KEPT LESS THAM
EPS IN ROOT-MEAM-SOUARE HORM (1.E. EUCLIDEAN HNORM
DIVIDED 8% SORT(H) ), THE WECTOR YMax OF
WEIGHTS IS COMPUTED [H DRIVE. [NITIALLY YMAX(I) IS
ABSCY(I)), LITH A DEFAULT VWALUE OF 1| IF W(l) = @
IMITIALLY. THEREAFTER., “iRA(ID) IS5 THE LARGEST VALUE
OF ABS(YC(I)) SEEW SO0 FAR, DR THE IMITIAL YMAXCL) [F

THAT IS LARGER. TO ALTER EITHER OF THESE. CHANGE THE

HPPROPRIATE STATEMEMTS IW THE DO~LOOPS ENDING AT
STATEMEWTS 18 AND 78 BELOL.
MF = THE METHOD FLAG (USED DMLY ON FIRST CALL. UHLESS

IYDEX = ~1), ALLOLED VALUES RARE 10. 11. 12, 13,
28, 21, 22. 23, MF HAS Tu0 DECIMAL DIGITS. METH
AND MITER (MF = |OMETH + MITER) .
METH [S THE BASIC IMETHOD IMDICRTOR..

METH = 1 MERAMS THE ADAMS METHODS.

METH = 2 MEAWS THE BACKLMARD DIFFERENT:ATION

FORMULRS (BDF). OR STIFF METHODS OF GERR,

MITER [S THE ITERATION METHOD INDICHTOR..
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MITER = 8 MEANS FUNCTIONAL [TERATION (NO PARTIAL
DERIVATIVES HEEDED) .

MITER = | MEANS CHORD METHOD WITH ANALYTIC JACOBIAN.
FOR THIS USER SUPPLIES SUBROUTIHE
PEDERY (SEE DESCRIPTION BELOLD.

MITER = 2 MERNS CHORD METHOD WITH JACOBIAN CALCULATED
INTERNALLY BY FIMITE DIFFERENCES.

MITER = 3 MERMS CHORD METHOD WITH JACOBIAW REPLACED

BY A DIAGONAL APPROXIMATIDM BRSED ON A
DIRECTIONAL DERIVATIVE.
[NDEX = IMTEGEP USED OW IHPUT TO INDICRTE TYPE OF LCALL.
LIITH THE FOLLOWING VALUES AND MEAMINGS., .
1 THIS 1S THE FIRST CALL FOR THIS PROBLEM.
4} THIS IS HOT THE FIRST CHLL FOR THIS PROBLEM.
AMD INTEGRATION IS TO CONTIHUE.
! THIS [S HOT THE FIRST CALL FOR THE PROBLEM
AND THE USER HAS RESET H. EPS, AHD~-OR t4F.
2 SAME AS @ EWCEPT THAT TOUT [S TO BE HIT
EXACTL'Y (40 IMTERFPOLATICH IS DOME).
ASSUMES TOUT .GE. THE CURRENT T.
3 SAME AS B EXCEPT COWTROL RETURHS TO CALLING
PROGRAM RFTER OHE STEP, TOUT 15 [GNORED.
SIHCE THE NORMAL QUTPUT \VALUE OF IMDEX 1S 8.
[T HEED MOT BE RESET FOR HORMAL COHTINUATION.

AFTEP THE IMITIAL CALL. IF A MORMAL RETURH OCCURRED AMD A MORMAL
CONTINURTION 15 DESIRED. SIMPLY RESET TOUT AND CALL AGAIH.

ALL OTHER PAPHWIMETERS WILL BE REARDY FOR THE HEXT CALL.

A CHANGE NF PHRAMETERS WITH [MDE# = -1 CAW BE MADE AFTER

EITRERP A SUECESSFUL OR AN UMSUCCESSFUL RETURH.

THE DUTPUT PARAMETERS ARE.
+Hae - THE STEP SIZE H USED LAST, WHETHER SUCCESSFULLY DR NOT.

THE COMPUTED YALUES OF ‘¢ AT T = TOUT.

THE OUTPUT VALUE OF T. IF INTEGRATION LAS SUCCESSFUL.
HND THE IMPUT YALUE OF INDEX LWS HOT 3, TOUT IS
UMCHAWGED FROM ITS [HPUT WALUE., OTHERWISE. TOUT
[S THE CURRENT YALUE OF T TO LHICH IWTEGRATION
HAS BEEN COMPLETED.

THDEX = [MTEGER USED OW OQUTPUT TO IMDICRTE RESULTS.

WITH THE FOLLOWIHG VALUES AHD MEAMIMGS. .
B INTEGRATION LIAS COMPLETED TO TOUT OR BEYOND.

-1 THE IMTEGRATIOM WAS HALTED AFTER FAILING TO PASS THE
ERRDR TEST EVEM AFTER REDUCING H BY A FACTOR OF
t.E1@ FROM ITS INITIRL VALUE.

-2 AFTER SOME INIT{AL SUCCESS. THE I[HTEGRATIOW WARS
HALTED EITHER BY REPERTED ERROR TEST FAILURES OR BY
A TEST OM EPS. TOO MUCH ACCURACY HAS BEEW REQUESTED.

-3 THE IMTEGRATIOM LAS HALTED AFTER FAILIMNG TO ACHIEVE
CORRECTOR CONVERGENCE EYEM AFTER REDUCING H BY A
FACTOR OF 1.E1B FROM ITS INITIAL WALUE.

-4 IMMEDIATE HALT BECARUSE OF [LLEGAL YALUES OF [NPUT
PARAMETERS., 5SEE PRIMTED MESSAGE.

-5 INDEX WAS -1 ON IWPUT. BUT THE DESIRED CHAMGES OF
PRRAMETERS LERE NOT I[MPLEMENTED BECAUSE TOUT
WAS WOT BEYORD T, INTERPOLATION TO T = TOUT WAS
PERFORMED A5 DN A WORMAL RETURN. TO TRY AGAIN.
SIMPLY CALL AGAIN WITH IHDEX = -1 AND A MHEL TOUT.

IN RDD[T[DN TO DRIVE, THE FOLLOWING ROUTIMES RRE PROVIDED I[N
THE PACKAGE
[HTERPITGUT,Y,HB Y8 INTERPULHTES TO GET THE OUTPUT YALUES
= TOUT, FROM THE DRTR I[N THE Y RRERY.
STIFF(Y.NB) IS THE CUPE INTEERHTDR ROUTIME. IT PERFORMS
SINGLE STEP AND RSSOCIATED ERRAQR CDHTRDL
EOSET(METH. NO.EL. TO. MRXDERJ SETS CDEFF[CIENTS FOR USE [N
THE CORE [NTEGRATOR
PSET (Y, NB., CON.MITER, [Eg; REOHSUTEgFHND PROCESSES THE JACOBIAN
“ = d
DEC(H.HB,A, IP. IER) PERFORMS AN LU DECOMPOSITION OM A MATRIX,
SOL(H.HB.A.8, [P) SOLVES LINEAR SYSTEMS AxX = 8 AFTER DEC
HAS BEEN CALLED FOR THE MATRIX A,
4Y0TE.. PSET, DEC., AND SOL ARE CALLED OML' IF MITER = L OR 2.

Ya
TOUT

oW
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THE FOLLOWLING ROUTIHES RRE TO BE SUPPLIED BY THE USER..

DIFFUMIN.T,Y.vrDOT, COMPUTES THE FUHMCTIOM YvDOT = F(Y,.T), THE
PIGHT-HAMD SIDE OF THE O0.D.E.
HEPE ¢ AHD ¥DOT HRE VECTORS OF LEHWETH N.

PEDEPV/H, T.¢,PB.HB) COHPUTES THE MW BY # JACOBIAH MATRIX OF
PARTIAL DERIVATIVES, AHD STORES IT I[N PD
AS AW HB BY HWB APRAY. PD([.J) IS5 TO BE
SET TD THE PHRTIAL DERIVATIVE OF rDOT(I)
WITH PESPECT TO v(J). PEDERY IS CALLED
OHLr [F MITER = 1. QOTHERWISE R DUMMY
POUTIHE CAW BE SUBSTITUTED.

[SERENERTSEREXY N XY SFRTN]

B

NP

THE DIMEMSINNS [W THE FOLLOWIME DECLAPATIONS ARE SET FOR A
MAXIMYM OF PR EDUATIONS. IF THE PRCKAGE {5 TO USED FOR A LARGER
WALUE OF M. THE DIMEMSIOMS SHOULD BE (HCREASED MCCORDIHGLY. THE

v

THE 7 APRAC BG USED ELSEWHERE IS HB. HOT 2B, THE ROL) LEHGTH OF Y
CAlE BE REDUCED FROM 13 TO 6 IF METH = 2,
THE TR 1Y sibay (5 USED OWLY IF MITER 15 | OR 2,

2 DIMEWSTION OF L) BELOW MUST BE AT LEAST H4w@ [F IMITER = | OR 2.

2 BUT CAH BE PYDUCED TO H {F MITER = 3. DR TO 1 IF MITER = O,

2 THE DIMEN, (NS OF vi1A%. ERROR. SAVEL. SAWE2. [PIY. #HD THE FIRST
2 DIVEHS EGH O % SHOULD ALL BE AT LEAST H. THE COLUMH LEHGTH OF

2

Fl

THE COrMMagn B NCK GEAPY CAH BE rCCESSEDN EXTERWALLY BY THE USER

K FDESIRED ., 1T COMTAIME THE SToP SIZE LAST USED (SUCCESSFULLYY
2 THE DRDE® LahT USED TSUCCESSFULLY) . THE HUMBER GF STEPS TAKEN
4 G0 FARP. Tl NHUMBER OF F EVALUATIOWS (DIFFLH CALLS) SO FAR.

AHD THE Huibl - OF JACOBIAH EVALUATIONS SO FAR.

TH THE FOLLOUIHG DATA STATEMEMT. SET.
HRPOUHE THE UNIT POUMDOFE OF THE INCHIHE, [.E. THE SMRLLEST
POSITIVE U SUCH THAT 1. + U .HE. 1. OM THE MACHLHE,
Loyt = THE LOGICAL UWIT HUMBER FOR THE OUTPUT OF MESSRGES

DUPIHh THE INTEGPHT[UH

LAWREMCE L IWVERMORE LPBORATORY
HUMER TCAL MATHEMATICS GROUP -- MATHEMATICHL SOFTWARE LIBRARY

CLASS OHE ROUTIME: DRIVE
REVISIOH: B

,
et
oo "
il
+

2 1 DATE LAST CHANGED: FE-D2-1D0

2159 CC+ RELEASE STARTUS: UMLIMITED

2160 CC+

2161 CC+ EACH  CLASS OME  ROUTIHE HAS BEEN THOROUGHLY TESTED BY MME AND MEETS
2162 CC+ CERTAIM DOCUMENTATION AWD PROGRAMMIMG STAMDARDS.

2163 CL+

2164 CC+ AT LEAMST DHE COWSULTANT IS AYAILABLE TO AWSLER OUESTIONS AMD RESPOND
2165 €C+  TO REPORTED ERRORS OR IMADEQUACIES I[N A CLASS DNE ROUTIHE.

2166 CL+

BLET LL#  mm o o e e e e e
2168 CC+ + WOoOTICE

2169 CC+ +

2170 CC+ + THIS REPORT LWS PREPARED RS AW ACCOUMT OF LIORK SPONSORED BY THE
2171 CC+ + UMITED STRTES GOVERNMENT. HEITHER THE UMITED STHTES HOR THE

2172 CC+ + UMITED STATES EMERGY RESEARCH AND DEVELOPMEMT ADMIMISTRATIOM,
2173 CC+ + HOR pHY OF THEIR EMPLOYEES, HOR ANY OF THEIR COMTRACTORS. SUB-
2174 CC+ + COMTRACTORS, OR THE[R EMPLOYEES. MAKES AMY LARRENTY, EXPRESS OR
2175 CC+ + [DMPLIED, OR ASSUMES ANY LEGAL LIABILITY OR RESPOMSIBILITY FOR
2176 CC+ + THE ACCURACY. COMPLETEMESS OR USEFULBESS OF AWY IWFORMATION.

2177 CL+ + APPARATUS. PRODUCT OR PROCESS DISCLOSED. OR REPRESEMTS THAT ITS
2178 CC+ + USE LOULD AT [WFRIMGE PRIVATELY-GLMED RIGHTS.

2179 CC+  +

2§00 CC+ e e e e e e e
2181 CC+

21B2 CC+ PLEASE PEPORT AHY SUSFEETED ERRORS M THIS ROUTIME [MMEDIATELY TO HMB.
2183 CC+ EXT. 3049. 3329. OR 3288

2184 CC+

2B L o o o o o e e e e e e e e e e e e




2186 C
2187 [TMEMSTION vDOT (3003
2188 DIMENSTOM vAIH)
2189 LTMERSTON % e300, 138
2190 LCM 1GEAPB!
21981 COMMOM <GEART/ T.H.HMIN.HMAY.EPSC.URDUND, NC, MFC . EFLAG. JSTART
2192 caMMon GERRZ2. YMAI380)
2193 COMMan . GERP3.. EPRPOP(3E7)
2194 COMMON ~GEAPY. SAVE 1 (300)
2195 COMMIH -+ GEAFS. SAVEZ (300
2196 COMMLH ~GEHRE~ PLE90000)
2197 COorwOn ~GEARY. [PIV(3081
2198 coon ~GEARB- EPSI.HS0
2199 COMMON GEARRS. KUSED.HOUSED.HSTEP, HFE, NJE
COMMOM - LHFPM, STLL.PPCNT.EMC.EMSTD.EMPRCT
DHTA UPQUMDAF . 1152, LOUT/37
C
D) GO TO 28
#1 GO TD 2%
-11 GO TD 3B

31 GO TO 4@
v Ly 50 70 438
[Forpe f. Q.0 GO TO 440
IF th e, 00 60 T0 418
IF T TOHTiwis GE. 8.0 GO TO 420

[= ..
C IF THITIHL “wiulS O+ vMAM OTHER THAW THOSE SET BELOW RRE DESIRED.
3L THEY SHOULD DL SET HERPE. ALL "MAWOTY MUST BE POSITIVE.
C
F

IFOWALULS 108 HITMH R HMAK. THE BOUHMDS OHM ABStH) . OTHEP THANM

Do oo g 1o
VI A%y
IF oty FDL B.) YRARID = 1,
18 YOl e - rach
e - o
T=T0
H = HD

IF (tT4+dr EQ. Ty LRITEILOUT. 1)

15 FOPMHT{35H WARRMTING., T + H = T ON NEXT STEP.)
HM™ 1 = ARG iHD)
HIMAY - ARYt TO-TOUT) +18,

LPSC = EPS

MFL = 1P

JSTHRT - A

HB = N

NS = Hp#HA

EPSI = SOPT(JROUND)
HHEUT = B

GO TO 58

6 C
C TOUTP IS THE PREVIDUS VALUE DF TOUT FOR USE IN HMAX,—-———ww--e—m———em
28 HMAX = @BS1TOUT-TOUTP) *!1@.

GO TO 80

25 HMAX = ABSITOUT-TOUTP) 1@,
IF (iT-TOUT)*H .GE. B.) GO TO 588

2 GO TO B85

2244 C

2245 308 IF «€tT-TOUTY#H .GE. 0.) GO TO 448
2246 JSTART = -1

2247 WC = H

2248 EPSC = EPS

2249 MFC = 1F

22506 C

2251 48 IF ((T+H) .EQ. T) WRITE(LOUT.1S)
2292 C

2233 38 CALL STIFF (Y. HB)

2254 C

2255 KGO = | - KFLAG

2256 GO TO (60, 108, 200, 388), KGO
2257 C KFLAG = . -1 -2, -

2298 C
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2259 60 COHTIMUE

2260 C-=-==mmmme-
2261 T NORMAL PETURN FROM INTEGRATOR.

2263 C THE WELGHTS 'WMAX(I) ARE UPDATED. [F DIFFEREMT YALUES ARE DESIRED,
2264 C THE'Y SHOULD BE SET HEPE. A TEST IS MADE FOR EPS BEING TOO SMALL
2265 C FOR THE MACHINE PRECISIOH.

2266 C

2267 C AMY OTHER TESTS OR CALCULATIONS THAT ARE REDUIRED AFTER EVERY
2260 C STEP SHOULD BE INSERTED HERE.

el }

2270 C IF INJEX = 3, YB IS SET TO THE_CURRENT Y VALUES ON RETURN,

2271 © IF IWDE¥ = 2, H IS COHTROLLED TO HIT TOUT (WITHIN ROUNDOFF

2272 © ERROR), AHD THEW THE CURPEMT ¥ VALUES ARE PUT IN YD DH RETURN.
2273 C FOR_AMY OTHER VALUE OF IMDEX. CONTROL RETURNS TO THE INTEGRATOR
2274 C UHLESS TOUT HAS BEEM REACHED. THEM INTERPOLATED VALUES GF Y ARE
2275 C COMPUTED AMD STORED [N YB OH RETURM.

