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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 Material Control Project of this program 
is to evaluate material control and accounting (MCA) methods in plants that handle special 
nuclear material (SNM). To this end we designed and implemented the dynamic chemical 
plant simulation program DYNSYL. This program can be used to generate process data 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 
DYNSVI . a mudificaiion of DYNSYS, ' uses 

modular program logic to simulate chemical plant 
dynamic behavior. The differential equations 
generated hy each process unit module arc 
timeuisc-iiHcgrated 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, 
operating parameters (size, rate constants, opera­
tion mode. etc.). and stream parameters (How rate. 
temperature, pressure, concentrations) for each 
unit, as well as graphical and printed output 
specifications, 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 

DYNSYI. has been designed and implemented 
to help evaluate MCA methods in plants that han­
dle SNM. To detect diversion o[ 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. 

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

The program wj\ developed to simulate 
chemical processes in the nuclear fuel cycle. I he 
unit subroutines (modules) available are a general-
purpose transport unit for equilibrium stage com­
pulations with heal transfer (liquid-liquid or liquid-
vapor), or for slirred-tank mixing and reaction: a 
controller with various modes: a pipe: a pump; a 
highly accurah' e\ tractor for uranium and 
plutoniurn cocw tract ion or separation tn Pure* 
plants: a plutonium precipitator; and a plutomum 
concentrator. Such simulations provide data for 
material accounting studies, particularly for on-line 
schemes, and allow studies of dynamic plant opera­
tion either for assessment or design. 

The process simulation pro\ides "measured 
data" for MCA methods evaluations. The MCA 
method is often simulated dynamically in much the 
same way that the process is simulated, with 
measured data as the input and probability of detec­
tion of a diversion as the output. 

l-'igure I shows the steps o( a MCA method 
evaluation. The process is first dynamically 
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Fijj. I. Steps Tor ctaluutin}! 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 forgiven levels of material diversion. 
The material diversions are incorporated into the 

process simulation as shown in Kig. I. 
As well as providing the basis for MCA evalua­

tions, the dynamic and steady-stale process simula­
tions may also be used to check design validity and 
to obtain nominal operating levels for diversion 
tests. 



RELATION TO PREVIOUS 
The dynamic chemical plant simulation we 

have described is a 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, 6 

REMUS. 7DYFLOW. *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 IBM Continuous System Modeling 
Program (CSMP (>) 10 solve the system of differen­
tial equations generated. PRODYC, therefore. 

PROGRAMS 
makes it 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 
consist primarily of a process topology matrix and 
unit and stream specifications. The code is for-
mulatedjwiih process design as the major objective; 
graphical interaction and ease of process alteration 
are built-in. 

DYNSYS was designed primarily as a batch 
simulation program with no interactive features in­
cluded. St is otherwise basically the same as DYSCO 
with a topology matrix, specifications for each unit, 
and stream specifications that are also the main 
dynamic (slate) 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 concepts are used to design dynamic 

chemical plant simulation codes: the equation-
oriented and the modular methods. The equation-
oriented method (sometimes called continuous 
system simulation) derives from analog simulation 
methods (CSMP, 9 MIMIC, 1 0 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 each solution step. 

The modular method uses computer code sub­
routines (modules) that compute (he differentials of 
the slate variables associated with the process unit 
simulated by the module. In most cases, equation 
solutions for each 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 
step in the integration process as in most equation-
oriented methods. As noted by Franks, 8 equation-
oriented codes may be considered to represent a 
programming level intermediate between FOR­
TRAN (or other scientific programming language) 

and modular codes thai 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, but 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 small 
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 
code can be small, but accuracy 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 to provide both com­
pletely coupled and uncoupled modes of solution to 
provide flexibility lo the user in simulating large and 
small plants on his computer. 
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UNIT MODULE STRUCTURE 
In DYNSYL, as in any modular chemical plant 

dynamic simulator, the unit module provides lime-
derivative values of the time-dependent variables 
(slates) 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 variables equal the 
values ol" these variables in the unit (well-mixed ap­
proximation), only the stream variable lime 
derivatives are computed. To have available all 
necessary state variable and parameter values, the 
unit modules must adequately 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 contain the values of the state 
variables, the unit parameters, and the topology 
matrix, as well as other necessary values such as unit 
numher. figure 2 shows the makeup of the common 
statements in a DYNSY1- module and a short 
description ol" the code. 

Afier all variable and parameter values are 
provided in a module subprogram, the stale 
variable derivative values may be computed. A cer­

tain amount of p-ecomputation is usually needed, 
particularly if the module allows for several options. 
In addition, il 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 lo understand its function. 

Figure 3 shows the typical makeup of a DYN­
SYL module subprogram. Optional parts are shown 
in parentheses. As in DYNSYS. the module sub­
programs in DYNSYL are named asTYPH 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 a comment in 
the subprogram, liach subprogram should be 
prefaced with a complete description of its intended 
rse, capabilities, limitations, and other information 
helpful to the user. 

The values of the s;ate variables are stored in 
the common array S(I.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 Hg. I, the derivatives are first calculated 
as values of DLRY (!). These values are then con­
verted to new values in the array S(2, j . k). 

1 C 
2 
3 
4 
5 
6 
? C 
S C 
9 C ID C 
11 C 
12 C 
13 C 
14 C 
15 C 
IS C 
17 C 
IB C 19 C 
2B C 
21 C 
22 C 
23 c 24 c 25 c 26 c 27 c 28 c 29 c 3D c 31 c 32 c 33 c 34 c 35 c 36 c 

PROGRAM DVNSVLCINPUT.OUTPUT-TAPE2-INPUT. TAPE3-0UTPUT. 
*DATA. TAPE4-DATA) 

L=300000B 
CALL CREATE C4HDHTA.L.ICO) 
CALL CHANGEC2H+A) 

DYNSYL 

DYHSYL IS AN LLL MODIFIED VERSION OF DYNSYS CBARNEY. 
AHLUUALIA AND JOHNSON. FACULTY OF ENG. S C I . . UNIV. OF UFSTERN 
ONTARIO, AUGUST 19?5) WHICH UTILIZES MODULAR PROGRAM LOGII; TO 
SIMULATE CHEMICAL PLAHT DYHAMIC BEHAVIOR. THE T1MEUISE INTEGRATION 
OF THE DIFFERENTIAL EQUATIONS GENERATED BY EACH PROCESS UNIT MODULE 
IS DONE BY THE LLL - PROGRAM DRIVE AND ITS SUB-PROGRAMS. A 
STIFF SYSTEM INTEGRATOR UITH GREAT STABILITY AND ROBUSTNESS. UITH 
DRIVE AS THE EQUATION INTEGRATOR. ALL EQUATIONS GENERATED BY THE 
UNIT MODULES ARE INTEGRATED TOGETHER. 1 

PROGRAM NOTES 

IT IS NECESSARY TO NUMBER THE STREAMS IN THE PLANT CONSECUTIVELY 
UITH THE INPUT STREAMS FIRST ON THE LIST. THIS ALLOWS THEM TO 
BE EXCLUDED FROM THE INTEGRATION PROCESS. THE NUMBERING OF UNITS 
IN THE PLAHT IS ARBITRARY, BUT THEY SHOULD BE 1 THRU NE - UNITS. THE 
NUMBER DF UNITS AND STREAMS WHICH MAY BE ACCOMODATED BY DYNSYL DEPENDS 
Oil THE DIMENSIONING DF COMMONS; AND LOCAL RECORDS. IT IS PRESENTLY 
DIMENSIONED FOR 35 UNITS AND 45 STREAMS, BUT THAT COULD BE FEASIBLY 
EXPANDED TO 45 UNITS AND E0 STREAMS TO RUN UITHIN A 5013,000 UORD 
IN-CORE LIMIT. THE TIME REQUIRED FC9 A RUN UITH 60 DYNAMIC VARIABLES 
C1B STREAMS AND 6 VARIABLES) IS TYPICALLY 0.35 MINUTES. 

PROGRAM DESCRIPTION 

DYNSYL IS COMPOSED OF MAIN.; INPUT PROGRAMS DYN1 AND GET; A 
UNIT CALLING PROGRAM DYN2; OUTPUT PROGRAMS OUTPUTS, SAVEP. URITEP. 

Fig. 2. DYNSYL description and common blocks. (Continued on next page) 
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PROPERTY ROUTINES PROPS. 
VBPR, UILS, BUBL, KVAL. TEMPU 
IFF, PSET, INTERP, COSET, DEC, 
AND UNIT MODEL SUBROUTINES 

37 C LPLOT, CHLPLTCDD80 PLOT); COMMON PHYSICAL 
3S C MODE, CPLI. CPVB, ENTL, LAMB, DENL, DENV. 
33 C BND TEMPV; INTEGRATION ROUTINES SRIVE, STI 
40 C BND SOL; B NOISE GENERATION PROGRAM NOISE; 
41 C STGIDL- CONTLR, PIPE. PUMP, EXTRTR, PRECIP, AND EVBPTR. THE SUBROUTINE 
42. C STGIDL MAY BE USED AS AN IDEAL STAGE OF EXTRACTION OR ABSORPTION, A 
43 C FLASH DRUM UITH HEAT TRANSFER, A HEAT EXCHANGER OR A REACTOR. EACH 
44 C UNIT SUBROUTINE MAY HAVE OTHER SUBROUTINES ASSOCIATED UITH IT UHICH 
45 C ARE NOT NAMED HERE. EACH UNIT SUBROUTINE) IS DESCRIBED IN MORE 
46 C DETAIL UITH THE SUBROUTINE ITSELF. UNIT SUBROUTINES ARE EASILY ADDED, AS 
4? C DESCRIBED IN THE MPINUBL. 
4B C 
49 C THE COMMON BLOCK VARIABLES USED IN DYNSYL ARE: 
50 C 
51 C COMMON/MAT^ 
52 C 
53 C MPC35,13) = UP TO 13 STREAM NUMBERSCIH +, OUT - ) FOR EACH UNITCUP 
54 C TO 35) 
55 C EPC35,IB) = UP TO 10 UNIT PARAMETER VALUES FOR EACH UNIT 
56 C Sf.2,45. 11) = UP TD 11 STREAM VARIABLES FOR EACH OF 45 STREAMS 
5? C bJHEN THE FIRST INDEX IS 1; UHEN THE FIRST INDEX IS 
58 C 2. THE VALUES ARE TIME ^DERIVATIVES OF THE VBRIBBLES 
59 C EXC5B) = EXTRA UNIT PARAMETERS (SEE MANUAL) 
6B C 
61 C COMMON/CON/' 
62 C 
63 C NCOMP = MAXIMUM NUMBER OF COMPONENTS IN STREAMS 
64 C NC5 = NCDMP + 5 
65 C NC3 = NCDMP + 3 
66 C NE =• NUMBER OF UNITS IN PLANT 
67 C NS - NUMBER OF STREAMS IN PLANT 
SB C TMBX = FINAL TIME OF SIMULATION 
69 C NB - NUMBER OF FEED STREAMS TO PLANT 
P 8 C Nl = FIRST COMPONENT UHICH IS DYNAMIC 
71 C N2 - LAST COMPONENT UHICH IS DYNAMIC 
72 C 
73 C CQMMON/PLT/ 
74 C 
75 C NPLOTS " NUMBER OF VARIABLES PLOTTED (LINES) 
76 C PLOTI = TIME INCREMENT BETWEEN SAVED POINTS 
77 C PLOTD(15,4) = PLOTTING SPECIFICATIONS FOR EACH OF 15 VARIABLES: 
7B C STREAM NUMBER, STREAM VARIABLE, LOUER BND UPPER 
79 C PLOT LIMITS 
80 C PLOTT - TIME VALUE OF LAST SAVED POINT 
Bl C PTYPE - UIETH OF PRINT PLOT: 0 FOR 100 SPACES, GT.0 FOR 50 SPACES 
B2 C NSTATE - NUMBER OF DYNAMIC VARIABLES 
B3 C 
B4 C COMMON/OUT/-
05 C 
B6 C NOUTPT - I FOR PRINTED OUTPUT AT EACH TIME INTERVAL 
B7 C NLINE " 1 FOR A PRINT PLOT 
88 C NCBL = 1 FOR A DDB0 PLOTCOR OTHER PLOT DEVICE) 
B9 C NPR = NUMBER OF TIME INTERVALS PER SIMULATION 
90 C NSAVE = IF GT.0, POINTS UILL 0E SAVED FOR PLOTTING 
91 C NNUMO - 1 FOR OUTPUT OF MEASURED DBTB LIST(NSTATE VARIABLES) 
92 C 
93 C C0MMOH/GERR/ 
94 C 
95 C JSTART = IF GT.0, PART OF SUBROUTINE SBVEP IS SKIPPED 
96 C TIME - CURRENT TIME VALUE 
97 C H - INITIAL INTEGRATOR INTERVAL 
9B C HINC * TIME INCREMENT S'BLUE 
99 C EPS = INTEGRBTION PRECISION (ABSOLUTE) 
100 C 
101 C COMMON/GRBPHC/ 
102 C 
103 C NPTS =• NUMBER OF PLOTTED POINT 
104 C TPLOT(1SB0) - TIME VALUES(UP TO 1500) 
1B5 C YPLOT(1500, 15) - UP TO 15 VARIABLE VALUES PLOTTED PER TIME VPLUE 
106 C XPLOTC1000) = UP TO 1003 VARIABLE VALUES PRINTED AS MEASURED 
107 C DATA PER TIME VALUE 
10B C 

Fig. 2. (Continued) 
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109 C COMMON/IO/ 
UB C 
111 C NIN = INPUT DEVICE 
112 C NOUT = OUTPUT DEVICE FOR DATA ECHO FIND NORMAL OUTFJT 
113 C NERR = OUTPUT DEVICE FOR ERROR MESSAGES AND LINE PLOT 
114 C NPOINT = OUTPUT DEVICE FOR MEASURED DATA 
115 C 
116 C COMMON/UNIT/' 
11? C 118 C IM ' UNIT NUMBER 113 C NMP = MAXIMUM NUMBEER OF STREAMS IN AND OUT OF ANY UNIT 
120 C 
121 C CCIMKON/LARM/ 
122 C 123 C STD - ABSOLUTE STANDARDl DEVIATION OF PROCESS NOISE 124 C PRCNT - PER CENT OF VARIABLE VALUE STANDARD DEVIATION OF 125 C PRDCESS NOISE 126 C EMC = SEED VALUE FOR RANDOM NUMBER GENERATOR 12? C EMSTD - ABSOLUTE STANDARD DEVIATION OF MEASUREMENTS 12B C EMPRr" = PER CENT OF VARIABLE VALUE STANDARD DEVIATION DF 123 C MEASUREMENTS 
130 C 
131 DIMENSION YC3BB) . YDOTC300) 
132 COMMON /MAT/ MP(35.13)-EPC35. 10).SC2.45,13J-EXC5B) 
133 COMMON /CON/ NC0MP,NC5,NE.NS. 
134 COMMON./PLT/ NPLOTS-PLOTI.PLOTDC 1S,4)-PLOTT.PTYPE.NSTATE 
13? COMMON /OUT/ NOUTPT.NLINE.NCAL.NPR.NSAVE.NNUMO 
135 COMMON /GERR/ J3TART, IMETH.TIME.H.HH.HINCEPS, T. INTFL 
13? COMMON /GRAPHC/ NPTS,TPLDT(15BB),YPL0Ttl5BB-IS)-XPLOT<1B00) 
13B COMMON / I D / NIN.NOUT,NERR.NPOINT.NPRT 
139 COMMON/CHANGE/ICJCCTIME 
140 COMMOH/UHIT/IH.HMP 
141 CDMMDN/LARM/STD.PRCNT, EMC, EMSTD. EMPRCT 
142 INTEGER OUTPRO,OUTSTO,OUTPRAJDUTSTA 
143 DATA NIM,MDUT,NERR,HP0IMT/2,3,3.4/ 

Fig. 2. (Continued) 
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Subroutine Type n 
c 
c (Subroutine descriptive name) 
c 
c (description of subroutine, its capabilities, limitations, and other information helpful to users) 
c 

COMN;ON/MAT/MP(35,I3).EP(35,:C),S(2,45,13).EX(50) 

COMMON/CON/.JCOMP,Nr5.NE^S,TMAX,NC3^NBJJlST,NF[N 

COMMON/GERR,'JSTARTJMETH,TIMK,H,HINC,EPS,n 

COMMON/UMT/IM.N'MP 

(REAL variable list) 

(INTEGER variable list) 

(DIMENSION variable list) 
e 
c (equipment parameter lis!, ifunponent list, etc.) 

IF (INTEL. EQ.O)* GO TO 2 

RETURN 

2 CONTINLT 

(Rename variables iruni S-array . equipment parameters from EP-array, st oam names from MP-array.) 

(Do preeonipuiations iiect--r.>;ar>- tti compute derivatives of state variables al present iimt.) 

DO nn 1=1. numbt" of stale variables 

DERY (I) = fun' r >n of stale variables, equipment parameters 

nn CONTINl'I-

OTIMI>TIMI-HIN( 

INDIi X= I 

CALL DRIVEL(N.OTIMI..II,Y.TIME,ESP.IMETH,INDEX)** 

(post-compulalions necessary) 

(rename derivative values with S-array names) 

RETURN 

END 

Used wher. *jiis module 
called by DRIVE with DYN2. 

Used when this module called 
by MAIN with DYN2. Another 
subroutine must be calk-d by 
DRIVEL to compute derivatives 
of Y. usually named DERY. 

*U the subroutine calls the integrator this statement would be IF(INTFL.EQ.l)GO TO 2. 
;S(lj,k) are state variable values; S(2j,fc) are their derivatives: SflJ.k) maps to Y(i) for the integrator; S(2j.k) maps to 

DERY(i). 
**Tlie arguments are: 

N - number of stale variables 
OT1ME - beginning time of interval 
II - integration step size 
Y - state variable name 
TIME - final time of interval 
EPS - convergence criterion (fraction of variable) , 
IMETH -integration method (see integrator manual 1 4 ) 

Ei|>. 3. I nil module subprogram description. 
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THE INTEGRATOR 
t h e integrator used in DYNSYS is a modifica­

tion of the original GEAR '^"integration code for 
stiff systems of differential equations. It is a sub­
routine called by each unit niodule subprogram to 
integrate the differential equations rep'resentcd 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 
eitherj by an Adam-Bashforlh method requiring 
storage of previous derivative values, or by a "stiff 
method requiring storage of previous state variable 
values. The integrator stores the values of all dif­
ferential or state variables up to the order six from 
all the unit module subprograms. For the present 
time interval, all state variable values determined by 
the predictor step are available for use in the correc­
tor step. Therefore, the previous state variable 
values account for coupling between equations. 

Outputs, WRITEP, CALPLT 
OUTPUT 
Input values, 
values of state, 
variables and equation 
pararneters at each time, 
graphic output 

wh ch represents all units in the simulated plant. 
Besides including intermodular coupling, the 

GEiAR-bascd integrator in DYNSYS is designed to 
handle stiff sets of equations, those with a wide 
ranje of lime constants in the various differential 
equations integrated. Unfortunately, use of 
DYNSYS with the unit module STGIDL (see Ap-

ndix A) caused many unstable cases that were im­
possible to integrate. For that reason an improved 
integration subprogram was sought Tor DYNSYL. 

The subprogram chosen for DYNSYL is a ver­
sion of the GEAR stiff integrator written for use at 
LLL. I 4 l l was designed to serve as the integrator in 
locally generated, coniinuous-system simulations. 
Its | main program, DRIVE, is called by the 
simulator. DRIVE then calls STIFF which calls a 
user-written subprogram to generate values of the 
differentials to be integrated. When used with 

Start 

MAIN 

DRIVE 
Geaj-
integrator 

DYN 1, GET 
Input 
initial values, 
equation parameters, 
calculation parameters, 
defaults, physical 
parameters, property 
coefficients 

DYN 2 
Unit module 
caller 

PROPS, various 
physical properties, 
programs 

TYPEN 
Unit modules, 
computation of 
differentials 

HR. 4. Coupled mode or operation of t>Y,\SYI, (general structure). 



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 Fig. 4). Under these circumstances the 
integrator uses present values of all differentials at 
each integration step. 

An alternate 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 common because all 
stale variable values lor all orders are not stored. 
The alternate mode accounts for intermodular 

coupling only through the state vai/able values from 
the hist lime step. 

To efficiently solve large sets of differential 
equations, the GEAR integrator can use a Nevvton-
Raphson method requiring Jaeobian values for the 
stale variables. The integrator manual , 4explains all 
ihe Options for lis use, but for ihe purposes of 
DYNSYL we only considered two: analytical com­
putation of the Jacobian values in the unit module 
subprograms, and numerical computation of the 
Jacobian values by the integrator. The former 
choice saves computer time but the latter is more 
flexible, as analytical Jacobinn expressions can. in 
many cases, be almost impossible to derive. So far. 
we have only used the numerical option. 

OVERALL PROGRAM STRUCTURE 

The genera] structure of DYNSYL is shown in 
Fig. 4. The main program first calls a dala-reading 
program. DYN1. which also uses GET. which, in 
turn, primarilv reads alphameric information. The 
main program calls the integrator program DRIVE 
(after all necessarv precompulations have been 
made); DRIVI- calls DYN2. the unit module 
program caller, through STIFI. a subprogram of 
DRIVE, lo determine updated values of the state 
variables after each time increment, the unil module 
programs compute \alues of the derivatives of the 
stale variables to be used by the integrator program. 
The unit module programs call the physical 
proper!} programs when necessary. Al the end of 
each output interval ^several integrator time inter­
vals), the integrator returns to the main program so 
that the output programs may be called. 

The structure shown in Fig. 4 is for complete 
coupling of all equations of all units. If it is desired 
lo save memory space in the computer, or if a ver\ 
large chemical plant is to be .simulated, an jn-
couplcd mode may be used. The structure of thai 
mode is shown in I ig. 5 

The uncoupled mode is noi iKarh . s efficient 
as the coupled mode, nor is it as accural:, because 
the integrator must be initialized at the beginning ol' 
each time step of MMN if the integrator is being 
called by more than one unit module. The multiple-
order capabilities of ihe integrator a e also inter­
rupted at each time step of M \ I V 

The logic used in either the coupled or un­
coupled mode is shown in Fig. d. which show* ihe 
detailed organization of l>> NSY1 primarilv 
through subroutine calls. 

PROCESS TOPOLOGY AND PROCESS VARIABLES 

To transmit to the unit module subprograms 
those process streams connected lo ihem. it is 
neccssarv to define a process topology arra\. MP 
(i.j), whose values are the numbers of the streams 
defined within the unil modules. A unil module 
nv iht. for instance, have three streams connected to 
it numbered 1. 12. and 33. If the unit in ihc plant is 
number 2. then the topology matrix values would be 
MI\2 .1)=I . MP(2.2)=i2. and MP<2.3) = 33. 
Such an array makes possible greater flexibility than 
if the stream numbers are assigned vvjibin the unit 
modules during each use of ihe simulation code. 

The values of ihe process variables are con­
tained in ihe arra\ Si,i. j.k i \s mentioned 
previous!},, when i= I. the values are the stale 
variable values; when i = 2. the values are the 
derivatives computed in the unit modules. The value 
of j is the stream number. The values oi k indicate 
the particular stream variables as follows: 3 for flow 
rate. 4 for temperature. 5 for pressure, and 6 to n for 
concentrations of various components, where n is 
the maximum dimcn.sion of K. The value of the 
stream number is SiEj.J) and S(l.j.2)isa flag whose 
value may be positive or negative. If the stream Hag 
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Outputs, WRITEP.CALPLT 
OUTPUT 
Input values, values of 
state variables and 
equation parameters 
at each time, graphic 
output 

Start 

MAIN 

DYN 2 
Unit module 
caller 

DYN 1.GET 
Input 
init ial values, equation 
parameters, calculation 
parameters, defaults, 
physical property 
coefficients 

TYPE N 
Unit modules, 
computat ion of 
differentials 

PROPS, various 
physical properties 
programs 

DRIVE 
Gear 
integrator 

lid. 5. I iK-mipli'd mode of oprrutinn iif 1)^ \ S > I. (jjeneral structure i. 

is negative, thai stream vector is suppressed in the 
output. 

I.quipmenl and other parameter values are 
contained in the array HP(iJ). where i is unit num­

ber andj is parameter number, l-.ach unit ma\ have 
up lo 10 parameters in that array, plus additional 
ones in vector l:X(i). Thai veclor will be discussed 
further in the section on IN PI'T. 

VARIABLES AND ARRAYS 
The process topology, variable, and equipment 

parameter arrays are the main common arrays used 
in DYNSYL. Many other arrays and common 
variables are defined in the listing from the main 

DYNSYL program shown in Fig. 6. Most of these 
are self-explanatory or become clear with use of the 
DYNSYI- code, and thus we will not describe them 
here. 
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I t ll.11 

(From continuation)-
{Fram time test) -

InitialiHe lime 
and counters 

Recycle 
point 

I Terminal input I 

DYN 1 
Read run 
Call GET 
Call PROPS 
Wnte dat.* 

PROPS 
Road phys [HOP 
constants 

DYN 2 
Call unit modules 

[ CallSAVEP t ^ g save pi 
SAVEP 
Save plo 
values DYN 2 

Call unit modules 

TYPE M 
Call prop. programs, 
compute v,>na))\e 
derivative 

(to upper right) 

lij>. 6- Orsani/atiun 

(from fower left) 

GET 
Read 
alphameric 
data 

1 Compute vector of measurer'values 1 

NOISE 
AdH mess. NOISE 1 Call NOISE | 

WRITEP 
Wnte meas. values — 1 CJD WRfTEP | 

NOISE 
Add 
process 
noise 

(to recycle point, ^s^xceeded j , 
upper left) 

I Call PR1NTPL0T I Compute and write 
' - i r— pq iMTPinT 

I CallCALPLT t Z Z p^cJoDSOplo. 

SIPHI'.IW- In !»• ^ > — * ~ | End | SIPHI'.IW- In !»• ^ > 

{ Y»< DYN I 
Rcid new Simu­
la! ion 

1 Cull DY^ i | 

1 - r _ _ l ~ 

DYN I 
Rcid new Simu­
la! ion 

1 
l~lo recycle point 

upper left' 

http://ll.11


ERROR MESSAGES 

The error messages generated by DYNSYL are 
a combination of those from the original DYNSYS 
and from the GEAR-inlegrator code. The mes­
sages are usually clear, but the proper remedy may 

not be. The DYNSYS manual ; and the integrator 
nuinual l 4 contain suggested responses to each of 
the error messages that mnj be generated b\ the 
code. 

PROGRAM EXECUTION 
l'pon execution of the DYNSYI. code, the 

coded inpul values are first read by subroutines 
DYNI and Cii.l. The user is then immediately in­
formed of the ((ME vaiue and asked Un the TIME 
value lor the first change-in-slale variables. Such 
changes may he made to simulate process upsets, 
material diversions, or control actions. The re­
quested TIM I- value is input through ihe terminal, 
and execution resumes. 

I he user is informed when it is time for a 
change, and is asked to type the number of state 
variables In be changed. He is then asked for the 

stream and variable numbers as well as the new 
variable value for each change. The proper format 
for the inpul is always given. After all changes are 
given, the user is asked for the next T1MI: value for 
which a change will he made. Whenever that I IMh 
value exceeds the simulation time, execution is com­
pleted. 

The Hies containing numerical and graphical 
output are created when the execution is completed. 
The output devices from which these files ma> he 
obtained by the user depend on computer t\pe and 
user specifications. 

INPUT 
The form of the inpul specifications for DYN­

SYI is nearly the same as in DYNSYS. (For a very 
complete description of the input system used, the 
DYNSYS manual ' may also be consulted.) To il­
lustrate the input format and some oflhe variations, 
the example input shown ii, Fig, 7 will be discussed 
helow. The example is for simulation of a 14-stage 
extractor, which is shown schematically in Fig. 8. 

One may analyze the necessary formal for the 
input data by reviewing DYNI, given in the listing 
in Appendix II. There are several default values that 
are first established. These are listed in Table I. 

To override the default values, input values 
may be read as shown in Table 2 [FORMAT (3A4, 
FI2.5)]. 

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

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

listing is required, consisting of a unit module name 
and the unit number followed h\ the stream num­
bers (in and out til" (he unitj and equipment 
parameters in the proper order (specified b\ the unit 
module subprogram) If unit numbers are negative, 
equipment parameters will be output. If stream 
numbers are negative, stream flows are outward. 
The formats are (3A4, I-12.5) for unit name and 
number and <12X. 51-12.5) for ihe stream numbers 
and equipment parameters. 

After the alphameric END. the number of 
s:.earns and stream variable values at zero time are 
input. The stream variable values should be given in 
the order indicated for the state variable array dis­
cussed previously, with the stream number and Hag 
as the first two. If the stream flag is negative, output 
is suppressed. Again the format is (12X. 5F12.5). 
The alphameric EXPLICIT or SPECIAL comes 
before each stream variable list. EXPLICIT in­
dicates that values for a particular stream are listed. 
SPECIAL followed by a stream number indicates 
lhat 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 lhat coefficients for several different 
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proper!) correlation equations for each componcnl 
will be read. The number of property equations de­
pends on the number following PROPERTIES. If 
-1 or -2 follows PROPERTIES, properly coef­
ficients for waier or air, respectively, ate assumed 
by the program. The properly equation coefficient 
inpui in DYNSYE is the same as in DYNSYS: see 
Ref. I for details. The formats are (3A4. I-12.5) and 
{I2X. 51 12.5). 

After another alphameric END. G R A P H in­
dicates wilh a lUhsequeni number several graph 
lines h u m b l e s ) to he plotted by CAEPET or 
E P E O I . The two numbers on ihe next line indicate 
ihe abscissa increment and the Mneplot width. If the 

second number is 1.0, ihe lineplot is 50 spaces wide; 
if it is 0.0. the lineplot is 100 spaces wide. The next 
lines give the specifications for each variable 
graphed, the stream number and variable, 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 *imc given is the final lime, and the number 
of iterations is the number as if beginning at zero 
time. The prompt END must be given after each 
;.intinuation specification and also to end the 
simulation. 

BEGIN 
COMPONENTS 4.0 IN/OUT 10.0 TIME 100.0 NO OF 1TRTNS 500.0 FEED STRM5 1 .0 COUPLED STMS 33.0 FIRST COMP 4.0 LAST COMP 7.0 ITER BTW PRT 10.0 NOISE STD DV 1.0E-3 PERCNT NOISE 0.0 
MEAS NOISE S 1.OE-2 
M NOISE PRCT 0.0 OUTPUT NUMOUTPUT CALPLOT L1BRARV 1 .0 TUBRXR 16. PROCESS STOIDL -1 .0 15.0 0.0 

0.0 0.30 STQIDL -2.0 14.0 0.0 0.0 0.30 STOIDL -3.0 13.0 0,0 0.0 0.30 STOIDL -4.0 12.0 0.0 0.0 0.30 STGIDL -5.0 11.0 0.0 0.0 0.30 STGIDL -6.0 10.0 0.0 0.0 0.30 STGIDL 7.0 9.0 1 .0 
7.0 9.0 1 .0 
0.0 

0.30 STGIDL -e.o 

0 .0 
0 .0 

13.7 

0 .0 
0 .0 

13.7 

0 .0 
0 .0 

13.7 

0. 
0. 

13. 

0 .0 
0 .0 

13.7 

0 .0 
- 1 8 . 0 

13.7 

0. 
-20 . 

13. 

0. 
-21 . 

0 
-22 , 

13, 

0, 
- 2 3 , 

13 , 

0, 
- 2 4 . 

1 3 . 

-16 .0 
100 .0 

-15 .0 
100 .0 

-14 .0 
100, ,0 

-13. 0 
100. 0 

-12, 0 
100. 0 

-11 . 0 
100. 0 

-10. 0 
100. 0 

17 .0 
100 .0 

18 .0 
100 .0 

19 .0 
100, .0 

20. 0 
100, ,0 

21 . 0 
100. 0 

22. 0 
100. 0 

23. 0 
100. 0 

V'lli. 7, Kxample input for a 14-stage extratior nith diversion on input line. (Continued on next page) 
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END STREAMS EXPLICIT 

SPECIAL 

SPECIAL 

SPECIAL 

EXPLICIT 

EXPLICIT 

END PROPERTIES 

0 . 0 0 . 0 -as.o 
0 . 0 1 3 . 7 1 3 . 7 1 0 0 . 0 1 0 0 . 0 

0 . 3 0 
- 9 . 0 

7 . 0 0 . 0 0 . 0 - 8 . 0 2 5 . 0 
0 . 0 0 . 0 - 2 6 . 0 
0 . 0 1 3 . 7 1 3 . 7 1 0 0 . 0 1 0 0 . 0 

0 . 3 0 
- 1 0 . 0 

6 . 0 0 . 0 0 . 0 - 7 . 0 2 6 . 0 
0 . 0 0 . 0 - 2 7 . 0 
0 . 0 1 3 . 7 1 3 . 7 1 0 0 . 0 1 0 0 . 0 

0 . 3 0 
- 1 1 . 0 

s.o 0 . 0 0 . 0 - 6 . 0 2 7 . 0 
0 . 0 0 . 0 - 2 8 . 0 
0 . 0 1 3 . 7 1 3 . 7 1 0 0 . 0 1 0 0 . 0 

0 . 3 0 
• 1 2 . 0 

4 . 0 0 . 0 0 . 0 - 5 . 0 2 6 . 0 
0 . 0 0 . 0 - 2 S . 0 
0 . 0 1 3 . 7 1 3 . 7 1 0 0 . 0 1 0 0 . 0 

0 . 3 0 
• 1 3 . 0 

3 . 0 0 . 0 0 . 0 - 4 . 0 2 9 . 0 
O.O 0 . 0 - 3 0 . 0 
0 . 0 1 3 . 7 1 3 . 7 1 0 0 . 0 1 0 0 . 0 

0 . 3 0 
• 1 4 . 0 

2 . 0 0 . 0 0 . 0 - 3 . 0 3 0 . 0 
0 . 0 0 . 0 - 3 1 . 0 
0 . 0 1 3 . 7 1 3 . 7 1 0 0 . 0 1 0 0 . 0 

0 . 3 0 
• 1 5 . 0 
3 2 . 0 0 . 0 - 1 . 0 - 3 3 . 0 0 . 0 

0 . 0 0 . 0 0 . 0 0 , 0 0 . 0 
0 . 0 0 . 1 0 . 0 0 . 0 0 . 0 
0 . 0 

3 3 . 0 

1 . 0 1 . 0 7 . 2 8 2 5 . 0 1 . 0 
9 . 5 4 . 7 8 3 . 1 0 . 0 
2 . 0 

1 6 . 0 1 . 0 2 . 4 3 2 5 . 0 1 . 0 

1 7 . 0 
2 3 . 0 1 . 0 1 . 0 2 2 5 . 0 1 . 0 

2 4 . 0 
31 . 0 1 . 0 8 . 3 2 5 . 0 1 . 0 

3 2 . 0 1 . 0 7 . 2 8 2 5 . 0 1 . 0 
9 . 5 4 . 7 8 3 . 1 0 . 0 

3 3 . 0 1 . 0 0 . 0 2 5 . 0 1 . 0 

GRAPH 4 . 0 
2 . 0 

1 6 . 0 
31 . 0 

1 . 0 
1 . 0 

CONTINUE 
T IME 1 0 0 0 . 0 
NO OF ITRTNS 1 0 0 . 0 
ITER BTW PRT 2 . 0 0 
END 
CONTINUE 
T IME 1 0 0 0 0 . 0 
NO OF ITRTNS 5 0 0 . 0 
ITER BTW PRT 1 0 . 0 
END 
END 

0.0 7.0 7.0 3.0 7.0 
0.0 0.0 0.0 

20.0 1 .0 10.0 10.0 

Fig. 7. (continued) 



1 

18 

23 

f 16 1 

18 

23 

1 

1 

18 

23 

I 1 2 

1 

18 

23 

3 

1 

18 

23 

4 

1 

18 

23 

5 

1 

18 

23 
6 

1 t 
15 

1 

18 

23 
6 

1 t 
Feed 15 

1 

18 

23 \ \ 
7 

1 f 32 15 
1 24 

30 

31 

\ \ 
7 

1 f 
15 

1 24 

30 

31 

1 a ! 

33 

1 24 

30 

31 

1 a ! 

33 

1 24 

30 

31 

g 

1 24 

30 

31 

10 

1 24 

30 

31 

11 

1 24 

30 

31 

12 

1 24 

30 

31 

13 1 f 

1 24 

30 

31 

\ I 14 

1 24 

30 

31 , 2 

Fig. ft. Diagram of example extraction column. I'nit 15 is of nearly zero 
volume for diversion simulntion. 
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Tabic I . I n p u t defaul t values. 

Input variables Definition 

KMOO.O Argument for random number generator 

N1ST=1 First variable to be a slate variable 

NI :IN=6 Last variable lo be a stale variable 

NH=I Number of nonvariablc streams 

MAXNI-:=35 Maximum number of unit 

TIMI'.=0.0 Initial time value 

IST11T=2 Stiff method of integration: 1 for Adutis Method 

M!TJ:R~2 Numerically computed Jacohian: see DRIVI-, in listing 

NC0MI'=1 Number of components 

NMI'=5 Maximum number of streams in and mil of a unit 

||=H-8 Initial time ineremenl 

TMAX=ift.O Simulation time 

NPR=I Number of iterations to be run 

KI'S=0.001 Convergence criterion 

NOUTIT=l) Ni» printout of state variable values 

NNUMO-0 No yrinttiut itf measutettwtil vector values 

NI.INi:=0 No lineplot 

NCAL=0 No DDBO plot 

N()MKS=0 No nonfatal error messages 

STD=0.0 Standard deviation of process nuise 

l>RCNT=O.U STD as percent of slate variable value 

liMSTI)=0.Q Standard deviation of measiirement noise 

KMI'RCT=0.0 KMSTD as percent of measured variable value 

NRIT=1 Number of iterations between printing. 



Table 2. Input values. 

Input variahle Numerical valiie Definition 

BHUIN 

NONST1I-I-

COMPONhNTS 

IN O i l 

1-hliD STK1-AMS 

MRS! VAR 

LAST VAR 

D I L I 

11 MI-

NO OI- I I I R 

TOLLRANCL 

ITIR UTW J'R'i 

NO IS I 

1'LRCfNI NOIS 

MI-.AS NOISh 

M NOISI- 1'RC'J 

OVTI'L'I 

M'MOITI 'L I 

UNW'LO'I 

CALPLO'I 

NOMLSSAti! 

INTI-C; MLTHOl) 

Starts input process; all proceeding labels are ignored 

Causes nuns tiff integration 

Number of components 

Number of streams in and out of unit 

Number of nonvariablc streams 

First variable to be a state variable 

Last variable to be a state variable 

Initial time increment 

Simulation time 

Number of interatiuns to be run 

Convergence criterion 

Number of iterations between printing 

Standard deviatiin of process noise 

Above as percent of state variable value 

Standard deviation of measurement noise 

Above as percent of stale variable value 

I'rint state variable values 

Print measurement vector values 

i'rint plot to be output 

DD80 plot to be produced 

I'rint nonfatal error messages 

Value of MITER in integrator. 1 1 

aMITKR=7 cause:, .latobian values to be numerically determined. 
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ourPUT 
The oulpui ol DYNSYI- begins wjih an echo 

of the input in almost the same form, as shown in 
l i g . l). At each print l ime beginning with 
" I IMI:=0.0, all stream variables except for sup­
pressed streams (negative stream number in 
STKI-.AMS input) are printed. l igure'J shows a 
sampling of output at various times. For each 
negative unit number the equipmen! specifications 
are also given at each print time. Any changes in 
stream variables or equipment parameters by in­
teractive inpul are. of course, reflected in the output 
at the next print lime. 

If a lineplot is specified, it will follow the slate 
variable and equipment parameler output after each 
simulation lime I initial time and each continuation). 
Some care must be exercised in specifying the tinif 
(abscissa) spacing, as the Imeplot can become ex­
cessive)} long. 

I he DD80 olot produced b> ( U.PI . I is 
placed on disk under the name 1*1 IX . A separate 
plot is produced for each continuation of the 
simulation. That form ol output is lrequentl> the 
most useful for comparisons of various run condi­
tions. Ixamples for the input and output are shown 
in Jigs. 10 through 12. 

Another form of output produced b\ DYN-
SYI. is tailored for online data analysis methods 
such as Kalman tillers. The measurement data vec­
tor is computed in the M A I N program. The vector 
ma> contain any consecutive li>,t of variables from 
each stream that is not an input (constant) stream. 
Values Irom each interaction of M A I N are printed 
by subrouline WRITI.P when NLMOlJTPl . 'T is 
specified in the inpul. The form ol'lhe output is sim­
ply the time value followed by each stale variable 
value in order with a format of (6H2.3j . 

TEST SIMULATION OF A 14-STAGE EXTRACTION COLUMN USING STGIDL 
BEGIN 
COMPONENTS 4.00000 
IN/OUT 10.00000 
TIME 100.00000 
NO OF 1TR1NS 500.00000 
FEED SI RMS 1.OOOOO COUPLED STMS 33.OOOOO 
FIRST COMP 4.00000 
LAST COMP 7.00000 
ITER BTW PRT 10.00000 
NOISE STD DV 0.00100 
PERCNT NOISE 
MEAS NOISE S 0.01000 
M NOISE PRCT 
OUTPUT 
NUMOUTPUT 
CALPLOT 
PROCESS SIGIOL -1 
UNIT -1 TYPE 1 15.00000 0. 0 -16 ooooo 1 7 ooooo 0. 0. -ia '. ooooo -0 -o 0. 

0.30000 18: 70000 13 
-0 .70000 

1 00 
-0 ooooo 1 00 

-0 'ooooo 
STGIDL -2 
UNIT -2 TYPE 1 14.00000 0. 0 -15 .ooooo 1 B .ooooo 0. 0. -19 !ooooo -0 -0 0. 

0.30000 '-1 70000 13 
-0. .70000 100 

-0. '. ooooo 
100 
-0. 'ooooo 

STGIDL -3 
UN 1T - 3 TYPE 1 13.00000 0. 0. -14. ooooo 19. ooooo 0. 0. -20. ooooo -0. -0. 

0. 
0.30000 13: 70000 13. 

-o. 
70000 100. 

-o. 
ooooo 100. 

-o. 
ooooo 

STG1DL -A UN IT - 4 TYPE 1 
12.00000 0. 0. -13 ooooo 20 ooooo 0. 0. -21 . ooooo -0. -0. 0. 
0.30000 18: 70000 13. 

-0. 70000 
100. 
-0. ooooo 1 00. 