2276 C IF INTERPOLATION IS5 NOT DESIRED. THE CALL TO INTERP SHOULD BE
2207 € REMOVED AND CONTROL TRANSFERRED TO STATEMENT 500 IWSTEAD OF 520,
22 1 o ot et 2 ot et e o e o ot e e e

2279 D - 4.

2288 DD 70 | = L.

2281 Al = ARSUYCL 1))

2282 YMACDY = AMAKL (YMAKCD) . YLD 1

2283 7@ D= D+ (AYL/PHRNCD) ) 4ok

2284 D = D#(UROUNDEPS) %2

2285 IF (D .GT. FLOAT(H)) GO TO 258

2286 IF CIMDE¥ .E0. 3) GO TO 508

2287 IF CINDEX .ED. 2) GO TO 85

2288 BB IF ((T-TOUT)*H .LT. B.) GO TO 48

2289 CALL IHTERP (TOUT, Y. M@, ‘0)

2298 GO TO 528

7291 BS  IF (((T+H)-TOUT)*H_.LE. @.) GO TO 48 |

2292 IF (ABS(T-TOUT) .LE. [0H.#UROUND#HIAX) GO TO 580

2293 IF ((T-TOUT)#H .GE. B.) GO T0 588

2294 H = (TOUT - To%(1. - 4.KURBUHD) 1

2295 JSTART = -1

2296 G0 TO 48

2297 ‘ -

DH AN ERROR RETURM FROM [HTEGPHTDR. AN [MMEDIATE RETURN OCCURS IF
KFLRG = -2, ARMD RECDVWERY ATTEMPTS ARE MADE OTHERWISE,

T0 PECUVEP, H AND HMIN ARE REDUCED BY A FHCTUP OF .1 UP TO 18
TIMES BEFDPE GIViNG UP.

230d
2301
2302
2303 100 LRITE [LUUT;[BS) T

2304 105 FORMAT(./35H KFLAG = ~1 FROM INTEGRATOR AT T = ,E16.B~

o

n

[v:)

g
oonooo

2305 1 38H ERROR-TEST FAILED WITH ABSC(H) = HMIHN
2306 118 [IF (HHCUT .ED, 1@) GO TO 1S@

2307 HHCUT = MHCUT -+ t

2300 HMIN =, LHMIN

2308 H o= . t*H

2310 LRITE {LOUT,11S) H

2311 115 FORMAT(24H H HAS BEEH REDUCED TO .E16.8.
2512 1 26H  RWD STEP WILL BE RETRIED-#)

2313 JSTART = -t

2314 G0 TO 48

2315 C

2316 158 UWRITE (LOUT,155)
2317 153 EURHRTL/#ddH PROBLEM APPEARS UNSOLYABLE b[TH GIVEN [NPUT/#)
231d 0 TO s@

2328 268 WRITE (LOUT,2 BS) T.H

2321 285 FORMAT(~~35H KFLAG = -2 FROM INTEGRATOR AT T = .EL16.B,5H H
2322 I E16.8/52H THE REQUESTED ERROR IS SMALLER THAN CRN BE HHHDLED//)
gggi c GO TO 508

2325 250 WRITE fLUUT,?SSJ T
2326 255 FORMAT(-/37H IMTEGRATIOM HALTED BY DRIVER AT T = ,

2327 L 56H EPS TOO SMALL TO 8E ATTAINED FOR THE HHEH[HE PREEISIDH/)
2328 KFLAG = -2

2329 GO TO 500

2338 C

2331 360 UWRITE (LOUT.3BS) T



2332 305 FORMHT!~ -35H KFLAG = -3 FROM INTEGRATOR AT T = ,Et6.8~

2333 1 454 COFRECTDR CONVERGENCE COULD NOT BE ARCHIEWEDA
2334 GO 1O 10
2335 C

2336 408 LWRITE rLOUT.40%)
2337 485  FORMHT( . 2BH ILLEGAL IWPUT.. EPS .LE. 8.+

2338 INpEX = -4
2339 RETURN
2340 C

2341 418 WRITE (LDUT,415)
2342 415 FORMAT(~-25KH ILLEGAL INPUT.. M .LE. B/

2343 INDEX = -4
2344 RETUFH
2345 C

23465 420 WRITE (LOUT,d25)

2347 425 FORMATI.-36H ILLEGAL INPUT.. (TB-TOUT)#H .GE. B.,/)
2340 THDE> = -d

2349 RETUPH

8351 430 WRITE 1LOUT.435) IRDEX
2352 435 FORMATt.-,24H [LLEGAL [NPUT,. INDEX =.[3/7)
4

2353 THOE ¥
2354 PETUPIH
355 €

2356 440 LF ITE(LOUT.445) T, TOUT.H
2357 445 FOMWT1 -/ddH IHDEX = -1 DN INPUT WITH (T-TOUT)®H .GE. 8./

2358 U a7 <.FI6.B.9H TOUT =.E16.8,6H H =,E16.8/
2359 L dan [HTEPPOLATION WRS DONE AS ON NORMAL RETURN./
2360 2 d4IM DESIRED PARAMETER CHANGES WERE HOT MADE.)

2361 CHLL IHTERP (TOUT. Y. NB. YB)

2362 INDE - -5

2363 RETUPRII

2364 L

2365 560 TOUT - T

2366 01 - LN

3367 510 o= (LD

2368 520 FFLAG

2369 TO0T

2370 HB = HUSED

2371 IF (KFLAG .ME, 8) HB = H

2372 CALL HOISF (H,YB.STD,PRCNT,EMD)

2373 PETURNH

L END OF SUBROUTINE DRIVE

2375 END

2376 €

2377 SUBROUTINE NOISE (N.YB,STT,PRCHT,EMD)

2378 C

2379 C THIS SUBROUTINE COMPUTES AMD ADDS NOISE TD THE VARIABLE VECTOR
2380 C VHEREVER CALLED

2381 C

2382 C STE 15 THE ABSOLUTE STAMDARD DEWIATION OF THE NOISE
2383 C PECHT IS THE PER CENT OF VRLUE STANDARD DEVIATION OF THE NOISE
2384 C STD DR PRCHT SHOULD BE ZERD

2385 C

2386 C RHEL IS THE RANDOM NUMBER GENERATOR - IT IS MACHINE DEPENDBENT
2387 C

2388 DIVEHS I10H vB(N)

2389 IF (STD.ED.B.D. AND.PRONT.£0.0.0) RETURN

2390 IF (STO.EN.B.BJ GO TO

2391 [F (STD1iE 0.8 AND.PRCNT.HE.0.0) LRITE (3. 108)

2392 IF (STD,HE.®.8.AND.PRCHT.NE.G.8) PRCHT=0,0

2393 O 2 J=1.H

2394 GAUS5=0.0

2395 BO 1 I=1,12

2336 GALSS=GRUSS+RNFL (EMD)

2397 CALL [RHFLEIMC)

2338 1 CONTINUE

2399 GRUSS = { GAUSS-6 . B) #STD

2488 'tB (J) =¥@ (J)+GAUSS

2481 2 COMTINUE

2492 GO TO 20

2483 1B DD 12 J=1.H

2404 GAUSS=0.8
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Do 11 I=1.12

GAUSS=GAUSS+RNFL (EMC)

‘Ll [RHFLCEMD)

CONTIMUE

GAUSS=(GAUSS~6, 81 *PRCNTRYB(]) /188.8

YB(J)=A1))+GAUSS

12 CONTIHUE

2B COMT [HUE
RETURHM

188 FORMAT (18%, "ok E[THER STD DR PRCNT SHOULD BE ZERD, STD WARS USED Aack®)
EMD

1

SUBROUTINE STIFF (Y, N@)
[ THE FOLLOWING CARD IS FOR OPTIMIZED COMPILATIOH UNDER CHAT.
uPTIHIZE
E_- ———— - ——
DIMENS N YeND. L)
LCM (GEARG)
COMMON ~GEARL/ T.H.HMIN.HMAX. EPS. UROUND. N. MF, KFLAG, JSTART
COMMOM ~GEAR2/ YMAX(L)
COMMOM ~GEAR3/ ERROR( 1)
COMMON “BEAR4/ SAVEL(L)
COMMON ~GERRS/ SAVEZ(1)
LOMION /CERRG. PLCL)
COMMON ~GEARP/ TPIV(
COMMOH /GEARS/ HUSED,  NDUSED, HSTER . NFE . HIE

: C STIFF PERFORMS ONE STEP OF THE INTEGRATION OF AN IN[TIHL YALUE

C PROBLEM FOR A SYSTEM OF ORDINARY DIFFEREMTIAL ERUATION
C COMMUNICATION WITH STIFF IS DOWE WITH THE FOLLOWING VﬂE[ﬂELES..

Y A HB BY Lbax ARRAY CONTRINING THE DEPEMDENMT VARIABLES
AKMD THEIR SCALED DERIVATIVES. LMAX [S L3 FOR THE ADAMS
METHODS AND 6 FOR THE BDF METHODS. LMAX - 1 = IMAXDER
[S THE MARXIMJM ORDER AVAILABLE. SEE SUBROUTINE COSET.
Y[, J+1) CONTAINS THE J-TH DERIVATIVE OF (I). SCRLED BY
HakJAFACTORIALCT) €3 = @. 1, ..., HED.
NB A COMSTAWT IMTEGER .GE. M. USED FOR DIMENSIGMING PURPOSES.
THE [MDEPEMDENT VARIABLE. T IS UPDATED OW EACH STER TAKEN.
THE STEP SIZE TO BE ATTEMPTED OM THE MEXT STEP,
H IS ALTERED BY THE ERROR COWTROL ALGORITHM DURING THE
PROBLEM. W CaN BE EITHER POSITVIVE DR NEGATIVE. BUT 1ITS
SIGH MUST REMAIM CONSTANT THROUGHOUT THE PROBLEM.
HMIN. THE MINIMUM AHD MAKIMUM RBSOLUTE VALUE DF THE STEP SIZE

T

HMAX TD BE USED FOR THE STEP. THESE MAY BE CHRWGED AT ANY
TIME, BUT WILL NDT TAKE EFFECT UNTIL THE NEXY H CHAMGE.
EPS THE RELATIVE ERROR BOUND. SEE DESCRIPTIDON [N DRIVER.

UROUND THE UMIT ROUNDOFF OF THE MACHIME.
H THE HUMBER OF FIRST-ORDER DIFFEPENTIRL EQURTIONS.
MF THE METHOD FLAG. SEE DESCRIPTIOM IN DRIVER.
KFLAG A COMPLETIOM CODE WITH THE FOLLDLING MEAWINGS. .
B THE STEP WAS SUCCESFUL.
-1 THE REQUESTED ERROR COULD MOT BE ACHIEVED
WITH ABSC(H) = HMIM,
-2 THE REDUESTED ERROR IS SMALLER THAN CAM
BE HANDLED FOR THIS PROBLEM.
-3 CORRECTOR COMVERGEMWCE COULD WOT BE
ACHIEVED FOR ABS(H) = HMIN,
0N A RETURN WITH KFLAG MEGATIVE, THE WRLUES OF T AND
THE Y ARRAY ARE AS OF THE BEGIMWIMG BF THE LAST
STEP. AWD H [S THE LAST STEP SIZE ATTEMPTED.
JSTART AH [HTEGER USED OM IHPUT AND OUTPUT.
O IWPUT., IT HAS THE FULLDU[HG VRLUES AMD MERMINGS.
B8 PERFORM THE FIRST S
L6T.B TAKE A MEV STEP CUHT[HU[HG FROM THE LAST.
.LT.B TAKE THE HMEXT STEP WITH A HMELl VALUE OF
H. EPS. M. ANDAOR IF,
O EXIT. JSTART IS WB. THE CURRENT DRDER OF THE METHOD.
YMR¥Y AN ARRAY OF N ELEMENTS WITH WHICH THE ESTIMATED LOCAL

[slvipiviziglelnlnlvininlelinslaslalsivinlinlinialvinizizizizizizisizigsigisisivluly]
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C ERRORS IM Y ARE COMPARED.
[ ERRDR AN ARRAY OF M ELEMENTZ. ERROR(C[)~TR(2) IS THE ESTIMATED
C OHE-STEP ERROR IN r(().
C SAVEL, Tu0 ARRAYS OF LIORKING STORAGE.
C SARVE2 EACH OF LEMGTH N.
C PW A BLOCK CF LOCATIOWS USED FOR PARTIAL DERIVATIVES IF
C MITER IS NOT @. SEE DESCRIPTION IN DRIVER.
C PIV AN I[NTEGER APRAY OF LEWGTH MW USED FOR PIVOT
E INFORMATION IF MITER = t OR 2.
DIMENSION EL(13),TO(4
DATA EL(Z)~1.~, OLDLB L.~
KFLAG = B
TOLD = T
[F CJSTART .GT. @) GO TO 268
IF CJSTART .ME. @) GO TO 128
O THE FIRST CALL, THE ORDER IS SET TO 1 AND THE INITIAL YDOT IS
CALCULATED. RHMAX IS THE MAX[MUM RATIO BY WHICH-H CAN BE INCREASED
IM A SINGLE STEP. IT IS IMITIALLY 1.E4 TO COMPENSATE FOR THE SMALL
[HITIAL H, BUT THEW IS NORMALLY EQUAL TO 1@. [F A FAILURE
OCCURS «I# CODRRECTOR COMYERGENCE OR ERROR TEST). RMAX IS SET AT 2
FOR THE HEXT INCRERSE.
CALL D¥H2 (N, T. . SAVEL)
DO 11D T = 1.H
1a YUI,2) = HKSQVEI(D
METH = MF-10
MIIER = MF - 10WETH
HO = )
L =2
[pous = 3
RMAX = 1.E4
RC = 0.
CRATE = 1.
HOLD = H
MFOLD = IF
MSTEP = B
HSTEP] = B
HWFE = |
NIE = B
[RET = 3
GO TO t38

IF THE CALLER HAS CHAMGED METH. COSET IS CALLED TO SET

THE COEFFICIEMTS OF THE METHOD. [F THE CALLER HAS CHANGED

M. EPS. OR METH, THE COMSTAMTS E, EDN., EUP. AMD BND MUST 8E RESET.
E IS A COMPARISDM FOR ERRORS OF THE CURREMT ORDER NR. EUP IS

BHD [S USED TD TEST FOR CONYERGEMCE OF THE CORRECTOR ITERATES.

IF THE CALLER HRS CHANGED H. Y MUST 8E AESCALED.

IF H DR METH HAS BEEW CHAMGED, [DOUB [S RESET TO L + 1 TO PREVENT
FURTHER CHRHGES IN H FOR THRT MAMY STEFS.

C
C
C
c
c
E TO TEST FOR [NCRERSING THE ORDER. EDM FOR DECREASING THE ORDER.
C
c
[
c

2o [F rMF .EQ. MFOLD) GO TO 150

MEC = METH

mio I TER

METH MF/10

MITER = IF - {@%METH

MFDLD = IF
IF (MITER .ME., MID) [UEVHL = MITER
IF (METH .E@. MED) GO TO IS
IbpuB = L + 1
[RET =
138 CALL CDSET (METH. MO, EL. TO. MAXDER)
LMAX = MAKDER + |
RC = RCEL (1) ~0LDLE
OLDLB = EL(13}
140 FH = FLOAT(M)
EDH = FH*(TRC})*EPS) %2
E = FH#&(TR(Q)HEPS) #i2
EUP = FHk(TOC(3)KEPS) #2
BND = FH¥(TO(4)*EPS) 42
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EPSOLD = EPS
HOLD = H
GO TO (16@. 178, 2@@), [RET
LS8 [F C((EPS .EQ, EPSOLD) .AND. (N ,EQ. NOLD)) GO TO ige
IF (M .ME. MOLD) ILEVAL = MITER
IRET = 1
GO TO 4@
168 [F (H .EC. HOLD) GO TO 288
RH = H-HOLD
H = HOLD
IREDD = 3
GO TO L¥S
178 RH = AMAXL(RH,HMIN-ABS (H))
7S ﬁ? = AMIML{RH. HMAX/ABS (H) . RMAX)
= 1.
DO 1BB J = 2,L
Rl = RI#RH
DO 1BB T = 1.M
188 YL, I) = YOl JIHRL
H = H*RH
RC = RC#RH
IDOUB = L + 1
IF CIREDO .EQ. BY GO TO &9@

C-- -
C THIS SECTIOM COMPUTES THE PREDICTED VALUES BY EFFECTIVELY

€ MULTIPLYING THE Y ARRAY BY THE PASCAL TRIANGLE MATRIX.

C RC [S THE RATIO OF NEW TO OLD VALUES DF THE COEFFICIENT H®ELC(L).
C WHEMN RC DIFFERS FROM | BY MORE THAH 3B PERCEHWT. OR THE CALLER HAS
C CHANGED MITER. I[LEVAL IS SET TO MITER TO FORCE THE PARTIALS TO BE
C UPDATED. IF PARTIALS ARE USED. [N ANY CASE. THE PARTIALS

C RRE UPDRTED AT LERST EVERY 20-TH STEP,

c
280 [F (ABS(RC~1l.) .GT. B.3) ILEVAL = MLTER
IF (WSTEP ,GE, NSTEPJ+28) ILEWAL = MITER
T=T+H
D0 210 J1 = L.HO
Do 218 J2 = J1.H@
J o= (HQ + J1) -~ J2
DO 218 I = 1N
210 Yil,1) = ¥(I.J) + Y(L.J+1)
UP TO 3 CDRRECTOR ITERATIOWS ARE TAKEN, A CONYERGEMCE TEST IS
MADE OH THE R.M.5. HORM OF EACH CORRECTION. USING BND, WHICH
IS DEPEHDEMT OH EPS. THE SUM OF THE CORRECTIONS IS5 ACCUMULATED
[M THE VECTOR ERRORCI). THE Y ARRAY [S WOT ALTERED IN THE CORRECTOR
LOOP, THE UPDATED % VECTDR IS STORED TEMPORARILY IN SAVEL.

228 DO 230 I = L.H
238 ERROR(I) = B.

M=0

CALL D¥H2 (M. T. ¥. SAVE2)
WFE = WFE + |

IF CILEVAL ,LE. B) GO TD 290

IF INDICATED., THE MATRIX P = [ - H#EL(1)%J [S REEVHLUHTED BEFORE
STARTINE THE CORRECTOR [TERHT[UN. [WEYAL [S SET TO B RS AN
INDICATOR THAT THIS HNS BEEW DONE., IF MITER = ! OR 2. P IS
EDHPUTED AMD PROCESSED [N PSET. [F MITER = 3, THE MATRIX USED
IS P = [ ~ HkEL(1)*D, LHERE D IS5 A DIAGOWAL MATRIX,

IxIxliziniyiziyl

[eIxixlelzixlx]

[UEVAL = O
RC = (.
RIE = NJE + |
NSTEPJ = WSTEP
G0 TO (250. 240. 268). MITER
248 MNFE = WFE +
258 CON = ~-H¥EL(1)
CALL PSET (Y. 10. COW. MITER., IER)
IF CIER_.HME. B) GO TO 420
GO TO 35\
260 R = EL(l)m 1
Do 270 1 LN
27p PLICI) = Y(I,l) + R*(H*SHVE’([J - Y(.2)
CALL DYH2 (M, T. PW. SAYED)
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2623 NFE = NFE + 1

2624 H.B = HwEL (1)

2625 DO 288 I = 1.N

2626 R@ = HwSAVE2C(I) =~ Y(I,2)

2627 FWiL = 1,

26208 D = , 14RO - Hk(SAVELC(I) - SAVEZ(ID))

2629 SAVEL(D) = B.

2630 IF (ABSC(RD) .LT. UROUND:#YMAXC(I)) GO TO 2BB

2631 IF (mBSC(D) ,ER, 8.) GO TO 428

2632 PUCL) = , 1%RO/D

2633 SAYELC(I) = PUCII*RB

2634 280 CONTIMUE

2635 GO T0 37P

zggg EEBB [F (MITER .NE. 0) GO TO (350, 358, 31B8). MITER

2637 Cr-mmmmmm e

26368 C [N THE CASE OF FUNCTIONAL ITERATI{ON. UFDATE Y DI{RECTLY FROM
2639 C THE RESULT OF THE LAST DIFFUM CALL.

2640 Cr--mm—mmm e

2641 D=0

2642 D0 3088 I = 1.H

2643 R = H&SAVE2(1) ~ Y(I.2)

2644 D =D + £ (R-ERRDRI{I))YMAX(I) )¥x2

2649 SAVEL(I1 = Y(I.1) + ELCL)#R

2646 300 ERROPLIY = R

2647 GO TO 488

2648 C---om== e

2649 C IM THE CHSE OF THE CHORD METHOD. COMPUTE THE CORRECTOR ERROR.
2658 C F SUB (i3, AMD SOLYWE THE LIMEAR SYSTEM WITH THRT AS RIGHT-HAND
2651 C SIDE AND P 4S COEFFICIENT MATRIX. USIMG THE LU DECOMPOSITION
2652 C IF MITER = | OR 2. IF MITER = 3, THE COEFFICIENT HxEL (1)
2653 C IM P IS UPDHTED.

2654 Commmmmommi e

2695 310 PHLS = HLS

2656 HLB = H¥ELCL)

2657 IF (HL@ ,EQ, PHLB) GO TO 330

2658 P = HLB.~PHLB

2659 DO 320 1 = .M

2660 O =1, - Re(l, -~ 1./PUCI))

2661 [F rABS(D) .E0. B.) GO TO 448

2662 320 Pytir = ¢+ /D

2663 338 DD 348 [ = 1.H

2664 348 SAVEL (1) = PUCI)*(HWSAVE2C(I) -~ (Y([.2) + ERROR(DIM

2665 GO TO 378

2666 358 DO 368 I = 1.H

2667 368 SAVEL(I) = H*SAVE2(I) - (Y(I, 2) + ERRDR(I))

2668 ERLL SUL (§, NB. Pu, SAVEL. [PV

2669 378 D

26708 DU 338 I = 1.N

2671 ERRDR(I) = ERRORCI) + SRVEI(D)

2672 D = [ 4+ (SAVEICI) /YPAX(I) ) %i2

gg;g EZBE SAVEL(I) = YC(I.1) + ELC1)%ERRORCI)

2675 C TEST FOR COWVERGEWCE. IF M,GT.@, AN ESTIMATE OF THE CONVERGENCE
g§;5 C PRATE COMSTAWT IS STORED IN CRATE. AND THIS [S USED IN THE TEST.
677 Crommmmommm -

2678 486 IF (11 ,4E, B) CRATE = AMAXIC(.9*CRATE.D/D1)

2679 IF ((DmHH[Hl(l..E.*CRRTE)) LLE. BND) GO TO 458

2668 ol =

2681 M=+

2602 IF (M ,EB. 3) GO TO 418

2683 CALL DYH2 (M. T. SAVEl, SAVE2)

2684 GO TO 298

2685 C

2686 C THE CORRECTOR [TERATION FAILED TGO CONVERGE IN 3 TRIES. IF FRRTIRLS

2687 C ARE INVOL'’ED BUT ARE NOT UP TQ DATE. THEY ARE REEVHLURTED FOR TH
2688 C HNEXT TRY, OTHERLISE THE Y ARRAY [S RETRACTED TO [TS VALUES
2689 L BEFORE PREDICTION., AND H IS REDUCED. IF POSSIBLE. IF NOT. A
ggg? E WO-CONVERGENCE EXIT IS TAKEM.

2682 418 HFE = WFE +

2683 IF CILEYAL ED -1) GO TO 448

2694 420 T = TQLD

2695 RMAX = 2,
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=

n

U
xizizlisisizizinlelx]

S0 = )~ vl I+
{F (HBS(H) JLE. HMINkL.PE@OL) G0 TO 688
RH = .25
IREDD = |

GO TO 170
440 [WEVAL = MITER
GO TO 22@

430

THE CORRECTOR HAS COWVERGED, [UEYAL [S SET TO -1 IF PRARTIAL
DER[VATIVES WERE USED. TOD SIGNAL THAT THEY MAY NEED UPDATING ON
SUBSEQUENT STEPS. THE ERROR TEST 15 MADE AHD CONTROL PASSES TG
STATEMEWT 58@ I[F [T FAILS.

458 IF (MITER .HE. @) [WEWAL = -1
HFE = HFE + M
D=0
D0 468 I = 1,

468 D =D + [ERRDP(I)/YHRK(I))*&Z
IF (b .GT, E) GO TO 588

AFTER A SUCCESSFUL STEP. UPDATE THE Y ARRAY.

CONSIDER CHANGING H [F [DOUB = 1., OTHERLISE DECREASE IDOUA 8Y L.

[F [bDua IS5 THEW 1 AND MO ,LT, MAXDER. THEN ERROR 1S SAVED FOR

USE IN A POSSIBLE ORDER [NCREASE OH THE NEXT STEP.

[F A CHAHGE It H IS COMSIDERED. AH INCREASE OR DECREASE IN ORDER

BY OME 1S COWSIDERED ALSO., A CHAMGE IHM H IS MADE OWLY [F IT IS 8Y A
FACTOR NF AT LEAST 1.1, IF NOT. IDOUB IS SET TO 180 TO PREVENT
TESTING FOR THAT MAMY STEPS.

KFLAG = O
[REDD = B
WSTEP = WSTEP + L
HUSED = H
HAUSED = HB
00 478 J = L.L
Do 47@ [ = L.N
470 YI.J) = ¥(I,J) + ELCI}*ERRORCI)
[F CIpOUB .EO@. 1) GO TO S28
IpouR = IpOUE - |
IF CIpOUB .GT., 1) GO TO 788
[F (L .EQ. LMAX) GO TO 706
DD 498 I = [LH
43@ YCILLMAK) = ERRORCI)
GO TO 700
THE ERROR TEST FAILED. KFLAG KEEPS TRACK OF MULTIPLE FALLURES.
RESTORE T RHD THE Y ARRAY TO THEIR PREVIOUS VALUES. AND PREPARE
TO TRY¥ THE STEP AGARIM. COMPUTE THE OPTIMUM STEP SI2E FOR THIS OR
DWE LOWER ORDER,

580 KFLAG = &FLAG - |
T = TOLD
Do 510 J! = L.HO
0o si@ J2 = Ji.Ha
J = (NO + J1) - J2
DO 518 I = {.N

518 YL = (L Iy - Y(LJI+D
RMRY = 2,
IF (ABS(H) ,LE. HMIMx|,B0B81) GD TD G6B
[F (KFLAG .LE. -3) GO TO 648
[REDD = 2
PR3 = l.E+28
GO TO 54B

REGARDLESS OF THE SUCCESS OR FAILURE OF THE STEP. FACTORS

PR1., PR2, AMD PR3 ARE COMPUTED. BY WHICH H COULD BE DIVIDED

AT QRDER HO - 1, ORDER WA, DR ORDER NO + l. RESPECTIVELY.

IN THE CASE OF FRILURE, PR3 = 1,E20 TO AVOID HN ORDER INCREASE.
THE SMALLEST OF THESE IS DETERMINED AWD THE NEL) ORDER CHOSEN
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2769 C RCCORDIWGLY. IF THE ORDER IS TO BE INCREASED. WE COMPUTE DNE
2778 C AODITIOWAL SCALED DERIVATIVE.
2771 Cmm=--=—=mmm—mom—mem e
2772 520 PR3 = L.E+20
2773 [F (L .EQ, LMAX) GO TO 540
2774 DL = @,
2775 DO 538 I = 1.H
2776 530 Dl = DI + ({ERRORCI) - YCL,LMAX))AYMAX(I)) %2
27e? END3 = .S/FLOATCL+1)
2778 PR3 = C(DL/EUP)AKENTZI kL. 4 + L. dE-6
2779 54B END2 = .S/FLOAT(L)
278D PR2 = ((D/E)WIEND2)%1.2 + 1.2E~6
2781 PRI = {,E+2B
2782 IF o .En. 0> €0 o SeB
2783
2784 D0’5%8 1 = 1.
5085 5B L Da bt (YCL.L) AYMRCD ) Hok2
2786 ENO1 = .5-FLOAT(NO)
2787 PR = ((D/EDN)*ENDLI%L.3 + 1,3E-6
27BB 560 IF (PRZ .LE, PR3} GO TO 578
2789 IF (PR3 .LT. PRL) GD TO 598
2798 50 TO 5688
2791 5S¢ IF (PRZ .GT. PRL) GO TO SBO
2792 NEWQ = HO
2793 RH = 1./PR2
2794 B0 TO 620
2795 5B MEWD = MO ~ 1
2796 RH = 1./PR1
2797 B0 TO 620
2798 598 MWEWD = L
2799 RH = 1./PR3
2888 IF (RH .LT. 1.1) GO TO 6t
2881 DO 600 I = I,
2802 68D (il WEWO+1) = ERRORCD)¥EL(L)/FLOATL)
2813 GO TO 630
28@4 618 [DOUB = 1@
26885 G0 TO 768
2806 620 [F ((KFLAG .E0. B) .AND. (RH .LT. 1.1)) GO TO 6le
2088 C IF THERE IS A CHANGE OF ORDER, RESET M@, L. AND THE COEFFICIENTS.
2869 L IN ANY CASE H IS RESET ACCORDING TO RH AMD THE Y ARRAY IS RESCALED.
281D C THEN EXIT FROM 698 IF THE STEP LKS OK. OR REDD THE STEP OTHERUISE.
28(2 IF (HEWD .ED. M) GO TO 17D
2813 630 KO = HELD
2814 L =HO + 1
2815 IRET = 2
2818 B0 TO 130
? C-- o -
2018 C COMTROL REACHES THIS SECTION IF 3 OR MORE FAILURES HAVE OCCURED.
2819 C [T IS ASSUMED THAT THE DERIVATIVES THAT HAVE ACCUMULATED [N THE
2828 C ' ARRAY HAVE ERRORS OF THE LRONG ORDER. HENCE THE FIRST
2821 C DERIYATIVE IS RECOMPUTED, AHD THE ORDER IS SET TO 1. THEN
2022 C H IS REDUCED BY R FACTOR OF 1@. AWD THE STEP IS RETRIED.
2623 C_AFTER A TOTAL OF 7 FAILURES, AN EXIT IS TAKEH WITH KFLAG - -2.
2825 “gaa I (LFLHG .EQ. -7) GO TD 670
2827 B 2 AN CHHIN/ABS CH) L RH)
2828 H = HxRH
2829 CALL D'H2 (M. T. Y, SAVEL)
283D HFE = WEE + 1
2B31 Do 650 [ =
2832 658  ‘f(1.2) = H*SHVEl(I)
2B33 WEVAL = MITER
2834 IDOUB = 10
2035 IF (HO .EO. 1) GO TO 288
2836 HO = |
2637 L =2
2838 IRET = 3
2839 60 TO (38
2BdE Covrmmmmmmm s
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2841 € ALL RETURHS RRE MARE THROUGH THIS SECTION. H IS SAVED IN HOLD
ggjg E TO ALLOW THE CALLER TO CHANGE H ON THE WEXT STEP,

2844 660 KFLAG = -1

2845 G0 TO rBB

2846 678 KFLRG = -2

2847 GD TD ?BB

2848 688 KFLAG = ~3

2849 GO TO 78

2850 690 RMAX = 1B.

2851 7B HOLD = H

2852 JSTART = HO

2853 RETURH

2854 € -~ END OF SUBROUTIME STIFF

2855 EHD

2856 C

2857 C

2858 C

Zggg c SUBRDUTINE PSET (Y. N8, CON. MITER. IER)

2

2861 C THE FOLLOWIMG CARD IS FOR OPTIMIZED COMPILATIDN UNDER CHAT.
2862 DPTIMIZE

2863 C -

2864 DIMEMSIOH YeN@. 1)

2865 LCt ¢GEARG)

2866 COMMOH ~GEFR)/ T.H;DUH%Y(3J UROUND. H. IDUMMY(3)

2867 COMMOM /GEAR2/ YMAK(L

2868 COMMON ~GEAR4/ SRVEl(l

2B639 COMMON ~GEARS/ SAVEZ2(1)

2870 COMMOH ~GEARG/ PLICL)

2871 COMMOM <GEAR?/ IPIV(L)

gg;% c EDNHUH “GEARB/ EPSJ.NSQ

2874 C P5ET [S CALLED 8y STIFF TO COMPUTE AND PROCESS THE MATRIX

2875 C P = [ -~ HXELC13%J . WHERE J IS AN APPROXIMATION TO THE JACOBIAN.
2876 C J IS5 COMPUTED, EITHER BY THE USER~SUPPLIED ROUTINE PEDERY
2877 C [F MITER = 1. OR 8Y FINITE DIFFERENCING IF MITER = 2.