• 0 . ooooo 
STGIDL -5 
UNIT -5 TYPE 1 

11,00000 0. 0. -12. ooooo 21 . ooooo 0. 0. -22. ooooo -0. -0. 
0. 
0.30000 18: 70000 13. 

-0. 70000 
100. 
-0. ooooo 100. 

-0. 
ooooo 

STGIDL -6 
UNIT -6 TYPE 1 

10.00000 0. 0. -11. ooooo 22. ooooo 0. 0. -23. ooooo -0. -0. 0. 
0.30000 -5. 70000 13. 

-0, 70000 
100, 
-0. ooooo 100. 

-0. 00000 
STGIDL 7 
UNIT 7 TYPE 1 
H(j. y. F.xumpk output Tor a 14-stage extractor with divvrtor cm input lint'. (Continued on nuxt page) 
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9.OOOOO 0. 0. - 10.OOOOO 23.OOOOO 
1.OOOOC 0. -24 OOOOO -0. -0. 
0. 13.70000 13 70000 100 OOOOO 100.OOOOO 
0.30000 -0 -0. -0. -o. STGIDL -6 

UN J T - 8 TfPE 1 
8.OOOOO 0. 0. -9,00000 24.00000 
0. 0. -25 OOOno -0. -0. 
0. 13.70000 13 70000 100 OOOOO 100.OOOOO 
0.30000 -0 -0. -0. -0. STG10L -9 

UNIT -9 T/PE 1 
7.OOOOO 0. 0. -8 OOOOO 25.OOOOO 
0. 0. -26 OOOOO -0, -0. 0. 13.70000 13 700G0 100 OOOOO 100.OOOOO 
0.30000 -0. -0. -0. -0. 

STGIDL -10 
UNIT-10 TT-PE 1 

6.OOOOO 0. 0. -7 OOOOO 26.OOOOO 
0. 0. -27.OOOOO -0. -o. 0. '3.70000 13.70000 100 OOOOO 100.00000 
0 3O000 -o. -o. -0. -0. STGIDL - 1 1 

U N ! T - 1 1 TYPE 1 
5.OOOOO 0. 0. -6.OOOOO 27.OOOOO 
0. 0. -28.OOOOO -0. -0. 0. 13.70000 13.70000 100 OOOOO 100.00000 
0.30000 -0. -0. .-o. -o. S T G I D L -12 

ur, i T - 7 s ' / f t ) 
A.OOOOO 0. 0. -5.00000 28.OOOOO 
0. 0 -29 OOOOO -0. -o. 0. 13.70000 13.70000 100.OOOOO 100.OOOOO 0 30000 -0 -o. -0. -0. S TGI Dl - 1 3 

UN 1 T ' } Tr"F'f 1 3 OOQOO 0 0. -4 OOOOO 29.OOOOO 
0. 0. -30.OOOOO -0- -0. 0. 13 70000 13.70000 100.OOOOO 100.OOOOC 0.30000 0. -0. -0. -0. 

STGIDL - Id 
UN 1 T- 1 A * TPL 1 

2 OOOOO 0. 0. -3 OOOOO 30.OOOOO 
0 0 -31.OOOOO -0 -0. 
0 13 /OOOO 13.70000 100 OOOOO 100.OOOOO 0 30000 •0. -0. -0. -0. STGI Dl. - 1 5 UNIT-'!) 1'PI 1 

32 OOOOO 0 - 1 .00000 -33 OOOOO 0. 
0 0 0 0. 0. 0. 0 10000 0. 0. 0. 0 - 0 -o -0. -0. END 

STREAMS 33 
LXPL. I r, [ 1 
SPEC1AL 
SPEC1AL SPEC1AL 
E XPL.l C 1 T 
F.XPU C 1 "t 

END 
STREAM 1.00000 1.OOOOO 7 28000 25 OOOOO 1.OOOOO 

9.50000 4 76000 3.10000 0. 
STREAM 2.OOOOO 1 OOOUO 2.43000 <r5 OOOOO 1.00000 

-0. -o. -0. -0 
STREAM 3.OOOOO 1,00000 2.43000 ^5 OiJOOO 1 OOOOO 

0. -0. -0. -0 
STREAM 4.OOOOO 1.OOOOO 2,43000 25 OOOOO 1.OOOOO 

-0. -0. -o. -0 STREAM 5.OOOOO 1.OOOOO 2 43000 25 OOOOO 1 -.0000 
-0. -0. -0. -o. STREAM 6.OOOOO 1.OOOOO 2.43000 25.OOOOO 1.OOOOO 
-0. -0. -0. -0. 

STREAM 7.00000 1.OOOOO 2.43000 25 OOOOO 1.OOOOO 
-0, -0. -0. -0. 

STREAM 8.OOOOO 1.OOOOO 2.43000 25 OOOOO 1.00000 
-0. -0. -o, -0. 

STREAM 9,OOOOO 1,OOOOO 2.43000 25 OOOOO 1.OOOOO 
-0. -0. -0. -0. STREAM 10.OOOOO 1.OOOOO 2.43000 25 OOOOO 1 OOOOO 
-o. -0. -0. -0 . 

STREAM 11.OOOOO 1.OOOOO 2.43000 25 OOOOO 1.00000 
-0. -0. -0. -0. 

STREAM 12.OOOOO 1,OOOOO 2.43000 25 OOOOO 1 .00000 
-0. -0. -0. -0. STREAM 13.00000 1.OOOOO 2.43000 25.O O O O O 1.00000 
-0. -0. -0. -0 . STREAM 14.00000 1,OOOOO 2.43000 25.OOOOO 1 .OOOOO 
-0. -0. -0. -0. STREAM 15.OOOOO 1.OOOOO 2.43000 25 OOOOO 1.OOOOO -0. -0. -0, -0. 

STREAM 16.00000 1 .00000 2.43000 25.OOOOO 1.00000 
-0. -0. -0. -0. 

l ; ig. 9. (Continued) 
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STREAM 17.00000 
-o. 

1 .OOOOO 
-o. 

1 . 
-0. 

02000 25.00000 
-o. 

1.OOOOO 
STREAM 18.00000 

-0. 
1 .00000 

-0. 
1 . 

-0. 02000 
25.OOOOO 
-0. 1.OOOOO 

STREAM 19.00000 
-o. 

1 .00000 
-o. 

1 . 
-o. 

02C00 25.00000 
-0. 1.OOOOO 

STREAM 20.00000 -0. 1 .OOOOO 
-o. 

1. -o. 02000 25.00000 
-o. 

1.OOOOO 
STRLAM 21 .00000 

-0. 
1 .00000 

-0. 1. 
-0. 

02000 25.00000 
-o. 

1.00000 
STREAM 22.00000 

-0. 
1.OOOOO 

-0. 
1. 

-0. 
02000 25.OOOOO 

-0. 1.OOOOO 
STREAM 23.OOOOO 

-o. 
1 .00000 

-o. 
1. -o. 02000 25.00000 

• 0 . 
1.OOOOO 

STREAM 24.00000 
-0. 

1 .00000 
-o. 

e. 
-o. 

30000 25.OOOOO 
-0. 1.OOOOO 

STREAM 25,00000 
-0. 

1.OOOOO 
-0. 

8. 
-0. 

30000 25.OOOOO 
-o. 

1.OOOOO 
STREAM 26.00000 

-0. 
1 .00000 

-0. 
6. 

-0. 
30000 25.00000 

-0. 
1.OOOOO 

STREAM 27.00000 
-0. 

1 ,OOOOO 
-0. 

8. 
-0. 

30000 25.00000 
-0. 

1.00000 
STREAM 28.OOOOQ 

-o. 
1.OOOOO 

-0. 
8. 

-0. 
30000 25.OOOOO 

-o. 
1.OOOOO 

STREAM 29.00000 -0. 1.OOOOO 
-o, 

8. 
-0. 

30000 25.OOOOO 
-0. 1.OOOOO 

STREAM 30.00000 
-0. 

1 .00000 
-0. 

8. 
-0. 

30000 25.OOOOO 
-0. 

1.OOOOO 
STREAM 31.OOOOO -0. 1 .OOOOO 

-0. 
8. 

-0. 
30000 25.00000 1 

-0. 1.OOOOO 
STREAM 32.OOQOO 1.OOOOO 7. 26000 25.OOOOO 1 OOOOO 

9.50000 4.78000 3. 10000 0. STREAM 
PROPERTIES PROPERTIES END GRAPH 

AS 

33.00000 -0. 
- 1 .OOOOO WATER 

4 
2.OOOOO 
16.OOOOO 
31.00000 
1.00000 
1.00000 

1.OOOOO 
-o. 

0. 
7.00000 
7.00000 
3.00000 
7.OOOOO 

0. 
-0. 

0. 
0. 
0. 
0. 

25.00000 1 
-0. 

20.00000 
1.OOOOO 

10.OOOOO 
10.00000 

1.OOOOO 

$$$$$ PROCESS VARIABLES AT TIME = 0. %%%$$ 
STREAM FLOW TEMP PRES COMPONENTS 1 7.260 25 .0 1.0 9.50000 4. 78000 3.10000 0. 

2 2.430 25 .0 1.0 -o. -o. ~0. -0. 
3 2. 430 25 .0 1.0 -0. -0. -o. -0 4 2.430 25 . 0 1.0 -0. -0. -0. -0. 
5 2.430 25 .O 1.0 -0. -0. -0. -o 6 2. 430 25 .0 1.0 -0. -0. -0. -0 
7 2.430 25 .0 1.0 -0. -0, -0. -0 
8 2.430 25 .0 1.0 -o. -o. -0. -0 
g 2.430 25 .0 1.0 -0. -0. -0. -0. 
10 2. 430 25 .0 1.0 -0. -0. -0. -0. 
11 2 . 430 25 .0 1.0 -0. -0. -0. -o. 12 2.430 25 .0 1.0 -0. -0. -0. -0. 
13 2. 430 25 0 1.0 -0. -0. -0. -0. 1 4 2. 430 25. .0 1 0 -0. -0. -0. -0. 
15 2.430 25. 0 1.0 -0. -0. -0. -0 
16 2.430 25. 0 1.0 -0. -0. -o, -0 
17 1 .020 25. .0 1.0 -0. -0. -0. -0. 
18 1 .020 25. 0 1.0 -0. -0. -0. -0 
19 1 020 25. .0 1.0 -0. -0. -0. -0 
20 1 . 020 25. .0 1.0 -0. -0, -0. -0. 
21 1 . 020 25. 0 1.0 -0. -0. -0. -0. 
22 1 .020 25. 0 1.0 -o. -o. -0. -0. 
23 1 .020 25. 0 1.0 -0. -0. -0. -0. 
24 8.300 25. 0 1.0 -0. -0. -o. -o. 25 6.300 25. 0 1 .0 -0. -0. -o. -0. 
26 8.300 25. 0 1.0 -0. -0. -0. -0. 
27 8.300 25. 0 1.0 -0. -0. -0. -0. 
26 8.300 25. 0 1.0 -0. -0. -o. -0. 
29 8.300 25. 0 1.0 -0. -0. -0. -0. 
30 6.300 25. 0 1.0 -0. -0. -0. -0. 
31 6.300 25. 0 1 .0 -0. -0. -o. -0. 
32 7.280 25. 0 1.0 9.50000 4. 7600C I 3.10000 0. 
33 0. 25. 0 1 .0 -0. -0. -o. -o. 

1 1 0. 13.70000 13 I. 70000 too.ooooo 100. .ooooo 
1 2 0. 13.70000 13 :. 70000 100.00000 100, ooooo 
) 3 0. 13.70000 13 :. 70000 100.00000 100. .ooooo 
I 4 0. 13.70000 13 1.70000 100.OOOOO 100 00000 
t 5 0. 13.70000 13 1.70000 100.OOOOO 100. ooooo 
l 6 0. 13.70000 13 I. 70000 100-00000 100. ooooo 
I 8 0. 13.70000 13 .70000 100.OOOOO 100. ooooo 

Fig. 9. (Coiitinuod) 
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) 9 0. 13.70000 13 .70OOO 100.00000 100 .00000 

) 10 0. 13 70000 13 .70000 100.00000 100 .OOOOO 

) t I 0 13.70000 ;3 .70000 100.00000 100 .OOOOO 

) 12 0 13.70000 13 .70000 100.00000 100 .OOOOO 
] 13 0 13.70000 13 .70000 100.00000 100 . 0000--
) 
) 

14 
15 

0 13.70000 
O 10000 

13 
0 
.70000 1OO.00000 

0. 
100 

0 
.OOOCJ 

JJJ$5 PROCESS VARIABLES , AT TIME = 2.00000E*00 SSSSS 
STREAM FLOW TEMP PRES COMPONENTS 

1 7 280 25 0 1 .0 9,50000 4.76000 3.10000 0. 
2 2 430 25 0 1 . 0 0.00107 -0.00111 -0.00046 -0.00119 
3 2 430 25 0 1 .0 0.00267 -0.00048 -0.00072 0.00054 
4 2 430 25 0 1 0 0 OO086 -0.00051 0.00011 -0.00042 
5 2 430 25 0 1 0 0 00061 •0.00194 0. 00176 -0.00013 
6 2 430 25 . 0 1 0 0 00061 0.00090 -0.00010 -0.00009 7 2 430 25 1 0 0.00359 0.00111 0.00142 -0.00067 
8 2 430 25 0 1 .0 0.04342 0.02695 0.01734 -0.00112 
9 2 430 25 0 1 .0 0.43501 0 30044 0 11532 -0.00120 

10 2 430 ?5 0 1 .0 7.49684 3.06977 0.33041 -0.00015 
1 1 2 430 2b 0 1 .0 0.24063 0.07834 0.01009 0 00224 
12 2 . 430 25 0 1 .0 0.00548 0.00121 0.00072 0.00057 
13 2 430 25 0 1 . 0 0.00071 0.00100 0 00006 -0.00203 
?4 2 430 25 0 1 0 -0,00125 0.00012 -0 00063 0.00173 
1 5 2 430 Q 1 0 -0,00130 -0.00115 -0.00125 0.00039 
1 6 ? 430 25 0 1 0 -0 00032 0.00044 0.00120 -0 00023 
1 7 n?o 25 0 1 . 0 -O.00021 -0.OO036 -0.00088 0 00089 '8 U20 25 0 1 . 0 0 00089 -0,00216 0.00086 0.00002 
59 020 25 0 1 0 0.00001 0.00138 -O.00052 0.00118 
20 020 25 0 1 0 -0.00049 0.00142 -0.00106 -O.00091 
2i 1 020 2 1! 0 1 . 0 0.00068 0.00050 -0.00123 0.00187 
22 1 020 ?r 0 I .0 0.02311 0.00745 0.00052 -0.00033 
23 020 2'j 0 1 . 0 0.98835 0.38975 0.04683 0.00036 
24 J3 300 25 0 1 . 0 0 64955 0.77283 1.69446 -0.00043 
25 8 300 25 0 1 . 0 0.11272 0.24G23 0.73128 0.POO 10 26 8 300 25 0 1 0 0.05494 0.11694 0 25360 3.00010 
27 8 300 ?5 0 I 0 0 03002 0.04730 0.07188 0 00006 28 8 300 25 0 1 0 0.01089 0.01376 0.01507 -0.00122 
39 e 300 2b 0 1 .0 0 00457 0.00261 0.00321 -0 00234 30 8 300 25 0 1 .0 -0.00132 -O.OO04 7 -0.0O062 -O 00069 
3! 8 300 25 0 1 .0 0.00149 0,00023 -0.00137 -0.00116 
32 7 280 25 0 1 . 0 9.50076 4,78004 3.10036 0.cn068 
33 0 25 0 1 . 0 C.00060 0.00158 0.00078 -0.0^141 

1 0 I DOOOO 13.70000 13. 70000 100.00000 100. OOOOO 
2 0 00000 13.7OO00 13. 70000 100.00000 100. OOOOO 
3 0 1 30006 13.70000 13. 70000 100.00000 100. OOOOO 
4 0 00322 13.70000 13. 70000 100.00000 100. OOOOO 
5 0 ' i 5890 13.70C00 13. 70000 100.00000 J 00. OOOOO 
6 7 21633 13.70000 13. 70000 100.00000 100. OOOOO 
8 7.92722 13.70000 13. 70000 100.00000 100. OOOOO 
9 2 09803 13.70000 13. 70000 100.00000 100. OOOOO 

10 0 72900 13.70000 13. 70000 100.00000 ion. OOOOO 
1 1 0 22228 13.70000 13. 70000 TOO.OOOOO loo. OOOOO 
12 0 05446 13.70000 13. 70000 100.OOOOO 100. OOOOO 
13 O.01?10 13.70000 13, 70000 100.OOOOO 100. OOOOO 
14 0.00196 13,70000 13. 70000 100 OOOOO 100. OOOOO 
15 0. 0.10000 0. 0. 0. 

ESS$$ PROCESS ' VARIABLES AT T[MF = 4.CU000E+00 SSSSS 
STREAM FLOW TEMP PRES COMPONENTS 

1 7. 280 25. 0 1 .0 9.50000 4.78000 3.10000 0. 
2 2. 430 25 0 1 .0 -0.00030 -0.00287 0.00027 0.00083 
3 2. •3 30 25. 0 1 .0 -0.00171 0.00010 0.00167 0.00104 
4 2. 430 25. 0 1 . 0 O.00033 0.00152 -0.00112 -0.OC119 5 2. 430 25. 0 1 . 0 0.00073 0,00142 0.00143 -0.00146 6 2. 430 25. 0 1 , O 0.00517 0.00699 0.01112 0.00028 
7 2 430 25. 0 1 .0 0.02659 0.03648 0.04882 0.00147 6 2. 430 25. 0 1 .0 0.12005 0. 16363 0.15260 0.00193 9 2. 430 25. 0 1 .0 0.99?89 0.83592 0.32952 -0.00105 10 2. 430 25. 0 1 .0 13.35762 5.73408 0.44555 -0.00063 

11 2 430 25. 0 1 .0 1.74371 0.3824S 0.02164 • -0.00014 
12 2. 430 25. 0 1 .0 0.03676 0.00932 0.00053 0.00060 

Fig. 9. (Continued) 



13 • 2 430 25.0 1.0 0.00248 -0 00026 0.00031 0.00062 
14 2 430 25.0 1 .0 0.00101 0 00035 -0.00022 -0.00116 
15 2 430 25.0 1 .0 0.00065 -0 00031 0.00017 -0.00085 
16 2 430 25.0 1 .0 0.00112 -0 00008 0.00103 -0.00036 17 1 020 25.0 1 .0 0.00049 0 00080 0.00016 -0.00085 
16 1 020 25.0 1 .0 0.00074 -0 00050 0.00032 -0.00065 
19 1 020 25.0 1 .0 -0.00197 0 001 jl 1 -0.00086 -0.00036 
20 1 020 25.0 1 .0 0.00221 0 001 12 0.00153 -0.00117 
21 1 020 25.0 1 . 0 0. 00563 0 00301 -0.00052 -0.00003 
22 1 020 25.0 1 .0 0.26645 0 06481 0.00526 0.00053 
23 1 020 25.0 1 .0 2.67661 1 47261 0.15891 0.00095 
24 8 300 25.0 1 .0 0.79757 0 92524 2.33062 -0.00209 
25 8 300 25.0 1 .0 0.08294 0 22279 1.55268 0.00043 
26 6 300 25.0 1 .0 0.02283 0 10186 0.84811 0.00005 
27 8 300 25.0 1 .0 0.01652 0 06668 0.40670 0.00013 
28 8 300 25.0 1 .0 0.01232 0 04621 0.17557 -0.00230 
29 B 300 25.0 1 .0 0.01111 0 02732 

01 115 
0.06770 -0.00021 

30 B 300 25.0 1 .0 0.00533 0 
02732 
01 115 0.02404 -0.00039 

31 8 300 25.0 1 .0 0. 00391 0 00390 0.00846 -0.00033 32 7 280 25.0 1 .0 9.50028 4 78047 3.10133 0.00110 
33 0 25.0 1 .0 0.00156 0 00090 -0.00118 0.00029 

1 0.00000 13.70000 'r 7C000 100.00000 100 00000 
2 0. 00001 13.70000 13 70000 100.00000 100 00000 
3 0.00060 13.70000 [13. 70000 100.00000 100 00000 
4 0.02820 13.70000 13 70000 100.00000 100 00000 
5 1.30873 13./0000 13 70000 100.00000 100 00000 
6 29.06158 13.70000 13 70000 100.00000 100 00000 
B 16.46326 13.70000 13 70000 100.00000 100 00000 
9 3.82766 13.70000 13 70000 100.00000 100 00000 

10 1.47743 13.70000 13 70000 100.00000 100 00000 
11 0.76358 13.70000 13 70000 100.00000 100 00000 
12 0.40681 13.70000 13. 70000 100.00000 100 00000 
13 0.19195 13.70000 13. 70000 100.00000 100 00000 
14 0.07620 13.70000 ,3. 70000 100.00000 100 00000 
15 0. 0.10000 0. 0. 0 

Fig. 9. (CimtinuccJ) 
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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 available for 
DYNSYL. The code has several shortcomings, 
however, thai need to be remedied to ensure its 
most effective use. Some of these are summarized as 
follows: 

• If some units are to be coupled and others 
not, at least two integrator programs are now re­
quired, because the GEAR-integralor is not written 
for such mixed operation. 

• The code produces no flowsheet schematic 
in its output to 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 I l.L computer system and 
must be rewritten for other computer systems. 

• For general use in the chemical industr> 
many more unit module 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 has already proven useful in produc­
ing simulated dynamic data for evaluation of on­
line material control methods. Further applications 
of the code will gradually expand its usefulness. 

24 



APPENDIX A 
UNIT MODULE SUBPROGRAMS 

STGIDI. (Type 1) 
'I his subprogram as presently written represents one ideal stage for the coextraction of U + 6 and 

Pu + 4from other salts. The stage may have two feeds to and two effluents from each phase—organic and 
aqueous. The volumes oi' the two phases are constant at predetermined values. The sum of volumetric input 
flow rates must, therefore, match the sum of volumetric output flow rates. Instantaneous output flow rales are 
made to match any input How rate changes. If the aqueous volume is specified as zero, the module functions as 
a sjngJc-phasc. perfectly mixed stage. As structured. Ihe module may very easily be generalized to accom­
modate chemical reactions and, therefore, separation of Pu + 3 and U + 6 . Also, with a change in ORG PH. the 
equilibrium program and some statements containing the U and Pu molecular weights, any liquid-liquid ex­
traction may be simulated. 

1 he nomenclature used in the program is as follows: 

VOl.(l) Organic phase volume (I) 
VOL(2) Aqueous phase volume (1} 
XTUP Mass fraction tributyl phosphate in organic solvent 
KV Rate constant for approach to equilibrium 
Kl-.XT Rale constant for volume change (not used) 
INSTCiO. INI-DO Organic input streams (1,2) 
OUTPRO. OLTSTO Organic output streams (3,4) 
INSTCjA. INI DA Aqueous input streams (5,6) 
OUTSTA. Ot'TPRA Aqueous output streams (7,8) 
W'U) Volumetric flow rate for stream J 
T(J) Temperature for stream J 
P(J) Pressure (not a variable) for stream J 
LIN Total input aqueous flow rate 
VIN Total input organic flow rate 
LOUT Total output aqueous flow rate 
VOIJT Total output organic flow rate 
XIN(I) Average input aqueous concentration of component I 
XOUT(I) Average output aqueous concentration of component I 
VIN(I) Average input organic concentration of component I 
YOUT(I) Average output organic concentration of component I 
TIN Average input temperature 
TOUT Average c utput temperature 
YIDEAL(I) Equilibrium organic concentration of component I 
DKRY(I) Rate of change of Y(I) 
DHRX(I> Rate of change or X(I) 
DISCO(I) Ratio of YIDEAL (I) to X(l) 

The equipment parameters, EP(IM,J), are as follows: 

EP(IM.l) 
EP(IM,2) 
EP(IM,3) 
EP(I.V1.4) 
EP(IM.j) 
EP(IM,6) 

Plutonium holdup, grams 
Organic phase volume (I) 
Aqueous phase volume (I) 
Rale constant for volume change 
Rale constant for approach to equilibrium 
Weight fraction tributyl phosphate in organic phase 
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CONTLR (Type 2) 

This module i.s a simple algebraic proportional-plus-integral control element. Its input stream X is in­
formation from a stream (temperature, concentration, flow rale). The output is a signal to a control device, 
such as a valve (VAI.V). If the deviation from a set point is K = (X-sel point)/range. the output signal Y is 
given by dy/d t = K p (dH/d t + K|I-.), where K_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 is as follows: 

PI Proportional gain 
P2 Integral constant 
IN Input stream 
OUT Output signal 
K Variable index 
O L D Old value of variable 
l-.RK Deviation from set point 
OI.DI.K Old deviation 

I he equipment parameters lo be specified are: 

hP(IVI.I) ( onlrolled variable index 
I-.P0M.2) Range of controlled variable 
I P ( I M J ) Set point of controlled variable 
r.P(IM,4) Proportional gain 
l-P(IM.S) Integral constant 

P1PK (Type 3) 
Simulation of How through a pipe is. for purposes of dynamic plant modeling, essentially timc-dela\ 

with dispersion. If the pipe is relatively long, the dispersion may he ignored, so this module is a pure delay It is 
a modification of 1)1.AY in the original DYNSYS program. The delay time maj be fixed or based on pipe 
length and lluid velocity. The delay i.s accomplished by storing values of the stream variables lor the correct 
number of lime increments, and then using the values previously stored as input (exit from the pipe). It is 
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(I„I,K) Matrix of delayed stream values 
I Index of past limes in SX 
J Maintained as I in SX 
K. Index of stream variables 
IN Input stream (output from upstream unit) 
O U T Output stream (input to downstream unit) 
TLACi Value of delay time 
IJYP Fraction of stream not delayed 
NV Number of storage spaces in di'Jay vector 
MM Time increment 

The equipment parameters that must be specified are: 

liP(lM.I) Value of a fixed delay time or negative of pipe volume for variable delay time. 
BP(IM,2) Fraction stream not delayed. 
EP(IM,3) Number of storage spaces in delay vector. 
EP(IM,4) Flag: zero (flow rate may vary), one (flow rate remains constant at input value). 
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EXTRTR (Type 5)* 

This is u module for multistage extraction and chemical reaction simulation. It is based on a program 
written by L. I- Burkhart of Iowa Stale University, and is capable of simulating plutonium-uranium separa­
tion orcoextraction 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 lo 20; the feed stage may also be specified. 
The stage volumes are uniform and are determined from the specified column volume. It is also possible to 
specify the lime 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-l with names of some of the 
variables shown. The nomenclature used in the module is as follows: 

AOI- Aqueous feed rate fl/s). 
Al' Pscudo aqueous phase How rale (1/s). 
AQ Actjal aqueous phase flow rate (does not vary from stage to stage). 
Al thru A') Constants used in calculating uranium(VI) and plutonium(IV) disf-hution coefficients 
Bl thru B3 Constants used in calculating distribution coefficients for N O v 

DDTAQ Time derivative of pseudo aqueous phase flow rate. 
DDTHU Time derivative of aqueous phase holdup. 
DDTOR Time derivative of pseudo organic phase (low rate. 
mrroRi Time derivative of organic feed flow rate. 
DT Time increment between integration steps <s). 
DO New aqueous flow rate computed in control subrouting (l/s). 
1:112 Distribution coefficient for nitrous acid. 
111 13 Distribution coefficient for nitric acid. 
I :MH2 (Or/H)l-:„N O> 
I ; M H 3 (Or/H)l-:|,N <„. 
I:MI> {Or/ll)l-:1>u„v|. 
KMU (Or/H)l-: u ( V | , 
I : N I I 2 (Or'/Aq'JKiiNOj 
i:Nn.i (Or'/Aq'JKiiNtn 
l-NI> (Or7Aq')l-:,, u ( I V ). 
l-NU (Or'/Aq')l-:U ( V | | . 
I-:OAI> ';l'u(IV) • 
l-OAU '"U(VI|-
1 IS 10°-""il/2-1.521. 
ITBP C", free TBPconcentration used in calculating the distribution coefficient for UNO,. 
HN02A/ [HNO)2], aqueous feed concentration (moles/1). 
HNAZ [HN], aqueous feed concentration (moles/I). 
M/AZ [HZ], aqueous feed concentration (moles/I). 
II [11 + ) , hydrogen ion concentration, aqueous, (moles/1). 
HI- [H +]at timet + M. 
HN [NH3OH +], hydroxylamine concentration, aqueous (moles/1). 
HNF [NHjOH +]. at timet + -it. 
HN02 [HNOi], nitrous acid concentration, aqueous (moles/1). 
HN02I- [HNOJ, al timet + M. 
H? IN2H5 +]. hydrazine concentration, aqueous (moles/1). 
HZK [N,H 5 +]at timet + At. 
HN02Z HNO1 feed concentration in organic feed (moles/I). 
HN02A7 HNOifeed concentration in aqueous feed (mols/l). 
HU Aqueous phase holdup (1). 
HOLDUP Name for subroutine for calculating holdups and flow rate parameters. 

"There is no type 4. 
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Kll K M , ionic strength function for(H +]. 

K l ' K, l X l r 

Kl Rate constant for reaction I. 
K2 Constant used ir. THM4 in material balance calculations. 
K3 Kate constant for reaction 3. 
K4 Kate constant for reaction 2. 
K? Kate constant for reaction 4. 
I. Number of equilibrium stages in the column. 
M S\mbol for fictitious stage (1.+ I), used to specify inputs and outputs at the 

bottom stage (1.). 
N Number of iterations or time steps specified. 
NT feed Mage number. 
NO3 NO , concentration in aqueous phase (moles/I). 
NO.IO NO ; concentration in organic phase (moies/1). 
N03I [NO ,| at time I + At. aqueous. 
NOV New NO,concentration in organic fecd(molesyl). 
NO.v\/ NO t concentration in the aqueous feed (moles/1). 
N? (N[ - I ) , stage before kc6 stage. 
NK (N| r l ) . stage after feed stage. 
OP Psuudu organic phase flow rate. 
OK Organic phase How rale (does not vary from stage to stajie) (1/s). 
OKI Organic i'c\:di How rate immediately preceding a flow rui', upset ( l / s ) . 
OKI Org.mic phase flow rale in scrub section (1/s). 
OK2 Organic phase flow rate in extraction section (OR2 = OKI + ORT). 
l1-1-^ Pu * * concentration in aqueous phase (moles/1). 
P-*A' Pu ' ' at time t + Jit. aqueous. 
P-* \ Pu"* 4 concentration in aqueous phase (moles/I). 
P-JAI P u M a t t i m e t + -it. 
I'-JO Pu ' 4 concentration in organic phase (moles/1). 
P40/ Pu ' 4 concentration in organic feed (moles/1). 
P40A/ I V 4 concentration in organic feed immediately following a Pu feed concen­

tration upset (moles/1). 
Pl'ITU Residual from overall plutonium material balance over the column. 
KN -(Aq-ilj. 
KXN1 thru RXN5 Incremental change in material gained or lost to reaction for each time step 

as determined by the kinetic rate equations. 
1 AQ ; X t j. interstate lime constant for pseudo aqueous flow rate (s - '). 
TOR r()r interstage time constant tor pseudo organic flow rate (s -l). 
1 O / f-'l^'Mlcip organic feed concentration (moles/1). 
I A / [( (\ I)].\ q, aqueous feed concentration (moles/1). 
I A |I(V1)J,̂  aqueous feed concentration (moles/1). 
I'M i r ( V I | ' ] A q . a t l i m e t + Jit. 
CO \V(\'I)] o r , U +4eoncentraticn in the organic phase (moles/1). 
I Of Uranium concentration in feed at steady-state immediately preceding an up­

set in uranium feed concentration (moles/1). 
V()| . Volume of a single theoretical stage (I), 

The equipment parameters required by this module are: 

l.P(lM.l) Plutonium holdup in column, g 
l-P(IM.2| Number of equilibrium stages 
I-:P(l!vUl I-ccd stage 
l:P(IM,4) Column volume (I) 
hl ' tlM.5) Time constant for phase volume change (s) 
l:P(IM.6) Weight fraction tributyl phosphate in organic stream 
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ORF - organic feed flow rate, l/s 

P40Z, UOZ, HN02 N03Z = organic 
feed concentrations, moles/l 

AQF = aqueous feed flow rate, l/s 

P4AZ, UAZ, N03AZ, HZAZ, HN02AZ, 
HNAZ, P3AZ = aqueous feed 
concentrations, moles/l 

OR2 = OR1 + ORF-
Uranium product stream 

(if column used as a 
uranium-plutonium 

separator) 

Stage 1 

N7 = NF - 1 

IMF 

N8 = NF + 1 

Stage L r 

AQ-
plutonium product stream 

Scrub section 

Feed stage 

Extraction section 

AQ 
Hydroxylamine and 
hydrazine enter here 

P4AIM), 
P3A(M), 
UA(M), 
N03(M>, 
HN(M), 
HZ(M), 
HN02IM), 
UAIMj, 
H(M) = 

aqueous stream concentrations, moles/l 

lip,. A - l . Kxlruction column showing lucution of streams und principul turinblvs used in computer protlram. 
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PRE CI P (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 P ^ C T O . ^ 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 
specif) the reactor volume as the nucleation and growth rate constants are specified in the program. Two 
streams must enter the reactor, one containing the plulonium 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: 

AKCi. ANXi. AKB. ANH. R/RO Constants in nucleation and growth equations 
RO PulCjO.))? particle density (g/cc) 
\' Reactor volume (I) 
V(ll Concentration of plulonium in reactor solution (filtrate), (g/l) 
V(2) I'illratc flow rate (l/h) 
V(3) Concentration ofNOJin reactor solution (moies/l) 
V(4| Concentration of CjO^in reactor (moles/1) 
Y(S) Zero moment of distribution 
Y((i| l-'irsl moment of distribution 
YC7| Second moment of distribution 
Y(8| Third moment of distribution 
IP Plutonium-solution feed rate (l/h) 
I O Oxalate-solution feed rate (l/h) 
CP Concentration of plulonium in feed stream (g/l) 
CO Concentration of oxalate in oxulate-feed stream (moies/1) 
MR Total feed rale (l/h) 

The equipment parameters are: 

HP(IM.l) Plulonium holdup (g) 
I'.PONUl Reactor volume (1) 

The output variables are as follows: 

S(2,NOUT.6) Rate of change of Teed flow rales 
S(2.NOUT.7| Rate of change of plulonium concentration in filirale 
S(2.NOUT.8| Rate of change of NO J-concentration in filtrate 
S(2.NO UT.9) R ale of change of C 2Oj-concentralion in filtrate 
S(2.NOUT.10-12) Rates of change of panicle size distribution moments 

EVAPTR (Type 7) 

This module is the simplest possible version of an evaporator module lhat may be used as a 
plutonium-solution concentrator simulation. It is an adaptation of the perfectly-mixed evaporaior written by 
Rudolf Rozsa at LLL. The solution properties were all internally generated and were fixed in Ihe earlier 
program. This program was generalized to use variable properties (density, heal 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 Output stream 
VAP Vapor stream 
STEAM Steam stream to heater 
MFIN Eeed rate (moles/h) 
XIPU Plutonium mole fraction in leed 
MSTM Steam rate (moles/h) 
PVPS Vapor presure 
PRESS Presure in vapor stream 
TEMP Temperature of vapor stream 
DAVGOUT Density of product liquid 
XOPU Plutonium mole fraction in product 
V Evaporator volume (liquid phase) 

The only equipment parameters are: 

KP(IMJ) Plutonium holdup (g) 
HP(IM,2) Volume (I) 
CPi Heat capacity of stream • 
RHOi Density of stream -i 

GNTRNS (Type 8) 

This is a simulation of a unit capable of heat transfer, 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 STGIDL with some additional terms. These 
are as follows: 

HCOEF External heal transfer coefficient 
HAREA External heal transfer area 
NTYPE Zero for extraction; one for flash 
HT etc. Heat capacity 

The equipment parameters to be specified are as follows: 

EP(IM,I) Plutonium holdup (g) 
EP(IM,2) Total volume (I) 
EP(IM,3) Aqueous or liquid phase volume (1) 
EP(IM,4) Rate constant for volume change 
EP(IM,5) Rate constant for approach to equilibrium 
EP(IM,6) Volume fraction tributyl phosphate 
EP(IM,7) External heat transfer coefficient [cal/(cm 2- &• °C)] 
EP(IM,8) External heat transfer area (cm ^ 
EP(IM,9) Stage type: 0 for extraction, I for fljsh 
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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 
signal (1.0 in tKaCase) minus thewrrent signal. Generalization to include other actions would be very simple. 

The nomenclature is: 

IN Input signal from controller (CONTLR) 
OUT Controlled stream flow rate (or current if electrical) 

The unit parameters are: 

l.P(IM.l) Proportionally constant for valve action. 
HP(1M.2) Positive causes proportional action; negative causes reverse proportiona' action. 
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APPENDIX B 
PROGRAM LISTING WITH 

UNIT MODULE SUBPROGRAMS 
I'lic DYNSYI. code has many comments that help explain each section to the user. We ha\e en­

deavored to nuike the unit module subprogram even more sell-explanatory. The code is listed with the 
primary sections in the following order: main and input-output, physical properties, integrator, and unit 
modules, i he order of the specific subroutines and their purpose is as follows: 

--' 
M A I N ( ailing program 
D Y N I Numerical input and initialization 
(J 1.1 Alphameric input 
DYN2 I-nit module calling program 
ouri'ins Numerical output of state variables 
SAVI.P ( ompulation of plot variables 
WR1TI.P Output of measurement vector 
l.l 'I.O'I I incplot output 
C A U ' I . I 1)1)80 plot routine 
PROPS Read constants lor physical properties 
MOWI Average molecular weight 
(P I .A Average liquid heat capacity 
CPVA Average '• apor heat capacity 
I N I 1 Average liquid enthalpy 
l-.NTV Average vapor enthalpy 
I. A Ml) Heat ol' vaporization 
D I M . Average liquid molal density 
DI-NV Average vapor molal density 
VAPR Vapor pressure 
VVII.S Activity coefficients 
B U M . Bubble point 
K V A I . Vapor-liquid equilibrium ratio 
TEMPI. Liquid heat balance 
TEMPV Vapor heat balance 
DRIVE Main program of integrator 
NOISE Process and measurement noise 
STI1-I-" Integration control program 
PS I T Compulation with Jacobian 
INTERP Interpolation of state variables 
COSET Integration coefficients 
DEC Matrix triangularization 
SOI. Solution matrix equations 
STGIDI. General ideal stage 
EXTRTR Multistage extraction for uranium and plutonium 
PRECIP Precipitator for plutonium oxalate 
EVAPTR Evaporative concentrator for Pu(NO^ j 
CONTLR Controller 
PIPE Flow delay and dispersion 
PUMP ETow driver and head source 
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10 CONTINUE 
r. 

I N I T I A L I Z E P R I N T AND INTEGRATOR PARAMETERS 
C 

NPRINT=0 
I N D E X " 1 
JSTfi(?T=0 

C 
C READ DATH 
C 

CALL [IYH1 
C 
C SET UP I N I T I A L VALUES FOR GRAPH VECTOR COUNT 
C 

NPTS=0 
P L O T T = 0 . 0 

2B CONTINUE 
C 
C TERMINAL INPUT 
C 

WOT 5 9 . " I " " T I M E IS NOU " n . F 1 0 . 5 ) ".TINE 
UOT 59."(""TYPE TIME FOR NEXT PROCESS CHANGE. FIB.5"")" 
PIT 59."IF1B.51'.CTIME 

C 
C COMPUTATION INTERVAL S I 2 E 
C 

HtHC'TMAX,-HPR 
H H = H I H C ' i a . B 
OT! IF =1 HIE 

C 
L INITIAL PLDT AND PRINTOUT VALUES r 

IF ri-ISAVE.GT.Bl CALL SAVEP 
IF r i l O U T P T . E O . i l CALL OUTPUTS 
J S T A P T = ! 
IF r T I M E . H E . 0 . 0 ) GO TO 4 0 

C 
C I I I ' r i m . MEASUREMENT IMTA POINTS 
L 

GO Til <;• 
.10 c n r i T : m i l . 