2878 C J 15 S5TORED I PL AND REPLACED BY P, USIMG CON = -H®EL(1).
2879 C THEN P 15 SUBJECTED TO LU DECOMPOSITION [N PREPARATION FOR
%gg? E LATER S0LUTION OF LINEAR SYSTEMS WITH P AS COEFFICIENT MRTRIX.
2882 C [W ADDITION TO YARIABLES DESERIEED PREVIOUSLY. COMMUNICATEOH
2883 C WITH PSET USES THE FOLLOWING

2884 C EPSJ = SORTCURDUND). USED IM THE NUMERICAL JACDBIAN INCREMENTS.
2885 C HsB = NO*k2,

2886 C

2887 IF _(MITER .EG., 2) GO TO 28

2888 € [F MITER = 1. CALL PEDERY AND MULTIPLY BY SCALAR, -~===-==s—mrm=monm—an
28839 CALL PEDERY (H; T. Y. PW. N@)

2890 DO 16 I = L.

2891 1B PU([) = PU([J*EOH

2892 GO TO 6

2893 C_IF MITER = 2; MAKE ¥ CALLS TO DIFFUN TO APPROXIMATE J,======rm=w==——-=
2894 280 D = 0,

2895 D0 30 [ = LK

2896 38 D = D + SAVE2{I)xx2

2897 8 = ABS (H)*SART (D) *1,EA3*UROUND

2898 JL =8

2899 oo 58 J = LN

2988 ) = r(l.1)

2981 R = EPSJI®YMAX(D)

2982 R = AMAXL(R.RA)

2983 YL = Y(J 1) +R

2984 D = CONAR

2985 CALL DYH2{HN.T.Y¥.SAVEL)

2906 DO 4B [ = L.N

2907 48 RUCI+I1) = (SAVELCI) ~ SAVEZ(D)I*D

2908 Y(Ja bl = Y]

280 JL = Il + HB

2910 58 CONT [KUE

2911 C__ADD [DENTITY MATRIX,

2012 60 -

2913 DO 7O I = LN
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2914 PUCJ) = PWIELI) + L
2915 VO J =+ (HB + 1)
2916 € DO LU DECOMPOSITION ON P.
2917 CALL DEC (M, NB. PL, IPIV, IER)
2918 RETURN
2919 C END OF SUBROUTIME PSET
2928 END
2921 SUBROUTENE INTERP (TOUT. Y. NB, Y&)
2922 C
2923 CC+ -- +H
2924 CC+ +CC
2925 CC+ LALRENCE LIVERMIRE LABORATORY +CC
2926 CC+ NUMERICAL MATHEMATICS GROUP ~- MATHEMATICAL SOFTWARE LIBRARY +CC
2927 CC+ +CC
2928 CC+ +C|
2929 CC+ +CC
293R CC+ CLASS ONE ROUTIWE: [NTERP +CC
2931 CC+ REVISION: @ +CC
2932 CC+ DATE LAST CHANGED: v6-82-10 +CC
2933 CC+ RELEASE STATUS: UNLIMITED +CC
2934 CC+ +CC
2935 CC+ EACH CLASS ONE ROUTINE HAS BEEN THOROUGHLY TESTED BY NMG AMD MEETS +CC
gggg EE+ CERTAIN DDCUMENTATION AND PROGRAMMING STANDARDS, +CC

+ +C
2938 CC+ AT LEAST DME CONSULTAMNT [S AVAILABLE TO ANSWER QUESTIONS AND RESPOND +CC
2939 CC+ TO REPORTED ERRORS OR IMADEQUACIES IN B CLASS ONE ROUTINE. +CC
2940 CC+ +CC
294] CC+  4mrmrommowen + +CC
2942 CC+ + NDTIEI{CE + +CC
2943 CC+ + + +C
2944 CC+ + THIS REPORT WAS PREPARED AS AN ACCOUMT OF WORK SPONSORED BY THE + +CC
2945 CC+ + UNITED STATES GOVERMMEMT. NEITHER THE UWITED STATES HOR THE + +CC
2946 CC+ + UMWITED STATES EMNERGY RESERRCH AND DEVELOPMENT ADMINISTRATIOH. + +CC
2947 CC+ + NOR AWY OF THEIR EMPLOYEES. NOR AMY OF THEIR CONTRACTORS, SUB- + +CC
2948 CC+ + CONTRAETORS, OR THEIR EMPLOYEES. MAKES ANY WARRENTY, EXPRESS OR +  +CC
2948 CC+ + IMPLIED, OR ASSUMES ANY LEGRL LIABILITY OR RESPONSIBILITY FOR + +CC
2958 CC+ + THE ACCURACY, COMPLETEWESS OR USEFULWESS OF AMY INFORMATION. + +C
2951 CC+ + APPARATUS. PRODUCT OR PROCESS DISCLOSED. OR REPRESEMTS THAT ITS + +CC
2952 CC+ + USE WOULD MOT INFRINGE PRIVATELY-DUNED RIGHTS. + +CC
2953 CC+ + + +CC
2954 CC+  + - + +CC
2955 CC+ +CC
2956 CC+ PLEASE REPORT AMY SUSPECTED ERRORS IN THIS ROUTIME IMMERIATELY TO NMG, +CC
2957 CC+ +CL
2958 CC+ +C
2959 C
2966 C
2961 C e 0 B
2962 C THE FOLLOUING CARD IS FOR OPTIMIZED COMPILATION UWMDER CHAT.
2963 OPTIMIZE
296¢l Cremoro m o e o e o e e e o e e e e e o —m e m
2965 COMMON ~GEARL/ T.H.DUMMY(d) .M. IDUMMY(2) . JSTART
gggg c DIMENSION YBCNOI.Y(NB. 1)
2968 C SUARGUTIHE INTERP COMPUTES INTERPOLATED VALUES OF THE DEPENDENT
2969 C YARIABALE Y AND STORES THEM IN 'vO. THE INTERPOLATION [S TO THE
gg;? E POINT T = TOUT. AHD USES THE EIIJRDSIECI( HISTORY ARRAY Y. AS FOLLOWS..

i

2972 C YOCI) = SUM  Y(I.J+1)%SHord .
2973 C J=p
2974 C UHERE § = -(T-TOUT)I~H,
2975 Cme--roremommcrcnona
2976 D0 18 I = L.N
2977 18 YacI) = YCLL 1
2978 L = JSTART + |
2979 § = (TOUT - TivH
2980 S = 1,
2981 DO 3B J = 2.L
2882 §1 = 51%5
2983 DD 20 I = L,H
2984 20 YBCI) = 'YACD) + Sixy(l.J)

2985 2@ CONTINUE
2988 RETURH
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END OF SUBROUTINE INTERP
END

SUBRODUTINE COSET (METH, NR, EL. TQ. MAXDER)

Commmmmm e e
€ CODSET IS CALLED AY THE INTEGRATOR AND SETS COEFF{CIENTS USED THRRE.
C THE VECTOR EL. OF LENGTH NO + L, DETERMIMES THE BRSIC METHOD.

£ THE YECTOR TO. OF LENGTH 4. IS INYOLYED IH ADJUSTIMG THE STEP SIZE
C IN RELATION TO TRUMCATION ERRDR. TS WALUES ARE GIVEW BY THE

£ PERTST ARRAY.

C THE VWECTORS EL AND TC DEPEHD OM METH mHD HQ.

C COSET ALSD SETS MAXDER. THE MAXIMUM ORDER OF THE METHOD AVAILRBLE.
C CURRENTLY IT IS 12 FOR THE ADAMS METHODS AND 5 FOR THE BDF METHODS.
C LMAM = MAXDER + 1 IS THE NUMBER OF COLUMNS IM THE 'Y ARRAY.

C THE MAXIMUM ORDER USED MAY BE REDUCED SIMPL'Y BY DECREASINMG THE

E MUMBERS M STHTEMEHMTS L AND-OR 2 BELOL.

C

C

[

c

c

C

THE COEFFICIEMTS IM PERTST HEED BE GIVEW TD OWLY ABOUT

ONE PERCEWT ACCURALY. THE ORDER IM WHICH THE GROUPS APPEAR AELOW
COEFFICIEMTS FOR ORDER MO - 1, COEFFICIEMTS FOR ORDER Q.
WITHIN EACH GROUF ARE THE
FOLLOWED BY THOSE FOR THE

15.,
COEFFICIEMTS FOR ORDER MO + 1.
COEFFICIEMTS FOR THE ADAMS METHODS.
BDF METHDDS.

B m o e e e e e o e e e e
C
[ T L L L L ———— - +C|
CC+ +CC
cC+ LALRENCE L IVERMORE LABORATORY +CC
CC+ MUMERICAL MATHEMATICS EROUP -~ MATHEMATICAL SOFTUWARE LIBRARY +EE
CC+ +
DL e o o e e +E
€C+ +CC
LC+ CLASS OME ROUTIME: COSET +CC
CC+ REVISIOH: © +C
LC+ DHTE LAST CHAMGED: F6-02-18 +CC
CC+ RELEASE STATUS: UWLIMITED +CC
CC+ +CC
CC+ EACH CLASS OME ROUTIME HAS BEEH THOROUGHLY TESTED BY NMG AND MEETS +C
EE+ CERTAIY DOCUMENTATION AMD PROGRAMMING STANDARDS. +Eg
C+ +
CC+ AT LEAST OME COWSULTAWT 1S AYAILABLE TO AMSWER OUESTIONS AND RESPOND +CC
CC+ TO REPORTED ERRORS OR IWADEGUACIES I[M A CLASS OWE ROUTINE. +EE
cC+ +CC
[ o I e T e +  +CC
CC+ + HOTICE + +CC
cc+ + +  +C
CC+ + THIS PEPORT WAS PREPARED AS AN RCCOUMT OF LORK SPOHSORED BY THE + +CC
CC+ + UMITED STATES GOVERNMEMT. HEITHER THE UMITED STATES NOR THE + +CC
CC+ + UNITED STATES EHERGY RESEARCH AMD DEWELOPMEMT ROMINISTRATION. + +CC
EC+ + HOR @AWY OF THEIR EMPLOYEES. MOR AHY OF THEIR COMTRACTORS, SUB- + +CC
CL+ + COMTRACTORS. OR THEIR EMPLOYEES. MAKES AMY LARREWTY. EMPRESS OR + +CC
CC+ + IMPLIED. (R ASSUMES ANY LEGAL LIABILITY OR RESPONSIBILITY FOR + +CC
cC+ + THF ACCURACY., COMPLETEWESS OR USEFULMESS OF AWY INFOmMATION. + +CC
CC+ + APPARATUS. PRODUCT DR PROCESS DISCLOSED. OR REPRESEMTS THRT [TS + +CC
CC+ + USE WOULD WOT IMFRIMGE PRIVATELY-OWMED RIGHTS. + +CC
cC+ + + +CC
cC+ e o et 8 1 e et 0 R 0 e O ) o e + +CC
CC+ +CC
CC+  PLEASE REPORT AMY SUSPECTED ERRORS IM THIS ROUTIME IMMEDIATELY TO NMB. +CC
G LC+  EXT. 3@48. 3329, (R 32B8. +CC
CC+ +CC
[ e e e e e e e S +C
[»
DIMEMSION PERTST(12.2.3).EL(13)., TQ(H
UATA PERTST ~» L..1.. .»,3168..07467.,81391, ,082182.
| 8902945. 063@:492, BBBBB:&BZ,.BBBBBBESZ4.
2 1..1, ,.5..166?.,6416? Laaleatosloatislis e,
3 2..12..24,.37.89,53,33.70,88, B‘.B 106.9.
4 126,7.147,4.16B,B. 191,08,
5 2.0.4,5,7,333,18.42,13.7.1.. 1. boalalis Liu by
& 12,P.24,0,37,.89,53.33.70,08.87.57. 106.9.
4 126.7.147 .4, 168.8.191.8, 1.,
8 3.P.6,0,9.167,12.8. L. LoaLoabu Lo L lu b, 7
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GO TO (1.2).METH
1 MAXDER = 12

GO TO c1el.1B2,103.184,105, 106,107,108, 109, 118.111,{12).N0
2 MAMDER = §

GD TD (281.282,203.284.205) .NG

THE FOLLOWIMG COEFFICIENTS SHOULD BE DEFINED TO MACHINE ACCURACY.
FOR A GIWEM ORDER WD, THEY CAN BE CALCULATED BY USE OF THE
GENERATING POLYMOMIAL LCT), WHOSE COEFFI[CLENTS ARE ELCID)..

L(T) = ELC1) + ELC(2)KT + ... + EL(NO+L)&Twxd0,
FOR THE IMPLICIT ADAMS METHODS. L(T) [S GIVEN BY
DLADPT = (T+1y#(T+2)% ... *(T+NA-1) K. L(-1) = 0.
WHERE K = FACTORIAL (NQ-12.,
FOR THE BDF METHODS,
LTy = (T+HIw(T+2)% ., K(THIQ) #K,
LHERE K = FACTORIAL (NOYk(L + 1s2 + .., + 1/NQ).

THE ORDER M LHICH THE GROUPS APPEAR BELOW IS..
[MPLICIT ADAMS METHODS OF ORDERS L TD 12,
ADF METHOCS OF ORDERS 1 TO S.

gt ELCD) = 1.B
GO TO se.8

@2 EeLU = 8.5
ELL3) = B.5
GO TD seo

183 ELTLl) = 4,1666666666667E-01
EL(3) = P.75
EL(4 | .66B6B66666667E-D1
GO TO 988

14 ELLL) 09.375
EL(3) 9. 1666666666667E-B1
EL (4} 3.3333333333333E-01
EL(S) <. 1666666666667E-82
GO TO 9@e

185 EL(L) 3.4861111111111E-91
EL(3) L.B416666666667
EL(4) 4.B611111111111E-01
EL(S) 1.0416666666667E-D1
EL(6G} B.3333333333333E-03
GO TD se0

186 ELC(L) 3.208611111L1L11E~-@1
EL(3) 1.1416666666667
EL(4) 0.

1

625
.??gB333333333E—Bl
a

EL(6) 0.02
EL(?) | . 366868886888889E-B3
GO TO 98a

167 EL(1) 3.1559193121693E-81
EL(3) 1,225

7.5185185185185E-81

EL (D) 2.5528933333333E~01
EL(B) 4.8611111111111E-82
EL(7) 4,8611111111111E-83
EL(B) 1.9841269841270E-84
GO TO saB

188 EL(12 3.B422453703704E-81
EL(3) 1,29642857 14286
EL(4) B.6B51851851852E-01
EL (S} 3.3576398808809E-01
EL(E) 7. PPP77PPPPPPrPAE-B2
EL(?) 1.0648148148 148E-02
EL(B) ?.9365079365879E-A4
EL(D) 2 488158738 1587E~-8S5
GO TO

tes EL(1) 2 9486008044092E-8 |
EL(3 1.33892857 14286
EL(&4) = 9.7655423200423E-01
EL() 8.4171875
EL(6) 1.1135416666567E al
ELCc) 0.a18

m
[l
=
L] nn||n||nm= L B e O T T~ B S S TR Y B TR TR Y- )

1.9345239395235E a3
L. 11607142857 14E-B4
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3134 EL€1@) = 2.7557319223986E-86
GO TD 900

3135

3136 118 EL(1) = 2,8697544642BS7E-B1
3137 EL(3) = 1.4144841269841
3138 EL(4) = 1.0772156884656
3139 EL(5) = 4.9856781948835E-01
3i40 EL(E) = @,1484375

3Lal EL(?) = 2.9068578987654E-82
3ta2 EL(B) = 3.720238a952381E-83
3143 EL(9) = 2.,9968584656985€-A4
3144 ELC1B)= 1.37786596 1 1993E-B9
3145 ELC11)= 2.75573192239B6E-87
3146 GO TO 9@@

3147 111 EL(1) = 2,BA1B9596443594E-81
3148 EL(3) = 1.464484126984}
3143 EL(4) = 1.1715145582646
3150 EL(5) = 5.7935819003527E-D1
3151 EL(6) = 1.BB32286155283E-D1
3152 EL(?) = 4.1430362654321E-D2
3153 EL(B) = 6.2111441798942E-03
3154 EL(8) = 6.25206679894(8E-84
3135 EL(10)= 4.08417481528513E-D5
3156 EL(1§)= 1.5156525573192E-B6
3157 ELC12)= 2.5852168385442E-88
3158 GO TO 980

3159 ti2 EL(1) = 2.7426554083160E-01
3168 EL(3) = 1.5099386724387
316l EL€4) = |.26@2711l6d4A212
3162 EL.5) = 6.5923418283877E-01
3163 EL(6) = 2.3045800264550E-D1
3164 EL(7) = 5.5697246105232E-02
3165 EL{B} = 9,4394B41269841E-03
3166 EL(9) = 1.1192749669312E-83
3167 EL(18)= 9.08939153439153E-B5
3168 EL(!1t1= 4.82253008641975E-06
3169 EL(L2)= 1.5B831265031265E-07
aire EL(L3)= 2,BB7675698786BE-A9
3lrl GO TO 968

31?2 261 ELC(ly = 1.0

3173 GO TO seo

3174 282 EL(1) = 6.666666666666PE-A1
3175 EL(3) = 3.5333333333333E-01
3176 G0 TO 9ee

3177 203 ELC(1) = 5.4543454545455E-01
aieg EL(3) = EL(1)

3179 EL(4) = 9.@9@909890909 E-B2
3180 GO TO 968

3181 284 ELC(ls = (.48

31B2 EL(3) = B.7

3183 EL() = 0.2

3184 EL¢S) = 8.82

3189 GO TO 966

3186 205 EL{1) = 4,3795620437956E-B1
3187 EL(3) = §,211678832L16BE-B1
3188 EL(4) = 3.10218978182(9E-DL
3189 EL(S) = 5,4744525547445E~-82
3198 EL(6) = 3.6496350364964€-03
3191 C

3192 988 DO 918 K = 1.3

3193 910 TAK) = PERTST(NA.METH.K)
3194 Ta4) = 5kTOC(2) AFLOATHA+2)
3195 RETURH

3196 C END OF SUBROUTINE COSET
3197 EMD

g}gg SUBROUTINE DEC (N. NDIM, A. IP. IER)
3

3200 C THE FOLLOLSHG CARD IS FOR OPTIMIZED COMPILATION URDER CHRT,
3201 OPTIMIZE

3282 C

5203 LEM (R}

3284 INTEGER N, ND{M. IRCM), IER
32085 REAL ACHDIM.H)

3286 C~---
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3%3; g ?ngﬁéx TRIANGULARIZATION BY GAYSS ELIMINATION WITH PARTIAL PIVDTING.

3 v

3209 C ORDER OF MATRIX.

3218 C NDIH DECLARED FIRST DIMENSION OF RRRAY A.

3211 C MRTRIK TO BE TRIANGULARIZED.

3212 C DUTPUT

3213 C R(I.JJ. I.LE.J = UPPER TRIANGULRR FACTOR.

3214 C RCI.J). 1.6T.J = MULTIPLIERS = LOWER TR[HNGULRR FACTOR, I - L.

321 C IP(KY. K.LT.N = INDEX OF K-TH PIVOT RO

321t C IER = B IF MATRIX A IS NONSINGULAR. OR K IF FOURD TD &E

a2ir C SINGULAR AT STAGE K.

3218 C ROW I[NTERCHAWGES ARE FINISHED IM U. OMLY PARTLY I[N L.

3219 C USE S0L TO OBTAINM SOLUTION OF LINEAR SYSTEM.

32§B E IF [ER .ME. B. A 5 SINGULRAR. SDL WILL DIVIDE BY ZEROD.

3221 C--

3222 C

3223 CL+------ - 4L

3224 CC+ +LC
3225 CC+ LALRENCE L IVERMORE LRBORATORY +C
3226 CC+ MUMERICAL MATHEMATICS GROUP -~ MATHEMATICAL SOFTWARE LIBRARY +CC
3227 CC+ +CC
3228 CL#mrmmmmmmmommmmmmeee m——— +

3229 CC+ +CC
3238 CC+ CLASS ONE ROUTIME: DEC +CC
3231 CC+ REVISION: ! +CC
3232 CC+ DATE LAST CHANGED: ?PB-11-15 +CC
3233 CC+ RELEASE 5TATUS: UKLIMITED +CC
3234 CC+ +CC
3235 CC+ EACH CLASS ONE ROUTINE HAS BEEN THOROUGHLY TESTED B8Y NMG AND MEETS +£C
3236 CC+ CERTAIN DOCUMENTATION AHD PROGRAMMING STANDARDS. +CC
3237 CC+ +C
3238 CC+ AT LEAST ONE COMSULTANT IS AVAILABLE TO ANSWER QUESTIONS AND RESPOND +CC
3239 LC+ TO REPORTED ERRORS OR INADEOUACIES IM A CLASS ONE ROUTINE. +CC
3240 CC+ +CC
3241 CC+ o em e + +CC
3242 CC+ + HaTlIlCE + +CC
3243 CC+ + + +C
3244 CC+ + THIS REPORT WAS PREPARED AS AN ACCOUNT OF LIORK SPDNSORED BY THE +  +CC
3245 CC+ + UMITED STATES GOVERNMENT, HNEITHER THE UNITED STATES NOR THE + +CC
3246 CC+ + UMITED STATES ENERGY RESERRCH AND DEVELOPMEWT ADMIMISTRATIOM. + +CC
3247 CC+ + NOR AMY OF THEIR EMPLOYEES, MOR AMY OF THEIR' EOMTRACTORS., SUB- +  +CC
324B CC+ + COWTRACTORS. OR THEIR EMPLOYEES, MAKES ANY LARREMTY., EXPRESS OR +  +CC
3249 CC+ + IMPLIED. OR ASSUMES AMY LEGAL LIABILITY OR RESPONSIBILITY FOR + +HC
3250 CC+ + THE ACCURACY. COMPLETENESS OR USEFULMESS OF ANY IHFORMATION. + +CC
3251 CC+ + HAPPARATUS. PRODUCT OR PROCESS DISCLOSED. OR _REPRESENMTS THAT ITS + +CC
3252 CC+ + USE LOULD HOT I[NFRINGE PRIVATELY-DWLMWED RIGHTS. + +CC
3253 CC+ + + +CC
3254 CC+  +-—-----mmmmmeme o +CC
3295 CC+ +CC
3256 CC+ PLEASE FcPORT ANY SUSPECTED ERRORS IM THIS ROUTINE IMMEDIATELY TO NMG, +CC
3257 CC+ +CC
3258 CC - +C

3259 C

3260 IER = @

3261 IF (M ED l) GO TG 7é&

3262 ML = H

3263 Do 68 K = 1 NML

3264 KPL L

3265 € FIND THE PIVBT IN COLUMN K. SERARCH RBWS K TB N, ==-———e-v———aaao———e

3266 M=

3267 by} 1a 1 = KPL,N

3268 1B IPIF (ABSC(ACI.KIY .GT. ABSCA(M.KI)Y M = I

326 =

3270 C INTERCHAMGE ELEMENTS IN ROWS K AND M.

3271 T = AM.E)

32r2 IF (M ,EG, K) GO TO 2@

3273 AME) = ACK.K)

3274 RCK.K) = T

2275 20 [F (T .EQ, 9.) GD TO 8@

3276 C STORE HULT[PL[ERS IN ACILKY, 1 = K+lsuuuul,

3are 1./T

3278 DD 30 [ = KPI,

3279 3P ACLLKY = -R(l KI®T
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32B0 C APPLY HULT[PL[ERS:TO ODTHER COLUMNS OF A.
3281 DO S8

o C ———— END OF SUBROUTINE SOL

= KPL.,
T=AMI
AM.J) = ACK.D)
AKLI) = T
IF (T .EQ., B.) GO TO S@
D0 48 [ = KPLN
48 ACI,J) = ACLLD) + ACLLKIXT
SE COHTIHUE
6B ¢ CONTIMUE

] = H
IF CACH.H) LEQ. B8.3 GO TO 8a
RETURR
BB IER = K
RETURH
END OF SUBROUTINE BEC
END

SUBROUTIME SBL (N, NDIM. A, B, IP)

C
Lt THE FOLLOWIHG CARD IS FOR OPTIMIZED COMPILATION UNDER CHAT.

OPTIMIZE

LCM (A)
INTEGER M. NDIM. IP(H)
REAL ACHDIM.HY. B(M)

c--

H = DRDER OF MATRIX.

HDIM = DECI.WRED FIRST DIMENSIOM DF ARRAY AL
A = TRIAWGULARIZED MATRIX O8TAIMED FROM DEEK
B = RIGHT WMAMD SIDE VECTOR

DD HOT USE IF DEC HAS SET IER .HE. @.
OUTPUT.
B = SOLUTIOH VECTOR. % .

t S i 1
inlgisizizipivininle]

6 L SOLUTIOM OF LIHEHR £YSTEM A#X = B USING OUTPUT OF DEC.
HPUT. .

[P = PIVOT IHFORMATION VEETUP OBTATHED FPDH DEC.

IF (4 .E0. 1) GO TO 50
HML = f - 1

9 C APPLY ROW PERMUTATIONS AND MULTIPLIERS TO B.
D0 28 K = M1

= KP1,H
3= BUI) + ACLLK)*T
20 CONT [HUE

9 C HACK SOLVE, -
DO 40 KB = 1.HMI
EWML = H - VB
K -

1
BLVJ/R(F 8]
)

= 1L.KML
s = BrI[) + ACL.K)&T
4a CONMTIHUE
5a B(L) = BLlI<ACL.1)
RETURN

EHD
SUBROUTINE TYPE3

SUBROUTINE PIPE

EBUIPMENT PARAMETERS

[F TIME DELAY IS VARIRHLE
2 - BYP ~ FRACTION OF STREAM WOT DELAYED. [

aooncoonnonn
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OO0

(]

oo

oo

D00 on

3@
49

oo o

oo

=[]
ag

n

3 - MV - NUMBER OF STORAGE SPACES USED [N DELRY VECTOR

4 - FLAG - FLAG.GT.B:0DUTPUT FLOW COMTROL (PUMP)
FLAG.EQ.B:NORMAL DELAY

COMMOM <~UNIT~” IM.HMP
COMMOM ~MAT~ MP (35, 13).EP(35.1B).5(2. 45, 13).EX(58)
COMMOH ~COM~ HCOMP.HNCS

COMMOH ~GERR~ JSTART. IMETH. TIME.H.,HH.HINC.EPS, T, INTFL

COMMON <10 MIN.HOUT.MERR.HPUINT
IMTEGER OUT

DIMEHSIOM MC(d), SK(S50,1.11)
DATA MCsd%Lls. IFIRSTAB/, MD/ 1

TRACE OPTIOH
IF (EP(IM.1@).GT.B.B) WRITE (HOUT.21B3 IM

IF C(IMTFL.EQ.LY GO TO 2
RETURM

COMTIMUE

IH=MP I, 3)

DUT=-1P CIF. 4)

[F (EPCIM.,1).LT.@.8) GO TO 1P

FIXED TIME DELAY
TLAG=EPCIIL 1)
GO TO 28

YARIABLE TIME DELAY
COMTINUE
TLAG==EP (1M, 12~ (5C1. [N.3))
CONTIMHUE

gYP=EP(IM. 21

Hyw=EP ([, 31

FLAG=1,0UTPUT FLOW CONTROL ,8 . NORMAL
IF (EPCIM.4).GT.0.8) S(1,IN.3)=8(¢1.0UT.3}

SET UP THE SX MATRIX ON THE FIRST PREDICTOR STEP
FOR ALL SUBSEDUEMT PREDICTOR STEPS SKIP THE DELAY
IF (IFIRST.HE.BY GO TO SB

S¥(l.HD.13=0.8

5K(1,HD.2=08.8

PUT IMPUT YALUES IM FIRST VECTOR OF SX MATRIX
DU 40 K=3.4CS
KL NI KY =5 UL, [NLK)

PUT UUTPUT STREAM VALUES I[N THE REMAINING VECTORS
Do 30 [=2.HV
SH(1.ND. Kl SC1.0UT.-K)

FILL TIME %WECTOR IMITIALLY WITH -1.8 VALUES
S(l.HD. 1r==-1,0

SHCE.HD.23=-1.08

CONT[MUE

CONTINUE

[FIRST=1

RETURH IF PREDICTOR STEP

RETURH

MC MDY =MC (D) +1

[MCREMENT TIME VALUES AS TIME [NCREASES
Mo=MC (WD)
IF (HMD.GT.HYY MD=HY

STORE A COPY OF TIME VECTDR FOR FUTURE REPEATS
Do 8@ [=2,NY
SH(I.HD, 21=SK(1.ND. 1)
COMTINUE
IF (10.E0.23 GO TO 1B
e (MD. HDL L) =8X (D1, HD.1)+H
HDWHD 1
GO TO 9@
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3426 18R SKi2.HD, 1) =HH

SHIFT ALL “ALUES OME STORAGE STARTING WITH THE OLDEST
DO 128 £ =3.HCS

B0 110 1=2.HY

Lativ-1+2

SHIL LUK =8u 0L -1, HD, K)

CONRT [HUE

COMT IHUL

TRAHSEE®R TMPUT WALUES TO IST DELAY VECTOR
po 140 1 HCS

SECLLHDAT =501, [H.K)

CONT N

COMPRPE STORED TIME WALUES WITH TIME LAG
ﬂﬂ 1HE I-

MY
Wil HD 1)-TLAGY 150.160. 130
CGNTINH!

[F HOWE 1% GREATER THAM TLAG.EXIT THE LAST YRLUE
| =HN

IF (5 aV RD. 1) EQ.-L.) GO TD 168

LETTE THOUT, 2200 1K

.f[P

IF T uHLUE lUUHLS TLAG,EXIT CORRESPOMDING YALUES
ngoaee

S54.00T.10 = S‘([ HD YL, =BYPY+(S L, [H. ) #BYP]

COMT IO

FETURI

GOl GT.TLAGL.CHECK [F SWrI-1) .GT.TLAG
SET THE TIME AT S¥0l) TD ~t.

WO HD . 1) ==,
=11

3462 19R L=1-1

3463 C

34bd L KEEP TESTING UNTIL ONLY ONE IS LEFT

3465 IF (Sxtl.HD. 1) .GE.TLRGY GO TO t8@

3466 C

3467 C IMTERPOLATE FOR EK[T WYRLUE

3468 A=TLAG-SH(L, WD, |

3469 B=5Me [.MD. 1) - SK(L MD. 13

347D DO 288 K=3.HCS

3471 U= (LMD, KD +0Ax(SXCILND, K) ~5X(L,.ND.K)) 7B}

34r2 S(1L,OUT. K= (1, -BYPI*U+(BYP*S (1. IN.K))

3473 208 COWTIMUE

3d7d IF (EPtIM.18).G6T.0.8) WRITE (HOUT.238)

3475 RETURM

3476 C

3477 C

347B 218  FORMAT (I4H EMTERING DLAY.[3)

3479 220 FORMAT (20H ERROR [N TIME DELAY.~.29H NV MUST BE [NCREASED IN MODU

3468 1,2HLE. [3)

34B1 258  FORMRT (194 LERYING TIME DELAY)

3482 EHD

3483 SUBRDUTINE TYFES

g:gg E SUBROUTINE EXTRTR

3486 C PLUTON IUM-URAK UM SEPARATION AND CO-EXTRACTIDN

3487 C THE MATH PROGRAM CONSEISTS OF IMITIALIZATION FUNCTIONS

3488 C GEMHERAL MATERIAL BALANCES. REACTION MODELS. DISTRIBUTION

3489 C COEFFICIENTS., VARIABLE HOLDUPS, AND CONTROL ALGDRITHMS

ggg? E ARE WRITTEM [N SUBROUTINES.

3492 C THE ORGAWIC SOLYENT IS ASSUMED TO BE PURE HYDROCARBON WITH

gggg E TBP OF FRACTIOM XTBP

3495 C THE RBUEUUS SOLUTION AMD FEED STREAMS MAY COWTAIN ALL COMPONENTS

’gjgg E THE DRG%H[E FEED STREAM MAY COWTAIN PUCIVI. UC(X[)., AND KNO2
!