T ! 1-1: 'IT I Mr i HI NT 
IT i I I I I ! .1 I . CTIME) GO TO 41 

r 
r H I - ' l l I I I H . INPUT 

WIT "'i. ' ' Til-IE IS HOU " " . F 10. 5) " . T I M E 
IJI1T '••''. ' TYPE NUMBER OF COMPONENTS CHANGED. 1 5 " " ) " 
P I T ' . ' i . " l ' ; ! " .HUM 
IiO 40 i •• ] .MUM 
WOT V I . TYPE CHfiHGE STREAM AMD COMP. NUMBERS. 2 1 5 " " ) " 
P I T V I . " ' ? I 5 i " . I C . j r 
U11T V I . ' i " "TYPE HE, VALUE FOR S ( l . I . J ) . F I B . 5 " " 1 " 
P I T ' r . l . " ' 1 1 0 . 5 1 " . S i 1 , I C . J C ) 

4E CUl l l IMJF 
WOT 5 H . " i " "TYPE TIME FCP NEXT PROCESS CHANGE, F I B . 5 " " ) " 
P I T M . " i l i a . 5) " . C T I M E 

41 CONTINUE 
I l lTFL II 
I F i N O . r . C . I I F i GO TO 30 
H"B 

C 
C COIIVLRT VARIABLE MATRIX TO VECTOR FOR INTEGRATOR 

DO 4-3 I=NB.HS 
DO 42 J - M l .112 
N -H+ i 
v r i - l l - S i I - t . J ) 

42 COMTI HUE 
4'.5 CONTINUE 

C 
C CALL TO INTEGRATOR SUBROUTINE 
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216 C SEE NOTES IN DRIVE FOR ARGUMENT VARIABLE DEFINITIONS 
21? C HMD VALUES FOR IMETH. THE INTEGRATION METHOD PARAMETER 
218 C 
219 CALL DRIVECN.BTIME.H.Y,TIME.EPS. IMETH.INDEX) 
22F1 N=B 
221 C 
222 C CONVERT VECTOR BACK TD VARIABLE MATRIX 
223 C l 
224 DO 45 I=NB,NF 
225 DO 44 J=NL,N2 
2213 M*M+1 
22? SC1,I,J)=YCN) 
22S 44 CONTINUE 
229 45 CONTINUE 
23B C 
231 C COMPUTATIONS UITHOUT USE OF DRIVE 

233 30 IF (NF.ED.NS) GO TO 39 
234 INTFL-1 
235 T-OTIME 
23G YC1J-B.B 
23? YDOTCl)=B.B 
23B N=l 
239 DO 3B 1=1,10 i 
240 T=T+HH 
241 CALL DYN2CH,T.Y,YDDT) 
242 3B CONTINUE 
243 39 CONTINUE 
244 C SAVE VALUES FOR PLOT 
245 C 
24S IFCNSAVE.GT.O) CALL SAVEP 
24? HPRINT-NPRINT-H 
24B 0TiiiE<rtnE : 
249 IF (HfRIHT.LT.NPRT) GO TO 77 
250 HPRIWT=0 
25 1 C 
252 C PRINT OUTPUT IF NPRINT = NPRT 
253 C 
254 IFUIOUTPT.FO.D CALL OUTPUTS 
255 . ?? N=B 
256 C 
25? C COMPUTE MEASUREMENT VECTOR 
250 C 
259 DB ?2 t=NB,NS 
250 DO ?1 J=N1,N2 
251 11=11+1 
262 XPLOTCHJ-SU. I ,J ) 
263 ?1 CONTINUE 
264 ?2 CONTINUE 
2S5 NSTATE-N 
266 C 
26? C ADD MEASUREMENT NOISE 
2SB C 
269 CALL NOISE (MSTATE.XPLOT,EM5TD.EMPRCT.EMC) 
2?B C 
271 C PRINT MEASUREMENT DATA 
2?2 C 
273 IF CNNUMO.EB.U CALL WRITEP 
2?4 4? CONTINUE 
2?5 TFIN=0.99999*TMAX 
2?G IF (TIME.LT.TFIN) GO TD 40 
277 C 
2?B C PRINT PRIilTPLOT 
2?9 C 
2BB IF '• ILIHE.EQ.U CALL LPLOT 
2B1 C 
282 C PLOTTER CALL 
2B3 C 
204 IF (HCAL.EO.l) CALL CALPLT 
2B5 C 
2B6 C TEST FBR CBNTINUATIBN DATA 
2B? C 
28B PALL GET (H.M.K.B) 
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SUBROUTINE Dffll 

289 IF (N.E0.4HEND ) CALL EWTC1) 
29B C 
231 C REPEAT SAME SIMULATION 
292 C 
293 tF (N.F0.4HREPE) GO TO IB 
294 C 
295 C CONTINUE FOR ADDITIONAL TIME 
2915 C 
297 IF CN.E0.4HCONT) GO TO IBB 
290 UHITE (NERR.LIB) 
299 CALL EXITU) 
«IH IBB CALL DVHl 
3B1 GO TO 2B 
3B2 C 
3B3 C 
3B4 I IB FORMAT I41H LfiST CARD MUST BE END..REPEBT DR CONTINUE) 
3B5 120 FORMAT i v , 2BX. 21H+++TMAX APPROACHED+++) 
3B6 END 
3B? C 
3BS C 
3B9 
3LB C 
311 C DVH1 READS AND ECHOES THE DATA SET 

313 COMMON /UNIT/ IM,NMP 
314 COMMON -'HAT/ MP(35,13).EPC35. IB),SC2.45-13)-EX(5B) 
315 COMMON /COIV NC0MP,NC5.HE.NS.TMAX-NC3-NB.Nt-NZ,NF 
316 COMMON -'PLT-- NPLOTS.PLOTI,PLOTDC15,4).PL0TT.PTYPE 
317 COMMON ,-OUT-- NOUTPT,HLINE,NCAL-NPR,NSAVE,NHUMO 
31B COMMON /GERR/ JSTflRT. IMETH,TIME.H,HH,HINC.EPS..T-INTFL 
319 COMMON /-IO-' NIN-NOUT.NERR-NPOINT.NPRT 
32B ;OMMDN.'LARM/STtlJPRCHTJEMC,EMSTII,EMPRCT 
321 DIMEHSIOH AMC2B0),SSI2-45.11) 
322 DIMENSION ITAGC3B).. JTAGC3B) 
323 C 
324 C EQUIPMENT (UNIT) MODULE NAMES 
325 C 
326 DATA 1TAG/4HSTGI.4HCONT.4HPIPE-4HPUMP.4HEXTR.4HPREC 
327 1.4HEVAP,4HGMTR,4HVALV,21*4H 
32B DATA JTAG/4KDL' - 4HLR ,4H ,4H ,4HTR -4H1P 
329 1.4HTR ,4HNS -22*4H ' 
33B C 
331 !F fJSTART.HE.B) GO TO 31B 
332 I.IRITC (N0UT,39B) 

334 C DEFAULT VALUES 
335 C 
336 EMC=B.B 
33/ HIST* I 
33B NFIN-6 
339 MB" 1 
34B HF=B 
341 MAXNE=35 
342 TIME=O.B 
343 ISTIFF=2 
344 MITER=2 
345 H=1.BE-BB 
346 HCOMP=l 
347 HMP-5 
34B TMflX=lB.B 
349 HPR-1 
350 EPS=B.BB1 
351 NOUTPT-0 
352 NIIUMO=0 
353 NL[Hl>B 
354 HCAL=B 
355 HOMES=B 
356 XMIM=1.0E-B6 
35? STD=B.B 
35B' PRCHT=B.B 
359 EMSTD-B.B 
360 EMPRCT-B.B 
361 IIPRT-t 
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362 C 
363 C RERD ftHD COPY TITLE 
364 c 365 IB READ tHIII,41B) ( F H K n . I - 1 . IB) 
366 IJRITE (H0UT.4BB) tf lMCI), 1 -1 , IB) 
367 IF CfiM(I).HE.4HBEGI) GO TO IB 
368 c 363 c REDD SIMULATION DATA 
37B c 371 2B CALL GET CN.M.X. 1) 
372 IF (H.E0.4HN0HS) ISTIFF-1 
373 IF fN.E0.4HC0MP) iicaMP=x+fl.05 
374 IF CN.E0.4HIMV0) NMPaX+0.05 
375 IF IN.E0.4HFEED) NB-X+B.B5 
376 IF tll.E0.4HC0UP) IIF=X+B.B5 
377 IF CH.E0.4HFIR51 H15T-X+.B5 
37B TF rN.E0.4M.AST) HFIN=X+.B5 
373 IF rll.EG.4HTIME) TMAX-X 
3B0 IF (II.EQ.4HII0 0) HPR=>X+B.05 
3B1 IF rll.ECI.4HT8LE) EPS'X 
3B2 IF (H.ED.4HITER) NPRT-X-t-0.85 
383 IF (II.E0.4HN0IS) STIl-X 
384 IF rll.ED.4HPERC) PRCNT-X 
385 IF IH.E0.4HI1EAS) EI1STH=X 
3BG IF lN.E0.4HH HO) EMPRCT-X 
3B7 IF rll.E0.4H0UTP) NOUTPT= 1 
3BB IF (N.EQ.4HMUM0) NHUMO-1 
383 IF (M.E0.4HLINE) MLIIIE-1 
39B IF (II.E0.4HCBLP) HCHL-1 
331 IF (N.E0.4HHOME) N0MES=1 
332 IF (N.E0.4HI1IHP) XMIH=X 
333 IF UI.E0.4HIIITE) MITER=X+0.B5 
394 IF (II.E0.4HBELT1 H=X 
335 IF (II.E0.4HLIBR) GO TO 38 
336 IF IN.E8.4HPRBC1 GO TO 5B 
337 GO TO 28 
338 C 
393 c READ HEW UNIT MODULE NAME 
4BB c 
4B1 30 HLIB=X+0.B5 
402 118 40 1=1,ML ID 
403 CULL GET (N.M.X, B) 
404 J»> <+fl. 05 
405 ITBGU)=N 
486 JTBG(J)"M 
487 48 CONTIMUE 
48 B GB TO 20 
483 58 CONTINUE 
41B C 
4 U C REftD EQUIPMENT BfiTft 
412 C 
413 IMETH-lfl*ISTIFF+MITER 
414 Nl = =HlST+2 
415 II2 • •NFIH+2 
416 NB = •NB+1 
417 NMP-NHP+2 
41B PBXHMP-NIT-H 
419 HC3-NCBMP+3 
42B NC5-NC0MP+5 
421 DO BB I = l.HfiXNE 
422 DO 60 J-l-PIAXNMP 
423 l'1P(I,J)=B 
424 68 CONTINUE 
425 DO 70 J= l . 10 
426 EP(I ,J)=O.B 
427 70 CONTINUE 
42B BB CONTINUE 
429 HE' =0 
43B HEX-1 
431 90 CULL GET (N.M.X.I B) 
432 10a IF (N.E0.4HEMD ) GB TO 143 
433 DO 110 I-1-3B 
434 IF CN.EO.ITflE(I) .AND.M.EO.JTAGCI)) GO TO 12B 
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435 118 CONTINUE 436 URITE rHERR.428J N.M 437 CULL EXITU) 438 120 CONTINUE 433 NE-NE+1 440 MP (HE. I)=X+SIGNrB.B5.X) 
441 MP(NE,2i-I 442 READ ININ.45B) CAMC I ) . 1=3.NMP) 
443 DO 130 .1=3.NMP 444 X=AI1tJ) 445 MPrNE.JJ=X<-S[GNrB.B5.X) 446 130 CONTINUE 447 LIRITE I NOUT.-!3B) rrtP(NE.1).I-1.2) 448 URITE (M0UT.47B) CNI1C I ) , t=3,NMP) 
449 REND rHIH.450) CEP1NE.I).1=1,IB) 
450 URITE rN.0UT.47B) CEPCHE. I). 1 = 1. 10) 
451 CALL GET IN.M.X.B) 452 IF (M.NE.4HEXTR) GO TO IBB 
453 HHX=X+B.05 
454 HI1X-NNX+HEX-1 
455 REND IHIN,450) rEXrJ).J'NEX.NMX) 
456 URITE (N0UT.45B) rEXrJ) , J=NEX, NMX) 
457 MPrHE.Hi1P-H)-HEX 
458 HEX-HEX+HNX 
459 GO TO 9B 
460 C 
461 C READ STREAM DATA 
462 C 463 140 CULL GET IH.M.X.B) 464 IF IH.HE.4HSTRE) GO TO 150 465 GO TO 160 
466 150 LRITE UIERR.360) 467 CULL EXITr1) 46S ISO CONTINUE 
469 HS-XH-0.B5 470 DO IBB 1 = 1, IIS 47 1 S i 1. I . 11 = I 472 C 473 C DEFAULT STREAM FLftG 474 C 
475 Srl.I,21=l.B 476 C 477 C DEFAULT FLOU RATE. L^S 
478 C 479 Sr 1.1, 3) =0.0 4SB C 481 C DEFAULT TEMPERATURE. C 
482 C 4B3 Stl. t.4)-25.B 
4B4 C 4B5 C DEFAULT PRESSURE, ATM 486 C 
407 5(1.I.51*1.B 
4BD C 409 C DEFAULT CONCENTRATIONS 490 C 491 DO 170 .1=6, NC5 492 S(l.I.JJ-B.B 49.3 178 CONTINUE 494 180 CONTINUE 495 190 CALL GET nl,M,X,-l) 496 IF 1N.E0.4HEXPL) GO TO 2BB 
497 IF ril.E0.4HEND ) GO TO 250 
49B IF UI.E0.4HSPEC) GO TO 220 
499 GO TO 19B 
50B C 501 C READ STREAM VALUES FOR SPECIFIC STREAMS NUMBERED A M U ) 502 C 503 2BB READ CNIN.44B) IT, CAMC I) . 1-1.5) 504 IF (IT.E0.4HEND ) GO TO 250 505 READ CNIIU45B) M M U ) . I-G.NC5) 5BS M«AMr.l)+B.B5 50? DO 21B I=1.NC5 50S Stl.N.I)-fiMCI) 
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509 2IB COHTIHUE 
5 IB GO TO 1SB 
511 22B HN1-X+8.8S 
512 C 
513 C READ STREAM VALUES FOR STREAM «M(1> INTO STREAMS X TO AMU) 
514 C 
515 READ CNIN,45B) CAMCI) - >1,NC5) 
516 HN2=AI1U)+B.B5 
517 DO 24B 1-HM.HH2 
51B DO 23B J«2,NC5 
519 SCL, I.J)-AM(J) 
52B 23B CONTINUE 
521 S(1-I.L)-I 
522 24B CONTINUE 
523 GO TO 130 
524 25B DO 270 1=1-NS 
525 WRITE (N0UT,46B) tS( 1. I. J)-J-US) 
52G URITE (H0UT,4?B) C5CI, I.J). J-G,HC5) 
52? DO 26B J=1.HC5 
52B SC2.I.J)=B.B 
529 260 CONTINUE 
530 27B CONTINUE 
531 C 
532 C GET PHYSICAL PROPERTIES DATA 
533 C 
534 CALL PROPS 
535 HSAVE-NNUMD+HLINE+MCAL 
536 IF (HSAVE.EB.B) RETURN 
537 C 
53B C READ GRAPHICAL DATA 
533 C 
54B CALL GET (N,M,X,B) 
541 IF CN.NE.4HGRAP) GO TO 2BB 
542 GO TO 23B 
543 2BB URITE CHERR.37B) 
544 CALL EXITC1) 
545 23B CONTINUE 
546 HPL0TS=X+B.a5 
54? READ CM IN,450) PLDTI.PTYPE 
548 URITE CNBUT,47B) PLDTI.PTYPE 
543 DO 3DB I=1,NPL0TS 
55B READ (NIH.45B) (PLOTDC I - J ) , J -1 ,4 ) 
551 URITE (N0UT,4?B:I CPLOTDCI. J).>1.4) 
552 3BB CONTINUE 
553 RETURN 
554 C 
555 C READ CONTINUATION DATA 
556 C 
557 3IB CBNTIHUE 
^53 H=B.BBBBBBB1 
559 TMBXl-TMBX 
56B 32B CALL GET (11,11, X, 1) 
561 IF CN.E0.4HTIME) TMAX=X 
562 IF CH.ED.4HNB 0) HPR-X+B.B5 
563 IF (II.Ea.4HITER) NPRT=-X+B.a5 
564 IF CN.E0.4HTIME) GO TD 320 
565 IF CN.En.4HN0 0) GO TO 32B 
566 IF (H.E0.4HITER) GO TO 32B 
567 HIHC-CTHHX-THflXl)/HPR 
56B IF (N.E0.4HSTRE) GO TO 33B 
563 IF (N.EQ.4HE0UI) GO TO 35B 
570 IF (N.ED.4HEND ) RETURN 
571 URITE CNERR,3BB) 
572 CALL EX IT t l ) 
573 33B NOS-X+0.05 
574 READ 01111.450) CSSU.NOS,J),J- I .NC5) 
5?5 DO 331 J-1,NC5 
576 IF(SSa,HDS,J) .HE.O.B) S t t.NDS, J)=SSt l.NDS, J) 
57? 331 CONTINUE 
578 URITE UIDUT,4?0) CSC1,N0S,J)-J-1.NC5) 
579 DO 34B J=1,NC5 
5BB SC2,N0S-J)=S(l ,N0S-J) 
5B1 34B CONTINUE 
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5B2 GD TD 320 
583 350 NOEP-X+0.05 
584 READ iNIN.450) (EP (NOEP. J). J= 1-10) 
5B5 URITE <NOUT,470) (EPINOEP,J).J-1.IB) 
506 GO TD 320 
SB? C 
SBB C 
5BS C FREE FORMAT (DEC SYSTEM-10) 
59B C 
591 C 44 F0RMAT(R4,5F) 
592 C 45 F0RI1BTI5F) 
593 C 
594 3SB FORMAT (27H STREAMS CORD SHOULD FDLLOU) 
535 3?B FORMAT (?5H GRAPH CARD SHOULD FOLLOU) 
596 3B0 FORMAT C2?H ERROR IN CONTINUATION DATA) 
59? 39B FORMAT (IHl) 
598 4BU FORMAT (IX,1BA4) 
599 4lB FORMAT l'lbH4) 
600 420 FORMAT (ISH EQUIPMENT NAME .2A4.21H HAS NOT BEEN DEFINED) 
601 43B FORMAT (5H UNIT.13,6H TYPE,13) 
602 44B FORMAT (H4,8X.5F12,B) 
603 45B FORMAT tI2K.5F12.5) 
604 4BB FORMAT (7H STREAM,5X,5F12.5) 
6B5 4?B FORMAT U2X,5F12.5) 
GB6 49B FORMAT (/47HHLL SCK. 1.3) AND EPCIM..3 AND 4) ARE DIVIDED BY .2X.FS.3) 
60? END 
SOB SUBROUTINE GET (NAME1.NAME2.X.IFG) 
603 C 
610 C GET IS CALLED BY DYN1 TO READ AMD ECHO THE ALPHANUMERIC 
611 C DATA U0RD5 OF THE DATA SET 
612 C 
613 COMMON . ' ID, ' M IH,NOUT.NERR,NPDINT 
614 10 READ IHtH,60) NAME I , NAME2,NAMES, X 
615 IF (NAMEl.HE.4H ) GO TO 2B 
616 IF (ABS(X).LT.l.BE-20) GD TO 10 
61? URITE H1ERR,?B) 
61B GO TD 10 
619 2B CONTINUE 
620 IF (ABSIX) .LT. l .BE-20) GO TO 30 
621 IF r iFGI 30-40,50 
622 3B WRITE i WHIT. 90) NAME1,NAME2,HAME3 
623 RETURN 
624 40 N=X<-BIGN<0.01.X) 
625 URITE (I1OUT.S0) NAME 1.NAME2. NAME3.N 
626 RETURN 
62? 50 WRITE (NOUT.90) NAME1.HAME2,HHME3.X 
62B RETURN 
629 C 
63D C FREE FORMAT (DEC SYSTEM-IB) 
631 C 
632 C 6 FORMAT!3H4.5F) 
633 C 
634 C 
635 SB FORMAT I3A4..F12.B) 
636 70 FORMAT l'46H UBRNING - DATA SKIPPED UHILE READING KEYWORDS) 
63? SB FDRMAT (IX, 3A4, 111) 
638 30 FDRMAT I. IX, 3A4-Fl 1.5) 
£3.9 EHD 
640 SUBROUTINE DYN2CN.T.Y.YDOT) 641 C 
642 C DYN2 IS CALLED BY THE INTEGRATOR PROGRAM (DRIVE) 
643 C DYH2 MARCHES DOUM THE PROCESS MATRIX. CALLING THE SUBROUTINES 
644 C REPRESENTING THE DIFFERENT UNIT COMPUTBTIONS TO BE EXECUTED 
645 C OH BOTH THE PREDICTOR AND CORRECTOR STEPS 
646 C 
64? COMMDN •UNIT.' II1.NMP 
648 COMMON .'HAT.' MPC35, 13) ,EP(35. IB) . 5 ( 2 . 4 5 , 13). EXC5B) 
649 COMMDN .'COIV NC0MP.NC5.NE,NS, TMAX.NC3.NB.H1, H2.NF 
650 COMMDH .-GERR' JSTART. IMETH, TIME- H, H INC. EPS, TT, INTFL 
651 DIMENSION YDDT(N).YCH) 
652 IF (NB.GE.HF) GO TO 6 
653 N-8 
654 C 
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655 C CONVERT VECTOR TO VARIABLE MATRIX 
656 Z 
657 DO 5 I«HB.HF 
658 DO 4 J =411 .112 
659 ll-H-M 
660 Si 1. I.J) ='i'UU 
661 4 CONTINUE 
662 5 CONTINUE 
663 S CONTINUE 
6S4 IiD 320 II-M.NE 
665 HTYPE-l'1Pril"l.2) 
666 GD TO rIB.20.30,40,50,60,70, B0, 90,10B, 110,120,130,140.150.1S0.170. 
667 IIBB. 190.200.210,220.230,240,250.260.270-200,290.300"). NTYPE 
hbEi IB CALL TVPE1 
669 GO TO 310 
670 20 CALL TVPE2 
671 GD TO 310 
672 3B CALL TYPES 
673 GO TO 310 
674 40 CALL TYPE4 
675 GO TO 310 
676 50 CALL TYPES 
677 GO TO 310 
S7B 60 CALL TYPEG 
679 GO Til 310 
680 7B CALL TYPE? 
681 GO TO 31B 
682 00 CULL TYPE8 
683 GO TO 310 
6B4 90 CI II 1. TYPE 9 
685 CO HI 310 
606 100 CALL TYPE 10 
687 GD TO 310 
688 110 CALL TYPE 11 
S M GO TO 310 
690 128 CALL TYPE 12 
69 1 GO TO 310 
'97 130 CALL TYPE 13 
693 GO TD 310 
694 140 CALL TYPE 14 
G95 GO TO 310 
696 ISB CALL TYPE 15 
697 GO TO 310 
698 160 CALL TYPE 16 
699 GD TO 310 
780 17B CALL TYPE 17 
701 GD TO 310 
702 IBB CALL TYPE 18 
703 GD TD 310 
704 190 CALL TYPE 19 
70S GO TO 310 
706 2B0 CALL TYPE20 
7B7 GD TD 310 
7BB 210 CALL TYPE21 
709 GD TD 310 
710 220 CALL TYPE22 
711 GO TD 310 
712 230 CALL TYPE23 
713 GD TO 31B 
7 14 24B CALL TYPE24 
715 GD TO 310 
716 250 CALL TYPE25 
717 GD TO 310 
718 2S0 CALL TYPE2S 
719 GO TO 310 
720 270 CALL TYPE27 
721 GO TO 310 
722 280 CALL TYPE2B 
723 GO TO 310 
724 290 CALL TYPE29 
725 GO TO 310 
726 300 CHLL TYPE30 
72- 310 CONTINUE 
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72B 32B COHTIHUE 
729 IF 'NB.GE.NF) GO TO 342 
730 H=B 
731 C 
732 C CONVERT VARIABLE MATRIX TD VECTOR 
733 C 
734 HO 341 l=HB,NF 
735 PO 340 >H1.N2 
73b N=N+I 
737 VIlQTlHi=Si2- I .J) 
73B 340 CONTINUE 
733 341 COHTIHUE 
740 342 COHTIHUE 
741 RETURN 
742 END 
743 SUBROUTINE OUTPUTS 
744 C 
745 C THIS SUBROUTIHE PRINTS THE RESULTS 
716 C 
747 C IF STREAM FLAG IS -VE.STREAM IS NOT PRINTED 
74B C IF EOUIPMEHT NUMBER IS -VE.1ST 5 EQUIPMENT PARAMETERS ARE PRINTED 
743 C F RST EDUIPMENT PARAMETER IS ALLIA7S MASS OF 
750 C CDI-.PDNEHT TUD 
751 C 
752 COMMON /MAT/ MP(35.13) ,EP(35. IB) .SC2.45. 13),EXC50) 
753 COMMON /CDH./ HC0MP.NC5,NE,HS,TMAX,HC3.ND,N1ST.NFIN 
754 COMMON 'GERR.' JSTHRT, IMETH. TIME..H.HH..H IHCEPS. T, IHTFL 
755 COnnOH / U V HIH.NOUT.NERR.HPOINT 
756 IF IJSTHPT.EO.Di URITE (H0UT.3B) 
757 URITE (H0UT.4BI TIME 
75B URITE IHDUT.50) 
753 HO IB 1 = 1. IIS 
760 IF i S i 1 • 1 . 2 ) . L T . B . 0 ) GO TD IB 
761 HN-SI I . I . 1 i i-H . 0 I 
7E2 WRITE IH0UT.7BI NM,(S<1, I .J) .J=3.NC5) 
763 10 CONTINUE 
764 110 2U 1-1 -HE 
765 IF iMPi I .1 i .GT.O) GO TD 20 
766 K"IftBSM1P( I . I) l 
767 URITE IH0UT.6B) K , ( E P f I . J ) . J = 1 . 5 ) 
7EB 2D CONTINUE 
763 RETURN 
770 C 
77 1 C 
772 30 FORMAT r |HI ) 
773 40 FORMAT </// IX,5C1HS) ,5X. 30HPR0CESS VARIABLES AT TIME - .E11.5.5X 
774 l ,5 i lHS) / i 
775 5B FORMAT I47H STREAM FLOU TEMP PRES COMPONENTS,/) 
776 60 FORMAT I1H0,5X. [3 , 5X.5F15.5) 
777 ?B FDRHIIT I IX. 15, F 12. 3, 2FB. 1. 1X.5F9 .5, ••". 35X.5F9 .S) 
77B END 
779 SUBROUTIHE SAVEP 
78B C 
781 C THIS SUBROUTINE SAVES POINTS FDR USE BY GRAPHICAL OUTPUT ROUTINES 
782 C 
7B3 COMMON /MAT/ MPC35, 13) -EPC35. 10) .SC2.45. 13) ,EXC50) 
7B4 COMMON /PLT / MPLOTS,PLOTI.PLOTD(15,4).PLOTT 
7B5 COMMON .'GERR/ JSTART- IMETH.TIME.H, HH.HINCEPS.T, INTFL 
7B6 COMMON /GRAPHC/ NPTS. TPLOTUSO0), YPLDTC 1500. 15.) .XPLDTC1000) 
707 COMMON /10 / ' N IN, NOUT.NERR.NPO [NT 
70S COMIION/LARIVSTD, PRCHT. EMC, EMSTD, EMPRCT 
783 C 
790 C NOTE - SUBROUTINE IS DIMENSIONED FDR HPTMAX POINTS 
791 C 
792 C — SEE TPLDT AMD VPLOT ABOVE 
793 C 
794 DATA NPTMNX/15QD,' 
795 C 
796 C IHITIAL POINT IS SAVED 
797 C 
79B IF (JSTWRT.EB.0) GO TO IB 
799 C 
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BB0 C DETERMINE WHETHER TO SAVE POINT 
BB1 C PLDTT IS TIME VALUE GF PREVIOUS POINT SflVED 
DBS C PLOTI IS APPROX TUICE INCREMENT OF TIME 
BBS C 
BB4 XSPACE*i.TII1E-PLOTT>/PLaTI 
BOS NSPBCE=XSPACE 
BB6 YSPACE=MSPACE 
80? IF UXSPACE-YSPRCE).GT.0.5) NSPACE=N5PBCE+t 
BOB IF fHSPBCE.LT.1) RETURN 
BBS IB CONTINUE 
BIB C 
B l l C NPTS COUNTS NUMBER OF POINT7.. MUST BE .LE.NPTMBX 
812 C 
B13 HPTS=NPTS+1 
BI4 IF CHPTS.GT.NPTMBXi GO TO 3B 
015 DO 20 IM.HPLOTS 
016 Nl=PLOTDl 1, D+0 .01 
01? N2=PLOTIKI.2)+B.01 
01B C 
BI9 C STORE DEPENDENT VALUE IN VPLOT 
820 C 
D21 YPLOTcNPTS. I) =5 11- 111, N2) 
B22 DUM-VPLOTIHPTS,I) 
B23 CALL NOISE (l.DUM.EMSTD,EMPRCT.EMC) 
B24 VPLDTlHPTS, D-DUM 
B25 2B CONTINUE 
B2G C 
02? C STORE TIME VALUE IN TPLOT 
B2B C 
829 TPLOTiHPTSJ-TIME 
830 C 
831 C UPDATE PREVIOUS TIME VALUE 
832 C 
B33 PL0TT-1IME 
B34 RETURN 
835 30 URITE IIIERR.40J 
B3G CALL EXITU) 
H37 C 
B3B C 
B39 4B FORMAT (36H NOT ENOUGH POINTS IN COMMQN/GRAPHC/) 
B40 END 
B41 SUBROUTINE URITEP 
042 C 
843 C THIS SUBROUTINE URITES THE SAVED POINTS ONTO DEVICE NPOINT 
B44 C THIS COULD BE A DISK FILE BR LINE PRINTER 
045 C 
B46 COMMON /GERR/ JSTHRT, IMETH.TIME.H.HH.H INC,EPS 
84? COMMON /GRRPHC/ NPTS,TPLOTf 150B) .YPLOTC 1500, 15).XPL0TC 1000) 
B4B COMMON /PLT / HPLOTS,PLOTI,PLOTDC15,4),PLOTT,PTVPE.NSTATE 
849 COMMON /CON/' NC0I"IP.HC5.NE. NS, TMHX.NC3.NB,N 1, N2, NF 
850 COMMON / I 0 / Hill,NOUT.NERR. NPOINT 
851 URITE (HPOINT, IBB) TIME-CXPLDTCIO,K=1,NSTATE) 
B52 2B CONTINUE 
B53 RETURN 
B54 C 
B55 C 
B56 38 FBRMBT ( I H l ) 
B5? 4B FBRMBT (22H NUMBER OF VARIABLES = ,13 . / ) 
S5B 50 FORMAT (19H NUMBER OF POINTS = , 1 4 , / / / ) 
B59 6fl FORMBT (?H COLUMN. 9X.BHVBRIRBLE.24X, 5HRAHGE,/) 
BBS ?fl FBRMBT C4X, LHt,?X.4HTIME. 1BX.2E14.5) 
B61 BB FORMBT C2X,[3,?X, EHSTREAM,13,IX,A4, 2H ( , 12, 1H) ,3X,2E14.5) 
862 SB FBRMBT C//J 
BS3 IBB FORMBT (6F12.3) 
BB4 END 
B65 SUBROUTINE LPLDT 
BG6 C 
86? C THIS SUBROUTINE CREATES A LINEPLOT OF THE DESIRED OUTPUT VARIABLES 
8GB C LINEPLOT CAN BE EITHER 5B OR 100 SPACES WIDE 
069 C 
B?0 COMMON /PLT / HPL0TS-PL0TI,PL0TDC15,4),PLQTT,PT¥PE 
BPI COMMON /GRAPHC/ NPTS,TPLOTC150B).YPLOTC1500,15).XPLOTC1BB0) 
B?2 COMMON / I 0 / NIN,NDUT,NERR-NPDINT 

44 



B?3 DIMENSION I5TRI1U1), ISYHC15). IL INEUIB) 
8?4 C 
8?S C FIFTEEN LINES CBN BE PLOTTED 

8?? DATA [Syrt ' lHB- lHB-1HC-1HD.. 1HE. INF. IHG.1HH-1HI,LHJ,IHK-1HL,1HM,1HN, 
8?B HHC-" 
B79 DATA ISTRI1/4HSTRIi,4HFLRG-4HFLOI,J-4HTEMP-4HPRES-4HCMPl-4HCnP2-4HCI1P3 
888 1-4HCI1P4.4HCMP5-4HCMPG/ 
881 C 
882 C DETERMINE WIDTH OF LIMEPLBT 
883 C 
884 SCALE=1BB.B 
885 NTYPE"PTYPE+B.B1 
886 IF tHTVPE.HE.Dl SCALE=5B.0 
BB? NSCBLE=5CHLE+8.0l 
8BB URITE (HERR-16B) 
889 DO IB I=l.HPLOTS 
890 Ml-PLOTIH I . D+B.B1 
891 H2=PL0T[nI.21+B.B1 
892 WRITE IHERR.170) [SYMC I) - N l , ISTRM(H2) -PLOTD C1-3)- PLOTD (1.4) 
893 IB CDHTINUE 
894 H1-MSCHLE/5-H 
895 H2=1S-HSCALE/I0 
B9S DD 20 1=1.HI 
89? ILINEiIi=M2*CI-lj 
898 2B CPHTIHUE 
899 UFITE IHERR.IBB) (ILIHECI), 1=1-H1) 
9BB IF (NSCALE.EO.EB) GO TO 3B 
931 URITE UIERR. 19B) 
902 GO TO 4B 
983 30 URITE 1HERR.2BB) 
9B4 4B CONTINUE 
9BS C 
9BS DO 14B K-l.NPTS 
90? IF IK.EO.1J ED TD 5B 
9B8 C 
909 C CALCULATE HUI1BER OF LINES TD SKIP 
9LB C 
•3 11 XSPBCE= I T P L O T l I! I -TPLOTCK- 1 ) ) - 'PLOTI 
912 HSPflCE-XSPRCE 
D 13 YSPACE=HSPBCE 
914 IF CfXSPACE-YSPACE) .GT.0.5) NSPBCE=NSPACE+1 
9 1 5 GO TO 6B 
916 50 MSPACE'I 
91? 6B CONTINUE 
918 C 
919 C SET UP A LINE 
92B C 
921 DB ?B 1=2. 110 
922 ILINEcIl=r1H ) 
923 ?B CONTINUE 
924 ILINECIJ=IH. 
925 Nl=MSCALE+l 
926 IL IIIEUI III = IH . 
92? NSPNCE=HSPACE-1 
928 IF iMSPACE.EO.B) GO TO 9B 
929 DD 80 I-1-NSPBCE 
930 URITE (HERR.15B) (ILINE(J).J-1.N1) 
931 SB CONTINUE 
932 C SET UP HEU LINE 
933 90 DO 130 I-l.NPLOTS 
934 C 
935 C SCALE DEPENDENT VARIABLE FROM 1 TO BCBLE+1 
93G C 
93? >»l3-(VPL0Tl.K-n-PLDTD(I-3))*SCALE/'(PL0TD(r-<t)-PL0TIKI,3))-l-l.B 
938 C 
939 C ROUND OFF TD NEAREST INTEGER 
94B C 
941 M3-XN3+0.5 
942 IF (N3.LT.1.0R.N3.GT.(N3CfiLE+m GO TO 13B 
943 IF aL[HE(N3).NE.JH .AND.ILIHECH3),NE.IH.) GO TO IBB 
944 ILINE(N3) = ISVI'Un 
945 GO TO 13B 
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946 IBB NMISCALE+3 
94? N2-HSCBLE+9 
94B DO 110 J=Nl,H2,3 
949 IF UL!HE(J ) .EO. IH ) GO TO 120 
95B 110 CONTINUE 
951 GO TO 130 
952 120 ILtNE(J)=ILINE(M3) 
953 ILtHE(J + n=ISVMCI) 
954 130 CONTINUE 
955 C 
956 C PRINT LINE 
957 C 
958 NWI5CALE + 1B 
959 WRITE (HERR,210) TPLOT(K) , ( I L INE(J ) , J -1 - Nl) 
960 140 CONTINUE 
961 RETURN 
962 C 
963 C 
964 150 FORMFIT CBX. 101AI) 
965 160 FORMAT f I H I , 6HSYMB0L.5X.6HSTREAM.5X, BHVARIABLE. 17X.5HRANGE) 
966 l?B FORMAT I IH0.2X,A2.aX. 13.9X.A4.5X.2F14.5) 
96? IB0 FORMAT ( / ' .V/4X.21I5) 
96B 190 FORMAT 14X.4H 2 K 5 H I )1 
963 200 FORMAT (4K.4H 1U5HI J) 
970 210 FORMAT t1K.E9.3,1H-.107A1) 
9?1 END 
972 C 
973 SUBROUTINE CFILPLT 
974 C 
975 C THIS SUBROUTINE CREATES ft GRPIPH OF THE DESIRED OUTPUT 
976 C VARIABLES ON THE DDB0 PLOTTER 
977 C THIS SUBROUTINE MAY BE MACHINE DEPENDENT 
978 C 
379 C0MM0N/C0N.'NC0MP.NC5. NE. HS,TMAX. NC3 
9B0 CaMM0N,'PLT,'HPL0TS.PL0TI.PL0TD(l5.4).PL0TT 
9Bt COMMOM/GfiAPHC/HPTS.TPLOTC1500),YPLDT<15BB.15) 
982 DIMENSION ISTRM( l l ) . ISYMC15) 
9B3 DHTH IS ' i lV lHf i , IHB. 1HC. 1HD. 1HE. IHF, IHG, IHH- 1HI, IHJ, 1HK, 1HL- IHM, 1HN, 
9B4 11H0.' 
9B5 DATA ISTRM/4H5TRM.4HFLAG,4HFLOLI.4HTEMP..4HPRES,4HCMPl,4HCMP2.4HCMP3 
9B6 1,4HCMP4.4HCMP5,4HCMP6.' 
9B7 DIMENSION YDU000) 
988 CULL KEEPB0 (4RPLTX) 
9S9 CALL FRAME 
990 CALL MflPK (9 . 0 .0 . TMAX.0.0, 1 0 0 . 0 , 0 . 1 . D . 9 B . 0 . I , 0 . ? ) 
991 C 
992 C LflBEL AXES 
993 C 
994 CALL SETCH (2.0,32.0,1,0,1.1,0) 
995 CHLL CRTBCII (GHOUTPUT) 
996 CHLL SETCH (45.3,2.0.1,0,1,0,0) 
997 COLL CRTBCII (4HTIME) 
99B C 
999 C PLOT K-l.NPLOTS CURVES UITH LABELS 

1000 L 
1001 BO 20 KM.NPLDTS 
1002 DO 10 J-l,NPTS 
1003 C 
1004 C SCALE DEPENDENT VARIABLE FROM 0-100 
1005 C 
1006 YD(j) = <YPLOT(J.IO-PLOTD(K.3))*100.0APLaTD(K.4)-PLOTDCK,3)) 
1007 10 CONTINUE 
100B C 
1009 C PLOT CURVES UITH LABES 
1010 C 
1011 CALL SETPCH (1 ,0 ,1 .0 ,100 ) 
1012 i:iBVI1= [SYI1CI0 
10!3 CALL PDINTC CKISYM.TPLOT. YD.HPTS) 
1014 C 
1015 C WRITE HEADING 
1016 C 
IB IP AK-K 
10 IS VL-42.0-AK 
1019 IPLOTH=Pl.DTD(K. 1) 
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1B2B I1PL0T=PL0TD(K.2 ) 
1021 CALL SETCH ( 2 5 . 0 . Y L , l , l 3 , 1 , 0 , 0 ) 
1022 URITE U B B . 4 B ) ( I S Y M C K ) . IPLOTD. ISTRMCMPLOT) -. P L 0 T D C K , 3 ) . 
IB23 1 P L D T D ( K . 4 H 
I P 2 4 4B FORMAT l A l . B H STREAM , I 2 , 3 X , A 4 , 3 X . F 1 2 . 5 , 3 H - , F 1 2 . 5 ) 
I B 2 5 20 CONTINUE 
1026 CULL SETCH r 6 . 0 , 3 0 . 0 , l . . 0 , 2 . 0 , 0 ) 
IBS? CULL CRTBCD (SHLEGEHD) 
IS2B RETURN 
IB29 END 
IB3B SUBROUTINE PROPS 
! B 3 1 C 
1.032 c THIS SUBROUTINE REfiDB ' THE CONSTANTS FOR COMMON PHYSICAL 
1033 c PROPERTY CORRELATIONS 
1 B34 c PROPERTIES OF HATER OR A IR MAr BE SPECIF IED 
ID35 r 
1 B3G COMMON .-CON.-' HCM'1P,HC5. .HE..NS, T H A / . H C S . M B . N l , .N2 ,MF 
1B3?' COMMON / I O / H IN .NOUT.H ! =RR,NPOIHT 
1B3B COMMON •••PTHB/- TREF..R 
I B 3 9 COMMON .-'PROP/ M U ( . S : i , C P L i : S . L ; j , C V f l ( S . S ) . E H T ( S , . S ) , E N V C 6 , 6 ) . L I 
IB4B L V A P I 6 . 3 > . U I ( G , G ' ) . D N L ( G , 6 ) 
1B4I COMMON .••IPROP.'" NCP,NCV ,NEH,HENV. I L A . IDL 
IQ42 REAL ML). LAM 
1043 c 
1 0 4 4 c DEFAULT VALUES - TEMP IN C: GAS CONSTANT IN L -AT1VK/GM0LE 
1045 c 
IB4G 
1B47 
1 B4B 

DATA TREF .R. '8 . 0 . B. 0B205, " IB4G 
1B47 
1 B4B CALL GET MIAME.M.X, I ) 
IB 49 HPP-.:<:+SIGI'HB.Bl,K'J 
IBSB IF IHAME.NE.4HPRDPJ GO TO 29B 
1BSI IF r i l p p . E D . - l ) GO TO 220 
1B52 IF I N P P . E 0 . - 2 ) GO TO 2 ' 50 
1BS3 U R T E tNOUT, 320 ) NPP 
IBS 4 c 
1B55 DO 2 I 0 H T I h E = l , N P P 
1BS6 CALL GET Ml A ME, I I , X. 1) 
IBS? NCO=X+O.BI 
IBSf] IF I I IAME.E0.4HM0UE) GO TO IB 
1B59 IF I H N M E . E 0 . 4 H C P L I ) GO TO 3B 
IBGB IF iN'HME.E0.4HCPVA) GO TO 5B 
I B S ! IF IHAME.ED.4HEHTL) GO TO 7B 
1062 IF IHHME.E0.4HEHTV) GO TO 90 
IF163 IF IHAME.E0.4HLAMB1 GO TO 110 
1BS4 IF (NAME.E0.4HVR.PR) GO TO 130 
1065 IF (HHME.E0.4HLHLS: i GO TO 150 
I0G6 IF IHAME.EU.4HDEHL:) GO TO 170 
IBS? IF IHAME.E0 .4HTREFI GO TO 190 
IB68 IF INAME.E0.4HR 1 GO TO 2BB 
1061 URITE INEPR.3BB) 
IB7B STOP 
I B ? I IB CONTINUE 
11372 C 
IB73 i " MOLECULAR UEIGHT 
1B?4 c 
IB75 DO 2B I>1.NCOMP 
I.B76 READ I N I H . 3 7 B ) MUCH 
IB?? URITE IH0UT ,3SB) M I K I ) 
IB7B 2B COHTIi-lUE 
1 EPS GO TO 2 LB 
IBBB 3fl CONTINUE 
IBS1 C 
1082 c L I O U I D HEAT CAPACITY 
IBB3 c 
I.BB4 NCP-NCD 
1B85 DO 4B I -1 ,HC0MP 
1B86 READ I N I N , 3 ? B ) C C P L C [ . J ) , J = 1 , N C O ) 
IBB? URITE CM0UT.36B) CCPLCI, J ) - J - 1 . N C O ) 
IB8H 40 CONTINUE 
IBB9 GC TO 2 IB 
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I09S 50 CONTINUE 
1B91 C 
1B92 C VAPOUR HEAT CAPACITY 
1093 C 
I 094 HCV-HCd 
IB9S DB 6H I'I.NCOMP 
IB96 READ m i l l . WH> tCViHI . J ) , J-l.NCO) 
IB9? WRITE Mini.IT.i6Bi rcVfi r [ - .11 - J - 1, NCO; 
IB9B 60 COHTIHIII 
1099 GO TO ? l l l 
1 IBB ?B CfJHTIHUI-
LiBi r 
I 103 I". LlOUIli ENTHALPY 
I 103 C 
1104 NEH-NCO 
I IB5 DB BB 1 = 1 . IICOMP 
I IBB REBD 1HIH.3701 IEHTf l . J ) . J - I ,NCO) 
!IB? URITE MI0UT.36B) rENTr I . J ) , J - l .HCD) 
I IBB BB CDIITIHUE 
I 1 0 1 GB TO 2 IB 
1 1 IB 9B CONTINUF 
I 1 1 1 C 
I 1 12 C VAPOUR ENTHALPY 
1 1 13 C 
I. I l l HENV-MCO 
l l l ! i DO IBB I -1 . NCOMP 
l i l t . REBD rnni . - ;?f l ) (ENVl I . J) . J-1,NED) 
111? IJRiTi: I H B H I . J G B ) lEHVr i . J i , J-l .HEO) 
I 1113 IBB CONTINIJI 
1113 GB Rl 2 IB 
I 12B I IB COHTIMUE 
1121 C 
1122 C l i r i lT I1F VAPOURIZBTION 
I 123 C 
I 124 ILfl-ICQ 
I 125 DB 121:1 1 = 1 .NCDHP 
1.126 REBD (NIN.3?B) (LBI1C I . J ) , J- l .NCB) 
I 12? URITE l IIOUT. 3SBJ fLfi l l f I , .1), J= 1. HCO) 
I I2B 12B CONTINUE 
1123 GO TB 213 
U3B I3B CONTINUE 
1 131 C 
1132 C VAPOUR PRESSURE 
1 133 C 
1134 DO 140 I-1.HC0I1P 
1135 READ MIIH.3?a:i CVBP f I , J ) , J" 1,3) 
1136 URITE IH0UT.36H) CVBP 1.I, J ) , J - l ,3 ) 
113? 14B CONTINUE 
113B GO TB 2IB 
1139 ISB CONTINUE 
114B C 
I 141 C WILSON LIQUID ACTIVITY CBEFFICIENTS 
I 142 C 
1143 DO 1GB I-1.NC0I1P 
1144 READ MI[N.3?B) (UI ( I - J ) . J - I , NLBiF) 
1145 URITE CN0UT.36B) tUI ( I . J J , J - l . NCBI1P) 
1.146 160 CONTINUE 
114? GB TO 2 IB 
1148 l?0 CONTINUE 
1 149 C 
1150 C LIBUID DENSITY 
1151 C 
1152 IDL'NCO 
1153 DO IBB IM.NCDMP 
1154 READ ININ,3?B) (DNLCI,J),J-1,NCO) 
1155 URITE UI0UT.3GB) (DNLCJ.J),J=l.NCD) 
1156 IBB CONTINUE 
1.15? GO TO 2 IB 
U5B 19B CONTINUE 
1159 C 
1160 C REFERENCE TEI1PERBTURE 
1161 C 
1162 TREF-X 
1.163 GO TO SIB 
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I 164 200 COHTI HUE 
i i e a c 
1166 c IDEAL GA5 CONSTANT 
1 16? C 11GB P-X I 169 510 CONTINUE I 1 .'0 GO TO 24B I 171 C 1172 ?2D COHTI HUE I 1 7 S C 1174 C WATER iNPP—1) I 175 C 1176 WRITE IH0UT.340) 1177 TPEF--0. 
1 170 DO 2 3 0 1 = 1 .NCOMP 
1 1 7 9 I lb.1 f I i - I a . 
I 180 CPL( I . 1 i - - IB . 
1101 E H T i I . I i - B . 
1 IBS E l IT i I . 21 M B . 
l l B i [ IHLI I . I 1 * 6 2 . 4 / 1 8 . 
I I B 4 23B COHTI HUE 
1 IB5 24B CULL fiET i H A I l E . H . X - n 
I I B 6 IF IHHME.HE.4HEHD J GO TO 28B 
M B ? PETUPM 
I IBB J ' J B [.OUT I HUE 
I IB9 r 
I ISO r A | P I ' I P P > - 2 I 
i i a i r 
I ID? WPiTE M I B U T . J S B I 
I I93 TPEFH. 
I 194 HO 2f,[l I - I . liruilP 
I 195 ll!,n | i ?9. 
I 196 ,?GP C.rjMT I tILit 
1197 ni l 27ri n r i H E * i . 2 
1 19B LULL l.ET ' Hill IE . 11. X . I I 
I I99 IF nmnr . FI1.4HEHD ) RETURN 
I2BB IF i Hunt .I I1.4HR i P=X 
!20 l 270 nOIITINUr 
12B2 C 1203 ?BB WRITE CNFPR.3I01 I2B4 STOP 1205 29B WRITE iHIPP.330 I 1206 STOP 
1207 c 
12GH C 
1209 C FREE FORMAT IDEC SYSTEM-IB) 
1210 C 
1211 C 37 F0RI1ATI5FI 
1212 C 1213 300 FORMAT I25H ERROR IN PROPERTIES DATR) 1214 310 FORMAT i23H END CARD SHOULD FOLLOW) 1215 320 FORMAT I.15H PROPERTY TABLE. 14,8H ENTRIES) 1216 330 FORMAT 13011 PROPERTIES CARD SHOULD FOLLOW) 1217 340 FORMAT I20H PROPERTIES AS WATER) 12 IB 350 FORMAT I1BH PROPERTIES AS AIR) 
1219 360 FORMAT f 12X, 5F 12. 5.) 
1220 370 FORMAT r12X,5F12.5) 
1221 END 122Z C 1223 SUBROUTINE MOUE CIU.I5.M0W) 1224 C 1225 C IU - I 
122G C IS-STREAM NUMBER 
1227 C MDW-AVERAGE MOLECULAR WEIGHT 
122B C 1229 COMMON /MAT/ MPI35, 13) -EPC35. 10).SC2.45,13).EX(50) 1230 COMMON /CON/ NCOMP. NC5.NE,NS.TMflX,NC3, MB. N1.N2.NF 1231 COMMON /PROP/ MWC6).CPLCG.G),CVA(6.S),ENTCG.6).ENVCS.S).LAMC6.6). 1232 lVHPt6.3).WICG.S),DNL(6,6) 1233 R E A L MW..MOW 1234 C 1235 MOW=0. 
1.236 00 13 r- l .HCWP 
1237 HC'I+S 
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18 
123S 
1233 
1240 
1241 
1242 
"H543 
1244 
1245 
1246 
124? 
124B 
1249 
125B 
1251 
1252 
1253 
1254 
1255 
125G 
125? 
125B 
125S 
1260 
126 I 
1262 
1263 
1264 
1265 
1266 
1267 
12GS 
1.263 
1270 
1271 
1272 
1273 
i 274 
1275 
127G 
1277 
127B 
1273 
1280 
12B1 
1282 
1283 
12B4 
12B5 
1286 
1287 
128B 
1283 2B 
1290 
1291 
1292 
1233 C 
1294 C 
1235 C 
1296 C 
1297 C 
1298 C 
1293 C 
1300 
1301 
1302 
1303 
1304 
1.305 
1306 C 
1307 
130B 
1303 
1310 

IB 

MOU-MQIJ+MUC[)*S([U, IS,NO 
CONTINUE 
RETURN 
END 
SUBROUTINE CPL1 CIU.IS.C) 

IU = 1 
rS-LinUID STREAM NUMBER 

" C-AVERAGE LI0UID HEAT CAPACITY 

COMMON /MAT/ MPC35. 13).EPC35. 10).SC2.45. 13)jEXt50) 
COMMON /CON/" H C 0 M P ; N C 5 . N E . N S . T M P I X , H C 3 . N B . ' N I J N 2 . N F 
COMMON /PTAB/ TREF.R 
COMMON .••PROP.' MUC6),CPLC6,6),CVHC6,6).EHTC6J6).ENVC6,6),LAMC6.6). 

lVAPC6,3:i,UlCG.6),DNLC6.6) 
COMMON /IPROP/ HCP,NCV,NEN,NEHV, ILA,IDL 

T=SCIU,IS,4)+TREF I ' 
c:=o. 
DO 20 I-l.NCOMP 
NC-I+5 
CP=CPLCI, 1) 
DO 10 J-2.NCP 
CP=CP-t-CPLCI.J)*T**CJ-l) 
CONTINUE 
C=C+CP*SfIU.IS,HC) 
CONTINUE 
RETURN 
END 
SUBROUTINE CPVA CIU.IS.C) 

1 IU 
I5-VAP0UR STREAM NUMBER 
C-AVERAGE VAPOUR HEAT CAPACITY 

COMMON /MAT/' MPC35,13),EPC35.10),SC2,45,13):EXC5B) 
COMMON /CON/ NCOHP, HC5, HE. MS. TMAX, NC3, NB. H 1> N2. HF 
COMMON /PTAB/ TREF,R 
COMMON .'PROP/ l'1UC£).CPLC6,6),CVAC£, 6 ) . ENTCGiG)-ENVCG.G). LAMCG.fi), 

1VAP Cfi, 3 ) . U IC6,6) , DNL (6 .6) 
COMMON /IPROP/ NCP,NCV,HEN,NEHV,[LA, IDL 

T=SCIU, IS,4)+TREF 
C=0. 
DO 20 [-1.HCOI1P 
NC=I+5 
CPV=CVAC[,1) 
DO 10 J-2.NCV 
CPV=CPV+CVA CI, J ) *T**CJ-1) 
CONTINUE 
C-C+SCIU. IS,HC)*CPV 
CONTINUE 
RETURN 
END 
SUBROUTINE ENTL CIU,IS.E.DE) 

tU = L 
IS-LIOUID STREAM NUMBER 
E-BVERAGE LIQUID ENTHALPY 
DE-AVERAGE DERIVATIVE OF LIQUID ENTHALPY 
CUITH RESPECT TO TEMPERATURE) 

COMMON .•'MAT/' MPC35, 13) ,EPC35, 10) ,SC2,45, 13),iEXC50) 
COMMON /CON/ HCUMP,NC5,NE,NS,TMAX,HC3.NB,N1,N2,NF 
COMMON /PTAB/ TREF..R 
COMMON /PROP/ MUC6),CPLCG,G)-CVACG,G),ENT(6-;S)-ENVCG,G),LAMC6,£), 

1VAPCG.3).UICG,6).DNLC6,6) 
COMMON /IPROP/ HCP.NCV.HEN.NEHV. ILA.IDL 

T*SCIU, IS,4)+TREF 
E T 0 . 
I I E - 0 . 
DO 20 I=1,HCDMP 
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1311 HE-[+5 
1312 EN-ENTCI.l) 
1313 DEH-ENTCI.2) 
1314 DO 10 J-2.NEN 
1315 EN=EN+ENTCI.J>*T**U-1) 
1316 IF CJ.GE.3) DEN"DEN+U-l )*ENTU,J)*T**CJ-25 
1317 IB COHTIHUE 
131B E=E+5(IU, IS,NC)*EI-' 
1319 DE-DE4-SUU, IS.NCJsMEN 
132B 2B CONTINUE 
1321 RETURN 
1322 END 
1323 SUBROUTINE ENTV CIU,IS.E.DE) 
1324 C 
1325 u IU - 1 
1326 C IS-VAPOUR STREAM NUMBER 
1327 C E-AVERAGE VAPOUR ENTHALPY 
1328 C DE-AVERAGE DERIVATIVE OF THE VAPOUR ENTHALPY 
1329 C CUITH RESPECT TO TEMPERATURE) 
1330 C 
1331 COMMON /MAT/ MP(35,13),EP(35, IB) ,SC2,.:5. 13) ,EXC5B) 
1332 COMMON /COM/ NCDMP,HC5,HE,HS,TMAK.HC3,NB.N1,N2,NF 
1333 COMMON /PTAB/ TREF,R 
1334 COMMON /PROP/ MUC6) ,CPL(6,6) ,CVA(E,6) ,EHT(6-6) ,EMVCG.6),LAM(6,6), 
1335 lVHPC6.3:i,UIC6,6).DNLC6.6) 
1336 COMMON /IPROP/ HCP.NCV,NEH,NEHV,ILH, IDL 

133B T=SOU. IS,4)+TREF 
1339 E=B. 
1340 DO 20 [=1,HC0MP 
1341 NC-I+5 
1342 EN=ENV(I-1-| 
1343 DEII-EHV". 1,2) 
1344 DO 18 J-2.NEN 
1345 EN-EN+ENVC [, J ) * T * * ( J - 1 ) 
1346 IF CJ.EE.3i DEN=DEN+CJ-1)*ENVCI,J)*T**(J-2> 
1.347 10 CONTINUE 
134B E-E+SCIU, IS,HC)«EH 
1349 DE=DE+SCIU,IS,MC)*DEH 
1350 20 COHTIHUE 
1351 RETURN 
1352 END 
1353 SUBROUTINE LAMB CIU.IS.L) 
1354 C 
1355 C IU - 1 
1356 C IS-VAPOUR STREAM NUMBER 
1357 C L-HEAT OF VAPOURI2ATI0H 
135B C 
1359 COMMON /MAT/ MPC35-13) -EPC35,18),SC2.45.13).EXC50) 
1360 COMMON /CON/ NC0MP,HC5,NE, NS,TMAX,NC3.NB.H1.N2,NF 
1361 COMMDN /PTAB/ TREF-H 
1362 COMMDN /PROP/ MUC6) .CPLC6-S) -CVAC6, 6) ,ENT(6.S) ,EHVC6,S) ,LAMCS,6), 
1363 1VAPC6.3).MIC6,6),DNLC6,6) 
1364 COMMON /IPROP/ NCP,NCV,NEN,NENV,ILA,IDL 
1365 REAL LAM.LA.L 
1366 C 
1367 T=SUU, IS.4)+TREF 
1368 L-B. 
1369 DO 20 I-1..NC0MP 
1370 NC-I+5 
1371 LA = LAI1I I . 1) 
1372 [10 IB J=2, ILA 
1373 LA»LA+LAMCI,J)*T**(J-L) 
1374 IB CONTINUE 
1375 L=L+S(IU.IS,HC)*LA 
1376 20 CONTINUE 
1377 RETURN 
1378 END 
1379 SUBROUTINE DENL CIU,IS,D) 
1330 C 
1381 C IU = 1 
1382 C [S-LIC1UID STREAM NUMBER 
1383 C D-AVERAGE LICIUID MOLAL DENSITY 
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1384 C 
L385 COMMON /HAT/ MP(35. 13) .EP(35, 10) . S ( 2 . 4 5 . 13) .EX(50) 
1386 COMMON /CON/ NC0MP.MC5.ME.NS. TMAX.NC3.NB,N1,N2,NF 
138? COMMON /PTA8/ TREF.R 
1388 COMMON .-"PROP,- MUC6) -CPUS,6) .CVA (6. S ) , EMT(S.S) ,ENV(6,6) ,LAMC6.6). 
1389 1 VAP (6 . 3).. UI (G, S) , DHL(G.G) 
1390 COMMON /IPRDP/ NCP.IICV.NEH.NENV, ILA, IDL 
1391 C 
1392 T-SCIU. [5,4:n-TREF 
1393 D=B.fl 
1394 [ID 20 r = l,HCOMP 
1395 HC=I+5 
139G D L ' D H L f l . l ) 
1397 DO IB J - 2 . IDL 
13913 DL"DL+DHLU.J)*T**CJ-I> 
1399 10 CONTINUE 
I.4BB D-D+EriU.IS»HC'l*DL 
1401 SB CONTINUE 
1402 RETURN 
14B3 END 
14B4 SUBROUTINE DENV U U . IS.D) 
14B5 C 
1406 C IU « 1 
I4B? C IS-VAPOUR STREAM NUMBER 
14BB C D-AVERAGE VAPOUR MOLAL DENSITY 
14B9 C ASSUME VAPOUR BEHAVES US IDEAL GAS 
1410 C 
1411 C CALLS TO SUBROUTINE MDUECIU.IS.M) 
1412 C M-WVERAGE MOLAL MOLECULAR HEIGHT 
1413 C 
1414 COMMON /MAT/ MP(35.13) ,EP(35,10) ,S(2 .45 .13) .EX(50) 
1415 COMMON /CON/ NCDMP.NC5.NE.NS.TMAX.NC3.NB.N1.N2.NF 
1416 COMMON /PTAB/ TREF,R 
141? REAL M 
I.41B C 
1.413 T=SCIU. [S.4)+TREF 
142B P=SHU. IS,3) 
1421 CALL MOLE (IU. IS,M) 
1.422 D=P/R/T»M 
1423 RETURN 
1.424 END 
L425 SUBROUTINE VAPR C IU, IS.PV.DPV) 
L42S C 
142? C IU - 1 
1428 C IS-LIQUID STREAM NUMBER 
1423 C PV-VAPOUR PRESSURE FOR EACH COMPONENT 
1.430 C DPV-I1ERIVATIVE OF VAPOUR PRESSURE FOR EACH COMPONENT 
1.431 C CUIITH RESPECT TO TEMPERATURE) 
1432 C 
1433 COMMON /MAT/ MPC35.13) ,EP(35, IB ) ,5 (2 .45 ,13 ) ,EX(5B) 
1434 COMMON /CON/ HC0MP.NC5,NE,NS,TMAX,HC3,NB,N1-N2,NF 
1435 COMMON /PTAB/ TREF.R 
143G COMMON /PRDP/ MbKS),CPL(G.S), CVA(G.S),ENT(G.G).ENV(G.G).LAM(G.S). 
143? 1VAP 1.6. 3 ) . UI ( 6 . 6 ) . DHL (6 . 6) 
1438 DIMENSION PVC6). DPV(G) 
1439 C 
1440 T=S(IU, IS.4)+TREF 
1441 DO 10 I-l.NCOMP 
1442 PV(I)=EXP(VAP(I, 1 )+VAP( I ,2 ) / (VAP( I ,3 )+T) ) 
1443 DPVCI)—PV(I)*VAP(1.2)/(VAP(1.3)+T)**2 
1444 10 CONTINUE 
1445 RETURN 
1446 END 
144? SUBROUTINE UILS (IU,IS.A) 
144B C 
1449 C IU - 1 
1450 C IS-LIOUID STREAM NUMBER 
1451 C A-UILSON LIOUID ACTIVITY COEFFICIENTS FOR EACH COMPONENT 
1452 C 
1453 COMMON /MAT/ MP(35. 13). EP(35 .10) .5 (2 .45 .13) .EX(50) 
1454 COMMON /CDN/ NCDMP.NC5. NE,NS,TMAX,NC3,NB.IU,H2,NF 
1455 COMMON /PTAB/ TREF.R 
1456 COMMON /PROP/ MUC6) ,CPL(6 ,6 ) . CVA(6.G) ,.ENT(S,6) ,ENVC6.G) -LAM(6.6) . 
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145? 1VAPCS.3) .UK6 .6 ) .DNL(6 .6 ) 
U5B tllMENSION S H 6 ) . ACS) 
1.459 C 
1.460 IF t U I f l . U . L T . 1.E-B5) GO TO S3 
L4S L t)0 2B I-1..NCOMP 
1462 $ I t I ) = B . 
1463 bO 10 J=1.HCOMP 
1464 NCJ=J+5 
1465 S l f I I -511 n+U IU-J ) 'KS f IU.IS.HCJ) 
1466 10 CONTINUE 
146? 20 CONTINUE 
146B tlO 4B K=1.NC0MP 
1463 SUM=B. 
147B t)0 30 1 = 1. HCOMP 
1471 MCI-1+5 
1472 SUI1=SUMHJIt I . K ) * S ( I U , IS-NC [ ) / S I ( I ) 
1473 30 CONTINUE 
1474 n (K l -EXP ( 1. -ALOG (S I CIO ) -SUM) 
1475 48 CONTINUE 
1476 RETURN 
1477 50 CONTINUE 
1478 DO 6B I=1,HC0MP 
1479 A l l l = l . 
14S0 SB CONTINUE 
1481 RETURN 
1402 Clltl 
I4B3 SUBROUTINE BUBL CIL. IV) 
14B4 C 
1485 C IL-LIOUID STREAM NUMBER 
1486 C IV-V'APOUR STREAM NUMBER 
1487 C 
1488 C CALCULATE BUBBLE POINT TEMPERATURE AND PLACE IN STREAM 
1489 C ASSUME VAPOUR AND LIQUID STREAMS IN EOUILIPPIUM 
I49B C 
1.491 C CALLS TO SUBROUTINE UILSCIG. IL.A) 
1492 C B-UILSON LIQUID ACTIVITY COEFFICIENTS FDR EACH COMPONENT 
1493 C 
1494 C CALLS TO SUBROUTINE VAPRt IG, IL-PV, DPV) 
1.495 C PV-VAPOUR PRESSURE 
1496 C DPV-IlERIVATIVE OF VAPOUR PRESSURE UITH RESPECT TO TEMPERATURE 
1497 C 
1490 C NEUTOH-RAPHSON ITERATIVE METHOD IS USED 
1499 C 
1500 COMMON ••'MAT.' HP C35, 13) - EPC35. 10) .SC2, 45- I3).EXC5a) 
I.5BI tOnilBN .•CON/- HCOMP,NC5,NE.NS,TMAX,NC3,NB,N1,112-NF 
15B2 COMMON /PTAB/ TREF..R 
1503 COMMDN /ID/ MIM-HOUT,NERR.HPOINT 
1304 DIMENSION AfS), PV(6), DPV(6) 
I5B5 C 
1506 IG=I 
tser r=s<iG.it.4t*w.EF 
I.50B P=SUG, IL.5) 
I5B9 CALL MILS I I G . I L . A ) 
15 IB fc>0 
1511 IB CONTINUE 
1512 IF (K.GE.2B) GO TO 3B 
1513 K=K+1 
1514 CALL VAPR <IG, IL.PV,DPV) 
1515 SY-0. 
1516 SDY-B. 
1517 DO 20 1-1,1-ICOMP 
1510 HC=H-5 
1519 SUG. IV,NC)=S(IG. IL ,NC)*PV<I)*ACI) /P 
1520 SY=SY+SiIG.IV-HC) 
1521 6Y—SUG. IL.NO'BDPVf [ ) * A ( I ) / P 
1522 SDY-SDY+DY 
l"i23 2B CONTINUE 
1524 T=T-(1.-SY)/SDY 
1525 SCIG,IL,4)»T~TREF 
1526 IF CHBSU.-SY).GT,0.BL) GO TO IB 
1.527 SUG. IV .4 )=SUG, IL ,4) 
152B RETURN 
1529 C 
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L'530 313 CONTINUE 
1531 URITE (NERR.40) K 
1532 STOP 
1533 C 
1534 C 
1535 40 FORMAT (3BH SUBROUTINE BUBL. [TERflTIDNB MORE THAN-13) 
153G END 
153? SUBROUTINE KVHL (IU.IS.HKK) 
1538 C 
1539 C IU - 1 
154B C IS-LIOUID STREHM NUMBER 
1541 C HKK-VAPQUR-LIOUID EQUILIBRIUM RHTIO FOR EfiCH COMPONENT 
1542 C 
1543 C CALLS TO SUBROUTINE VAPRUU, I5,PV,DPV) 
1544 C PV-VAPOUR PRESSURE 
1545 C DPV-DERIVATIVE OF VAPOUR PRESSURE WITH RESPECT TO TEMPERATURE 
1546 C 
154? C CALLS TO UILSCIU-IL. f i ) 
1548 C A-UILSOH LIOUID ACTIVITY COEFFICIENTS FDR EfiCH COMPONENT 
154S C 
1550 COMMON /MAT/ MP(35.13),EP(35.10),S(2.45.13),EX(50) 
1551 CDMMDN /COW/ NCOMP, NC5.NE.NS.TMAX.NC3.NB,N1.H2,NF 
1552 DIMENSION HKK(B). A(6). PV(6). DPVC6) 
1553 C 
1554 P-SdU.IS.5) 
1555 CALL UILS (III, IS,A) 
155S CALL VAPR CIU,IS.PV, DPV) 
155? DO 10 I=l,HCOMP 
1558 HKKCn=PV(I)*ft(n/P 
1553 IB CONTINUE 
156B RETURN 
1561 END 
15B2 C 
1563 C 
1564 SUBROUTINE TEMPL ( Q , I D 
1565 C 
1566 C O-MDLAL HEF1T CONTENT 
156? C IL-LIDUID STREfiM NUMBER 
156B C 
1559 C CfiLCULATE EXIT TEMPERATURE OF MIXED LIQUID STREAMS 
I5?B C WHERE ENTHALPY IS FUNCTION OF TEMPERfiTURE 
15? 1 C PLACE TEMPERATURE IN STREAM 
15?2 C 
15?3 C CALLS TO EHTL(IE,IL.E.DE) 
15?4 C E-AVERAuE LIOUID ENTHALPY 
I5?5 C DE-AVERAGE DERIVATIVE OF LIQUID ENTHALPV 
1576 C (WITH RESPECT TO TEMPERATURE) 
1577 C 
157B COMMON /MAT/ MP(35 .13) -EP(35 , I0 ) ,S (2 .45 , 13),EX(50) 
1579 COMMON /CON/ NCDMP,NC5-NE,NS.TMAX.NC3.HB,N1.N2.NF 
15BB COMMON /PTAB/ TREF,R 
15B1 COMMON / [ Q / NIN,NOUT,NERR-NPOINT 
1582 C 
1583 IG»l 
15B4 T>S(IG.IL.4)+TREF 
1585 T1=T 
15B6 K=B 
158? IB CONTINUE 
15BB T«T1 
15B9 IF (K.GE.20) GO TO 23 
1590 K-K+l 
1591 CALL ENTL ( IG, IL .E.DE) 
1592 F=Q-E 
1593 DF—DE 
1594 T l -T-F/DF 
1595 S( IG. IL .4) -T-TREF 
159B IF (HBS(T-T1).GT.0.01) GO TO IB 
159? RETURN 
IS9B C 
1599 20 CONTINUE 
ISBB WRITE (NERR.30) K 
1601 5TDP 
1602 C 
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L6B4 30 FDRMAT C39H SUBROUTINE TEMPL. ITERATION MORE THAN.13) 
16B5 END 
1S06 SUBROUTINE TEMPV CO,IV) 
160? C 
1S0B C Q-MOLAL HEAT CONTENT 
1609 C IV-STREAM NUMBER 
1610 C 
1611 C CALCULATE EXIT TEMPERATURE BF MIXED VAPOUR STREAMS 
1612 C WHERE ENTHALPY IS FUNCTION BF TEMPERATURE 
1613 C PLACE TEMPERATURE IN STREAM 
1614 C 
1615 C CALLS TO ENTVCIG, IV,E,DE) 
1616 C E-fiVERAGE VAPOUR ENTHALPY 
161? C DE-AVERAGE DERIVATIVE OF VAPOUR ENTHALPY 
I61B C (UITH RESPECT TO TEMPERATURE) 
1619 C 
162D COMMON .'MAT/ MPC35, 13) ,EPC35. IB),S<2, 45, 13) .EXC5B) 
1621 COMMON /CON/ NCOMP. NC5,NE. US, TMAX.NC3.HB.Nl, N2.NF 
1622 COMMON .'PTAB/ TREF.R 
1623 COMMON .'10/ N IN, MOUT, NERR, HPOINT 
1624 C 
1625 IG=1 
1626 T'SUE, IV.4)+TREF 
162? T1=T 
162B K-0 
1629 IB CONTINUE 
1630 T-Tl 
1631 IF rK.GE.20) GO TD 20 
1632 K-K+l 
1633 CALL EHTV ( IG, IV.E.DE) 
1634 F=0-E 
1635 DF=-tlE 
1636 T1=T-F/DF 
163? SUG, IV.41-T-TREF 
163B IF CABS(Tl-T).GT.0.01) GO TO 10 
1639 RETURN 
164B C 
1641 20 CONTINUE 
1642 URITE I.HERR.3B) K 
1643 STOP 
1644 C 
1645 C 
1646 30 FORMAT I39H SUBROUTINE TEMPV, ITERATIONS MORE THAN,13) 
164? END 
164B SUBROUTINE TYPE1 
1649 C 
1650 C SUBROUTINE STGIDL 
1651 C 
1652 C ONE IDEAL STAGE FOR EXTRACTION UITH SPECIFIED 
1653 C PHASE VOLUMES - SPECIFIC TO CD-EXTRACTION OF U AND PU 
1654 C FROM OTHER SALTS - EACH STAGE MAY HAVE ANY NUMBER OF FEEDS 
1655 C AND EFFLUENTS UP TO FOUR EACH - CODE MAY BE GENERALIZED 
1656 C TO GENERAL EXTRACTION OF ANY SYSTEM AND TO VARIABLE PHASE 
165? C VOLUMES - EXTENSION TO PU+3 - U+€ SEPARATION POSSIBLE 
165B C 
1659 C0MM0N/MAT/MPC35. 13).EPC35, 13).S(2,45.13).EX(50) 
1660 C0MM0N/C0IM'IC0MP,HC5.NE,NS-TMAX,NC3,NB,N1ST,NFIN 
1661 COMMOIVGERR/JSTART.IMETH. TIME. H.HINC. EPS. TT.INTFL 
1662 COMMON/UNIT/IM.HMP 
1663 COMMOH/IO/NIH.NOUT.NERR.NPOINT 
1664 REAL LIN.LOUT.KV.KEXT 
166C INTEGER OUTPRO-OUTSTO.OUTPRA.OUTSTA 
1666 DIMENSION YO(IB) .XOC 10) .XSLF (IB) .XD(13, B) . TDO) 
166? DIMENSION X( 13,8) .U(B) , T ( 8 ) , XINC10), VOL(2) .XOUTC10), DERYt 10) 
1668 DIMENSION Y1NC10) - YOUTC10) ,D ISCOf. 10), YIDEALC10) ,P (8) .DERXC10) 
1669 DIMENSION XXU3.8) ,XXXC 13 ,8 ) , TRANStlB) 

16?2 C 
16?3 C EQUIPMENT PARAMETERS 
16?4 C 
16?5 C 1 - PU HOLDUP. G 
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1676 C 2 - VOLCNO)-ORGANIC PHASE VOLUME 
1677 C 3 - VOLCNA)*AOUEOUS PHASE VOLUME 
167B C 4 - KV-RATE CONSTANT FOR VOLUME CHANGE 
1679 C 5 - KEXT=RBTE CONSTANT FOR APPROACH TO EOUIL, EXTRACTION 
168B C 6 - XTBP=VDLUME FRACTION TRIBUTVL PHOSPHATE IN ORGANIC PH. 
L6B1 C 
L6B2 C COMPONENT NUMBERS 
16B3 C 
16B4 C 1 - U 
1685 C 2 - PU 
1686 C 3 - HN03 
168? C 4 - M03- SALT 
1688 C CONSTANT PARAMETERS 
1689 C 
1690 VDLCl)=EPCm,2) 
1691 V0LC2)-EPUM,3) 
1E92 VDLT-V0LCl)+V0L(2) 
1693 XTBP=EPUM,6) 
1694 KV=EP< 111,4) 
1695 KEXT-EPriM,5) 
1696 C 
169? IF (IHTFL.EO.B) GO TO 2 
1698 RETURN 
1699 2 CONTINUE 
1700 C IDENTIFY IN AND OUT STREAMS 
1701 C 
1702 INSTG0-IHBSCMPUM.3)) 
1703 INFDa=IABS(MPCIM.4» 
1704 OUTPROMABSCMPCIM.S)) 
1705 0UTSTD=IABSCMP(IM.6n 
17BG IMSTGA*[ABSCMPUM,?)) 
17B? INFDB=IABS(MP(IM.B)) 
17BB 0UTPHA=[ABS(MP(IM,9)) 
1?B9 0UTSTA=1ABS(MP(IM,1B)) 
171B C 
1711 C NUMBER OF ODE'S 
1712 C 
1?13 NEO-HCOMP+1 
1714 C 
1715 C INITIAL VALUES OF UC.D.TCJ),PCJ),AND XCI.J) 
1716 C 
171? NST-B 
171B DO 26 1=3.HC5 
1719 DO 25 J-l.HST 
1728 Ifi-IABSCMPCIM.J+2)) 
1721 IFCIA.EO.0) GD TO 24 
1722 XX(I-2.J)-SCl.IA.n-
1723 GO TD 25 
1724 24 XXCI-2.J)=0.0 
1725 25 CONTINUE 
1726 26 CONTINUE 
172? C 
1728 C RENAME STREAM VARIABLES AND CONVERT TD MOLAR CONCENTRATIONS 
1729 C 
1730 DO 30 J'l.HST 
1731 UtJ)-XX(I.J) 
1732 TU)-XXC2,J) 
1733 P(J)*XX<3,J) 
1734 DO 29 I=4,NC3 
1735 XCI-3.J)"XX(I,J) 
1736 29 CONTINUE 
173? X C l , . l i - > a l , J ) / 2 3 B , 0 
173B XI2.JI : i2 . J2/-239.0 
1739 3B COIITIHI.I 
174B C 
1741 C INPUT AND OUTPUT PHASE COMPOSITIONS AND FLOURBTES ASSUMING 
1742 C CONSTANT DENSITY; TEMP. ASSUMING NO HEAT TRANSFER OR GENERATION 
1743 C 
1744 LIN=0.0 
1745 LOUT-0.0 
1746 IF CVOLC2).EQ.0.0) GO TO 41 
174? LIH-UC5)+UC6) 
174B U<?)-U(?>*CLJC5)+UC6))^CUC?)+UCB)) 

56 



1749 WB)»U(B)*CU<5)+LIC6))/CLJC?)+UtB)) 
L75B LOUT-UC?)+UCB) 
1751 41 CONTINUE 
1752 VIH*U<l)+bK2) 
L?53 U(3)=Ut3)*(y(U+U(2)VCUC3)+U(4n 
1754 L>f4)=UC4)*(U(l)+lK2)).'CUC3)+LIC4)) 
1755 VOUT«UC3)+UC4) 
1756 DO 4B I=l,NCOMP 
1757 IF CVOl. C2).EQ.0.0) GO TO 43 
L75S XIHCn-«CI,5)*UC5)+XCI,S)*y<6))/1.IN 
1753 X0UT(n=(Xa.7)*U(7)+XC[,B)*U(B))/LDUT 
L76B 43 YIN(I)=(XCl, l)*U( [)+>(( I-23*U(2))^V1N 
1761 YOUTCI) • (XC [, 3) *UC3) +X< I, 4) >.tJ(4) )/VOUT 
1762 YDUT(I+NEO)=XaUTCI) 
1763 4B CONTINUE 
1764 Ttll=(TCl)*l.-i:i)+Ti:2)*U(2)+T(5)*I.J(53+TC6)*U(6))/CLIN+VIN) 
1765 T0UT»CT(33vtJt3)-t-T(43*UC4)+T(7)*U(73+TCB)*UCB)3-'(LOUT+VOUT) 
1766 C 
1767 C BEGINNING OF DERIVfiTIVE CDMP. FOR SOLVING ODE'S AND CONVERGING 
176B C MATERIAL BALANCE 
1769 C 
1770 YOUTCNECn-TOUT 
1771 C 1 CONTINUE 
1772 IFtV0L(2).ED.B.B) GO TO 61 
1773 C 
1774 C CONVERT TO SOLUTE FREE VARIABLES 
1775 C 
1776 7 CONTINUE 
1777 CALL CCHVTKX.T.XTBP.DENaMA.DENOMO) 
1778 C 
1779 C IDEAL ORGANIC PHASE EOUIL. COMPOSITION 
I7BB C 
17B1 DO 42 I-l.HCOMP 
17B2 XSLF(I)-XCI.B) 
1783 42 CONTINUE 
17S4 CALL 0RGPHlT0UT.XT8P,XSLF,DISCD) 
17B5 DO 5B I-1,HCDMP 
17B6 Y1DEAL(I)=XOUT(I)*DISCO CI)*DENDMO/DENOMA 
1787 C 
17BB C DERIVATIVES FOR ODE'S - THE EOUATIONS USED DU NOT ALLOW FOR 
1789 C PHASE VOLUME CHANGE 
179D C 
1791 TRANStn-YIDEALCD-YQUTU) 
1792 DERY(n = (VIN*YIN(n-VOUT*YOUT(I)-H<EXT*(TRANS(n))^VOLCl) 
1793 5B CONTINUE 
1794 DERYCNEa)=UVIN4LIN3*TIN-CVOUT+LQUT)*TaUT)/CVOL(l)+VOLC2)) 
1795 DO 60 l-l.HCOMP 
1796 DERX(I) - (LIN*XINCI) -LOUT'KXOUTCD-KEXT*CTRANS(I)))/VOL C2) 
1797 60 CONTINUE 
I.79B 61 IF (VOL 12). NE. 0,0) GO TO 63 
1799 C 
1BB0 C STIRRED TANK SECTION 
1B01 C 
IBB2 DO 62 I-l.HCOMP 
1BB3 DERY(I) = (VIN*YIHCI)-VDUT*YOUT(I); /VOL(1) 
1BB4 DERXU)=0. 
1BB5 62 CONTINUE 
1BB6 DERY(HEC1) = (VIH*TIH-V0UT*T0UT)/V0LC1) 
1BB7 63 CONTINUE 
tBBB TOUT-YOUT(NEO) 
IBB9 C 
1B10 C CALCULATE RETURN VALUES 
1B11 C 
IB 12 DO 70 1-l.NCOMP 
1B13 XDCI.?)"DERXCI) 
1B14 XDCI,B)>XDU.F) 
1815 XD(I.3)=DERYU) 
1816 XDU,4)-XD(I,3) 
1817 70 CONTINUE 
1818 TDt?5«DERV(NED) 
1819 TD(8)=TD(7) 
1820 TD<3)«TDC7) 
1821 TD(4)»TD<7) 
1822 C 
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1822 C RENAME STREAM VARIABLES AMD CONVERT TO MASS CONCENTRATIONS OF U-PU 
1B24 C 
1B25 DO 91 J-3,4 
1326 XXXtP.Jl-XDW.J) 
IB2? XXXfS.J)=XD(3,J) 
L62B XXXC5.J)=XD(2,J)*239.B 
1829 XXX(4,J)-X[lCl.J)*238.0 
183B XXX<3.J)=B.B 
1B31 XXXC2.J)-TD(J) 
1B32 XXX(1.J)»B.B 
1B33 91 CONTINUE 
IB34 DO 32 J-?..B 
1835 XXX(?.J)*XDC4,J) 
1836 XXXC6.J)=XDC3.J) 
183? XXX(5.JJ=XD(2,J)*239.0 
1B3B XXXC4, J)-XDU.J)«Z3B.B 
1B39 XXXC3-JI-B.B 
1B40 XXXC2. JJ-TDtJ) 
1B41 XXXC1,J)=0.0 
1842 92 CONTINUE 
1B43 C 
1844 C CALCULATE OUTPUT TO STREAM VARIABLE FILE 
IB45 C 
IB4B IF COUTPRD.EQ.B) GO TO IBB 
1B4? SC1.0UTPR0.3)»LI(3) 
1B4B 10B IF COUTSTD.EO.B) GO TO IB I 
1849 SCI.0UT5T0,3)-UC4) 
1856 IB1 IF CQUTPRA.EB.B) GO TO 1B2 
1B51 Sn.DUTPRA..3)=U(?) 
1B52 102 IF (OUTSTA.EO.B) GO TO 103 
IB53 SCl,OUTSTA,3)=UCB) 
1854 103 CONTINUE 
1855 DO BB I-1.NC3 
185S IF(OUTPRO.EO.B) GO TO B3 
185? S(2.0UTPR0.I+2)=XX:<Cl,3) 
1B5B 83 IF(OUTSTO.EO.B) GO TO BS 
1B59 S(2-OUTSTO.1+2)=XXXCt.4) 
I860 86 IFIOUTPRA.ECI.B) GO TO B? 
1061 SC2.0UTPRA,1+2)=XXXCI. ?) 
1BS2 B? IF(OUTSTA.EO.B) GO TO BB 
1B63 SC2.0UTSTA,1+2)=XXX(I.B) 
1B64 BB CONTINUE 
1B65 EPUM, 1)=S(1,0UTST0.?)*V0L(1)+S(1.0UTSTA.?)*V0L(2) 
1BEG RETURN 
1B6? END 
1BSB SUBROUTINE CONVTKX.T,XTBP,DENOMA.DENOMD) 
1869 COMMON/UNIT/IM.NMP 
IB?0 COMMDN.'CON.-'NCOMP, NC5.NE. NS, TMAX, NC3 
IB?I DIMENSION XC13.B),TC0) -UCB) 
1B?2 C 
1B?3 C CONVERTS CONCENTRATIONS AND FLOU RATES TO SOLUTE FREE BASIS 
1B74 C SPECIFIC TO U-PU-HN03-N03-SBLT SYSTEM 
1B?5 C 
18?6 HST-B 
IB?? T0-3.65*XrBP 
1B?B US=B.5*TO.-'(l,B+0.046*TQ) 
1B?9 PUS=0.S*TQ/U.fl+B.B9*TO) 
IBBB C AQUEOUS PHASE 
1BB1 DO IB J=?.MST 
1BB2 DEHDMA-l.0-0.0?24*XCl,J)-B.13*XC2,J)-B.B389*X(3,J)-B.83l*XC4.J> 
1BB3 DD 9 IM.HCOMP 
1BB4 XCI.J)»XU,J)/DENOMA 
1BBS 9 CONTINUE 
IBB6 WU)-U(J)*DENDMft 
IBB? 10 CONTINUE 
18BB C ORGANIC PHASE 
18B9 DO 2B J-3.4 
1B9B IB'(3.95-0.B144*T(J))*XTBP**1.SS 
IBS I HS"TO*( 1.0-0,80609*1)0) A l . 0+0.043*TO) 
1B92 l)C«LJO*(V.0-XCl.J)/US-X(2-J)/PUS-B.6S*Xt3-J)/HS) 
1B93 DEHOI1O-l.0-O.B9?*Xtl.J)-0,l39H<X(2.J)-B.a43*Xt3-J)-9.Bl?4*UC 
1B94 DO 19 I-1-HCOMP 
IB95 X([-J)-XU-J)^DENOMO 
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1896 19 CONTINUE 
199? U[J)-U(J)*DENBMO 
199B 29 CONTINUE 
1999 RETURN 
19BB END 
1981 SUBROUTINE C0NVT2 CX.T.XTBP.U) 
1902 CDMI-IOIVUNIT/'IM.NMP 
19B3 CDI»10IVC0N-1CaMP,NC5.NE.NS,TT1AX.NC3 
1904 DIMENSION X( 13.S), TC8) -UC8) 
1905 C 
1906 C CONVERTS CONCENTRATIONS AND FLDU RATES FROM SOLUTE FREE TO 
190? C MOLAR CONCENTRATION BASIS - SPECIFIC TO U-PU-HN03-N03-SALT SYS 
1906 C 
1909 NST-B 
1910 T0»3.65*XTBP 
1911 C BOUEDUS PHASE 
1912 DO IB J-5.NST 
1913 DENA=1.0+O.0?24*X(1.J)+O. 13iKX(2, J)+0.B309*XC3. J) +B. 03t*XC4. J) 
1914 DO 9 I-l.NCOMP 
1915 X( I .J )=X( I .J )^DENA 
1916 9 CONTINUE 
191? U(J)=UfJ)*DEHA 
19 IB 10 CONTINUE 
1919 C ORGANIC PHASE 
1920 DO 20 J=1.4 
1921 U0H=l4.2-B.B15*Ti J ) ) * U . B - 2 . B * C X ( l , J ) + X r 2 . J ) ) ^ T 0 - B . 6 * X ( 3 . J ) ^ T 0 ) * 
1922 1XTBP**1.69 
1923 DENO=1.0+B.09?*Xl 1 , J ) + 0 . I 3 9 * X C 2 . J ) + 0 . 0 4 3 * X C 3 . J )+0.0 l?4*UOrt 
1924 DO 19 I = 1.NC0I1P 
1925 X U . J ) - X ( I . J ) / D E H D 
1926 19 CONTINUE 
192? U(J)-Urj l*DENO 
192B 20 CONTINUE 
1929 RETURN 
1930 END 
1931 SUBROUTINE ORGPH(TIN,XTBP.XOUT,DISCO) 
1932 C0MM0N/C0N^C0I1P.NC5.NE,NS.TMAX,NC3 
1933 DIMENSION XOUTCIB).DISCOCIB) 
1934 C 
1935 C RETURNS A VALUE OF V/X (DISCO) FOR EfiCH VALUE OF X TRIED USING 
1936 C SEPHIS DISTRIBUTION DATA 
193? F-XTBP 
1938 UAM-X0UTC1) 
1939 PUAI1=XDUT(2) 
194B HAI1-X0UTC3) 
1941 SNITR«=X0UTC4) 
1942 TEMPC-TIN 
1943 IF(UAM.LT.B) UAM>0.B 
1944 IF(PUAM.LT.B) PUAM-0,0 
1945 IFCHAM.LT.0) HAM»0.0 
1946 IFCSNITR.LT.0) SNITR-B.0 
194? TNI1=HHM+2.fl*UAM+2. 0*PUnM+SNITR 
194B IFCTMM.EO.B.B) TNM=l.0 
1949 TEI1PRK=lBB0.a/(TEMPC+2?3.IE) 
1950 UK=3.?*TNM**1.5?1-1.4*TTII1*=K3.9+0.0U*TNM**?.3 
1951 UK"UK*C4,0*F** ( -a , lF ) -3 .B) 
1952 PUK-UK*C0.2+fl.55*F**1.25+0.0074*TNM**2> 
1953 HK1-0. l35*ni l1**B,B2+0.0052*THn'**3.44 
1954 IFCF.LT.1.0) HIC1-HK1*U.0-0.54*EXPC-L5.0*F)) 
1955 IF(TEI1PC.NE.25.0) UK«UK*EXP(2.5*(TEMPRK-3.3539)) 
1956 IF(TEMPC.HE.25.0) PUK=PUK*EXP(-0.2*CTEMPRK-3.3539)) 
195? IFCTEHPC.HE.25.0) HKl-HKl*EXP(0.34*CTEI1PRK-3.3539)) 
1958 HK2-HK1 
1959 A-2.0*CUK*UAM+PUK*PUAI1+HK2*HAM) 
1960 B*HK1*HAI1+1.B 
1961 C—3.65*F 
1962 IFCA.GE.l.BE-6) EO TO 10 
1963 TF— C B 
1964 GO TO 15 
1365 IB CONTINUE 
1966 TF-C-B+S0Rr(B**2-4.B*H*C))^(2.D*A) 
196? 15 CONTINUE 
196B DH1-HK1*TF 
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1969 
1970 
1971 
1972 
1973 
197.1 
1975 
197G 
1977 
1979 
1979 
198B 
1981 
I9B2 
I9B3 
I9B4 
19B5 C 
19B6 C 
1987 c 
19BB r. 
I9B9 C 
I99H C 
1991 L 
1992 i: 
1993 I. 
199.4 C 
1995 t 
1996 C 
1997 c 
I99B L 
1999 C 
2BBB C 
2BQI C 
2BQ2 C-
2BB3 
2BB4 
2BB5 
2BB6 
2BB7 
2BBB 
2BD9 
2B1B 
2611 
2Q12 
2B13 
2B14 
2015 
2016 
201? 
201B 
2B19 
2B2B 
2B21 
2B22 
2B23 
2D24 
2B25 
2026 
2027 
2028 
2B29 
203D 
2031 
2032 
2033 
2034 
203S 
2B36 
2B37 
203B 

DH2-HK2*TF**2 
DH "DHH-DH2 
DU -UK*TF**2 
DPUaPllK*TF**2 
DISCO'IJ-DU 
DISCDI2I-DPU 
DISCO'31-UH 
DISCDI4I-B.B 
PL TURN 
END 
SUBROUTINE DRIVE (N. TB. H0. Y8. TOUT, EPS. MF. INDEX) 

THIS IS THE DECEMBER 20. 1974 VERSION DP 
GEAR. II PACKAGE FOR THE SOLUTION OF THE INITIAL VALUE 
PROBLEM FDR SYSTEMS OF ORDINARY DIFFERENTIAL EQUATIONS. 