3498 C THE PROGRAM [S§ DIMENS[ONED FOR A MAXIMUM OF 2D STAGES
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anoo omno

IxIzlz]

(g lelnl

~n

COMMON ~LARM~ STD.PRCNT.EMC. EMSTDLEMPRCT. IMC

COMMOM ~UMIT~ [M.HMP

COMMON ~MAT~ MP{35.13).EP(35.1B),5(2,45,13),EX(50)

COMMOM ~GERR~ JSTART, [METH, TIME, HELL,HH.HINC,EPS. T, [NTFL

COMMOM ~EXTt~ L. TOR,TAQ.ORL,ORF,0R2,N8.NF.VOL.AD.OR

COMMOM ~ENT2~ K1.K2,K3.K4.KS

DIMEMS10H EOAP(213.EDAU(21),EH2(21),P40(21) . P4AL21),P4RF(21)
1.P3AC21).UHC21).URF(21).H(21), HF (21),H03(21).MO3F (211, HND2F (21)
1LHHD2(211 HN 12 1)L HNF (21) . HZ(21), HZF (21).FIS(21) . HU(21) . ENP(21].
LENUC21) EMH2 (21 ENH3 (213 EMP (213, EMU21D) L, EMH2(21) , EMH3(21) . RH(21)
LUOC21 . P3RF(21),EH3C213.DCI21),HND20¢21)  PUORG(21).PUD(21)
DIMEWMSIOM AP(21).0P(21).00TORt21),DDTAB(21).DDTHU(21)

RERL Ki.K2.K3,¥d,KS.KH, KP,KU. 15,1035, 1031, INTERR

REAL MO3.HWO3F,MO30¢21)

IMTEGEP AQ{W.0OR I[N, AQOUT,QROUT

IF _CINTFL.ED.1) GO TO 2

RETURN

COMTIHUE

IDENTIFICATION OF STREAM HUMBERS

[FEEDD=[RBS(MP(IM.3))
{FEEDR=[ABS (HMP{ [M.8))
ROIM={ABS(MP ¢ 111, 5))
QP IM=JABS (MP (111708
ROQUT=IHBS 1 MPE I 613
OPOUT=THRSG (1P ¢ [ d)

IDERTI{FICHTION DF EQUIPMENT PARAMETERS

L=EP (1. 2)
WF=EP (1. 3}
YOL=EP [, 4}

THO=EP (1. 5)
HTAR=ER 1 111.6J
TOR=TAN

FHITIALIZATION

M=y +1

HE=HF+]

HE=tF -
P4AATH1=5¢1.A0IN.7)~239.8
P3AMI=5(1.pOINH, 13),239.8
UA(MI =S 1, ADIN,. 6) 7238.8
H2 (M1=S11. A0 1IN, 18)

HHO2 (M) =S §,R0IN. 11D

HO3 (M) =5(1.A0IN.8)

HUM) =H03 1
ADL=571.A0IM.3)760.0
HHI(MI=S(1.A0N. 123
OR1=5t1.0RIN,3)~60.0
PaR7=5c1, IFEEDD.V)~7239.0
u02=St 1., IFEEDD.6)/238.0
HHO2E=5¢ 1, [FEEDG, 1)
ND3Z=5r 1. [FEEDD.B)
ORF=511, [FEEDD. 3) /6B.0
PARZ=51(1, IFEEDA.7}/235.0
UAZ=St L, [FEEDA,B) /238,08
HO3AZ=S 1. IFEEDA.B)
HZAZ=S( 1. [FEEDR, 18)
HNO2AZ=5 (1. [FEEDR, 11)
HHAZ=S (1. [FEEDR. 12)
P3AZ=S(|. [FEEDR. 131,233.8
AQF=St1. I[FEEDA. 3) 768,08
IF (T.GT.HH) GO TQ i@l
PUBAL=0.8

DEFINE RERCTIOH RATE CONSTRNTS FOR CHEMICAL REACTIONS

K1=B.08235
K2=8,68966

8]


http://HN02A2-SU.tFEEDB.il

K3=3.8693
k4=l 5
¥.58.234

PERD IH INITIAL WALUES OF COHCERTRATION PROFILE. DISTRIBUTION

[ainfafiyl

Do 18R I=].L
P4u( 1) =/.n001
P3nacl=0.0801
UACT)«P. 8081
HIT)=0.DB0Y
HG3CT -0, 0881
HHO2( 11 =B, PR
HH{T5-8.8R01
HZ (D1 ~0,0081
EOnP ) -R. 0081
EURUY T =8,0881
EH30 1) -7.0081
EH211)-R.nAA1
188 CONTINUT
OR2~0RI +0P |
AD2=NA01 ¢HOF
[MTERP -B. 0
AQFF =1t
ANFA-RA. B
FRRPT ©.68

. THITH 17 PSEUDD FLDW RATES

Isislul

DD 5 I=1.M7
AP () =A02
BP () =0R)

S bOTORPCI)=06.08
Do 18 [=Ha.L
AP ([1=AO1

10 OP([)=0R2
AP (MF) =A02
QP (HF) =0R2

IHITIAL(ZE END CONDITIONS

w
m
-
W
aoo

3615 AP (M) =AD]
3616 DDTAD (M =0.8
3617 ODTDRF=0.0

IMITIALIZE ORGANIC FLOW RATES AND HOLDUPS

3621 on {28 [=t.b

3622 OR=0R2

3623 IFOL.LT.HF) OR=0R1
3624 AO=A02

3625 IF(I.GT.HF} AD=RO01
3626 HUT[1=Y0L-C1+0R/AN)
3627 4B 11 =EDAP (T3 *%PAACT)
3628 DDTHUL 1) =D.8

3629 128 CONTINUE

3630 181 CONTIHUE

=
o
[}
oo

3631

32%2 c OVERALL PU BALANCE

3633

3634 PUBAL =PUBAL+1, 8~ (AQ2%{P4R (1) +P3R(1) +ORZWPAA (LI MEDBAP (L)) #
3635 1 (ORFPA0Z +AOF*(P4AZ+P3AZ) ) )

ggg? c EP (1M, 11=PUBAL:k(ORFAP40E HAGF ¥ (P4R2+P3A2) ) %239 .8

3 -

Bﬁgg E CALL SUBROUTIWE FOR DISTRIBUTION COEFFICIEWTS

36

3640 CALL DISTRI (P4, P3A. HN. H, O3, HHO2. N2, UR.F [S. EDAL. EDRP, EH3.L EH2
3641 1. XTBP)

3642

gggg C CALL SUBROUTINE FOR HOLDURS AND FLOW PARAMETERS

3645 CALL HOLDUP (OP.AP.EDAP.EDAL. EH2,EH3, DDTOR. DDTAR. HU. RN, ENP, ENUL.
3646 1ENH2. ENH3. EMP, EMUL EMH2. EMH3, DDTHU. 7, DDTORF)
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MATER AL BALANCE CALCULATIONS FOR EIGHT COMPONENTS

D0 308 I=1.L
QP=0P2

IF¢1,L T.HF) OP=0R}
RO=A02

IFCLLGT.HFY RO=AO]

CHLL SUBPOUTIHME FOR RERCTION MODELS

CALL PEWCT(PAA.PIA.HN,H.ND3, HND2, HZ, FIS. RXN1, RXN2, RXNZ, RXN4.
1PXRS. 1

FULEP [NTEGRATIOH ROUTINE. CARLCULARTE MEW CONCE .RATION
PPOFILE @T TIME T=T+DT

TFOLLHE. 1y GO TO 258
CHLCULATIDNS FOP THE FIRST STRGE

TEMI-PH L PAAC2Y-PAATI)) -EMP (1) WPAR (1) -RXN 1 +RFEN2-RXN3
TEMZ=RN1 14 (UR2)-UACEI ~EMUC LY DR L)
TEMB=FN 11 4H032)~NO3 1) -EMH3 111 N03 113 -8, SHRXHN2+0R L*¥NO3Z-HU (1) ~
JAREIW L oy aPdAt 1 2REMU OISR T T
TENT=RHELr# (N0 12) ~HHO2 (1) 3 -EMM2 (1) xHND2T 1) +0 . SKRXNZ -RXH4~RXNT
TEME-FHOI R THOS O ~HO ) LREEM3 T T O30 I+, 2S#REM [~ [, S#RXH2+1, 25%RXN3
J4RHAHR PRy
Al N ]

258 I+ ofnb 60 TO 260

CHL ui I TOMS FOP THE FEED STAGE

TEML ~RHIHE +1) #PAAIHF+1) -RN THF ) +PAR CNF ) +0PF*P 402 /HU UNF ) +0R [ %

JEQAP I HE - 11 PR THF - 1) #HU (HF ) =EMP (MF J P 4A CHF 3 —RMH THRMN2-RKN3
JHADF « Pl “HU CHIF )

TEM2=PHHF +1)%gH (MHF +1) =R (HF 1 UE CWF ) +0RF*UQZ ~HU {NF ) +0R | *EDRU (NF=1)
JorUA CHE = 1y 7HU CHF 3 - EMUCHF ) #UA CNF )

J+AQF#URZ ZHUCHF )

TEME: PHIHF+1) #HO3 (HF+1) -RN (HF Y #N03 (HF) +0RF % (HD32+4%P402+2xU02) /
IHUCHE + +0P {4 (EH3 (HF - 1 ):H03 (HF ~ 1) +4E QAP (MF = 1) PR (NF~ L) +
J2*EDRUTHE -39 #UA CHF= 1)) 2HU THF 3 ~EMH3 CHF 3 #0503 CHF ) ~<4EMP (HF ) %P 4R (HF)
1-2#E1MU tHE ) +UH (HF ) -8, SkRHH2
J4+AOF # 1 HO3AZ+4+PARZ+2HUAZ) #HU (HF)

TEMZ =RICHE +1 3 #HHOZ (HF +1) ~RH LHF ) %HHO2 CHF ) +0R 1EH2 (MF - 13 kHNO2 (NF-1)
J/HUCHF ) -E1H2 (HF ) A#HND2 (HF) +0 . SRMN2~R¥H4-RAHS+0RFxHNO22 ~HU (NF)
J4+H0F #HWBD2HZ ZHU (HF)

TEMB- MIHF +1)%H (NF+1) ~RH (NF ) kK (MF ) +0R 1 EH3 CHF ~ 1 3:kM03 (HF ~ L) /HU (HF)
J-EMHZ (HF ) #HO3tHF ) H0RFAHHDZE AHU INF) +] , 7SkRMH L +1, 25%R¥N3
1= 1. 94PH2 +R XHA+RMHS+HANF KHMO3AZ ~HU (HF )

GO TO 27

CALCULWTINHS FOR THE OFHER STAGES

268 TEMI=PH{ [ (PARCI+1)=PAACL) ) +OR¥EDRP (1~ 1) *PAALT-1) /HU (1) ~EMP (1) %
IPAAC T -RAM I HRANZ-RAHE
TEMZ2=RH( 1) tUACT+1)-URLL) ) +HOREORU (I~ 1) 4UACI- 1) #HU (DY ~EMUC I ®UACT)
TEME=RH (1) (HO3 U [+]3-HOSCT) ) +0R:k (EHE ([~1) O3 (I~ 1) +iEQAP ([=1)%
JPAAT [~ 1) +24EDAUCT-1:RUALT= 1)) AHU LTI =EMHB O O3 C 1) ~4ukEtP £ 1) kPR ()
J-24EMUC D #UA L) -8, SHRKME
TEM? =RH 1) # (HNO2 ¢ I+1)~HHO2 (1)) +0R#EH2 ([~ LY#HHOR (I~ 1) /HU (1) -EMH2C 1)
J#HHOR ¢ 11 +B, SHRAM2-RotH 4~RxNS
TEMB=RH I CHCI+13-H([3 3 +0RKEHI (I~ 1)4NOS (=13 «HUCI) ~EMHI (I RNO3C D
J41.P5#RMHE -1, SHRYNZH1, 2SHRIMIHRHHAHRMNS

P11 C

E:{% E CALCULATE THE COMCENTRATION PRAFILE AT TIME T=T+DT

3

314 UT=HH-66.8

3715 270 P4AF (1) =P4ACT) +(TEM)~(1-EDAP{ 1)) PSA L [)RDDTHU (1) ZHUC D ) DT/ C L+
P16 JEHP (1))

3717 IF(P4AF (1) LE,B,0) P4AF(1)=0.0

3718 UAF (1) =UA L) +ITEM2= C1-EQRUCTY ) RUACL) *DBTHUCEY #HU CLD I DT/ CL+ENUCEY )
3719 IFCUAF (1) ,LT.8,8) UAF(])=0.8
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TEM3 PHOLy#(P3ACT+1)=P3A( 1)) +RAHL-PYH2+PFH3

PARE () PIECT)+(TEMZ-P3ACII#DOTHUCT) #HUC [} #DT

IFep<nt (1),LT.8.8) P3AFC])=B.8

TEME PH D #CHHI [+ 1 -HU D) Y -K24RWN L -P NS

HHE 1T sHHOE)+ T TERMA-HH ¢ ) #DDTHUC D) ZHUC[) ) #DT

IFrHug ot LT.B.B) HHF (1) =0.8

TEM RPUE I #CHECE$ L) -HZ ([ 4 -8. 254R¥H3-Po14

HAFCT =W U+ (TEMS-H2 C ) #BDTHO D) AU L) #DT

TFHA 1, LT 880 HEF(])=0.8

HOSE Ty HORT) - (dwtPARF ([ ~PAR D3 #THP O 1) +2% TUAF (1Y ~UACTI I WEHUC ) -
JOH CL-EHZ D ) #H03 0 [V #DDTHUC D) ZHU T [ #DT) ZCEHENHI T )

P oy, LT.B. A HOSF(DI=B.B

HEQZ2E D1 =HUOR COEeLTEMY - CL-EH2 00N #HHO2 CLIvBDTHUL D AHU O3 BT/ 0 L e
HHHZ T

TF eHRDet o) (LT.A.A) HMO2F (1) -8,8

HECT s W a4 (TENR cHe D) -EHS D aN03r D wDDTHUCI Y AHUC D)D) #DT-EHH3 () »
TeHN3E 1 HOS1T))

IFedh Iy A T.B.RY HE([y=8.0

388 CONT gt

ESTnnl ol HEL PRESFHT WRLUES

alnialinl

A% o oatn Je1LL
P Ch aP e +DbhTROC D #0T
QRO - NPy +DDTARPT L 40T
Pafc L Panpr
AR Banrcl
UaeEy Dl of)
HSelr Het o)
HHCL e HUE [
HHIOZ T HHRZF )
HI T n3p el
Holby MELT
4590 COHinie

faa!

Chl CHEHTE COMCEWTRATIONS 1M ORGANIC PHASE

deed TD Al 1L L
HHOZO T «HHD2 0TI REH2 (T 8
HO30 D =HOZCTIHEHS T
GO T ~UAT D EDRU L)

AVH PO D PR TV REDRP Y

[
r LUMHMUTE QUTPUT YALUES

L.AannuT. 6 =UAfC LY «238.0
LunQuT. 7)) =P4ac1w230,.9
LoAONUT. 8 =HO3 L
LT, 10
1
t
1
1.

LHOOUT, 110 =HHO20 1)
LAOOUT. 12D =HHE D
LSHOOUT. 13)=P3R]):#239.0
nl-'nnr,bwumu #238.0
1L ORPDOUT.?)=PUOL %3239.0
51, OROUT,. B =HD30(L s
S (1.0R0UT. {13=H10Z0LY
RETURH
Enp

C
c
E LISTING OF SUBROUTINES USED IN EXTRTR

SUBROUTINE DISTRI(P4A.P3A.HN. H, NO3.HND2. HZ. UR.
1F 5. EOHU. EDAP.EH3.EH2, XTEP)

COMMON/EXT1 L. TOR. TAQ, OR1,0RF.0R2.NB. NF, VOL.AO L. OR. RO2

COMMOH ~EXT2< K1,K2.K3,Kd.KS

‘DII‘IEIIS{EIN PARC21).P3A(21) HHM(21) .H(21).ND3(21]1.HND2(21) . HZ(21)
EHHEIISIUN LBAC21),EDALC21).EORP(21),EHI(21).EH2(21)
RERAL K1.12.K3.K4.K5.KH,KP.KU. {S.HD3S.HO3 1. [NTERR

34
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an

m

oo

REAL ND3.HD3F.HD30121)
Do 138 I=1.L
LI=sNO3 0 #m2

[S=8.5% tHOS 1 D +H! D #HNCD HHE 1)) +2%UAL D +B8  #P4A (1) +4,. 5xP3A D)

FP=12,163-9.033%[5+42.23%[5k[5~8, 163x[5*«3
FU=B.781+6.871#15-6, I76X[SK[S+1, 579543
kH=0,385-0.155+15+3.824%I5x15
FISCI1=1B#*(0.91*SORTLIS)-1.5212

C=1#TBP 0.22%0. 731~EH2 C [) ®HHD2 1)
RAl=t+kHeHO #0030 D)

R2aUR L) +FPRPAA 1 [ ) HUi/KU

A3=Pan o]+ USUA ) 2 (KP*RLD)

Ads TRLANDICL) ) #2

H9=Ad "Ll

Ho=A] 1 4+SORT R UIRND3 L 1) %12

HA=A ] 1 dRSORT(EP) #1I#A3)

HB=1-G0P T | +B¥CwKU*A2-A4)
A9=1-SORT (] +B¥C#KP+RIAAG)
EQAU: [ 1= THE*AB 1 +#2

EOAP 1 ) = (U7 #*A9 1 #u?

Bl=FH4H( L el N03C)

B2 -0 [ U LwE A T Y el P

B30 -WNPT | +B*L +B2/(Bi#B1))

EH3I I BlekH U3 (42482}

FTHP -1 THP-@, 2)4+0, 731-EH3 (DI *NO3 () -2«EDAP ([} xP4A (12 ~2xEQAL(])

ESIC N Y
IFFTHP L T.0. /) FTBP=B8.B

158 FH20 1 - 190, 8#F THP

166

D
204 DDTrU (1) =(VOL#DP( 1-1)*DDTAB CI+1) ~VOLWMAP (I+1)*DDTORCI-1)) ~CCAP(1+1)

PETURFNI
enp

SUBROUT [NE HDLDUP(UP‘RP‘EDRP.EURU.EHZ,EHE,DDTDRSDDTQD»HU.RN.EHP.

FEHU. FHH?P . EHHT. EMP, EMUL EMH2, EMH3, DDTHUL H7. DDTORF

coMiM ~E-T1~ L. TOR, TAD.OR!, ORF,OR2, M8, NF.VOL.AR,OR
LoMMon ~EXT27 K1,K2.K3.K4.KS
DIMENSION OPr211,AP(21),EDAP(21),EQ0AU(21),EH2(2L3,EH3(21),
ADDTOP(21) . IDTARO(21),HUC21)
DIMENSION RMI211,EHP(21),ENUC21) EHH2(21) L. ENHI (21 .EMP(21).
QEMUC21),EMH2(211,EMB3(21).DDTHUC21)
PEWL 1. 2. K5, K4, K5, #H, KPL KU, 15.N335, N3 1, INTERR
PEAL NHD3.HA3F.HO30(21)

CHLCULATE HOLwuPS AMD FLOW PRARAMETERS

DETOR(HF) =1 1 /TOR} % (0P (HF-1)+0RF-0P(NF))
DO 160 | #H.L

bDTORt 1y =1 /TOP)#(OP(i-1)-0P([))
b0 288 1-1.L

0r=0r2

[FCI,LT.HF1 OR=0R}

A0=A02

[FLI.GT.HF 1 AO=AD1
DOTAOT [ = /TAD (AP (I+13~-AP (D))
HU 1) =v0L (14QP (1) /AP CD) )
RHILI=R0-HU(])
EMPUT1=0PUT)#EQAP ) 7P (T
EHUT 11 =DP(I)*EQAUCT) #AP (]
ENH2 ([ =0P([)4EH2( 1) 7AP (|
EHHI(T)=0P! [DHEH3(]) AP (]
EMRCT)=0R+EDAP (13 /HUCD)
EMUIT) =0R+#EDRAUC L) Z7HUCTD
EMH2 (1) =0R#*EH2 (1) /HU(T)
EMH3 1 1) =0R*EH3( [J/HUCL)
ggTﬂurli=fVULwURl*UDTHU(Z))/((ﬂPI2J+DR1J**ZJ

a2
DDTHU ) = (WVOL#OP([~1)*DDTAQL[+1)) A CCAP ([+1)+0P [ [~1) ) %x2)

)]
)
)
}

DDTHUt IF } = { VOL * (0P (H? ) +0RF ) %DI'TRA (NB) -VOL % (AP (NB) +AOF s kDDTORF 2 /L {

JCARCNT +ANOF 3 +0R 1 +0RF ) #k2)
0 " 4 [=ng.L

J+DP(I 1)):#%2)
RETURH
END

85


file:///npri
http://fiP.E0BP.EDBU.EH2.EH3.DDTOR.DDTBQ.HU.RN.ENP
http://Kl.K2.K3.K4.K5

3ge8 C

3869 C

3870 SUBPOYTINE PEACTI(PAA, P3A.HN. K. HO3, HNO2, HZ . F IS, PItL, PXYH2, RXHI, RXN4
3871 RS, 1

3872 €

3874 CoMNM sEXT1/ L.TOP.TAN.ORL.DRF.OR2,HB.NF.YOL.AGL,OF.RO2
3874 COMAIM ~F #T27 ¥ 1.¥2.F3.F4,KS

38724 TFENHLEON Faal21.P3A213 . HHE21)  HI21)Y.HO3 (213, HRD2(21).H2(21)
3876 LLEIS 21

ki PEAL ¥ I.V2.K3.EA,F5.FH.¥P,FU. 15, HD3G5.HO3L. [HTERP
387R PEAL HNI.HO3IF.HD3D021)

3829 © CHEMILAL HEACTION MODELS

k1:[315) PAHL=F L4 THN ) ##2 1 PARC LI A#2) 7L (PIAC T #W2 W THI D) wwd) w( (D, |9+
3aal THO3 €14y

3882 PAHZ=F d+R 3001 #HHD2 (LI #H (T} 4HO3C )

3Ba4 PAHZ ¥ SeHAnC[I#HZ (1)

3884 PAHAF G4t T [)#HNO2 CT I wH D) #H (]

39489 B =E [G0 ] #HHD2 0 ])

ianaf TF tHI by L E.R.A) P#H5+-0.0

3igay FFTHPH

iaaa EHD

3889 SUBPOUTINE TYPEG

3891 €

3891 SUBPOUTIHE. PRECIP

3892 C

3a93 C THIS 10huLE DESCRIBES THE PLUTDMIUM OXALATE PRECIPITATOR
3894 C

3893 C THE FNOLIOLIHG PAPAMETERS ARE REOUIRED

3896 [ EPITIM. 1) -P HOLDUP N GRAMS

389¢ C EPCIN. YaLute OF PRECIPITATOR (LITERS)

38948 C

38949 COMMOM-MAT/MP (35, 13).EP (35, 183.5(2.45,13).,EX(58)
3908 LOMMON-CNH-HCOMP ., HCS, HE, NS, THRK

3901 COMMUH AN T 1ML HIP

39682 COMMONAGFRRZISTART, TMETH, TIMEL H. HHLHINCLEPS, T, INTFL
3983 DIMENS JON Y8y .DERYIB)

3984 €

38085 C THE MICROSCOPIC QUANTITIES {M THE DATA STRTEMENT HAVE THE UNITS
3986 C AKGIDM/HR) . AKBOL, /L [TERS#HOUR) . RZRO(DM). ROC(G/TC)
3907 DRTA RIG.HNG.AKB. RNB.RZRO/1.5E~B4. 1., L (E+BB. | . 4.1 E~BG/
3906 DATH RO.YWIK,2.694, 4. 18879027

39849 IF CINTFL.ED,® GO TO 2

3a1a RETURH

3911 2 CORTIMUE

3912 C

3313 C MDIUHI ur PRECIPITATOR

3914 V=EP( 2

3915 €

3816 ITER =@

3917 C FIND STRERMS

3918 IHPU =P C 1M, 3)

3919 THOX=MP ([, 4)

3920 HOUT={ABS tMPCIM. 531

3921 IF (MP(I1M.6),EQ.8) GO TD 4

3922 NSIG=1ABS PRI [1.63)

3923 4 CONTIMUE

3924 C

3825 C

3926 C DENSITY OF PU IN DXALATE (G-LITER)

3327 C DENSITY OF C204 IN OXALATE (MOLES-LITER)

3928 €

5929 ROP=457 .+ RO

3330 ROD=3, @2+R0D

3931 C

3932 C

3933 C CALCULATE INITIAL CDNDITIONS

3934 C FLOW DF FILTRATE. L-/HR

3935 Y(2)=5(1.HDUT.B)%6@.08

3936 C COHC OF PU

3937 Y1) =501, HOUT.7)

3938 C CONC OF MOD3

3939 Y(3)=5(1,MOUT.B)

5940 C COMC OF C204
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3941 eraarah ol nwpyT, %
3942 rlS‘-R'l.HDuT.IB!
3942 ple et CnguTL L d)
394 CTreL 0T, HU
2945 e Beet L uauTL
3946 C
3947 1 COMT ity
2948 U
3849 € COMPUTE InkyT YRR IABLES
3998 3 [FPD7G1 1. (nPL. 41=36088.8
5951 [FODT-S ), (N0, 4/ #3688.49
3agp FRaGo] [HE, 3 enp . 8
3993 FeS: 1. IH0X. 31#00.8
3954 CPRGCL INPYL TS
2955 LS IR i)
3905 e IR 9
5987 TER 4P
3958 VR - BEDD Y« DFPDT
3959 €
39640 C [OMPOTE PouTORIUM FOQUILIBRIUM SOLUBILIYY
3961 Cull SOy 3. v tads LCSTARLCHY
3962 (L Tk D6 TR0 39,
3963 °
3964 el
3965 Wb fLLsrapy 18,
3966 C
3967 T LOMPLE GROLTH SHDD NUCLERTION COE _CHTS
5968 Doekb GelwrnfiGe 10 LOTARS I #%ANG
3969 B-wbbelviufy e La- " GTHRI 1A
39780 C
B [F -2 pu01,B.0R. TFR.EO.A.Y GO TO 58
23 C
30 rCT!P OF DIFFERENTIAL EQUATIONS
d [ St et vl R ARORVYIRVE RY T 2) ¥BHRZR 0%k 3/ TFR
5 ' .|1))‘FP-.'l!bFU+1rrll—PUP)rP1
6 . *IIEJJ
N AT T G ARERD =Y (2) KVKHRZROMNGHB/TFR
39868 Els -DEP 1Dyt s TUFR/TFR
398) PRARPEL N2 - 03V TRRAY
3982 DERYI 312717031422
3983 T1=(ROO-vt )1 #TOFR-TFR
3984 T2=TFP+1FQ+CO-TFRP#*RPOD-'¥ (21 4Y (A) +Y(2) #ROD) / (V' (2))
3949 T3=(RO0- vid))4DERYI2) /Y20
3986 DERY1I41=-TI4+T24T3
a9ar TPAV: B (2 4RZPO#+3/TFR
94 DERY 191 =TPHY-"715 1 xTFRA{
3988 DEPY1G ) =G4V (51 ~PZRO+TRAN-Y(B) ¥TFRAY
%994 DERYIZ) =2, %G () ~RZRO+TRAV-Y (71K TFRAY
3991 AMUS=1 1. -v12)/TFR) K
3992 DEPT1B) -4, #G*AITUS/RZRO+TRAV-YIBI *TFR A
3993 C
3994 GO TO 6B
3995 €
3996 C LINIT OF SySTEM OF DIFFERENTIAL EQUATIONS
3997 € FOR VANISHING [HRUT FLOU
3998 5B DD=B4+RZRO#++3
3998 DER'Y(17=-ROP#\#DD
4000 DER'Y(2)=DFODT+OFPDT
4804 DER'Y(3) =@,
4002 DERYI4) =0,
4803 DERY1S)=0D
4004 DERY(&) =LD
4605 DERY(7) =00
4806 DER'Y¢8) =00
4807 68 COWTIHUE
4888 C
4809 C
4848 C COMPUTE DUTRUT SIGHAL
ABs s IF (CP.LE.|.Bt-28.0R,FP,LE,!,E~28) GO TD 38
4812 SIGHL =7 1) wy(3; # (CR*ERP)
4843 GO TO 40
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4814 3B SIGHL <8,

4a1y ¢

4816 C COMPUTE QUTPUYT MR (ABLES
4817 49 IF (MPiIM.6).E0.0) GO TO 4t
4B 1A SIL.NGIG. 3 sSIGHL

4819 41 COMTIHUF

4920 S11.HOUT.3)=TFP/6B.0A

an21 S12.HOUT.Gi=DEPY(2),3600.08
an22 Se2.40UT. /1 =DEPY( 1)

48213 S(2.HQUT.BI~DERY(3)

4aa24 S2.H0UT. 91 =DERY (A

4825 S62.N0UT. 121 «DERYIS)

4n26 502.10Ur, 131 =DERYIH]

aa27 5¢2.00UT. 1) «DEPYTZ)

4820 S12.N0UT. i 1) -DERY(R)

4829 C

4838 C PU WM HUP IW THE PEACTOR
4831

4832 EPCIML Ly =501 HOUT, 7)Y
4833

aB34 PETURPH

4p35 END

4p3h SUBRDUTIME SOLUB(CNO3.CHCD.CSTAR.CH)
Ciskig DIMEHS IO *r3)

api G=2.0174385(

4034 B=-CHN3-3,

4040 [ ﬁ 38f ##HCD/3.

4041 5.068F LaCHCD

4842 LNl

4643 Perd afal, N1y <2 -Ruw3

4044 DELT (et 1P #s2

A845 IF (DELT.IF.A.) GD TO i@
4Bdb Sh-SUPTILELTY

4047 Sl=tP+Shiwsp, 333323333
4048 S2+tP LD +4B,33333333
4849 CH=51452-8

4850 GO TO 58

4851 19 S5=R/ABSIE)

4852 Tl=2.45+50RT (-

4053 T2=AC0SIG+P/SORT(~04%3) ) »3,
4054 WOLI=T14005(T22-8

4as5 2)=T1#C0S(T246G) -8

4056 F131=TI4C05(T242.%G) -B
4857 PO 19D 1-1.3

4058 IF(xi1).1T.0.) GO TO 18@
4459 CH=11)

1860 108 COMTIHUE
4861 5@ Al=4,890873E-05

4862 Bl=6.124B39E-11

4863 C1=4,985?BIE-D4

4864 CSTAR =1 1+8 { XCHkwd/CHCO%2+C LACHCO

4065 PETURM

4066 EHD

4867 SUBROUTINE TYPE?

4068 C

33?3 g SUBRDUTINE EVAPTR

4871 coMmON ~MAT, MP(35.13).EP(35.1A).5(2, 45.131 EX(SEJ
4P2 COMMON ~CON/ HCOMP, NCS, HE, NS, TMAX. NC3,NB.N1.H2.N
4an73 COIMMON GERR~ JSTARY, [METH. TIME.H,HH,HINC.EPS, T.[NTFL
4874 COMOH ~[0- NIN.HOUT,NERR, NPOINT,NPRT

an?s COMON-UNET~ (M. P

4076 COMMON ~PTAB~ TREF.R

4977 [NTEGER OUT, YAR.STEAM

4878 REAL LMDA.IF [N, MOUT. MSTH

4079 [F CINTFL.EQ,1) GO TO |

4880 RETURH

4881 | CONTINUE

42 C

4863 € EQUIPMENT PARAMETERS

4884 C

4085 C 1 - PU= HBLDUP ¢}

4886 € 2 - VOLUME.L
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4887 L

4884
4889
4898
4891
4892
ELED)
4894
4895
4896

97
4898
4999
41068
4181
4102
4103
4184
4185
4186
atns
4188
4189
alie

I3

CYSvrreney

R 1atal

411 C

d112
4113
d114d
a115
4lle

[aluinlal Pl mkal

ixlnlzizlelzlalz]

N

188

w

VefPi{M.2- 1880.0
LHLLS TO FPOPERTY SUBROUTINKES DEML AND WAPR
FIND GTRERMS

N (g o (M, 31y

STERMe IHRS (MR (1ML At

DUT=IWBSOrP 1[50
VRPE LB O E

IWFGT VRLUES
ZHL !.zm (PR tvalH)
MR- IN 3195 .5%60. @xDAVG IR
rlvu~z|1 il '39 A 55,5 /DAVE N
“ETH‘Lll.ir!HH.Si’IB.G/EG.E
CHLL Wik 1 QLT PG, DPY)
fTIHp.p
WPy BB
WPsenp

@B 3
LT DN NG

LHTENT HFAT OF STERM AS A FUNCTION OF TEMPERATURE

R AT T
MO TIC ey

CHTENT HEWT 2F JAPOR LEAVING THE LIQUID [N THE CONCENTRATOR
HYRP 7 "N 1eB.DIE#108.8-CTIH
WERLAIMATION DF THE EXITING LIRUID FLOW RPATE

MOUTHF TH RSTM-HVAP

PRESSL -5 t1.wAP., YY)

TEMP-' 11, VhP. d1+4273.8

CALL [ENL ¢3.0UT, DAVGOUT)

70PU=5¢1,0UT,?7)~235.8-95.5-DRVGOUT

IF t"DUT.GE.@.8) GO TO 3

[F (MOUT.LT.B.8) GO TO 2

URITE fHOUT. 1BB)

EgPHHT (5, "HEGARTIVE MOLAR FLOW RATE. COMPUTATIONS CERSE.™
LL O EXIT

SUBROUTINE TO CALCULATE FLUID TEMPERATURE I[N MIXER CAN BE
HDOED HERE [F HECESSRRY.

xlu=1.0-¥IPUY

P 1= tDAVGOUT#*Y)

APHA= LMF [+ X [PU) 2P (%0, 23975

BETA=MOUT-P1#B, 23975

DLTA=10UT.-P1+0, 018016

GAMA= 1 LMF TH#* 1L - (HSTM/HVAR) ) /P (%@, 818016

%0W=1,0-0PU

¥« (HPHA- ( APHA-BE TAXXOPU) ¥EXP ( (~1) #4GE TA%(T-HH) 6B, 8) ) /BETA
#1= { GAMA- (GAMA-DL TAXXOLN *EXP ( (- 1) *DLTR*(T-HH) #/60.@) ) /DLTA

[N PLACE OF X AND XU THE VALUES OF DX/DT RAND D(X) /DT COULD BE
CRLCULRTED HERE. VALUES OF S(2,0UT.7) (DERIVATIVES) LOULD THEN
BE _REPDRTED OUT OF THE SUBROUTINE FOR [NTEGRATIDN BY THE
IHTEEPRTDP SUARQUTINE "DRIVE", THE STREAM LABELED "OUT™ WOULD
BE A COUPLED STREAM AND THE TEST VALUE FOR IMIFL MUST BE
CHAHGED TO @.