BY/DT - F(Y.T). Y =• (Y(t).Y(2) .Y(N)). 
SUBROUTINE DPIVE IS A DRIVER ROUTINE FBR THE GEAR PACKAGE. 

REFERENCES 
1 . f i . C. HIHDI1ARSH. GEAR. . ORDINARY DIFFERENTIAL EQUATION 

SYSTEM SOLVER. U C I D - 3 B B 0 I REV. 3 . LAURENCE LIVERMORE 
I flBORBTQPY, P.O.BOX BBB. LIVERMORE. CH 9 4 5 5 B . DEC. I 9 7 4 . 

2 . A . C. HIHDMARSH, LINEAR MULTISTEP METHODS FDR ORDINARY 
DIFFERENTIAL EQUATIONS. . METHOD FORMULATIONS. 
S I H B I L I T Y . AND THE METHODS DF NORDSIECK AND GEAR. 
U C . P L - 5 H 8 6 REV. 1 . L . L . L . . MARCH 1 9 7 2 . 

3 . A. I . . HIHDMARSH, CONSTRUCTION OF MATHEMATICAL SOFTWARE-
PART I I I . . THE CONTROL DF ERROR IN THE GEAR PACKAGE 
I UP ORDINARY DIFFERENTIAL EQUATIONS. UC IH-30B5B PART 3 , 
1 . L . 1 . . . AUGUST 1 9 7 2 . 

DRIVE IS TO BE CALLED ONCE FOR EACH OUTPUT VALUE OF T . AND 
IN TURN HAKES REPENTED CALLS TO THE CORE INTEGRATOR, S T I F F . 

THE INPUT PARAMETERS ARE. 
IHE NUMBER OF FIRST-ORDER DIFFERENTIAL EQUATIONS. 

H CAN BE REDUCED, BUT NEVER INCREASED, DURING A PPDBLEM. 
THE I N I T I A L VALUE OF T , THE INDEPENDENT VARIABLE 

I.USED ONLY ON F IRST CALL I . 
THE NEXT STEP S IZE IH T (USED FOR INPUT ONLY OH THE 

F I R S T C A L L ) . 
A VECTOR DF LENGTH H CONTAINING THE I N I T I A L VALUES OF 

Y (USED FOR INPUT ONLY DH F IRST C A L L ) . 
THE VALUE DF T AT WHICH OUTPUT IS DESIRED NEXT. 

INTEGRATION WILL NORMALLY GO SLIGHTLY BEYOND TOUT 
AND THE PACKAGE U I L L INTERPOLATE TO T = TOUT. 

THE RELATIVE ERROR BOUND (USED ONLY ON THE 
F IRST CALL , UNLESS INDEX - - 1 ) . SINGLE STEP ERRDR 
ESTIMATES DIV IDED BY YMAX( I ) U I L L BE KEPT LESS THAN 
EPS IN RDaT-MEAN-SOUARE NORM ( I . E . EUCLIDEAN NORM 
DIV IDED BY SQRT(H) ) . THE VECTOR YMAX OF 
WEIGHTS IS COMPUTED IN DRIVE . I N I T I A L L Y YMAXCI) IS 
A B S ( Y C D ) . WITH A DEFAULT VALUE OF 1 IF Y ( l ) = B 
I N I T I A L L Y . THEREAFTER, Y M A X U ) IS THE LARGEST VALUE 
DF A B S ( Y l D ) SEEN SO FAR, OR THE I N I T I A L YMAX( I ) IF 
THAT IS LARGER. TO ALTER EITHER OF THESE, CHANGE THE 
APPROPRIATE STATEMENTS IN THE DD-LOOPS ENDING AT 
STATEMENTS IB AND 7B BELOU. 

THE METHDD FLAG (USED ONLY ON F IRST CALL. UNLESS 
INDEX » - 1 ) . ALLOWED VALUES ARE I D . 1 1 , 12 . 13. 
2 0 . 2 1 . 2 2 . 2 3 . MF HAS TUB DECIMAL D I G I T S . METH 
AND MITER (MF - 10'KHETH +• MITER) . 
METH IS THE BASIC METHOD INDICATOR. . 

METH - 1 MEANS THE ADAMS METHODS. 
METH = 2 MEANS THE BACKWARD DIFFERENTIATION 

FORMULAS ( B D F ) . OR S T I F F METHODS OF GEAR. 
MITER IS THE ITERATION METHOD INDICATOR. . 
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2839 
2B4B 
2041 
2842 
2B43 
2B44 
2B45 
2B46 
?%A? 
2B4B 
2B49 
2B50 
2B51 
2B52 
2053 
2B54 
?B55 
2856 
2B5? 
2B5B 
2059 
2868 
2861 
2D62 
2863 
2064 
2B65 
2866 
286? 
286B 
2869 
207B 
20? 1 
2B72 
2873 
2B?4 
2B?5 
2876 
2B77 
2B78 
2B?9 
2BBQ 
2BB1 
2BB2 
2083 
2084 
20B5 
2B66 
2BB? 
2B88 
2BB9 
2B9B 
2B91 
2B92 
2B93 
2B94 
2B95 
2B9B 
2B9? 
209B 
2B99 
210B 
2101 
2182 
21B3 
2104 
210S 
21BB 
210?" 
210B 
2109 
2 M B 
2111 

MITER - B MEANS FUNCTIONAL ITERATION (NO PARTIAL 
DERIVATIVES HEEDED). 

MITER - 1 MEANS CHORD METHOD UITH ANALYTIC JACDBIAN. 
FOR THIS USER SUPPLIES SUBROUTINE 
PEIiERV (SEE DESCRIPTION BELOW). 

MITER - 2 MEANS CHORD METHOD UITH JACOBIAN CALCULATED 
INTERNALLY BY FINITE DIFFERENCES. 

MITER - 3 MEANS CHORD METHOD UITH JACOBIAN REPLACED 
BY A DIAGONAL APPROXIMATION BASED ON A 
DIRECTIONAL DERIVATIVE. 

INDEX • INTEEEP USED ON INPUT TO INDICATE TYPE OF CALL. 
UITH THE FOLLOWING VALUES AND MEANINGS.. 

1 THIS IS THE FIRST CALL FOR THIS PROBLEM. 
B THIS IS HOT THE FIRST CALL FOR THIS PROBLEM, 

AND INTEGRATION IS TO CONTINUE. 
-1 THIS IS HOT THE FIRST CALL FOR THE PROBLEM. 

AND THE USER HAS RESET H. EPS. AHD.-OR MF. 
2 SAME AS B EXCEPT THAT TOUT IS TO BE HIT 

EXACTLY (NO INTERPOLATION IS DONE). 
ASSUMES TOUT .GE. THE CURRENT T. 

3 SAME AS B EXCEPT CONTROL RETURNS TO CALLING 
PROGRAM AFTER ONE STEP. TOUT IS IGNORED. 

SINCE THE NORMAL DUTPUT VALUE OF INDEX IS 8, 
IT HEED NOT BE RESET FOR NORMAL CONTINUATION. 

AFTEP THE INITIAL CALL. IF A NORMAL RETURN OCCURRED AND A NORMAL 
CONTINUATION IS DESIRED. SIMPLY RESET TOUT AND CALL AGAIN. 
ALL OTHER PARAMETERS WILL BE READY FOR THE NEXT CALL. 
A CHANGE OF PHRAMETERS UITH INDEX - -I CAN BE MADE AFTER 
EITHEP A SUCCESSFUL OR AN UNSUCCESSFUL RETURN. 
THE OUTPUT PARAMETERS ARE.. 
HB = THE 5TEP SIZE H USED LAST. UHETHER SUCCESSFULLY OR NOT. 
Y8 - THE COMPUTED VALUES OF Y AT T = TOUT. 
TOUT * THE OUTPUT VALUE OF T. IF INTEGRATION UAS SUCCESSFUL. 

HND THE INPUT VALUE OF INDEX UAS NOT 3. TOUT IS 
UNCHANGED FROM ITS INPUT VALUE. OTHERWISE. TOUT 
IS THE CURRENT VALUE OF T TO WHICH INTEGRATION 
HAS BEEN COMPLETED. 

INDEX = INTEGER USED OH OUTPUT TO INDICATE RESULTS. 
UITH THE FOLLOWING VALUES AND MEANINGS.. 

8 INTEGRATION UAS COMPLETED TO TOUT OR BEYOND. 
-1 THE INTEGRATION WAS HALTED AFTER FAILING TO PASS THE 

ERROR TEST EVEN AFTER REDUCING H BY A FACTOR OF 
1.E1S FROM ITS INITIAL VALUE. 

-2 AFTER SOME INITIAL SUCCESS. THE INTEGRATION WAS 
HALTED EITHER BY REPEATED ERROR TEST FAILURES OR BY 
A TEST ON EPS. TOO MUCH ACCURACY HAS BEEN REQUESTED. 

-3 THE INTEGRATION WAS HALTED AFTER FAILING TB ACHIEVE 
CORRECTOR CONVERGENCE EVEN AFTER REDUCING H BY A 
FACTOR OF I.E1B FROM ITS INITIAL VALUE. 

-4 IMMEDIATE HALT BECAUSE OF ILLEGAL VALUES DF INPUT 
PARAMETERS. SEE PRINTED MESSAGE. 

-5 INDEX UAS -1 ON INPUT. HUT THE DESIRED CHANGES OF 
PARAMETERS WERE NOT IMPLEMENTED BECAUSE TOUT 
WAS NOT BEYOND T. INTERPOLATION TO T = TOUT UAS 
PERFORMED AS DN A NORMAL RETURN. TO TRY AGAIN, 
SIMPLY CALL AGAIN WITH INDEX - -1 AND A NEW TOUT. 

IN ADDITION TO DRIVE. THE FOLLOWING ROUTINES ARE PROVIDED IN 
THE PACKAGE.. 

INTERPI.TOUT,Y,NB,Y0) INTERPOLATES TO GET THE DUTPUT VALUES 
AT T = TOUT, FROM THE DATA IN THE Y ARRAY. 

STIFF(Y.HB) IS THE CORE INTEGRATOR ROUTINE. IT PERFORMS A 
SINGLE STEP AND ASSOCIATED ERROR CONTROL. 

COSETrMETH.NO.EL.TO.MAXDER) SETS COEFFICIENTS FOR USE IN 
THE CORE INTEGRATOR. 

PSET<Y,N0.CON.MITER.IER) COMPUTES AND PROCESSES THE JBCOBIAN 
MATRIX J • DF^'DY, 

DEC(H,N0.A,IP,IER) PERFORMS AN LU DECOMPOSITION DN A MATRIX. 
SQLCN,N0,A,B,IP) SOLVES LINEAR SYSTEMS A*X - B AFTER DEC 

HAS BEEN CALLED FOR THE MATRIX A. 
'IDTE.. PSET. DEC, AND SOL ARE CALLED ONLY IF MITER - 1 DR 2. 
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2 i i z i: 
2 1 1 3 L THE FOLLOWING ROUTINES ARE TO BE SUPPLIED BY THE USER. . 
2 1 M C D l F F U N M l . T . Y . Y D O T j COMPUTES THE FUNCTION YDO T = F I Y . T ) , THE 
2 M 5 C PIGHT-HAHD SIDE OF THE Q . D . E . 
2 I I 6 C HEPE Y HHD YDOT HRE VECTORS OF LENGTH N. 
? l l ? C P F D E P V r i l . r . Y. PI l .NB) CDI-IPUTES THE H BY I'l JACOB IAN MATRIX OF 
? I I R C PARTIAL DERIVHTIVES. HUD STORES I T IN PD 
2 I I 9 r. A5 UN HB BY HB APRAY. P D I I . J J IS TO BE 
? i ? B r SET TO THE PHRTIHL DERIVATIVE OF Y D O T f l ) 
; . ' l ? l I.: UITH PESPECT TO Y r J j . PEDERV IS CHLLED 
2122 r. ONLY IF M I T E R - I . OTHERUISE A DUMMY 
2123 I.: POUTIHE CAN BE SUBSTITUTED. 
2124 C 
2125 I- THE DIMENSIONS IN THE FOLLOWING DECLAPATIOHS ARE SET FOR A 
?12h L MAXIMUM OF ?fl EQUATIONS. IF THE PACKAGE IS TO USED FOR A LARGER 
?!?,•' i: VALUE DF H. THE DIMENSIONS SHOULD Bt INCREASED ACCORDINGLY. THE 
2128 I. DIMENSION DF I'll BELOU MUST BE AT LEAST H**2 IF MITER = I OR 2. 
? l? ' l C BUI CAN fit PI IJUCED TO II IF MITER - 3, OR TO 1 IF MITER - B. 
213B I. rut DIMENMUNS OF YMAX. ERROR, SAVEI, SAVE2. IPIV. AND THE FIRST 
2131 I. DIMENSION 01 Y SHOULD ALL BE AT LEAST H. THE COLUMN LENGTH OF 
2132 L THE Y ARRAY US USED ELSEWHERE IS MB, NOT 2 0 . THE ROLJ LENGTH OF Y 
? H . J I. CAN BE P i m i n i D FROM IS TO G IF METH - 2 . 
2 1 5 4 I. THE I P I V HI-'l.'t.Y I S USED OHLY IF 111TER IS 1 OR 2 . 
2135 r. 
213b I. THE COMMON III OCK GEAP9 CAN BE ACCESSED EXTERNALLY BY THE USER 
213? C IF DESIPI. II. IT CONTAINS THE STEP SIZE LAST USED (SUCCESSFULLY). 
2 M B I. THE URDI'P I. A M USFD r SUCCESS! ULLYI . THE NUMBER OF STEPS TAKEN 
21 10 r SO r HP. ITII NUMBER OF F EVALUATIONS IDIFFUH CALLS) SO FAR. 
?I4H l. AND nt NIII1III I- OF JACOB [AH EVALUATIONS SO FAR. 
2I4I I, 
2 14? I. IN TH! Fi l l I 111,11110 DATA STATEMENT, S E T . . 
2143 r. NPOIINIi DIE UNIT ROUNDOFF OF THE HHCHIHE. I . E . THE SMALLEST 
2 1 4 4 (. POSIT IVE U SUCH THAT 1 . + U . H E . 1 . ON THE MACHINE. 
? I 4 5 t: LOUT -• HIE LOGICAL UNIT NUMBER FOR THE OUTPUT OF ME5SAGES 
2146 C DURING THE INTEGRATION. 
2 1 4 ? I: 
214H C 
2 1 4 9 I.C+ - +CC 
2150 I.C + +CC 
215 1 C.C+ LAURENCE LIVERMORE LABORATORY +CC 
215? 0C+ NUMERICAL MATHEMATICS GROUP - - MATHEMATICAL SOFTWARE LIBRARY +CC 
2153 (X+ +CC 
2154 t;l> +CC 
2135 I.C+ +CC 
2156 CCl- CLASS OHE ROUTINE: DRIVE +CC 
215? CC+ R E V I S I O N : 0 +CC 
2158 CC + DATE LAST CHANGED: 7 E - B 2 - 1 0 +CC 
2159 CC+ RELEASE STATUS: UNLIMITED +CC 
2 1 6 0 CC + +CC 
2 1 6 1 CC+ EACH CLftSS OHE ROUTINE HAS BEEH THOROUGHLY TESTED BY HMG AMD MEETS +CC 
2162 C I > CERTAIN DOCUMENTATION AND PROGRAMMING STANDARDS. +CC 
2163 CM- +CC 
2164 CC+- AT LEAST ONE CONSULTANT IS AVAILABLE TO ANSWER QUESTIONS AND RESPOND +CC 
2165 CC+ TO REPORTED ERRORS OR INADEQUACIES IN A CLASS DUE ROUTINE. +CC 
2166 CC+ +CC 
216? CC+ +• + +CC 
2168 CC+ +• N O T I C E + +CC 
2169 CC + + + +CC 
217B CC+ +• THIS REPORT LIAS PREPARED AS AN ACCOUNT OF LURK SPONSORED BY THE + +CC 
2 1 7 1 CC+ *• UNITED STHTES GOVERNMENT. NEITHER THE UNITED STATES NOR THE + +CC 
2 1 7 2 CC+ + UNITED STATES ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION, + +CC 
2 1 7 3 CC+- + NOR AMY OF THEIR EMPLOYEES, NOR ANY DF THEIR CONTRACTORS, SUB- + +CC 
2 1 7 4 CC+ + CONTRACTORS, OR THEIR EMPLOYEES, MAKES ANY LIARRENTY, EXPRESS OR + +CC 
2175 CC+ + IMPL IED. OR ASSUMES ANY LEGAL L I A B I L I T Y OR RESPONSIB IL ITY FOR + +CC 
2 1 7 6 CC+ + THE ACCURACY, COMPLETENESS OR USEFULNESS OF ANY INFORMATION. + +CC 
2177 CC+ + APPARATUS, PRODUCT OR PROCESS DISCLOSED, DR REPRESENTS THAT ITS + +CC 
217B CC+ + USE UOULD NOT INFRINGE PRIVATELY-OWNED RIGHTS. + +CC 
2179 CC+ + + +CC 
2100 CC+ + + +CC 
?1B1 CC+ +CC 
21B2 CC+ PLEASE REPORT ANY SUSPECTED ERRORS IN THIS ROUTINE IMMEDIATELY TO NMG, +CC 
21B3 CC+ EXT. 3049. 3329, OR 32BB. +CC 
2184 CC+ +CC 
21B5 CC+- +CC 
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21B6 C 
2 1 8 ? DIMENSION YDBTI3001 
218B I I I MENS I ON rB HI) 
21B9 HI MENS I OH 'i I 3 B B . 131 
2 1 9 0 LCM I G E H P G I 
2191 COMMON . •GEHRI / T. H. HI 'HH. HMP.X. EPSC. UROUND, NC. MFC . KFLAG . JSTART 
2 1 9 2 COMMON -GEHP2.-- ' 'Tin;,;(3001 
2 1 9 3 COMMON GEHP3- CPPOPISPG' 
2 1 9 4 CQMME'N -'GEHP4.' S H V E l ' 3 0 0 ) 
2195 COMMEil .-GEHP5. SBVF_2(308) 
2196 L0MI1GN r,EHRl> P L I I 9 0 0 0 0 ) 
219? COMMON ••GFflR?- I P I V ( 3 B 0 i 
?19B COMMON GEHRB/- EPSJ.MSB 
2199 COMMON •GEPR9-- HUSED. HOUSED. HSTEP.HFE, NJE 
22BB COMMON .•LHPIV- 5T[ , .ppcNT.EMC.EM5TD-EMPRCT 
22B1 DBTH IJPOUHD.'?. I F - 1 5 / , L B U T / 3 . ' 
22B2 C 
2283 IF i I N D E X .EO. 01 GO TO 28 
2 2 0 4 IF i HIDE:': .EO. ? i GO TO 25 
22B5 IF i IIUPP:-: .EO. - 1 i GO TO 3B 
22B6 IF i INH1 :•' .EO. i i GO TO 4B 
220? [ r i INM. :•• .HE . 1 i >;0 TO 4.38 
2208 IF ( E l " . .1.F . O . i GO TO 4HH 
2209 IF HI .1.1 . 8 ' GO TO 410 
2210 
221 1 c— 

IF ( ' Til T l l l T n H l i : .GE. Q . i GO TO 428 2210 
221 1 c— 
2 2 1 2 c IF I I I I T ! H I . 'HIUIG Uf ,'MflX OTHER THBH THOSE SET BELOU BRE DESIRED. 
2213 c THEY LHDIJI [i 111 SET HFPE. FILL YMBXf I i MUST BE P O S I T I V E . 
2 2 1 1 c IF VHLUt'-. 1 IIP HM1N OR HMBX. IHE BOUNDS OH FIBS 1 HI . OTHER THBN 
2215 J THOSE BI IMI . I lil-'E [ I I G I P E D . THEY SHOULD HE SET 8EL0LI . 
2216 C - - - - — - - ...._. .. 221? no in i i .ii 
22 IB •.-mi/ i I i NB'-.i y d ' 11 i 
22 19 IF ' Y ' M M / i I i . E D . B . ) YMftXt 11 » 1 . 
2226 18 V I • 1 ' - Y 0 r [ i 
2221 HC - N 
2222 T = TO 
2223 H * HIJ 
2 2 2 4 IF I I T + H I .EO. T) U P I T E I L O U T . 1 5 ) 
2225 15 F0PI1BTI35H UHPMING. . T + H = T ON NEXT STEP. ) 
2226 H M " I » fiFIS'HBi 
222? Hii f ty • H I I S I T B - r n u T i * i H . 
2228 EPSC • EPS 
2229 MFC * I1F 
2 2 3 0 JSTI.PT - 0 
2231 N8 » II 
2 2 3 2 N50 ' N0*NB 
2 2 3 3 EP5J - SnPT(IJROUHD) 
2 2 3 4 HHCUT = B 
2235 GO TO 5B 
2 2 3 6 C 
2 2 3 ? C C 
2238 20 HMBX ' U B S i T O U T - T O U T P ) * 1 0 . 
2239 GO TO 88 
2 2 4 0 C 
2 2 4 1 25 HMfIX = B B 5 I T O U T - T O U T P ) * 1 0 . 
2242 IF M T - T O U T ) * H .GE. 0 . ) GO TO 580 
2 2 4 3 GO TO 85 
2 2 4 4 C 
2245 3B IF l !T-TOUT)iKH . G E . 0 . ) GO TO 440 
2 2 4 6 JSTBPT = - I 
224? HC = H 
2248 EPSC • EPS 
2249 MFC = MF 
225B C 
2251 4B IF r<T+H) .EO. T j U R I T E f L O U T , 1 5 ) 
2 2 5 2 C 
2 2 5 3 5B CALL STIFF <Y. HO) 
2 2 5 4 C 
2255 KGO = l - KFLAG 
2 2 5 6 GO TO I 6 0 , IBB- 2 0 0 , 3 0 0 ) . KGO 
2 2 5 ? C 1 <FL«G = 0 . - 1 . - 2 . - 3 
2258 c 
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2260 C ! 
2261 C NORMAL RETURN FROM INTEGRATOR. 
2262 C 
2263 C THE MEIGHTS YMAXfI) ARE UPDATED. IF DIFFERENT VALUES ARE DESIRED. 
2264 C THE'.- SHOULD BE SET HERE. A TEST IS MADE FOR ;EPS BEING TOO SMALL 
2265 C FOR THE MACHINE PRECISION. 
2266 C 
226? C ANY OTHER TESTS OR CALCULATIONS THAT ARE REDLllRED AFTER EVERY 
226B C STEP SHOULD BE INSERTED HERE. 
22GB C 
227B C IF INDEX » 3, YB IS SET TO THE CURRENT Y VALUES OH RETURN. 
22? 1 C IF INDEX = 2, H IS CONTROLLED TO HIT TOUT (UIjTHIN ROUNDOFF 
2272 C ERROR). AND THEN THE CURRENT Y VALUES ARE PUT IN YB ON RETURN. 
2273 C FUR ANY OTHER VALUE OF INDEX. CONTROL RETURNS1 TO THE INTEGRATOR 
2274 C UNLESS TOUT HAS BEEN REACHED. THEN INTERPOLATED VALUES OF Y ARE 
2275 C COMPUTED AND STORED IN YB ON RETURN. 
2276 C IF INTERPOLATION IS NOT DESIRED. THE CALL TO IINTERP SHOULD BE 
2277 C REMOVED AND CONTROL TRANSFERRED TO STATEMENT B00 INSTEAD OF 520. 
2278 C 1 
2279 D - 0. 
2280 DO 70 I = l.N 
22BI AYI = ABStYCI, D ) 
2282 may.tn » w o K K m i w n . AYH | 
2283 7B D = D + (AYl/YMAXf I) )**2 
2284 D - D*<UR0UND/EPS>**2 
2285 IF (D .GT. FLOHT(H)) GO TO 250 
2286 IF (INDEX .EO. 3) GO TO 5B0 
2287 IF (INDEX .EO. 2) GO TO 85 
22BB 80 IF ((T-TOUT)*H .LT. 0.) GO TO 40 
2283 CNLL INTERP (TOUT. Y, N0, YB) 
229B GO TO 520 
2291 B5 IF <((T+H)~TDUT)*H .LE. B.) GO TO 4B 
2292 IF (ABS(T-TOUT) .LE. I0B.«UROUHD*HMfiX) GO |TO 500 
2293 IF ((T-TOUT)*H .GE. B.) GO TO 500 
2294 H = (TOUT - T)*(l. - 4.*URCUND) 
2295 JSTART = -1 
2296 GO TO 40 
2297 C 1 
229B C ON AN ERROR RETURN FROM INTEGRATOR. AN IMMEDIATE RETURN OCCURS IF 
2299 C KFLAG - - 2 . AND RECOVERY ATTEMPTS ARE MADE OTHERWISE. 
2300 C TO RECOVER. H AND HMIN ARE REDUCED BY A FACTOR OF .1 UP TO 10 
23IJI C TIMES BEFORE GIVING UP. 
23B2 C 1 
2303 100 WHITE (LOUT,105) T 
2304 105 F0RMAT(//35H KFLAG = - 1 FROM INTEGRATOR AT T = .E16 .B / 
2305 1 38H ERROR TEST FAILED WITH ABS(H) = HMIN/> 
2306 110 IF (NHCUT .EO. 10) GO TO 150 
2307 NHCUT = HHCUT + 1 
2300 HMIN = .IMIMIN 
23B9 H « . I*H 
2310 WRITE (LOUT. 115) H 
? 3 U 115 F0RMAT(24H H HAS BEEN REDUCED TO .E16.B. 
2312 1 26H AND STEP LULL BE RETRIED//) 
2313 JSTART = - 1 
2314 GO TO 40 
2315 C 
2316 150 WRITE (LOUT, 155) 
2317 155 F0RMAT(//44H PRDBLEM APPEARS UNSOLVABLE L'tTH GIVEN INPUT//) 
23 IB GO TO 50B 
2319 C 
232B 280 WRITE (L0UT.2B5) T.H 
2321 205 F0RMAT(//35H KFLHG = -2 FROM INTEGRATOR AT T - .E16.B.5H H -. 
2322 1 E16.B/52H THE REQUESTED ERROR IS SMALLER THAN CAN BE HANDLED//) 
2323 GO TO 500 
2324 C ' 
2325 250 WRITE (LOUT.255) T 
2326 255 F0RMATC//37H INTEGRATION HALTED BY DRIVER AT T = .E16.B/ 
2327 1 56H EPS TOO SMALL TO BE HTTAIHED FOR THE MACHINE PRECISION/) 
232B KFLAG - -2 
2329 GO TO 500 
233B C 
2331 300 WRITE (L0UT.3B5) T 
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2332 3B5 FOPtlHTi .•• -35H KFLAG = - 3 FROM INTEGRATOR I I I - , E 1 6 . 8 / 
2 3 3 3 1 45H CORRECTOR CONVERGENCE COULD NOT BE A C H I E V E D / l 
2 3 3 4 GO TO I IB 
2335 C 
2336 4BB WRITE 'LOUT.4B5> 
2 3 3 7 405 FORI1HTI . 2RH ILLEGAL I N P U T . . EPS . L E . 0 . / - ' ) 
233B HIDE:-: = -4 
2339 RETURN 
2 3 4 0 C 
2341 418 URITE I L D U T . 4 1 5 1 
2 3 4 2 4 I 5 F C 1 R | - 1 R T I . - . ' 2 5 H ILLEGAL I N P U T . . N . L E . fl//) 
2 3 4 3 I n ti E :••• = - 4 
2 3 4 4 RETURN 
2345 C 
23413 420 URITE i L O U T . 4 2 5 ) 
2 3 4 ? 425 F O R M n T i . ' S b H ILLEGAL I N P U T . . f T B - T O U T ) * H . E E . B . . ^ ) 
2348 IHDE> = - 4 
2349 RETURN 
2350 C 
2351 430 LB? [TE I L 0 U T . 4 3 5 ) INDEX 
2 3 5 2 435 F0RI1ATI . ' . '24H ILLEGAL I N P U T . . INDEX - . I 5 / V ) 
2353 INDEX • - 4 
2354 PETUPM 
2355 C 
2356 440 UF ITF I L 0 U T . 4 4 5 1 T . TOUT. H 
235? 445 FO. ' l lnT i ' / 4 4 H INDEX - - 1 ON INPUT UITH CT-TOUT)*H . G E . 8 . ' 
235B 1 411 T * . F I 6 . B . 9 H TOUT " . E 1 6 . 8 . 6 H H *,E\.6.BS 
2359 1 4JH INTERPOLATION UAS DONE AS ON NORMAL R E T U R N . / 
2 3 6 0 2 4111 DESIRED PARAMETER CHANGES UERE HOT MADE.) 
2361 CALL JNTERP iTOUT, V, NB- YB> 
2 3 6 2 IHDt?, " - 5 
2 3 6 3 RETURN 
2 3 6 4 C 
2365 500 TOUT - T 
2366 HO 510 1 = l-N 
236? 510 Y6< IJ * V(I. O 
236B 520 INDEX • KFLAG 
2369 TOUTP = TOUT 
23?0 HO - HUSEIl 
23?I IF IKFLHG ,NE. 0) H0 = H 
23?2 CALL NOISF iH.Y0.STD,PRCNT,EMC) 
23?3 PETUPH 
23?4 C END OF SUBROUTINE DRIVE 
23?5 END 
2376 C 
23?? SUBROUTINE NDISE (N.Y0.STr,PRCNT,E(1C) 
23?0 C 
2379 C THIS SUBROUTINE COMPUTES AND ADDS NOISE TO THE VARIABLE VECTOR 
23BB C WHENEVER CALLED 
2381 C 
2382 C STD 15 THE ABSOLUTE STANDARD DEVIATION OF THE NOISE 
23B3 C PPCHT IS THE PER CENT OF VHLUE STANDARD DEVIATION OF THE NOISE 
2384 C STD OR PRCNT SHOULD BE 2ER0 
2385 C 
2386 C RNFL IS THE RANDOM NUMBER GENERATOR - IT IS MACHINE DEPENDENT 
2387 C 
23B8 DIMENSION YBCN) 
23B9 IF ISTD.EO.0.B.AND.PRCNT.EO.O.0) RETURN 
2390 IF (STD.ED.B.BJ GO TD 10 
2391 IF ISTD.HE.B.0.AND.PRCNT.NE.O.B) UR ITE 13, IBB) 
2392 IF (STD.HE.0.0.AND.PRCNT.NE.O.B) PRCNT-B.B 
2393 DO 2 J=1.H 
2394 GAU5S=8.B 
2395 DO 1 1=1.12 
2396 GAU5S=GAUSS+RNFLCEMC) 
239? CALL IRHFLrEMC) 
239B 1 CONTINUE 
2399 GRUSS»(GAUSS-6.0)*5TD 
24BB YBCJ)*YBrj)+GAUSS 
24BI 2 CONTINUE 
2402 GO TO 20 
24B3 IB DO 12 J-UH 
2404 GAUSS'S.B 
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2405 
24BS 
24B? 
24BB 
24B9 
241B 
2411 
2412 
2413 
2414 
2415 
241E C 
241? C 
241B 
2419 C 
242B I 
2421 
2422 C 
2423 
2424 
2425 
242G 
242? 
242B 
2429 
2430 
2431 
2432 
2433 
2434 
2435 
243S 
243? 
243B 
2439 
244B 
2441 
2442 
2443 
2444 
2445 
2446 
244? 
2448 
2449 
2450 
2451 
2452 
2453 
2454 
2455 
2456 
245? 
245B 
2459 
246D 
2461 
2462 
2463 
2464 
2465 
24G6 
246? 
24GB 
24c9 
247B 
24? 1 
24?2 
24?3 
2 4 ? 4 
24?5 

DO 11 1-1,12 
GAUSS=GAU55+RNFL(EMC) 
' ILL IRHFLCEMC) 

11 CONTINUE 
GAUSS=(GftUSS-6.9)*PRCNT*Y0U)/lBB.B 
YB(J)=YBUJ+GAU55 

12 CONTINUE 
2B CONTINUE 

RETURN 
IBB FORMAT (1BX. "*** EITHER STD OR PRCHT SHOULD BE ZERO, 

END 
STD UfiS USED * * * • ) 

SUBROUTINE STIFF (Y. NB) 

THE FOLLOWING CARD IS FOR OPTIMIZED COMPILATION UNDER CHAT. 
uPTIMIZE 

DIMENSION YrHB, 1) 
LCM (GEARS) 
COMMON /-GEARl/ T-H.HMIN.HMAX,EPS,UROUND.N.MF-KFLAG-JSTART 
CDMMON /GEAR2/ YMAXd) 
COMMON .'GEARS'- ERROR(1) 
COMMON -"GEAR4,' SHVEKI) 
COMMON /GEARS/ BAVE2C1) 
COMMON /GEAR6/ PUU) 
COMMON 'GEAR?/ I P I V t l ) 
COMMON /GEARS/ HUSED-NQUSED-NSTEP-NFE.NJE 

c 

C STIFF PERFORMS ONE STEP OF THE INTEGRATION OF AN INITIAL VALUE 
C PROBLEM FDR A SYSTEM OF ORDINARY DIFFERENTIAL EQUATIONS. 
C COMMUNICATION UITH STIFF IS DONE UITH THE FOLLOWING VARIABLES.. 
C 
C Y AH HB BY LMAX ARRAY CONTAINING THE DEPENDENT VARIABLES 
C AND THEIR SCALED DERIVATIVES. LMAX IS 13 FOR THE ADAMS 
C METHODS AND 6 FOR THE BDF METHODS. LMAX - 1 > MAXDER 
C IS THE MAXIMUM ORDER AVAILABLE. SEE SUBROUTINE CDSET. 
C Yd,J+l) CONTAINS THE J-TH DERIVATIVE OF Y d ) , SCALED BY 
C HWJ/FACTORIBLU) (J « 8, I ND) . 
C N3 A CONSTANT INTEGER .GE. N, USED FOR DIMENSIONING PURPOSES. 
C T THE INDEPENDENT VARIABLE. T IS UPDATED ON EACH STEP TAKEN. 
C H THE STEP SIZE TO BE ATTEMPTED ON THE NEXT STEP. 
C N IS ALTERED BY THE ERROR CONTROL ALGORITHM DURING THE 
C PROBLEM. H CAN BE EITHER POSITIVE OR NEGATIVE- BUT ITS 
C SIGN MUST REMAIN CONSTANT THROUGHOUT THE PROBLEM. 
C HMIN, THE MINIMUM AND MAXIMUM ABSOLUTE VALUE OF THE STEP SIZE 
C HMAX TO BE USED FOR THE STEP. THESE MAY BE CHANGED AT ANY 
C TIME- BUT DILL NOT TAKE EFFECT UNTIL THE NEXT H CHANGE. 
C EPS THE RELATIVE ERROR BOUND. SEE DESCRIPTION IN DRIVER. 
C UROUND THE UNIT ROUNDOFF OF THE MBCHIHE. 
C H THE NUMBER OF FIRST-ORDER DIFFERENTIAL EQUATIONS. 
C MF THE METHOD FLAG. SEE DESCRIPTION IN DRIVER. 
C KFLAG A COMPLETION CODE UITH THE FOLLDUING MEANINGS.. 
C B THE STEP UHS SUCCESFUL. 
C -1 THE REQUESTED ERROR COULD NOT BE ACHIEVED 
C UITH HBSCH) - HMIN. 
C -2 THE REQUESTED ERROR IS SMALLER THAN CAN 
C BE HANDLED FOR THIS PROBLEM. 
C -3 CORRECTOR CONVERGENCE COULD NOT BE 
C ACHIEVED FOR ABSl'H) - HMIN. 
C ON A RETURN UITH KFLAG NEGATIVE, THE VALUES OF T AND 
C THE V ARRAY ARE AS OF THE BEGINNING OF THE LAST 
C STEP, AND H IS THE LAST STEP SIZE ATTEMPTED. 
C JSTART AN INTEGER USED ON INPUT AND OUTPUT. 
C OH INPUT- IT HAS THE FOLLDUING VALUES HMD MEANINGS.. 
C 0 PERFORM THE FIRST STEP. 
C ,GT,B TAKE A NEUI STEP CONTINUING FROM THE LAST. 
C .LT.B TAKE THE NEXT STEP UITH A NEU VALUE OF 
C H, EPS- N- AHD/OR MF, 
C OH EXIT, JSTART IS HO- THE CURRENT ORDER OF THE METHOD. 
C YMAX AN ARRAY OF N ELEMENTS UITH UHICH THE ESTIMATED LOCAL 
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2476 
247? 
2478 
2479 
24BB 
24B1 
24B2 
2483 
24B4 
24B5 
24B6 
24B? 
248B 
24B9 
2490 
2491 
2492 
2493 
2494 
2495 
2496 
249? 
2498 
2499 
2S3B 
25a 1 
25B2 
25B3 
25B4 
25B5 
25H6 
25B7 
25aa 
250H 
2rjl0 
2511 
2512 
2513 
2514 
2515 
2516 
2517 
2518 
2519 
2528 
2521 
2522 
2523 
2524 
2525 
2526 
2527 
2520 
2529 
253B 
2531 
2532 
2533 
2534 
2535 
253S 
2537 
2538 
2539 
2548 
2541 
2542 
2543 
2544 
2545 
2546 
2547 
254B 

C ERRORS IN Y ARE COhPARED. 
C ERROR AN ARRAY OF H ELEMENT". ERRORC D/TQC2) [S THE ESTIMATED 
C ONE-STEP ERROR IN YC11. 
C 5AVE1, TOO ARRAYS OF UORKING STORAGE, 
C SAVE2 EACH OF LENGTH N. 
C PU A BLDCK CF LOCATIONS USED FOR PARTIAL DERIVATIVES IF 
C MITER IS NOT B. SEE DESCRIPTION IN DRIVER. 
C IPIV AN INTEGER ARRAY OF LENGTH N USED FDR PIVOT 
C INFORMATION IF MITER • 1 OR 2. 

DIMENSION EL(13),T0(4) 
DATA EL(2)/I./, OLDLB/l./-
KFLAG - B 
TOLD - T 
IF (JSTA2T .GT. B) GO TO 2BB 
IF (JSTART .NE. B) GO TO 12B 

C ON THE FIRST CALL, THE ORDER IS SET TO I AND THE INITIAL YDOT IS 
C CALCULATED. RMAX IS THE MAXIMUM RATIO BY IJHICH H CAN BE INCREASED 
C IN A SINGLE STEP. IT IS INITIALLY 1.E4 TO COMPENSATE FDR THE SMALL 
C INITIAL H, BUT THEN IS NORMALLY EQUAL TO IB. IF A FAILURE 
C OCCURS I IN CORRECTOR CONVERGENCE DR ERROR TEST), RMAX IS SET AT 2 
C FOR THE NEXT INCREASE. 
c 

CALL DYH2 rN. T, Y, SAVED 
DO I ID I = l .N 

UB Y U , 2 ) - H*SAVEUI> 
METH = MF/IB 
111 IER • MF - 1B*METH 
HO • I 
L = 2 
IDOUB - 3 
RMAX « 1.E4 
RC = B. 
CRATE - 1. 
HOLD = H 
MFOLD = I1F 
NSTEP * B 
HSTEPJ ' B 
MFE - 1 
NJE « B 
IRET = 3 
GO TO 13B 

C 
C IF THE CALLER HAS CHANGED METH, CDSET IS CALLED TO SET 
C THE COEFFICIENTS OF THE METHOD. IF THE CALLER HAS CHANGED 
C H, EPS- OR METH, THE CONSTANTS E, EDN, EUP, AND BND MUST BE RESET. 
C E IS A COMPARISON FOR ERRORS OF THE CURRENT ORDER NO. EUP IS 
C TO TEST FOR INCREASING THE ORDER- EDN FOR DECREASING THE ORDER. 
C BND IS USED TD TEST FOR CONVERGENCE OF THE CORRECTOR ITERATES. 
C IF THE CALLER HAS CHANGED H- Y MUST BE DESCALED. 
C IF H DR METH HAS BEEN CHANGED, IDOUB IS RESET TO L + 1 TO PREVENT 
C FURTHER CHANGES IN H FOR THAT MANY STEPS. 
c _. 
12B IF (MF .ED. MFOLD) GO TO 150 

MEO - METH 
MID = MITER 
METH - 11VIB 
MITER = MF - 1B*METH 
MFOLD - MF 
IF (MITER .HE. MIO) IUEVAL - MITER 
IF (METH .EO. MEO) GD TO ISB 
IDOUB - L + 1 
IRET > 1 

I3B CALL CDSET (METH. MO. EL, TO, MAXDER) 
LMAX • MAXDER + I 
RC - RC'KELdJ.'OLDLB 
OLDLB - ELU) 

140 FH • FLOAT(N) 
EDN • FH*(TQU)*EPS)**2 
E = FN*(T0(a)*EPS)**2 
EUP . FN*(TD(3)*EPS)**2 
BND = FN*(T0(4)*EPS)**2 

67 



2549 EPSOLD = EPS 
255B HOLD = II 
2551 ED TD (ISO- 170. 200), IRET 
2552 I5B IF C CEPS .Ed. EPSOLD) .AND. <N .EO. HOLD)) GD TD 168 
2553 IF CM .HE. MOLD) IUEVAL - MITER 
2554 IRET = 1 
2555 GO TO 140 
2556 160 IF (H .EO. HOLD) GO TO 200 
2557 RH = H^HDLD 
255B H = HOLD 
2559 IREDO - 3 
2560 GD TO 175 
2561 170 RH = AMAXHRH.HMIN/ABBCH)) 
2562 175 RH =• AMIN ICRH, HMAX/ABSCH), RMAX) 
2563 Rl = 1. 
2564 DO 1B0 J - 2.L 
2565 Rl » R1*RH 
2566 DD 1BD I - l.N 
2567 1B0 Yd,J) = Yd,J)*Rl 
256B H = H*RH 
2569 RC = RC*RH 
2570 IDDUB - L + I 
2571 IF (IREDO .EO. 0) GO TD 690 
2572 C 
2573 C THIS SECTION COMPUTES THE PREDICTED VALUES BY EFFECTIVELY 
2574 C MULTIPLYING THE Y ARRAY BY THE PASCAL TRIANGLE MATRIX. 
2575 C RC IS THE RATIO OF NEU TO OLD VALUES DF THE COEFFICIENT H*ELC1). 
2576 C IJHEN RC DIFFERS FROM 1 BY MORE THAN 30 PERCEHT. OR THE CALLER HAS 
2577 C CHBNGED MITER. IUEVBL IS SET TO MITER TO FORCE THE PARTIALS TD BE 
257B C UPDATED- IF PARTIALS ARE USED. IN ANY CASE, THE PARTIALS 
2579 C ARE UPDATED AT LEAST EVERY 20-TH STEP. 
25B0 C 
25B1 200 IF CABSCRC-1.) .GT. 0.3) IUEVAL = MITER 
25S2 IF CHSTEP .GE. NSTEPJ+2B) UJEVAL = MITER 
2583 T - T + H 
2584 DO 210 Jl - l,HO 
25B5 DO 210 J2 • J1.N0 
25B6 J = (NO + Jl) - J2 
25B7 DO 21B I - l.H 
asaa 210 Y d , j ) = Y d . j ) + YCt. j+n 
25B9 C 
2590 C UP TO 3 CORRECTOR ITERATIONS ARE TAKEN. A CONVERGENCE TEST IS 
2591 C MADE DM THE R.M.S. NORM DF EACH CORRECTION. USING BND. UHICH 
2592 C IS DEPENDENT ON EPS. THE SUM OF THE CORRECTIONS IS ACCUMULATED 
2593 C IN THE VECTOR ERROR(I). THE Y ARRAY IS HOT ALTERED IN THE CORRECTOR 
2594 C LDDP. THE UPDATED Y VECTOR IS STORED TEMPORARILY IN SAVE1. 
2595 C -
2596 220 DO 230 I " 1-N 
2597 23B ERROR CI) - B. 
259B M - 0 
2599 CALL DYN2 (N, T. Y. SAVE2) 
2600 NFE - NFE + 1 
2601 IF dUEVAL .LE. 0) GQ TO 290 
2682 C 
2603 C IF INDICATED. THE MATRIX P = I - H*EL(1)*J IS REEVALUATED BEFORE 
2604 C STARTING THE CORRECTOR ITERATION. IUEVAL IS SET TO B AS AN 
2605 C INDICATOR THAT THIS HAS BEEN DONE. IF MITER = I OR 2, P IS 
2606 C COMPUTED AND PROCESSED IN PSET. IF MITER • 3, THE MATRIX USED 
2607 C IB P = I - H«ELCl)*D. UHERE D IS A DIAGONAL MATRIX. 
2608 C 
2689 IbJEVAL - 0 
2610 RC = 1. 
2611 NJE • NJE +• I 
2612 NSTEPJ - NSTEP 
2613 GO TO (250, 240. 260) , MITER 
2614 240 NFE - HFE +• H 
2615 250 CON = -H'KELd) 
2616 CALL PSET CY. HO. CON, MITER, IER) 
2617 IF (IER .NE. 0) GO TO 420 
26IB GO TO 350 
2619 260 R - ELCD*. 1 
2620 DO 270 I - l.N 
2621 270 PUd) - Yd.1) + R*CH*SAVE2CI) - Yd.2)) 
2622 CALL DYN2 (N. T, PU, SAVED 
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2S23 NFE = NFE 4- 1 
2624 Hl.B - H'KELdl 
2S25 DCI 280 I = l .N 
2S2S 30 = H*SHVE2(I) - YtI>2J 
2627 F U r n = 1. 
2628 D > . 1*RB - H>K(SHVEKI1 - SBVE2CI1) 
2625 SAVE I t I I = 0. 
263B IF (BBS(RE)) ,LT. UR0UND*YMBX(I11 GO TO 2BB 
2631 IF (ABB(D) .ED. 0.) GO TO 420 
2632 PW(I1 - . l*RO.'D 
2633 SAVE H I ) - PU(I)*R0 
2634 2BB CONTINUE 
2635 GO TO 37B 
2636 29B IF (MITER .HE. 0) GO TO (350- 358, 3101, MITER 
2637 C 
2S3B C CH THE CASE OF FUNCTIONAL irERftTION, UPDATE Y DIRECTLY FRQrt 
2639 C THE RESULT DF THE LAST DIFFUH CALL. 
2640 C 
2641 D * B. 
2642 DO 3BB I = 1,N 
2643 R - H*SAVE2(I1 - Y d , 2 ) 
2644 I) = D +• ( (R-EBROR(I))/VTMXfI) )**2 
2645 SAVE I d ) - Y ( I , 1 ) + EL ( t l *R 
2646 300 ERROR I I I = R 
2647 GO TO 400 
2648 C 
2649 C IN THE CASE CF THE CHORD METHOD, COMPUTE THE CORRECTOR ERROR, 
2650 C F SUB (M l , HUD SOLVE THE LINEAR SYSTEM UITH THAT AS RIGHT-HAND 
2651 C SIDE BUD P AS COEFFICIENT MATRIX, USING THE LU DECOMPOSITION 
2652 C IF MITER = I OR 2. IF MITER = 3, THE COEFFICIENT H*EL(1) 
2653 C III P IS UPDATED. 
2654 C — 
2655 3 IB PHL0 - HLB 
2656 HLB - H*ELd) 
2657 IF (HLB .EB. PHL0) GO TO 330 
265B R = HLB/PHLB 
2659 DO 320 I - 1,11 
2660 D - L, - R*(l. - l.sPU(I)) 
2661 IF IBBS(D) .EO. 0.1 GO TO 440 
2662 320 PUlIi . •./D 
2663 330 DO 3413 [ = 1,M 
2664 340 SAVE Id) - PU( I1*(H*SHVE2( I) - (Yd,2) -t-ERRORdll) 
2665 GO TO 370 
2666 35Q DO 36B I - 1,N 
2667 360 SBVEld) = H»SAVE2(I> - (Yd-2) -HERRORdll 
266H CALL SOL IN. N0. PbJ. SBVE1. IP IV) 
2669 370 D - 0, 
2670 DO 380 I = l .N 
2671 ERRORII) -ERRORd l + S A V E K D 
2672 D = [i + ( S A V E l d l / Y M A X ( I l ) * * 2 
2673 3B0 SAVEld) -Yd.11 + EL( l)*ERRQRd) 
2675 C TEST FOR CONVERGENCE. IF M.GT.0. HN ESTIMATE OF THE CONVERGENCE 
2676 C RATE CONSTANT IS STORED IN CRATE. AND THIS IS USED IN THE TEST. 
2677 C — 
2678 400 IF (II .HE. 01 CRATE = AI1AX1 (.3*CRATE.D/D I) 
2679 IF ((D*BM1H1(1.,2.*CRHTE1) .LE. BND) GO TO 45B 
2685 CI = ft 
26B1 M = 11 + 1 
2682 IF (11 .ED. 31 GO TO 410 
2683 CALL DYN2 (N, T, SAVE1, SHVE2) 
2684 GO TO 290 
26B5 C 
2686 C THE CORRECTOR ITERATION FAILED TO CONVERGE IN 3 TRIES. IF PARTIBLS 
26B7 C ARE INVOLVED BUT ARE NOT UP TO DATE. THEY ARE REEVALUATED FOR THE 
26B8 C NEXT TRY. DTHERUISE THE Y ARRBY IS RETRACTED TO ITS VALUES 
26B9 C BEFORE PREDICTION. AND H IS REDUCED- IF POSSIBLE. IF NDT. A 
269B C HO-COHVERGENCE EXIT IS TAKEN. 
26B1 C - - T -
2692 410 NFE - NFE + 2 
2693 IF dUEVAL .EO. - I ) GO TO 440 
2694 420 T • TOLD 
2695 RMBX » 2 . 
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2696 DO 430 JI • I, NO 
269? DO 430 J2 » J I. NO 
2698 J = (NO + JL) - J2 
2699 DO 430 I = I.N 
2700 430 YCI-J) = Y(t-J) - YCI-J+I) 
27B1 IF CABS(H) .LE. HI1IN*1.00001) GO TO 6BB 
27B2 RH = .23 
2703 IREDO = 1 
2?B4 GO TO 170 
2705 440 IUEVAL =• MITER 
2706 GO TD 220 
2707 C 
270B C THE CORRECTOR HAS CONVERGED. HJEVAL IS SET TO -1 IF PARTIAL 
2709 C DERIVATIVES UERE USED- TD SIGNAL THAT THEY MAY NEED UPDATING ON 
2710 C SUBSEQUENT STEPS, THE ERRDR TEST IS MADE AND CONTROL PASSES TO 
2711 C STATEMENT 500 IF IT FAILS. 
2712 C 
2713 4SB IF rillTER .HE. 0) [UEVAL = - 1 
2714 HFE - HFE + M 
2715 D - D . 
2716 DO 460 I = 1-N 
2717 460 D = D + (ERR0RCI)-'YMAXCn)**2 
271B IF (D .GT. E) GO TO 50B 
2713 C 
272B C AFTER fl SUCCESSFUL STEP, UPDATE THE Y ARRAY. 
2721 C CONSIDER CHANGING H IF IDOUB = 1. OTHERWISE DECREASE IDOUB BY I. 
2722 C IF IDOUB IS THEN 1 AND NO ,LT. MAXDER- THEN ERROR IS SAVED FOR 
2723 C USE IN A POSSIBLE ORDER INCREASE ON THE HEXT STEP, 
2724 C IF A CHANGE IN H IS CONSIDERED- AH INCREASE DR DECREASE IN ORDER 
2725 C BY DUE IS CONSIDERED ALSO. A CHANGE IN H IS MADE ONLY IF IT IS BY A 
2726 C FACTOR HF AT LEAST 1.1. IF NOT, IDDUB IS SET TD 10 TO PREVENT 
2727 C TESTING FOR THAT MANY STEPS. 
272B C 
2729 KFLAG = 0 
2730 IREDO - 0 
2731 NSTEP = NSTEP + 1 
2732 HUSED - H 
2733 HOUSED - NO 
2734 DO 470 J - 1-L 
2735 DO 470 I = 1-N 
2736 470 YCI,J1 - Yd-J) + ELCJ)*ERROR(I) 
2737 IF (IDQUB .EO. 1) GO TO 520 
273B IDOUB - IDOUB - I 
2739 IF tIDOUB .GT. 1) GO TO 70S 
2740 IF (L .Ed. LMAX) GO TO 700 
2741 DO 490 I - l.H 
2742 490 Yd.LMAKl » ERROR(I) 
2743 GO TD 700 
2744 C 
2745 C THE ERROR TEST FAILED. KFLHG KEEPS TRACK OF MULTIPLE FAILURES. 
2746 C RESTORE T AND THE Y ARRAY TD THEIR PREVIOUS VALUES- AND PREPARE 
2747 C TO TRY THE STEP AGAIN. COMPUTE THE OPTIMUM STEP SIZE FOR THIS OR 
274B C ONE LOWER ORDER. 
2749 C • 
2750 500 KFLAG = KFLAG - 1 
2751 T - TOLD 
2752 DO 510 Jl = l.HO 
2753 DO 510 J2 - Jl.NO 
2754 J = (NO + Jl) - J2 
2755 DO 51B I - 1-N 
2756 51B Yd,J) • Yd.J) - YCI-J+1) 
2757 RMAX * 2. 
275B IF (ABS(H) .LE. HMIN*1.0B001) GO TD 66B 
2759 IF (KFLAG .LE. -3) GO TO 640 
2760 [REDO • 2 
27G1 PR3 - l.E+20 
2762 GO TO S4B 
2763 C 
2764 C REGARDLESS OF THE SUCCESS OR FAILURE OF THE STEP- FACTORS 
2765 C PR1. PR2. AND PR3 ARE COMPUTED- BY WHICH H COULD BE DIVIDED 
2766 C AT ORDER MO - 1, ORDER NO- DR ORDER NO + 1- RESPECTIVELY. 
2767 C IN THE CASE OF FAILURE, PR3 - 1.E2B TD AVOID AN ORDER INCREASE. 
276B C THE SMALLEST OF THESE IS DETERMINED AND THE NEU ORDER CHOSEN 
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2769 
2770 
2771 
2772 
2773 
2774 
2775 
2776 
277? 
2778 
2779 
2780 
2781 
2782 
27B3 
2784 
2785 
27B6 
27B7 
27BB 
27B9 
279B 
2791 
2792 
2793 
2794 
2795 
2796 
2797 
279B 
2799 
2B00 
2801 
2B02 
2803 
2t)04 
2805 
2806 
28B7 
28BB 
2809 
2B10 
2BU 
2812 
2813 
2814 
2B15 
2B1G 
2817 
2818 
2819 
2828 
2821 
2B22 
2B23 
2B24 
2B25 
2B2E 
2B2? 
2B2B 
2829 
2B3B 
2B31 
2B32 
2B33 
2B34 
2B35 
2B3G 
2B37 
2B38 
2B39 
2B4Q 

ACCORDINGLY. IF THE ORDER IS TD BE INCREASED. 
ADDITIONAL SCALED DERIVATIVE. 

UE COMPUTE ONE 

520 PR3 = L.E+20 
IF CL ,EQ. LMAX) GO TO 548 
Dl = 0. 
DO 530 I - I.N 

530 Dl = Dl + C (ERROR CD - Y( I.LMAX) )/"rT1AX( I))**2 
EN03 - .S/FLOATa+l) 
PR3 - (CDI--'EUP)*«EN(33)*1.4 +• 1. 4E-6 

54B EN02 = .5/-FL0ATCL) 
PR2 - ((D/E)**EN02)*1.2 + 1.2E-6 
PR1 = l.E+20 
IF (NQ ,EB. I) ED TD 560 
D - 0. 
DO 550 I - l.N 

55B D « D + (Y(I.L)/YI1AXCI))**a 
ENOl = .5/FLDATCNO) 
PRl = UD/EDN)**ENQ1)*1.3 + 1.3E-6 

560 IF (PR2 .LE, PR3) ED TO 570 
IF (PR3 .LT. PRL) ED TO 590 
GO TO 580 

570 IF (PR2 .ET. PRL) EO TO 5BB 
NEUD - MO 
RH = 1./PR2 
ED TO 620 

5BB NEUD = NO - 1 
RH = 1./PR1 
EO TO 620 

590 NEUD = L 
RH = 1.XPR3 
IF CRH .LT. 1.1) GO TO 610 
DD 600 I - l.N 

680 Y(I,NEUa+l) - ERROR C I) *EL(L).-FLOAT(L) 
GD TD 630 

610 IDOUB = IB 
GO TO 7HB 

620 IF UKFLAG .EO. B) .AND. (RH .LT. 1.1)) GO TD 610 
c C IF THERE IS A CHANGE OF ORDER. RESET NO. L. AND THE COEFFICIENTS. 
C IN ANY CASE H IS RESET ACCORDINE TD RH AND THE Y ARRAY IS RESCALED. 
C THEN EXIT FROM 690 IF THE STEP LIAS OK. OR REDO THE STEP OTHERUISE. 

630 
IF (NEUD .EQ. 
NO - NEUO 
L = NQ + 1 
IRET > 2 
ED TO 130 

NO) GO TO 170 

C CONTROL REACHES THIS SECTION IF 3 OR MORE FAILURES HAVE OCCURED. 
C IT IS ASSUMED THAT THE DERIVATIVES THAT HAVE ACCUMULATED IN THE 
C Y ARRAV HAVE ERRORS OF THE UROHG ORDER. HENCE THE FIRST 
C DERIVATIVE IS RECOMPUTED. AND THE ORDER IB SET TO 1. THEN 
C H IS REDUCED PY A FACTOR OF 10. AND THE STEP IS RETRIED. 
C AFTER A TOTAL OF 7 FAILURES. AN EXIT IS TAKEN UITH KFLAE - -2. 
640 IF (KFLAG .ED. -7) GO TD 670 

RH - .1 
RH = AMAX1(HMIN/ABS(H).RH) 
H * H*RH 
CALL DYH2 (N. T, Y, SAVED 
LIFE = NFE +• L 
DO 650 I • l .N 

650 Y d . 2 ) - H*SAVE1(I) 
IUEVAL = MITER 
IDBUB = 10 
IF (NO .ED. 1) GO TO 2BB 
ND - 1 
I • 2 
IRET • 3 
GO TO 130 



2B41 C ALL RETURNS ARE MADE THROUGH THIS SECTION. H IS SAVED IN HOLD 
2B42 C TO ALLOW THE CALLER TD CHANGE H ON THE NEXT STEP. 
2843 C 
2844 660 KFLAG - -1 
2845 GO TO ?BB 
284S 6?0 KFLAG - -2 
2B4? GO TO ?00 
2B4B 680 KFLAG = -3 
2B49 GO TO ?BB 
2B5B 690 RMAX = IB. 
2B5I ?BB HOLD " H 
2BS2 JSTART = NO 
2853 RETURN 
2B54 C END OF SUBROUTINE STIFF 
2855 END 
2B56 C 
2B5? C 
2858 C 
2859 SUBROUTINE PSET CY. NB. CON, MITER, IER) 
2860 C 
2861 C THE FOLLOWING CARD IS FOR OPTIMIZED COMPILfiTIDN UNDER CHAT. 
2862 OPTIMIZE 
2B63 C 
2864 DIMENSION YCNB-1) 
2865 LCM CGEAR6) 
2866 COMMON /GEAR1/ T.H.DUMMYC3) ,UROUND, N,IDUMMYC3) 
286? COMMON /-GEAR2/- YMAXC1) 
2868 COMMOH /GEAR4/ SAVE 1(1) 
2869 COMMON 'GEARS/- SAVE2C1) 
2B?0 COMMON /-GEAR6/ PUU) 
2B?1 COMMON •GEAR?/' IFIVC1) 
2B?2 COMMON /-GEARS/' EPSJ.NSQ 
2B?3 C 
2B?4 C PSET IS CALLED BY STIFF TO COMPUTE AND PROCESS THE MATRIX 
2B?5 C P = I - H*ELC1)*J , UHERE J IS AN APPROXIMATION TO THE JACOBIAN. 
2B?G C J IS COMPUTED, EITHER BY THE USER-SUPPLIED ROUTINE PEDERV 
28?? C IF MITER • 1- OR BY FINITE DIFFERENCING IF MITER - 2. 
28?8 C J IS STORED IN PU AND REPLACED BY P. USING CON • -H*EL(1). 
2B?9 C THEN P IS SUBJECTED TO LU DECOMPOSITION IN PREPARATION FOR 
28BB C LATER SOLUTION OF LINEAR SYSTEMS UITH P HS COEFFICIENT MATRIX. 
2BB1 C 
2BB2 C IN ADDITION TO VARIABLES DESCRIBED PREVIOUSLY, COMMUNICATION 
2B83 C UITH PSET USES THE FOLLOUING.. • 
2BB4 C EPSJ = SORTCUROUND), USED IN THE NUMERICAL JACOBIAN INCREMENTS. 
2885 C NSO - 118**2. 
2886 C 
2BB? IF CMITER .EB. 2) GO TO 28 
2BBB C IF MITER = 1, CALL PEDERV AND MULTIPLY BY SCALAR. 
2BB9 CALL PEDERV CN, T, Y, PU, NB) 
2B9B DO 10 I - 1,NS0 
2B91 IB PU( I) = PUCDiKCOH 
2B92 GO TO 6B 
2B93 C IF MITER - 2. MAKE M CALLS TO DIFFUN TO APPROXIMATE J . — 
2B94 2B D - Q. 
2B95 DO 38 I • 1,N 
2896 30 D - D + SAVE2CI)**2 
2B9? R8 - ABSCH)*SQRT(D)*1.E03*URDUND 
2898 Jl • B 
2899 DO 50 J = 1,M 
2908 YJ • YCJ.l) 
29B1 R - EP5J*YI1RX(J) 
2982 R " HMAXKR,R0> 
29B3 Y(J,1) • YCJ-1) +• R 
29B4 D - COIVR 
29B5 CALL DVH2(N,T,Y-SAVE1) 
29B6 DO 48 I - 1,N 
290? 4B PUCI-t-JU - CSBVEHI) - SAVE2(I))*D 
29BB YCJ, U - YJ 
2909 Jl - Jl +• HO 
2910 5B CONTINUE 
Z9U C ADD IDENTITY MATRIX. -
2912 60 J • 1 
2913 DO ?B I - UN 

72 



2914 PUCJJ = PUCJ) +• I . 
2915 70 J - J + CN0 +• 1) 
2916 C DO LU DECOMPOSITION ON P. 291? CALL DEC (N, NB. PU, IPIV, IER) 29 IB RETURN 2919 C END OF SUBROUTINE PSET 2920 END 
2921 SUBROUTINE INTERP CTOUT, Y> N0, YB) 2922 C 
2923 CCH +CC 
2924 CC+ +CC 
2925 CC+ LAURENCE LIVERMORE LABORATORY +CC 292S CC+ NUMERICAL MATHEMATICS GROUP — MATHEMATICAL SDFTUARE LIBRARY +CC 292? CC+ +CC 292B CC-i +CC 2929 CC4- +CC 293A CC+ CLASS ONE ROUTINE: INTERP +CC 2931 CC+ REVISION: B +CC 
2932 CC+ DATE LAST CHANGED: 76-02-10 +CC 2933 CC+ RELEASE STATUS: UNLIMITED +CC 2934 CC+ +CC 2935 CC+ EACH CLASS ONE ROUTINE HAS BEEN THOROUGHLY TESTED BY NMG AND MEETS +CC 2936 CC+ CERTAIN DOCUMENTATION AND PROGRAMMING STANDARDS. +CC 2937 CC+ +CC 293B CC+ AT LEAST ONE CONSULTANT IS AVAILABLE TO ANSWER QUESTIONS AND RESPOND +CC 2939 CC + TO REPORTED ERRORS OR INADEQUACIES IN A CLASS ONE ROUTINE. +CC 
2940 CC + +CC 
2941 CC+ +• + +CC 
2942 CC+ -H N O T I C E + +CC 
2943 CC+ + + +CC 2944 CC + + THIS REPORT UAS PREPARED AS AN ACCOUNT OF UORK SPONSORED BY THE + +CC 2945 CC + <- UNITED STATES GOVERNMENT. NEITHER THE UNITED STATES NOR THE + +CC 294S CC + + UNITED STATES ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION- + +CC 2347 CC+ * NOR ANY OF THEIR EMPLOYEES, NOR ANY OF THEIR CONTRACTORS, SUB- + +CC 2940 CC + +• CONTRACTORS, OR THEIR EMPLOYEES, MAKES ANY UARRENTY, EXPRESS OR + +CC 
2949 CC+ + IMPLIED, OR ASSUMES ANY LEGAL LIABILITY OR RESPONSIBILITY FOR + +CC 
2950 CC+ + THE ACCURACY, COMPLETENESS OR USEFULNESS OF ANY INFORMATION, + +CC 2951 CC+ + APPARATUS, PRODUCT OR PROCESS DISCLOSED, OR REPRESENTS THAT ITS + +CC 
2952 CC+ + USE UDULD NOT INFRINGE PRIVATELY-OUHED RIGHTS. + +CC 2953 CC+ *• + +CC 2354 CC+ +• + +CC 
2955 CC+ +CC 2956 CC+ PLEASE REPORT ANY SUSPECTED ERRORS IN THIS ROUTINE IMMEDIATELY TO NMG. +CC 
2957 CC+ +CC 2958 CC+ +CC 2959 C 2960 C 2361 C 2362 C THE FOLLOWING CARD IS FOR OPTIMIZED COMPILATION UNDER CHAT. 2963 OPTIMIZE 
2364 C — -
2965 COMMON /GEARU T.H.DUMMYC4) ,N- IDUMI1YI2), JSTART 
2966 DIMENSION Y0CNB), Y(N0. I ) 
296? C 296B C SUBROUTINE INTERP COMPUTES INTERPOLATED VALUES OF THE DEPEHDENT 2969 C VARIABLE Y AND STORES THEM IN YB. THE INTERPOLATION IS TO THE 297B C POINT T - TOUT, AND USES THE NORDSIECK HISTORY ARRAY Y, AS FOLLOWS.. 2971 C NO 2972 C VOttJ SUM YCI,J+1)*S**J . 
2973 C J=0 
2974 C WERE S • -CT-TOUT)/H. 2975 C 2976 DO 10 I - 1,N 2977 10 Y0CI) " YCI,1) 297B L - JSTART + I 2979 S • (TOUT - T)A\ 29BB SI > 1, 
2981 DO 30 J - 2-L 
29B2 SI • S1*S 
2983 DO 20 I • U N 2384 28 Y0U) - YBCI) + Sl*YCI,J) 2985 30 CONTINUE 29B6 RETURN 

73 



29B7 C END DF SUBROUTINE INTERP 
29BB END 
29B9 SUBROUTINE COSET CMETH. ND, EL. TO. MAXDER) 2990 C 2991 C 2993 C COSET IS CfiLLED BY THE INTEGRATOR AND SETS COEFFICIENTS USED THERE. 2993 C THE VECTOR EL. OF LENGTH NQ + 1, DETERMINES THE BASIC METHOD. 2994 C THE VECTOR TO. OF LENGTH 4, IS INVOLVED III ADJUSTING THE STEP SIZE 2995 C IN RELATION TO TRUNCATION ERROR. ITS VALUES ARE GIVEN BY THE 2996 C PERTST ARRAY. 2997 C THE VECTORS EL AND TO DEPEND ON METH HMD HO. 299B C COSET ALSO SETS MAXDER. THE MAXIMUM ORDER OF THE METHOD AVAILABLE. 2999 C CURRENTLY IT IS 12 FOR THE ADAMS METHODS AND 5 FOR THE BDF METHODS. 3000 C LMAX - MAXDER + 1 IS THE NUMBER OF COLUMNS IN THE Y ARRAY. 3B01 C THE MAXIMUM ORDER USED MAY BE REDUCED SIMPLY BY DECREASING THE 3D02 C NUMBERS IN STATEMENTS 1 AND/OR 2 BELOU. 3003 C 3004 C THE COEFFICIENTS III PERTST NEED BE GIVEN TO ONLY ABOUT 
3SB5 C ONE PERCENT ACCURACY. THE ORDER IN UHICH THE GROUPS APPEAR BELOU 3BB6 C IS.. COEFFICIENTS FOR ORDER NO - 1, COEFFICIENTS FOR ORDER NO. 
3B07 C COEFFICIENTS FOR ORDER NO + I. WITHIN EACH GROUP ARE THE 3BBB C COEFFICIENTS FOR THE ADAMS METHODS. FOLLOWED BY THOSE FOR THE 3DB9 C BDF METHODS. 30 IB C 3011 C 3012 CC+- +CC 
3013 CC+ +CC 3BI4 CC+ LAURENCE LIVERMORE LABORATORY +CC 3B15 CC+ NUMERICAL MATHEMATICS GROUP -- MATHEMATICAL SOFTWARE LIBRARY +CC 30IS CC+ +CC 
3B17 CCt +CC 
30 IB CC + +CC 3019 CC+ CLASS ONE ROUTINE: COSET +CC 3020 CC+ REVISION: 0 +CC 3B21 CC+ DATE LAST CHANGED: 76-02-10 +CC 3022 CC+ RELEASE STATUS: UNLIMITED +CC 3B23 CC+ +CC 3024 CC+- EACH CLASS ONE ROUTINE HAS BEEN THOROUGHLY TESTED BY NMG AND MEETS +CC 3B25 CC+- CERTAIN DOCUMENTATION AND PROGRAMMING STANDARDS. +CC 3B26 CC+ +CC 3D27 CC+ AT LEAST ONE CONSULTANT IS AVAILABLE TO ANSWER QUESTIONS AND RESPOND +CC 302B CC+ TO REPORTED ERRORS OR INADEQUACIES IN A CLASS ONE ROUTINE, +CC 3B29 CC+- +CC 
303B CC+ +• + +CC 
3B31 CC+ +• N O T I C E + +CC 
3B32 CC+ + +• +CC 
3033 CC+ + THIS REPORT WAS PREPARED AS AN ACCOUNT DF WORK SPONSORED BY THE + +CC 
3B34 CC+ +• UNITED STATES GOVERNMENT. NEITHER THE UNITED STATES NOR THE + +CC 
3035 CC+- + UNITED STATES ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION. + +CC 
3036 CC+ + NOR ANY OF THEIR EMPLOYEES. NOR ANY OF THEIR CONTRACTORS, SUB- + +CC 
3837 CC+ +• CONTRACTORS. OR THEIR EMPLOYEES. MAKES ANY UARRENTY, EXPRESS OR + +CC 
303B CC+ +• IMPLIED. OR ASSUMES ANY LEGAL LIABILITY OH RESPONSIBILITY FOR + +CC 
3039 CC+ +• THF ACCURACY. COMPLETENESS OR USEFULNESS OF ANY INFOkilATIOH, + +CC 
3040 CC4- +• APPARATUS. PRODUCT OR PROCESS DISCLOSED. OR REPRESENTS THAT ITS + +CC 
3041 CC+ + USE UDULD NDT INFRINGE PRIVATELY-OWNED RIGHTS. + +CC 
3042 CC+ 4- + +CC 
3043 CC+ +• + +CC 3D44 CC+ +-CC 3043 CC+ PLEASE REPORT AMY SUSPECTED ERRORS IN THIS ROUTINE IMMEDIATELY TO NMG. +CC 
3046 CC+ EXT. 3049. 3329, OR 32BB. +CC 3047 CC+ +CC 
314B CC+ +CC 
31149 C 
SL'SB DIMENSION PERTSTC 12.2, 3), ELC13) .TQ(4) 3B5I DATA PERTST s 1..1..2..1...31SB..07407.,01391,.0021B2. 3052 1 .0002945,.BD0B3492..000003692- .000BB03524, 3853 2 1..1...5,.1667,,04167,I,,1.- I.,1.. 1..1..1.. 3B54 3 2.,12.,24..37.89.53.33.70.BB.B7.97,106.9, 
3B55 4 126.?, 147,4, 168.8, 191.B. 3056 5 2.0.4.5,7.333,10.42.t3.7.1.,l.,l..l.,l..l.,l., 3B57 fi 12.0.24.0,37.B9.S3.33.7B.BB.87.97.106.9, 3D5B 7 126.7.147.4.168.8,191.0,1., 
3059 B 3.0.6.0,9.167,12.5,1., I,, I,, 1,, 1.,!.,!., I. /• 
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3060 C 
3061 GO TQ ll,2),M£TH 3062 1 MAXDER = 12 
3063 GOTO (10b102,1B3.1B4,105,106.107,IBB,109,110-111.112),NO 3064 2 MAXDER = 5 3065 GO TO f2Bl,2B2,2B3.2B4,2B5),Na 3066 C 306? C THE FOLLOWING COEFFICIENTS SHOULD BE DEFINED TO HfiCHIHE ACCURACY. 3060 C FOR A GIVEN ORDER NO, THEY CAN BE CALCULATED BY USE DF THE 
3069 C GENERATING POLYNOMIAL LtT), UHOSE COEFFICIENTS ARE EL(I).. 3070 C LtT) * EL(1) + ELC2)*T + ... + EL(NQ-H) *T**HG1. 
3071 C FPR THE IMPLICIT ADAMS METHODS. LCT) IS GIVEN BY 
3072 C DL/DT - ITH)*(T+2)* ... *(T+NO-1) ̂ K, LC-1) = 0, 
3073 C WHERE K - FACTORIALCNQ-1). 
3074 C FOR THE BDF METHODS. 
3075 C LtT) = t T + l ) * ( T + 2 ) * . . . *tT+HO)^K, 3076 C WHERE K = FACTORIALtNOW 1 + 1,-2 + . . . + 1/NO) . 3077 C 
307B C THE ORDER IN WHICH THE GROUPS APPEAR BELOU IS.. 3079 C IMPLICIT ADAMS METHODS OF ORDERS 1 TO 12, 3BB0 C BDF METHODS OF ORDERS 1 TO 5. 
3Bbl C — 3EB2 IB1 ELtl) - l.B 3BB3 GO TO 900 
3BB4 102 ELtl) - 0.S 3BB5 EL13J = B.5 3BB6 GO TO 90B 3BB7 103 ELtl) - 4.166E666666667E-01 
3BBB EL13I - B.75 3BB9 EL 141 = 1.GGSGE66666667E-01 3B9B GO TO 90B 3BS1 104 ELtl) = B.375 
3B92 EL(3) - 9. 1666666666667E-01 3093 ELt4) = 3.3333333333333E-01 3B94 EL(51 - 4.1666666666667E-02 
3095 GO TO 90B 3096 105 ELtl) - 3.4B61111111111E-0I 3B97 ELf3) « 1.041666666666? 3B98 EL(4) > 4.B611111111111E-01 3099 EH5) - 1.0416666666667E-01 3100 EL lit * B.3333333333333E-03 3101 GO TO 9BB 
31B2 106 E L d ) = 3 .29061111U1UE-B1 
3103 EL(3J = 1.1416666666667 
31B4 EL(4l = 0.625 
31BS EL(5> - 1.770B333333333E-01 
3106 EL(S) = 0.025 3107 ELt?) - 1.3BBB88888B889E-B3 3108 GB TO 900 
3109 10? E L f l ) - 3.1559193121693E-B1 
3110 EL(3) = 1.225 
3111 EL(4) • ?.51051B5ia51B5E-Bl 
3112 EL(5) • 2.5520B33333333E-01 
3113 EL(6) - 4.B61111U11U1E-02 
3114 ELt?) • 4 . 8 6 1 U 1 1 1 U 1 U E - 0 3 
3115 ELtB) - 1.9B41269B41270E-04 
3116 GO TO 9BB 
311? 10B E L t l ) = 3.04224537037B4E-01 
3US EL(3) - 1. 29642SS7 142B6 
3119 EH4) = B.6B5185ia5ia52E-01 
3120 EL(5) - 3.35763BaaaaS89E-01 
3121 ELtB) = ?.?77????7????aE-02 
3122 ELt?) - 1.064B14ai4B14BE-02 
3123 ELtB) • 7.9365079365079E-B4 
3124 EH9) - 2.48015B73015B7E-05 
3125 GO TO 900 
3126 109 E L t l ) = 2.94a68B0044092E-0l 
312? EL(3) • 1.3589285714286 
312B EL(4) = 9.76554232a0423E-0l 
3129 EL(5) • B.4171B75 
3130 ELI6) • I.U35416666667E-01 
3131 EL t f ) . 0.01B75 
3132 ELtB) - 1.934523809523BE-B3 
3133 ELt9) . l .U60?142B5?14E-04 
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3134 ELC1B)- 2.75573192239B6E-B6 
3135 GO TO 900 
3136 110 EL (11 = 2.B697544642857E-B1 
313? EL(31 = 1.4144B41269B41 
313B EL (41 - 1.0772156BB4656 
3139 EL(5) = 4.9B567B194B035E-B1 
3140 EL(6) - 0.1484375 
3141 EL(?1 - 2.9060S7B987654E-02 
3142 EL(B1 • 3.?2023BB9S23BlE-a3 
3143 EL(91 = 2.996B5B46560B5E-04 
3144 ELf 101= 1.377B6596U993E-B5 
3145 E L d l l - 2.75573192239B6E-B7 
SUE GD TO 90B 
314? 111 ELU1 - 2.801S959644394E-01 
314B EL(31 " 1.4644B41269B41 
3149 EL(4) - 1.17151455B2646 
3150 EL(51 - 5.7935B19BB3527E-B1 
3151 EL(6J =• 1.BB322B6155203E-01 
3152 EL(?) = 4.1430362654321E-02 
3153 EL(B1 - 6.21U44179B942E-03 
3154 EL (91 =• 6.252S6679B941BE-04 
3155 EL(101= 4.B4174B1528513E-05 
3156 ELC11>> 1.5156525573192E-06 
315? ELC12)= 2.50521S83B5442E-0B 
315B GD TO 90B 
3159 112 E L U i - 2.742S5540B3160E-B1 
3160 ELC31 - I.SB993867243B7 
3161 EL(4) - 1.2602711640212 
3162 ELt5) = 6.59234L8209877E-01 
3163 EL (6) » 2.3845BBB264550E-B1 
3164 EL(71 - 5.56972461B5232E-02 
3165 ELi'Bi - 9.4394B41269B41E-B3 
3166 EL(91 • I . U32749669312E-B3 
316? EL(1B1= 9.B933153439153E-05 
3166 E L d l l - 4.B2253BB641975E-06 
3169 ELC121- 1.5031265B31265E-0? 
3170 EL(131= 2.B8767569B786BE-09 
31?1 GO TO 9BB 
31?2 2B1 EL C11 = 1.0 
31?3 GB TO 9BB 
31?4 202 EL(11 - 6.6666S66666667E-BI 
3175 EL(31 = 3.o333333333333E-0l 
3176 GO TD 9BB 
31?? 2B3 EL(1) = 5.4S45454545455E-01 
31?B EL(31 - E L d l 
3179 EH41 = 9.B90gB9B9B9B91E-B2 
31BD GO TO 90B 
31B1 204 EL(1) = 0.4S 
31B2 EL(3) - B.7 
3183 EL(41 = B.2 
31B4 EL(51 = B.B2 
31B5 GO TO 900 
31BE 205 EL ( l ) - 4.3795620437956E-B1 
3 IB? EL(3) - 8,2U678832U6BE-B1 
3 IBB EL(41 - 3.1021897B10219E-01 
31B9 EL(5) - 5.4744525547445E-B2 
3190 EL(61 - 3.649635B364964E-03 
3191 C 
3192 900 DO 9 IB K " 1-3 
3193 910 TOCK1 = PERTSTttin.METH.IO 
3194 TO(41 - .5*TQ(21/FL0fiT(NGl+2) 
3195 
3196 