5(1,0UT,?)=239.08%55. 5*DRVEUUT*K/(H+XU)

501.0UT. 3) =M0UT~68,8-55. 5-DAVGOUT

£.1,VAP, 3) s ((MF IN-MOUT) ~6D. B)*R*TEFF/FRES&

EE(IH.I)'E(I LOUT. ?)3v%1000.08

END
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4168
4161
4162
al63
4164
4165

.
[alzlniaisialinlzle]

[ainkatalalalalulatal Yoyl

o [ Bt fal

a o

ooooOonon

SUBRDUTINE TYPEZ
SUBPDUTIHE COWTLR
APNPOPTIONAL- IKTEGRAL (Pf) CONTROLLER
EOQUIPIENT PARAMETERS

LOMTPOLLED VAPIABLE HUMBER

PaNGE OF COMTROLLED YARIABLE

SET POINT

4 - PROPURTIONAM. GARIN
9 INTEGRAL CONSTANT

- —

COMOM ~MAT/ MP135,13).EP(35,18),5(2, 45, 13}, EX(S®)

COrTMn 7Lt/ HCOMP, HCS.HELNS. TIHIX, HE3L RBL KL, N2

COMMON - GEPP~, JSTAPT, IMETH, TIME.H,LHINC,EPS

COMMON ~UNITZ M, HHP

camn ~PTHB” TPEF.R

baTh OLn-n,0B.,01 DOUT/B.0/

CaoU ~PPOP/MIE) . CPL(B. 6, CYRIE,6)ENT(E,61,ENY(E,6).LAM(E.6)
FLMAP TG, 33 UL (6.6) . DNL(B.6)

INTEGEP (uT
Pl=EpP M.
P2=tpP1 1.9
[H=MP 111, 3
QUT=THASIMPCIM. 400
FekPOIM, )
MFASUPED YARIABLE AT CURRENT TIME
SIGlIrG 1L TH.K)
MLALUPED YARIABLE AT LAST TIME
51G2-NLD

OLD =501, [H.K)
SCALE=1.P-EP(IM. 2}

PPELENT ERROR
ERR=1GIG1-FPC(IM. 3))*SCALE

LAST [ RROR
OLDER=tSIGR2-EP CIM.3) ) %SCALE

ﬂllTF‘UT SIGHAL
S(1.0UT.3)=Pix(ERR-OLDER+P2*(ERR+ULDER) »@, SaH [NC) +HILDOUT
OLDOUT=S(1.,0UT, 3}
IF(S0]1.0UT.3),GT,1AB) S5CI.0UT.3)=1.8
IF(501,D0UT.3).LT.B.8) S(1.0UT.3)=0.8
RE TURH
EHD
SUBROQUTINE TYPED

SUBROUTINE vaLV
COHTROL VALVE (LINERR RESPONSE)

EQUIPHENT PARAMETERS
EP (M. L) »CONSTANT
EPCIM 2) =ACTION{+~DIRECT. -~REVERSE)

COMMOM /MAT MR (35, 13).EP(35. 18).5(2,45,13),EX(58)
COMIOH UHIT# [M.HMP
IH=MP (IM. 3)
QUT=1ABS (1P CIM, 4))
A=EP(IM. 25
IF(A.LT.0.8) S5(1,0UT.3)=EPCIM. 1)%(1,8-6C l. [N.302
IF(A.GE.O.0) S5CI.0UT.3)=EP(IM. L)%S (1. [N,
RETURH
END
SUBROUTINE TYPES
SUBROUTINE GNTRNS

f MODULE FOR THE SIMULATION DOF HEAT AND MASS TRANSFER IN
EJESlENﬁIfE(EgTFH‘GE WUITH EITHER LID-LID OR VAPDR-LIQ PHASES OR ONE
L
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az
a2
a2
az
a2

4275
4276
4277
4278
4279
4280
4281
4282
4283
4284

A e e e T T R

[zEnlN !

on

ool g vli]
COMTEN
jololy g oL
e ls o 92}

REAL I,

IMTEGER
ImEnsIn
ireEnsll
iMENGID
[ A BRI

sl

YEST €4
HIOEE E7

HARE e B8
HTsE LB

"ow

IRGTOH: |
THEDM =T

LTRPE
OUTPRFM: |
QUTSTH=I

IHGTGN-{
THFDD =1
DUTPFD=1
DuUTSTN -1
J5IGH 1R
JEHPL =T
1ILONT =11

T AP35.13),EP135.18).5¢2.45. 131, EX(58)

CONMHCSHP. HCS.RE. NS. THAXLNCIL NBL NIST, HFIN
GEFR.JSTARY, [METH, TIME. H.HINC.EPS

GHLT. I, NP

LOUT. VL REXT

GUTPPD. QUTSTO. OUTPRA. OUTSTA

toaDeiR L U IR L XSLF018),XD13.8), TDIB) . X(13,B),W(B).T(8)
o IHOIR D VDL (2), ¥0UT ¢ 9) , DERY (18] . DERKX(IB) ., YINC(18)
WOoYDUTL IR L DISCOI0) , TIDEAL (18).P(B) . XX(13. 8}, XXX(13.8)
HOTRARG LR L TPANSUMO (8)

§CEHT PHPRMETERS

Y-MOLDiP OF CDMP 2 (VAR 7)
TaTH, VOLUME (VOL(1))
: 00 OF RD DR LIG PHASE (VOL(2))
4 FATE CONSTANT FOR VOLUME CHANGE (KV)
© PUTE LONSTANT FOP APPR  TD EQUIL (KEXT)
v /0L FRRCTION EXTP ENHAHCEMENT COMP (XTBP)
' HEWT <+EF LCOEF (HCOEF)
# WERT «FLF RPEA (HAREA)
CuTYPESD 0P EXTPACTION: | FOR FLASH(LID-VAP)

I’ G

[ R P}

MH
IRAPRCR

Kl )T S TRPTAMS

L 10 0P ANUERYS
HESITHP I T )
BSIMPOIM.BY)

W1 OUTPPA [S THE LEVEL CONTROL STREAM
HBS (1P [M.91)
HWRS(HPIM. 102)
viHP DR DRGANWIC
ABSIP M. 3))
WBS (1P (M. d))
HBS (P LIM.5))
ABSIIMPCIM.6))
BSHMPLINM. 121)
HBSIMPCIM. 1))
BGIMPOI1M. 13))

HED=MLCOMP+]

INITINL
HST=B

DD 26 I
Lo 25 J=
[A=[ABS(

IF (In.ED.

HKKI1-2,J
GD TD 25
whc1-2,0
CONTIHUE
CONTIHUE

RENRIME §
CONTIHUE
Do 30 J=

YVHLUES

=3.HLS

1.HST

VP CEHL J+2) )
0) GO TO 24
Y604, 18,10

)=0.8

TRERM VARTABLES
1.HST

WS =1,

TLJ) =t
P1J) =i
Do 29 1=
Z(1-3.0)
CONTIHUE
AR

(2.0
3.0
“,HC3
=XCL, )

FOR U-PU EXTRACTION

91
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[x]

3

5

5
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w
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69

4

-

#01.J3=X(1.J)»23B.8
2. JJ=/(2 Jy/239.8

EDHT[HUE

CUHFUTE ENTHALPIES. HEAT CAPACITIES.

aF YAPODRIZATION
EALL ENTLCL, INSTGALHTLINL.DH)
CALL’ EWTLC1, IMFDA,HTL IN2.DH)
CALL EMTLC1,OUTSTA.HTLOUTL,DH)
CALL EMTLCL,DUTPRALHTLOUTZ,DH)
HTL [H=HTL IH1
HTLOUT=HTLBUT1
IF (MTYPE.ED.B) GD TO S8
CALL ENTY(L, INSTGO.HTVIN1, DH)
CALL EMTYC(1, [MFDO,HTVINZ, DH)
CALL EMTY(L.
CALL' EHTY(1,OUTPRO.HTYOUT2,DH) |

HTYIN=HTYIM1 #LICL) FHTYIN2HI(2)
HTYOUT=HTVOUTL HI(3) HHTVDUT2:1d3(4)
COHTINUE !

CALL CPLIC1, [MSTGA.LLCPS)

CALL CPLIC1. [HFDA.CP6)

CALL: CPLICL.OUTSTA.CPE) I
CalL CPLICL,OUTPRA.CP?)

IF (NTYPE.ED.D) GO TO 53

CALL CPYAC1, INSTGO,CP1)

CALL CPVACL. INFDO.CP2)

CALL CPVAC1,DUTPRO.CP3)
CALL:CPWA(1.OUTSTO.CP4)

COMTINUE

CALL DEHLC L IMSTGA. RHOS)

CALL DEMLCL. INFDA,RHOG)

CALL DEMLCL.DGTSTA.RHOBS |
CaLL DEML{ L. DUTPRA.RHD?) |
IF (MTYPE.ED.0) GO TO S6

CALL , DEHYC L. [MSTGO,RHOY)

CHLL , DEMYC(1. [NFDB.RHDZ)

CALL : DEMV(1, OUTPRO. RHO3)

CALL DENY(1,OUTSTO,RHO4)
COMTINUE

IF CNTYPE.NE.B) GO TO 69

ALL DEML (L. [NSTGD,RHO1)

CALL DEHLCL. [NFDO.RHO2)

CALL - DEHL(1,0UTPRO. RHDB)

CALL = DEHL(1,0UTSTO.RHO4

CALL . ENTL (1, INSTGO. HTV!NI DH)
CALL . EWTL (1. IMFDO.HTVIN2. DH)
CALL ENWTLC1,0UTSTO.HTVOUTL.DH)
CALL . EMTLCL.DUTPRO.HTVOUTZ. DH)
CALL , CPLIC1, INSTGO.CP 1)

CALL . CPLIC1. [MFDO.CP23

CALL , CPLICL,QUTSTO.CP4)

CALL . CPLIC1.DUTPRD.CP3}

CONTINUE

CALL LAME [1.0UTPRA,HTVAP)

L [H=4(5) +UJ(6)
W(7) =5, JCONT. 3)
LOUT=LIC?) +KICE) ‘

CPLIN= (b(ﬁ]kRHﬂS*CPS+U(E)*RHDS*CPE)/L[N
CPLOUT=(W(?7)%RHO?*CP?+W(83 «RHOBACPA) ZLOUT

[F (VOLC1).EQ.8.8) GO TO 4%
VIN=WC(1) +HI(2)
YOUT=L.IN+VIN-LOUT

LI(4) =v0UT-LI(3)

CPVIN= (W L) xRHO L*CP L+W(2) ¥RHO2%CP2) VN
CPYOUT= (LIC3) %RHOI:KCP3+WI(4) #RHO4%CP4) /VOUT

COMTIMUE

TOUT=HTLOUT/(CPLOUT)
HTEXT=HCOEFHAREAX(TEXT-TLOUT)
DO 48 [=1.HCOMP

KINCD) = (ACLLS) HJ(S)+X( T, E)*UEEJ)A

KOUT (D) = (M (L, 7) #(7) +X (1. 8) (B ) AL0UT

92

QUTSTO.HTVOUT1, DH)

#HJ(SIHHTL TH2H(6)
K7 +HHTLOUTZ444(8)

IN

DENSITIES.

AND HEATS
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IF(vOL(1) .EQ.B.0) GO TU 43
PINCE) = CACTL 1)1 +XCLL 2D H (2D ) VIR i
FOUTCL) =80T, 31433 +XC L. 4 (4) ) AOUT |
COMTIMUE i
CONTINUE i

COMPUTATION OF DERIVATIVES

YOUT(MED) =TOUT
YOUT(HED+MER) =VOL (2)
IF(VOL(1).ED.B.B) GO TO 61
IF(MTYPE.ED.0) GO TO 45

EXTRACTIOW SECTION

COHWERT TO SOLVENT FREE VARIHBLES

sk U-PU EXTRACTION

CALL CONVTL (X, T.XTBP,DENOMA. DEHOMD)

Ak i
EQUIL COMPOSITION OF ORG PHRSE i

DO 42 [=1,HCDIP

WSLF T =001.8)

COHTIHUE

CaLL ORGPH(TOUT, XTBP,~=S_LF,DISCO)

DO 50 1=1.HMCOMP

Y IDEAL( [)=+0UTC 1) D IS0 (1) :xDENOMI/DENOMA
GO TO 46

WAPDR-L 10 SECTIDH

COMTINUE

CALL BOIL(TLOUT.#QUT. YIDEAL)

COHTIMUE

po 5t I=1,HCOMP

TRANS 1) =YIDEAL (1) -YOUTL )

DERYCLY = (NWIMiY ML) ~VOUTHYOUT (1) +KEXT* TRRHS([))/(VDLE[) YOL(2))
DEﬁ?[nﬂElL[”kh[”([) LOUT#AOUT (D) —kEXT*TPRNS([J)/VULEZ

co

DERY (MED) = (HTL IN+HTVIN-HTLOUT-HTVOUT+HTEXT-HTVAP) / (CPLOUT*RHD? %
1vaL (2) +CPYOUT*RHOZK(YOL (1) -OL (2)))

SIGTRAM=0.0

D0 53 [=1.,WCOMP

SIGTRAN=STGTRAN+TRANS C([) ~RHO7?

CONTIMUE

COMTINUE

IF (WOL(23.ME.B.8) GO TD 63

STIRRED TAMK SECTINON
DD 62 I=1.HCOMP

DERY(1)=0.8

DERY (L) =L TH:KXIN (1) ~LOUT*X0UT (1)) VDL (2)
CONTIMUE

DERYC(MEQ) =(HTLIN -HTLOUT+HTEXT) ~(CPLOUTsVOL €2))
CONTIMUE

TOUT=YOUT(HED)
CALCULATE RETURN VALUES

D0 78 _I=1,HCOMP
¥D(L.7)=DERX(I)
¥DCI.B
wD(I.33
XD([.4)=D(L.3)
COHTINUE
TD(?)=DERY(NEQ)
TD(B)=TD(?)
TD(3)=TD(?)
DA =TDC(7)

RENAME STREAM VARIRBLES AND CONVERT TO MASS CONCENTRATIONS OF U-PU

p0 91 J=3.4
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B3

86 IF(QUTPRA.EQ.B) GO TO B7
S(2.0UTPRA. [+2) =XKX(1,7)

87 IF(QUTSTA.CQ.@) GO TO BB
S(2,0UTSTA, [+2) =XKK(1.B)

BB COWTIHUE
EPCIM. 1)=5(1.0UTSTO,7)®VOL(1)+5(1,0UTSTA. 73 *VOL (23
RETURM
END
SUBROUTINE BOIL (TOUT.XOUT,XIDEAL)
COMMON #PROPMU(E), CPL (6.6) .CYA(6.6) ,ENT(G.6) -ENVY(5.6) . LAMIE. 8)
1.VAP (6.3, WI(6.5).0NL(6.6)
COMM0M ~PTABATREF.R
DIMENSION XOUT(18).YIDEAL (18).PY(
PYT=2.0
%®T=0.0
T=TOUT+TREF
DO { I=1.4EOMP
PY L) =EXP (VAP ([, 1) HYAP (1, 2) (VAP (I, 3)+TH
PYT=PYT +PV(1)4X0UT (1)
HT=R0UT (1) +xT

L COMTIHUE
D0 2 [=],HE0MP
YIDEAL (1) =PY (1) #(PVT*XT}
2 COMTIHUE

RETURN
EHD

KKA(?, 3)=XD (4. ]
KRXA(B, I3 =KD (3, J)
AKK(5, J)=xD(2.J)%239.8
A4, 1) =4D (1, J)#238.8
¥¥X(3.1)=0.0
AKA(2,3)=TD (I}
¥XAC(L. J)=8.8
COWT[MUE
DO 92 3=7.8B
#AR(7,J)=XD (4, J)
KHACE. J) =KD (3. 3)
YKX(S;J] ®D(2,J)%239.8
704, 3)=XD(1,J)%230.8
#(3.3)=0.8

4 3

oo
AXA(2. 1) =TD(J)
“X¥01,33=0.8
CONTINUE

CALCULATE OUTPUT TO STRERM

[F (OUTPRD.EO.B) GO TO BB
S{1.0UTPRO. 3} =LJ(3)

[F (OUTSTD.ED.B) GO TO LAl
5(1.0UTST0. 3) =LJ(4)

IF (OUTPRA.Ef%.@) GD TO 182
S(1.0UTPRA, 3) =LI(¢)

IF ¢OUTSTA.EQ.@) GO TO 1@3
5(1.0UTSTA. 3) =L(B)
CONTINHUE

DD BB [=1,HC3
IF(DUTPRO.ED.B) GO TO B3
5(2,0UTPRO. [+2) =XKX(1,3)
IF (OUTSTOD.EQ.@) GO TO B6
S(2.QUTSTO. [+2) =XKX (1, 4)

|
VRRIRBLE FILE
|
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