RETURN 3195 
3196 
319? END 
3isa SUBROUTINE DEC CN. NDIM. fl. IP. IER) 
3199 
3200 
3199 
3200 C THE FOLLOWING CARD IS FOR OPTIMIZED COMPILATION UNDER 
3Z01 OPTIMIZE 
3202 3202 
3203 LCM (Al 
3204 INTEGER N. NDIM. IPCN). IER 
3205 REBL A(HDIM,N1 
3206 
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320? C MATRIX TRIANGULARISRTION BY GAUSS ELIMINATION (JITH PARTIAL PIVOTING. 320B C INPUT.. 
3209 C N - ORDER OF MATRIX. 3210 C NDIM - DECLARED FIRST DIMENSION OF ARRAY A. 32U C A = MATRIX TO BE TRIANGULARIZED. 32L2 C OUTPUT.. 3213 C Atl.J). I.LE.J » UPPER TRIANGULAR FACTOR, U . 
3214 C ACI.JJ. I.GT.J = MULTIPLIERS - LOUER TRIANGULAR FACTOR. I - L. 321!' C IPOO, K.LT.N - INDEX OF K-TH PIVOT ROW. 
32Lt; C IER = 0 IF MATRIX A IS NONSINGULAR. OR K IF FOUND TD BE 
3217 C SINGULAR AT STAGE K. 32 LB C ROU INTERCHANGES ARE FINISHED IN U. ONLY PARTLY IN L. 3219 C USE SOL TO OBTAIN SOLUTION DF LINEAR SYSTEM. 322B C IF IER .HE. B. A IS SINGULAR- SOL LIILL DIVIDE BY ZERO. 3221 C 
3222 C 
3223 CCH +CC 3224 CO +CC 3225 C O LAURENCE LIVERMORE LABORATORY +CC 
3226 C O NUMERICAL MATHEMATICS GROUP — MATHEMATICAL SOFTWARE LIBRARY +CC 
3227 C O +CC 
3228 C O ICC 3223 C O +CC 323B C O CLASS ONE ROUTINE: DEC +CC 3231 CO REVISION: 1 +CC 3232 C O DATE LAST CHANGED: 76-11-15 +CC 
3233 CC+ RELEASE STATUS: UNLIMITED +CC 3234 CC+ +CC 
3235 CC+ EACH CLASS ONE ROUTINE HAS BEEN THOROUGHLY TESTED BY NMG AND MEETS +CC 323E C O CERTAIN DOCUMENTATION AND PROGRAMMING STANDARDS. +CC 3237 CC+ +CC 323B CC+ AT LEAST ONE CONSULTANT IS AVAILABLE TO ANSWER QUESTIONS AND RESPOND +CC 3239 LC+ TO REPORTED ERRORS OR INADEQUACIES IN A CLASS ONE ROUTINE. +CC 3240 CO +CC 
3241 CO + + +CC 
3242 C O 4- N O T I C E + +CC 
3243 C O * + +CC 3244 C O +• THIS REPORT UAS PREPARED AS AN ACCOUNT OF WORK SPONSORED BY THE + +CC 3245 C O + UNITED STATES GOVERNMENT. NEITHER THE UNITED STATES NOR THE + +CC 
3246 C O -H UNITED STATES ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION. + +CC 3247 C O + NOR ANY OF THEIR EMPLOYEES, NOR ANY OF THEIR1 CONTRACTORS. SUB- + +CC 324B C O + CONTRACTORS. OR THEIR EMPLOYEES, MAKES ANY UARRENTY. EXPRESS OR + +CC 
3249 C O + IMPLIED. OR ASSUMES ANY LEGAL LIABILITY OR RESPONSIBILITY FOR + *CC 
3250 C O + THE ACCURACY. COMPLETENESS OR USEFULNESS OF ANY INFORMATION. + +CC 
3251 CC+ + APPARATUS. PRODUCT OR PROCESS DISCLOSED. OR REPRESENTS THAT ITS + +CC 3252 CC+ + USE UOULD NOT INFRINGE PRIVATELY-OWNED RIGHTS. + +CC 3253 CC+ + + +CC 3254 CC+ + + +CC 3255 CC+ +CC 3256 CC+ PLEASE EXPORT ANY SUSPECTED ERRORS IN THIS ROUTINE IMMEDIATELY TO NMG. +CC 
3257 CC+ +CC 
325B CC+ +CC 
3259 C 3260 IER = 0 3261 IF (N .EQ. 1) GO TO 70 3262 MM1 - N - 1 3263 DO 6B K • 1.NM1 3264 KP1 = K + 1 3265 C FIND THE PIVOT IN COLUMN K. SEARCH ROWS K TD N. 3266 M - K 3267 DO 10 ! - KPI.N 326B IB IF (ABSCAU.IO) .GT. ABSCA(M.IO)) M - I 3269 IPCK) - M 327B C INTERCHANGE ELEMENTS IN ROWS K AND M. 3271 T - H(M.K) 3272 IF CM .EQ. K) GO TO 20 3273 ACM.K) - ACK.K) 
3274 HCK-K) • T 3275 20 IF CT .ED. 0.) GO TO 80 3276 C STORE MULTIPLIERS IN ACI.K), ! - K+l N. 3277 T • l./T 
327B DO 30 I - KPI.N 
3279 30 ACI.IO • - A C I , I O * r 
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32BB C APPLY MULTIPLIERS:TO OTHER COLUMNS OF A. ' 
32B1 DO 58 J = KP1.N 32B2 T - A CM,J) 32B3 ACM.J) = ACK.J) 
32B4 ACK.J) - T 32B5 IF <T .EO. B.) GD TO 50 
32B6 DO 40 I - KPl.N 32B? 40 A(I-J) = ACI.J) + ACI.KJiKT 32BB 50 CONTINUE 
3289 GB CONTINUE 329B ?B K - N 3291 IF (ACN.N) .EO. 0.) GO TO 00 3292 RETURN 
3293 BB IER = K 
3294 RETURN 3295 C END OF SUBROUTINE DEC 329E END 
329? SUBROUTINE SDL (N, NDIM, A, B, IP) 
329B C i 3299 L THE FOLLOWING CARD IS FDR DPTIMIZED COMPILATION UNDER CHAT. 
3300 OPTIMIZE 3301 C ! 33B2 LCM (A) 
33B3 INTEGER H. HBII1. IP(N) i 
3304 REAL ACIIDIM.H), BCH) 
3305 C i 
3306 C SOLUTION OF LINEAR SYSTEM A*X = B USING OUTPUT OF DEC. 
330? C INPUT.. 
33DB C II - ORDER OF MATRIX. 
3309 C NDIM = DECLARED FIRST DIMENSION OF ARRAY Ai. 
3310 C A - TRIAIIGULARIZED MATRIX OBTAINED FROM DECl. 
3311 C B = RIGHT HAND SIDE VECTOR. 
3312 C IP - PIVOT INFORMATION VECTOR OBTAINED FROM DEC. 
3313 C DO HOT USE IF DEC HAS SET IER .HE. 0. 
3314 C OUTPUT.. 3315 C B - SOLUTION VECTOR. X . 3316 C ; 331? IF (H .ED. 1) GD TO 50 
33 IB Mill - N - ! 
3319 C APPLY ROU PERMUTATIONS AND MULTIPLIERS TO B. -• 
332B DO 20 K = t.NI"ll 3321 KP1 = K H- 1 3322 11 = IPCK) 3323 T = BfM) 3324 0(11) - B(IO 3325 BOO = T 
3326 DO 10 I = KPl.l'l 
332? 10 BCD = BCD +• A U . K ) * T 
3328 20 CONTINUE 
3329 C BACK SOLVE. -• 
3330 SO 40 KB = l.HMl 
3331 KM I - H - KB 
3332 K = Ki l l + 1 
3333 B(K) * BCKJ/ACK.IO 
3334 T - -BOO 
3335 DO 30 I = 1.KI11 
3336 30 0(1) = BCD + A ( I . K ) * T 
333? 40 CONTINUE 
333B 50 BCD » B ( l l / B ( l . ID 
3339 RETURN 
3340 C END OF SUBROUTINE SDL ~ i 
3341 END 
3342 SUBROUTINE TYPES 3343 C 
3344 C SUBROUTINE PIPE 3345 C 
334G C THIS MODULE REPRESENTS A FIXED OR VARIABLE TIME DELAY 
334? C 
3340 C EQUIPMENT PARAMETERS 
3349 Z 1 - TLAG - LENGTH OF TIME DELAY. IF TIME DELflY IS FIXED 
3350 C - NEGATIVE OF VOLUME OF DELAYING EQUIPMENT OR PIPELINE. 
3351 C IF TIME DELAY IS VARIABLE 
3352 C 2 - BYP - FRACTION DF STREAM NOT DELAYED. [!.E. ..BYPASSED 
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3353 C 3 - NV - NUMBER OF STDRAGE SPACES USED IN DELAY VECTOR 
3354 C 4 - FLUE - FLAG.GT.B:OUTPUT FLOU CONTROL (PUMP) 
3355 C FLAG.EQ.0:NORMAL DELAY 
3356 C 
•335? COMMON 'UNIT. ' 111,HUP 
3358 COMMON .••MAT-' MP (35, 13) ,EP (35- 10) -SC2.45- 13), EX(50) 
3359 COMMON /CON/ HCOI1P..NC5 
3360 COMMON -'GERR-' JSTHRT.IMETH-TIME-H.HH-HINC-EPS-T,INTFL 
3361 COMMON ••'lO.-' HIH-HOUT,NERR,HPO [NT 
3362 INTEGER OUT 
3363 DIMENSION MC(4), SXC50.1 , l l ) 
33S4 DATA MC'4*1. ' , IFIRST/-0/,NIl- ' l - ' 
3365 C 
3366 C TRACE OPTION 
336? IF (EPdM. 10) .GT.B.0) URITE (HOUT,210) IM 
3368 C 
3369 IF (IHTFL.EO.1) GO TO 2 
33?B RETURN 
33?1 2 CONTINUE 
33?2 IN-MPUM.3) 
33?3 DUT=-MPcIM-4) 
33?4 IF (EPIIM, D.LT.0.B) GOTO IB 
33?6 C FIXED TIME DELAY 
33?? TLAG=EP(IM.11 
33?B GD TO 20 
33?9 C 
33B0 C VARIABLE TIME DELAY 
3381 IB CONTINUE 
3382 T L A G = - E P ( I M , l i / t S d . I N , 3 ) ) 
3383 20 CONTINUE 
3384 BYP-EPIIM,2) 
3385 NV-EPdM. 31 
33B6 C 
33B? C FLAG=1-OUTPUT FLDU CONTROL ,8 , NORMAL 
33BB IF (EP(IM,4).GT.B.B) SC1.IN.3)-S(1- DUT-3) 
33B9 C 
3390 C SET UP THE SX MATRIX ON THE FIRST PREDICTOR STEP 
3391 C FOR ALL SUBSEQUENT PREDICTOR STEPS SKIP THE DELAY 
3392 IF (IFIRST.NE.B) GD TO 50 
3393 SXd.ND, 1)=B.0 
3394 SX(1.HD.2)-B.B 
3395 C 
339E C PUT INPUT VALUES IN FIRST VECTOR OF SX MATRIX 
339? [ID 40 K=3-HC5 
3398 S X d . N D . I O = S d , IN-K) 
3399 C 
340B C PUT OUTPUT STREAM VALUES IN THE REMAINING VECTDRS 
34B1 DO 3B I=2.NV 
34B2 S X d . H D . K i = 5 d . 0 U T . I O 
34B3 C 
34B4 C FILL TIME VECTOR INITIALLY UITH - 1 . 0 VALUES 
3405 SXd.ND. I I =-1.0 
3406 5 X d - N D . 2 ) = - l .0 
34B? 3B CONTINUE 
34B8 40 CONTINUE 
34B9 [FIR5T-1 
3410 C RETURN IF PREDICTOR STEP 
3411 RETURN 
3412 5B MC(HD)=MC(HD)+1 
3413 C 
3414 C INCREMENT TIME VALUES AS TIME INCREASES 
3415 MD-MCCHD) 
341E IF (MD.GT.NV) MD=NV 
341? C 
3418 C STDRE A COPY OF TIME VECTOR FOR FUTURE REPEATS 
3419 HD 8B I=2,NV 
342B S X d - N D , 2 ) = S X d . N D . l ) 
3421 BB CONTINUE 
3422 SB IF (MD.E0.2) GD TO IBB 
3423 SX(I1D,ND,1)=SX(MD-1-ND-1)+H 
3424 MD-MD-l 
3425 GO TO 90 
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3426 IBB S X I 2 . H D . l l - H H 
342? C 
342B C SHIFT ALL VALUES DUE STORAGE STARTING WITH THE OLDEST 
3 4 2 3 [10 | ? f l K = 3 .11C 5 
343B DO 110 l ' 2 . H V 
3431 L - H V - l + 2 
3432 SX I I . . i m . I ' l ' S X f L - l . H D . K ) 
3433 118 CQIITIIIIJK 
3 4 3 4 I2B CDHTIMIJt 
3435 C 
343G C TRAIISI E.P INPUT VALUES TO 1ST DELAY VECTOR 
3437 I3 f l DO 14B l ' . ' 3 .HC5 
3430 5X1 l . N D . I ' I ' S d . IN .KJ 
3439 M B C01IT I Mill 
344H L 
3441 I. COMPAPL STORED TIME VALUES UITH TIME LAG 
3 4 4 2 no i::,fi I » 2 . N V 
3 4 4 3 IF I S X H . H D . D - T L A G 1 1 5 B . 1 6 B . 1 9 B 
3 4 4 4 150 COHTIIIIjr. 
3445 l: 
344G I' IF NOW IS GREATER THAN FLAG.EXIT THE LAST VALUE 
3447 I«NV 
344B IF tr,yiltV.HD. tl . E D . - l . ) GO TD 160 
3449 WRITE f IIEIIJT.220) 111 
3451:1 STOP 
3451 i: 
3452 L IF T l l f VALUE t.OUALS T L A G - E X I T CORRESPOND ING VALUES 
3453 1GB III] 1714 I i .HCS 
3 4 5 4 S M . O i n . l ' l =SX( I . I l l ) . K) * ( 1 . - 8 Y P ) + ( S r 1 . IN . K ) * B Y P ) 
3455 170 C0HT1IIIII 
3456 PFT1IPII 
345, ' F 
345H C IF DXiIi.GT.TLAG.CHECK IF SXII-1).GT.TLAG 
3459 L IF SO SET THE TIME AT SXEI1 TD - 1 . 
34GFI IBB SXi I .Mil. I I--1 . 
3461 I d - 1 
3452 198 L - I - l 
3453 C 
3 4 6 4 L KEEP TESTING UNTIL ONLY ONE IS LEFT 
3465 IF r S X C L . H D . L ) . G E . T L O G ) GO TO IBB 
34G6 C 
3467 C INTERPOLATE FOR E X I T VALUE 
34GB A - T L A G - S X C L . H D . 1 ) 
3469 B=SX< I , N i l . 1 ) - S X ( L . H D , L) 
347B [ID 200 K-3..HC5 
3471 U=SX(L.HD.K) + rA*CSX(I,ND,K)-BXCL,ND.K))/-B) 
3472 SU.OUT.Kl-a.-BYP)*UHBYP*SU. IN-K)) 
3473 2BD CONTINUE 
3474 IF (EPl 111. 10) .GT.B.B) URITE CNOUT-230) 
3475 RETURN 
347G C 
3477 C 
347B 21B FORMAT (MH ENTERING DLAY- 13) 
3479 22B FORMAT (2BH ERROR [N TIME DELAY.A29H NV MUST BE INCREASED IN MODU 
34BB 1.2HLE,I3:i 
34B1 230 FORMAT t19H LEAVING TIME DELAY) 
34S2 END 
3483 SUBROUTINE TYPES 
3484 C SUBROUTINE EXTRTR 
34B5 C 
34BS C PLUTONIUM-URANIUM SEPARATION AND CO-EXTRACTIDN 
34B7 C THE MAIN PRDGRAM CONSISTS DF INITIALIZATION FUNCTIONS 
34BB C GENERAL MATERIAL BALANCES. REACTION MODELS- DISTRIBUTION 
34B9 C COEFFICIENTS- VARIABLE HOLDUPS. AND CONTROL ALGORITHMS 
349D C ARE WRITTEN IH SUBROUTINES. 
3491 C 
3492 C THE ORGANIC SOLVENT IS ASSUMED TO BE PURE HYDROCARBON UITH 
3493 C TBP OF FRACTION XTBP 
3494 C 
3495 C THE AOUEuUS SOLUTION HND FEED STREHMS MAY CONTAIN ALL COMPONENTS 
>3496 C THE ORGENIC FEED STREAM MAY CONTAIN PUCIV). UCXI). AND HN02 
3437 C k 

349B C THE PROGRAM IS DIMENSIONED FDR A MAXIMUM OF 2B STAGES 
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3499 C 
35B0 COITION ,'LHRIV SID, PRCNT.EMC, EMSTD.EI-PRCT. IMC 
35B1 COMMON .'UNIT,' IM,NMP 
35B2 COMMON /MAT/ MP(35,13).EP(35,IB),5(2,45,13).EX(50) 
3SB3 COMMON /GERR/ JSTBRT,IMETH,TIME,HELL.HH.HINC.EPS.T,[NTFL 
35B4 COMMON /EXT1/ L, TOR,TRO. OR 1, ORF.0R2,NB,NF,VOL.AO.OR 
35B5 COMMON /EXT2/ K1.K2.K3.K4.KS 
35B6 DIMENSION EOAPi2 I).EOAUC2I),EN2(21),P40(21),P4A(21),P4BFC21) 
350? ].P3B c 21J.UH12 I).UBF < 21), H(21), HF(2 I),H03(2 I),N03F(21), HND2F(21) 
35B8 J.HH02I21i.HNI 2 I),HNF(21).HZ(21),HZF(21),FIS(21),HU(21),EHPC21), 
3509 .EHUI21) .EtlH2t2I>.ENH3C2l),EMP(2l),EI1Ui2l>.EI1H2(2l),EMH3(2l).RN(2D 
35 ID ].U0(21I.P3HFi21J.EH3(2l).DC(21),HND20(21).PU0RG(2l).PUD(2l) 
3511 D II1EH5 I Oil HP (2 IJ . OP (2 1) , I1DT0R I 21 ) , DDTHO (21 ) . DDTHU (2 1) 
3512 REBL K1.K2.K3.K4.K5.KH.KP,KU,IS,N03S/I031-INTERR 
3513 REBL N03-II03F, 11030 (2 1) 
3514 IHTEEEP HO IN.ORIN-AQQUT,OROUT 
3515 IF i1NTFL.ED.1i GO TO 2 
3516 RETURN 
351? 2 CONTINUE 
3518 C 
3519 C IDENTIFICATION OF STREAM NUMBERS 
3520 C 
3521 IFEED0»IHBS(l-1P(IM-3)) 
3522 IFEEDB*IABS(MPi 111.8)) 
3523 B0IN=!BB5iMPi II1.5)) 
3524 OPIH»IABS'l"IP( IM.?P i 
3525 BOOUT-MHBSiMP! 111,6)) 
3526 OPOUT-IHP.SiHPi 111.41) 
352? C 
3528 C 
3529 C IDENTIFICATION OF EQUIPMENT PARAMETERS 
353B C 
3531 L>EP(I i ; .2 i 
3532 HF=EPi 111.3) 
3533 VOL-EPi 111. 4) 
3534 TAO'EPr 111.5) 
3535 XTBP-EP'II1.6) 
3536 TOH-Tfin 
353? C 
3538 C INITIALIZATION 
3539 C 
3540 M-L-H 
3541 HB'HF-H 
3542 N?=HF-| 
3543 P4A(Mi=S(l .A0IN,?)/ '239.B 
3544 P3AU1l .S( l .A0IH. 13)/239.B 
3545 UA(MJ-Sil.AQIH,61/238.B 
3546 HZ (Ml -s l l. HO III- IB) 
354? HN02 i IH=S(1. HO IN. 11) 
354B N03(M)»S(l.HniH.B) 
3549 HIM)'1103HI) 
3550 H01»S(1.HDIH.3).'6Q.B 
3551 HN(MI=5f1.B01N. 12) 
3552 OR 1=5i1.OR IN.3).-SB.B 
3553 P40?>Sd. IFEED0.?)/239.B 
3554 UOZ-Si1.IFEEDO.6)^238.B 
3555 HN02Z = S U . IFEEDO. 11) 
3556 M03Z-5I1,IFEEDD.B) 
355? ORF-SI I, IFEEDO, 3J/6B.B 
3558 P4BZ=Sl1,II-EEDB. ?)/239.B 
3559 UB2=S< I, [FEEIIA,6)/23B.0 
3560 N03BZ»5i1,IFEEDB.B) 
35S1 HZAZ-SU, IFEEDR, IB) 
3562 HN02A2-SU.tFEEDB.i l ) 
3563 HNBZ-SU. IFEEDH. 12) 
3564 P3AZ-SCI.IFEEDR.13J/239.B 
3565 A0F-SI1.IFEEDR,3)/6B,B 
3566 IF (T.GT.HH) GO TO 1BI 
356? PUSRL'B.B 
35E8 C 
3569 C DEFINE REACTION RATE CONSTANTS FOR CHEMICAL REACTIONS 
35?B C 
3571 K1-B.B235 
3572 K2-B.68966 
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3 5 7 3 K 3 - B . H 6 9 3 
3 5 7 4 K4.-1 .5 
3575 K 5 - B . 2 3 4 
357G C 
357? i; 
35713 l PEfilJ I I I I I I I T I f I L VALUES QF COHCENTRATION PROFILE. D ISTRIBUTION 
3579 r. 
35B8 DO IBB 1 - l . L 
358 1 P 4 8 I I i - B . B B B 1 
35B2 P3f(t I i - B . B B 0 1 
3583 U A f I i - B . B B B l 
358.1 HI I ) - a . B B B l 
•.'585 M Q 3 H I -B .BBB1 
35B6 HI I02I 1 i -B .BBB1 
35B7 Mil f 1J - B . B B B I 
3581) nz<ii-H.aaai 
3589 E O f i P ' 1 P - B . B B B I 
35 3H E O H U i 1 i - B . B B B l 
3591 F H 3 i 1 i P l . H f l B I 
359.? E H 2 ' I i -H .0BB1 
3593 IBB COIITIMIir 
3 5 9 4 0R2-UPI t-DRI 
3595 A 0 2 « A n i t l i l l F 
359b I N I T R P - H . H 
3597 ROFF-HDI 
3598 HHFB-R.H 
3599 t R R P T - H . B 
360FI c 
36B1 c I I I ! r i m I7F. PSEUDD FLOW RATES 
3G0? r; 
3GB3 DO 5 I "1.117 
36B4 ftp 11J= A02 
3GB5 OPf I J - 0 R 1 
3SB6 5 D D T D P i I ) = 0 . B 
3607 DO IB [ - I I B . L 
360B fiPf|l«ft01 
3609 IB Q P l 1 l = 0 R 2 
3GID ftprnFj-HD2 
3G1I 0 P ( M F l - 0 R 2 
3612 C 
3 6 1 3 c I I I I T I F I L I2E END C0NDIT IDN5 
3 6 1 4 c 
3615 n p a i i - A O i 
3616 DDTAO(l"l>=B.B 
3617 DDTORF-f l .B 
361B c 
3619 c I N I T I A L I Z E QRGflNIC FLOU RftTES AND HOLDUPS 
3620 c 
3621 nn 12B N l . L 
3622 0R-0R2 
3 6 2 3 I F f l . L T . N F ) 0 R - 0 R 1 
3 6 2 4 A0-HD2 
3625 [ F f I . E T . H F 1 RQ-R01 
3626 H U f n = V O L . ' ( l + D R / B O ) 
362? P4Bf l J - E 0 A P C I ) * P 4 A C n 
3 6 2 8 DDTHUI H - B . B 
3629 120 CONTINUE 
363B 1B1 CONTINUE 
3631 c 
3632 c OVERALL PU BALANCE 
3 6 3 3 c 
3 6 3 4 P U B f l L = P U B A L + l . B - t f l Q 2 * ( P 4 f l ( l ) + P 3 A ( l ) + D R 2 * P 4 f i ( L ) * E 0 A P ( L ) ) / 
3635 1 f .ORF*P40Z+f lOF*(P4f tZ+P3HZ>) ) 
3 6 3 6 EP t I M . IJ =PUBAL*C0EF*P4Q2+f lBF«(P4AZH , 3 f tZ ) ) * 2 3 9 . B 
3 6 3 7 c 
3638 c CALL SUBROUTINE FOR DISTRIBUTION COEFFICIENTS 
3 6 3 9 c 
3 6 4 0 CfiLL D I S T R I C P 4 A . P 3 A . H N . H . N 0 3 . H N 0 2 . H Z . U A . F I S , E 0 A U , E 0 f t P , E H 3 , E H 2 
3641 l . X T B P ) 
3642 c 
3643 c CALL SUBROUTINE FOR HOLDUPS fiND FLDU PARAMETERS 
3 6 4 4 c 
3 6 4 5 CALL HDLDUPC0P. f lP .E0 f lP .E0 f lU ,EH2,EH3.DDT0R.DDTAn.HU.RN,ENP.ENU. 
3 6 4 6 1EHHZ.ENH3.EMP.EMU.EMH2-EMH3,DDTHU,»?.DDTORF) 
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364? C 
364B C MATERIAL BALANCE CALCULATIONS FDR EIGHT COMPONENTS 
3649 t 
3650 tiO 300 l - I . L 
3651 0P-0P2 
3653 I F i I . L T . H F i OP-OR1 
3653 BO-AO? 
3 6 5 4 I F U . G T . H F I HQ-f lOl 
3653 C 
365b C COLL SUBPOUTIHE FOR REACTION MODELS 
3657 C 
3658 CULL P E H C T I P 4 B . P 3 A . H H . H . N 0 3 . H N 0 2 . H Z , F I S . R X N 1 . R X N 2 . R X N 3 . R X N 4 . 
3659 1 P K H 5 . I I 
3660 [ 
3661 C FULEP IHTFGRBTIOH ROUTINE. CALCULATE NEU CONCl . P . f l T I 0 N 
3662 :. PPDFILF AT TIME T=T«1T 
366? : 
3664 I F ( I . H E . l i CO TO 250 
3665 L 
3666 t CALCULATIONS FOP THE F IRST STAGE 
3 6 b / C 
366A T E M l ' P i n 1 i .•< P 4 H t 2 ) -P4A 11)) - E M P ( l ) *P4AC 1) -RXN I+HXN2-RXN3 
3669 TH1?-P I | i I • M U ( i i 2 i - U A U ) l - E M U I L ) : K U A t l ) 
3670 TEM6-PIU I i *ND3 ' ?) -H03 i 1J-EMH3I l ) * H 0 3 i 1) - 0 .5 *RXH2+OR 1*N03Z/HUC I ) -
3 6 , ' I J4*EMPi 1 l » P 4 f i l 1 i 2*EMU< l l ' H j A l 1 1 
3672 T I I17 -PHI 1 i * r H H 0 ; ' l 2 ) - H H 0 2 l l ) J - E H H 2 ( 1 ) * H H D 2 . ' 1 ) + 0 . 5 * R X H 2 - R X N 4 - R X N S 
3b . 7 5 TEI1B-PIH 1 i » i H i ? i - H r 1) J : K E M H 3 I I i * H 0 3 l 1 ) + 1 . 75*RXH I - 1 . 5»PXH2+1 .25*RXN3 
3 6 7 4 l+PMM+RXH' i 
3 6 . " i CO TO 2 / 0 
3 6 / 6 250 II ' ! ••' .ill i r,0 TO 260 
3 6 / / C 
3 6 / B C C H L : U I M I I I I M S FOP THE FEED STAGE 
3679 L 
36B0 TEM1 - H I i III +1) *P4ft l H F + I ) -RN IHFJ *P4A INF) +0RF*P402^HU (NF) -HJR I K 
36B 1 JCOAP i HE - 1 i *P4B i NF- 1 ).'HU (NF) -EMP CNF) * P 4 B l HF) -RXN1+RXH2-RXN3 
36B2 ]+-A0F*P4n." ' /HU(I IF I 
3603 T C I 1 2 » P H I H I + l ) * u H ( H F + n - R N f N F j * U B : ' N F ) + 0 R F l : U 0 2 / H U ( N F : i + 0 R l * E 0 B U ( N F - l ) 
36B4 > I J B c l i r - 1 i " H U ( H F l - E M U ( H F ) * U A ( H F ) 
36B5 ] + B 0 F * U H 2 / H U l H F ) 
36B6 T E M 6 - P i m i F + i m i 0 3 ( H F + l ) - R H < H F ) » < N 0 3 ( H F ) + 0 R F » ( H 0 3 Z + 4 * P 4 a Z + 2 * U 0 Z ) ' 
3687 3HUIHF n-OP l » (EH3 i HF- I ) *N03 I H F - 1) + 4 * E 0 A P ( I ' I F - 1 ) * P 4 B ( N F - 1) + 
36B8 J 2 * E 0 B U i H F - 1 ) * U B i H F - I ) ) , ' H U I N F ) - E M H 3 I H F ) * 1 i 0 3 ( H F ) - 4 * E M P ( H F ) * P 4 B ( N F ) 
36B9 ]-2*EI1U<HF i +UHII IFJ - 0 ,5*RXN2 
369B ) + B 0 F * i H B 3 B Z + 4 * P 4 B Z + 2 * U B 2 ) / H U r H F ) 
3691 T E I ' F = P n i l i r - H j * H H 0 2 ( H F + l ) - R H I H F ) * H H 0 2 ( H F ) + O R l a < E H 2 ( N F - l ) * H N 0 2 ( N F - l ) 
3692 V H U H I F i - E M H 2 I H F J * H N O 2 ( N F ) + 0 . S * R X N 2 - R X H 4 - R » l 5 + a R F * H H D 2 2 ^ H U ( H F ) 
3 6 9 3 ] + H 0 F * H H 0 2 A 7 / H U f N F ) 
3 6 9 4 TEMB-. 1 l l lHF + l J * H I I I F + l ) - R N ( H F ) * H ( N F ) + 0 R l * E H 3 ( N F - l ) * N 0 3 ( H F - l ) / H U ( H F ) 
3695 )-EI1H31 HF J *H03 I HF) + 0 R F W 0 3 Z / H U I NF) +1 . 75*RXN 1+1 .25*RXH3 
3696 ] - l .5*RXN2+RXH44-RXN5+AaF*HD3BZ/HU(NF) 
3697 GO TO 270 
369B C 
3699 C CHLCULHTIONS FOR THE OTHER STAGES 
3700 C 
3701 2S0 TEI1l"PH< I i - K r P 4 A ( I + l ) - P 4 A ( I ) ) + 0 R * E 0 B P ( I - t ) * P 4 A ( I - l ) / H U ( I ) - E M P ( I ) * 
J / 0 2 J P 4 f i ( I i - R X H l + R X N 2 - R X H 3 
3 7 0 3 TEM2=RIH I ) * l U A l l + l ) - U A ( I ) ) +OR*E0AU( I - l ) * U B ( ! - l ) / H U ( I ) - E I ' t l ( I ) * U R ( I ) 
3 7 0 4 TEM6»RII< I ) * ( M 0 3 ( 1 + 1) - 1 1 0 3 ( I ) ) + 0 R * ( E H 3 ( I - l ) *HD3( I - 1 ) + 4 * E 0 A P C I - D * 
3705 ]P4At I - l ) + 2 * E a A U ( I - l ) * U A ( I - l ) ) / H U U ) - E M H 3 ( I ) ! K N 0 3 ( I ) - 4 * E I ' 1 P U ) * P 4 A ( I ) 
370G ] - 2 * E M U l I i * U B ( n - 0 . 5 * R X H 2 
3707 T E I 1 7 > R H i I ) * l H H a 2 f I + n - H H 0 2 ( l : i ) + 0 R * E H 2 ( [ - l ) * H H 0 2 ( I - l ) . - ' H U ( I ) - E M H 2 ( I ) 
370B 3*HIID2l I ) + 0 . 5 * R X H 2 - R X H 4 - R X M 5 
3709 T E I 1 B - R H ( l ; * r H ( I + l ) - H U ) ) + 0 R * E H 3 ( I - l ) * N 0 3 ( [ ~ l ) . ' H U ( I ) - E h H 3 C I ) * H 0 3 ( n 
37 10 ] + 1 . 7 5 * R X H 1 - 1 .5*RXN2+1.25*RXN3+RXN4+RXM5 
3 7 1 1 C 
3 7 1 2 C CALCULATE THE CONCENTRATION PROFILE AT TIME T - T + D T 
3713 C 
3714 DT-HH/60.0 
3715 270 P4AFU)=P4fl(n+fTEMl-(l-E0APfI))*P4A([)*DDTHU(n/HU(n)*nT/(l+ 
3716 : E H P ( D ) 
3717 IF(P4AF<I).LE,B,0) P4AF(I)"0.n 
37IB UAF(l)-UBcI)+(TEM2-U-EDAU(l) i *UA< I)*»DTHU( [)^HU( I) >*DT/(1+ENU( D ) 
3719 !F(UBFCI).LT.0,0) UBF(I)-0.B 
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i r m Plli l j * I P 3 f l f | + | j -P3fir I) J+RXm-PXllJ+P«l3 
PSW M i P i l l l l l «-tTEIT3-P3F|f [ja'DDTHUf n/MUt I)J»DT 
IF (F'-liil ( I) .LT.B.B) P3FIFI D-8 .B 
TFI11 Pin I n T H H ' l + U-HHt l l !-K?*P.yHl-PWI5 
Kill i I i •IIIH lJ+fTEM4-HHl I j*DDTHUi I i /HU( IJ J*DT 
IF mil l i I i .LT.B.B) HIIFr !).FJ.a 
Tt'iTi-PIH [ i* fH?r r+l j -HZr I l i-0.25*PXH3-RXH4 
ll,-> i | . -HZ i [)+(TEM5-HZf I )*[)!>THU( D / l IU ' I I J*DT 
IF u l / l i I i .LT.0 .8) MZFf I) >B.FJ 
llll (I ' I i H03I I J- r4-dP4AFi I )-P4H( I ) )*T! IPf IH-2*iUBF( I ) -UAFI) > *ENU r I) -

J i II. HI, ' I -E.II3 r I l IMI03I Il*DDTHU( IJ/HU' IJ i * t i T j ' l H-EIIH3I I ) ) 
i r r n i m i | i .LT.H.Hi H03FIH-B.B 
HIIIK-'I . I l -HIIO?' I H - U E W - r 1-EH2I [ l l*HH02< Il*DDTHU(I)/HU< I) i * t i T / ( l + 

II Mil? i I i i 
IFlHlll i ; ' l I I ) . LT.B.BJ HHD2F f I) -B.B 
HF I I I Id I j-WTFMB- ' I d I) -EH 3' I I-HI03M) )*DDTHU< I >'HU' I) )*I)T-EHH3r [ ) * 

] 'HIHI ' I i UBSl I ) I 
IF l l l l i I I .1 F.B.B) HTf I l -B.B 

3BB r:illlTINi][ 
C 
C 
C ISTIIIII IMI HEIJ PRESfllT VALUES 
L 

3':M HI) -n •. 11 I . I.L 
ftl'l I i HP' I l+DDTHUI l )*DT 
OH l I i IIP' I I+IIDTOP' I I » [ I T 
P4fn I i P4FIM I i 
P.5IH I r l",llf( 1J 
DIM [ i nil l I) 
H,:'i I i II,'I ' IJ 
HIH I i Hill i I ) 
lll l l i;-" I i HIIDi'F' I) 
I K H i I i IHI3 I ' I ) 
Hi I i III i r i 

45.8 i:11M i nun 

F. r.w nil im CONCENTRATIONS IN ORGANIC PHASE 
I: 

444 IiO 4.'ll I " I . L 
HMII2III I i "HMD2I n * E H 2 ( U 
IICRFU I i 'H03l r l *EH31 I) 
IIO i I i UHi UrtOf lUf I) 

4?H POO: I i -FMfll' | l*E0fiPl [') 
C 
r I.UIII'HTE OUTPUT VALUFS 
I, 

r>l I.FIOHHT.iSl-UFll l l«23B. f l 
'.", 11 . i ii iOLI r . ? J -P4R1.1 J * 2 z ? . a 
51 1 .IIIIFII.IT.B1-H03I l'l 
H I i .HI I I I I . IT . I0 )»H, " ; I I > 
Si I . FlIKlUT. 1 1I-HH02I 1) 
Si l. l l l lulJT. 12)»HI|l l i 
Si 1.FIII0IJT. 13 >>P3fl< 11*239.0 
si i .npni iT.G)-UDiL>*23a.a 
51 1. 0PDI.IT. 7) -PUD I L I *239.0 
SI l.DR0IJT.B)=ND3aiLi 
Stl.OROUT. ID-HHOZOlU 

RETURN 
El III 

C 
c 
C LISTING OF SUBROUTINES USED IN EXTRTR 
C 

SUBROUTINE DISTRI(P4fl.P3A.HN.H,N03.HN02.HZ-Ufi. 
lFIS.E0HU.E0flP.EH3.EH2.XTBP) 

C 
COMMON/EXTl/L. TOR.TAQ. OR 1. QRF, 0R2. N8. NF, VOL. flO 1. OR. A02 
COMMON /EXT2/ K1.K2.K3.K4.KS 
DII1ENSI0N P4R(21 ) .P3 f l (2n .HN(2n .H(21 ) .N03 (2n ,HND2(2n ,HZ(2U 

l .F IS(21) 
DIMENSION Uf l (2n.E0f lUt21) .E0f lP(2n.EH3(2n.EH2(2l ) 
REAL Kl.K2.K3.K4.K5.KH.KP.KU. IS.N03S.N03I. INTERR 
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3793 PEBL ND3.MD3F.H030C2D 
3794 DO 150 I-l.L 
3795 U-N031 H**2 
3796 IS-B.5*i HD3I I)+H I I) +HN( I) +-HZ I [)) +2*Ufil I)+8.*?4fl (I) +4. 5*P3BC I) 
3797 f'P-12.163-9.033*15+2.23*[S*IS~B.163*IS**3 
3798 1U-B. -9 I-t-6.8? 1* IS-6 . 176*rS*[S+1.5?9*IS**3 
3799 K H - B . 3 B 5 - 0 . 1 5 5 * 1 5 + 0 . 0 2 4 * 1 5 * 1 5 
38BB F I S l I i - 1 B * * ( B . 9 1 * S 0 H T U S ) - L . 5 2 l ) 
3BBI C = i / T B P ' 0 . 2 . ' » 0 . ? 3 I - E H 2 < [ j » H H 0 2 r [ ) 
3B02 HI ' I H H » H I I ) * M 0 3 l I ) 
3803 P2-UHI [ ) H ' P * P 4 f | i I X V K U 
3 8 0 4 B3-P4f l< I i rtU*UHi I ) . - " IKP*U) 
38B5 H 4 - ! B | . - ' H 0 3 l [1 1**2 
3BB6 B 5 - B 4 - L I 
3 8 0 ? Mb " H I ' i 4 * s n R T r n j j * H 0 3 ( D W I 2 ) 
3BB6 H?»H1 ( 4 * 5 0 P r ( l : , P J * U * B 3 ) 
3B09 H B « l - r , 0 P I ' l < -B*C*KU*H2 /B4 ) 
3B1B B9-1-SOR r i I + B * O K P * P , 3 / ' A 5 ) 
3B1 I E O f i U : I I - I H 6 * B 8 I * * 2 
3812 E O H P i 1 j . i n ? * B 9 i * * 2 
38 13 B I - I ' H * H < I i + M I 0 3I I ) 
3 8 1 4 B? -Urn I i * r u u j * - f < . l H t I ) * K P 
3B15 B. i -1 \ n p r i H - B * L » B 2 / i B I * B l l ) 
3816 E H 3 i I i n i * r H * U S . [ 4 * B ? I 
3 B I ? F T H P - < / T n p . - 0 . 2 l * 0 . ? 3 l - E H 3 [ I ) * N 0 3 < t ) - 2 * E 0 B P ( I ) * P 4 f i ( I ) - 2 * E 0 B U C I ) 
38 IS :»UHi I i 
3 B I 9 U ' E T U I ' . I r . f l . R ] F T B P ' B . B 
3B20 15B FH2II i lO.VrfTPP 
3B21 PETUHl 
3B22 t l i D 
3823 C 
3 8 2 4 C 
3B25 SUBROUTINE HOLDUP COP- f iP .E0BP.EDBU.EH2.EH3.DDTOR.DDTBQ.HU.RN.ENP. 
3826 lENU. f l lH2 .EHH1. tMP,EI - IU .E I '1H2.EMH3.DDTHU.H7,DDTaRF) 
382? C 
3828 COMMON / E , T | / L , TOR, TBO, OR 1 . 0 R F . 0 R 2 , H 8 . H F , VOL, BO. OR 
3B29 COITION / E > : T 2 / K l . K 2 . K 3 . K 4 . K 5 
3B3B DIMENSION 0PT21 i , B P C 2 1 ) , E Q B P < 2 1 ) . E O B U ( 2 1 ) , E H 2 C 2 1 ) . E H 3 ( 2 1 ) , 
3B31 i r i l l T0P<21 i . [ l D T B 0 ( 2 1 ) , H U ( 2 1 ) 
3B32 DIMENSION P I H 2 1 I . E M P ( 2 n . ENUC21J .EHH2 (2 U - E N H 3 < 2 l ) , EMP(21> . 
3833 2EI1U(?1 l . F M H 2 [ 2 l l , E l 1 H 3 r 2 l ) . D D T H U C 2 U 
3 8 3 4 PEW- r i . r . ? . K 3 . K 4 , K 5 . K H , K P , K U . i S - N a S ^ N C I j I , [NTERR 
3B35 PENL. I I D 3 . H 0 3 F . H D 3 0 r 2 1 ) 
383G C 
3B3? C CHLCULBTE HOLUUPS HND FLDU PARAMETERS 
3B3B C 
3839 DDTOPiNF) .i l/TORI *rOPfHF- 1)+ORF-0P OIF)) 
384B DO 160 I HB.L 
3B4 I 168 DIiTOPi I I = I l / T D P l * C O P ( I - H - O P U ) ) 
3B42 DO 2BB 1 •-1 . L 
3B43 0R=0P2 
3B44 I F f l . L T . N F l OR-ORI 
3B45 H0=HO2 
3B46 I F I I . G T . H F ) BD-HD1 
3B4? DDTflDiI I =' 1/TB0)*CAP(1 + 1) -BPCI)) 
3B4B HU 1 IJ -VOL." I 1+DP( I ) . ' R P U ) ) 
3B49 Rl i r 1 i=HQ.HUc I ) 
3B5B E M P l I i - O P c I J * E D B P t l ) ^ B P C [ ) 
3851 EHUi H » O P ( [ l * E O B U U ) / B P ( n 
3B52 ENH2< IJ -0P< I ) * E H 2 t D / B P U ) 
3B53 E N H 3 r i J . Q P < I ) * E H 3 U J/- f lP( I ) 
3 8 5 4 E M P r i ) . D R * E O f l P ( l ) / H U l I ) 
3B55 EI1LII I l - O R * E U H U ( l J / H U C I ) 
3856 EI1H2C n - 0 R * E H 2 ( I ) / ' H U ( l ) 
3857 280 EI1H3I l ) »DR*EH3c l ) / - H U ( l ) 
3858 D D T H U l 1 1 - ( V D L * O R 1 * D D T H Q ( 2 ) ) / C C A P ( 2 ) + 0 R U * * 2 ) 
3859 DO ?B2 I -2 .117 
3860 202 DDTHUi IJ - ( VOL*OP( I-!)*DDTAa<: t-t-l) )/(CAP (I+U+OP (I-l))**2) 
3861 DDTHUi IF)-[WL*(0P(H7)+0RF]*BIlTfla<NB)-VDL*fHPfNa)+flDFj*DDTDRF)/'(< 
3863 JtAPCU' +B0F)+DR1+DRF)*#2; 
3863 DO " 4 I-NB.L 
•1864 2B4 DDTnUrn»iVOL*aP(!-l)*DDTBatI+l)-VOL«Pa+n*DDTaR(I-n)^((f)PCI+n 
3865 3+DP(I-l))**2) 
3866 RETURN 
3867 END 
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3B6B C 
3BS9 C 
3B?B SUBROUTINE RGACTf P4A. P3A .HH. H . N 0 3 . H N 0 2 . H Z . F [ S . RXM1. PW2.RXN3.R><N4 
3B?1 I . R K I I ' i . n 
3Br>? C 
3 B ? i COMMON r E / T I / L . T Q P . T A O . O R 1 . 0 R F . O R 2 . H B . N F . V O L . A 0 1 . 0 P . A D 2 
3B?4 COMMON A YT?.s K l . C 2 . K 3 . K 4 . K 5 
3B?':> i n n i M Q i l i ' 4 A ( 2 l J . P 3 A ( 2 l J . H N ( 2 l ) . H ( 2 t > . H 0 3 ( 2 l J , H H 0 2 ( 2 1 ) . H 2 ( 2 1 ) 
3B?6 l . F I W I . 
3B?? PE 01. K l . > ' ? . K 3 . K 4 . K 5 . K H . K P . K U . I 5 . I I 0 3 S . 1103 I . .'HTERR 
3B?8 P IA I 1101.H03F.11030(21) 
30?9 r. CHEHIf .d i PI ACTION MODELS 
3B0H P / l l l - K I * f IUI r I J * * ? l * i P 4 « f I I * * 2 J / ' ( ( P 3 A I D * * 2 J * f H ( [ ) * * 4 l * r ( 8 . 1 9 * 
3BB1 1 H D 3 ' I J * * ? I i J 
SBO? P Z I I ? - K 4 K M r i f [ ) * H N 0 2 ( I I * H ( I ) * 1 I 0 3 ( I ) 
3884 P/H3 I' i * P 4 H ( I j * M ? ( I ) 
3 8 8 ' ! P/H4-KTi + Hi 'r [ ) * H N Q 2 I I I *H f 11 »H f I ) 
388*> P X I I ' j . ! I',< I )*1l t lD?r I I 
3B8f, I I i H I I ' I i .1 t . B . H l P / N 5 - 0 . B 
388? PFIUPI I 
3888 INI ) 
3889 SUBROUTINE TYPE6 
3B98 C 
3891 C 5UBP0UTIIIF. PRECIP 
3892 C 
3B93 C THIS UUIiul.F DESCRIBES THE PLUTONIUM OXALATE PRECIPITATOR 
3 8 9 4 C 
3895 C THE FOI.l Ol.lING PARAMETERS ARE REQUIRED 
389 l j r. I P H I t . 1 i - I ' l l HOLDUP I I I GRAMS 
389? C E P ' I I 1 . ? i VOLUME OF PREC IPITf lTOR ( L I T E " S I 
3898 C 
3899 Lni1l in i l / I1HT.11PC35. 13J -EPC3S- 1 B J . S I 2 . 4 S . I 3 ) , E X C 5 B ) 
3988 r.DI1linil,T.ri l l .--HCDMP.HCS.HE.NS,TMRX 
3301 C.0I1I1UII/IIIIIT/II-I.UI1P 
3983 CDMMON/nFRR/JSTPRT. II1ETH. T I I1E. H.HH.H INC. EPS, T. INTFL 
3903 I l I M L N M I I I I Y t B J . D F F V f B J 
3 9 0 4 C 
39BS C THE l1ICPO r,C0P IC QUANTITIES I I I THE DATA STATEMENT HAVE THE UNITS 
3986 C B E G t n n / H R i . flKB I 1 , A. ITERS*HOUR). RSRO(DM). ROCG/CC) 
39B? DATA HKG.HUG.AKB. A H B . R Z R B - ' l . 5 E - B 4 , 1 . . I . E + B 8 . 1 . 4 . 1 . E - B 6 / 
39BB HATH p r j . V I O - 2 . S 9 4 . 4 . I 8 B ? 9 B 2 ^ 
39B9 IF t mrn. .Fo.ai GO TO 2 
3910 RETURN 
3911 2 CONTINUE 
3912 C 
3913 C VOLUME OF PRECIPITATOR 
3914 V-EPi 111.2) 
3915 C 
3916 ITER-U 
391? L FIND STREAMS 
39IB INPU=I1PI 111. 3) 
3919 INOX-MPI 111.4) 
3 9 2 0 N 0 U T » I A B S C | 1 P U M , 5 J : I 
3921 IF (MP I I M . G ) , E O . B ) GO TO 4 
3922 U S I G ' I A B S l U P i I I1. .6J) 
3923 4 CONTINUE 
3924 C 
3925 C 
392S C DENSITY OF PU IN OXALATE (G/-LITER) 
392? C DENSITY OF C2B4 IN OXALATE (MOLES/LITER) 
3928 C 
3929 R0P=45?.»RD 
393B ROD-3.B2*RD 
3931 C 
3932 C 
3933 C CALCULATE INITIAL CONDITIONS 
3934 C FLOU DF FILTRATE. L'HR 
3935 YC2)«SU.NDUT.G)*60.0 
3936 C CONE DF PU 
393? Ytl).S(I.HDUT.D 
393B C CDNC DF ND3 
3939 Y(3)*SCI.MDUT.B) 
394B C CDNC OF C2D4 
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3941 
394? 
394? 
39^ 
39-15 
39.3b C 
394.* 
394B L 
3949 C 
3950 
i95l 
395? 
3953 
3954 
3955 
39' -, 
39V 
5953 
3959 C 
i960 £ 
3961 
39b? 
39b3 : 
3964 
3965 
3966 r. 
396,' C 
•.'9G0 
39b9 
39 "0 C 

?\ 

?p 

39/5 
39,'6 
393." 
39/8 
39?9 
3980 
3981 
3982 
3983 
3984 
3985 
398G 
398? 
3988 
39B9 
3998 
3991 
3992 
3993 
3994 
3995 
3996 
399? 
3999 
3999 
4BBB 
4DBI 
4002 
40B3 
4BB4 
40B5 
.'JBB6 
<I0B7 
4BBB 
4009 
4010 
4011 
4012 
4013 

, 5 ..•:', J ' . O U T . 1 . ' 
i b < • '• •• 1 H U U T . ; > 
r ^ • - j ' 1 > < ! J U T . I l l 

B> •' •: ' G ' J T . : i 

JH 7 Hi! 

CS"PlTt ! H H J T YfiRlflBLES 
[ f P f - 5 ' 1 . ;nPU.4i»360B.B 
I I 0 D T - 5 i 1. I NO*.41*3680.8 

11. IMMI I . 3 ' * hB .a 
• 1. max .3 i»bH.o 

:HPU. . " I 
. IHI' l l .Bi 
. 1 no:. . 9 , 

1 D -
: p - s i 1 . 

1 p i t p . i 
M i i " P - M I ) I • [U 'P I i l 

[Cr,P:iTT P, UTr iHIUI I f O U I L I B R I U M S0LUBIL11Y 
! H I I ',01 i l l " r < 3 - . M . l i . C S T O R . C H l 
[ ' . r M P : :Mn t - ' * . ' J 39 , 

11 1 • - : • . : r .r_ r ,rnp> , > a , 

I.DMPU'1 l .p r iU 'H (1HI1 NUCLEATION CQE 
r.-HI :, » , ' • 1 n B 5 ' 1 ' : ; - ' " T r t P ; 1 * * f lHG 
h • HI- |1 *. ' * ' HH'j u 1 : - ' '/.TflP 1 1 + rHHQ 

.1 II . B .UP. T F P . E O . f l . ) GO TB 50 

5Y5 
P I -
P2--
HLP 
>'1 = 
Y2 • 
HEP 

??• 
PEP 
TI -
T2 
T3 
tiER 
TPK 
PEP 
IlEP 
DEP 
AMU 
HEP 

•til P 
I I I 
V • 
(POO 
TFP« 
1 POO 

j r [1 IFF r PFNT If iL EQUATIONS 
1 f 1 tVI t v t i ; -P . 'PO+V*VK*Yl 21 * 8 * R Z R 0 * * 3 / T F R 
1 1 1 1 1 J.FP- r< I l *FCH- lY i | i - P O P ) * P l 
•PJ ' tT I P ' " / * r ' ( 2 J ) 
. . ' - f i 2 : --V 3 . * V K * Y I ? i - i ' G . . ' R ; R D - Y r 2 ) * l v K « R Z R 0 * * 3 » S / T T R 
tTt iFP.-Tf P 

.•:> i THJ t/.\ 
. r i ' ; ' Y i v n T H F P ^ T F P 

I I I ^ Y ( ? i - Y I 3 J >*TFR-'V 
- , ' l » Y c Sn-Z? 
- Y M l i * r i i F P ' T F R 
i F D * C 0 - T F P * P 0 a - Y l 2 l : l - Y ( 4 ) + Y t 2 ) * R D D ) / ( V * Y ( 2 ) ) 
Y141 J + I l E P Y i 2 J / Y I 2 i 

= - T l + T 2 + T 3 
Y f ? j * R S P 0 * » 3 ^ T F R 
= T P H V - Y i 5 i * T F R / V 
• C * Y ( 5 i - ' P Z R 0 + T R 8 V - Y ( 6 1 * T F R / V 
' 2 . * G * Y i b J - ' P J P a + T R 8 V - Y f ? J * T F R / V 
. - Y i 2 ) . - T F R J - ' V K 
-4 .»G»H l1U3 ' -R2RG+TRf lV -Y lB i *TFRA/ 

GO TO GO 

L I M I T OF SYSTEM DF DIFFERENTIAL EOUP.TIDNS 
FOR VANISHING INPUT FLOW 

5B DD»B*R2R0* *3 
DERYl I ; — R O P * V K * t l D 
DERY<2J=DFQDT+DFPDT 
DERYl3J-B. 
DERYl4)-0. 
PERY<5J*DD 
DERY<6'=PD 
DERYID-DD 
DERY<8'=DP 

60 CONTINUE 

COMPUTE OUTPUT SIGNP.L 
IF (CP.LE. I .at -2B.0R.FP,L£. l ,E-2B> GO TD 3B 
SIGHI.-Y(lJ*Y(2i/rCP*FP) 
ED TO 4B 
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4BH 481b 4816 
48 17 
4B1H 
4B19 
482B 
48? I 
4B22 
48 23 
4B24 
4825 
4B2fi 
4B2? 
4e2Q 
4029 
4B3H 
4B3I 
4B32 
4B33 
4B34 
4035 
4B3G 

4B3EI 
4B3S 
4B4B 
4841 
484? 
4B43 
4B44 
4B4S 
4B46 
4H47 
4B4B 
4B49 
4B5B 
4BSI 
4B52 
4B53 
4B54 
4B55 
4056 
485? 
4BSB 
4859 
(1060 
4861 
4862 
4B63 
4864 
4B65 
4B66 
4B6? 
4BS8 
4869 
4B70 
4071 
4B72 
4B73 
4B74 
4B75 
4B76 
48?? 
4878 
48 79 
4BB0 
4881 
4B82 
40B3 
4BB4 
4BB5 
4BB6 

38 SIGIII - 8 . 

C COII'UTF OUTPUT VARIABLES 
48 IF <IT< 111.6) .EO.B) GO TO 41 

5f l .H5[r, . !)-5IGHL 
41 COHTIHUI 

SrI.H0U7.3J-TFP--60.8 
S(2.IIOur.fi i-DEP'i ' '2J^3GBB.8 
S ( 2 . n o u r . ^ i - r jEPVi i 
512.IIDur.B) -DERY'3) 
S(2. l inuT.9 i -DERyf4 ' 
S ' 2 .nm i r . I ? J -DERyr-jj 
5 f2.MHU r . I 31-DERYr&l 
5<2.l inuT. IHl-DEPYIYl 

5 1 2 . n o u r . i i i - D E R y r n i 

: PU HOI MIP IN THE PF.ACTOR 

EP'IM. I ; - ' ' . ' l .U0UT.7j*V 

PETIJPN 
FIID 
SUBROUIINF 50LUBtCH03.CHC0.CSTBR.CHJ 
11111015 t o n y<3) 
G"?.nn4195l 
0- -i:nn J.'3. 
i.» i . j?if / • H : H C D / 3 . 
[J- 'S.'jfll I.KCHCO 
n-r. n**:> 
f - i J . M I M . Ii) .-- ' . -B*»3 
nu.T n*.nip**? 
I I IHI I I.I F . 8 . J GO TO IB 
SD'GUPTrbCLTj 
51 - iP+Stn* *a . 13333333 
52-iP r.Di n-B. 33333333 
CH*51IS2-B 
GO TO 5B 

18 S'R/fiBSiRJ 
r i -2 . *5 *SDRTf -0 ) 
r?-Br.05l5»R. 'S0RT(-D**3)) /3. 
/ { I l l - I l*r .0SlT2)-B 
X.I2J -n*CDS(T2+G)-B 
Xl3l-T1*CUB(T2+2.«G)-B 
[ID IBB [ -1 .3 
[ F I X l I J . I T . B . ) GO TD 180 
CH-Xl I I 

[88 CONTINUE 
58 HI-4.89OB73E-05 

Bl-6.124B39E-11 
CI-4.9BS7B1E-B4 
C5TflR=Hl+BI«CH«*4VCHC0«*2«l«CHC0 
RETURN 
END 
SUBROUTINE TVPE7 

SUBROUTINE EVAPTR 
COMMON •MAT.' MPI35.13).EP(35.10),SC2.4S.13)-EX(5B> 
COMMON /CON.' NCQMP.NC5.NE.NS.TMHX.NC3.NB.N1.N2.NF 
COMMON /SERR' JSTART. IMETH.TIME.H.HH.HINC.EPS.T,INTfL 
COMMON /IQ/ NIN.NOUT.NERR.HPOINT.NPRT 
COMMON/UN IT/IM.NMP 
COMMON •PTBB/' TREF.R 
INTEGER OUT, VAP. STEAM 
REAL LMDA.MFIN.MOUT.MSTM 
IF UMTFL.EO.l) GO TO I 
RETURN 
CONTINUE 

EQUIPMENT PARAMETERS 

1 - PU-HQLBUP.G 
2 - VOLUME.L 
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aaep t 
4089 V - F P I : H . ? I B B B . B 
4089 : 
409B : I f ' L L S TO FPDPEPTy SUBROUTINES DEHL AND VAPR 
4091 1 
4 0 9 ? i ' : u p s rPFHI'lS 
4 8 9 ! '. 
4 0 9 4 I H - I u B t nir. i i n , 7 , , 
4 0 9 r j STEAIV IwRP : IIP f I I 1 . 4 ' I 
4096 OUT- I M B S e ? 1 ! 111.5; i 

'9 , - V( tP=: i . [ j ' , n-J-r i n . E.i i 
4B9B C 
4 0 99 C I M - ! , - VHLUES 
4iea r 
4 1 0 1 : n u i.Fin c I . i n . t i B V G i N ) 
4 IB? "f IH- ' . i 1 . I H . 3 ) » 5 5 . 5 « 6 0 . B * D A V G I N 
4 1 6 3 / | P L ' » M 1. I'l "i ' ? ; 9 . B < 5 5 . 5 ' D A V G [ N 
4 1 0 4 1STM.' . i l .•;, ri AM. .5 i • IB . 0 / 6 0 . B 
4105 C H L L VAI-P ' l . n f . P W S . D P V J 
4 I0F, r T ! H - ! B . B 
4 10? J i lP l I ' .B 
4 I B B 'OP..-1 ' .Fi 
4 1 09 v B . r . H 
4 i i B : . - , m : : " . . ' ' , i , 
4 111 C 
411? r . » ' l i r HFHT O I 'STEAM KS A FUNCTION OF TEMPERATURE 
4 1 1 5 I. 
41 14 ; Mth.-' i . ?l:i, 
4115 " ' , ! " ' " : • • . ; Mpn 
4 M b ; 
4 1 1 7 . . BTL' lT Hl.uT or VAPOR LEAVING THE L I Q U I D IN THE CONCENTRATOR 
4111) :. 
4 1 1 1 HVAP ' . . 7 0 ; . B . B I B * ' i B B . B - C T I H ) 
4 1 ?8 C 
4 1 2 1 L . . r i p i j , i n f t r i O H OF THE EX IT ING L I C U I D FLOU RATE 
4 1 2 ? I. 
412"? MOUT.HFI l l HSTIVHVfiP 
4 1 2 4 PPES'j ',< l . ' . /BP,5) 
4125 TEMP-M 1 . V H P . 4 1 + 2 7 3 . 8 
4 1 2 6 CALL [ [ I I I I I .OUT.DHVGOUT) 
412." XOPU-Sl I .OUT. ? ) / -239 .B- -SS.5^DAVEDUT 
4 I 2 B IF u l O U T . G E . f l . B ) GO TO 3 
4 1 29 IF I I 1 D U T . L T . B . B J GO TO 2 
413B 2 IJPITE iMDUT. IBBJ 
4131 IBB F0PI1HT I 5 X . " N E G A T I V E MOLAR FLOU RATE. COMPUTATIONS C E A S E . " ) 
4 1 3 2 CALL E X I T 
4 1 3 3 C 
4134 C SUBROUTINE TD CALCULATE FLUID TEMPERATURE IN MIXER CAN BE 
4135 C HliIiED HERE IF NECESSARY. 
4136 C 
4137 3 XIU=I,8-XIPU 
41 39 P l - l [ lHVGOUT*V> 
4 1 39 APHA=IMF I N » X I P U ) ^ P 1 * 0 . 2 3 9 7 5 
4140 BETA«MOUT.P1*0 .23975 
4 1 4 | D L T A - M O i n v P U B . 0 1 8 0 1 6 
4 1 4 2 GAMA. I l MF I H * X I U l - (HSTI1/HVAP)) / P 1 * 0 . B IBB IS 
4 1 4 3 X O U - 1 . 0 - / D P U 
4 1 4 4 X - f A P H A - I A P H B - B E T A * X O P U ) * E X P ( C - l ) i K B E T A * C T - H H ) ^ S B . B n / B E T A 
4145 > a J - i G A I 1 H - r G A M A - D L T A * X 0 U ) * E X P ( C - n * D L T A * ( T - H H ) / S B . B n / D L T A 
4146 C 
4147 C IN PLACE OF X AND XU THE VALUES OF DX/OT AND DCXU)/DT COULD BE 
414B C CALCULATED HERE. VALUES OF S(2.0UT.?> (DERIVATIVES) UOULD THEN 
4149 C BE REPORTED OUT OF THE SUBROUTINE FOR INTEGRATION BV THE 
415B C INTEGRATOR SUBROUTINE "DRIVE". THE STREAM LABELED "OUT" UOULD 
4151 C BE A COUPLED STREAM AND THE TEST VALUE FOR INll-X MUST BE 
4152 C CHANGED TO B. 
4153 C 
4I<54 S(l-0UT.7)-239.B*55.5*DAVEaUT*X/(X+-XU) 
4 1 5 5 S ( 1 . O U T . 3 1 • M Q U T / 6 B . B / 5 5 . 5 / D A V G O U T 
4 1 5 6 E . - ' I . V A P . 3 ) - ( ( M F I N - M 0 U T ) / 6 B . B ) * R * T E M P / P R E S ! i 
4 1 5 ? E P U I 1 . 1 ) ' S ( I . 0 U T . 7 ) * V * 1 B B B . B 
4 1 5 8 RETURN 
4 1 5 9 END 
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4160 
•416 I C 
416? C 
4163 C 
4164 C 
4165 C 
4166 C 
416? C 
416B C 
4169 C 4l?fl I 
4I?I C 
41?? L 
4I?4 
41^1 
41('6 
41// 
41,'B 
4171 
4 IBB 
41Q1 
4 IB? 
41B3 C 
41B4 
4IBS 
41B6 
41 B7 
41813 
4189 I. 
4130 
4191 C 
419?. 
419 j 
4194 
4135 C 
4196 
4l9r' C 
4198 
4199 C 
4200 
4201 
420? 
4203 
4204 
420S 
4206 
42B? C 
420B C 
4209 C 
4210 C 
4211 C 
4212 C 
4213 C 
4214 C 
42 IS C 
4216 
421? 
4218 
4219 
4220 
4221 
4222 
4223 
4224 
4225 
4226 C 
422? C 
422B C 
4229 C 
4230 C 
4231 C 
4232 C 

SUBROUTINE TYPE2 

r ,UBPOuTIHE COHTLR 

PPOPOPTIOHAL-INTEGRAL CPU CONTROLLER 

(UUIPMFHT PARAMETERS 

I CONTROLLED VAPTABLE NUMBER 
? RANGE OF CONTROLLED VARIABLE 
'. SFT POINT 
4 - PPOPQRTIOHfll- GAIN 
5 INTEGRAL CONSTANT 

CDmON / H U T / M P ( 3 5 . I 3 ) . E P ( 3 5 , 1 0 ) . 5 ( 2 . 4 5 - 1 3 ) . EX<50) 
COMMON ' ( . f i l l / NC0MP.MC5.UE.NS.TMAX.NC3.NB.N1 .N2 
COMMON - L I P P / JSTART. 1METH, T I M E . H .H INC.EPS 
COMIKJN . - U N I T / m.HMP 
COMMON / P r f l B / TPEF.R 
DATA O L I i . H . 0 / , 0 1 [ l O U T / 0 . 0 / 
COMMON , l ' P n P / M U < 6 J . C P L < 6 . 6 > . C V H ( 6 . G ) . E N T ( 6 , 6 ! . E H V < 6 , G ) . L P , t t < 6 . 6 > 

l . V A P i G . i i .1.11(6.61 .DHL ( 6 . 6 ) 
I I ITFf . l P Our 

P l - E P i 111.41 
P ? - l ' P i 111.M 
IN-HP i I M . 1 i 
O U I - I H H ' i i MP a r t . 4) ) 
( • "H 'c 111. I i 

MI-H'iUPED VARIABLE AT CURRENT TIME 
G I G 1 * 1 , . 1 . I H . K J 

H IN ' .UPID VARIABLE AT LAST TIME 
SIC?-111. I I 
OLI l -51 I . I I I . K ) 
SCALE " I . H . - E P ( I I 1 . 2 ) 

PPFSENT ERROR 
E R P ' l ! I I G I - F P ( I r 1 . 3 ) ) * S C A L E 

LAST I RROR 
OLDER- i S IG?-EP (111.3) ) *SCALE 

OUTPUT SIGNAL 
S ( | . O U T . 3 j . P t * r E R R - O L D E R + P 2 * ( E R R H ) L D E R ) * 0 . 5 * H t N C ) + O L D O U T 
O L D O U T - S f l . O U T . 3 ) 
IF ( S I l . OUT. 3 J .GT . 1(10) S ( 1 . D U T . 3 ) - 1 . B 
I F ( S ( 1 , 0 U T . 3 ) . L T . B . B ) S ( 1 . D U T . 3 ) - 0 . 0 
RETURN 
END 
SUBROUTINE TYPE9 

SUBROUTINE VALV 

CONTROL VALVE 

EQUIPMENT PARAMETERS 
EPCIM.1) "CONSTANT 
EP (IM, 2) -RCT[ON(-l-D IRECT. -

(LINEAR RESPONSE) 

•REVERSE) 
COMMON / M A T / I 1 P ( 3 5 , 1 3 ) . E P O S . 10) . 5 ( 2 , 4 5 . 1 3 ) . E X C 5 0 ) 
COI-MON/UNIT/ IM.NMP 
I H « M P ( I I 1 . 3 ) 
0 U T = I H B S ( I ' P ( I M . 4 ) ) 
A - E P U I 1 . 2 ) 
I F ( A . L T . 0 . 0 ) S C l . 0 U T . 3 ) - E P ( I M . 1 > * U . B - S U . [ N . 3 ) > 
I F ( A . G E . 0 . O ) S a , 0 U T . 3 ) - E P U M , 1 ) * S ( 1 . I N . 3 ) 
RETURN 
END 
SUBROUTINE TVPEB 

SUBROUTINE GNTRNS 

A MODULE FOR THE SIMULATION DF HEAT AND MRSS TRANSFER IN 
A SINGLE STAGE U I T H EITHER L I Q - L I Q DR VAPOR-LIQ PHASES DR ONE 
WELL MIXED PHASE 
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4? 3 3 
•1234 
d ? J b 
42 !h 
423? 
42 3B 
4 2 3 0 
4240 
42 41 
424? 

4.1 
4 2 4 ' , C 
4?4b r 
.124,' I 
424ft ( 
•I? 
4."jF) 
•i;-51 
4? r j 2 
42 V3 
4 2 5 4 

1 

COMMON M l . M I P r J S . 1 3 ) . E P < 3 5 . 1 8 ) . S C 2 . 4 S . 1 3 ) . £ X ( 5 B ) 
COfTXM C D h v n r . S l P . H C S - N E . H S . T r « X , N C 3 . H B . N l S T , W I N 
COmOH GEPR.-JSTART. I M E T H . T I M E - H . H I N C . E P S 
' "D'rtr.N i ; n l T . ! ' - i , n r P 
PEUL . I n . ) DUT. i v . r l X T 
IHTEbEP [.'UTPPD.DUTSTO.OUTPRFI.OUTSTP. 
I I f i f l i J i . i D i if* •'•'•!' I B ) . X S L F < 1 B ) . X D ( l 3 . B ) . T D C B ) . X C t 3 . B > . U < B ) . T C 8 ) 
M I - E M J I O ' . - 1H i I P ' . V D L ( 2 ) . X O U T ( : B) . DERYI I B ) . DERKt I B ) . r ! N ( IB ) 
! i Mr'C, I DM V O U T . I B ! . D I S C D I I B ) . V I DEAL! I B ) . P ( B ) . X X I 1 3 . B> . X X X ! 1 3 . 8 ) 
M 1 E ' . S I 3 ' i Tpwii i . I P , . TPAHSUMt 10) 

r'I 'J I : ' I f NT F H P A M E T E R S 

I - M O L I I I V Or CDMP 2 (VflR ? ) 
. T-QTH. VOLUME I V D L ( D ) 
-? ..-O:',Mf 01 «D DP L I D PHASE <V1QLr2)) 
4 PATE CON r-TBHT FDR VOLUME CHANGE (KV) 
•' RAT! LSH'jTflNT FDR APPR TQ EOUIL IKEXT) 
. VOL r p i - i U O M El-TP ENHANCEMENT COMP IXTBP) 
.• H f l i T . I F F CDEF IHCOEF) 
ti Hf . iT - l [ P APEA iHAREA) 
•, - nT .PF - n I OP EXTRACTION; 1 FOR F L A S H ( L I O - V B P ) 

42 ' i l . 
•v.'V: 
42'>B 
4 ? V ' 
42 6 B 
4261 
4?r 5 ? 
42 b 3 
4 2 b 4 C 
4.?b!l C. 
42br, r. 
42b? r 
42b8 
42bA 
42 ?e r: 
'12? 1 
4? "2 
42? i C 
4 2,'4 
42."i 
42?b 
42?? 
42 ,'fl 
42 ?9 
428EI 
428 1 C 
42B2 
4283 C 
4284 C 
4285 
4286 
428? 
4288 
4289 
4230 
4291 
4292 
4293 
4294 
4295 C 
4296 C 
429? 
4298 
4299 
4300 
4301 
4302 
4303 
4304 
4305 C 

-TIL ' I - M • IM.pl 
VOL •;• • •(!•• : M . 3 ' 
-Tfir.i r i iM.e • 
I V - M " I M . 4 
I F / 1 ! (• IM." i ' 
Hf.Ul I -TP l | M . ?) 
HAPE M ! I ' : ! . ' 1 . If) 
I ITfF' l l > " 1M.1 I 

I ' l mi l OUT STPrfiMS 

L ID OP HnuEH'JS 
I I ISTCM' I H B M M P I | I 1 .? ) ) 
I H F I D . M H H S iMPf IM .B ) ) 

' . r p r u l l OUTPPA IS THE LEVEL CONTROL STREAM 
OUTPFM. IMRSr l lPf I M . 9 U 
OUTbTH- I H B b d l P i i n . lOJ ) 

' /up OP ORGANIC 
I H S T M - I B B S M I P t I M . 3 ) ) 
IHFDD = [HBStMPf 1I1.4J) 
DUTPPD=IHBSfl1Pl I M . 5 ) ) 
DUTSTD-IHB5M-1PI ! M . 6 l ) 
J S I G N ' l H B b l M P i I M . 1 2 ) ) 
JEHPL./-IHBSM-1PC IM . I 1 ) ) 
ICONT^ lHBbU' lP ' 111. 1 3 ) ) 

HEQ = NCOMP-H 

IHITIHL VALUES 
NST=B 
DO 26 I-3.NC5 
DO 25 J . l .HST 
IAMABSU1PC II1.J+2)) 
IFUA.EO.Bl ED TO 24 
XXf I - 2 , J > . 5 ( | . l f l . D 
GO TO 25 

24 XXU-2.J)=B.0 
25 COHTIHUE 
26 CONTINUE 

RENAME STREAM VARIABLES 
2B CONTINUE 

DO 30 J-I.IIST 
UfJ)"XXI I.J) 
TUJ-XXI2.J; 
PfJ)=XX(3.J) 
DO 29 I-4.MC3 
X(l-3.J)=XXCI.J) 

29 COHTIHUE 
**** FOR u-pu EXTRACTION 
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4306 
4307 
430B C 
4309 
4310 C 
4311 C 
4312 C 
4313 
4314 
4315 
43 IS 
431? 
431B 
4319 
4320 
4321 
4322 
4323 
4324 
4325 
432S 
432? 
432B 
4329 
4330 
4331 
4332 
4333 
4334 
4335 
433S 
43?? 
4338 
4339 
4340 
4341 
4342 
4343 
4344 
4345 
4346 
434? 
43 4B 
4349 
4350 
4351 
4352 
4353 
4354 
4355 
4356 
435? 
43 5 B 
4359 
4360 
4361 C 
4362 
4363 
4364 
4365 
4366 
436? 
436B 
4369 
43?0 
4371 
43?2 
4373 
4374 
4375 
4376 
43?? 
437B 
43,79 

X ( I , J ) - X U . J ) / ' 2 3 B . B 
X ( 2 , J ) = X ( 2 , J ) / 2 3 9 . 0 

30 CONTINUE 

COMPUTE ENTHALPIES. 
OF VAPORIZATION 

CALL EHTLU.INSTGA.HTLINl.DH) 
CALL EHTLU, IHFDA.HTLIN2.DH) 
CALL ENTLU.OUTSTA.HTLOUT1.DH) 
CALL ENTLC1.0UTPRA.HTL0UT2.DH) 
HTLIH-HTLIN1 *LK5)+HTLIN2*UC6) 
HTLOUT-HTLOUTl *U(?)+HTL0UT2*UC8) 
IF (HTYPE.EO.B) GO TO 5B 
CALL ENTVC1,INSTGO.HTVIH1. DH) 
CALL EMTVtl,IHFD0-HTVIN2,DH) 
CALL EHTVd, DUTSTO.HTVOUT1.DH) 
CALL1 EIITVU.0UTPR0,HTV0UT2,DH) 
HTVIN=HTVIM 1 *UC;) +HTVIN2*UC2) 
HTVOUT-HTVOUT1 *U<3)+HTV0UT2*UC4) 

5B CONTINUE 
CALL CPLIC1.IHSTGB.CP5) 
CALL CPLIf l . IHFDA,CP6) 
CALL:CPLla,DUTSTA,CPB) 
CALL CPLICl.OUTPRA.CP?) 
IF (NTYPE.EQ.B) GO TO 59 
CALL CPVAU, IHSTGO,CPl) 
CALL CPVAtl, INFD0.CP2) 
CALL CPVAtl.DUTPR0.CP3) 
CALL:CPVA(t - OUTSTO.CP4) 

59 CONTINUE 
CALL DEHLCl.INSTGA.RH05) 
CALL DEHLCL,INFDA.RH06) 
CALL DENLtUOUTSTA.RHOB) 
CALL IlEHLU.DUTPRA.RH07) 
IF (HT'r'PE.EQ.0) GO TO 56 I 
CALLDENVC1,IHSTGO.RHOl) 
CALL.DEHVU. INFDD.RH02) 
CALL:DEHVt1- OUTPRO. RHD3) 
CALL DENVd.OUTSTO.RHD4) 

5fi COMTINUE 
IF CHTYPE.NE.B) GO TO 69 
CALL DENLC1, [NSTGO.RHOU 
CALL DEHLa.INFDQ.RH02) | 
CALL D E H L ( 1 . 0 U T P R D , R H 0 3 ) 
CALL DEHLC1 .OUTSTO.RH04) 
C A L L ; E U T L U ; I H S T G O , H T V I N I , D H ) 
CALL E H T L ( 1 . I H F D 0 , H T V I N 2 . D H ) 
CALL E H T L U . O U T S T O . H T V O U T I . D H ) 
CALL E N T L U . 0 U T P R 0 . H T V 0 U T 2 . D H ) 
CALL . C P L I C 1 . I N S T G 0 . C P 1 ) 
CALL CPLIt l . IHFD0.CP2) 
CALL CPLU1.DUTST0.CP4) 
CALL CPLIC1.DUTPR0.CP3) 

69 CONTINUE 

CALL LAMB (l.OUTPRA.HTVAP) 
LIN"UC5)HJC6) 
UC?)=SU.JCDNT.3) 
L0UT=UC?)HJ(8) 
CPLIN=CU(5)*RHD5*CP5+UC6)*RH06*CPG)/LIN 
CPLOUT-CUC?)*RH0?*CP7+UCB)*RH0B*CPB5/LOUT 
IF CVOLCU.Ea.0.0) GO TO 41 
VIN=UC1)+UC2) 
V O U T = L I N + V I N - L O U T 
UC4)=VDUT-UC3) 
C P V I H = ( U T 1 ) * R H O 1 * C P L + U I C 2 ) * R H 0 2 * C P 2 ) / V I N 
C P V 0 U T = C U C 3 ) * R H 0 3 * C P 3 + U ( 4 ) * R H 0 4 * C P 4 ) / V 0 U T 

4 1 CONTINUE ! 
TOUT=HTLOUT/(CPLOUT) 
HTEXT=HCQEF*HAP.EA*(:TEXT-TLOUT) 
DO 40 I-l.HCOMP 
XINCI) = (XCI.5)*UC5)+xa.6)*UC6))/tIN 
XOUTtn = CXCI,?)*UC?)+XCI.B)*UCB))^LOUT 

HEAT CAPACITIES. DENSITIES. AND HEATS 
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43BB 
4381 
4382 
4383 
43B4 
43SS C 
43B6 C 
438? C 
438B 
43 B 9 
4390 
4391 
4392 C 
4393 C 
4394 C 
4395 C 
4396 C 
439? 
4398 C 
4399 C 
44BB C 
44B1 
44B2 
44B3 
44B4 
440S 
4486 
44B? 
44BB C 
44B9 C 
441B C 
4411 
4412 
4413 
4414 
4415 
4416 
441? 
441B 
4419 
4420 
4421 
4422 
4423 
4424 
442S 
4426 
442? C 
4428 C 
4429 C 
4438 
4431 
4432 
4433 
4434 
4435 
4436 
443? C 
443B C 
4439 C 
444S 
4441 
4442 
4443 
4444 
4445 
4446 
444? 
4448 
4449 
445 B C 
4451 C 
4452 C 
4453 

IFCVBLCn.EO.B.B) GO TO 43 
Y t N m - ( X C I . 1):HJC1)+XU-2)*U(2))/ 'V[N 
Y0UT(I) = (Xn.3)*UC3)+XCI.4)* lJ (4) ) /VOUT 

43 CONTINUE 
4B CONTINUE 

COMPUTATION OF DERIVATIVES 

Y0UTUIEO)=TDUT 
Y0UT(NEO+HEa)=VBL(2) 
tFCVOLm .EO.B.B) EB TO 61 
IF(HTYPE.EO.Q) CO TO 45 

EXTRACTION SECTION 

CONVERT TO SOLVENT FREE VARIABLES 
* * * * U-PU EXTRACTION 
CALL CDNVTHX,T,XTBP.DENOMA.DEHOMO) 

E0U1L COMPOSITION OF ORG PHASE 

DO 42 I-MICOMP 
XSLFCIJ=X(I.8) 

42 CONTINUE 
CALL ORGPH(TDUT,XTBP,XFLF. DISCO) 
DO 5B I = UNCOMP 

5B VIDEAL r I) =XDUT( I)*DISO)(I)*DEN0I10XDEN0MA 
GO TD 46 
VAPOR-LID SECTION 

45 CONTINUE 
CALL BOIL(TLDUT,XaUT.Y[DEfiL) 

46 CONTINUE 
DO 51 I-l.HCOMP 
TRAHSl D 'YIDEBLCn-YOUTtn 
DERYU) = <VIN*YlNU)-VOUT*YOUTC[)+KEXT* TRANS CD)/(VOL CD-V0LC2)) 
DERXl D ' iLIN*XtH( I ) -LBUT*XBUTCI) -KEXTKTRBNSCI))/VOLC2) 

51 CONTINUE 
DERY(NEO)=(HTLIN+HTVIN-HTLOUT-HTVOUT+HTEXT-HTVBPJXCCPLOUT«RHO?* 

1V0LC2)+CPV0UT*RH03*CV0LCl)-VOL(2))) 
SIGTRAN-B.B 
DO 53 I=1-NC0I1P 
SIGTRAH-S'GTRBH+TRANSCn-'RHO? 

53 CONTINUE 
61 CONTINUE 

IF CV0LC2).NE.B.B) GO TD 63 

STIRRED TANK SECTtnh 

DO 62 I=1.HC0MP 
DERYtn-B.g 
DERYCI)-CLIN*XIHC1)-LOUT*XOUTC15 5 /VOL C25 

62 CONTINUE 
DERYtHEO)=(HTLIN -HTLOUT+HTEXT)/CCPL0UT*V0LC2)) 

63 CONTINUE 
TOUT=rOUTCNEO) 

CALCULATE RETURN VALUES 

DO ?B I=1.MC0MP 
XDCI,?)-DERX(D 
XDCI<B)=XDCI.?) 
XDCI,3)=DERYCI) 
XDU<4)=XDCI.3) 

?B CONTINUE 
TD(?)=DERY(NEO) 
TD(B)=TDC?) 
TDC3J-TDC?) 
TDC4)=TDC?) 

RENAME STREAM VARIABLES AND CONVERT TO MASS CONCENTRflTIDNS OF U-PU 

DO 91 J=3,4 
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4454 XXXC?,J)«XD(4.J) 
4455 XXXC6,J)-XDC3.J) 
4456 XXXC5.J)'=XDC2.J)*239.8 
445? XXX<4, J)»XDCl,J)*238.B 
445B XXXC3,J)=B.B 
4459 XXX(2,J)=TD(J) 
44ea XXXU.JJ-B.B 
4461 91 CDHTtNUE 
4462 DO 92 J-?-B 
4463 XXXC?,J)-XDC4,J) 
4464 XXXC6.J)«XDC3,J) 
4465 XXXC5,J)=XD(2,J)*239.8 
4466 XXX(4,J)-XDU,J)*238.8 
4467 XXX(3,J)=B.B 
446B XXX(2,J)=TDU) 
4469 XXXU,J)=B.B 
447B 92 CONTINUE 
4471 C 
4472 C CALCULATE OUTPUT TO STREAM VARIABLE FILE 
4473 C 
4474 IF (BUTPRO.EO.B) GD TB IBB 
4475 SU,0UTPRB,3)=UC3) 
4476 IBB IF (OUTSTD.EQ.B) GQ TO 1B1 
4477 SU.OUTST0.3)=UC4) 
4478 IB I IF COUTPRA.ED.B) GO TO 1B2 
4479 SU.0UTPRA.3)-I,K?) 
44BB 1B2 IF tOUTSTA.EQ.B) GO Ta 1B3 
44BI SC1.BUTSTB,3)-U(B) 
44B2 1B3 CONTINUE 
44B3 DO BB I-UNC3 
44B4 IF(OUTPRO.EO.B) GB TO B3 
44B5 SC2.0UTPR0,1+2)-XXXC1,3) 
44B6 B3 IFCOUTSTO.ED.B) GO TB BG 
44B7 SC2.0UTSTU.I+2)-XXXC 1.4) 
44BB B6 IF(BUTPRA.F.CI.B) GO TO B7 
44B9 SC2.0UTPRA, 1+2)-XXXC I , 7) 
449B B7 IFCUUTSTA.EO.fl) GD TD BB 
4491 SC2.BUTSTA.1+2)-XXXI I-B) 
4492 BB CONTINUE 
4493 EPUI1. l)-SU.OUTST0.7)*VDLCl)+SC1.0UTSTA.;')*VDLC2) 
4494 RETURN 
4495 END 
4496 SUBROUTINE BOILCTDUT.XOUT.XIDEAL) 
449? COMMON •PR0P/MUC6).CPLC6.S).CVfl(6-6)-ENTC6,6).ENVCG,6),LAMC6.6) 
449B l .VAPCG.3),UI(6.6),DNLC6.6) 
4499 COMMON /PTflB/TREF-R 
45BB DIMENSION XOUTCIB).VIDEALC1B).PVC IB) 
45B1 PVT*B.0 
45B2 XT=B.B 
45B3 T=TOUT+TREF 
45B4 DO 1 I=l.HCOMP 
4SB5 PV( I) -EXP CVAP C1. 1) +VHP C I , 2) ^CVAP(I- 3) +T)) 
45B6 PVT=PVT +PVCI)*XOUTCt) 
45B7 XT-XOUT(I)+XT 
45BB 1 CONTINUE 
45B9 DO 2 I-l.MCOMP 
4510 yiDEAL(I)=PVCI)/-CPVT*XT) 
4511 2 CONTINUE 
4512 RETURN 
4513 END 
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